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Abstract

The objective of this study was to evaluate the biological and economic viability of alternative milk
replacers for Holstein bull calves, focusing on high-carbohydrate and fermented plant protein-based
formulations. The primary goals were to assess the impact of these alternatives on calf growth,

health, and profitability by identify the most cost-effective options for farmers.

Chapter 3 investigate the effects of fermented plant protein (FP) and increased carbohydrate (HC)
levels in milk replacers on calf growth performance. Four different milk replacers were formulated: a
conventional replacer (A), one with 20% fermented plant protein (B), a high-carbohydrate replacer
(C), and a high-carbohydrate replacer with 20% fermented protein (D). These milk replacers were
tested in a 77-day trial (TP, total phase) involving 32 Holstein bull calves, which were randomly
assigned to four treatments (n = 8). The trial was divided into two phases: Phase 1 (P1, days 0-63),
where milk replacers were fed, and Phase 2 (P2, a two-week post-weaning period), designed to
evaluate weaning shock. Milk replacer intake was controlled, while starter meal intake was offered
ad libitum. Growth performance metrics such as weight gain, dry matter intake (DMI), average daily
gain (ADG), DMI as a percentage of body weight (DMI/BW%), and feed conversion ratio (FCR) were
analysed using a factorial ANOVA. An interaction was observed for TP FCR (P = 0.036). Except for
controlled milk replacer intake and P2 DMI/BW% and P2 FCR, milk replacers containing FP
generally resulted in poorer performance (P < 0.05) compared to milk replacers containing standard
protein (SP). The lower performance was attributed to the higher levels of trypsin inhibitors present
in the FP, which negatively impacted calf growth. High-carbohydrate milk replacers promoted greater
starter meal intake during all phases (P < 0.05) and is recommended. Fermented protein should only
be considered when the fermentation process is improved to reduce trypsin inhibitor levels to below

4 mg/g of protein.

Chapter 4 shifts focus to the financial analysis, comparing the cost-effectiveness of the different milk
replacers (A, B, C and D). Financial parameters such as total cost, average daily cost (ADC), cost
per weight gain (Cost/WD), and income from the sale of calves were assessed. In terms of overall
cost and ADC, treatment D was the most economical, with a total feeding cost of R2739.40 per calf
for TP. However, when factoring in feed conversion ratio (FCR), treatment C was the most cost-
effective, with the highest income and lowest cost per unit weight gain (R58.83), although not

significantly different when compared to Treatments A and D.

Chapter 5 extends the financial analysis by exploring the use of girth circumference weight
estimation tapes as an alternative to expensive electronic scales. This method is valuable for calf
management, as weight is crucial for feed management and medication protocols. The study found
that while the specific tape used in the trial overestimated calf weights, it holds potential as a low-
cost alternative, with further refinement needed. The data collected can contribute to the

development of a larger database to improve future weight prediction tools.



In conclusion, this study demonstrates that high-carbohydrate milk replacers are a viable and cost-
effective alternative to conventional formulations, offering potential cost savings without sacrificing
calf growth performance. While fermented plant protein showed promise as a cost-effective protein
source, its effectiveness in this trial was reduced by the presence of trypsin inhibitors, which could
be addressed through improved processing methods. Additionally, Chapter 5's exploration of girth
circumference measurement as a cost-effective weight estimation tool further supports the economic
viability of alternative approaches to calf rearing. The findings highlight the need for ongoing research

to optimize these alternatives and improve profitability in the dairy industry.



Opsomming

Die doel van die studie was om die biologiese en ekonomiese lewensvatbaarheid van alternatiewe
melkvervangers vir Holstein bulkalwers te evalueer, met die fokus op formulasies met ‘n hoér
koolhidraat en gefermenteerde plantproteien insluitings. Die primére doelwitte was om die impak
van hierdie alternatiewe op kalfgroei, gesondheid en winsgewendheid te evalueer.

In Hoofstuk 3 is die effek van gefermenteerde plant proteien (FP) en verhoogde koolhidraat (HC)
insluitings vlakke deur vier melkvervangers vir kalwers ondersoek. Die vier melkvervangers was 'n
standaard melkvervanger (A), een wat 20% gefermenteerde plantproteien bevat het (B), 'n hoé-
koolhidraat melkvervanger (C) en 'n hoé-koolhidraat melkvervanger wat 20% gefermenteerde
proteien bevat het (D). Hierdie melkvervangers is getoets in 'n 77-dae proef (TP, totale fase) met 32
Holstein bulkalwers, wat ewekansig aan vier behandelings (n = 8) toegeken is. Die proef is in twee
fases verdeel: Fase 1 (P1, dae 0-63), waar melkvervangers gevoer is, en Fase 2 (P2, 'n twee weke
na-speen tydperk), wat gebruik is om speenskok te evalueer. Melkvervanger-inname was beheer,
terwyl die aanvangsmeel ad libitum beskikbaar was. Groeiprestasie-maatstawwe soos
gewigstoename, droémateriaal-inname (DMI), gemiddelde daaglikse toename (GDT), DMI as 'n
persentasie van liggaamsgewig (DMI/BW%) en voeromsettingsverhouding (FCR) is met behulp van
'n faktoriale ANOVA ontleed. 'n Interaksie is waargeneem vir TP FCR (P = 0.036). Behalwe vir
beheerde melkvervanger-inname en P2 DMI/BW% en P2 FCR, het melkvervangers wat FP bevat,
oor die algemeen swakker prestasie (P < 0.05) tot gevolg gehad in vergelyking met standaard
proteien (SP) melkvervangers. Die laer prestasie kan toegeskryf word aan die hoér viakke van
tripsien-inhibeerders teenwoordig in die FP, wat kalfgroei onderdruk het. Hoé-koolhidraat
melkvervangers het inname van die aanvangsmeel gedurende alle fases bevorder (P < 0,05) en
word aanbeveel. Gefermenteerde proteien moet slegs oorweeg word wanneer die
fermentasieproses verbeter word om ftripsieninhibeerderviakke tot onder 4 mg/g proteien te
verminder.

In Hoofstuk 4 het die fokus na die finansiéle aspekte verskuif, waar die koste-doeltreffendheid van
hierdie melkvervangers (A, B, C en D) geévalueer is. Finansiéle parameters soos totale koste,
gemiddelde daaglikse koste (ADC), koste per gewigstoename (Cost/WD), en inkomste uit die
verkoop van kalwers is ealueer. Wat algehele koste en ADC betref, het Behandeling D die beste

presteer, met 'n totale voerkoste van R2739.40 per kalf vir TP. Wanneer
voeromsettingsdoeltreffenheid (FCR) inag geneem word, was Behandeling C egter die mees
kostedoeltreffende opsie, met die hoogste inkomste en die laagste koste per eenheid
gewigstoename (R58,83), alhoewel daar geen beduidende verskil was in vergelyking met
Behandelings A en D nie.

Hoofstuk 5 het die finansiéle analise uitgebrei deur die gebruik van borsomtrekmaatband as 'n

alternatief vir duur elektroniese skale te ondersoek. Hierdie hoofstuk het ten doel gehad om hierdie



laekoste-metode verder te verifieer as metode om die gewig van kalwers te beraam, aangesien
gewig 'n noodsaaklike bestuurshulpmiddel is wat gebruik word tydens voerbestuur en
medikasieprotokolle. Die studie het bevind dat hoewel die spesifiecke maatband wat in die proef
gebruik is, die gewig van kalwers oorskat het, die data wat ingewin is kan bydra tot die ontwikkeling
van 'n groter databasis wat gebruik kan word om meer akkurate voorspellingsgereedskap in die
toekoms te ontwikkel.

Ten slotte het die studie getoon dat hoé-koolhidraat melkvervangers 'n lewensvatbare, koste-
effektiewe alternatief vir konvensionele melkvervangers is. Dit het die potensiaal om koste
besparings te bied sonder om kalfgroei te benadeel. Terwyl gefermenteerde plantproteien belofte
toon as 'n koste-effektiewe proteienbron, was die prestasie in hierdie proef onderdruk deur die
teenwoordigheid van tripsien-inhibeerders. Dit kan aangespreek word deur beter
verwerkingsmetodes te ontwikkel om die tripsien-inhibeerders te de-aktiveer. Die
borsomvangmaatband kan as 'n laekoste manier om gewig te beraam bydra tot die ekonomiese
lewensvatbaarheid van kalfgrootmakers. Die bevindings beklemtoon die behoefte aan voortgesette

navorsing om hierdie alternatiewe te optimaliseer vir verbeterde winsgewendheid in kalfproduksie.
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Preface

This thesis is presented as a compilation of six chapters. Each chapter is introduced separately
and is written according to the style of the South African Journal of Animal Science to which

Chapter 2, 3, 4 and 5 will be submitted for publication.

Chapter 1 General Introduction
General introduction to the milk replacers industry (international and

domestic), project motivation, aims and objective.

Chapter 2 Literature review
The pre-ruminant digestive enzymes and the influnces of milk replacers,

procesing methods and weaning shock.

Chapter 3 Article 1 - Research results
The effect of milk replacers containing fermented plant protein and high

carbohydrate content on the growth performance of Holstein bull calves.
Chapter 4 Article 2 - Research results
The effect of using different protein sources and a high level of carbohydrates

in milk replacers on the profitability of rearing Holstein bull calves.

Chapter 5 Article 3 - Research results

Body weight estimation of pre-weaned Holstein bull calves.

Chapter 6 General Conclusions and Recommendations
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Chapter 1

General Introduction

1.1 Milk Replacer Industry

The milk replacer industry contributes to animal production and plays a significant role in the animal
husbandry sector (Gonclu et al., 2023). Milk replacers refer to products that substitute or supplement
mother’s milk in the suckling phase of mammalian animals (Soberon et al., 2012). As these milk
replacers are commonly used to replace natural milk, it is formulated to mimic the nutrient value of
natural milk. Commercial milk replacers must therefore provide adequate nutrients to ensure the

health and growth of suckling neonatal animals (Palczynski et al., 2020).

There are various reasons and situations in which milk replacers are used and the expanding
demand has led to the rapid expansion of the milk replacer industry (Kertz et al., 2017). The use of
milk replacers ensures a consistent supply of nutrients to young animals under circumstances where
the milk of the dam is unavailable as in the commercial dairy industry. Milk replacers are also used
to mitigate the risk of disease transmission from the dam to the offspring (Nielsen et al., 2008; Van
Niekerk et al., 2021). Milk replacers are therefore formulated to provide optimal growth, increase
productivity and can provide a more flexible management option for farmers. According to Akins
(2016), milk replacers can supplement mother’s milk and partially replace it, providing farmers with
a way to control the cost of rearing animals. As the composition of milk of different species vary
significantly (Gantner, 2015), milk replacers must be formulated for a specific species, providing a

research and development opportunity.

1.2 International milk replacer market trends

The global milk replacer market was valued at $2.5 billion in 2020 and is projected to reach $3.5
billion by 2025, growing at a compound annual growth rate of 7.1% (Markets and Markets, 2020).
This suggests a rise in the number of neonatal calves, lambs, piglets and foals that are reared on
milk replacers following on a worldwide rise to higher levels of global meat and dairy production
(Ritchie et al., 2023). There are also a wide range of situations necessitating the use of specialized
milk replacers. Locally the increase in poaching has led to the development of specialized milk
replacer for species such as rhinos (Ceratotherium simum; Cruywagen et al., 2024). Another factor
driving the growth of the industry is the increasing availability and adoption of advanced milk replacer

products, which offer improved nutrition and health benefits for young animals (Wilms et al., 2022).

One of the biggest challenges for the milk replacer industry is the high cost of raw materials used for

producing milk replacers, resulting in high production cost. This necessitates further research and
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development to develop lower cost milk replacers and higher quality raw materials to improve the

financial viability of milk replacers for farmers and producers (Schubert et al., 2022).

The largest contributing countries to the global milk replacer industry are the United States, China,
Germany and Brazil (KBV Research, 2022). Based on volume the United States (US) has
consistently been the dominant producer and user of milk replacers (KBV Research, 2022). The
advanced dairy farming infrastructure in the US, coupled with a focus on calf nutrition and health,
and a strong focus on research and product innovation contributed to the success of the US milk
replacer industry (Njuki, 2022). The availability of resources and a robust distribution network further

contribute to the large market for milk replacers in the United States (Mendy, 2022).

China has recently witnessed a remarkable growth in its dairy industry also driving the milk replacer
market and establishing itself as a key global player (Yin et al., 2023). This is closely tied to the
demand in the swine and dairy sectors (Hu et al., 2023). China's burgeoning market can be attributed
to the increasing demand for high-quality dairy products (Yin et al., 2023), fuelled by new breeds,
technology, improved animal health and nutrition, and supportive government policies (Bai et al.,
2018).

Germany holds a prominent position in the European milk replacer market and a significant portion
of the milk replacer market is attributed to the dairy calf rearing industry. Schukat and Heise (2021)
suggests that Germany's success is rooted in its willingness to embrace novel agricultural practices,

stringent quality standards, and a strong commitment to animal welfare.

Brazil has also emerged as a significant player in the global milk replacer market, with a growing
presence in the South American region. This leadership role in the global milk replacer market is
propelled by their large beef cattle population and at 39.8 million dairy cattle, the second largest
national dairy sector (Silva et al., 2019). Malafaia et al. (2021) highlights Brazil's expanding global
market share, driven by the country's vast livestock industry, a focus on research and development,
and increasing adoption of modern farming practices. Favourable climatic conditions and a rising
demand for high-quality dairy products contribute to Brazil's robust milk replacer market (Picinin et
al., 2019).

1.3 Domestic (South Africa) milk replacer market trends

The South African milk replacer industry faces unique challenges including access to reliable
information regarding the value of the milk replacer market in South Africa. The South African milk
replacer market is comparatively small when compared to the global market. In monetary terms the
market was estimated at between R30 and R35 billion per annum (Grobler, 2008), however due to
the constantly changing economic environment and the lack of data the value may be significantly
different. The South African industry have many small-scale farmers that often rely on barter trade

and homemade products that does not necessarily directly add monetary value to the agriculture
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sector. Although this might not be a significant portion of the South African milk replacer market the
optimalisation of milk replacers and funding available from government can potentially assist small

scale farmers in rearing calves.

One of the biggest challenges for this sector is the high production cost of milk replacers (Carulla et
al., 2023). Although this problem is not exclusive to the South African milk replacer industry, its
impact is significant, affecting both small scale farmers (Syomiti et al., 2014) and large commercial
producers. The high cost of milk replacer can be directly attributed to the expensive, high quality raw
materials needed to produce it (McCoard et al., 2021). This high-cost forces farmers to use less well-
balanced alternatives such as whey sweepings and rejected baby milk which can negatively impact
growth rates and overall productivity (Fischer et al., 2019; Creutzinger et al., 2021). Since a
significant amount of milk replacers used in Southern Africa is developed and manufactured in first
world countries, an unfavourable exchange rate further elevates cost challenges for imported milk

replacers in the local market.

Despite these challenges, there is significant potential for growth and development within the milk
replacer industry in South Africa. Especially in the dairy industry where it was found that the use of
milk replacers in dairy calf rearing systems can lead to improved growth rates, and improved overall
health and productivity (Uys et al., 2011; Huang et al., 2023). The use of milk replacers also has the
benefit of reducing the risk of the transmission of diseases such as paratuberculosis and Johne's
disease (Pieper et al., 2015; Vass-Bognar et al., 2022). This is possible as the use of milk replacers

limits the chance of transmission between the mother and the neonatal calf.

To fully realize the potential of the milk replacer industry in South Africa, it is important to address
the challenges facing the sector. In South Africa most of the hand reared calves originate from the
dairy industry. Milk replacers are used to rear replacement heifers for dairies while terminal
crossbred calves and Holstein bull calves are reared for meat purposes (Muller et al., 2021). As
explained, the cost of imported milk replacer limits their use for rearing bull calves and terminal
crossbred calves, and locally produced milk replacers are needed to provide for this market. The
types of milk replacers locally produced may differ between South Africa and other countries due to
differences in the availability of raw materials, the cost thereof and production methods. To develop
this sector, it is necessary to invest in research and development to improve the quality, affordability
and accessibility of locally produced milk replacers. This may include investigating alternative
sources of raw materials, developing more efficient production processes, and improving distribution

channels to ensure that farmers have access to affordable and high-quality milk replacers.

1.4 Motivation

The fact that different milk replacers influence growth rate and the incidence of diarrhoea in calves

is well documented (Amado et al., 2019; Johnson et al., 2019). This effect differs depending on the
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specific trial conditions and the parameters reported, while the use of different protein sources and
different energy sources impacts on the cost of the milk replacer. The biological and economic
viability of a specific feeding regime depends on growth rate, feed conversion, cost of the milk
replacer and the incidence of growth insults caused by factors such as diarrhoea (Bach et al., 2013;
Hu et al., 2019). In the current study the cost of the high carbohydrate milk replacer was significantly
lower than conventional milk replacers and the cost of the fermented plant protein is also lower than
commonly used alternative protein sources. Both alternatives therefore offer a considerable cost

saving opportunity if animal performance could still be maintained.

1.5 Aims and Objectives

The size of the domestic and global milk replacer industry confirms the importance of this agricultural

sector, highlighting the importance of research and improvement of milk replacers.

A study was conducted at the University of the Free State to determine:

o The effect of a high carbohydrate containing milk replacer on growth, general health and
profitability parameters of Holstein dairy bull calves.

o The effect of a fermented plant protein containing milk replacer on growth, general health and
profitability parameters of Holstein dairy bull calves. This was done as it was expected that
during the fermentation process the amino acid composition of the plant protein would be
changed as the plant protein would be degraded during fermentation and converted to primarily
microbial protein with an amino acid profile closer to that of an animal protein.

e The impact of wean shock on Holstein bull caves when using high carbohydrate milk replacers.

¢ The effect of both a high carbohydrate and fermented plant protein containing milk replacer on

growth, general health and profitability parameters of Holstein dairy bull calves.

The objectives of this study can be summarized as the evaluation of fermented plant protein as a
novel protein source in calf milk replacers, using a calf rearing and growth model. The evaluation of
milk replacers high in carbohydrates as alternatives to conventional milk replacers in calves as well
as the efficacy of fermented plant protein in commercial and high carbohydrate milk replacers. Lastly
a cost benefit analysis of the different milk replacers would determine the relative financial viability

of each milk replacer.
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Chapter 2

Literature Review

2.1 Introduction

At birth, the calf's rumen is undeveloped and microbial fermentation does not play a role in the
digestive process. Young calves are therefore referred to as pre-ruminants (Porter, 1969). During
this phase the abomasum and duodenum are the main compartments where enzymatic digestion
takes place and due to the reflex closure of the oesophageal groove, milk is directly shunted into the
abomasum, bypassing the rumen (drskov, 1972). Even though milk does not directly affect rumen
development and volatile fatty acids (VFA) produced during microbial fermentation, it plays an

important role in the development of the rumen wall (Baldwin et al., 2004).

The highest mortality rate in calves occurs during the weaning and pre-weaning phases, commonly
caused by digestive diseases and disorders (Urie et al., 2018). Passive immunity in neonatal calves
is improved by the intake of colostrum from the dam (Weaver et al., 2000). Passive immunity is
commonly associated with the transfer of immunoglobulin G (IgG) from the dam’s colostrum to the
calf during the first few hours after birth (Tyler et al., 1996). This occurs while the calf's digestive tract
can non-selectively, through pinocytosis, absorb larger molecules, such as IgG, into the bloodstream
(Stott et al., 1979). The absorption of macro-molecules through the luminal wall gradually declines
(Lecce et al., 1964; Fischer et al., 2018) and significant absorption ceases between 24 and 36 hours
after birth due to changes in the luminal wall (Stott et al., 1979). It is therefore recommended that
the intake of colostrum should take place directly after birth and as frequently as possible during the
first few hours to ensure sufficient passive immunity in calves (Fischer et al., 2018). Proper nutrition
also plays a role in sustaining the immunity of calves (Nonnecke et al., 2003) and supports gut
development, health, growth and productivity (Terré et al., 2009). Intake of colostrum introduces
bacteria into the small intestine of the young calf and the microbiomes that form in the gut positively
influence gut health and overall performance (Malmuthuge et al., 2015). As the number of bacteria
are negatively correlated to absorption of immunoglobulins, a balance between these factors is
important (James et al., 1981). Signorini et al. (2012) have shown that the introduction of different
Lactobacillus spp. during the weaning stage improves protection against infection and lowers the
incidence of diarrhoea. Colostrum does not only contain immunoglobulins that are beneficial to the
calf, but also sialylated oligosaccharides, growth factors, hormones, cytokines, enzymes,
polyamines and nucleotides, antimicrobial components, and white blood cells (Hammon & Blum,
2002; Barile et al., 2009; Langel et al., 2015). Whey, commonly used in milk replacers, contain bovine
sialylated oligosaccharides and glycoproteins such as lactoferrin and these substances have been

shown to promote gut health in calves (Barile et al., 2009; Zapata et al., 2017).
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When a calf is suckled by the dam, intake of transition milk after the colostrum phase occurs (Amaral-
Phillips et al., 2024). During this phase the milk composition gradually changes, unlike in a system
where milk replacers are used, where the transition is mostly directly from colostrum to the milk
replacer (Blum & Hammon, 2000). During the first weeks after birth, hand reared calves undergo
multiple stressful situations due to radical changes in environment. These stress factors include the
separation from the dam, vaccination programs, transport and housing changes and changes in
feeding programs (De La Fuente et al., 1999; Cho et al., 2010; Urie et al., 2018). This increases the
probability and incidence of digestive disorders during this period (Urie et al., 2018). Proper
management, nutrition and colostrum consumption can contribute to lessening the impact of these
detriments to calf health (Vasseur et al., 2010; Costa et al., 2016). Earlier it was common practice
throughout the commercial industry to use milk replacers medicated with antibiotics. This practice
has fallen out of favour due to legislation and the use of probiotics has become the norm (Wang et
al., 2023). Milk replacers containing probiotics has been reported to decrease the incidence of
diarrhoea and improve growth rate in calves (Windeyer et al., 2014; Wang et al., 2023). Diarrhoea
is a common indicator of these disorders and is a common problem in pre-weaned calves or calves
having to adjust to new feeding protocols (Blanchard, 2012). Microbial additives such as lactic acid
bacteria (mainly Lactobacillus spp.) and its fermented products can reduce diarrhoea in calves
reducing the reliance on antibiotics (Signorini et al., 2012). For effective use of microbial-based
products in calves the interaction with colostrum, milk and starter meal should be considered as well

as the condition of the calf and the digestion and absorption of the product (Malmuthuge et al., 2015).

2.2 Mechanism and classification of enzymes

Closure of the oesophageal groove allows colostrum/milk/milk replacers to be shunted directly into
the abomasum where it is digested through enzymatic digestion (drskov, 1972). In young calves the
secretion patterns of enzymes have not stabilised, and dramatic changes take place during the first
few days of life (Amin & Seifert, 2021). The pre-ruminant relies on enzymatic digestion where adult
ruminants rely mainly on fermentation for the digestion of plant material as the rumen first must
develop to support fermentation (Guo et al., 2021). Thus, in pre-ruminants the function of enzymes
as well as the secretion pattens of these enzymes greatly influence the ability to digest
carbohydrates, proteins and fats. To be able to manipulate and optimise milk replacers for the best
performance in young calves, the enzyme secretion patterns have to be considered (Hao et al.,
2021).

Enzymes govern many biological processes such as, transportation, respiration, excretion,
reproduction, metabolism and digestion that occur in all tissues and fluids (Shilton, 2015; Dey et al.,
2019). Enzymes can be broadly defined as biological polymers that catalyses biochemical reactions
without itself changing during the reaction (Robinson, 2015) and can be classified in terms of the

type, structure, mechanism and various other factors affecting their activity (Martinez Cuesta et al.,
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2015). Protein enzymes with catalytic capabilities are composed of linear chains of amino acids and
have the typical three-dimensional structure of proteins (Lewis & Stone, 2023). The sequence of
amino acids specifies the structure, which in turn identifies the catalytic activity of the enzyme
(Robinson, 2015).

2.2.1 Enzyme mechanism

The basic mechanism of enzyme action is to catalyse a chemical reaction (Ribeiro et al., 2023). This
begins with the binding of the substrate to the active site of the enzyme where the enzyme provides
the surface where the reaction occurs. The structure of the enzyme is characterized by hollow
spaces where groups such as a sulfhydryl group (-SH) and carboxylic acid (-COOH) are found. In
these areas the substrate combines with the enzyme and are referred to as the active sites
(Robinson, 2015). This active site determines the specificity of the enzyme and it is not uncommon
for this site to only accommodate a very specific substrate. The site is then referred to as site specific
(Kuo et al., 2016). For a successful catalytic reaction, the correct orientation and sufficient activation
energy is required. During the transition state the substrate and the enzyme form an intermediate
enzyme-substrate complex. While the enzyme remains unchanged, the substrate is changed
through the binding and breaking of bonds, converting the substrate into the product. As the
converted product is still bound to the enzyme it is referred to as the enzyme-product complex (Coey
et al., 2014; Liao et al., 2011). The enzyme-product complex thereafter splits, releasing the product
and enzyme. The free enzymes are then able to bind to the next substrate molecule and the catalytic

cycle continues until all the substrate is converted (Robinson, 2015).

Compared to substrates, enzymes are typically large, varying in sizes, ranging from 62 amino acid
residues to over 2500 residues in larger molecules and only a small section of the structure is
involved in catalysis (Liu & Smith, 2021). The section involved in the catalysis is situated next to the
binding sites (Gora et al., 2013; Riziotis et al., 2022). The active site on an enzyme is made up of
the catalytic site and binding site. The catalytic residues of an enzyme are described as the amino
acids that are directly involved in chemical catalysis and act as a general acid—base, electrophilic or
nucleophilic catalyst, or they polarize and stabilize the transition state (Robinson, 2015). Figure 2.1
presents a visual presentation of the enzyme mechanism. The flow of free energy and kinetic energy
in a reaction with and without the involvement of an enzyme is displayed, as well as a simplified
structure to indicate the enzyme-substrate and enzyme-product, as it relates to the progress of the

reaction.
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Funecat — Uncatalysed reaction transition state

AGfuncat  — Uncatalysed transition state free
energy

Feat — Catalysed reaction transition state
AG*a  — Catalysed transition state free energy

AGrxn  — Overall free energy released during

Free energy
the reaction

(Gibbs
energy) E - Enzyme

S - Substrate

ES — Enzyme-substrate complex
EP — Enzyme-product complex

P — Product

k- — Forword (+) reaction kinetic energy
k- — Backward (-) reaction kinetic energy

A — (Delta) Energy difference
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Figure 2.1 A graphical and simplified depiction of an enzyme mechanism adapted from Robinson
(2015), Stivers & Nagarajan (2006) and Zhang et al. (2022).

2.2.2 Enzyme classification

Originally enzymes were assigned names based on the source or method of discovery, or by their
discoverer (Martinez Cuesta et al., 2015). This practice no longer applies, and a more
comprehensive classification system is in use. According to the International Union of Biochemists,
enzymes are divided into six functional classes and are classified based on the type of reaction that
they catalyse (Martinez Cuesta et al., 2015), this is listed in Table 2.1. The six kinds of enzymes are
hydrolases, oxidoreductases, lyases, transferases, ligases and isomerases (De Souza
Vandenberghe et al., 2020). Although enzymes are classified according to the type of reaction they
catalyse, enzymes can also be grouped based on other parameters such as the organ that secretes
them. The types of classification used depends on the study or research it is applied to and should
be clearly distinguished from the functional classes (Martinez Cuesta et al., 2015; Karpinska &
Czauderna, 2022).

The functioning of enzymes is often dependant on cofactors which are non-proteinoid substances
that associate with enzymes (Bachosz et al., 2023). An enzyme functioning without a cofactor is
called an apoenzyme, while the combined enzyme and its cofactor constitute the holoenzyme
(Robinson, 2015).

Other external factors that commonly influences enzyme activity is pressure, pH and temperature
(Robinson, 2015). Enzymes perform their action most effectively at their optimum temperature and

pH (Lin et al., 2013). The temperature or pH at which a compound shows its maximum activity is
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referred to as the optimum temperature or optimum pH, respectively (Robinson, 2015). As enzymes
are protein compounds, their orientation is influenced by temperature and pH. This affects the shape
of the molecule and its binding sites and influences their effectivity. This is especially important in
the digestive tract environment where pH greatly influences the function and efficiency of digestive
enzymes (Robinson, 2015; Wei et al., 2022).

Table 2.1 The six functional classes of enzymes based on the reactions they catalyse with an
example of each reaction (adapted from Klos-Witkowska, 2015).

Functional class Reaction catalysed.
(Type) (Biochemical Property)

Enzymes that catalyse oxidation reactions were the electrode(e-) moves from

Oxidoreductase - .
molecule A to molecule B are classified as oxidoreductase.

Example: A+B—>A+B

Enzymes that help in the transportation of the functional group (B) from donor
molecules (A) to acceptor molecules (C) are classified as transferase.

Example: A-B+C —>A+B-C

Transferase

Enzymes that catalyse hydrolysis reactions (a substitution reaction) by adding water
Hydrolases to cleave the bond and hydrolyse it are classified as hydrolases (hydrolytic
enzymes).

Example: A-B H20 — A-H + B-OH

Enzymes responsible for catalysing addition and elimination reactions by breaking

the bond between a carbon atom and another atom such as oxygen, sulphur, or
Lyases another carbon atom thus the elimination of groups from the substrates by processes

other than hydrolysis leaving (forming) double bonds.

The reverse reaction is also catalysed (called a Michael reaction).

A-B— A=B+C-D
Example: | |
CbD

Enzymes that participate in the central metabolism of organisms and catalyses the
rearrangement of the molecular structure of substrates.

These enzymes catalyse the structural shifts present in a molecule, thus causing the

change in the shape of the molecule, in other words they catalyse the formation of an
Isomerase isomer of a compound.

Together with enzymes changing the redox state of substrates and transferring

chemical groups between molecules, isomerases catalyse the interconversion of

isomers i.e. molecules sharing the same atomic composition but different

arrangements of chemical groups.

A-B— A-B
Example: || | |
CD DC

Enzymes that catalyse the association of two molecules such as the ligation
Ligase process where DNA ligase catalyse DNA fragments that form phosphodiester
bonds.

Example: A+B — A-B

2.2.3 Digestive enzymes

Digestive enzymes convert food into smaller molecules by breaking down polymeric

macromolecules into smaller compounds to facilitate their absorption by the body (Sensoy, 2021).
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These compounds play an important role in many metabolic functions. Enzymes break down
carbohydrates to sugar, proteins to peptides and amino acids and fats to fatty acids (FA), cholesterol

and glycerol (Goodman, 2010).

In this review enzymes are divided according to the type of nutrients they digest, although other
authors group enzymes in accordance with the topic discussed, for example enzymes used in food

processing industry (laniro et al., 2016; Raveendran et al., 2018).

When investigating digestion, digestive enzymes can be grouped by the feed fraction it breaks down,
the specific function, the conformation and structure of the enzyme or the organ that secretes the
enzymes. Therefore, there are multiple terms that can be used when investigating digestive
enzymes, specifically enzymes responsible for the digestion of milk. The most important enzymes of
interest within the digestive tract of the ruminant includes carbohydrase, amylase, protease,

peptidase and lipase (Guo et al., 2021).

2.2.3.1 Carbohydrase

Carbohydrases represent a group of enzymes, which is frequently used in the food industry
(Contesini et al., 2013). In the broadest sense, the term carbohydrase is considered to encompass
diverse enzymes involved in hydrolysis and synthesis of carbohydrates, including amylase enzymes
(Contesini et al., 2013).

2.2.3.1.1 Amylase (Carbohydrase)

Amylase is a digestive enzyme predominantly secreted by the pancreas and salivary glands and is
present in other tissues at minimal levels (Pieper-Bigelow et al., 1990). The primary role of amylases
is to break down the glycosidic bonds within starch molecules, transforming complex carbohydrates
into simpler sugars (Fend, 2023). Amylase enzymes are categorized into three main classes namely
alpha-, beta-, and gamma amylases with each of these classes targeting a distinct segment of the
carbohydrate molecule (Zakowski & Bruns, 1985). Alpha amylase is present in humans, animals,
plants, and microbes, whereas beta amylase is primarily found in microbes and plants. In contrast,

gamma amylase can occur in both animals and plants (Azzopardi et al., 2016).

2.2.3.2 Protease

Proteases are enzymes which catalyse the hydrolysis of peptide bonds between amino acids,
present in proteins and polypeptides and includes enzymes such as trypsin, pepsin, and
chymotrypsin (Lopez-Otin & Bond, 2008; Modtyan et al., 2013). Proteases can be classified based
on their origin, catalytic activity and nature of the reactive group in the catalytic site (Raveendran et
al., 2018; Baharin et al., 2022).
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2.2.3.2.1 Exopeptidase (Protease)

The exopeptidases act on the ends of polypeptide chains and endopeptidases act randomly on the

inner regions of polypeptide chains (Raveendran et al., 2018).

2.2.3.2.2 Endopeptidase (Protease)

The endopeptidases are further classified into six groups, based on the catalytic residue present in
the active site namely serine, aspartic, cysteine, metallo, glutamic acid and threonine protease
(Raveendran et al., 2018).

2.2.3.2.3 Peptidase (Protease)

Peptidases are enzymes capable of cleaving, and thereby often inactivating, small peptides (Baharin
et al., 2022). They are widely distributed on the surface of many different cell types, with the catalytic
site exposed only on the external surface. Peptidases are involved in a variety of processes,
including peptide-mediated inflammatory responses, stromal cell-dependent B lymphopoiesis, and
T-cell activation (Yu et al., 2022). In addition, some peptidases may have functions that are not
based on their enzymatic activity (Van der Velden & Hulsmann, 1999). Many authors use protease
and peptidase as synonyms and a few state that the terms are somewhat different as the proteases
acts primarily by breaking down larger proteins into smaller peptides, while peptidases further
degrade these peptides into individual amino acids or dipeptides (Mentlein, 2004). It should also be
noted that some peptidases show both endopeptidase and exopeptidase activity (Barrett &
McDonald, 1986).

2.2.3.3 Lipase

Lipases are enzymes which catalyse the hydrolysis of long-chain triglycerides (Pirahanchi & Sharma,
2024). They are secreted in the stomach and by the pancreas of humans and other animal species

and digest fats and lipids (Raveendran et al., 2018).

2.3 Digestive tract and enzymes

To understand the digestion of milk and milk replacers in ruminants it is important to grasp the layout,
compartments and functions of the ruminant digestive tract as well the location where each enzyme
functions. Although the focus in digestive studies is mostly on the rumen-reticulum and the
abomasum, the rest of the digestive tract also plays a role in digestion and absorption of nutrients
(Liu et al., 2021). The working of enzymes in the digestive tract can be either approached from the

breakdown of specific feed components or from the flow through the digestive tract. The following
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section will briefly review the intestines’ primary functions and the different enzymes to simplify the

explanation of location and processes in later sections.

Food is firstly ingested in the mouth and the ingesta is mixed with saliva (Sensoy, 2021). Ruminant
saliva contains 99% water, and the solids consists primarily of sodium (Na) and potassium (K) salts
that acts as buffering agents (lorgulescu, 2009; Gokul, 2019). The saliva buffers the rumen and helps
to keep the pH in a range of between 6.2 — 6.8 (Counotte et al., 1979; Castillo-Lopez et al., 2021).
The specific pH differs depending on the diet and tends to be more acidic when ruminants consume
high carbohydrate diets such as feedlot diets and more basic when more roughage is consumed
(Ramos et al., 2021). In monogastric animals the salivatory gland secretes lipase (salivatory lipase)
which breaks down lipids (fat digestion) and amylase (salivatory amylase) which breaks down
carbohydrates (Peyrot des Gachons & Breslin, 2016; Lai et al., 2019). In ruminants salivatory
amylase is however not present and carbohydrate digestion does not start in the oral cavity
(McDougall, 1948; Vargas-Rodriguez et al., 2014).

The rumen acts as a storage and fermentation vat and provides a chamber where archaea, viruses,
fungi, protozoa and bacteria play a role in a microbial fermentation process (Matthews et al., 2019).
The temperature in the rumen ranges between 38-42°C (Rose-Dye et al., 2011; Rutherford et al.,
2019) and different microorganisms in the rumen digest nutrients such as starch, sugars, proteins,
oils and cellulose. The rumen wall is adapted for the absorption of digested nutrients through papillae
which are tiny finger-like protrusions that cover the internal surface and significantly increases the
area of the rumen wall (Gelberg, 2017). During microbial fermentation carbohydrates are degraded
by microbial enzymes to simple sugars and volatile fatty acids (VFAs; Inman, 2011; Wang et al.,
2020). The most important VFAs are acetate (mainly used for fat synthesis), propionate (used for
glucose synthesis) and butyrate (energy source of the rumen epithelium; Leng et al., 1967; Bergman,
1990; Rémond et al., 1995; Urrutia & Harvatine, 2017). During this fermentation process, gasses
including carbon dioxide (CO2) and methane (CH4) are produced as byproducts (Chojnacka et al.,
2015; Morsy et al., 2022). As there is no physical barrier between the rumen and reticulum, the
ingesta can flow freely between the rumen and reticulum. These compartments are often grouped
together and referred to as the reticulo-rumen (Wierzbicka et al., 2021). The interior of the reticulum
exhibits a honeycomb structure of strong muscle folds of different sizes that acts as a filter, allowing
smaller digesta particles to move to the omasum and preventing food particles larger than 1 mm
from leaving the reticulo-rumen (Kaske et al., 1992; Gelberg, 2017). Although the reticulo-rumen
does not play a significant role in enzymatic digestion of milk replacers in the pre-ruminant, the
development of these organs is important to prevent weight loss during the weaning phase (Diao et
al., 2019; Miyazaki et al., 2019; Schwarzkopf et al., 2022).

The primary function of the omasum is water absorption (Holtenius & Bjérnhag, 1989). Digesta flows
from the omasum and enters the abomasum through the oesophageal sphincter (Miyazaki et al.,
2019; Sensoy, 2021).
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Enzymatic digestion in the ruminant starts primarily in the abomasum (Xu et al., 2021) which will be
discussed in detail in later sections of this review. The digesta flows from the abomasum through the
pyloric sphincter into the small intestine (Sensoy, 2021). The monogastric stomach is equivalent to
the abomasum in the ruminant and contributes significantly to enzymatic digestion of milk replacers
in pre-ruminants (Gaowa et al., 2021; Abdelsattar et al., 2023). Enzymatic protein digestion starts in
the abomasum when pepsinogen, a pro-enzyme, is secreted by the chief cells and converted to

active pepsin by the gastric acid (Diao et al., 2019; Kurz & Seifert, 2021).

The small intestine is divided into three sections, the duodenum, jejunum and ileum (Hickey et al.,
2023; Collins et al., 2024). Digesta entering the small intestine are mixed with pancreatic- and brush
border enzymes and bile, causing the pH to change from between 2.5 and 3.3 to between 7 and 8
(Capuano, 2017). At this pH the enzymes in the small intestine function optimally (Montoro-Huguet
et al., 2021). Active nutrient absorption occurs throughout the small intestine, including proteins that
were not broken down in the rumen as well as microbial protein which are digested to amino acids
in the abomasum and duodenum (He et al., 2018). The intestinal wall of the small intestine is covered
with villi which increases the surface area for improved nutrient absorption (Kiela & Ghishan, 2016).
Once absorbed into the villi, nutrients enter the blood and lymphatic systems (Kohan et al., 2011).
In terms of enzymatic digestion, the small intestine (especially the duodenum) is the most important
section of the digestive tract as the ducts transporting enzymes from the pancreas and bile from the
bile bladder opens at the anterior of the duodenum (A-Kader & Ghishan, 2012). This enzymatic
action is further enhanced by secretion of the brush border enzymes of the lumen wall (Holmes &
Lobley, 1989; Hooton et al., 2015). The pancreatic juices secreted into the duodenum contain
pancreatic amylase, important for carbohydrate digestion in the pre-ruminant (Mellanby, 1925; Date
et al., 2015). The pancreas also secretes trypsinogen, chymotrypsinogen, pro-elastase and pro-
carboxypetidase which play a role in protein digestion (Kobayashi, 1978; Szmola et al., 2011; Téth
et al., 2017; Vertiprakhov & Ovchinnikova, 2022) and lipase, responsible for fat digestion (Karpinska
& Czauderna, 2022). The brush border enzymes responsible for carbohydrate digestion includes
sucrase, maltase and isomaltase (Tannous et al., 2023) while those involved in protein digestion
includes enterokinase, enteropeptidase and peptidase enzymes such as amino peptidase and
dipeptidase (Ozorio et al., 2020).

The large intestine’s main function is to act as a storage organ and the absorption of water and
minerals. Secondary microbial fermentation, mostly of fibre, takes place in the large intestine and
this, in the form of VFAs, provide between 10-15% of the total energy requirement of cattle (Liu et
al., 2023). No significant enzymatic digestion occurs here in monogastric, ruminant or pre-ruminant
animals. The undigested feed components pass through the large intestine to the rectum and is
excreted as faeces. In ruminants the cecum has a very limited function, differing from hind gut
fermenters such as the horse where the cecum plays an important role in digestion (Sprekeler et al.,
2011; Chaucheyras-Durand et al., 2022).
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Figure 2.2 provides perspective of the flow of digesta through the digestive tract and where specific
enzymes occur in the digestive tract. As depicted in Figure 2.2, the ruminant stomach consists of
four compartments, the rumen, reticulum, omasum and abomasum. The closure of the oesophageal
groove plays a critical role in suckling calves as it is responsible for the shunting of milk and milk
replacers directly from the oesophagus to the abomasum, bypassing the rumen-reticulum (Kaba et
al., 2018). The oesophageal groove, also referred to as the reticular groove, is formed by muscular
folds in the reticulum (Pokhrel & Jiang, 2024). Figure 2.2 compares the monogastric digestive tract
with the digestive tract of a neonatal ruminant. As can be seen in the neonatal tract the rumen is
undeveloped and the neonate ruminant is functionally a monogastric animal and depends on
enzymatic digestion in the abomasum and duodenum (Diao et al., 2019; Malmuthuge et al., 2019).
The rumen is undeveloped at birth and have to develop and be populated with micro-organisms

before it becomes functional as a fermentation vat (Diao et al., 2019; Su et al., 2022).

Unlike monogastric animals, ruminants can utilize high forage-base diets due to the microbial
fermentation that takes place in the rumen. During this process plant material is broken down by
microorganisms and this provides nutrients and energy to the ruminants (Cammack et al., 2018). As
this is the primary way in which ruminants obtain their nutrients, studies often focus on the
optimisation of nutrients for microbial fermentation as the simple rule of “look after the rumen
microorganisms and they will look after the cow” is commonly applied. However, it has been
determined that the optimisation of nutrition for young calves that relies mostly on enzymatic
digestion in the abomasum directly influences adult ruminant performances (Diao et al., 2019;
Fischer et al., 2019). Therefore, the optimisation of pre-ruminant diets is as important as the provision

of optimal nutrients for adult ruminants.
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Figure 2.2 An animated and simplified depiction of digestive enzymes in the monogastric and
neonatal ruminate digestive tract (combined and adapted from Amin & Seifert, 2021;
Sensoy, 2021 and Tian et al., 2023).

2.4 Digestion in the pre-ruminant

2.4.1 Carbohydrate digestion

According to Zhang et al. (2021a), carbohydrates are organic molecules that consist of carbon (C),
hydrogen (H) and oxygen (O) atoms with a general chemical formula of Cx(H20),. Carbohydrates
are commonly divided into four groups namely monosaccharides, disaccharides, oligosaccharides
and polysaccharides (Navarro et al., 2019). Monosaccharides, known as simple sugars, contain
between three and nine carbon atoms and are classified as “mono-”, referring to their single ring
structure formation (NEWC, 2022). Carbohydrates in different conformations can be referred to as
a-carbohydrates or B-carbohydrates. If the hydroxide (OH) group of the first carbon (C1) of the
monosaccharide points in the opposite direction of the CH,OH group on the last carbon in the
monosaccharide ring it is referred to as the alfa (a) conformation, but if it points in the same direction
the conformation is referred to as beta () (Zhang & Zhang, 1999). Glucose, fructose and galactose
are examples of monosaccharide isomers with the same molecular formula of Ce¢H1206 but with

different structural conformations (Yang et al., 2016). The combination of two monosaccharides
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forms a disaccharide and the “di-” refers to the two linked ring structures. Common disaccharides
include sucrose, lactose and maltose (NEWC, 2022). Sucrose is composed of a-glucose and -
fructose linked by a a-1, B-2 glycosidic bond and this molecule is synthesised by plants, but not by
animals (Navarro et al., 2019). The bond between (3-galactose and -glucose is a p-1,4 glycoside
bond (Leksmono et al., 2018; Sadovnikova et al., 2021; Dominici et al., 2022). Lactose (Figure 2.3)

is the most prominent carbohydrate in milk (Dominici et al., 2022).

(.HZOH (.HZOH Laclase CH, DH CHZOH
OH HzO on
Lactose D-galactose D-glucose

Figure 2.3 Molecular structure of lactose, D-galactose and D-glucose (Leksmono et al., 2018).

Oligosaccharides are short chain monosaccharides containing less that twenty monosaccharides
(Meyer et al., 2015).

Polysaccharides again are divided into homopolysaccharides, containing only a single type of
monosaccharide and heteropolysaccharides, which contain two or more types of monosaccharides.
Both groups can be branched or unbranched, with the places where the molecules branch referred
to as the branch point (Khan et al., 2022; Murphy et al., 2023; Vetter, 2023).

Starch, dextran, glycogen and cellulose are all homopolysaccharides with glucose as building block
(Tetlow & Bertoft, 2020). Starch, the carbohydrate produced and stored in plants, branch every 24
to 30 glucose residues and glycogen, the carbohydrate produced and stored in animals, branch
every 8 to 14 glucose residues (Zmasek & Godzik, 2014; Pfister & Zeeman, 2016; Cho & Kang,
2020). Starch and glycogen contain a-1,4 glycosidic bonds and branch at a-1,6 glycosidic bonds
(Brust et al., 2020). Dextran is the structural component in bacteria and yeast and have a-1,6
glycosidic linkage that occasionally branch with a-1,2, a-1,3 and a-1,4 glycosidic linkages (Khalikova
et al., 2005; Froese et al., 2015; Brust et al., 2020). Cellulose is the structural component in plants
and contains 3-1,4 glycosidic bonds and hydrogen bonds and these bonds are hydrolysed by
bacteria during fermentation, but cannot be hydrolysed by monogastric animals as these animals do

not secrete cellulase (Behera et al., 2017; Froidurot & Julliand, 2022).

Starch occurs in two forms of glucose polymers namely amylopectin and amylose (Van Zyl, 2017).
Amylopectin is branched and the glucose molecules are linked by a-1,4 glycosidic bonds and a-1,6
glycosidic bonds. Amylose is unbranched and the glucose molecules are linked by a-1,4 glycosidic
bonds (Bertoft, 2017; Van Zyl, 2017).
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2.4.1.1 Carbohydrate digestive enzymes

As the saliva of ruminant animals does not contain amylase the enzymatic digestion of carbohydrates
in pre-ruminants start in the small intestine (Vargas-Rodriguez et al., 2014). This is unlike
monogastric animals where it starts in the mouth due to the presence of a-amylase in the saliva
(Boehlke et al., 2015). In monogastric animals feed is therefore broken down both physically through

mastication and enzymatically while in the ruminant only physical breakdown takes place.

Salivatory a-amylase in monogastric animals cleaves the a-1,4 glycosidic bonds through hydrolysis
and this results in amylopectin and amylose (Boehlke et al., 2015; Peyrot des Gachons & Breslin,
2016; Wang et al., 2022a; Tian et al., 2023). Due to the limited period at a neutral pH, salivatory a-
amylase can only partially digest starch before the low pH in the stomach inhibits the working of this

enzyme (Lovegrove et al., 2017).

Although enzymatic digestion starts in the abomasum of the pre-ruminant no amylolytic enzymes
are secreted in this region and therefore no significant carbohydrate digestion occurs here, and it
only starts in the small intestine (Vargas-Rodriguez et al., 2014; Hua et al., 2022). The pancreas
secretes enzymes via the pancreatic duct into the duodenum and the bile and pancreatic juice
neutralises the pH to the extent that the secreted enzymes can function optimally (Tennant &
Hornbuckle, 2014). The pancreas secretes a-amylase (pancreatic a-amylase) into the small intestine
that hydrolyses a-1,4 glycosidic bonds. Starch is partially hydrolysed into oligosaccharides and
shorter polysaccharides by pancreatic a-amylase and absorbed by the epithelial cells of the lumen
wall (Date et al., 2015; Kashtoh & Baek, 2023).

Figure 2.4 depicts starch digestion in the small intestine where starch is mostly digested and

absorbed.
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Figure 2.4 A simplified depiction of the major pathways in the small intestine for digestion and
absorption of dietary carbohydrates, a-1,4 and a-1,6 glycosidic bonds of starch as well
as the structure of simple sugars (adapted from Sibley (2004) and Navarro et al., 2019).

Both salivary a-amylase and pancreatic a-amylase are extracellular enzymes capable of catalysing
and hydrolysing a-1,4 glycosidic bonds found in starch, releasing glucose subunits (Freitas et al.,
2017). In ruminants, pancreatic a-amylase digests starch to maltose and maltotriose (2- and 3- a-
1,4 linked molecules, respectively) and a-dextrin (Guo et al., 2021). As the sub-units of a-dextrin are
linked with containing 1,6 glycosidic bonds these bonds cannot be hydrolysed by amylase (Aizawa
et al., 2021).

2.4.1.1.1 a-Dextrinase

Isomaltase, also called o-dextrinase, acts as a debranching enzyme as it breaks a-1,6 bonds
(Goodman, 2010). Isomaltase is the only enzyme capable of hydrolysing the a-1,6 glycosidic linkage
in the a-limit dextrines (Livesey, 2014). A clear distinction should be made between a-dextrinase and
thus isomaltase and a-limit dextrins. As a-dextrinase is an enzyme, whereas a-limit dextrin is formed
when starch is digested with amylase and is comprised of glucose molecules linked with a-1,6
glycosidic bonds. Oligosaccharidase is also a product of starch digestion by amylase but only contain
a-1,4 glycosidic bonds. The free glucose products of oligosaccharidase hydrolysis are transported

into the enterocyte as described in the following sections. Isomaltase is part of a structure referred
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to as sucrace-isomaltase in the small intestine (Senftleber et al., 2023). This structure consists of
two domains, the sucrase and isomaltase domains. This enzyme is anchored to the brush-border
membrane in the small intestine. The isomaltase domain hydrolyses a-1,6 glycosidic linkages in
isomaltose and oligosaccides derived from amylase-cleaved starch and glycogen (Senftleber et al.,
2023).

2.4.1.1.2 Maltase

Maltases are specialised a-glucosidases that catalyses the hydrolysis of the disaccharide maltose
to the simple sugar glucose (Andriotis et al., 2016). Maltase is a brush border enzyme in the small
intestine that cleaves maltose by hydrolysing a-1,4 glycosidic bonds (Rose et al., 2018). The natural
form of maltase is maltase-glucoamylase (Maltase-GA) and removes single glucose residues from
a-1,4 chains of oligosaccharides and form maltotriose and maltose (Peyrot des Gachons & Breslin,
2016).

2.4.1.1.3 Sucrase

Sucrase-isomaltase has two homologous functional subunits, sucrase and isomaltase. Both belong
to the glycoside hydrolase family and differ in substrate specificity. Sucrase-isomaltase located on
the brush border of the small intestine and the sucrase subunit cleaves the a-1,2 glycosidic bond in
sucrose to produce glucose and fructose (Gericke et al., 2017; Elferink et al., 2020). According to
Cohen (2016), sucrase-isomaltase is initially synthesized in the enterocyte as a single glycoprotein
chain and, after insertion in the brush-border membrane, it is cleaved into sucrase and isomaltase

units that reassociate non-covalently.

2.4.1.1.4 Lactase

Lactase is also referred to as B-galactosidase (Saqib et al., 2017). Lactase belongs to the glycoside
hydrolase family and catalyse the digestion of lactose (milk sugar) into glucose and galactose by
cleaving the B-1,4 glycosidic bond between these molecules (Forsgard, 2019). This enzyme is
therefore essential for the complete digestion of whole milk. Lactase is particularly abundant during
infancy and is a brush border enzyme, produced by enterocytes cells that line the intestinal walls of
the small intestine (Gerbault et al., 2011; Forsgard, 2019).

2.4.1.2 High carbohydrate milk replacers

Lactose, commonly referred to as milk sugar, is the carbohydrate naturally found in milk and it must
be hydrolysed before it can be absorbed (Dollar & Porter, 1957; Blaxter, 1988; Roy, 1990). Beta-

galactosidase is responsible for lactose hydrolyses in the small intestine (Juers et al., 2012). The
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secretion of 3-galactosidase increases shortly after birth and declines with age with a tenfold higher
secretion in 8-week-old calves compared to adult ruminants (Coombe & Siddons, 1973; Toofanian
et al., 1973; Huérou-Luron, 2002). Pre-ruminants can readily utilize glucose, galactose and lactose,
but has a limited ability to utilize maltose and starches and is unable to utilise sucrose (Dollar &
Porter, 1957; Walker, 1959; Estévez et al., 2014).

In high carbohydrate milk replacers, cooked maize is used as the main source of carbohydrates. The
building blocks of starch are glucose molecules and if starch is broken down to oligosaccharides and
disaccharides, maltotriose and maltose results (Salema-Oom et al., 2005; Damager et al., 2010).
Maltase and isomaltase activity therefore directly influence the rate at which starch is digested and
the extent to which it can be utilized by neonatal and young calves. During the first four weeks of life,
maltase and isomaltase activity increase, reaching adult levels (Le Huerou et al., 1992). In the adult
ruminant, isomaltase activity is half that of maltase activity (Coombe & Siddons, 1973; Toofanian et
al., 1973; Le Huerou et al., 1992).

The rate of starch digestion is determined by physicochemical characteristics such as granule size,
degree of crystallinity, amylose: amylopectin ratio and the presence of other compounds (Parada &
Aguilera, 2011; Van Zyl, 2017). Starch is also broken down in the large intestine by microbial activity
(Serena et al., 2008). Excessive intake of starch and any sugar, even lactose and glucose, by pre-
ruminant calves, can cause diarrhoea. There is an upper limit to the amount of glucose that can be
absorbed from the small intestine of the pre-ruminant (Velu et al., 1960; Ballard & Oliver, 1965; Trotta
et al., 2022). Due to the elevated levels of carbohydrates in high carbohydrate milk replacers,
maltase and isomaltase activity levels are important for determining the optimal age at which the
transition can be made from a standard milk replacer to a high carbohydrate milk replacer. Maltose
activity gradually increase and in two-week-old calves, the enzyme activity reaches half the level of
activity of adult cattle (Krehbiel et al., 1996; Le Huerou et al., 1992). At this age the enzyme activity

is as such that milk replacers with a high starch content can be fully utilized by suckling calves.

2.4.2 Protein digestion

Proteins are organic compounds with amino acids as building blocks (Kitadai & Maruyama, 2018).
These polypeptide chains are of varying length and if composed of more than fifty amino acids they
are classified as proteins (Numata, 2020). Shorter chains composed of fewer amino acids are either
polypeptides or peptides (Hou et al., 2017). Proteins are important as a structural component in
animal tissues as well as in biochemical, immunological, transportation and hormonal processes
(Morris et al., 2022). The amino acids are linked by peptide bonds to form a chain (Jacob & Monod,
1961). Twenty different amino acids are commonly found in proteins and these amino acids contain
an amino group (-NH2) and a carboxyl group (-COOH; Reeds, 2000). The chemical properties of the
side chain are specific to each amino acid and is used to classify each of these amino acids.

Therefore, amino acids can be classified according to the composition of the side chain as shown in
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Table 2.2. The role of the amino acid in a protein is linked to the side chains and is used to identify
the interaction between amino acids. This influences the way in which the protein folds, its stability
and activity (Georgiou, 2018; Zhou & Pang, 2018; Andino et al., 2023).

Amino acids can also be classified as essential and non-essential, as shown in Table 2.3. Essential
amino acids refer to amino acids that cannot be synthesised de novo and therefore must be
consumed (Church et al., 2020). Implying that, non-essential amino acids can be de novo
synthesized and is therefore not necessarily essential in the diet (Choi & Coloff, 2019). This

classification system is more commonly used in the formulation of feeds.

Table 2.2 A summary of the classification of amino acids according to side chain properties
(Jimenez-Morales et al., 2012; Shaikh & Shah, 2015).

Amino acid classification group Amino acid

Glycine (Gly, G)
Alanine (Ala, A)
Valine (Val, V)
Nonpolar, Aliphatic Leucine (Leu, L)
Isoleucine (lle, 1)
Proline (Pro, P)
Methionine (Met, M)

Phenylalanine (Phe, F)
Aromatic Tyrosine (Tyr, Y)
Tryptophan (Trp, W)

Serine (Ser, S)
Threonine (Thr, T)
Polar, Uncharged Cysteine (Cys, C)
Asparagine (Asn, N)
Glutamine (GIn, Q)

Lysine (Lys, K)
Positively charged (Basic) Arginine (Arg, R)
Histidine (His, H)
Aspartic acid (Asp, D)
Glutamic acid (Glu, E)

Negatively charged (Acidic)

The quality of protein is of great importance in the formulation of milk replacers and the quality of a
protein is mainly defined as the ability of a specific protein to provide the necessary amino acids in
the required ratio for optimal growth and development of the neonatal calf (Katz et al., 2019; Schubert
et al., 2022). Milk proteins have a high apparent digestibility for the pre-ruminant and the absorbed

amino acids are efficiently utilized for protein synthesis (Huang et al., 2015).



24

Table 2.3 Amino acids classified according to essential and non-essential (Buford et al., 2008).

Essential amino acids Non-essential amino acids
Alanine
Histidine Arginine
Isoleucine Asparagine
Leucine Aspartic acid
Lysine Cysteine
Methionine Glutamic acid
Phenylalanine Glutamine
Threonine Glycine
Tryptophan Proline
Valine Serine*
Tyrosine**

*Serine is generally classified as a nutritionally non-essential (dispensable) amino acid, but
metabolically, serine is indispensable and plays an essential role in several cellular processes
(Kalhan & Hanson, 2012). This led to some tables not including Serine at all since the classification
non-essential amino acid can be disputed.

**Classical animal nutrition textbooks do not consider cysteine or tyrosine as essential amino acids,
as they can be synthesized in the liver from methionine and phenylalanine respectively. However,
the inability of all animals to form the carbon skeletons for methionine and phenylalanine means that
there is no de novo synthesis of cysteine or tyrosine (Wu, 2014) This led to the same situation as
with serine where some textbook tables completely exclude tyrosine.

2.4.2.1 Protein digestive enzymes

The movement of milk through the abomasum is slowed down by clotting (Cruywagen et al., 1990).
Chymosin or renin is a proteolytic enzyme related to pepsin and is secreted by the chief cells in the
abomasum where it is primarily responsible for the coagulation of milk (Andrén, 2011; Bezie &
Regasa, 2019). Pepsin and hydrochloric acid (HCI) contribute to a degree during this process
(Miyazaki et al., 2019). During the clotting process, the chief cells in the gastric mucosa of young
ruminants secretes pro-renin, an inactive precursor to renin (Guilloteau et al., 2009). Pro-renin is
activated to renin by acid or enzymatic cleaving in the presence of calcium ions (Guang et al., 2012).
Renin binds to casein and milk fat, forming an abomasal clot (Yvon et al., 1984). Clotting increases
the time that digesta remains in the abomasum and results in a more controlled flow of chyme
through the pyloric valve, improving digestion and absorption in the small intestine (Petit et al., 1987;
Longenbach & Heinrichs, 1998; Andrén, 2011). If clotting does not occur, it can lead to the too rapid
emptying of the abomasum, increasing the incidence of diarrhoea in calves (Petit et al., 1987;
Cruywagen et al., 1990). The abomasal clot is degraded by proteolytic enzymes and lactose and
whey are expelled from the abomasum by the contraction of the clot and the normal contraction of
the gut wall (Petit et al., 1987).

Protein digestion involves the denaturing of proteins to expose peptide bonds allowing hydrolyzation
of the molecule, and the release of free amino acids. Protein-digesting enzymes in the abomasum
can be either endopeptidase or exopeptidase. Exopeptidases catalyse the cleavage at the N-
terminal or C-terminal removing a single amino acid, while endopeptidases cleave peptide bonds
within the sequence (Van der Velden & Hulsmann, 1999; Lopez-Otin & Bond, 2008).
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Pepsinogen is secreted by peptic cells in the oxyntic glands in the abomasum and by mucosal cells
in the gastric antrum and the duodenum (Norris & Hersey, 1985; Rowbotham et al., 2006). In the
presence of hydrochloric acid (gastric acid) this proenzyme is converted into active pepsin, which
also catalyses the further conversion of pepsinogen to pepsin (Richter et al., 1998). The main
stimulus for pepsinogen release is the increased vagal activity observed during the cephalic and
gastric phases of acid secretion. Gastric acid also initiates a local cholinergic reflex that triggers
pepsinogen secretion from peptic cells. When acidic gastric chyme flows into the duodenum it
stimulates the release of secretin. Secretin and gastrin cause further pepsinogen secretion
(Hirschowitz, 1984).

Protease enzymes, secreted in inactive form, is activated by a cascade in the duodenum.
Enterokinase, a protease of the intestinal brush border of the duodenum cleaves pancreatic
trypsinogen to yield active trypsin (Kitamoto et al., 1994). Trypsin cleaves chymotrypsinogen to yield
active chymotrypsin and these enzymes are responsible for the breakdown of proteins to
polypeptides (Antalis et al., 2007). Trypsin also cleaves procarboxypeptidase to yield active
carboxypeptidase (Villegas et al., 1995; Antalis et al., 2007). Carboxypeptidase and dipeptidases
cleaves polypeptides to single free amino acids that are absorbed through the membranes of the villi

of the small intestine into the bloodstream (Antalis et al., 2007).

2.4.2.2 Protein sources

Protein requirement of cattle depends on age, physiological status (e.g., pregnancy, lactation) and
pathological status, as well as the quality of the protein supplied (NRC, 2021). It is further determined
by the extent to which different feed ingredients supply essential nutrients needed for efficient,
economical, and sustainable production (Beever, 1996). Dietary protein must supply adequate
amounts of the required amino acids in the correct ratio (NRC, 2021). According to Ertl et al. (2016),
the amino acid profile of the protein in the diet, the essential amino acids as well as the concentration
of the limiting amino acids, the digestibility and physiological utilization of amino acids determine the
value of a protein source. The ultimate quality of a protein can be defined as the ability of the ingested
protein to meet the requirements for all the dietary indispensable amino acids in an animal and this
can be measured by the Digestible Indispensable Amino Acid Score (DIAAS; Wolfe et al., 2016).
Bioavailability of amino acids can be defined as amino acids in a form suitable for digestion,
absorption, and utilization and can only be estimated using animal growth bioassays with live animals
(Jahan-Mihan et al., 2011). The origin of protein, such as animal versus plant protein and feed
processing methods, can affect protein digestibility, influencing bioavailability. Compared to plant
protein, animal protein generally contains a better balance between essential amino acids and non-
essential amino acids (Ertl et al., 2016). Additionally, plant protein, such as soybean meal, often
contain antinutritional factors (e.g., trypsin inhibitor) that can affect protein digestibility and availability

of amino acids (Jahan-Mihan et al., 2011). Feed processing methods such as heating, roasting, and
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extrusion have however been shown to disrupt antinutritional factors like trypsin inhibitor in soybean
meal (Akande & Fabiyi, 2010). According to El-shemy et al. (2000), overheating however render

amino acids unavailable due to a complex reaction with sugars (Maillard reaction).

2.4.3 Fat digestion

The major energy source in milk in the pre-ruminant diet is fats or lipids (Guetouache et al., 2014).
The most common type of fat is triglycerides, referring to the glycerol backbone and the three fatty
acids binding to it (Mills et al., 2017). Fatty acids have a carbon back bone, and the length of the
fatty acids is used to classify the different fatty acids. Short-chain fatty acids (SCFA) consist of up to
six carbon atoms (Schoénfeld & Wojtczak, 2016; Morales-Olvera et al., 2021), medium-chain fatty
acids (MCFA) of seven to twelve carbon atoms (Schonfeld & Wojtczak, 2016), long-chain fatty acids
(LCFA) of thirteen to twenty-one carbon atoms, and very-long-chain fatty acids (VLCFA) of twenty-
two and more carbon atoms (Batsale et al., 2021; Zheng et al., 2017). Fatty acids are also classified
according to the number of double bonds in the carbon chain (Satari et al., 2018). Saturated fatty
acids (SFA) have no double bonds in their carbon chain, where mono-unsaturated fatty acids
(MUFA) have a single double bond (DiNicolantonio & O’Keefe, 2022). Poly-unsaturated fatty acids
(PUFA) refer to lipids containing more than one double bond in their carbon chain (Sokota-
Wysoczanska et al., 2018). Poly-unsaturated fatty acids are further divided according to the first
double bond from the methyl-end on the opposite side of the glycerol backbone into three groups.
Omega-3 (n-3) fatty acids contain a double bond on the third carbon (between the third and the
fourth carbon), omega-6 (n-6) fatty acids contain a double bond on the sixth carbon (Sokofa-
Wysoczanska et al., 2018) while omega-9 (n-9) fatty acids contain a double bond on the ninth carbon
(Gongalves-de-Albuquerque et al., 2016). Unsaturated fatty acids (UFA) are further classified
according to their conformation since the double bonds can change the linear form of the carbon
chain. If the hydrogen on the carbons on either side of the double bond is on the same side, the
conformation is classified as “cis-", resulting in a bend in the chain as the hydrogen molecules repel
each other. If hydrogens are on opposite side the conformation is classified as “trans-", resulting in
a linear structure of the fatty acid (Marchand, 2010). Cis fatty acids (CFA) are predominantly natural
in origin, while trans fatty acids (TFA) are predominantly produced by industrial processes (Orsavova
et al., 2015; Hirata et al., 2023).

When considering fat in the diet, the conformation of fatty acids must be considered since it plays a
role in the characteristics of the fat. A high PUFA concentration in milk replacers lead to poor growth
and digestibility and may also increase the incidence of diarrhoea in calves compared to medium-
chain to long-chain SFAs and long-chain MUFAs (Jenkins et al., 1985). Supplementation of n-3 FA
in milk replacers can also lead to a decrease in starter intake and weight gain (McDonnell et al.,
2019) when compared with the bovine milk, which contains medium-chain to long-chain SFA and
long-chain MUFA. Butyric acid (C4:0), a SCFA (Glass et al., 1967), have many positive effects and
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was reported to promote the development of the digestive tract (Gorka et al., 2018). It is also highly
digestible by pre-weaned calves and improves pancreatic secretion and digestibility (Guilloteau et
al., 2010).

On a dry matter (DM) basis, the butterfat content of cow’s milk contributes between 25 and 30% of
the dry matter and is highly digestible (Mirzadeh et al., 2010; Mourad et al., 2014). If this nutrient is
replaced with non-natural fats and oils in milk replacers, it can lead to a reduction in digestibility
(Pluschke et al., 2016). Interesterification, which refers to the random rearrangement of the
constituent fatty acids on the glycerol molecule, improves the digestibility of fats in milk replacers in
most instances, but this do not apply for butterfat (Hamilton & Raven, 1972). This suggests that high
digestibility is not dependent on any specific triglyceride structure. It is important to note that high-
quality protein is necessary for high fat digestibility in milk replacers. Therefore, except for butterfat,
if the quantity and quality of protein is reduced there will be a reduction in digestibility of most fats
(Gibney & Walker, 1977).

According to Gibney & Walker (1977) and Liu et al. (2014) the factors responsible for reduction in
digestibility of vegetable oils and animal fats in pre-ruminants includes:

¢ The chain length of the constituent fatty acid

The degree of saturation of the fatty acids

The positioning of individual fatty acids on the glycerol molecule

The proportion of saturated triglycerides in the fat

The absence of high-quality protein

2.4.3.1 Fat digestive enzymes

Pre-ruminant and monogastric fat digestion are similar and starts with a process of hydrolysis
(Ramsey et al., 1956; Grosskopf, 1965; Diao et al., 2019), which refers to the cleavage of chemical
bonds by the addition of water. Fat digestion and carbohydrate digestion occur concurrently. Fat
digestion starts in the oral cavity (Choi & Snider, 2019) with the secretion of salivary lipase and pre-
gastric esterase (Hamosh, 2019). At one week of age, it is estimated that pre-gastric esterase activity
is sufficient to hydrolyse between 65-70% of the lipid offered in a milk diet (Gooden & Lascelles,
1973). The net result of the action of the pre-gastric esterase is an accumulation of free fatty acids
in the abomasum (Edwards-Webb & Thompson, 1977). The extent of lipolysis is however limited by
the inability to release long-chain fatty acids before the chyme becomes too acidic in the abomasum
(Lai et al., 1997).

When entering the duodenum, dietary lipids (mostly triglycerides) are emulsified by bile salt released
from the gall bladder (Maldonado-Valderrama et al., 2011; Pitt & Gadacz, 2013). Due to their
hydroxyl (OH) and carboxyl (COOH) groups, bile salt functions as a detergent and this causes large

lipid molecules to form smaller lipid droplets surrounded by a layer of bile (Di Gregorio et al., 2021;
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Durnik et al., 2022). The emulsified lipids are digested by pancreatic lipase and converted into fatty
acids, monoglycerides and glycerol and assembled into micelles (Brobst, 1980; Igbal & Hussain,
2009). Micelles are formed by the short-term combination of bile salt, fatty acids, monoglycerides,
and other fat-soluble substances such as vitamins and cholesterol (Reshetnyak, 2013). The micelles
are water soluble (Lukyanov & Torchilin, 2004), and this enables their transportation to the small
intestine surface where they are absorbed. At the site of absorption, the micelle breaks down and
the bile salt returns to the intestine to repeat the emulsification processes (Bodewes et al., 2015).
The components of the micelles are absorbed into the small intestine by passive diffusion (Igbal &
Hussain, 2009). Saturated fatty acids forms micelles less efficiently than unsaturated fatty acids
(Cherian, 2019). For this reason, a blend of saturated and unsaturated fatty acids should be used in
milk replacers (Cherian, 2019). Once inside the intestinal cell (enterocyte), the monoglycerides and
fatty acids are re-esterified, and in combination with free and esterified cholesterol, lipoproteins and
phospholipids chylomicrons are formed. The chylomicrons are then secreted into the lymphatic
system (Cherian, 2019).

2.4.3.2 Fat inclusion levels in milk replacers

Milk replacers is formulated to mimic natural milk, with the aim to optimise animal growth
performances at the lowest possible cost. As dietary fat significantly affects the functioning of the
rumen, many studies reported on the inclusion of fat in starter meals rather than in milk replacers
(Berends et al., 2018; Ghorbani et al., 2020). Consequently, specific fat limitations are imposed to
ensure optimal rumen development without compromising overall calf health (Amado et al., 2022).
However, as suckling calves are less sensitive to the level of fat inclusion and optimal inclusion level
in milk replacers is not well established as it is influenced by factors such as breed, environment and
enzymatic secretion pattern (Echeverry-Munera et al., 2021; Wilms et. al., 2024). Researchers have
also investigated the effects of varying fat levels on calf growth and nutrient uptake as fat provides
a key source of energy and plays an essential role in the absorption of fat-soluble vitamins (Youness
et al., 2022).

Sharma et al. (2020a) reported reduced dry matter intake when feeding milk replacers to dairy calves
with fat content of 14% versus 10%. The different levels of fat and protein in the ration however did
not affect average daily gain in calves (Sharma et al., 2020a). Pancreatic lipase enzyme secretion
of pre-weaned calves is influenced by both age and dietary fat content (Harmon, 1992). Gérka et al.
(2014) have shown that the activity of digestive enzymes such as amylase, lipase and protease

increase with age in young calves.

Overall, most studies suggest that the activity of digestive enzymes in young calves are influenced
by both age and dietary fat content. While there is no clear consensus on the optimal level of fat in
milk replacers for calves, literature suggest (Hill et al., 2011) that a range of fat concentrations may

be suitable, and that the specific concentration may depend on other factors such as the nutritional
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composition of the milk replacer, the age and weight of the calf, and its health status. These findings
also suggest that increasing the dietary fat level can improve the activity of pancreatic lipase, but the

degree of this effect may depend on the age of the calf (Hill et al., 2009).

Fermented plant protein has a fat content of 20% (Cordy, 2024). This implies that the source and
composition of fat will be different between the commercial milk replacer and the milk replacers

formulated with fermented plant protein.

2.5 Raw material processing and milk replacer comparisons

Processing methods of raw materials can vary widely depending on the industry and the aim for
using the method. Multiple methods are used for food or raw material processing and for different
applications. These processing techniques can further be broadly divided according to the type of
application (Huss et al., 2018; Michel et al., 2024). In some cases, food treatment processes and
raw material processing techniques can overlap whilst being exclusive in other applications. Amit et
al. (2017) classified food processing according to factors affecting food spoilage, while Avilés-
Gaxiola et al. (2018), classified processing methods of a raw material according to inactivation
methods of trypsin inhibitor. Although studies like these are applicable in completely different
scenarios it shows that the most comprehensive way to divide the processes are according to
physical processing, chemical processing and biological (microbial in some cases) processing.
Animal feed processing is commonly divided into wet and dry processing and further subdivided into
hot and cold processing. Wet processing methods include grinding, dry rolling, flaking, pressure
cooking, exploding, pelleting, reconstitution, extrusion, fermentation and gelatinization (Huss et al.,
2018). Dry processing methods include grinding, dry rolling, popping, micronizing, extruding and

roasting, decorticating/dehulling and crumbling (Dattatray & Pramond, 2023).

The reason for feed processing may differ, but in general feed and raw material processing
techniques and methods are used to increase the nutrient composition and/or utilization and/or the
economic value thereof (Weaver et al., 2014; Singh et al., 2023). This can include processes that
simplify storage, utilize raw materials that would otherwise be unavailable or change feedstuff
composition (Van der Poel et al., 2020). Figure 2.5 provides an overview of the categories of
processing methods for raw materials that is commonly used when producing raw materials used in

producing milk replacers.

Food processing is defined by Albuquerque et al. (2022) as the activities involved during the
transformation of raw materials from different origins to achieve a final product suitable for
consumption. Amit et al. (2017) defines food processing as merely a part of food preservation and
states that food preservation involves different food processing steps to maintain food quality at a
desired level so that the maximum benefits and nutrition values can be achieved. Van der Poel et al.

(2020), focused more on animal feeds and define feed processing as techniques in which physical,
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chemical, biochemical, biological and physiochemical methods are applied to increase the nutrient
utilization of feeds and fodders. The aim is therefore to optimize nutritional value of feeds (Sarnklong
et al., 2010).

|| Raw material processing methods ||
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- Acids and bases
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Figure 2.5 A brief overview of the different categories of processing methods for raw materials
adapted from Van Zyl (2017) and Avilés-Gaxiola et al. (2018).

2.5.1 Physical processing

Physical processing can be divided into cold processing and heat processing although not all
processes fit into these categories (Van Zyl, 2017). Physical processing in the food industry is
commonly divided into thermal processing, non-thermal physical processing and physical detection
(Ma, 2018). Freeze drying is categorised under cold processing and is of specific importance as it is
often confused with spray drying which is a heat process and is commonly used when producing

raw materials for milk replacers (Schuck, 2002; Baldelli et al., 2022).

2.5.1.1 Freeze drying

Freeze-drying, also known as lyophilization, is often used to produce high-quality dehydrated fruits
and vegetables (Nath et al., 2023). During freeze-drying the product is frozen and the water is in
solid-state (Nowak & Jakubczyk, 2020). The low temperature and moisture sublimation process
preserve the fundamental structure and shape of the products, resulting in a final product which have
a low bulk density, high porosity, and favourable rehydration characteristics (Bhatta et al., 2020).
Sublimation of the liquid is achieved by subjecting the frozen substrate to a vacuum and this causes
the solvents to sublimate (Qian & Zhang, 2011). The process can be broken down into three stages
namely freezing, sublimation (also known as primary drying) and desorption (also known as

secondary drying). During the sublimation stage most of the solvent is removed and during the
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desorption stage the temperature increases to break the ionic bonds, and the remaining solvent is

almost completely removed (Assegehegn et al., 2019).

2.5.1.2 Spray drying

Spray drying is a heat processing method and is grouped in this discussion with other physical
processing methods such as pasteurisation, extrusion and pelleting (Schuck, 2002). Heat processing
is widely accepted as the most effective way of improving the overall nutritional value of legume
seeds because it improves protein digestibility principally through the inactivation of thermolabile

anti-nutritional factors (Avilés-Gaxiola et al., 2018).

Spray drying is commonly used to produce raw materials used in the production of milk replacers
(Schuck, 2002; O'Neill et al., 2019). It is one of the most efficient ways to extend the shelf life of
liquid extracts and improve the organoleptic features of products by converting extracts into a stable
dry powder (Nath et al., 2023). With spray drying, liquid feeds (extracts) are atomized into the drying
chamber and the resulting droplets pass through a hot-air (or sometimes nitrogen) stream to
evaporate the liquid fraction (Filkova & Mujumdar, 2020). The evaporation of water takes place at a
faster rate when the droplets themselves are smaller since this increases the surface-to-mass ratio
(Santos et al., 2017). Because of the speed and intensity with which this procedure is carried out,

there is very little heat damage caused to sensitive material (Nath et al., 2023).

2.5.1.3 Pasteurisation

Pasteurisation is a low order heat treatment and is often performed at a temperature below the
boiling point of water (lordache et al., 2017). It can be divided into slow pasteurisation and rapid
pasteurisation (Deak, 2014; Booker et al., 2023). With slow pasteurization, the pasteurization time
is linked to the temperature use. For a treatment temperature of between 63°C and 65°C, the period
often exceeds 30 minutes and for a treatment temperature of 75°C a treatment period of between 8
to 10 minutes is used (Deak, 2014; EFSA et al., 2021). With rapid, high or flash pasteurization the
temperature range is between 85°C to 90°C and the treatment period is a few seconds (Deak, 2014;
Sfakianakis & Tzia, 2014).

The general objective of pasteurization is to extend product shelf-life by inactivating all non-spore-
forming pathogenic bacteria and most vegetative spoilage microorganisms, as well as inhibiting or
stopping microbial enzyme activity (Nguyen, 2023). To be effective, pasteurization is frequently
combined with another means of preservation such as concentration, acidification and chemical
inhibition (Deak, 2014). Although pasteurization inactivates pathogens, it results in the loss of
immunological functions and bactericidal action in human milk (Patil et al., 2019) and should
therefore not be used as a processing method when the aim is the transference of antibodies to

neonatal animals.
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2.5.1.4 Extrusion

Extrusion is a continuous short-time cooking process and is therefore referred to as extrusion-
cooking (Téllez-Morales & Rodriguez-Miranda, 2023). During the extrusion process the product is
exposed to high temperatures ranging between 125°C - 170°C for a relatively short time of between
15-30 seconds (Rowe et al., 1999). Extrusion-cooking can be described as a process whereby
moistened starchy and/or proteinaceous materials, usually starchy grains, meals, and flours, are
cooked and worked into a viscous, plastic-like dough (De Cruz et al., 2015). Rowe et al. (1999)
describes the processes as food materials fed into a barrel containing a single or twin rotating
screw(s). The material is forced to pass through a die plate that shapes extrudates into given
configurations. The barrel is usually heated to gelatinize starches and enhance protein denaturation
and reactions such as hydrolysis of peptide bonds at aspartic acid residues and interchange or
destruction of disulfide bonds are involved. The screw configuration which imparts mechanical shear
and die plate along with the temperatures applied in the different barrel sections affect the internal
pressure and the degree of cooking (Luy et al., 2022). One of the main advantages of this process

is that the short treatment time maintains the nutritional value of extrudates (Boakye et al., 2023).

In modern poultry farming systems, the focus is on reducing the feed cost by enhancing feed
efficiency by adopting modern processing techniques (George & George, 2023). The extrusion
process is one of the techniques used to not only enhance the nutritional value of the ingredients
and feed, but also the efficiency of utilization of the feed (Le Boucher, 2024). In modern feed milling
operations, extrusion is considered a standard process used to enhance the value of a feed (Rahman
et al., 2015). The degree of enhancement due to an extrusion process depends upon factors such
as structure and chemical composition of the ingredients, processing conditions and machinery used
(Rojas et al., 2016). Variation in extruding temperature, moisture, screw speed, pressure, time,
chemical composition and structure can influence the nutritional value, digestibility of feed or feed
ingredients. This will affect the performance of the animal and to ensure optimal results from

extrusion processing all conditioned should be maintained at optimum levels (Rahman et al., 2015).

2.5.1.5 Pelleting

Pelleting of animal feeds to denature protein, increase starch gelatinization, decrease anti-nutrient
factor content, and improve the nutritional value of feed ingredients has been extensively used for
decades (Wang et al., 2022b). It is not used to produce milk replacers, but is commonly used as a
final step when manufacturing animal feeds and starter pellets for calves (Birger & Zimonja, 2011).
Pelleting is the most prevalent heat treatment in the production of poultry feeds. However, due to the
heat, moisture and mechanical pressure applied during pelleting, some chemical and physical
alterations occur that may have beneficial or detrimental effects on feed components, gastrointestinal

development and subsequent performance (Abdollahi et al., 2013).
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Longer periods of high temperature after pelleting have been used by feed manufacturers to control
the spread of pathogenic microorganisms, especially African swine fever through feed (Wang et al.,
2022b). Pelleting further significantly also reduces dustiness of feed while enhancing flow

characteristics in augers and bins (Svihus et al., 2004).

Pelleting is a harsh process that degrades vitamins by damaging their structure and the recovery of
vitamin A, vitamin E, vitamin B2, and vitamin Bs significantly decreased after pelleting and long-term
high-temperature stabilization, with the high-temperature stabilization process having the most

significant influence (Wang et al., 2022b).

2.5.2 Chemical processing

Chemical treatments are based on the use of substances that have the capacity of altering molecular
structures through chemical interactions (Avilés-Gaxiola et al., 2018). The use of acids and bases in
combination with physical treatments has been investigated, but the major disadvantage of these
processes is that they may result in final products with chemical residues (Soetan & Oyewole, 2009).
Chemical processing has been investigated as a method to disrupt the disulfide bonds that gives

structure and stability to the trypsin inhibitor tertiary structure (Avilés-Gaxiola et al., 2018)

2.5.2.1 Acids and bases

The use of sodium hydroxide (NaOH), ammonium hydroxide (NHsOH), and sodium bicarbonate
(NaHCO:3) during thermal treatment of soybeans has been proposed since extremely high or low pH
levels promote loss of enzyme activity due to unfavourable electrostatic interactions between amino
acid residues which cause conformational changes in the active site (Avilés-Gaxiola et al., 2018).
Under acidic conditions, heat inactivation of proteins is not effective and this is utilized during certain
forms of chemical processing such as for protein extraction (Accardo et al., 2022). The use of alkalis
during food processing can cause racemization (the conversion of L-amino acids to D amino acids)
that reduces the digestibility of protein between 2-7%, particularly affecting cysteine and aspartic
acid (Arora et al., 2022).

Sodium hydroxide was specifically emphasised by Van Zyl (2017), for the treatment of starches in
maize, however this study focused on nutrition for adult ruminants. The treatment of feed with NaOH
has a long research history and Archibald (1924) reported on an improvement in starch digestibility

for ruminants when treating cereal grain with NaOH.

Beef cattle are often fed high-concentrate diets to achieve high growth rates, and this practice is
strongly associated with metabolic disorders (Nagaraja & Titgemeyer, 2007). Mild acid treatment of
grains in high-concentrate diets with 1% hydrochloric acid followed by neutralization with sodium
bicarbonate might modify rumen fermentation patterns and microbiota, thereby decreasing the

negative effects of high-concentrate diets (Liu et al., 2020).
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2.5.2.2 Ammonia / Urea

Ammonia (NH3) is used during ensiling to add non-protein nitrogen and to increase the
concentrations of lactic and acetic acids, decrease proteolysis and improve the aerobic stability
(Kung Junior et al., 2000). Ruminants obtain their amino acids from two sources namely ruminally
undegraded protein (RUP) and microbial protein synthesized in the rumen (Niazifar, 2024). Urea has
been used in ruminant diets for more than 100 years as an additional nitrogen source for the bacteria
in the rumen. Its use in dairy cattle diets has fluctuated with protein and urea prices. In a number of
studies, the diets were not isocaloric when urea was added, and intake reduction occurred because
of high dietary levels of urea (Kertz, 2010). The result for beef cattle, sheep and feedlot lamb is more
promising with increased dry matter and crude protein intake and improved digestibility parameters,
such as dry matter digestibility and crude protein digestibility reported (Duff et al., 2003; Saro et al.,
2019; Wahyono et al., 2022). Urea is hydrolysed by ureases secreted by rumen bacteria to produce
ammonia which is used for microbial protein synthesis and the original in vitro work of Satter & Slyter
(1974), suggested 50 mg/l ammonia-N as the minimum level to avoid constraining microbial protein
synthesis. Later in vivo studies reported higher optimal levels and Odle & Schafer (1987) reported
that the optimal ammonia-N for degradation of barley was 125 mg/l and for of maize 61 mg/l. Urea
supplemented in any ruminant feeding system is rapidly degraded to ammonia in the rumen. If urea
hydrolysis exceeds the concomitant rate of carbohydrate fermentation it can contribute to less
efficient microbial capture of available N (Boucher et al., 2007; Ceconi et al., 2015; Oliveira et al.,
2020). The bacterial composition changes in response to total ammonia nitrogen concentrations.
High total ammonia nitrogen increases gram-positive Firmicutes and Actinobacteria but reduces
gram-negative Fibrobacteres and Spirochaetes (Shen et al., 2023). As a general guideline a
maximum intake of 1% of dietary dry matter intake per animal is recommended where urea-N should
contribute a maximum of 30% of total daily N intake (Kertz, 2010; Vargas et al., 2024).

Excess ammonia from urea hydrolysis and other N containing compounds are absorbed and
transported to the liver (Abdoun et al., 2006). Here, ammonia is used for endogenous urea synthesis,
which is recycled through the ruminal wall and salivary secretion. This process plays a vital role in N
utilization and metabolism in ruminants (Long et al., 2004; Reynolds & Kristensen, 2008; Wang et
al., 2011; Zhou et al., 2017). Normally, the liver can detoxify ammonia into urea efficiently by
synthesizing urea which is 40 times less toxic than ammonia in the hepatocytes through the Krebs
& Henseleit cycle, but at higher concentrations in the blood, ammonia will overwhelm hepatocytes
capacity for detoxification. This causes ammonia toxicity, leading to elevated levels of ammonia into
the blood (Antonelli et al., 2007).
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2.5.2.3 Enzymes

The wide variety of enzymes with different characteristics allows for many processing applications
(Cérdova et al., 2022). Although the concept of grain processing with the addition of exogenous
enzymes is not new, almost 70 years ago Hastings (1946) reported on the application of exogenous
amylase in poultry diets. This concept is still used to enhance digestibility of starch in monogastric
species (1996; Rowe et al., 1999; Dehghan-Banadaky et al., 2007; Cowieson et al., 2019) and fibre
in ruminants (Useni, 2011). The animal feed industry uses enzymes that degrade crude fibre, starch,

proteins, and phytates (Peng et al., 2023).

Rising economic pressure enhances the requirement for improved exploitation of low-quality
feedstuffs (Ojha et al., 2019). The utilization of feed by monogastric animals is not complete and the
supplementation of feed with enzymes enhances the nutritive value, thereby increasing the
effectiveness of digestion (Alagawany et al., 2018). The addition of exogenous enzymes has been
shown to feed help break down components such as fibre and phytate that occur naturally in various
feed ingredients (Useni, 2011; Bedford & Apajalahti 2022). The presence of these factors may result
in decreased meat or egg production and lower feed efficiency, while also contributing to increased
digestive disturbances (Sureshkumar et al., 2023; Valente Junior et al., 2024). Ravindran (2013),
reports that exogenous enzymes are mainly added to enhance the accessibility of nutrients from

feed ingredients.

The effects of enzymes used in animal feed processing can be attributed to any of the following
mechanisms (Bedford & Cowieson, 2012; Ravindran, 2013; Ojha et al., 2019):
¢ The cleaving of bonds or components that cannot be hydrolysed by endogenous enzymes.
o Degradation of anti-nutritional factors that reduce digestibility and increase the viscosity of
feed.
o The rupturing of cell wall and releasing of nutrients attached to the cell wall.
¢ Improvement of nutrient utilization and reducing animal excreta/waste.
¢ A reduction in the secretions and the loss of endogenous proteins in the intestine, reducing
maintenance requirements.
¢ Increasing insufficient or absent digestive enzymes in the digestive tract, resulting in better

digestion, especially in young animals with immature digestive systems.

2.5.3 Biological processing

Biological processing is also referred to as microbial processing (Amit et al., 2017), although the
term is not always inclusive enough as processes such as germination is often included in this

category.
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2.5.3.1 Fermentation

Fermentation is an anaerobic and catabolic process where complex molecules are broken down into
less complex ones by microorganisms (Sharma et al., 2020b; Buckel, 2021). Bacterial and yeast
fermentation involves proteolytic activity that increases amino acid bioavailability by degrading
unwanted substances, such as proteinase inhibitors (Avilés-Gaxiola et al., 2018; Xiang et al., 2019).
Fermented feed is utilized to promote the digestion and absorption of nutrients in animal diets while
enhancing the host’s immune system and overall health (Zhu et al., 2023). Fermented feed has been
shown to increase the efficiency of nutrient digestion and absorption in livestock, thereby reducing
waste production (Lee et al., 2023). Fermentation also contributes to the elimination of pathogenic
microorganisms that may be present in the feed (Niba et al., 2009; Lee et al., 2023). The effects of
fermented feed, which often contains beneficial microorganisms such as probiotics and yeast, have
been extensively studied in various animal species (Pang et al., 2022). In ruminants, research has
predominantly focused on the effects of fermented silage, with limited studies on the feeding effects
of fermented concentrate. Lee et al. (2023) reported that fermenting formulated concentrate can

have a positive impact on the growth and health of ruminant livestock.

2.5.3.2 Germination

Germination is a natural catabolic process of plants through which the seed comes out of its latency,
using the reserved substances in the cotyledon for embryo development and growth (Sangronis &
Machado, 2007). As a processing method germination commonly forms part of malting, as malting
consists of steeping, germination, kilning and roasting. Germination has been successfully used as
a treatment to reduce anti-nutritional compounds such as trypsin inhibitor. This is achieved as the
proteases in the seed digests cellular proteins and releases free amino acids which is subsequently
used for seedling autotrophic growth (Budhwar et al., 2020; Gunathunga et al., 2024). Germination
is a process of medium efficiency, but it has an additional advantage over other strategies as it
increases the concentration and bioavailability of a variety of nutrients and improves specific
characteristics of pulses (Hejazi et al., 2016; Gunathunga et al., 2024). If time is not a limiting factor,
germination could be combined with other strategies, of at least similar in effectiveness, like gamma
irradiation. A combination of both methods may for example help to overcome the losses of vitamin

C caused by gamma irradiation (Doblado et al., 2007).

Germination terminates dormancy by activating the internal enzymes in grains (Oliveira et al., 2022).
It also alters the nutritional profile and morphological structure of grain seeds, ultimately improving
the digestibility and bio-accessibility of nutrients. (Chu et al., 2020; Li et al., 2022). Germination has
also been shown to improve the bioactivities of food components by generating new bioactive
compounds such as polyphenols and flavonoids, which accounts for the high antioxidant activity in

grain seeds (Xu et al., 2019; Chu et al., 2020). Therefore, germination boosts human health by
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providing neuroprotective, anti-cancer, anti-bacterial, anti-diabetic, anti-inflammatory, and
cholesterol-lowering properties against many communicable and non-communicable diseases (Chu
et al., 2020).

2.6 Weaning shock

Wean shock is commonly characterised by body weight loss due to weaning and occurs due to the
abrupt shift from a milk-based diet to a diet of solid feed when calves are weaned (Sweeney et al.,
2010). Calves must adapt to a new source of nutrition, which can initially lead to a temporary
reduction in dry matter intake. This weight loss is a common and expected outcome of the weaning
process but can be managed with proper care and nutrition (Zeleke et. al., 2017). Elevated stress
associated with weaning can weaken the immune system of calves, making them more susceptible
to diseases and stress-induced health problems, such as respiratory infections and diarrhoea, can
occur if not managed properly (Hulbert & Moisa, 2016). Prolonged or severe wean shock can
negatively impact on the growth and development of calves. And it can take some time for calves to
adjust to their new diet and environment and resume normal growth rates. Adequate nutrition and
management practices are therefore essential to ensure that calves rapidly recover their weight and

grow optimally (Tang et al., 2022).

When the transition from liquid to solid feed is too abrupt, it can have a significant impact on the
digestive tract of the young calf leading to digestive upsets such as diarrhoea and subsequent weight
loss. Successful transition between milk replacers is dependent on enzyme activity levels and as
enzyme activity is stimulated by the presence of specific nutrients, the gradual introduction of the
new nutrients in the starter meal can help to avoid diarrhoea and potential mortalities (Dennis et al.,
2018; Klopp et al., 2019; Zhang et al., 2019). When calves are weaned, the transition is from liquid
diets flowing to the abomasum whereas solid feed will be going into the rumen (Dias et al., 2017).
This implies a transition from mainly relying on enzymatic digestion to the fermentative breakdown
of feed in the rumen (Qrskov, 1972; Kaba et al., 2018; Diao et al., 2019).

A common misperception is that the rumen can be developed by over-feeding, causing the milk
replacers to overflow into the rumen. While this overflow can provide additional nutrients to the
developing rumen, it may disrupt the normal digestive process and compromise the efficiency of
nutrient utilization. (Hill et al., 2016). For the rumen to provide sufficient nutrients to the ruminant it
must be adequately developed and contain the required microbial population to be able to support

fermentation on the required scale (Dias et al., 2017; Zhang et al., 2021b).

Rumen development is of crucial importance during the early life stages of the calf as it influences
the overall health and future productivity of the animal (Malmuthuge et al., 2019; Zhang et al., 2019;
Li et al., 2023). The introduction of starter feed is a pivotal factor in stimulating rumen development.

High-quality starter feeds, typically containing a mix of grains and fibrous ingredients, play a crucial
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role in promoting rumination and microbial activity in the developing rumen (Cammack et al., 2018).
From day 7 microbial activity in the rumen significantly increases with the introduction of solid feed
(Dias et al., 2017). Rumen development in calves is a multifaceted process that begins shortly after
birth. Initially, the undeveloped rumen relies on the absorption of volatile fatty acids (VFAs) produced
during fermentation. As the calf consumes starter feed, the rumen undergoes morphological
changes, such as papillae development, which enhances its capacity for nutrient absorption (Baldwin
et al., 2004; Lesmeister & Heinrichs, 2004). Practical considerations for optimizing rumen
development include the strategic introduction of starter feed, monitoring calf growth, and adjusting
feeding practices based on individual needs. Proper nutrition and management during the early
stages are critical for establishing a healthy and functional rumen (Steele et al., 2016; Diao et al.,
2019).

Calves raised by well-nourished dams often receive milk with a balanced nutrient profile, promoting
higher feed intake after weaning due to enhanced palatability and nutritional content (Kertz et al.,
2017). Weaning calves will lead to weight loss if the rumen cannot sufficiently support fermentation
as at this stage as the rumen becomes the main digestive system through which the calf acquires
nutrients (Carballo et al., 2019; Diao et al., 2019; Li et al., 2023). Although other external factors
such as environmental changes may play a role, if managed correctly the only significant factor is
the change in diet (Cholewinska et al., 2021). It is advised that weaning should be a gradual process,
and it should be ensured that starter feed of a high quality is available while calves are still suckling
(Franklin et al., 2003; Bittar et al., 2020).

Contrary to starter feed, milk has a limited role in rumen development. While milk provides essential
nutrients it does not contribute significantly to the physical development of the rumen (Diao et al.,
2019). Glucose, along with fatty acids, is considered a key energy substrate for the immature rumen
epithelial tissue, especially before active fermentation begins in the rumen and these nutrients are
absorbed by the small intestine (Pokhrel & Jiang, 2024). The early stages of rumen development
are characterized by a gradual transition from a reliance on milk to the incorporation of solid feeds.
If a milk replacer induces starter feed intake a milk replacer can contribute indirectly to optimising
rumen development in the early stages of a calf’s life (Baldwin et al., 2004; Khan et al., 2016; Pokhrel
& Jiang, 2024). Feed intake is a critical aspect of early calf development, influencing growth, health,
and overall productivity. Early exposure to solid feed plays an important role in stimulating starter
feed intake in suckling calves. Calves that are introduced to starter feeds early in life tend to have a
smoother transition to solid diets, establishing feeding behaviour and preferences (Khan et al., 2011).
The nutrient density of milk, particularly the protein and fat content, however, influences calf satiety
and feed intake (Araujo et al., 2014). Higher dietary fat intakes from liquid feed reduced hunger-
related behaviour during the weaning transition in ad libitum fed calves (Echeverry-Munera et al.,
2021). Increasing milk or milk replacer allowances to more than 0.8 kg/d reduces starter feed intake

(Cowles et al., 2006; Hill et al., 2010; Davis Rincker et al., 2011). This delayed rumen development
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(Terré et al., 2007; Suarez-Mena et al., 2011), and postweaning average daily gain (ADG) is
associated with depressed feed efficiency and digestibility after weaning (Jasper & Weary, 2002;
Cowles et al., 2006; Hill et al., 2007). Therefore, when offering increased amounts of milk or milk
replacer, it is especially important to stimulate solid feed consumption to avoid a decline in

performance and impairments of health after weaning (Araujo et al., 2014).

The beneficial effect of a high-protein intake seems to be due to increased diet-induced
thermogenesis (DIT) (Mikkelsen et al., 2000), increased satiety (Weigle et al., 2005; Astrup, 2005)
and decreased hunger (Skov et al., 1999). It has been hypothesized that alac has a beneficial effect
on satiety owing to a high content of essential amino acids such as leucine, lysine, and tryptophan
(Chatterton et al., 2006; Hursel et al., 2010; Bendtsen et al., 2013). Tryptophan is a precursor of the
neurotransmitter serotonin, which acts as an anorexigenic signal in the brain stimulating satiety
(Jenkins et al., 2016). Leucine and lysine are ketogenic amino acids, and it has been shown that

appetite decreases under ketogenic conditions (Johnstone et al., 2008).

High-quality milk with appropriate nutrient levels encourages consistent and adequate feeding
behaviour in suckling calves (Jenkins et al., 2012; Soberon et al., 2012). The palatability and texture
of starter feeds significantly influence feed intake (Terré et al., 2016; Pazoki et al., 2017). Calves
show a preference for textured feeds with pleasant taste, promoting active feeding behaviour
(Nedelkov et al., 2019). The incorporation of palatable starter feeds encourages voluntary intake and

helps meet nutritional requirements (Miller-Cushon et al., 2014; Nedelkov et al., 2019).

Starch provides a source of readily available energy, contributing to the overall energy density of the
diet (Hua et al., 2022). Starch enhances the energy content of the diet, promoting increased appetite
and overall nutrient consumption. However, the optimal level of starch in milk must be carefully
balanced to avoid digestive upsets and ensure calf health (Huber et al., 1968; Lesmeister et al.,
2004). Feed intake in suckling calves is influenced by a combination of factors, including maternal
nutrition, early exposure to solid feed, nutrient density of milk, and the starch content in the milk
replacer (Hepola et al., 2007; Asheim et al., 2016). While starch in milk can have a positive impact
on feed intake by enhancing energy density, careful consideration of the optimal starch level is
essential to prevent potential digestive disturbances (Gilbert et al., 2015). Balancing these factors
ensures a successful transition to solid diets, supporting the growth and well-being of suckling

calves.

2.7 Calf body measurements

Body weight of calves is often used to determine the financial value of an animal and to evaluate the
efficacy of management and feeding regimes. Birth weight of calves is used as indicator of foetal
growth, particularly during the last trimester of gestation as approximately 70% of birth weight is

added during this period (Micke et al., 2010). Birth weight data can assist dairies to make better
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decisions about calf rearing and pregnant cow nutrition management. Live weight gain is used for
managing feeding regimes (Dingwell et al., 2006; Curtis et al., 2018) while estimated body weight is
used to determine the dosage of medications, including antibiotics and anthelmintics (Enevoldsen &
Kristensen, 1997; Dingwell et al., 2006; Machila et al., 2008; van Dijk et al., 2015). These applications

can help to improve the welfare of livestock and the economic position of subsistence farmers.

The most accurate way to determine the body weight of a calf is to use an electronic scale. The use
of an electronic scale however comes at a cost implication to farmers, and this is often beyond the
means of farmers and can be time-consuming if there is a lack of infrastructure. For this reason, it
might not be the preferred method even on farms that do have access to an electronic scale
(Heinrichs et al., 1992; Dingwell et al., 2006).

In response to the above reasons, methods have been developed to estimate the weight of a calf
without the use of an electronic scale. One of these methods is the use of a measuring tape (Dingwell
et al., 2006). The use of a measuring tape allows the farmer to estimate the weight of cattle without
being restricted by the lack of portability of a scale and although there is handling involved, it's easy
to learn and apply. The measuring system exploit the high relationship between girth circumference

of calves and their weight (Wangchuk et al., 2017).

Currently there is no single standard with regards to measuring tapes and the predicted weight when
using different tapes vary considerably (Heinrichs et al., 2007). This result is influenced by several
factors and the specific algorithm fitted to the data used when developing the specific measuring
tape (Ruchay et al., 2022). Commonly used tapes include tapes that are used to measure the girth
and hoof circumference, and studies have been conducted to compare the two methods as well as
comparing the predicted weights using these methods with scale weight (Sharpe & Heins, 2023).
The girth tape is marked in centimetres (or another measuring unit) and predicts the corresponding
body weight for each increment. The predicted weight is derived from a model developed by
measuring the weight and girth of many cattle. The girth tape measures the chest circumference of
the body behind the front shoulder. The hoof girth tape measures the circumference of a specific

hoof of the calf and the weight is then predicted using this parameter.

Heinrichs & Hargrove (1987) measured 5,723 heifers on commercial farms in Pennsylvania and
reported a good correlation between heart girth circumference and body weight. This formed the
basis of the heart girth tape, used for estimating the weight of calves. It should be noted that the
original population of animals measured to determine the correlation between body circumference

and weight were all heifers (Heinrichs & Hargrove, 1987).

Age of calves appears to have an influence on the accuracy of prediction when using a heart girth
tape. Dingwell et al. (2006) reported a significant difference between scale weight and heart girth
tape in calves younger than three months and that heart girth tape measurement was significantly
lower than the scale measurements. It is important to note that this period is mostly during the pre-

weaned phase and that the diet during this period largely consists of milk and milk replacers. Dingwell
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et al. (2006) further recommends that the study of the heart girth tape for predicting the weight of

very young Holstein calves should be investigated further.

Breed is presumed to influence the accuracy of predictions when using the heart girth tape and some
studies suggest that better results are obtained for certain breeds when using specific tapes (Conan
et al., 2018). Sharp & Heins (2023) report that accuracy has been confirmed to a larger degree in
some purebred dairy breeds, but that the use of heart girth tapes and hoof-circumference tapes may

not be accurate in estimating the weight of crossbred calves.

Sex does not appear to have a specific influence on accuracy of weight predictions when using heart
girth tapes, although according to Odadi (2018), these measurements were taken in sexually

immature animals, and this may not hold true for older animals.

The location of a specific population seems to influence results as Heinrichs et al. (2007) and Milla
& Mahjoub (2013) reported that the use of a girth tape not created specifically for that population of
cattle needed to be transformed to improve prediction accuracy. This may be because of location,
differences in livestock management, genetics and environmental conditions on girth circumference
(Magnabosco et al., 2008). This suggests that specific herd factors relating to nutritional
management, body condition, or genetics of conformation may play an important role in accuracy of

predictions.

The season and therefore climate may also influence the accuracy of the heart girth tape as body
condition is often influenced by the season. MacDonald et al. (2014) reported that approximately
70% of the cattle that they measured were in medium condition during the dry season within a one
percent increase for the wet season. There was a decrease in the percentage of fat cattle in the wet
season from 24% in the dry season to 21% in wet. The accuracy of prediction varied between the
summer and winter season, and MacDonald et al. (2014) therefore suggested that separate tapes

should be developed for the different seasons.

Although handling error is separate from the other external factures, it also has a direct influence on
the accuracy of weight predictions when using the heart girth tape (Wood et al., 2015). Heart girth
measurements may be difficult to perform consistently, as a change in the position of the animal

during measurement or the tightness of the tape can all affect the results (Wood et al., 2015).

It is therefore clear that multiple factors can affect the accuracy when using the girth circumference
method to estimate body weight, but the accuracy of prediction can be improved by taking location,

breed, gender, body condition, age and the breed used to calibrate the tape into account.

2.8 Conclusion

The pre-ruminate digestive system is complex as it involves not only enzymatic digestion, but also
the development of the rumen and therefore the establishment a microbial population in the rumen.

This population is responsible for the microbial fermentation of feed. As milk replacers are composed
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of different fats, proteins and carbohydrates, it further complicates the identification of the specific
effects of these components in the digestive system. Different processing methods of the raw
materials also influence the effect of these milk replacers on the pre-ruminant digestive tract. There
is limited information on increased carbohydrates content in milk replacers for neonatal calves,
providing research opportunity. Although fermentation as a processing method has been well
researched, specific fermentation processing applied to producing raw materials for milk replacers
has to be investigated in more depth. When investigating the effect of specific raw materials used in
milk replacers on the pre-ruminant digestive system the most effective way is to use a live model.
The strive for alternative and more cost-effective calf milk replacers for effective production and

potential reduction of calf morbidity seems viable and more research is required in this regard.



43

2.9 References

Abdelsattar, M.M., Zhao, W., Saleem, A.M., Kholif, A.E., Vargas-Bello-Pérez, E. & Zhang, N. 2023. Physical,
metabolic, and microbial rumen development in goat kids: A review on the challenges and strategies of
early weaning. Animals. 13(15), 2420. https://doi.org/10.3390/ani13152420.

Abdollahi, M.R. Ravindran, V. & Svihus, B. 2013. Pelleting of broiler diets: An overview with emphasis on pellet
quality and nutritional value. Anim. Feed Sci. Technol. 179(1-4), 1-23.
https://doi.org/10.1016/j.anifeedsci.2012.10.011.

Abdoun, K., Stumpff, F.& Martens, H. 2006. Ammonia and urea transport across the rumen epithelium: A
review. Anim Health Res Rev. 7(1-2).43-59. https://doi.org/10.1017/S1466252307001156.

Accardo, F., Leni, G., Tedeschi, T., Prandi, B. & Sforza, S. 2022. Structural and chemical changes induced by
temperature and pH hinder the digestibilty of whey proteins. Food Chem. 387, 132884.
https://doi.org/10.1016/j.foodchem.2022.132884.

Aizawa, K., Takagi, H., Kokubo, E. & Takada, M. 2021. Preparation and analysis of a-1,6 glucan as a slowly
digestible carbohydrate. J Appl Glycosci. 68(3), 53—61. https://doi.org/10.5458/jag.jag.JAG-2021_0001.
A-Kader, H.H. & Ghishan, F.K. 2012. The Pancreas. Textbook of Clinical Pediatrics. 1925-1936.

https://doi.org/10.1007/978-3-642-02202-9 198.

Akande, K.E. & Fabiyi, E.F. 2010. Effect of processing methods on some antinutritional factors in legume
seeds for poultry feeding. Int. J. Poult. Sci. 9(10), 996—-1001. https://doi.org/10.3923/ijps.2010.996.1001.
Alagawany, M., Elnesr, S.S. & Farag, M.R. 2018. The role of exogenous enzymes in promoting growth and
improving nutrient digestibility in poultry. Iran. J. Vet. Res. 19(3), 157-164. Available at:

https://pmc.ncbi.nim.nih.gov/articles/PMC6184034/.

Albuquerque, T.G., Bragotto, A.P.A. & Costa, H.S. 2022. Processed food: Nutrition, safety, and public health.
Int. J. Environ. Res. Public Health. 19(24), 16410. https://doi.org/10.3390/ijerph192416410.

Amado, L., Leal, L.N., Van Laar, H., Berends, H., Gerrits, W.J.J. & Martin-Tereso, J. 2022. Effects of mixing a
high-fat extruded pellet with a dairy calf starter on performance, feed intake, and digestibility. J. Dairy Sci.
105(10), 8087-8098. https://doi.org/10.3168/ids.2022-22065.

Amaral-Phillips, D.M., Scharko, P.B., Johns, J.T. & Franklin, S. 2024. Feeding and managing baby calves from
birth to 3 months of age. University of Kentucky extension paper ACS-161. Available at:
https://afs.ca.uky.eduffiles/feeding_and _managing_baby calves from_birth to 3 _months of age.pdf.

Amin, N. & Seifert, J. 2021. Dynamic progression of the calf's microbiome and its influence on host health.
Comput. Struct. Biotechnol. J. 19, 989-1001. https://doi.org/10.1016/j.csbj.2021.01.035.

Amit, S.K., Uddin, M.M., Rahman, R. Rezwanul Islam S.M. & Khan, M.S. 2017. A review on mechanisms and
commercial aspects of food preservation and processing. Agric. & Food Secur. 6, 51.
https://doi.org/10.1186/s40066-017-0130-8.

Andino, M.S., Mora, J.R., Paz, J.L., Marquez, E.A., Perez-Castillo, Y. & Aguero-Chapin, G. 2023. Elucidating
the racemization mechanism of aliphatic and aromatic amino acids by in silico tools. Int J Mol Sci. 24(15),
11877-11896. https://doi.org/10.3390/ijms241511877.

Andrén, A. 2011. Rennets and coagulants. Elsevier. https://doi.org/10.1016/b978-0-12-374407-4.00069-8.

Andriotis, V.M., Saalbach, G., Waugh, R., Field, R.A. & Smith, A.M. 2016. The maltase involved in starch
metabolism in barley endosperm is encoded by a single gene. PLoS One. 11(3), e0151642.
https://doi.org/10.1371/journal.pone.0151642.

Antalis, T.M., Shea-Donohue, T., Vogel, S.N., Sears, C. & Fasano, A. 2007. Mechanisms of Disease: Protease
functions in intestinal mucosal pathobiology. Nat. Clin. Pract. Gastroenterol. Hepatol. 4(7), 393-402.
https://doi.org/10.1038/ncpgasthep0846.

Antonelli, A.C, Torres, G.A.S., Soares, P.C., Mori, C.S., Sucupira, M.C.A. & Ortolani, E.L. 2007. Ammonia
poisoning causes muscular but not liver damage in cattle. Arq. Bras. Med. Vet. Zootec. 59(1), 8-13.
https://doi.org/10.1590/S0102-09352007000100002.

Araujo, G., Terré, M. & Bach, A. 2014. Interaction between milk allowance and fat content of the starter feed
on performance of Holstein calves. J. Dairy Sci. 97(10), 6511-6518. https://doi.org/10.3168/jds.2014-8281.

Archibald, J.G. 1924. The effect of sodium hydroxide on the composition, digestibility and feeding value of
grain hulls and other fibrous material. Master thesis. University of Massschusetts. USA.
https://api.semanticscholar.org/CorpusID:13865076.

Arora, S.K., Acharya, R. & Joshi, A. 2022. Effect of food processing on protein and its functionality. Act. Sci.
Nutr. Health. 6(6) 82-85. https://doi.org/10.31080/ASNH.2022.06.1066.

Asheim, L.J., Johnsen, J.F., Havrevoll, &., Mejdell, C.M. & Grgndahl, A.M. 2016. The economic effects of
suckling and milk feeding to calves in dual purpose dairy and beef farming. Rev Agric Food Environ Stud
97, 225-236. https://doi.org/10.1007/s41130-016-0023-4.

Assegehegn, G., Brito-de la Fuente, E., Franco, J.M. & Gallegos, C. 2019. The importance of understanding
the freezing step and its impact on freeze-drying process performance. J. Pharm. Sci. 108, 1378—1395.
https://doi.org/10.1016/j.xphs.2018.11.039.




44

Astrup, A. 2005. The satiating power of protein—a key to obesity prevention? Am. J. Clin. Nutr. 82(1), 1-2.
https://doi.org/10.1093/ajcn.82.1.1.

Avilés-Gaxiola, S., Chuck-Hernandez, C. & Serna Saldivar, S.0. 2018. Inactivation methods of trypsin inhibitor
in legumes: A review. J. Food Sci. 83(1), 17—-29. https://doi.org/10.1111/1750-3841.13985.

Azzopardi, E., Lloyd, C., Teixeira, S.R., Conlan, R.S. & Whitaker, |.S. 2016. Clinical applications of amylase:
Novel perspectives. Surgery. 160(1), 26-37. https://doi.org/10.1016/j.surg.2016.01.005.

Bachosz, K., Zdarta, J., Bilal, M., Meyer, A.S. & Jesionowski, T. 2023. Enzymatic cofactor regeneration
systems: A new perspective on efficiency assessment. Sci. Total Environ. 868, 161630.
https://doi.org/10.1016/].scitotenv.2023.161630.

Baharin, A., Ting, T.Y. & Goh, H.H. 2022. Post-proline cleaving enzymes (PPCEs): Classification, structure,
molecular properties, and applications. Plants (Basel). 11(10), 1330-1359.
https://doi.org/10.3390/plants11101330.

Baldelli, A., Oguzlu, H., Liang, D.Y., Subiantoro, A. & Woo, M.W. Anubhav Pratap-Singh, A. 2022. Spray freeze
drying of dairy products: Effect of formulation on dispersibility. J. Food Eng. 335, 111191.
https://doi.org/10.1016/j.iffoodeng.2022.111191.

Baldwin, R.L., McLeod, K.R., Klotz, J.L. & Heitmann, R.N. 2004. Rumen development, intestinal growth and
hepatic metabolism in the pre- and postweaning ruminant. J. Dairy Sci. 87:(E. Suppl.), E55-E65.
https://doi.org/10.3168/jds.S0022-0302(04)70061-2.

Ballard, F.J. & Oliver, |.T. 1965. Carbohydrate metabolism in liver from foetal and neonatal sheep. Biochem.
J. 95(1), 191-200. https://doi.org/10.1042/bj0950191.

Barile, D., Tao, N., Lebrilla, C.B., Coisson, J.D., Arlorio, M. & German, J.B. 2009. Permeate from cheese whey
ultrafiltration is a source of milk oligosaccharides. Int. Dairy J. 19 (9), 524-530.
https://doi.org/10.1016/j.idairyj.2009.03.008.

Barrett, A.J. & McDonald, J.K. 1986. Nomenclature: protease, proteinase and peptidase. Biochem. J. 237(3),
935. https://doi.org/10.1042/bj2370935.

Batsale, M., Bahammou, D., Fouillen. L., Mongrand, S., Joubés, J. & Domergue, F. 2021. Biosynthesis and
functions of very-long-chain fatty acids in the responses of plants to abiotic and biotic stresses. Cells. 10(6),
1284-1310. https://doi.org/10.3390/cells10061284.

Bedford, M.R. & Apajalahti, J.H. 2022. The role of feed enzymes in maintaining poultry intestinal health. J. Sci.
Food Agric. 102(5), 1759-1770. https://doi.org/10.1002/jsfa.11670

Bedford, M.R. & Cowieson, A.J. 2012. Exogenous enzymes and their effects on intestinal microbiology. Anim.
Feed Sci. Technol.173(1-2) 76-85. https://doi.org/10.1016/j.anifeedsci.2011.12.018.

Beever, D.E. 1996. Meeting the protein requirements of ruminant livestock. South African J. Animal Sci. 26,
20-26 https://doi.org/10.4314/SAJAS.V26I11.

Behera, B.C., Sethi, B.K., Mishra, R.R., Dutta, S.K. & Thatoi, H.N. 2017. Microbial cellulases - Diversity &
biotechnology with reference to mangrove environment: A review. J. Genet. Eng. Biotechnol. 15(1), 197-
210. https://doi.org/10.1016/j.jgeb.2016.12.001.

Bendtsen, L.Q., Lorenzen, J.K., Bendsen, N.T., Rasmussen, C. & Astrup A. 2013. Effect of dairy proteins on
appetite, energy expenditure, body weight, and composition: A review of the evidence from controlled
clinical trials. Adv. Nutr. 4(4), 418-438. https://doi.org/10.3945/an.113.003723.

Berends, H., Vidal, M., Terré, M., Leal, L. N., Martin-Tereso, J. & Bach, A. 2018. Effects of fat inclusion in
starter feeds for dairy calves by mixing increasing levels of a high-fat extruded pellet with a conventional
highly fermentable pellet. J. Dairy Sci. 101(12), 10962—-10972. https://doi.org/10.3168/jds.2018-15116.

Bergman, E.N. 1990. Energy contributions of volatile fatty acids from the gastrointestinal tract in various
species. Physiol. Rev. 70(2), 567-590. https://doi.org/10.1152/physrev.1990.70.2.567.

Bertoft, E. 2017. Understanding Starch Structure: Recent Progress. Agronomy. 7(3), 56-85.
https://doi.org/10.3390/agronomy7030056.

Bezie, A. & Regasa, H. 2019. The role of starter culture and enzymes/rennet for fermented dairy products
manufacture- A review. Nutri. Food Sci. Int. J. 9(2), 555756.
https://doi.org/10.19080/NFSIJ.2019.09.555756.

Bhatta, S., Stevanovic Janezic, T. & Ratti, C. 2020. Freeze-drying of plant-based foods. Foods. 9(1), 87.
https://doi.org/10.3390/foods9010087.

Birger, S. & Zimonja, O. 2011. Chemical alterations with nutritional consequences due to pelleting animal
feeds: A review. Anim. Prod. Sci. 51. 590-596. https://doi.org/10.1071/AN11004.

Bittar, C.M.M., Gallo, M.P., Silva, J.T., de Paula, M.R., Poczynek, M. & Mouré&o, G.B. 2020. Gradual weaning
does not improve performance for calves with low starter intake at the beginning of the weaning process.
J. Dairy Sci. 103(5), 4672-4680. https://doi.org/10.3168/jds.2019-17614.

Blanchard, P.C. 2012. Diagnostics of dairy and beef cattle diarrhea. Vet. Clin. North Am. Food Anim. Pract.
28(3), 443-464. https://doi.org/10.1016/j.cvfa.2012.07.002.

Blum, J.W. & Hammon, H. 2000. Colostrum effects on the gastrointestinal tract, and on nutritional, endocrine
and metabolic parameters in neonatal calves. Livestock Production Science. 66(2), 151-159.
https://doi.org/10.1016/S0301-6226(00)00222-0.




45

Boakye, P.G., Okyere, A.Y., Bharathi, R., Murai, T. & Annor, G.A. 2023. Physicochemical and nutritional
properties of extruded products from cereals of the Triticeae tribe — A review. Food Chemistry Advances.
3, 100379. https://doi.org/10.1016/j.focha.2023.100379.

Bodewes, F.A.J.A., Wouthuyzen-Bakker, M. & Verkade, H.J. 2015. Persistent fat malabsorption in cystic
fibrosis. Pages 373-381 in Diet and Exercise in Cystic Fibrosis. Watson, R.R., ed. Academic Press.

Boehlke, C., Zierau, O. & Hannig, C. 2015. Salivary amylase — The enzyme of unspecialized euryphagous
animals. Arch. Oral Biol. 60(8), 1162-1176. https://doi.org/10.1016/j.archoralbio.2015.05.008.

Booker, L.A., Fitzgibbon, C., Spong, J., Deacon-Crouch, M., Wilson, D.L. & Skinner, T.C. 2023. Rapid versus
slow cooling pasteurization of donor breast milk: does the cooling rate effect melatonin reduction?
Breastfeed Med. 18(12), 951-955. https://doi.org/10.1089/bfm.2023.0244.

Boucher, S.E., Ordway, R.S., Whitehouse, N.L., Lundy, F.P., Kononoff, P.J. & Schwab, C.G. 2007. Effect of
incremental urea supplementation of a conventional corn silage-based diet of ruminal ammonia
concentration and synthesis of microbial protein. J. of Dairy Sci. 90, 5619-5633.
https://doi.org/10.3168/jds.2007-0012.

Brobst, D.F. 1980. Pancreatic function. Pages 259281 in Clinical Biochemistry of Domestic Animals. Kaneko,
J.J., ed. Third Edit. Academic Press.

Brust, H., Orzechowski, S. & Fettke, J. 2020. Starch and Glycogen Analyses: Methods and Techniques.
Biomolecules. 10(7), 1020-1044. https://doi.org/10.3390/biom10071020.

Buckel, W. 2021. Energy conservation in fermentations of anaerobic bacteria. Front. Microbiol. 12, 703525.
https://doi.org/10.3389/fmicb.2021.703525.

Budhwar, S., Sethi, K. & Chakraborty, M. 2020. Efficacy of germination and probiotic fermentation on
underutilized cereal and millet grains. Food Prod. Process and Nutr. 2, 12. https://doi.org/10.1186/s43014-
020-00026-w.

Buford, T.W., Greenwood, M., Kalman, D. & Antonio, J. 2008. Macronutrient intake for physical activity. In:
Nutritional supplements in sports and exercise (pp. 95-119). https://doi.org/10.1007/978-1-59745-231-1 4.

Cammack, K.M., Austin, K.J., Lamberson, W.R., Conant, G.C. & Cunningham, H.C. 2018. Ruminant nutrition
symposium: Tiny but mighty: the role of the rumen microbes in livestock production. J. Anim. Sci. 96(2),
752-770. https://doi.org/10.1093/jas/skx053.

Capuano, E. 2017. The behavior of dietary fiber in the gastrointestinal tract determines its physiological effect.
Crit. Rev. Food Sci. Nutr. 57(16), 3543-3564. https://doi.org/10.1080/10408398.2016.1180501.

Carballo, O.C., Khan, M.A., Knol, F.W_, Lewis, S.J., Stevens, D.R., Laven, R.A. & McCoard, S.A. 2019. Impact
of weaning age on rumen development in artificially reared lambs. J. Anim. Sci. 97(8), 3498-3510.
https://doi.org/10.1093/jas/skz148.

Castillo-Lopez, E., Petri, R.M., Ricci, S., Rivera-Chacon, R., Sener-Aydemir, A., Sharma, S., Reisinger, N. &
Zebeli, Q. 2021. Dynamic changes in salivation, salivary composition, and rumen fermentation associated
with duration of high-grain feeding in cows. J. Dairy Sci. 104(4), 4875-4892, ISSN 0022-0302,
https://doi.org/10.3168/jds.2020-19142.

Ceconi, I., Ruiz-Moreno, M.J., DiLorenzo, N., DiCostanzo, A. & Crawford, G.l. 2015. Effect of urea inclusion in
diets containing corn dried distillers grains on feedlot cattle performance, carcass characteristics, ruminal
fermentation, total tract digestibility, and purine derivatives-to-creatinine index. J. Anim. Sci. 93, 357-369.
https://doi.org/10.2527/jas.2014-8214.

Chatterton, D., Smithers, G., Roupas, P. & Brodkorb, A. 2006. Bioactivity of b-lactoglobulin and a-lactalbumin-
Technological implications for processing. Int. Dairy J. 16(11), 1229-1240.
https://doi.org/10.1016/j.idairyj.2006.06.001.

Chaucheyras-Durand, F., Sacy, A., Karges, K. & Apper, E. 2022. Gastro-intestinal microbiota in equines and
its role in health and disease: The black box opens. Microorganisms. 10(12), 2517-2550.
https://doi.org/10.3390/microorganisms10122517.

Cherian, G. 2019. Lipids, Digestion. Pages 56-58 in A Guide to the Principles of Animal Nutrition. Oregon
State University. Available at: https://open.oregonstate.education/animalnutrition/.

Cho, Y.G. & Kang, K.K. 2020. Functional analysis of starch metabolism in plants. Plants (Basel). 9(9), 1152-
1158. https://doi.org/10.3390/plants9091152.

Cho, Y.I., Kim, W.1., Liu, S., Kinyon, J.M. & Yoon, K.J. 2010. Development of a panel of multiplex real-time
polymerase chain reaction assays for simultaneous detection of major agents causing calf diarrhea in feces.
J. Vet. Diagn. Invest. 22(4), 509-517. https://doi.org/10.1177/104063871002200403.

Choi, B.H. & Coloff, J.L. 2019. The diverse functions of non-essential amino acids in cancer. Cancers (Basel).
11(5), 675-792. https://doi.org/10.3390/cancers11050675.

Choi, S. & Snider, A. J. 2019. Diet, lipids and colon cancer. Int Rev Cell Mol Biol. 347, 105-144.
https://doi.org/10.1016/bs.ircmb.2019.07.001.

Chojnacka, A., Szczesny, P., Blaszczyk, M.K., Zielenkiewicz, U., Detman, A., Salamon, A. & Sikora, A. 2015.
Noteworthy facts about a methane-producing microbial community processing acidic effluent from sugar
beet molasses fermentation. PloS One. 10(5), e0128008. https://doi.org/10.1371/journal.pone.0128008.




46

Cholewinska, P., Gérniak, W. & Wojnarowski, K. 2021. Impact of selected environmental factors on
microbiome of the digestive tract of ruminants. BMC Vet. Res. 17(1), 25-35. https://doi.org/10.1186/s12917-
021-02742-y.

Chu, C., Du, Y., Yu, X,, Shi, J., Yuan, X., Liu, X., Liu, Y., Zhang, H., Zhang, Z. & Yan, N. 2020. Dynamics of
antioxidant activities, metabolites, phenolic acids, flavonoids, and phenolic biosynthetic genes in
germinating Chinese  wild rice (Zizania latifolia). Food Chem. 318, 126483.
https://doi.org/10.1016/j.foodchem.2020.126483. Available at:
https://www.sciencedirect.com/science/article/abs/pii/S0308814620303459.

Church, D.D., Hirsch, K.R., Park, S., Kim, |., Gwin, J.A., Pasiakos, S.M., Wolfe, R.R. & Ferrando, A.A. 2020.
Essential amino acids and protein synthesis: Insights into maximizing the muscle and whole-body response
to feeding. Nutrients. 12(12), 3717. https://doi.org/10.3390/nu12123717.

Coey, C.T., Fitzgerald, M.E., Maiti, A., Reiter, K.H., Guzzo, C.M., Matunis, M.J. & Drohat, A.C. 2014. E2-
mediated small ubiquitin-like modifier (SUMOQO) modification of thymine DNA glycosylase is efficient but not
selective for the enzyme-product complex. J. Biol. Chem. 289(22), 15810-15819.
https://doi.org/10.1074/jbc.M114.572081.

Cohen, S.A. The clinical consequences of sucrase-isomaltase deficiency. 2016. Mol Cell Pediatr. 3, 5.
https://doi.org/10.1186/s40348-015-0028-0

Collins, J.T., Nguyen, A. & Badireddy, M. 2024. Anatomy, abdomen and pelvis, small intestine. StatPearls
Publishing. Available at: https://www.ncbi.nIm.nih.gov/books/NBK459366/

Conan, A., Meyer, A., Reininghaus, B., van Rooyen, J. & Knobel, D.L. 2018. A live weight-heart girth
relationship in Nguni-type and Brahman-type cattle as a tool for small-scale farmers. Appl. Anim. Husb.
Rural Develop. 11, 46-52. Available at: www.sasas.co.za/aahrd/

Contesini, F.J., de Alencar Figueira, J., Kawaguti, H.Y., de Barros Fernandes, P.C., de Oliveira Carvalho, P.,
da Graga Nascimento, M. & Sato, H.H. 2013. Potential applications of carbohydrases immobilization in the
food industry. Int. J. Mol. Sci. 14(1), 1335-1369. https://doi.org/10.3390/iims14011335.

Cérdova, A., Henriquez, P., Nufiez, H., Rico-Rodriguez, F., Guerrero, C., Astudillo-Castro, C. & lllanes, A.
2022. Recent advances in the application of enzyme processing assisted by ultrasound in agri-foods: A
review. Catalysts. 12(1), 107. https://doi.org/10.3390/catal12010107.

Cordy, P.A. 2024. A descriptive study on the production of microbial derived protein. MSc thesis, University of
Stellenbosch, Stellenbosch, RSA. Available at: https://scholar.sun.ac.za/handle/10019.1/130340.

Costa, J.H.C., von Keyserlingk, M.A.G. & Weary, D.M. 2016. Invited review: Effects of group housing of dairy
calves on behavior, cognition, performance, and health. J. Dairy Sci. 99(4), 2453-2467.
https://doi.org/10.3168/ids.2015-10144.

Counotte, G.H.M., van't Klooster, A.T., van der Kuilen, J. & Prins, R.A. 1979. An analysis of the buffer system
in the rumen of dairy cattle. J. Anim. Sci. 49(6), 1536-1544. https://doi.org/10.2527/jas1979.4961536x.
Cowieson, A.J., Vieira, S.L. & Stefanello, C. 2019. Exogenous microbial amylase in the diets of poultry: what

do we know? J. Appl. Poult. Res. 28(3), 556-565. https://doi.org/10.3382/japr/pfy044.

Cowles, K.E., White, R.A., Whitehouse, N.L. & Erickson, P.S. 2006. Growth characteristics of calves fed an
intensified milk replacer regimen with additional lactoferrin. J. Dairy Sci. 89(12), 4835-4845.
https://doi.org/10.3168/jds.S0022-0302(06)72532-2.

Cruywagen, C.W., Brisson, G.J. & Meissner, H.H. 1990. Casein curd-forming ability and abomasal retention
of milk replacer components in young <calves. J. Dairy Sci. 73(6), 1578-1585.
https://doi.org/10.3168/jds.S0022-0302(90)78828-5.

Curtis, G., McGregor Argo, C., Jones, D. & Grove-White, D. 2018. The impact of early life nutrition and housing
on growth and reproduction in dairy cattle. PLoS One. 13(2), e0191687- e0191707.
https://doi.org/10.1371/journal.pone.0191687.

Damager, I., Engelsen, S.B., Blennow, A., Mgller, B.L. & Motawia, M.S. 2010. First principles insight into the
alpha-glucan structures of starch: their synthesis, conformation, and hydration. Chem. Rev. 110(4), 2049-
2080. https://doi.org/10.1021/cr9002271.

Date, K., Satoh, A, lida, K. & Ogawa, H. 2015. Pancreatic a-amylase controls glucose assimilation by
duodenal retrieval through n-glycan-specific binding, endocytosis, and degradation. J. Biol. Chem. 290(28),
17439-17450. https://doi.org/10.1074/jbc.M114.594937.

Dattatray, M.P. & Pramod, C.A. 2023. Methods of feed processing for improving nutritive values of grains and
roughages. Just Agriculture. 3(7), 188-194. Available at:
https://justagriculture.in/files/newsletter/2023/march/33.%20Methods %200f%20Feed%20Processing%20
For%20Improving%20Nutritive%20Values%200f%20Grains%20and%20Roughages.pdf

Davis Rincker, L.E., VandeHaar, M.J., Wolf, C.A., Liesman, J.S., Chapin, L.T. & Weber Nielsen, M.S. 2011.
Effect of intensified feeding of heifer calves on growth, pubertal age, calving age, milk yield, and economics.
J. Dairy Sci. 94(7),3554-3567. https://doi.org/10.3168/jds.2010-3923.

De Cruz, C.R., Kamarudin, M.S., Saad, C.R. & Ramezani-Fard, E. 2015. Effects of extruder die temperature
on the physical properties of extruded fish pellets containing taro and broken rice starch. Anim. Feed Sci.
Technol. 199, 137-145. https://doi.org/10.1016/j.anifeedsci.2014.11.010.




47

De La Fuente, R., Luzén, M., Ruiz-Santa-Quiteria, J.A., Garcia, A., Cid, D., Orden, J.A., Garcia, S., Sanz, R.
& Goémez-Bautista, M. 1999. Cryptosporidium and concurrent infections with other major enterophatogens
in 1 to 30-day-old diarrheic dairy calves in central Spain. Vet. Parasitol. 80(3), 179-185.
https://doi.org/10.1016/S0304-4017(98)00218-0.

De Souza Vandenberghe, L.P., Karp, S.G., Pagnoncelli, M.G.B., Von Linsingen Tavares, M., Libardi, N.,
Valladares Diestra, K., Viesser, J.A. & Soccol, C.R. 2020. Chapter 2 - Classification of enzymes and
catalytic properties. Editor(s): Sudhir P. Singh, Ashok Pandey, Reeta Rani Singhania, Christian Larroche,
Zhi Li, Biomass, Biofuels, Biochemicals, Elsevier, 2020, Pages 11-30, ISBN 9780128198209,
https://doi.org/10.1016/B978-0-12-819820-9.00002-8.

Deak, T. 2014. Chapter 17 - Thermal Treatment. Editor(s): Yasmine Motarjemi, Huub Lelieveld. Food Safety
Management. Academic Press, 423-442. https://doi.org/10.1016/B978-0-12-381504-0.00017-2.

Dehghan-Banadaky, M., Corbett, R. & Oba. M. 2007. Effects of barley grain processing on productivity of
cattle. Anim. Feed Sci. Technol. 137(1-2), 1-24. https://doi.org/10.1016/j.anifeedsci.2006.11.021.

Dennis, T.S., Suarez-Mena, F.X., Hill, T.M., Quigley, J.D., Schiotterbeck, R.L. & Hulbert, L. 2018. Effect of milk
replacer feeding rate, age at weaning, and method of reducing milk replacer to weaning on digestion,
performance, rumination, and activity in dairy calves to 4 months of age. J. Dairy Sci. 101(1), 268-278.
https://doi.org/10.3168/ids.2017-13692.

Dey, S., Brothag, C. & Vijayaraghavan, S. 2019. Signaling enzymes required for sperm maturation and
fertilization in mammals. Front. Cell Dev. Biol. 7, 341-356. https://doi.org/10.3389/fcell.2019.00341.

Di Gregorio, M.C., Cautela, J. & Galantini, L. 2021. Physiology and physical chemistry of bile acids. Int. J. Mol.
Sci. 22(4), 1780-1803. https://doi.org/10.3390/ijms22041780.

Diao, Q., Zhang, R. & Fu, T. 2019. Review of strategies to promote rumen development in calves. Animals.
9(8), 490-205. https://doi.org/10.3390/ani9080490.

Dias, J., Marcondes, M.l., Noronha, M.F., Resende, R.T., Machado, F.S., Mantovani, H.C., Dill-McFarland,
K.A. & Suen, G. 2017. Effect of pre-weaning diet on the ruminal archaeal, bacterial, and fungal communities
of dairy calves. Front. Microbiol. 8, 2017. https://doi.org/10.3389/fmicb.2017.01553.

Dingwell, R.T., Wallace, M.M., McLaren, C.J., Leslie, C.F. & Leslie, K.E. 2006. An evaluation of two indirect
methods of estimating body weight in Holstein calves and heifers. J. Dairy Sci. 89(10), 3992-3998.
https://doi.org/10.3168/jds.S0022-0302(06)72442-0.

DiNicolantonio, J.J. & O'Keefe, J.H. 2022. Monounsaturated fat vs saturated fat: Effects on cardio-metabolic
health and obesity. Mo. Med. 119(1), 69-73. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9312452/.

Doblado, R., Frias, J. & Vidal-Valverde, C. 2007. Changes in vitamin C content and antioxidant capacity of raw
and germinated cowpea (Vigna sinensis var. carilla) seeds induced by high pressure treatment. Food
Chem. 101, 918-923. https://doi.10.1016/j.foodchem.2006.02.043.

Dollar, A.M. & Porter, J.W.G. 1957. Utilization of carbohydrates by the young calf. Nature. 179(4573), 1299—
1300. https://doi.org/10.1038/1791299a0.

Dominici, S., Marescotti, F., Sanmartin, C., Macaluso, M., Taglieri, I., Venturi, F., Zinnai, A. & Facioni, M.S.
2022. Lactose: Characteristics, food and drug-related applications, and its possible substitutions in meeting
the needs of people with lactose intolerance. Foods. 11(10), 1486-1504.
https://doi.org/10.3390/foods11101486.

Donovan, G.A. & Braun, R.K. 1987. Evaluation of dairy heifer replacement rearing programs. Comp. Cont.
Educ. Pract. Vet. 9, F133-F139. Available at:
https://www.cabidigitallibrary.org/doi/full/10.5555/19882206 967 .

Duff, G.C., Malcolm-Callis, K.J., Galyean, M.L. & Walker, D.A. 2003. Effects of dietary urea concentration on
performance and health of receiving cattle and performance and carcass characteristics of finishing cattle.
Can. J. Anim. Sci. 83(3), 569-575. https://doi.org/10.4141/A02-100.

Durnik, R., Sindlerova, L., Babica, P. & Juréek, O. 2022. Bile acids transporters of enterohepatic circulation for
targeted drug delivery. Molecules. 27(9), 2961-2985. https://doi.org/10.3390/molecules27092961.

Echeverry-Munera, J., Leal, L.N., Wilms, J.N., Berends, H., Costa, J.H.C., Steele, M. & Martin-Tereso, J. 2021.
Effect of partial exchange of lactose with fat in milk replacer on ad libitum feed intake and performance in
dairy calves. J. Dairy Sci. 104(5) 5432-5444. https://doi.org/10.3168/ids.2020-19485.

Edwards-Webb, J.D. & Thompson, S.Y. 1977. Studies on lipid digestion in the preruminant calf. 2. A
comparison of the products of lipolysis of milk fat by salivary and pancreatic lipases in vitro. Br. J. Nutr.
37(3), 431-440 https://doi.org/10.1079/bjn19770046.

EFSA (European Food Safety Authority), Clawin-Radecker, I., De Block, J., Egger, L., Willis, C., Da Silva
Felicio, M.T. & Messens, W. 2021. The use of alkaline phosphatase and possible alternative testing to verify
pasteurisation of raw milk, colostrum, dairy and colostrum-based products. EFSA J. 19(4), e06576.
https://doi.org/10.2903/j.efsa.2021.6576.

Elferink, H., Bruekers, J.P.J., Veeneman, G.H. & Boltje, T.J. 2020. A comprehensive overview of substrate
specificity of glycoside hydrolases and transporters in the small intestine: "A gut feeling". Cell. Mol. Life Sci.
77(23), 4799-4826. https://doi.org/10.1007/s00018-020-03564-1.




48

El-shemy, H., Abdel-rahim, E., Shaban, O., Ragab, A., Carnovale, E. & Fujita, K. 2000. Comparison of
nutritional and antinutritional factors in soybean and fababean seeds with or without cortex. Soil Sci. Plant
Nutr. 46(2), 515-524. https://doi.org/10.1080/00380768.2000.10408804.

Enevoldsen, C. & Kristensen, T. 1997. Estimation of body weight from body size measurements and body
condition scores in dairy cows. J. Dairy Sci. 80(9), 1988-1995. https://doi.org/10.3168/jds.S0022-
0302(97)76142-3.

Ertl, P., Knaus, W. & Zollitsch, W. 2016. An approach to including protein quality when assessing the net
contribution of livestock to human food supply. Animal. 10(11), 1883-18809.
https://doi.org/10.1017/S1751731116000902.

Estévez, C.A,, Isasi, J.R., Larrafieta, E. & Vélaz, |. 2014. Release of (3-galactosidase from poloxamine/a-
cyclodextrin hydrogels. Beilstein J. Org. Chem. 10, 3127-3135 https://doi.org/10.3762/bjoc.10.330.

Fend, F. 2023. The power of pancreatic amylase: Understanding its function in carbohydrate digestion. J.
Hepatol. Pancreat. Sci. 7, 223. Available at: https://www.hilarispublisher.com/open-access/the-power-of-
pancreatic-amylase-understanding-its-function-in-carbohydrate-digestion.pdf.

Filkova, I. & Mujumdar, A.S. 2020. Handbook of Industrial Drying. CRC Press; Boca Raton, FL, USA: Industrial
spray drying systems; pp. 263-307. https://doi.org/10.1201/9780429289774

Fischer, A.J., Song, Y., He, Z., Haines, D.M., Guan, L.L. & Steele, M.A. 2018. Effect of delaying colostrum
feeding on passive transfer and intestinal bacterial colonization in neonatal male Holstein calves. J. Dairy
Sci. 101(4), 3099-3109. https://doi.org/10.3168/jds.2017-13397.

Fischer, A.J., Villot, C., van Niekerk, J.K., Yohe, T.T., Renaud, D.L. & Steele, M.A. 2019. Invited review:
Nutritional regulation of gut function in dairy calves: From colostrum to weaning. Appl. Anim. Sci. 35(5),
498-510. https://doi.org/10.15232/aas.2019-01887.

Forsgard, R.A. 2019. Lactose digestion in humans: Intestinal lactase appears to be constitutive whereas the
colonic microbiome is adaptable. Am. J. Clin. Nutr. 110(2), 273-279. https://doi.org/10.1093/ajcn/ngz104.

Franklin, S.T., Amaral-Phillips, D.M., Jackson, J.A. & Campbell, A.A. 2003. Health and performance of Holstein
calves that suckled or were hand-fed colostrum and were fed one of three physical forms of starter. J. Dairy
Sci. 86(6), 2145-2153. https://doi.org/10.3168/jds.S0022-0302(03)73804-1.

Freitas, D., Le Feunteun, S., Panouillé, M. & Souchon, |. 2017. The important role of salivary a-amylase in the
gastric digestion of wheat bread starch. Food Funct. 9, 200-208. https://doi.org/10.1039/C7FO01484H.
Froese, D.S., Michaeli, A., McCorvie, T.J., Krojer, T., Sasi, M., Melaev, E., Goldblum, A., Zatsepin, M., Lossos,
A., Alvarez, R., Escriba, P.V., Minassian, B.A., von Delft, F., Kakhlon, O. & Yue, W.W. 2015. Structural
basis of glycogen branching enzyme deficiency and pharmacologic rescue by rational peptide design. Hum.

Mol. Genet. 24(20), 5667-5676. https://doi.org/10.1093/hmg/ddv280.

Froidurot, A. & Julliand, V. 2022. Cellulolytic bacteria in the large intestine of mammals. Gut Microbes. 14(1),
€2031694-2031722. https://doi.org/10.1080/19490976.2022.2031694.

Gaowa, N., Li, W., Murphy, B. & Cox, M.S. 2021. The effects of artificially dosed adult rumen contents on
abomasum transcriptome and associated microbial community structure in calves. Genes (Basel). 12(3),
424, https://doi.org/10.3390/genes12030424.

Gelberg, H.B. 2017. Alimentary system and the peritoneum, omentum, mesentery, and peritoneal cavity.
Pathol. Basis Vet. Dis. 324—411.e1. https://doi.org/10.1016/B978-0-323-35775-3.00007-2.

George, A.S. & George, A.S.H. 2023. Optimizing poultry production through advanced monitoring and control
systems. PUIIJ. 1(5), 77-97. https://doi.org/10.5281/zenodo.10050352.

Georgiou, C.D. 2018. Functional properties of amino acid side chains as biomarkers of extraterrestrial life.
Astrobiology. 18(11), 1479-1496. https://doi.org/10.1089/ast.2018.1868.

Gerbault, P., Liebert, A., ltan, Y., Powell, A., Currat, M., Burger, J., Swallow, D.M. & Thomas, M.G. 2011.
Evolution of lactase persistence: An example of human niche construction. Philos. Trans. R. Soc. Lond. B.
Biol. Sci. 366(1566), 863-877. https://doi.org/10.1098/rstb.2010.0268.

Gericke, B., Schecker, N., Amiri, M. & Naim, H.Y. 2017. Structure-function analysis of human sucrase-
isomaltase identifies key residues required for catalytic activity. J. Biol. Chem. 292(26), 11070-11078.
https://doi.org/10.1074/ibc.M117.791939.

Ghorbani, H., Kazemi-Bonchenari, M., HosseinYazdi, M. &Mahjoubi, E. 2020. Effects of various fat delivery
methods in starter diet on growth performance, nutrients digestibility and blood metabolites of Holstein dairy
calves. Anim. Feed Sci. Technol. 262, 114429. https://doi.org/10.1016/j.anifeedsci.2020.114429.

Gibney, M.J. & Walker, D.M. 1977. Milk replacers for preruminant lambs: Protein and fat interactions. Aust. J.
Agric. Res. 28(4), 703-712. https://doi.org/10.1071/AR9770703.

Gilbert, M.S., van den Borne, J.J., Berends, H., Pantophlet, A.J., Schols, H.A. & Gerrits, W.J. 2015. A titration
approach to identify the capacity for starch digestion in milk-fed calves. Animal. 9(2), 249-57.
https://doi.org/10.1017/S1751731114002250.

Glass, R.L., Troolin, H.A. & Jenness, R. 1967. Comparative biochemical studies of milks-1V. Constituent fatty
acids of milk fats. Comp. Biochem. Physiol. 22(2), 415—425. https://doi.org/10.1016/0010-406X(67)90604-
4.




49

Gokul, S. 2019. Functions of saliva. In: Saliva and salivary diagnostics. Ed. Maddu, N. Intechopen.
https://doi.org/10.5772/intechopen.84709.

Gongalves-de-Albuquerque, C.F., Silva, A.R., Burth, P., Castro-Faria, M.V. & Castro-Faria-Neto, H.C. 2016.
Oleic acid and lung injury. Pages 605-634 in Handbook of Lipids in Human Function: Fatty Acids. Watson,
R.R., Meester, F. de, eds. AOCS Press.

Gooden, J.M. & Lascelles, A.K. 1973. Effect of feefing protected lipid on the uptake of precursors of milk fat
by the bovine mammary gland. Aust. J. Biol. Sci. 26(5), 1201-1210. https://doi.org/10.1071/B19731201.
Goodman, B.E. 2010. Insights into digestion and absorption of major nutrients in humans. Adv. Physiol. Educ.

34(2), 44-53. https://doi.org/10.1152/advan.00094.2009.

Gora, A., Brezovsky, J. & Damborsky, J. 2013. Gates of enzymes. Chem. Rev. 113(8), 5871-5923.
https://doi.org/10.1021/cr300384w.

Gorka, P., Kowalski, K., Kasprzak-Filipek, A. & Skibicka, G. 2014. The secretion and activity of lipase, amylase,
and proteases in the digestive tract of young calves. Journal of Animal and Feed Sciences. 23(4), 304-311.

Gorka, P., Kowalski, Z.M., Zabielski, R. & Guilloteau, P. 2018. Invited review: Use of butyrate to promote
gastrointestinal  tract development in calves. J. Dairy Sci. 101(6), 4785-4800.
https://doi.org/10.3168/ids.2017-14086.

Grosskopf, J.F. 1965. Studies on salivary lipase in young ruminants. Onderstepoort J. Vet. Res. 32(1), 153—
180. Available at: https://pubmed.ncbi.nIm.nih.gov/5874885/.

Guang, C., Phillips, R.D., Jiang, B. & Milani, F. 2012. Three key proteases--angiotensin-I-converting enzyme
(ACE), ACE2 and renin-within and beyond the renin-angiotensin system. Archives of cardiovascular
diseases. 105(6-7), 373-385. https://doi.org/10.1016/j.acvd.2012.02.010.

Guetouache, M., Guessas, B. & Medjekal, S. 2014. Composition and nutritional value of raw milk. Issues Biol.
Sci. Pharm. Res. 2(10), 115-122. https://doi.org/10.15739/ibspr.005.

Guilloteau, P., Savary, G., Jaguelin-Peyrault, Y., Romé, V., Le Normand, L. & Zabielski, R. 2010. Dietary
sodium butyrate supplementation increases digestibility and pancreatic secretion in young milk-fed calves.
J. Dairy Sci. 93(12), 5842-5850. https://doi.org/10.3168/jds.2009-2751.

Guilloteau, P., Zabielski, R. & Blum, J.W. 2009. Gastrointestinal tract and digestion in the young ruminant:
ontogenesis, adaptations, consequences and manipulations. J. Physiol. Pharmacol. 60(Suppl 3), 37-46.
Available at: https://www.jpp.krakow.pl/journal/archive/10_09 s3/pdf/37_10_09 s3_article.pdf

Gunathunga, C., Senanayake, S., Jayasinghe, M.A., Brennan, C.S., Truong, T., Marapana, U. & Chandrapala,
J. 2024. Germination effects on nutritional quality: A comprehensive review of selected cereals and pulses
changes. J. Food Compos. Anal. 128, 106024. https://doi.org/10.1016/j.jfca.2024.106024.

Guo, L., Yao, J. & Cao, Y. 2021. Regulation of pancreatic exocrine in ruminants and the related mechanism:
The signal transduction and more. Anim. Nutr. 7(4), 1145-1151.
https://doi.org/10.1016/j.aninu.2021.09.004.

Hamilton, R.K. & Raven, A.M. 1972. Effects of interesterification and fatty acid supplementation on the
digestibility of tallow in milk replacers for calves. J. Sci. Food Agric. 23(7), 831-844.
https://doi.org/10.1002/jsfa.2740230704.

Hammon, H.M. & Blum, J.W. 2002. Feeding different amounts of colostrum or only milk replacer modify
receptors of intestinal insulin-like growth factors and insulin in neonatal calves. Domest. Anim. Endocrinol.
22(3), 155—168. https://doi.org/10.1016/S0739-7240(02)00122-4.

Hamosh, M. 2019. Lingual and gastric lipases. CRC Press. Hamosh M. (1990). Lingual and gastric lipases.
Nutrition  (Burbank, Los Angeles  County, Calif.).  6(6), 421-428. Available at:
https://pubmed.ncbi.nim.nih.gov/2134569/

Hao, Y., Guo, C., Gong, Y., Sun, X., Wang, W., Wang, Y., Yang, H., Cao, Z. & Li, S. 2021. Rumen fermentation,
digestive enzyme activity, and bacteria composition between pre-weaning and post-weaning dairy calves.
Animals (Basel). 11(9), 2527-2540. https://doi.org/10.3390/ani11092527.

Harmon, D.L. 1992. Impact of nutrition on pancreatic exocrine and endocrine secretion in ruminants: A review.
J. Anim. Sci. 70, 1290-1301. https://doi.org/10.2527/1992.7041290x.

Hastings, W.H. 1946. Enzyme supplements for poultry feeds. Poultry Sci. 25(6), 584-586.
https://doi.org/10.3382/ps.0250584

He, Y., Shen, L., Ma, C., Chen, M., Pan, Y., Yin, L., Zhou, J., Lei, X, Ren, Q., Duan, Y., Zhang, H. & Ma, H.
2018. Protein hydrolysates' absorption characteristics in the dynamic small intestine in vivo. Molecules.
23(7), 1591-1601. https://doi.org/10.3390/molecules23071591.

Heinrichs, A.J. & Hargrove, G.L. 1987. Standards of weight and height for Holstein heifers. J. Dairy Sci. 70(3),
653-660. https://doi.org/10.3168/jds.S0022-0302(87)80055-3.

Heinrichs, A.J. 2005. Rumen development in the dairy calf. Advances in Dairy Technology, 17, 179-187.

Heinrichs, A.J., Erb, H.N., Rogers, G.W., Cooper, J.B. & Jones, C.M. 2007. Variability in Holstein heifer heart-
girth measurements and comparison of prediction equations for live weight. Preventive Veterinary
Medicine. 78(3—4), 333-338. https://doi.org/10.1016/j.prevetmed.2006.11.002.




50

Heinrichs, A.J., Rogers, G.W. & Cooper, J.B. 1992. Predicting body weight and wither height in Holstein heifers
using body measurements. J. Dairy Sci. 75(12), 3576-3581. https://doi.org/10.3168/ijds.S0022-
0302(92)78134-X.

Hejazi, S.N., Orsat, V., Azadi, B. & Kubow, S. 2016. Improvement of the in vitro protein digestibility of amaranth
grain  through optimization of the malting process. J. Cereal Sci. 68, 59-65.
https://doi.org/10.1016/j.jcs.2015.11.007.

Hepola, H., Raussi, S., Veissier, |., Pursiainen, P., Ikkeldjarvi, K., Saloniemi, H. & Syrjala-Qvist, L. 2007. Five
or eight weeks of restricted suckling: Influence on dairy calves' feed intake, growth and suckling behaviour.
Acta Agr. Scand. Sect A-Anim. Sc. 57, 121-128. https://doi.org/10.1080/09064700701867961.

Hickey, J.W., Becker, W.R., Nevins, S.A., Horning, A., Perez, A.E., Zhu, C., Zhu, B., Wei, B., Chiu, R., Chen,
D.C., Cotter, D.L., Esplin, E.D., Weimer, A.K., Caraccio, C., Venkataraaman, V., Schirch, C.M., Black, S.,
Brbi¢, M., Cao, K., Chen, S., Zhang, W., Monte, E., Zhang, N.R., Ma, Z. & Snyder, M. 2023. Organization
of the human intestine at single-cell resolution. Nature. 619, 572—-584. https://doi.org/10.1038/s41586-023-
05915-x.

Hill, T.M., Bateman Il, H.G., Aldrich, J.M. & Schlotterbeck, R.L. 2010. Effect of milk replacer program on
digestion of nutrients in dairy calves. J. Dairy Sci. 93(3), 1105-1115. https://doi.org/10.3168/jds.2009-2458.

Hill, T.M., Bateman Il, H.G., Aldrich, J.M. & Schlotterbeck, R.L. 2007. Effects of feeding rate of milk replacers
and bedding material for calves in a cold, naturally ventilated nursery. Prof. Anim. Sci. 23(6), 656-664.
https://doi.org/10.15232/S1080-7446(15)31037-8.

Hill, T.M., Bateman, H.G., Aldrich, J.M. & Quigley, J.D. 2016. Effects of the amount of chopped hay or
cottonseed hulls in calf starters on young calf performance. J. Dairy Sci. 99(6), 4735-4742.

Hill, T.M., Bateman, H.G., Aldrich, J.M. & Schlotterbeck, R.L. 2009. Effects of fat concentration of a high-
protein milk replacer on calf performance. J. Dairy Sci. 92(10), 5147-5153. https://doi.org/10.3168/jds.2009-
2245,

Hill, T.M., VandeHaar, M.J., Sordillo, L.M., Catherman, D.R., Bateman, H.G. & Schlotterbeck, R.L. 2011. Fatty
acid intake alters growth and immunity in milk-fed calves. J. Dairy Sci. 94(8), 3936-3948.
https://doi.org/10.3168/jds.2010-3935.

Hirata, Y., Kashiwabara, N., Nada, Y., Inoue, A., Sato, E., Noguchi, T. & Matsuzawa, A. 2023. A
comprehensive toxicological analysis of trans-fatty acids (TFAs) reveals a pro-apoptotic action specific to
industrial TFAs  counteracted by  polyunsaturated FAs.  Sci Rep. 13(1), 5883.
https://doi.org/10.1038/s41598-023-32083-9.

Hirschowitz, B.l 1984. Pepsinogen. Postgrad. Med. J. 60(709), 743-750.
https://doi.org/10.1136/pagmj.60.709.743.

Holmes, R. & Lobley, RW. 1989. Intestinal brush border revisited. Gut. 30(12), 1667-1678.
https://doi.org/10.1136/qut.30.12.1667.

Holtenius, K. & Bjornhag, G. 1989. The significance of water absorption and fibre digestion in the omasum of
sheep, goats and cattle. Comp. Biochem. Physiol. A Comp. Physiol. 94(1), 105-109.
https://doi.org/10.1016/0300-9629(89)90792-5.

Hooton, D., Lentle, R., Monro, J., Wickham, M. & Simpson, R. 2015. The secretion and action of brush border
enzymes in the mammalian small intestine. Rev. Physiol. Biochem. Pharmacol. 168, 59-118.
https://doi.org/10.1007/112_2015_24.

Hou, Y., Wu, Z.,, Dai, Z., Wang, G. & Wu, G. 2017. Protein hydrolysates in animal nutrition: Industrial
production, bioactive peptides, and functional significance. J. Anim. Sci. Biotechnol. 8, 24-37.
https://doi.org/10.1186/s40104-017-0153-9.

Hua, D., Hendriks, W.H., Xiong, B. & Pellikaan, W.F. 2022. Starch and Cellulose Degradation in the Rumen
and Applications of Metagenomics on Ruminal Microorganisms. Animals (Basel).12(21), 3020-3033.
https://doi.org/10.3390/ani12213020.

Huang, K., Tu, Y., Si, B., Xu, G., Guo, J., Guo, F., Yang, C. & Diao, Q. 2015. Effects of protein sources for milk
replacers on growth performance and serum biochemical indexes of suckling calves. Anim. Nutr. 1(4), 349—
355. https://doi.org/10.1016/j.aninu.2015.11.012.

Huber, J.T., Natrajan, S. & Polan, C.E. 1968. Varying levels of starch in calf milk replacers. J Dairy Sci. 51(7),
1081-10844. https://doi.org/10.3168/jds.S0022-0302(68)87128-0.

Huérou-Luron, |.L. 2002. Chapter 16 Production and gene expression of brush border disaccharidases and
peptidases during development in pigs and calves. Biology of Growing Animals. 1, 491-513.
https://doi.org/10.1016/S1877-1823(09)70132-8.

Hulbert, L.E. & Moisa, S.J. 2016. Stress, immunity, and the management of calves. J. Dairy Sci. 99(4), 3199-
3216. https://doi.org/10.3168/jds.2015-10198.

Hursel, R., van der Zee, L. & Westerterp-Plantenga, M.S. 2010. Effects of a breakfast yoghurt, with additional
total whey protein or caseinomacropeptide-depleted alpha-lactalbumin-enriched whey protein, on diet-
induced thermogenesis and appetite  suppression. Br. J. Nutr. 103(5), 775-780.
https://doi.org/10.1017/S0007114509992352.




51

Huss, A., Cochrane, R., Jones, C. & Atungulu, G.G. 2018. Physical and chemical methods for the reduction of
biological hazards in animal feeds. Food and Feed Safety Systems and Analysis. 83-95.
https://doi.org/10.1016/B978-0-12-811835-1.00005-1.

laniro, G., Pecere, S., Giorgio, V., Gasbarrini, A. & Cammarota, G. 2016. Digestive enzyme supplementation
in gastrointestinal diseases. Curr. Drug Metab. 17(2), 187-193.
https://doi.org/10.2174/138920021702160114150137.

Inman, M. 2011. How bacteria turn fiber into food. PLoS Biol. 9(12), e1001227-1001229.
https://doi.org/10.1371/journal.pbio.1001227.

lordache, F., Gheorghe, |., Lazar, V., Curutiu, C., Ditu, L.M., Grumezescu, A.M. & Holban, A.M. 2017. 9 -
Nanostructurated materials for prolonged and safe food preservation. Food Preservation. Nanotechnology
in the Agri-Food Industry. Academic Press. 305-335. https://doi.org/10.1016/B978-0-12-804303-5.00009-
2.

lorgulescu, G. 2009. Saliva between normal and pathological. Important factors in determining systemic and
oral health. J. Med. Life. 2(3), 303-307. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052503/pdf/JMedLife-02-303.pdf.

Igbal, J. & Hussain, M.M. 2009. Intestinal lipid absorption. Am. J. Physiol. Endocrinol. Metab. 296(6), E1183—
E1194. https://doi.org/10.1152/ajpend0.90899.2008.

Jacob, F. & Monod, J. 1961. Genetic regulatory mechanisms in the synthesis of proteins. J Mol Biol. 3, 318-
356. https://doi.org/10.1016/s0022-2836(61)80072-7.

Jahan-Mihan, A., Luhovyy, B.L., El Khoury, D. & Anderson, G.H. 2011. Dietary proteins as determinants of
metabolic and physiologic functions of the gastrointestinal tract. Nutrients. 3(5), 574-603.
https://doi.org/10.3390/nu3050574.

James, R.E., Polan, C.E. & Cummins, K.A. 1981. Influence of administered indigenous microorganisms on
uptake of [lodine-125] y-globulin in vivo by intestinal segments of neonatal calves. J. Dairy Sci. 64(1), 52—
61. https://doi.org/10.3168/jds.S0022-0302(81)82528-3.

Jasper, J. & Weary, D.M. 2002. Effects of ad libitum milk intake on dairy calves. J. Dairy Sci. 85(11), 3054-
3058. https://doi.org/10.3168/ijds.S0022-0302(02)74391-9.

Jenkins, K.J., Kramer, J.K.G., Sauer, F.D. & Emmons, D.B. 1985. Influence of triglycerides and free fatty acids
in milk replacers on calf performance, blood plasma, and adipose lipids. J. Dairy Sci. 68(2), 669-680.
https://doi.org/10.3168/jds.S0022-0302(85)80873-0.

Jenkins, T.A., Nguyen, J.C., Polglaze, K.E. & Bertrand, P.P. 2016. Influence of Tryptophan and Serotonin on
mood and cognition with a possible role of the gut-brain axis. Nutrients. 8(1), 56.
https://doi.org/10.3390/nu8010056.

Jenkins, T.C., Wallace, R.J. & Moate, P.J. 2012. Molecular markers to improve the prediction of ruminal
degradability and enhance the utility of alfalfa for high-producing dairy cows. J. Dairy Sci. 95(8), 4035-4046.

Jimenez-Morales, D., Liang, J. & Eisenberg, R. 2012. lonizable side chains at catalytic active sites of enzymes.
Eur. Biophys. J. 41, 449-460. https://doi.org/10.1007/s00249-012-0798-4.

Johnstone, A.M., Horgan, G.W., Murison, S.D., Bremner, D.M. & Lobley, G.E. 2008. Effects of a high-protein
ketogenic diet on hunger, appetite, and weight loss in obese men feeding ad libitum. Am. J. Clin. Nutr.
87(1), 44-55. https://doi.org/10.1093/ajcn/87.1.44.

Juers, D.H., Matthews, B.W. & Huber, R.E. 2012. LacZ 3-galactosidase: Structure and function of an enzyme
of historical and molecular Dbiological importance. Protein Sci. 21(12), 1792-1807.
https://doi.org/10.1002/pro.2165.

Kaba, T., Abera, B. & Kassa, T. 2018. Esophageal groove dysfunction: a cause of ruminal bloat in newborn
calves. BMC Vet Res. 14(1), 276-282. https://doi.org/10.1186/s12917-018-1573-2.

Kalhan, S.C. & Hanson, R.W. 2012. Resurgence of serine: an often neglected but indispensable amino Acid.
J. Biol. Chem. 287(24), 19786—19791. https://doi.org/10.1074/jbc.R112.357194.

Karpinska, M. & Czauderna, M. 2022. Pancreas-its functions, disorders, and physiological impact on the
mammals' organism. Front. Physiol. 13, 807632-807643. https://doi.org/10.3389/fphys.2022.807632.

Kashtoh, H. & Baek, K.H. 2023. New insights into the latest advancement in a-amylase inhibitors of plant origin
with anti-diabetic effects. Plants (Basel). 12(16), 2944-2972. https://doi.org/10.3390/plants12162944.

Kaske, M., Hatiboglu, S. & Engelhardt, W.V. 1992. The influence of density and size of particles on rumination
and passage from the reticulo-rumen of sheep. Br. J. Nutr. 67(2), 235-244.
https://doi.org/10.1079/bjn19920027.

Katz, D.L., Doughty, K.N., Geagan K., Jenkins D.A. & Gardner, C.D. 2019. Perspective: The public health case
for  modernizing the  definiton of protein  quality. Adv. Nutr. 10(5), 755-764.
https://doi.org/10.1093/advances/nmz023.

Kertz, A.F. 2010. Review: Urea feeding to dairy cattle: A historical perspective and review. Prof. Anim. Sci.
26(3), 257-272. https://doi.org/10.15232/S1080-7446(15)30593-3.

Kertz, A.F., Hill, T.M., Quigley J.D., Heinrichs, A.J., Linn, J.G. & Drackley, J.K. 2017. A 100-Year Review: Calf
nutrition and management. J. Dairy Sci. 100, 10151-10172. https://doi.org/10.3168/ids.2017-13062.




52

Khalikova, E., Susi, P. & Korpela, T. 2005. Microbial dextran-hydrolyzing enzymes: fundamentals and
applications. Microbiol. Mol. Biol. Rev. 69(2), 306-325. https://doi.org/10.1128/MMBR.69.2.306-325.2005.

Khan, M.A., Bach, A., Weary, D.M. & Von Keyserlingk, M.A.G. 2016. Invited review: Transitioning from milk to
solid feed in dairy heifers. J. Dairy Sci. 99(2), 885-902. https://doi.org/10.3168/ids.2015-9975.

Khan, M.A., Weary, D.M. & Von Keyserlingk, M.A.G. 2011. Invited review: Effects of milk ration on solid feed
intake, weaning, and performance in dairy heifers. J. Dairy Sci. 94(3), 1071-1081.
https://doi.org/10.3168/jds.2010-3733.

Khan, R., Shah, M.D., Shah, L., Lee, P.C. & Khan, |. 2022. Bacterial polysaccharides-A big source for
prebiotics and therapeutics. Front Nutr. 9, 1031935-1031955. https://doi.org/10.3389/fnut.2022.1031935.

Kiela, P.R. & Ghishan, F.K. 2016. Physiology of intestinal absorption and secretion. Best Pract Res Clin
Gastroenterol. 30(2), 145-159. https://doi.org/10.1016/j.bpg.2016.02.007.

Kitadai, N. & Maruyama, S. 2018. Origins of building blocks of life: A review. Geoscience Frontiers 9(4), 1117-
1153. https://doi.org/10.1016/j.gsf.2017.07.007

Kitamoto, Y., Yuan, X., Wu, Q., McCourt, D.W. & Sadler, J.E. 1994. Enterokinase, the initiator of intestinal
digestion, is a mosaic protease composed of a distinctive assortment of domains. Proc. Natl. Acad. Sci.
USA. 91(16), 7588-7592. https://doi.org/10.1073/pnas.91.16.7588.

Klopp, R.N., Suarez-Mena, F.X., Dennis, T.S., Hill, T.M., Schlotterbeck, R.L. & Lascano, G.J. 2019. Effects of
feeding different amounts of milk replacer on growth performance and nutrient digestibility in Holstein calves
to 2 months of age using different weaning strategies. J. Dairy Sci. 102(12), 11040-11050.
https://doi.org/10.3168/ids.2019-17153.

Ktos-Witkowska, A. 2015. Enzyme-based fluorescent biosensors and their environmental, clinical and
industrial applications. Pol. J. Environ. Stud. 24(1), 19-25. https://doi.org/10.15244/pjoes/28352.

Kobayashi, R., Kobayashi, Y. & Hirs, C.H. 1978. Identification of a binary complex of procarboxypeptidase A
and a precursor of protease E in porcine pancreatic secretion. J. Biol. Chem. 253(15), 5526-5530. Available
at: https://pubmed.ncbi.nim.nih.gov/670212/.

Kohan, A.B., Yoder, S.M. & Tso, P. 2011. Using the lymphatics to study nutrient absorption and the secretion
of gastrointestinal hormones. Physiol. Behav. 105(1), 82-88.
https://doi.org/10.1016/j.physbeh.2011.04.056.

Krehbiel, C.R., Britton, R.A., Harmon, D.L., Peters, J.P., Stock, R.A. & Grotjan, H.R. 1996. Effects of varying
levels of duodenal or midjejunal glucose and 2-deoxyglucose infusion on small intestinal disappearance
and net portal glucose flux in steers. J. Anim. Sci 74, 693-700. https://doi.org/10.2527/1996.743693x.

Kung Junior, L., Robinson, J.R., Ranjit, N.K., Chen, J.H., Golt, C.M. & Pesek, J.D. 2000. Microbial populations,
fermentation end-products, and aerobic stability of corn silage treated with ammonia or a propionic acid-
based preservative. J. Dairy Sci. 83(7), 1479-1486. https://doi.org/10.3168/ijds.S0022-0302(00)75020-X.

Kuo, Y.M., Henry, R.A. & Andrews, A.J. 2016. Measuring specificity in multi-substrate/product systems as a
tool to investigate selectivity in vivo. Biochim. Biophys. Acta. 1864(1), 70-76.
https://doi.org/10.1016/j.bbapap.2015.08.011.

Kurz, A. & Seifert, J. 2021. Factors influencing proteolysis and protein utilization in the intestine of pigs: A
review. Animals (Basel). 11(12), 3551-3567. https://doi.org/10.3390/ani11123551.

Lai, D.T., Mackenzie, A.D., O’Connor, C.J. & Turner, KW. 1997. Hydrolysis characteristics of bovine milk fat
and monoacid triglycerides mediated by pregastric lipase from goats and kids. J. Dairy Sci. 80(10), 2249—
2257. https://doi.org/10.3168/jds.S0022-0302(97)76173-3.

Lai, W.Y.W,, Chua, J.W.M., Gill, S. & Brownlee, I.A. 2019. Analysis of the lipolytic activity of whole-saliva and
site-specific secretions from the oral cavity of healthy adults. Nutrients. 11(1), 191-199.
https://doi.org/10.3390/nu11010191.

Langel, S.N., Wark, W.A., Garst, S.N., James, R.E., McGilliard, M.L., Petersson-Wolfe, C.S. & Kanevsky-
Mullarky, 1. 2015. Effect of feeding whole compared with cell-free colostrum on calf immune status: The
neonatal period. J. Dairy Sci. 98(6), 3729-3740 https://doi.org/10.3168/jds.2014-8422.

Le Boucher, R., Chung, W., Ng, J.K.L., Tan, L.S.E., Wu, C. & Lee, C.S. 2024. Impact of extrusion temperature
and moisture incorporation on nutrient digestibility in barramundi (Lates calcarifer) diet. Aquaculture. 592,
741209. https://doi.org/10.1016/j.aquaculture.2024.741209.

Le Huerou, ., Guilloteau, P., Wicker, C., Mouats, A., Chayvialle, J.A., Bernard, C., Burton, J., Toullec, R. &
Puigserver, A. 1992. Activity distribution of seven digestive enzymes along small intestine in calves during
development and weaning. Dig Dis Sci. 37(1), 40—46. https://doi.org/10.1007/BF01308340.

Lecce, J.G., Morgan, D.O. & Matrone, G. 1964. Effect of feeding colostral and milk components on the
cessation of intestinal absorption of large molecules (closure) in neonatal pigs. J. Nutr. 84(1), 43-48.
https://doi.org/10.1093/in/84.1.43.

Lee, S., Ryu, C.H., Back, Y.C., Lee, S.D. & Kim, H. 2023. Effect of fermented concentrate on ruminal
fermentation, ruminal and fecal microbiome, and growth performance of beef cattle. Animals (Basel).
13(23), 3622. https://doi.org/10.3390/ani13233622.

Leksmono, C.S., Manzoni, C., Tomkins, J.E., Lucchesi, W., Cottrell, G. & Lewis, P.A. 2018. Measuring lactase
enzymatic activity in the teaching lab. J. Vis. Exp. 138, €54377. https://doi.org/10.3791/54377.




53

Leng, R.A., Steel, J.W. & Luick, J.R. 1967. Contribution of propionate to glucose synthesis in sheep. Biochem.
J. 103(3), 785-790. https://doi.org/10.1042/bj1030785.

Lesmeister, K.E. & Heinrichs, A.J. 2004. Effects of corn processing on growth characteristics, rumen
development, and rumen parameters in neonatal dairy calves. J. Dairy Sci. 87(10), 3439-3450.
https://doi.org/10.3168/ijds.S0022-0302(04)73479-7.

Lesmeister, K.E., Tozer, P.R. & Heinrichs A.J. 2004. Development and analysis of a rumen tissue sampling
procedure. J. Dairy Sci. 87(5), 1336-1344. https://doi.org/10.3168/jds.S0022-0302(04)73283-X.

Lewis, T. & Stone, W.L. 2023. Biochemistry, proteins enzymes. In: StatPearls, Treasure Island, StatPearls
Publishing, USA. Available at: https://www.ncbi.nlm.nih.gov/books/NBK554481/.

Li, K., Shi, B. & Na, R. 2023. The colonization of rumen microbiota and intervention in pre-weaned ruminants.
Animals (Basel). 13(6), 994-1007. https://doi.org/10.3390/ani13060994.

Li, R., Wang, Q., Zhao, G., Peng, H., Zhang, D. & Li, Z. 2022. Effects of germination time on phenolics,
antioxidant capacity, in vitro phenolic bioaccessibility and starch digestibility in sorghum. Int. J. Food Sci.
Technol. 57(8), 5175-5185. https://doi.org/10.1111/ijfs.15827.

Liao, W.L., Heo, G.Y., Dodder, N.G., Reem, R.E., Mast, N., Huang, S., Dipatre, P.L., Turko, I.V. & Pikuleva,
I.LA. 2011. Quantification of cholesterol-metabolizing P450s CYP27A1 and CYP46A1 in neural tissues
reveals a lack of enzyme-product correlations in human retina but not human brain. J. Proteome Res. 10(1),
241-248. https://doi.org/10.1021/pr1008898.

Lin, H., Chen, W. & Ding, H. 2013. AcalPred: A sequence-based tool for discriminating between acidic and
alkaline enzymes. PLoS One. 8(10), e75726-75732. https://doi.org/10.1371/journal.pone.0075726.

Liu, J., Tian, K., Sun, Y., Wu, Y., Chen, J., Zhang, R., He, T. & Dong, G. 2020. Effects of the acid-base
treatment of corn on rumen fermentation and microbiota, inflammatory response and growth performance
in beef cattle fed high-concentrate diet. Animal. 14(9), 1876—-1884.
https://doi.org/10.1017/S1751731120000786.

Liu, K., Zhang, Y., Yu, Z., Xu, Q., Zheng, N., Zhao, S., Huang, G. & Wang J. 2021 Ruminal microbiota-host
interaction and its effect on nutrient  metabolism. Anim Nutr. 7(1), 49-55.
https://doi.org/10.1016/j.aninu.2020.12.001.

Liu, L., Wu, P., Guo, A, Yang, Y., Chen, F. & Zhang, Q. 2023. Research progress on the regulation of
production traits by gastrointestinal microbiota in dairy cows. Front. Vet. Sci. 10, 1206346-1206356.
https://doi.org/10.3389/fvets.2023.1206346.

Liu, P., Kerr, B.J., Chen, C., Weber, T.E., Johnston, L.J. & Shurson, G.C. 2014. Influence of thermally oxidized
vegetable oils and animal fats on energy and nutrient digestibility in young pigs. J. Anim. Sci. 92(7), 2980—
2986. https://doi.org/10.2527/jas.2012-5711.

Liu, Z. & Smith, S.R. 2021. Enzyme recovery from biological wastewater treatment. Waste Biomass Valor. 12,
4185-4211. https://doi.org/10.1007/s12649-020-01251-7.

Livesey, G. 2014. Carbohydrate digestion, absorption, and fiber. In: Reference Module in Biomedical Sciences.
Elsevier. https://doi.org/10.1016/B978-0-12-801238-3.0004 3-X.

Long, R.J., Dong, S.K,, Hu, Z.Z,, Shi, J.J., Dong, Q.M. & Han, X.T 2004. Digestibility, nutrient balance and
urinary purine derivative excretion in dry yak cows fed oat hay at different levels of intake. Livest. Prod. Sci.
88(1-2), 27-32. https://doi.org/10.1016/j.livprodsci.2003.11.004.

Longenbach, J.I. & Heinrichs, A.J. 1998. A review of the importance and physiological role of curd formation
in the abomasum of young calves. Anim. Feed Sci. Technol. 73(1-2), 85-97. https://doi.org/10.1016/S0377-
8401(98)00130-8.

Lépez-Otin, C. & Bond, J.S. 2008. Proteases: multifunctional enzymes in life and disease. J. Biol. Chem.
283(45), 30433-30437. https://doi.org/10.1074/jbc.R800035200.

Lovegrove, A., Edwards, C.H., De Noni, ., Patel, H., El, S.N., Grassby, T., Zielke, C., Ulmius, M., Nilsson, L.,
Butterworth, P.J., Ellis, P.R. & Shewry, P.R. 2017. Role of polysaccharides in food, digestion, and health.
Crit. Rev. Food Sci. Nutr. 57(2), 237-253. https://doi.org/10.1080/10408398.2014.939263.

Lukyanov, A.N. & Torchilin, V.P. 2004. Micelles from lipid derivatives of water-soluble polymers as delivery
systems  for  poorly  soluble  drugs. Adv. Drug Deliv. Rev. 56(9), 1273-89.
https://doi.org/10.1016/j.addr.2003.12.004.

Lyu, J.S,, Lee, J.S., Chae, T.Y,, Yoon, C.S. & Han, J. 2022. Effect of screw speed and die temperature on
physicochemical, textural, and morphological properties of soy protein isolate-based textured vegetable
protein produced via a low-moisture extrusion. Food science and biotechnology, 32(5), 659—669.
https://doi.org/10.1007/s10068-022-01207-8.

Ma, H. 2018. Food physical processing technology and its basic framework. J. Chin. Inst. Food Sci. Technol.
18(4),1-7 https://doi.org/10.16429/j.1009-7848.2018.04.001.

MacDonald, T., Windsor, P., Rast, L. & Bush, R. 2014. Using girth measurements to estimate the live weight
of cattle and buffalo in Lao People’s Democratic Republic (PDR).

Machila, N., Févre, E.M., Maudlin, |. & Eisler, M.C. 2008. Farmer estimation of live bodyweight of cattle:
implications for veterinary drug dosing in East Africa. Prev. Vet. Med. 87(3-4), 394-403.
https://doi.org/10.1016/j.prevetmed.2008.06.001.




54

Magnabosco, C., Ojala, M., Reyes, A., Sainz, R., Fernandes, A. & Famula, T. 2008. Estimates of environmental
effects and genetic parameters for body measurements and weight in Brahman cattle raised in Mexico. J.
Anim. Breed. Genet. 119, 221 - 228. https://doi.org/10.1046/j.1439-0388.2002.00339.x.

Maldonado-Valderrama, J., Wilde, P., Macierzanka, A. & Mackie, A. 2011. The role of bile salts in digestion.
Adv Colloid Interface Sci. 165(1), 36-46. https://doi.org/10.1016/j.cis.2010.12.002.

Malmuthuge, N., Chen, Y., Liang, G., Goonewardene, L.A. & Guan, L.L. 2015. Heat-treated colostrum feeding
promotes beneficial bacteria colonization in the small intestine of neonatal calves. J. Dairy Sci. 98(11),
8044-8053. https://doi.org/10.3168/ids.2015-9607.

Malmuthuge, N., Liang, G. & Guan, L.L. 2019. Regulation of rumen development in neonatal ruminants through
microbial metagenomes and host transcriptomes. Genome  Biol.  20(1), 172-188.
https://doi.org/10.1186/s13059-019-1786-0.

Marchand, V. 2010. Trans fats: What physicians should know. Paediatr. Child Health. 15(6), 373-378.
https://doi.org/10.1093/pch/15.6.373.

Martinez Cuesta, S., Rahman, S.A., Furnham, N. & Thornton, J.M. 2015. The classification and evolution of
enzyme function. Biophys. J. 109(6), 1082-1086. https://doi.org/10.1016/j.bpj.2015.04.020.

Matthews, C., Crispie, F., Lewis, E., Reid, M., O'Toole, P.W. & Cotter, P.D. 2019. The rumen microbiome: a
crucial consideration when optimising milk and meat production and nitrogen utilisation efficiency. Gut
Microbes. 10(2), 115-132. https://doi.org/10.1080/19490976.2018.1505176.

McDonnell, R.P., O’ Doherty, J.V., Earley, B., Clarke, A.M. & Kenny, D.A. 2019. Effect of supplementation with
n-3 polyunsaturated fatty acids and/or B-glucans on performance, feeding behaviour and immune status of
Holstein Friesian bull calves during the pre- and post-weaning periods. J. Anim. Sci. Biotechnol. 10(1), 7-
24, https://doi.org/10.1186/s40104-019-0317-x.

McDougall, E.l. 1948. Studies on ruminant saliva. 1. The composition and output of sheep's saliva. Biochem.
J. 43(1), 99-109. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1274641/.

Mellanby, J. 1925. The mechanism of pancreatic digestion-the function of secretin. J. Physiol. 60(1-2), 85-91.
https://doi.org/10.1113/jphysiol. 1925.sp002223.

Mentlein, R. 2004. Cell-surface peptidases. Int Rev Cytol. 235, 165-213. https://doi.org/10.1016/S0074-
7696(04)35004-7.

Meyer, T.S.M., Miguel, A.S.M., Fernandez, D.E.R. & Ortiz, G.M.O. 2015. Biotechnological production of
oligosaccharides — Applications in the food industry. Food Prod. and Ind. 25-76.
http://doi.org/10.5772/60934 .

Michel, M., Eldridge, A.L., Hartmann, C., Klassen, P., Ingram, J. & Meijer, G.W. 2024. Benefits and
challenges of food processing in the context of food systems, value chains and sustainable
development goals. Trends Food Sci. Technol. 153, 104703. https://doi.org/10.1016/j.tifs.2024.104703.

Micke, G.C., Sullivan, T.M., Soares Magalhaes, R.J., Rolls, P.J., Norman, S.T. & Perry, V.E. 2010. Heifer
nutrition during early- and mid-pregnancy alters fetal growth trajectory and birth weight. Anim Reprod. Sci.
117(1-2), 1-10. https://doi.org/10.1016/j.anireprosci.2009.03.010.

Mikkelsen, P.B., Toubro, S. & Astrup, A. 2000. Effect of fat-reduced diets on 24-h energy expenditure:
comparisons between animal protein, vegetable protein, and carbohydrate. Am. J. Clin. Nutr. 72(5), 1135—
1141. https://doi.org/10.1093/ajcn/72.5.1135.

Milla, A.P. & Mahjoub, M.M. 2013. Estimation of live body weight from heart girth, body length and condition
score in Nilotic cattle — Southern Sudan. Agricultural Technology Transfer Society Magazine. 1(1), 15-19.

Miller-Cushon, E. K., Terré, M., DeVries, T. J. & Bach, A., 2014. The effect of palatability of protein source on
dietary selection in dairy calves. J. Dairy Sci. 97(7), 4444-4454. https://doi.org/10.3168/jds.2013-7816

Mills, C.E., Hall, W.L. & Berry, S.E.E. 2017. What are interesterified fats and should we be worried about them
in our diet? Nutrition Bulletin. 42(2), 153-158. https://doi.org/10.1111/nbu.12264

Mirzadeh, Kh., Masoudi, A., Chaji, M. & Bojarpour, M. 2010. The composition of raw milk produced by some
dairy farms in Lordegan region of Iran. J. Anim. Vet. Adv. 9(11), 1582-1583.
https://doi.org/10.3923/javaa.2010.1582.1583.

Miyazaki, T., Okada, K., Yamashita, T. & Miyazaki, M. 2019. Temporal changes of abomasal contents and
volumes in calves fed milk diluted with oral rehydration salt solution. J. Vet. Med. Sci. 81(2), 256-262.
https://doi.org/10.1292/jvms.18-0466.

Montoro-Huguet, M.A., Belloc, B. & Dominguez-Cajal, M. 2021. Small and large intestine (I): Malabsorption of
nutrients. Nutrients. 13(4), 1254. https://doi.org/10.3390/nu13041254.

Morales-Olvera, C.G., Sanchez-Pérez, C.A., Barbero-Becerra, V.J., Juarez-Hernandez, E., Uribe, M. &
Chavez-Tapia, N.C. 2021. Bioactive lipids in metabolic liver disease. Studies in Natural Products Chemistry.
69, 263-297. https://doi.org/10.1016/B978-0-12-819487-4.00005-7.

Morris, R., Black K.A. & Stollar E.J. 2022. Uncovering protein function: from classification to complexes.
Essays Biochem. 66(3), 255-285. https://doi.org/10.1042/EBC20200108.

Morsy, T.A., Gouda, G.A. & Kholif, A.E. 2022. In vitro fermentation and production of methane and carbon
dioxide from rations containing Moringa oleifera leave silage as a replacement of soybean meal: in vitro




55

assessment. Environ. Sci. Pollut. Res. Int. 29(46), 69743-69752. https://doi.org/10.1007/s11356-022-
20622-2.

Métyan, J.A., Toth, F. & Tézsér, J. 2013. Research applications of proteolytic enzymes in molecular biology.
Biomolecules. 3(4), 923-942. https://doi.org/10.3390/biom3040923.

Mourad, G., Bettache, G. & Samir, M. 2014. Composition and nutritional value of raw milk. Issues Bio. Sci.
Pharma. Res. 2(10), 115-122. https://doi.org/10.15739/ibspr.005.

Murphy, E.J., Fehrenbach, G.W., Abidin, I.Z., Buckley, C., Montgomery, T., Pogue, R., Murray, P., Major, |. &
Rezoagli, E. 2023. Polysaccharides-naturally occurring immune modulators. Polymers (Basel). 15(10),
2373-2414. https://doi.org/10.3390/polym15102373.

Nagaraja, T.G. & Titgemeyer, E.C. 2007. Ruminal acidosis in beef cattle: The current microbiological and
nutritional outlook. J. Dairy Sci. 90, E17-E38. https://doi.org/10.3168/jds.2006-478.

Nath, P.C., Ojha, A., Debnath, S., Sharma, M., Nayak, P.K., Sridhar, K. & Inbaraj, B.S. 2023. Valorization of
food waste as animal feed: A step towards sustainable food waste management and circular bioeconomy.
Animals (Basel). 13(8), 1366. https://doi.org/10.3390/ani13081366.

Navarro, D.M.D.L., Abelilla, J.J. & Stein, H.H. 2019. Structures and characteristics of carbohydrates in diets
fed to pigs: A review. J. Anim. Sci. Biotechnol. 10(1), 39-56. https://doi.org/10.1186/s40104-019-0345-6.
Nedelkov, K., Harper, M.T., Melgar, A., Chen, X., Raisanen, S., Martins, C.M.M.R., Faugeron, J., Wall, E.H. &
Hristov, A.N. 2019. Acceptance of flavored concentrate premixes by young ruminants following a short-

term exposure. J. Dairy Sci. 102(1), 388-394. https://doi.org/10.3168/ids.2018-15400.

NEWC (New World Encyclopedia Contributors). 2022. Carbohydrate. New World Encyclopedia. Available at:
https://www.newworldencyclopedia.org/entry/CarbohydrateCoombe, N.B. & Siddons, R.C. 1973.
Carbohydrases of the bovine small intestine. Br. J. Nutr. 30(2), 269-276.
https://doi.org/10.1079/bjn19730032.

Nguyen, G.T.H. 2023. Effects of pasteurization on the physicochemical, sensory properties and microbiological
quality of beetroot (Beta vulgaris L.) wine during storage. Sci. Tech. Dev. J. 26(3), 2950-2958.
https://doi.org/10.32508/stdj.v26i3.4089.

Niazifar, M., Besharati, M.B., Jabbar, M., Ghazanfar, S., Asad, M., Eseceli, V.P.H. & Lackner, M. 2024 Slow-
release non-protein nitrogen sources in animal nutrition: A review. Heliyon. 10(13), 8405-8440.
https://doi.org/10.1016/j.heliyon.2024.e33752.

Niba, A.T., Beal, J.D., Kudi, A.C. & Brooks, P.H. 2009. Bacterial fermentation in the gastrointestinal tract of
non-ruminants: influence of fermented feeds and fermentable carbohydrates. Trop. Anim. Health Prod.
41(7), 1393-1407. https://doi.org/10.1007/s11250-009-9327-6.

Nonnecke, B.J., Foote, M.R., Smith, J.M., Pesch, B.A. & Van Amburgh, M.E. 2003. Composition and functional
capacity of blood mononuclear leukocyte populations from neonatal calves on standard and intensified milk
replacer diets. J. Dairy Sci. 86(11), 3592-3604. https://doi.org/10.3168/jds.S0022-0302(03)73965-4.

Norris, S.H. & Hersey, S.J. 1985. Stimulation of pepsinogen secretion in permeable isolated gastric glands.
Am. J. Physiol. 249, G408—415. https://doi.org/10.1152/ajpgi.1985.249.3.G408.

Nowak, D. & Jakubczyk, E. 2020. The freeze-drying of foods-the characteristic of the process course and the
effect of its parameters on the physical properties of food materials. Foods. 9(10), 1488.
https://doi.org/10.3390/foods9101488.

NRC (Nutrient Requirements Council). 2021. Nutrient requirements of dairy cattle. 8" ed. The National
Academies Press, Washington, DC. https://doi.org/10.17226/25806.

Numata, K. 2020. How to define and study structural proteins as biopolymer materials. Polym. J. 52, 1043—
1056. https://doi.org/10.1038/s41428-020-0362-5.

Odadi, W. O. 2018: Using heart girth to estimate live weight of heifers (Bos indicus) in pastoral rangelands of
northern Kenya. L.R.R.D. 30(1), 44-48. Available at: http://www.lrrd.org/lrrd30/1/wood30016.html.

Odle, J. & Schaeffer, D.M. 1987. Influence of rumen ammonia concentration on the rumen degradation rates
of barley and maize. Br. J. Nutr. 57(1), 127-138. https://doi.org/10.1079/bjn19870016.

Ojha, B.K., Singh, P.K. & Shrivastava, N. 2019. Chapter 7 - Enzymes in the animal feed industry. Enzymes in
Food Biotechnology. Production, Applications, and Future Prospects. Academic Press. 93-109.
https://doi.org/10.1016/B978-0-12-813280-7.00007-4.

Oliveira, C.V.R., Silva, T.E., Batista, E.D., Renn¢, L.N., Silva, F.F., de Carvalho, I.P.C., Martin-Tereso, J. &
Detmann, E. 2020. Urea supplementation in rumen and post-rumen for cattle fed a low-quality tropical
forage. Br. J. Nutr. 124, 1166-1178. https://doi.org/10.1017/S0007114520002251.

Oliveira, M.E.A.S., Coimbra, P.P.S., Galdeano, M.C., Carvalho, C.W.P. & Takeiti, C.Y. 2022. How does
germinated rice impact starch structure, products and nutrional evidences? — A review. Trends Food Sci.
Technol. 122(1-2), 13-23. https://doi.org/10.1016/j.tifs.2022.02.015.

O'Neill, G.J., Hollingsworth, A., Harbourne, N. & O'Riordan, E.D. 2019. Reducing stickiness in spray dried dairy
emulsions. Food Hydrocoll. 90, 330-340. https://doi.org/10.1016/j.foodhyd.2018.12.033.

Orsavova, J., Misurcova, L., Ambrozova, J.V., Vicha, R. & Micek, J. 2015. Fatty acids composition of vegetable
oils and its contribution to dietary energy intake and dependence of cardiovascular mortality on dietary
intake of fatty acids. Int. J. Mol. Sci. 16(6), 12871-12890. https://doi.org/10.3390/iims160612871.




56

drskov, E.R. 1972. Reflex closure of the oesophageal groove and its potential application in ruminant nutrition.
S. Afr. J. Anim. Sci. 2(2), 169-176. Available at: https://www.ajol.info/index.php/sajas/article/view/140347.

Ozorio, L., Mellinger-Silva, C., Cabral, L.M.C., Jardin, J., Boudry, G. & Dupont, D. 2020. The influence of
peptidases in intestinal brush border membranes on the absorption of oligopeptides from whey protein
hydrolysate: An ex vivo study wusing an ussing chamber. Foods. 9(10), 1415-1430.
https://doi.org/10.3390/foods9101415

Pang, Y., Zhang, H., Wen, H., Wan, H., Wu, H., Chen, Y, Li, S., Zhang, L., Sun, X_, Li, B. & Liu, X. 2022. Yeast
probiotic and yeast products in enhancing livestock feeds utilization and performance: An overview. J.
Fungi. (Basel), 8(11), 1191. https://doi.org/10.3390/jof8111191.

Parada, J. & Aguilera, J.M. 2011. Review: Starch matrices and the glycemic response. Food Sci. Technol. Int.
17(3), 187-204. https://doi.org/10.1177/1082013210387712.

Patil, S., Ananthan, A., Nanavati, R. N., Nataraj, G. & Prasad, P. 2019. Effect of different methods of
pasteurization on bactericidal action of human milk: A prospective observational study. Indian J. Med. Res.
150(5), 504-507. https://doi.org/10.4103/ijmr.l|JMR 600 18.

Pazoki, A., Ghorbani, G.R., Kargar, S., Sadeghi-Sefidmazgi, A., Drackley, J.K. & Ghaffari, M.H. 2017. Growth
performance, nutrient digestibility, ruminal fermentation, and rumen development of calves during transition
from liquid to solid feed: Effects of physical form of starter feed and forage provision. Anim. Feed Sci.
Technol. 234, 173-185. https://doi.org/10.1016/j.anifeedsci.2017.06.004.

Peng, R.H., Zhang, W.H., Wang, Y., Deng, Y.D., Wang, B., Gao, J.J., Li, Z.J., Wang, L.J., Fu, X.Y., Xu, J.,
Han, H.J., Tian, Y.S. & Yao, Q.H. 2023. Genetic engineering of complex feed enzymes into barley seed for
direct utilization in animal feedstuff. Plant Biotechnol. J. 21(3), 560-573. https://doi.org/10.1111/pbi.13972.

Petit, H.V., Ivan, M. & Brisson, G.J. 1987. Duodenal flow of digesta in preruminant calves fed clotting or
nonclotting milk replacer. J. Dairy Sci. 70(12), 2570-2576. https://doi.org/10.3168/jds.S0022-
0302(87)80326-0.

Peyrot des Gachons, C. & Breslin, P.A. 2016. Salivary Amylase: Digestion and metabolic syndrome. Curr.
Diab. Rep. 16(10), 102-114. https://doi.org/10.1007/s11892-016-0794-7.

Pfister, B. & Zeeman, S.C. 2016. Formation of starch in plant cells. Cell. Mol. Life Sci. 73(14), 2781-2807.
https://doi.org/10.1007/s00018-016-2250-x.

Pieper-Bigelow, C., Strocchi, A. & Levitt, M.D. 1990. Where does serum amylase come from and where does
it go? Gastroenterol Clin North Am. 19(4). 793-810. https://doi.org/10.1016/S0889-8553(21)00514-8.

Pirahanchi, Y. & Sharma, S. 2024. Biochemistry, Lipase. StatPearls Publishing. Available at:
https://www.ncbi.nlm.nih.gov/books/NBK537346/Pitt, H.A. & Gadacz, T.R. 2013. Chapter 102 - Anatomy,
embryology, anomalies, and physiology. Shackelford's Surgery of the Alimentary Tract (Seventh Edition).
2, 1286-1302. https://doi.org/10.1016/B978-1-4377-2206-2.00102-0.

Pluschke, A.M., Gilbert, M.S., Williams, B.A., van den Borne, J.J.G.C., Schols, H.A. & Gerrits, W.J.J. 2016.
The effect of replacing lactose by starch on protein and fat digestion in milk-fed veal calves. Animal. 10(8),
1296-1302. https://doi.org/10.1017/S1751731116000252.

Pokhrel, B. & Jiang, H. 2024. Postnatal growth and development of the rumen: Integrating physiological and
molecular insights. Biology. 13(4), 269. https://doi.org/10.3390/biology13040269.

Porter, J.W.G. 1969. Digestion in the pre-ruminant animal. Proc. Nutr. Soc. 28(1), 115-121.
https://doi.org/10.1079/pns19690022.

Qian, L. & Zhang, H. 2011. Controlled freezing and freeze drying: A versatile route for porous and micro-/nano-
structured materials. J. Chem. Technol. Biotechnol., 86(2), 172—-184. https://doi.org/10.1002/jctb.2495.
Qin, W., Ketnawa, S. & Ogawa, Y. 2022. Effect of digestive enzymes and pH on variation of bioavailability of
green tea during simulated in vitro gastrointestinal digestion. Food Sci. Hum. Wellness. 11(3), 669-675.

https://doi.org/10.1016/j.fshw.2021.12.024.

Rahman, M.A.U., Rehman, A., Chuanqi, X., Long, Z.X., Binghai, C., Linbao, J. & Huawei, S. 2015. Extrusion
of feed/feed ingredients and its effect on digestibility and performance of poultry: A review. Int. J. Curr.

Microbiol. App. Sci. 4(4), 48-61. Available at:
https://www.researchgate.net/publication/274894715 Extrusion of FeedFeed Ingredients and Its Effec
t on Digestibility and Performance of Poultry A Review. Or

https://api.semanticscholar.org/Corpus|D:28383007.

Ramos, S.C., Jeong, C.D., Mamuad, L.L., Kim, S.H., Kang, S.H., Kim, E.T., Cho, Y.l,, Lee, S.S. & Lee, S.S.
2021. Diet transition from high-forage to high-concentrate alters rumen bacterial community composition,
epithelial transcriptomes and ruminal fermentation parameters in dairy cows. Animals (Basel). 11(3), 838-
861. https://doi.org/10.3390/ani11030838.

Ramsey, H.A., Wise, G.H. & Tove, S.B. 1956. Esterolytic activity of certain alimentary and related tissues from
cattle in different age groups. J. Dairy Sci. 39(9), 1312-1322. https://doi.org/10.3168/jds.S0022-
0302(56)94851-2.

Raveendran, S., Parameswaran, B., Ummalyma, S.B., Abraham, A., Mathew, A K., Madhavan, A., Rebello, S.
& Pandey, A. 2018. Applications of microbial enzymes in food industry. Food Technol. Biotechnol. 56(1),
16-30. https://doi.org/10.17113/fth.56.01.18.5491.




57

Ravindran, V. 2013. Feed enzymes: The science, practice, and metabolic realities. J. Appl. Poult. Res. 22(3),
628-636. https://doi.org/10.3382/japr.2013-00739.

Reeds, P.J. 2000. Dispensable and indispensable amino acids for humans. J. Nutr. 130(7), 1835S-1840S.
https://doi.org/10.1093/in/130.7.1835S.

Rémond, D., Ortigues, |. & Jouany, J.P. 1995. Energy substrates for the rumen epithelium. Proc. Nutr. Soc.
54(1), 95-105. https://doi.org/10.1079/pns19950040.

Reshetnyak, V.I. 2013. Physiological and molecular biochemical mechanisms of bile formation. World J.
Gastroenterol. 19(42), 7341-7360. https://doi.org/10.3748/wjq.v19.i42.7341.

Reynolds, C.K. & Kristensen, N.B. 2008. Nitrogen recycling through the gut and the nitrogen economy of
ruminants: An asynchronous symbiosis. J. Anim. Sci. 86(14), 293-305. https://doi.org/10.2527/jas.2007-
0475.

Ribeiro, A.J.M., Riziotis, I.G., Tyzack, J.D., Borkakoti, N. & Thornton, J.M. 2023. EzMechanism: An automated
tool to propose catalytic mechanisms of enzyme reactions. Nat. Methods. 20, 1516-1522.
https://doi.org/10.1038/s41592-023-02006-7.

Richter, C., Tanaka, T. & Yada, R.Y. 1998. Mechanism of activation of the gastric aspartic proteinases:
Pepsinogen, progastricsin and prochymosin. Biochem J. 335(3), 481-490.
https://doi.org/10.1042/bj3350481.

Riziotis, I.G., Ribeiro, A.J.M., Borkakoti, N. & Thornton, J.M. 2022. Conformational variation in enzyme
catalysis: a structural study on catalytic residues. J. Mol. Biol. 434(7), 167517-167546.
https://doi.org/10.1016/j.jimb.2022.167517.

Robinson, P.K. 2015. Enzymes: principles and biotechnological applications. Essays Biochem. 59, 1-41.
https://doi.org/10.1042/bse0590001.

Rojas, O., Vinyeta, E. & Stein, H. 2016. Effects of pelleting, extrusion, or extrusion and pelleting on energy and
nutrient digestibility in diets containing different levels of fiber and fed to growing pigs. J. Anim. Sci. 94(5),
1951-1960. https://doi.org/10.2527/jas.2015-0137.

Rose, D.R., Chaudet, M.M. & Jones, K. 2018. Structural studies of the intestinal a-glucosidases, maltase-
glucoamylase and sucrase-isomaltase. J. Pediatr. Gastroenterol. Nutr. 66(S3), S11-S13.
https://doi.org/10.1097/MPG.0000000000001953.

Rose-Dye, T.K., Burciaga-Robles, L.O., Krehbiel, C.R., Step, D.L., Fulton, R.W., Confer, A.W. & Richards, C.J.
2011. Rumen temperature change monitored with remote rumen temperature boluses after challenges with
bovine viral diarrhea virus and Mannheimia haemolytica. J. Anim. Sci. 89(4), 1193-1200.
https://doi.org/10.2527/jas.2010-3051.

Rowbotham, D.J., Kimpson, P.M. & Thompson, H.M. 2006. Chapter 61 - Gut motility and secretions.
Foundations of Anesthesia (Second Edition). Basic Sciences for Clinical Practice. 739-751.
https://doi.org/10.1016/B978-0-323-03707-5.50067-X.

Rowe, J.B., Choct, M. & Pethick, D.W. 1999. Processing cereal grains for animal feeding. Aust. J. Agric. Res.
50(5), 721-736. https://doi.org/10.1071/AR98163

Roy, J.H.B. 1990. The calf. Volume 1. Management of health. Fifth edit. Butterworths, London. Available at:
https://search.worldcat.org/title/The-calf-:-vol.-1-:-Management-of-health/oclc/808681728

Ruchay, A., Kober, V., Dorofeev, K., Kolpakov, V., Dzhulamanov, K., Kalschikov, V. & Guo, H. 2022.
Comparative analysis of machine learning algorithms for predicting live weight of Hereford cows. Comput.
Electron. Agr. 195, 106837. https://doi.org/10.1016/j.compag.2022.106837.

Rutherford, N.H., Gordon, A.W., Lively, F.O. & Arnott, G. 2019. The effect of behaviour and diet on the rumen
temperature of Holstein bulls. Animals (Basel). 9(11), 1000-1014. https://doi.org/10.3390/ani9111000.

Sadovnikova, A., Garcia, S.C. & Hovey, R.C. 2021. A comparative review of the cell biology, biochemistry, and
genetics of lactose synthesis. J. Mammary Gland. Biol. Neoplasia. 26(2), 181-196.
https://doi.org/10.1007/s10911-021-09490-7.

Salema-Oom, M., Valadao Pinto, V., Gongalves, P. & Spencer-Martins, I. 2005. Maltotriose utilization by
industrial Saccharomyces strains: characterization of a new member of the a-glucoside transporter family.
Appl. Environ. Microbiol. 71(9), 5044-5049. https://doi.org/10.1128/AEM.71.9.5044-5049.2005

Sangronis, E. & Machado, C.J. 2007. Influence of germination on the nutritional quality of Phaseolus vulgaris
and Cajanus cajan. Food Sci. Technol. 40(1), 116-120. https://doi.org/10.1016/j.lwt.2005.08.003.

Santos, D., Mauricio, A.C., Sencadas, V., Santos, J.D., Fernandes, M.H. & Gomes, P.S. 2017. Spray Drying:
An Overview. InTech. https://doi.org/10.5772/intechopen.72247.

Saqib, S., Akram, A, Halim, S.A. & Tassaduq, R. 2017. Sources of B-galactosidase and its applications in food
industry. 3 Biotech. 7(1), 79-86. https://doi.org/10.1007/s13205-017-0645-5.

Sarnklong, C., Cone, J.W., Pellikaan, W. & Hendriks, W.H. 2010. Utilization of rice straw and different
treatments to improve its feed value for ruminants: A review. Asian-Aust. J. Anim. Sci. 23(5), 680-692.
https://doi.org/10.5713/ajas.2010.80619.

Saro, C., Mateo, J., Andrés, S., Mateos, |., Ranilla, M.J., Lopez, S., Martin, A. & Giraldez, F.J. 2019. Replacing
soybean meal with urea in diets for heavy fattening lambs: Effects on growth, metabolic profile and meat
quality. Animals. 9(11), 974. https://doi.org/10.3390/ani9110974.




58

Satari, B. & Karimi, K. 2018. Mucoralean fungi for sustainable production of bioethanol and biologically active
molecules. Appl. Microbiol. Biotechnol. 102(6), 1097-1117. https://doi.org/10.1007/s00253-017-8691-9.
Satter, L.D. & Slyter, L.L. 1974. Effect of ammonia concentration of rumen microbial protein production in vitro.

Br. J. Nutr. 32(2), 199-208. https://doi.org/10.1079/bjn19740073.

Schonfeld, P. & Wojtczak, L. 2016. Short- and medium-chain fatty acids in energy metabolism: The cellular
perspective. J. Lipid Res. 57(6), 943-954 https://doi.org/10.1194/jlr.RO67629.

Schubert, D.C., Chuppava B., Hoffmans S., Pries, M., Visscher, C., Kamphues, J. & EI-Wahab. A.A. 2022.
Impacts of reducing protein content in milk replacer on growth performance and health of young calves.
Animals (Basel). 12(14),1756-1774. https://doi.org/10.3390/ani12141756.

Schuck, P. 2002. Spray drying of dairy products: State of the art. Dairy Sci. Technol. 82(4) 375-382.
https://doi.org/10.1051/1ait:2002017.

Schwarzkopf, S., Kinoshita, A., Hiuther, L., Salm, L., Kehraus, S., Sidekum, K. H., Huber, K., Danicke, S. &
Frahm, J. 2022. Weaning age influences indicators of rumen function and development in female Holstein
calves. BMC Vet. Res. 18(1), 102-117. https://doi.org/10.1186/s12917-022-03163-1

Senftleber, N.K., Ramne, S., Moltke, I., Jargensen, M.E., Albrechtsen, A., Hansen, T. & Andersen, M. K. 2023.
Genetic loss of sucrase-isomaltase function: Mechanisms, implications, and future perspectives. Appl. Clin.
Genet. Volume 16, 31-39. https://doi.org/10.2147/TACG.S401712.

Sensoy, I. 2021. A review on the food digestion in the digestive tract and the used in vitro models. Curr. Res.
Food Sci. 4, 308-319. https://doi.org/10.1016/j.crfs.2021.04.004.

Serena, A., Jorgensen, H. & Bach Knudsen, K.E. 2008. Digestion of carbohydrates and utilization of energy
in sows fed diets with contrasting levels and physicochemical properties of dietary fiber. J. Anim. Sci. 86(9),
2208-2216. https://doi.org/10.2527/jas.2006-060.

Sfakianakis, P. & Tzia, C. 2014. Conventional and innovative processing of milk for yogurt manufacture;
development of texture and flavor: A review. Foods. 3(1), 176—193. https://doi.org/10.3390/foods3010176.

Shaikh, A.R. & Shah, D. 2015. Arginine-amino acid interactions and implications to protein solubility and
aggregation. J. Eng. Res. 12(2), 1-14. https://doi.org/10.24200/tjer.vol12iss2pp1-14.

Sharma, B., Nimje, P., Tomar, S.K., Dey, D., Mondal, S. & Kundu, S.S. 2020a. Effect of different fat and protein
levels in calf ration on performance of Sahiwal calves. Asian-Australas J. Anim. Sci. 33(1), 53-60.
https://doi.org/10.5713/ajas.18.0604.

Sharma, R., Garg, P., Kumar, P., Bhatia, S.K. & Kulshrestha, S. 2020b. Microbial fermentation and its role in
quality improvement of fermented foods. Fermentation. 6(4), 106.
https://doi.org/10.3390/fermentation6040106.

Sharpe K.T. & Heins B.J. 2023. Evaluation of a forefront weight scale from an automated calf milk feeder for
Holstein and crossbred dairy and dairy—beef calves. Animals. 13(11),1752.
https://doi.org/10.3390/ani13111752.

Shen, J., Zheng, W., Xu, Y. & Yu, Z. 2023. The inhibition of high ammonia to in vitro rumen fermentation is pH
dependent. Front. Vet. Sci.10, 1163021. https://doi.org/10.3389/fvets.2023.1163021.

Shilton, B.H. 2015. Active transporters as enzymes: An energetic framework applied to major facilitator
superfamily and ABC importer systems. Biochem. J. 467(2), 193-199. https://doi.org/10.1042/BJ20140675.

Sibley, E. 2004. Carbohydrate digestion and absorption. Encyclopedia of Gastroenterology. 275-278.
https://doi.org/10.1016/B0-12-386860-2/00104-0.

Signorini, M.L., Soto, L.P., Zbrun, M.V., Sequeira, G.J., Rosmini, M.R. & Frizzo, L.S. 2012. Impact of probiotic
administration on the health and fecal microbiota of young calves: A meta-analysis of randomized controlled
trials of lactic acid bacteria. Res. Vet. Sci. 93(1), 250-258. https://doi.org/10.1016/j.rvsc.2011.05.001.

Singh, B., Pavithran, N. & Rajput, R. 2023. Review- Effects of food processing on nutrients. Curr. J. Appl. Sci.
Technol. 42(46), 34-49. https://doi.org/10.9734/CJAST/2023/v42i464292.

Skov, A.R., Toubro, S., Ronn, B., Holm, L. & Astrup, A. 1999. Randomized trial on protein vs carbohydrate in
ad libitum fat reduced diet for the treatment of obesity. Int. J. Obes. Relat. Metab. Disord. 23(5), 528-536.
https://doi.org/10.1038/sj.ij0.0800867.

Soberon, F., Raffrenato, E., Everett, RW. & Van Amburgh, M.E. 2012. Preweaning milk replacer intake and
effects on long-term  productivity of dairy calves. J. Dairy Sci. 95(2), 783-793.
https://doi.org/10.3168/jds.2011-4391.

Soetan, K.O. & Oyewole, O.E. 2009. The need for adequate processing to reduce the anti-nutritional factors
in plants used as human foods and animal feeds: A review. Afr. J. Food Sci. 3(9), 223-232. Available at:
https://api.semanticscholar.org/CorpusID:21696077.

Sokota-Wysoczanska, E., Wysoczanski, T., Wagner J., Czyz, K., Bodkowski, R., Lochynski, S. & Patkowska-
Sokota, B. 2018. Polyunsaturated fatty acids and their potential therapeutic role in cardiovascular system
disorders-A review. Nutrients. 10(10), 1561. https://doi.org/10.3390/nu10101561.

Sprekeler, N., Muller, T., Kowalewski. M.P., Liesegang, A. & Boos, A. 2011. Expression patterns of intestinal
calcium transport factors and ex-vivo absorption of calcium in horses. BMC Vet. Res. 7, 65-77.
https://doi.org/10.1186/1746-6148-7-65.




59

Steele, M.A., AlZahal, O. & Hook, S.E. 2016. Calf and heifer rumen development on a high plane of nutrition
from 3 to 30 weeks of age. J. Dairy Sci. 99(4), 2661-2673.

Stivers, J.T. & Nagarajan, R. 2006. Probing enzyme phosphoester interactions by combining mutagenesis and
chemical modification of phosphate ester oxygens. Chem. Rev. 106(8), 3443-3467.
https://doi.org/10.1021/cr050317n.

Stott, G.H., Marx, D.B., Menefee, B.E. & Nightengale, G.T. 1979. Colostral immunoglobulin transfer in calves
II. The rate of absorption. J. Dairy Sci. 62(11), 1766-1773. https://doi.org/10.3168/jds.S0022-
0302(79)83495-5.

Su, M., Wang, H., Shi, H., Li, Q., Zhang, Y., Li, T. & Ma, Y. 2022. Yeast products mediated ruminal
subenvironmental microbiota, and abnormal metabolites and digestive enzymes regulated rumen
fermentation function in sheep. Animals (Basel). 12(22), 3221-3239. https://doi.org/10.3390/ani12223221.

Suarez-Mena, F.X., Hill, T.M., Heinrichs, A.J., Bateman Il, H.G., Aldrich, J.M. & Schlotterbeck, R.L. 2011.
Effects of including corn distillers dried grain with solubles in dairy calf feeds. J. Dairy Sci. 94(6), 3037-
3044. https://doi.org/10.3168/jds.2010-3845.

Sureshkumar, S., Song, J., Sampath, V. & Kim, I. 2023. Exogenous enzymes as zootechnical additives in
monogastric animal Feed: A review. Agriculture.13(12), 2195. https://doi.org/10.3390/agriculture13122195.

Svihus, B., Klgvstad, K.H., Perez, V., Zimonja, O., Sahlstrom, S., Schiiller, R.B, Jeksrud, W.K. & Prestlgkken,
E. 2004. Physical and nutritional effects of pelleting of broiler chicken diets made from wheat ground to
different coarsenesses by the use of roller mill and hammer mill. Anim. Feed Sci. Technol. 117(3-4), 281-
293. https://doi.org/10.1016/j.anifeedsci.2004.08.009.

Sweeney, B.C., Rushen, J., Weary, D.M. & de Passillé, A.M. 2010. Duration of weaning, starter intake, and
weight gain of dairy calves fed large amounts of milk. J. Dairy Sci. 93(1), 148-152.
https://doi.org/10.3168/jds.2009-2427.

Szmola, R., Bence, M., Carpentieri, A., Szabd, A., Costello, C.E., Samuelson, J. & Sahin-Téth, M. 2011.
Chymotrypsin C is a co-activator of human pancreatic procarboxypeptidases A1 and A2. J. Biol. Chem.
286(3), 1819-1827. https://doi.org/10.1074/jbc.M110.187369.

Tang, C., Liang, Y., Guo, J., Wang, M., Li, M., Zhang, H., Arbab, A.A.l., Karrow, N.A., Yang, Z. & Mao, Y. 2022.
Effects of seasonal heat stress during late gestation on growth performance, metabolic and immuno-
endocrine parameters of calves. Animals (Basel). 12(6), 716-728. https://doi.org/10.3390/ani12060716.

Tannous, S., Stellbrinck, T., Hoter, A. & Naim, H.Y. 2023. Interaction between the a-glucosidases, sucrase-
isomaltase and maltase-glucoamylase, in human intestinal brush border membranes and its potential
impact on disaccharide digestion. Front. Mol. Biosci. 10, 1160860-1160869.
https://doi.org/10.3389/fmolb.2023.1160860.

Téllez-Morales, J.A. & Rodriguez-Miranda, J. 2023. Improved extrusion cooking technology: A mini review of
starch modification. J. Culin. Sci. Technol. 1-10. https://doi.org/10.1080/15428052.2022.2163952.

Tennant, B.C. & Hornbuckle, W.E. 2014. Gastrointestinal function. Clinical Biochemistry of Domestic Animals.
1980, 283-336. https://doi.org/10.1016/B978-0-12-396350-5.50013-9.

Terré, M., Devant, M. & Bach, A. 2007. Effect of level of milk replacer fed to Holstein calves on performance
during the preweaning period and starter digestibility at weaning. Livest. Sci. 110(1-2), 82-88.
https://doi.org/10.1016/}.livsci.2006.10.001.

Terré, M., Devant, M. & Bach, A. 2016. The importance of calf sensory and physical preferences for starter
concentrates during pre- and postweaning periods. J. Dairy Sci. 99(9), 7133-7142.
https://doi.org/10.3168/ids.2015-10682.

Terré, M., Tejero, C. & Bach, A. 2009. Long-term effects on heifer performance of an enhanced-growth feeding
programme applied during the preweaning period. J Dairy Res. 76(3), 331-339.
https://doi.org/10.1017/S0022029909004142.

Tetlow, I.J. & Bertoft, E. 2020. A review of starch biosynthesis in relation to the building block-backbone model.
Int. J. Mol. Sci. 21(19), 7011-7048. https://doi.org/10.3390/ijms21197011.

Tian, Y., Wang, Y., Zhong, Y., Mgller, M.S., Westh, P., Svensson, B. & Blennow, A. 2023. Interfacial catalysis
during amylolytic degradation of starch granules: Current understanding and kinetic approaches.
Molecules. 28(9), 3799-3823. htips://doi.org/10.3390/molecules28093799.

Toofanian, F., Hill, F.W.G. & Kidder, D.E. 1973. The mucosal disaccharidases in the small intestine of the calf.
Annales de Recherches Vétérinaires 4(1), 57—69. Available at: https://hal.science/hal-00900743.

Toth, A.Z., Szabd, A., Hegyi, E., Hegyi, P. & Sahin-Té6th, M. 2017. Detection of human elastase isoforms by
the ScheBo pancreatic elastase 1 test. Am. J. Physiol. Gastrointest. Liver Physiol. 312(6), G606-G614.
https://doi.org/10.1152/ajpgi.00060.2017.

Trotta, R.J., Harmon, D.L., Matthews, J.C. & Swanson, K.C. 2022. Nutritional and physiological constraints
contributing to limitations in small intestinal starch digestion and glucose absorption in ruminants.
Ruminants. 2(1), 1-26. htitps://doi.org/10.3390/ruminants2010001.

Tyler, J.W., Hancock, D.D., Parish, S.M., Rea, D.E., Besser, T.E., Sanders, S.G. & Wilson, L.K. 1996.
Evaluation of 3 assays for failure of passive transfer in calves. J. Vet. Intern. Med. 10(5), 304-307.
https://doi.org/10.1111/j.1939-1676.1996.tb02067 .x.




60

Urie, N.J., Lombard, J.E., Shivley, C.B., Kopral, C.A., Adams, A.E., Earleywine, T.J., Olson, J.D. & Garry, F.B.
2018. Preweaned heifer management on US dairy operations: Part V. Factors associated with morbidity
and mortality in preweaned dairy heifer calves. J. Dairy Sci. 101(10), 9229-9244.
https://doi.org/10.3168/ids.2017-14019.

Urrutia, N.L. & Harvatine, K.J. 2017. Acetate dose-dependently stimulates milk fat synthesis in lactating dairy
cows. J. Nutr. 147(5), 763-769. https://doi.org/10.3945/jn.116.245001.

Useni, B.A. 2011. The effect of exogenous fibrolytic enzymes on fibre digestion in ruminant animals. MSc
thesis, Stellenbosch University, Stellenbosch, South Africa. Available at:
https://scholar.sun.ac.za/server/api/core/bitstreams/3fd2824c-ea34-4140-9f38-4f117ae4c80e/content.

Valente Junior, D.T., Genova, J.L., Kim, S.W., Saraiva, A. & Rocha, G.C. 2024. Carbohydrases and Phytase
in poultry and pig nutrition: A review beyond the nutrients and energy matrix. Animals (Basel). 14(2), 226.
https://doi.org/10.3390/ani14020226.

Van Amburgh, M.E., Soberon, F., Raffrenato, E. & Everett, R.W. 2015. Lactation biology symposium: The
effects of nutrient intake from milk or milk replacer of preweaned dairy calves on lactation milk yield as
adults: A meta-analysis of current data. J. Anim. Sci. 93(7), 3174-3184.

Van der Poel, A.F.B., Abdollahi, M.R., Cheng, H., Colovic, R., den Hartog, L.A., Miladinovic, D., Page, G.,
Sijssens, K., Smillie, J.F., Thomas, M., Wang, W., Yu, P. & Hendriks, W.H. 2020. Future directions of animal
feed technology research to meet the challenges of a changing world. Anim. Feed Sci. Technol. 270,
114692. https://doi.org/10.1016/j.anifeedsci.2020.114692.

Van der Velden, V.H.J. & Hulsmann, A.R. 1999. Peptidases: Structure, function and modulation of peptide-
mediated effects in the human lung. Clin. Exp. Allergy. 29(4), 445-456. https://doi.org/10.1046/j.1365-
2222.1999.00462.x.

Van Dijk, J., Eagle, S.J., Gillespie, A.V., Smith, R.F., Holman, AN. & Williams, H.J. 2015. Visual weight
estimation and the risk of underdosing dairy cattle. Vet. Rec. 177(3), 75-75.
https://doi.org/10.1136/vr.102955.

Van Zyl, J.H.C. 2017. The effect of maize vitreousness and a starch binder on in vitro fermentation parameters
and starch digestibility in dairy cows. PhD thesis, University of Stellenbosch, Stellenbosch, RSA. Available
at: http://hdl.handle.net/10019.1/102726.

Vargas, J.J., Tarnonsky, F., Podversich, F., Maderal, A., Fernandez-Marenchino, I., Gémez-Lopez, C.,
Heredia, D., Schulmeister, T.M., Ruiz-Ascacibar, |., Gonella-Diaza, A., Ipharraguerre, |.R. & DiLorenzo, N.
2024. Impact of Supplementing a Backgrounding Diet with Nonprotein Nitrogen on In Vitro Methane
Production, Nutrient Digestibility, and Steer Performance. J. Animal Sci. 102, skae048.
https://doi.org/10.1093/jas/skae048

Vargas-Rodriguez, C.F., Engstrom, M., Azem, E. & Bradford, B.J. 2014. Effects of dietary amylase and sucrose
on productivity of cows fed Ilow-starch diets. J. Dairy Sci. 97(7), 4464-4470.
https://doi.org/10.3168/jds.2013-7845.

Vasseur, E., Borderas, F., Cue, R.l., Lefebvre, D., Pellerin, D., Rushen, J., Wade, K.M. & de Passille, A.M.
2010. A survey of dairy calf management practices in Canada that affect animal welfare. J. Dairy Sci. 93(3),
1307-1316. https://doi.org/10.3168/jds.2009-2429.

Velu, J.G., Kendall, K.A. & Gardner, K.E. 1960. Utilization of various sugars by the young dairy calf. J. Dairy
Sci. 43(4), 546-552 https://doi.org/10.3168/ids.S0022-0302(60)90197-1.

Vertiprakhov, V.G. & Ovchinnikova, N.V. 2022. The activity of trypsin in the pancreatic juice and blood of
poultry increases simultaneously in the postprandial period. Front. Physiol. 13, 874664-874669.
https://doi.org/10.3389/fphys.2022.874664.

Vetter, J. 2023. The mushroom glucans: Molecules of high biological and medicinal importance. Foods. 12(5),
1009-1028. https://doi.org/10.3390/foods12051009.

Villegas, V., Vendrell, J. & Avilés, F.X. 1995. The activation pathway of procarboxypeptidase B from porcine
pancreas: Participation of the active enzyme in the proteolytic processing. Protein Sci. 4(9), 1792-1800.
https://doi.org/10.1002/pro.5560040914.

Wahyono, T., Sholikin, M.M., Konca, Y., Obitsu, T., Sadarman, S. & Jayanegara, A. 2022. Effects of urea
supplementation on ruminal fermentation characteristics, nutrient intake, digestibility, and performance in
sheep: A meta-analysis. Vet. World. 15(2), 331-340. https://doi.org/10.14202/vetworld.2022.331-340.

Walker, D.M. 1959. The development of the digestive system of the young animal Ill. Carbohydrase enzyme
development in the young lamb. J. Agric. Sci. 53(3), 374-380.
https://doi.org/10.1017/S0021859600020797.

Wang, H., Li, L., Zhang, N., Zhang, T. & Ma, Y. 2022b. Effects of pelleting and long-term high-temperature
stabilization on vitamin retention in swine feed. Animals. 12(9), 1058. https://doi.org/10.3390/ani12091058.

Wang, H., Long, R., Liang, J.B., Xusheng Guo, X., Ding, L. & Shang, Z. 2011. Comparison of nitrogen
metabolism in yak (Bos grunniens) and indigenous cattle (Bos taurus) on the ginghai-tibetan plateau. Asian-
Aust. J. Anim. Sci. 24(6), 766 — 773. htips://doi.org/10.5713/ajas.2011.10350.




61

Wang, L., Sun, H., Gao, H., Xia, Y., Zan, L. & Zhao, C. 2023. A meta-analysis on the effects of probiotics on
the performance of pre-weaning dairy calves. J. Anim. Sci. Biotechnol. 14(1), 3.
https://doi.org10.1186/s40104-022-00806-z.

Wang, L., Zhang, G., Li, Y. & Zhang, Y. 2020. Effects of high forage/concentrate diet on volatile fatty acid
production and the microorganisms involved in VFA production in cow rumen. Animals (Basel). 10(2), 223-
235. hitps://doi.org/10.3390/ani10020223.

Wang, Y., Ral, J.P., Saulnier, L. & Kansou, K. 2022a. How does starch structure impact amylolysis? Review
of  current  strategies for  starch digestibility ~ study. Foods. 11(9), 1223-1242.
https://doi.org/10.3390/foods11091223.

Wangchuk, K., Wangdi, J. & Mindu, M. 2017. Comparison and reliability of techniques to estimate live cattle
body weight. J. Appl. Anim. Res. 46(1), 349-352. https://doi.org/10.1080/09712119.2017.1302876.

Weaver, C.M., Dwyer, J., Fulgoni lll, V.L., King, J.C., Leveille, G.A., MacDonald, R.S., Ordovas, J. &
Schnakenberg, D. 2014. Processed foods: Contributions to nutrition. Am. J. Clin. Nutr. 99(6), 1525-1542.
https://doi.org/10.3945/ajcn.114.089284.

Weaver, D.M., Tyler, JW., VanMetre, D.C., Hostetler, D.E. & Barrington, G.M. 2000. Passive transfer of
colostral immunoglobulins in calves. J Vet Intern Med. 14(6), 569-577 htips://doi.org/10.1111/j.1939-
1676.2000.tb02278 .x.

Weerasinghe, W.M.C.B., Marapana, R.A.U.J. & Seresinhe, T. 2009. Predicting body weight of cross bred
buffaloes through body measurements under field conditions. Pakistan Pakistan Journal of Zoology.
Supplement Series (9), 155-157.

Wei, Q., Sunantha, K., Yukiharu, O. 2022. Effect of digestive enzymes and pH on variation of bioavailability of
green tea during simulated in vitro gastrointestinal digestion. Food Sci. Hum. Wellness. 11(3), 669-675.
https://doi.org/10.1016/j.fshw.2021.12.024.

Weigle, D.S., Breen, P.A., Matthys, C.C., Callahan, H.S., Meeuws, K.E., Burden, V.R. & Purnell, J.Q. 2005. A
high-protein diet induces sustained reductions in appetite, ad libitum caloric intake, and body weight despite
compensatory changes in diurnal plasma leptin and ghrelin concentrations. Am. J. Clin. Nutr. 82(1), 41-48.
https://doi.org/10.1093/ajcn.82.1.41.

Wierzbicka, M., Domino, M., Zabielski, R. & Gajewski, Z. 2021. Long-term recording of reticulo-rumen
myoelectrical activity in sheep by a telemetry method. Animals (Basel). 11(4), 1052-1066.
https://doi.org/10.3390/ani11041052.

Wilms, J.N., Kleinveld, N., Ghaffari, M.H., Sauerwein, H., Steele, M.A., Martin-Tereso, J. & Leal, L.N. 2024.
Fat composition of milk replacer influences postprandial and oxidative metabolisms in dairy calves fed twice
daily J. Dairy Sci. 107(5), 2818-2831. https://doi.org/10.3168/jds.2023-23972.

Windeyer, M.C., Leslie, K.E., Godden, S.M., Hodgins, D.C., Lissemore, K.D. & LeBlanc, S.J. 2014. Factors
associated with morbidity, mortality, and growth of dairy heifer calves up to 3 months of age. Prev. Vet.
Med. 113(2), 231-240. https://doi.org/10.1016/j.prevetmed.2013.10.019.

Wolfe, R.R., Rutherfurd, S.M., Kim, I.Y. & Moughan, P.J. 2016. Protein quality as determined by the digestible
indispensable amino acid score: Evaluation of factors underlying the calculation. Nutr. Rev. 74(9), 584—
599. https://doi.org/10.1093/nutrit/nuw022.

Wood, S., Barrett, D. & Kristen. R. 2015. Comparison of visual assessment and heart girth tape measurement
for estimating the weight of «cattle in clinical practice. Vet. J. 203(3) 337-338.
https://doi.org/10.1016/j.tvjl.2014.12.034.

Wu, G. 2014. Dietary requirements of synthesizable amino acids by animals: A paradigm shift in protein
nutrition. J. Anim. Sci. Biotechnol. 5(1), 34. https://doi.org/10.1186/2049-1891-5-34.

Xiang, H., Sun-Waterhouse, D., Waterhouse, G.I.N., Cui, C. & Ruan, Z. 2019. Fermentation-enabled wellness
foods: A fresh perspective. Food Sci. Hum. Wellness. 8(3) 203-243.
https://doi.org/10.1016/j.fshw.2019.08.003.

Xu, M., Jin, Z., Simsek, S., Hall, C., Rao, J. & Chen, B. 2019. Effect of germination on the chemical composition,
thermal, pasting, and moisture sorption properties of flours from chickpea, lentil, and yellow pea. Food
Chem. 295, 579-587. https://doi.org/10.1016/j.foodchem.2019.05.167.

Xu, Q., Qiao, Q., Gao, Y., Hou, J., Hu, M., Du, Y., Zhao, K. & Li, X. 2021. Gut microbiota and their role in health
and metabolic disease of dairy cow. Front. Nutr. 8, 701511. https://doi.org/10.3389/fnut.2021.701511.

Yang, H., Shi, L., Zhuang, X., Su, R., Wan, D., Song, F., Li, J. & Liu, S. 2016. Identification of structurally
closely related monosaccharide and disaccharide isomers by PMP labelling in conjunction with IM-MS/MS.
Sci Rep. 6, 28079-28088. https://doi.org/10.1038/srep28079.

Youness, R.A., Dawoud, A., EITahtawy, O. & Farag, M.A. 2022. Fat-soluble vitamins: updated review of their
role and orchestration in human nutrition throughout life cycle with sex differences. Nutr. Metab. (Lond). 19,
60. https://doi.org/10.1186/s12986-022-00696-y.

Yu, W,, Li, C., Zhang, D., Li, Z., Xia, P., Liu, X,, Cai, X., Yang, P., Ling, J., Zhang, J., Zhang, M. & Yu, P. 2022.
Advances in T cells based on inflammation in metabolic diseases. Cells. 11(22), 3554.
https://doi.org/10.3390/cells11223554.




62

Yvon, M., Pelissier, J.P., Guilloteau, P. & Toullec, R. 1984. In vivo milk digestion in the calf abomasum. - I.
Whole-casein digestion. Reprod. Nutr. Dévelop. 24(5A), 587-595. Available at: htips://hal.science/hal-
00898178.

Zakowski, J.J. & Bruns, D.E. 1985. Biochemistry of human alpha amylase isoenzymes. Crit. Rev. Clin. Lab.
Sci. 21(4), 283-322. https://doi.org/10.3109/10408368509165786.

Zapata, R.C., Singh, A., Pezeshki, A., Nibber, T. & Chelikani, P.K. 2017. Whey protein components -
Lactalbumin and lactoferrin - Improve energy balance and metabolism. Sci. Rep. 7(1), 9917-9931.
https://doi.org/10.1038/s41598-017-09781-2.

Zeleke, L.B., Gebremichael, M.W., Adinew, Y.M. & Gelaw, K.A. 2017. Appropriate weaning practice and
associated factors among infants and young children in northwest Ethiopia. J. Nutr. Metab. 9608315.
https://doi.org/10.1155/2017/9608315.

Zhang, Q. & Zhang, S. 1999. A new method to convert the Fischer projection of a monosaccharide to the
Haworth projection. J. Chem. Educ. 76(6), 799-807. https://doi.org/10.1021/ed076p799

Zhang, R., Zhang, W.B., Bi, Y.L., Tu, Y., Beckers, Y., Du, H.C. & Diao, Q.Y. 2019. Early feeding regime of
waste milk, milk, and milk replacer for calves has different effects on rumen fermentation and the bacterial
community. Animals (Basel). 9(7), 443-460. https://doi.org/10.3390/ani9070443.

Zhang, S., Chen, K\Y. & Zou, X. 2021a. Carbohydrate-protein interactions: Advances and challenges.
Commun. Inf. Syst. 21(1), 147-163. https://doi.org/10.4310/cis.2021.v21.n1.a7.

Zhang, Y. Choi, S.H., Nogoy, K.M. & Liang, S. 2021b. Review: The development of the gastrointestinal tract
microbiota and intervention in neonatal ruminants. Animal. 15(8), 100316.
https://doi.org/10.1016/j.animal.2021.100316.

Zhang, Y., Chen, M., Lu, J., Li, W., Wolynes, P.G. & Wang, W. 2022. Frustration and the kinetic repartitioning
mechanism of substrate inhibition in enzyme catalysis. J. Phys. Chem. B. 126(36), 6792-6801.
https://doi.org/10.1021/acs.jpcb.2c03832.

Zheng, T., Li, H., Han, N., Wang, S., Price, J.H., Wang, M. & Zhang, D. 2017. Functional characterization of
two elongases of very long-chain fatty acid from Tenebrio molitor L. (Coleoptera: Tenebrionidae). Sci. Rep.
7, 10990-11000. https://doi.org/10.1038/s41598-017-11134-y.

Zhou, H.X. & Pang, X. 2018. Electrostatic interactions in protein structure, folding, binding, and condensation.
Chem. Rev. 118(4), 1691-1741. https://doi.org/10.1021/acs.chemrev.7b00305.

Zhou, J.W., Zhong, C.L., Liu, H., Degen, A.A., Titgemeyer, E.C. & Ding, L.M. 2017. Comparison of nitrogen
utilization and urea kinetics between yaks (Bos grunniens) and indigenous cattle (Bos taurus) J. Anim. Sci.
95(10), 4600—4612. https://doi.org/10.2527/jas2017.1428.

Zhu, X., Tao, L., Liu, H. & Yang, G. 2023. Effects of fermented feed on growth performance, immune organ
indices, serum biochemical parameters, cecal odorous compound production, and the microbiota
community in broilers. Poult. Sci. 102(6), 102629. https://doi.org/10.1016/j.psj.2023.102629.

Zmasek, C.M. & Godzik, A. 2014. Phylogenomic analysis of glycogen branching and debranching enzymatic
duo. BMC Evol. Biol. 14, 183-196. https://doi.org/10.1186/s12862-014-0183-2.




63

Chapter 3
The effect of milk replacers containing fermented plant protein
and high carbohydrate content on the growth performance of

Holstein bull calves

3.1 Abstract

This study investigated the effects of fermented protein (FP) and increased carbohydrate (HC) levels
in milk replacers on calf growth performance. Fermented protein was developed as an alternative
raw material to enhance the amino acid composition of plant-based substrates in milk replacers, with
the aim of improving growth outcomes. Two milk replacers were formulated: one containing
fermented protein and the other using a conventional protein source (standard protein, SP). To
assess the impact of increased carbohydrate levels, two additional milk replacers were formulated,

one with fermented protein and one without, both containing 20% pre-cooked maize.

A total of 32 Holstein bull calves were randomly assigned to four treatments (n = 8) in a 77-day trial,
which was divided into two phases: Phase 1 (P1, days 0—63), during which milk replacers were fed,
and Phase 2 (P2, a two-week post-weaning period) to evaluate the occurrence of weaning shock.
Milk replacer intake was controlled, while starter meal intake was offered ad libitum, and all intakes

and refusals were recorded.

Growth performance parameters, including weight gain, dry matter intake (DMI), average daily gain
(ADG), DMI as a percentage of body weight (DMI/BW %), and feed conversion ratio (FCR), were
determined and analysed using factorial ANOVA. The only significant interaction observed was for
FCR (P = 0.036) during the total trial period. Except for controlled milk replacer intake and P2
DMI/BW% and P2 FCR, fermented protein containing milk replacers generally resulted in poorer
performance (P < 0.05) compared to SP milk replacers. This was attributed to higher levels of trypsin

inhibitors in the fermented protein, which negatively impacted performance.

The high carbohydrate milk replacers promoted greater starter meal intake during all phases (P <
0.05). Based on these results, it is recommended that milk replacers with higher carbohydrate
content can be beneficial to stimulate starter meal intake, while the use of fermented protein as a
raw material should only be considered after the fermentation process is better optimized to reduce

trypsin inhibitor levels to below 4 mg/g protein.

3.2 Introduction

At birth, the calf's rumen is undeveloped and microbial fermentation do not play a significant role in

the digestive process. Young calves are therefore referred to as pre-ruminants (Porter, 1969). During
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this phase, the abomasum and duodenum are the most important compartments where enzymatic
digestion takes place and milk is directly shunted into the abomasum, bypassing the rumen due to

the reflex closure of the oesophageal groove (drskov, 1972).

The fact that different milk replacers influence growth rate and the incidence of diarrhoea in calves
is well documented (Amado et al., 2019; Johnson et al., 2019). This effect differs depending on the
specific rearing conditions. Different protein- and energy sources impacts on the performance of
calves (Brown et al., 2005). The biological and economic viability of a specific feeding regime
depends on growth rate, feed conversion, cost of the milk replacer and the incidence of growth insults

caused by factors such as diarrhoea (Bach et al., 2013; Hu et al., 2019).

3.2.1 Protein

Proteins are organic compounds with amino acids as building blocks (Kitadai & Maruyama, 2018).
These amino acids are linked by peptide bonds to form a chain (Jacob & Monod, 1961). Polypeptides
composed of more than fifty amino acids are classified as proteins (Numata, 2020). Proteins are
important as a structural component in animal tissues as well as in biochemical, immunological,
transportation and hormonal processes (Morris et al., 2022). The quality of proteins is important in
formulation of milk replacers and is defined as the ability of a specific protein to provide the necessary
amino acids in the required ratio for optimal growth and development of the neonatal calf (Katz et
al., 2019; Schubert et al., 2022). For pre-ruminants the protein in milk has a high apparent digestibility

and the absorbed amino acids are efficiently utilized for protein synthesis (Huang et al., 2015).

Enzymatic digestion of milk in suckling ruminants starts with the clotting of milk in the abomasum.
This is affected by a combination of chymosin, and hydrochloric acid secreted in the abomasum
(Andrén, 2011; Miyazaki et al., 2019). The clot slows down the rate of passage through the
abomasum of calves (Cruywagen et al., 1990). This results in more time in the abomasum and a
more controlled flow of chyme through the pyloric valve, improving digestion and absorption in the
small intestine (Petit et al., 1987; Longenbach & Heinrichs, 1998; Andrén, 2011).

Protein digestion involves the denaturing to expose peptide bonds allowing hydrolyzation of the
molecule, and the release of free amino acids (Rivera Del Rio et al., 2021). Protein-digesting
enzymes in the abomasum includes endopeptidase or exopeptidase (Kurz & Seifert, 2021).
Endopeptidase cleaves the peptide bonds while exopeptidase cleaves amino acids off at the terminal
end of the protein molecule (Van der Velden & Hulsmann, 1999; Lopez-Otin & Bond, 2008).

The protein requirement of cattle depends on age, physiological stage (e.g., pregnancy or lactation),
pathological status and the quality of the protein supplied (NRC, 2021). It is further influenced by the
extent to which different feedstuffs supply essential nutrients needed for efficient, economical and
sustainable production (Beever, 1996). The basic requirement of dietary protein is thus to supply

adequate amounts of required amino acids in the correct ratio (NRC, 2021). According to Ertl et al.
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(2016), the amino acid profile of the protein in the diet, the essential amino acids as well as the
concentration of the limiting amino acids and the digestibility and physiological utilization of amino
acids determine the value of a protein source. Protein quality can be defined as the ability of the
ingested protein to meet the requirements for all the dietary indispensable amino acids in an animal,
which can be measured by the Digestible Indispensable Amino Acid Score (DIAAS; Wolfe et al.,
2016). The bioavailability of an amino acid can be defined as the amino acid in a form suitable for
digestion, absorption and utilization and can only be estimated using animal growth bioassays with
live animals (Jahan-Mihan et al., 2011). The origin of protein, such as animal versus plant protein
and feed processing methods can also affect protein digestibility, influencing bioavailability. Animal
protein compared to plant protein is considered to contain a better balance between essential amino
acids and nonessential amino acids (Ertl et al, 2016). Plant proteins, such as soybean meal,
normally also contain antinutritional factors (e.g., trypsin inhibitor) that can impair protein digestibility
and availability of amino acids (Jahan-Mihan et al., 2011). It has been shown that feed processing
methods including heating, re-roasting and extrusion can inhibit antinutritional factors like trypsin
inhibitor in soybean meal (Akande & Fabiyi, 2010). However, overheating makes amino acids
unavailable due to a complex reaction with sugars (browning or Maillard reaction; El-shemy et al.,
2000).

As the fermentation process generally improves the digestibility of proteins (Sanchez-Garcia et al.,
2024), it was hypothesised that fermented plant protein could improve growth performance of
neonates compared to that of standard plant protein when used in milk replacers. During the
fermentation process, microorganisms release peptides and amino acids from complex storage
proteins, making the proteins more soluble and digestible (El-Hag et al., 2002; Alka et al., 2012; Ali
et al., 2003; Pranoto et al., 2013). Thus, bacterial fermentation increases available lysine
concentration and nutritive value (Hamad & Fields, 1979; Wakil & Onilude, 2009). Bacterial and
yeast fermentations involving proteolytic activity are expected to increase the biological availability
of essential amino acids and degrade carbohydrates and other unwanted substances (Adeyemo &
Onilude, 2013). Fermentation may also increase digestibility by reducing the levels of non-nutritive
compounds that inhibit digestive enzymes (e.g. trypsin and chymotrypsin inhibitors) and promote
protein crosslinking (e.g. phenolic and tannin compounds). Protein matrixes are also partially
degraded by microbial proteases, releasing some of the proteins from the matrix, thereby improving
mineral bioavailability (Shekib, 1994; Reyes-Moreno et al., 2004; Chandra-Hioe et al., 2016) and
phytic acid that binds minerals is reduced, making them free and more available (Lopez et al., 1983;
Hemalatha et al., 2007). Tannins bind minerals and reduce their bioavailability (Emambux & Taylor,
2003), but fermentation loosens the complex matrix that embeds minerals (Nkhata et al., 2018). Both
phytase and a-amylase loosens the matrix bonds by degrading phytate and starch, respectively
(Nkhata et al., 2018). Moreover, some fermenting microorganisms degrade fibre by loosening the
food matrix (Liang et al., 2008). Fermentation further improves mineral bioavailability, as microbial

metabolism generates organic acids, which then form soluble complexes with mineral compounds
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preventing the formation of insoluble mineral-phytate complexes (Hemalatha et al., 2007; Cabuk et
al., 2018). The fermentation process also lowers the pH, and this increases iron absorption due to
conversion of low absorbable ferrous iron to the readily absorbable, ferric iron (Leenhardt et al.,
2005; Hemalatha et al., 2007; Nkhata et al., 2018).

3.2.2 Carbohydrates

Although enzymatic digestion starts in the abomasum of the pre-ruminant, no significant
carbohydrate digestion occurs here and enzymatic carbohydrate digestion starts in the small
intestine (Vargas-Rodriguez et al., 2014; Hua et al., 2022).

Lactose, commonly referred to as milk sugar, is the most important carbohydrate present in milk
(Gambelli, 2017). Lactose must be hydrolysed before it can be absorbed (Dollar & Porter, 1957;
Blaxter, 1988; Roy, 1990). Beta-galactosidase is responsible for lactose hydrolyses in the small
intestine (Juers et al.,, 2012). The secretion of -galactosidase increases shortly after birth and
declines with age with a tenfold higher secretion in 8-week-old calves compared to adult ruminants
(Coombe & Siddons, 1973; Toofanian et al., 1973; Huérou-Luron, 2002). Pre-ruminants can readily
utilize glucose, galactose and lactose, but has a limited ability to utilize maltose and starches and is
unable to utilise sucrose (Dollar & Porter, 1957; Walker, 1959; Estévez et al., 2014).

The building blocks of starch are glucose molecules and if starch is broken down to oligosaccharides
and disaccharides, maltotriose and maltose is formed (Salema-Oom et al., 2005; Damager et al.,
2010). Maltase and isomaltase activity therefore directly influence the rate at which starch is broken
down and the extent to which it can be utilized by neonatal and young calves. During the first four
weeks of life, maltase and isomaltase activity increase, reaching adult levels (Le Huerou et al., 1992).
In the adult ruminant isomaltase activity is half that of maltase activity (Coombe & Siddons, 1973;
Toofanian et al., 1973; Le Huerou et al., 1992).

The rate of starch digestion is largely determined by physicochemical characteristics such as granule
size, degree of crystallinity, the amylose to amylopectin ratio and the presence of other compounds
(Parada & Aguilera, 2011). Starch is also broken down in the large intestine by microbial activity
(Serena et al., 2008). Excessive intake of starch and any sugar, even lactose and glucose, can cause
diarrhoea in pre-ruminant calves. There is agreement in literature that the amount of glucose that
can be absorbed from the small intestine of the pre-ruminant is limited (Velu et al., 1960; Ballard &
Oliver, 1965; Trotta et al., 2022). As higher starch inclusion can be used to increase the
carbohydrates in high carbohydrate milk replacers, maltase and isomaltase activity levels are
important to determine the optimal age at which the transition can be made from a standard milk
replacer to a high carbohydrate milk replacer. Maltose activity gradually increase and in two-week-

old calves the enzyme activity reaches half the level of activity of adult cattle (Krehbiel et al., 1996;
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Le Huerou et al., 1992). At this age the enzyme activity is at a level where milk replacers with a high

starch content can be fully utilized by suckling calves.

3.2.3 Aims

This study aimed to compare a conventional commercial milk replacer with a formulated milk replacer
containing 20% of a specific fermented plant protein as a raw material. These milk replacers were
further compared with a commercial high carbohydrate milk replacer and a high carbohydrate milk
replacer formulated to contain 20% of the same fermented plant protein. This was done in a calf
growth trial, using a 2x2 factorial design with the aim to evaluate the effect of the different milk
replacers on growth parameters, dry matter intake and feed efficiency of neonatal calves. After
weaning the carry over effect of the different milk replacers were evaluated, using the same

parameters. This included determining the presence and extent of wean shock.

3.3 Materials and methods

Ethical clearance was obtained from the UFS Animal Research Ethics Committee for all trial related
practices (UFS-AED2023/0051).

A calf rearing trial with 32 Holstein bull calves fed four different milk replacers as treatments was
executed. This took place at the calf rearing unit of Livestock Wellness in George who provided the
different milk replacers for the trial in collaboration with Nandrea Health Products. The four
experimental groups for the trial were:

o The first group, A, was fed Biomel®, a commercial milk replacer and this group served as the

control.

e The second group, B, was fed a milk replacer containing fermented plant protein.

e The third group, C, was fed Kalfpap®, a high carbohydrate milk replacer.

e The fourth group, D, was fed a high carbohydrate milk replacer containing fermented plant

protein.

The fermentation of the plant medium to produce the fermented protein (FP) was conducted at
Nandrea Health Products in Oudtshoorn. In a previous study (Cordy, 2024), the nutrient value of
fermented protein was determined by performing a proximate, fatty acid and amino acid analysis
(Table 3.1). The fermented protein was used as a raw material and these values were used during
the formulation of iso-caloric and iso-nitrogenous milk replacers for the respective treatments (Table
3.4).
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Table 3.1 The proximate, amino acid and fatty acid composition of a 1000-liter fermentation of
soybean over a seven-day fermentation period at 40°C (Cordy, 2024).

Proximate (g/kg) Fatty acid (mg/g) Amino acid (%Lys)
Dry matter 864.25 Cc10 0.76 Lys 100
Crude protein 339.12 c12 0.85 Arg 135
Carbohydrates 79.70 C14 2.79 Ser 96
Moisture 135.75 C15 0.47 Gly 86
Ash 95.36 C16 32.58 Asp 214
Acid detergent fibre 125.04 C16:1 0.59 Glu 323
Neutral detergent fibre 114.95 C17 0.55 Thr 80
Ether extract 235.11 C18 14.63 Ala 81
C18:1 (trans) 0.18 Pro 103
C18:1 (cis) 42.16 His 56
C18:2 (cis) 108.47 Tyr 81
C20 1.11 Met 39
C18:3n6 0.32 Val 97
C20:1 0.39 ILe 90
C18:3n3 19.79 Leu 154
C21 0.14 Phe 111
C20:2 0.12
C22 1.08
C20:4n6 0.10
C23 0.12
C24 0.40

Appendix A, Table A.1 provides a detailed description of the trial and feeding procedure. During the
trial a regime of 3 feedings of 2 L milk replacer per day was used. On day 1 of the trial, the calves
received 1 L per feeding, and this was increased in steps of 200 ml per feeding per day until 2 L per
feeding was reached. At the end of the trial the milk replacers were decreased gradually to 1 L and
2 feedings per day. After weaning the calves were kept in the unit for a further 2 weeks where only
starter meal was fed ad libitum. Any milk replacer refusals were noted, and total milk intake was
compounded on a weekly basis. During the calf rearing trial, a standard starter meal (Table 3.4) was
used, and the calves had ad /ib access to it throughout the trial. A cumulative weekly starter intake

was determined and reported by weighing feed offered and refusals.

The trial data was grouped according to the different periods as depicted in Figure 3.1. Phase 1 (P1)
refers to the period during which the calves were fed milk replacer and was from day 0 — 63. Day 63
was also the day on which the calves were weaned. Phase 2 (P2) was the two-week observation
period after weaning, starting on day 64 and terminating on day 77. This phase was used to

determine the level of wean shock. The total phase (TP) started on day 0 and terminated on day 77.
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Figure 3.1 A line diagram of the time periods used in the trial. The direct influence of the different
milk replacers was investigated during P1. Transfer effects such as wean shock were
investigated during P2 and TP was used to determine direct and transfer effects.

Thirty-two Holstein bull calves, supplied by a commercial supplier, were marked and numbered with
different colour tags and randomly allocated to the respective treatment groups. All the calves
received colostrum directly after birth before they were entered into the trial at an age between 3 and
4 days old. Calves treated with high carbohydrate milk replacers were gradually transitioned from
standard milk replacer to the high carbohydrate milk replacers. This was done to limit the incidence
of diarrhoea due to a change in the diet. It is well documented that when calves are 11 days old the
activity levels of starch digestive enzyme such as amylase, maltase and isomaltase should have
increased to such an extent that it is possible to successfully introduce the high carbohydrate milk
replacers (Miyashige & Yahat, 1980; Harmon, 1993). Harmon (1993) further highlights that the
secretion and activity of amylase activity can be manipulated nutritionally. During the current trial this
transition started with the inclusion of 25% high carbohydrate milk replacer on day 11 and this was

increased in fractions of 25%, reaching 100% on day 14.

A standard vaccination program was followed (Appendix A). Calves were weighed at the same time
and day on a weekly basis. Girth circumference was also determined each time the calves were

weighed.

All data were analysed according to multiple ANOVA with main effects being carbohydrate inclusion
and protein source. As a factorial design (Table 3.2) was used to analyse the data, the interactions
were investigated first, as the occurrence of interactions precludes attributing results to specific

effects. Where no specific interaction was observed, the difference was attributed to the main effect.

Main effects as well as commercial milk replacers are shown in Table 3.2.
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Table 3.2 The experimental design of the trial, with a total of 32 calves (N = 32) allocated to four
different treatments (n = 8).

Standard protein (SP) Fermented protein (FP)
Standard carbohydrate (SC) n=28 n=8
i ® _Ri
inclusion levels (Biomel AV11906) (FP BBlomeI)
. n=38 n=_8
Higher carbohydrate (HC) (Kalfpap®, V17059) (FP-Kalfpap)
inclusion levels ¢ °

When interactions were observed, data were simultaneously interpreted. For the parameters tested
there are therefore three sets of null and alternative hypotheses. For clarity on when the null
hypotheses were accepted or rejected, using the P-values, Table 3.3 lists the hypotheses for this

factorial design.

Table 3.3 The hypotheses used in the analysis of the data for the growth performance parameters
analysed with a multiple (factorial) ANOVA.

Null and alternative hypotheses P-value interpretation
Interaction ; . L
Ha: An interaction is present P-value > 0.05 {Accept Ho} No interaction
Protein main Ho: psp = prp P-value < 0.05 {Reject Ho} MsP # UFP
effect Ha: usp # ure P-value > 0.05 {Accept Ho} MsP = WFp
main effect Ha: Usc # WHe P-value > 0.05 {Accept Ho} Hsc = MHC

To verify nutrient values random starter feed and milk replacer samples were taken from different
batches throughout the trial and the pooled samples were analysed as shown in Table 3.4. The
protein content of the starter feed and milk samples were determined according to standard methods
prescribed by AOAC (2002) using the Dumas method and a LECO FP828 (St. Joseph, MI, USA).
Since fats in milk replacers cannot be accurately determined by a proximate analysis (ether extract)
as is does not efficiently extract emulsified fats (Moneeb et al., 2021), the fat content in the milk

replacers was determined by Assurecloud using a gravimetric method (Evers et al., 2000).

Table 3.4 The calculate carbohydrate percentage and proximate analysis (dry matter basis) of the
milk replacers and starter meal (SM).

Milk replacer and Carbohydrate Nitrogen Crude Protein  Crude Fat Metabolizable

Starter meal % (a/kg) (9/kg) (9/kg) Energy (MJ/kg)
A 40.68 33.3 208.1 159.2 12.85
B 40.47 33.2 207.5 155.4 11.99
Cc 49.57 31.2 195.0 116.2 12.63
D 48.85 32.1 200.6 115.5 12.27
SM 24.7 154.4 3.17 10.57

The crude protein values for the milk replacers ranged between 195.0 g/kg and 208.1 g/kg (Table

3.4) and the value for the starter meal was 154.4 g/kg. The values of the crude fat for the conventional
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milk replacer (A and B) ranged between 155.4 and 159.2 g/kg, and for the high carbohydrate milk
replacers (C and D) ranged between 115.5 and 116.2 g/kg. The lower crude fat content of the milk
replacers containing high carbohydrate can be attributed to the higher carbohydrate content as the
different milk replacer were formulated to be iso-caloric. The crude fat content of the starter meal
was 3.17 g/kg and this is in line with the general prescription for ruminating cattle (Fiorentini et al.,
2015; Bionaz et al., 2020).

3.4 Results and Discussion

The interaction reactions were first investigated as shown in Table 3.5 to determine if there were any
result that could be attributed to an interaction effect. The only P-values indicating an interaction was
for FCR for TP (P = 0.036; Table 3.5), presented in bold. For all other parameters no interaction
effect was observed, and main effects could be used to interpret the data for the different parameters.

The data in Table 3.5 is discussed as it helps to elucidate the main effects.

The initial weight of TP and P1 is the weight on commencement (Day 0) of the trial as the starting
point for these two periods are the same. As the calves were randomly allocated between treatment
groups, the average initial weight for the four treatment groups did not differ. This confirms the
efficacy in allocating animals to treatments and excludes the effect of body weight at commencement
of the trial. The final weight of P1 and the initial weight of P2 are the same (Day 63) as these phases
follow chronologically and P2 started immediately after P1 was completed. Weight on day 63 for
treatments A, C and D did not differ, and B and D also did not differ (Table 3.5). It is therefore clear
that the different milk replacer treatments did affect weight gain differently during the weaning phase.
The final weight of TP and P2 is the same as both ended on day 77 of the trial. Weight on day 77 for
treatment groups A and C did not differ and were the highest while A and D also did not differ (Table
3.5). While the average weight of group B was significantly lower (P < 0.05) than that of the other
treatment groups as differences became more distinct. There was an indication that a transfer effect
from the milk replacer treatment to P2 after weaning was present since treatment B already had
lower body weight after P1, albeit not differing from that of treatment D (Table 3.5). Although the final
weigh is influenced by the milk replacers, starter meal intake might also have been stimulated
differently by the different milk replacers, potentially reducing wean shock, especially for the high

carbohydrate groups.
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Table 3.5 A summary of calf performance parameters tested for interaction reactions of the four milk
replacer treatments. All parameter were measured in kg or derivatives thereof.

Treatment
(LS MeanPost-Hocgroup + Standard deviation)

Ph P Interaction
ase Parameter SP SC FP SC SP HC FP HC P-value
A B c D
Biomel FP-Biomel Kalfpap FP-Kalfpap
Initial weight  39.850 + 41,6507 + 40.025% + 41.800° + 0901
(Day 0) 2.664 3.650 2733 3.009 :
Final weight  96.350 + 64.975¢ + 97,5250 + 81.3000 + 0172
(Day 77) 15.522 16.346 8.403 18.895 :
DMI 137.036° 91.993 + 148.046° + 126.6467 + 0150
(MR&SM) 36.887 21.141 13.214 33.638 :
P 521382 + 522322+ 51.855% + 52.395% +
DMI (MR) 1.073 1.109 0.897 1.395 0.582
84.898% + 39.7615 + 96.1912 + 742512 +
DMI (SM) 26.744 22.003 13.238 33.840 0.202
ADG 0.7342+0201 0.303°+0203 0.7472+0.120 051340214  0.150
DMI/BW %  0.0267+0.003 0.022°+0.002 0.0282+0.002 0.0272+0.004  0.307
FCR 2.4750%0.250 4.961°%+1.990 2.615°%0.347 3.418°+0.714  0.036
Initial weight ~ 39.850° 41,6500 40.025° 41.800° 0901
(Day 0) 2.664 3.650 2733 3.909 :
Final weight  78.9757 % 57.5000 + 78.875% + 68.675% + 0196
(Day 63) 12.524 11.887 5.749 15.753 :
DMI 92.663% + 68.382¢ + 100.1752 + 84.725b + 0,382
(MR&SM) 17.825 8.274 9.407 17.803 :
521387 + 522322 + 51,8550 + 52.3950 +
P1 DMI (MR) 1.073 1.109 0.897 1395 0.582
40.525% + 16.150¢ + 48.320° + 32.3300 +
DMI (SM) 17.596 8.773 9.441 18.085 0.410
ADG 0.6219+0.194 0252040169 0.6172+0.093 042750209  0.151
DMI/BW %  0.025°+0.003 0.0225+0.001 0.0272+0.002 0.0245+0.003  0.931
] . 2.6100¢ + 3.718% 4
FCR 2.460°+0.355 5.8712+ 3.252 o e 0.079
Initial weight  78.9757 % 57.5000 + 78.875% + 68.675% + 0196
(Day 63) 12.524 11.887 5.749 15.753 :
Final weight  96.350 + 64.975¢ + 97,5250 + 81.3000 + 0172
(Day 77) 15.522 16.346 8.403 18.895 :
44373 + 236110 + 47.8712 + 419212+
py  DMIGEM) 9.940 14.609 5.477 16.169 0.099
1.241% + )
ADG e 0.534c+0419 1332240273 0902°+0336  0.256
DMI/BW %  0.0362+0.004 0.026°+0.010 0.039+0.004 0039240011  0.079
FCR 25892 + 0.370 g?gg T 26339£0480 35142+1564  0.324

abc Means within row with different superscripts differ significantly (P < 0.05).

* Due to weight loss by one calf in group B, during P2, FCR was calculated as a negative value, however as less optimal FCR
values is represented by larger numbers, a negative value distorts the data disproportionally. Thus, the value was removed,
and statistical analysis was done with a missing value (n = 7). It can be presumed that the mean and standard deviation should
be larger than the reported values.
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Total dry matter intake (DMI) was determined by combining the dry matter intake of the milk replacer
(MR) and that of the starter meal (SM), however for more specific insight DMI of milk replacer and
starter meal were also calculated separately (Table 3.5). As expected, no significant differences in
DMI for the different milk replacers were observed as the volume that was fed was controlled and
the same for each treatment group. The DMI differences were thus due to differences in starter meal
intake, and it can therefore be assumed that differences in the average starter meal intake were
caused by the specific milk replacer. The DMI for starter meal of group B were lower (P < 0.05) than
all other treatments for all treatment periods, while group C consistently had the highest starter meal
intake for all the phases, although not significantly higher than groups A and D (Table 3.5). The lower
starter meal DMI and DMI (MR & SM) explains the differences in final body weight.

Average daily gain was influenced by both weight and DMI and therefore followed a similar trend to
these parameters (Table 3.5). During P1, the ADG of A and C did not differ, and B and D also did
not differ despite both being lower (P < 0.05) than A and C. In P2, the same trend continued although
B and D differed (P < 0.05), and A and D did not differ. For the TP, A and C did not differ, but B and
D differed (P < 0.05). For all phases B resulted in the poorest ADG (Table 3.5).

Total dry matter intake as percentage of body weight (DMI/BW %) makes it possible to directly
compare DMI of the different treatment groups as it takes the size of the calves into account. For
both TP and P2, treatments A, C and D did not differ while B were lower (P < 0.05) than the other
treatment groups. This seems to indicate that due to a low intake, closer to maintenance, the excess
energy available was lower, resulting in calves of group B gaining weight less efficiently. It can further
be concluded that the higher DMI/BW % were due to a nutrient or nutrients that specifically stimulated
intake and the lower values were due to a nutrient or nutrients that reduced appetite. During P1, the
weaning phase, DMI/BW% for group C was higher (P < 0.05) when compared to all the other

treatments and therefore it can be concluded that C stimulated appetite for starter meal.

Since FCR is a function of both ADG and DMI vectors, differences in both would affect FCR and is
often used to determine the efficiency of diet use by the animal (Davison et al., 2023). However,
FCR alone cannot indicate all the benefits of a milk replacer. A lower FCR value indicates that a
lower dry matter unit intake is required to gain 1 kg of body weight (Davison et al., 2023). It should
also be noted that DMI of milk replacer and starter meal cannot be separated in FCR calculations.
The FCR for TP indicate an interaction (P = 0.036), whilst P1 and P2 did not reflect the same
interaction (Table 3.5). Although during P2, a calve of group B had lost weight and therefore this
value had to be removed from the group when calculating FCR. The FCR for TP can therefore not
be considered under main effects and therefore only FCR for P1 and P2 will be considered under
main effects. Interaction reaction can be defined as the combination of a diminishing (subtraction)
and amplifying (addition) effect (Coté et al., 2016; Fong et al., 2018). In such a reaction only the total
or combined effect is quantifiable and therefore the extent of the subtraction or addition effects

cannot be determined. Thus, interaction reaction makes it impossible to study the main effects as
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there is not a clear indication of the sizes of the main effects. Main effects and multiple parameters

can improve understanding of interaction reaction although definite conclusions cannot be reached.

During P1 B and D had the poorest FCR. Treatment D and C did not differ, and the same for A and
C (Table 3.5). During P2 all the treatment groups were fed the same starter meal and FCR during
this period did not differ amongst the different groups. One of the calves in group B lost weight during
this period which might have influenced the results. Although FCR during P2 did not differ, it
influenced the FCR for TP where FCR differed. Due to the short period (2 weeks), differences in
FCR during P2 may not have manifested as might have been the case if the period was more

extended.

The FCR of SC and HC were equal and therefore it could be expected that the weight gain would
also be similar as discussed under main effect of carbohydrates (Section 3.4.2). However, the growth
performance of the FP group was poorer than that of the group fed SP as discussed under main
effects of proteins (Section 3.4.1). These conclusions are in line with the post-hoc groups for the
FCR of the TP (Table 3.5) although the p-value indicated an interaction. The TP FCR for treatments
A and C is equal and significantly better than B and D. It is suspected that the interaction reaction
occurred in D. There are two potential factors that could have led to the interaction reaction. The
diminishing effect was due to the presence of trypsin inhibitor in FP (Section 3.4.1.2) and it is
hypothesised that the addition effect was due to the presence of HC (Section 3.4.2.2) inducing an

increase in starter meal intake.

3.4.1 Protein composition
3.4.1.1 Results

The effect of protein in the milk replacer on growth parameters are shown in Table 3.6.

The initial weight at commencement of the trial were not different between SP and FP. However, at
weaning (Day 63) weights were significantly different with SP having a significantly higher weight
than FP. On day 77, 2 weeks after weaning, SP was still heavier (P < 0.05) and the average
difference between the 2 groups increased from 15.837 kg to 23.8 kg indicating that there was a

carryover effect after weaning.
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Table 3.6 The effect of protein type in the milk replacer on growth performances of calves during the
three phases. The protein types are standard protein (SP) and fermented protein (FP).
All parameter were measured in kg or derivatives thereof.

Treatments
Phase Parameter (LS Mean + Standard deviation) P-value
SP FP
Initial weight (Day 0) 39.938 + 2.608 41.725 + 3.654 0.135
Final weight (Day 77) 96.938 + 12.073 73.138 £ 19.036 <0.001
DMI (MR&SM) 142.541 + 21.241 109.320 + 32.509 <0.001
DMI (MR) 51.997 £ 0.967 52.313 £1.221 0.436
™ DMI (SM) 90.544 + 21.203 57.006 + 32.826 <0.001
ADG 0.740 £ 0.160 0.408 £ 0.229 <0.001
DMI/BW % 0.027 + 0.003 0.024 + 0.004 0.023
FCR 2.545 £ 0.301 4.189 £ 1.649 <0.001
Initial weight (Day 0) 39.938 + 2.608 41.725 + 3.654 0.135
Final weight (Day 63) 78.925+ 9.414 63.088 + 14.664 <0.001
DMI (MR&SM) 96.419 + 14.304 76.553 £ 15.845 <0.001
p1 DMI (MR) 51.997 £ 0.967 52.313 £ 1.221 0.436
DMI (SM) 44.422 +14.223 24.240 + 16.074 <0.001
ADG 0.619 £ 0.147 0.339 £ 0.204 <0.001
DMI/BW % 0.026 + 0.003 0.023 £ 0.002 0.003
FCR 2.535+0.332 4.795 + 2.664 0.001
Initial weight (Day 63) 78.925 £ 9.414 63.088 + 14.664 <0.001
Final weight (Day 77) 96.938 + 12.073 73.138 £ 19.036 <0.001
- DMI (SM) 46.122 +7.961 32.766 + 17.635 0.005
ADG 1.287 £ 0.283 0.718 £ 0.413 <0.001
DMI/BW % 0.037 £ 0.004 0.033 £0.012 0.107
FCR 2.611£0.415 *3.449 £ 1.784 0.475

* Due to weight loss by one calf in group B, during P2, FCR was calculated as a negative value, however
as less optimal FCR values is represented by larger numbers, a negative value distorts the data
disproportionally. Thus, the value was removed, and statistical analysis was done with a missing value (n =
15). It can be presumed that the mean and standard deviation should be larger than the reported values.

The FCR for TP showed an interaction and is not discussed under main effects and is indicated in
italics. It is however included in Table 3.6 to ensure completeness. All parameter with P-values larger

than 0.05 are indicated in bold for ease of identification.

As the DMI of the milk replacers (MR) was fixed and since the offered volume was consumed in
most instances, milk replacer DMI for SP and FP did not differ (Table 3.6). However, for the SP
group DMI of starter meal (SM) and therefore the total intake, both before and after weaning, was
higher (P < 0.05) than for the FP group. This can be attributed to the levels of trypsin inhibitor (Section
3.4.1.2) and supports the findings of Nitsan & Nir (1986).
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The SP group showed higher a ADG than the FP group (P < 0.05), both before and after weaning.
This was expected as ADG is influenced by nutrient intake, and the higher nutrient intake of the SP
group can be related to the higher total DMI. Dry matter intake is also positively correlated to body
weight (Uskenov et al., 2024) and since the SP group had a higher final body weight, DMI increased.

This results in a higher nutrient intake, and this ultimately leads to a higher ADG.

Dry matter intake as percentage of body weight (DMI/BW %) takes the size of the animal into account
when comparing DMI. Intake was lower for the FP group compared to the SP group and this resulted
in lower body weight. As DMI/BW % compensates for body weight, the smaller size of calves
receiving FP were compensated for and intake is directly comparable. During both TP and P1, FP
had a lower (P < 0.05) DMI/BW % and this was ascribed to a reduction in appetite. The reduction of
DMI/BW % was only observed during the milk feeding phase and did not carry over after weaning
and this again might be due to the period of P2 being too short to express the differences between

the groups.

The FCR for TP showed an interaction, but this was not observed for P1 and P2 (Table 3.5).
Regarding main effects, the FCR for SP in P1 was lower (P < 0.05) than that of FP, indicating that
the SP was better utilized for weight gain than the FP. This finding supports the other parameters
and can be attributed to the fact that the anti-nutritional factors in FP might not sufficiently been
inhibited for use in milk replacers. In P2 the FCR was similar between SP and FP, which was
expected since the starter meal for both treatments were the same and there was no indication that
one or the other would more efficiently stimulate rumen development. This data suggest that FP as
used in the current trial suppresses appetite in calves. This however confirms that the negative effect
of FP does not necessarily carry over after weaning, but it still plays a role as these calves are

smaller and do not compensate to fulfil their growth potential.

3.4.1.2 Discussion

The FP was of interest since it has been reported that fermentation can improve digestibility of
proteins (Sanchez-Garcia et al., 2024), while also improving the bioavailability of essential amino
acids and minerals (Hemalatha et al., 2007; Adeyemo & Onilude, 2013; Cabuk et al., 2018).
According to Avilés-Gaxiola et al. (2018), fermentation also reduces non-nutritive compounds that
inhibit digestive enzymes. It is well documented that the amino acid profile of protein is affected by
fermentation and the concentration of some amino acids can increase or decrease (Chaven &
Kadam, 1989; Doudu et al., 2003; El-Hag et al., 2002; Pranoto et al., 2013).

To optimise the fermentation of protein, a separate trial was conducted on the raw materials before
it was used in the milk replacers. A proximate, fatty acid and amino acid analyses were performed
on the fermented plant protein (Cordy, 2024; Table 3.1). The optimum fermentation temperature and

fermentation time was established at 40°C and 7 days respectively (Cordy, 2024). During the
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optimalisation of the fermentation process a standardised process was established for commercial
production by Nandrea Health Products. To assess the value of FP, it was compared with other high
quality, common protein sources and this is shown in Table 3.7. It should be noted that the values
of the other protein sources were obtained from literature and this is therefore not ideal for direct

comparison.

Table 3.7 Amino acid analysis of fermented protein (FP) recalculated to a comparable total in
comparison to soybean meal and egg albumin. All values converted to g/100g protein.

FP

Amino acid (Gl;glle;a:/f%%) (Regglg‘;[agggjr)om (Dajns\?/gkzlt:g;.l,n2023)
Histidine His 24 2.8 23
Arginine Arg 6.5 6.9 5.6
Serine Ser 4.9 4.9 7.2
Glycine Gly 3.8 4.4 3.5
Aspartic acid Asp 10.5 10.9
Glutamic acid Glu 19.3 16.4 13.7
Threonine Thr 3.7 4.1 4.6
Alanine Ala 3.8 4.1 59
Proline Pro 4.0 5.2 3.3
Lysine Lys 6.1 5.1 7.0
Tyrosine Tyr 5.6 4.1 3.7
Methionine Met 1.3 2.0 4.7
Valine Val 0.5 4.9 6.6
Isoleucine lle 4.0 4.6 54
Leucine Leu 7.3 7.8 8.7
Phenylalanine Phe 3.1 5.6 5.9
Cysteine Cys 7.9 3.8
Total 94.7 94.4 91.9

In support to the findings of Frais et al. (2008) and Teng et al. (2012), the fermentation of soybean
meal improved the composition of the amino acid ratio, but due to the insufficient inhibition of trypsin
inhibitor the inclusion of FP in the milk replacer did not translate in improved calf performances (Table
3.6). Although it was clear that fermentation had indeed been successful further analysis were

performed to explain the contradiction to expectations.

Untreated plant meal such as soybean meal, contain antinutritional factors (e.g., trypsin inhibitor)
that can affect protein digestibility and the availability of amino acids (Jahan-Mihan et al., 2011).
Feed processing methods such as heating, re-roasting, and extrusion have been shown to
successfully inhibit these antinutritional factors (Akande & Fabiyi, 2010). However, overheating
makes amino acids unavailable due to a complex reaction with sugars including browning or the
Maillard reaction (El-shemy et al., 2000).
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As lactic acid bacteria were used in the fermentation process, it was expected that this bacterial
fermentation would denature the trypsin inhibitor (Gao et al., 2013; Emkani et al., 2022). The FP was
also pasteurised before spray-dried during the production process to reduce the Lactobacillus
concentration and mitigate the risk of pathogenic organisms (Nandrea Health Products). The
pasteurization temperature was however possibly not high enough to degrade the antinutritional

factors.

Lalles et al. (1996) reported that a trypsin inhibitor content of below 4 mg/g protein resulted in an
apparent digestibility of more than 80% of soy protein and it was expected that fermentation and
spray-drying would ensure a similar digestibility. As can be seen in Table 3.8 this was not achieved,

and the poor results can be attributed to a trypsin inhibitor level of 9.2 mg/g protein.

Table 3.8 Trypsin inhibitor and Beta-conglycinin values of FP as analysed by Hamlet Protein,
Horsens, Denmark.

Analysis name Result Unit Method
Protein (as is) 36.99 % Dumas
103°C 4 hours/EU
0,
DM 91.04 Yo 152/2009
Protein DM 40.6 %
Trypsin Inhibitor TIA (TIU/1900) mg/sample 9.2 mg/g sample

Trypsin inhibitor TIA (TIU/1900/protein as is)

mglg protein 25.0 mg/g protein
Beta-conglycinin 1.2 ppm ELISA
Stachyose 0.1 % TLC
Raffinose 0.6 % TLC
Galactose 4.0 % TLC
pH in 10% suspension 4.5

The two main seed storage proteins in soybean are glycinin and B-conglycinin (Nielsen,1985) with a
reported content of 32% and 23%, respectively (lwabuchi & Yamauchi 1987). In calves, levels of 14
and 12 mg/g of glycinin and B-conglycinin reduces the duration of the jejunal migrating motor
complexes causing a decrease in the mean duration of phase | (quiescence) (Lalles et al., 1995). It
was therefore anticipated that the fermentation process of the soymeal, yielding 1.2 ppm (ug/g) B-
conglycinin (Table 3.8), therefore reduced this anti-nutrient to levels that allows the safe inclusion of

FP in calf milk replacers.

Trypsin inhibitor strongly inhibit the activity of key pancreatic enzymes trypsin and chymotrypsin
thereby reducing digestion and absorption of dietary protein by the formation of complexes that are
indigestible even in the presence of high amounts of digestive enzymes (Gemede & Ratta, 2014;
Avilés-Gaxiola et al., 2018). There are multiple ways to process soya although not all methods are
conducive to optimal result for milk replacers of pre-ruminants. The first way trypsin inhibition levels

could be addressed is through physical processing, although this might not always be optimal under
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these circumstances. Avilés-Gaxiola et al. (2018) compiled a summary of research on trypsin

inhibitor inactivation methods (Figure 3.2).

Trypsininhibitor
inactivation methods

L

A 3 X

Chemical processes
I Biological processes

y ¥
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.
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Y Y Y Y [ ]
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Figure 3.2 Classification of the methods used to inactivate trypsin inhibitor (Avilés-Gaxiola et al.,
2018).

As soybean oilcake meal is a by-product from the extraction of soy oil, this is a relatively low-cost
product with a high protein content. It has a well-balanced amino acid profile and constant
composition (Feedipedia, 2024). Due to large scale production ensuring a steady supply, relative to
other traditional protein sources, these factors contribute to making it a preferred raw material in
animal nutrition (Storebakken et al., 2000). Thus, soybean meal is increasingly acceptable as the
protein source in animal feed even with the limitation of use due to the content of anti-nutritional
factors (Francis et al., 2001). Trypsin inhibitors is one of the main anti-nutritional factors in soya and
this inhibits the digestive enzyme trypsin with very high specificity. This impairs the digestive
functions in the gut of animals and has been the reason for numerous studies on the processing of

soybean meal to reduce the impact of anti-nutritional factors (Hoffmann et al., 2003).

Fermentation is a processing method often used to degrade trypsin inhibitor (Figure 3.2), but results
of the current study has shown that, with the specific organism used, the levels of trypsin inhibitor
did not decrease to the extent where it could be included in pre-ruminant milk replacers without
affecting the calves. To effectively use FP in future calf milk replacers, the inhibition of trypsin inhibitor
will have to be addressed. As the production process has already been established at Nandrea
Health Products in Oudtshoorn, it would be more conducive to amend the process rather than
establishing another raw material or processing method. The least invasive intervention would be to
alter the inoculum used for fermentation rather than adding a specific physical processing method

as suggested by Avilés-Gaxiola et al. (2018).
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Gao et al. (2013) conducted an in-depth study on Lactobacillus brevis and Aspergillus oryzae
determining the optimal fermentation process as well as complete analysis on the changes of amino
acids, phytic acid, crude protein, crude fat, crude fibre and urease activity when fermenting soybean
meal. This study reported a 57.1% reduction in trypsin inhibitors when fermenting with Lactobacillus
brevis and 89.2% when fermenting with Asperqgillus oryzae and a 6.4% increase in CP content for

Lactobacillus brevis and 12.9% for Aspergillus oryzae.

Other than adding the organisms to the fermentation, the preparation of the organisms for the
inoculum should be considered. With the already established process at Nandrea Health Products,
the preparation of an inoculum through anaerobic incubation of Lactobacillus brevis with MRS agar
at 37°C for 3 days is similar as for the other Lactobacillus species already used in the inoculum. The
facilities at Nandrea Health Products laboratory can accommodate Aspergillus oryzae transfer to
Potato-Dextrose Agar and incubation at 28°C for 5 days as many of the quality control procedures

follow a similar established process (Gao et al., 2013; Mora-Lugo et al., 2014).

Lactic acid bacteria are a heterogeneous group of bacteria that are generally regarded as safe
(Plavec & Berlec, 2020). Adeyemo & Onilude (2013) isolated nine strains of Lactobacillus plantarum
from a spontaneous fermentation and these were selected in terms of their alpha-galactosidase
production and used for the fermentation of legumes. Over a 5-day fermentation period the reduction
of anti-nutritional factors was monitored at 24-hour intervals. Trypsin inhibitor was found to be
reduced from 1.20 mg/g to 0.010 mg/g and the production of alpha-galactosidase by Lactobacillus
plantarum (1.8 unit/ml) enhanced the reduction. When added to a soyabean food blend, this

organism improved the nutritional composition significantly.

Zhang et al. (2022) reported that Lactobacillus paracasei fermentation significantly decreased the
level of anti-nutritional factors in soybean meal since it was shown to lower glycinin by 44.05%, B-

conglycinin by 31.10%, and trypsin inhibitors by 76.57%.

In conclusion, although the evaluation of the bioavailability and improvement of the amino acid
composition of FP through a growth trial was the aim of the current trial, it was concluded that the
current FP produced is not suitable to be used in pre-ruminants since the levels of trypsin-inhibitor
was higher than anticipated. This resulted in sub optimal growth for calves on milk replacer where

FP was included as a raw material.

Therefore, milk replacers containing FP performed poorly due to high levels of trypsin inhibitor,
therefore unless FP is treated to reduce the trypsin inhibitor levels to lower than 4 mg/g protein
(Lalles et al., 1996), it should not be included in milk replacer for neo-natal calves. These results
support the findings reported by Nisley et al. (2024), but contrasts with the findings of Kakade et al.
(1976) and Ansia & Drackley (2020). Although it should be noted that these calves were weaned,
and pepsin hydrolysis takes place during fermentation in the rumen (Mir et al., 1989), inactivating

antigenic capacity of anti-nutrients present in soya (Barratt et al., 1978).
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3.4.2 Carbohydrate composition
3.4.2.1 Results

In this Section the main effect, standard level of carbohydrates (SC) is compared to the higher level
of carbohydrate (HC) in milk replacers. The effect of carbohydrate in the milk replacer on growth
parameters are shown in Table 3.9. The FCR for TP showed an interaction and can thus not be
discussed under main effects and are indicated in italics. For ease of identification all parameter with

P-values < 0.05 were presented in bold.

The initial weight of the animals at commencement of the trial were not different between SC and
HC groups, therefore neither treatment started with an advantage. No weight differences were
observed on day 63 nor 77 indicating that SC and HC did not influence body weight for either of
these 2 periods. As the aim with P2 was to determine the effect of wean shock, it was only a two-
week period, and this may not have been a sufficiently long period to reveal differences between the

2 groups.
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Table 3.9 The effect of carbohydrate inclusion level in the milk replacer on growth performances of
calves during the three phases. Treatments are standard carbohydrate (SC) inclusion
and higher carbohydrate (HC) inclusion. All parameters were measured in kg or
derivatives thereof.

Phase Parameter Treatments P-value
SC HC
Initial weight 40.750 + 3.224 40.913 £ 3.385 0.890
Final weight 80.663 + 22.353 89.413 + 16.424 0.117
DMI (MR&SM) 114.514 + 32.969 137.346 + 27.049 0.015
DMI (MR) 52.185 + 1.056 52.125 £ 1.167 0.882
b DMI (SM) 62.329 + 33.211 85.221 + 27.287 0.015
ADG 0.518 £ 0.296 0.630 £ 0.207 0.105
DMI/BW % 0.024 + 0.003 0.027 + 0.003 0.007
FCR 3.718+ 1.877 3.016 + 0.682 0.076
Initial weight 40.750 + 3.224 40.913 £ 3.385 0.890
Final weight 68.238 + 16.190 73.775 + 12.609 0.204
DMI (MR&SM) 80.523 + 18.370 92.450 + 15.901 0.023
DMI (MR) 52.185 + 1.056 52.125 £ 1.167 0.882
i DMI (SM) 28.338 + 18.408 40.325 + 16.199 0.024
ADG 0.436 £ 0.259 0.522 + 0.184 0.171
DMI/BW % 0.023 + 0.003 0.026 + 0.003 0.009
FCR 4.165 + 2.846 3.164 + 1.140 0.124
Initial weight 68.238 + 16.190 73.775 £ 12.609 0.204
Final weight 80.663 + 22.352 89.413 + 16.424 0.117
P2 DMI (SM) 33.992 + 16.145 44.896 + 12.060 0.018
ADG 0.888 + 0.509 1.117 £ 0.370 0.065
DMI/BW % 0.031 +0.009 0.039 + 0.008 0.008
FCR *2.956 + 1.477 3.073 £ 1.207 0.317

* Due to weight loss by one calf in group B, during P2, FCR was calculated as a negative value, however
as less optimal FCR values is represented by larger numbers, a negative value distorts the data
disproportionally. Thus, the value was removed, and statistical analysis was done with a missing value (n =
15). It can be presumed that the mean and standard deviation should be larger than the reported values.

As expected, dry matter intake for SP and FP did not differ, since milk replacer (MR) intake was
controlled (Table 3.9). Starter meal (SM) intake for each of the phases was higher (P < 0.05) for HC
than SC. This suggest that HC stimulates appetite. The increased starter meal intake stimulates
rumen development (Diao et al., 2019), leading to a further increase in intake of starter meal and

this continued for the observed trial period after weaning.

Although the average ADG of the HC group was numerically higher during each of the three
respective phases, it was not significant (Table 3.9). This can be attributed to the fact that during P1
the main source of energy was the milk replacer and during P2 the period was perhaps too short to

show any meaningful differences.
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The DMI/BW % for HC were higher (P < 0.05) than for SC for all the phases (Table 3.9). This can
be attributed to the higher (P < 0.05) starter meal intake of the HC group. As feed conversion
efficiency is improved by milk replacers which are enzymatically digested compared with starter meal
which is degraded by microorganisms in the rumen (Nejad et al., 2013), the higher starter meal

intake would result in a less favourable DMI/BW %.

The FCR in TP showed an interaction but this was not the case for P1 and P2 (Table 3.5), and they
are therefore discussed under main effect of carbohydrates. Since HC stimulates intake of starter
meal, it was expected that this would lead to improved efficiency, especially during P2. However,
FCR did not differ between the HC and SC groups either before or after weaning (Table 3.9). Due to
the higher (P < 0.05) dry matter intake of calves on HC, improved FCR was expected compared to
calves fed SC since the higher intake of HC should have allowed for a bigger differential between
maintenance and energy available for growth. It was further expected that this would be enhanced
during P2 because of the improved rumen development. Although it should be considered that P2
was only a 2-week period and in shorter periods FCR determination is less optimal as slight
fluctuation can have larger impacts. Further, the effect of increased dry matter intake should be
considered as an increase in dry matter intake leads to an elevation in the metabolism (Van Hoeij et
al., 2019) and any increase in dry matter intake also results in a decrease in feed utilization (Colucci
et al., 1982).

3.4.2.2 Discussion

As highlighted in Section 3.2, pre-ruminants can readily utilize glucose, galactose and lactose, but
has a limited ability to utilize maltose and starches and is unable to utilise sucrose (Dollar & Porter,
1957; Walker, 1959; Estévez et al., 2014). However, maltose activity gradually increases and in two-
week-old calves the enzyme activity reaches half the level of activity of adult cattle (Krehbiel et al.,
1996; Le Huerou et al., 1992). This suggests that high starch content in milk replacers could stimulate
dry matter intake of starter meal, as supported by the data of the current study (Table 3.9), leading
to an increase in rumen development. Based on the performance of the calves, it would appear as
if maltose activity can be stimulated by the consumption and therefore exposure to starch. The
stimulated enzyme activity, of enzymes such as maltose and isomaltose, will lead to improved
digestion in the abomasum which will indirectly stimulate the development of the rumen (Diao et al.,
2019). During P1 the calves relied to a large degree on enzymatic digestion in the abomasum, but

over time the importance of ruminal digestion through fermentation increased.

The HC was investigated for its positive effect on wean shock and thus its ability to stimulate starter
meal intake during the liquid (milk) phase of the calf's life. This effect carries over after weaning as
it accelerates rumen development. Although HC did stimulate appetite and thus starter meal intake,
FCR did not improve as starter meal is broken down in the rumen and not digested enzymatically

and this is a less efficient process compared to enzymatic digestion (Ganai et al., 2019). As there
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was an increase in starter meal intake after weaning no retardation in growth was observed and thus

no wean shock although calves on the SC started from a lower basis (Table 3.9).

These results confirmed that milk replacer high in carbohydrates can be used and that growth
performance is equal to that of conventional milk replacer. This finding is in contrast with that of
Huber et al. (1968). This can be explained by the fact that calves in their reported trials were started
on high carbohydrate milk replacer between 3 and 4 days after birth. At that stage the digestion of
carbohydrates is inefficient as the secretion of enzymes such as isomaltose and maltose are
inadequate (Le Huerou et al., 1992). In this trial the transition to a high carbohydrate milk replacer
started only on day 11 and this was in line with the findings of Krehbiel et al. (1996) who reported
that maltase activity at that age reached half of that of adult cattle. Bernard et al. (2013) reported
that the inclusion of 10 to 20% corn syrup solids and dextrose has no negative effect on health and
performance of newborn dairy calves from birth through weaning. This is in line with our finding
although they had no transition phase and started feeding milk replacers high in carbohydrates after
the calves had received colostrum and transition milk for 2 days. As corn syrup is composed of
glucose molecules and not complex carbohydrates this might explain why adequate utilization

occurred at an earlier age.

3.5 Conclusion

Milk replacers containing FP performed poorly due to high levels of trypsin inhibitor, therefore unless
FP is treated to reduce the trypsin inhibitor levels to lower than 4 mg/g protein, it should not be

included in milk replacer for neo-natal calves.

This study confirmed that milk replacer high in carbohydrates can be used and that growth

performance is equal to that of conventional milk replacer.

It was concluded that the feeding of high carbohydrate milk replacers had an additional benefit in
that it stimulated starter meal intake. No other studies reporting this finding could be found in the
literature and this appears to be novel, and further studies should be conducted to verify or disprove
this.
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Chapter 4
The effect of using different protein sources and high level of
carbohydrates in milk replacers on the profitability of rearing

Holstein bull calves

4.1 Abstract

The economic viability of four milk replacers was evaluated to determine the most cost-effective
option for rearing Holstein bull calves. Thirty-two calves were randomly assigned to one of four
treatments (A, B, C, D) in a 77-day trial, divided into two phases: Phase 1 (P1, days 0-63) during
which the milk replacers were fed, and Phase 2 (P2, days 63-77), a two-week post-weaning period.
Milk replacer intake was controlled, while starter meal was offered ad libitum, with all intakes and

refusals recorded.

Several financial parameters were calculated, including total cost, average daily cost (ADC), cost
per weight gain (Cost/WD), and income from the sale of calves at the end of the trial. Cost per weight
difference during P2 was the only parameter that did not differ between treatments (P > 0.05), with

all other parameters differing between treatments.

In terms of cost and ADC, treatment D was the most economical with an average feeding cost for
the trial (TP) at R2739.40/calf. However, when factoring in feed conversion ratio (FCR), treatment C
emerged as the most cost-effective, with a total feeding cost of R3317.70/calf and an ADC of
R43.09/calf. For the entire trial period (TP), treatment C also performed best in terms of income and
Cost/WD, despite not differing significantly from treatments A and D. Treatment C had the lowest
average Cost/WD at R58.83 and the highest (P < 0.05) income compared to treatment B, albeit not
different from Treatments A and D. Based on these results, treatment C is recommended as the

most cost-effective milk replacer.

4.2 Introduction

The milk replacer industry contributes to animal production and plays a significant role in the animal
husbandry sector (Goncl et al., 2023). Milk replacers refer to products that substitute or supplement
mother’s milk during the suckling phase of mammalian animals (Soberon et al., 2012). As these milk
replacers are commonly used to replace natural milk, it is formulated to mimic the nutrient value of
natural milk. Commercial milk replacers must therefore provide adequate nutrients to ensure the

health and growth of suckling neonatal animals (Palczynski et al., 2020).

There are various reasons and situations in which milk replacers are used and the growing demand

has led to the rapid expansion of the milk replacer industry (Kertz et al., 2017). The use of milk
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replacers ensures a consistent supply of nutrients to young animals under circumstances where the
dam’s milk is unavailable. This commonly happens in the commercial dairy industry where
replacement heifers are reared on milk replacer and the milk produced by the dam is sold. Milk
replacers are also used to mitigate the risk of disease transmission from the dam to the offspring
(Nielsen et al., 2008; Van Niekerk et al., 2021). Milk replacers are formulated to provide optimal
growth, increase productivity and can provide a more flexible management option to farmers.
According to Akins (2016), milk replacers can supplement mother’s milk and partially replace it,
providing farmers with a way to control the cost of rearing animals. As the milk composition of
different species vary significantly (Gantner, 2015), milk replacers are formulated to be specie

specific, providing research and development opportunities.

Compared to the global market, the South African milk replacer market is relatively small. In
monetary terms, the South African milk replacer market was estimated at between R30 and R35
billion per annum (Grobler, 2008). However, due to constantly changing economic environment and

the lack of data, the value may be significantly different.

One of the biggest challenges for this sector is the high production and retail cost of milk replacers
(Carulla et al., 2023). Although this problem is not exclusive to the South African milk replacer
industry, its impact is significant, affecting both small scale farmers (Syomiti et al., 2014) and large
commercial producers (Sharpe & Heins, 2021). The high cost of milk replacers can be directly
attributed to the expensive, high quality raw materials needed to produce it (McCoard et al., 2021).
This high cost often forces farmers to consider less well-balanced alternatives such as whey
sweepings and rejected baby milk, which can negatively impact growth rates and overall productivity
(Fischer et al., 2019; Creutzinger et al., 2021). Since a significant amount of milk replacers used in
Southern Africa is developed and manufactured in first world countries the unfavourable exchange
rate further exacerbates cost challenges for using imported milk replacers in the local market (Aron
et al., 2014).

The fact that different milk replacers influence growth rate and the incidence of diarrhoea in calves
is well documented (Blome et al., 2003; Amado et al., 2019; Li et al., 2019). This effect differs
depending on the specific rearing conditions. The use of different protein sources and different
energy sources impact on the performance of calves and the cost of the milk replacer significantly
impacts rearing cost. The biological and economic viability of a specific feeding regime depends on
growth rate, feed conversion, cost of the milk replacer and the incidence of growth insults caused by

factors such as diarrhoea (Wei et al., 2023).

To provide more affordable options to farmers, alternative sources of affordable raw materials are
required (Bezuidenhout et al., 2019). The other challenge that cannot be separated from the cost of
the milk replacer is the quality of the milk replacer to provide optimal growth and development for
the production animals (Le Roux et al., 2019). Therefore, Kertz et al. (2011) propose that research

should be conducted on more affordable and higher quality milk replacers.
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In this study a higher carbohydrate level and an alternative protein source in milk replacers was
investigated with the goal to find more affordable alternative sources of these raw materials to be
able to provide cheaper milk replacers without compromising the quality of the final product. During
digestion, starch is broken down to glucose and absorbed into the bloodstream (Lee et al., 2012).
Glucose functions either as an energy source or is stored by the liver as glycogen for later use (Van
Soest, 1994). Maltase and isomaltase digest starch to glucose and this can serve as the source of
glucose in milk replacers. The pre-cooked maize in high carbohydrate milk replacers (Chapter 3) can
provide a cost saving effect as the cost of high carbohydrate milk replacers is significantly lower
compared to conventional milk replacers. It was therefore hypothesized that if the growth rate and
incidence of diarrhoea of calves fed the high carbohydrate milk replacer is equal or better than that
of calves fed a standard commercial milk replacer, this will imply a decrease in the cost of rearing

calves.

Fermented plant protein developed by Nandrea Health Products contain a high fat content (20%)
and this serves as part of the fat required in milk replacers. As fat is an expensive feed fraction in
milk replacers, this could possibly reduce the cost of a milk replacer. Although the fermentation of
the plant protein is aimed at improving the amino acid composition in fermented protein, the high fat
content is an added advantage and ensures a cost saving when compared to the standard protein
sources used in commercial milk replacers. If the performance of calves fed milk replacers containing
fermented protein is equal or better than that of calves fed a standard commercial milk replacer, it
could be advantageous to use fermented protein when formulating milk replacers. If the growth
performance of these calves is equal to that of calves fed the standard milk replacer, this will also
have a cost saving effect. Therefore, a study was conducted at Livestock Wellness, George to
evaluate the effect of fermented protein and high carbohydrate milk replacers on profitability

parameters when used to rear neonatal dairy calves.

4.3 Materials and methods

Ethical clearance for this study was obtained from the UFS Animal Research Ethics Committee for
all trial related practices (UFS-AED2023/0051).

The biological effect of higher carbohydrate levels and fermented protein has been discussed in
detail in Chapter 3. In the current chapter the focus is on the financial aspects and the cost benefit
analysis will be discussed. Although the trial design and milk replacer production processes were
discussed in Chapter 3, Section 3.3, it is briefly summarised here as it is also relevant when

economic factors are discussed.

The fermented protein was produced by Nandrea Health Products (Chapter 3, Table 3.1), and the
calf rearing trial took place at Livestock Wellness in George. Table 4.1 shows the experimental

design of the trial, and the four treatment groups used.
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Table 4.1 The experimental design of the trial, with a total of 32 calves (N = 32) allocated to four
different treatments (n = 8). As the cost and efficacy of four different milk replacers are
compared in this chapter as opposed to the different raw material compared in Chapter
3 the four treatments are designated as A, B, C and D.

Standard protein (SP) Fermented protein (FP)
n=_8 n=_8
Standard carbohydrate (SC) (Biomel®) (FP-Biomel)
inclusion levels A B
. n=8 n=_8
Higher carbohydrate (HC) (Kalfpap®) (FP-Kalfpap)
inclusion levels C D

During the trial a regime of 3 feedings of 2 L milk replacer per day was used. On day 1 of the trial,
the calves received 1 L per feeding, and this was increased in steps of 200 ml per feeding per day
until 2 L per feeding was reached. At the end of the trial the milk replacers were gradually decreased
to 1 L and 2 feedings per day (See Appendix A, Table A.1). After weaning, the calves were kept in
the unit for a further 2 weeks. During this period, they were fed starter meal ad libitum. Any milk
replacer refusals were noted, and total milk intake was compounded on a weekly basis. As discussed
in Chapter 3, Section 3.3, random samples of milk replacers and the starter meal was collected for
proximate analysis (Chapter 3, Table 3.4). Milk replacers were formulated on an iso-caloric and iso-
nitrogenous basis. The protein content was determined according to standard methods prescribed
by AOAC (2002) using the Dumas method and a LECO FP828 (St Joseph, MI, USA). The average
metabolic energy of the milk replacers was 12.44 MJ/kg and the average nitrogen content was 32.2
g/kg with a crude protein content of 201.25 g/kg (Table 3.4). The crude fat content of the milk
replacers was gravimetrically determined by Assurecloud, (Evers et al., 2000), as proximate analysis
(ether extract) does not efficiently extract emulsified fats (Moneeb et al., 2021). Milk replacers had
an average crude fat of 157.3 g/kg for milk replacers with standard carbohydrate inclusion levels and
115.85 g/kg for milk replacer with high carbohydrate inclusion levels as the carbohydrate
compensated in terms of energy for the lower fat content (Table 3.4). During the calf rearing trial, a
standard commercial starter meal with a metabolizable energy content of 10.57 MJ/kg, crude protein
and crude fat content of 154.4 g/kg and 3.2 g/kg respectively, was used (Chapter 3, Table 3.4).
Crude fat content adhered to general guidelines for ruminating cattle (Fiorentini et al., 2015; Bionaz
et al., 2020).

Thirty-two Holstein bull calves, supplied by a commercial supplier, were marked with different
numbered colour tags and randomly allocated to the respective treatment groups. All the calves
received colostrum directly after birth and entered the trial at an age of between 3 and 4 days. Calves
fed the high carbohydrate milk replacers were gradually transitioned from standard milk replacer to
the high carbohydrate milk replacers. This was done to limit the incidence of diarrhoea due to a
change in the diet. It is well documented that when calves are 11 days old the activity levels of starch
digestive enzymes including amylase, maltase and isomaltase should have increased to such an

extent that it is possible to successfully introduce high carbohydrate milk replacers (Miyashige &
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Yahat, 1980; Harmon, 1993). Harmon (1993) further concludes that the secretion and activity of
amylase activity can be manipulated nutritionally. During the current trial this transition started with
the inclusion of 25% carbohydrate milk replacer on day 11 and was increased in fractions of 25%,
reaching 100% on day 14. As the cost of high carbohydrate milk replacers is less than conventional
milk replacers this transition is important as it has a direct bearing on the total cost of weaning a calf
(Table 4.2).

A standard vaccination program was followed (Appendix A), and calves were weighed on a weekly
basis. Table 4.2 shows the prices per kg milk replacer (February 2024) as were provided by Nandrea
Health products, as well as the prices per kg of the starter meal. The sale price of calves used in
calculations was obtained from the Red Meat Producers Organisation (RPO) price report on
10/03/2024.

Table 4.2 The prices used when calculating the parameter used in the cost benefit analysis (Nandrea
Health Products; RPO).

Item R/kg
Biomel (A) 58.25
FP-Biomel (B) 50.47
Kalfpap (C) 47.95
FP-Kalfpap (D) 39.20
Starter meal 7.53
Live weight 36.11

The financial viability of the different treatments was evaluated using a cost benefit analysis. For
analysis of the financial data a one-way ANOVA was used as the different milk replacers were
compared and not individual nutrients. Table 4.3 shows the hypotheses for both the nutrient analysis
as well as the financial analyses to provide a better understanding as to why the analysis for the

chapter differs. Significance was declared at differences of P < 0.05 and tendencies at P < 0.10.



96

Table 4.3 The null hypothesis, alternative hypothesis and interpretation of P-values for both research

chapters.
Null and alternative P-value interpretation
hypotheses

Interaction HO: An interaction is absent p'VaIUe < 005 {Reject HO |nteI’aCti0n
- Ha: An interaction is present  _yalue > 0.05 {Accept Ho  No interaction
%’-_ Protein main Ho: Ysp = Prp p-value < 0.05 {Reject Ho  psp # prp
© effect Ha: usp # prp p-value > 0.05 {Accept Ho  Wsp = urp
o .

Carbohydrate Ho: psc = e p-value < 0.05 {Reject Ho  psc # prc
main effect Ha: psc # e p-value > 0.05 {Accept Ho  dsc = pHc
. Further investigation

N Ho: b= o = o = & p-value < 0.05 {Reject Ho with Post-Hoc test
) R 0. MA= HUB = =MD
‘é (Zr;‘leOV\I;Zy Ha: At least one group mean
5 is significantly different p-value > 0.05 {Accept Ho M = P = Hc = Wb

Figure 4.1 depicts the phases used to analyse the financial data and these were used throughout
the trial. Phase 1 (P1) refers to the period during which the calves were fed milk replacer and was
from day 0 — 63. Day 63 was also the day on which the calves were weaned. Phase 2 (P2) was the
two-week observation period after weaning, starting on day 64 and terminating on day 77. During
this phase the calves had ad libitum access to starter meal as the only food source. The total Phase
(TP) covered the period from day 0 to 77 and included both P1 and P2.

Phase 1 Phase 2
Ak (B} = = msmmans i e e i e (PP
| 1 1
Wean

Weeks: | 11 2| 3] 4] 5 | 6 | 7] 8] 9 | 1] 11 ]
I I I I I I I I I I I I

Days: 0 7 14 21 28 35 42 49 56 63 70 77
1 1
| |
----------------- (IP) mo == mmne == == ==

Total Phase

Figure 4.1 A line diagram of the time periods used in the trial.

4.4 Results and Discussion

Although financial viability of the different treatments evaluates milk replacers and not individual
nutrients, growth performance cannot be completely separated from cost benefit. Thus, a summary
of the growth performance parameters investigated in Chapter 3 is provided. Milk replacers
containing FP performed poorly due to high levels of trypsin inhibitor, therefore unless FP is treated
to reduce the trypsin inhibitor levels to lower than 4 mg/g protein (Lalles et al., 1996), it should not

be included in milk replacers for neo-natal calves.
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Data from Chapter 3 confirmed that a milk replacer high in carbohydrates can be used and that
growth performance is equal to that of a conventional milk replacer. In this trial the transition to a
high carbohydrate milk replacer only started on day 11 to comply with the findings of Krehbiel et al.
(1996) who reported that maltase activity at that age reached half of that of adult cattle. It was
concluded that the feeding of high carbohydrate milk replacers had an additional benefit in that it
stimulated starter meal intake. No other studies reporting this finding could be found in literature and
this appears to be novel. It was lastly concluded in Chapter 3 that further studies should be conducted

to verify or disprove this finding.

In Chapter 3 the protein type (SC or FP) and carbohydrate inclusion levels (SC or HC) were
investigated. In this chapter the emphasis is on the different milk replacers and the aim of the
investigation was to evaluate the economic viability of the different types of milk replacers. The
protein type and carbohydrate inclusion levels do however have a significant impact on the cost and
therefore the economic viability of these milk replacers. Therefore, growth performance parameters

in Chapter 3 (Table 3.5) also need to be considered when discussing specific profitability parameters.

In Table 4.4 the effect of the different milk replacers on profitability parameters of calves over all
phases are shown. The parameters reported includes cost, average daily cost (ADC), cost per weight
difference (Cost/WD) and income, based on the economic value of the calve at weaning and at the

end of the trial.

Cost per weight difference during P2 (displayed in bold in Table 4.4) was the only parameter that did
not differ between treatments with all other parameters differing among treatments. Cost per weight
difference during P2 of treatment B (FP-Kalfpap) are represented by 7 calves only resulting in higher
variation which most likely affected the significance. All other cost benefit parameters analysed in
Table 4.4 had P < 0.05 leading to the rejection of the null hypotheses. This implies that groups in

rows were not significantly equal.
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Table 4.4 The effect (mean + SE) of milk replacer on profitability parameters over all phases of
calves expressed in terms of ZAR.

Treatment
(LS MeanPostHocgroup + Standard deviation)
Phase Parameter SP SC FP SC SP HC FP HC P-value
A B c D
Biomel FP-Biomel Kalfpap FP-Kalfpap
Cost 3676.332 + 2935.54° + ] 2739.40¢ +
(MR&SM) 217.54 126.46 3317.70° £ 107.90 249.52 <0.001
C
Cost(MR)  3037.05°+62.53 2636.14°+5597 2503.38" + 48.94 2122‘%8 * <0.001
Cost(SM)  639.282+201.38 299.40°+ 165.68  724.32% £ 99.68 559.11° £ <0.001
TP e e s e EE 254.82 '
ADC 47757+ 2.83 38.12° + 1.64 43.00b + 1.40 35.58¢ + 3.24 <0.001
Cost/ WD 68.60°+ 1506  170.09°+83.61  58.83b+822  78.180+2475  <0.001
54713 + -939.30° + -153.66° +
Income A Py 146.07% + 236.43 A 0.002
Cost 3342207 + A 2423.74%
(MRESM) g 2757.75°+ 61.59  2057.23° + 82.67 o <0.001
Cost(MR)  3037.058+62.53 2636.14b+5597 2593.38b + 48.94 2122-%?; * <0.001
305.15% + 243.45 +
p1  Cost(SM) 250 121.61°£66.06  363.85% £ 71.09 o <0.001
ADC 53.05% + 2.49 43.77°+0.98 46.945 + 1.31 38.479+ 2.11 <0.001
Cost/WD* 92.81°£27.73  247.71°% 15114  77.436+1009  115.04® +62.96  0.001
1031430 + 1293.887 ¢
- b - a
Income 840.41° + 328.70 A 459,057 + 148.08 oo <0.001
Cost a b a 315.672
(MRESM) 334.132+74.85 177.79°+110.00  360.472 + 41.24 i 0.002
Cost(SM) 334132 +74.85 177.79°+110.00  360.472 + 41.24 315.67° £ 0.002
P2 S ST et 121.75 '
ADC 23.87% + 5.35 12.700 + 7.86 25.75%  2.95 22,557 £ 8.70 0.002
Cost/WD 19.49+2.79  *25.41+16.06 19.83 + 3.61 26.46 +11.78 0.384

abcd Means within row with different superscripts differ significantly (P < 0.05).

* As a calf from group B lost weight during P2, FCR for this calf could not be calculated and the value was removed
before statistical analysis was performed, this will also be the case for Cost/WD for P2. The statistical analysis was
therefore done with a missing value (n = 7). It can be presumed that the mean and standard deviation for this group
should be larger than the reported values.

Cost was calculated as the amount spent per phase for milk replacer and starter meal and is
therefore specific to this trial period. In different commercial systems these periods may differ
depending on specific rearing conditions and practices. Further, the external market forces which
can affect profitability parameters (Cortéz & Manual, 2010) of different dates and time have not been
accounted for in the current study. Average daily cost (ADC) gives an indication of the cost per day,
and this is a useful tool when managing a calf unit and for the development of budgets. Cost and

ADC will therefore follow the same trend.

Since milk replacer intake was regulated, intake did not contribute to the differences in milk replacer
cost, and it is therefore a function of milk replacer price. Regarding milk replacer cost, A (Biomel)
had the highest cost at R 3037.05 and D (FP-Kalpap) had the lowest cost at R2180.29 (P < 0.05).
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The cost of B (FP-Biomel) and C (Kalfpap) did not differ from each other but differed (P < 0.05) from
A and D (Table 4.4).

As the same starter meal was used for all the treatments (Table 4.2), differences in starter meal cost
were determined by variance in intake. These values follow the same trend as DMI (Chapter 3, Table
3.5). In P1 A and C had the highest cost and in P2 A, C and D had the highest cost. The lowest cost
in P1 was D at R243.45 and in P2 was B at R177.79. As a higher intake is advantageous as it leads

to improved growth the lower cost is not necessarily favourable.

When considering the milk replacer and starter meal in combination in TP, A and C had the best
FCR (Chapter 3, Table 3.5), and A had the highest (P < 0.05) cost at R 3676.33/calf with an ADC of
R47.74/calf. Although D had the lowest (P < 0.05) cost at R2739.40/calf and ADC of R 35.577/calf it
had the poorest FCR with B (Chapter 3, Table 3.5). Thus, when considering both milk replacer and
starter meal cost for the TP and not compromising on FCR C with a cost of R3317.70/calf and an
ADC of R43.09/calf should be considered. This would be the best FCR for the lowest cost
considering both milk replacer and starter meal intake in this trial. The FCR is an important parameter
when determining the financial viability of a specific milk replacer as this gives an indication of the

DMI needed per kg weight gain (Hanel, 2020).

A cost benefit analyses considers both growth performance as well as the cost incurred (O'Mahony,
2021). Cost per weight difference (Cost/WD) and income are the reported parameters that take both
growth performance and cost incurred into account. As income is dependent on the weight of the
animal and therefore growth rate (given the starting weight is similar), this parameter provides the
best indication of the efficacy of a specific feeding regime. As shown in Figure 4.2 below, cost per
weight difference is the feed conversion multiplied by the feed cost per kg, and this provides a useful
way to compare different diets and feeding regimes. This methodology provides an indirect way to
calculate cost benefit, while also taking performance of the calves into account. This is the profit

made when selling a calf after feeding cost and the calf purchase price (R360) is subtracted.

- /_ Cost=R x DM

WD WD {_,FCR=DMIWD

Figure 4.2 The way in which Cost/WD is calculated referred to as cost of gain by Albright et al.
(1993).

One of the calves in group B lost weight during P2 and as FCR renders a negative result with weight

loss it can only be calculated when a positive growth rate is attained. Under these circumstances
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this will also result in a negative Cost/WD. The data for this calf was therefore not used when
calculating the profitability parameters. Although the P-value indicated that there was no difference
during P2 amongst treatments (Table 4.4), this may be due to the duration of P2 which may have
been too short for differences to develop to the extent where any meaningful differences could
develop. Therefore, the influence of the P2 is more prominent during TP. During both P1 and TP
significant differences for Cost/WD were observed between the different groups (Table 4.4). As TP
covers the whole trial period Cost/WD of this phase is the best parameter to use and in terms of this
parameter, C (Kalfpap) was the most efficient although the treatment did not significantly differ from
A (Biomel) and D (FP-Kalfpap). This can also be ascribed to the relatively large variation (Table 4.4)

within groups.

It is important to note that the income calculation relates to the experimental conditions and not
commercial circumstances and that the main purpose of the trial was to investigate the influence of
carbohydrate levels and protein sources in milk replacers. As was discussed in Chapter 3 the income
calculations may not be directly applicable to large-scale commercial units. In these units weaning
generally forms part of an extended production process and although cost is carefully managed,
profit is mostly generated by weight gain during the back grounding phase where the weaned calves
are normally fed grazing until they reach a weight of between 220 and 240 kg before they are placed
into a feedlot (Blom et al., 2022). Therefore, the trends are arguably more important for this

parameter than the actual values.

When calculating income, the P2 value only takes a 2-week observation perioded in consideration
and the only value of this is to have some insight towards the extent of weaning shock and the

resultant effect on body weight change.

If the calves had been sold on day of weaning the data represented during P1 for C (Kalfpap) and D
(FP-Kalfpap) showed higher (P < 0.05) income compared to A (Biomel) and B (FP-Biomel).
Considering TP, groups A, C and D provided the highest (P < 0.05) income, and B had the lowest
income for this phase, but it did not differ from A (Table 4.5).

4.5 Conclusion

For the total trial period, treatment D emerged as the most cost-effective when considering only cost
and average daily cost (ADC) (Table 4.4). However, when also considering feed conversion ratio
(FCR) for the lowest cost, treatment C proved superior. This result was also echoed by both income
and cost per weight difference (Cost/WD). Although treatment C had the lowest Cost/WD, it did not
differ from treatments A and D. Similarly, the income of treatment C showed the highest return, but
also did not differ from A and D.

Overall, the data suggest that treatment C might be the most advantageous under the specific trial

conditions. However, if the recommendations for improving feed processing (fermented protein) and
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reducing trypsin inhibitor content to below 4 mg/g protein can be achieved, different profitability

results might become evident.
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Chapter 5

Body weight estimation of pre-weaned Holstein bull calves

5.1 Abstract

Girth circumference weight estimating tapes is a practical and cost-efficient way to easily predict the
weight of calves. Although the accuracy of prediction is influenced by factors such as breed, sex and
whether the animal is pre- or post-wean, accuracy can be optimized by using a tape tailor made for
a specific breed and physiological stage of the animals. When developing girth circumference weight
estimating tapes, meta-studies should be used and it is expected that the data collected during this
study would form part of a larger data base from multiple studies. This can then be used to improve
the accuracy of a girth measuring tape or an algorithm for calculating expected weight of Holstein
calves in South Africa. In this study, data was collected from a total of 32 Holstein bull calves divided
in 4 groups (n=8) and fed different milk replacers. The trial period was divided into two phases. Phase
1 (P1, days 0-63), during which milk replacers were fed, and Phase 2 (P2, day 63-77), a two-week
post-weaning period. During the whole trial period starter meal was available ad libitum and all

intakes and refusals were recorded. Calves were measured and weighed once a week.

The specific measuring tape used in the current study overestimated the weight of pre-weaned
Holstein bull calves by 10 kg for calves with a girth circumference of between 70 and 80 cm and this
deviation increased with approximately 1 kg for each additional 10 cm increase in girth circumference
over 80 cm. A specific measure tape for juvenile dairy animals to allow more accurate weight

prediction needs to be developed.

5.2 Introduction

Birth weight data can assist dairies to make better decisions about calf rearing and gestating cow
nutritional management strategy. Live weight gain is used for managing feeding regimes (Curtis et
al., 2018; Dingwell et al., 2006) and determination of the dosage rate of medications, including
antibiotics and anthelmintics (Enevoldsen & Kristensen, 1997; Dingwell et al., 2006; Machila et al.,
2008; Van Dijk et al., 2015).

The most accurate way to determine the body weight of a calf is to use an electronic scale. The use
of an electronic scale however has a cost implication to farmers, and this is often beyond the means
of many farmers. It can also be time-consuming if there is a lack of infrastructure. For this reason, it
might not be the preferred method even on farms that do have access to an electronic scale
(Heinrichs et al., 1992; Dingwell et al., 2006).

In response to the above reasons, methods have been developed to estimate the weight of a calf

without the use of an electronic scale. One of these methods is the use of a measuring tape (Dingwell
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et al., 2006). The use of a measuring tape allows the farmer to estimate the weight of cattle without
being restricted by the lack of portability of a scale and although there is handling involved, it's easy
to learn and apply. The measuring system exploit the high relationship between girth circumference

of calves and their weight (Wangchuk et al., 2017).

Currently there is no single standard with regards to measuring tapes and the predicted weight when
using different tapes vary considerably (Heinrichs et al., 2007). This result is influenced by several
factors and the specific algorithm fitted to the data used when developing the specific measuring
tape (Ruchay et al., 2022). Commonly used tapes include tapes that are used to measure the girth
and hoof circumference, and studies have been conducted to compare the two methods as well as
comparing the predicted weights using these methods with scale weight (Sharpe & Heins, 2023).
The girth tape is marked in centimetres (or another measuring unit) and predicts the corresponding
body weight for each increment. The predicted weight is derived from a model developed by
measuring the weight and girth of many cattle. The girth tape measures the chest circumference of
the body behind the front shoulder. The hoof girth tape measures the circumference of a specific

hoof of the calf and the weight is then predicted using this parameter.

Heinrichs & Hargrove (1987) measured 5,723 heifers on commercial farms in Pennsylvania and

reported a good correlation between heart girth circumference and body weight.

Age of calves appears to have an influence on the accuracy of prediction when using a heart girth
tape. Dingwell et al. (2006) reported a significant difference between scale weight and heart girth
tape in calves younger than three months and that heart girth tape measurement was significantly
lower than the scale measurements. It is important to note that this period is mostly during the pre-
weaned phase and that the diet during this period largely consists of milk and milk replacers. Dingwell
et al. (2006) further recommends that the study of the heart girth tape for predicting the weight of

very young Holstein calves should be investigated further.

Breed is presumed to influence the accuracy of predictions when using the heart girth tape and some
studies suggest that better results are obtained for certain breeds when using specific tapes (Conan
et al., 2018). Sharp & Heins (2023) report that that accuracy has been confirmed to a larger degree
in some purebred dairy breeds, but that the use of heart girth tapes and hoof-circumference tapes

may not be accurate in estimating the weight of crossbred calves.

Sex does not appear to have a specific influence on accuracy of weight predictions when using heart
girth tapes, although according to Odadi (2018), these measurements were taken in sexually

immature animals, and this may not hold true for older animals.

The aim of the study was to evaluate the use of a commercial (Nandrea Health Products,
Oudtshoorn, South Africa) girth circumference measuring tape to predict the body weight of juvenile
Holstein dairy calves. Data of the current study would contribute to the development of accurate

body weight prediction technology.
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5.3 Materials and methods

Ethical clearance was obtained from the UFS Animal Research Ethics Committee for all trial related
practices (UFS-AED2023/0051).

Data of the current study originated from the larger study presented in Chapter 3 and 4. For clarity a
brief explanation on the feeding regime is provided (Appendix A, Table A.1). It is however important

to note that the measurements were taken from pre-weaned Holstein bull calves.

During the trial a regime of 3 feedings of 2 litre milk replacer per day was used. After weaning the
calves were kept in the unit and observed for 2 weeks. Any milk replacer refusals were noted. A
standard commercial starter meal was used, and the calves had ad libitum access to it throughout

the trial. Weekly starter intake was determined by weighing feed offered and refusals.

Thirty-two Holstein bull calves were sourced from a local farmer and used in the trial. These calves
received colostrum after birth and entered the trial at an age of between 3 and 4 days. The calves
were marked and numbered with different colour tags and randomly allocated to treatment groups.
These groups are not relevant to this trial as the parameters used were girth circumference and

scale weight

A standard vaccination program was followed, and calves were weighed and measured on a weekly
basis. The duration of the trial was 77 days and calves were weaned on day 63. Each calf was
therefore weighed and measured 12 times as the calves were also weighed and measured at the
start of the trial. Although the calves were weighted at weekly intervals, time was not used as a

parameter when determining predicted weight and only girth circumference was used.

The trial data was grouped according to the different periods as depicted in Figure 5.1. Phase 1 (P1)
refers to the period during which the calves were fed milk replacer and was from day 0 — 63. Day 63
was also the day on which the calves were weaned. Phase 2 (P2) was the two-week observation
period after weaning, starting on day 64 and terminating on day 77. This phase was used to
determine the level of wean shock. The total phase (TP) started on day 0 and concluded on day 77.
The data of the two-week post-weaning period also serves a practical purpose as calves are often
sold directly after weaning and under those circumstances a more accurate determination of weight

is an advantage.
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Figure 5.1 A line diagram of the time periods used in the trial. Calves were weighed, and measured
on a weekly basis, starting on Day 0.

The different milk replacers used were formulated on an iso-caloric and iso-nitrogenous basis and
random milk replacer and starter feed samples were taken from different batches throughout the trial
and the pooled samples were analysed by a proximate analysis. The protein content was determined
according to standard methods prescribed by AOAC (2002) using the Dumas method and a LECO
FP828 (St Joseph, MI, USA). The fat in the milk replacers was determined by Assurecloud using a
gravimetric method (Evers et al., 2000), because fats in milk replacers cannot be accurately
determined by a proximate analysis (ether extract) as it does not efficiently extract emulsified fats
(Moneeb et al., 2021). The average metabolic energy of the milk replaces was 12.44 MJ/kg and had
an average crude fat of 136.6 g/kg. The average nitrogen content was 32.2 g/kg which implies an
average crude protein content of 201.25 g/kg. The starter meal had a nitrogen content of 24.7 g/kg
and thus a crude protein content of 154.4 g/kg, with a metabolizable energy of 10.57 MJ/kg. The
crude fat content tested at 3.17 g/kg and this is in line with the general guidelines for ruminating
cattle (Fiorentini et al., 2015; Bionaz et al., 2020).

Girth circumferences that correlated to a predicted weight was collected 12 times during the trial
period for all 32 Holstein bull calves after a scale weight was taken. The predicted weight was linearly
correlated to scale weight. The correlation line gives the values that a calf is most likely to weigh for

a specific measure.

The coefficient of determination (R?) was calculated to determine the fit of the model. The coefficient
of determination is a measure that provides information about the goodness of fit of a model and is
a statistical measure of how well the regression line approximates the actual data. Thus, R? is a
statistical measure in a regression model that determines the proportion of variance in the dependent

variable used to determine the independent variable.
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5.4 Results and Discussion

The girth circumference tape investigation was performed to access the accuracy of prediction of a
commercial girth circumference tape (Nandrea Health Products) for Holstein bull calves. It should
however be noted that under normal circumstances a meta data set would be required for more

accurate results.

Figure 5.2 is a plot of the scale weights as it correlates to a specific predicted weight according to
the girth circumference measurement. It gives a visual overview of how calf scale weights varied for
a specific girth circumference measurement. The weight determined by girth circumference is

referred to as predicted weight.

Correlation between predicted weight and scale weight
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Figure 5.2 Correlation of predicted weight determined by a commercial girth circumference tape and
the scale weigh of neonatal Holstein bull calves.

Compounded values for intervals of approximately 10 cm on the measuring tape have been
calculated to be able to make corrections when using the specific commercial (Nandrea Health

Products) measuring tape when estimating the weight of pre-weaned Holstein bull calves.

According to the coefficient of determination (R?), the independent variable and predicted weight

(derived from girth circumference) explain 89,61% of the variation in the target variable, scale weight.

As mentioned, the correlation line gives the values that a calf is most likely to weigh for a specific
measure. It is however important to note the predicted weight is plotted and not girth circumference

on the X axis although there is a girth circumference that corresponds to predicted weight. Therefore,
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when using the equation, y = 0,9217x-6,7005 the girth circumference should first be converted to
predicted weight and then used as the x value in the equation.
Table 5.1 Corrections to Nandrea Health Products measuring tape when estimating weight for pre-

weaned Holstein bull calves. Predicted weight (PW) was determined by calf girth
circumference (GC) and correlated to scale weight (SW).

G(:tamt:a(it:;ng m‘:;,sel:?%e ?ac e Estimated Average Calculated SW Difference
P g fap PW SW  (y=0,9217x-6,7005) from PW
range (cm)
70-80 77.667 44.733 37.467 34.533 10.20
80-90 84.500 53.220 43.020 42.357 10.86
90-100 94.500 72.660 59.137 60.276 12.38
100-110 104.500 95.180 83.413 81.035 14.15
110-120 112.000 117.400 101.093 101.516 15.88
120-130 122.000 148.600 103.400 130.276 18.32

The results in Table 5.1 clearly indicate that the specific commercial measuring tape overestimates
the weight of pre-weaned Holstein bull calves, although it would need a much larger data set to

improve the reliability of results.

The commercial girth circumference measuring tape used in the current study was originally
developed using data obtained from studies with Jersey calves. As Holsteins are generally heavier
with a larger body frame and both their pre-weaning and post-weaning weight at the same age tend
to be heavier than that of Jersey calves. It appears therefore that the differences in body frame
between the breeds influenced the accuracy of correlation between measured girth circumference
and predicted body weight. It is thus possible that the accuracy of prediction when using the same
girth circumference measuring tape for both breeds would vary (Sloniewski et al., 2005; Grimwood
et al., 2023). The measuring tape values and the corresponding predicted weight is summarised in
Appendix A (Table A.6 and A.7).

The pre- and post-weaning period influence the accuracy of weight prediction when using a girth
circumference tape, not because the growth rate differs but because the expansion of the rumen
influences girth circumference. The rumen increases from 30 to 70% of the total capacity of the gut
during the weaning process (Warner et al., 1956; Baldwin VI et al., 2004). This is however
counteracted by the fact that dairy calves tend to start taking in significant amounts of dry matter at
the same age, indicating rumen development, and are generally weaned at the same age range
(Eckert et al., 2015; Palczynski et al., 2020). Measurement of calves using different rearing systems

and at different weight when compiling the database will therefore partially compensate for this.

It is thus concluded that the most important factor to be considered when calibrating a girth

circumference tape is breed. Although many factors including liquid of solid feed phase, environment
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and sex influence the weight of the calf, it does not necessarily change the relationship between the

girth circumference and weight of the animal.

5.5 Conclusion

Although the sample used was not large enough to accurately determine the accuracy of weight
prediction of the commercial girth circumference tape used in this study, the data can contribute to
a later meta-study. It further gives a useful indication that this commercial girth tape overestimates
the weight of pre-weaned Holstein calves as well as calves in the first 2 weeks after weaning. The
measuring tape used overestimated the weight of pre-weaned Holstein bull calves by 10 kg for
calves with a girth circumference of between 70 and 80 cm and this deviation increased with

approximately 1 kg for each additional 10 cm.

For a more accurate prediction of weight using a girth circumference tape, the tape will have to be

calibrated using a larger data set of a specific breed and feeding regime.
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Chapter 6

General Conclusions and Recommendations

6.1 General Conclusions

The global milk replacer market is experiencing significant growth, driven by rising demand for dairy
and meat products worldwide. The South African market, although a very small fraction of the global
market, has followed the same trend. However, the high cost of raw materials used for formulating
milk replacers is decreasing the economic viability of using milk replacers to rear calves, especially
for bull calves reared for the meat industry and to a lesser extent for replacement heifers. This
presents a challenge and is forcing the industry to investigate less costly high quality alternative raw
materials. This study aimed to address this issue by investigating the biological viability (Chapter 3)
and cost-effectiveness (Chapter 4) of alternatives to traditional milk replacers, focusing on the use
of fermented plant proteins and high carbohydrate inclusion as raw materials in milk replacers. In
Chapter 5 the issue of economic viability is further addressed by investigating the effectiveness of
using a commercial girth tape to predict weight as an alternative to the use of a more costly electronic

scale.

The study reported in Chapter 3 was designed to assess the biological viability of milk replacers
formulated to include fermented plant protein and a higher level of carbohydrates. Fermented plant
proteins are considered as a potential alternative to expensive animal proteins, while high
carbohydrate content was explored as an alternative energy source and as a means to reduce wean
shock by stimulating starter meal intake without compromising calf growth and health. In this study
the 4 treatments were a conventional milk replacer, one containing 20% fermented protein, a high
carbohydrate milk replacer and a high carbohydrate milk replacer containing 20% fermented protein.
During the 77-day trial, growth rates, feed efficiency and dry matter intake were recorded. The study
also assessed the carry-over effects of these formulations post-weaning and the incidence of wean
shock. The results indicated that fermented protein containing milk replacers performed poorly due
to the high levels of trypsin inhibitors, which hindered digestibility and overall growth. As a result, the
study concluded that unless fermented protein is processed to reduce trypsin inhibitor levels below
4 mgl/g protein, it should not be included in milk replacers. In contrast, high carbohydrate milk
replacers, when introduced after a proper transition period, showed growth performance on par with
conventional milk replacers and stimulated starter meal intake. This highlighted the potential for high

carbohydrate formulations as alternatives for calf rearing.

In Chapter 4 the focus shifted to the financial aspect and here the focus was on the financial
implications of using high carbohydrate and fermented plant protein-based milk replacers. While
biological performance is essential, the cost-effectiveness of these alternatives is crucial for their

widespread adoption, particularly in low-resource regions where farmers face financial constraints.
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The chapter examined the cost of production, feed conversion rate, and profitability parameters of
various milk replacer formulations. It was hypothesized that reducing the cost of milk replacers could
make them more accessible to small-scale farmers without compromising the health and growth of
the calves. Results from the financial analysis indicated that high carbohydrate milk replacers were
the most cost-effective when considering feed conversion ratio (FCR) and income per weight gain.
This treatment also had the lowest total cost and the best return on investment, although it did not
significantly outperform other formulations like the conventional milk replacer and fermented protein
based high carbohydrate milk replacer. The study also suggested that if improvements in the
processing of fermented plant protein were made, it could become a more cost-effective option in

the long term.

Chapter 5 expands on one of the general aims of the study in that it investigates a way in which the
economics of calf rearing can be improved. Accurate weight determination is essential for managing
feeding regimes, medication dosages, and overall farm management. While electronic scales
provide reliable weight data, they are often prohibitively expensive for small-scale farmers. The
chapter investigated the potential of using a commercial girth circumference measuring tape as an
affordable alternative for estimating calf weight with the view to start the ongoing accumulation of
data. This was done to enable the establishment of a larger data basis in future which could be used
to improve the prediction of weight using a girth circumference tape for dairy calves in South Africa.
The study tested a specific commercial measuring tape to evaluate its accuracy in predicting the
weight of pre-weaned Holstein bull calves. Results showed that the specific tape overestimated the
weight of calves, with girth circumferences between 70 and 80 cm, by about 10 kg and approximately
another kg of deviation for each additional 10 cm increase in girth circumference. The deviation in
weight estimation increased with the size of the girth circumference. The study concluded that, while
girth circumference measuring tapes could provide a cost-effective alternative, further calibration
and refinement are necessary to improve their accuracy. Specifically, the tape needs to be adjusted
for different calf breeds and developmental stages to ensure more reliable weight estimates. Despite
the need for improvement, the use of such measuring tapes offers a promising, low-cost tool for

farmers, especially in regions where electronic scales are not feasible.

In conclusion, the study highlighted the potential for high carbohydrate milk replacers to reduce costs
while maintaining calf health and performance. The findings suggest that further research is needed
to confirm that the use of high carbohydrate milk replacers stimulates starter meal intake both before

and after weaning.

6.2 Recommendations

The intent of the study was to investigate the effect on growth performance and profitability of
Holstein bull calves when feeding a milk replacer containing fermented plant protein and/or a milk

replacer with a high carbohydrate content. During the trial multiple question arose as understanding
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improved and this has led to the following recommendations. The relevant section of the thesis

providing background information in this regard is referred to.

In Chapter 3 Section 3.4.4.5 Discussion, under the main effect of protein the influence of trypsin
inhibitor in milk replacer were described. Pre-ruminant animals seem to be more sensitive to the
inclusion of trypsin inhibitor than mature ruminants as the degradation in the rumen is not present.
However, there is little research on the effect of specific levels of trypsin inhibitor in milk replacers
for pre-ruminants. A study on the influence and consequences of different trypsin inhibitor levels
would add value and could potentially lead to the development of new affordable raw materials for
use in milk replacers. As it was clear that the levels of trypsin inhibitor present in the milk replacer
containing fermented protein depressed calf performance, different ways in which this problem can
be addressed were discussed. It was concluded that if a viable solution could be found, fermented
protein can potentially still be profitable option for inclusion in milk replacers. However, it is
recommended that a new ftrial is conducted with the improved protein sources to verify this

hypothesis.

In Chapter 3 Section 3.3.3.6 Discussion, the influence of high carbohydrate milk replacers on the
stimulation of starter meal was discussed. It was concluded that due to the limited period the effect
could not be fully determined, and it is recommended that this should be further investigated to verify
this observation and determine the carry-over effect during the back-grounding phase and even

during the feedlot phase.

In this trial the feed conversion for the milk replacers and starter meal could not be calculated
independently and it was suggested that a trial could be designed to determine the contribution of
the milk replacer and starter meal. As this would only be valid under specific conditions it was
concluded that due to the limited application it is doubtful if this would be worth pursuing. One of the
limitations experienced during this trial was that although dry matter intake could be divided between
milk replacer dry matter intake and starter meal dry matter intake, feed conversion ration could only
be calculated for total dry matter intake as the growth attributed to milk replacer or starter meal
cannot be easily separated. During this phase the calf relies to a large degree on enzymatic digestion
in the abomasum, but over time the importance of ruminal digestion through fermentation increases.
It should be possible to determine the efficiency of feed conversion of the starter meal if 2 groups of
calves are used and both groups of calves are fed a standardised quantity of milk replacer and one
of the groups is fed a determined additional weight of starter meal. The difference in weight gain
between the 2 groups could then be attributed to starter meal intake and efficiency of feed conversion
at different ages for starter meal could be calculated. This may be a refinement of these calculations
but might not be practical as the results would only be applicable for a specific set of conditions and

would not be applicable under other circumstances.

In Chapter 5 the verification of a commercial weight predicting girth circumferences tape was

investigated. The results indicate that for more accurate prediction of weight the tape will have to be



116

calibrated for a more narrowly defined group of animals, taking breed and whether the calves are in
the pre- or post- weaning phase into account. Despite the relative sample size, making meaningful
conclusions difficult, the data is still a useful contribution as it is envisaged that it can form part of a

larger data set in future. This larger set of data could then lead to meaningful use and application.
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Appendix A

Trial outline, Procedure and Collected data

The trial procedure (Table A.1) used in chapter 3, 4 and 5. In chapter 5, calf girth circumference was
measured on a weekly basis. A standard vaccination program was followed but is not included as
this may differ depending on the location. It would be best to consult a local veterinarian for a
vaccination program applicable for the specific location. Calves for this trial were vaccinated for
pneumonia using a nasal spray, as prescribed by the veterinarian (2 ml Inforce 3®, half the dose (1

ml) in each nostril of the calve on day 5).

Table A.1 The 77-day trial outline for 32 Holstein bull calves on four different milk replacers
treatments (A, B, C and D). It is also indicated when weight, measurements and intake
were recorded.

Calves were suckled by dam to ensure adequate colostrum intake
Calves were transported to trial site.

Before trial

Calves were measured, weighed and randomly allocated to one of the treatments and
pens. (Calves were weighed weekly from this day.)

The time of arrival at the unit determined how many feedings the calve received (1 litre per
feeding).

Day 0

Commercial milk replacer (Standard) Milk replacers containing fermented protein
Biomel® (SP SC) FP-Biomel® (FP SC)
A B

Day 1 16 calves 16 calves

1 litre per feeding, 3 feedings per day
Start ad lib calf starter meal

1.2 litre per feeding, 3 feedings per day

Day 2 Daily feed refusals weighed

1.4 litre per feeding, 3 feedings per day

Day 3 Daily feed refusals weighed

1.6 litre per feeding, 3 feedings per day

Day 4 Daily feed refusals weighed

1.8 litre per feeding, 3 feedings per day

Day 5 Daily feed refusals weighed

2 litre per feeding, 3 feedings per day

Day 6 Daily feed refusals weighed

2 litre per feeding, 3 feedings per day

Daily feed refusals weighed

Measure and weigh calves (Weekly weigh)
Castration by banding (Elastic)

Day 7

2 litre per feeding, 3 feedings per day

Day 8-10 Daily feed refusals weighed

Commercial milk Milk replacers High
replacer containing carbohydrate
(Standard) fermented protein milk replacers
Day 11 Biomel® (SP FP-Biomel® (FP Kalfpap® (SP
SC) SC) HC)
A B C

8 calves 8 calves 8 calves 8 calves

High carbohydrate milk
replacers containing
fermented protein
FP-Kalfpap® (FP HC)
D
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Daily feed refusals weighed
Start adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR
(C&D);
- A:C=3:1=15litre : 0.5 litre
- B:C=3:1=1.5Ilitre : 0.5 litre
2 litre per feeding, 3 feedings per day

Day 12

Daily feed refusals weighed
Adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR
(C&D);
B A:C=1:1=1litre: 1 litre
= B:C=1:1=1litre: 1 litre
2 litre per feeding, 3 feedings per day

Day 13

Daily feed refusals weighed
Adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR
(C&D);
- A:C=1:3=0.5litre : 1.5 litre
- B:C=1:3=0.5litre: 1.5 litre
2 litre per feeding, 3 feedings per day

Day 14

2 litre per feeding (the adaption to high carbohydrate milk replacers (HCMR) completed), 3
feedings per day

Daily feed refusals weighed

Measure and weigh calves (Weekly weigh)

Day 15-58

2 litre per feeding, 3 feedings per day
Daily feed refusals weighed
Weekly measure and weigh calves (Day 21, 28, 35, 42, 49, 56)

Day 59-60

2 litre per feeding, 2 feedings per day
Daily feed refusals weighed

Day 61-62

1 litre per feeding, 2 feedings per day
Daily feed refusals weighed

Day 63

1 litre per feeding, 2 feedings per day
Daily feed refusals weighed
Measure and weigh calves (Weekly weigh)

Day 64-77

Observation period (To determine the effect of weaning)
Daily feed refusals weighed
Weekly measure and weigh calves (Day 70, 77)

Day 78

Calves leave system

Table A.1 correlates to the line diagram in chapter 3 (Figure 3.1), 4 (Figure 4.1) and 5 (Figure 5.1).

These figures depict the timeline of the trial and indicate at which points data was collected.

Due to practical experiences during the trial, it is recommended that for future calf rearing trials the

procedure is adjusted if a similar trial is performed. Table A.2 incorporate the suggested adjustments.

It was noted that calves adjust better with less digestive disturbances if lower initial volume are fed.

Improved results are obtained if elastic is applied at an older age when testicular development is a

bit more advanced. Although milk replacer intake and refusals should be noted on a daily basis, it is

easier from a management perspective to determine weekly stater meal intake and as the animals

are only weighed and measured on a weekly basis the additional data for daily intake do not add

value.
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Table A.2 The adjusted 77-day trial outline for 32 Holstein bull calves on four different milk replacers

treatments (A, B, C and D). It is also indicated when weight and intake were recorded.

Before trial

Calves were suckled by dam to ensure colostrum intake

Calves were transported to trial site.

Day 0

Calves were weighed and randomly allocated to treatments and pens. (Calves weighed

weekly from this day.)

The time of arrival at the unit determined how many feedings the calve received (1 litre per

feeding).

Day 1

Commercial milk replacer (Standard)
Biomel® (SP SC)
A

16 calves

1 litre per feeding, 3 feedings per day
Start ad /ib calf starter meal

Milk replacers containing fermented protein
FP-Biomel® (FP SC)
B

16 calves

Day 2-4

1.2 litre per feeding, 3 feedings per day

Day 5-6

1.4 litre per feeding, 3 feedings per day

Day 7

1.4 litre per feeding, 3 feedings per day
Weekly feed refusals weighed
Weigh calves (Weekly weigh)

Day 8-10

1.6 litre per feeding, 3 feedings per day

Day 11

Commercial milk
replacer

Milk replacers
containing fermented
(Standard) protein
Biomel® (SP SC) FP-Biomel® (FP SC)
A B

8 calves 8 calves

High High carbohydrate milk
carbohydrate milk replacers containing
replacers fermented protein
Kalfpap® (SP HC)  FP-Kalfpap® (FP HC)
C D

8 calves 8 calves

Start adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR

(C&D);
- A:C =3:1=1.35litre : 0.45 litre
& B:C =3:1=1.35litre : 0.45 litre
1.8 litre per feeding, 3 feedings per day

Day 12

Adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR

(C&D);
5 A:C=1:1=0.9litre : 0.9 litre
B B:C=1:1=0.9litre : 0.9 litre
1.8 litre per feeding, 3 feedings per day

Day 13

Adaption to high carbohydrate milk replacers (HCMR). Treatment groups on HCMR

(C&D);
- A:C=1:3=0.45litre : 1.35 litre
& B:C =1:3=0.45litre : 1.35 litre
1.8 litre per feeding, 3 feedings per day

Day 14

2 litre per feeding (the adaption to high carbohydrate milk replacers (HCMR) completed), 3

feedings per day

Weekly feed refusals weighed
Weigh calves (Weekly weigh)
Castration by banding (Elastic)

Day 15-58

2 litre per feeding, 3 feedings per day

Weekly feed refusals weighed (Day 21, 28, 35, 42, 49, 56)
Weekly weigh - Weigh calves (Day 21, 28, 35, 42, 49, 56)

Day 59-60

2 litre per feeding, 2 feedings per day

Day 61-62

1 litre per feeding, 2 feedings per day

Day 63

1 litre per feeding, 2 feedings per day
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Weekly feed refusals weighed
Weigh calves (Weekly weigh)

Observation period (To determine the effect of weaning)

Day 64-77 Weekly feed refusals weighed (Day 70, 77)
Weekly weigh - Weigh calves (Day 70, 77)
Day 78 Calves leave system
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Table A.3 The weekly scale weight (kg) of 32 Holstein bull calves over a 77-day trial with four milk
replacer treatments (A, B, C and D).

Treatment and Days
calves 0 7 14 21 28 35 42 49 56 63 70 77

1 384 398 450 506 534 576 676 758 84.8 946 1046 117.8
2 40.2 446 468 516 576 600 682 766 81.8 928 1034 116.6
—_ 3 446 500 516 558 582 622 684 742 786 89.0 93.0 1034
% 4 366 334 410 46.2 496 556 618 654 708 794 880 976
_S 5 40.2 416 454 454 470 500 545 580 60.6 686 752 86.8
- 6 426 452 472 502 542 552 588 602 66.2 720 79.0 850
7 386 416 436 474 508 574 614 704 746 764 81.0 896
8 376 402 384 376 382 440 464 502 544 590 66.8 74.0
9 384 478 502 478 472 436 452 38.8 432 438 476 514
10 438 466 518 504 506 518 530 640 698 684 758 81.0
@ 1 482 524 546 59.0 594 618 630 654 622 652 662 714
TE) 12 39.8 426 432 464 518 564 588 654 692 772 846 946
t%) 13 39.0 426 41.8 436 436 410 426 440 472 502 56.6 524
&I 14 452 490 498 508 50.0 50.2 524 522 552 570 622 56.6
15 384 426 434 416 406 38.0 40.0 400 41.8 446 498 482
16 404 416 434 440 436 468 46.2 504 544 536 576 64.2
17 394 434 456 480 520 56.0 618 680 720 81.8 908 103.8
18 39.2 404 430 476 514 548 628 700 752 848 91.8 106.2
o 19 374 412 410 462 492 504 554 60.0 644 712 786 904
= 20 360 396 420 444 486 524 600 66.8 732 826 932 1074
w_—% 21 40.0 364 424 438 472 480 508 558 654 728 748 876
< 22 408 426 422 446 476 526 586 600 654 734 834 876
23 43.2 46.2 464 494 524 550 604 652 70.0 786 870 946
24 442 470 496 522 558 606 652 70.8 79.2 858 964 102.6
25 434 466 494 536 588 624 672 742 782 882 1004 111.6
26 384 424 448 422 436 422 410 436 482 478 540 60.6
@ 27 39.6 440 488 46.2 46.2 438 432 464 51.0 536 586 62.6
§ 28 39.0 424 446 426 444 492 586 618 662 724 768 824
& 29 372 424 406 43.0 488 446 458 46.8 496 532 580 63.8
&l 30 444 492 526 53.8 590 636 672 69.8 714 868 928 100.6
31 488 490 546 550 566 616 672 686 73.0 792 846 916

w
N

43.6 46.2 490 490 492 508 56.2 56.8 620 682 726 77.2
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Table A.4 The weekly girth circumference measurements (cm) of 32 Holstein bull calves over a 77-
day ftrial with four milk replacer treatments (A, B, C and D).

Treatment Days
and calves 0 7 14 21 28 35 42 49 56 63 70 77
1 790 830 860 87.0 920 950 97.0 99.0 103.0 107.0 108.0 112.0
2 840 87.0 870 91.0 93.0 97.0 1020 101.0 107.0 107.0 122.0 113.0
- 3 870 87.0 89.0 900 960 99.0 97.0 101.0 1050 103.0 108.0 108.0
%’ 4 780 81.0 860 880 90.0 930 950 99.0 1020 110.0 111.0 105.0
5 5 80.0 860 880 850 89.0 90.0 91.0 950 1020 97.0 101.0 109.0
- 6 850 87.0 89.0 89.0 90.0 930 950 950 96.0 99.0 1050 104.0
7 83.0 840 850 920 93.0 950 960 99.0 101.0 1050 106.0 108.0
8 820 81.0 830 820 860 880 870 90.0 930 960 100.0 104.0
9 840 880 930 890 93.0 90.0 900 880 940 850 910 910
10 86.0 880 970 930 940 950 930 970 960 980 103.0 105.0
o 1 88.0 920 930 960 97.0 950 99.0 96.0 98.0 100.0 101.0 102.0
2 12 83.0 840 850 860 90.0 90.0 920 940 1000 99.0 103.0 110.0
2 13 850 850 860 860 880 87.0 830 880 91.0 920 950 93.0
o 14 84.0 880 89.0 89.0 91.0 91.0 930 930 950 950 96.0 94.0
15 820 860 870 880 880 850 870 87.0 880 880 90.0 89.0
16 90.0 840 830 850 87.0 87.0 830 880 89.0 910 940 93.0
17 80.0 820 850 820 88.0 90.0 930 100.0 91.0 100.0 103.0 109.0
18 810 860 880 900 91.0 910 980 100.0 100.0 109.0 109.0 113.0
5 19 760 80.0 820 840 87.0 880 870 930 99.0 960 101.0 104.0
> 20 80.0 81.0 820 840 87.0 90.0 940 96.0 100.0 102.0 114.0 112.0
% 21 83.0 80.0 840 840 860 920 920 960 950 980 1050 114.0
< 22 83.0 840 850 860 87.0 920 930 920 960 980 101.0 105.0
23 820 840 860 870 91.0 920 97.0 96.0 100.0 104.0 103.0 109.0
24 86.0 880 900 910 91.0 920 980 100.0 103.0 1050 108.0 111.0
25 86.0 880 89.0 900 93.0 98.0 100.0 100.0 104.0 106.0 111.0 114.0
26 81.0 840 880 860 860 880 890 87.0 920 900 990 96.0
a 27 810 850 880 890 880 87.0 870 880 900 920 99.0 97.0
§ 28 80.0 840 810 850 840 880 900 910 940 980 101.0 103.0
S 29 83.0 840 850 880 89.0 89.0 890 90.0 89.0 920 990 98.0
o 30 83.0 880 87.0 890 940 940 950 97.0 100.0 103.0 107.0 108.0
31 86.0 860 89.0 900 90.0 950 960 980 97.0 920 99.0 97.0

w
N

840 880 870 910 900 89.0 910 910 940 97.0 100.0 100.0
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Table A.4 The weekly cumulative milk replacer dry mater intake (kg) of 32 Holstein bull calves over
a 77-day trial with four milk replacer treatments (A, B, C and D).

Treatment and calves Days
14 21 28 35 42 49 56 63

1 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
2 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
—_ 3 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
%’ 4 4.31 5.58 6.30 6.30 6.60 6.30 6.30 6.30 3.90
_S 5 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
- 6 5.67 6.30 6.30 6.30 6.30 6.30 6.30 6.30 3.90
7 5.67 6.30 6.30 6.30 6.30 6.30 6.30 6.30 3.90
8 5.22 5.04 5.34 5.70 6.30 6.30 6.30 6.30 3.90
9 5.13 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
10 5.13 6.12 6.30 6.30 6.00 6.00 6.30 6.30 3.90
@ 11 5.67 6.30 6.30 6.30 6.30 6.30 6.30 6.30 3.90
TEJ 12 4.41 4.95 5.31 6.12 6.30 6.30 6.30 6.30 3.90
h% 13 4.95 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
&I 14 5.22 6.12 6.30 6.30 6.30 6.15 5.90 6.00 3.90
15 5.22 6.12 6.30 6.30 6.00 6.30 5.85 6.30 3.90
16 5.13 6.12 6.30 5.70 5.70 6.30 6.30 6.30 3.90
17 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
18 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
S 19 4.59 5.58 6.30 6.30 6.30 6.30 6.30 6.30 3.90
= 20 4.59 5.58 6.23 6.30 6.30 6.30 6.30 6.30 3.90
»_—§ 21 4.68 5.04 5.40 6.30 6.30 6.30 6.30 6.30 3.90
< 22 5.40 4.58 5.46 6.30 6.30 6.30 6.30 6.30 3.90
23 5.22 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
24 5.22 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
25 4.41 4.95 5.31 6.12 6.30 6.30 6.30 6.30 3.90
26 5.13 6.12 6.30 6.20 6.30 6.30 6.30 6.30 3.90
@ 27 5.13 6.12 6.00 5.00 5.40 6.30 6.30 6.30 3.90
§ 28 5.40 6.30 6.30 6.30 6.30 6.30 6.30 6.30 3.90
8 29 5.22 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
&' 30 5.22 6.12 6.30 6.30 6.30 6.30 6.30 6.30 3.90
31 5.67 6.12 6.21 6.00 6.30 6.30 6.30 6.30 3.90

w
N

5.40 6.30 6.30 6.30 6.30 6.30 6.30 6.30 3.90
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Table A.5 The weekly cumulative starter meal dry mater intake (kg) of 32 Holstein bull calves over
a 77-day trial with four milk replacer treatments (A, B, C and D).

Treatment Days
and
calves 7 14 21 28 35 42 49 56 63 70 77
1 1.714 2908 3.682 3.316 6.003 6.572 9.746 13.432 18.683 28.964 31.859
2 1.552 1.697 2142 3.277 4500 7.686 9.261 10.553 15.732 26.902 31.473
—_ 3 1505 1.351 2190 3.263 4.088 4.841 6.399 8.340 15505 13.882 25.291
% 4 0.268 0.514 2.825 3.684 4.107 4.891 4.897 8.043 11991 21.001 22.243
_g 5 0.754 2.011 1.419 1.240 2.640 3.014 3.238 4857 9.736 16.315 22.385
- 6 0.541 0.225 1.234 0.230 0.834 1.583 2.001 3.965 14.035 15.867 20.133
7 1.015 1.216 1.769 2.283 4.711 5764 6.236 13.841 10.159 19.995 24.005
8 0.048 0.084 0.368 1.218 0.659 1.123 0.240 2213 6.539 15.008 19.658
9 0.294 0.747 4974 0.446 0.366 1.944 2530 0.192 0122 5721 7.850
10 0930 2689 0.716 0.685 1.865 3.803 2535 2.782 6.767 15.990 20.010
@ 11 0.643 1.357 1.879 1.151 3.007 4.930 6.740 0.864 0919 3.985 6.015
TEJ 12 0958 1469 1.407 0612 3.750 3.912 2605 7901 9.863 26.183 27.500
;% 13 0.088 0.300 1.112 0.988 1.012 0.316 0.684 2.610 3.066 9.835 7.391
&I 14 0.391 0.067 1.742 2272 1.028 1.676 1520 1.780 3.895 11970 6.526
15 0.606 0.852 0.142 0.894 0511 0.147 0.130 0402 1974 9976 4.670
16 0.110 0.148 0.255 0.789 1.816 1.892 1.319 1.896 2415 9.993 15274
17 0550 1.491 1.071 2505 3.085 4.788 3.968 8.646 12.034 19.895 26.628
18 0.762 2203 3.054 4.102 5.858 7.875 9.665 11.994 15979 24.101 28.819
o 19 0493 0495 1525 2799 3598 4.476 6.795 6.375 11.447 18.052 27.867
S 20 0971 2142 2426 4.028 6.013 6.785 9.042 11.242 16.020 25.028 31.196
»_—§ 21 0.169 0.295 1.319 2324 1915 4.015 9.212 11.938 16.028 15.304 23.987
< 22 1.042 1.704 1.254 1540 3.904 7.224 9147 8.015 16.111 26.011 26.003
23 0818 1.405 1.197 2.080 1.867 5.133 5850 6.150 14.203 22.103 23.995
24 0.682 2207 2511 3.100 4904 7.096 5794 12206 15.896 21.976 22.004
25 0.891 1.632 7.756 4.597 5706 7.410 11.230 9.487 13.714 28.016 37.500
26 0910 0.736 0.674 0.722 0494 0952 1.332 0675 0.622 9.733 12.887
@ 27 0436 0356 0.797 0.966 1.518 1.999 2497 3400 4.800 11.569 11.829
§ 28 0.879 2651 0.895 1.871 3.908 7.988 9.919 5033 11.850 29.986 26.014
8 29 0.035 4126 2539 1.800 1.302 0.998 0.260 1.682 3.153 13.899 16.101
&' 30 0573 1.906 2.021 3.845 4.155 5926 3.504 1.936 11.562 15.948 22.052
31 1.064 1.477 0.858 1.085 5.196 5.167 5969 7.181 9.139 19.847 23.989

w
N

2076 2759 1.769 3.236 1.904 5.777 5500 4.021 11.836 29.986 26.014
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Table A.6 The predicted weights (PW) in kg that correlates to Nandrea Health Products girth
circumference (GC) measuring tape in cm. This is not the complete tape but include the
values used for Chapter 5.

Predicted weight in kg

GC (cm) 70-79 80-89 90-99 100-109 110-119 120-129

0 47.0 63.4 83.8 111.6

1 48.0 65.4 85.6 114.4

2 49.0 67.6 87.2 117.6 148.6
3 50.0 69.8 90.0 119.6

4 51.0 71.6 93.2 123.8

5 53.4 73.6 96.6

6 43.0 55.4 75.8 99.0

7 57.2 77.8 102.0

8 45.0 59.6 79.8 105.6

9 46.2 61.6 81.8 108.4

Table A.7 The predicted weights (PW) in kg adjusted from Nandrea Health Products girth
circumference (GC) measuring tape in cm with y = 0,9217x-6,7005. Only for the values
used for Chapter 5 adjusted from 32 Holstein bull calves and not the complete tape.

Predicted weight in kg

GC (cm) 70-79 80-89 90-99 100-109 110-119 120-129

0 36,6 51,7 70,5 96,2

1 37,5 53,6 72,2 98,7

2 38,5 55,6 73,7 101,7 130,3
3 39,4 57,6 76,3 103,5

4 40,3 59,3 79,2 107,4

5 42,5 61,1 82,3

6 32,9 44.4 63,2 84,5

7 46,0 65,0 87,3

8 34,8 48,2 66,9 90,6

9 35,9 50,1 68,7 93,2




