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  Abstract 
This study investigated the effects of fermented protein and increased starch 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 used, one containing fermented protein and the other a commercial 
milk replacer using a conventional protein source. To assess the impact of in-
creased starch levels, two additional milk replacers were used, one with fermented 
protein and one without, both containing 20% pre-cooked maize. A total of 32 Hol-
stein bull calves were randomly assigned to four treatments (n = 8) in a 63-day 
trial, during which milk replacers were fed. 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 in-
take, average daily gain, dry matter intake as a percentage of body weight, and feed 
conversion ratio, were determined and analysed using factorial ANOVA. Except 
for controlled milk replacer intake, fermented protein-containing milk replacers 
generally resulted in poorer performance compared to standard protein milk replac-
ers. This was attributed to higher levels of trypsin inhibitors in the fermented pro-
tein, which negatively impacted performance. The high starch milk replacers pro-
moted greater starter meal intake. Based on these results, it is recommended that 
milk replacers with higher starch content can be beneficial to stimulate starter meal 
intake, while the use of fermented protein as a raw material should only be consid-
ered after the fermentation process is better optimized to reduce trypsin inhibitor 
levels to below 4 mg/g protein. 
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1. Introduction 

At birth, the calf’s rumen is undeveloped and microbial fermentation does not play a significant role in the digestive 
process. Young calves are therefore referred to as pre-ruminants [1]. During this phase, the abomasum and duode-
num 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 [2]. 
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The fact that different milk replacers influence growth rate and the incidence of diarrhoea in calves is well docu-
mented [3, 4]. This effect differs depending on the specific rearing conditions. Different protein and energy sources 
influence calf performance [5]. 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 [6, 7]. 

1.1 Protein 

Proteins are organic compounds with amino acids as building blocks [8]. These amino acids are linked by peptide 
bonds to form a chain [9]. Polypeptides composed of more than fifty amino acids are classified as proteins [10]. 
Proteins are important as a structural component in animal tissues as well as in biochemical, immunological, trans-
portation, and hormonal processes [11]. The quality of proteins is important in the 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 [12, 13]. For pre-ruminants, the protein in milk has a high 
apparent digestibility, and the absorbed amino acids are efficiently utilized for protein synthesis [14]. 

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 [15, 16]. The clot slows 
down the rate of passage through the abomasum of calves [17]. 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 
[15, 18, 19]. 

Protein digestion involves denaturation to expose peptide bonds, allowing hydrolysis of the molecule and the 
release of free amino acids [20]. Protein-digesting enzymes in the abomasum include endopeptidases and exopep-
tidases [21]. Endopeptidases cleave the peptide bonds, while exopeptidases cleave amino acids off at the terminal 
end of the protein molecule [22, 23].  

The protein requirement of cattle depends on age, physiological stage (e.g., pregnancy or lactation), pathological 
status, and the quality of the protein supplied [24]. It is further influenced by the extent to which different feedstuffs 
supply essential nutrients needed for efficient, economical, and sustainable production [25]. The basic requirement 
of dietary protein is thus to supply adequate amounts of required amino acids in the correct ratio [24]. According to 
Ertl et al. [26], 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) [27]. 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 
[28]. The origin of the protein source (e.g., animal versus plant protein) and feed processing methods can also affect 
protein digestibility and bioavailability, influencing bioavailability. Animal protein compared to plant protein is 
considered to contain a better balance between essential amino acids and nonessential amino acids [26]. Plant pro-
teins, such as soybean meal, normally also contain antinutritional factors (e.g., trypsin inhibitor) that can impair 
protein digestibility and availability of amino acids [28]. It has been shown that feed processing methods including 
heating, re-roasting, and extrusion can inhibit antinutritional factors like trypsin inhibitor in soybean meal [29]. 
However, overheating makes amino acids unavailable due to a complex reaction with sugars (browning or Maillard 
reaction) [30]. 

As the fermentation process generally improves the digestibility of proteins [31], it was hypothesised that fer-
mented 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 [32-35]. Thus, bacterial fermenta-
tion increases available lysine concentration and nutritive value [36, 37]. Bacterial and yeast fermentations involv-
ing proteolytic activity are expected to increase the biological availability of essential amino acids and degrade 
carbohydrates and other unwanted substances [38]. 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 matrices are also partially degraded by 
microbial proteases, releasing some of the proteins from the matrix, thereby improving mineral bioavailability [39-
41]. Phytic acid, which binds minerals, is reduced, making them free and more available [42, 43]. Tannins bind 
minerals and reduce their bioavailability [44], but fermentation loosens the complex matrix that embeds minerals 
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[45]. Both phytase and α‐amylase loosen the matrix bonds by degrading phytate and starch, respectively [45]. More-
over, some fermenting microorganisms degrade fibre by loosening the food matrix [46]. Fermentation further im-
proves mineral bioavailability, as microbial metabolism generates organic acids, which then form soluble complexes 
with mineral compounds, preventing the formation of insoluble mineral-phytate complexes [43, 47]. The fermenta-
tion process also lowers the pH, and this increases iron absorption due to conversion of low-absorbable ferrous iron 
to the readily absorbable ferric iron [43, 45, 48]. 

1.2 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 [49, 50]. 

Lactose, commonly referred to as milk sugar, is the most important carbohydrate present in milk [51]. Lactose 
must be hydrolysed before it can be absorbed [52-54]. β-Galactosidase is responsible for lactose hydrolysis in the 
small intestine [55]. The secretion of β-galactosidase increases shortly after birth and declines with age, with a 
tenfold higher secretion in 8-week-old calves compared to adult ruminants [56-58]. Pre-ruminants can readily utilize 
glucose, galactose and lactose, but have a limited ability to utilize maltose and starches [52, 59, 60]. 

The building blocks of starch are glucose molecules, and if starch is broken down to oligosaccharides and disac-
charides, maltotriose and maltose are formed [61, 62]. 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 [63]. In the adult 
ruminant isomaltase activity is half that of maltase activity [56, 57, 63].  

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 [64]. Starch is also broken 
down in the large intestine by microbial activity [65]. Excessive intake of starch and any sugar, even lactose and 
glucose, can cause diarrhoea in pre-ruminant calves. There is agreement in the literature that the amount of glucose 
that can be absorbed from the small intestine of the pre-ruminant is limited [66-68]. As higher starch inclusion can 
be used to increase the carbohydrates in high starch milk replacers, maltase and isomaltase activity levels are im-
portant to determine the optimal age at which the transition can be made from a standard milk replacer to a high 
starch milk replacer. Maltase activity gradually increases, and in two-week-old calves the enzyme activity reaches 
half the level of activity of adult cattle [63, 69]. 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. 

1.3 Aims 

This study aimed to compare a conventional commercial milk replacer with a formulated milk replacer containing 
fermented plant protein included at 20% of the formulation basis. These milk replacers were further compared with 
a commercial high starch milk replacer and a high starch 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 of evaluating 
the effect of the different milk replacers on growth parameters, dry matter intake and feed efficiency of neonatal 
calves. 

2. 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 at the calf rearing unit of Livestock Wellness in George, which provided the 
milk replacers for the trial in collaboration with Nandrea Health Products. The four experimental groups for the trial 
were: 

• The first group, A, was fed a commercial milk replacer, and this group served as the control.  
• The second group, B, was fed a milk replacer containing fermented plant protein.  
• The third group, C, a high-starch milk replacer.  
• The fourth group, D, was fed a high starch 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 [70], the nutrient value of fermented protein was determined by per-
forming a proximate, fatty acid and amino acid analysis. The fermented protein was used as a raw material, and 
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these values were used during the formulation of iso-caloric and iso-nitrogenous milk replacers for the respective 
treatments (Table 2). 

Calves were placed in a 63-day trial and were weaned on day 63. During the trial, a regimen of three daily feedings 
of 2 L of milk replacer per feeding was provided. 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 was used, 
and the calves had ad lib access to it throughout the trial. A cumulative weekly starter intake was determined and 
reported by weighing feed offered and refusals. 

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 starch 
milk replacers were gradually transitioned from standard milk replacer to the high starch 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 such as amylase, maltase and isomaltase, maltase and iso-
maltase should have increased to such an extent that it is possible to successfully introduce the high starch milk 
replacers [71, 72]. Harmon [72] further highlights that the secretion and activity of amylase can be manipulated 
nutritionally can be manipulated nutritionally. During the current trial, this transition started with the inclusion of 
25% high starch milk replacer on day 11, and this was increased in fractions of 25%, reaching 100% on day 14. 

A standard vaccination program was followed. 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 starch inclusion and protein source. 
As a factorial design (Table 1) 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 dif-
ference was attributed to the main effect. Main effects as well as commercial milk replacers are shown in Table 1. 

Table 1. 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 starch (SS) inclusion levels A (n = 8) B (n = 8) 

Higher starch (HS) inclusion levels C (n = 8) D (n = 8) 

 
When interactions were observed, data were simultaneously interpreted. For the parameters tested, there were 

therefore three sets of null and alternative hypotheses.  
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 2. The protein content of the starter 
feed and milk samples was determined according to standard methods prescribed by AOAC [73] 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 it does not efficiently extract emulsified fats [74], the fat content in the milk 
replacers was determined by AssureCloud using a gravimetric method [75]. 

Table 2. The calculated starch percentage and the proximate analysis (dry matter basis) of the milk replacers and starter 
meal (SM) 

Milk replacer and 
Starter meal Starch (%) Nitrogen 

(g/kg) 
Crude Protein 

(g/kg) 
Crude Fat 

(g/kg) 
Metabolizable 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 

C 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 
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The crude protein values for the milk replacers ranged between 195.0 g/kg and 208.1 g/kg (Table 2), and the 
value for the starter meal was 154.4 g/kg. The values of the crude fat for the conventional milk replacers (A and B) 
ranged between 155.4 and 159.2 g/kg, and for the high starch 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 starch can be attributed to the higher 
starch content due to higher starch as the different milk replacers were formulated to be isocaloric 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 [76, 77]. 

3. Results and Discussion 
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 are discussed as it helps to elucidate the main effects. Significance was 
declared at differences of P ≤ 0.05 and tendencies at P ≤ 0.10. 

Table 3. The effect of protein type (standard protein: SP and fermented protein: FP) and starch inclusion level (standard 
starch inclusion: SS and higher starch inclusion: HS) in the milk replacer on growth performances of calves (All parameters 

were measured in kg or derivatives thereof) 

Parameter Treatment 
(LS Mean ± Standard deviation) P-value 

Protein SP FP  

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 

Starch SS HS  

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 

3.1 Protein Composition 

3.1.1 Results 
The initial weight at commencement of the trial was not different between SP and FP. However, at weaning (Day 
63), weights were significantly different, with SP having a significantly higher weight than FP.  

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. However, for the SP group, DMI of starter meal (SM) and therefore 
the total intake, was higher (P < 0.05) than for the FP group. This can be attributed to the levels of trypsin inhibitor 
and supports the findings of Nitsan and Nir [78]. 

The SP group showed a higher ADG than the FP group (P < 0.05). 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 [79], and since the SP group had a higher final body weight, DMI 
increased. The increased DMI resulted in greater nutrient intake, which ultimately contributed to the higher ADG 
observed in the SP group.  

Dry matter intake as a 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 was compensated for, 
and intake is directly comparable. Fermented protein had a lower (P < 0.05) DMI/BW % and this was ascribed to a 
reduction in appetite. 

The FCR for SP 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 have been sufficiently inhibited for use in milk replacers.  

This data suggest that FP as used in the current trial suppresses appetite in calves. 
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3.1.2 Discussion 
The FP was of interest since it has been reported that fermentation can improve digestibility of proteins [31], while 
also improving the bioavailability of essential amino acids and minerals [38, 43, 47]. According to Avilés-Gaxiola 
et al. [80], 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 [32, 35, 81, 82]. 

As lactic acid bacteria were used in the fermentation process, it was expected that this bacterial fermentation 
would denature the trypsin inhibitor [83, 84]. The FP was also pasteurised before being spray-dried during the 
production process to reduce the Lactobacillus concentration and mitigate the risk of pathogenic organisms. The 
pasteurization temperature was, however, possibly not high enough to degrade the antinutritional factors. Although 
fermentation was clearly successful, further analyses were performed to explain the contradiction to expectations. 
The inclusion of FP in the milk replacer did not translate into improved calf performance (Table 3). 

Lalles et al. [85] reported that a trypsin inhibitor content of below 4 mg/g protein resulted in an apparent digesti-
bility of more than 80% of soy protein, and it was expected that fermentation and spray-drying would ensure a 
similar digestibility. Further analysis (Hamlet Protein, Horsens, Denmark) of fermented protein showed this was 
not achieved, and the poor results may be associated with the observed trypsin inhibitor concentration of 9.2 mg/g 
protein. 

The two main seed storage proteins in soybean are glycinin and β-conglycinin [86] with a reported content of 32% 
and 23%, respectively [87]. In calves, levels of 14 and 12 mg/g of glycinin and β-conglycinin reduce the duration 
of the jejunal migrating motor complexes, causing a decrease in the mean duration of phase I (quiescence) [88]. It 
was therefore anticipated that the fermentation process of the soymeal, yielding 1.2 ppm (µg/g) β-conglycinin, 
would reduce this anti-nutrient to levels that allow the safe inclusion of FP in calf milk replacers. 

Trypsin inhibitor strongly inhibits the activity of key pancreatic enzymes trypsin and chymotrypsin, thereby re-
ducing digestion and absorption of dietary protein by the formation of complexes that are indigestible even in the 
presence of high amounts of digestive enzymes [80, 89].  

Fermentation is a processing method often used to degrade trypsin inhibitor, but the results of the current study 
have shown that, with the specific organism used, it did not decrease to the extent that FP could be included in pre-
ruminant milk replacers without affecting the calves. To effectively use FP in future calf milk replacers, the inhibi-
tion of trypsin inhibitor will have to be addressed. 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. [80]. 

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 FP produced in the current study 
was not suitable for use in pre-ruminants since the levels of trypsin inhibitor were higher than anticipated. This 
resulted in suboptimal 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 [85], it should not be included in 
milk replacer for neonatal calves. These results support the findings reported by Nisley et al. [90], but contrast with 
the findings of Kakade et al. [91], Ansia and Drackley [92]. Although it should be noted that in older calves, pepsin 
hydrolysis takes place during fermentation in the rumen [93], inactivating the antigenic capacity of anti-nutrients 
present in soya [94]. 

3.2 Starch Composition 

3.2.1 Results 
In this section, the main effect, standard level of starch (SS), is compared to the higher level of starch (HS) in milk 
replacers. The effect of starch in the milk replacer on growth parameters is shown in Table 3. 

The initial body weight of the animals at the commencement of the trial was not different between the SS and HS 
groups; therefore, neither treatment started with an advantage. No weight differences were observed on day 63, 
indicating that SS and HS did not influence body weight. 

As expected, milk replacer (MR) dry matter intake for SP and FP did not differ, since milk replacer intake was 
controlled. Starter meal (SM) intake was higher (P < 0.05) for HS than SS. This suggests that HS stimulates appetite. 
The increased starter meal intake stimulates rumen development [95], leading to a further increase in intake of 
starter meal. 

Although the average ADG of the HS group was numerically higher, it was not significant (Table 3). The 
DMI/BW % for HS was higher (P < 0.05) than for SS (Table 3). This can be attributed to the higher (P < 0.05) 
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starter meal intake of the HS group. As feed conversion efficiency is improved by milk replacers, which are enzy-
matically digested compared with starter meal, which is degraded by microorganisms in the rumen [96], the higher 
starter meal intake would result in a less favourable DMI/BW %. 

Since HS was associated with greater starter meal intake, it was expected that this would lead to improved effi-
ciency. However, FCR did not differ between the HS and SS groups (Table 3). Due to the higher (P < 0.05) dry 
matter intake of calves on HS, improved FCR was expected compared to calves fed SS since the higher intake of 
HS should have allowed for a bigger differential between maintenance and energy available for growth. It was 
further expected that this would be enhanced because of the improved rumen development. 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 metabolism [97] and any 
increase in dry matter intake also results in a decrease in feed utilization [98]. 

3.2.2 Discussion 
Pre-ruminants can readily utilize glucose, galactose and lactose, but have a limited ability to utilize maltose and 
starch [52, 59, 60]. However, maltose activity gradually increases, and in two-week-old calves the enzyme activity 
reaches half the level of activity of adult cattle [63, 69]. 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), 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 [95]. Suckling calves rely to a large degree on enzymatic digestion in the abomasum, 
but over time the importance of ruminal digestion through fermentation increases. 

The HS 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 devel-
opment. Although HS 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 [99]. As there would also be an increase in starter meal intake after weaning, no retardation in growth was 
observed and thus no wean shock, although calves on the SS started from a lower basis (Table 3). 

These results confirmed that milk replacer high in starch can be used and that growth performance is equal to that 
of a conventional milk replacer. This finding is in contrast with that of Huber et al. [100]. This can be explained by 
the fact that calves in their reported trials were started on high starch milk replacer between 3 and 4 days after birth. 
At that stage, the digestion of starch is inefficient as the secretion of enzymes such as isomaltose and maltose is 
inadequate [63]. In this trial, the transition to a high starch milk replacer started only on day 11, and this was in line 
with the findings of Krehbiel et al. [69] who reported that maltase activity at that age reached half of that of adult 
cattle. Bernard et al. [101] 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 starch, this might explain why adequate utilization occurred at an earlier age. 

4. Conclusion 

Milk replacers containing FP performed poorly due to high levels of trypsin inhibitor; therefore, unless FP is treated 
to reduce trypsin inhibitor concentrations to below 4 mg/g protein, it should not be included in milk replacer for 
neonatal calves. This study confirmed that milk replacer high in starch can be used and that growth performance is 
equal to that of conventional milk replacer. It was concluded that the feeding of high starch 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; further studies should be conducted to verify or disprove this. 
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