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Soybean meal combined with dried whey and plasma protein 
are the usual protein sources in diets for newly-weaned pigs. this 
experiment investigated whether yeast protein with added enzyme 
can replace plasma protein and dried whey in diets for newly-
weaned pigs. a total of 630 newly-weaned piglets (6.8 kg mean 
BW) were randomly allotted to three dietary treatments in a two-
phase feeding program from 0 to 21 days from weaning (Phase1), 
and 22 to 49 days from weaning (Phase 2). dietary treatments 1 
(control diet) in both phases contained low levels of soybean meal 
(18%), and high levels of dried whey (15% in phase 1, 10% in phase 
2), and plasma protein (5%). dietary treatments 2 in both phases 
contained high levels of soybean meal (25%), moderate levels of 
dried whey (5% in phase 1, 2.5% in phase 2), no plasma protein, 
and moderate levels of yeast protein (3% in phase 1, 2% in phase 
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2). lastly, dietary treatments 3 in both phases contained high levels 
of soybean meal (25%), no dried whey, no plasma protein, and high 
levels of yeast protein (4% in phase 1, 3% in phase 2). treatments 
2 and 3 were supplemented with a solid state fermentation (SSF) 
enzyme complex containing phytase, protease, amylase, cellulase, 
xylanase, and ß-glucanase as part of the alternative strategy being 
evaluated in this study. all experimental diets did not contain any 
antibiotics. Feed intake, total body weight gain, average daily gain 
(adG, g/d), feed conversion ratio (FCr, feed/gain), and survival 
rate were recorded and computed for each phase, as well as for 
the whole duration of the trial.  Fecal consistency was taken at 
days 7, 14 and 21, and recorded as fecal score. Percent of scouring 
piglets per pen at day 7 of the trial was also recorded and noted as 
scouring incidence. intestinal samples were taken at day 7 and day 
28 of the trial to measure duodenal villus height and crypt depth, 
and to calculate for villus-height-to-crypt-depth ratio (VCr). Feed 
intake, survival rate and fecal score at day 7 of pigs in treatment 
3 during phase 1 were found significantly different (P <0.05), but 
no difference in the other growth and scouring parameters were 
observed during phase 2 and over-all duration of the trial. only the 
crypt depth at day 7 of treatment 1 was different (P <0.05) among 
all intestinal morphology data taken. this study demonstrates that 
the combination of yeast protein and SSF enzyme complex can 
successfully replace plasma protein and whey powder as protein 
sources for newly-weaned pigs. this offers opportunities for cost 
savings when designing diets for newly-weaned pigs.

KEyWORDS: piglets, soybean meal, protein source, yeast protein, SSF 
enzyme, intestinal morphology

IntroduCtIon

SoyBEaN MEal iS the most important and widely-used protein 
source in the animal feed industry (FAO, 2004), but its high 
concentration in post-weaning diets has a detrimental effect on 
the newly-weaned pig’s small intestine, lowering its digestive 
capacity and causing post-weaning diarrhea (Dunford et al., 
1989). The usual strategy therefore is to combine milk products 
and plasma protein with soybean meal as protein sources in diets 
for newly-weaned pigs. 
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Milk products like dried skimmed milk and dried whey were 
found to improve growth performance of young pigs (Himmelberg 
et al., 1985; Lepine et al., 1991). Tokach et al. (1989) suggested 
that the improved performance of newly-weaned pigs fed a diet 
containing dried whey probably is the result of the presence of 
both the carbohydrate (lactose) and protein (lactalbumin) fractions 
present in whey. Lactalbumin has an excellent amino acid profile, a 
digestibility of 99%, biological value of 94% and protein efficiency 
ratio of 3.2 (Robinson, 1986). It was not clear however in the study 
of Tokach et al. (1989) which of these fractions contributed to the 
improved performance of newly-weaned pigs. Also, no additive 
effect was found when the lactose and lactalbumin were added 
together to the basal diet.

In 1992, Mahan showed that the lactose component of dried 
whey was the primary component that improved postweaning 
performance of pigs without negating the contribution of 
lactalbumin as an amino acid or protein source for the postweaning 
diet. Recent studies even suggested lactose levels of between 7 
to 20% in post weaning diets (Mahan et al., 2004; Cromwell et 
al., 2008). Aside from being the major carbohydrate source for 
the newly-weaned pig, these studies suggest that lactose may be 
important in maintaining a good intestinal environment for the 
pig by enhancing the growth of Lactobacillus spp. present in the 
stomach and intestinal tract of the pig at weaning.

Spray-dried plasma protein is also consistent in improving 
growth performance when added to newly-weaned pig diets 
(Hansen et al., 1993; Kats et al., 1994). Excellent palatability 
and high nutrient digestibility were among the reasons given 
in these earlier studies as to why plasma protein is a better 
protein source than soybean meal in diets of newly-weaned 
pigs. Recently, however, Pierce et al. (2005) was able to identify 
that the immunoglobulin G fraction of plasma protein is the one 
responsible for the enhanced pig performance that occurs when it 
is fed to newly-weaned pigs.

Intestinal morphology of newly-weaned pigs was used 
in several studies to explain the differences in their growth 
performance when fed diets containing different protein sources 
(Cera et al., 1988; Dunsford et al., 1989; Carlson et al., 2004). These 
studies showed that although morphological changes in the small 
intestine of newly-weaned pigs are inevitable consequences of 
weaning, providing a highly digestible post-weaning diet appears 
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to minimize these abrupt morphological changes, therefore 
improving the newly-weaned pig’s digestive capacity.

Nevertheless, the more important economic justification 
of any strategy to provide protein from alternative sources in 
post-weaning diets should always be investigated (Himmelberg 
et al., 1985). Faster growth rates and better feed conversion 
associated with including milk products and plasma protein in 
post-weaning diets vary in economic value and must be weighed 
against the additional cost of using these protein sources. Price of 
milk products, particularly dried whey, has been very unstable in 
recent years and many are now asking what their optimum levels 
in diets for newly-weaned pigs should really be (Mavromichalis, 
2006). The search for more economical strategies to provide 
protein in diets for newly-weaned pigs should therefore continue.

It was Carlson et al. (2004) who hinted that yeast protein may 
appeal as an alternative protein source for animal feed due to 
the growing restrictions to feeding of animal products and by-
products to livestock and poultry. First implemented in the EU 
(EC, 2002), emerging feed legislation worldwide has put added 
pressure on the search for alternative digestible protein sources 
for feed that are safe not only to animals, but to humans and to the 
environment as well.

A yeast protein, in particular yeast cell extract, was shown 
to be an effective alternative source of digestible protein for 
postweaning pig diets in the study by Maribo and Spring (2003). 
The yeast protein used in their experiment is manufactured from 
the cell contents of a specific strain of the yeast Saccharomyces 
cerevisae (D’souza & Frio, 2007). This same yeast protein has been 
found to be an effective substitute to soybean meal (Hunziker 
and Spring, 2002), fishmeal (Maribo, 2001), and plasma protein 
(Mahan & Tibbetts, 2000; Maribo & Spring, 2003; Carlson et al., 
2004; Halbrook et al., 2004; Maxwell et al., 2004) as a protein 
source in diets for newly-weaned pigs in several studies. 

Aside from being a rich source of digestible amino acids, 
yeast protein has other components that enhance its functional 
properties. These include glutamate, which gives it a distinct 
flavour and improves palatability; inositol, a vitamin that is a 
fundamental component of cell membranes; and nucleotides, 
which are important for immunity and maintaining gut integrity 
and health (D’souza & Frio, 2007). 
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objective of the Study

Considering the significant level of functional nutrients found 
in yeast protein and their positive effect on the gastro-intestinal 
microflora and feed palatability (Mateo et al., 2004), as well as its 
high amino acid digestibility (Mateo & Stein, 2007), it is interesting 
to find out if yeast protein can be used as partial or complete 
replacement for both plasma protein and dried whey. This study 
aims to evaluate alternative protein sources in diets for newly-
weaned pigs in terms of pig performance (e.g., growth rate, feed 
conversion, feed intake, survival rate, diarrhea incidence, and 
fecal score) and intestinal morphology.

time and Place of the Study

Feeding trial for this study was done at Camille Farm located in 
General Santos City, Southern Philippines from May to September 
2008.

Intestinal histopath slides were done at the Histopathology 
laboratory of the College of Veternary Medicine at the University 
of the Philippines Los Banos, Philippines. Digital imaging and 
villi structure measurements were done at the microscopy lab of 
the National Institute of Molecular Biology and Biotechnology at 
the University of the Philippines-Los Banos, Philippines.

mAterIAlS And methodS

animals

A total of 630 cross-bred (Large White-Landrace x PD), newly-
weaned piglets, with a mean weight of 6.8 kg, were randomly 
allotted to 18 equal groups. The 18 groups were then randomly 
allotted to 18 slotted nursery pens of similar sizes, which were also 
randomly allotted to three dietary treatments, with each treatment 
having six replicates. Each pen was therefore considered as one 
experimental unit.

Experimental Diets

Six experimental diets (Table 1) were formulated and fed in two 
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phases. The first three iso-caloric and iso-nitrogenous diets were 
fed for the first 21 days from weaning—called phase 1—while the 
next three iso-caloric and iso-nitrogenous diets were fed from 22 
to 49 days—referred to as phase 2. The control diet (Treatment 1) 
in both phases contained a low level of soybean meal, high level 
of dried whey, and plasma protein. Treatment 2 diets in both 
phases contained a high level of soybean meal, moderate level 
of dried whey, no plasma protein, and moderate level of yeast 
protein. Lastly, treatment 3 diets in both phases contained a high 
level of soybean meal, no dried whey, no plasma protein, and high 
level of yeast protein. All diets in both treatments 2 and 3 were 
supplemented with a solid state fermentation (SSF) produced 
enzyme complex containing phytase, protease, amylase, cellulase, 
xylanase, and β-glucanase (Alltech Biotechnology). Addition 
of this SSF enzyme product to treatments 2 and 3 diets was 
considered in order to reduce the anti-nutritive effects of higher 
soybean meal usage in these experimental diets and is part of the 
alternative strategy to be evaluated in this study. All experimental 
diets did not contain any antibiotics or in-feed medications.

Feeding and Management

All pigs were fed ad libitum through a line feeder positioned at 
the front of the pen.  Drinking water was provided to all pigs at all 
times through two drinking nipples in each pen. All vaccination 
and medication schedules and other management practices were 
applied similarly to all groups.

Performance data Collection

Total feed consumption per pen was recorded after each phase. 
Total initial and final body weights per pen were also recorded 
for each phase and for the whole trial, and total body weight 
gain per pen was then computed. Based on the feed consumption 
and weight gain data, average daily gain (ADG, g/d) and feed 
conversion ratio (FCR, feed/gain) were computed for each phase, 
as well as for the whole duration of the trial. The incidence, date 
and weight of all mortality were also recorded. Pigs that die 
before the end of each stage were not included in the computation 
of ADG. Their dead weights, however, were included in the 
computation of FCR.
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Fecal consistency at three randomly selected positions per pen 
was noted at days 7, 14 and 21, and recorded as fecal score. A fecal 
score of 1 was given to solid, 2 to soft but well-formed, 3 to soft 
and no form, and 4 to loose and watery scours. The average fecal 
score of the three randomly selected positions was considered the 
scouring score per pen. Percent of scouring piglets per pen at day 
7 of the trial was also recorded and noted as scouring incidence. 
Only pigs showing fecal score of 4 were considered scouring.

intestinal data

Intestinal morphology data of one randomly selected pig per 
pen was taken at day 7 and day 28 of the trial. These pigs were 
slaughtered and intestinal duodenal samples were collected 
following the procedure done by Carlson et al. (2004). Duodenal 
villus height and crypt depth of intestinal samples were measured 
using light microscopy and ImageJ Microscope Image processing 
(National Institute of Health, USA). Villus-height-to-crypt-depth 
ratio (VCR) was then calculated and recorded.

Statistical analysis

Treatment effects on total body weight, ADG, FCR, feed intake, 
survival rate, diarrhea incidence at day 7, fecal score at days 7, 14 
and 21, and intestinal morphology (duodenal villus height, crypt 
depth and villus-height-to-crypt-depth ratio) at day 7 and 28 were 
all determined using Analysis of Variance (ANOVA). Differences 
among mean performance were considered significant at P values 
<0.05. When mean performances are found significantly different, 
a t-test was conducted to determine which particular treatment 
mean differs from the others.

reSultS

Total body weight of pigs per pen at the end of phases 1 and 2 did 
not significantly differ among the three treatments (Table 2). The 
low P value at the end of phase 1 (0.13) is however noted and could 
be due to the very low mean performance of pigs in treatment 3 
(373.75 kg), which appears to be caused by high mortality among 
pigs in treatment 3.
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Similarly, average daily gain (ADG) among treatments did 
not significantly differ in phases 1, 2 and over-all. As in total body 
weight however, the P value at the end of phase 1 is notably low 
at 0.08, and could be again due to the very low mean performance 
of pigs in treatment 3 (172.27 g). It is interesting to see however, 
that the P value at the end of phase 2 is very high at 0.77. This 
indicates that all treatments performed almost similarly in phase 2 
in terms of ADG. In fact, pigs in treatment 3 compensated for their 
poor ADG in phase 1 and even outperformed pigs in treatment 2 
during phase 2.

Total feed intake of pigs in phase 1 was found to significantly 
differ among treatments. T-test showed that treatments 1 and 
2 were not significantly different from each other (both were 
A; i.e. homogeneous groups), but treatment 3 was significantly 
lower than treatments 1 and 2 (B; i.e. heterogeneous group). 
However, total feed intake among treatments in phase 2 showed 
no significant difference. Summing up the feed intake in phases 
1 and 2 (overall) did not also show any significant difference.

Feed conversion ratio (FCR) in phases 1, 2 and overall did not 
show significant differences among treatments. The high P value 
in all phases is in fact indicative of how similarly all treatments 
performed in terms of FCR.

Survival rate in phase 1 showed significant difference 
among treatments. T-test showed that treatments 1 and 2 were 
not significantly different (A and AB, respectively), while 
treatment 1 was significantly higher in survival rate than 
Treatment 3 (A and B, respectively). Treatments 2 and 3 were 
not significantly different as well (AB and B, respectively). 
Survival rate in phase 2 and overall showed no significant 
differences among treatments.

 Results of the fecal score and scouring incidence of pigs fed 
the three dietary treatments and the corresponding P values from 
the ANOVA (Table 3) showed fecal score at day 7 had significant 
difference among treatments. T-test showed that treatments 1 
and 2 were statistically the same (both were A), but treatment 3 
had a significant higher fecal score (B) than treatments 1 and 2. 
Fecal scores at day 14 and 21 did not significantly differ among 
treatments.

Scouring incidence at day 7 did not show significant difference. 
No incidence of scouring was observed at day 14 and 21.
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taBlE 3. Fecal score and scouring incidence of pigs fed different dietary treatmentsa, d

 Treatment 1 Treatment 2 Treatment 3 P valueb

Fecal scorec at day 7 2.44 A 2.44 A 3.00 B 0.01
Fecal score at day 14 1.72 1.83 1.94 0.19
Fecal score at day 21 1.50 1.78 1.61 0.11
Scouring incidence at day 7, % 3.33 3.33 6.19 0.20

a A total of 162 randomly selected sites for fecal score were noted at 7th, 14th and 21st days 
of the trial (3 sites per replicate, 6 replicates per treatment).
b Data were analyzed using ANOVA with 2 factors, where 1 factor is the replicate 
(considered as blocking factor) and the other is the treatment.
c Fecal score: 1 – solid, 2 – soft but well-formed, 3 – soft and no form, 4 – loose and watery
d Only pigs showing fecal score of 4 were considered scouring.

The intestinal morphology of pigs fed the three dietary 
treatments (Table 4) indicated that on day 7, duodenal villus height 
(VH) for all treatments did not significantly differ. However, 
crypt depth (CD) showed significant difference. T-test showed 
that treatment 1 was significantly greater than treatment 2 (A and 
B, respectively), while treatments 1 and 3 were not significantly 
different (A and AB, respectively). Treatments 2 and 3 were also 
not significantly different from each other (B and AB, respectively). 
No significant difference was observed for duodenal villus height 
to crypt depth ratio (VH:CD) among all the treatments.

On day 28, no dietary treatment differences were observed for 
duodenal morphology.

taBlE 4.  Duodenal morphology of pigs at days 7 and 28 fed different dietary treatmentsa

 Treatment 1 Treatment 2 Treatment 3 P valueb

Day 7
   Villus height, μ 295.58 284.77 289.99 0.89
   Crypt depth,  μ 218.94 A 182.14 B 189.13 AB 0.03
   Villus height to crypt depth ratio 1.37 1.55 1.54 0.25

Day 28
   Villus height, μ 617.58 595.48 620.86 0.89
   Crypt depth,  μ 426.58 374.53 451.41 0.51
   Villus height to crypt depth ratio 1.51 1.6 1.44 0.60

a A total of 36 pigs were randomly euthanized at day 7 and day 28 of the trial (one pig per 
replicate and 6 replicates per treatment).  
b Data were analyzed using ANOVA with 2 factors, where 1 factor is the replicate 
(considered as blocking factor) and the other is the treatment.
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dISCuSSIon

Pig Performance

The absence of milk products like whey powder in diets for young 
pigs did not compromise ADG and FCR of newly-weaned pigs 
in this study. Although pigs in treatment 3, which fed on diets 
containing no whey powder, had the lowest ADG in phase 1, it 
was not significantly low and the same pigs recovered in phase 2 
and caught up with pigs in treatment 2, which fed on diets with 
a moderate level of whey powder. The observations of Tokach 
et al. (1989), Lepine et al. (1991), Mahan (1992) and Mahan et al. 
(2004) that increasing the level of dried whey in diets of newly-
weaned pigs improved weight gain and feed conversion were not 
observed in this study. Mahan (1992) concluded that the lactose 
component of dried whey was the primary component that 
improved postweaning performance of pigs but Nessmith et al. 
(1997) observed inconsistent response of newly-weaned pigs fed 
increasing levels of lactose.

The absence of spray-dried plasma protein was also not a 
limiting factor in the growth and FCR performance of newly-
weaned pigs in this study. Pigs in treatment 1, which were the 
only ones fed a diet containing spray-dried plasma protein, did 
not grow significantly faster nor had better FCR than pigs fed 
the other dietary treatments. The improved growth and feed 
conversion observed by Hansen et al. (1993) and Kats et al. (1994) 
when spray-dried plasma protein was added to newly-weaned 
pig diets were not observed in this study.

Total feed intake of pigs in treatment 3 was significantly lowest 
but only in phase 1. This is probably due to the significantly lower 
survival rate of pigs in treatment 3 and may not be related to the 
dietary treatments. Total feed intake per pen was recorded in 
this trial and was not converted to average feed intake per pig. 
Feed intake per pen would be reduced when mortality is high in 
that pen. During phase 2, however, no significant difference in 
total feed intake was observed among treatments, at which time, 
no significant difference in survival rate was likewise observed. 
Furthermore, most of the mortality among pigs on treatment 3 
was mainly due to systemic infections, like Pneumonia, and 
were not due to starvation and diarrhea, which is not in any 
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way related to feed. The insignificant difference in scouring 
incidence among treatments at day 7 is proof of this. This study 
was done in a commercial farrow-to-finish farm which cannot be 
considered disease-free. The significantly higher fecal score of 
pigs in treatment 3 taken at day 7 could be bacterial in nature. 
The insignificant difference in fecal scores taken later at days 14 
and 21 of phase 1 is a sign that pigs in the same treatment have 
already recovered from any infection. All dietary treatments in 
this study contained no in-feed antibiotic medication in all dietary 
treatments except for 1 kg of Zinc Oxide per ton.

Dunsford in 1989 demonstrated the detrimental effects of 
feeding a high concentration of soybean meal in post-weaning 
diets but this same effect was not observed in this study.  Although 
soybean meal inclusion in the experimental diets used in this study 
was not as high as what Dunford (1989) used, no negative effects 
on ADG and FCR was observed when soybean meal inclusion in 
treatment 1 was increased by almost 40% in treatments 2 and 3. 
The higher level of soybean meal could not also be related to the 
significantly lower feed intake and survival rate, and significantly 
higher fecal score in treatment 3 during day 7 of phase 1 because 
both treatments 2 and 3 have identical levels of soybean meal. The 
supplementation of dietary treatments 2 and 3 with a solid state 
fermentation (SSF) enzyme complex has probably improved the 
digestibility of these diets by reducing the anti-nutritive effects of 
soybean meal. This same conclusion was made by Park et al. in 
2004 when he and his co-workers observed that the addition of a 
SSF phytase complex to low P, barley-soybean meal based diets 
improved energy and nitrogen digestibility by growing pigs. 
Furthermore, the improved ADG of pigs in treatment 3 during 
phase 2 supports the observation made by Friesen et al. (1993) 
that the newly-weaned pig will eventualy develop tolerance to 
the antigenistic effects of soy protein when fed a high-nutrient-
density diet containing more than 20% soybean meal.

The yeast protein included in dietary treatments 2 and 3 
appears to be effective in replacing spray-dried plasma protein 
which was included in dietary treatment 1. This observation 
supports the conclusions made in earlier studies using the same 
yeast protein (Mahan & Tibbetts, 2000; Maribo & Spring, 2003; 
Carlson et al., 2005; Halbrook et al., 2004; Maxwell et al., 2004).

The low level of whey powder in dietary treatment 2 and 
its absence in dietary treatment 3 also appears to be effectively 
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replaced by the inclusion of yeast protein in both diets. The 
significant level of functional nutrients found in yeast protein, 
as well as its high amino acid digestibility could be promoting 
growth in the young pig in the same way the protein fraction 
of whey powder was observed by Lepine et al. (1991) to be 
stimulating growth in newly-weaned pigs. The phytase, amylase, 
cellulase, xylanase, and β-glucanase present in the SSF enzyme 
complex supplemented to treatments 2 and 3 may have also 
released energy from corresponding substrates found in the diets 
to compensate for the apparent decrease in energy attributed to 
the decreasing lactose level. This is possible, according to Rutz 
and Rigolin (2008), who cited several trials in broilers and at least 
two trials in swine showing the ability of SSF enzyme complex to 
release energy as much as 200kcal/kg metabolizable energy in the 
feed.  The growth and feed conversion performance of pigs in this 
study therefore shows that the combination of yeast protein and 
SSF enzyme complex is an effective replacement to whey powder 
in diets for newly-weaned pigs. However, this trial could not 
identify which particular functional nutrient in yeast protein, and 
which enzyme activity present in the SSF enzyme complex were 
responsible for replacing the nutritional contributions of whey 
powder in diets of newly-weaned pigs.

intestinal Morphology

The immediate morphological responses in the pig’s small intestine 
brought about by low feed intake immediately after weaning 
as described by Cera et al. (1988) could not be demonstrated 
in this study due to the lack of intestinal samples from pigs 
immediately after weaning. However, the generally shorter VH 
in the duodenum of pigs at day 7 compared to that of pigs at day 
28 is enough to show that the same period of intestinal atrophy 
characterized by the shortening of the villi has occurred among 
pigs in this study and supports the observation of other studies 
done previously (Cera et al., 1988; Dunsford et al., 1989; Marion et 
al., 2002; Carlson et al., 2005).

The insignificant difference observed in VH of duodenal 
samples from among the three treatments at both 7 and 28 days 
suggests that no difference in digestive capacity existed among 
pigs fed the three dietary treatments. This is further proof that 
the significantly higher fecal score at day 7 in treatment 3 is not 
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nutritional in nature and was not brought about by poor nutrient 
digestion and absorption. This is contrary to the findings of 
Dunsford et al. (1989) who observed that high levels of soybean 
meal in the diet of newly-weaned pigs resulted in shorter VH 
suggesting lower digestive capacity. The presence of the SSF 
enzyme complex in dietary treatments 2 and 3 could again be 
responsible for minimizing the detrimental effects (on villi) of 
the higher soybean meal inclusion in these diets. This could be 
the same reason for the insignificant difference in ADG and FCR 
performance observed among treatments.

Increased CD is indicative of less mature enterocytes on the 
villus, which would be expected to have lower digestive capacity. 
Dunsford et al. (1989) observed this among pigs fed high levels of 
soybean meal post-weaning. This study also found a significant 
difference in duodenal CD among treatments at day 7, but had 
opposite findings from that of Dunsford et al. (1989).  Treatment 1 
was found to have significantly greater CD than treatment 2, and 
while not significant, treatment 1 also had greater CD than treatment 
3. This is indicative of better digestive capacity in the duodenum 
of pigs in treatments 2 and 3. Not only is the detrimental effect 
(on villi) of higher soybean level in treatments 2 and 3 missing, 
but also that something common in treatments 2 and 3 (but not 
in treatment 1) is fueling villus crypt hyperplasia and promoting 
villus re-growth. Although no significant difference was observed 
on day 7 for duodenal VH:CD ratio among all the treatments (P 
= 0.25), it is interesting to note that VH:CD ratios in treatments 
2 and 3 are almost identical and higher than in treatment 1. A 
higher VH:CD ratio suggests crypt hyperplasia and increasing 
villous length which are signs of recovery from atrophy (Pluske et 
al., 1997). The higher duodenal VH:CD ratio in all treatments and 
the absence of observed significant differences for total duodenal 
morphology on day 28 is a sign that by that time all the pigs in 
this study have recovered from intestinal atrophy brought about 
by weaning.

Several factors could be contributing to duodenal regeneration 
after weaning. Glutamine, an abundant free amino acid in the 
plasma of animals (Wu et al., 1994) and an essential precursor for 
the synthesis of proteins, purine and pyrimidine nucleotides and 
amino sugars (Krebs, 1980) was reported to be a major fuel for 
pig enterocytes (Wu et al., 1995), as well as an essential nutrient 
for the proliferation of intestinal intraepithelial lymphocytes (Wu, 
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1996). However, a study by Wu et al. (1996) showed that glutamine 
supplementation to post-weaning diets did not affect duodenal 
villus height nor crypt depth at 7 and 14 days post-weaning.

Another factor that could contribute to duodenal growth is 
the presence of nucleotides. Nucleotides are the building blocks 
for nucleic acids (i.e., DNA and RNA). Nucleotide requirement 
is therefore increased among rapidly dividing cells and tissues 
where increased DNA replication and RNA synthesis occur 
(Mateo & Stein, 2004). Dietary nucleotide supplementation is 
therefore associated with enhanced growth and maturation of 
intestinal epithelial cells. A previous study by Mateo et al. (2005) 
however, did not show that a diet supplemented with nucleotides 
in amounts similar to that found in sow’s milk could increase 
duodenal villus height and decrease duodenal crypt depth at day 
14 and 28 post-weaning.  The study by Carlson et al. (2004) also 
did not see significant differences in doudenal crypt depths in 
nucleotide-containing yeast protein supplemented post-weaning 
diets.

This study contradicts both studies of Mateo et al. (2005) and 
Carlson et al. (2005) in the aspect of intestinal morphology by 
showing that nucleotide-containing yeast protein can decrease 
duodenal crypt depth and promote duodenal regeneration. This 
study demonstrates that nucleotides can promote regeneration 
of intestinal epithelial cells in the duodenum thereby improving 
digestive and absorptive capacity in the proximal small intestine 
of pigs.

Marion et al. (2002) reported clear evidence that changes in 
villous height after weaning are largely dependent on the amount 
of energy intake. This is supported by previous studies made by 
Kelly et al. (1991) and Pluske et al. (1996) that showed that low 
feed intake immediately post-weaning was a cause of villous 
atrophy. Energy released from substrates in SSF enzyme complex 
supplemented dietary treatments 2 and 3 could have been a source 
of digestible energy that fueled duodenal regeneration.

ImPlICAtIonS

Pig performance in this study demostrated that the combination 
of yeast protein and SSF enzyme complex succesfully replaced 
plasma protein and whey powder as digestible protein sources for 
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newly-weaned pigs, contrary to previous studies. Furthermore, 
higher levels of soybean meal in post-weaning diets in this study 
did not limit growth rate and feed conversion efficiency when fed 
in combination with yeast protein and SSF enzyme complex. This 
opens up opportunities for cost savings when designing diets for 
newly-weaned pigs.

The duodenum is the major site for intestinal digestion and 
absorption. Demonstrating the positive effects of nucleotide-
containing yeast protein and SSF enzyme complex in improving 
the morphology of the proximal intestine of pigs reveals the 
possibility of directly intervening in the morphological response 
of the newly-weaned pig’s intestine to low feed intake and stress.  
This can reduce the costly effects of post-weaning lag so common 
in commercial pig farms worldwide.
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