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ABSTRACT

The present study was conducted to evaluate the feeding effect of diet composed of microparticle
protein added with lime juice as an acidifier on immune status and efficiency of protein utilization
in relation to the growth of broiler chicken. Dietary treatments tested were P1 was diet with 20%
intact protein and CaCO, as a Ca source, P2 was diet with 20% microparticle protein and eggshell
as a Ca source added with 1.2% lime juice, and P3 was diet with 20% microparticle protein and
eggshell as a Ca source added with 2.4% lime juice. Variables measured were protein and amino
acids digestibility, retentions of N and Ca, fecal N"™-methyl histidine (N*-MH) excretion as a protein
turnover index, lymphoid organs, heterophil and lymphocyte (H/L) ratio, immunoglobulin A (IgA) as
a body resistance indicator, feed consumption, body weight gain (BWG), and feed conversion ratio
(FCR). The experiment was arranged in a completely randomized design with 3 treatments and 8
replications. Data were subjected to analysis of variance and Duncan test at 5% probability. Protein
and amino acid digestibility, N, and Ca retentions were significantly (p<0.05) higher in P2 and P3.
However, the H/L ratio was significantly (p<0.05) lower in both treatments compared to P1. Bursa
fabricius and lymph weights were not difference, but BWG in P2 significantly (p<0.05) increased. In
conclusion, protein and some essential amino acids digestibility, N and Ca retentions, IgA, and BWG
increase with the decrease in H/L ratio, fecal NT-MH, feed consumption, and FCR in broiler fed diet

composed of microparticle protein source with additional 1.2 mL acidifier of lime juice.
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INTRODUCTION

Protein sources as the main component for poultry
feed are usually derived from a combination of fish-
meal and soybean meal. Both ingredients are an ideal
combination due to their complementary effects for the
fulfillment of protein or amino acid requirements. The
amount and quality of protein sources are the main
limiting factors that determine poultry performance,
especially broiler. Protein and Ca supply, for meat and
bone growth, respectively, are important nutrients to
support broiler productivity. Increasing protein utiliza-
tion efficiencies can be achieved by maintaining nutrient
absorption still in an adequate amount and does not
interfere with productivity. Processing protein source
ingredients to be in micro size, called microparticle
protein, is one method that can be applied to increase
the efficiency of protein utilization. The previous study
indicated that protein digestibility and N retention
increased in broiler force-fed microparticle protein
derived from fishmeal and soybean meal (Suthama &
Wibawa, 2018).

Feeding feed additives in the poultry industry for
the purposes of improving productivity has been in-
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creasingly popular in the last few decades (Dhama et al.,
2014; Al-Jaf et al., 2019). Increasing the efficiency of pro-
tein utilization in particular and feed utilization in gen-
eral plays a key role in the broiler industry for economi-
cal meat producers. Nowadays, the efficiency of meat
production and food safety of poultry products for hu-
mans become a main trend of consideration. Antibiotic
in the past decade was massively used either for disease
control or improving the performances of poultry pro-
duction. Some investigators previously reported that
poultry farmers from small scale to large farm used anti-
biotic as a growth promoter and also for disease control
(Mehdi et al., 2018; Salim et al., 2018). Continuous feed-
ing antibiotics for a long time emphasizes the attention
on side effects such as gaining residue in the product,
raising a resistance of certain bacteria in the host animal,
as well as harmful effects for the consumers. The safety
of broiler meat called “clean product” becomes the main
highlight due to the use of antibiotic growth promoters.
The various natures of antibiotic use in animal feed
potentially affect human health (Landers et al., 2012).
Therefore, the use of antibiotics in feed and feeding pro-
grams for poultry in Indonesia has been banned since 1
January 2018 (Sivaraman & Parady, 2018), even in the
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European Union, it has been much earlier prohibited,
since 1 January 2006 (Castanon, 2007).

At present, dietary supplementation of organic-feed
additives with low price and consumer-health friendly
has begun to be widely used as an alternative to antibi-
otic. Source of acidifier naturally available such as lime
is easy to obtain and can be simply applied. Lime juice
contains citric acid as one component of organic acids
improved nutrient utilization, especially protein and
Ca (Jamilah ef al., 2013), which can also be correlated
with the increased villi growth of broiler given synthetic
citric acid (Abdelrazek et al., 2016). Feed supplemented
with organic-acids feed additive could change pH and
morphology of gastrointestinal tract and had a positive
effect on the health and performances of poultry (Yang
et al., 2009). Positive interaction between protein and Ca
microparticle mediated by acidifier of lime juice will be
efficient and effective for the production of the broiler.
The change in the intestinal pH has been reported to
increase the total and activity of beneficial bacteria such
as lactic acid bacteria (BAL), and in contrast, decreased
Escherichia coli growth in broiler given prebiotic inulin
(Krismiyanto et al., 2014). The better microbial balance
has positive impacts on gastrointestinal health, im-
proves nutrients utilization, and increases productivity.
It is well known that Ca is highly absorbed in an acidic
condition and is bound with protein in a binding form
called calcium-binding protein (CaBP). Protein and Ca
are “always together” during the process of absorption,
but the relation to the single test of either fishmeal or
soybean meal indicated no dramatic change in Ca reten-
tion even though the protein digestibility was increased
(Suthama & Wibawa, 2018). It is assumed that this
condition can be related to the sub-optimal availability
of Ca in both ingredients. Therefore, continuing research
is important and required using a complete feed com-
posed of microparticle protein and sufficient Ca derived
from eggshell added with acidifier.

Sources of microparticle protein and organic
dietary Ca can be a basic requirement for formulating
renewable poultry feed. The particle size of feed could
maximize nutrients utilization, improve growth, and
prevent the birds from intestinal diseases due to the
effect of pathogenic bacteria (Pan & Yu, 2014). Some
special experiments concerning unprocessed dietary
protein (intact protein) have been previously conducted
with various additives. There were some dietary supple-
mentations have been conducted in the broiler, such as
acidifier of lime juice (Jamilah et al., 2013), apple vinegar
and ginger root (Hayajneh, 2019), and a combination of
ginger and turmeric extract added with Lactobacillus sp.
(Risdianto ef al., 2019). However, research concerning
a combination of microparticle protein and organic Ca
of eggshell with the addition of lime juice as an acidi-
fier has never been conducted. The size of feed particles
exerts various advantages for production in poultry
through the development of the gastrointestinal tract
that eventually improves nutrients utilization to sup-
port better performances (Amerah et al., 2008; Pacheco et
al., 2013; Rubio ef al., 2020). The reduced particle size is
closely related to the intensive accessibility of digestive
enzymes to nutrients resulting in the increased feed di-

gestibility (Jambrak et al., 2014; Huang & Stein, 2016). As
it has been previously described that the high growth
rates of broilers have to be supported by appropriate
bone growth that needs adequate Ca supply. Therefore,
the present study was conducted to evaluate feed com-
posed of microparticle protein sources and organic Ca
derived from eggshell on body resistance and protein
deposition in relation to the growth of broiler.

MATERIALS AND METHODS

The experimental protocol used in the present
study was approved by the Institutional Research
Project under the supervision and inspection of
the Institute of Research and Community Services,
Diponegoro  University —number  101-65/UN7.6.1/
PP/2020, and was reinforced with the rule of the
Republic of Indonesia’s law number 41, 2014 concerning
animal management and health.

Experimental Animal and Feed

One hundred and ninety two birds of 14-day old
broiler chicken with an average initial body weight of
271433 g were used as experimental animals, and eight
birds for endogenous correction. The adaptation period
was provided for two weeks, which was divided into 2
steps. The first 6 days was fully given commercial feed,
and the rest day (8 days) was fed a combination of com-
mercial and experimental diets. The combination was
gradually changed with the ratio of commercial and
experimental feed was 75% and 25%, 50% and 50%, 25%,
and 75%, and the last 100% experimental feed. Each
ratio was provided within 2 days interval, respectively.
The adaptation period was terminated when it reached
100% experimental diet prior to the feeding trial on day
14. The birds were allocated to 3 treatments group and
provided an experimental diet until 6-weeks old. Half
of the chickens (72 birds), at the last week of the experi-
ment, were separated and moved to the individual cage
(battery) for blood sampling and excreta collection
(digestibility trial). Dietary treatments were formulated
with the same protein and energy contents of 20% and
2963 kcal/kg in average, respectively (Table 1). The birds
were given dietary treatments in pelleted form ad libitum
and free access to drinking water.

Protein source ingredients, fishmeal and soybean
meal, were processed to be microparticle based on the
method of ultrasonic bath treatment using ultrasound
transducer as was reported elsewhere (Suthama &
Wibawa, 2018). Intact fish meal and soybean meal were
ground and then dissolved in distilled water (1:4, w/v).
Two mL of virgin coconut oil was added for the respec-
tive of 500 mL solution prior to be run for 60 min in
the ultrasound transducer (Power Sonic 405, Hwashin
Technology Co., Korea). Sound wave was transferred
from the transducer that can radiate to the liquid at
40Hz was the principal work of ultrasonic bath treat-
ment to obtain microparticle.

A natural source of acidifier was prepared by cut-
ting the clean washed lime fruits into two transverse
sections. The content of lime fruits was then manually
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squeezed to expel the juice. The liquid squeezed from
lime fruits was filtered to remove the possibility of con-
taining seeds or other particles to obtain juice ready to
use. Calcium organic was prepared from eggshell in the
form of powder with a simple procedure of grinding,
and then it was sieved to find a particle size of 60 mesh
on average.

Treatments and Variables Measurement

There were three dietary treatments tested in the
present study. First, a diet with 20% intact protein and
CaCO, as Ca source (P1). Second, a diet with 20% mic-
roparticle protein and eggshell as Ca source added with
1.2% lime juice (P2). Third, a diet with 20% microparticle
protein and eggshell as Ca source added with 2.4% lime
juice (P3). Lime juice was mixed with a small portion
(30 g) of experimental feed, and it was served in the
morning to ensure the birds can completely consume
according to treatment level. Another portion of feed
without lime juice was given thereafter to fulfill the
daily requirement.

Retentions of dietary Nitrogen (N) and Calcium
(Ca) were determined simultaneously together using
a combination method of total collection and indica-
tor (Fe203) marked feed. Determination of amino acid

Table 1. Composition and nutrition content of experimental

feed?
i Dietary treatments
Ingredient (%) 1 ) 3

Yellow corn 51.0 51.0 51.0
Rice bran 14.6 14.5 14.5
Intact fishmeal 9.6 - -
Microparticle fishmeal - 9.6 9.6
Intact soybean meal 24.0 - -
Microparticle soybean meal - 24.0 24.0
Egg shell - 0.6 0.6
CaCO;s 0.5 - -
Premix 0.3 0.3 0.3
Total + lime juice (%) 100 100+1.2  100+2.4
Nutrition content

Metabolizable energy?®

(keal/kg) 8y 2942 2928 2,892

Protein 20.54 20.36 20.02

Ether extract 4.06 4.08 4.00

Crude fiber 5.43 5.43 5.37

Ash 6.29 6.33 6.21

Calcium 1.32 14 1.38

Phosphorus 0.78 0.81 0.80

Note: P1=Feed composed of intact fish meal and soybean meal without

Ca of egg shell; P2= Feed composed of microparticle protein of
fish meal and soybean meal, and Ca of egg shell + 1.2% acidifier
of lime juice; P3= Feed composed of microparticle protein of fish
meal and soybean meal, and Ca of egg shell + 2.4% acidifier of
lime juice.
DDetermined value at the Laboratory of Animal Nutrition and Feed
Science Faculty of Animal and Agricultural Sciences, Diponegoro
University; ?Nutrients content was adjusted to be 100% unit; ¥1%
was equal to 1 mL lime juice per 100 g feed; “Calculated value
based on the formula of Sibbald & Wolynetz (1985).
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digestibility was specifically performed according to
the method of Ravindran ef al. (1999). Immune status
based on blood concentrations of immunoglobulin A
(IgA) was measured with a slightly modified method of
Merino-Guzman et al. (2016) using ELISA Kit (Kamiya
Biomedical Company, Japan), and corticosterone (CTC)
hormone was measured based on the method of Weimer
et al. (2018). Performances including body weight gain
(BWG), feed consumption, and feed conversion ratio
(FCR) were measured as reported elsewhere (Yuanita
et al., 2019). Determination of fecal N—methylhistidine
(N-MH) excretion was performed according to the
previous report (Suthama et al., 2006). This intermediary
product of amino acid breakdown was an indicator of
the rate of muscle protein degradation that could be a
very important determinant for protein deposition.

Experimental Design and Statistical Analysis

The present study was arranged in a completely
randomized design with three treatments, based on
experimental diets tested, and eight replications. Eight
birds were kept in the respective replication. Analysis of
variance was applied to evaluate the effect of treatments
and continued to Duncan multiple range tests at 5%
probability (Steel & Torrie, 1991).

RESULTS
Nutrients Digestibility and Retention

Protein digestibility, retentions of nitrogen and
calcium were significantly (p<0.05) higher when given
a diet composed of microparticle protein derived from
fishmeal and soybean meal that was added with either
1.2 mL (P2) or 2.4 mL (P3) lime juice as compared to
control (P1) (Table 2). Digestibility of some essential
amino acids such as arginine, lysine, and methionine,
were significantly improved by both treatments of P2
and P3, except tryptophan and valine were the same for
all treatments.

Immune Status and Growth Performance

The weights of lymphoid organs (bursa fabricius
and lymph) were not affected by the treatments.
However, H/L ratio and fecal N'-MH excretion were
significantly (p<0.05) decreased by feeding diet com-
posed of microparticle protein of fishmeal and soybean
meal added with 1.2 mL (P2) as well as 2.4 mL (P3)
acidifier of lime juice (Table 3). Blood IgA concentration
and BWG increased due to feeding dietary treatments
of P2 and P3, but feed consumption and FCR were sig-
nificantly (p<0.05) decreased by both treatments (P2 and
P3).

DISCUSSION
Nutrients Digestibility and Retention

The increased digestibility of protein and N reten-
tion was closely related with Ca retention as a “combin-
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ing effect” of the use of protein microparticle and organ-
ic Ca. Protein utilization efficiency can be improved by
processing protein source ingredients become protein
with micro in size and added with acidifier of lime
juice (Table 2). The improved protein digestibility and
N retention were previously proved in broiler chicken
given pelleted microparticle protein derived from either
fishmeal or soybean meal (Suthama & Wibawa, 2018).
Protein and especially Ca be much more absorbed
when supported by the conducive intestinal condition.
Acidifier of lime juice was able to condition the gastro-
intestinal tract to be in an acidic state. Since calcium
absorption was determined by the absorbed protein and
solubility differences (Driver et al., 2005), thus, Ca ab-
sorption seemed to depend on the existence of saturable
and non-saturable pathways under the regulatory effect
of vitamin D status (Fleet & Schoch, 2010).

Table 2. Protein and amino acid digestibility, nitrogen (N), and
calcium (Ca) retentions of broiler chicken

Dietary treatments

Variables
P1 P2 P3

Protein digestibility (%) 80.6+8.1>  83.3+8.4>  83.1+7.82
N retention (%) 59.4+5.0>  64.2+6.12  63.8+6.82
Ca retention (%) 53.1+4.6> 57.9£5.32  56.7+5.62
Amino acid digestibility

Arginine (%) 80.9+7.9>  84.6+7.5¢  84.2+7.82

Isoleucine (%) 79.7+7.5>  82.9+8.02  80.8+8.1

Leucine (%) 80.5+7.7>  85.848.6  83.1+7.4%

Lysine (%) 82.4+7.1>  87.1+7.92  86.3+7.92

Methionine (%) 65.5£6.2>  70.3+6.92  69.7+6.42

Phenylalanine (%) 81.3+7.8" 83.3+8.82  79.8+7.1°

Tryptophan (%) 80.7+8.3  81.6£7.8  80.0+7.3

Valine (%) 77470  79.1+6.8  785+7.2

Note: P1=Feed composed of intact fish meal and soybean meal without
Ca of egg shell; P2= Feed composed of microparticle protein of
fish meal and soybean meal, and Ca of egg shell + 1.2% acidifier
of lime juice; P3= Feed composed of microparticle protein of fish
meal and soybean meal, and Ca of egg shell + 2.4% acidifier of
lime juice. Means in the same row with different superscripts dif-
fer significantly (p<0.05).

The acidic condition of each intestinal segment is
different that can affect the rate of Ca utilization. For ex-
ample, Ca solubility is less than 20% in ileum due to pH
ranging from neutral to alkaline. In the form of calcium-
binding protein (CaBP), both nutrients, protein, and Ca
were possible to be absorbed in a lower pH condition
due to lime juice addition. As a comparison, it was
reported that the addition of organic acids to the intact
dietary protein improved intestinal morphology (Adil
et al., 2010; Nourmohammadi & Afzali, 2013), decreased
pH, increased body resistance, and protein deposition
(Jamilah ef al., 2013), improved nutrient digestibility
and performance of broiler (Ndelekwute ef al., 2018) and
Pelung chicken (Mangisah et al., 2016). Protein in the
form of micro in size (microparticle) and Ca of eggshell
can guarantee a higher protein availability and Ca solu-
bility, respectively, and thus, forming a higher number
of CaBP that can further be absorbed and utilized to
increase production performance of broiler. Although
CaBP was not measured in this study, it has been previ-
ously stated that Caion has undergone the process of
adaptation to the dietary protein under the control of
digestive enzymes (Ren et al., 2012).

It has been previously discussed that the increased
protein and lysine digestibility due to the feeding effect
of the microparticle protein diet added with acidifier of
lime juice (Table 2) could be correlated with the higher
number of CaBP in general, and calcium-binding lysine
in particular. The higher Ca binding formation with
protein or lysine in the intestinal lumen is an indication
of the more protein and Ca that can be absorbed and
distributed to the target cell in the body. The increased
tibia ash content and the improved body weight gain
due to the higher Ca retention and protein digestibil-
ity, respectively, were along with the increasing level of
dietary protein and Ca availability (Driver et al., 2005).
There was an interactive effect of dietary protein and Ca
levels on Ca and Nitrogen metabolisms as indicated by
the growth of tibia bone (Ziaei et al., 2011). A previous
study supported that partially added Ca to the diet con-
taining lower Ca with 19% protein positively impacted
protein digestibility (Wilkinson et al., 2014). Moreover,
feed containing microparticle protein and served in pel-

Table 3. Immune status, fecal methylhistidine (N'-MH) excretion, and growth performance of broiler chicken

Dietary treatments

Variables
P1 P2 P3

Lymphoid organ weight

Bursa fabricius (%) 0.21+0.02 0.31+0.03 0.27+0.03

Lymph (%) 0.13+0.02 0.14+0.02 0.13+0.02
H/L ratio 0.41+0.052 0.33+0.03b 0.35+0.04°
IgA concentration (ug/mL) 221.6+21.1° 282.8+24.92 274.6+26.82
Fecal N*-MH (umol/day) 10.72+1.092 9.06+0.94b 9.33+0.87°
Feed consumption (g/bird) 2,332+42.72 2,263+51.9> 2,266+42.3b
Body weight gain (BWG, g/bird) 1,221+41.1° 1,271+48.72 1,245+52.5%
Feed conversion ration (FCR) 1.91+0.202 1.78+0.17° 1.82+0.17°

Note: P1=Feed composed of intact fish meal and soybean meal without Ca of egg shell; P2= Feed composed of microparticle protein of fish meal and
soybean meal, and Ca of egg shell + 1.2% acidifier of lime juice; P3= Feed composed of microparticle protein of fish meal and soybean meal, and
Ca of egg shell + 2.4% acidifier of lime juice. Means in the same row with different superscripts differ significantly (p<0.05).
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let form was found to be more advantageous for broiler
(Saputra et al., 2020), but still questionable for the layer.

The experiment concerning the combination of pro-
tein sources of microparticle and organic Ca added with
lime juice as acidifier has never been conducted, but
micro in size is believed to have beneficial and advanta-
geous effects. The size of feed particles, in general, has
been reported to have many advantages in relation to
some aspects of poultry products, such as the develop-
ment of gastrointestinal tract, nutrition utilization, and
performance (Amerah et al., 2008; Pacheco et al., 2013;
Rubio et al., 2020). Reducing particle size was closely
related to the accessibility of digestive enzymes on the
feed components and resulted in the improvement of
nutrients digestibility (Jambrak et al., 2014; Huang &
Stein, 2016). The increased protein digestibility and
some essential amino acids due to feeding microparticle
protein and Ca organic-composed diet with the addition
of lime juice could provide the evidence.

Immune Status and Growth Performance

The increased protein digestibility, N and Ca reten-
tions found in the present study (Table 2), which prin-
cipally supported BWG, cannot be separated from the
condition of intestinal health. The healthy intestinal tract
indicated by the higher lactic acid bacteria population
and the low coliform counts brought about better villi
growth. This intestinal ecology improved protein digest-
ibility and higher BWG in up-graded local chicken fed
a combination of inulin and Lactobacillus sp. (Purbarani
et al., 2019). Similarly, feed with the inclusion of inulin
and Lactobacillus sp. given to crossbred local chicken
improved performance (Abdurrahman et al., 2016a)
and meat characteristics (Abdurrahman et al., 2016b).
The better production performance of birds fed either
P2 or P3 dietary treatments was closely related to the
improved gut health and was also supported by higher
body resistance with a lower H/L ratio, although bursa
fabricius was not significantly affected (Table 3). It is
comparable with the previous results that the weight
of bursa fabricius increased and H/L ratio decreased
in the crossbred local chicken fed additive extract of
inulin dahlia tuber (Fajrih et al., 2014), and in broiler
given glucomannan of porang tuber (Perdinan et al.,
2019). Results of the present study indicated the same
phenomenon that broilers given feed composed of
microparticle protein and Ca sources added with lime
juice decreased H/L ratio as an index of health status.
The decreased value of H/L ratio was supported by the
stronger factor as a determinant of the immune system,
namely, immunoglobulin A (Table 3). The improvement
of the immune system of broiler chicken was proved by
the increased blood circulation of IgA in P2 as well as in
P3 treatments. The healthier the birds, the more efficient
in the use of nutrients or feed that can be proved by the
reduced feed consumption and thus lowered FCR.

Fecal N*-MH excretion significantly (p<0.05) lower,
but blood circulation of IgA significantly (p<0.05) higher
in either P2 or P3 compared to that in P1 (Table 3). This
condition is very helpful for nutritional metabolism that
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can boost broiler growth that eventually produced a
better growth of bone and muscle. Supplementation of
acidifier of lime juice to the feed composed of micropar-
ticle protein and Ca organic sources positively impacts
the modification of intestinal tract and thus nutrients
absorption, such as protein, Ca, and amino acids (Table
2). The increased nutrients utilization due to the im-
proved health status or immune system with higher IgA
concentration and lower H/L ratio was beneficial for
boosting BWG, although the weight of lymphoid organs
was the same (Table 3). Also, the reduced fecal N*-MH
excretion can be an indication of higher efficiency of
protein/amino acids utilization and this phenomenon
was consistent with the report of Suthama (2006). The
decreased fecal N'-MH excretion can be correlated with
the improved amino acids digestibility such as arginine
until phenylalanine in P2, but only arginine, lysine, and
methionine significantly increased in P3 (Table 2). The
present study was consistent with the result of Goh
et al. (2020), who reported that dietary inclusion of the
mixture of organic acid-palm fat improved nutrient
digestibility and had a beneficial effect on the growth
performances of broiler chicken. An interesting result
found in this research that BWG was not affected by
the reduced feed consumption (Table 3) because it was
covered by the increased protein and amino acid digest-
ibility (Table 2). This result was in accordance with the
previous study (Ndelekwute & Enyenihi, 2017) that
broiler fed intact protein diet with the inclusion of lime
juice at 1.5% increased protein digestibility, and that
with the level at 2% improved live body weight.

It has been previously described that the improve-
ment of protein and/or amino acids efficiency was
proved by the decreased fecal N'™-MH excretion as an
index of the rate of body protein degradation, which
boils down to the increased BWG. Similar results were
previously reported that broiler fed ration contain-
ing microparticle protein added with Lactobacillus sp.
indicated a low coliform population as a secondary
indicator, so that resulted in a higher BW (Cholis et
al., 2018). The improvement of BWG was due to the
reduced fecal N'-MH excretion as an index of protein
turnover in Kedu chicken fed ration containing intact
protein sources (Suthama, 2006), and caused by the
decreased H/L ratio in broiler given acidifier (Jamilah et
al., 2013). It can be briefly summarized that broiler fed a
ration with microparticle protein and source of organic
Ca added with lime juice as acidifier enhanced immune
status and improved production performances.

CONCLUSION

Feed composed of microparticle protein and Ca
organic sources with the inclusion of lime juice as acidi-
fier at both levels (1.2 mL and 2.4 mL) improve broiler
performance. Acidifier of lime juice at the lower level
(1.2 mL) is considered more economical based on the re-
duced feed consumption and the increased protein and
amino acids digestibility, immunoglobulin A concentra-
tion, and body weight gain.
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