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SUMMARY

The effect of varying levels of enzymatically hydrolyzed soluble yeast glucan (YG) and yeast
mannan (YM) products on broiler chickens was studied. A total of 486 day-old male Ross 308
broiler chicks were allocated to 9 dietary treatments consisting of YG and YM supplemented
at 0.05, 0.10, 0.15, or 0.20 g/kg diet, respectively, and a control without yeast supplementation.
Each treatment was replicated 6 times with 9 birds per replicate. The supplements did not affect
body weight gain (BWG) and feed conversion ratio (FCR) in the starter phase nor feed intake at
any stage. However, birds especially in the 0.20 g YM/kg diet group had improved (P < 0.05)
BWG and FCR than the other groups over 0–24 d and 0–35 d. There were no treatment effects
on visceral organ weight at 10 d, but the small intestine was heavier (P < 0.05) in the 0.20 g
YM/kg diet group compared to others at 24 d. Broilers fed 0.15 or 0.20 g YM/kg diet had a
significantly (P < 0.05) higher ileal protein digestibility than the control group. Total protein
and endogenous enzyme activities were not affected by the supplements. On 35 d, the dressing
percentage of broiler carcass and breast weight was significantly (P < 0.05) improved by 0.20 g
YM/kg diet. The results from this study confirm the usefulness of YM at 0.15 or 0.20 g/kg diet
performance and may be beneficial in improving productivity for broiler chicken farmers.
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DESCRIPTION OF PROBLEM

Intensive rearing system and various man-
agerial practices have been reported to cause
stress, which affect broiler productivity [1, 2].
Some studies in recent years have examined the
use of yeast, including live, dead, cultured, au-
tolysate, cell wall, and isolated cell wall prod-
ucts, as natural growth and performance enhanc-
ing supplements for poultry reared intensively
[3]. Amongst several yeast products, research in-
terest has increased towards the use of autolyzed
yeast and its derived products [4]. Yeast (Saccha-
romyces cerevisiae) cell contains α-mannan and
β-glucan components. The α-mannan constitute
about 31% of the cell wall dry mass. β-glucans
constitute 29%–64% of the cell wall dry mass
[5]. Yeast β -glucan can be divided into 2 sub-
types following the mode of glucose linkages:
long chains consisting of 1,500 β-1,3-glucose
units, which represent 85% of total cell wall β-
glucan, and short chains consisting of 150 β-
1,6-glucose units that account for 15% of the
β-glucan [6].

The growth-enhancing and immune-
modulatory potentials of autolyzed yeast
products especially yeast cell wall in poultry
production have been attributed to the pres-
ences of α-mannan and β-glucans components
[7, 8]. Mannans have been reported to both
enhance broiler performance and prevent the
proliferation of pathogenic bacteria by serving
decoy for pathogen to adhere to instead of
the intestinal wall. β-1-3-glucans have been
documented to modulate immune response
in birds during stress that may be caused by
intensive rearing systems, managerial practices,
and other environmental variabilities [9, 10].

However, in broiler chicken trials, there have
been conflicting results about the efficacy of
yeast cell wall β-glucans and mannans [11].
These discrepancies in research findings could
be attributed to several factors, including yeast
strain, method of yeast preparation, level of yeast
inclusion, broiler management, and health status
of the birds [12, 13], although Yang et al. [14]
noticed that feeding broilers with different levels
of a commercial product, Biomos R©, at varying
levels of 0, 0.5, 1.0, and 2.0 g MOS/kg diet led
to an increase in growth response especially at
higher doses. However, studies on the effect of

different levels of concentrated prebiotic yeast
β-glucans or α-mannans on organ weight, meat
yield, nutrient digestibility, and endogenous en-
zyme activities of broiler chickens reared inten-
sively in an environmentally controlled environ-
ment are limited. Furthermore, Gao et al. [11]
observed that some yeasts have not been evalu-
ated in great details.

Therefore, the current study was designed to
(1) identify the optimal level of enzymatically
hydrolyzed yeast glucan (YG) and yeast mannan
(YM) products that will maximize the growth
performance of broiler chickens and (2) exam-
ine changes in visceral organ weight, meat yield,
ileal nutrient digestibility, and endogenous en-
zyme activities induced by the addition of the
products.

MATERIALS AND METHODS

This experiment was approved by the Animal
Ethics Committee of the University of New Eng-
land (Approval number: AEC17-011). Health
and animal husbandry practices complied with
the code of practice for the use of Animals for
Scientific purpose issued by the Australian Bu-
reau of Animal Health [15].

Experimental Design and Bird Management

This experiment was set up to investigate the
effect of varying levels of YG and YM products
on broiler chickens. A total of 486 day-old male
Ross 308 chicks (initial weight, 44.0 ± 2.05 g),
sourced from Baida Farms [16], were randomly
placed in 9 treatments as follows: (1) control diet
(without yeast supplementation); (2) 4 levels of
enzymatically hydrolyzed soluble YG at 0.05,
0.10, 0.15, or 0.20 g/kg; and (3) 4 levels of YM
at 0.05, 0.10, 0.15, or 0.20 g/kg. Each treatment
was replicated 6 times, with 9 birds in each repli-
cate. The nutrient composition of the basal diet
is presented in Table 1. The birds were provided
with starter crumbled diets (0–10 d), grower pel-
leted diets (11–24 d), and finisher pelleted diets
(25–35 d). Experimental diets were formulated
to Aviagen standards for Ross 308 [17]. Titanium
dioxide (5 g/kg) was incorporated in the grower
diets as a marker to enable assessment of nutri-
ent digestibility. Feed and water were provided
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Table 1. Ingredient and Nutrient Composition of Basal Diet.

Feeding period (days)

Ingredient (g/kg) Starter diet (0–10) Grower diet (11–24) Finisher diet (25–35)

Corn 613.0 645.0 696.5
Soybean meal 315.0 273.5 231.3
Meat and bone meal 45.0 41.0 31.4
Canola oil 44.0 17.0 23.0
Limestone 7.7 7.1 7.1
Dicalcium phosphate 1.3 0.1 0.1
Quantum Blue 5 G (100 g) 0.1 0.1 0.1
Sodium chloride 1.0 1.1 1.4
Sodium bicarbonate 1.3 1.3 1.3
Titanium dioxide - 5.0 -
Choline Cl 70% 1.1 1.3 1.1
L-lysine HCl 3.0 2.7 2.5
DL-methionine 3.7 2.0 1.8
L-threonine 1.8 1.4 1.1
Econase GT 0.1 0.1 0.1
1UNE Vitamins 0.6 0.6 0.6
2UNE minerals 0.8 0.8 0.8
Nutrient composition (g/kg)
Metabolizable energy (kcal/kg) 2,998.8 3,100.5 3,199.9
Crude protein 230.0 212.0 192.0
Crude fat 28.0 39.8 45.4
Crude fiber 20.9 24.0 23.1
Lysine 12.8 11.5 10.2
Methionine 6.60 4.70 4.30
Met + Cys 9.50 7.43 6.86
Calcium 9.60 8.70 7.80
Phosphorus available 4.80 4.40 3.90
Sodium 1.60 1.60 1.60
Potassium 9.30 8.50 7.60
Chloride 2.30 2.30 2.30
Choline 1.30 1.30 1.30

Vitamin premix supplied per 0.6 kg/tonne of diet: retinol, 12,000 IU; cholecalciferol, 5,000 IU; tocopheryl

acetate, 75 mg; menadione, 3 mg; thiamine, 3 mg; riboflavin, 8 mg; niacin, 55 mg; pantothenate, 13 mg;

pyridoxine, 5 mg; folate, 2 mg; cyanocobalamin, 16 μg; biotin, 200 μg; cereal-based carrier, 149 mg.

Minerals premix supplied per 0.8 kg/tonne of diet: mineral oil, 2.5 mg; Cu (sulfate), 16 mg; Fe (sulfate),

40 mg; I (iodide), 1.25 mg; Se (selenate), 0.3 mg; Mn (sulfate and oxide), 120 mg; Zn (sulfate and oxide),

100 mg; cereal-based carrier, 128 mg; mineral oil, 3.75 mg.

ad libitum. Chickens were reared in multi-tiered
brooder cages (600 × 420 × 23 cm3) placed in
a climate-controlled room until the end of the
trial. The room temperature was set at 33◦C for
the first 2 d with relative humidity of between
49% and 60%. The temperature was then gradu-
ally reduced to 24◦C at 19 d of age and this was
maintained for the remaining study period. For
the first 2 d, 24 h of light (20 lux) was provided.
This was then reduced to 23 h for the next 6 con-
secutive days, followed by 20-h light (10 lux) for
the remaining duration of the experiment.

On days 10, 24, and 35, the birds and feed
were weighed to measure body weight gain
(BWG), feed intake (FI), and feed conver-
sion ratio (FCR; FI/weight gain). Mortality was
recorded as it occurred. On day 10, 1 bird of aver-
age group weight was selected from each repli-
cate, while 2 birds were similarly selected on
24 d and were killed by cervical dislocation. The
abdominal cavity of the birds was opened and
the visceral organs were removed and weighed.
On both days, the whole pancreas and a part
of the proximal jejunum were collected for
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measurement of digestive enzyme activities.
Also, ileal digesta was collected in plastic con-
tainers on day 24 and stored at –20◦C until sam-
ples were analyzed for nutrient content and as-
sessment of nutrient digestibility. The collected
ileal digesta samples were later freeze-dried
[18] and ground using a small coffee grinder.
The ground samples were stored at 4◦C in air-
tight plastic containers until analyzed for TiO2,
crude protein (CP), gross energy (GE), and
starch (ST). The carcass weight and weight of
breast meat (without bone), thighs, drumsticks,
and wings were taken from sampled birds and
recorded at 35 d. The relative part weight was
calculated as mass per unit live BW (g/kg of live
BW).

Ileal Digestibility of Nutrients

The concentration of titanium and nutrients in
the ileal digesta and feed samples determined us-
ing the method described by Short et al. [19] were
used to calculate the coefficient of digestibility
of GE, CP, and ST. The GE value of the samples
was obtained as MJ/Kg directly using a digital
bomb calorimeter [20]. The nitrogen content of
ileal digesta and feed samples was determined
according to the Dumas combustion technique
as described by Sweeney [21] using LECO R© an-
alyzer [22]. The ST was determined by an enzy-
matic colorimetric method, AOAC International
method 996.11 [23] with an assay kit [24].

The digestibility coefficient of nutrients was
calculated using the following equation:

Digestibility coefficient = 1

−Digesta nutrient (g/kg) /digestaTi (g/kg)

Diet nutrient (g/kg) /diet Ti (g/kg)

Tissue Protein Content and Digestive Enzyme
Activities

To evaluate the activity of digestive enzymes
and protein concentration, the jejunal tissue was
processed according to the method described by
Susbilla et al. [25]. The pancreas was processed
in a similar way, except that the pancreas tis-
sue was entire homogenized. The homogenate
was then centrifuged at 30,000 × g [26], for
about 15 min at 4◦C. Subsamples of supernatant

were taken in duplicate into 1.5 mL into Ep-
pendorf tubes and stored in a freezer (−20◦C)
until assayed for enzyme activities. The specific
activities of jejunal maltase and sucrase were
assessed by incubation with fixed substrate con-
centrations as standardized for poultry by Iji et al.
[27], while aminopeptidase activity was assessed
as described by Caviedes-Vidal and Karasov
[28]. The pancreatic trypsin and chymotrypsin
activities were assessed using methods de-
scribed by Erlanger et al. [29] and modified by
Caviedes-Vidal and Karasov [28]. The concen-
tration of protein in both the jejunal and pancre-
atic tissue homogenate was measured using the
Comassie dye-binding procedure described by
Bradford [30].

Statistical Analysis

Statistical analyses were performed using
Minitab R© 17 [31]. The data were subjected
to one-way analysis of variance and tested for
significance between the treatment means by
Tukey’s multiple range test at P ≤ 0.05. Differ-
ences between treatments group were compared
using planned orthogonal probability contrasts.

RESULTS AND DISCUSSION

Gross Performance

Irrespective of the level of inclusion, supple-
mentation of broiler diets with YG or YM did
not affect (P > 0.05) FI at any stage of the study
(Table 2). The level of YG or YM did not affect
(P > 0.05) BWG and FCR in the early phase
of growth (Tables 3 and 4). However, 0.15 or
0.20 g YM/kg diet significantly improved (P <

0.05) BWG and FCR compared to broilers in the
control group on 24 and 35 d. Supplementation
of the diets with YG or YM extract did not affect
(P > 0.05) mortality at any stage of the experi-
ment (data not shown).

The non-significant effect of the additives on
FI in the present study result suggests that the
beneficial performance effects of YG or YM
used in the present study are not regulated by
the changes in voluntary FI in birds. Broilers fed
YG supplemented diet were not superior to the
control group. Thus, the similar performance of
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Table 2. Effect of Dietary Treatments on Feed Intake (g/bird) of Chicks at Different Ages.

Inclusion levels
(g/kg) 0–10 d 0–24 d 0–35 d

Control 0.00 306 1,688 3,529
Yeast glucan 0.05 317 1,656 3,599

0.10 306 1,661 3,748
0.15 309 1,630 3,442
0.20 309 1,689 3,587

Yeast mannan 0.05 313 1,689 3,541
0.10 306 1,650 3,460
0.15 304 1,672 3,488
0.20 303 1,698 3,575

SEM 15.5 9.34 22.5
P value 0.72 0.76 0.73

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.53 0.36 0.83
Control vs yeast mannan 0.99 0.72 0.89
Yeast glucan vs yeast mannan 0.31 0.52 0.57

Values are means of 6 replicates.

Table 3. Effects of Dietary Treatments on Body Weight Gain (g/bird) of Chicks at Different Ages.

Inclusion levels
(g/kg) 0–10 d 0–24 d 0–35 d

Control 0.00 285 1,303c 2,300b

Yeast glucan 0.05 289 1,342b,c 2,365a,b

0.10 290 1,335b,c 2,372a,b

0.15 292 1,346b,c 2,386a,b

0.20 299 1,365a–c 2,390a,b

Yeast mannan 0.05 295 1,363a,b,c 2,384a,b

0.10 296 1,360a,b,c 2,394a,b

0.15 301 1,393a,b 2,472a

0.20 306 1,430a 2,491a

SEM 1.87 7.56 13.6
P value 0.17 0.01 0.02

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.21 0.06 0.08
Control vs yeast mannan 0.08 0.001 0.01
Yeast glucan vs yeast mannan 0.07 0.10 0.53

Values are means of 6 replicates. YG = Yeast glucan; YM = Yeast mannan.
a-cMeans in a column not sharing a common superscript differ (P < 0.05).

birds in the YG group compared to the control
group in the present study may be associated
with the fact that the birds were in a healthy
state, and thus the effect of YG on BWG and
FCR was not pronounced [13, 32]. The increase
in BWG and improvement in FCR for broilers
fed diets containing 0.15 or 0.20 g YM/kg diet
at the grower and finisher phases of the present
study, irrespective of the fact that the birds con-
sumed similar amount of feed, could be linked
to better gut health and nutrient absorption [33].
This observation is in agreement with the report
of Brummer et al. [33], who noticed that at 0.20

g/kg diet, soluble yeast mannan (MRF R©; Altech
Inc), through their positive effect on gastroin-
testinal health led to improved performance of
broiler chickens.

Visceral Organ Weight

On days 10 and 24, supplementation of YM
and YG in broiler diet did not affect (P > 0.05)
the visceral organ weights considered except at
the highest level of 0.20 g YM/kg diet which
improved (P < 0.05) the weight of the small
intestine (data are not shown).
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Table 4. Effects of Dietary Treatments on Feed Conversion Ratio (FCR, g/g) of Chicks at Different Ages.

Inclusion levels
(g/kg) 0–10 d 0–24 d 0–35 d

Control 0.00 1.06 1.28a 1.52a

Yeast glucan 0.05 1.09 1.26a,b 1.52a

0.10 1.05 1.25a,b 1.50a,b

0.15 1.05 1.25a,b 1.49a,b

0.20 1.03 1.23a,b 1.48a,b

Yeast mannan 0.05 1.06 1.24a,b 1.49a,b

0.10 1.03 1.21a,b 1.48a,b

0.15 1.01 1.22a,b 1.48a,b

0.20 0.99 1.19b 1.43b

SEM 0.01 0.01 0.01
P value 0.18 0.04 0.04

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.83 0.09 0.10
Control vs yeast mannan 0.19 0.01 0.01
Yeast glucan vs yeast mannan 0.10 0.21 0.20

Values are means of 6 replicates.
a,bMeans in a column not sharing a common superscript differ (P < 0.05).

The better development and weight of in-
testine of birds fed higher level yeast mannan
may be related to more digestive activities as
well as availability of protein that may have
resulted in more cell proliferation of intestinal
tissues. According to Moore et al. [34], ade-
quate gastrointestinal tract (GIT) growth and
development favors more efficient uptake of
nutrient for tissue development. Santin et al.
[35] reported that administration of 2.0 g/kg S.
cerevisiae (of which yeast mannan is a major
cell wall constituent) to a broiler diet could in-
crease the villus height, resulting in heavier small
intestine.

Ileal Digestibility of Nutrients

The analyzed nutrient apparent ileal di-
gestibility of the broilers at 24 d is presented
in Table 5. There was no significant (P > 0.05)
difference in ileal digestibility of GE or ST be-
tween the treatment groups irrespective of the
level of YG or YM supplementation. Compared
to the control group, YG did not have any ef-
fect (P > 0.05) on protein digestibility. Birds fed
diets supplemented with 0.05 or 0.10 g YM/kg
had similar (P > 0.05) ileal protein digestibility
compared to those in the control and YG groups.
However, birds fed 0.15 or 0.20 g YM/kg diet had
the highest (P < 0.05) ileal protein digestibility
compared to the control group.

The increase in ileal protein digestibility at
higher levels of YM inclusion in the present
study is in agreement with the findings of
Chacher et al. [3], who reported that the ad-
dition of YM (a yeast cell wall prebiotics) as
a feed supplement to broiler diet considerably
enhanced protein digestibility. Likewise, MOS
addition to poultry diet has been reported to im-
prove protein digestibility [36] as cited by Bo-
lacali and Irak [37]. Yeast extracts have been
reported to have the ability to decrease intesti-
nal colonization of pathogenic bacteria (improv-
ing intestinal health and mucosa integrity) and
to reduce competition for nutrients between the
host and its microflora allowing more nutrients
to be available to the host [38, 39]. Gomez
et al. [40] suggested that a combination of these
factors caused a higher ileal protein digestibility
when enzymatically hydrolyzed yeast products
is fed broiler chickens as observed in the present
study.

Endogenous Enzyme Activities

The jejunal total protein content and activ-
ities of maltase, sucrose, and amino-peptidase
were unaffected (P > 0.05) by dietary supple-
mentation of broiler diets with YG or YM ex-
tract at 10 and 24 d (data not shown). There was
no significant (P > 0.05) difference between the
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Table 5. Effects of Dietary Treatments on Nutrient Ileal Apparent Digestibility of Broiler Chickens at 24 d of Age.

Level
(g/kg) Gross energy Protein Starch

Control 0.00 0.56 0.61b 0.92
Yeast glucan 0.05 0.59 0.65a,b 0.93

0.10 0.60 0.66a,b 0.93
0.15 0.56 0.65a,b 0.93
0.20 0.56 0.63a,b 0.92

Yeast mannan 0.05 0.58 0.64a,b 0.93
0.10 0.57 0.66a,b 0.92
0.15 0.59 0.70a 0.93
0.20 0.61 0.71a 0.93

SEM 0.01 0.01 0.001
P value 0.56 0.01 0.48

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.29 0.10 0.54
Control vs yeast mannan 0.62 0.03 0.62
Yeast glucan vs yeast mannan 0.87 0.22 0.81

Values are means of 6 replicates. YG = Yeast glucan; YM = Yeast mannan.
a,bMeans in a column not sharing a common superscript differ (P < 0.05).

treatments for the pancreatic tissue protein con-
tent, activities of trypsin, and chymotrypsin at
10 and 24 d (data not shown).

In a study by Matur et al. [41], yeast (sac-
charomyces cerevisiae) extract supplemented at
1.0 g/kg improved enzyme activities in laying
breeder hen challenged with aflatoxin. However,
this was not the case in the present study when
YM and YG extracted from the cell wall of same
Saccharomyces cerevisiae is fed to broiler chick-
ens. The reason for these contradictions could be
as a result of differences in the health status of
the bird, breed of the bird, diet type, and level of
yeast inclusion.

Carcass and Meat Yield

The results of dressing percentage and abso-
lute meat parts yield of broilers fed diets con-
taining different levels of YG and YM at 35 d
of age are summarized in Table 6. Compared
to birds in the control group, broilers that re-
ceived 0.20 g YM/kg supplemented diet had an
improved (P < 0.05) dressing percentage and
absolute meat parts yield. The results for the
birds in the YG group were intermediate. The
dietary supplements, irrespective of the level of
inclusion, did not affect (P > 0.05) the absolute
weight of the thighs and drumsticks. Supplemen-
tation of YM at 0.15 or 0.20 g/kg diet improved

(P < 0.05) the relative breast weight of birds
(Table 7).

The observed improved dressing percentage
as well as absolute and relative breast meat yield
may be associated with the fact that yeast man-
nan tends to aid in binding of some pathogenic
bacteria in the GIT [42]. This may have reduced
unwanted competition for nutrients between the
birds and these pathogenic bacteria, thus making
more nutrients available for growth and tissue
development of birds [42]. Brake et al. [43] ob-
served a strong correlation between body weight
and carcass as well as meat yield of broiler chick-
ens. Thus, the observed increase in carcass and
breast weight of broilers fed YM in the present
study is a reflection of the increased BWG ob-
served in broilers that consumed higher level of
the mannan product. Our finding is in agree-
ment with the report of Gomez et al. [40], who
observed that supplementing enzymatically hy-
drolyzed yeast product to the diet of Ross 308
broiler diet increased the carcass and breast meat
yield at 28 d of age.

CONCLUSIONS AND
APPLICATIONS

1. The present study demonstrated that en-
zymatically hydrolyzed soluble yeast man-
nans, at 0.15 or 0.20 g/kg diet, improved
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Table 6. Effects of Dietary Treatments on Dressing % and Absolute Meat Yield (g) of Broiler Chickens at 35 d of
Age.

Levels (g/kg) Dressing % Breast Thighs Drumsticks

Control 0.00 71.3b 525.3b 227.2 218.6
Yeast glucan 0.05 74.7a,b 536.5b 247.6 222.1

0.10 75.8a,b 531.2b 246.7 219.7
0.15 72.7a,b 550.4b 228.4 221.1
0.20 77.0a,b 585.5a,b 250.6 228.9

Yeast mannan 0.05 76.2a,b 575.8a,b 265.8 224.8
0.10 75.2a,b 576.0a,b 246.1 227.6
0.15 79.9a,b 586.3a,b 258.3 226.6
0.20 81.0a 649.7a 261.4 223.1

SEM 0.75 7.20 4.46 2.73
P value 0.04 0.001 0.75 0.43

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.12 0.24 0.38 0.64
Control vs yeast mannan 0.01 0.03 0.10 0.41
Yeast glucan vs yeast mannan 0.06 0.07 0.21 0.23

Values are means of 6 replicates.
a,bMeans in a column not sharing a common superscript differ (P < 0.05).

Table 7. Effects of Dietary Treatments on Relative Meat Yield (g/kg Carcass Weight) of Broiler Chickens at 35 d
of Age.

Levels (g/kg) Breast Thighs Drumsticks

Control 0.00 201.8b 92.5 87.3
Yeast glucan 0.05 209.8a,b 96.3 86.4

0.10 213.5a,b 98.9 88.1
0.15 214.0a,b 88.8 88.1
0.20 219.6a,b 94.1 85.9

Yeast mannan 0.05 218.1a,b 100.5 88.3
0.10 221.2a,b 94.7 89.5
0.15 242.3a 102.2 89.7
0.20 243.1a 98.0 87.4

SEM 2.93 2.07 2.73
P value 0.03 0.67 0.64

Probability levels of orthogonal contrasts
Control vs yeast glucan 0.12 0.18 0.42
Control vs yeast mannan 0.01 0.20 0.77
Yeast glucan vs yeast mannan 0.04 0.11 0.42

Values are means of 6 replicates.
a,bMeans in a column not sharing a common superscript differ (P < 0.05).

growth performance, ileal protein digestibil-
ity, and meat yield of broilers.

2. There is a need to assess the benefits of
these products in comparison to in-feed an-
tibiotics in disease challenged broiler chick-
ens in further studies.
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