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Abstract. Dietary supplementation of additives has recently been part of strategies to deal with the detrimental
effects of heat stress (HS) on the performance and carcass traits in broiler chicks. This study aimed to investigate
the effect of dietary supplementation with the fungi Rhizopus oryzae or Chrysonilia crassa on growth, blood
profile, intestinal microbial population and carcass traits in broiler chicks subjected to HS. R. oryzae and C.
crassa are filamentous fungi isolated from the ileum of indigenous Indonesian chickens which exhibited probi-
otic and antioxidant properties. Two hundred and forty 21-day-old male broiler chicks were randomly allotted
into six groups, including birds reared under normal temperature (28 £ 2 °C) (CONT), birds reared under HS
conditions (35 £2°C) (HS-CONT), birds reared under HS and provided with commercial anti-stress formula
(HS-VIT), birds reared under HS and provided with R. oryzae (HS-RO), birds reared under HS and provided
with C. crassa (HS-CC) and birds reared under HS and provided with rice bran (HS-RB). Body weight gain was
highest (P < 0.01) and lowest (P < 0.01) in CONT and HS-CONT birds, respectively. The heart was heavier
(P < 0.05) in CONT than in HS-CONT and HS-VIT birds. CONT birds had heavier duodenum (P < 0.05) and
jejunum (P < 0.01) than other birds. Eosinophils was higher (P < 0.05) in HS-CC than in other birds. Low-
density lipoprotein (LDL) was higher (P < 0.05) in HS-CONT than in CONT, HS-VIT and HS-CC birds. Total
triglyceride was highest (P < 0.05) and lowest (P < 0.05) in HS-RB and HS-RO birds, respectively. Alanine
aminotransferase (ALT) was higher (P < 0.05) in HS-CONT than in other HS birds. Total protein was lowest
and highest (P < 0.05) in CONT and HS-CONT birds, respectively. Albumin was higher (P < 0.05) in HS-
CONT and HS-VIT than in HS-RO birds. Globulin was lower (P < 0.05) in CONT than in HS-CONT, HS-VIT
and HS-RB birds. Uric acid was lower (P < 0.05) in CONT than in HS-CONT and HS-VIT birds. The 2,2'-
azino-bis(3-ethyl-benzthiazolin-6-sulfonic acid) (ABTS) percentage inhibition values of the serum were higher
(P < 0.01) in CONT, HS-CONT and HS-VIT than those in HS-RO, HS-CC and HS-RB birds. In conclusion,
dietary supplementation of C. crassa decreased serum LDL concentration and ALT activity and improved an-
tioxidant status of broiler subjected to HS. Supplementation with C. crassa seemed beneficial in improving
physiological conditions of HS birds.
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1 Introduction

The broiler industry is an important subsector of livestock
production and plays an important role in the Indonesian
economy. As a tropical country, Indonesia experiences high
temperature and humidity throughout the year. This tropi-
cal environment can be a life-threatening factor to broilers
(reared in housing without temperature control equipment),
as it can induce heat stress (HS). A recent study has revealed
the detrimental effects of HS on physiology, immunology
and microbiology resulting in abnormalities and impaired
performances in birds (Sugiharto et al., 2016a). HS also
decreases carcass yield and increases fat content in broiler
chicks (Zeferino et al., 2016).

Apart from providing the temperature-controlled housing
facilities, nutritional strategies such as supplementation of
probiotics or antioxidants in broiler diets has been suggested
to alleviate some of the detrimental effects of HS. Sohail
et al. (2010) reported that probiotics improved the physiolog-
ical condition of HS birds. Likewise, probiotics prevented an
intestinal microbial shift (Song et al., 2014; Jahromi et al.,
2015) and improved humoral immunity in birds during HS
(Sohail et al., 2010). With regard to antioxidants, supple-
mentations of vitamin C, E and chromium in feed improved
blood profile, immune responses, antioxidant status and per-
formance (Khan et al., 2011, 2012; Tawfeek et al., 2014) and
reversed the increased fat yield in HS broilers (Tawfeek et al.,
2014).

In addition to bacteria and yeast, some fungi have been
known to possess probiotic and antioxidant properties (Sug-
iharto et al., 2015, 2016b). In a recent study we isolated
some filamentous fungi from the ileum of the Indonesian in-
digenous chickens, two of which were Rhizopus oryzae and
Chrysonilia crassa (Yudiarti et al., 2012). Indeed, the fungi
exhibited probiotic potentials as they were able to grow in
the simulated gastric juice (pH 3 and 8) and bile solution (0.4
and 0.8 % of bile salt) and capable of inhibiting the growth
of Escherichia coli and Aspergillus flavus in vitro (Yudiarti,
2012; Yudiarti et al., 2013). In the current study, the antiox-
idant capacities of R. oryzae and C. crassa were noted as
indicated by the inhibitory potentials of the fungi against
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-
ethyl-benzthiazolin-6-sulfonic acid) (ABTS) free radicals.
On the basis of their probiotic and antioxidant potentials, it
was therefore interesting to exploit R. oryzae and C. crassa
for ameliorating the detrimental effect of HS in commercial
broilers. Therefore, the present study aimed to investigate the
effect of dietary supplementation with the fungus R. oryzae
or C. crassa on growth, blood profile, intestinal microbial
population, and carcass traits in broilers subjected to HS.
Both R. oryzae and C. crassa were grown in rice bran before
being given to broilers. Rice bran was selected as a medium
for growing the fungi as it contains prebiotic components
(Komiyama et al., 2011) that can support the growth of the
fungi.
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2 Materials and methods

2.1 Preparation of R. oryzae and C. crassa

R. oryzae and C. crassa inoculum were prepared by retriev-
ing the fungal culture (maintained on a potato—dextrose—
agar (PDA; Merck KGaA, Darmstadt, Germany) medium
and stored at 4 °C), streaking on PDA medium and incubat-
ing at 38 °C for 2 days. The fungal mycelia was dislodged
from the PDA and diluted in 100 mL of sterilized distilled
water. The suspension was then used to inoculate 200 g of
sterilized rice bran (85.9 % dry matter, DM). The suspension
(inoculum) was standardized to contain ca. 1 x 10'2 cfumL ™!
for each inoculation. After aerobic incubation at room tem-
perature for 4 days, fungal colony grown in rice bran was
enumerated based on the colony counting method. Samples
of R. oryzae- and C. crassa-fermented rice bran were ob-
tained for proximate analysis. The rest of the fermented rice
bran was used for the vivo trial. The fungal fermented rice
bran was produced in several batches, and the procedures and
conditions were similar for the all of the batches.

2.2 Assay for antioxidant potentials of fungi

For the measurement of antioxidant potentials, fungi were
inoculated onto potato dextrose broth in conical flask. Af-
ter 2 days of aerobic incubation at 38°C, the fungal
colonies were transferred into conical tubes and then cen-
trifuged at 2800 x g for 10min. The fungal pellets (1 g)
were then homogenized, dissolved in 10 mL methanol and
centrifuged at 4000 x g for 5min. Supernatants were ob-
tained and further used for antioxidant assays. Antioxidant
activities of the fungi were measured by a 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free-radical scavenging assay (So-
haib et al., 2012) and 2,2’-azino-bis(3-ethyl-benzthiazolin-6-
sulfonic acid) (ABTS) method (Petacci et al., 2010).

2.3 In vivo experiment

The rearing and handling of animals for the present study
was approved by the Animal Ethics Committee of Faculty
of Animal and Agricultural Sciences, Diponegoro Univer-
sity. A total of 300 male Lohmann MB 202-day-old chicks
(body weight (BW) 47.3 &+ 0.78 g; mean & SD) purchased
from a local hatchery were raised until day 21 according to
the general practice of commercial broiler farming in Indone-
sia. They were placed in concrete floor pens on rice husk
litter in temperature-controlled houses. The temperature at
day 1 was set at 32 +2 °C and was decreased until it reached
28 £2°C at day 21. Within this period, all birds were pro-
vided with commercial starter feed composed of yellow corn,
rice bran, fish meal, soybean meal, copra meal, meat bone
meal, peanut meal, canola, ground wheat grain, leaf meal,
vitamins, dicalcium phosphate, and trace minerals. The feed
contained (as dry basis) 13 % moisture, 23 % crude protein,
5 % crude fat, 5 % crude fiber, 7 % ash, 0.9 % calcium, 0.6 %
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phosphorus and 3025 kcalkg ™! metabolizable energy (ME).
The birds were vaccinated with Newcastle disease vaccine
(NDV) through eye drops and drinking water at days 4 and
18, respectively. The birds were also vaccinated with infec-
tious bursal disease (IBD) vaccine through drinking water at
days 14 and 24. At day 20, the birds were weighed and 240
birds with uniform weight (845.21 +2.57 g) were randomly
allotted into six groups of 40 chicks each and five replicates
of eight chicks. These six treatment groups included (1) birds
reared under normal temperature (28 2 °C) (CONT), (2)
birds reared under HS conditions (35 £ 2 °C) (HS-CONT),
(3) birds reared under HS and provided with commercial
anti-stress formula (CAS) (HS-VIT), (4) birds reared under
HS and provided with rice bran containing R. oryzae (HS-
RO), (5) birds reared under HS and provided with rice bran
containing C. crassa (HS-CC), and (6) birds reared under
HS and provided with rice bran (HS-RB). From day 21 on-
ward, all birds were fed commercial finisher feed composed
of yellow corn, peanut meal, soybean meal, fish meal, meat
meal, rice bran, pollard, vitamins and trace minerals. The diet
contained (as dry basis) 13 % moisture, 20 % crude protein,
5 % crude fiber, 5 % crude fat, 8 % ash, 0.9 % calcium, 0.6 %
phosphorus (0.4 % available phosphorus) and 3225 kcalkg ™"
ME. The diets and water were offered ad libitum. Treatments
(HS and dietary supplementations) were applied from day
22 to 35. The fungi growing in rice bran (fermented rice bran
containing R. oryzae or C. crassa ca. 1 x 107 cfug™") or un-
treated rice bran were administrated in the diets by adding
10gkg™" of these supplements to the commercial grower
feed just before feeding to broilers. The supplements were
added at the expense of the commercial feed. The CAS (Vita
Stress®; PT. Medion Farma Jaya, Bandung, Indonesia) was
provided to the birds through drinking water according to
the manufacturer’s instructions (1 g per 2L of drinking wa-
ter). The CAS contained (per kg) 6 000 000 IU of vitamin A,
12000001U of vitamin D3, 2500IU of vitamin E, 3000 mg
of vitamin K, 2000 mg of vitamin B, 3000 mg of vitamin B,
1000 mg of vitamin Bg, 2 mg of vitamin By, 20000 mg of
vitamin C, 15 000 mg of nicotinic acid, 5000 mg of calcium-
D-pantothenate and 750 000 mg of electrolytes (Na, K, Ca,
Mg). Temperature was maintained throughout the day un-
til the end of the trial. Humidity in the broilers’ house was
maintained at 60-80 %. The BW gain and feed intake were
recorded at days 28 and 35. Data of feed intake and BW gain
were used to determine the feed conversion ratio (FCR).

On day 32, birds from each pen (five from each treatment
group) were randomly selected for blood collection after fast-
ing for 8 h. Blood was obtained from the birds’ wing veins
and placed in EDTA-containing Vacutainers for hematolog-
ical analysis. For serum biochemical analysis, blood was
placed in vacationer tubes containing no anticoagulant and
allowed to clot for 2 h at room temperature. Serum was pro-
duced following centrifugation at 500 x g for 15 min. The
same birds from which blood was sampled were slaughtered
by means of halal neck cut after being weighed. The slaugh-
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tering method followed the standard stages of slaughtering
(Alshelmani et al., 2016). The internal organs, carcass, breast
and thigh muscles were immediately removed and weighed.
Digesta samples from the ileum were aseptically obtained for
microbiological analysis. Samples of breast and thigh mus-
cles were also obtained for the measurement of pH and drip
loss.

Microbial counts in the ileal digesta were determined ac-
cording to Engberg et al. (2004) with few modifications.
Total bacteria were enumerated on PDA medium (Merck
KGaA) after aerobic incubation at 38 °C for 24 h. Coliform
bacteria and lactose-negative enterobacteria were counted on
MacConkey agar (Merck KGaA) following aerobic incuba-
tion at 38 °C for 24 h as red and colorless colonies, respec-
tively. Enterobacteria were the number of coliform bacte-
ria and lactose-negative enterobacteria. Lactic acid bacteria
(LAB) were enumerated on de Man, Rogosa and Sharpe
(MRS; Merck KGaA) agar after anaerobic incubation at
38°C for 48 h.

The numbers of erythrocytes and leukocytes were deter-
mined based on the dilution flask method and a Biirker cham-
ber was used to count corpuscles. Sahli’s method was em-
ployed to estimate the level of hemoglobin. The hematocrit
values were determined by means of the microhematocrit
technique. The differential leukocytes of broilers were deter-
mined using a light microscope with an immersion lens. Cov-
erslip technique was applied when preparing blood smears.
Data for the numbers of heterophils and lymphocytes were
used to calculate heterophils to lymphocytes (H/L) ratio.

Serum total triglyceride was measured based on
the enzymatic colorimetric method using glycerol-3-
phosphateoxidase (GPO). Total cholesterol, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol were determined according to enzymatic col-
orimetric method using cholesterol oxidase (CHOD/PAP).
The concentration of glucose in blood was determined based
on enzymatic colorimetric method using glucose oxidase
(GOD-PAP). The alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) enzymes were measured
based on the International Federation of Clinical Chemistry
(IFCC) method without pyridoxal phosphate (37 °C). The
measurement of total protein in the serum was conducted
by means of photometric test based on the biuret method
with the kit. The concentration of albumin in serum was
measured by means of photometric test using bromocresol
green. Globulin was obtained by subtracting albumin values
from total serum protein. The assay of uric acid in serum was
conducted based on the enzymatic color test. All biochem-
ical assays in the serum were performed in duplicate and
according to manufacturer’s instructions (DiaSys Diagnostic
System GmbH, Holzheim, Germany). The antioxidant activ-
ities in serum were measured by DPPH (Sohaib et al., 2012)
and ABTS (Petacci et al.,, 2010) free-radical scavenging
assay methods as mentioned above. For the entire assays in
the whole blood and serum, the intra-assay and inter-assay
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Table 1. Percentage inhibition values of the fungi towards DPPH or ABTS free radicals!.

Composition (g/100g)  R. oryzae C. crassa Ascorbic acid?
(n=3) (n=3) (n=3)

DPPH (% inhibition) 953+£2.08 75.1+7.68 93.1+1.55

ABTS (% inhibition) 78.6+4.46 652+7.88 96.1£0.99

I Data are presented as means & SD. 2 Ascorbic acid was used as a standard antioxidant. n:
number of samples analyzed; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS:
2,2'-azino-bis(3-ethyl-benzthiazolin-6-sulfonic acid).

Table 2. Chemical composition of the R. oryzae or C. crassa-fermented rice bran (as dry basis)!.

Composition  R. oryzae-fermented  C. crassa-fermented  Untreated rice
(g/100 g) rice bran rice bran bran
(n=2) (n=2) (n=2)

Moisture 37.8£2.91 39.8+£2.10 14.1£0.90
Crude ash 12.4£0.20 11.8+£0.34 10.7£0.23
Crude fat 14.0+0.51 8.08 £0.76 12.3+0.54
Crude protein ~ 14.7 £0.21 14.8+0.34 14.7+0.67
Crude fiber 19.2+£0.43 12.1£0.67 23.9+£0.56

! Data are presented as means & SD. n: number of samples analyzed.

coefficients of variation of the control samples were 1.5-4.8
and 2.7-5.4 %, respectively.

Drip loss of meat was measured according to Wang
et al. (2015) with a few modifications. Around 45 min after
slaughter, the breast or thigh muscles were weighed and the
pH was measured. The meats were then placed in a Whirl-
pak bag, stored in a refrigerator (5 °C) and reweighed for the
final pH measurement. The drip loss of meat was measured
based on the weight loss and expressed as a percentage.

2.4 Data analysis

Data obtained in this study (except data of mortality) were
analyzed according to a completely randomized design by
ANOVA using the general linear models procedure in SAS
(SAS Inst. Inc., Cary, NC, USA). The pen was treated as
the experimental unit. Results are presented as least squares
means (LSMEANS) and standard error of the mean (SEM).
Significant differences among dietary treatments were fur-
ther analyzed with Duncan’s multiple-range test. A signifi-
cance level of P < 0.05 was applied.

3 Results

3.1 Antioxidant activity of fungi and chemical
composition of fungal fermented rice bran

The antioxidant activities of the fungi are presented as per-
centage inhibition (Table 1), at which the higher percentage
inhibition towards DPPH or ABTS indicated the higher an-
tioxidant potentials of the fungi. Based on DPPH assay, the
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fungus R. oryzae had antioxidant activity corresponding to
ascorbic acid and was higher than that of C. crassa. Con-
comitant results were found when ABTS method was ap-
plied. Fermentation with the fungi especially C. crassa low-
ered the fiber and crude fat contents of rice bran (Table 2).

3.2 Performance of broilers

Data on the performance of broilers are presented in Ta-
ble 3. Birds in CONT group had higher (P < 0.01) and
lower (P < 0.05) BW gain and FCR, respectively, than in
other birds during days 22 to 28. Body weight gain and
FCR was lower (P < 0.05) and higher (P < 0.05), respec-
tively, in HS-CONT group than in other groups during days
29 to 35. Throughout the treatment period (days 22 to 35),
BW gain was highest (P < 0.01) and lowest (P < 0.01) in
CONT and HS-CONT birds, respectively. FCR was lower
(P < 0.05) in CONT than in HS-CONT and HS-RO birds,
but not different (P > 0.05) when compared with HS-VIT,
HS-CC or HS-RB. Feed intake and mortality were not dif-
ferent (P > 0.05) across the treatment groups throughout
the experimental period, though numerically feed intake and
mortality were higher and lower, respectively, in CONT than
in other birds.

3.3 Internal organ weight

Data on internal organs of broilers are presented in Table 4.
The relative weight of heart was higher (P < 0.05) in CONT
than in HS-CONT or HS-VIT birds, but the difference was
not significant compared to HS-RO, HS-CC and HS-RB
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Table 3. Effect of dietary supplementation on BW gain, feed intake, FCR and mortality of broilers reared under normal or HS conditions.

Day Treatment group SEM P value
CONT  HS-CONT HS-VIT HS-RO HS-CC HS-RB
(n=40) (n=40) n=40) (m=40) (n=40) (n=40)
BW gain (g bird—1)
2228 5012 404 411b 405b 417° 417° 151  <0.01
29-35 5862 459b 5742 52160 5672 5752 26,5  0.02
22-35 10872 905¢ 985be 926b¢ 985be 993b 266 <0.01
Feed intake (g bird_l)
22-28 856 827 825 814 839 807 195  0.56
29-35 1221 1153 1152 1182 1144 1150 31.6 052
22-35 2076 1981 1977 1996 1984 1957 405 040
FCR
22-28 1.722 2.05° 2.01° 2.020 2.020 1.93b 0.06 0.1
29-35 2.092 2.54b 2.022 23380 o040 2.00? 0.13  0.03
22-35 1.912 2.16° 2010 2.17b 20260 1978b 006  0.04
Mortality! 0 2 2 1 2 3 091

! The number of dead chickens from 40 chickens per treatment. The data were subjected to %2 analysis. Numbers in the same row with different letters

(a, b, ¢) are significantly different. CONT: birds reared under normal temperature (28 £ 2 °C); HS-CONT: birds reared under HS conditions (35 +2 °C);
HS-VIT: birds reared under HS and provided with CAS; HS-RO: birds reared under HS and provided with rice bran containing R. oryzae; HS-CC: birds
reared under HS and provided with rice bran containing C. crassa; HS-RB: birds reared under HS and provided with rice bran; n: number of birds per

experimental groups; FCR: feed conversion ratio.

Table 4. Effect of dietary supplementation on internal organs of broilers reared under normal or HS conditions.

Items Treatment group SEM P value
(% live weight) CONT HS-CONT HS-VIT HS-RO HS-CC HS-RB

n=5 m=5) (n=25) n=5 m=5 (=)
Heart 0.582  0.41° 0.41° 0.49%b 04885 0463P 004 0.04
Liver 227 2.40 2.50 2.14 2.18 238 0.17  0.67
Spleen 0.10 0.09 0.10 0.09 0.09 0.07 0.0l 049
Thymus 0.20 0.21 0.19 0.32 0.24 0.25 0.03  0.07
Bursa of Fabricius ~ 0.16 0.11 0.07 0.12 0.09 0.08 0.02  0.06
Proventriculus 0.47 0.43 0.49 0.36 0.37 0.45 0.04 0.10
Gizzard 1.41 1.36 1.51 1.25 1.44 1.40 0.08 0.41
Gall bladder 0.10 0.10 0.11 0.10 0.11 0.10 0.01 092
Duodenum 0912  0.75° 0.720 0706 067° 075> 005 002
Jejunum 1422 115 1.08° 123> 1.07°  1.08° 006 <0.01
Tleumn 1.04 0.84 0.79 0.83 0.85 0.88 0.07 0.18
Caecum 0.53 0.39 0.38 0.40 0.44 0.49 0.04 0.09

Numbers in the same row with different letters (a, b) are significantly different. CONT: birds reared under normal temperature (28 £ 2 °C);
HS-CONT: birds reared under HS conditions (35 + 2 °C); HS-VIT: birds reared under HS and provided with CAS; HS-RO: birds reared
under HS and provided with rice bran containing R. oryzae; HS-CC: birds reared under HS and provided with rice bran containing C. crassa;
HS-RB: birds reared under HS and provided with rice bran; n: number of birds per experimental groups.

birds. Birds in CONT group had higher relative weights of
duodenum (P < 0.05) and jejunum (P < 0.01) when com-
pared with the birds in other groups. There was no difference
(P > 0.05) in the relative weight of lymphoid organs (spleen,
bursa of Fabricius and thymus) among the treatment groups.

www.arch-anim-breed.net/60/347/2017/

3.4 Hematological and biochemical parameters

Data on hematological and biochemical parameters of broil-
ers were presented in Table 5. The proportion of eosinophils
was higher (P < 0.05) in HS-CC than in other birds. Sig-
nificant difference was not observed in other hematological
parameters. With regard to serum biochemistry, LDL choles-
terol was higher (P < 0.05) in HS-CONT than in CONT,
HS-VIT and HS-CC birds. Total triglyceride was highest
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Table 5. Effect of dietary supplementation on hematological and biochemical parameters of broilers reared under normal or HS conditions.

Items Treatment group SEM P value

CONT HS-CONT HS-VIT HS-RO HS-CC HS-RB

n=5) (=) (n=Y5) n=5 m=5 Ww=)5)
Hematological parameters
Hemoglobin (gdL 1) 7.44 7.18 6.68 7.38 7.62 5.98 059  0.39
Erythrocytes (1012 L~1) 2.12 2.28 2.32 2.07 2.14 2.06 020 091
Hematocrit (%) 21.8 21.2 19.6 21.8 224 17.6 174 0.41
MCV (fl) 103 91.4 92.1 101 105 85.9 772 035
MCH (pg) 35.1 31.0 314 343 35.6 292 238 0.36
MCHC (gdL™!) 34.1 33.9 34.1 33.9 34.0 34.0 028  0.99
Leukocytes (10° L~1) 19.5 18.9 182 22.9 24.0 234 293 058
Heterophils (%) 29.2 34.2 36.8 48.0 42.0 322 527 017
Eosinophils (%) 2.60°  3.00° 1.402 1602 6.60° 280 107 0.03
Lymphocytes (%) 63.4 55.6 57.0 432 46.2 56.0 591 0.20
Monocytes (%) 4.80 7.20 4.80 7.20 5.20 9.00 172 0.44
H/L ratio 0.49 0.89 0.72 1.20 0.94 0.64 023 032
Serum biochemical parameters
Total cholesterol (mgdL~1) 118 135 128 113 131 136 8.10 027
HDL (mgdL~!) 112 104 107 87.2 112 104 798 030
LDL (mgdL~1) 1128 383b 12.52 262&b 1692 278%b 571 0.02
Total triglyceride (mgdL~1)  35.7°%¢ 42620 43980 994c  3g9bc 5122 353 001
Glucose (mgdL™!) 203 184 201 175 185 182 138 0.64
AST (U/L) 257 298 332 268 294 277 246 036
ALT (U/L) 8.38%b 9302 6.48%c  580dc  446d 4249 067 <0.01
Total protein (gdL~!) 2.75¢ 3.832 34680 3.10bc  3358bc 36720 021  0.02
Albumin (gdL—1) 1.00%b 1212 1.16% 090>  1.10%®  1.09%b 007 0.04
Globulin (gdL™1) 174> 2622 2.302 2200 226%b 2582 017  0.02
Uric acid (mgdL™1) 1.56°  5.082 5.162 29480 g gpab  3g1ab g4 (.04

Numbers in the same row with different letters (a, b, ¢) are significantly different. CONT: birds reared under normal temperature (28 +2 °C); HS-CONT:
birds reared under HS conditions (35 £ 2 °C); HS-VIT: birds reared under HS and provided with CAS; HS-RO: birds reared under HS and provided with
rice bran containing R. oryzae; HS-CC: birds reared under HS and provided with rice bran containing C. crassa; HS-RB: birds reared under HS and
provided with rice bran; n: number of birds per experimental groups; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC:
mean corpuscular hemoglobin concentration; H/L ratio: heterophils to lymphocytes ratio; HDL: high-density lipoprotein; LDL: low-density lipoprotein;

AST: aspartate transaminase; ALT: alanine aminotransferase.

(P < 0.05) and lowest (P < 0.05) in the serum of HS-RB
and HS-RO birds, respectively. ALT activity was higher
(P <0.05) in HS-CONT when compared with other HS
birds. Total protein was lowest and highest (P < 0.05) in the
serum of CONT and HS-CONT birds, respectively. Albumin
was higher (P < 0.05) in the serum of HS-CONT and HS-
VIT than in HS-RO birds. Globulin was lower (P < 0.05) in
CONT birds than in HS-CONT, HS-VIT and HS-RB birds.
Uric acid was lower (P < 0.05) in CONT birds than in HS-
CONT and HS-VIT birds, but the difference was not pro-
nounced when compared with HS-RO, HS-CC and HS-RB
birds.

3.5 Serum antioxidant activity

The ABTS percentage inhibition values of the serum were
higher (P < 0.01) in CONT, HS-CONT and HS-VIT as com-
pared to those in HS-RO, HS-CC and HS-RB birds. The
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DPPH percentage inhibition values were not different (P >
0.05) among the treatment groups (Table 6).

3.6 Intestinal microbial population

No significant difference (P > 0.05) was observed in the
populations of total bacteria, enterobacteria, coliform bac-
teria, lactose-negative bacteria and LAB in the digesta col-
lected from the ileum of broilers (data not presented).

3.7 Carcass characteristics

There was no difference (P > 0.05) in carcass traits, pH and
drip loss of breast meats (data not presented) from broilers
reared under normal temperature or HS conditions.
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Table 6. Effect of dietary supplementation on the percentage inhibition values of serum towards DPPH or ABTS free radicals in broilers

reared under normal or HS conditions.

Items Treatment group SEM P value
CONT HS-CONT HS-VIT HS-RO HS-CC HS-RB
n=35) @m=Y5) n=5 m=5 @®=5 @=5)
DPPH (% inhibition)  28.1 65.6 54.5 342 26.0 4026 11.0  0.09
ABTS (% inhibition) 55.2%  56.82 49.52 3730 344b 3744 315  <0.01

Numbers in the same row with different letters (a, b) are significantly different. CONT: birds reared under normal temperature (28 +2 °C);
HS-CONT: birds reared under HS conditions (35 £ 2 °C); HS-VIT: birds reared under HS and provided with CAS; HS-RO: birds reared under
HS and provided with rice bran containing R. oryzae; HS-CC: ,birds reared under HS and provided with rice bran containing C. crassa; HS-RB:
birds reared under HS and provided with rice bran; n: number of birds per experimental groups; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS:

2,2/ -azino-bis(3-ethyl-benzthiazolin-6-sulfonic acid).

4 Discussion

The HS has been associated with the depressed performance
in broiler chickens (Sohail et al., 2013). Accordingly, our re-
sult showed that birds reared under normal temperature gain
more weight than HS birds throughout the trial period. In this
study, dietary supplementations failed to alleviate the adverse
effect of HS on the performances of birds, though BW gain
and FCR were better in the supplemented HS birds as com-
pared to HS-CONT birds during day 29 to 35. To date, a
definite explanation for the lack of effect by dietary supple-
mentations on growth performance in HS birds remains un-
clear. Salami et al. (2015) reported that several factors may
be responsible for the efficacy of dietary supplementations
in broiler chickens under HS, including dose and duration of
supplementations, diets, age of birds and the level of stress.
In this study, HS was associated with the reduced weight
of active organs such as heart and intestine. This result was
similar to that reported by Sohail et al. (2013) and Zeferino
et al. (2016). Apart from the physiological adjustment de-
rived from depressed feed intake (Zeferino et al., 2016), the
increased corticosterone level in HS broilers may be respon-
sible for the lower percentage of the organs (Hu et al., 2010).
Corticosterone may decrease glucose transport to a variety of
tissues/organs, resulting in tissue regression and weight loss
(Yang et al., 2015). Interestingly, the percentage of heart was
not different between CONT and HS birds receiving fungi
or rice bran in the present study. Although we did not mea-
sure corticosterone in this study, it is likely that probiotics
(in the fungal supplements) and prebiotics (in untreated rice
bran) reversed the increased level of corticosterone in HS
birds (Sohail et al., 2012). Moreover, the antioxidant capaci-
ties in fungi (according to the data above) and rice bran (Jung
et al., 2017) may also help to ameliorate oxidative stress, and
hence the increased level of corticosterone and tissue atro-
phy in chickens could be prevented (Lin et al., 2004). In the
present study, treatments with the fungi or rice bran were as-
sociated with the improved antioxidant status and, possibly,
the decreased corticosterone level in birds. Indeed, the cor-
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relation between oxidative status and corticosterone level in
birds has been demonstrated (Lin et al., 2004).

In the present study, birds in HS-CC group had higher pro-
portion of eosinophils than in CONT and other HS birds.
The exact rationale for this condition remains unclear, but
the probiotic activity of C. crassa seemed to be responsi-
ble as Chuka (2014) reported that probiotic yeast (Saccha-
romyces cerevisiae) was able to increase eosinophil count
in broilers. With this taken into account, C. crassa seemed
to be beneficial for improving the resistance of HS chick-
ens to pathogens. The HS has been attributed to the increase
in LDL concentration in broilers (Habibian et al., 2014).
Accordingly, our result showed higher LDL level in HS-
CONT than in CONT and HS birds provided with either
CAS or C. crassa. Earlier studies reported a reduction in
plasma LDL in broilers treated with either antioxidant vi-
tamins (Ahmed et al., 2015) or probiotics (Hosseini et al.,
2013). Our finding may therefore suggest that CAS and C.
crassa were able to reverse the increased LDL level in HS
broilers. The mechanisms through which CAS and C. crassa
lowered the LDL level of HS birds are largely unknown, but
antioxidants in CAS and probiotic and antioxidant proper-
ties in the fungus seemed to control corticosterone secretion
(Sugiharto et al., 2016a) resulting in lowered LDL level in
HS birds. Indeed, Yuan et al. (2008) reported that plasma
LDL as well as triglyceride increased with the increased
level of corticosterone. In the current study, total triglyc-
eride was lower in the serum of HS birds provided with
fungi (especially R. oryzae) than in HS-CONT and HS-VIT
broilers, confirming that probiotic fungi had a triglyceride-
depressing effect in broilers (Idoui and Karam, 2016). Sim-
ilar to a previous study (Hosseini-Vashan et al., 2012), ALT
activity was higher in HS-CONT as compared with that in
HS birds receiving the supplements. In broilers, serum ALT
level generally increases with the liver dysfunction following
HS (Hosseini-Vashan et al., 2012). Hence, supplementation
with either CAS, fungi or rice bran was able to ameliorate
the liver disorder in HS broilers.

In the present study, total protein in serum was lower in
CONT than in HS-CONT, HS-VIT and HS-RB birds. In
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some cases, the increased serum total protein was associ-
ated with inflammation (Shen et al., 2010) and tissue dam-
age/protein breakdown (Kim et al., 2015). In this study, HS
seemed to contribute to the inflammatory condition in broil-
ers as indicated by the higher H/L ratio in HS than in CONT
birds (though statistically not significant). It is known that
HS was associated with the increased corticosterone level
(Sohail et al., 2012) leading to tissue damage in birds (Xie
etal., 2015). Interestingly, there was no significant difference
in serum total protein between CONT and HS birds provided
with fungi. This may suggest that fungi (with probiotic and
antioxidant properties in it) could alleviate the HS-induced
muscle proteolysis resulting in lower serum total protein. It
has been suggested that globulin concentration increased dur-
ing inflammatory processes (Neto and de Carvalho, 2009).
Concomitant with this, globulin level was lower in CONT
than in HS-CONT, HS-VIT and HS-RB, but not different
when compared with HS birds receiving fungi. Again, the
fungi may control the inflammatory process and thus ele-
vation of serum globulin during HS could be alleviated. It
has been reported in broilers that plasma level of albumin in-
creased with HS (Akfiit et al., 2006). In this study, serum al-
bumin was lower in HS-RO than in HS-CONT and HS-VIT
broilers but did not differ from CONT, HS-CC and HS-RB
birds. In this case, probiotic activity of the fungus seemed
to be responsible. In this study, concentration of uric acid
was lower in CONT than in HS-CONT and HS-VIT birds.
Lin et al. (2004) reported that increased uric acid was con-
tributed by the increased corticosterone, leading to muscle
proteolysis. Such a condition is often seen in birds exposed to
HS. Indeed, no significant difference was observed in serum
uric acid between CONT and HS birds receiving fungi or rice
bran in the current study, suggesting that the fungi and rice
bran were able to alleviate muscle proteolysis in HS birds.
The HS has been attributed to the oxidative stress in broiler
chicks (Sugiharto et al., 2016a). As a natural protective re-
sponse against oxidative stress (Sohail et al., 2011; Akbarian
et al., 2016), serum total antioxidants have been reported to
be increased in HS birds (Sohail et al., 2011). Conversely,
HS did not significantly increase the serum antioxidant ac-
tivity of broilers in the present study. The chronic HS ap-
plied in the current study seemed to permit acclimatization
of birds to HS (Al-Fataftah and Abu-Dieyeh, 2007; Akbar-
ian et al., 2016). This acclimatization may alleviate the ox-
idative stress (Al-Fataftah and Abu-Dieyeh, 2007), thus pre-
venting further increased antioxidant activity in the serum
of HS birds. Irrespective of the HS effect, antioxidant activ-
ity was lower in the serum of HS birds supplemented with
the fungi or untreated rice bran when compared with that
in CONT, HS-CONT and HS-VIT birds. As oxidative stress
may be accompanied by the increase in antioxidant activity
(Akbarian et al., 2016), the lower serum antioxidant activ-
ity in the fungal- or rice-bran-supplemented HS birds may
therefore be attributable to the lower oxidative stress in the
respective birds. The mechanism by which the fungi or rice
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bran reduced the serum antioxidant activity of birds remains
unclear, but the antioxidant properties in the fungi and rice
bran might improve the antioxidant defense systems, thus al-
leviating the oxidative stress in birds.

Our present data showed that neither HS nor additive sup-
plementations had changed any of the intestinal microbial
population of birds. This finding was in accordance with So-
hail et al. (2013, 2015), who reported that neither chronic
HS nor probiotic treatments affected the intestinal micro-
bial communities of broilers. Nevertheless, our finding was
in contrast to Song et al. (2014), who showed an improve-
ment of microbial communities of the intestine in HS broil-
ers fed probiotics. With regard to the HS effect, it was most
likely that the acclimatization of birds to chronic HS may
ameliorate the adverse effect of HS on the intestinal micro-
bial population in HS birds. The neutral effects of fungal
and other supplements on the intestinal microbial population
in HS birds were not expected and cannot be confirmed at
the moment by the published data as the effectiveness of the
supplements may depend on several factors, including dose
and type of supplements, application method, diets, bird age,
farm hygiene and stress (Sohail et al., 2013).

In the present study, HS had no effect on the carcass
traits in broilers. Concomitant with our finding, Sakomura
et al. (2013) reported no difference in carcass, leg and breast
yield and drip loss in broilers reared under thermoneutral
and HS conditions. Moreover, Hosseini-Vashan et al. (2016)
reported no effect of HS on the abdominal fat content of
broilers. Nevertheless, our data were in contrast to Zeferino
et al. (2016), who showed negative effects of HS on the car-
cass composition and meat quality in broilers. The exact rea-
son for the lack influence of HS on carcass traits in broil-
ers is unclear, but the acclimatization of birds to chronic HS
seemed to improve their heat tolerance (Al-Fataftah and Abu-
Dieyeh, 2007), resulting in less alteration of metabolism and
thus carcass composition.

In addition to prebiotics, rice bran has been reported to
exhibit antioxidant activity (Jung et al., 2017). In this re-
gard, rice bran supplementation seemed beneficial in allevi-
ating the adverse effects of HS in broilers. By growing the
fungi on rice bran, we previously expected to exert syner-
gistic antioxidant effects of the fungi with rice bran on HS
birds. However, the current data did not reveal such effects,
as in general no notable differences between the effects of
rice bran containing R. oryzae, rice bran containing C. crassa
and rice bran itself could be observed (except for eosinophils
and total triglyceride in serum). Owing to the latter condi-
tion, it was most likely that fermentation reduced the an-
tioxidant activity in rice bran (Yoon et al., 2015), and that
the synergistic antioxidant effects of the fungi with rice bran
did not occur. This inference should, however, be interpreted
with caution as we did not measure the antioxidant activity
in fermented rice bran and untreated rice bran in the present
study. Apart from the antioxidant activity in rice bran and
fermented rice bran, the relatively moderate numbers of the
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fungal colonies in the supplements may also be responsible
for the lack of meaningful differences between the effects
of fungal fermented rice bran and untreated rice bran on the
growth and physiological responses in HS broilers.

5 Conclusions

Dietary supplementation with fungus, especially C. crassa,
decreased serum LDL concentration and ALT activity and
improved antioxidant status in broilers subjected to HS. Sup-
plementation with C. crassa seemed beneficial in improving
physiological conditions of HS birds.
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