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Introduction: During the winter months in most parts of Iran, the external temperature often drops below 0
°C. Typically, these temperatures fall below the optimal conditions for chick growth, resulting in cold stress and
potential diseases. This can subsequently impact meat quality negatively and reduce breeding efficiency. The
environmental temperature beyond the upper and lower limit of the thermoneutral zone is supposed to produce
heat or cold stress in animals (Meltzer, 1983). The adverse climatic condition produces physiological stress
which has profound economic influence on the productive efficiency including health and disease resistant
capacity (Phuong et al., 2016). Exposure of poultry birds to extreme temperature stressor modulates the immune
responsiveness and hematic-biochemical parameters of birds (Hangalapura et al., 2004). Among all the
environmental stressors, cold stress induces physiological responses which are of high priority and energy
demanding for homeotherms. Cold temperature can increase ascites susceptibility by increasing both metabolic
oxygen requirements and pulmonary hypertension (Stolz et al., 1992). The biggest obstacle in raising broilers at
high altitudes and cold conditions is the ascites syndrome. This condition can be characterized by an
accumulation of fluid in the abdominal cavity and elevated mortality that tends to peak between 4-6 weeks of
age (James, 2005). The International Biochar Initiative (2017) defines biochar as, “Solid material obtained from
thermochemical conversion of biomass in an oxygenlimited environment.” Biochar is an ash substance that is
produced from the burning of biological material via pyrolysis. This process heats the biological material in an
anaerobic environment causing it to decompose into an ash form. Growth promotion and therapeutic antibiotics
have been used to compensate for the high levels of stress, including cold stress,that can be present in intensive
animal production. Stress can lower resistance to many of the microorganisms present in the environment;
however, stress in general has been reported to have variable effects on the immune system and can both
enhance and suppress responses (Siegel, 1995); cold stress has been shown to both stimulate and suppress
chickens’ immune response (Regnier and Kelley, 1981; Hangalapura et al., 2006). Probiotics contain live
microorganisms and spores which when administered in adequate amount, confer health benefits to the host.
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Bacillus subtilis (B. Subtilis) and Bacillus licheniformis (B. Licheniformis) are the two most widely used strains
of probiotic bacteria in animal diets. Oral administration of B. Subtilis and B. Licheniformis can have a myriad
of beneficial effects, such as improved growth and meat characteristics, optimized composition of intestinal
microbiota, prevention of some diarrheal diseases, and reduced stresses. For such benefits, B. Subtilis and B.
Licheniformis have attracted considerable attention as a potentially beneficial dietary supplement for animal
health. For the many negative effects of antibiotic drugs used in chick production, we want to compare the
positive effects of some additives on performance of cold-stressed broiler chickens.

Materials and Methods: In this experiment, in order to examine the effect of solid waste biochar, probiotic
and zeolite on improvement of performance, blood indices and small intestine morphology of broiler chickens
reared under cold stress, in a completely randomized design, 315 Ross-308 broiler chickens (as hatched) were
allocated to 7 treatments, 5 replicates and 9 birds in each in cold and warm houses. Treatments are including: 1)
positive control (basal diet in recommended temperature), 2) negative control (basal diet + cold stress), 3-7)
negative control + %0.5, %0.75 and 1% solid waste biochar, 0.02% probiotic Ecobacto-P and 1% zeolite,
respectively. In cold stress groups, house temperature decreased to 17° C from 7d until end of the experiment
(42d).

Results and Discussion: As compared to group reared in warm house, cold stress significantly decreased
broiler chickens daily FI and BWG, serum total protein, albumin and globulin concentrations, thymus relative
weight, lymphocyte percentage, breast and thigh meat pH, breast meat redness (b) and thigh meat yellowness (a)
while increased total and ascitic mortality, red and white blood cell count, blood hemoglobin, heterophile
percentage and heterophil to lymphocyte ratio, antibody titter against SRBC, breast and thigh meat whiteness
and breast meat MDA concentration (P < 0.05).

Conclusion: In order to orthogonal contrast analysis between negative control group and additive groups,
solid waste biochar, probiotic or zeolite couldn’t improve broiler chicken’s growth performance, breast and thigh
meat quality parameters, blood metabolites concentration and cell count and did not ameliorate negative effects
of cold stress.

Keywords: Broiler Chicken, Cold Stress, Immune Response, Meat Quality, Performance, Probiotic, Solid
Waste Biochar
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Figure 1- Electronic image and spectrum of produced solid waste biochar
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Corn gluten (%60) 6.5 46 0
CP

ol ol (5> 152 145 1.2
DiCalcium phosphate

S Sl 132 1.14 11
Calcium carbonate

orge ~ s 0.24 0.2 0.19
DL- methionine

255 25 0.28 0.26 0.16
L- lysine HCI

o d 0.05 0.042 0.004
L- threonine

-~ 0.24 0.25 0.28
Salt

o Pex 0.2 0.2 0.15
NaHCO3

AR

oolisy JoSo 0.25 0.25 0.25
Vitamin premix

A

e deSa 0.25 0.25 0.25
Mineral premix

(duoy) 05 drmwlo (gdae dlgo S )5

Calculated nutrient composition (%)

(PS54 )2 S J3kS) ol islin JE 53, 3000.00 3030.00 3030.00
Metabolizable energy (kcal/kg)

(o3) P 2 23.50 20.90 19.00
Crude protein (%)

[r0) e JB 003 125 1.10 0.98
Digestible lysine (%)

(»\‘_0)5) wﬁ“ J:6 udw 0.60 0.52 0.44
Digestible methionine (%)

(03) e LB 0.30 0.28 0.27
Digestible cysteine (%)

(03) e JE s + (e 0.90 0.80 0.71
Digestible methionine + cystine (%)

F)jY/;\: ‘B1 F)f -y K L)““'L’ﬁ (b)f -\ E bi ,:;V/Y ‘Da u:“’l“3 ‘_JL;HW »‘9/\ ~~~~~ ‘Auwtig ‘_JLJ‘U» »‘5\"9 """ :dﬁb wbgh}&f;%)m\

H, P)fk;uﬂ ¥ 9 B, (’)fLsL:" s By {a)f /¥ Bg p)f \VANZ4 n_:by...g MMJS {:)f Y/ay Bz (a)f VV/AM By
posibo p)5 [N g 3 p S IYRF (s £)5 Yz (02T 5V w59y 5 YYIM fs0uS) 55500 £,8 YUSA cil)IS 08 p)5 Vo e ssle (Sme dlgo JaSo p kS 107
SID = o5t 01 3kl pusn b5 el sl ¥
! Every kilogram vitamin supplement containing: vitamin A, 3600000 lu; vitamin D3, 800000 lu; vitamin K, 0.8 g; vitamin B1, 0.7 g;
vitamin B,, 2.64 g; D- calcium pantothenate, 3.92 g; vitamin Be, 1.176 g; vitamin By, 0.4 g; vitamin By, 6 mg; H,, 40 mg
2 Every kilogram mineral supplement containing: choline chloride, 100g; manganese (Oxide), 39.68 g; Zinc, 33.88 g; iron, 20 g; copper, 4
g; iodine, 0.396 g and selenium, 0.08 g
3 standardized ileal digestible amino acid = SID.
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Table 2- Effect of experimental treatments on daily feed intake and body weight gain and feed conversion ratio of broiler chickens

\ - g -
_‘"w"l”" loles P-value3
Experimental treatments® SEM
1 2 3 4 5 6 7 1 2

(39/p)5) Srae Sl
Feed intake (g/d)
ot 39.42 17.5° 20.4° 20.8° 20.7° 19.2° 20.3° 1.51 0.0001 0.13
Starter
) 82.32 71.6° 70.1° 69.6b¢ 69.6¢ 59.9¢ 63.3%¢ 3.07 0.001 0.17
Grower
@u’ 165.0 159.0 160.0 160.0 149.0 156.0 165.0 5.44 0.423 0.89
Finisher
flféiaf 108.02 96.2° 96.9° 97.0° 91.6° 91.6° 96.6° 3.31 0.040 0.71

(39, p)5) o s
Weight gain (g/d)

ot 28.52 13.1¢ 15.3° 14.7% 15.20 14.2% 14.1k¢ 0.62 0.0001 0.04
Starter

) 52.12 45.4% 42.1b 45 .42 45 43 42.9b 38.90 2.14 0.009 0.63
Grower

@bb 84.8 87.1 79.1 80.7 7.7 78.9 84.6 2.39 0.209 0.47
Finisher

29 J . 60.52 51.7° 51.6° 53.2b 52.0° 51.50 52.6° 1.33 0.001 0.78
Total period

Shygd has cops

Feed conversion ration

o] 1.38 1.33 1.32 1.42 1.35 1.36 1.44 0.07 0.88 0.59
Starter
A
Grower

bl 1.4 203 202 199 192 198 195 007 0885 045
Finisher

1.58% 1.58% 1.672 1.54% 1.51% 1.39¢ 1.63% 0.04 0.007 0.57

:I'Jst | 1.78 1.86 1.88 1.82 1.76 1.78 1.84 0.05 0.585 0.51
Ota

(o) JS wlals

Total mortality (%)
(a23) ‘_r““" ol
Ascite mortality (%)

s W S sl
European production 3150 193 201°  227° 229 2300 194b 12 00001  0.11

efficiency factor

1.9¢ 22.02 11.0° 14.7% 17.6% 11.45 24.22 3.92 0.01 0.19

0.26° 8.392 3.18° 5.09° 5.72% 3.61° 6.59% 131 0.007 0.03

VO + i aalE =¥ Glagn o yd /D + ke dald —Y oy (5 bl )3 Bygp — e 3aLE) b oy Y () dge 0dd duogs (sled )3 hygp e JlE) 4l oy -

(9 2 PSS ) gy + (e aald =V (55 ) p)5 Vo) Sgmpp + ke 20L5 —F lagn 40> ) + e ol =0 ¢lage do

(5390 V=¥Y) 0393 JS 5 ((S39) Y& —FY) bl ((S39) V) =V0) 3y Sy Ve =Y) cnjlél

V=Y laylos LY Jloas o (29,5 amslio P-value - g lo)los JS 5:55ke clulie P-value -\ ©

1 1- Basal ration (positive control- rearing in recommended temperature of Ross strain), 2) negative control (fed basal diet and rearing in cold stress),

3) negative control + %0.5 solid waste biochar, 4) negative control + %0.75 solid waste biochar, 5) negative control + 1% solid waste biochar, 6)
negative control + probiotic Ecobacto-P (200 g/ton), 7) negative control + 1 kg /ton zeolite

2 Starter (1- 10 days), Grower (11- 25 days), Finisher (26- 42 days) and Total Period (1- 42 days).
8 1- P-value of total analysis and 2- P-value of contrast analysis between treatment 2 and treatments 3-7.
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1- Poultry litter biochar
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slarazg 3Sles ials g SThsd b cups Gl Sl
2 A g |y ooy (S Ll b p> 4Bl (hy9 (UbsS
ain gl 5l leyw i Jlee! Jusas Yleis! cpsls yiale]
P prpmaddn (555 Sbdrgr dod Had bl Guned g pgd
5 8395 (Spas Shgd Gl L o slos bis 4 36 pg> aiin
0093 g a8)S 558 oo US> jide 355 i Lads jglaieay
Shss ol Jlasl s Ll e 48 2038 gliel STygs
aS 000)S h)l3 8 petisre bl gl pulis BMS

oy i U Hlas (gals opu Lot PRy w; slods g
om0 b odd 4l lade g 4 Cund O ©gr gn
RS S g 4dg pS i 2las Gg s 5l als o
ol 43w By sladllas )3 . (Dim et al., 2018) cdl d4u0
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LSS () (e p8LS Copgid] B9y G 5 89 yin
b5 Gbargr (S ashe Jlod dgue 4 3B o (P>+/-0)
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Table 3- Effect of experimental treatments on blood serum indices (g/dl) and blood cell count of broiler chickens

' tnlejl slaylos

1 P-value?
:Ar‘;r)nseter Experimental treatments® SEM
1 2 3 5 6 7 1 2
(Tg/(:li‘)s ;’“’ ”(’ ay 6222 319" 308  249¢  279%  28px 275k 019 0001 008
otal protein (g
%gl)"?‘ o 1560 245 2318 216° 23128 240° 2542 015 0024 057
umin
ggguﬁﬁdn 4.66° 075  077° 033"  048°  0.46° 0.30° 019 0003 0.3
M) b e
(F:e d b\II): ; cJefl‘ls 230" 340 344%  340° 348  360° 4,012 0.16 003 063
'\/>< N P
&h.t;)gl“’:‘; ajin 338> 3622 366  3.56° 341 3890  4.03® 0.06 002 031
!
gﬂ)o“rof;‘“z il 80°  11.0® 128  121°  104°  90%  103% 080 0007  0.89
globin (g
:j‘or::)r:c;chftﬂ: (%) 748 558> 552 542"  520° 548 55.6° 1.96 0001 056
ymp 0
ﬁ;ﬁﬁoﬁﬁ/) 248> 423 428 446 46/0° 4342 42.40 179 0001 047
0
Comoghl] & g i Cos
Heterophile to 0.33*  0.76° 0.79° 083  0.89° 0.81% 0.772 0.059 0001  0.41

lymphocyte ration

SIVO + i dals ¥ Glagn Mo pd /B + die als =Y glopw 15 balyd 50 g — e 3alE) Al 0y =Y ely digw 00 Aoyl (gl )d )95 —Cute Jald) 4 oy —) !
o5 P eSS ) gy + hie ol =V (5 )0 S Vor) Sgmgp + (stio ld —F lagm doyd ) + e aals —0 lagm o yd

VY slayles LY Hlosd o (og)S dunlie P-value - g layles JS 5:Ske cluslie P-value -3

1 1- Basal ration (positive control- rearing in recommended temperature of Ross strain), 2) negative control (fed basal diet and rearing in cold stress),
3) negative control + %0.5 solid waste biochar, 4) negative control + %0.75 solid waste biochar, 5) negative control + 1% solid waste biochar, 6)

negative control + probiotic Ecobacto-P (200 g/ton), 7) negative control + 1 kg /ton zeolite.
2 1- P-value of total analysis and 2- P-value of contrast analysis between treatment 2 and treatments 3-7.

(Ranjbar et al., 2013) L4 (olo puo
oy sgad loplil s 05 2 (otales] sloslos ]
alasMo a8 gyablon cCunl oad ooy Ui ¥ Jods jo 1bsS
Qg 0d dpogi (slad ) Bl g 09,5 b dulie ;> 9
50D gesd 008 (g (g SRR G (lop T Jlasl (ol
bl o)l e LS gr b y9m 9 Jlob (o 0
2348l gy ald (295 Cluglie 4 a2g5 L (P>+/40)
3)90 S 3938l dod o 53538l (sbolost g oy (25 bl
P S Sladaer e (aud Gjg pEalS el il
5 ol Ginlafl b b 3850 25 oy A5 o b duglie
aS Cwl odd (J“’)])j WM duo gy UJLO.) Ja_‘l).w 50 d».o?u rabu‘
(b5 lmazgr oy 4 Sl p)S5kS ) p )5y 5l eslitl
a5 )8 8L cm 1) g pBiys 5 pSL s 039
Db 3D (6,553 i3 50 ¢ Jlds 40 o (Prvulovic et al., 2008)
el gnls a8 ab oold lis o i (b5 slads gy Ll
J(Lotfollahian et al., 2004) Wi Jxb s oyjs (idlS cage

SUlge )3 (i (adls plgisdy Comstl] & Jdg i Consd

Olesl @i b 3895 53 g cusl (365 (slad g alax 5l il
i ialS 4y e qtlogs L5 &S sl 005 L3I (il
Gl & e Lalae &5 08 2855 o> (5 (slaCumgid
o (Olfati et al., 2018) cwl oas Cowotdd 4y Judg yin Carans
Ulg 53 95 By gm0 cge lagm &5 Cusl 0l ()15
oiwlejl s (3-8lge (Man et al., 2021) 395 g0 048 g5
mOmea 9 OneSg) SSaman 5 97 (298! b e Sl
Ly ) 4Bl (hygp Yehmoly (1855 (slodzgn 0y 4 (0
02)8 GBI (Kadn i U dw G Sl (oleyw S35 Cod g ol
9 Jdgre il g Cowgdl) (ialS 4 oxie olojw 5 &S
SSman 99 2 29581 9 4d Comwgid a gy S
0Bl g Cowgit) al3 8l a yoxie gseal —(pagr 9 eSS
s Ly aSgygbdy cind Copmgtid &) hidgyin Cud g Jdg o
iyt Lol asgy culd) LB o anogi slod j> 4Bl (39
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Table 4- The effect of experimental treatments on relative weight of lymphoid organ (ratio as BW) and antibody levels against
sheep red blood cells (Log?2) in broiler chickens

Aol 8

' talojl (sl loss
Experimental treatments! SEM

P-value?

Parameter 1 2 3 4

5 6 7 1 2

gl plal (oo 5
Relative weight of
lymphoid organs
Joxb

Spleen

o 0.190
Bursa

0.128 0.128 0.118 0.125

0.218 0.185 0.325

woses

Thymus

adgl e

Primary immunity
G_&ﬁj%ﬁf“il 1.88b
Ig- G

M_&ﬁjﬁﬁf“il 1.13b
lg-M

8 odsslS el

Total Ig

gl el

Secondary immunity
G-yl sia]

Ig-G

M=ol 1500 3.25°
Ig-M

8 ol
Total Ig

0.542 0.23° 0.15¢ 0.12¢

2.38% 2.802 2.30%

2.002 2.002 2.102

3.00° 4.382 4.802 4.402

2.00° 4.752 5.302 5.002

3.602 3.802

3.50° 8.00° 8.90% 8.80%

0.135 0.118 0.098 0.028 0.978 0.78

0.168 0.183 0.175 0.056 0.481 0.87

0.15¢ 0.11¢ 0.08¢ 0.027 0.0001 0.001

2.708 2.40% 1.90° 0.19 0.009 0.84

2.102 1.60% 2.002 0.20 0.017 0.86

4.802 4.002 3.90% 0.31 0.004 0.98

5.802 5.002 4.802 0.35 0.0001 0.31

3.702 3.802 3.802 0.28 0.0001 0.14

9.502 8.80% 8.60% 0.44 0.0001 0.08

+ e 1aLs =¥ lagn doyd /D + Lite dald =Y oloyw i bl pd )3 iy — ke AaLE) b o =Y (ely Arge 005 duogi (sled D byg —Cute L) Al oy =Y
o5 2 eSS ) gy + e als =Y o5 0 )5 Voo ) Sigugp + (siio Wli =F )lagm duoyd V + Liie dals =0 )lrgm Juoyd +/VD
V=Y Glaylas LY Jlos o (29,5 dunlis P-value - g lalos S :5ke luslie P-value -y 7
1 1- Basal ration (positive control- rearing in recommended temperature of Ross strain), 2) negative control (fed basal diet and rearing in cold
stress), 3) negative control + %0.5 solid waste biochar, 4) negative control + %0.75 solid waste biochar, 5) negative control + 1% solid waste
biochar, 6) negative control + probiotic Ecobacto-P (200 g/ton), 7) negative control + 1 kg /ton zeolite.
2 1- P-value of total analysis and 2- P-value of contrast analysis between treatment 2 and treatments 3-7.
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Table 5- Effect of experimental treatments on color and pH of breast and thigh meat of broiler chickens

\ . N -
f’“"h”l ol P-value?
Experimental treatments! SEM
1 2 3 4 5 6 7 1 2
Breast meat
gn 5.9¢ 4.44 5.8¢ 7.2 7.6% 8.02 8.0? 0.24 0.001 0.01
(L.) s, 24.8¢ 1042 1112 1052 94 99.3% 840 5.0 0.001 0.32
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Redness (a)
ol) eudgs
Thigh meat
E: 6.7b¢ 4.6 6.3¢ 7.1° 7.63% 7.8° 7.902 0.19 0.001 0.001
L) ol
( _) ) 28.8¢ 94.22 1002 83.5% 69 83.0% 59.4¢ 5.2 0.001 0.009
Lightness (L)
() 52, 16.8¢ 14.6¢ 22.18 17.3%¢ 18.10¢ 19.00 15.4 1.0 0.001 0.21
Yellowness (b)
@) 5302 22.8 18.0 19.1 21.0 20.9 18.3 19.7 1.3 0.29 0.009

Redness (a)
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! 1- Basal ration (positive control- rearing in recommended temperature of Ross strain), 2) negative control (fed basal diet and rearing in cold
stress), 3) negative control + %0.5 solid waste biochar, 4) negative control + %0.75 solid waste biochar, 5) negative control + 1% solid waste
biochar, 6) negative control + probiotic Ecobacto-P (200 g/ton), 7) negative control + 1 kg /ton zeolite.
2 1- P-value of total analysis and 2- P-value of contrast analysis between treatment 2 and treatments 3-7.
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Table 6- Effect of experimental treatments on breast meat quality of broiler chickens

\u@.b’}i sl jles

o P-value?
S"e c?f‘}: o Experimental treatments! SEM

P 1 2 3 5 6 7 1 2
l(;”)’)*;“z;“) 268 279 269 289 278 284 047 073 021
ry matter (%

g‘glfg’roﬁg’;)&y) 223 228 233 247 231 242 058 051  0.09
u I 0

sadlles olle

(51 Jpes ) 0.106°  150°  1.84®  190% 163> 198 219 0167 0001  0.03
MDA (umol/g)

(3059) ()l byl

Water holding capacity 138 127 141
(%)

(22) A2 SE Mg g g 123
Drip loss (%)

39 5l A o B30

(129) 14.3 14.8 15.2
Cooking loss (%)

15.1 9.57 12.1 1.65 0.121 0.66

12.9 13.2 12.6 1.2 0.24 0.4

17.0 12.2 14.0 1.8 0.113 0.75
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1 1- Basal ration (positive control- rearing in recommended temperature of Ross strain), 2) negative control (fed basal diet and rearing in cold stress),
3) negative control + %0.5 solid waste biochar, 4) negative control + %0.75 solid waste biochar, 5) negative control + 1% solid waste biochar, 6)

negative control + probiotic Ecobacto-P (200 g/ton), 7) negative control + 1 kg /ton zeolite.
2 1- P-value of total analysis and 2- P-value of contrast analysis between treatment 2 and treatments 3-7.
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