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Introduction. This experiment was performed to evaluate the effects of peppermint extract, vitamins C, vitamin
E, probiotics and antibiotics on performance, biochemical parameters and immune system of broilers under heat stress
conditions. Peppermint (Mentha piperita) is considered as one of these medical plants and belongs to the Lamiaceae
family. The essential oils and extracts of this plant are mainly made up of menthone, menthol and methyl acetate.
Peppermint is traditionally used as an antiseptic, antispasmodic, mild tonic, antimicrobial.

Materials and Methods A total of 240 one-day-old broilers (Ross 308) were distributed to 8 treatments with 5
replications/treatment based on a randomized block design. Experimental diets consisted of base diet without feed
additive and under standard temperature conditions (negative control), base diet without feed additive and under heat
stress conditions (positive control), positive control supplemented with 28 mg/kg virginiamycin, 28 mg/kg probiotic
protexin, 1 g/kg vitamin C, 1 g/kg vitamin E, 250 and 500 mg/kg peppermint extract, respectively. House temperature
was initially set at 28°C for the second week and then reduced by 0.5°C per day until a temperature of 22°C was
achieved at the end of the fourth week and then maintained constant thereafter. To induce heat stress, room temperature
was raised to 34°C during 10 AM to 16 PM from 15 to 42 days of age. A 23:1h light to darkness lightening regimen
was followed throughout the experimentation period. Body weight gain and feed intake were recorded for days 10, 24
and 42 of age and data were used to calculate feed conversion ratio (FCR). At the end of the experiment (day 42), two
birds from each replication with a body weight close to cage mean were selected and killed. Individual blood samples
were collected form the slaughtered birds and centrifuged at 1800x g for 15 min. The collected sera samples stored at
-20°C pending biochemical assessments. Concentrations of serum glucose, triglyceride, total cholesterol and low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), very- low-density lipoprotein
cholesterol (VLDL-C), white blood cells (WBC), red blood cells (RBC), Hematocrit and Hemoglobin were
determined by different recommended procedures. To assay the primary and secondary antibody responses against
SRBC, 2 birds/replicate were immunized intramuscularly with 0.5 mL 10% SRBC in. Blood samples (1.5 mL/bird)
were obtained from the brachial vein at 7d following each injection.

Results and Discussion The results showed that the highest feed intake and feed conversion ratio were observed
in chickens fed with negative control diets (P <0.05). The greatest body weight was observed in the birds fed with the
negative control and diets supplemented with probiotics and vitamin E (P <0.05). Broilers fed with diets containing
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antibiotics as same as positive control group could increase abdominal fat percentage and serum triglycerides
concentration than other treatments (P <0.05). The broilers fed with diets supplemented with all feed additives
decreased the heterophils to lymphocytes ratio compared to the positive control group (P <0.05). The probiotics and
500 mg peppermint extract-supplemented diets improved the antibody titer against Newcastle, Gumburo and influenza
diseases, as well as anti-SRBC titer, compared to the positive control group (P <0.05). The results of this study are
supported by other studies, indicating that the dietary supplementation of probiotic could improve physiological
responses and immune system and thus performance of heat-stressed birds. Dietary supplementation of vitamin C is
an effective strategy to reduce the harmful effects of heat stress in poultry. The results of previous studies have
demonstrated that the antioxidant and inflammatory properties of peppermint contributes to the prevention and
treatment of diseases associated with oxidative stress, through removing free radical. Medicinal plants with secondary
metabolites have also reported to possess the positive effects on growth performance and thus increasing the immune
function. The positive effects of peppermint could be due to its active ingredients such as carvacrol, flavonoids and
menthol. Flavonoids with antioxidant effects have protective properties against free radicals. The mucous membrane
of the gastrointestinal tract plays an important role in preventing antigens and harmful microorganisms from entering
the organ and eliminating them, while also being effective in selective nutrient absorption. The results of the present
experiment and the other reports also indicate that dietary supplementation of probiotic and vitamin E and C and
peppermint extract improve the immune response and growth performance of broilers and could be account as an
alternative to antibiotics.

Conclusion In conclusion, a high dose of peppermint (500 mg/kg) was as effective as probiotic, vitamin E and C
in alleviating the negative effects of heat stress on growth performance, health and immune function.
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Table 1- The composition of experimental diet

1-10 days 11-24 days 25-42 days

06) St 3!
Ingredients (%)
= 570.0 603.9 649.1
Corn
(Cp-72¥¥) Ly s 327.1 306.9 273.9
Soybean meal (44 % CP)
e Pz 56.6 43.1 26.2
Fish meal
o S 03 19.4 238 29.0
Di calcium phosphate
S 15 116 9.6 9.4
Oyster meal
1 .. .

by g hne JoSe 5.0 5.0 5.0
Mineral and vitamin premix!
O U5 16 14 14
NaHCOs3
S 2.1 24 27
Salt
oo Jl s> 2.8 1.9 14
DL- Methionine
S ol 1.8 15 15
Choline chloride
A5 m 00 =l 2.0 0.5 0.4
L-Lysine HCL
Metabolizabe energy (kcal/kg)
(o) P 0532 23.7 19.3 17.8
Crude protein (%)
(3073) e 1.25 0.97 0.90
Calcium (%)
(123) 53 LB st 0.60 0.46 0.40
Available phosphorus (%)
(303) e LB 034 131 127 1.26
Digestible lysine (%)
(3053) it B et igite 0.90 0.80 0.69
Digestible Methionine + cystine
Y - - .

2 g S ol 250 235 225
DEB?
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1Supplied per kilogram of diet: vitamin A, 600 1U; vitamin D3, 800 1U; vitamin E, 83 mg; vitamin K3, 2.2 mg;
vitamin Bz, 1.8 Mg; vitamin Bz, 6.6 mg; vitamin Bz, 3 mg; D-calcium pantothenic acid, 10 Mg; vitamin B6; 3 mg;
vitamin B9; 1 mg, vitamin B12, 6 mg and choline chloride 160 mg, manganese, 120 mg; zinc, 100 mg; iron, 4 mg;
copper, 16 mg; iodine, 1 mg; selenium, 0.8 mg.
2Dietary Electrolyte Balance= (Na*, mEg/kg + K*, mEg/kg) — (CL-, mEqg/kg + SO42, mEqg/kg)
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Table 2- Effects of different dietary on growth performance parameters in broilers®
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Experimental diets

il glisi o)l
il Peppermint
Parameters o e Yixtract 3 o
i sals oo 1l S92 5 592292 [ —omelizg LA«’/ . /. . ol aw
Owalelir eSS E 33 el sl Sl
Negative Positive _AI’!tI_bIOtIC,' Problot_lc, Vit C VItE 250 mg 500 SEM P-
control control virginiamycin protexin mg value
(3035 0/p)5) (S pas Sys>
Feed intake (g/bird/d)
;150 :j_\ . 23.45 23.45 22.57 22.82 22.55 23.43 22.88 22.17 0.56 0.723
29
11-24d
sy YEN 40.76 41.26 41.31 40.48 40.41 42.12 40.45 42.83 1.56 0.702
25-42d b b b b ab ab ab a
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1-42d
Siay FY) 95.042 91.51%® 90.89%° 90.22%¢ 86.54>  86.45™ 84.88° 86.58° 1.69 0.004
9
(3908l p15) o B3 nl¥l Sl
Body weight gain (g/bird/d)
1-1
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29)
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25-42d
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1-42
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290
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29)
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5, Sdas asls

s gl 53,5 )5S |y Sismiil sols oy b ond 4y
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Table 3- Effects of different dietary on biochemical and hematological parameters in broilers in 42 days®
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Experimental diets

cute s

omamloluz g

—oelig

E-omelisg

il gl o jlae
Peppermint extract

- Lo vo-
2

Dee

£ ke

3kl

Js

Parameters

Total protein
(g/dL)

I oo
Glucose
(mg/dL)
95
Triglyceride
(mg/dL)

L yulS 6 3
Cholesterol
(mg/dL)
Joyls
HDL?
(mg/dL)
Sl s
Y J&e b
LDL?
(mg/dL)
Seoen ol
SRELCH
VLDL*
(mg/dL)
S s
LA
o
WBCS (x
103/uL)

L gl JglS
o

REDS (x
10%/uL)

o8 s sds
o
Hematocrit
(%)
oS glen
Hemoglobin
(mg/dL)
OnglSgen

Negative
control

3.75

219.06

100.61°

108.26¢

52.54

35.60°¢

20.12°

161742

2.48%

45.60%

13.72

Positive
control

3.40

188.45

148.18%

158.252

38.85

89.862

29.62

152920

2.20°

39.206b°

13.28

Antibiotic,
virginiamycin

3.55

204.51

154.29¢

164.222

37.75

95.612

30.862

158802

2.38%

36.40¢

14.88

Probiotic,
protexin

4.00

192.11

115.72°

124.60°

55.88

45.58°

23.14P

163402

2.702

51.602

15.30

Vit C

4.12

210.80

97.10°¢

123.01°

46.52

57.07°

19.42°

162102

2.542

39.60%

14.00

VitE

3.50

209.95

125,85

154272

48.62

80.49®

25.17%

162762

2.542

39.60%

14.12

250 mg

3.92

216.71

126.51b¢

148.14%®

45.24

77.49%

25.30%®

158202

2.522

41.60%

14.02

500 mg

4.03

190.91

106.54°¢

106.16°¢

62.94

22.5¢

21.31°

161582

2.682

41.80%

13.84

SEM

0.2

47

9.89

8.89

1.7

9.73

1.97

1.97

0.4

0.09

0.05

value

0.55

0.17

0.01

0.01

0.44

0.01

0.01

0.022

0.029

0.013

0.58

!Means within same row with different superscripts differ significantly (P<0.05).

High-density lipoproteins
3 low-density lipoproteins

“very-low-density lipoproteins
SWhite Blood Cells

Red Blood Cells

(P<005) Al oo (g b pxe MBI ()ly il e Bgys b iy j» Lglm")ﬁiilfa\



1P 5l Y o)leuds NF wl> ol ! o0ld pole slecdumrg sy 4yl Yy

Olie 4 C g E yolig uile sla el (Daldlio et al., 2012)
ol S8y (wSg claBasly b ss 3 el slag s 5]
g amd o ials 1y a5l sla JGoly il i1 b STy oyl oaimd oo
WSS o cdablre lacdly
Yarmohammadi ) ,Kea 5 Sbuw)by)l gdezo,l

Sl gy 0 Ldgyia Cuws ials” (Barbarestani et al., 2017
il gl IS ojlas (ool oy b o 45 e )S A5 cou
ol 559 5 stalel slolas Sl adllas ] 02008 51551,
woh lS el clable Il g0 4 pxe wges 9 Jlxb
3 (Tavakolinasab and Taherpour, 2017) ,55 clalllas
@ 29 Qb 3 dpge (AL lgull .l ond (B)1F
o b alS sla 55938l wyld 5y)8 Lisas GluS 5 lgie
At Fho (ool g 3)Sdes 390 53 dake (5GglgS eyl il
ik el (2l bl w2l sl | lame i 5
(Tavakolinasab and Taherpour, 2017)
Islal Juls o ool ol oilesl lajles
O3S 0 Jgaz 53 CogrslianSly 3T 5 an oy Yo 91 5)9000
@ by (Jolligs low il gl o8 (e iyt ol 003
290 C omeling 9 Sigmgn gl slooy L odd 445 lacog>
Sob o Lol 4l slaosy il 4 byjlow oo b &S
AL (6l gime 9ld5 STyod p Sk 1 p S Jeo B0 5 E (yalisg
3937+ P51l ool il 25 etlesl oo 1P/ 0)
@l 15 a8 (P<e100) 091 e ol 5l an
09,5 5 Sgmistl sl 0 b oad 4l loaege > 15l
Sl jlos (00 aSls )0 ((P<+/+0) 1 sdalie e g Cote Jald

2 Sole ol 538l 25 e GRIBl 2 sloisine Sl silo]]
—op boodd i sladsgs (P<e/+0) wiily b5 slads g
b gl ojlas p)S oo Bee g VO «Ssmgn b sl
553l ) s5lf o Sy wle w55 Ol oot
;{u’,uu.uj Sl 0y b odd 435 glads g 4l > (P<+/+0)
w00l> s 1y (%8 adgl (ool (B 325 e o Al 095
Oy 9 Sgmgn ol o b odd 45 lade > (P<2/-0)
duglio 3 1) 5008 (gilaw ale (ol T 49 15 e 02 C
(P<e/0) waby Hlis b jlos oo b

258 03 (el it RIS 2 5o Jelgs Jl (S le)S IS
Solow ko (Sshe 5 (6 e Sla s )low Egmd &S(5y5bo 4 Al o0
iy "biand (6 poano 3 (6l )9uiS" )3 Lo)S' Jud 53 99008 g JuslS g0
ok i &S 0uliS T (gla S gt JialS b lo)S i .l
dad e b bl i el cuw Gyl oL sl ade jo
(Mashaly et al., 2004)

el e fuly

(sisiel loplul ooy alojl slajles I eslinl
o) oy Moyd g Cuwoddd 4 Jdg e s il ((Jdg pia
ol o3y L ¥ Joda 3 ¢ Sjoy ¥V 0 65 sladsgy oS
el Cuo 3oL 09,5 (slodgn j0 (oS 02> oy (yl5ee Col
55,5 cldrgs b Jb ol b P <o/+0) 35y 5YL bnjlo 1S5 &
P she YO 9 Sigmgn ol 0y Lo 4 (B 9 Sal
2l 05,5 (gladn g (P >/ 0) Cusly o xe ogls Lald glins
Yl Jdgym sod Sisn Bl (sgl oy b odd a5 g cuto
md g ) Comghd 0io)d (P <o/ 0) aiidly b lo )50 4 cai )
4 Sisn bl gl Slhss oS €8l 5 Cute ol 095 (gla
o0 b ol 415 sladsgn o (e Jald &) Cuns (6)1d bxe yob
(P =e/e0) il uals Al glisd p)SokS o p)S o B+ (55l
sald 09)5 (sladrsr 1> (9 Comohd 4 Jidgyie Cond ik
oﬁbcmqlﬁdbgyﬁu)w)ﬁabﬁﬁogaw
Glajles S1L(P<+/-0) cusly (o) sxe cglas “g“’?ﬁ’u*’] Sl
219> Obb > (ogme s (yg 9 eges (Jbb 09 2 (oiule]]
(P >1+0) 3955 o sine ialo]]

asgs a5 W0y )5S (Xu et al., 2018) ) San 4 5;
2 Sy by s g pieS Copgiel (e (plo) 5 oS
il Clae yobs adlas gl b a5 il sald 09,5 | duylie
S g=e ials’ (Chandra Roy et al., 2015) |)Kex ¢ (g9l yhix

ol op b oodd 4dS gladre (oS5 o o i
G 1) wald 05,8 5 Sisn sl sles b duslie > Sismgy
09555555 50] osern by Sy b 1S elge oS
s (g Gl Bl crgo 9alST (398 348 (slayge)9n 9 (ACTH)
@ Jedg i Comd (bl cpl o X9 o0 soulo 53 Copmogid] g Jidgyim
g0 o4 el a9 G5 (2L et pa3LE Cugdl
3 )le (pen o A8l a8 Cod (ol 42 2 0,5 (o )))8 oolatul
s slowr Jelse Jlie )> Cunglio Jloisl g 0392 YU (3 (sion] s
ulio Job5 5yt b op 53 Sgmgy jl oolitl bl o 35
b (s 2bol 5 ddo (glas iSL by (I (agSus Cupner
g 9 ke dlge pllr 9 yiag Ol e 0y ()15 olKid )
ol slogel 3 anld o yiere I (S Hgd e (ol b
B Jelos 9 68l Jlasl dj o gl bl 4 (135 saer o>
ol e GBWy g0 el kS gl 48T wSb e b Judg i 4
5 Slyge Wlea OlL GGl Rl e ol
J31> slad )3 3T (glo JISGol, il yi> i so (598 S
S8 o 3)ly ol LI cacdl 5 ol sladshes 4 (ol



1P 5l Y o)leuds NF wl> ol ! o0ld pole slecdumrg sy 4yl Yyy

2GS (slodrgn 1 (6355 (59 Lo ) amss ) (oKD 0y (22 g (Sghe) SlaplNl s (9 9 Comwsii] 5 g yin oy oalejl (slales S1.E Jgun
'S ies XY
Table 4- Effects of different dietary treatment on heterophil and lymphocyte percentage and relative weights of
lymphoid organs and abdominal fat (% of live body weight) in broilers at 42 days

sinlel slaop>

Experimental diets

il gl ojlac
Peppermint extract

gi.u}ugbi ®%9ﬁ L)’“‘L’f —OAAL:JB -‘_;.:AYQ' [ R oL..I.\ﬁl C]aw
ascuwl B Lstio Jald Codo dalis ’ i B B
Ol g eSS C- E 3 PRk il Jlans
Parameters Negative Positive .Ar!t'.bm"c‘. Problot_lc, VitC Vit E 250 mg 500 mg SEM P-value
control control virginiamycin  protexin
Abdominal
fat 11070®  1.4090° 1.019% 08813° 08879 g77040  10248® 078170 0128  0.0021
oS 0ye> o>
Heterophil
26.20° 41.80° 39.60° 28.00°  31.60°  26.00° 30.60° 25.40 2.733  0.0001
Jedg i
Lymphocyte
y;j n 68.20° 55.40° 60.20° 69.60°  65.80®  64.60°  65.60® 71.40° 2.940 0.002
H/L
e 0.392° 0.772° 0.650% 0.416°  0.490*  0.407° 0.485" 0.361°  0.0622  0.0008
ool Jed i
Spleen
ok 0.1236 0.1318 0.1154 0.1662  0.1389  0.1345 0.1330 0.1388  0.019 0.312
Thymus
i 0.1250 0.1148 0.1426 01162  0.1343  0.1232 0.1288 0.1160  0.019 0.102
(S acs
Bursa
0.2799 0.2842 0.2099 02354 02411  0.2577 0.3354 0.2414 0.04 0.121
B934

(P<0.05) il po gyl sime BB (gl liie o By L cid) yo (gl Silie!

IMeans within same row with different superscripts differ significantly (P<0.05).
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Table 5- Effect of experimental treatment on serum HI-antibody titers against Newcastle, Gambaro and Influenza vaccine in
broilers (log 2)
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!Means within same row with different superscripts differ significantly (P<0.05).
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Table 6- Effect of dietary treatment on immune humoral response against sheep red blood cells (logz) in broilers at 42 d of age
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!Means within same row with different superscripts differ significantly (P<0.05).
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