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This study evaluated the effects of dietary turmeric (Curcuma longa) and cumin
(Cuminum cyminum) powder, added to a wheat-based diet, on performance, immune
response, and some carcass characteristics of broiler chickens. Two hundred one-day-
old male Ross-308 broiler chicks were allocated to a completely randomized design
with five treatments, four replicates, and ten birds per replicate, and reared for 42 days.
The experimental treatments consisted of a basal diet without additive (control), basal
diets containing 0.25% and 0.5% turmeric powder, and basal diets containing 0.25%
and 0.5% cumin powder. Body weight gain during the starter period (0-21 d) and the
overall period (0-42 d) was significantly higher in treatments 3, 4, and 5 (0-21 d) and
in the 0.5% turmeric and 0.5% cumin groups (0-42 d) than in the control group
(P<0.05). Feed conversion ratio improved in treatments 3, 4, and 5 (0-21 d) and with
0.5% turmeric (0-42 d) compared with the control (P<0.05). Feeding 0.5% cumin
significantly increased the cutaneous basophil hypersensitivity response 12 h after
phytohaemagglutinin injection and the antibody titer against sheep red blood cells on
day 7 post-injection compared with the control (P<0.05). Carcass yield was higher in
the 0.25% cumin and 0.5% turmeric groups than in the control, and the 0.5% cumin
group had lower abdominal fat and greater relative bursa of Fabricius weight than the
control (P<0.05). These findings indicate that dietary turmeric and cumin powder,
particularly at the 0.5% level, can positively affect growth performance and immune
competence of broiler chickens and may serve as a potential alternative to antibiotic
growth promoters.
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Extended Abstract

Introduction

Poultry meat is one of the most important sources of high-quality animal protein for human nutrition, and the poultry industry
has intensified in recent decades to meet growing global demand. Intensive rearing conditions impose considerable
environmental stress on birds and increase their susceptibility to disease. Since the early twentieth century, subtherapeutic
levels of antibiotics have been used in poultry diets as antibiotic growth promoters (AGPs) to mitigate these stresses and
improve growth performance. However, long-term use of AGPs has been associated with the emergence of antimicrobial
resistance and potential risks to human health, leading to restrictions or bans on their use in several countries, including
members of the European Union. Withdrawal of AGPs from poultry diets, in turn, has been associated with reduced protection
against environmental and pathogenic challenges and consequent declines in performance and profitability. Consequently,
considerable research attention has been devoted to identifying natural and safe alternatives to AGPs, including probiotics,
prebiotics, organic acids, and phytogenic feed additives (PFAs) - plant-derived compounds used to enhance the performance
and health of livestock and poultry.

Wheat is widely used as the main cereal component of poultry diets in regions where maize cultivation is limited. Although
wheat has a favorable amino acid profile relative to maize, it has two major drawbacks: lower metabolizable energy content
and a high concentration of non-starch polysaccharides (NSPs), which increase digesta viscosity and impair nutrient digestion
and absorption. Turmeric (Curcuma longa) and cumin (Cuminum cyminum) are medicinal and spice plants containing
bioactive compounds such as curcumin and cuminaldehyde, respectively, that have been reported to possess antioxidant,
antimicrobial, and digestive-stimulant properties. However, research on the effects of these two additives in wheat-based diets
for broiler chickens remains limited, and reported findings are occasionally inconsistent, highlighting the need for further
investigation. The objective of this study was therefore to evaluate the effects of dietary turmeric and cumin powder, at two
inclusion levels (0.25% and 0.5%), on growth performance, selected indices of cellular and humoral immune response, and
carcass characteristics of Ross-308 broiler chickens fed a wheat-based diet, in order to assess the potential of these phytogenic
additives as natural alternatives to AGPs.

Method

This experiment was conducted at the Broiler Research Station of Shahrekord University, located in Chaleshtar (2,090 m
above sea level; 32°23' N, 50°47' E). Two hundred one-day-old male Ross-308 broiler chicks were weighed and randomly
allocated to 20 floor pens (1.2 x 1.8 m each) in a completely randomized design comprising five dietary treatments, four
replicate pens per treatment, and ten birds per pen. The treatments were: (1) a basal wheat-soybean meal diet without any
additive (control); (2) basal diet + 0.25% turmeric powder; (3) basal diet + 0.25% cumin powder; (4) basal diet + 0.5%
turmeric powder; and (5) basal diet + 0.5% cumin powder. Diets were formulated to meet or exceed NRC (1994) nutrient
recommendations for the starter (0-21 d) and finisher (22-42 d) periods and were fed in mash form ad libitum, with water
freely available throughout the 42-day trial. All pens followed an identical vaccination schedule (Newcastle disease and
infectious bronchitis on day 4; a combined vaccine on day 11; Newcastle booster on day 21).

Feed intake and body weight were recorded weekly, and feed conversion ratio (FCR) was calculated for the periods 0-21, 22-
42, and 0-42 days. Cell-mediated immunity was assessed at 40 days of age using the cutaneous basophil hypersensitivity
(CBH) test: phytohaemagglutinin (PHA-P) solution was injected intradermally into the right foot web and phosphate-buffered
saline (PBS) into the left foot web of two birds per pen, and the resulting swelling was measured with a digital micrometer at
12 and 24 h post-injection. Humoral immunity was evaluated by intramuscular injection of a 2% sheep red blood cell (SRBC)
suspension on day 39, with antibody titers (log2) determined by the microtiter haemagglutination method on days 7 and 14
post-injection. At 42 days of age, two birds per pen were randomly selected, weighed, and slaughtered; carcass and relative
organ weights (liver, proventriculus, gizzard, heart, spleen, and bursa of Fabricius) were recorded and expressed relative to
live body weight. Data were analyzed as a completely randomized design using the general linear model (GLM) procedure of
SAS (2002), and means were compared using Duncan's multiple range test at P<0.05.

Results

Feed intake did not differ significantly among treatments during any period (P>0.05). During the starter period (0-21 d), body
weight gain in birds fed diets containing cumin or the higher level of turmeric (treatments 3, 4, and 5) was significantly greater
than in the control group (P<0.05); this advantage persisted over the entire 0-42 d period for treatments 4 and 5. FCR was
significantly improved in treatments 3, 4, and 5 relative to the control during 0-21 d, and FCR of the 0.5% turmeric group
remained significantly better than the control over the full 42-day period. Regarding immune responses, the CBH swelling
response at 12 h post-PHA injection was significantly higher in the 0.5% cumin group than in the control and the 0.25% cumin
group (P<0.05). Antibody titer against SRBC on day 7 was significantly higher in the 0.5% cumin group than in the control
(P<0.05). Carcass yield at 42 days was significantly greater in the 0.25% cumin group than in the control, 0.25% turmeric,
and 0.5% cumin groups, and in the 0.5% turmeric group than in the control and 0.25% turmeric groups (P<0.05). Relative
abdominal fat weight was significantly lower, and relative bursa of Fabricius weight significantly higher, in the 0.5% cumin
group compared with the control (P<0.05).

Conclusions

Dietary supplementation with turmeric and cumin powder, particularly at the 0.5% inclusion level, improved body weight
gain, feed conversion ratio, and carcass yield without adversely affecting feed intake, and enhanced selected indices of cellular
and humoral immune response in broiler chickens fed a wheat-based diet. Compared with the control, body weight gain over
0-42 d increased by 10.7% and 12.2% with 0.5% turmeric and 0.5% cumin, respectively, and FCR improved by 13.8% with
0.5% turmeric; carcass yield increased by 4.3% (0.25% cumin) and 2.9% (0.5% turmeric), abdominal fat decreased by 53.4%
(0.5% cumin), and the CBH response at 12 h, SRBC antibody titer on day 7, and relative bursa weight increased by 267.5%,
125.7%, and 86.6%, respectively, with 0.5% cumin. Given the adverse consequences associated with antibiotic growth
promoters, turmeric and cumin powder may represent potential natural alternatives (a direct comparison with an AGP-
containing group is still required) for inclusion in broiler diets. Further research is recommended to clarify the dose-response
relationships and underlying molecular mechanisms of these phytogenic additives, and to evaluate their economic feasibility
under commercial production conditions.
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2021 of oil (Indian seeds); p- curcumin, demethoxycurcumin, S
( ) mentha-1,4-dien-7-al: 42.1- bisdemethoxycurcumin) Main bioactive compounds
58.8% of oil (other origins)
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0.24 0.24 0.24 ol
Salt
0.24 0.24 0.24 orseie Jred
DL-methionine
0.25 0.25 0.25 “aeliy Joso
Vitamin premix*
0.25 0.25 0.25 T JoSe
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0.45 0.45 0.45 ooy BB jhud

Available phosphorus

P25 o VY- K oling 5o Ao B ol VYoo (IU) D3 galiyg A
P e Sdgpinal p )5 o o Bo eling )5 ke WAY B ppslisg p S s Voo B bty o5 o ¥
D ST 5T o8 ee V0« (3

(V) (sl uslizg JoSo p Sk’ ,0°
B2 (ealg p)5 e V¥ Br (el
~~~~~ cw;?» P)f‘_;lm ¥ ‘B]_Z umlug

*Each kilogram of vitamin premix provided 3,600,000 IU vitamin A, 800,000 U vitamin D3, 72,000 IU vitamin E, 8000 mg vitamin K3, 720
mg vitamin B1, 2640 mg vitamin B2, 4000 mg vitamin B3, 2000 mg vitamin B5, 1182 mg vitamin B6, 400 mg folic acid, 6 mg vitamin B12, 40
mg biotin, 100,000 mg choline, and 150 mg antioxidant.
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**Each kilogram of mineral premix provided 40,000 mg manganese, 37,000 mg zinc, 20,000 mg iron, 4000 mg copper, 80 mg selenium, and

400 mg iodine.
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Table 3- Composition of the experimental diet used for the grower period (22-42 d)
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0.09 0.09 0.09 Owgie S
DL-methionine
0.25 0.25 0.25 Faioliyg JoSo
Vitamin premix*
0.25 0.25 0.25 e JoSe
Mineral premix**
0.5 0.25 0 agx )5 b w0y
Cumin or turmeric powder
(F)sdaa dlge S 3
Chemical composition (%)
3100 3100 3100 (kcal/kg)pusslio 15 55,
Metabolizable energy (kcal/kg)
19.37 19.37 19.37 JNERE- I
Crude protein
0.996 0.995 0.993 o
Lysine
0.7 0.7 0.7 s + g
Methionine + cysteine
0.87 0.87 0.87 S
Calcium
0.34 0.34 0.34 o yiwd B yand
Available phosphorus
pSke Ve Ks oeling o5 o A v B oling VYoo (IU) D3 gpualisg Acee e (IU) A oliyg Y50 o2 (IU) (gl by Joso p)5oks 50°
Pk & Sl p )5 Lo ¥ Bo pasling .5 oo VWAY Bs ppusliyg p)5 oo Yo oo B elig 25 o ¥ v+ Ba oy p )5 e YOF+ B el
S92 ST 5l )5 Lo VB (g8 N ee e g pS ke Fr Bi2 el

*Each kilogram of vitamin premix provided 3,600,000 IU vitamin A, 800,000 IU vitamin D3, 72,000 IU vitamin E, 8000 mg vitamin K3, 720

mg vitamin B1, 2640 mg vitamin B2, 4000 mg vitamin B3, 2000 mg vitamin B5, 1182 mg vitamin B6, 400 mg folic acid, 6 mg vitamin B12, 40

mg biotin, 100,000 mg choline, and 150 mg antioxidant.

ks Tor pontb )5 oo Av cpn )5 o ¥ove il oS oo Voo e cigg) oS (oo YV oo (iU )5 (n ¥oe o (lin ) (Sdne JoSieo pS0lS 0 **
LY RY)

**Each kilogram of mineral premix provided 40,000 mg manganese, 37,000 mg zinc, 20,000 mg iron, 4000 mg copper, 80 mg selenium, and

400 mg iodine.
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G50 31031 3590 Glao
5 Sin YV VY (Sio) YV L i slaeygd (slp (ol s copd g (Siin )90 (g Bl g (B pan S))os
S50 ¥e w3 (CBH)' gy (Ldgil ol 903l e Jobo ol ool (b)) Ca 0 aslono ()90 0993 JS
1Y e @ (Y mg/ml) (PHA-P)Y yisglSlangid Jole a5 oy opay tAs sl (Corrier & Deloach, 1990)
SIS S5 5 3] g S 53 o (5 & o ol 4 (PBS)' S lind 3L Jolono 5 o o5l & 52 Lo
W5 S0l Sl yieg)Sen b 32)55 5l sl VY 9 WY 3 ol p)g5 (liee b (ala B3 32,5 o 9 oo
YA 5355 il <18 oljze 4 (SRBC) (gaidunsS (5 3015 JoalS 2103 ¥ (psimiliogen ¢ Jlygagn sioal gily ()] e
P9 9y b B il e 03)lea 9 i sl 53 (il sl g B2y ) 5o jl e g dslad g 4y (SMae B g0
5 Ao dalad 93 ¢ S50y ¥V (w50 0y 93 4l o )& & je0ds o(Wegmann & Smithies, 1966) jsuolissSlen
(g s aeld S Jlxb Jols (J515 (cloplil 5 4BV (59 (S ) omg 9 51S ol & psoty ol soly
2 el s 59 g ABY (205l S CuS ) plo SO CBd b Jlioud (595l b allas O ygods sdme e g K

A ol 055 59 5l o> o

SoboT ki g 4y
SAS” 355 (GLM) agas (s sloJin 03, 5 ooizl b iolos SIS b I8 55 iy (ol 5 ool sloosl
Pl oy g Jlein ] grdaws y3 (S5l (glataly Lin 9050 b o pSSlio dunnliio g 2505l 9 4 350 (SAS Institute, 2002)
g (1) darly b 4 30zl 3)90 (5 lel Jio 05

Yij=p+Ti+ej (1)

o9} sbasl

iy O yShos

209 | Sogd )3 (Byas Sl Culord Bl Joso > olAE b copd g G LRl ((Bpae S 4 bgye ol
s 0y93 )3 (P>0.05) 8,85 1,8 olol slolass 151 o6 gz 0393 IS 9 (S39) ¥V BYY Sy YV b so sl
Jlosi J) yider s )loisime s5bar (09 ¥ sl jlosd) dg2)5 (VL o g o 025 ool sbylond 1 (g LRI (S iy VI b
ol gdaw 9 LS lo Sl jin 6y seba 89 ¥ sbajloi (g BRIl 38 Ghign 0)93 US 3 (P<0.05) 59 sals
2l 4y Cond ()10 gxo 200 B 9 ¥ lajles ;3 (S5ey YV Uy 090 0 plde bas cu s (P<0.05) 59y ag2);
() 705 b3sine yobodr g doyd 1B (55l Jlowi (2l b Gopd 55 Gyan 093 JS 5 5 (P<0.05) by L
(P<0.05) 59 0L s ;|

il Bl
o33 1) & Jpz > (SRBC) cssihsS (355 o8 JpelS adle 5y gl 5 (CBH) gy (boil Colas 35051 ol

1. Cutaneous Basophil Hypersensitivity
2. Phytohaemagglutinin-P

3. Phosphate-Buffered Saline

4. Sheep Red Blood Cells

5. General Linear Model

6. Statistical Analysis System
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Table 4- Performance of broiler chickens fed the different experimental treatments during the various rearing periods

. . . . . 06)9d
P-value SEM a)"‘*#‘ \‘)L":‘.’ Y‘)L":‘.’ Y)L°‘.‘.-’ \)L"tﬁ-’ Period
Treatment 5 Treatment 4 Treatment 3 Treatment 2 Treatment 1 ()
0112 352 1108 1037 1098 1048 1097 0-21 (15) e Sy
0.095  95.6 3418 3140 3127 3158 3305 22-42 2d Srae S hy>
0.062 1144 4527 4178 4225 4206 4410 0-42 Feed intake (g)
0.048 221 657" 6842 662 609" 581¢ 0-21 (45) o Uil
0251  95.3 1701 1641 1545 1490 1631 22-42 f’f Oy oIP
0.039 647 23562 23252 22002 2106" 2100° 0—42 Weight gain (g)
0.042  0.064 1.69° 1.52° 1.66° 1.71% 1.89° 0-21 i s oy
0.091  0.093 2.06 1.93 2.04 2.14 2.03 22-42 i
Feed conversion
0.045 0,069 1.92% 1.81° 1.93%® 2.00% 2.10° 0-42 ratio

ol b o Ylas (53958 (g Al op Y jles Al o (uloll slajles o (P<O.05) Jb bxe coglis dgmg 6Lis Cidy o ,d ldie pé By
oo o) P 2o yde 1B gols b op Bjlo g2 150 /0 sol> Al o Fjlo Guw 005 )5 10> /YO (5l b o Yolow i) 350 Ao y3+ /YD
Different letters within each row indicate a significant difference (P<0.05) among the experimental treatments. Treatment 1:
basal diet without additive; Treatment 2: basal diet containing 0.25% turmeric powder; Treatment 3: basal diet containing
0.25% cumin powder; Treatment 4: basal diet containing 0.5% turmeric powder; Treatment 5: basal diet containing 0.5% cumin
powder.

39y ¥ o 3 (C8) o b (w950 1092) SRBC g (M) CBH Zewly (59, cilisee (slaylass 1 -0 Jgu
Table 5- Effect of the different treatments on CBH response (um) at 40 days of age and on antibody titer against SRBC (log2 of reciprocal
dilution factor)

P- SEM 0,los ¥ ylos ¥ yless Yl Y )les &S o3l ylo;
value Treatment 5 Treatment 4 Treatment 3 Treatment 2 Treatment1  Time of measurement
a ab b ab b BuF il celo Y
0.021 256.4 1551 1097 589 995 422 - BH Al
12 h post-injection CBH &l
0092 3261 666 1312 626 881 778 B0 a el
24 h post-injection
0038 0388 5.35° 487% 3.62 4.12% 2.37° G5 o e Y REC -l
Day 7 post-injection ~ SRBC &l
0316 0414 3.37 291 3.24 2.75 2.62 BuF il om s \Y

Day 14 post-injection

VD ol b oy o¥ jlei ( 33938 (g b oy 1Vl M3l oo (oialol (el ylews o (P<0.05) >  xo ciglis dgmg 4Lt ciud)y pa pd dsldio yub LBy y>

S 0305 09y 203010 (g9l oy 0y B )lord cars23)5 520/ (59l w0y Fylod Gaw 05 )51 Ao )> /YD (g5l 4l oy K e cigad)) H35 oy
Different letters within each row indicate a significant difference (P<0.05) among the experimental treatments. Treatment 1:
basal diet without additive; Treatment 2: basal diet containing 0.25% turmeric powder; Treatment 3: basal diet containing
0.25% cumin powder; Treatment 4: basal diet containing 0.5% turmeric powder; Treatment 5: basal diet containing 0.5% cumin
powder.

SMIg 9 i )lgF Splil g 4Y Slogas
sobds (Y jlewd) jaw 030 2oy 0.25 (gobs Jlows jo adY 205l .cuwl odds &)1 & Jadn ;0 (S5, ¥V oy 0 adY a5
(¥ Jlow) 493)5 2o p> 0.5 (g9 Hlad 13 g suw 0305 Mo pd 0.5 5 asgndy; 2oy 0.25 calis (slajlas 5l sy (6)l> sizo
Sl o dy bgyye (gl dbgsre oy i (59 oy i (P<0.05) 54 hg20,5 10y 0.25 5 salis (slajless I i
ot 33 g 2l 390 (oo (3] (P<0.05) Cls (gl gtme Coglis (ke (12 y205) o 00 b2y <0 (ol Jlowi L oS

(P<0.05) 54 sl jlow Iyt jow 033 Juoyd 0.5 (gl
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Table 6- Carcass yield and relative organ weights of the different experimental treatments at 42 days of age (% of live body weight)

P-value SEM Bjless Foles ¥oless Voles Vet Y el
Treatment 5 Treatment 4 Treatment 3 Treatment 2 Treatment 1 Carcass traits
0.045 05 70% 718 722 69° 69° ¥ °°5_l’~
Carcass yield
0.058 0.222 2.48 2.44 2.62 2.86 242 A‘g
Liver
0.612 0.0433 0.470 0.420 0.480 0.475 0.447 2o
Proventriculus
0381 0193 28 2.38 2.88 248 237 Ol
Gizzard
0.016 0.179 0.54° 0.88% 1.03%® 1.182 1.162 s @P
Abdominal fat
0.092 0.0561 0.620 0.528 0.618 0.540 0.553 <L
Heart
0.112 0.0149 0.143 0.140 0.170 0.155 0.157 Jb
Spleen
0.036 < V¥0 0.1252 0.1112 0.0882 0.095% 0.067" B

Bursa of Fabricius

AT 4_59[> 4-vl: 0 yu> Y)Lp.- ‘ug.sj)sl 09 4{[} 0 > \)lo.u ..L»Lv «° Lr-uiln)" dlb)lo.u o= (P<005))‘J (om0 u}l&) d9>9 alis AJ)D) LN AJL».A ).:_C «_93)>

o 0 09 2o )30 [0 (Gol> by oy D jloss iged)5 90 /D sol b oy F e Gaw 0] g Joyd /YD (ool b oy W les igad); O Loy
Different letters within each row indicate a significant difference (P<0.05) among the experimental treatments. Treatment 1:
basal diet without additive; Treatment 2: basal diet containing 0.25% turmeric powder; Treatment 3: basal diet containing
0.25% cumin powder; Treatment 4: basal diet containing 0.5% turmeric powder; Treatment 5: basal diet containing 0.5% cumin
powder.

-
adly ol il LS sladrsn (Bpae Sy )l tne U 0y 4 G 0 g 492305 g 2938 gl Llmgly
OIS (115 ol 33 Slygs Bpaan o jlane 18T o |y jaw o) 139 (39591 & Challagali etal. (2021) s )ljS L
O Jlb S 5 5 Gy o < 52538 55 4 25 (slo oyl & Slysi s gl Jlo (ol bl by 50,8
03,5 IS (o2 £ hS 22 )5 V0) 4g2dy) P VL o 1) Sy Bpae ials dainghy (S p Cul aluly

(Uriisan & Béliikbasi, 2017; Hosseini-Vashan et al., 2014)

o (ol 8l dguge AnLd &y el (IS T 0193 )3 o 235 303 0.5 5 e 005 (55> sl )3 g5 G
Iy swseS sldsgr (sag 5, Sles 1 esS )68 b (sl oS cute 43l &S Hernandez-Garcia et al. (2025) |6 L
ol sy Yo A ol 565 (slbdgs ) o 0,05 45, S ye i o)Ly, Shafiee et al. (2020) wls b 5 5,5 3,5
oy oy y e Urtisan & Boliikbasi (2017) [o)55 b s 4923y5 10yd 0.5 Graao b Slie b copd e
& Ygane 3,8kes pr (LS (sl 30938 cata Sl ol S5 ik 0y p55kS 13 ai520)) 333 25 Y 03938l L 2l s
(Abdelli et al., 2021; HOSSEINi- 39:5 0 0315 o byl )55 6K CooMas 39u80 § (229500 ¢ SlunS T 5 olgs
Vashan et al., 2015)

ok stog) Sosts 00imILES jaws 0335 20y3 0.5 sl slai 1 PHA-P 33,5 5w sl VY 55 CBH gy ol
2 ol sladrgr ol At 5 Gl 3,5 oo 4 horl o sl ol g ncsit) 3585 0aimd 3L guoly nl 5t
2 piad joy 0 SRBC ale ol jle iul3sl (Corrier & Deloach, 1990) cul oads (5,155 5,5 5l G ceelw VY
0uS' 5,50 il o,by0 Shafiee et al. (2020) )55 b ol gl sl Jlygesn sl guwl 390 )l 50 jlowd Cpaon
slaazg> 53 1) SRBC ade (53h ke s PHAP 4 Jolo ol Gl o5 Sethy (2021) (slaaidl L g s 0j (ol
cdale il Khodadadi et al., (2021) cyiored .ol bwlyod 0,8 5155 sl gl 4905 g oS el
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