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Objective: This experiment was conducted to investigate the effects of fermented and raw
sesame meal, with probiotic supplementation, on growth performance, carcass
characteristics, gastrointestinal microbial population, and meat quality in broiler chickens.
Method: Sesame meal was fermented with Lactobacillus plantarum for 25 days. A total of
240 male Ross 308 broiler chickens were used in a completely randomized design with 4
treatments and 4 replicates (15 birds per replicate) for 42 days. Experimental treatments
included: 1) control diet (Corn-Soybean meal), 2) diet containing 50% raw sesame meal
replacing soybean meal, 3) diet containing 50% fermented sesame meal replacing soybean
meal, and 4) diet containing 50% raw sesame meal with probiotics replacing soybean meal.
Results: The fermentation process significantly reduced pH, tannin and phytic acid levels,
while the population of lactic acid bacteria increased during the fermentation period
(P<0.05). Chickens fed a diet containing 50% raw sesame meal had the lowest body weight,
the highest feed conversion ratio, and the lowest carcass, breast, and thigh percentages
(P<0.05). There was no significant difference between the control, 50% fermented sesame
meal, and 50% raw sesame meal plus probiotic treatments in terms of growth performance
and the aforementioned traits (P<0.05). The abdominal fat of the treatments containing
fermented sesame meal and probiotics was significantly reduced (P<0.05). The lactic acid
bacteria population and pH in the crop and ileum of chickens fed with 50% fermented sesame
meal and 50% raw sesame meal with probiotics were higher and lower than other treatments,
respectively (P<0.05). Malondialdehyde (MDA) levels decreased after 1 and 30 days of meat
storage, in the 50% raw sesame meal with probiotics group compared to the control (P<0.05).
Conclusions: Fermentation of sesame meal or the use of probiotics effectively mitigated the
negative effects of replacing 50% of soybean meal with raw sesame meal, maintaining
growth performance and carcass traits at levels similar to the control diet. Additionally, these
treatments improved certain indicators of gastrointestinal health and meat quality.
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Introduction

Feed represents the major proportion of production expenses in poultry farming, accounting
for nearly 70% of total costs. Among feed ingredients, soybean meal is considered the primary
protein source in broiler diets; however, its high price and limited availability have encouraged
the search for alternative protein sources. Therefore locally available feed ingredients with
suitable nutritional characteristics is important for reducing feed costs and improving the
sustainability of poultry production. Sesame (Sesamum indicum L.) is an oilseed crop with high
tolerance to drought and adaptability to various environmental conditions. Sesame meal,
obtained after oil extraction, is a valuable protein-rich by-product containing more than 44%
crude protein and considerable levels of essential amino acids. Nevertheless, the presence of
anti-nutritional compounds, particularly phytic acid and tannins, restricts its efficient utilization
in poultry diets by reducing nutrient digestibility and mineral availability. Different processing
methods have been investigated to improve the nutritional value of plant-derived feed
ingredients. Among these approaches, solid-state fermentation has gained attention as an
effective biological process for reducing anti-nutritional factors and enhancing nutrient
availability. Fermentation by beneficial microorganisms, including lactic acid bacteria, Bacillus
species, fungi, and yeasts, can improve the nutritional quality of feed materials through the
degradation of undesirable compounds and the production of bioactive metabolites. In parallel,
probiotics have been widely studied as functional feed additives in poultry nutrition. Their
beneficial effects are associated with modulation of intestinal microbial populations,
improvement of gut health, enhancement of immune function, and positive effects on growth
performance and meat quality. These effects are mainly related to the production of organic
acids, enzymes, vitamins, and antimicrobial substances. Although fermented plant-based
ingredients have shown promising results in animal nutrition, information regarding the
application of fermented sesame meal in broiler diets remains limited. Moreover, the potential
of combining raw sesame meal with probiotic supplementation as an alternative strategy has
not been fully investigated. Therefore, this study was conducted to evaluate and compare the
effects of raw sesame meal, fermented sesame meal, and raw sesame meal supplemented with
probiotics on growth performance, carcass characteristics, gastrointestinal microbial
populations, and meat quality in broiler chickens.

Method

Sesame meal was fermented with Lactobacillus plantarum for 25 days. A total of 240 male
Ross 308 broiler chickens were used in a completely randomized design with 4 treatments and
4 replicates (15 birds per replicate) for 42 days. Experimental treatments included: 1) control
diet (Corn-Soybean meal), 2) diet containing 50% raw sesame meal replacing soybean meal,
3) diet containing 50% fermented sesame meal replacing soybean meal, and 4) diet containing
50% raw sesame meal with probiotics replacing soybean meal.
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Results

Fermentation of raw sesame meal with Lactobacillus plantarum significantly reduced pH,
phytic acid, and tannin contents, while increasing lactic acid bacteria counts compared with the
raw substrate. The reduction in pH is mainly attributed to organic acid production during
carbohydrate fermentation, whereas decreases in anti-nutritional factors may result from
enzymatic degradation during microbial activity. Replacing soybean meal with 50% raw
sesame meal negatively affected growth performance, whereas fermented sesame meal and
probiotic-supplemented diets improved body weight gain and feed conversion ratio, with values
comparable to the control group. These improvements are associated with enhanced nutrient
availability, reduced anti-nutritional factors, and improved intestinal microbial balance. Carcass
traits were adversely affected by high inclusion of raw sesame meal, leading to reduced carcass,
breast, and thigh yields. In contrast, fermented and probiotic treatments reduced abdominal fat
deposition. Increased liver weight in fermented treatments may be linked to enhanced bile acid
turnover and hepatic metabolic activity, while other organs were unaffected. Dietary treatments
significantly improved gut microbiota by reducing coliform counts and pH and increasing lactic
acid bacteria populations in the crop and ileum. These changes indicate a more favorable
intestinal environment, likely resulting from organic acid production and competitive exclusion
of pathogenic bacteria. Meat quality analysis showed no differences in lipid oxidation (MDA)
or pH at 1 day post-slaughter; however, after 30 days of storage, fermented and probiotic
treatments significantly reduced MDA and improved pH stability. These effects suggest
improved oxidative stability, potentially related to reduced fat deposition and enhanced gut-
derived metabolic health. Overall, fermentation and probiotic supplementation mitigated the
negative effects of high inclusion levels of raw sesame meal and improved growth performance,
carcass characteristics, gut health, and meat quality in broiler chickens.

Conclusions

Overall, the results of the present study demonstrated that microbial fermentation is an
effective strategy for reducing phytic acid and tannin contents in sesame meal. Replacing
soybean meal with a diet containing 50% fermented sesame meal or 50% raw sesame meal
supplemented with probiotics improved broiler performance, as evidenced by higher body
weight gain and better feed conversion ratio. In addition, these dietary treatments enhanced
carcass characteristics, including increased carcass, breast, and thigh yields, along with a
reduction in abdominal fat deposition. Furthermore, fermented and probiotic-supplemented
diets positively modulated gut microbiota by increasing lactic acid bacteria populations while
reducing coliform counts and pH in both the crop and ileum. A significant reduction in
malondialdehyde (MDA) in birds fed raw sesame meal supplemented with probiotics indicates
improved oxidative stability of meat during storage. In conclusion, fermented sesame meal and
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probiotic supplementation can successfully replace up to 50% of soybean meal in broiler diets
and may serve as suitable alternative protein sources in poultry nutrition.
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Table 1. Ingredients and chemical composition of experimental diets (% basis)

(5390 WYYF) 03y sl o>
Grower diets (11-24 days of age)

(;}5) Yb—\:\’) Ay L;Lm 0 >
Grower diets (25-42 days of age)

(5395 *=V+) el sl oy
Starter diets (0-10 days of age)

Shys lge s aoS albus’ b p sous s JS JS [APSEQREt s oS aouS [APSEQREt
Ingredients ‘ol TS TSy Pl S35 Sggn P S ye3S Sgng
& 5241  56.63 57.11 56.62 56.14 58.78 59.85 58.77 61.36 63.62 64.53 63.62
Corn

Tl g oS’ 40.52 17.65 17.07 17.645 36.49 17.06 15.90 17.06 31.05 14.51 13.52 14.505
Soybean Meal*

Bals axuS dllous - 20.13 - 20.13 - 18.12 - 18.12 - 15.42 - 15.42
Raw sesame meal®

5 o35 1S dlloS - - 20.13 - - - 18.12 - - - 15.42 -
Fermented sesame meal®

Lgw o9, 2.68 1.62 1.68 1.62 3.40 2.45 2.50 2.45 3.91 3.11 3.15 3.11
Soybean Qil

Olind a3 1.67 1.61 1.62 1.61 1.48 1.42 1.44 1.42 1.34 1.29 1.30 1.29
Dicalcium phosphate

oS Sl S 1.13 0.28 0.28 0.28 1.04 0.28 0.28 0.28 0.97 0.31 0.31 0.31
Carbonate Calcium

Sas 0.44 0.43 0.43 0.43 0.44 0.43 0.43 0.43 0.40 0.39 0.39 0.39
Salt

Y ey JoSe 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
7Vitamin premix

A sdne JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix®

o-J) 0.22 0.75 0.78 0.75 0.16 0.64 0.66 0.64 0.17 0.57 0.60 0.57
L-Lysine

ol 0.08 0.17 0.18 0.17 0.05 0.13 0.14 0.13 0.03 0.10 0.11 0.10
L-Threonine

ool 6> 0.35 0.23 0.22 0.23 0.30 0.19 0.18 0.19 0.27 0.18 0.17 0.18

DL-Methionine
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Sdgmon - - - 0.015 - - 0.01 - - - 0.005
Probiotic

Chemical composition

euddgilio BB (551 (p,59LST 6 IS 5LS) 2900 2900 2900 2900 3000 3000 3000 3000 3100 3100 3100 3100
Metabolizable Energy (kcal/kg)

7 pls oo 2223 2223 22.23 22.23 20.80 20.80 20.80 20.80 18.89 18.89 18.89 18.89
Crude Protein %

7. oS 0.93 0.93 0.93 0.93 0.84 0.84 0.84 0.94 0.76 0.76 0.76 0.77
Calcium %

7 o yiond BB jind 0.46 0.46 0.46 0.46 0.42 0.42 0.42 0.47 0.38 0.38 0.38 0.39
Auvailable Phosphorus %

U™ 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.17 0.17 0.17 0.17
Sodium %

AR 0.94 0.94 0.94 0.94 0.85 0.85 0.85 0.85 0.75 0.75 0.75 0.75
Threonine %

Toowid 1.39 1.39 1.39 1.39 1.25 1.25 1.25 1.25 1.12 1.12 1.12 1.12
Lysine %

T Cesie 0.68 0.68 0.68 0.68 0.61 0.61 0.61 0.61 0.56 0.56 0.56 0.56
Methionine %

7313 3,565 aial (slagusl 1.04 1.04 1.04 1.04 0.96 0.96 0.96 0.96 0.88 0.88 0.88 0.88
Sulfur Amino Acids %

Oealing Moll oy a5lg Y7o vt ol elng JoSo 5l p)S5hS po (V pls (g 203 YVIEY (5ol (1 pls (g 0 0y YY/OY (g9l (0 pls (g0 0> YOITR (9l (¥ «Sigmag g L ol o pls oS alloxiS§auo 3 00 (59l 002 (1 (g a5 408 b3 B+ (gl 0 (¥ el aoniS oS0035 0+ (g5l 0 (1

Weeo (] (5T p S (o ¥+ v o 25 o & B Gling p)S o Fo 0 B (olig 25 o WYF B ppslizg p)5 ke VM- BY (g 25 o ¥RY+ BY ppaslizg 5 e V¥ BY oling p S o Voo KT iy o5 oo Ac e B oliyg ol (5 005 P+ DY pppoliyg Mall sy A-eeee
2N b (olS a9 p S ogres) 108 cme p S Sheo Fro e IS 5SS o A e e pgrib S e Ay p S (o YA g9 S o YYAA: pnl S (o Vo v e (5iSe pS o TAPAS 1 ol ano JaSo 31 p)S oS 50 (A cp S Ve b (el SS9 p S ogies) 1058 S 0dsS 25
1) Diet containing 50% raw sesame meal, 2) Diet containing 50% fermented sesame meal, 3) Diet containing 50% raw sesame meal with probiotics, 4) Contains 45.39% crude protein, 5) Contains 43.53% crude protein, 6) Contains
.67% crude protein, 7) Each kilogram of vitamin supplement contains: 3,600,000 international units of vitamin A, 800,000 international units of vitamin 3D, 14,400 international units of vitamin E, 800 mg of vitamin 3K, 700 mg of
amin 1B, 2,640 mg of vitamin 2B, 3,920 mg of vitamin 3B, 11,880 mg of vitamin 5B, 1,176 mg of vitamin 6B, 400 mg of vitamin 9B, 6 mg of biotin, 400 mg of antioxidants, 120,000 mg of choline chloride, carrier (wheat bran and
Icium carbonate) up to 1,000 grams, 8) Each kilogram of mineral supplement contains: 39,680 mg of manganese, 20,000 mg of iron, 33,880 mg of zinc, 396 mg of iodine, 80 mg of selenium, 80,000 mg of choline chloride, 4,000 mg of
pper, carrier (wheat bran and calcium carbonate) up to 1,000 grams.
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Table 2. Comparison of pH, Lactic Acid Bacteria population (logl0 cfu/g), and Anti-nutritional Factors (mg/g) of raw and

fermented sesame meal (on a dry matter basis).

Type of sesame meal

xS dlbeS gy

L) P aouS” dllous’ Gpe5s oS dlus o jluilil s Sk ()b e law
ltems Raw sesame meal Fermented sesame meal SEM P-value
g 5.23 3.86 0.075 <0.0001
pH
S8V apel slag St 6.35 13.46 0.091 <0.0001
LAB! (log10 cfu/g)
(25105 o) Ssiné spusl 17.39 2.26 0.06 <0.0001
Phytic acid (mg/g)
(P50 )5 o) oy 15.26 2.22 0.06 <0.0001

Tanin (mg/qg)
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Table 3. Effects of treatments on growth performance of broiler chicks

u‘zﬂl"}j sl
Treatments
olao Aals Bl aouS Topess s Lpb oS dbas bt iSke ()b gl
Traits JE N 5 sl P-value
SEM
(%) STyss Gy 4364.88 439235 4378.15 12.17 0.211
Feed Intake (g)
(25) o o9 el 2277.93¢  2030.45° 2279.13 31.18 <.0001
Body weight gain (g)
Shsd b oy 1.910 2.162 1.92b 0.09 <.0001

Feed conversion ratio

&y}ybb'ﬁf&.}?{ﬁﬂb&f loyd O+ gyl oy (\" KLSMMAJM doyd O d5l> 0> (Y ‘PBJ;'CSdn?df doyd O L59|.> 0> (\

(P < 0.05) susb o +/+0 gaw , o ixe Blsl osimd (Ui (ygiw p 5> Cglite by >

ba

1) Diet containing 50% raw sesame meal, 2) Diet containing 50% fermented sesame meal, 3) Diet containing 50% raw

sesame meal with probiotics.

ab Means within the same column with differing superscripts are significantly different at P<0.05.
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Table 4. Effects of treatments on carcass characteristics (% Live Body Weight) of broiler chicks

ilojl slajless

Treatments
ol sals ‘o5 o ¥ (6 55 2268 L pl sous’ st (Sl S)Psire o
Traits (SN 5 sl P-value

SEM

asl 64.772 58.10° 62.76% 62.962 171 <0.0001
Carcass
Olnl b diuw 24.87? 23.00° 24552 24532 064 <0.0001
Breast wit bone
Szl b o, 21192 2063 20842 20.88° 083 <0.0001
Thigh with bone
o by > 2242 203" 1.22¢ 129¢ 0.19 <0.0001
Abdominal fat
LS 2020 2.15b 2392 2452 0.15 0.031
Liver
Jb 015 0.20 021 0.16 0.08 0.550
Spleen
s 0.68 083 0.73 0.62 012 0.612
Heart
ol s 0.10 015 0.10 012 005 0.097

Bursa of Fabricius

&_gu’usxbbl)@ Fbmfd.‘bu{ Loy O L59l> 0> (\‘ ‘d)..«?u.\z.fcdbuf doyy O L531> 0> (V ‘Fls.\;;;fdbgf doyd O d?b 0> (\

(P < 0.05) wislso /0 gaw 53 o sine llis] iy GLis (g 3o, Sgliio gy 02
1) Diet containing 50% raw sesame meal, 2) Diet containing 50% fermented sesame meal, 3) Diet containing 50% raw sesame meal with
probiotics.
ab Means within the same column with differing superscripts are significantly different at P<0.05.
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Table 5. Effects of treatments on microbial population (log;o CFU/g) and pH of broiler chicks

u“&il‘j sl jlos
law Treatments?
Traits aols JouS” dlous JouS dlous bl s Sylutil slas Sle gyl ine prdaus
JFAES PPIWES; Y S S99 SEM P-value
ob 4
Crop
pH 4,592 4572 4.24b 4.23° 0.01 <.0001
S SV sl el S
U doul o St 7.77° 7.70° 8.08° 8.122
Lactic acid bacteria 0.02 <.0001
.
F)S_LAS 4,132 4,172 3.80° 3.77°
Coliforms 0.02 <.0001
poikl
lleum
2l
€« 6.402 6.442 6.19° 6.18°
pH 0.02 <.0001
S Uil el ¢ S
Fhl sl St 7.75b 7.71b 7.96° 8.06°
Lactic acid bacteria 0.05 0.0002
"
PR 4.09° 4.140 3.675 3.66b
Coliforms 0.02 <.0001

(Samgp b olyed s auS dlouS Loy B (gols 0y (Vg pmes0 xS AbuiS doyd B+ (gl oy (Y b aouS dbxS wopd 0+ (ol 0y ()

(P < 0.05) sl o +/+0 ghaw 3 3 sine S| oimd (L5 gt o 53 Sglisie gy 0

1) Diet containing 50% raw sesame meal, 2) Diet containing 50% fermented sesame meal, 3) Diet containing 50% raw sesame meal
with probiotics.
ab Means within the same column with differing superscripts are significantly different at P<0.05.
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Table 6. Effects of treatments on meat quality of broiler chicks

ialel sl o
Slao Treatments
Traits Al ‘pls sous oS [PATNRESLY 5le - e o
T T Ssmgn sl s
5l P-value
SEM

ABIY
Day 1
oS p)S s sl o5 ool
(cdsS p S okS 1 p )5 o) 15l (00 9 0.65 0.54 0.46 0.40
MDA (mg/kg Meat) 0.09 0.717
ui 1055 cud b
ol e el 57.42 57.45 5053 61.45
WHC (%) 2.18 0.174
Jaie pH

6.29 6.28 6.20 6.18
pH value 0.12 0.58
ARIST3)
Day 30
oS p)S s sl o5 ool
(CdsS pSokS o p)S dee) 35401 63 ()9 » 382 2 352 2 240 2 208
MDA (mg/kg Meat) 0.48 0.013
uj 155 s b
ol e el 58.24 59.23 60.12 61.36
WHC (%) 2.59 0.168
pH .

6.132 6.372 6.10° 6.06°
pH value 0.16 0.402

Sigmnn b olyon pls 1S AlrS ao)y Be gsls oy (¥t pmass 1S Al ao)y Be gsls oy (¥ pls 4 oS dmys B g5 0y ()

(P < 0.05) sl o +/+0 o 3 3 sine Bl onimd (L5 gt o 53 glisie gy 0
1) Diet containing 50% raw sesame meal, 2) Diet containing 50% fermented sesame meal, 3) Diet containing 50% raw

sesame meal with probiotics.

ab Means within the same column with differing superscripts are significantly different at P<0.05.
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