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Extended Abstract

Background: In the poultry industry, additives are used to stimulate growth, improve production
performance, and improve the health of the flock. On the other hand, reducing the quality of food
items and their protein level, as well as the high level of anti-nutritional substances, disturbs the
balance of the microbial ecosystem of the digestive system of birds and health and ultimately
reduces their performance. The health and nutritional status of poultry is largely dependent on the
microbial flora of the digestive system, which directly and indirectly affects the morphology of
the digestive system, nutrition, and immune system. The microbial flora of the intestine is
relatively unstable and is easily affected by various nutritional factors. Therefore, this research
aimed to investigate the effect of the simultaneous use of organic acids and prebiotics in diets
containing low-quality soybean meal on the performance of laying hens.

Methods: This experiment was conducted using a completely randomized design in a 2 x 2
factorial arrangement using two levels of mixed organic acids and prebiotics and two types of
soybean meal in the diet of laying hens. Chickens were distributed among pens based on weight
and production rates for 2 weeks. Then, 192 laying hens of the LSL strain at the end of 73 weeks
of age, after weighing and entering the wing number, were placed in 48 experimental cages,
including four treatments with 12 replications, and fed for 12 weeks. Experimental treatments
were treatment | (without the combination of organic acids and probiotics and containing 42%
protein soy), treatment Il (without the combination of organic acids and probiotics and containing
38% protein soy), treatment 111 (the combination of organic acids and probiotics and containing
42% protein soy), and treatment IV (a combination of organic acids and probiotics with 38%
protein soy). To add the combination of organic acids and prebiotics, organic acid was used at a
level of 1 kg per ton. The composition of the product included 30% propionic acid, 10% butyric
acid, and 15% acetate plus 20% prebiotic with the origin of the Saccharomyces cerevisiae yeast
cell wall. Performance traits, including production percentage and egg weight, egg mass weight,
and feed conversion ratio (FCR) were measured at the end of the experiment (age 85 weeks) when
all the birds were killed using the cervical vertebrae displacement method. The abdominal fat
response of the immune system, histomorphology of the small intestine, and microbial population
of the cecum were the investigated parameters.

Results: Except for the first week of the experiment, the addition of the combination of organic
acids and probiotics and the use of high-quality soybean meal in the diet significantly increased
the egg-laying percentage during the rest of the experiment (p < 0.01). In the first 4 weeks of the
experiment (weeks 75-78), the percentage of egg production was under the significant influence
of the interaction effects of the experimental factors. The treatment with organic acids plus
prebiotics and high-quality soybean meal (treatment 3) presented the highest egg production rate
(p<0.05). From the second week to the end of the experiment, the consumption of diets containing
the combination of organic acids and probiotics and high-quality soybean meal significantly
increased the weight of the produced eggs (p< 0.05). The interaction effects of experimental
treatments during the experimental period did not show a constant trend in the weight of produced
eggs (p= 0.05). Adding the combination of organic acids and probiotics to the diet elevated egg
mass in the entire experimental period, the difference of which was significant (p< 0.05). The use
of soybean meal with low-protein soybean meal in the diet during the experimental period
decreased the weight of the egg mass compared to the group consuming the diet containing high-
quality soybean meal (p< 0.05). Adding the combination of organic acids and probiotics and the
use of high-quality soybean meal in the diet of the studied laying hens improved the FCR during
the test period (P< 0.05). The FCR in the first 5 weeks of the experiment was under the interaction
effects of the experimental factors (p <0.05). Abdominal fat at the beginning (age 73 weeks) and
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the end of the experiment (age 85 weeks) did not show significant differences between different
treatments (p> 0.05). Cellular immune response to DNCB injection significantly increased using
the organic acids and prebiotic mixture and decreased with the presence of low-protein soybean
meal in the diet (p < 0.05). The microbial population of the cecum changed significantly under
the influence of the interaction effects of the mixture of organic acids and prebiotics and the
quality of the feed soup (p < 0.05). The use of a mixture of organic acids and prebiotics caused a
significant increase in the height of the duodenal villi (p< 0.05). The presence of low-protein
soybean meal in the diet significantly elevated the depth of crypts (p< 0.05). The ratio of villus
height to crypt depth changed under the significant influence of the interaction effects of the
experimental factors. The highest ratio was recorded in the treatment with a mixture of organic
acids and prebiotics and high-quality soybeans in the diet while the lowest ratio was measured in
the treatment without a mixture of organic acids and prebiotics and low-protein soybeans in the
diet (p< 0.05). The width of the duodenal villi did not change under the influence of experimental
factors, with no significant differences (p> 0.05).

Conclusion: In general, the results showed that using a combination of organic acids and
probiotics in the diet of laying hens improved their productive performance and the health of their
digestive system, as well as the performance of chickens fed with low-protein soybean meal.
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Table 2. Laying percentage during 12 weeks of production (74-85 weeks)

85 84 83 82 81 80 79 78 7 76 75 74 Age(Week) (aiin) yw
Organic acid & Prebiotc in Diet oy > Signisy 9 Il slodansl
55.5 57.0 57.6 58.4 59.8 63.4 64.0 65.0 66.5 68.0 69.7 70.9 Without” (5
58.5 60.1 60.6 61.9 63.0 64.2 65.0 67.2 68.4 69.1 70.1 71.1 With sl
0.13 0.10 0.16 0.14 0.21 - 0.20 0.19 0.11 0.11 0.10 0.10 0.13 SEM
Soybean Quality of Diet 0y Shgw CuiS
58.6 60.1 60.8 61.7 63.1 64.1 65.8 66.9 68.3 69.2 70.1 713 . 5y
High Quality
55.4 57.0 57.5 58.8 59.8 62.6 63.3 65.4 66.6 67.9 69.7 70.7 ‘;"S”i.“’f
Low protion
0.13 0.10 0.16 0.14 0.21 0.20 0.19 0.11 0.11 0.10 0.10 0.13 SEM
Reaction Jlize wl gl
57.1 58.6 59.2 59.9 61.4 63.0 655 66.2° 67.8° 69.2¢ 70.2% 71.4 Tl S
54.0 o0/ 56.0 56.8 58.2 61.9 62.6 63.9¢ 65.1° 66.9° 69.2° 70.5 T2 PP
60.2 61.7 62.3 63.6 64.7 65.2 66.2 67.6% 68.7% 69.32 70.0% 71.2 T3 d o
56.8 58.5 59.0 60.2 61.4 63.3 63.9 66.8b 68.12 69.0° 70.22 71.0 T4 ez e
0.09 0.07 0.11 0.10 0.15 0.14 0.13 0.08 0.07 0.07 0.07 0.09 SEM
(P values ) ()b gmo o
s S sl
<0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.03 0.45 . Sismcsn
Organic  acid &
Prebiotc

Law cois
<0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.04 <0.01 A

Soybean Quality
0.39 0.52 0.56 0.45 0.36 0.44 0.35  <0.0001  <0.0001  <0.0001 <0.01 0.43 Interaction iz 3!

Sssman 3 o Sl oS 5 53l 1 Jlod (oan 2050 YA b (551> 5 Ssmgn 9 Il (st a5 (g 199 Yo (B 200 ¥V Lgus (g5l 5 Sisma 5 Il slodsnd oS 5 9 10 o

S92 (g 20)3 YA bigws (g5l 9 Sgmg s 9 JI satowl <8 5 (s5lotyla o ey 20y FY bigws (g5l o

Treatment one: without the combination of organic acids and probiotics and containing soy 42% protein, treatment two: without the combination of organic acids and
probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four : It
contains a combination of organic acids and probiotics and contains soy (38% protein).
a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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Table 3. Weight of eggs produced (grams) during 12 weeks of production (74-85 weeks)

(ain) o
85 84 83 82 81 80 79 78 7 76 75 74 Age(Week)
Organic acid & Prebiotc in Diet oy 0 Sigmisy 9 Il sl
63.8 64.2 63.6 63.5 63.0 64.8 65.0 65.0 64.8 65.0 654 652 Without 50
68.5 67.8 67.0 66.9 66.4 66.6 66.6 66.5 66.7 66.1 65.8 65.4 With sl
0.20 0.16 0.16 0.14 0.20 0.12 0.17 0.17 0.15 -/0.11 012  0.06 SEM
Soybean Quality of Diet oy (Sl CudsS
67.7 67.8 67.3 66.9 66.5 66.6 66.7 66.7 66.6 66.0 65.8 65.4 . .“'”E""
High Quality
64.2 64.2 63.3 63.5 62.8 64.8 64.9 64.8 64.9 65.1 653  65.2 oo
Low protion
0.20 0.16 0.16 0.14 0.20 0.12 0.17 0.17 0.15 0.11 012  0.06 SEM
Interaction ilize @l gl
65.5 66.0 65.6 65.2 64.7 65.4° 66.0 66.32 66.42 65.7° 65.7 65.4 T1 S ey
62.1 62.5 61.6 61.8 61.2 64.2°¢ 64.0 63.7¢ 63.3° 64.3¢ 650 651 T2 93 sl
70.0 69.6 69.0 68.7 68.3 67.8% 67.5 67.12 66.8% 66.37 66.0 65.4 T3 duwylogy
66.4 66.0 65.0 65.2 64.5 65.4° 65.7 66.0° 66.5% 66.0% 65.6 654 T4 oz e
0.14 0.11 0.11 0.10 0.14 0.08 0.12 0.08 0.11 0.08 0.07  0.09 SEM
(P values ) (¢ iz g
5 S glea
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.04 0.36 S n
Organic acid &
Prebiotc
L CodS
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.04 0.45 L
Quality Soybean
0.36 0.66 0.63 0.76 0.36 <0.0001 0.46 <0.0001 <0.0001 <0.0001 0.36 0.28 "b'u:f’)""
_ _ _ Interaction
SS9 9 I el S 5 ol i o (g 203 YA Ligwr 59l> 9 Ssmg e 9 JI sladesl CoS )3 (g 193 Jlosd (g 403 ¥V g (ol 5 SSgman 9 (I sbosend S 5 9 150 e

92 (097 20y3 YA bigw g5l 9 SSgmgy 9 JI ool <8 5 slotilar slowd gy 20y ¥V Ligws (g5l> 9
Treatment one: without the combination of organic acids and probiotics and containing soy 42% protein, treatment two: without the combination of organic acids and
probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four. It
contains a combination of organic acids and probiotics and contains soy (38% protein).

a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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Table 4. Egg mass weight (grams) during 12 weeks of production (74-85 weeks)

(ein)
85 84 83 82 81 80 79 78 7 76 75 74 Age(Week)
Organic acid & Prebiotc in Diet oy ) SS9 ) !
355 36.6 36.7 37.1 37.7 40.5 41.6 42.3 43.1 442 45.6 46.3 Wilhoulvoj.‘lg
39.9 40.8 40.7 41.4 41.9 428 433 44.7 45.6 45.7 46.1 46.5 Withels
0.20 0.12 0.16 0.12 0.19 0.14 0.15 0.14 0.13 0.09 0.11 0.07 SEM
Soybean Quality of Diet 0y (Shgw CudsS
39.8 40.8 40.9 41.3 42.0 42.7 43.9 44.6 455 45.7 46.2 46.6 . ‘7’7%')"
High Quality
35.6 36.7 36.4 37.2 37.6 40.6 41.0 42.4 433 443 45.4 46.2 “’“’5"”‘5
Low protion
0.20 0.12 0.16 0.12 0.19 0.14 0.15 0.14 0.13 0.09 0.11 0.07 SEM
Interaction Jlize 3l
374 38.6 38.8 39.0 39.7 41.3° 43.2 43.9° 45.0° 45.52 46.12 46.7% T1 S5 e
335 34.7 345 35.1 35.6 39.7¢ 40.8 40.7° 41.2° 43.0° 45.0° 45.9° T2 99 )le
42.1 429 43.1 43.6 44.2 4412 44.6 45.3% 45.92 45.92 46.28 46.6% T3 A ylogy
37.7 38.7 38.3 39.2 39.6 41.4° 42.1 44,12 45.3° 45.52 46.0° 46.5% T4 S yles
0.14 0.08 0.11 0.08 0.13 0.10 0.11 0.10 0.09 0.06 0.08 0.05 SEM
(P values ) g)l> sno pxdans
5 I sl
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.04 o ‘5“’%"53

rganic  aci
& Prebiotc
Lgw coaS

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Quality
Soybean

041 0.62 0.42 0.36 0.56 <0.01 Ns <0.0001  <0.0001  <0.0001  <0.0001  <0.0001 e
Interaction

Sgng 9 I Sl oS5 sl 1 o (g 20 YA b (53l 9 Sismgy 5 I sl S 5 9 199 Jlod
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Treatment one: without the combination of organic acids and probiotics and containing soy 42% protein, treatment two: without the combination of organic acids and
probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four : It
contains a combination of organic acids and probiotics and contains soy (38% protein).

a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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Table 5. Feed conversion ratio during 12 weeks of production (74-85 weeks)

85 84 83 82 81 80 79 78 7 76 75 74 (m) o
Age(Week)
Organic acid & Prebiotc in Diet oy 33 Sismsn 9 S ‘59"\"“"
4.26 4.15 4.18 4.16 4.09 3.82 3.74 3.71 3.66 3.57 3.48 3.43 Without -9
3.79 3.73 3.77 3.72 3.68 3.62 3.60 3.50 3.46 3.45 3.44 3.43 Withl,ls
0.015 0.014 0.017 0.01 0.01 0.01 0.014 0.01 0.01 0.007 0.008 0.005 SEM
Soybean Quality of Diet oy Slhgw CutsS
3.80 3.73 3.74 3.73 3.67 3.63 355 3.51 3.47 3.45 3.44 3.42 s
High Quality
4.24 4.15 4.20 4.15 4.10 3.82 3.80 3.70 3.65 3.56 3.49 3.46 U‘“‘s)’wg
Low protion
0.015 0.014 0.017 0.01 0.01 0.01 0.014 0.01 0.01 0.007 0.008 0.005 SEM
Interaction Jlize il 3l
4.03 3.93 3.93 3.94 3.87 3.75° 3.60 3.57° 3.50° 3.47° 3.44° 342> T1 S5 ke
4.50 4.38 4.42 4.38 4.32 3.89° 3.89 3.58° 3.832 3.672 3.522 3.48 T2 95 slad
3.58 3.53 3.55 3.52 3.48 3.50° 3.49 3.46° 3.43% 3.44° 3.43° 343> T3 A ylons
3.99 3.93 3.98 3.92 3.88 3.74° 3.70 3.55°¢ 3.48° 3.46° 3.45° 344> T4 e les
0.01 0.01 0.01 0.008 0.013 0.009 0.01 0.009 0.008 0.005 0.006 0.004 SEM
(P values ) ()5 sine o
5 sl
<0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.04 SSmsn
Organic _acid &
Prebiotc
L oS

<0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 Quality

Soybean
0.26 0.51 0.62 0.36 0.56 <0.01 054  <0.0001 <0.0001 <0.0001 <0.01 <0.0001 J"Lu)"
Interaction
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Treatment one: without the combination of organic acids and probiotics and containing soy 42% protein, treatment two: without the combination of organic acids and
probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four : It
contains a combination of organic acids and probiotics and contains soy (38% protein).
a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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Table 6. Abdominal fat, cellular immune system response and cecum microbial population

oo (toul s Gy

Abdominal fat i >

opgSs (29)Se Cupma Siim AD - - - - - 2ol ela o
(cfulg) C(elluiar imﬁ%e (VY wim) (Sain AD (oilejl £952) Sa VY E oiental Treatments e
response(85Weekly) 85Weekly(12Weeks) (Start of Test) 73 Weekly
Organic acid & Prebiotc in Diet oy P S 5 S sl
11.05 2.90 307 311 Without e
265 3.07 3.03 312 With b
0.16 0.02 . 0.035 0.02 SEM
Soybean Quality of Diet 0y Shgw CuiS
CoEye
2.60 3.12 3.03 3.12 High Quality
11.10 2.85 3.07 311 . OFon oS
Low protion
0.16 0.02 0.035 0.02 SEM
Interaction Jlize gl
w50 Sl SSsisn 9 S slosl o
3.10° 3.03 3.09 3.10 g\litlhout Organic acid & Prebiotc-Soybean High
uality
OB 05 Sl SSgmisn 9 I slased G0
3.90° 2.77 3.06 313 Without Organic acid & Prebiotc- Soybean Low
protion
ot o g —Sisnis 5 I ol sl
2.10° 321 2.98 315  with Organic acid & Prebiotc-Soybean High
Quality i
x5 Show — SSanin 9 JI ol gl
3.20° 2.94 3.08 310 witht Organic acid & Prebiotc- Soybean Low
protion
0.11 0.01 0.024 0.018 SEM
(P values ) ()b gmo o
St 5 I o
<0.0001 <0.0001 0.34 0.80 Organic acid & Prebiotc
<0.0001 <0.0001 0.54 0.76 Soybeanl Quality Lo oS’
<0.0001 0.79 0.18 0.32 Interaction alize il
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Treatment one: without the combination of organic acids and probiotics and containing soy 42% protein, treatment two: without the combination of organic acids and
probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four : It
contains a combination of organic acids and probiotics and contains soy (38% protein).
a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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probiotics and containing soy 38% protein, treatment three: containing the combination of organic acids and probiotics and containing soy 42% protein, treatment four : It

contains a combination of organic acids and probiotics and contains soy (38% protein).

a, b, ¢, and d: non-common letters indicate a significant difference between the means of each column (P<0.05).
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