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Extended abstract

Background: In recent years, population growth and the increasing demand for food resources
have made the production of animal protein and the development of the poultry industry an
inevitable necessity. Although the non-therapeutic use of growth-promoting antibiotics improves
production performance, serious concerns have been raised about the development of bacterial
resistance and the transfer of drug residues to humans and the environment. The gradual
elimination of these antibiotics from animal diets has led to a decrease in performance; however,
researchers are seeking natural alternatives, such as plant essential oils, organic acids, probiotics,
and enzymes. Due to their antimicrobial compounds, medicinal plants can improve digestion and
absorption, feed intake, and poultry health, while reducing human concerns. Various studies have
also shown that plant additives in poultry diets have positive effects on growth and the intestinal
microbial population. Accordingly, the present study aimed to investigate the effects of different
dietary protein levels, along with the use of a plant additive (O. x. plant), on growth performance
and intestinal microbial flora in Japanese quail chicks.

Methods: In this study, 640 Japanese quails were used in a completely randomized design and
factorial experiment. The experiment consisted of eight treatments with four replications and 20
birds per replication. The experimental treatments included 1-21% protein without additives, 2-
21% protein + 100 mg/kg of additives, 3-22% protein level without additives, 4-22% protein +
100 mg/kg of additives, 5-23% protein without additives, 6-23% protein + 100 mg/kg of additives,
7-24% protein level without additives, and 8-24% protein + 100 mg/kg of additives. The diets
were formulated according to the NRC (1994) recommendations. The herbal additive used was a
combination of microencapsulated essential oils of savory, oregano, thyme, red pepper, and garlic,
added at a rate of 100 g per ton of feed, following the instructions of the Daneshbonyan
Tehnologiya Novin Company. The quails were purchased at one day of age and fed a standard
diet until day 12. The experiment began on day 12, when the chicks were ready to receive
nutritional treatments after passing the initial sensitive stage in terms of growth and digestive
system stability. To examine carcass traits and intestinal microbial flora, two birds from each

replicate were selected and slaughtered at the end of the experiment. Carcass measurements
included the weight of the carcass without viscera and the relative weights of the breast, liver,
gizzard, pancreas, and thigh. Body weight was recorded at the beginning and end of each week,
and feed intake was measured weekly. After slaughter and opening the abdominal cavity,
approximately 2 cm of the content from the middle part of the ileum was collected and transferred
to microtubes for microbial analysis. EMB agar was used for Escherichia coli enumeration, and
MRS agar was used for Lactobacillus enumeration.

This experiment was conducted using a completely randomized design with a 4x2 factorial
arrangement, including two levels of additives (with and without herbal additives) and four levels
of protein (21, 22, 23, and 24%). Means were compared using the Tukey-Kramer test at a 0.05
significance level, and data were analyzed with SAS version 9.4.

Results: Different levels of protein and herbal additives, either independently or in combination,
did not significantly affect feed intake during the entire period or in different weeks (P > 0.05).
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The feed conversion ratio (FCR) did not differ significantly throughout the period; however,
weekly analysis indicated that the treatments containing 21% and 22% protein without additives
showed the highest and the lowest FCR values, respectively, in the first week (P < 0.05). The
interaction effects of protein and herbal additives created a significant difference between
treatments, such that the lowest FCR was recorded in the treatment with 23% protein without
additives (P < 0.05). In the third and fourth weeks of the experiment, different levels of protein
and herbal additives did not significantly affect FCR (P > 0.05). In the first week, the treatment
with a protein level of 22% showed the highest daily weight gain (P < 0.05). In the second week,
there were no statistically significant differences among the different levels of protein and
additives in terms of daily weight gain (£ > 0.05). However, the treatment containing 21% protein
without additives had the lowest weight gain compared to the other treatments (P < 0.05). In the
third and fourth weeks, the experimental treatments did not significantly affect daily weight gain
(P> 0.05). In the study of the interaction effects of different levels of protein and herbal additives,
the treatments containing 22% and 21% protein without herbal additives showed the highest and
the lowest body weights, respectively (P < 0.05). In the fourth week and during the entire
experimental period, there were no statistically significant differences in body weight at the end
of each week or in average daily weight gain among the different treatments (P > 0.05). The use
of different levels of protein and herbal additives and their interaction effects did not significantly
impact the carcass characteristics of quails (P > 0.05). However, the use of herbal supplements
significantly increased gizzard weight (P < 0.05). Different protein levels had no significant effect
on the numbers of Lactobacillus and E. coli (P > 0.05). The use of herbal supplements
significantly increased the number of Lactobacillus and significantly decreased the number of E.
coli (P <0.05).

Conclusion: In general, the results of this study show that regulating dietary protein levels plays
an important role in improving the growth and weight gain of quails. In contrast, herbal
supplements had a greater impact on the quality of the intestinal microbial flora and did not cause
significant changes in internal organs. Therefore, the simultaneous use of appropriate protein
levels along with plant additives can be an effective approach to improving birds’ performance—
an approach that contributes to more sustainable and healthier production by enhancing growth
efficiency and supporting digestive health.
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0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 (Potassium) ool
0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 (©)B's
0.15 0.15 0.17 017 0.20 0.20 0.22 0.22 (Na) fozoto
250 250 250 250 250 250 250 250 (Dead) szl 5l55
1.59 1.59 1.52 1.52 1.44 1.44 1.37 1.37 (Arginine) L)““))j
0.01 1.01 0.96 0.96 0.92 0.92 0.87 0.87 (isoleucine) ywsl 3!
1.94 1.94 1.88 1.88 1.81 1.81 175 175 (Lucien) cyws)
1.34 1.34 1.28 128 121 121 1.14 1.14 (Lysine) 3
0.50 0.50 0.48 0.48 0.46 0.46 0.44 0.44 (Methionine) ;ygse
0.86 0.86 0.83 0.83 0.79 0.79 0.76 0.76 (Methiunine + Cystine) O T (pigale
1.02 1.02 0.98 0.98 0.93 0.93 0.89 0.89 (Threonine) PPy
1.12 1.12 1.07 1.07 1.03 1.03 0.98 0.98 (Valine) L}:Jb
el SUIgSS oling p5 en YO« o+ B2 (aling 5 (ea Fe v+ B pmaling p)5 oo Ve 0 K3 ppneling 5 (Ve + Eppaling (lellie a3l ¥ee w0 D3 ualing (Malli 221 YV e ov e A by Mallog 3y Voo eoe i gslig JoSo
5o p)S oo Fre et gitne JoSo o] (B YO+ LLIS S oling p S oo Vee e H2 (eliyg p S oWV BI2 (yrelig S o VW B (ynoling 5 ea YW+ + BO (ynoling p5 oo V1o + ol S5y (ynoling p 5 (on V02«
LIS g8 pyS e Ve e o p)S (o Y0+ ipads oS (oo Yoo ipun p)S (oo VW v oal oS (s BP0 e iis9y 5 s P50

Vitamin premix: 7,000,000 IU Vit A; 2,200,000 IU Vit D3; 40,000 IU Vit E; 2,200 mg Vit K3; 2,200 mg Vit B1; 6,000 mg Vit B2; 45,000 mg Nicotinic acid; 15,000 m,
Pantothenic acid; 3,300 mg Vit B6; 2,200 mg Vit B9; 12 mg Vit B12; 110 mg Vit H2 (Biotin); 100,000 mg Choline chloride; 2,500 Antioxidant. Mineral premix: 60,00§ mg
Manganese; 66,000 mg Zinc; 66,000 mg Iron; 12,000 mg Copper; 300 mg Selenium; 450 mg Iodine; 100,000 mg Choline chloride.
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Table 2. Thezz 6et;1fect off diffﬁrent protein levels with the herbal additive O. X. Plant on the performance traits of Japanese quail chicks in the first and second weeks of the experiment (12
to ays of age

(539) YF-IA) poo asiin
Week 2 (19-26 days old)

(539, V3-IY) Jol asin
Week 1 (12-19 days old)

S35 5 s . S35 P . ;
Qo9 P s . s oy 0o P ¢ . i 5 . L 5
(. o3 0] )f) (l’)s) ON 09 lie Jl)? d)‘af ( o5 ] /) (r")s) Or 09 t.ﬁ»l'\“ J""‘" o e Jl)? d)‘af u“‘il")l JL"’)LM-’
290X R P Body weight < . 595 025/ 29 0 R P{‘S Body weight Feed conversion 50,/ 03 59/, Excremental
39
Weight gain 2 Feed Conversion e ake {, o/ Weight gain ratio Feed intak ()) o/ ) treatments
(g/bird/day) ratio 8 ay (g/bird/day) ced intake (g ay
O gk
Protein levels (%)
6.75 }ig %?g %%gg g.()%b 91.21° 2.82: 16.81 21
7.55 . . 722 96.13* 2.48 16.70 22
7.67 145 3.19 24.34 6.09 % 91.73% 2.82 17.01 23
7.67 149 3.09 23.71 6.62 % 95.41% 2.54@® 16.77 24
0.13 1.28 0.08 0.39 0.17 1.21 0.085 0.14 SEM
0.0003 0.0001 0.0047 0.7281 0.0128 0.0128 0.0109 0.5083 P-value
B (S35l
Herbal additive
7.42 146 3.26 23.99 6.44 94.15 2.63 16.81 0
7.40 144 3.24 23.92 6.29 93.09 2.70 16.83 100
0.096 0.89 0.06 0.27 0.12 0.84 0.05 0.09 SEM
0.8598 0.3427 0.8810 0.8560 0.3864 0.3874 0.4378 0.8908 P-value
Slosd Sy
Treatment
combination
6.26° 134; 3.80‘; 23.82 5.89‘; 90.28 bb 2.88‘:7 16.95 21+0
7.232 142 3.32¢ 23.94 6.15¢ 92.14™ 2,76 16.66 21+100
7.71% 1532 3.10° 23.94 7.17% 99.30* 2.29° 16.60 22+0
7.392 144° 3.23° 23.82 6.27% 92.96 2.67% 16.80 22+100
g.loa 148 :b 3.02‘:j 24.44 6.11 “: 91.82“2 2.79a: 16.91 23+0
242 142 3.36% 24.24 6.08* 91.65* 2.85¢ 17.12 23+100
7.61° 148 3.11° 23.76 6.59% 95.21% 2.56%® 16.79 24+0
7.732 149 3.07° 23.67 6.65% 95.62 % 2.51%® 16.75 24+100
0.19 1.80 0.12 0.55 0.23 1.70 0.11 0.19 SEM
P )iallia
P-value
0.0009 0.0003 0.0187 0.9932 0.1096 0.1100 0.2005 0.5677 @39)3‘ x U:i’”i
Protein x Additive
€0.0001 €0.0001 0.0032 0.9802 0.0213 0.0214 0.0289 0.7417 Treatment lo.3

Means with the same letters indicate no significant differences at the 0.05 level. SEM: Standard error of the means.
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Table 3. ’(Fhe effectd of diffl;eren;[ protein levels with the herbal additive (O. X. Plant) on the performance parameters of Japanese quail chicks in the third and fourth weeks of the experiment
33 to 40 days of age

(5395 ¥+YY) plaz i (559X = V7) pow atin
Week 4 (33-40 days old) Week 3 (26-33 days old)
439 Ll Slygs B 5 l3dl Slgs B
Oy P i . . L Spae Oi9 ol i . . 9> Syae .
e ) B has gy e i $) s s he b e el e o 5
()9)/?*’)1./ 33 ) (p5) UT\"}‘I-’” Feed conversion (5951 °v‘f)i/ ) (395 ?J’)i/ 53 ) (p5) Uf\fhw’ Feed conversion (73% "'\f)i/ £5) ielej] i—gL"’)[‘f
Weight gain Body weight (g) ratio Feed intake Weight gain Body weight (g) ratio Feed intake Excremental treatments
(g/bird/day) (g/bird/day (g/bird/day) (g/bird/day)
O T
Protein levels (%)
5.69 231 5.39 30.50 7.60 191 3.87 29.42 21
4.77 235 6.61 30.81 7.57 202 3.93 29.67 22
4.87 231 6.68 31.69 7.42 197 3.66 26.95 23
4.97 235 6.70 32.73 7.38 200 4.01 29.56 24
0.29 1.93 0.4 0.71 0.19 2.06 0.26 1.93 SEM
0.1501 0.2427 0.1002 0.1636 0.8507 0.0069 0.8208 0.7460 P-value
B S5
Herbal additive
5.13 233 6.38 31.96 7.41 198 3.92 28.99 0
5.02 233 6.31 30.91 7.58 197 3.81 28.82 100
0.2 1.33 0.28 0.5 0.14 1.42 0.18 1.34 SEM
0.7006 0.6684 0.8628 0.1531 0.4072 0.9858 0.6804 0.9266 P-value
Sl S
Treatment combination
5.90 228 538 31.39 7.58 187° 3.74 28.35 21+0
5.48 234 5.41 29.62 7.62 196 4.01 30.48 21+100
4.75 239 6.81 32.18 7.56 206 3.95 29.71 22+0
4.78 231 6.40 29.44 7.58 197 3.90 29.64 22+100
4.84 233 6.78 32.24 7.22 199 4.11 29.60 23+0
4.90 230 6.57 31.05 7.62 195 321 2431 23+100
5.03 234 6.54 31.94 7.27 199 3.89 28.29 24+0
4.91 236 6.86 33.52 7.49 202° 4.13 30.83 24+100
0.41 2.70 0.56 1.00 0.27 2.88 0.37 2.71 SEM
P y0lis
P-value
0.9379 0.0815 0.9277 0.1865 0.8954 0.0367 0.3830 0.4543 P95l (s
Protein x Additive
0.4885 0.8444 0.3986 0.1234 0.9510 0.0072 0.7408 0.7858 Treatment Lo

L1 Slee 3yl glad :SEM iz +/+0 (gllad mhaw )0 )5 gixe iglas 3539 pas oind )Ll aliie By by (sba 1, Shio
Means with the same letters indicate no significant differences at the 0.05 level. SEM: Standard error of the means
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Table 4. Effects of different dietary protein levels combined with the herbal additive (O. X. Plant) on the performance parameters of
Japanese quail chicks from 12 to 40 days of age
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(p5) 0is LRl (p5) o™ 0is Treed : (p5)S1yss By inlejl gl ylos
Body weight gain (g) Body weight (g) ce igggersmn Feed intake (g) Excremental treatments
59 n gk
Protein levels (%)
182 231 3.86 704 21
186 235 3.79 707 22
182 231 3.84 700 23
186 235 3.85 719 24
1.96 1.89 0.09 14 SEM
0.2427 0.2427 0.9540 0.7955 P-value
B (95l
Herbal additive
184 233 3.85 712 0
184 233 3.82 703 100
1.33 1.33 0.06 10.25 SEM
0.6684 0.6684 0.7765 0.5568 P-value
Sl Sy
Treatment combination
179 228 391 702 2140
185 234 3.80 705 21+100
190 239 3.76 712 2240
182 231 3.83 698 22+100
184 233 3.93 723 23+0
180 230 3.74 677 23+100
185 234 3.80 705 24+0
187 236 391 733 24+100
2.66 2.66 0.13 20.38 SEM
P ﬁ)t&n
P-value
0.0815 0.0815 0.6344 0.3403 P95 X oeign
Protein x Additive
0.1444 0.1444 0.9439 0.6666 Treatment Lo

1 Sko 3kl glas :SEM .aiiwd +/+0 (slad pdaw 1 )l sime glds 3555 pis odiad ylis alie g b gl 1Sk
Means with the same letters indicate no significant differences at the 0.05 level. SEM: Standard error of the means
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Table 5. The effect of different protein levels with the herbal additive (O. X. Plant) on the carcass characteristics of
Japanese quail chicks (g)

R 5SS c SIS A 5 asY o) .
RS S 09 NICSER, Ol 039 0 (139 039 o] elonylos
[0t RO . [s) )9 p )l S8 )lox
Pancreas weight v{/‘ggﬁt Gizzard weight v]\;ggg}?t va:;li[t TO[‘i}e?gfgass Excremental treatments
S ok
(%) Protein levels
0.26 3.15 1.88 26.67 41.51 59.79 21
0.27 3.04 1.90 2691 42.35 60.52 22
0.27 2.74 1.80 26.51 42.84 60.51 23
0.25 2.89 1.85 26.41 41.39 61.92 24
0.01 0.16 0.063 0.51 0.67 0.72 SEM
0.8277 0.3140 0.6948 0.9123 0.3768 0.2258 P-value
RS (S5
Herbal additive
0.27 3.00 1.75° 26.66 41.87 61.02 0
0.26 291 1.962 26.59 42.17 60.36 100
0.01 0.11 0.04 0.36 0.47 0.51 SEM
0.9425 0.5752 0.0022 0.8848 0.6570 0.3687 P value
Soles S
Treatment combination
0.25 3.09 1.82 26.50 40.61 60.87
0.26 3.22 1.94 26.84 42.42 58.72 21+100
0.29 3.38 1.83 27.67 42.78 60.02 22+0
0.25 2.70 1.96 26.15 41.92 61.03 22+100
0.27 2.59 1.69 26.50 42.75 61.12 2340
0.28 2.89 1.91 26.53 42.93 59.91 23+100
0.25 2.95 1.67 25.99 41.35 62.07 24+0
0.26 2.84 2.02 26.83 41.43 61.77 24+100
0.02 0.22 0.089 0.73 0.95 1.02 SEM
0.9341 0.2606 0.0724 0.8390 0.6129 0.3623 P-value
Sex >
0.28 3.23¢ 1.88 26.84 42.79* 59.18° Female o5l
0.25 2.68° 1.83 26.42 41.25° 62.20° Male ,
0.01 0.11 0.04 0.36 0.47 0.51 SEM
0.0902 0.0014 0.4595 0.4229 0.0267 <0.0001 P-value
P ,olis
P-value
0.6929 0.1656 0.5374 04219 0.5678 0.4723 P98 % (g
Protein x Additive
0.5371 0.5621 0.5745 0.6627 0.6029 0.3077 Protein X Sex > X &gy
0.9762 0.2807 0.2843 0.0307 0.5311 0.0762 Additive x Sex iz @‘35)'5]
0.8740 0.9962 0.9633 03272 0.8956 0.1802 O X (938 X g
Proteinx Additive x Sex
0.8891 0.8567 0.8346 0.2110 0.8913 0.1255 Treatmentx Sex iz X jlos

1 Sko 3yl (gllas :SEM .siiwd o o/ 0 (sllad prdaws )3 I gime glds 3925 pas sdiad )Ll lie g b gl 1Sk
Means with the same letters indicate no significant differences at the 0.05 level. SEM: Standard error of the means
V= asY 059 Ao yy=asY 039 [o355 09XV
1- Percentage of Carcass Weight = Carcass Weight / Live Weight x100
Y= asY lial i dop=asY clinl 5o/ abY 59XV
2- Percentage of Carcass Components = Weight of Carcass Parts / Carcass Weight x100
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Table 6. Effects of different dietary protein levels combined with the herbal additive (O. X. Plant) on the intestinal
microbial flora population (CFU/ml) of Japanese quail chicks

Sty il rgemligSY ialojl sl o
Escherichia coli Lactobacillus Excremental treatments
09y gk
(%) Protein levels
6.54 6.97 21
6.52 6.99 22
6.50 7.00 23
6.49 7.01 24
0.015 0.015 SEM
0.2129 0.3837 P-value
2L (S5l
Herbal additive
6.60° 6.92° 0
6.43° 7.07? 100
0.01 0.01 SEM
<0.0001 <0.0001 P-value
Soles S 5
Treatment combination
6.62° 6.90° 21+0
6.45° 7.052 21+100
6.61° 6.92° 2240
6.43° 7.06* 22+100
6.59° 6.92° 23+0
6.42° 7.08° 23+100
6.57° 6.94° 24+0
6.42° 7.092 24+100
02/0 02/0 SEM
<0.0001 <0.0001 P value
Sex i
6.53 6.99 Female oslo
6.50 6.99 Male »
0.01 0.01 SEM
0.0971 0.8552 P-value
P ,olie
P-value
0.9560 09713 9381 > oS
Protein x Additive
0.9457 0.4637 Protein X Sex iz X (piigy
0.3724 0.5359 Additive X Sex _yuisx 33933l
0.5105 0.3930 i X 9381 X (g
Proteinx Additive x Sex
0.8273 0.5413 Treatmentx Sex iz X lous

1 Sko 35kl glas [SEM aiwd +/+0 (slas pdaw 3 I gme glis 3555 pas sdiad ylis il CBgs b gl 1Sk
Means with the same letters indicate no significant differences at the 0.05 level. SEM: Standard error of the means
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