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Extended Abstract

Background: Wheat is one of the most important food products in human and livestock nutrition,
but the use of wheat in poultry diets may have limitations. Wheat contains a significant amount
of starch and protein, which are used as the source of energy and protein in poultry diets. However,
it should be noted that wheat contains non-starch polysaccharides, such as beta-glucan and
arabinoglucan, which can affect the digestion and absorption of nutrients. Non-starch
polysaccharides in wheat can have negative effects on poultry performance due to their anti-
nutritional properties. In addition, polysaccharides can interfere with digestive enzymes and
reduce their activity, which leads to reduced feed efficiency, reduced growth rate, and poorer
performance of poultry. Therefore, reducing the negative effects of non-starch polysaccharides in
diets containing wheat through the use of methods, such as the addition of enzymes, processing,
or the use of plant oil extracts and antibiotics, has been proven to optimize poultry health and
performance. According to the proposed properties of bran, it seems that this substance can
moderate the negative effects of non-starch polysaccharides in wheat-based diets. The use of
natural additives in poultry diets is growing in the world. These compounds improve the
performance of animals and poultry without any adverse or residual effects as growth stimulants.
Therefore, many researchers are trying to find natural food additives, such as propolis, for poultry
diets to improve health and performance. The beeswax, known as bee glue or propolis in the
world, is of Greek origin, and the word propolis is composed of two components, Pro meaning
defense and Polis meaning city or hive. However, English is preferred, and Pro Polis means
guardian. Propolis is a mixture of different amounts of beeswax and resins collected by bees from
plants, especially young flowers and leaves. Bees scrape the protective resin of the bud and flower
bud with their jaws and carry it like a pollen seed on their hind legs in a basket. Some saliva and
other secretions of bees and wax are mixed while collecting propolis resins. The main composition
of propolis varies depending on the location, time of collection, and method of production,
including 45-55% resins, 25-35% wax and fatty acids, 10% volatile oil, 2% flower pollen, and
the other 2% is organic compounds, vitamins, and minerals, such as silver, sodium, mercury,
copper, manganese, iron, calcium, vanadium, and silica. Resins form the bulk of the flavonoids
found along with a number of phenols and acids. Propolis contains high levels of flavonoids that
have pharmacological and physiological effects. Propolis volatile oils have antimicrobial and
antifungal activities Recent research has shown that propolis, due to its unique diversity of
constituents (especially polyphenols), not only has antioxidant effects but can also regulate
inflammatory pathways, immune system function, intestinal microbiome population, and
gastrointestinal permeability.

Methods: This experiment was performed using 150 Ross 308 broiler chicks in a completely
randomized design with a factorial arrangement (2 levels of the enzyme and 3 levels of propolis)
with six treatments, five replicates, and five chicks per replicate. For this purpose, different diets
based on wheat were formulated for starter, grower, and finisher periods, and then one of the
enzyme and propolis was added to the diet of each group of chickens. The experimental treatments
were 1) a control diet based on wheat, 2) a control diet + 500 mg/kg of the enzyme, 3) a control
diet + 250 mg/kg of propolis, 4) a control diet + 500 mg/kg of propolis, 5) a control diet + 250
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mg/kg of propolis and 500 mg/kg of the enzyme, and 6) a control diet + 500 mg/kg of propolis
and 500 mg/kg of the enzyme. Performance parameters, such as feed intake and body weight,
were measured in different weeks of breeding. Blood parameters and immune function were
measured at the end of the trial.

Results: Propolis at a level of 500 mg/kg with and without the enzyme significantly reduced feed
intake (FI). Birds fed the diet containing the enzyme had the highest FI (p < 0.05). The effect of
propolis was significant on weight gain (WG) (p < 0.05). The highest WG and the highest live
weight were observed in birds fed with 500 mg/kg of propolis. The effect of the enzyme was
significant on WG (p < 0.05). Birds fed the diet containing the enzyme had higher body WG. The
interaction of the enzyme and propolis was significant on WG (p < 0.05). Birds that received the
ration containing 500 mg/kg of propolis and the enzyme had the highest WG. In terms of WG,
chickens supplemented with 500 mg/kg of propolis gained significantly more weight (2518.6 g)
than the control group (2471.7 g). Enzyme supplementation further enhanced WG, with the
highest recorded WG of 2596.9 g in the group that received both 500 mg/kg of propolis and
enzymes. The enzyme and propolis significantly reduced the feed conversion ratio (FCR). The
interaction of the enzyme and propolis was significant on the FCR (p < 0.05). The lowest FCR
was observed in the enzyme-containing diet with 500 mg/kg of propolis. Chickens receiving 500
mg/kg of propolis showed a notable improvement in FCR, reducing it to 1.66, compared to the
control group (1.79), reflecting a 7.26% improvement in feed efficiency. Additionally,
supplementing with 500 mg/kg of the enzyme improved FCR by 1.71% compared to the group
without enzymes. The combination of 500 mg/kg of propolis and the enzyme resulted in the best
FCR of 1.66, which was 8.79% better than the control. Production indices, including the European
Broiler Index (EBI) and the European Production Efficiency Factor (EPEF), were positively
affected by the treatments. The highest EBI (372.1) and EPEF (380.2) were observed in the group
receiving the combined treatment with 500 mg/kg of propolis and the enzyme, marking 18% and
17.97% improvements, respectively, compared to the control. At the main levels, only a
significant effect was observed on immunoglobulin M with 250 mg/kg of propolis, and on the
secondary immunoglobulin G using the enzyme. On the interactive surfaces, only 500 mg/kg of
propolis and the enzyme contained the highest levels of secondary immunoglobulin G, and then
the enzyme-containing ration contained a high level of immunoglobulin G.

Conclusion: The use of 500 mg/kg of propolis and the enzyme significantly enhanced growth
performance, feed efficiency, and production indices of broiler chickens. This combination can
be considered an effective strategy to enhance productivity in poultry farming, potentially
reducing feed costs and improving overall efficiency.
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Table 2. The main effects of different levels of bee propolis and enzymes on the feed intake, weight gain, and feed
conversion ratio of broiler chickens

5. <. . <. c. 2olojl (slalows
539y TV 0y IS (5 39) YO-XY) GLL (5380 V+-V0) i, (5590 -V ) onile] "é; ériﬁenialu
0-42 days Finisher (25-42 days) Grower (10-25 days) Starter (0-10 days) trFe)atments
EPEF EBI FCR WG Fl FCR WG Fl FCR WG Fl FCR WG Py on
Propolis (mg/kg)
(g/bird) (g/bird) (g/bird) (g/bird)
336.0°  328.8 1.79° 247170 44267 2.08° 14245 29632 1.42° 818.4° 11622 1.32° 228.8 300% 0
340.8° 3335 1.77° 24785*  4387% 2.06° 1421.4 29242 1.41° 830.6% 11722 1.29° 226.4 290° 250
369.6% 361.7% 1.662 2518.6% 4177° 1.917 1438.7 2759 P 1.35° 848.4% 1145° 1.182 231.4 273° 500
412 4.08 0.011 14.33 19.33 0.01 15.47 156 0.01 8.22 6.07 0.01 18 18 SEM
<0.01 <0.01 <0.01 0.06 <0.01 <0.01 0.7 <0.01 <0.01 0.05 <0.01 <0.01 0.17 <0.01 P-value
w25
Enzyme (mg/kg)
336.5° 329.2 1.75P 2426.4° 4267° 2.02 1391.5° 28220 1.427 811.7° 1150° 1.320 223.0 2942 0
361.1% 353.5% 1.722 2552.8% 43942 2.01 1464.8° 29422 1.370 853.2% 11692 1.20° 234.7% 282.° 500
3.43 3.33 0.009 11.7 15.78 0.01 12.63 12.73 0.01 6.71 4.96 0.01 1.47 1.47 SEM
<0.01 <0.01 0.01 <0.01 <0.01 0.48 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 P-value
Interaction
Jlize 3l
322.3 315.2 1.82¢ 2418.8 4420 2.10 1393.1 2931 1.47° 801.6 11772 1.39¢ 224.0 311.2% E0xPO
328.2 320.9 1.79% 2420.0 4345bc 2.06 1390.4 2877 1.44° 811.8 1172 1.36¢ 217.8 295.9° E0xP1
359.1 351.4 1.65° 2440.3 40367 191 1391.1 26574 1.34° 821.8 1102° 1.21° 227.3 276.0¢ EOxP2
349.7 342.4 1.75P 2524.6 4433 2.05 1455.7 29952 1.37° 835.2 1147° 1.24° 233.5 290.7 E1xPO
353.5 346.1 1.74° 2536.9  4429% 2.04 1452.3 29712 1372 849.5 1172% 1.21° 235.0 285.6° E1xP1
380.2 372.1 1.662 2596.9 4319¢ 1.92 1486.3 2860° 1.35° 875.0 11882 1.142 235.5 270.7¢ E1xp2
5.86 5.81 2.55 2.55 0.01 8.6 11.65 0.01 221 21.92 0.02 27.39 20.31 0.016 SEM
0.86 0.85 0.05 0.43 <0.01 0.54 0.68 0.01 0.01 0.68 <0.01 0.05 0.18 0.02 P-value

EO = no enzyme, E1= 500 mg/kg of the enzyme, PO = no propolis, P1 = 250 mg/kg of propolis, P2 = 500 mg/kg of propolis )
poeoy pyS5kSTp)S o O+ P2 cpgao s p)SokSTp)S oo Y0+ PL cpgony (194 PO il p S okSTp)S (o 8+ + EL e il (9 :EO

5 (6l me oglis (g ylel Yl 5l gt yo p3 Alie e gy b (sl SlatPod

Shygd Gpas Fl 59 il 38l WG (145 cupud FCR ¢ ooyl g5 ol )S EPEF dyg)l 565 a> g a3 ls EBI
EPEF: European Production Efficiency Factor; EBI: European Broiler Index; WG: Weight Gain; FI: Feed Intake; FCR: Feed Conversion Ratio
a,b,c,d: means with different letters in each column indicate statistically significant differences.

SEM: Standard Error of the Mean
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Table 3. The main and interaction effects of different levels of propolis and enzyme on the humoral immunity of broiler

chickens
gl gy 096 gl
IgT 19G IgM 1gT 19G IgM
(Propolis (Mg/kg)) (S okS > r5 k) pyeer
0 6.25 3.75 2.37° 6.75 3.62 312°
250 7.62 3 4.62° 7.87 3.75 4.122
500 6.75 3.25 3.5° 7 3.75 3.25%
SEM 0.40 0.28 0.32 0.41 0.22 0.28
p-value 0.11 0.26 >0.01 0.22 0.92
(Enzyme (Mg/kg)) (pSokS 1> 5 k) e
0 7 3.58 3.33 7 3.25° 375
1 6.75 3.08 3.66 7.4 4.16° 3.25
SEM 0.32 0.32 0.26 0.33 0.18 0.22
p-value 0.63 0.18 0.43 0.44 >0.01 0.18
(Interaction effects) liwo <l 3l
EOxPQ 5.50 3.75 1.50° 6.50 3.00 3.50%°
E1xPO 7 3.75 3.25° 7.00 4.252 2.75%
EO0xP2 7.75 4 3.75° 7.00 3.00% 4.00%°
EOxP1 7.75 3 4.75° 7.50 3.75® 3.75%¢
E1xP2 5.75 2.50 3.25% 7.00 4.50* 2.50°
E1xP1 7.50 3 4.50* 8.25 357%® 4.50*
SEM 0.59 0.42 0.5 0.61 0.34 0.41
p-value 0.05 0.18 84 0.05 >0.05

EO = no enzyme, E1 = 500 mg/kg of the enzyme, PO = no propolis, P1 = 250

> 0.05 0. >
mg/kg of propolis, P2 = 500 mg/kg of propolis

P50y £S5 5 o B+ + P2 cpgoo s £S5k 5 (i YO+ PL ipgo0ys 193 PO el p S keSS (oo B+ L il (594 EO
W)y gyl gime olis (glol Sl et oy wlie e gy L db&i}lﬁna‘b‘c
a,b,c: means with different letters in each column indicate statistically significant differences.
SEM: Standard Error of the Mean

1- Clostridiaceae

2-Haloplasmataceae

3- Erysipelotrichaceae
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Table 4. The main and interaction effects of different levels of propolis and the enzyme on carcass characteristics of
broilers chickens

(p5) &3¥ 039 () asY sy (p25) % 39 (7)) g 22y (5) &by s
Carcass weight (g) Carcass percentage (%) Breast Welght (9) Breast percentage (%) Thigh weight (g)

(Propolis (g/kg)) (¢ 55k5 > p.5ke) p3eoe

(%) oy oy
Thigh percentage (%)

0 1798.41 70.63 670.17 37.26 540.48 30.06
250 1844.18 70.53 658.95 35.74 569.72 30.87
500 1765.14 69.52 642.90 36.42 530.68 30.21
SEM 49.56 141 20.78 0.64 13.84 0.49

p-value 0.59 0.33 0.70 0.33 0.19 0.54
(Enzyme (Mg/kg)) (p,5skS > £S5 be) oo
0 1793.25 70.41 652.27 36.35 544.03 30.33
1 1811.89 70.03 662.41 36.59 549.89 30.42
SEM 39.70 113 16.64 0.51 11.09 0.39
p-value 0.76 0.15 0.70 0.77 0.74 0.88
o L e (Interaction effects) bl <l sl ) o .
CEUAFU 176Z.0 TU.OU 0J50.35 O0.0L 091,05 29.04%
E1xPO 1814.2 70.72 683.81 37.70 549.43 30.27
EO0xP2 1769.6 69.18 666.48 37.52 525.00 29.71
EOxP1 1827.6 71.57 633.81 34.73 575.57 31.44
E1xP2 1760.7 69.86 619.32 35.33 536.36 30.70
E1xP1 1860.8 69.50 684.09 36.74 563.86 30.30

SEM 74.56 2.23 31.10 0.97 21.05 0.81
p-value 0.95 0.37 0.31 0.12 0.77 0.37

EO = no enzyme, E1 = 500 mg/kg of the enzyme, PO = no propolis, P1 = 250 mg/kg of propolis, P2 = 500 mg/kg of propolis

poeoy PSS Ip)S o B2+

SEM: Standard Error of the Mean
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a,b,c: means with different letters in each column indicate statistically significant differences.
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Table 5. The main and interaction effects of different levels of Fropolls and the enzyme on the length and relative

weight of different parts of the small intestine and the rela

ative weight of the pancreas in broiler chickens

(The main effects of different levels of bee propolis (Mg/kg)) pse o zolaw Lol &l

(Length (cm)) (2 5le) Jsb (Refative Weight (9)) (¢%) s o9
PO 933 poikl Py P33 pokl oSk
Duodenum Jejunum lleum Duodenum Jejunum lleum Pancreas
0 29.87 70.37 54.75 0.48 0.98 1.67 0.14
250 23.12 70.00 72.37 0.50 1.02 0.89 0.17
500 30.25 71.25 69.25 0.48 0.99 0.93 0.18
SEM 1.2 2.84 4.96 0.025 0.05 0.33 0.016
p-value 0.44 0.54 0.07 0.80 0.80 0.20 0.28
(The main effects of different levels of the enzyme (mg/kg)) w51 zskaw Lol I3l
0 3175 73.75 66.33 0.52% 0.93° 127 0.16
1 29.75 70.66 64.58 0.45° 1.06* 1.05 0.16
SEM 0.96 2.27 3.97 0.021 0.04 0.27 0.012
p-value 0.20 0.40 0.78 0.03 0.04 0.57 0.98
(The interaction effects of different levels of bee propolis and the enzyme) o35l ¢ pgeo s zslaw blize cil I
EOxPO 30.50 71.50 53.00 0.52™ 1.03 1.92 013
E1xP0O 29.25 69.25 56.50 0.48° 0.91 1.42 0.15
EOxP1 31.00 72.75 70.25 0.55% 1.13 0.93 0.17
EOxP2 33.75 77.00 75.75 0.48® 1.01 0.96 0.18
E1xP1 29.50 69.75 68.25 0.4422 0.91 0.85 0.16
xp 30 73.00 .00 : 09 . 0.17
P 1.8540 fis e Bidds fis 847 Gy
p-value 0.98 0.80 0.05 O 47 0.87 0.97

EO = no enzyme, E1 =500 mg/kg of the enzyme, PO = no propolis, P1 = 250 mg/kg of propolis, P2 = 500 mg/kg of propolis
* P2 pgany p SokSlp S ko Y0+ PLpgo 0 (yois PO o5l p S3kiSTp S luo 0+ EL 3l (150 O
L)l (gl sine Coglts ()Ll 5]l gty 3 o it By L (sla il
a,b,c: means with different letters in each column indicate statistically significant differences. SEM: Standard Error of the Mean

peo p)SshSTp S s O
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