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Extended Abstract

Background: In today's conditions of industrial poultry breeding, especially broilers, stress is a
critical problem that affects poultry performance and brings economically significant mortality.
Environmental, nutritional, and internal stressors often cause a decrease in performance and
endanger health. Stresses often lead to oxidative stress, and through the induction of lipid
peroxidation, reduction of antioxidant capacity, inflammation, etc., it ultimately decreases
performance and increases mortality in broiler chickens. Therefore, they have suggested that the
administration of antioxidants during stress is probably effective in reducing the problems caused
by the stress of stressful factors to maintain the health and production performance of flocks in
broiler farms. Chlorogenic acid, as one of the most abundant phenolic acid compounds in nature,
is an ester of caffeic acid with quinic acid, which is found naturally in various plant species and
has several biological functions, such as antioxidant, antimicrobial, antiviral, anti-inflammatory,
anti-diabetic, and anticancer activities. The special phenolic structure endows chlorogenic acid
with good free radical-scavenging activities, and can effectively scavenge various free radicals,
effectively inhibit cellular lipid peroxidation, and beneficially regulate cell membrane stability.
Experimental and clinical evidence has confirmed the antioxidant effects of chlorogenic acid in
vivo and in vitro through direct antioxidant activity and/or its regulation on signal transduction
pathways involved in cellular antioxidant defense. The antioxidant property of chlorogenic acid
makes it possible to use it as a promising and green antioxidant in animal feed. It has been shown
that food supplements with chlorogenic acid can improve the growth performance and antioxidant
capacity of intestinal mucosa by increasing the activity of antioxidant enzymes, preventing lipid
peroxidation, and activating antioxidant signaling pathways. In broilers, chlorogenic acid
supplementation has been reported to increase growth performance, reduce inflammatory
response, prevent intestinal damage, improve intestinal mucosal barrier function, and improve
oxidative damage. However, little is known about the antioxidant activity of chlorogenic acid in
broilers. Therefore, the current research was designed to evaluate chlorogenic acid effects on
growth performance, antioxidant status and immunity, and some biochemical parameters of
broiler chickens.

Methods: A total of 300 one-day-old male broiler chickens (45 + 1.2 g) from the commercial
strain Ross (308) were distributed in four experimental treatments (five replicates and 15 chickens
per experimental unit). Experimental treatments includeed 1- a control group (fed with a basic
diet), 2- CGA-500 group (fed with a basic diet + 500 mg/kg chlorogenic acid), 3- CGA-1000
group (fed with a basic diet + 1000 mg/kg of chlorogenic acid), and 4- CGA-1500 group (fed with
a basic diet + 1500 mg/kg of chlorogenic acid). The chlorogenic acid used in this research was
produced by Shanghai China Company with a purity of 98.12%, which was added to flour feed
in the form of powder. The light, temperature, ventilation, humidity, and hygiene programs were
set the same for all the experimental treatments and according to the recommendations of the Ross
308 strain for different periods. The feed intake and body weight of the birds in each experimental
unit were measured at the age of 42 days, and performance indicators (food intake, weight gain,
and feed conversion ratio) were calculated from the age of 1 to 42 days. At the age of 42 days,
two chickens were randomly selected from each cage, and a 2 ml blood sample was used to
prepare serum from the wing vein using special syringes to measure blood biochemical indices.
Liver tissue samples were immediately washed in distilled water, and after drying, they were
immediately placed in clear freezer plastic bags and frozen at -20 °C.
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Serum antioxidant parameters, including glutathione peroxidase and superoxide dismutase
enzymes, were also measured using Nonad Salamat brand kits. To determine the concentration of
malondialdehyde in serum, the amount of light absorption in the samples was determined by the
colorimetric method using the device. Liver levels of interleukin-6 (IL-6), interleukin-1f (IL-1B),
and TNF-a (tumor necrosis factor-a) were quantitatively measured by the commercial kits of
Crystal De Shanghai, China, and by the sandwich ELISA method. Serum enzymes, including
aspartate aminotransferase and alanine aminotransferase, were measured using Padco brand Kkits.
Serum levels of G and M immunoglobulin were measured using Diasorin S.P.A., Italy kits. Serum
levels of lipid parameters, triglyceride, cholesterol, LDL, and HDL were measured using a
quantitative diagnosis kit (Pars Azmoun Company). The collected data were statistically analyzed
using the GLM procedure of SAS software version 1/9 (SAS, 2003) in the form of a completely
randomized design. Mortality data were transformed using the V(X+1) square root transformation
before analysis. To compare the means, Duncan's multi-range test was used at a significance level
of 5%. The method of independent comparisons (Orthogonal) was used to determine the linear
and quadratic effects of different CGA levels.

Results: The inclusion of chlorogenic acid caused a significant increase in feed intake and weight
gain and a significant decrease in the feed conversion ratio and total mortality (P < 0.05). The
best performance belonged to the 1000 mg/kg of chlorogenic acid treatment compared to the other
treatments. In addition, chlorogenic acid supplementation at levels of 500 and 1000 mg
significantly improved the antioxidant capacity (increased activity of glutathione peroxidase and
decreased malondialdehyde activity) in serum and the liver (P < 0.05). The administration of 500
and 1000 mg of chlorogenic acid significantly reduced serum levels of inflammatory cytokines
IL-1B, IL-6, and TNF-a (P < 0.05).

Conclusion: Decreased serum levels of aspartate aminotransferase, alanine aminotransferase,
triglyceride, cholesterol, and LDL, and increased HDL and immunoglobulin G and M were also
observed in CGA-1000 and CGA-1500 treatments (P < 0.05). In general, the results of this
research show that using 1000 mg/kg of chlorogenic acid in the diet of chickens may improve
both growth performance and antioxidant and inflammatory indices.

Keywords: Antioxidant, Broiler chickens, Chlorogenic acid, Inflammation, Immune, Growth
performance.
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Table 1. Ingredients and chemical compositions of experimental diets

(LS50, ¥Y-Y0) L (5395 Y)Y 43, (5390 V=) cnjle! (253) 0y sl
Finisher (25-42 d) Grower (11-24 d) Starter (0-10 d) Ingredients (%)
B gp 2o pd A) &b
57.56 51.63 47.53 (Pl x5 22 ) )
7 7 Corn 8% CP

(090 203 ¥F) Lgw dloxis’
Soybean meal, 44%CP
6.29 6.24 5.54 bgw 9y
Soybean oil
(il 303 TA) Sl S

32.35 37.99 42.35

1.05 1.12 1.20 Limestone, 38% Ca
(oS 203 YY) liaad oS’ 63
1.34 1.56 1.79 Di-calcium phosphate, 21%Ca
0.25 0.25 0.25 ey Jose
Vitamin premix®
0.25 0.25 0.25 e dofe |
Mineral premix
e I
0.40 0.40 0.40 NaCl
(32388 ) ggee=J) 63
028 032 037 DL-Methionine, 99%
(22,2 VAL 940 5=
0.22 0.22 0.28 L-Lysine HCL, 78%
(30,3 WNB) (35589 3
0.00 0.02 0.05 Threonine, 98.5%
0l dnole (gl dlgo oS 5
Nutrient Composition (calculated)
(p5555 2 6 B5S) punddgilio BB (551
3218 3082 2990 Metabolizable energy (kcal/kg)
(10,3) P& (g
19.3 213 23 Crude protein, %
(303 oS
0.79 0.87 0.96 Calcium (Ca), %
(s03) (s LB i
0.361 0.409 0456 Available phosphorus, %
(30y3) gt
0.16 0.16 0.16 Sodium (Na), %
(30y3) Origste
0.58 0.64 0.71 Methionine, %
(30 p3) Ot (gt
0.89 0.89 1.07 +cysteine, %Methionine
(305) o3
1.17 1.30 1.46 Lysine, %_
(3253) 03351
1.30 1.45 1.56 Arginine, %
(3253) i
0.78 0.87 0.96 Threonine, %
029 032 035 (o) s 3

Tryptophan, %
P Moy 5 o ¥ el 15 oo ¥ K3 ol 1,5 oo TV + ool J5 3555 155 on YN0 JgedS U35 1,5 oo WO+ o J5i5 o p 558 o 33 ol ol
N (Sl VN0 Ol 2 e ygadlio VO + ol Su5gil 63 4,8 o VW o v copmals (2,5 oo ¥ cptanSTym )8 o <1400 (o VsS (2,5 (Lo o/ ((ygm (0 )5 o
) ) S 8l 5555 5 ke Y0+ )8 s
S5k P (5550 Sl ) 550 5 o T 0 Sl ) o 5 ko Y0 s8] Mg ) 08T 5 s YOl gl s pSAS 2 53 e Sl L
xS e o X (mad Cutlus 1 Se (40,5 oo + 5 (poanadS Sy GIT) 60,5 oo YO 59y Sligu )
#Vitamin concentration per kilogram of diet: retinol, 13.50 mg; cholecalciferol, 4.15 mg; tocopherol acetate, 32.00 mg; vitamin K3, 2 mg; thiamin, 2
mg; riboflavin, 6.00 mg; biotin, 0.1 mg; cobalamin, 0.015 mg; pyroxidine, 3 mg; niacin, 11.00 mg; d-pantothenic acid, 25.0; menadione sodium
bisulphate, 1.10; folic acid, 1.02; choline chloride, 250 mg; nicotinamide, 5 mg.
®Mineral concentrations per kilogram of diet: calcium Eamothenate, 25 mg; Fe (from ferrous sulphate), 35 mg; Cu (from copper sulphate), 3.5 mg; Mn
(from manganese sulphate), 60 mg; Zn (from zinc sulphate), 35 mg; I (from calcium iodate), 0.6 mg; Se (from sodium selenite), 0.3 mg.
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Table 2. ‘l;iszects of dietary chlorogenic acid supplementation on performance and mortality of broiler chickens at day

(%) abs Shss hds cops (£5) Bras S (%) o s bl
Mortality (%) FCR FI (g) BWG (g) Treatments
007 1.77° 2250° 3960¢ Control
1.00° 1.78 2452° 4364 CGA-500
0.00° 1.68 2587* 4346° CGA-1000
0.00° 1.69° 2610° 4410° CGA-1500
0.001 0.02 59 95 OrSle 2,00l (gl
SEM
0.019 0.010 0.001 0.010 b Jlel slla
Linear P-Value
0.321 0.011 0.011 0.021 P92 42y
Quadratic

AP < +1+0) ditad 1y Sleo oy 5 e SIS 023 LS (g p )3 Jlused el Bgy>
a-c: Means within each column with different superscripts are significantly different (P < 0.05).
BWG, body weight gain; FI, feed intake; FCR, feed conversion ratio, CGA-500, CGA-1000, and CGA-15000; chickens in these groups fed a basal diet
supplemented with 500, 1000 and 1500 mg/kg chlorogenic acid, respectlvely
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Table 3. Effects of dietary chlorogenic acid supplementation on the antioxidant status of broiler chickens

wleapgle Bgomd JpuS 0 Ty 9sbslS o los
. .. “ - )R
(ke > Jsesl) (ke )3 2219) (ke o 22lg) Treatments
MDA (nmol/mL) SOD (U/mL) GSH-Px (U/mL)
2.62° 122.25¢ 165.83°¢ Control £
Serum
1.96° 143.81° 189.43 ¢ CGA-500
1.82¢ 156.21% 194.62 % CGA-1000
1.86 ¢ 159.75* 212.62* CGA-1500
3kl ellas
0.09 6.20 7.10 Sl
SEM
0.150 0.001 0.010 ok
Linear Jleis] gllas
0.091 0.190 0.200 P9 42)> P-Value
Quadratic
sl glle Bgonsd ATy Pl 09bolS s
(B9 £35S ey Jgesib) (09 PS5 ke 0 22ls) (095 £5 o > 1) Liver
MDA (nmol/ mg protein ) SOD (U/ mg protein) GSH-Px (U/ mg protein)
1.55% 115.20 19.03° Control
0.89° 119.05 21.30® CGA-500
0.78" 122.60 23.22* CGA-1000
0.80° 114.62 25.43* CGA-1500
30kl cllas
0.15 3.92 129 Sl
SEM
0.190 0.290 0.011 ok Jlas! gllas
Linear P-Value
0.013 0.191 0.300 £9> 4203
Quadratlc

(P<+]+0) sid b Sile oyl gire BB o0imd LS (ygiyd )3 lued jué Bgy>
a-c: Means within each column with different superscripts are significantly different (P < 0.05).
GSH-Px, dglutathlone peroxidase; SOD, Superoxide dismutase; MDA, Malondialdehyde; CGA-500, CGA-1000, and CGA-15000; chickens in these

groups fe

TNF- 9IL-6 D90 )3 .(P< ~/~()) ML J&K d)].}u.;.’.o
P ke VO g Vv polaw o (gl bre OB @
JL-1B pS gt 3y90 5 Lol (P > +/+0) wis sanliv

PSS 10 p)S ke V0ee Jlog 4 bgye s (558
5 CGA

a basal diet supplemented with 500, 1000, and 1500 mg/kg chlorogemc acid, respectively.

Tobw y SHje S aewl Wb gshw U
S5 2l S P
Tolaw &S wmd o lis ¥ Jods 10 09390 (slaodly
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Slas S )5 CGA dilize ggbaw b (il oo 5
(595 sbdrgr 0y 13 COA gaw i3l L &5 g5k
ssbs TNF-a 5 IL-6 dL-1B (slogpS gt 35 zglaw
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Table 4. Effects of dietary chlorogenic acid supplementation on levels of hepatic inflammatory cytokines
in broiler chickens

] 1B~ (S gl i 6= cnS il Wl (5y9055 39,55 5556

oles (059 p)5 sheol )5 50) (0595 )5 ol 5 L) (059 £S5 el 5 90)
Treatments IL-1 IL-6 TNF-a

(ng/mg protein) (ng/mg protein) (ng/mg protein)
Control .56° 291.23% .69°
CGA-500 18.90% 286.02° 30.25*
CGA-1000 16.29° 251.01° 25.15°
CGA-1500 11.10¢ 246.21° 23.09°
ok ”S)Eﬁ“' ks 1.50 2.51 1.01
s 0.001 0.001 0.010
! gllas Linear

P Value JURV 0.280 0.190 0.090

Quadratic

P <]+0) diwd b pSle (e jld iz OS] 0iad LS (gt yd 13 Gluod ju& Bgy>
a-c: Means within each column with different superscripts are significantly different (P < 0.05). IL-1p, interleukin-1p; IL-6, interleukin-6; TNF-a,
tumor necrosis factor-alpha;
CGA—S‘OO,1 CGA-1000, and CGA-15000; chickens in these groups fed a basal diet supplemented with 500, 1000, and 1500 mg/kg of chlorogenic acid,
respectively.

55 Shaze ppw olesdon loyiall g opa Ko Sl JoSo Sl -0 Join
Table 5. Effects of dietary chlorogenic acid supplementation on serum biochemical parameters of broiler

chickens
oo el il 3 Y] Slsel il sl G osslS gl G (595 5]
Treatments (sl a=l5) (sl =5) (% sleel 1219) (2 sleel 1219)
ALT (UL) AST (UL) Io G (U/mL) Te M (U/mL)
Control 4.63° 255.40° 5350 1.487
CGA-500 4.26° 254.68° 6.88° 1.98°
CGA-1000 3561° 238.20° 7.00° 225
CGA-1500 2.97¢ 213.85¢ 5.62 1.66°
OrSle 2,500l (gl 0.95 220 0.08 0.05
SEM
! gl L;'” 0.010 0.010 0.001 0.001
3 inear
PValue P2 425 0.390 0.410 0.002 0.001
Quadratic

P <+]+0) st b pSlo (o jlo iz BB oiad ) lis gyt )3 lued ju& Bgy>
a-c: Means within each column with different superscripts are significantly different (P < 0.05).
ALT: Alanine transaminase; AST: Aspartate transaminase; IgG, Immunoglobulin G; IgM, Immunoglobulin M. CGA-500, CGA-1000, and CGA-15000;
chickens in these groups fed a basal diet supplemented with 500, 1000, and 1500 mg/kg of chlorogenic acid, respectively.

055 S argx o G Syl g Se)lS del JeSe Sl = Joar
Table 6. Effects of dietary chlorogenic acid supplementation on serum lipids parameters of broiler chickens

. . gl b (559 090 g b (8595090
o les Jouds ApealS 3 onb U
Treatment (o3l 5 (ki) (sl o) A . .
reatments Cholesterol (mg/dl) TG (mg/dl) (el 55 (Jes) (sdiewsl 55 (Jes)
LDL (mg/dl) HDL (mg/dl)
Control 59.48° 196,057 B8 760°
CGA-500 66.17% 100.49b 48,130 9.2
CGA-1000 64.03. 74.03¢ 50.45° 11128
CGA-1500 40.14° 51.25¢ 30340 12.60°
Ol 2,00l (gl 201 3.25 1.59 1.01
SEM
Sl gl K 0.001 0.010 0.001 0.021
) g inear
P Value P9 42)> 0.410 0.461 0390 0.190
Quadratic

(P<]+0) diud b pSlo (e jld iz BB 020 Ui (g yd 13 Glues ju& B9y
a-c: Means within each column with different superscripts are significantly different (P < 0.05).
TG, triglyceride; LDL, low density lipoprotein, HDL, high density lipoprotein; CGA-500, CGA-1000, and CGA-15000; chickens in these groups
fed a basal diet supplemented with 500, 1000, and 1500 mg/kg of chlorogenic acid, respectively.
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