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Effect of Citrus Flavonoids Supplementation on Growth Performance

and Serum Oxidant Levels of Broilers
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Abstract: Citrus flavonoids are important natural compounds with diverse biological activities. They
can be used as an alternative to replace antibiotic growth promoters (AGPs) in poultry diets. This
experiment was conducted to determine the effect of citrus flavonoids on growth performance and
antioxidant status in broilers. A total of 1,440 one-day-old Ross 308 male broiler chicks were
randomly allotted into 4 treatments with 12 replicates of 30 birds per replicate. The chicks were fed
a control diet (CON), a control diet supplemented with 500 g of bacitracin/ton of feed (AGPs 500),
300 ¢ of citrus flavonoids/ton of feed (CTF 300), or a mixture of 300 g of bacitracin/ton of feed and
200 g of citrus flavonoids/ton of feed (AGPs 300 + CTF 200), respectively. There were no significant
differences in body weight gain, feed intake, feed conversion ratio, number of culling and mortality
among dietary treatments during the starter, grower and finisher periods (P>0.05). However, for
overall performance (1-37 DOA), birds fed diets supplemented with citrus flavonoids alone had
lower FCR and mortality (P<0.05) when compared to that of the control group. In addition, the
supplementation of citrus flavonoids alone reduced serum thiobarbituric acid reactive substances
(TBARs) of broiler (P<0.05). The present study indicates that, citrus flavonoids had beneficial effects
on growth performance. Therefore, citrus flavonoids could be used as a substitute for antibiotic

growth promoters in broiler diets.

Keywords: Broiler, Citrus flavonoids, Antibiotic srowth promoters, Serum oxidant levels

#Corresponding author J. Mahanakorn Vet. Med. 2021 16(1): 1-10.

E-mail address: agryos@ku.ac.th

uni Useansamnsudnliigean sounaieniuaulsa
& U e o a ° U & 4 aa Y] ] 2 a v W |
gnamnssumsassadaslusiindnisiien  v03dnd F93snnsdendrnlufiveniuiuedis

as o . 2 a ! o ' <
UfTuzanldludnvazifuansisemsesyivla wnswatenilan (Brennan et al., 2003) 8g14lsh

(antibiotic growth promoters, AGPs) IV E mumﬂﬁi’fmﬂﬁ%auﬂuigﬁu AGPs noliiLin



Rodsatian, N. et al. / J. Mahanakorn Vet. Med. 2021. 16(1): 1-10.

NansEnuseny &0 warduanden msen1sndnd
#5usUfTueinanluemsszdudndunain
wdenalidogdunidludléinnisionn s
AelmAnmsnndeveseluilodniuaznandausiann
& annsniilfideqdunisluauianisiesn
gl (Wanaporn, 2014) Huwslsikeusd a.a.
2006 Wusuinanninglsulieanusznianguung
n1siuldenu¥ausluszau AGPs Tuaimisdad
(Cogliani et al., 2011) a1ndgymisenary Fevinlodl
nmiterRafunsldansnszduniaaiyiviaain
59508 (natural growth promoters, NGPs) Wi
u1ntu e ldiduasiasunaununislden
UfTaurlusezau AGPs laglinelminansnnAawas
Lﬁ??aﬁgaw'%éﬁLﬂuﬁuwmwiaé’ﬁim (Wanaporn,
2014) ansluflawpiinea Foasusznouiiivadretu
anunsanvseanliilu 2 Ussinnudn 9 Ao asi
wiualaviugugil (primary metabolite) kaga13iy
unuelavivigil (secondary metabolite) Faansi
wnuelavivgunll Ao arsitliannnszuiuns
daAnziuas (photosynthesis) wazlluase1mis
vanfidndusionsissdnvosdsii@iannuda liun
aslulanse Tudu nsneziilu Wudu diuaisw
wnvelavindegdl Wuarsilduianaisidians
wunuelanlgugiundidnseuiunsdidaa s
(biosynthesis) Falyidmnusndusonsmsedn widl
auddyseaiTindinanansiu 9 wu Wuasd
THlunszurunistestufiesninddidinuindu q
vioundesfiesannaniizuindeniilivangay
Lawn @a15nqudaniaoyn (alkaloids) azdlnidu
(acetogenins) WasNUBEA (terpenoids) wazlna
Wuea (polyphenol) Fearsimaniiinduniy
5ITUBRLULEAAVOINY wazllaud1Agyn1edianiw
(Sethiya et al., 2009) Walauees (flavonoids) 3¢

sglunquuesansuszneulndiiuea Fuduaisw

& a

wnvelaviniugianiiginulaniluluisvaieyie

q

N

sudeln 07 Sty LATesRuuIrile Wy 1y

o

waznuinntunaldnsenady Tanuvainranglunis

a0

PJrunltuselevd wazlasuniseeusuIndinanane

avanvesynd wazdnd esandneglunuanny)
yosemsvizeduUsznauluemsiliusgloviing
81 wazdiuselevusaaunin aunsaldlunistesiu
wazsnwilsale (Panche et al,, 2016) n15L9aS

nguvaliusenainualdnsegady (dtrus

a

flavonoids) lasunseausuinganad

) D

ARFUNINYBY
uywd wazdnd esandovsiduasiueyyadasy
AIUNITENLAY A1ugaTn ansyauludunazae
LSALmDIaaluULaan (Panche et al., 2016) @131158
thandumadonvesansietlugaamnssunsiaes

A3le (Ansariet al., 2014) n1sNAaIASINT

Ne

(%)

nUszasdiiloAnyinavesnsiasuansadamanla
uosdnnralinsegaduluenmsliidoroanssnnin
nsesyrvlauazseiveyyadastludduilely
aunsoduduansiasuniudenltunismaununig

Tdoftauglusmsinileldegneliusz@nsnm

[ ad
aunInULaEISNS
dninnauazaInIImaaes
nsnaassasetlylaiiloaleiug Ross 308

e 81g 1 Ty nlsatnlendaday 8nnenda

9

[ a o

U JWNIAYaUI 91U

]

1,440 & ualdiile
poniu 4 ngu nguay 12 91 918z 30 i LAedly
Tsadoussuulafifiszuuharuduienisssvele
1 (evaporative cooling system) nsiaeelilie
wusoaniu 3 szez laun szewian (1-10 Tw) szez
Ju (11-30 Ju) wagszevanvineg (31-37 Ju) lagln
ot 4 nguneaassagldSuemsanadu 4 gas
Lo qmﬁ 1 8msmuAu (CON) gjmﬁ 2 81195

AIUALLET AGPs fisesu 500 ppm (AGPs 500) @n3



Rodsatian, N. et al. / J. Mahanakorn Vet. Med. 2021. 16(1): 1-10.

7l 3 9INsMUANLERLANS citrus flavonoids TisEsy
300 ppm (CTF 300) Wazgasi 4 919IAIUANIET
AGPs 715U 300 ppm $2ufU @19 citrus
flavonoids 7isefu 200 ppm (AGPs 300 + CTF 200)
AGPs ARe1U¥tueuudNs18u (bacitracin
methylene disalicylate, BMD 10%) @195 citrus
flavonoids tJundnAnusinelddanianisdife
Bioflavex GC ¥93US4¥" HealthTech Bio Actives
(HTBA) Useineaaidu farseengnifidifyann
flavonoids complex Usgnoua1uLgdLnesau
(hesperidin) wazW13UIU (naringin) AULTLTY 45
wWosldua

omslrdennasdddnlnauasnndundes

p o .

Wudngiundn a1msneassmnnguaiuialvi

AMAMNILNTULINNY baLdlpIAUSENBUVBIDINNS

q

(%

Fawanlumsnad 1
nsiiudagsuasiuiindaya
ANTTNINNITHAR

nsUufinnan snaasauUady 3 szey lawn
JElan sruziu uwagszevannne lneuiindoya
flugnu antufinguuginazaududuinsly
Tsu§aufiagn 07:00 wae 16:00 u. JuiinUSuna
amsAinuld (FeudunaemisiudeTuil 10, 30
way 37 ¥9an snnans) Suinuiwiinla (FeTud 1,
10, 30 wag 37) ﬁuﬁﬂ%’agaﬁi’ﬂmﬂﬁﬁ’mﬁy&LLazlﬂ'msJ
MAOAYIIBIYVYRINITNAR DY ﬁﬁa;&aﬁlé’m
AUIUATELTIAN NSRS YLRULR Taln Usuned
oSy i fiudy sasnswasuems
Hudmtingn sns1nsenfis wavdnsanisane
nMsinsrsvoyyadassudsu

Mnsiusegadoniiodasziniszau
thiobarbituric acid reactive substances (TBARs) Tu
5w Tnevhnsduliidefiony 35 Yu undnas 2 &

7117151978 aaAUS U USUIRS 5 Hadanssas

fregradenfildinludumiefianudiseu 10,000
souURauTl aungll 25 esAnwaidea Wuan 5
wit ntusendSusenun waziuwiuinund
oamgdl 20 eariwaldea Wisaiieneimseiu
TBARs Tudsun1uisn15ves Esterbauer et al.,
(1991)
N3AszdayanIeaia
Insieeideyalagiznsinsginig
kUSUU (Analysis of Variance) ubkunN1SNaAang
LLUUEjuaiJuuﬁﬁj (Completely Randomized Design:
CRD) a8 Free Statistic Software, SAS® University
Edition Tae 14 GLM Procedure waziU3suLiiau

AULANAIITENINANRTEVDINFUNAADILALTT

Duncan’s new multiple range test (DMRT)

nanIsAnEILazINTal

NAADAUTIANINNITHER

N1IANYINAVOINITLATNANT citrus
flavonoids Tuawnsliide Tutsssesdn svaequ
wazszozgaine wudrdimindafdindy (body
weight gain) Usuadewnsiiiu (feed intake) $957
nsasuormsiiudindng (feed conversion
ratio, FCR) SnnsAnis (culling) WAZEATINITAY
(mortality) vasusiazngunaasslialiunnenafiy
(P>0.05) Fauanslumisnadi 2 aenndesriu Marzoni
et al. (2014) fivwauinisauansatnneIuan
\Waenduiiszdiu 200 ppm lldwmasieaussaninnis
WSaivlavesliiile wWwieadu Simitzs et al

(2011) N15718971UI1NSLE@SUANS citrus flavonoids

Y]

BALANOIAUNTZAYU 150 Waz 300 ppm Tue1ms

v '
v a a

Ine lddanameunnundINiiuady wagsnsnng
Wasua s duL 1 ndndi wazdonAananu
Akbarian et al. (2013) ANUINNSLASUANSANADIN

Waendufisgau 200 ppm lusinislidsnane



Rodsatian, N. et al. / J. Mahanakorn Vet. Med. 2021. 16(1): 1-10.

Table 1 Composition (%) of the experimental diets

Ingredients (%) Starter Grower Finisher
(1-10 days) (11-30 days) (31-37 days)
Corn 52.20 53.65 53.69
Wheat grain 5.00 7.50 10.00
Full fat soybean 12.00 10.00 8.00
Soybean meal 48% 25.90 23.60 22.40
Palm oil 0.80 1.40 2.30
Monocalcium phosphate 1.47 1.36 1.24
Calcium carbonate 1.51 1.43 1.36
Salt 0.55 0.43 0.38
DL-methionine 0.24 0.20 0.20
L-lysine 0.13 0.06 0.06
Choline chloride 60% 0.09 0.08 0.08
Premix’ 0.30 0.30 0.30
Total 100.00 100.00 100.00
Calculate composition
ME for Poultry (Kcal/kg) 3,050 3,100 3,150
Crude protein 21.50 20.00 19.00
Moisture 11.56 11.63 11.63
Fat 5.64 5.90 6.42
Crude fiber 2.71 2.62 2.55
Ash 6.69 6.17 5.79
Calcium 0.96 0.90 0.85
Total Phosphorous 0.74 0.70 0.66

ol ke of premix contained: vitamin A 3,000,000 IU, vitamin D3 600,000 IU, vitamin E 4,000 IU, vitamin K 1

g, vitamin B1 0.5 ¢, vitamin B2 1.4 g, vitamin B6 0.9 ¢, vitamin B12 0.5 mg, nicotinic acid 7 g, pantothenic

acid 2.21 g, folic acid 0.2 g, biotin 0.3 mg, manganese 12 g, zinc 9.0 g, iron 16.0 g, copper 0.32 g, iodine

0.08 g, selenium 0.03 ¢

UINUNAINALTY USUIUIMSNNY hardnsIng
- < 3 v W X
wWaguansiudmdndivedlniie

ae9lsAmuNanIsIasUans citrus flavonoids
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(P<0.05) ualdunneng (P>0.05) Aungu AGPs 500
(113747 2) Tollba and Mahmoud (2009) 518414
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Table 2 Effect of citrus flavonoids on growth performance of broilers

CON AGPs 500 CTF 300 AGPs 300+ CTF 200 Pooled SE P-value
1-10 DOA
Body weight gain (§) ~ 297.3 296.6 300.0 300.7 1.24 0.5857
Feed intake (g) 329.9 332.9 334.9 336.1 1.23 0.3166
FCR 1.11 1.12 1.12 1.12 0.01 0.7910
Mortality (%) 0.28 0.00 0.00 0.28 0.02 0.5770
Culling (%) 0.00 0.00 0.00 0.00 N/A N/A
11-30 DOA
Body weight gain (g) ~ 1456.0  1504.6 1495.5 1519.3 9.01 0.0959
Feed intake (g) 2167.0 21915 2175.3 2201.0 1239 0.7645
FCR 1.49 1.46 1.45 1.45 0.01 0.0564
Mortality (%) 0.28 0.28 0.00 1.11 0.01 0.3331
Culling (%) 1.39 0.00 0.83 1.11 0.04 0.3349
31-37 DOA
Body weight gain (g)  672.1 680.0 672.8 704.3 1523 0.5707
Feed intake (g) 1326.2 13332 1311.0 1352.6 2087  0.6009
FCR 1.99 1.97 1.95 1.92 0.01 0.5219
Mortality (%) 0.28 0.00 0.00 0.28 0.02 0.5770
Culling (%) 0.28 0.00 0.00 0.00 0.04 0.4018
1-37 DOA
Body weight gain (g) 24254  2481.2 2470.6 2524.3 15.23 0.1663
Feed intake (g) 3823.1  3857.5 3821.3 3889.7 2087  0.6163
FCR 1.58° 1.56% 1.55° 1.54° 0.07 0.0162
Mortality (%) 0.84° 0.28° 0.00° 1.67° 0.03 0.0291
Culling (%) 1.94 0.00 0.83 1.11 0.03 0.0995

N/A = Non-statistical analysis

“’Means with different superscripts in the same row are significantly different (P<0.05)
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Table 3 Effect of citrus flavonoids on antioxidant status of broilers

CON AGPs 500 CTF 300

AGPs 300 + CTF 200 Pooled SE  P-value

TBARs 0.45° 0.19° 0.21°

(nMol/mg)

0.48° 0.01 <0.0001

“’Means with different superscripts in the same row are significantly different (P<0.05)
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