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2- Hibiscus sabdariffa
3- Quercetin
4- Daidzein
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Table 1- The ingredients and chemical composition of basal diet

4l o lesd S5 5 Shd s sl =19

S 3l Sy
(32)3) Shys> olge Post molting Molting
Ingredients(%) M5 Sy b as)2 50 Mg 1035055 20y Loy
50 % to production peak 5 to 50% production Diet2 Dietl

2 47.00 50.40 55.35 -
Corn
PAS g - - - 50.00
Wheat bran
b 25.40 24.50 22.30 -
Soybean
# 11.00 8.50 10.00 -
Barley
1.

N 1.00 1.50 1.50 -
Organic herbal powder*
bgw %9, _ 2.20 1.80 1.50 -
Soybean oil
Shud el 53 1.90 172 1.75 -
Dicalcium phosphate
(B30 23) Sl S 9.20 9.00 5.00 50.00
Calcium carbonate
S 0.20 0.20 0.20 -
Salt
O P 0.15 0.20 0.20 -
Sodium bicarbonate
Seig 0.81 1.01 1.00 -
Bentonite
o 0.12 0.12 0.15 -
Methionine
o 0.10 0.05 0.05 -
Lysine
e 0.075 0.10 0.10 -
Threonine
ol 0.05 0.05 0.05 i
Choline
2 . 1

Ayie g alyy JoSa 0.60 0.60 0.60 -
Vitamin and mineral supplements?
(AxD?nE,K,Bcomplex) Lmuo-"l-uj‘—ié 0.20 0.25 0.25 _
Vitamins (A,E,D3,K,Beomplex) ' ' '
(12,9) (lossd oS 3
Chemical composition (%)
(p5LS 32 5 B5LS) pudgrlio LB (55, 2675.59 2676.25 2809.27  650.00
Energy (kcal/kg)
"‘w” 16.84 16.48 16.13 7.85
Protein
b 358 3.58 3.61 5.50
Fiber
o 0.91 0.83 0.80 0.22

lysine
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Ot Orlaeie 0.77
Methionine + Cysteine

- 4.10
Calcium

P 0.46
Phosphorus

W 0.134
Sodium

0.75 0.73 0.19
3.99

2.43 19.57
0.42 0.43 0.10
0.148 0.149 0.025

o yu 2200% o > 33% gp 1009 Y. 65,51 2440 KCalKY i gols aiyjous 5 5kS sl
mg/kg ;»l 88 mg/Kg pscls 480 mglkg 5 3200 MG/Kg s « 32000 Mg/Kg (<5, 36000 MO/KG 5o i s5ls aialig 5 Ao JoSo pSols a2
2200 mg/kg B2 1000 mg/kB1 1000 mg/kg K3 8000 Iu/kg E 1320000 Iu/kg D3 3200000 lu/kg A 360 mg/kg B9 16000

sl 3000 Mg/Kg st sl A4000mg/kg g8 30 mg/kg o5 9 mg/kg B12 1600 mg/kg B6.12000 mg/kg cpwwls 3200 mg/kg LIS

1 Each kg of herbal organic powder contains: Energy 2440 Kcal/kg, Protein 10.9%, Fat 3.3%, Fiber 22.4%.

2Each kg of minerals and vitamins supplement contains: Manganese 36000 mg/kg, Zinc 32000 mg/kg, Copper 3200 mg/kg, lodine
480 mg/kg, Selenium 88 mg/kg, Iron 16000 mg/kg. 3200000 lu/kg vitamin A, 1320000 lu/kg vitamin D3, 1000 mg/kg vitamin K3,
8000 Iu/kg vitamin E, 1600 mg/kg vitamin Bs, 12000 mg/kg Niacin, 3200 mg/kg Calpan, 1000 mg/kg vitamin B1, 2200 mg/kg
vitamin B2, 360 mg/kg vitamin By, 9 mg/kg vitamin B2, 30 mg/kg Biotin, 3000 mg/kg Antioxidant, 44000 mg/kg Choline.
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1) LDL=3/4 (TC- HDL)
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1- High Density Lipoprotein (HDL)
2- Low Density Lipoprotein (LDL)
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Table 2-Antioxidant activity of Hibiscus sabdariffa

o o sl
Traits Hibiscus sabdariffa
S yolS Sy
Calyx Leaf

(3233) I sl

61.71 61.21
Total antioxidants (%)
(5 22 2 25 o) Jgid
Phenol (mg/100g) 0.80 0.64
(3 2 5 hooslonst 18363  18.33
Anthocyanin (Mg/l)
C oeelins
(5 22 3 p S ke) 1.40 2.55

Vitamin C (mg/100g)

I ime el Blol 55 sl oylas Sl ialosl 9

Byme Gao Job (il a5l ol (See oS (p>0/05) 545
OS5 18l el pasuie Sloj 09 Sy oS b 51l ojlas
sy Jlonl cnl e p3Y gl ailobis pr (55 sly 53 S9290
o555 Klgy azan 6 51 5 SV gb ke 4 0jlac L pae a8 5y
g 4 oS ol ol slagenl 298 Bly 5350 (el Foly
Blize (693l 93 g0 4 Lisos 093 o 30l B g T (sl
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(69 4

madl b oSt asl ash 1y hee (ceul dlole o0 oUlgy wles
hloil 93 2 3 (5> Bk o)l Slgen Smehs ool sl
Glog o Sl wShl o sy dliiv (el lobo (s dgup0
o5 593 5 Wojlias cullad (ialidl g 593 4 dtnly et S o350
2 S ke T00) YU joo b aumlio )3 (p,55kS 12 oS oo 300)
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Table 3- Effect of Hibiscus sabdariffa plant extract on plasma antioxidant status and oxidant balance of old laying hens

s O sl Sy S5 sl Spls
gy »-‘5 0 Control (pS5ksT S k) (p55kTp S k) SEM P
Traits Units Hibiscus sabdariffa leaf Hibiscus sabdariffa calyx value
(mg/kg) (mg/kg)
300 700 300 700
lowdly IS licnsbly
zr']?fg‘(?df;f' Mmol/l 0.375°  0.490% 0.46220 0.757 0.735 0.0811  0.0140
Sy

55 MDA
Blood 2MDA ug/l 1.198  0.751% 0.813 0.633 0.640° 0.1277  0.0402
Loy o laguS by
zr']?fg‘(?df;f' Mmol/l 0365  0.442 0.420 0.570 0520  0.0959 05902

. -
55 MDA Ao
Blood MDA ug/l Sl 0.809 0.769 0.797 0.725 0.737 0.0485  0.6945
;i)’"':ﬂ SIQA na/g 2.04 1.93 2.03 1.84 1.85 0.119  0.6597

(P< 0/05) ol (6)l3 sino grlas i3y o > S yiio i By b 2Pl Silo glis L

IMeans *® with different letters in a row differ significantly (P<0.05).

2 Malondialdehyde

(49) 1 ¢ a5 1 (talidl s 35 iS55 clagye
PH ials L wlgi e (35 sl 19 29250 I sladgal (pizeen
iy Il dicsslen (slace STl 0y e o 5155 o
398 0k (Sglie sajls (ialS Coleg 3 5 ollas slas S
3y Slas S5t dey Sl 5 Ss 55 sly Sl olss (3)
o) ol Oldllas oS ol paus il 008 (SS BNy
2 Gl 005 (B S 033 e 0 )3 (0 sl 5l ool
45w o (8 0059 (g (ke 9 STt B puae 390
o sl So)lias p Sl 5 5 e 100 (el 02 L
055 09 9 Shed SGpas ) (Al cp i dg 0l 415

S lis el Hleg 4 Caws e

“Ere Sk Clio b5 sl SIF Gl looylae

el 02b G5 S Jgia 0 Sl g 0y o M550 sla
Sl (il ine U5 (90, Slae sl padls 1 iy sly
Eron5 0355 sty «Shyp L5 pd oS (p>0/05)
700 L 485 Jlas 585 50 (6,135,056 o> (Vb 9 oo
dg oAl 4l () gl SpelS ojlas p)SelS )3 035 e
Sy g Sy d Canl S ()05 050 o yd i8] b sdalie
Jiail bl &5 2l (54) Gy sl 0 29250 slagy o ulsied
i8] s Wl e ol el g 35 1) gyl slaesi S &,
Ay Sl oS 50 5 A8 )3 (03)) Slein) eelug Fiwsn
3 S 48 s JaSo cad ond ()15 (20) 295 ¢ 0 o35
3y ol 3y sba 13 39290 e Sy pwlgind
3 9 (78) 313 340 g5 zol 5w dlspo )3 |y acSd )l (6,l38 o5
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Table 4- Effect of Hibiscus sabdariffa plant extract on immune system of old laying hens

e ol (pSshSTe S ) 25 sl S O Sl Speld
Traits 0)9 Control  Hibiscus sabdariffa leaf (S 5STp 3 o) SEM  *P-value
(mg/kg) Hibiscus sabdariffa calyx (mg/kg)
300 300 700
iaif‘ftt 8.00 8.75 8.25 8.12 0.307  0.4596
ntibody titer
f{:i(;:ph”e Sy 18.12 19.37 20.75 17.50 27.25 2970 0.1932
Lymphocyte 81.87 80.62 79.25 82.50 72.50 2982 0.1769
i;i;tis();jtiter 7.12 8.50 7.87 7.25 0.595 0.5064
f{:i(;:ph”e 55§ 23.00 25.25 27.50 28.75 28.75 1.587  0.0902
J 4
f;:nfhocyte 75.75 71.00 62.25 66.75 53.50 5.022 0.0591

(P< 0/05) cal (613 sino grlas i3y o > Sy i By b 2Pl Silo glis L
IMeans *® with different letters in a row differ significantly (P<0.05).

100 graws aliusg 4 S5 0593 5 ()55 S8 55 9 Jo il >
slagin) 2 osalie (55 sl Sy ojlas Sk 3 p 5 L
ok LS 5 st Vi) (o g s ialS o (7 56
wle i 5 @l GLagdisrs 99 yo & 35 sl Sy
Sl JUineg) Cond 50 @ly slopBion 5 (D)5 sl
9 (S 6l (IS LS s Bl e &S Cul (glodg,
JraSphen slaog)S GuiSeny dlusg 4 Slg5 0 a3
SIS g0 b (e SheS B9 Sy 09,5 b3 JUb
s> el ) aipelipnd 5 (B9 s pdoBlsS ol cal jl g an>
(S5 3 5 el e 55 £ (553, s 15 {55)
0P S5 el g St Gpae pials Jlis 4 55955 5IS
h o 35l Sals wrd e (gla gl st 3 (35) sl
0118 5g 0 sl 3531 1y oy sl (SaS)lae 3l 4y
26 & 2) 35loshy e (5l joS ST o 3MualWl) ol yamngy S
Sl o8 53,5 )15 (34) hlSen 5 o2LLsS s B b 51 (4]
oo dasg 2 (055 Sl S e S50 1 (0) S3s)S
315568 Qe Cuw prdw 4 diunly 35615 glaosins Jlas]
a9 Shgd oS Gpas S @ NN «SUgi 093 yd b 039,
2 ob sl Suals Jl (o)l slam il S mi g ol Sl
D955 3 dne « g5l 0)93 BUS i3 9IS daw

1- Endogenous

bgye £ro055 09 9 Shyd Gpan (oS s Jlos I
Syl 0)las S5 S 15 pyS ko 300 L &S 35 S5 4,
ol Son Shigd bypmn pials (4 Jlos) w08 435 55 sy
Jto (55 sl 29290 (ladsd L (B oml da S 4
S8 o 51 a3 5 155 oKyl il g LS
EndaoilsS SalS oo a5 A3l (B slam T Lol
55 &35S 09 0l (30) 35500 22 5 Shdmgr S «OoS9x
o9 o § Eren 5 iy e Cute dbaily > 4 Yl
L plesed ) hShss doyd (os (yioljél . (10) by
slayled plo a5 Eron>Y (1j9 9 J|)9'> Bpas (o u...mlf
d9a0 (P>0/05) i sanlive il o b dunlio p jub civlojl
Ja5 oy (oond Sgntp 4D )3 9 (GI)F eSS 0358 (g4
ol slaassl, U Soalen (p>0/05) cusls Jlis 4 1, STygs
b 5 oeSs En)lsS LialS (23) oSen 5 S5 < simoiy
L odd pdss slaS'ed o 1) Slyss i oy 2o lojen o
o)las (s S3l al) mb b gl il 8 @b Gl oy
= oot Sl La g8 L IS psbo 42535 5138 {56501
ey B 5 Slas g g3k Blge (g R )l
oy bpnaS bl a3y yinlgid alox 5l (35 (sla )3 25290 LS
a5 e ol 505 lipl (B ire 1 JT clasd o
lesly EalS IS 55 sl e 5,Skos 1 1y o sl 5 Wyl
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Table 5- Effect of Hibiscus sabdariffa plant extract on functional parameters of laying hens in postmolting period

cin wls (pSskSTe S k) 5 sl S P sl Sl
Traits Control  Hibiscus sabdariffa leaf (p5okST 2,5 o) SEM  'P-value
(mg/kg) Hibiscus sabdariffa calyx (mg/kg)

300 700 300 700
& % M5 {m)a 63.03 64.13 66.60 65.64 67.00 1.540 0.3597
Egg production (%)
(p5) &re 9 05 6Se g6 55 65.48 64.00 64.49 65.60 0.651 0.0981
Egg weight (g)
S £ 035 42.02 42.17 42.81 42.44 44,18 1.030 0.6008
Egg mass (g/day)
(39 )Q_F;) Shy> Spae 98.02 97.88 96.43 97.47 97.96 0.780 0.5897
Feed intake (g/day)
She s s 2.47 2.42 2.38 2.41 2.37 0.072  0.8999

Feed conversion ratio

(P< 0/05) cal (6, ino pas isdy 2 > S yiio gl gy b 2Pa Sibo cglis !
Means *° with different letters in a row differ significantly (P<0.05).

N353 aloyo 1 iS55 Er0055 03,5 (272 9 05> olerbin ool G55 sy oS 0 las 31 -6 g0
Table 6- Effect of Hibiscus sabdariffa plant extract on blood biochemical parameters and yolk lipid of laying hens in postmolting

period
Cho sy s (pskSTp S ) S5 sl S OF sl Spls SEM  'P-value
Traits Units  Control Hibiscus sabdariffa leaf (2,5 okSTp 5 o)
(mg/kg) Hibiscus sabdariffa calyx (mg/kg)
300 700 300 700
Josds’ mg/dl  188.012 178.80% 155.50° 169.56% 186.50% 7.441  0.0409
Cholesterol
ypelS e mg/dl  1867.76°  1825.07% 1556.25° 1674.73® 1940.512 68.599  0.0084
Triglyceride
Se5 mg/dl  204.96% 166.85% 126.42° 166.74% 197.812 14503 0.0125
Glucose
pb e mg/dl 6.17 5.55 4.42 5.13 6.13 0.602  0.2592
Total protein
LDL mg/dl 90.43 82.62 62.60 74.50 88.60 8.046  0.1437
HDL mg/dl 67.43 68.63 72.02 70.22 68.36 8.966  0.9965
03y Jgyls’ mg/g  16.86° 15.40% 15.03° 16.77%® 16.6420 0.414  0.0165
Yolk cholesterol
03) 4 yeslSis mg/g  184.56 162.57 154.24 172.93 170.50 8.702  0.1993
Yolk triglyceride

(P< 0/05) ol (613 sino grlas i3y o > Sy i By b 2Pl Silo glis !
Means *° with different letters in a row differ significantly (P<0.05).
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Table 7- Effect of Hibiscus sabdariffa plant extract on blood biochemical parameters of laying hens in molting period (mg/dl)

s (pSeksTe S ) 25 S Sy

OB sl Syels

Traits Control  Hibiscus sabdariffa leaf (pySokSTp 5 Jse) SEM  'P-value
(mg/kg) Hibiscus sabdariffa calyx (mg/kg)

300 700 300 700
s puds 179.95° 173.02%0 143.83° 167.502° 178.36% 8.254 0.0457
Cholesterol
'bwlsdf 609.70% 525.78% 446.70° 510.77% 544.72% 31.003 0.0299
Triglyceride
F 177.67 177.03 172.79 175.11 177.43 16.220  0.9994
Glucose
P oo . 6.05 5.88 5.67 5.79 6.00 0.704 0.9948
Total protein
LDL 81.84 76.23 50.98 69.56 80.61 8.128 0.0952
HDL 70.82 71.37 75.85 74.75 70.87 6.908 0.9736

(P< 0/05) o (6)l3 sino gelas i3y o > S yiin i Bgys b 2Pl Silo glis L
IMeans & with different letters in a row differ significantly (P<0.05).
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Plasma Antioxidant Status, Oxidant Balance and Blood Biochemical and
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Introduction: Stress increases the need for antioxidants, decreases eggs production and weakens
immune system of laying hens. Since there is insufficient knowledge about overcoming natural stress conditions
with minimal cost and side effects in old laying hens, the medicinal herb contained flavonoid and polyphenolic
compounds are concerned. Apart from estrogenic, antibacterial effects and cholesterol reduction property that
will result to lower cholesterol deposition in poultry products and where calyx and leaf of Hibiscus sabdariffa
are known as potent antioxidant. Therefore, these experiments were designed to investigate the effect of Hibiscus
sabdariffa extract as natural antioxidants on the immune system, blood biochemical parameters, plasma
antioxidant status and the antioxidant balance of laying hens during molting and post-molting periods, also,
laying performance and egg yolk cholesterol in the second phase of laying hen egg production.

Materials and Methods: In these experiments, aqueous-alcoholic extract of calyx and leaf of Hibiscus

sabdariffa were prepared and sprayed on feed at levels of 300 and 700 mg/kg. One liter of %96
ethanol/distilled water mixture (30:70) were used to infuse 100 g each of the plant material (calyx or leaf)
for 24 h. During the pre-experimental stage, minerals composition and antioxidant properties of Hibiscus
sabdariffa were measured. Each of the main experiments, were conducted with 200 laying hens in a completely
randomized design. In both experiments, five treatments consisted of control diet (basal diet), basal diet with 300
and 700 mg/kg of leaf extract of Hibiscus sabdariffa and basal diet with 300 and 700 mg/kg Hibiscus sabdariffa
calyx extract. In both experiments, the blood cholesterol, total protein, triglyceride, LDL, HDL, glucose and
malondialdehyde were evaluated by Spectrophotometer auto analyzer. In the end of each experiment, immune
system and plasma antioxidant status for 2 samples from each replicate were determined. The egg production,
egg weight, egg mass, feed intake and feed conversion ratio were recorded weekly. The egg malondialdehyde
was determined during post molting period. In order to measure the level of yolk cholesterol and
triglyceride, in the end of the experimental period, 2 samples were randomly taken from each replicate
and after separating the yolks and mixing them, were analyzed by Spectrophotometer auto-analyzer with
enzymatic method. The data were statistically analyzed with the general linear model by SAS software. The
mean differences between treatments were studied by Tukey's test.

Results and Discussion: Although there was more vitamin C in the leaf compared to calyx, the
antioxidant activity including total antioxidants, phenols and anthocyanins in calyx were higher than
leaf. In both experiments, plasma antioxidant status of laying hens in a dose-independent manner were
improved. During post molt period, attempt to increase oxidative stability of plasma and egg yolk also,
improving plasma antioxidant status by dietary supplementation of Hibiscus sabdariffa extract was not
significant, however, the Hibiscus sabdariffa calyx at 300 and 700 mg/kg levels, significantly affected plasma
MDA and total antioxidant capability during molting period. In both experiments, the relative increase in
antibody titers and the ratio of heterophil to lymphocyte were observed by all treatments as compared to the
Control treatments. Hibiscus sabdariffa showed to have no significant effect on performance parameters.
Probably, the negative effect of polyphenol compounds found in Hibiscus sabdariffa on digestive
enzymes decreased lipid, protein and carbohydrates digestibility, thus reduced feed intake, egg weight
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and total blood protein, insignificantly, blood glucose and cholesterol, significantly. Also, the Hibiscus
sabdariffa, especially leaf, decreased the yolk cholesterol and triglyceride. On the other hand,
supplementation of Hibiscus sabdariffa at 700 mg/kg, improved production performance following
feed conversion ratio compared with Control treatment that's probably due to quercetin and daidzein
phytoestrogens found in Hibiscus sabdariffa. It seems that some compounds in Hibiscus sabdariffa,
including phytoestrogens and organic acids that has been reduced the negative effect of other Hibiscus
sabdariffa components on the performance of laying hens.

Conclusion: It can be concluded that Hibiscus sabdariffa, especially its leaves, which are discarded in most
countries, including Iran, have the significant beneficial effects, such as anti-lipid effects, improvement of total
plasma antioxidant and oxidative balance of old laying hens, with minimal cost and no significant negative effect
on functional and immune parameters. It seems that finding of effective dose of Hibiscus sabdariffa is important
to achieve layer hens’ maximum efficacy according to the test conditions and can economically be extended the
range of its usage.
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