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Effects of Dietary Green Tea on Egg Storage in Laying
Hens Under Stress

Kim, Jimin - Yoon, Hyung-Sook + Choi, Yang-Ho

Green tea has been known to show beneficial effects on alleviating stress. The
present study was conducted to determine the effects of dietary green tea on
quality of eggs, during storage, laid by laying hens treated with corticosterone in
order to mimic the current practice of the egg market. Hens were fed for 2 weeks
one of three diets containing green tea at 0.0, 0.4 or 1.0%. Each dietary group was
divided into two subgroups receiving corticosterone at 0 or 30 mg/kg for 1 week.
Eggs, laid at 5-7 days following the initiation of corticosterone treatment, were
stored at 10 C for 1 or 5 weeks and then analyzed for egg quality. After 1 week
of storage, egg weight was significantly increased by green tea (p<0.025) but
decreased by corticosterone (p<0.0001), but no interaction was observed between
both. Corticosterone decreased shell color (p<0.0001) but green tea significantly
decreased shell strength (p<0.006). Yolk color, abumen height and Haugh unit
were not affected by both treatments. After 5 weeks of storage, corticosterone
resulted in reduced egg weight (p<0.01) and eggshell color (p<0.001) and increased
shell strength, which were not attenuated by green tea. Taken together, the results
of the current study show that dietary corticosterone reduces egg quality during
storage, which are attenuated in part by dietary green tea
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I. M =
maks AAAe M odE S8 9 1=, polyphenol 8 T Feta glo
H(Yen & Chen, 1996), 715422 polyphenol 7ol 43} flavan-3-0l& 7| £ o2 3=

(-)-epigallocatechin, (-)-epigallocatechin-gallate, -(-)-epicatechin, (-)-epicatechin gallate £ Th2]
catechins® 33l ATHChu e al., 2004). ©]2 3 polyphenol 7<= 43}, s, &
ob I 2~HE, F2EFH 2 o E74E JMA 1 YrHMitscher et d., 1997; Yoshino &
Murakami, 1998; Youdim et a., 2000).

2 Oy e 2Ed 539 probictics® 53319 S Wl S/ (Sarker et d., 2010)
= AbEA ] AF-goly ¢E(Kojima and Yoshida, 2008; Uuganbayar et al., 2006)°l 7]
she A0 Buwa ok 3, AFA A 54 S AARE 59 S W & 24
2HE FF3 A= daslon, AR(EaY)s 9F TA FUTHAI-Harthi, 2014;
Uuganbayar et ., 2006). L2ju} & ATollA a3k AR7IxE St ARy A= 2
FAAIZIT 2L B3 E A TH(Biswas et d., 2000). ¥l olyg} HxF e HX41F o oAy
Z 9] glutathione peroxidase &4 /A7) (Sarker et a., 2010) Al52 7Y 2N Z)
CH(Sarker et d., 2010). ©]# 3t A2 Hol mat= A7 5k Ao Al
o] HAY Hojx FAAQ FFS nA A= e AR AdHTh

2E# e AUt WiERIstRl H. Sdyedll &3l A5 AHEE 8] = A(Sdye, 1950;
Selye & Fortier, 1950), glucocorticoids®] #HIE S7HA17]1& Z(Levine, 2000), =& 4149
7% EmE AYr)sS vANZR o7 WA 7]E Zi(Thaxton et d., 2005)°]gtal Hojd &+
1t} Corticosterone A3 sk Al- -4l F(HPA axis)2] TekQl FAle] I oA &
H| 5= 320 Z(Cada and Harvey, 2000), 7oA 2Ed 2 A Fo| sU=E Q= 9)
ChLin et d., 20043 b). ThFgE A4l o3 Ald38lE25E #H]== corticotropin-releasing
hormone®] 3} & A}=-3}<] adrenocorticotropic hormong(ACTH)S] EHIE F71A17]1,
ACTHE= H418 #A5381e] &5 glucocorticoids(7F=2] 739 corticosterone) 2] H-H] S 371 A|
Z1tH(Charmandari et d., 2005). WekA corticosterone e 7HaollA] ~E# 2~ HH-3-S AG3)7)
{3l &3] o] & tHEl-lethey et al., 2001; Shini et al., 2009).

A TR A ALl B S 8REL A B AR, &g, AMSHEE, W, A}
o] &3 4, g A7), AA &9 Folth olfd alEel tE 2719 ¥k corti-
costerone, Epinephrine 3} norepinephrinec] & HF 2 “Piﬂoi 457t 257434, 99 9
ZF9| =7} o]tHSiegd, 1995; Siegel and Gross, 1965). 7 22152 o] ¢ AlsxgaA

ALS A 2 = ;(-]—o—]. == 71—5\_ ArS A 9 U= 71-/\9,} 7o) 01:24 22 AAA o) A5}
7} BEEY, TSR s TEEY HYYo] AotE 1 AHAEH YHOE HAlo o2
Al Fo] AakAdol gt Ts)E Foi(Larson e a., 1985, McCowan et d., 2006).
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B AFo A= 111958 steleld] B daE AFAIE YEFo] AEe 47ke] g %<
309 {3y AolAe] 454 ABHOR FEIAL AW B AL BPes
20C WEE FAIEAI, 42 FAel 10A1%F 524 641), 14X AFolA] A
N HSAEE SEA AE7ZE B9 1547 AT, Nt A5 02 FA ST 3F
o A&7t ol A AE AR AR AR(ER)E T BeH, I & AdAETH
vk J|FE TSR 7| 2ALR | A(Table 1) 715

7 3
A Fe AT F 5AE A7 AP AT hol BE AR B AT 9
[e3]

Table 1. The composition of experimental diets for hens (%)

Ingredient Weeks in age
16~18 19~30
Corn 59.05 56.05
Wheat bran 129 5
Soybean mesl 174 20
Corn gluten meal 28 4
Limestone 5 12
Dicacium phosphate 15 15
Methionine 0.3 0.3
Lysine 0.3 04
Vitamin-mineral mixture 05 05
Sdts 0.25 0.25
Totdl 100 100
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2. A=A

379 A7k ¥, AAE I AHETFE Ur—“ri 52K sk s )7 0.0,
04 2 1.0% F719 AR E 27 B¢k F989th 1 % corticosterong(Sigma, C2505)-2 ethanol
o &3jAIZl &, o]5 Z}Zte] AR kg B 30 mge| corticosterone 7} EE FHI AR
15 &< oqs}aiu}. &, B AT A= 2638 J0 84 A9 el 3719 Z345(0.0, 0.4
2 1.0%) 2+l tiste] 2719] corticogerone A1 2](0 2 30 mg)e] =2 F 648l F+E F
Row, AT T A 2054 F 120571 o] L= Ach

Mo
X

3. 24

oot

Hg o

a

27} 2~ Ed 2 (corticosterone) & A 2] 3 AFHA| Y] Al Al PIA= FFS =
7] 913te], corticosterone AFEE FAIE the, 5~7¥ 0l g ATES 10T W H
Atk 1% 15 Z 5FA ] 7 AeaE 123 o] A FARE AWt i B4 S
A s 74] o] FA& Hrter] et dE, G, Gl S/ E(Haugh unit,
HU), W24, G2 =, G257 B G A S S48 4 AT BE 3 ¢
FAl= HAA &(Ohaus, England) 2, @342 BASF Color Fan(BASF, Co., Ltd., Germany).©.
2, A== 4= =A18 7] (Fugihira Industry Co., Ltd., Japan)Z A3t G571
Hzte] SFHEAE FASA 7] (micrometer, NSK, Japan) 2, F24, w5t o] =ol9} 54

YE(HU)E= QCMH(TSS Co. Ltd,, England) 2 =43}t HUE Aol AX=E Yehy &
DA 2A AT FA(W, g)&F FFEH Fo|(H, mm)E 43t o A o2 ALkete
dl HU7} 5855 A3 AYS Yehdth(Haugh, 1937).

Haugh unit = 100*log{H - (L.701*W°%*) + 757}
4. EAA T

SA NS SAS(Statistical Analysis System 9.1)E ©]-8-3} Two-way anaysis of variance
(ANOVA)Z 3 E a1, P<0.0500 4 f2]4d0] AAH ATt

I
Corticogteronee H-210 A4 BH|H = 2E# 2~ S22 Z(Casia and Harvey, 2000), 7H=
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oA ~EH 2 v AF3lr] Y &3] o] &HTHEl-lethey et d., 2001; Henriksen et al.,
2011; Shini et a., 2009). Corticosterone®] A2l 4tete] JHAIE A AA 7] Ha 473
S S=A7|H(El-lethey et d., 2001; Shini et a., 2009), Y&} G40 EAE ZAaAZ oz
#(Mumma et a., 2006; Pilo et a., 1985; Shini et d., 2009) AFe&kA| & HakAd-S A 3}A ZIT)
Bk ofg} o3 HollAe w2 9 HANGEIF AFHTH(Mumma et a., 2006). E3F
corticogteroneS thFet A3 AJkst 2 A A& I3 oy A E A oAb FEFE v
ZITHLin et al., 2004a; Siegel and Van Kampen, 1984). w2}lA corticosterone®] * 2]+ 4HH&
Bk oyt AR E RAAQ FFS v o E AREHI ok T2y o]e} RItE
23t AhEA o] akgkg-oly W5 (Kojima and Yoshida, 2008; Uuganbayar et ., 2006) 2 7|
eo] A7 (Biswas et d., 200002 FFA7I= Aow RuEy vk weps 2EH2 O
A 7F ST AT Az EAHAQ FFE vE F 7] o, & AFdAsE A
AR dHX H27F 23 AR E AdFH S ARV 2EH2AE BgE o A
A A A st A AT 53] AbebsAol A Aol Estel A Al
Al Aol f8EE 71xHE a8t 4hek 15 8 5500 AlRke] FAWILE A8}
ATt

Table 29= =2 corticosterone®] H71HE A 2 AFRE AFH S U2, SHAIRE A
b A 275, Ak E ) corticosterones H7FSE AR E A FH T A TECA ALHE A
17 B¢ 3 AR 3 A EAAAE YeR S 537 HUME AR E A
ARAAZEE AE AR FA= Sk TH(p<0.025). HEHE corticosterone®] ]
GFE FYHOZ ZAAAIAATHp<0.0001), H3H= ol WF Hael] IdFS HA|A
L TH(p<0.344). F2+A1-2 corticosteronel] 23l 2] & 0.2 A E] A TH(p<0.0001) =312
Fe WA FUTHP<0.611). A= FAFEE FolH 02 THAAFTH(p<0.006). =2+t
corticogterone*] 2] 5 A2t FAI 9 G EAE fo) o2 Mt 7] A EIFPAINE AR Y]
Sake] kol whet corticosterone®] P ol viH = o] BEREATHAZ, p<0.083
p<0.082). 1} F+ A= dA, s3I 9 HU 5o 43S FA FUtH(p>0.05).
ShH, 573 A & AlFe] TS 4% A= Table 3o A= Sth. Corticosterone©]
A7 AARE AFAT ARAIRRE ALkE AT A= 553 AR Ft foF
o2 ZaH A om(p001), © T3 HAe] FFS WA FY(p<0.202) A L AHA ]
EHE ATH(P<0.353). F2HA 37} F 217 ol A= corticosterone®] A @] ¥ho] fre]d o= ¢
S FATE F, corticosterone?] A2l 2 A2 THAF A (p<0.001) A == %9]31
S8 FolH Oom(p<0.035), o7 FaFe Za7t MIATIA= XA F2F 1 AAe &
&= YEtA skt Corticosterone®] 2ol ofaff G2} =7t ST AL ta
olel o] WHO AR o getA] Esle A= ofUth F, HAE AHE S U1 AFRAA
o] G2HFA o] F7tell 71 FE Ao &2 AHET Corticosterone®] Aol Jal 277
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of meh 7ol 2SI Qom Ee ol

7 FARDAD ol HA FolFol F/1
102 BEHT

23 AdAA AdeE IEEHE A

Table 2. Effects of dietary green tea (GT) and corticosterone (CORT) on quality of eggs
stored in refrigerator for 1 week

Treatment ANOVA
GT(%) 0.0 0.0 0.4 0.4 1.0 1.0 ar
GT | CORT |,
CORT(mg/kg) 0 30 0 30 0 30 CORT
Egg weight(g) 54.3+0.9|51.6+1.4|57.3+1.1|48.7+1.2| 53.1+1.2| 47.6+1.6| 0.025 | <.0001| 0.344
Egg yolk color 8.0:0.2 | 9.4+0.3 | 7.740.2 | 8.6£0.3 | 7.9+0.1 | 9+0.2 | 0.249 | 0.222 | 0.246

Albumen height(mm)| 9.5+0.4 | 8.7+0.3 |10.1+0.3| 8.7£0.4 | 9.2+0.1 | 84+0.3 | 0.296 | 0.714 | 0.652

Haugh unit(HU) 98.2+1.7|95.1+1.2| 100+1.4 | 96.7+1.3| 97.6+0.6|94.8+1.3| 0.303 | 0.160 | 0.228

Eggshell color(unit) |19.5:0.6|16.3+1.0|19.9+0.9|17.7+1.0| 20.9+0.9| 15.4+1.1| 0.611 |<.0001 | 0.247

Eggshell strength
(kg/em?’)

Eggshell thickness(m)| 392+4 | 421+8 | 387+5 | 399+9 | 38810 | 395+13 | 0.279 | 0.915 | 0.083

58+0.1 | 6+0.0 | 51+0.2 | 57+0.1 | 51+0.3 | 52+0.3 | 0.006 | 0.307 | 0.395

Eggshell Weight(g) | 6.6¢0.2 | 7201 | 701 | 6.4:0.1 | 6.6£0.2 | 62¢0.2 | 0540 | 0511 | 0.082

! Laying hens were provided for 14 days with one of three diets including green tea powder a 0.0, 0.4

or 1.0% and then each dietary group was divided into two subgroups resulting in 6 trestment groups (n=
20 each). Each diet was mixed with corticosterone at 0 or 30 mg/kg diet and was fed for 1 week. Eggs,
stored for 1 week a 10 C, were analyzed for the evauation of egg quality. Data show mean SEM (n=
12).

thefet AFE s £ ul, corticosterone2] * ] H& corticogterone?] F-HIE A& 0
2 3N A0S AAEET oiygr dFS THAAZITHE-lethey et al., 2001;

Mumma et a., 2006; Pilo et al., 1985; Shini et al., 2009). =2+ &4+3K(Zhao et a., 2001),
gd= 183 Y ~HE(Feng, 2006; Sutherland et a., 2006) S ek ofujg} HF Zg
2HE, SAAY 2 AR AW A(LDL, low densty lipoprotein)2] -8 7HAA]7) 4,
VA=A ZA WA HDL, high density lipoprotein) o] 38 Z71AIZIT) 7hEolA 3= o
g FY2HE 2 AR A (Ariana et d., 2011) ¥5F olyg Wl tisiA =
FAZA a2 7R3 UrHAl-Harthi, 2014; Biswas et d., 2000). & A7 Aol A, A}
55 B 549 gov AT AA7Izte] @Yzl A9 FA L AEE AAAT=

A& BT T2 AA7|3to] dojd A9 =ake] ades AAHA Gt
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Table 3. Effects of dietary green tea (GT) and corticosterone (CORT) on quality of eggs
stored in refrigerator for 5 weeks

Treatment® ANOVA
GT(%) 0.0 0.0 0.4 0.4 10 10 oT

GT |CORT|,
CORT(mg/kg) 0 30 0 30 0 30 CORT
Egg weight(g) 50.3+0.8 | 49.240.8 | 51.6+1.0 | 47.740.9 | 50+0.8 |475+0.7 | 0.353 | 0.001 | 0.202
Egg yolk color 8402 | 85+02 | 7.4+02 | 8+02 | 8+02 | 8.2+02 | 0511 | 0.830 | 0.985
(An']tr’]:’)mm heot | 60102 | 57402 | 59:03 | 5.9:02 | 57403 | 58:02 | 0.445 | 0.806 | 0.576

Haugh unit(HU) 80.7+1.0 | 77.7+1.4 | 78.6+2.8 | 80.6x1.2 | 77+2.1 | 79.4+1.0| 0.690 | 0.726 | 0.746

Eggshell color(unit) | 20.2+0.4 | 18.6+0.6 | 19.5+0.6 | 18.7+1.0 | 19.6+0.6 | 17.1+0.7 | 0.391 | 0.001 | 0.703

Eggshell strength
(kg/em?)
Eggshell thickness
(m)

Eggshell weight(g) | 6.7+0.1 | 6.7+0.1 | 6.6+0.1 | 6.5+0.1 | 6.8+0.1 | 6.3+t0.1 | 0.437 | 0.793 | 0.447

57+0.1 | 59+0.1 | 54+0.2 | 5.8+0.1 | 56+0.2 | 5.8+0.1 | 0.506 | 0.035 | 0.844

391+8.0 | 409+8.0 | 376+7.0 | 385+10.2| 377+7.0 | 387+8.6 | 0.235 | 0.272 | 0.751

! Laying hens were provided for 14 days with one of three diets including green tea powder at 0.0, 0.4
or 1.0% and then each dietary group was divided into two subgroups resulting in 6 treatment groups (n=
20 each). Each diet was mixed with corticosterone at 0 or 30 mg/kg diet and was fed for 1 week. Eggs,
stored for 5 weeks at 10C, were analyzed for the evaluation of egg quality. Data show mean SEM (n=
12).

2 AT F482, 529 g7 2EH 2 ol A= AHAIZE AR AR A
|& BFS A Aolth. 53] s ] Aol Eate} AAollA Algte] fEE&=
B a8 550 Aol FAMIE AR stolekel Bt

Mol A2 UFaL, %2171 00, 04 2 1.0% JA7HE ARE 25 F

, 1 & o]E Zt7te] ALgol kg & corticosterone 30 mge] H7t EE R AARE 1 F

oAttt g 570l AMTE AT W BASA, 1 F 157 Z 55F 0 A

s Bryshr] Hst G, A, AR, G G|, GERA] o)

2 58U E(Haugh unit)7} zaﬁ‘ziu}. AR 1FA ] 53k GFE ST 3 (p<0.025)

corticogterone FES A FH A THp<0.0001), HAb= ol gk W Aol

2 ATt Corticosteroneol] o3 F2444-& fFojz o=z 7+
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S W] ¢kqtth Corticosterone2] 2] 2 5577F2] AA7IE B FS(p
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