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SUMMARY

[. Title

Technology development of enhancing meat quality and reducing stress in

chickens by utilization of green tea

II. Objectives and Importance of the Project

Green tea has been known to exert many beneficial effects including
antioxdant, antiobesity, anticarcinogenic and antidiabetic. Because its primary
role as antioxidant, and based on the studies wusing mammals, 1t was
hypothesized that green tea would play a key role as an anti—stress agent.
The primary objectives of the present research project were 1) to evaluate
green tea product as to weather or not it 1s suitable for a dietary ingredient
for chickens; 2) to establish an analytical method of green tea components
such as catechins; 3) to investigate the effects of dietary green tea, in
different feeding/processing methods, on the regulation of stress in laying hens
and broilers; 4) to measure catechins in poultry products including egg yolks;
and 5) to see if developing chicken meat flavored with green tea would be
possible.

Hadong County, Gyeongsangnam-do, produces green tea in a traditional
way and much of green tea has yet remained to be used. Establishing new
ways to utilization of green tea 1s expected to help increase the demand for
green tea, thus contributing to an increase of farmers' income in that county.
Exposure to both acute and chronic stress may similarly affect productivity in
animal agriculture, and minimizing stress in poultry i1s one of the uppermost
interests. More and more consumers show interests in purchasing functional

poultry products if their functionality is proven. Feeding green tea may help



alleviate stress in poultry and can even more lead to developing functional
eggs or chicken meats. Thus both green tea producers and poultry farmers
would be beneficial from the success of this research project if the goals set

in the present study are achieved.

[II. Contents and Scope of the Project

Section 1. Effects of Dietary Green Tea Products on Stress and Productivity

in Chickens

In this section, the primary goals of research were to investigate the
roles of dietary green tea in the regulation of stress in laying hens and
broilers; to develop an analytical method to determine catechins in poultry
products; to explore dietary methods by which green tea products could be
utilized 1n chickens; to measure corticosterone concentrations in plasma of
chickens; and to perform a farm experiment to apply the results of the
experiments using green tea product to a poultry farm. Specific titles of the

studies performed are as follows:

1. Analysis of green tea product

2. Investigation of factors in the poultry farm that may be stressful

3. Evaluation of green tea product as a feed and of types of feeding in laying
hens

4. Effects of dietary green tea product on productivity and stress in laying
hens

5. Effects of dietary green tea product on productivity and stress in broilers

6. Analysis of catechins in samples from chickens fed a large amount of green
tea

7. Analysis of corticosterone in plasma



8. Study to improve green tea components into eggs
9. A farm experiment to utilize green tea product

10. A farm experiment to utilize green tea product: cost—benefit analysis

Section 2. Study on Quality Improvement of Chicken Meats using Green Tea

Products

The goal of Section 2 was to perform experiments to improve the
quality of chicken meats using green tea products. In order to achieve this
goal, there are largely three directions in the study: 1) to evaluate the quality
of chicken meats in the market and to look for methods to improve shelf-life;
2) to determine the effects of dietary green tea products on quality and
storage properties of chicken meat, with special reference to how to improve
shelf-life during storage; and 3) to develop and evaluate a pilot chicken

product using green tea products.

2-1. Investigation on Quality of Chicken Meats in the Market and on Method to Improve
Shelf-Life

11: Research on consumers' preference and on quality of chicken meat by
brand and cuts
12: Effect of different packaging methods on the quality and storage

characteristics of domestic broiler breast meat during cold storage

2—2. Exploring the Effects of Dietary Green Tea on Quality and Storage

Properties of Chicken Meat, with Special Reference to How to Improve

Shelf-Life during Storage

13. Investigation of the multiplication of carcass microbes and shelf-life during storage
time in chicken meat

14. Effects of dietary green tea on quality and physico—chemical properties of



broiler meat during cold storage
15. Effects of dietary green tea on the meat quality and its shelf-life produced from

the boilers exposed to an acute heat stress

2-3. Development of a Pilot Chicken Product using Green Tea Product

16. Development of processed meat product with green tea extracts and
assessment of the processing method

17. Development of seasoned chicken using the Korean traditional sauce (soy
sauce) and investigation of its shelf-life

18. Development of seasoned chicken using the Korean traditional sauce (red
pepper sauce) and investigation of shelf-life

19. Research on preference for seasoned chicken adding the different levels of

green tea extracts

IV. Results of the Project and Their Potential Applications

1. Results of the Project

Section 1. Effects of Dietary Green Tea Products on Stress and

Productivity in chickens

1. Analysis of Green Tea Product

Green tea used in this study was produced in HaDong County,
Gyeong-sang—-nam-do. Green tea product had more than 20 % of crude
protein with approximately 5% of ether extract. It had a strong antioxidant

effect and antimirobial activities. The amounts of catechins were greater in
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green tea harvested in August than in June. Catechins were relatively stable
when they were in the diets containing green tea mixed into the diets that

were dry-incubated at 41C for 8 weeks.

2. Investigation of Factors in the Poultry Farm that may be

Stressful

Maximal and minimal temperature and relative humidity, with noise, were
measured in both pullet and layer houses for the period of 2 months to see if
any abnormality may be linked to mortality in the poultry house. There was
nothing to bridge between the mortality and the above parameters. Green tea
product partially alleviated the lipopolysaccaride—-included reduction in body

weight, and similar results were observed in laying hens as well.

3.Evaluation of Green Tea Product as a Feed and of Types of Feeding
in Laying Hens
Heat-dryed green tea product was included, in natural, fermented, or
water—extracted forms, into layers' diets to determine a proper type of feeding
green tea products. Green tea showed a strong anti—oxidant activity and
reduced amylase, creatinine and total protein in plasma. It did not reduce
performance in laying hens when fed up to 1%. There were found some

beneficial effects feeding green tea product to laying hens.

4. Effects of Dietary Green Tea Product on Productivity and Stress
in Laying Hens
Hens consuming green tea were treated with dietary corticosterone.

Green tea helped alleviate the deteriorative effects of corticosterone in egg

production and liver color.

_‘I‘I_



5. Effects of Dietary Green Tea Product on Productivity and Stress

in Broilers

When broilers were exposed to an acute heat stress, dietary green tea
resulted in dramatic reduction in mortality and in attenuation of elevation of

body core temperature.

6. Analysis of Catechins in Samples from Chickens Fed a Large Amount

of Green Tea

Laying hens were fed diets containing green tea at O, 1, 5 or 10% for a
week and samples including plasma were collected for the analysis of
catechins using HPLC. Dietary green tea led to a dose—-dependent reduction of
feed intake. Both body weight and egg production were affected. Catechins
were detected in plasma, muscle, and egg yolks but the amounts were very

small. In fact, it was hard to tell the green tea-treated group from the others.

7. Analysis of Corticosterone in Plasma

Corticosterone concentrations were determined, using a commercially
available kit, in plasma collected hens treated with dietary green tea (0, 0.4 or
1%) by corticosterone (0 or 30 mg/kg diet). Feeding grean tea product in diet
seemed to reduce the elevated concentrations of corticosterone in plasma
produced by feeding corticosterone; however, the results were mixed because
corticosterone coconcentrations were not different between the hens treated
with corticosterone but no green tea and those with no corticosterone nor

green tea.

8. Study to Improve Green Tea Components into Eggs

_12_



In order to investigate the effect of time period of feeding green tea
product on the amounts of green tea components found in egg yolks, hens
were fed on dietary green tea (0O or 1%) for 5 weeks before being treated
with or without lipopolysaccharide (LPS) 3 times in 7 days. There were no
differences between treatments, perhaps due to analytical obstacles of
catechins that might have led to, in fact, no effect of feeding green tea. An
improved analytical method of catechins may help solve this question, and in a
different approach, EGCG was detected at a ug/g egg yolk from hens fed

dietary green tea product but trace amounts were found in control group.

9. A Farm Experiment to Utilize Green Tea Product

The egg production rate, egg mass, and feed conversion ratio of green
tea 0.15% treated group tended to improved as compared to those of control,
and egg weight and feed intake were not influenced. Haugh unit and eggshell
color were significantly improved in green tea 0.15% treatment than
control(P<0.05). The egg yolk color, eggshell strength, and eggshell thickness
were not significantly differences among the groups. The contents of cholesterol,
triglyceride, creatine, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) in blood serum were significantly decreased in green tea
0.15% treated group than control(P<0.05). The contents of blood urea nitrogen
(BUN), total protein(TP), albumin, globulin, calcium, and phosphorus in blood
serum were not significantly differences among the groups. No significant
differences were observed on the total white blood cell (WBC), heterophil,
lymphocyte, and stress indicator (heterophil : lymphocyte ratio) in green
tea 0.15% treated group compared to that of control. These results suggest the
possibility that unused green tea could be used the feed stuff by influencing
positive effects on laying performance, egg quality, and health improvement in

laying hens.
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10. A Farm Experiment to Utilize Green Tea Product: Cost—-Benefit

Analysis
Based on the results of Section 10, cost-benefit analysis was performed
and the results showed that there would be a profit of W29,590 when 100
laying hens were raised on dietary green tea product (0.15%) in a floor system

for 28 days.

Section 2. Study on Quality Improvement of Chicken Meats using Green

Tea Products

2-1. Investigation on quality of chicken meats in the market and on method

to improve shelf-life

11. Research on Consumers' Preference and on Quality of Chicken Meat

by Brand and Cuts

The goal was to obtain basic data for improvement of quality and shelf-life of
chicken meats in the market. It was usually purchased chicken meat twice (39) or
three times (23) by purchaser. The majority of the purchasers (95) knew 'H' brand and
preferred the leg meat (60) to the others' cuts. pH, meat color, cooking loss, shear
force and evaluation of the external appearance of chicken breast and leg meat. Shear
force of breast and leg meat in 'C' brand was significantly lower than those in other
brands (p<0.05). Appearance and acceptable of the evaluation of the external
appearance in '"T' brand chicken was significantly lower (p<0.05). There are no

significant differences in cooking loss among the brands.

12. Effect of different packaging methods on the quality and storage
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characteristics of domestic broiler breast meat during cold

storage

The effects of different packaging methods such as aerobic, vacuum,
and wrap packaging, on quality characteristics of fresh chicken breast meat
during cold storage were investigated. The results showed that crude fat
content in aerobic packaging method was significantly (P<0.05) higher
compared to the others, whereas moisture, protein and ash contents were not
significantly different. pH in the wrap packaging was increased with storage
time and reached the highest values at 10 days. Both lightness and redness
of the meat were increased with storage time, but lightness was significantly
(P<0.05) higher in wrap packaging than in the others. Thiobarbituric acid
(TBA) and volatile basic nitrogen (VBN) values were increased in all
treatments at 10 days. VBN at 5 days were over 20 mg%, and TBA values at
10 days were between 0.82 7 1.05 mg malondialdehyde/kg meat. TBA showed
significantly (P<0.05) lower in vacuum packaging compared to the other
methods. Thus, the results suggest that vacuum packaging decreases lipid
oxidation of chicken breast meat, thereby enhancing the shelf life, compared to

aerobic and wrap packaging methods.

2-2. Exploring the effects of dietary green tea on quality and

storage properties of chicken meat, with special reference to how to

improve shelf-life during storage

13. Investigation of the multiplication of carcass microbes and shelf-life
during storage time in chicken meat

This study was carried out to investigate the multiplication of carcass

microbe and shelf-life during storage time. The treatments was assigned to
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three acetic acid containing O, 1 and 2%, respectively. All treatments were air
packed and stored in cold room for 7 days. pH of 2% acetic acid treatment
was lower than those of others at 3day, and pH of control was lower than
those of other treatments at 7 day. L#* value of meat color in control at 3 day
was lower than those of meat color in other treatments. VBN, TBARS and

total plate count were tended to increase during storage time.

14. Effects of dietary green tea on quality and physico—chemical

properties of broiler meat during cold storage

The objective of the study was to investigate the effects of dietary green tea on
chicken meat quality and fatty acid content. Broilers were fed one of the four dietary
treatments containing O, 0.5, 1 and 3 % green tea. Green tea resulted in an increased
amount of unsaturated fatty acids and decreased saturated fatty acids in chicken meat,
resulting in increased ratios of unsaturated fatty acids to saturated fatty acids. The amount
of linoleic acid (18:2) and linolenic acid (18:3) was increased with increasing dietary green
tea. Lightness (%), pH, TBARS, VBN, and total plate count were not significantly different
during storage. Dietary green tea did not affect storage properties of chicken meat. The
results of this study imply that dietary with green tea may have positive effects on chicken

meat quality.

15: Effects of dietary green tea on the meat quality and its shelf-life

produced from the boilers exposed to an acute heat stress

This study was to investigate the effects of dietary green tea on
broilers under heat stress. The broiler was assigned to four diets containing
0, 0.5, 1 and 3% green tea, respectively. Total moisture, crude fat, crude ash,
pH, meat color (CIE L', a', b"), fatty acid composition, VBN, TBARS and total
plate count were measured in chicken breast meat. VBN and TBARS were

increased during storage time and the treatment of dietary green tea 3% was
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significantly lower than any other treatments. There's less effect on meat

color and total plate count of chicken breast meat.

2-3. Development of a Pilot Chicken Product using Green Tea Product

16. Development of processed meat product with green tea extracts

and assessment of the processing methods

This study was undertaken to investigate the quality of processed meat
products using chicken meat and development of functional processed meat
product adding green tea extracts. The appropriateness of processing using
chicken meat and manufacture and quality characteristics during storage time
of high functional processed meat product adding green tea extracts were
investigated. The samples added with 0%, 1% and 2% green tea extracts
were vacuum-packed with polyethylene film and stored at 0~2 C for 16 days.
Samples were investigated for total water, crude fat, pH, meat color (lightness,
redness, yellowness, chroma, and hue), cooking loss, VBN, TBARS, total plate
count, fatty acid composition and sensory evaluation (aroma, off-flavor,
juiciness, tenderness, acceptability). In soy-sauce seasoned chicken meat,
VBN, TBARS and total plate count were increased during storage time. Meat
color was so dark and difference among the treatments disappeared during
storage time. The sauce's smell of its own was decreased by green tea

extracts.

17. Development of seasoned chicken using the Korean traditional
sauce (soy sauce) and investigation of its shelf-life

This study was undertaken to develop a high—functional seasoned
chicken meat using Korean traditional soybean sauce and to investigate the
characteristics of shelf-life. Samples added with O, 1, and 2% green tea

extracts were vacuum-packed with polyethylene film and stored at 0~2 T for
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16 days. Measured were total water, crude fat, pH, meat color (lightness,
redness, yellowness, chroma, and hue), cooking loss, VBN, TBARS, total plate
count, fatty acid composition, and sensory evaluation (aroma, off-flavor,
juiciness, tenderness, and acceptability). VBN, TBARS and total plate count
were significantly higher in 0% green tea extracts treatment compared to other
treatments and increased with storage time in all treatments. Meat color was
so dark, and difference among treatment groups disappeared during storage
time. The quality characteristics of seasoned chicken added with green tea
extracts were better than those of non—-added green tea extracts during
storage time. Also, green tea extracts resulted in reduced smell of the sauce

used.

18. Development of seasoned chicken using the Korean traditional

sauce (red pepper sauce) and investigation of shelf-life

This study was undertaken to investigate the quality of processed meat
product using chicken and development of high functional processed meat
product adding green tea extracts. The sauces of this study used Korean
traditional sauce (red pepper sauce). The samples that are added 0%, 1% and
2% green tea extracts were vacuum-packed with polyethylene film and stored
at 0~2 T for 16 days. Measurements were made for total water, crude fat,
pH, meat color(lightness, redness, yellowness, chroma, hue), cooking loss,
VBN, TBARS, total plate count, fatty acid composition and sensory
evaluation(aroma, off-flavor, juiciness, tenderness, acceptability). VBN, TBARS
and total plate count were significantly higher in 0% green tea extracts
treatment compare to other treatments and increased during storage time in all
treatments. Meat color was so dark and difference among the treatments
disappeared during storage time. The sensory evaluation of seasoned chicken

showed satisfactory results.

19. Research on preference for seasoned chicken adding the
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different levels of green tea extracts

This study was carried out to investigate the preference for seasoned
chicken added with the different levels of green tea extracts. The subjects
included 100 people in Jinju. All of the seasoned chicken meats adding 1%
green tea extracts was most preferred by the people. One percent treatments
were acceptable to manufacture the green tea extracts added to seasoned
chicken with Korean traditional sauce such as soy sauce, soybean sauce and

red pepper sauce.

2. Proposed Application of Results

There would be some applications of the results obtained in the current
research project. Green tea can be used as an ingredient of chicken diets,
and recommended supplementation to the diet is up to 1%. Green tea can be
used to alleviate stress when birds are in an adversive environment rather
than in a relatively good one". In this case a small amount, such as 0.15 % ,
of green tea product could be added to diet of the birds that are raised in
floor system. Green tea product can also be used in chickens housed in a hot
environment to alleviate the adversive effect of high temperature.

Catechins in egg yolks may be used as indicators of functional food
when hens are provided with dietary green tea products. In addition,
corticosterone might be used as an indicator for stress. Chicken meats could
be flavored with green tea extract or different types such as green tea powder

to enhance the functionality of chicken meats.
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FH mabd ggE ot AiEsol B, oY FRY o, =3}, aga vv 5
(metabolic syndromes) ¢ d*¥ojit} X8| &34 (Cooper et al,

HARA Ao 2l G4 F7h gk ARl 4PH B S

AN

1 e B BES Rt Jdon 1 FelE FhelZ(catechins), ZHEIQU(caffeine), Z+E
HIEFRF, 2] obn| =4t So] k. 53], JHHF= 4% ditshAl(antioxidant) 2 ¢el A,
245 AW U olge JTdo] e FHES v Jdn

BHE st A et YA b Add o, mae] 9
d ud AYddedes wed W stewe] nEg sAbES Ao w gol o] &d
ZHAZE Atk 2 AL A Aol = o] d FRsAkA S et avtd e® o] 85hy] 97t
WS ZAsks Aolth o3t A5 Soto] 1) Hak= e AlRA A4 oAS s o
= wolsks WRe A4 2) sAAEES 52 FEs R JheAtEel &4 3) =4

WAE e Eetal aelal v Yo 5) HambEs o8-t

r)«
il
E
>{1:I
X
fo
o
ox
>
e
=2
N
it
ol
Lo
[.
paY
o,
kg

AR, ZAkoll= e kst 485 7F FhEI A (cateching) i WRF ofY gt 7SS
717 o2 22 33E (saponin, 7H¥¢l(caffeine), ZtE WIEMIF, f2] ofvlial 5)o]
o] v} (Mukhtar and Ahmad, 2000; Lin et al., 2003; Crespy and Williamson, 2004;
Cooper et al., 2005a, b). webr] Hakrbz o] Fof7h Ak eh Ao Arbdol mA= 9,
53] make] FALESY TIsA T A mA= FEFo] W ok & Aot

=4, FAe] AR A ARbe Adxd (B Y, 55 5, 39l 8
7], A5 s 0y, BaAE ol wek Aol e Aow deA B ®(Lin et al,
2003) 7taoll o] &¥ = FAHER TtaitEAISH Alehe] AR S dete AL 549
71 olsllsty] flste] Aot

AA Theanine (Figure 1) & =x}bol thFo 2 i35 -2 ofn|x=Alo 2 tvhokdl A
g &Aool LA 1o (Yokogoshi and Terashima, 2000; Kakuda, 2002; Anonymous,
2005; Zheng et al., 2005), &3] ~Ed# 2~ 3t 37 Bu¥ At (Juneja et al., 1999;
Anonymous, 2005; Cooper et al., 2005a). A7 Fo & o] oju]|i=ikd Ho| folslA %
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o] (Juneja et al.,, 1999; Terashima et al., 1999) (Figure 2), 2EdHX2E Z43= TF
AZAZA FeFe F= Aoz AZE FHYh (Juneja et al., 1999; Kakuda et al., 2000). u}z}A
Sl Q17ke] Aol A B AP o] (Juneja et al., 1999; Kakuda et al., 2000), ==}

Figure 1. Chemical structure of theanine (Juneja et al., 1999).
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Figure 2. Absorption and excretion of SuntheanineTM in rats (Juneja et al., 1999).
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52} e FAAAES ol 85t HA 2EHAE S43A7IHE AdFERE dA7A
299 E3slt). o & =%, Adachi et al. (2006) & epigallocatechin gallate (EGCG)E H
obg] o FoAPdS uf 2EHA S AT A& WAsqlar, ojBu SkA, Eid et
al. (2003) & Tea polyphenols ©] glucocorticoidx] & & == AAFAA et 23 ~Ewy 2~
E AaA0vga Ba gl kA o= Aol & AFAH R H5aES AE st 2Ed
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g A

7]
S8 gkor, 2ol AR (Figure 3) ¥ B52 @o] AGHo] ¢t} (Mukhtar and Ahmad,
2000; Chung et al., 2003; Crespy and Williamson, 2004; Cooper et al., 2005a, b). ==
oF, AAdF, AFeSrA AW, i, 2gal gAY AT S A AT =
a7t A= Adem dEA da, FHole =3ty Hjde] &b v Aol BarE it
(Mukhtar and Ahmad, 2000; Chung et al., 2003; Crespy and Williamson, 2004; Cooper

o[r

o W o= AARom Zrlata gtk 7S oF 50004 ok A=

o

et al.,, 2005a, b). 2 2} A& =2 3o FEA7I} 27, Auix] ] 21, AxI
A S wet A%3 21 (Lin et al., 2003), webr] o] AL 2ol a3 w3k = 4 rt

= AL Ak

CUG CLJ@

—)-Epicatechin Eplgallocatechln
OH OH
OH @OH
o
HO . @]
HO >
CQCQOH Y e
"O-C OH N
O-C OH
on 6 OH OH (”3@
OH
(-)-Epicatechin gallate (—)-Epigallocatechin gallate

Figure 3. Chemical structures of selected green tea polyphenols (Cooper et al., 2005a).

Sl A Aot AT obA BB A Bahelth & 5 a1, A Bl
Aol A ARH O ATsHE AT/ HEA RATE FHAT (20079 69 FEHAATE F
F). A A A7k FES SAMRAT Ao FHYLFE FYH ] o] B B ARl
Sl A mIE 3 gk, = @] At kel BAY A 5L AT olet 3

[e3!
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A o] AAE ALk ol gHo] K ow THE4

[
»
o

Ao A= 3o} 27} Jarel SRS
ol g BTk e Ao BT uhehd) HANES FBAMN] ol §357] 15 AT EE 0§

Fsd et el AR Ae ARE Agolth,
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(Crude protein), &A% (Ether extracts), ZA1F(Crude fiber) ¥ Z%3]% (Crude ash) &
AOAC?®] d¥HdiiA ol weh FA AT g AxsEd 2 Fdux] e S5 AT
Faeg e H2E deS 4 7T 5 B34 AE tste] paper disc 4t
How FA4sa, FatstdAde DPPH (a,a'-diphenyl-B-picrylhydrazyl) 98 o] &3}
AAFA TS FAsAon AAFF] 50%0 Dt FEE IC5002 YeER A
H# HPLC & catechin standard & $H3sl7] 91ske] caffeine®}t 7& 9] catechins
[(-)—gallocatechin, (-)-catechin gallate, (-)-epicatechin, (-)-epigallocatechin gallate,
(-)-epicatechin gallate, (-)-epigallocatechin, 2 (-)-gallocatechin gallate]S 50%
methanol &Ml 40ug/me] & {17 & o|=L 77} 20, 10, 5, % 2.5ug/ml o &

o= 3 Aae] EHlag.
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Mobile phase A + H>09¢]3l mobile phase B += 50% methanol ©]™ mobile phase
C¥ 1% formic acid (pH 2.3) % t}. Flow ratex= 1.0ml/min ©]al Injection volume < 40 p
] o], AF8%H columne Atlantis dC18 (4.6 X 150mm, 5xm, Waters Korea) &2, 32 (3
0C) 22 FAFIL, ColumnolA a2l catechin> UV 280mm I-Fol| A SH AT} o]
w] A 7ke wE mobile phase®] gradient: Table 13 #t},

o5& 7} Tk T 2-4¥4 HPLC column °] 40 pl® FY= o] catechin Z-7te] o

AbEIAT o5 Zbe HPLCE olgshol £48kal plotting 3Fo w4

Table 1. Gradient of mobile phases for the analysis of caffeine and catechins using

HPLC

Time (min) %A %B %C
0.0 70 20 10
10.0 60 30 10
20.0 30 60 10

FFAGNA o] 8 ARE FTAT T AlRY] SAAAES BT 4 AR 2 g & 50%
7

methanol & 100 ml o B2 % 60 ColA 30% &t s2adES =3 5 30 31 A2

312 Eabsls mxpabae] wjokolol A catechin 41 ettt =, Ak
7} aFFol AF ek Aol oF (oF 110 g) ¥ 29 oF (¢F 170 ml) 18]a A8 AFEFAZF (oF 4
h) & vo® 41 T & 170 ml o ZH2be] SxpAka of 110 ¢ & 9aL A4S s 983 § 41T
dry incubator (40 RPM) oA 4AIZF vk § 71 FE4E HPLC = #4183t
Atgel =2 AH2(1%) & H7Ket 41T 2 F% oF 50%9014 853 AAstes AdS 3t
At o] 717F Feke] 0, 2, 4 E 859 Atz 9] sampleE AFH st FHEHZ A4S fs) W
Hshaict.
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3. A% % uH

slE Ak A7 AR BAATRE Table 291 2k 697 849 HAAEE Ml B
At g Alefeta ebid A, 2R 9 23] S Afel7) sk e 8490] 6
dun Fgch 2dm o) efe] dnkgatel leiA dhedtat AlFAbe] Ake] Aol gl

(Table 3). Z@MA] 2 6¥el F3ata 4 AW stesator Bop AFEA (3

o

Table 2. Effects of harvest time of green tea produced in Hadong county

June August
Moisture (%) 0.88a 1.64b
Crude ash (%) 6.65 6.39
Ether extracts (%) 6.55 9.09
Crude fiber (%)= 62.4 61.72
Crude protein (%) 24 .4 23.5

* Possible analytical error.

a,b, P<0.05.

Table 3. Effects of harvest locations (Hadong versus Jeju) of green teas

Hadong Jeju
Moisture (%) 5.18 £ 0.05 1.64 + 0.07
Crude ash (%) 5.73 £ 0.02 5.05 £ 0.02
Ether extracts (%) 598 £ 0.12 5.79 £ 0.34
Crude fiber (%)= 63.63 £ 0.65 62.12 £ 0.38
Crude protein (%) 21.34 £ 0.30a 26.90 £ 0.93b

* Possible analytical error.

a,b, P<0.05.
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Table 4¥ slE=x1¢ ADF, NDF ¥ gross energy 712 YERTH dA Aoz =3}

= 2EUAs 21-27% A= dreta e, dAe BAANE wReR vFo] & o &
}_

=
ZFA =T} (Table 5). Table 6-& paper disc @AM o2 =AY 219 SagdAS e
o}, AL Fapo] AxubHO A3t %8V, Staphylococcus aureus, Bacillus subtilis 2 E

coli o 3k &g o] FzE AT

Table 4. Proximate, cell wall components, and gross energy of green tea leaves (%,

kcal/g)
) Ether Crude Crude Energy
Moisture Ash . . ADF*  NDF=*
extracts  Protein Fiber (kcal/g)
3.37 5.93 4.86 23.19 18.76 25.52 29.97 5,135

* ADF: acid detergent fiber; NDF: neutral detergent fiber.

Table 5. Electron donation activity of water soluble extract from green tea

Drying methods of Green tea

Treatments BHA a—-Tocopherol
Heating Natural Other green tea

ICs0, ug/ml 19.5 75.0 45.0 75.0 55.0

BHA: butylated hydroxyanisole.
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Table 6. Antimicrobial activity of water soluble extract from green tea (nhibition zone,

mm)
Drying methods of Green tea
Microbes
Heating Natural Other green tea

Salmonella typhimurium - - -
Staphylococcus aureus 17 15 18
Enterobacter sp. - - -
Bacillus subtilis 15 13 15
E coli 13 12 13

Lactobacillus plantarum - - -

HPLC columnell o3+ 7}e212] w88 Table 7 o] YeEFHRATE. Caffeine, EC, ECG,
CG, GC, ¥ GCG 9 detection limit < 2.5 pg/m¢ ols}th. 28y EGCY 4% 10upg/ml L
2131 EGCG ¥ 2.5ug/mlo] At}

Table 7. Linearity of caffeine and catechins loaded on the HPLC column

Green tea components Linearity

Caffeine y = 166228x - 39885, R2 = 0.9999
Epicatechin (EC) y = 37092x - 30246, RZ2 = 0.9982
Epigallocatechin (EGC) y = 9328.8x - 22583, R2 = 0.9976
Epigallocatechin gallate (EGCG) y = 56677x - 201368, R2 = 0.9842
Epicatechin gallate (ECG) y = 115703x - 32664, R2 = 0.9992
Catechin gallate (CG) y = 122476x - 49362, R2 = 0.9994
Gallocatechin (GC) y = 3229.7x - 21758, RZ2 = 0.9998
Gallocatechin gallate (GCG) y = 58806x - 225953, R2 = 0.982
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ol = =z Wl 7P w®el diEel U= Ao 4 caffeinedt
Epigallocatechin (EGC), epigallocatechin gallate (EGCG) % epicatechin gallate (ECG) &
d8ste] working standard & A& thE, HPLCE ©|&3ste] &4 sta vlugh & FA41x27
= st (Figure 1).

2% 52k g A7l wet catechin®] 3ol ztol7t d=7HE Al gith 20061
69 9 84| shEelr FEH F 4 AxH EYE %3 77 2 g& 50% methanol &
100 m¢ (60°C) ol ¥ol 30 &<k HAES FE8kth o] FE24E 20 mt FA el A4
¥ Syringe Filter (0.2 ) =& o33k & HPLC & o]gslo] A5 o] EAe] Ay A
9l chromatogram 2 Figure 2 ¢} Figure 3 oA Yeydch A5 =
ol gy 54k nla 8dell e HApolA FHA 2-4u7HA] FS o] AEHAT o

A= Table 8o veR AT

100

- W:IIX i | H : : i i
et : Catechin Standard (40ul) ; i i i

o |- RetertionTine ;.

Caffeine
3342117 10300
15 990

El

maL
EGCG
ECG

1303433 11210

wmzrﬁv 7.553 EGC

Figure 1. A typical HPLC chromatogram for the initial working standard for caffeine and

selected catechins.
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Figure 2. A typical HPLC chromatogram for caffeine and selected catechins from 50 %

methanol extract of green tea harvested from HaDong County in June, 2006.
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Figure 3. A typical HPLC chromatogram for caffeine and selected catechins from 50 %

methanol extract of green tea harvested from HaDong County in August, 2006.
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Table 8. Comparison of peak areas for selected substances between green teas

harvested in June and August, 2006 from HaDong County

Green tea components June August

EGC 2,269,448 £ 3,966% 8,323,657 £ 25,999
Caffeine 20,329,998 £ 70,591+ 58,090,806 = 50,634
EGCG 21,627,542 = 102,311% 88,037,746 = 259,850
ECG 6,906,731 + 48,668+ 26,519,903 + 341,862

*P<0.00001 by a t—test.

Data are shown as area under the curve (means £ SEM of 4 runs).

o] AxE vy oz A2 Working standard & AZF3ATE ©] Working
standard o, FAbe| A vFo R HEEE catechin I o2 AEY = caffeine ©] A<
T 11, epigallocatechin gallate, epigallocatechin, gallocatechin gallate, epicatechin gallate,
catechin gallate Wro] ¥3E At} o] standard o] ©idF 238 A<l Chromatogram <& Figure

4 o YEbf Sl

1000 - 1000
— : ) ! : ) ; : | ]
a2 New Catechin Standard (#2) made based on the data of the initial catechin Standard (#1)
Retestion Time H H i H 4 H H M
W : : k 00
: ! : U} : :
7y TRy SRRy N R - XS 8 -] 200
] 8 ; ]
v
b} 3 ]
[ ; i 2 ] |
I M
& :
: I : &) ! ] . x
ié 00 ; : J ] : : ) ; 1 Y . . 500 E
£ Q ;
O V] I
400 5 LD b 400
[ T = :
: : : : O o - ‘
7 :
: 8 8 :
: ) i : SR = f
T T L LF e ol I e N« ) é 3 i I P
100 : A 2 : K 100
0 — L ! £ 0
12 18 m 2 24 8 m o

=
I
&
e
o
=

Figure 4. A typical HPLC chromatogram for a working standard for selected catechins

from which caffeine and some minor catechins were not included.
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o
ully

S EE (ug/ml) 2 A8 wlo] ke Table 49 FAHUCE EGC ¢ 29, 20069
8ol & xH tea bagd ZAkl ml B oF 3 mg AEZ FHEo] ASTE A L Tl =

AHEE ol gdteal & we 69l FEE ARt 84 3tE S o] &she Ao matH ol

Table 9. Comparison of concentrations (ug/ml) of selected substances between green

teas harvested in June and August, 2006 from HaDong County

Green tea components June August

EGC 801.0 £ 1.4% 2937.9 £ 9.2
Caffeine 60.7 £ 0.2+ 173.4 £ 0.2
EGCG 163.9 £ 0.8% 667.0 £ 2.0
ECG 28.6 £ 0.2% 1099 £ 14

*P<0.00001 by a t-—test.

Data are shown as ug/ml (means £ SEM of 4 runs).

RN BYH o AMEEE Yo FojE AR = 7 sl HPLCE °]&
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Eat7] ffato] 4571 41 CollA WA Zo|Att. Hak AR flollA 7lsd A3 Zo] £44
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Figure 5. HPLC chromatograms for green tea catechins from extracts of green tea

diets (0, 0.4 and 1%) made practically in a poultry farm.
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Figure 6. HPLC chromatograms for green tea catechins from extracts of green tea

diets (0, 0.4 and 1%) prepared in the lab and incubated at 41 C for 4 weeks.
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Figure 7. HPLC chromatograms for green tea catechins from extracts of green tea
diets (0, 0.4 and 1%) prepared in the lab. Each diet (110 g) was mixed with 170 ml
of water (41 C) and incubated at 41 C for 4 hours in a dry incubator at 40 RPM.
Extracts of diets were injected into the HPLC column to determine caffeine and

catechins.

Table 10. Changes in the amounts (ng/mL) of tea components over the period of a 8

week storage at 41 T

Caffeine EGCG ECG

Weeks 2 4 8 2 4 8 2 4 8

ng/mL  25.4 32.8 33.5 8.2 6.4 8.8 12.0 2.4 3.2

Green tea product was added to a chicken feed at 1%.

Abbreviations: EGCG: epigallocatechin gallate; ECG: epicatechin gallate.
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Figure 1. Mean daily high and low temperature (°C) and relative humidity (%)
measured for 8 weeks in a chicken house of a poultry farm in which pullets were

being raised. Data are mean * SEM.
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Figure 2. Daily high and low temperature (°C) and relative humidity (%) measured for
8 weeks in a chicken house of a poultry farm in which pullets were being raised.

Data are mean = SEM.
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Figure 3. Daily high noise (dB) measured for 8 weeks in a chicken house of a
poultry farm in which pullets were being raised. Mean daily high noise was 85.9 %

0.3 (mean = SEM).
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Figure 4. Daily mortality of pullets measured for 8 weeks in a chicken house of a

poultry farm in which approximately 53,000 pullets were being raised.
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Figure 5. Mean daily high and low temperature (°C) and relative humidity (%)
measured for 8 weeks in a chicken house of a poultry farm in which laying hens were

being housed. Data are mean = SEM.
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Figure 6. Daily high and low temperature (°C) and relative humidity (%) measured for
8 weeks in a chicken house of a poultry farm in which laying hens were being

housed. Data are mean * SEM.
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Figure 7. Daily high noise (dB) measured for 8 weeks in a chicken house of a
poultry farm in which laying hens were being housed. Mean daily high noise was

85.9 £ 0.3 (mean = SEM).
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Figure 8. Daily mortality of laying hens observed for 8 weeks in a chicken house of

a poultry farm in which approximately 53,000 birds were being raised.
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Figure 9. Changes in absolute (left) and relative (right) body weight in growing
chicks fed diets containing green tea product (0, 0.4 or 1.0%). Body weight was
measured before and a week after lipopolysaccaride (LPS) or saline (Con) treatment
was administered. Note that feeding green tea (1%) partly attenuated the reduction of

body weight found after LPS treatment.

Table 1. Change in body weight (g) of growing chicks fed diets containing green tea
product (%), total feed intake per bird (g), and feed conversion ratio during the overall

period of experiment

Dietary green tea

0% 0.4% 1%
Change in body weight during
the overall period of experiment (g) 825 898 894
Total feed intake per bird during
the overall period of experiment (g) 2485 2668 2587
Feed conversion ratio (FCR) 0.33 0.34 0.345
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Figure 10. Relative change in body weight of laying hens fed diets containing green
tea product (0, 0.4 or 1.0%) for 8 weeks. Hens were administered with either LPS
or saline as control, and body weight was measured before and a week after LPS
treatment (Con or LPS). Body weight in green tea-fed hens was gradually increased

whereas that for control group was maintained.

FAFSA AN LPSE Aeld Aol AeA 4@l g A (S,
W) W] LPS A F e AT AdAe] AFustel QdolA 4 exbrt WA

o (Figure 10). 22l SAMOR folyo] MASA QAW % B0 SR
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Figure 11. Change in body weight in laying hens fed diets containing green tea

product (0, 0.4 or 1%) for 8 weeks. Body weight in green tea-fed hens was

gradually increased whereas that for control group was maintained.
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Figure 12. PHA response in laying hens fed diets containing green product (%). Data
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Table 1. Experimental design

2] C TT T2 T3 T4 T5 T6 T7 T8 T9 TI10
271 - A5 95 95 95 vy 2y g g FE F=
A7V, % - 01 02 04 10 01 02 04 1.0 02 1.0

Arberst G i, AARAFAES m2F A e

71918te] AAA, F7] 8 FRAG WA 2 g RELe]

8 olatgEol A A gste] @HRF F Ao AshetA

hen-day egg production (%) o 9GS v XA &t AHAE (soft egg production)
of #3k A= Table 3¢ YeERWATH AAA SR 0.4% A= ol Addd &S 4
Aut Fole A SR AAaEe] Ak (normal egg production) o 3 A= Table
4o GEPATE. FAH SR 0.4% H5AE R 04%9Tasaibme] ol Adee] AL
= AARE FostAl HAART. AR w7t 3T (egg weight) o] HA= Y
Table 5o Yepdth. AAX SR 04% HxAE] ol dos AAT FosiA A
Atk wkdel 0.2 2 0.4% HaaLES 4GS AAN Fos A SRS H3HE
Fol7b AFe&keF (egg mass) ol MX = 93-S Table 69 UYERHIT. AAH R 04% Hx
A Fole AR RS AAT FoehAl aA R ol gk AR Aol A o] Apol= Abm
F gl Ao Zpo] wiEdl Fo® A}

=
Al
feed conversion ratio ¢ zfo]:x= HHA
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Table 2. Effect of feeding green tea on hen—-day egg production (%)

Weeks
Treatments 15tgnd qrd_yth Sth_gth Zth_gth Overall

C 89.7% 90.3%¢ 88.5% 86.1% 88.6
T1 89.0% 90.8% 89.3% 84.1% 86.0
T2 88.4% 86.6™ 88.2% 82.1% 86.3
T3 85.5" 87.6%¢ 87.3% 84.4% 86.2
T4 85.7° 89.4%¢ 90.1% 86.1% 87.8
T5 88.6% 91.5% 90.9% 85.1% 89.0
T6 88.3% 88.5%¢ 87.5% 88.5° 88.2
T7 92.6° 89.4%¢ 90.4% 87.4° 86.5
T8 90.1% 88.7%¢ 85.4° 80.0° 86.1
T9 88.5% 85.8¢ 88.0% 87.0% 87.3
T10 89.5% 90.1%¢ 91.5° 86.1% 89.3
SEM 0.69 0.50 0.57 0.73 0.37

¢ Means with different superscripts in the same column differ significantly (P<0.05).

Table 3. Effect of feeding green tea leaves on soft egg production (%)

Weeks
Treatments [t gnd T s gt Overall
C 1.27 0.00¢ 1.40° 1.17 0.96"
T1 0.41 2.20" 1.56% 0.89 1.27%
T2 0.67 1.78 2.23" 0.89 1.39"
T3 1.19 5.87¢ 3.99% 1.98 3.26°
T4 1.37 1.41% 1.78% 1.93 1.62°
T5 0.20 1.19¢ 1.78% 2.18 1.34
T6 0.59 0.79¢ 1.38" 0.39 0.79"
T7 0.00 0.59¢ 0.79" 0.57 0.49¢
T8 1.09 0.35¢ 0.35" 0.53 0.58"
T9 0.44 3.49" 1.31° 0.64 1.47%
T10 0.64 0.89¢ 0.89" 0.62 0.76
SEM 0.16 0.31 0.26 0.22 0.13

¢ Means with different superscripts in the same column differ significantly (P<0.05).
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Table 5. Effect of feeding green tea leaves on normal egg production (%)

Weeks
Treatments [sgnd grd_gih Sih_gih 7 _gth Overall
C 88.46" 90.27° 87.07%" 84.93" 87.68%
T1 88.55% 88.56° 87.70% 83.16" 84.72"
T2 87.70%" 84.82°¢ 85.93% 81.25" 84.93"
T3 84.33° 81.72° 83.28° 82.41% 82.93¢
T4 84.33° 87.97° 88.26" 84.17% 86.18%¢
T5 88.37%" 90.28° 89.09* 82.93" 87.67%"
T6 87.69%" 87.69%" 86.11*" 88.09° 87.40%
T7 92.59° 88.82° 89.56" 86.78% 83.14¢
T8 89.02% 88.33° 85.08* 79.50° 85.48%¢
T9 88.05%" 82.29" 86.65"" 86.36" 85.83"
T10 88.82% 89.19° 90.60° 85.51%" 88.53°
SEM 0.75 0.66 0.71 0.82 0.38

¢ Means with different superscripts in the same column differ significantly (P<0.05).

Table 4. Effect of feeding green tea leaves on egg weight (g)

Weeks
Treatments o o E— . T, Overall
15~2 3y 51~6 7h~8
C 63.85% 64.38 64.632>4 65.30° 64.54°%
T1 63.07° 62.84 64.612>4 65.15° 64.17°%
T2 64.24%" 65.03 64.24° 64.81° 64.58%
T3 64.11% 65.66 66.48° 65.66° 65.48"
T4 62.18° 63.60 63.314 62.96° 63.01°¢
T5 63.66% 63.87 63.644 64.37° 63.89%¢
T6 65.72° 66.10 66.14% 66.96%° 66.23%
T7 63.79% 64.46 64.812><d 65.21° 64.78°%
TS 65.46° 65.48 66.20%° 72.09° 67.30°
T9 62.99° 65.62 63.70¢ 64.07° 64.07°%
T10 62.87° 63.41 63.95 64.00° 63.56%
SEM 0.26 0.29 0.25 0.61 0.20

¢ Means with different superscripts in the same column differ significantly (P<0.05).
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Table 6. Effect of feeding green tea leaves on egg mass

Weeks

Treatments o 3H0_ 4 g T _gih Overall
C 57.34% 58.09 57.18 56.18% 57.20%
T1 56.10% 57.95 57.64 54.76° 56.61"
T2 56.76% 56.33 56.63 53.25° 55.74"¢
T3 54.83% 57.56 58.01 55.41%° 56.45"
T4 53.28" 56.85 57.01 54.29° 55.34¢
T5 56.28% 58.39 57.78 54.77° 56.80%°
T6 58.00° 58.45 57.90 59.20° 58.39%
T7 59.08¢° 57.62 58.56 56.97% 56.00"
T8 58.96% 58.10 56.58 55.94% 57.39%
T9 55.67% 56.14 56.04 55.75% 55.90"
T10 56.29% 57.09 58.46 55.10% 56.73%°

SEM 0.47 0.36 0.37 0.45 0.19

¢ Means with different superscripts in the same column differ significantly (P<0.05).

Table 7. Effect of feeding green tea leaves on feed intake of laying hens (g/d/hen)

Treatments (g qrd_ g WeekSSth~6th 7 _gth Overall

C 126.9 126.2" 126.4 126.9 126.6
T1 125.5 130.7"¢ 129.8 122.2 127.0
T2 127.0 132.4%¢ 123.3 124.6 126.8
T3 123.9 126.2" 127.4 123.3 125.2
T4 122.7 120.6° 123.1 121.6 122.0
T5 130.9 134.4% 126.2 123.8 128.8
T6 120.9 143.9° 124.1 128.3 129.3
T7 131.8 128.1" 122.5 128.7 125.6
T8 125.4 127.6" 123.2 127.1 125.8
T9 125.3 128.3" 124.9 127.2 126.4
T10 119.8 128.9" 124.3 125.1 124.5
SEM 1.53 1.44 0.83 0.77 1.55

¢ Means with different superscripts in the same column differ significantly (P<0.05).
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Table 8. Effect of feeding green tea leaves on feed conversion ratio of laying hens

Weeks

Treatments g qrd_ g g 7 _gth Overall

C 2.21% 2.17° 2.20 2.26% 2.21
T1 2.24% 2.25% 2.25 2.23% 2.24
T2 2.24% 2.35% 2.18 2.343 2.28
T3 2.26% 2.20P 2.20 2.29% 2.29
T4 2.30% 2.12° 2.16 2.24% 2.20
T5 2.33% 2.31% 2.18 2.27% 2.27
T6 2.08" 2.46° 2.15 2.17° 2.21
T7 2.23% 2.2 2.09 2.26% 2.25
T8 2.12% 2.21° 2.18 2.28% 2.20
T9 2.26%" 2.30% 2.23 2.28% 2.27
T10 2.14% 2.25% 2.12 2.27% 2.20
SEM 0.02 0.02 0.01 0.01 0.02

2> Means with different superscripts in the same column differ significantly (P<0.05).

by o] 3k HapRAbE o] Fo] E 3= Table 99 YERAATH thix-9F RluglS

W G EE YT wE AEFS QAR Fojabes AR Atk dzte] FARE O

T A G3kel] ZFoli= f1%lTE (Table 10). Haugh unit®] A3} Table 100 YER ST

79 vl sls W Haugh units A7 lA EAY (0.2%54 2 1%55%) #ol7t 8l
Y

olk indexi= W37} fIAA| 9 (Table 12), 52AHES] o] & AA X oz A%

EN
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Table 9. Effect of feeding green tea leaves on eggshell breaking strength (kg/cm)

Periods
Treatments - Overall
Start Mid-term End

C 3.13% 2.98 3.02% 3.04%
T1 2.79° 2.94 2.90% 2.87°
T2 3.00%¢ 3.10 2.82P 2.97%
T3 2.91%c 2.88 2.90% 2.89P
T4 2.76° 2.94 2.97% 2.89P
T5 2.90" 291 3.06% 2.95%
T6 3.22° 3.07 3.09% 3.12°
T7 2.99%¢ 3.10 2.85" 2.98%
T8 2.82P¢ 3.00 2.96% 2.92P
T9 2.95%¢ 3.00 2.90% 2.95"
T10 2.82P¢ 3.06 3.14% 3.00%
SEM 0.03 0.04 0.12 0.01

4°¢ Means with different superscripts in the same column differ significantly (P<0.05).

Table 10. Effect of feeding green tea leaves on eggshell thickness (um)

Periods

Treatments Start Mid—term End Overall
C 365 368" 3752 369
T1 360> 373bcd 367¢d 367
T2 3582 3782 363% 366
T3 356" 3624 3752 364
T4 351" 367 3654 361°
T5 353b° 3772 3773 369
T6 3712 3892 382 381°
T7 3593 366°¢ 369Pede 365
T8 348° 365 360Pcde 358"
T9 360> 3624 370Pede 364°
T10 354" 38230 385% 3742
SEM 1.59 8.68 6.24 1.75

a4 Means with different superscripts in the same column differ significantly (P<0.05).
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Table 11. Effect of feeding green tea leaves on Haugh unit

Periods
Treatments - Overall
Start Mid-term End
C 90.6% 88.8% 85.4°¢ 88.3%
T1 86.8¢ 84 4bcd 81.4% 84 2P
T2 85.0° 79.9¢ 80.5¢ 81.8¢
T3 90.8% 87.8% 89.7° 89.5°
T4 86.2¢ 88.7° 84.9°¢ 86.6%"
T5 86.1¢ 87.5% 86.3% 86.6%"
T6 88.3%¢ 86.9%¢ 87.0% 87.4%
T7 91.7% 87.0%¢ 87.7% 88.8%
T8 90.7% 88.7° 88.5% 89.3%
T9 85.6° 83.5%¢ 85.2b¢ 84,8
T10 86.0° 81.74 80.24 82.6°
SEM 0.46 1.85 1.72 0.54

4°¢ Means with different superscripts in the same column differ significantly (P<0.05).

Table 12. Effect of feeding green tea leaves on egg yolk index

Treatments P‘erlods Overall
Start Mid-term End

C 7.55% 7.80° 7.92b¢ 7.75
T1 7.42¢ 8.84° 8.21* 8.15
T2 7.83"¢ 9.03" 8.15% 8.33
T3 7.69>¢ 8.71%" 8.06" 8.15
T4 7.83"¢ 8.71%" 7.74° 8.09
T5 7.64% 8.68%" 7.79% 8.03
T6 7.99% 8.11% 7.83% 7.97
T7 7.65¢ 8.25° 7.78% 7.89
T8 8.08° 8.25° 8.04°>¢ 8.12
T9 7.70¢ 8.14% 8.31° 8.05
T10 7.49% 8.38" 8.31° 8.06
SEM 0.03 0.47 0.12 0.07

a4 Means with different superscripts in the same column differ significantly (P<0.05).
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Table 13. Effect of feeding green tea leaves on blood serum chemicals in laying hens

Blood serum chemicals
TC TG BUN CRE ALP GLU TP ALB AST ALT UA AMY CA P

C 180.9® 1,708%® 2.00% 0.69* 492.7* 191.4* 6.90* 2.83* 198.3° 12.99" 7.10™° 403.82* 29.13% 6.20%°

T1 188.8" 1,527 2.11°° 0.68" 390.2° 189.8" 6.14™" 2.66™ 235.2" 11.79" 6.44° 320.23" 26.44" 5.83°
T2 184.7%" 1,634™ 2.00° 0.33° 453.1*" 183.4* 6.31 257 316.6° 14.39° 6.47° 325.59" 24.00% 6.30°
T3  243.0° 1,636 2.26"¢ 0.32° 391.4°° 180.6™ 6.26° 2.69™ 220.2"° 11.98" 7.22%° 348.57* 24.00°* 5.90°
T4 211.4™ 1,894° 250" 0.50° 364.2"% 182.3" 6.60" 2.81° 2455 14.49° 8.21* 330.13" 27.10° 7.44°
T5 218.5" 1,719" 2.12° 0.47° 388.5™ 171.8™ 6.38 272" 227.5" 11.80" 6.92" 350.61" 25.50™ 5.99"
T6 165.4° 1,541° 270 0.49" 288.1% 176.9"° 6.10° 2.56°° 1954° 11.10> 7.08™ 337.25" 22.30° 6.75"¢
T7 213.7" 1,821* 240" 0.33° 281.1¢ 164.6° 6.21"% 259" 284.5" 12.26™ 7.65° 373.68" 20.10° 7.46°
T8 229.3" 1,676 267" 0.48" 347.2>% 172.6™ 6.10° 2.61™Y 208.1° 11.77*" 7.48™ 349.77" 19.33° 6.54"
T9 207.1%" 1,634" 2.87° 042> 273.3% 182.7** 579% 240° 223.1° 10.01" 7.39™ 323.19" 19.58° 6.71*
T10 206.2°° 1,712 2.60* 0.33° 412.7° 169.9™ 6.89" 2.50% 216.2° 11.58" 7.21"° 349.41" 19.70° 7.39"
SEM  7.27 36.62  0.05 0.01 12.60 1.70  0.05  0.01 7.67 0.33  0.12 6.18 0.38  0.15

Abbreviations: TC, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; CRE, creatinine;, ALP, alkaline phosphatase; GLU,
glucose; TP, total protein; ALB, albumin; GLB, globulin; AST (GOT), aspartate aminotransferase; ALT (GPT), alanine
aminotransferase; UA, uric acid; AMY, amylase; CA: calcium; and P, phosphorus.

a4 Means with different superscripts in the same column differ significantly (P<0.05).
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Aol EAd 3= Table 130 YeEhHAH. sz vlugs o sapatee] A
g]oll A total cholesterol (TC), triglyceride (TG), alanine aminotransferase (ALT;
GPT), uric acid (UA), ¥ phosphorus (P) ¢ sXo] ¢lojx zto]l7} glth. 18} blood
urea nitrogen (BUN) % aspartate aminotransferase (AST; GOT) & A g7 w} F294
o7 AEstP o, whHo| creatinine (CRE), alkaline phosphatase (ALP), glucose (GLU),
total protein (TP), albumin (ALB), GLB, globulin, amylase (AMY) % calcium (CA)9 -&
== AT wet 743t 53] creatinine, amylase ¥ total protein® dAA s AV}

VZEAT. o] A2 =HAke] A7t 3 s A it 2B A4S ou A RET

Table 14. Changes in the amounts (ng/mL) of tea components over the period of a 8

week storage at 41 T

Dietary 2 weeks 4 weeks 8 weeks
green tea

Caffeine EGCG' ECG! Caffeine EGCG ECG Caffeine EGCG ECG
product
0% ND? ND ND ND ND ND ND ND ND
0.4% 8.1 ND 0.6 15.3 2.3 1.3 12.8 1.7 0.9
1% 34.4 5.1 3.2 32.6 5.5 2.4 25.7 7.4 2.5
0.4%/1% 0.23 - 0.20 0.47 0.43 0.52 0.50 0.23 0.36

Green tea product was added to chicken feeds at the levels of 0, 0.4 and 1%.
Samples were taken at the ends of the 2nd, 4th and 8th week of incubation to
determine the amounts of tea components in the feeds.

I Abbreviations: EGCG: epigallocatechin gallate; ECG: epicatechin gallate.

2 ND: no detection.
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able 14 UERRATE ¥RE o}
T 1T HEE RS Caffeine,
BGOG @ BOGE. o5& olehe] RAolME Q4 QA AZUAT, thz7AlRoli Sa4o]

A okt Aol dAle] A B AN HAke] A AbRel EdhE AJEol A aelA 8

n:_QdH
U'

ez

F2 ghe 049 AT 2 o] vk AP o] FANGE, 58 A2 HARo] ARyl £
Ho} glfaitiela GE7h B4 g AU 3eo] SRR Wae] 2 Wil B 4 flee A
ARl AzbEeh meb] AAle AnEAE SAEe] H7bE AlRel A9gel MAE 9% A7
sp7lelle A7lgaeka Al e

EaAEY] FolgH 2 FolaEE ARAAR Blael A Fabsge At 2ol vt
0.4%= 2kl djzegtell mlste] ekl (P<0.05), Aaked
APFE 2 04% 5 a7 gzl vlgte] WA dEREth (P<0.05). HitdEe 0.2
1.0% =g 77 gz o] vate] BASL oz Jehd s (P<0.05), 12Ae 1.0%
A7F izl nlake] vl UEbgTE (P<0.05). AFRAHAFES AR LTRSS SAAME WUt
of oJg Apol7t gl Ao yEEth dAAE} dAFAE  0.2%5ARE TV 7P =9k
o gzt oAl 2ol 7k vreRA] ek tth
Haugh unit 0.1% 2 0.2%=52HE 2 0.2%9 1.0%5E 23778 thzTol ]
ate] ytokouh, UmA Folg 9 daAtsFo e 2ol Aolvt gtk WA Het
e AY BAA FAHE AAHA Aoy FoJ 4F3; o) F HAFAI folHoR
ANAE = Adas B (P<0.05).
AR gkl 2 gyt o] 958 Aoz YE) AR oRe] o8 7heA
& Fwsttha dgEnh AbeA Absd] HIRAEA 1%71A FelstdEtE Aze A A
F e ko & 9 waAts FolAl Ak 9 Al FAWAA 04% F A
ol

=
7F A9t Aow AlREt. 5x4bEe] {59 & amylase, creatinine % total protein

.

o A% ol 2ol A ololHI AL B E: A% g AEds dh wE W
9 el @1 VA E w
A Fol wAYRGT] WS BANA Fpom Ame 4G oE HAu

B9 o] TalAE 27449 A7 Aasirhan A,



ﬂl

g 2o vX&= &

i)
<]

7

0
<

AFA

o] AkerA ] A

i

<

A

=3}

A 4 4

1. A&

my

o Az vFo] Wk

I3l
=

i) A

RE
Foll 9= 7

)

o
;OD
B

1+

o=

7o

el o)

A

al

K

o]

Ao Argt)

3}
SA R A7 ER A

71

-
R

Sk

vitamin

2o
=

AEf A

g ~E
vitamin C9 o=

3

;3

il

7] 0]
b B

Fepol F7ksw F7b

C 9 8

A A LA

she

b

KeN
=

o
a

=K
m

20 °C U9l & 359

I:L‘
-

o}

10L:14Doll A dFdrjc} 1A|3F

S
i=1

g

L=Ne]
xd?f

g

=53
71ZF &< 15L:10D=

3L
¢}

Agk glo]

el
-

A1

| A5 = 0, 04, 1 %

7o)

TAdHZE AZHAJG. 3

Q]
=

AR

’

al

(});]\

—~
fi%e)

FHEs

TR

3702l A= (0%, 0.4%,

=
=

7} Ael T T2l wA

-
R

o B g4

100mL9] ethanol (99.9%) ol

Ab39 corticosterone (Sigma, C2505 )¢] 30

dAC A T

I
=

corticosterone (92%)

193

6 Mel A8+ (0% GT, 0% GT + CORT, 0.4% GT,

2719l AT o R Yol F
0.4% GT + CORT, 1% GT % 1% GT + CORT)7} H A

-
R

A

)
7]

Fot. 7t

S

]

T X

)
R g

-
X

corticosterone ©]

s 2

S

A 7hed

_68_
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Ay, E3] o]A o & Figure 194 #&E F53F corticosterone 1ol 49 AFTd5S F5E4
o= Aud & QS A k. 5ol A4S corticosteroned] Hol7F THE $ olE A
Tol A AtsAdFH e AAS AV B WbA corticosterone§lo] HRMAFERE FolH A g

Tl e AA] AR ] HEEAH

Figure 2 ¥ Table 2 + AFeES Yebdty, 25737E9] Corticosterone 7o+ AbaH&
S AT AsIA e o] AL Corticosteroned] g o]Zox TEE O] FHaFglo]
Corticosterone ®F wo¥ = Aol ¢bds] s Sosiaity. vhdo] =xie 37
o] gl Ab&A A= wE AbkE o] IES BT
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Figure 1. Effects of dietary green tea (GT; 0, 0.4, or 1%) on body weight change (g)

in laying hens fed diet with or without corticosterone (CORT; O or 30 mg/kg).
Dietary GT product was given to laying hens during the first 2 weeks (0-2 weeks),
followed by feeding GT with or without CORT for the next 2 weeks (2-4 weeks).

During the 5th week only GT diets were provided to hens.
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Table 1. Effects of dietary green tea (GT; O, 0.4, or 1%) on feed intake (g/d/hen) in

laying hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT. CORT., GT GT x CORT GT
Overall

& ma/ke Ist -— 2nd week 3rd —4th week 5th week

0 0 92 105.2 108 102
0 30 95 121.9 82 99
0.4 0 93 110.2 106 103
0.4 30 90 115.5 76 94

1 0 93 112.3 103 103
1 30 91 114.5 82 96

Dietary GT product was given to laying hens during the first 2 weeks, followed by
feeding GT with or without CORT for the next 2 weeks. During the 5th week only GT

diets were provided to hens.

Table 2. Effects of dietary green tea (GT; O, 0.4, or 1%) on egg production rate (%)

in laying hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT. CORT, GT GT x CORT GT
Overall

% mg/ke Ist week 2nd week 3rd week 4th week 5th week

0 0 84 85 91 92 88 88

0 30 84 85 72 18 0 52
0.4 0 89 84 92 95 95 91
0.4 30 89 84 70 25 11 56

1 0 87 92 95 90 92 91

1 30 87 92 72 35 35 64

Dietary GT product was given to laying hens during the first 2 weeks, followed by
feeding GT with or without CORT for the next 2 weeks. During the 5th week only GT

diets were provided to hens.
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Figure 2. Effects of dietary green tea (GT; 0, 0.4, or 1%) on egg production rate (%)

in laying hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

AP z71e dFol A= zbel7b A H A GYAIRE (Table 3), AlRbo]l Aol whe} o
Z7o| HlalA corticosterone A e]grollA oFghe]l WAt WAHAT. ey 5FAl =
Ahgkgo] 0%7F Hol dEol vzt &7bs vk Corticosterone ¢ Fofell= ofghe] T3t
27 BHE AL, ARk faEHWA 3y & del AdoR Ay HASAE RET
o] g WAskE 93-S etk 2y oy HelME bF

o] a7t #AHAT ArARe A= FF It v2d At #EE AT (Table 4).
+ Corticosterone ©] %3} Haught unit 9] #HAE
W

72t s} B2bEAE 287 AoluA] ekgkt} (Tables

gl AR o= ZaAE e FodE TG 9 ASTE A9 50%7HA ZFAaA FH
(Table 8).
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Table 3. Effects of dietary green tea (GT; 0, 0.4, or 1%) on egg weight (g) in laying

hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT, CORT, GT GT x CORT GT

% me/kg 1st week Z2nd week 3rd week 4th week oth week
0 0 45.7 50.4 52.8 54.9 55.6

0 30 46.7 49.6 51.6 50.3 0

0.4 0 46.2 48.5 53.4 56.5 56.4
0.4 30 44 .2 50.4 50.6 49.4 53.6

1 0 43.5 46.8 53.0 55.4 54.0

1 30 44.3 47.8 49.7 49.0 49.3

Dietary GT product was given to laying hens during the first 2 weeks, followed by
feeding GT with or without CORT for the next 2 weeks. During the 5th week only GT

diets were provided to hens.

Table 4. Effects of dietary green tea (GT; 0, 0.4, or 1%) on egg mass (g) in laying

hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT. CORT., GT GT x CORT GT

% mg/ke 1st week Z2nd week 3rd week 4th week oth week
0 0 58.0 50.4 52.8 54.9 55.6

0 30 54.4 49.6 51.6 50.3 0

0.4 0 53.6 48.5 53.4 56.5 56.4
0.4 30 61.5 50.4 50.6 49.4 53.6

1 0 54.5 46.8 53.0 55.4 54.0

1 30 54.3 47.8 49.7 49.0 49.3

Dietary GT product was given to laying hens during the first 2 weeks, followed by
feeding GT with or without CORT for the next 2 weeks. During the 5th week only GT

diets were provided to hens.
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Table 5. Effects of dietary green tea (GT; 0, 0.4, or 1%) on Haught unit in laying

hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT, % CORT, mg/kg 3rd week 4th week 5th week Overall

0 0 98.2 94.3 96.5 96
0 30 95.1 98.8 - 65
0.4 0 100.4 99.4 101.6 100
0.4 30 94.4 95.7 94.7 95
1 0 95.9 99.5 98.0 98
1 30 95.3 99.8 99.9 98

Table 6. Effects of dietary green tea (GT; O, 0.4, or 1%) on eggshell breaking
strength (kg/cm2) in laying hens fed diet with or without corticosterone (CORT; O or
30 mg/kg)

GT, % CORT, mg/kg 3rd week 4th week 5th week Overall

0 0 5.7 5.4 5.1 5
0 30 5.9 5.4 - 6
0.4 0 5.1 4.8 4.3 5
0.4 30 5.5 4.8 3.0 4
1 0 5.2 5.1 4.0 5)
1 30 5.1 5.1 3.8 )
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Table 7. Effects of dietary green tea (GT; O, 0.4, or 1%) on eggshell thickness (um) in

laying hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT, % CORT, mg/kg 3rd week 4th week 5th week Overall
0 0 397 442 404 414
0 30 422 438 - 430
0.4 0 388 428 390 402
0.4 30 400 441 374 405
1 0 388 410 381 393
1 30 396 428 363 396

Table 8. Effects of dietary green tea (GT; O, 0.4, or 1%) on blood chemicals in laying

hens fed diet with or without corticosterone (CORT; O or 30 mg/kg)

GT CORT CHOL TG BUN CRE ALP GLU TP ALB AST UA AMY CA P

0.0 O
0.0 30
04 O
0.4 30
1.0 O

1.0 30

101

322

118

272

78

383

627

310

906

404

344

2.2 24 377

2.4

3.4

2.6

2.1

2.4

2.2

3.4

2.8

2.9

3.6

208

275

218

281

250

304

327

330

342

271

370

4.9

7.2

6.0

7.1

4.7

3.6

2.5

3.4

3.2

3.6

2.4

4.2

562

1163

595

841

491

1007

4.2

10.6

5.5

7.9

4.4

9.3

398.0

717.7

424 4

o77.4

324.8

736.8

14.1 6.6

12.7 6.3

14.7 10.0

13.3 6.3

13.0 5.9

13.7 6.7
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= HaRkE 0, 0.5, 1.0% 1 % A7V ek, A2 4nkh W 359 ¢
Ao njx]5kSl .
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rr
Z,

RC AFFZEF(1994)0] A3Fe] Table 101438 2=5=9} gjFut 9
2 ogAe) o ux] o] §UF AT (3,100kcal/kg, CP 20%) Absol |
(0, 0.5, 1.0 @ 3.0%)% Azttt A AEE A7|7F 22 &9, ASen: 109 =

QF 21T + 4TI, o] F 39 F<F 33Tt
Aol AHgEE SAE AdY 3594 floor pen °lA AMSET AR Foly] H
F5719 =x= AT e wxstg o Alge S4E AFANESR ST

AT B ARAFHAZTFS Al 271, A-HAL 7HA 5 1
Abstelom Al JHAl oF T8 Al AT AR} Al AR EE S48

APARAD, 1L A, FELE Ure] A2l 7 10578 e iddsto] oshg oA )
gl o, AEd EA7] (COBAS MIRA plus, ROCHE diagnostics) £ o]&3&}o] &3
W ZF2HE, SAAY (Triacylglceride), CRE (Creatine), TP (Total phosphate), GLU
(Glucose), ALB (Albumin), AST (Aspartate aminotransferase), ALT (Alanine
transaminase), AMY (Amylase) & w413} t}.

EDTA7} d7be 5mle] FEEZ o]gdte] A F, AFd7EA7] (HEMAVETY

0{-
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HV950FS, Drew Scientific, Inc.) & ©o]&3te] WBC (White blood cell or leukocyte
count), HE (heterophil count), LY (Lymphocyte count), EO (Esosinophil percent), MO
(Monocyte percent), BA (Basophil percent) 2 RBC (Red blood cell count) ©f tjg+ &4

& AN

Table 1. Formula and chemical composition of the basal diet for growing broilers

Ingredients %
Corn 61.64
Soybean meal 27.88
Corn gluten meal 4.00
Soybean oil 3.06
Limestone 0.08
Tricalcium phosphate 0.05
Salts 1.23
DL-Methionine 1.31
Lysine—-HCI 0.25
Vitamin-mineral mixture' 0.50

Total 100.0

Calculated values®
ME, kcal/kg 3,100
Crude Protein, % 20.0
Lysine, % 1.00
Methionine, % 0.38
Methionine + cysteine 0.72
Ca, % 0.90
Non-phytate P, % 0.35

' Vitamin-mineral mixture provided following nutrients per kg of diet: vitamin A,
15,000 IU; wvitamin D3, 1,500 IU; vitamin E, 20 mg; vitamin Ks, 0.7 mg; vitamin Big,
0.02 mg; niacin, 22.5 mg; thiamin, 5 mg; folic acid, 0.7 mg; pyridoxin, 1.3 mg;
riboflavin, 5 mg; pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60 mg; Zn,
45 mg; I, 1.25 mg;, Cu, 10 mg; Fe, 72 mg; Co, 2.5 mg.

2 Calculated values.
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Table 2. Effect of supplemental green tea on growth performance and mortality in

broilers under heat stress

Body weight (g)

Green tea Feed intake  Mortality
21T 33T
(%) (g) (%)
1 day 10 day 1 day 3 day
0 1,583 2,544 2,324 2,300° 584 40
0.5 1,603 2,642 2,385 2,379° 481 29
1.0 1,581 2,531 2,360 2.356% 508 18
3.0 1,582 2,528 2,291 2,287° 319 0

ab¢ Neans within columns with no common superscript differ significantly (P<0.05).

Table 3. Effect of supplemental green tea on rectum temperature in broilers under

heat stress

Temperature (C)
Green tea (%)

1 day Finish

0 42.5° 42.1°
0.5 42.3 42.1°
1.0 42.3 42.1°
3.0 42.4% 41.0°

ab¢ Means within columns with no common superscript differ significantly (P<0.05).

SAANE W 2 Hubrh, 2 2EA A A Fde 8 AgeAd el WA
T Y-S Table 4014 YeRUSITh AlE 7IA 7] 94 Ul FFd280E 2 dx=T,
2k 0.5% w17, 2 3.0% woAT 18a H3 1.0% w7 o2 77 89.4mg/de,
84.1mg/d¢, 77.3mg/d¢ L3 71.7mg/d= WERY A T7E ool AFH YT (p<0.05).
g W SAAL g I9A ARz 53 0.5% ol el 107.6mg/de 2 109.8mg/dlE
= YEb e (p<0.05), 52k 3.0% wol el A 82.3mg/d= YER} ZF X7 Fte} vl alsks]
S W P e FAE vEEh SR 4 Ul o2 R oA ZF A it Aol &
o] A Q1 Apol= VEREA] ek okt

i
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A AN 19 F o A5s BAS Table 5014 e A3 /HA] wjote
2A a&e] BHNA A W F FelzEHE TS A4 AYFL K94 ze)rh AAEX
ko RE AT S A5 Jehidnh. FAAY I 7 ATt frdel 9F
e (p<0.05), =2k wofgolA txETed H& ta 2 FAE YEhddth CRE ¢
ALTAN M= tHEzFolA ZH2E 2.7mg/dt 3} 25.3 UMAR H2b Fof o] vls] =4 Jeuide
U (p<0.05), TP, ALB 2 AMYOAE thzolA Habgo]eF vla Al fejg oz gho 5
=& eI (p<0.05).

A3 Fadd AHF 3 A5 B4 Table 6914 Yehldh A3 F8 A 4
AUl & FulzEE e 24 AT Aolrt vEhuA] dstout AW A dE2T

oA 264mg/dlE Z7Fe Ao UEom (p<0.05), %2 1.0% wol oA 170.6mg/dl =

S FXE YeRRAY (p<0.05). 3 CRE, GLU 2 TP g&& 53} 3.0%014 & A g
Tob st e W zhz; 0.47mg/de, 518.2mg/de 18]al 7.2g/d0E ¥ FHE e o] A
22k frejadol 1A E AT (p<0.05).
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Table 4. Effect of supplemental green tea on serum biochemicals in broilers at the

initiation day of heat stress

TC TG CRE GLU TP ALB  AST ALT  AMY

Green tea, %

-—-mg/d¢——- ——g/dl—~- -—-U/t——-

0 89.4° 107.6° 0.26 2321 1.71 1.04 131.1 2.9  300.9
0.5 84.1°" 109.8* 0.24 2536 1.69 1.04 1439 3.7  256.7
1.0 71.7° 90.5* 0.28 236.7 1.62 097 123.7 3.0 2709
3.0 773" 823" 026 2519 1.71 1.08 130.2 4.2  250.1
SEM 259 436 001 487 004 0.02 502 032 126

@b Means within columns with no common superscript differ significantly (P<0.05).
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Table 5. Effect of supplemental green tea on serum biochemicals in broilers at one

day after being exposed to acute heat stress at 33C

TC TG CRE GLU TP ALB AST ALT AMY
Green tea, %
-—mg/dl-- ——g/dl-- --U/t--
0 240.1 695" 2.7 436.8 5.9 3.2° 556 253" 187.2°
0.5 246.9  101® 0.5° 4227  7.5° 4.1 607 20.0"° 284.9°
1.0 240.9 165.8° 0.34° 444.0 6.7 43.9° 566 14.4° 352.1°
3.0 238.2 947 0.3  451.3 6.5 4.0* 648 11.5° 317.2°
SEM 10.73 1456 0.31 10.17 0.18 0.09 27.39 1.20 18.82

a,b,c

Means within columns with no common superscript differ significantly (P<0.05).

Table 6. Effect of supplemental green tea on serum biochemicals in broilers at three

days after being exposed to acute heat stress at 33T

TC TG CRE GLU TP ALB AST ALT AMY
Green tea, %
--mg/dl-- -—g/dl-- --U/t--
0 281.9 264*  0.39% 447.7* 6.4> 3.48 740 20.3 438.9°
0.5 251.3  231.4%™ 0.39® 460.9®® 6.4 3.64 663 19.9 318.1°
1.0 258.1 170.6°  0.33" 394.5° 6.6® 3.70 690 18.1 440.7°
3.0 280.8 307.2°  0.47* 518.2* 7.2* 392 651 21.6 371.6%
SEM 7.81 16.31 0.02 12.64 0.14 0.07 2240 152 21.48

ab¢ Means within columns

with no common superscript differ significantly (P<0.05).
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A 2Eds A HA g Al WES 9 AY g A nAE G
Tables 7 -9°1A YERSATE A1 7HA] Al W, Ad5 9 fEZ Al = A3t FolH
ol zFol7} YElA] ko) o] A (heterophil), &4 (Esosinophil), 7 (Monocyte)
2 59717 (BasophiD) ollA= dizTolA thE 3k Fof Aot Hlusigls W 2z
6.20 k/ul, 10.24%, 3.41% =2&)i 1.05%=2 A Yelt A7 F94ol AdA=AT
(p<0.05).

A A 1Y & dT QAo A 3.0% wolTelA] WA, ojsATe HET
(Lymphocyte)®] Hl& 3 349 FXA7F 2h2) 24.65k/wl, 0.40k/ph 1E]al 2.67%= U
Aot made w A yebgey (p<0.05) UET, 97T 2 AN E A 3
zpol 7b vhERLEA] ek ok

AE F5 Aol o3, olaATet HEFY HE, Tk 2 7| FA dlx
T7F g Aol nlste] foH o Ho IS dEhllon %A 3.0% FodTelA 7HE
SHAl vreRs T (p<0.05).

Table 7. Effect of supplemental green tea on components of leukocytes and

erythrocyte in broilers at the initiation day of heat stress

Leukocyte Erythrocyte
Green tea, % ““wpc  HE LY HEAY MO  EO

T — R RBC, M/ut

0 22.34  6.20° 1278 0.47* 10.24* 3.41* 1.05° 3.04

0.5 17.85 3,56 12.05 0.27° 9.95" 1.69" 0.33" 3.17

1.0 16.33 298" 11.27 0.26" 9.46° 1.43" 0.24° 2.96

3.0 17.80 356" 12.03 0.28" 10.12*" 1.69" 0.32° 3.08

SEM 1.07 0.37 057 001 0.13 0.17 0.07 0.06

ab¢ Neans within columns with no common superscript differ significantly (P<0.05).
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Table &. Effect of supplemental green tea on components of leukocytes and

erythrocyte in broilers at one day after being exposed to acute heat stress at 33T

Erythrocyt
Leukocyte
e
Green tea, %
WBC HE LY HE/LY MO EO
RBC, M/ul
—— k/ub - -— 9 —-
0 18.75°  4.04°> 1224 0.32" 1045 2.08" 0.48 3.18
0.5 22.95" 490 15.02 0.32" 10.42 2.15" 0.46 3.26
1.0 22.80" 477" 15.08 0.32" 10.06 2.22®* 0.55 3.06
3.0 24.65° 6.13* 15.11 0.40° 10.38 2.67* 0.66 3.34
SEM 1.00 0.30 059 001 0.11 0.10 0.03 0.05

a-b¢ Means within columns with no common superscript differ significantly (P<0.05).

Table 9. Effect of supplemental green tea on components of leukocytes and

erythrocyte in broilers at three days after being exposed to acute heat stress at 33T

Erythrocyt
Leukocyte
Green tea, % S
WBC HE LY HE/LY MO EO BA
RBC, M/l
- k/ut - —- % --

0 2425 7.73* 12.39 0.62* 10.00 4.89* 1.88° 291
0.5 21.93 5.38" 1355 0.39° 9.98 2.78" 0.74° 3.01
1.0 19.63  4.54° 12.47 0.35°> 10.17 2.39° 0.55" 2.98
3.0 2291 550" 14.16 0.37° 10.36 2.70° 0.67° 3.07
SEM 1.03 0.39 052 0.02 0.10 0.23 0.12 0.05

ab¢ NMeans within columns with no common superscript differ significantly (P<0.05).
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d 2Eg 2 223 stellA At Wl 53k H7bF A A O dajd 7 F e m A= o
& Tables 10 - 12914 WERdATE Al JHAL Al @ of dald Aol gk Hst=
PCOz, Na % ClollAe= 2+ A3k o2l Abel7F vehub#] gstoyd v &
ZF A3t 2989 2ol 7k A EHAT (Table 10). T3 o] 2xfol A= thEFollA] 10.48%
o2 Aol ve) Fo)Hez 7hg Ee A5 JERAT (p<0.05).

A A 19 $F pHE 72 A3 Fo4<l Zel7t vEhuA] %dth (Table 11).
Alsl JRA] wot= tiERAH o2 PCO., Na, Ca, HCO3 ¥ Anion gap @2 tixolA Z+z+
42.3, 150.3, 1.2, 25.7 B 14.50= Z} Ao HlwsqS W 7Hd A yeigen =4t
3.0% wolTolAe oA oz A vetwth (p<0.05).

AF Fa2 A &7 9 Had WskE Table 12004 Wb whe} o}k, E£8 A] pH,
PCO2, Na, CI 3 HCOs3:= 7+ A3t FASHA Hebs ey PO, , K, 3 Anion Gap oA+
ol A 53.41, 5.45 B 12.16% FoAo® F& T HEHHAT (p<0.05).

AE A 7R "ol dajel WskE 7] AARLdA wAT 18 3 ¥

(o

el deid w@ol AAUA Al T8 A7) MR Ald 27 B2 35 Es ddo] dE
o thzol el w5k Folgtol A Bk AstAl vehd w3k A7 do W deid o

AR EE e o A,

Table 10. Effect of supplemental green tea on components of serum electrolytes in

broilers at the initiation of heat stress

Green tea, % pH PCO» PO, Na* K" Cl Ca’™™ HCOs; An. Gap

0 7.31" 66.87 50.17* 147.7 8.00° 111.27 1.36° 34.09"> 10.48°
0.5 7.35"  64.01 33.06"° 146.9 8.08" 111.88 1.31*" 35.71° 7.40"
1.0 7.29°  67.38 38.80" 146.5 9.01° 111.76 1.27° 32.51" 11.21°
3.0 7.33" 59.76 33.51" 148.0 7.32" 113.13 1.35* 31.83" 10.36°
SEM 0.01 143 252 033 016 0.39 001 0.51 0.49

ab¢ Neans within columns with no common superscript differ significantly (P<0.05).
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Table 11. Effect of supplemental green tea on components of serum electrolytes in

broilers at one day after being exposed to acute heat stress at 33T

Green tea, % pH PCOs POs Na® K" Cl Ca’™" HCOs; An. Gap

0 7.39 42.34" 51.07° 150.30" 6.15* 116.40" 1.24" 25.69° 14.50"
0.5 7.38 47.57" 50.20° 149.38" 4.80" 115.76* 1.27°" 28.52" 10.02°
1.0 7.41 48.07" 39.27° 148.12° 4.88" 113.12* 1.27*" 30.96™ 8.96°
3.0 7.40 53.60° 36.22° 153.56" 4.41° 107.33" 1.31% 33.43" 17.10°

SEM 0.01 1.36 1.67 0.56 0.11 092 0.01 0.76 0.62

ab¢ Means within columns with no common superscript differ significantly (P<0.05).

Table 12. Effect of supplemental green tea on components of serum electrolytes in

broilers at three days after being exposed to acute heat stress at 33T

Green tea, % pH PCO» POs Na" K" Cl Ca’™" HCOs; An. Gap

0 7.35  54.04 53.41* 148.8 5.45* 111.88 1.30° 30.24 12.15°
0.5 7.40 5295 40.27° 146.7 4.96" 111.99 1.31* 33.63 7.12"
1.0 7.38 5495 40.07° 1484 4.39° 109.90 1.34* 33.58 9.15%
3.0 7.37  56.55 4579 148.3 3.96° 109.70 1.27° 33.49 9.20%
SEM 0.01 143 252 033 0.16 039 0.01 051 049

ab¢ Neans within columns with no common superscript differ significantly (P<0.05).

_85_



XA 2EY 2ol digh A S ALY AA A TFelA A
7 et o, AeE AT AFUNAl F 1dAb A tiZ2Tef Bl S uf 5%
TFAA fFeldoz GA YEiy S2pbEe] Foirh 27]9] a2 A

A5
I Ao AsH, Ald T8 Al A Aol 27] a2 2EHAE RS Fo vl

O{N
;
il
>
jﬁ',
ot
I
N
o

A TR R SR AZMA widT B Ad g Axse] Wk A Al vl
A oIAE WA Al JHA] 1dAbel]l A% Wste BE 5o FA7F A4 e

2 Aoz ehut
webd, AR 9 2Eds 2 Sl SAES AAdE KA YoiH A
9 OARR AHFE FAATE RASIL gasu AsEel @48 gAasAm, ot AL, 3

of Aztst, dt B dajde] wgte] osf) F-EHow dWrhsstelst Ad.

_86_



mK
T
o
TH
p
gl

A 6 4

7t M E

TH

AEE 7] wtell, =xke] JhH)

HE AL

= =]
Sl o

Aol A7+ 7HH|

s

x4

ol

o

B

al7)

Bz =] o

T
p

K
gl

=0

18= A

hEs

3k A

of Ab&-=7] Ad7kA] o]

T
iz

A

F71 1t

S

e #xs

# AF -80 oColl H¥tH

9] HPLC standard

2

719l A= EHAW e, JHH

HPLC column °] ¢

A7

HPLC 9] mobile phase ©l 4]

=
525

Hr

—_
o

a
o

)
>

of FulelA BA7A AUHow

E

el

)

R

¢+
ol

do

=S 100 ml]

=
=

Figures 1-2 % Table 1 ¥} #Zt}. 2 g9

1
s

249 o

o

—

=
T

]

]o
EGC, EC, GCG =

32 mg/100 ml ¢ 7}E%

&

bie o,

A3

% HPLC =

&

=
=

_ir
At EGCGollAl 7+

50% methanol ©l| A

22 < (16.6 mg) ©] A=l Cafffeine,

=
=

2 7}FAFE Wl A catechin

o

a2y o]

_87_



Q9 TAATE T AA A H A

Sl

Time: 23.3418 hinutes - Amplitude: 177728 maU
500
500 I
20030403-catechins working solution [GCGES ).dst
Area
150 Retention Time 450
400 400
Il
350 350
5 ]
=2 -
= S
& =
300 =) & 00
e =
- e
[ 2 S
_ - ™ =] 4
=
FR = 50}
o~ A
o
b
-]
ld
200 =] 200
-
o
-]
=] L]
=
150 - Q_ 150
2 o
=+
) k=3
= =]
I = 1 100
100 R §
(=1
s = N RS 2
] 92  S= i
] =+ oo &
50 ] o N - 50
A =) [ =) =t
- - - ~
g € B
B3 = | e ~
0 7 7 T 7 T 7 ? o
L] 2 4 L] 8 10 12 14 16 18 20 22 24 26 28 30
heruut

Figure 1. A typical HPLC standard chromatogram for catechins obtained after 40ug/ml

of working standard was loaded into the column.

Table 1. Results of catechin analysis extracted from green tea product using HPLC

(mg/100 ml).

Cafffeine  EGCG EC GCG ECG CG Total

Elution time, min 10.44 11.04 12.62 14.28 16.09

mg/100ml 7.6 16.6 3.1 0.5 4.5 . 32.4

Elution time is shown in min and the amount of catechins in mg/100 ml.
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Figure 2. A typical HPLC chromatogram for catechins obtained after 2g of green tea
product used in the current study was extracted in 100 ml of mobile phase (50%
methanol) for 30 min at room temperature followed by filtration with a disk filter

(pore size: 0.2 um) and subsequent injection of 40 ul into the column.
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Figure 3. A chromatogram of catechin analysis from extracts of diet containing green

product.
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Figure 4. A chromatogram of catechin analysis from extracts of egg yolks produced

by hens provided with control diet (no green tea product included).
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Figure 5. A chromatogram of catechin analysis from extracts of egg yolks produced

by hens provided with diet containing 0.1% green tea product.
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Figure 6. A chromatogram of catechin ananlysis from extracts of egg yolks produced

by hens provided with diet containing 0.1% green tea product.
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A chromatogram showing catechin peaks for the extract of egg yolk

produced from laying hens feeding a 5% green tea product. There are several

unknown catechin-like peaks.
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Figure 8. Catechin amounts found in egg yolks from laying hens given diet including

green tea product (0, 0.4, 1, or 5%). Note that there are three catechins identified in

egg vyolks.
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Figure 9. Changes in body weight of laying hens fed diet including green tea product
(0, 0.4, 1, 5 or 10%). Note that hens drastically lost body weight during a 7-day

period of feeding dietary green tea products.

Table 2. Percent changes in body weight of laying hens given green tea product

Dietary green tea product Day 0O Day 7 % Change
0% 1765 1684 4.6
1% 1692 1636 3.3
5% 1810 1518 16.1
10% 1706 1363 20.1
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Figure 10. Changes in feed intake of laying hens fed diet including green tea product

(O, 0.4, 1, 5 or 10%).

period of feeding dietary green tea products.

Table 3. Percent changes in mean egg weight and egg production rate of laying hens

given green tea product (0, 1, 5 and 10%)

Note that hens drastically lost body weight during a 7-day

Dietary green Day

tea product 1 2 3 4 5 6 7 Mean
0% 59.6 60.7 584 574 58.2 58.2 60.0 58.9 6.3
1% 55.7 5777 56.9 57.1 57.5 59.1 55.8 57.1 6.7
5% 556.0 534 55.1 55.1 55.8 61.1 52.3 554 5.7
10% 60.2 59.5 553 534 54.8 51.8 55.8 4.7
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Figure 11. Catechin amounts found in egg yolks from laying hens given diet including
green tea product (0, 0.4, 1, or 5%). The previous analytical protocol had many steps
and took a long time from homogenization of samples to injection into the HPLC

system, presumably leading to oxidation of catechins.
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Figure 12. Catechin amounts found in breast muscle (A) and plasma (B) from laying

hens given diet including green tea product (0, 0.4, 1, or 5%).

el A

TR

M
fuy

mK

or

o

o

5

il

[e)

e

3}
k=]

HArk ady

==
=

oA 4

}

~

o2 AR EM, A

N

1

TR

=

S el

-

st7r 7F

=z |
=

3

A

o
HH
el

el
700

A

23 e A

ol

el
=

_97_



Al 7 A Stress hormone (corticosterone) =2

7h A&

2

]_

o]t}, corticosterones ¥ A|ASHE-H A -F A1) = (hypothalamus—pituitary—adrenal

ol
rr

H ool EA L stress hormone 2 3t4<l corticosterone 9 =5 ¥4

axis; HPA axis) ¢ &<l adrenal cortexolA #H|¥ = steroid ZAl hormone®] dFEo|t},
F=o] FAAel YFAAE QlsHA HW Al/dSHE-9] paraventricular nucleus (PVN) ol A
corticotrophin-releasing hormone (CRH) ¢ #W|7} F718A H a1, o]AL thA] ¥ sFA
A9 (anterior pituitary) ©lA adrenocorticotropic hormone (ACTH) ¢ #1]ZE 3} A 71t}
o] ¥ ACTHx HAluld  (adrenal cortex)S Ab3le]  cortisol (2F2 A%
corticosterone) ¢] #H|E S7FAIZITE.  corticosterone & %4 X2 5 Ao #-835}o
oA ] o] &S HIES thFe A Al 2-gol FFS v

corticosteone & stress & WEME T s AxF9 stubelm, o] hormone®| &
© U5y AYA, @34 el AujEn, Bk olygr 2EH A 2= g 5Ll
St WAl Z2 Al dlo] #EEY] witd, sEEFEH dd AsE AHD "ol FHAG

AZE Well kg Eofokst HRE o] Ao FEAA & = ALES HAaspEoloF Fh

N
=<
E H

lo

=
ueb =9 AMSHH e Ades oY A3oA 5 corticosterone o R
Aed ¢ QA o] FEE ME o R dd] oW TEo] 2EYA AdHY i dde 4

A =]ojof ~E ¢~ hormone

rlr
z0
o
o
o
o
H o
il
N
=5
to
-~ o
)
M
1%
i)
ki
[
it
i)
fo
ot
)

corticosterone ] &

4 Hy-line AFHAl (9F 245%) oA v
corticosterone (0 == 30 mg/kg diet)S T3 Th AlY whx]=f
o WM3lEs HAio g 3] il AHAES & +
AEE] § -80Ce WEare] EAAZMA A7y
&l corticosterone o =& SA8t7] flsto] F 7hA o] o] o] &H At &

Us AdHez o]g 7153 Enzyme Immunoassay kit & ARE8H:E FHolal, thE sl

o
il
gh
1
o
N
Ho
o
=
W
N
offt
r O
ERT
24
r>~
({1
S
O
o~
H
Ir
—
R
il

il
2

T
b= A

30
o

HPLC & o] &3+ WiHoldth. ELISAo A+ standard 2 plasma & 96-well plate o] ¥

_98_



Qa3 antibody & FH7Fste] vl v 34 405nmel A AR FHEE S48k A0

at

HPLC & A}g3F 4 AL Mobile phase A = H209|1, B ¥ Acetonitrile®] %)
ot HPLCel 40ut ©] standard %= AlR7F Fol¥l F, &9 3ml/min 9] #4522 column
(dC18 4.6 x 20mm, 3um) °]F%HA, FEH=HoA Hos= EZAEL 220 nmilA 37 S
AT Algete] dAdg e vbeS F=7] fske] columnd 30 -C= A AT
Mobile phaser Gradient = 3} o™, A2t B H] 9] 80:20 o0& AJZ}sle] 48 Zo=
36:64, 1]l 43 Ft A FEHE HEoleA AAEAH

=

= e R =L

Figure 1 &% corticosterone 9 5%%5 YERATE =2} 9 corticosterone # 2§l
+ WEF9A corticosterone 9 %+ ¢ 9 ng/ml B AFHT =93, SxbE §lo]
corticosterone ¥ Fo¥ Al (GT 0 & CORT 30) oAM= £S5 Aoz JAHAATT 2
sle] st oA AIF R A FANA didebA] 3k gQle]l E3FH o] hormone FXE

A S AR AAHAYE AS =gt dbHo 5234HEY 4 corticosterone ©] &

M
)

oAE AT (GT 0.4 & CORT 30)l4+= &4 5 corticosterone®] %7} ka1, FAp4
o] Foi#o] o FolxS Wl corticosteroned] FEw A9 AAQ TERE AN 9
Ao NdAHRE v ow AT 5 e A2, AAAQA A AHEistolA At 27]9] Ak
Aol d4ol= oF 6-8 ng/ml corticosterone ©] SHEGE= Folty. 8y dA AR=

A, corticosteroned} 7 ARE T3 FAHNS W 1% H2AHE(GT 1 & CORT 30)9]
85 corticosterone 9] FEE A2AZT, ALRE F3 HAAHEQ] F937) corticosterone?]
A= S7HE corticosterone®] S ASHAIIY, = ALRE F3F corticosterone®] 1o
7} 8% corticosterone?] S AsA|7It), gl 2E2S U 7] o]2val Alg
ey “Al4d mabEo] AbgAle]l AR 2E# 2 mA= g3 oA #EE
Ahebge] A3 (Figure 2 %) ¢F st aglsfE o, “GT 0
H e 59 corticostrone & AN FPE [ ATt AtrdEH. 53] oA
< coticosterones 27§ AMRE Fole] auE AMRHAlY] Abego] AT Ak 59
WARlel  40%olstth= AlollA Awo]l Thesid. ERE H =
Corticosteroned] H%E A3A|AH 2EHAE 434 7]|=dH 7|98t Aoz FAHAY, o}

Al oI A E AbbE o) Ayt mAatbE ] el wiel w2t Shar sh=dl 3

_99_



20
E 15
(=) —
£
5
510 T
° B -
[1h]
o
c
=]
o
2
s 5 [ B
L
w
o
2
=
=]
(] 0 | | | | |
GT 0 0 0.4 04 1 1
CORT 0 30 0 30 0 30

Figure 1. Corticosterone concentrations in plasma of laying hens fed dietary green tea
product (0, 0.4 or 1%) for the entire period of the experimentation (4 weeks).
Corticosterone (0 or 30 mg/kg diet) was given during the last two weeks of the study.
Plasma corticosterone concentrations were determined using a commercially available

ELISA kit.
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Figure 2. HPLC chromatograms showing corticosterone peaks from hens' plasma. A)
From a hen fed diet containing neither green tea nor corticosterone, and B) from a

hen fed diet without green tea but with corticosterone at 30 mg/kg diet.
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SAAE S et FasHAl AbebE S FEElal ol F mahES I sk ARl Slol A

Abgo] LPS Fold Ao i oz 3B E Tk vl Hxbglo] LPSYE Ae® Aol M =

AAE et Pl wo] FEH L
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Figure 1. Daily changes in feed intake in laying hens fed diet containing green tea
product (GT) at O or 1 % for 5 weeks before being injected with saline (CON) or
lipopolysaccharide (LPS) on days O and 3 at 2mg/kg and on day 6 at 4mg/kg. Hens
were continued to have access to the diets. Note that the group treated with 1% tea
product + LPS recovered feed intake gradually after the drastic reduction on day 1 in

response to LPS injection.
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Figure 2. A) Body weight changes in laying hens fed diet containing green tea product
(GT) at O or 1 % for 5 weeks before being injected with saline (CON) or
lipopolysaccharide (LPS) on days O and 3 at 2mg/kg and on day 6 at 4mg/kg. B)
Relative changes (g) in body weight of laying hens was calculated by subtracting the

final body from the initial body weight.
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Figure 3. Daily changes in egg production rate in laying hens fed diet containing green
tea product (GT) at 0 or 1 % for 5 weeks before being injected with saline (CON) or
lipopolysaccharide (LPS) on days O and 3 at 2mg/kg and on day 6 at 4mg/kg. Hens
were continued to have access to the diets. Note that the groups treated with saline
and with or without green tea product in the diet produced eggs more than 80%;

however LPS-treated hens had an initial decline followed by recovery.
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Table 1. Effects of dietary green tea product (GT) and lipopolysaccharide (LPS) on egg

quality 1in laying hens

GT 0% 0% 1% 1%
LPS CON LPS CON LPS
Shell color 18.8 21.2 19.8 19.9
Weight 56.5 59.1 59.3 55.1
Shell strength 4.3 3.8 4.4 4.6
Albumen height 9.4 10.6 9.7 9.3
Haugh unit 96.8 101.9 97.9 97.1
yolk color 8.1 8.1 8.1 8.1
Shell thickness 433.0 406.5 426.7 419.0
Shell weight 7.5 7.4 7.2 7.1
45
40
e
37 GT LPS
30 — L D0%CON
5 0% LPS
32 T~  01%CON
°L=_3 20 | | O1%LPS
15 =
10
5 -
0
Lightness Redness Yellowness

Figure 4. Liver color in egg production in laying hens fed diet containing green tea
product (GT) at O or 1 % for 5 weeks before being injected with saline (CON) or

lipopolysaccharide (LPS) on days O and 3 at 2mg/kg and on day 6 at 4mg/kg.
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Table 2. Effects of dietary green tea product (GT) and lipopolysaccharide (LPS) on blood

chemicals in laying hens

Green tea,% 0% 0% 1% 1%
LPS CON LPS CON LPS
CHOL 86.3 71.0 102.1 110.2
TG 804.4 490.7 742.6 863.2
BUN 3.1 1.5 2.7 2.5
CRE 0.5 0.7 0.6 0.5
ALP 234.0 231.6 206.0 197.4
GLU 259.0 252.7 260.1 255.2
TP 4.3 4.5 4.4 4.6
ALB 2.4 2.7 2.5 2.7
AST 416.2 459.0 360.4 363.2
UA 3.5 3.0 3.5 3.4
AMY 313.4 326.5 319.4 358.0
Ca 10.9 10.1 11.4 11.3
P 5.7 5.3 5.4 5.9

ICHOL, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; CRE, creatinine; ALP,
alkaline phosphatase; GLU, glucose; TP, total protein; ALB, albumin, AST, aspartate

aminotransferase; UA, uric acid; AMY, amylase; Ca, calcium; P, phosphorus.

Table 3. Effects of dietary green tea product (GT) and lipopolysaccharide (ILPS) on catechin
content in egg yolks (ng/g yolk). Laying hens were provided with dietary GT at O or 1% for

5 weeks before they were injected with (LPS) or without (CON; saline) 3 times in 7 days

GT LPS EGCG EC GCG SUM
0% CON 256 148 322 726
0% LPS 390 187 245 821
1% CON 306 148 215 669
1% LPS 223 110 217 550
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et e 2 53 B mapibEe] FoiE AT RIS el W s mAA|
okttt A 2 LPS 7} ¥AE Rt Aol od3E] w2 FRe FtE o] Wl
A=A (Table 3). Egt A=A 7t FF=E wjg drh. 5 @3k 1g9 110914
300ng A&7t A= ATt

2= olAde AR THIHACAAM 2= catechin®] F3 wWEo= st EA4H

N

il

g M= A AEHA At (Figure 5). dAle] A9} Table 39 A3E EGCGE &

HA S 24 el 2 dTaAE ARRE W ARd A T g 23 Aol

O caffeine B EGCG OEC O0GCG MWECG OcG B SUM

Amount (ug/g egg yolk)
w
|

) ﬂi_ﬁ

0%-CON 0%-LPS 1%-CON 1%-LPS

Figure 5. Effects of dietary green tea product (GT) and lipopolysaccharide (LPS) on the
amounts of caffeine and catechins in egg yolks (ug/g egg yolk). Laying hens were provided
with dietary GT at O or 1% for 5 weeks before they were injected with (LPS) or without (CON;

saline) 3 times in 7 days.
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Nienaber et al., 1999; Mashaly et al., 2004). wz}A4 7}

AlZEE A

1o
L=

%O

2ol U (Camellia sinensis) ¢ ©]

7k

s

b ARl A=

T

o] ¥a1% a1 9t} (Feyes et al.,, 1997; Trevisanato?} Kim, 2000;

=

p

anthocyanin,

A gl

=
=

Kuttan, 2002).

2002;

Yang? Landau,

2002;

Kim et al.,

anthoxanthin, catechin, flavonoid, leucoxanthin

W, 1 Fo| A% catechino] AR Z dH A At} (Yang et al., 1999; Kim et al., 2002).
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Haugh unite] #9l8tAl =718ttt B skt whE Uuganbayar et al. (2005)S  40F#
AbgAl o] HAREES ALE Ul HIbgo s AlFoA] SAkEw HIbe wel Al A 2

BaS 1%, 5% 2 10% ZH7bFolA
Haugh unit, &34, G257 2 G235 5o Al o], &5 Fdo FAAA 43S vH
thal B a1l

b 2 AT = Al

]
H
i A= el AR AR W M7kl AlE A, Al 3 d5A
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7% o] FAAl A 2@ FFA 2008 10¥ 1UFE 12¢€ 24744 F 1253
SIHEASAE S AT Als Ul Eab kg HUbFrE AR AAE 2 73, 9
g, Algk Aol mAs FFS 2AEH] flske] 55589 AbeHAl (Hy-Line Brown) 5,000
& FAEke] 250044 A Eklth. A= ARAIREE wole gixzTek AlgAE Ul AR
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=9 A= HEFEE A w A skt Atget 2 A AA R A 2 Ao,
AESL AF ZZA7HA 17L:7DE A 39t}
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Table 1. Formula and chemical composition of basal diet

Ingredients Composition (%)
Corn 53.65
Soybean Meal 18.25
Corn Gluten Meal 3.86
Wheat bran 11.27
Soybean oil 1.60
Limestone 9.35
Tricalcium phosphate 1.05
Salt 0.30
DL-Methionine 0.15
Lysin—-HCI 0.02
Vitamin-mineral mixture' 0.50

Total 100.0

Calculated value

ME (kcal/kg) 2,700
Crude Protein (%) 16.0
Lysine (%) 0.76
Methionine (%) 0.32
Methionine + cysteine (%) 0.66
Ca (%) 3.80
Available P (%) 0.30

! Vitamin-mineral mixture provided following nutrients per kg of diet: vitamin A,
15,000 IU; wvitamin Ds, 1,500 IU; vitamin E, 20.0 mg; vitamin K3, 0.70 mg; vitamin Bie,
0.02 mg; niacin, 22.5 mg; thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg;
riboflavin, 5 mg; pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60 mg; Zn,
45 mg; I, 1.25 mg; Cu, 10.0 mg; Fe, 72 mg; Co, 2.5 mg.

- 112 -



deoho] Asista 5E4e FAbsky] Q&) A" FRA A2 12554 dEste] olsh
Mol A FNE 2fF ko] A3t 24 W W A S A Sk o] &8kt
MY 224G BAE7] Yate] AHE AT NS AE T EA 7] (Hemavet® HVIS0FS,
Drew Scientific, Inc.)ell Tttt @ A3t 24 dols dilies o dojx &
S A dN EA 7] (Cobas Mira Plus, Roche diagnostics)E AF&3}e] total cholesterol
(TC), triglyceride (TG), blood urea nitrogen (BUN), total protein (TP), albumin (ALB),
globulin (GLB), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
calcium (Ca) ¥ phosphorus (P)& =434t}

Aol dojRl BE AR E9 FAAIS Statistical Analysis System (SAS V9.1, 2002)
9] General Linear Model procedureZ ©]-&3ste] #AHEAS AASSla, Aol fo)d2

Duncan's multiple range-test (Duncan, 1955)& o|-&3&}e] 5% =54 7 AT

A 7S FAE 4 9 6% Aol AojA Abekg, AlR QT FostA v
sh3itt. W Kojima®t Yoshida (2008) &= Abgh §7] (84F#) o 377 2 2% 1,
2 10% H7F wolgt AgelA A Hrbeel uet Adds, AARAFHET 2 AIEE

A 7FAastg o ol= =2k U catechin 2 tannin A &0 ARAAFHTEF 2D UYL o] &5S

a7 RE, 25 U Age] FEe Ul A EHES ASAA A el B4

™
_‘ﬂ
i
K
m
o H

=2} %o+ anthocyanin, anthoxanthin, catechin, flavonoid, leucoxanthin & Th%F

3 AP dA AHEo] syl o, 1 Fo| A% catechino] FAECZE 4HA Ar} (Yang

et al.,, 1999; Kim et al., 2002). A& W SRt S ELE tdsta Hitste] 4

gk 28712 WA A eFkont dhat, kst WY st 2 2EY A A T oY a5&
&

ZHA AL glol 7hE Atbel S ARl S vAE g dvar 4EA A (Wang et al., 1998;
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Windisch et al., 2008). ¥ A& A3}, H2akiba H7F gold mE FA4ZQ1 FaFo] vehA|
@ok=d, ol =2k F& AY B Azl welk =3k Wl tannin 52 FFFIA E2d3
710 Aoz AlgEw, AHdg A= AEA U SA8H= lectin, tannin, alkaloid <] &
FEIAE =2AsE A7l BA4S AL "2 BE 2 5 v EeA dd
(Higuchi, 1984; Akpapunam et al., 1997; Mukhopadhyay®} Bandyopadhyay, 2003; Seena
et al., 2005;).

Table 2. Effects of dietary green tea product on performance in laying hens

Egg production Egg weight Feed intake  Egg mass Feed conversion

Treatments
(%) (9 (g/d) (g/d) ratio
Control 85.6 64.8 120.4 55.5 2.17
Green tea
86.8 65.0 118.6 56.4 2.10

product (0.15%)

Table 3. Effects of dietary green tea product on egg quality in laying hens

Egg volk  Egg shell Egg shell thickness Egg shell

Treatments Haugh unit )
color color (¢m) strength (g/cm’)
Control 72.7° 7.77 34.1° 361 3.15
Green tea .
76.2% 7.73 31.7 371 3.17

product (0.15%)

a, b,

Mean within the same column without common superscripts are significantly

different (P<0.05).

Arg U =z AR H7t Fo7b Al EA v xE S Table 39 YER QT

I
N
>

N2 HTF FoA] glZ& o] B3] Haugh unit®] 53X 5o8HA F5dta Gzhae] =3
= #Aas oy (P<0.05), WA, bzt A 2 bzt PG lojE At folFe
o7} glitt.

- 114 -



A Wl EAsks 4kt 24, W S0 % 2Ed A A 5wk Ay

= EE, TR, AR, AR 24, AW Fol doH, AR Akl A
A FolA= g FFY 2EdUE A G F d e FAARD %S mF 5 Q)
Yamane et al. (1991) & AF&A AAs W 53 55553 0~0.67% H7F 313 A3
A =2 A4EFEE 0.17~0.67% A 74 Haugh unite] 5~8% 713 Z7lstg o Wzt 7
Tol= ZFol7F ldvkar 3tk E3 Abdul Hai Biswas®t Wakita (2001) &
AFEES 0.3% HA7bEoIRS W tiETel Hla] Haugh unit 3 albumin weight7} 9] &HA
S7bstglom Gk o= zbol7} fIAthal Harskith.
of Y HXA FAY FABAQ TS vHTE 2HE BEG]
+d], Uuganbayar et al. (2005) & =x&2S 405" AFAA 0.5%, 1.0%. 1.5% 2
2.0% Froz AR W H7baolsksls W, Al Haugh unitol= 93-S vAA &y o
ZH5Als A7k wEl skl Aasittar Basilvh. B3k Kojima®t Yoshida
(2008) & 847 At&icAle] HaHRETS 1, 5 B 10% woldk Aol =2 1.0% Al
A Haugh unite] tiz7o 3] thh AdEe 4¢SS Blou, 5 2 10% Aol oA
2 us

A
)
N
X
X
e
K
i

+ Haugh unite =

2 4 At} (Hughes et al., 1986; Mills et al., 1987; Mills et al., 1991). W*ZAS AA 3}
= T8 AMAEAL biliverdin-IX, biliverdin—IX zinc chelate, protoporphyrin—-IXo.=2 o] %

protoporphyrin-IXe] 7}% & H|&<S X3t vt (Butcher?t Miles, 1995). McGraw
(2004)> Al A protoporphyrine &4ks} &4 & 23]51o] Aksld A~E g~ SAYA] ALEH
7] wjtoll AlE W BB E S dAkst &4
A 98 9 F Aok Busila & Al Ay, S3RbE W ug EAlske

catechin, caffeine, phenolic acid 2 H|E}W C o] a4t3t &4 9 2314 ~EdXA A &

7}

2

o] g2 w3lste] Ale Haugh unit 3 246 SA4Q1 GFe v Ao= AgHTL
AFAA AFR W S5AF AR HE golel mE do) Astet 2448 Table 4¢] yebd wp
oF At} Hak=E 0.16% H7baodAl d9 o T 2EHE 92 4R FYstA Hase
™ (P<0.05), P % Al &8 Yeblie= A EQ] creatine, AST 9 ALT7} szl Hl&]
oAl AEFA Y (P<0.05). &< U] BUN, TP, albumin, globulin, Z& % 1 =l oAM=
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ol gk 2pol7b A=A ekttt

SxbE 28 AETd AAEY HUF wodel wE dY il FEUsHE 2 SAAY
e ofe] ATl A BaEArt (Arjmandi et al.,, 1992; Wiseman, 1999). A4 5(1999)
Pl =ah, £48 dFd H7F A APelA 52 22 2 532 olgkE: FEE AT

o oA dH W FZdU=EHE R FAAY] FosHA HasATta skgler, Biswas$t

rlo
lj\l

Wakita(2001) GA] SAA H2F ¢S H7MesdEE 3ok AlgoA 3 2 g O F#~
HZo] Fo3tA Attt B stk Ald Ao glojaE A3E S(2001)0] Hap 2 7]

EARS Al U 0.5% o2 H7baodste] @9 2 Al Ol FE2dHE T§FE A A
ol g4 ZFdHEo] FYsiAl #Aasthal Haskgley 543171 A A Ak dof sk 7
2 catechin % tannic acid 59 H=3FE L o] dFo olgk 2% W micelle 84 A

=
GEN AESF oA, FURHLEL B A

’

qME S AT oA 2 AL wAdg 7
A kst JA Fo2 dHA Jdth(Muramatsu et al.,, 1986; lkeda, 2008). Z#1} & Alg
ol FH2HE F TAAY AAE FHOE FIPdH Flo] ofyr] wiel] F-=Hg Fido] Wk
ow Yol Fe|xHE AV AR W FHlzEHE A% Ao Aol e Aol otyr] w&
o d%d, =7 9 AR AA
coenzyme A reductase) ¥ 7a-hydroxylase?] &&=z 2 &4 AR U steroid §F 2 F7}

29l A} astin Yzg,

=

3] 7ZF HMG-CoA reductase (3-hydroxy—3-methylglutaryl

Fi

T

=) A3 2 3k 7% o]4A] total protein E albumin®] A Skl
2 ol = WA A total protein 2 globulin X7} Z7Fsktta el A gk AST % ALT
= 1 A ATl EAlske EAR AEY &4 H ] dRo g {FEE olE
Ao S gF B AR &4 UEhdY sxbel| F7-8 catechin T4 dEstEES ¢
g kst A8 F3l free radicalsell o3 b 4 D A2 E4E AAAE F Ut
et A o™ (Salah et al., 1995; Kondo et al., 1999; Wiseman, 1999), Mistch et al.
(2004)& AEFEFELS HW W E coli Salmonella 2 Campylobacter® 37 2 248 9
Alste] o5 Faf A F 1P S-S oY, A F dvkar Basiglvr Ak g

BUN, creatine, AST ¥ ALT X gt g He7F gdso] X &2 AH ol 7] wZo
2

Ean

Ao FAH GG v Ao Ardc
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Table 4. Effects of dietary green tea product on blood chemicals'in laying hens

TC TG BUN CRE TP

Treatment
(mg/de) (mg/d0) (mg/de) (mg/d0) (g/de)
Control 132.7° 1079.4% 1.13 0.56" 4.57
Green tea product (0.15%) 129.8° 1031.4° 1.15 0.34° 4.60
ALB GLB AST ALT Ca P

Treatment
(g/de) (g/de) (U/0) (U/0) (g/de) (g/de)
Control 2.33 2.24 135.8% 9.87% 14.8 4.5
Green tea product (0.15%)  2.45 2.15 122.5° 7.53" 15.4 4.9

'TC, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; TP, total protein; ALB,
albumin; GLB, globulin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Ca,
calcium; P, phosphorus.

a, b,

Mean within the same column without common superscripts are significantly

different (P<0.05).

RS ER wARkE e Arbelzt M 2l mA= 9@ Table Sell AT
Total white blood cell (WBC), heterophil, lymphocyte 2 Z~Ed#d> *]3%<Ql heterophil/lymphocyte
HlEol dofA A3t xfol7F #& A ek, 28y €9, Hemoglobin % Hematocrit
= frelF e E9k (P<0.05).

Sxb model wE WMyt A ik Ao7F Wol o|FH A A ol AR o=
7] o]¥-u, A& W A5k polysaccharide ¥ #H&E3l3E2 WY 78t 2 Wy 244
24 2T g glom, ARG Wi ofyg; $HAE Wel s vA F dn
A A (Lien¥ Gao, 1990; Xue®} Meng, 1996). 3+ flavonoid ¥ HEITE 59 AE
e AEgd E2d4e Ad AYAEE Assta, A WYgs FxAIga g o
(Tonevisky et al.,, 1996). & A7~ 23}, WA 242 JhA R 3 Foll & ®lo|7f A3
W Ao R JNAY A AHE ddstrldds ofdwe] Aok EI BE Ao HET
Z7do] A WSl Shel AW, A HojuA] &8 AEjolr] wiEel WMET 24 o]eo A Y
7 B do g I REY 3 5o Mo #@E Qo) gk AP} kEojol @ RO R AlR

fe},
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Table 5. Effects of dietary green tea product on leukocyte, red blood cell, hemoglobin and

hematocrit profiles in laying hens

White blood cell Heterophil Lymphocyte

Heterophil/Lymphocyte
(K/wb) (K/b) (K/wb)
Control 8.00 0.89 6.34 0.12
Green tea
8.51 0.96 6.73 0.13

product (0.15%)

Red blood cell Hemoglobin
Hematocrit (%)

(M/uL) (g/dL)
Control 2.89° 9.75° 26.35
Green tea . . .
3.13 10.26 28.98

product (0.15%)
7 Mean within the same row without common superscripts differ significantly

(P<0.05).

O

Ay s AgAoR ol8HA] Ev F SAREEY AR W H7bETE Al Ak
1 S2xAkE o ALE AR
500075 FA8+A
250074 ¢k 9] wiAstlth. Al = AFALREE Fol3 iz e AFALE W SARAE
0.15% 7} FoI3 =4 A5 FAh
At Aol slofA xR H] 3 =5
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ot @ U FEUzEE 2 FAAATS X s
7 9 Aol 48 YERE A #Q] creatine, AST 2 ALTZ} thx+tol| Hl8] #28HA #ast
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A 10 A ZxEe] dAGgAST AT AAd 24
7). AE

2 Ao ZA FAET7T 7oAl 52 RS wolEe sk @ o =18 ) 9
ste], SRS AN ASHoR FoIdt $o| 5% ARE vEoR A FAlo] S
At of7e] o]8H Atm= HA| ARSE Aol =EFH 7] wlimol, oEke] ARPH B Tl
e = Aol dighk Algst ddlo] gFw]ojof 3 Folt) WA, o] ALk Al 10075 HAIA
2847 AES WiE 7PN 3 7HA] O Fokshhd 5B) Ake SR (7oA 5555) <] Akeh

U ARSHlE A g0 (Fe 1005, 289)

el (A) Hl-§-Z 7k (B) ol (1)
R RC I TS ) g2 o WP
O¥rfESls 29,344 OAb=H] #dzked 1,358 Oxapbs H7kHl 750 29,952

ok A Ad (A19de] AT A A

) 7 RS (@) W @ ARANE @D LY AR D) ARLTE
= 85.6 64.8 120.4 55.5 2.17
=2} 0.15% 86.8 65.0 118.6 56.4 2.10

ol Al e ALk GFEA 10047, 289)
O e A=A (= A X ARSYT X AT X Al @b
- iz 359,5209 (= 85.6% < 289 X 1005 x 1509/70)
- 27 388,8649) (= 86.8% < 289 X 1005 X 1609/7W)
AT (52D o JolA Beieds S/ 29,3449 (= 388,864 - 358,520¢)
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x AT (52D 9 Ad7H o] 109 F& °lf?

- o] wAgo] Aol vzt Evlo] AR

l:.

(& 1 e® FH DiscountsS A 7 U= 8219

- 7154 Agoz dujE A5 olfe] ¢ SV Ao= YulE

n} ALsH] Bl ARE (GFH 1007, 289)
O & 2k 24 (= AR/ L4 X FoA7IRE X AR X ALRH)
- ol 162,9609) (= 120 g/Y.55 X 28 X 1005 X< 4859/kg)
- A= 161,602¢ (= 119 g/L.5 X 28Y X 1005 < 4859/kg)
% ALEH] Azl -13589 (= 161,602¢€ - 162,9609)

v, Sk 7S ARE G 1005, 289)
O H& A=A (= AR L G X 5230HE o X 53 w7 X g7k X AR 5)
- =S A7 a1 7509 (= 0.119 kg/L.F X 0.15% < 15009/kg X 289 X 1005
# EZXAE A7ER Q1% 7 At 7509
Ay oz
AR w7 ATATr FAEAY 2T T 2 T8 APEE Alge] TEHE F
‘a2 &3 AN 1 FAGE 1edA “vHEe] RAETE Al Fleta Ao 3 SlEqlth
opilz o7& HAMMES AdxAo] olle} FHAGN H&sta 1 Ayl disiA g5 AF
g 3 AA AR} obd7t AlsETh
T 79 el A T dart Atk AAlE AFTA AlFelA ARSE maMkEe] S
oF W2 o] ARBHSIAL T1Rlel® FTE “EAE AT 3 Sk vk F WAl 91 AlFelA
SRS AlolAdl 88 AL opd SAlel|A] AR EE kAl FelEdth AlolAel ARGE
Al A= Foly sxpabEe] ool nisl] Aol tiek Evhs 1A XS] FUTh Al A
F ARMA "B AT = 21 o]5o] AlolXel] AEAL E ARMIE Hrh dofst e
A ks Sesht) Egh Aol AlgE Al Al Al FolFJqrha o9} e Gl 94 ES

z

A<
= T

4

3

e

@A) APANE FFAN TS, SRS Foliaks sho] dekdt BANA Al
%9 5 5 Foshl Uehbs Felth 870] £ 27104 AEE SRl glopis Rl fabh
A BASA BErhe AL, AREe] GO 5 % PAAY At TR BASE A 4

o



ST 5 Fe AR B 25l Foldl el AvjHow W
of MY P IR e Frehd 92 mEdh ek BAksh Ak BelA A

(¢} o o=

b, & 5, 3, &8, $88] SolAlE Abseh 7 makkzo] H7HE Fejdnhd sApkEe]

i)
30,
N
E=)
Hd
=2
I
©
o

P
T

olge] kel el 7od Ao AR Hrh
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13
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tlo
N
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o
52
O

AFA] AFeks W 1009 thaho AERAE ANSAI 247te) 11388 ro] 24}

L A9 2. Bys E &4 54
(1) pH

<9 AR 58 AAS O AEs AR 3 ¢& TRHT 27 et 7 homogenizer (T
25-basic, IKA, Malaysia) %= 14,000 rpmoll A 183+ #23}] pH-meter (MP 230, Mettler Toledo,
Swiss) & Z743I3lt.
2 54

Chromometer (Model CR-300, Minolta Co. Ltd., Japan) & AF&3le] 5L A&

B SAs5 o, ojuf RFEMEE Y=93.5, a=0.3132, y=0.31982.% 3}t

e

33] ®k
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(3) 7+<47+E (cooking loss)
|55 2 cm FAZ dASA At g2 FAE 45t (A), €Fr)F o] AA o R

= 200 CQl QB o]gdle] AN %71 70 Col =g wj7hx] Zgd & 23 gg Age FA=

S

(A - B
Cooking loss (%) = % 100

(4) A7t
A7E =437 9ste] A7) (Instron Universal Testing Machine, Model 3343, USA) =

ol gale] F1ARAS ST ARs} 95 A u AH8E o] £AE ST o] S4e] "o

fllo

sk 7]1719] 27 Load cell 50kg¥} Cross head speed 100 mm/min®] it}
4) IF5HAF H7F
gk o HEHAREA Y o] &gtk W7t 2 SA(color), &

A
A 9 7|5 % (acceptability) = ZH2F ZAFFILh

(b et A2 AOAC (1990) Wil wheh 102 £ 2 T drying oven oA 24A]%F

Az F T%Fe St Adx A AR Sl ok MEE(%)= YeRiddt felads ARE
water bath o 2iL 70 CeolA 307t 7Fdsh & Bdssity. = % 3000 rpmell A 1027 LA
stal TS SAste] Adx A AR Tl tg WEE(RE eI

(th) =A% Folch & (1957) o Wol we} ==k WA A& 2 g& 50 ml test tube
o Y3l Folch I (chloroform : methanol = 2 : 1) €98 20 ml Y3l Homogenize A1 14,000

rpm .2 30%7F w23} 3 th2 Folch [£9 15 mlE Homogenizer (polytron) tF&%-S A2 &lo] test
tube caps ¥ Tk 4 CollA 2A7FESE BAebHA 204 (HA S = shaking s+t

Test tubedl] #2A3}tE AEZ 100 ml graduate cylinder ©] Whatman No.1 filter paper &%
£ o] &a|A 3Tt graduate cylinder 9] wwS ¢al o] 25%l Pz 0.88% NaCle
7Vete] graduate cylinder capg & th Ad3] &= 5 1A BA|&kQIT) o|w] Folch 1T (chloroform

: methanol : HeO = 3 : 47 : 48) £ 10 mlCE graduate cylinder HHE A&3 & =S ¢

rlr

P i}
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tHa). A%< aspiratorE o]-&alA AAsIAL k% 10 mlS FAS & = F7](b)dll Y A% &

A (©F St A vt 2ok

(c-b) X 10/a
A %) = X 100
Sample (g)
(th 3|8 3% A28 crucible & 105C drying ovenoll A 7AZ3 3 A& 1~3 g& AX

H crucible o Eo} Y3 A&7} & crucible & 600C ¥3}= (Isotemp Muffle Furance, Model No.
602025, Fisher Scientific, USA) o|A 2A17F &<t itk 3]8k=7} 200 C o]st=2 Wzt $ crucible
S AW] desiccatorel] ¥Wil 30E7F Wdd thS FAS A5

3|tz 2 AlEF
3% (%) = x 100
A AEFA

(7P pH: 29 A S8 A A% & QA AR 3gS 7 27w} &7 homogenizer (T25
basic, IKA, Malaysia) & 14,000 rpmol|A] 1%3F &3t pH-meter (MP 230, Mettler Toledo,
Swiss) & 545ttt

() A &AL chromometer (Model CR-300, Minolta Co. LTD. Japan) & AFg&3e] &<
gk AlRE 33 HHE SAsiglon, ol EFEMWE Y=03.5, a=0.3132, y=0.3198°.% 3}3itt.

(th A2kt (TBARS): Burge®t Aust (1978) o] Mo = A3 A|85 Z=2 2 A

23 3 A|83 A8 5 go BHT (Butylated Hydroxytoluence) 50 w9t 57 15 m=E 718l w2 7]
(IKA model T-25 Basic, Malaysia) = 13,500 rpmollA] 1027t #4329 2 mie] TBA/TCA
E3EA 4 mE Y wirleA 1027F 3 F 90 T FgxddA 16%7F 7FE wheAIF T W=
2181 A8+ 3,000 rpm oA 158-7F GAE2] (Model Union 5kr, Hanil, Korea) & A7 &, AZHe
st 234334 (Model Genesys 5, Spectronic Instruments, USA) & 531 nm ¢ &4E2 =4
ato] Ut 22 ARk o Ab=egith

TBARS = F3% X 5.88
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() VBN (Volatile Basic Nitrogen) 574: @2 o] WA ALeg FALSHA] flst] 38 7]
HAdLE Conway M| 4k 9 (&4, 1975) & o]&st 543t

10 g9 Ao 284 oF 90 mE 7}8ta, #A7IZ H3 75,000 rpmolA 187 #3238 A]71
% ofx] (Whatman No. 1) & o]&3lo] ofysiadrt. oo 1 mlE Coway €4 €%l YWil 50%
KoCOs Iml & 94 Q8% Y& & A= 0.0IN HyBOs 1 mie} 500 ul A|A12F (0.066% Methyl
red in ethanol : 0.066% Bromocresol green in ethanol = 1 : 1)& ¥ % ZPAHE v 4 &
22 9 o] AMET KCOsE WHGAIZTE WHEAIZl 5 37 °Co] ujY7lell A 12041t BHg-S FXIA]
P2t olul FAIETE KCOsx WA &8ttt whsgo] £X1% Conway®l F745 dol whE AJZE <l
10 ul GC% injector= 3} 9 wj7b4]2] 0.0IN HoSO47} 455

l

rir
o2
ftlo
i)\
ol
ol
O
2
)
22
ol
O
38
ful

(3) T4 ob At 24

AlE 0.1 gol 6N HCI 10 ml& H7ksh & qiZwol] Yol 24A17F &<t 110 £ 1TelA
incubationA] 71 & oJ¥}s}Sit). Chloride gasE A1AA1717] ¥8l 100TC 2] water batholld AZE AlF
t}. 19 t}S- sodium citrate buffer (pH 2.2) 25 mlE 7}skith 183 membrane filter (0.2 ym)

2 filtering Al7] & o}u| Al 2FsRA 7|2 BA51 T

(4) AgAE 24

A5 10 g& 250 mb A2 flaskell €al 23 solvent (chloroform : methanol = 2:1) 150 ml
£ 37K v 2,500 rpmell A 33t A stete] A ds FESkaL dAlEe (500 mo)ol] oo Ro}
o3} F ofypx]of P2 317|¢} oA BFE EF solvent (chloroform @ methanol, 2:1) 150 mtE -
2 o2 2,500 rpmoll A 3%+ AlFAsste] A ZepaTol thAl Yal 23 solvent 100 mb BEE o]
gsto] Ak -, EEAIZAH

of7]e] 0.88% NaClZ Folefe] 1/4 %= F7lsto] shaking §- 3,000 rpmollA 102 &<t €4

w2|etil aspirators ©]-&ste] AAE RAHOR FFIaE WL &% (lipid layer) & F3H3lTh
F71-8v5<] sk 250m¢ ¥ flaskel ske= o#ety ojuf Na:SOE ol-&ste] H2 &
= 2 oAHg F oAdS 40T olstellA AartaE AL FYsPAAN sHAT (F7]18H 3.
T EE 20~30 mgd lipidEs test tubedl W ¥ 4% HxSOs (40 ml HzSO./1000 me
methanol) &9 1 mE F7Fst] F24& ©al 90 CollA 103t 7Hddt 5 Aol dztaiqlet. 13t

52 AT BA FHE 2 g ¥

TG AAS FFH 2573 wE

ZHT 2 g 2o 51 Hexane 2 mlE ThA] Yol &&=

EE0o] 9o (33 ) =S AAT T Na,SOE ¢

_z o
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Ao dojzl AL SAS/PC (SAS, 1999)% o]&3ste] #4HE4 2 Duncan® tYsd4S

(1) Fale] e o ojw A H7p?
10t 20TH 30t 40t 50t 71E}
0 42 31 21 8 0

(2) ZAle] 4E2?

11/:!]— oq
39 63
(3) FAl2 gk o] & 3] AFS A Y7
T19] 23] 33] 43 71 €}
14 39 9213 91 5
(4) FAL Ao HAEE Solk A gl o A7]?
i ol 2.
102 0

AEzAbeE A"l 20-500 7lEo® aiglon JA= 39% oS 63ow AR
ANHH o2 AlS Fule el 23](39%), 33](23%)7F 7S wken Hlso| figh QA& =Tk
E3 HUsE= TV Fa vjA(73W)2 3] EA L Y9 A FUA AAEGLEE 7 F25H

7)n Y Aow et ®d vAst abOse 0 A 4G e Aow et
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+ YA F(437)]] Ao

C B A9 2 ofFslel M= E

Fehe nA=RT Ak g 2

om Yehston 53 e %)
o] %& ATEHOR

UHERs T
(5) BAlZ FA9] BAES oW vfjA|ol Fa LA = A5
A1 TVHaL w7 7] e
1 73 22 6
(6) A T-UA 7P A o= sk A0
= 74 BdE AR & X4
8 17 9 54 14 0
(7) SARNE F L3 s HAEE BT Adg] FA]
e AdyE s 5 k7 ol EYHE  o]EYx 71}
95 37 6 51 6 15 11 1
(8) 7 Azt SABNEE Ags) T4 L
e AgrE ¢ k7 ol EYHE  olEYx 71}
64 8 1 5 0 0 12 3
(9) (Ap) &g MEsh= o] =2
7FAA 7154 Ak 3t FaL T A<l 71}
24 8 18 43 0 9
(10) A o] v 9] & o= 7915 HAastiduy7t?
o] s
60 42
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(Bh) £ 9] £ ) 7-5jel A o] @Al AzksHA U7

S A 8 gt AgEd g T2
76 25 0 1
Table 1. Changes in pH of breast and leg from different chicken brands
Brands Leg Breast
C 6.60 + 0.20"F 5.88 + 0.70""
E 6.61 = 0.08%8 5.87 + 0.11%°
G 6.48 + 0.11° 6.23 + 0.23%
H 6.54 + 0.16%" 5.65 + 0.04"
T C6.71 £ 0.13* 5.95 + 0.26"P

AB Means £+ SD with different superscripts in the same column are significantly different

(p<0.05).

H g 59l e pHE YRl Aotk tiEF-9lellA T BA=7L
gHo 7 AY =& S Uehdlon G BRIt foHow AU e ks yehith JRsR-el e
G Bi=Er}t fodo g 7H w2 Ahg vERSla HEAE L fodos vhe s vepfigith o
A=A E oA Apol7t AA vERHA ekgron] HAE Tl foF Apolg vERA otk

O

rlo
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Table 2. Changes in color of breast and leg meat from different chicken brands

Meat color Brands Leg Breast
C 52.49 + 4.67 52.64 + 1.93B¢
E 50.91 £ 3.76 55.35 + 2.524
Lightness G 47.54 + 3.89 52.07 + 2.48°
H 49.41 £ 5.73 55.19 + 2.774
T 50.68 + 6.21 54.35 + 2.60"B
C 13.50 + 3.48 2.69 + 1.38%
E 12.16 + 3.39 5.37 + 1.60%
Redness G 12.51 + 3.77 4.25 + 2,614
H 14.39 + 3.41 5.32 + 2.81%
T 12.99 + 2.57 4.30 £ 1.70%
C 10.20 + 1.42% 6.83 + 1.76°°
E 7.14 £ 1.59® 8.06 £ 1.47°
Yellowness G 10.54 + 1.46% 10.12 + 3.214
H 6.65 £ 1.21B 7.35 + 1.84%
T 7.48 + 1.40° 6.09 + 1.22°

ABC Means + SD with different superscripts in the same column are significantly different
(p<0.05).

Table 2 = 77te] melt W =% ReEe] mE 42 Jepd Zold. djERglel
Lx(lightness), a*(redness)ollX= BH¥E ¥ {97 Zfol= YeRR] AN bx(yellowness) kel Al
= fol4 AolE UEhiIE Coh G BASOIA feldow & e UEhIL E G 2 H Bae
NN feldom v ghe et o) JsRglola Zzte] mals W fold Ajols}
Bt 271 E, T BAll=rF fojd o= 7P %9kl G Bal=r fojdow vhe ks vehidit
AMeE C BAE7L fojdom doton) Sne G Bl=rl oo 7P £ TAAM #214
O SHA Yt

Table 3. Changes in cooking loss (%) of breast and leg meat from different chicken brands

Brands Leg Breast
C 0.75 = 0.07 0.79 £ 0.04
E 0.71 £ 0.01 0.74 £ 0.02
G 0.78 £ 0.06 0.76 £ 0.03
H 0.75 = 0.08 0.78 £ 0.09
T 0.78 £ 0.11 0.74 £ 0.03
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Table 3 & Tl thEHS 7Fa§ HaAme] F9lo) WE /A0S e Roltk o)
29 % JReRelelAe A7ke) HUE MR folq Aol tehbd gtor AFel fE5E A% o
3ol slgael 2 Aolrk teht ek

Table 4. Changes in share force of breast and leg meat from different chicken brands

Brand Leg Breast
C 0.81 + 0.14° 0.77 + 0.13°
E 1.07 + 0.30°%¢ 1.11 + 0.19"
G 1.01 + 0.16° 1.01 + 0.20°
H 1.16 + 0.31" 1.11 + 0.34"
T 1.49 + 0.26" 1.36 + 0.26"
AB,C.D

Means = SD with different superscripts in the same column are significantly different
(p<0.05).

Table 4 = H= 51 Zpzp R9jo] w2 ddr7ke vekd Aot thEF-¢lolM= T BA=r}
FHO 1F Bgor] C BASI FAHOE AY WS % YRS olF AL T
A% et T BAEsl Ge)dom b S C nAsT} feldem g vk,

Table 5. Changes in color of breast and leg meat from different chicken brands

Brands Color Blood splash  Off-flavor Appearance Acceptable

H 436 + 1.14 4.09 + 2.03 257 + 1.94 4.93 + 2.62" 4.73 + 1.49""
C 529 + 207 4.22 + 218 211 + 1.68 6.46 + 1.52" 572 + 1.16"
T 5.03 + 1.35 3.73 + 2.04 2.15 + 1.96 2.29 + 2.12° 4.31 + 0.87"
E 490 + 2.11 4.21 + 1.92 229 + 2.00 5.70 + 2.01* 5.40 + 0.74*

G 545+ 154 275+ 1.74 230 + 1.74 544 + 1.43* 555 + 0.71%

AB Means £ SD with different superscripts in the same column are significantly different

(p<0.05).
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a viE S Al BRlEd] i) S0l Ao] ATk 7MY A Eshs BAlEs sk (64%)0I91
AL ol Fal3r)ek 7HA (24%) wWiollt, ey olge] SAE 7T o 7 A4l
ok A AR (54%) olal I vhgol 714 (24%) ot Adzeks F-el= 7
(6078)7F @oktt. tiF-2(76%)2 29| o5-sk2 FA] Aldejof drkar War Il
o Fds 2AHE W, pH, §4 3 ddvlel slojA= F-9E 2 BdE
M= Zol7k gideh. EAREHE Yehl= A o SHS aHA
o] 7138t AuHo] Qe Sshth olBe AR FuiRks (AFe] A= )3 FARs o
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- 131 -



. A

TH

o olgH o}, AAjol

Et
o 2l

T=

A=

7=

Bl

polyethylene

-

T

J xﬂ

A& polyethylene

b

FAY plastic trayol

S

A8

o
=

” oﬂ

EE

6]:]1-

94 ey An F

A

20044 “=

1

|
il
vl
Ho
o
il

TH
-

o
ﬁo

)

A 2007

o}
HH

jpuze)

JJo

Y

= ddEy A ow P

°
T

ZAfe) Fejsk T ulgel A

Fefol mE

REYA

[¢)

o2 744 7}

3

=
o

LR
b 7ro

i

i

polyethylene ©.& %+=

A+ (Park et al.,, 1997a,b;

Kim et al., 2001) 7} & o]Fa glon}

BHow o]Folx

el

ol

o
o

)

0%

l
110

B

150124
e QT

0

Az

sl
by

K
n

- 132 -



(Ross)o. & &7 A& At

=

3L
™o

o)
=

AL &AM AHSHE 5

!

—_
file)

Mo

iy
iz

—_
fife)

ﬂNO
.Z:l
el

e

<)
=0

HEA

4 (VBN) & A

E

i
=1l

MFE = (TBARS), ©

HOP}\

5, 10¥ 9] pH, ~A

TH
0
)

—

0
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H

kjeldahle

Alr
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93.5, a = 0.3132, y =

=
[e)
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Eay

tol HaLr] 7k

[e)
Buege and Aust (1978) 9

N

1

s

=

Al homogenizer (T25B, IKA Sdn.

2 mlL thiobarbituric acid (TBA) /

1.

<
=

dlo] pH-meter (MP230, Mettler Toledo,

S

]

Bhd., Malaysia)® 13,500 rpmellA 10%7F 4

7 90 mL<}

= o

o

1% 10 g

3 A

chromameter (CR-400, Minolta Co., Japan)
3| %= (thiobarbituric acid reactive substance)

oha)

}

-

shett.

S

A

1

s

el

]

2 Al&E 5 go| butylated hydroxyanisole (BHA) 50 ulL¢®} /< 15 mL

polytorn homogenizer (T25B, IKA Sdn. Bhd., Malaysia) = 14,000 rpmol]A 30x%

pH
Switzerland) = =74 3}3it}.
Ao
=
=z

0.31982.%

t}. pH

ol A 15

7ol

;ot

]

A%

gol ¢

= [e)
8AS

=

trichloroacetic acid (TCA)
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Aelgh & YZAlA 3,000 rpmol A 10&3F AR Az A Ee e AR 4TS

[e=]
=
S 3143 t}Sspectrophotometer (Genesys 5, Milton Roy Company, USA)E A}&3}o]

VBN (volatile basic nitrogen) < & (1975) ¢ WHe] we} AAS 3 gof] T/

27 mLE 7}8Fe] 14,000 rpmol A 30%37F #AS & FAMS of3x] (Whatman No. 1) =
o 7}3}e] conway unit HEE-o glycerines HFE3l Ao oyt 1 mLE Y Ao+
0.01 N H3BO3 1 mL9} A AleF (0.066% methyl red + 0.066% bromocresol green) & 3
g (30 pb) 7hske] 4 9 §F 50% K2C03 1 mLE &4 2143 9 F FA 2y
AR e 8718 FEeE ankste] of i 50% K2C03E& & EFAI F 37 ToAA
B $ 0.02 N H2SO4= Ao SA4F &5 S48 mgh= e

[¢]

|

A2
12023t Wi skt
ATt

jus)

VBN (mg%) = 0.28 X (a-b) X Fx100/0.1
o 714 ar A FAHA(mL), b FAE A X (mL), F: 0.02 N H2S04 Factor

/\]._ ;q H} A} }A/xg)

O 1o

At 248 Al8E Folch et al. (1957) ¢ W& ol &dte] 2ARE F5¢ F
FZ5 ZAW 14% boron-trifluoride methylation solution (Sigma, USA) O©=&
methylation A1 § 90 Coll 7} At 7FEA ARl BA] S/ hexans ¥l &
25 Ag. oyl FEHHE AF9 A|EE o]83}9] Gas chromatography (6890N,

Agilent Technologies, Germany) = w218} t}. o] W 7]7] A2 Table 13 #t}.
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Table 1. GC conditions for analysis of fatty acid composition

[tems Conditions
Instrument Hewlett Packard 6890 Gas Chromatography
Column 5% phenyl methyl siloxane (30 m X 320 pm)
Temperature program 5 C/min
Detector Flame ionization detector (FID)
Initial temperature & time 50 €T & 1 min
Final temperature & time 200 T & 40 min
Injector & detector temperature 270 C
Carrier gas He
Split ratio 9 1

o] 4] AdoA dojx A= SAS (1999)9] GLM (General linear model) HHH S

2 #4310, Al A He] vHaE 913 Duncan® Multiple range test’} ©]-8-3}3i .

£ ol whE Qv 4R WA AF: Table 29 2Th SR g gl
238 FFe TF el WE Folsh thehbd gkgkth (P>0.05). et 24

2 4
A%, @) £4E ATt e AF £33 ALY AT v 24 ekt (P<0.05).

e
off

off
1o

JulA o 7 A% AW FJHFS 29 nytom =Sfo|t} 8o nE A Hom e
fFRo] <& ZAHTIE yHo] vl Demby and Cunningham (1980)¢] H.are} < x]&}
St
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Table 2. Effect of packaging method on proximate composition (%) of chicken breast meat

Treatments Moisture Crude Protein Crude fat Ash

Aerobic package 75.04£0.35 19.91+0.89 1.29+40.15% 1.10+0.02
Vacuum package 74.61+0.71 20.07£0.68 1.01+0.16" 1.044+0.08
Wrap package 74.61£0.22 20.87%0.64 1.09+0.21" 1.07£0.09

ABMeans (£ SD) with different superscripts within a column are significantly different (2<0.05).

Table 3. Effect of packaging method on pH of chicken breast meat during 10-day storage at 4C

Storage time (day)

Treatments

1 3 5 10
Aerobic package 6.10+0.16 6.14+0.23 6.48+1.05 6.24+0.16"
Vacuum package 6.12+0.09 6.15+0.13 6.1710.21 6.1840.11°
Wrap package 6.14£0.10° 6.30+0.08" 6.04+0.06" 6.50+0.02*

ABMeans with different superscripts within a column are significantly different (~<0.05).

“d\Means with different superscripts within a row are significantly different (2<0.05).

A% 7]

Y

W pH 24 A3} (Table 3), 37 4 A+

b

G gy

TH ¥ pH #hS HolErh 53] 5dA kel g 104 Akl AA
3] S7tets Aow UEETh (P<0.05). ol= ofg dA7AEe] Bael o] AF 7|3to] 7t
shiA Foju e ofsl dujdoe] Fefjo] hEUolyt ofwlFTE AMEE R pHE ASA
721 Ao 2 AFHETt (Kim et al, 2001). E3H Park et al (1997a)2 W43H=] 9 F7]d7}
o Wz e Apoleke Adglel XE £ APt 7] £ AHefqtel HlaEl %2 pH
E ettt ey 2 A Ay e 233 3] 2 724 Aol YEhuA Sk
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Hil
o,
N
L)

Tl A% 7

N

o] 7t

]

ok

i
-3
=
%
Hir
)
<
o
30

- 136 -



Table 4. Effect of packaging method on color of chicken breast meat during 10-day storage

at 47T

Storage time (day)

Treatments
1 3 5 10

Lightness (L")
Aerobic package  51.53%2.78%®  49.73+2.29%®  50.35+2.24%°  52.23+3.14"
Vacuum package  50.38+1.27° 53.20+2.81%  50.14+3.85%  53.54+1.41%°

Wrap package 49.98+3.18"  51.96+3.99%"  52.6942.39%  50.78+1.50%"

Redness (a")
Aerobic package 1.87+0.96"¢ 2.57+0.574%" 2.36+0.40" 2.96+0.97
Vacuum package 1.81+0.76™° 2.39+1.714% 2.47+0.35%% 2.99+0.44"

Wrap package 1.2040.73% 1.4840.50%° 2.04+0.39% 2.4240.815

Yellowness (b")
Aerobic package 7.41+1.00° 8.18+1.41" 7.13+1.15° 8.334+2.96
Vacuum package 8.87+1.39" 9.86+1.54™ 8.84+1.71% 8.32+0.82°

Wrap package 7.76+£1.225 9.46+0.98" 8.14+2.314 8.494+0.98%

ABMeans with different superscripts within a column are significantly different
(P<0.05).

“ °Means with different superscripts within a row are significantly different (2<0.05).

Z4 o] W 4 =A A= Table 49 2t $4 W A9 RE Ay
oAdFE FUtet, A% 3d¥ 5UAIA =

g 2] vl8)] w2 HE 7S Yoy A% 104k =
(P<0.05). AMw= Al A7 7|3ko] S7hekys BE A2 golA Srheb, £ gl whet
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He Ho AR e WE S Bt T3k Swan and Boles (2002) & 4 %<& pHE
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Table 5. Effect of packaging method on the TBARS values (mg malonaldehyde/kg sample) of

chicken breast meat during 10-day storage at 4 C

Storage time (day)

Treatments
1 3 5 10
Aerobic package 0.07£0.01° 0.09+0.03""" 0.1240.02"" 1.05+0.13°
Vacuum package 0.05+0.02" 0.0740.03" 0.09+0.02%" 0.82£0.20°
Wrap package 0.21+0.07 0.1340.06"" 0.1840.04" 0.97+0.36°

A CMeans with different superscripts within a column are significantly different (P<0.05).

ab\Means with different superscripts within a row are significantly different (£<0.05).

2
>
Jfu
i
rlo

Gy A 54 23 (Table 6), A4t e} o] A 7]|3te] 57
S etk (P<0.05). Dierick et al. (1974) & A=A 7|7ko] Z7)at4= N
2 AFEY T BRadgith E3] Park et al. (1997b) & Y& A& = Pzt

ol\

Aate] 20 mg/% 7ol we H

Table 6. Effect of packaging method on volatile basic nitrogen (mg%) values of chicken breast

meat during 10-day storage at 4 T

Storage time (day)

Treatments 1 3 5 10
Aerobic package 10.67+4.17¢ 14.854+3.78%¢  26.80+5.20*  30.93+9.71%®
Vacuum package 12.64+5.42 16.02+4.49"%  20.71+4.56" 25514254
Wrap package 14.1245.64" 19.62+2.43"  25.8846.25"""  34.41+2.93"

BMeans with different superscripts within a column are significantly different (2<0.05).

4 °Means with different superscripts within a row are significantly different (P<0.05).
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X Wl mE AWak 24 A A= Table 73 Zrh @av] JhsAdA =
Palmitic acid (16:0) ¥} Oleic acid (C18: Linolenic acid (C18:2) 7} B2 3takS A}1A

D 2
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sAgaro P Atk 4% 197}
A FEke]

Lol A

NAom galel AARA % AAL 24 B A AW s BESH A ol
ojalA dojun], ¥4 wel me vol A Park et al. (1997b) & E7baba thelael
209 Bok W AR F AW 24 An AF LAl #7] LA wste] §o4Q) Aol
GERA gk e BEES) o et A% deiad. =9, 2 49 Av £ 0
Wol nhe ol welFA) Rah: AL Helstgirt

Table 7. Effect of packaging method on fatty acid composition of chicken breast meat during

storage of 10 days at 4T

Fatty 1 day 10 days

acid APV vpY wpY APV vpY wpY
16:0  25.92+0.92% 24.14+0.73"" 24.67+0.56*" 25.07+0.67*" 25.90+0.80** 24.13+0.25"
16:1  6.25+1.29" 4.87+£0.43"" 3.88+0.73° 5.09+1.07 5.27+1.01  4.73+0.47
18:0  8.45+0.96 9.29+0.24° 9.51+0.89  8.25+1.18 8.24+0.48" 8.62+0.84
18:1  39.1240.19 39.29+0.84 36.35+3.27 39.08+2.91 40.81+1.26 40.63+2.74
18:2  16.98+0.63% 17.43+£0.37° 19.93+1.45" 18.37+1.33 16.38+1.44 17.56+1.02
20:4  3.28+1.18  4.98+0.94 5.66+1.92  4.15+1.62  3.40+0.37  4.34+1.42
SFA?  34.3740.28 33.43+0.74 34.18+0.76 33.32+1.84 34.14+1.26 32.75+0.61
USFA?Y 65.6340.28 66.57+0.74 65.82+0.76 66.68+1.84 65.86+1.26 67.25+0.61

AB\eans with different superscripts within a column are significantly different (2<0.05).

ab\Means with different superscripts within a row are significantly different (P<0.05).

VAP: aerobic package, VP: vacuum package, WP: wrap package.
YSFA: saturated fatty acid.

YUSFA: unsaturated fatty acid.
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1
R

)
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Chromameter (CR-300, Minolta Co., Japan)& A}
W= (Lx), &A= (a*)
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A Akl (TBARS) & Burgedt Aust (1978) o WHoz 43¢l on, Ag8E 22 ZH
AEsE & AEsk A8 5go BHT (Butylated Hydroxytoluence) 50 w9} ZH< 15 mlE 7}l w2 7)
(IKA model T-25 Basic, Malaysia)® 13,500 rpmollA 10%7F A3ty 2 2 meo]l TBA/TCA

SN AmE Yl wHb7|oA] 10%7F £ $ 90T 204 1587 719 vhsAIAY. Y=
213 Al 3,000 rpmoll A 1587 44E2] (Model Union 5kr, Hanil, Korea)E A7l &, AZols

TBARS = 3% X 5.88

2}. VBN (Volaile Basic Nitrogen) 5%

el WA ARE ZARSHA] 9ot A VIEEAE Conway MR FAF H(EA,
1975)& ol&sto] AU

10g9] ANEE H3t 9 ZFS < 90 mlE 718te] #2712 H 75,000 rpmolA] 187 #2
s} AIZ1 %~ Whatman No. 13A|E o]&3to] ofatagitt. of3ted 1 mlE Coway<ld 2|&l w¥ar 50
% KoCOs 1 ml & 9l @E8Fo] ¥2 5 ez 0.0IN HBO; 1 mi¢t 500 ul#|A]eF (0.066%

ofN

Methyl Red in ethanol : 0.066% Bromocresol reen in ethanol = 1 : 1)& ¥& 3 ZFgAdS vl=
S 2o 5 oA AMEI KoCO3e WHSAIFAE WHSAIZL 3 37°Ce] njd7]ol A
Z2IA70) olu) FAIEFE KoCOsE B4 &tk wheo] 318 Conway® F4E Eof W A

okl 10 ul GC& injector® =3} 2 wj7bA1¢] 0.0IN HoSO, AFEE+= o =A 3k AALeodt.

JN

e

ol FtS
ANB 25 g E AF3 T, AEE A8 FA9 108E ¥ 602 %< stomacherE 3},
stomacher €% A55 1mlE FH3t $ 108] A4S ol ER D AL doh A5 H 37T
T

o] A 48A17F &<t incubatorol| Al Bi%AI 71T

o

Aol Lolxl A4S SAS/PC (SAS, 1999)= o|&3dte] #4HEA 2 Duncan®] t=ad4<
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Table 1 & AMZHG gFo w2 Al pHE 2AS Holth, AH7|ro] A=
© A7 oo m Fopxtrt v 9 HE AEFS UEREY 3 {71202 A8

o Age G olde Bge f714H5e olste] pHel

rol

Table 1. Changes of pH in chicken breast muscle during sotrage

Storage time (day)

Treatments
1 3 7
Control 6.12+0.01° 5.99+0.02" 5.96£0.00%
1% Acetic acid 6.13+0.02° 5.95+0.03" 6.094+0.03
2% Acetic acid 6.12+0.01° 5.71£0.07" 6.10+0.01*

AB Means £ SD with difference superscript in the same column are significantly different

(p<0.05).

@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).

Table 2. Changes of TBARS in chicken breast muscle during storage

Storage time (day)

Treatments 1 3 7
Control 0.19£0.01¢ 0.31+0.01" 0.48+0.01°

1% Acetic acid 0.20£0.01° 0.2940.01"® 0.4840.03*

2% Acetic acid 0.1940.02° 0.31+0.01" 0.45+0.01°

AB Means + SD with difference superscript in the same column are significantly different

(p<0.05).

@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).

Table 2= #7425 A7t Agatstel] vA= dFe debd Aoz A7G7]7to]

ul

AY5% BE AuTh fOHoR FARIAT AF 794 K4 Afol7t 1A Bk,
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Table 3. Changes of VBN in chicken breast muscle during storage

Storage time (day)

Treatments 1 3 7
Control 52.36+0.45" 53.56+0.76"" 57.78+0.41%

1% Acetic acid 50.8140.33° 56.60+0.73> 58.23+0.64%

2% Acetic acid 50.77+1.55 56.78+0.70°* 58.0240.85"

AB Means + SD with difference superscript in the same column are significantly different
(p<0.05).
2P Means + SD with difference superscript in the same row are significantly different

(p<0.05).
Table 3 & f7IAAa Ae7b g o) Aarh fejr o S7hek v A+
Frelli= ARl ZRel7k Gk, fr71a A7k fwd e dioe 9gs 74 2 A

o= Yt

Table 4. Changes of meat color in chicken breast muscle during storage

Storage time (day)

Color Treatments I 3 =

Control 54.2243.09 50.32+1.40" 57.4244.73

L 1% Acetic acid 51.35+1.33 54.34+0.99* 53.87+2.25
2% Acetic acid 57.79+0.89 55.63+0.91"* 54.03+4.05

Control 3.21+0.13 2.42+0.42% 2.13+1.29

ax 1% Acetic acid 4.57+1.61° 1.85+0.12"" 1.9841.30°
2% Acetic acid 3.3040.55 2.47+0.13" 2.35%0.55

Control 6.2140.23° 4.16+0.27"" 7.56+0.55"

b 1% Acetic acid 5.68+1.33 6.36+0.44" 6.23+0.79"
2% Acetic acid 5.80£0.69 6.22+0.35" 6.14+1.91"

AB Means + SD with difference superscript in the same column are significantly different

(p<0.05).

@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).
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Table 4. = #714F A2le] o& #4o] WslE vepd Aot A Tael fel4
Aol hehbA] gksiet.

Table 5% 714 A2 7ol old mAZ WaE Jepd Roldh. A47|7ke] U5
frolH o ks ont Aol o4 atelr} e ergieh kAW 4477 §

frol
F7AF A7t vl gl vu g Jepe T Aol vhehg

Table 5. Changes of total plate count in chicken breast muscle during storage

Storage time (day)

Treatments
1 3 7
Control 2.09+0.13° 3.80+1.42% 5.88+0.01%
1% Acetic acid 2.27+0.05° 2.95+0.07" 5.69£0.17°
2% Acetic acid 2.2240.06" 2.22+0.16" 5.15+0.71°

AB Means + SD with difference superscript in the same column are significantly different
(p<0.05).
@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).

ZA Al AgE ) duadsE VHE ¢ e o] shubs acetic acidel 22

SHAIZIAINE S ae) A APEabsh §4 3 v gEe] tid G2 fidddh olHd 2
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w ATl FAE AE Ame satEdd sk, 20061 68 Az EME =3p
= wog SARE AR FHAo H7F FEs dElste] AFES AASAAL ol FolE AR

o] wig A EE Table 13 2ot TAIE SAE ATl vdd 558 FA 34t (Ross

strain) & 14045 FAISA L AdtE 52k s FFo] (Control), 0.5 % (Treatment

1), 1 % (Treatment 2) 123l 3 % (Treatment 3) H7}F+2 FE3 A2l & 49, Wk
F 3575 & o wAIET SAE 109 w4 AFS 2% (21 £ 4 ) oA ASE A,
SaAPbE S wod ASS 2AT = AP Al AR EAT 2Ean & Ao AFREE T A
d Ase 4749 7hesFor 7] £4S oo 4 T W9 2&0A 79 Eot BastdA A
d As= AHge
V4 B L
At A2 AOAC (1990) Wiel wet 82 Axy, =AY T2 Soxhlet FE=WH H
Z3|3 S 550 T A e 7 A8 | 53 R SAsH
LS4
|- A8 Chromameter (Model CR-300, Minolta Co. Ltd., Japan) & A}g&3lo] =3 A5
53] ¥HE ZAom, oju FFEAIE Y=93.5, x=0.3132, y=0.31982.& 3}3it}
t}. pH
<9k, AR 55 AA = A-de AR 3 g TFST 27 mL¥ ¥ homogenizer (T 25
basic, IKA, Malaysia) = 14,000 rpmolA 153+ #3238t pH-meter (MP230, Mettler
Toledo, Switzerland) = %3}t
oh AR 4
4 22581 20~30 mgY lipidE test tubeo] ¥ & 4% BF3&9 1 mLE F7}3+
of 45 2a 90 TollA 10&7F 7tk & Ao dZsiqlvt. 23k S/ 2 mLE ¥
<53 Hexane 3 mLE WAl Yol &5 % st5& A7staL oA S/ 8 mLE Yol &5

o] FARom (33 W) 5SS AAT F Na2SO4E Yol 8-S AAUY. 4FH 2.5~3
okl GColl Fdste] Aake w2 A=t on, ojuf GC =71 Table 29 o}
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Table 1. Fourmula and chemical composition of the basal diet

Ingredients Grower
Corn 61.64
Soybean Meal 27.88
Corn Gluten Meal 4.00
Soybean oil 3.06
Limestone 0.08
Tricalcium phosphate 0.05
Salts 1.23
DL-Methionine 1.31
Lysine—HCI 0.25
Vitamin—mineral Mixture' 0.50

Total 100.0

Calculated values®

ME (kcal/kg) 3,100
Crude Protein (%) 20.0
Lysine (%) 1.00
Methionine (%) 0.38
Methionine + Cystine 0.72
Ca (%) 0.90
Non-phytate P (%) 0.35

Witamin—-mineral mixture provided following nutrients per kg of diet: vitamin A,

15,000 IU; vitamin D3, 1,500 IU; vitamin E, 20.0 mg; vitamin Ks, 0.70 mg; vitamin
Bi2, 0.02 mg; niacin, 22.5 mg; thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg;
riboflavin, 5 mg; pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60 mg; Zn, 45
mg; 1, 1.25 mg; Cu, 10.0 mg; Fe, 72 mg; Co, 2.5 mg.

“Calculated values.
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Table 2. GC condition for the analysis of fatty acids compositions

[tem Condition
Model Hewlett Packard 6890 N Gas Chromatography
Col Supelco wax' ™ 10 fused silica capillary column (60 mm X 0.32
olumn
mm X 0.25 pm film thickness)
Detect
stector / Flame Ionization Detector (FID)/ 250 T
temperature

Initial t t
Tu ial temperature / 180 C/6 min
time

Rate 5 C/min

Final t ¢
that - Lemperatire v 4 /20 min
/ time

Injector temperature 250 T
Carrier gas No

Split ratio 10:1

B
of
e
£
H

(TBARS) + Buege and Aust (1978) ¢ Wyo g =H3sgon, Aa5s
S ME3S Al 5 gol BHT (Butylated Hydroxytoluence) 50 plLo} &
A 7](IKA model T-25 Basic, Malaysia)® 13,500 rpmol]A 10 %

s
M

m
Astgith, AN 2 mLe| TBA/TCA 2389 4 mLE Y3 7|l 10%37F &3 £ 90

ol

27 (Hanil model Union b5kr, Korea)E Al7l 3 A=dS 3

e
(Spectronic Model Genesys 5, USA) & 531 nm¢ T3 EE SAHsle &3 28 A4
o2 AkEskiT.

TBARS (A4 %) = &3 % X 5.88

v}, VBN (Volaile Basic Nitrogen) 74

e Wy AR A4 Astel I A7leasE Conway VI SHPEL
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o] g3ste] ST 10 g9 AEE FHF H SFF 90 mLE 7hstol 7= Har 75,000
rpmol A 13F #3283} A]1Z1 & Whatman No. 19ZX| & o] 8-3}o] o3&} ¢it}t, ool 1 mL
g Coway®l4d %o Yi 50% K2CO3 1 mL & 9|4 2&8%Fd We F U= 0.0IN
H2BO3 1 mLeF 500 pl. A A 2K0.066% Methyl red in ethanol : 0.066 % Bromocresol
green in ethanol = 1 @ DS Y2 & =gAHS HE F4& 22 & 99 HME3
K2CO03& WhA 2w, vEeA1ZL 5 37 Co HjFr]olA 1203 vbg-2 FXAZ . ofnf &

B
At} W] ZHE Conway®l ¥74S do We A7

AR e ABU FRFE o
¢rell 10 pL GC& injector®= %3} & w79 0.0IN H2S04 ARY= ds S35t At
srgie.
A FitS
A RS FolT AA A% v AE P 9w AF5E A=Y BE WA

oljr
=y
il's
N\
ol
ﬂOL
2

(ZF1: Aerobic Count Plate Petrifilm, 3M Health Care, USA)S A}&-3}o]
o A8 5 g WY A A4 45 mlol ¥ il Bagmixer (Interscience, German) =
2 g 1 mLd AHskel FulE 9 mL Wa el ¥ sAad ¥, 49 34
MER 1 mLA A AE 8 0 ogEs EIRE WA 242 AFs] 37,1 TolA
24X3F W F ERUS AFE

i
>

o

fot

Alslo A ozl AL SAS/PC(SAS, 1999)& o]&3dte] EA4HEA 2 Duncand vt

=2k AHES wo S 2EEs W SA S ARk AR FE (moisture),

(crude ash) ¢ Z¥}+= Table 37 #t}. F-io] 73.98~75.2 %=
el o 3 1%E wole A7 fFolHo R Ut (P<0.05). =2k 3 % woldh A
T7F FreH ez WAk (P<0.05) Hol ol wEkd 54 f3o] vehuR = &tk o
WEH o2 Al (72~76 %) T2 5% 9 =l vl i o] wr) 99 i dFS
AWAQl 7 FrgAtolol] o] HER 5%

} *
Ao AR b oled Auke Fol £E3 wel A B Aol vehd A

o
=

rr
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il
o
o
(T i,
rEL Su}

A (0.98~1.35%) e o8l Ahel7}
=g W Aol AAHE Ao] JFe MAA Fe Ao
o HQl Aol7h 47t ThE A Folol WE ATEe] AT AW wol: Ao olg}
Sobe glel YE old AnEe QA mEA Qw 4R e ¥@Eee
w3k Fol7k A%e] S40 2 gL mAA @A LAAA dFe vAA P Ao

Ebsk ot

UEA k= o]= 57
=

Table 3. The effect of dietary green tea level on moisture, crude fat and crude ash in breast

muscle
Treatment
Item
Green tea 0% Green tea 0.5% Green tea 1% Green tea 3%
Moisture 74.14 + 0.075¢ 74.40 + 0.30° 75.26 + 0.21* 73.98 + 0.10°
Crude fat 1.30 £ 0.21 1.24 +0.12 0.98 + 0.12 1.39 £ 0.22
Crude ash 1.34 + 0.03" 1.35 + 0.06" 1.22 + 0.06" 1.26 + 0.02"8

ACMeans + SD with difference superscript in the same row are significantly different
(P<0.05).

L AAE 24

Table 4= =2t Fo FFd we AL APt 24o= Palmitic acid (16:0)
Linoleic acid (18:2), Linolenic acid (18:3) oA #2421 zto]l7} veRr (P<0.05). ARk
Ao x AFo| A+ oleic acid, palmitic acid, linoleic acid £2.% YUE+= Aoz &&A

o} =32 FoFFo] Ad we Ay (green tea 3%) °l A palmitic acid (16:0)7F 7} ©&

Aoz Ve o™, linoleic acid (18:2), linolenic acid (18:3)d A& =} AtE Fo] 5%
I Aol Ztzhe]l AT wEl [£-9]4 AolE KT ol HEgE mafe] Fo] 5o

olgt ztojH i JRAZE Apo]= Qlste] YERd AR Al ET BFAH S AHEY] Ho FE
of webA FEsPAAES] palmitic acid (16:0)= @5+ &37F, 323} A4S linoleic acid
(18:2), linolenic acid (18:3)& ¥ol= E¥7t 9l A= Vet dvbdow Aike &
F 59, Al 2 7l 24, off, CLA)Y #AIgle] oleic acid (18:1) > palmitic acid
(16:0) > linoleic acid (18:2) «o=2 o] #=A udetdu (Y, 2008; 44 5,
2006). sFA|"F Table 494+ oleic acid > linoleic acid > palmitic acid =22 ZA37}
Epskrh. 2 AFdAE dxzgt 2 S5A g AgTtek dagle]l BE A TelA linoleic
acid®} palmitic acid ¥%Fe] whHlo] YElt=H o= 7|€9] B A+ Ads3 HolstA e
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ZRAel TR &L

Table 4. The effect of dietary green tea level on fatty acid in breast muscle

Treatment

Fatty acid

Green tea 0%

Green tea 0.5%

Green tea 1%

Green tea 3%

Myristic acid (14:0) 0.73 £ 0.08 0.68 £+ 0.02 0.63 £ 0.04 0.62 £ 0.04
Palmitic acid (16:0) 23.63 £0.00" 23.55+0.08" 23.73+0.28" 22.86 £ 0.04"
Palmitoleic acid (16:1)  2.99 + 0.04 3.21 +0.04 2.48 +0.32 3.04 + 0.36
Magaric acid (17:0) 0.17 £ 0.02 0.15 + 0.01 0.14 +0.32 0.15 £ 0.01
Stearic acid (18:0) 10.10 £ 0.42 9.24 £0.33  10.93 £0.37 9.37 £ 0.95
Oleic acid (18:1) 29.85+0.86 28.67+0.30 28.21+1.15 29.38 £ 2.06
Linoleic acid (18:2) 26.30 £ 0.26% 27.90+0.21" 26.60+0.61° 28.20+0.21"
Linolenic acid (18:3) 1.53+0.01" 1.72 £0.05*  1.42+0.06® 1.74 £0.09*
Arachidic acid (20:0) 0.40 £ 0.03 0.39 + 0.00 0.40 + 0.01 0.41 £ 0.02
Arachidonic acid (20:4) 4.33 £ 0.45 4.51+0.13 5.55 + 0.21 4.26 £ 1.29
SFA 35.02+0.54 34.00+0.41 35.75+0.58  33.39+1.02
MUFA 32.84+1.26 31.88+0.26 30.68+1.47 32.43+2.43
PUFA 32.14+0.72 34.13+£0.15 33.57+0.88  34.19 +1.40
UFA/SFA 1.86 + 0.04 1.95 + 0.04 1.80 + 0.04 2.00 £ 0.09
ABMeans £SD  with difference superscript in the same column are significantly

different (2<0.05).

9. A% &4

2H|RFES] AAES e uf 7 F Q8
}(Faustman and Cassens, 1990). Al&& e=3
S(ax)e} A E(bx)ol] Hl8] WE(L#)7}F ez ¢ FR38 T},

HERE A, ol% 2 AR W gEEE 9

58

A el

2~ (heat stress) = ©]44 (PSE : pale,

soft, exudative) & A2FstAl ®t} (Barbut et al, 2008). ©]4% (PSE) o] ZAE A% 9
SAL ol =5 XY e A4S AUA HY §4, By 2 dRoE %S v
Atal B uskglt (Owens et al, 2000). F2k= ARk o R ~EHAE M7= a7}
kil ®awal 9tk (Kim et al., 2006). w2k & AEHAE 2 2= golA 54 e
woAgomA 2EYAE AT a3 e AeE ARSI olm Qlete] S &
AR 2t 98 Zog dEHdT shANE 2 A Ay 53k 5o e wE A
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lightness)= ¢4 2] (P>0.05)= UWetUAl &Fkar A% 713bel] whet 1Y, 39 zHzhe]
A Foll A F-294 zFol= YERHAT (P<0.05) (Table 5). A% (a*: redness)?} A & (bx:
yellowness)ol A= §24 ztel= yebbA] gokth. WElL-) A9 AT 2 (59.7)7F e
Mo g Egal =2k go] 3% AT (54.8)7F 94 WA e Th(P<0.05). Z47he] AT
oA E fo4 zhol7t YElGA R Hap Folo] wE g3z wrjde = Ay dgd.

Table 5. The effect of dietary green tea level on surface meat color in breast muscle

Storage time (day)
1 3 7
Green tea 0% 57.28 + 2.00" 57.09 + 1.96"F 57.71 £ 3.02
Lightness  Green tea 0.5% 54.84 £ 1.29° 54.97 £ 3.16" 55.71 £ 2.39

Treatment

(L#) Green tea 1% 59.73 £ 1.68" 59.48 + 2.68" 57.93 + 3.23
Green tea 3% 56.66 & 3.84" 57.85 + 4.55% 57.22 + 3.66"

Green tea 0% 2.36 +0.97 1.63 +0.70" 2.16 £ 1.07

Redness  Green tea 0.5% 2.14 £ 0.57™ 1.57 £ 0.77" 2.61 + 1.55
(a%) Green tea 1% 1.35 £ 0.58° 0.73 £ 0.99"™ 1.73 £ 0.65°
Green tea 3% 1.88 £ 1.70 1.14 £1.15" 2.22 +1.41

Green tea 0% 7.69 + 1.06° 9.44 + 1.66" 11.31 + 1.89°

Yellowness Green tea 0.5% 7.39 + 1.37° 9.24 +1.35 11.38 £ 1.99°
(b*) Green tea 1% 7.91 +3.23 8.73+2.91 9.47 + 3.02
Green tea 3% 7.91 £ 2.92° 8.40 £ 3.23" 10.89 + 3.08°

ACMeans + SD  with difference superscript in the same column are significantly
different (/<0.05).

¢ Means £ SD with difference superscript in the same row are significantly different
(P<0.05).

2t A% pH W3}
Table 65 =2} Folo W& AL pH W3S Yelll Ao =3k Fo] 3% A8+
(5.61)7F A& 7I1ZF B FoH o2 pHZF WA YEFSFTHP<0.05). pHE S2S 2AHA = 2

o

A0l Al HgA] W S Mo kS njxe=dH JMEo] e =L AEYAE WS A9 28
el pHel Zst7t 5438 o] FojA 7R ES

[e]
I“
A agE s FAolu 5 4Ee A9 & ASodMs dEidA e pHrp W2 dite
=

westlel oyt wE, pHE W44 WAL HE AR prt ¥35S
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Table 6. The effect of dietary green tea level on pH in breast muscle

Storage time (day)

Treatment
1 3 7
Green tea 0% 5.73 £ 0.02% 5.65+ 0.02°° 5.62 + 0.01°¢
Green tea 0.5% 5.70 £ 0.01* 5.76 + 0.04* 5.75+ 0.01*
Green tea 1% 5.73 4+ 0.03* 5.73 4+ 0.01* 5.75+ 0.01*
Green tea 3% 5.61 + 0.03%° 5.65+ 0.01% 5.61 + 0.02°°

ABMeans £ SD  with difference superscript in the same column are significantly
different (/<0.05).

ab\Means + SD with difference superscript in the same row are significantly different
(P<0.05).

SRS o8B HFA A 2uAEl AAHS 8T Ak A Te) A
| Az S ook shzvl mekA A 713F Ft A

[e]
"I_‘!"
AArs L e v, VAR gAe Mg Faal o/l Ak AT Agats 2 e

ol
N
L
off
r O
-z
B
off
2
Y
§2
=
B
R
>
mln
=

i

4 WS A 7= 2EE 549 dAd 229 cateching A &sthal vk, Ixfol] Z3HE o

AL A, Aol wow o yolrt Fotele adrt e Hew o

M= FakE Foldh AF AFAAS Bz A, dmd wsk gl
e 2]

¢l catechin® AlS49 AWAstE AAA 7| whalz Al

Zohebe ATe UEon 2 gode] wolds® A ARl asts AEAM)
of UpEpskort A4 wpxE 7RG AE A Frel folAQ) Aol7h EA kgt 87
WA e Aot %AE Fold AGEo AWAds we Ao ey el

A w37 AbelE A S el &Rk sl Qi Ao wekEel Wtk

o

b

- 155 -



Table 7. The effect of dietary green tea level on thiobarbituric acid reactive
substance (mg MA/kg) in breast muscle

Storage time (day)

Treatment
1 3 7
Green tea 0% 0.21 + 0.02" 0.30 + 0.03 0.53 £ 0.04°
Green tea 0.5% 0.19 £ 0.01™ 0.24 £ 0.01™ 0.40 £ 0.09*
Green tea 1% 0.24 + 0.03% 0.30 £ 0.01% 0.40 £ 0.02°
Green tea 3% 0.24 £+ 0.02% 0.26 £ 0.02" 0.43 £ 0.04°

ABMeans + SD  with difference superscript in the same column are significantly
different (/<0.05).

ab\Means + SD with difference superscript in the same row are significantly different
(P<0.05).

=
1
ZAolth(Table 8). A&77ko] Ad=5 A A7|Hda gl S7ete &=

B A% 3, TUA =4 F
2

Table 8. The effect of dietary green tea level on VBN (Volaile Basic Nitrogen)in breast

muscle
Treatment Storage time (day)
1 3 7
Green tea 0% 63.78 £ 2.94%" 58.97 £ 0.53 74.42 £ 0.52¢
Green tea 0.5% 61.22 & 3.16" 65.88 £ 0.38"™ 74.94 £ 1.01¢
Green tea 1% 60.31 + 1.03% 73.51 £2.12* 79.33 + 2.06™
Green tea 3% 54.33 + 2.39"° 71.07 £ 2.65™ 82.74 + 0.42

A CMeans £ SD with difference superscript in the same column are significantly
different (7<0.05).

“d\Means + SD with difference superscript in the same row are significantly different
(P<0.05).

Anbd o2 a4t #go] 2 Zloz delA- du(Banon et al., 2007). & A
17 9ge Aurux sgon o Ays
Table 99 #okth. A7 7|tel]l w} mE Ao wAEo] foxoz Frletglont
(P<0.05) Aol & zto]= Ve 9kth(P>0.05). & Aol = nAE e a3

»

il
=
Y
o
)
il
4
MN
=
k)
|t
o%
=y
)
oo
o
o
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&2 ol wmslt). welbA Hxfe] = 54 =HA(flavonoid, anthoxanthin, anthocyanin,

FEstel HEE Fol 4P A} epd ow W

catechin, leucoxanthin)E<

T,

Table 9. The effect of dietary green tea level on total plate counts (Log CFU/g) in breast

muscle
Treatment Storage time (day)
1 3 7
Green tea 0% 3.78 £ 0.03" 4.64 £0.01° 5.31 £ 0.02%
Green tea 0.5% 4.12 +0.03% 4,76 £ 0.23 5.37 £ 0.03%
Green tea 1% 3.66 +£0.11° 4.87 +0.39° 5.29 + 0.03%
Green tea 3% 3.91 + 0.03" 4,73 £0.30 5.27 £ 0.01%

ACMeans = SD  with difference superscript in the same column are significantly
different (/<0.05).

“b\Means + SD with difference superscript in the same row are significantly different
(P<0.05).

=1

2 APE =3 e £EE dElste] HolA Fodd F A% 29 A%ge A
HE A stk 1 A ®o] 73.98775.2%% UElgow =ik 1%E Fol
g AT feH e . =2 3% Hold Aer fejHoR shekAIwk
(P<0.05) # <ol ek 54 fdo] UehAs @kt £3, 2eiat 233 9%
< w2k Foldl wE AYEite] 93 HHe wele Zlo] ofyel ok= Aguglol uE
Skeh ol g AabEe AWl el o] HEE =A Fol7h A Hd 9L vAA

e o@ gtk 2, oleld dde %AE felstel uehd Avnd AAEA €@ %

%

°
(T
o
A
of
4

HH
B
2,
K]
&S]
VAN
(@)
(@)
<

77 %
wah gl AGAS Golny] 9l A, W Wy 9 SEe 2AEE 0 A %
Ao wpetd 2 GFo] vhehbA gkeh B ATME w3 AE Fo Al WAl BHo| ofF

njmato]l Aol F IS WAA Koke Aow FHJA vEeF Aol e 54 =25
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AZRE A A%

= Aol B w7l SRR BHAT. R ATl SaEe AHea s 7
AR Ae glo] A ol AV wEAT (X, FA AL 2Edzd] wE2HE 49 O F

EARYS W, o A% §h3t AP EAA

SR AR AOAC (1990) ¥Hell whek 102 + 2C9] drying ovenoll A 24X7F Az

A Ase] ol g WEE(%) = YERISITE frElsi Al=E water bathel
70Tl 3087 7Fde oS A H e g 3 3000 rpmoll A 10%-3F Centrifuged 35 S48}
of Ax A A8 T 3 MEE(%)= eI

ofy
ol
tlo
o
o2
_Orh
&
oY
BN
2
>~

J

A =2 Folch 5(1957)9] WHS o]-&ste] SA3IGItE A& 2 g& 50 ml test tube
o ¥ Folch I (chloroform : methanol = 2:1)89S 20 ml ¥ 3 Homogenizerel| 4] 14,000 rpm©.
2 30%7F 7443} 3 2 Folch 1€ 15 mlE Homogenizer (T25-Basic, IKA, Malaysis) @&
RS AAH3}] test tube cape 3 TS 4T H oA 2A)7HE¢E HEXBPAA 208 7HA 2 shaking

Test tubedl] #&3tE A= 100 ml mess cylindere] Whatman No.1 filter paper £4& 9]

L34 o SIATE mess cylinder w52 3L o] 25%¢°) Fe= 0.88% NaCle 715t mess
cylinder capg 3+ t}5 43| &5 3 1A WAI5H¥ Y o] Folch I(chloroform : methanol : HO
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=3 : 47 : 48)89Y% 10 mlO % mess cylinder HHAS Al T =32 ¢=tHa). A5S aspirator=
o] &3llA AASIAL 3k 10 mlE FAIE €Al e Tl i A% & FA (o0& SAg ALt

Ae gt g,

(c-b) X 10/a
ZAY %) = X 100
Sample(g)

Z3)% g 3 AFE crucibles 105C drying ovenoll Al &3 & A5 1~3 g& X
¥ crucibled] Eo} ¥Yil A7} & crucible® 600C 332 (Isotemp Muffle Furance, Model No.
602025, Fisher Scientific USA)IIA 2A13F 5t Bt 38k27F 200T olst= Wef7hd Ales B
crucibles 7o} Desiccatorell Wil 301t B3 b FAE 543t dFS Tk

3|3l20 P& AEFA
Z3IE %) = %X 100
LY AEFA

(4) At 2
AL 10 g& 250 m A2} flaskel]l ¥ar &3¢ solvent (chloroform : methanol = 2:1) 150 ml
£ 37K v 2,500 rpmell A 33t wAstete] A ds FESkaL A4lEe (500 mo)ol] ofofs Ro}
o7} F ofypxjof| P2 317|¢} oA BFE EF solvent (chloroform @ methanol, 2:1) 150 mtE +-
€ T 2,500 rpmel A 3i3E At Asiste] Azt EekTel] vhA] ¥al 3 solvent 100ml BEE ©]
gsto] Ak -, EEAIZAH

o17]el 0.88% NaCls Foi4e] 1/4 A% F7Fsto] shaking §- 3,000 rpmell 4 102 &<+ U4
we|atal aspirators ©]-&3ste] AAE RABOR TS Wil F5(lipid layer)S 3T
7185 a2 250 m¢ AF flaskoll sks& oAFstE ol NaxSO,E o]&3to] ' &
o5 40T olaollA AATFAE AL FUHAA sFelAthH7]8v 24).
T 2% 20~30 mg®] lipidE test tubeol W& ¥ 4% HoSOs (40 ml HzSO,/1000 mé
methanol) €% ImtE F7ksto] F74& 2aL 90Tl 1081t 7FEE 5 A2 WYzhsigiet. 13t =
T 2 M= Yol £E531 Hexane 2 mls T Yo &5 £ 3158 AASIL A 57T 2 mis ¥

5o FROM(33] ¥H) sk AT F NaxSO& 2ol 75 At 45 2.5~3 s F
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3ol GColl Fsko] A HpAk 2] Aesllon, ojul GCE7-2 Table 19} 7t}

o
o

Table 1. GC condition for analysis of fatty acids compositions

[tem Condition
Model Hewlett Packard 6890N Gas Chromatography
Column Supelco wax' ™ 10 fused Silic.a cap.illary column
60mm X 0.32mm X 0.25um film thickness
Detector/temperature Flame Ionization Detector (FID)/ 250C
Initial temperature/time 180°C/6min
Rate 5C/min
Final temperature/time 2407C/20min
Injector temperature 250C
Carrier gas N
Split ratio 10:1

L A A

(1) pH

2 A T8 AAT F AES AR 3 g2 SR 27 ml9t 7 homogenizer (T 25 Basic,
IKA, Malaysia)Z 14,000 rpmolA] 123t w23t pH-meter (MP230, Mettler Toledo, Switzerland)

= 23sgnt

rd

S A8 Chromometer (Model CR-300, Minolta Co. Ltd., Japan)E AFg3te] B3k A 85 33

SAstelon, oln EFEAY Y=93.5, a=0.3132, y=0.3198°.% 3&}3it}.

[-4112
.

A9ks = (TBARS)E Burget Aust (1978) o] W o® =Asiglon AgE 22 ZH
A3 3 A8 A8 5 gol BHT (Butylated Hydroxytoluence) 50 ule} 575 15 mE 71el 4
7] (IKA model T-25 Basic, Malaysia)Z 13,500 rpmolA] 10%37F #2389tk #dH 2 ol

TBA/TCA Z3-8NM 4 mE 231 wyikz|ox] 10%7F £3 & 90T FL-Zo| A 1587 7FE wkSA]Z T



,000 rpmell A 1587 YAIEE] (Model Union 5kr, Hanil, Korea)E A7l 3

3
Al S 3]9=5te] B34 (Spectronic Model Genesys 5, USA)Z 531 nme] &3 =S A3}

(4) VBN (Volaile Basic Nitrogen) =%

Tl WA ARE ZARSHA] flste] A VIEiEAE Conway MR FAF H(EA,
1975)2 ol-&ste] A5k

10 g9 AIRE F3 9 SH5 o 90mlE skl #A7|2 Har 75,000 rpmoll A 1837 4
s} A7l $ Whatman No. 1 oA E o]&sto] ofsigit. o3t 1 mlE Coway2ld 9% YL
50% KoCO3 1 ml & 9 Q8% ¥e 5 Wdeli= 0.0IN H:BO; 1 mi¢k 500 ulA|AeF (0.066%
Methyl Red in ethanol : 0.066% Bromocresol Green in ethanol = 1 : 1)& ¥<& & ZEAdS v}
TS 22 5 oA ST KCOsx ARt ¥haA171 5= 37°Co wirlellA 12083 vh&
SN ojn FAATOl= KoCOser WA %9tk wheo] £X¥ Conway®l 574 4o WE A
7k ot 10 ul GC¥ injector® 3} € w7}x]2] 0.0IN HoSOy A~EEE & SA4ske] Axkelaith

J

il
=
o

gl

o

R

(B) T

N= 25 ¢ & AFT T AES A5 FA9 10819 Fo 2 Yl 60% &< stomachers &
t}. stomacher €1 AlRE 1 mlE FH3 5 109 345 st dEe] 5o Aok HS H 37T
o Al 48417t &< incubatorol| A FAIZITE,

(th EAEA
Ao Al dojzl AL SAS/PC (SAS, 1999)% o]g3dle] FAHEA] 4 Duncan® YsdAS
A A8,

3. Az & u#

Table 22 S2kgo] & & 2EYXRE 71sto] Aqke A5 dubd o] #3sk Aojr),

Aai 2 24T A= F94 z2po)7F YEA] gFgkon 23| E AT 30] fo04o
i

of o]k WA= g gl

A}

=)

oF
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Table 2. Effect of dietary green tea level on total moisture, crude fat, crude ash in

chicken breast muscle

ltems Treatments"
C T1 T2 T3
Total moisture(%) 73.7440.32 73.3840.12 73.2040.20 73.50+0.07
Crude fat(%) 1.0440.06 0.97£0.12 0.95+0.07 0.9340.08
Crude ash(%) 1.384+0.01% 1.43+0.02% 1.41+0.04% 1.25+0.03"

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary

green tea.

AB Means + SD with difference superscript in the same column are significantly different

(p<0.05).

ab Means + SD with difference superscript in the same row are significantly different

(p<0.05).

Table 3. Effect of dietary green tea level on fatty acid in chicken breast muscle

Fatty acid(%) C T Treatments T T3
C14:0 0.61%0.00 0.64%0.03 0.64+0.01 0.6340.01
C16:0 24.81+0.93 25.7441.20 26.20£0.60 24.2140.84
C16:1 2.70+0.14% 2.56+0.14% 2.95+0.29% 1.71£0.16"
C17:0 0.20 0.21 - 0.26£0.02
C18:0 11.44+0.65" 11.90+0.01*" 10.8340.49" 12.754+0.09"
C18:1 29.28+0.82 26.66+1.16 27.85+0.97 25.32+1.38
C18:2 24.26+1.52 24.43+1.39 24.67+0.63 27.65%0.70
C18:3 1.25+0.09" 1.19£0.05" 1.2440.017 1.4240.02*
C20:0 0.5040.09 0.45%0.07 0.42+0.04 0.46%0.05
C20:4 5.05+1.17 6.34+1.29 5.2340.76 5.63+1.88
SFA 37.46+1.81 38.84+1.43 38.08+0.14 38.29+1.02
MUFA 31.99+0.97 29.2241.30 30.79+1.26 27.02+1.54
PUFA 30.56+2.78 31.95+2.74 31.1341.40 34.69+2.56

UFA/SFA 1.6740.13 1.58+0.09 1.63%0.01 1.61+0.07

VC : control; T1: 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary

green tea

AB Means + SD with difference superscript in the same column are significantly different

(p<0.05).

@b Means £ SD with difference superscript in the same row are significantly different

(p<0.05).
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Table 4. Changes of pH in chicken breast muscle of different dietary green tea level

during storage

Treatments" 1 Storage téme (day) Z
C 5.84+0.01 5.84+0.02" 5.9040.03"
T1 5.9440.02* 5.94+0.02%™ 5.8940.01"
T2 5.70+0.02" 5.81+0.14" 5.79£0.03°
T3 5.89+0.02" 6.06+0.09™ 6.06+0.02*

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary green

tea
AB Means + SD with difference superscript in the same column are significantly different

(p<0.05).

@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).
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Table 5. Changes of TBARS in chicken breast muscle of different dietary green tea

level during storage

Storage time (day)

Treatments" I 3 7
C 0.23+0.01° 0.29+0.01"" 0.5340.02"
T1 0.20£0.02° 0.24+0.02" 0.5440.04"
T2 0.23£0.03° 0.27+0.02"" 0.5240.03"
T3 0.21£0.02° 0.20+0.02%" 0.3840.01™

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary green
tea

AB Means + SD with difference superscript in the same column are significantly different
(p<0.05).
@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).

Table 6. Changes of VBN in chicken breast muscle of different dietary green tea level

during storage

Storage time (day)

1)
Treatments I 3 =
C 61.86+2.385¢¢ 72.96+1.00° 85.55+1.94%
T1 60.98+0.87%¢ 72.63%0.87" 80.10+2.41%
T2 64.67+1.99%5¢ 71.86+1.57" 75.00+0.46%
T3 67.3840.92%¢ 70.03+1.52° 72.63+0.64%

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary green
tea

AB Means £ SD with difference superscript in the same column are significantly different
(p<0.05).
@b Means + SD with difference superscript in the same row are significantly different

(p<0.05).
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Table 7. Changes of meat color in chicken breast muscle of different dietary green

7}

tea level during storage

Storage time (day)

1)
Color Treatments 1 3 =

C 51.15+5.33 52.09+3.32 54.05+3.69%

L T1 48.99+3.70 49.11£2.45 49.16+3.90°
T2 50.47+5.75 50.33+3.85 51.52+5.04"P

T3 47.04+1.68" 50.93+3.45% 48.61+3.15"

C 1.57+0.60" 1.71+1.35° 0.40+1.70%°

. T1 1.88+0.63"* 2.51+0.83" 1.28+1.21%
4 T2 1.67+1.48" 1.50+1.79 0.77+0.91"
T3 3.1240.99" 2.2640.84° 2.13+0.78"°

C 7.54+1.05 8.21+2.40° 9.69+1.62%

. T1 5.25+1.66"° 6.52+3.09 7.20+2.64"°
T2 8.13+1.66"" 8.05+1.19" 10.0241.89%

T3 7.24+1.82" 7.59+1.15 8.24+1.24"

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 : 3% dietary green

tea

AB Means +
(p<0.05).

ab Means +

SD with difference superscript in the same column are significantly different

SD with difference superscript in the same row are significantly different

(p<0.05).
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Table 8. Changes of total plate count iIn

green tea level during storage

chicken breast muscle of different dietary

Storage time (day)

Treatments" I 3 7
C 3.5540.02" 3.61%0.30 3.4340.33
T1 3.64+0.03" 3.64+0.00 3.61+0.13
T2 3.12+0.25" 3.3240.08 3.40+0.05
T3 3.38+0.03" 3.63%0.01° 3.6740.02°

UC : control; T1 : 0.5% dietary green tea, T2 : 1% dietary green tea, T3 :
tea

AB,
Means *

3% dietary green

SD with difference superscript in the same column are significantly different

(p<0.05).
@b Means + SD with difference superscript in the same row are significantly different
(p<0.05).
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Table 1. Fomula for the manufacture of seasoned chicken with soy sauce containing

different levels of green tea extracts

Treatments”

Ingredients” S S 37
Chicken 50 50 50
Soy sauce 11 11 11
Ground onion S 5 5
Ground radish 2.9 2.5 2.5
Ground ginger 1 1 1
Corn syrup 16 16 16
Ground garlic 3.5 3.5 3.5
water 11 11 11
Green tea extracts 0 1 2
Y Unit : %

? (CS: Control (without green tea extracts); S1: 1.0% green tea extracts added on

chicken content; S2: 2.0% green tea extracts added on chicken content.

<9 A 55 AAS = MES Al 3 g THT 27 mlet ¥4 homogenizer (T
25-basic, IKA, Malaysia)% 14,000 rpmol|A4] 1#37F #23}e] pH-meter (MP230, Mettler Toledo,

Switzerland) 2 A3} t}.

St A2 AOAC (1990) WHell me) 102 £ 2T 9] drying ovendl|A] 24A17F A% &

FTEe SASt 11x A A8 S gk WEE(%)2 YESITE felait2 Al5E water bathell

70CelA 307t 7FEeh ohs dskeich W $ 3000 rpmel| Al 1021t Centrifugest %S
S (%)= YERRA T

|)\t

=743}

Z A 3eke Folch $(1957)¢] WS o] 838}

Ay

AslSlth A& 2 g& 50 ml test tubeoll
Y3 Folch I (chloroform : methanol = 2 @ 1) €95 20 ml ¥3 Homogenizedl A 14,000rpmo. 2 3
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0%7+ 743} & S Folch 149 15 mlZ Homogenizer (T25-Basic, IKA, Malaysis) #2%% A
#]3le] test tube cape ¥ b 4TI 243EE<t WAISHAA 202 IHA =2 shaking st
Test tubed] #A3E A|EE 100 ml mess cylinderol whatman No.1 filter paper &4|& o]-&afx] o
H3} T} mess cylinder =53 213l oJle] 25%0] al|F3sl= 0.88% NaClS #7Fsle] mess cylinder
capE 3 Uhe Ad3] £ 3 A7 WAk ol Foleh 1 (chloroform @ methanol @ HyO = 3 : 4

7 1 48)8% 10 mlSZ mess cylinder BHS M3 & w58 ¢=THa). A5S aspiratorg ©]-&-3l4

AAsLL 35 10 mls FAIE &L de 77 Yar Adxg & FA (0F AT AN o
i g
(c=b) X 10/a
ZA o =F (%) = x 100
Sample (g)

ARE 44T 7|z ddate] FAE A3

o, szl ARLE 70TeIA 30
B3 MR T RAS ZAste] 4D A RANA A

F FAE W FAS EERE

(5) VBN (Volaile Basic Nitrogen) =%

whlde] WA A=S TARHA flste] S A7IEEAE Conway WIFF E4F WS,
1975)2 ol-&ste] A5k

10 g9 AEE FH3 F F7FF & 90 mlE 71t & 712 Har 75,000 rpmol| A 18-7F 72
st A7 & ARAE o]&atef(Whatman No. 1) o#aiqict. o439 1 mlE Coway2ldl 9%l ¥l
50% K:CO3 1 ml & 9] Q&% P2 F o= 0.0IN H:BO; 1 mi¢k 500 ul#|A12K0.066%
Methyl Red in ethanol : 0.066% Bromocresol Green in ethanol = 1 : 1)& Y& & FAMHS vl=
TS 22 5 949 AEF KCOss vHAZTh vhaAZL = 37°C] il 12077 wha-<
SN oju FAAT = KoCOse BA &8tk whgo] 38 Conway®l 745 dof W& A7t

otell 10 ul GC¥ injector® =3} @ w7}x]9] 0.0IN HoSO, AEEE oF =A35ko] Alxkalolt)

C

JN

(6) A HAke) =
AR E (TBARS) & Burge®t Aust (1978)9] W o g =AsI9 o, A|8E Z= A Al

- 170 -



B3 & A3 A8 5go BHT (Butylated Hydroxytoluence) 50 ple} =% 15 mE 718 w#27)
M IR

(IKA Model T-25 Basic, Malaysia)® 13,500 rpmoll4 10%37F #&skAtE 2o 2 mio] TBA/TCA
EFE 4 mE Wil wElelA 1023F E£3F § 90T FexolA 1681t 7k vhgAFATh AR
28] Al 3,000 rpmoll A 1587 44152 (Model Union 5kr, Hanil, Korea)E A7l &, AZols
slaate] #3345 (Model Genesys 5, Spectronic Instruments, USA)Z 531 nm9] F3=E 5743}

o] theat Be AW WAL,

3

TBARS =

ok
o
H

X 5.88

S22 Chromometer (Model CR-300, Minolta Co. Ltd., Japan)& AHg-3te] 5dgt A& 3

3] M2 =Aslglom ojw] TFEAMTE V=935, a=0.3132, y=0.3198 0.2 3}¢it}.

MAS 10 g& 250 ml A2} flaskell Wil &3} solvent (chloroform : methanol = 2:1) 150 mf
& 37K v 2,500 rpmellA 3@ dAstete] AdE FEska AR YHE00 mo)ol of oS Ko}
o7} & oA T 17]et oA BFE &3 solvent(chloroform @ methanol = 2:1) 150 mE -
< T 2,500 rpmol| A 333F A stste] A2t ZebaFol thA] Warl 23 solvent 100 ml FEE ©]
&sto] AAF 74, EEAIZT
of7]el 0.88% NaClZ Folefe] 1/4 4= F7lsto] shaking §- 3,000 rpmellA 102 &<t €
w23t aspiratorg o]&ste] AAE RAHO R AFTNE Wil aF5(lipid layer) FaH3ith
7187159 852 250 mt U flaskel]l 3t5-5 of3ets] ojw] Na,SO,E ol8dt] Fe & &
2 of7gk - oAl 5 40T olstollA Aartas Al FYsHaA st {718m 3)4).
H 20~30 mg9 lipidE test tubedl] ¥ % 4% H,SO; (40 ml HoSO4/1000 mé methanol)
|4 1 mE F7et] 545 2al 90 CollA 1021 7HEsh & Ao Wzpsigith 13toll S/ 2 ml
& 9ol £51 Hexane 2 mle ™| Yol & F stoo A7kl o] 7T 2 ms Yol 59
FAoM(33] vHY) a5 AAZ § NaSOE Hol i+ AAS I A5 2.5~3 us F sk GC
of Fdste] Ak ®e] FRFealon, ol GCx72 Table 29} 2t}

jubed

d
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Table 2. GC condition for analysis of fatty acids compositions

Item Condition
Model Hewlett Packard 6890N Gas Chromatography
Supelco wax™ 10 fused silica capillary column
Column
60mm X 0.32mm X 0.25um film thickness
Detector/temperature Flame lonization Detector (FID)/ 250T

Initial temperature/time
Rate

Finla temperature/time
Injector temperature
Carrier gas

Split ratio

180C/6min
5C/min
240°C/20min
250TC

N

10:1

9) T

19 (Total bacterial counts)©= A& 25 g= A& FA 10919 1% peptones=l ¥ il 60
% 59 stomacherE %t} stomacher #4¢ A5 1 mlE F$F 3 109 s4S st n|g] 24|k
Plate count agar (DifcoTM, Becton, Dickinson and Company, USA)ol HE3sF & 37ColA] 48

A 7F =9t incubatoroll A Hi9EA|A YENE colonyd] 2 AlGEtTh

(10) T=H7}

A% R FFH /Ewe tae] 9HEWOR Frsh

o BAAY
Ao dojzl A2 SAS/PC (SAS, 1999)= o]&3fo] #4htA 9 Duncan®| tUsd4d<
AAIEFSI T,
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54F2EE A S 7 AP FHEED 2A0E Table 390 ek
Ak FHFEe FAFEE 208 AT AT A e g dehlR, 24 3
=

A%ET W7t we Aol UehlA ergkr),

Table 3. Total moisture and crude fat of seasoned chicken adding the different levels

of green tea extracts

Treatments" Total moisture (%) Crude fat (%)
CS 70.714+0.39% 0.89+0.18
S1 70.32+0.174 0.93+0.10
S2 68.50+0.38" 1.0340.19

V' CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to
chicken content; S2: 2.0% green tea extracts added to chicken content.
AB Means + SD with different superscripts in the same column are significantly

different (p<0.05).

A% % pH, b w Wl

Table 4% SAFFEL HWH PIAK AF F pll 2 A4S WS erd
EH, pHe| S AT S27b A47I3E B b Aol el gAR ge g ek
3L, AelT €S9 S1& 717} 6.10~6.20 2 6.10~6.298 WlolA 42717t % sholAT7}
ol A4S itk @W AGRFE A0l Wk AelTER fe) 49l dfolE et
WA wgront, AeT S20) A% AYI7kel D445 AGuFol vk EolA: AT

SERRSITE o AAFolLt FAFE AFrIne] Aol AFEE K ol EAsHE HeF
=

!

o

W wAssh AR wAtes) B 0w ds) sdael EolEAl Bk ey AT S2
£ olsh s A3 e, ol SR, 53 a457h @ mALgs AS o)
st
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Table 4. Changes of pH and cooking loss (%) in seasoned chicken adding the different

levels of green tea extracts during cold storage

Treat- Storage time (day)
Items 5
ments 1 4 8 12 16
) +0.02™
CS 6.2+£0.01™ 6.2, 6.2+0.01""  6.1£0.01""  6.240.03"™
pH S1 6.340.02%  6.1£0.05%  6.1+£0.02 *  6.1£0.01% 6.240.01*°
S2 6.1+£0.01%°  6.0+0.01%¢  6.1+£0.02°°  6.1£0.01% 6.240.01%
CS 29.0£2.81  29.1+0.42 29.0+3.31 28.3+1.93  23.0£2.43
Cooking
loss S1 26.0+0.07  25.0+1.58  30.9+0.81 26.6+0.92  23.4+7.71
(%)
S2 24.6+1.04° 26.9£1.70° 26.94£1.09 31.940.33% 29.4+2.76%

Y CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to

chicken content; S2: 2.0% green tea extracts added to chicken content.

ABC Means + SD with different superscripts in the same column are significantly
different (p<0.05).

abe Means =+

SD with different superscripts in the

same row are significantly

different (p<0.05).

o}, A& = VBN, AWt =
Table 59

(TBARS) ¥ &+ W3}

ZAV RO R

e

o}i = TBARS % m A&

A F7o] A FER G290 Ao 2 vpehged, A
e GERed A% Folde g s ATt e
A2l vl FelHow Fe g vehuglt.

A Ao A9l4ES stolwi TBARSE AdtHzs A% 8dAd §949 4
wglsy CSAe T e ATl vl AuHo e b sk 45713k
e WEs BE AYTA Fhs 48 deEhisit,
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Table 5. Changes of VBN, TBARS and total plate count in seasoned

the different levels of green tea extracts during cold storage

chicken adding

Storage time (day)

Treat—
[tems D
ments 1 4 8 12 16
+1.62" ; \ N
CS 51.8, 51.0£0.52¢ 53.66+0.37° 64.12+1.43* 61.64+0.69
VBN
(mg%) S1 49.1£2.62™ 52.5+2.43" 52.29%0.28" 63.0£1.69" 60.5+0.74"™
S2 56.3+1.79" 51.54+1.64° 52.29+1.25° 61.6+2.33* 59.9+0.47%
CS 1.0+£0.04°  0.6240.12¢  0.86+0.07°%¢ 1.240.13" 1.43+0.08"
TBARS b c Ab b a
(/i) S1 1.1£0.12°  0.70£0.09° 1.06+0.05 1.24£0.14"> 1.52+0.01
S2 1.1+£0.12°  0.67£0.05¢  1.05+0.09*° 1.3+0.13" 1.55+0.06°
s 3.5+0.081 4.1+£0.06™ 4.1940.04° 4.6+0.23> 5.44+0.08°
Total
plate 3.7£0.02° 3.840.13% 4.28+0.06° 4.8+0.24* 5.0+0.36°
cgunt S1
0og
CFU/g) <o 3.5+0.12° 3.940.04% 4.2840.03° 4.840.03" 5.0+0.11°

Y CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to

chicken content; S2: 2.0% green tea extracts added to chicken content.

AB Means + SD with different superscripts in the same column are significantly
different (p<0.05).

abede NMeans + SD with different superscripts in the same row are significantly

different (p<0.05).

wAEEE VAT AT} g ow we g

FAASEE Fol AFS dehlch AR

7}
Ao a7t =), B A

AA l} = 3— L
WAAS HA7Fe 5313550 98559 1-2% ALY S #F ujie Aog Algdrt
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Table 6. Changes of color in seasoned chicken adding the different levels of green tea

extracts during cold storage

: Treat— Storage days
tems ! 1 4 8 12 16
CS 48.1+0.70% 50.141.94% 42.6+0.57% 47.6+0.65"" 48.1+2.11%
L S1 48.0+0.56%  47.0+£1.47% 43.6+0.09%° 45.0£0.38%> 47.2+1.45°
S2 43.5+0.60%  44.940.73%° 46.7+1.67%%" 43.0+£1.32°° 47.5+1.97°
CS 7.0+0.31%  8.8+0.38"*  4.340.21%¢ 5.34+0.41¢ 6.24+0.09¢
a’ S1 6.1£0.71%>  8.141.23*%*  3.3+0.19% 4.5+1.17° 4.540.325¢
S2 5.440.15"  7.1+£0.39%  5.740.24%  4.940.63° 3.54+0.47%
CS 20.9+0.62%  25.1£1.62% 13.9+£0.19%¢ 18.0+£0.15° 17.7%0.60¢
b* S1 21.340.36%  20.9+0.76% 15.6+1.09% 18.7+0.51> 17.3+1.10°
S2 17.640.67% 18.6+1.42°* 17.941.18%" 17.441.52" 16.0+1.21°
CS 22.140.63%  26.6+1.54% 14.54+0.24%¢ 18.7+£0.18° 18.7+0.53°
AC S1 22.140.45*  225+1.10% 15.941.10% 19.3+0.79" 17.8+1.02"
S2 18.440.60%  19.9+1.42“® 18.8+1.16™ 18.1+1.63* 16.3+1.18°
CS 71.540.74%¢ 70.841.31° 73.0£0.55%" 73.841.26° 70.8+0.83"¢
Ah S1 74.1+£1.68%  69.0+2.38°  78.3+0.46™ 76.5+£2.99%° 75.4+1.70%
S2 72.941.01°P 69.1+1.10  72.5+0.90% 74.5+0.76° 77.7+1.80*°
Y CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to

chicken content; S2: 2.0% green tea extracts added to chicken content.

ABC Means + SD with different superscripts in the same column are significantly

different (p<0.05).

abed Neans + SD with different superscripts in the same row are significantly

different (©<0.05).
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Table 7. Changes of sensory scores in seasoned chicken adding the different levels of

green tea extracts during cold storage

Storage time (day)

Treatments
Items b
1 4 8 12 16

CS 5.50+1.29 5.83+1.17 6.40+0.89 5.75+0.50*® 5.754+0.50*
Flavor A AB

S1 4.00+1.41 4.83+1.17 5.40+£1.52 6.00+£0.82" 4.25+0.96

S2 3.75+1.71 4.50+1.87 4.60+£1.95 4.50+1.00°® 3.75+1.26"

CS 2.00+1.41 2.00+0.89 1.80+1.30 2.75+1.50  3.00+1.63
Off-odor S1 2.00+1.41 1.83+0.75 1.60+£0.89 3.50+2.38  2.50+2.38

S2 2.9254+1.89 2.17+£1.17 2.00+£1.00 2.75+1.71  2.75+2.87

CS 3.50+1.73 4.33+1.75 4.00£1.87 5.00£0.82  4.25+0.96
Juiciness S1 3.50+1.91 3.83+1.47 3.60+£0.89 3.75+1.26  4.00+£1.63

S2 3.00+1.41 4.17+£1.17 4.00£1.22 3.75£1.50  3.50+1.29

CS 4.50+2.38 4.83+1.94 4.40+£2.07 5.00£0.82  4.50+1.91
Tenderness S1 4.50+2.65 4.00£1.67 4.40+£2.41 4.50+£1.00 4.00£2.16

52 3.50+1.73 4.00£1.26 4.20+£2.28 3.75+0.96  3.25+1.89

CS 6.00+1.83 6.33+1.51 6.60+1.52 4.50+0.58  4.50+0.58
Acceptabilit

S1 6.00+1.41 5.50+1.22 6.80+1.30 4.50+0.58 5.25+1.71
y

52 5.50+1.73 5.50+1.05 6.00+1.58 3.75+0.96  4.50+1.73

V' CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to
chicken content; S2: 2.0% green tea extracts added to chicken content.
AB Means £ SD with different superscripts in the same column are significantly

different (p<0.05).
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Table 8. Changes of fatty acid composition in seasoned chicken adding the different

levels of green tea extracts during cold storage

. 1%) Storage Treatments'
atty acid(% days CS S1 g9
. , 1 0.8610.07 0.91£0.03" 0.9310.07
Myristic acid (C14:0) 16 0.86+0.08 1.04+0.02° 1.0740.01
- . 1 0.33+0.03 0.32+0.03 0.2940.01
Myristoleic acid (C14:1) 16 0.34+0.03 0.37+0.02 0.33+0.01
Pentadecanoic acid 1 0.11+0.00 0.11£0.00 0.13+0.01
(C15:0) 16 0.1240.01 0.1140.00 0.1240.01
. , 1 93.8240.64  24.74+0.34  23.46+0.25
Palmitic acid (C16:0) 16 93.33+0.35%  24.39+0.15  23.73+0.11""
. . 1 1.89+0.47 5.2010.49 1.7840.28
Palmitoleic acid (C16:1) 16 5.02+1.11 6.46+0.43 6.2940.42
. . _ 1 0.20£0.01*®  0.1840.017 0.23+0.01%
Magaric acid (C17:0) 16 0.2140.00  0.1840.02 0.2140.01
. . , 1 0.23+0.01° 0.25+0.01° 0.294+0.01%
Magaoleic acid (C17:1) 16 0.2440.01  0.24%0.01 0.25+0.01
. , 1 10.07+0.78 9.58+0.89 9.67%0.55°
Stearic acid (C18:0) 16 9.54+1.35 7.45+0.39 6.24+0.44"
. , 1 37.56£1.00 37.68+1.61  39.05+1.20°
Oleic acid (C18:1) 16 38.5542.028  41.55+0.87*® 44.80+1.01%°
. , 1 16.63+0.67  15.69+0.22  16.46+0.23
Linoleic acid (C18:2) 16 16.5240.21"  14.8140.46°  14.90+0.52"
. . . , 1 0.58+0.02 0.60+0.02° 0.64+0.01"
Linolenic acid (C18:3) 16 0.63£0.05  0.69£0.01°  0.75+0.01°
. , 1 0.15+0.00 0.17%0.01° 0.2240.21
Arachidic acid (C20:0) 16 0.16+0.06 0.08+0.01" 0.06+0.00
. . , 1 0.74%0.07 0.74%0.04° 0.41+0.47
Eicosenoic acid (C20:1) 16 0.69+0.07 0.61+0.01° 0.59+0.03
. , 1 3.8840.69 3.86+0.70 3.4610.45
Arachidonic acid (C20:4) 16 381+1.39  2.07+0.25 0.69+0.27
. 1 35.2040.09  35.68+1.20  34.64+0.45°
Saturated fatty acid (SFA) 16 34.21+1.54  33.2240.58  31.42+40.57"
Unsaturated fatty acid 1 64.81£0.09  64.32+1.20  65.37+0.45°
(UFA) 16 65.7941.54  66.78+0.58  68.59+0.57°

V7 CS: Control (without green tea extracts); S1: 1.0% green tea extracts added to
chicken content; S2: 2.0% green tea extracts added to chicken content.

AB Means = SD with different superscripts in the same column are significantly
different (p<0.05).

2> Means + SD with different superscripts in the same row are significantly different

(p<0.05).
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Table 1. Fomula for manufacture of seasoned chicken with soybean sauce adding the

different levels of green tea extracts

Treatment”
Ingredients CB BI B2
Chicken 50 50 50
Soy sauce 15 15 15
Ground onion 5 5 5
Ground radish 4.5 4.5 4.5
Ground ginger 1 1 1
Corn syrup 11.5 11.5 11.5
Ground garlic 4 4 4
water 9 9 9
Green tea extracts 0 1 2

D CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

St A2 AOAC (1990) WHHel whel 102 £ 2 T drying ovenoll Al 24A17F A% &
TEe S48 Ax A AR Tl dE NEE(%)E JdEhY. freleE2 A S5 water batholl
70CoNIA 3083 71Esh vy Wydsielth Wl £ 3,000 rpmell Al 1033t Centrifuge$t T&= 5438}
of A% A A5 T tigh WEE(%)= eI

A =2 Folch 5(1957)9] WHS o]-8ste] SA3IGItE A& 2 g& 50 ml test tube

Folch I (chloroform : methanol = 2:1)-89S 20ml ¥ 3. Homogenizeol| 4 14,000 rpm&. &
30%7F #43} 3 v} Folch [£9 15 ml®= Homogenizer (T25-Basic, IKA, Malaysis) 7252
A A3k test tube capS B TS 4TYH A 24 7FHseF HFx| el A 208 FA O E shaking &
T} Test tubedl] #23}E AEZ 100 ml mess cylindero] Whatman No.1 filter paper &4 & o]-&
a4 o783t mess cylinder w52 13l N 25%°] Fst= 0.88% NaCle F7Fsle] mess
cylinder cap® 3+ Ut 243 =&

HoO = 3 : 47 @ 48)89 10 mlO.Z mess cylinder HHE A3l &

1A17F WE]3F T} o]w) Folch 1T (chloroform @ methanol :

¢l=tHa). 455 aspir

o

L
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M
tlo

= A (08 54
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atorg o834 AAstL a5 10 mie FAE ¢ = 7)ol Wi dx

g A e gt g,
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(c-b) X 10/a
ZAY %) = X 100
Sample(g)

whlde] WA AES TARHA flste] S 7IEEAE Conway WIFF 4 WS,
1975)% ol-&ste] 463
10 g9 A8E AT A 57 o 90 mE 7keto] #d71= HaL 75,000 rpmollA 123F &3t A7
% Whatman No. 193] & o]&3sto] oJ7slgic), o7l 1 mlE Coway9d &ZFol| ¥il 50% K.COs
I m & 94 Q8F 9 & Yildd= 0.0IN HBO; 1 mit 500 ul#]A]eF (0.066% Methyl Red in
ethanol : 0.066% Bromocresol Green in ethanol = 1 : D& 92 ¥ ZYAHES vl 545 22
o)A AEF KoCOss RESAIZITE §HEAIZD 5= 37°CE] v g7]oll A 12027t ¥k I ZT o
AT KCOss A &t whgo] 38 Conway?] F74S gof whE A7k ¢kl 10 ul GC
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A WA = (TBARS) & Burgeol Aust (1978)2] HIHo g2 SA3lg o Ags 72 2| A
B3 & A3 A8 5goll BHT (Butylated Hydroxytoluence) 50 ule} 54 15 mE 7}sl w27]
(IKA model T-25 Basic, Malaysia)® 13,500 rpmellA 10%7F #23Fth 42 2 mol] TBA/TCA

T8 4 mE FaL wR7lollA 1023 T § 90T F2xolA 1683 714 RbeAZH. Whs
2181 A&+ 3,000 rpmell A 158-7F YA1EE](Model Union 5kr, Hanil, Korea)E A7 3, J5dS 3
B335 A (Model Genesys 5, Spectronic Instruments, USA) & 531 nm¢] &3 =S A&}
Uhe2 22 ARk o2 AbEsiel
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A2 Chromometer (Model CR-300, Minolta Co. Ltd., Japan)& AF&-38le] U3t A|5E 3

3] M2 =Aslglom ojw] TFEMTE V=935, a=0.3132, y=0.3198 0.2 39t}

MAS 10 g& 250 ml 42} flaskell @il &3+ solvent (chloroform : methanol, 2:1) 1

S A7HF v 2,500 rpmellA] 33t A sketo] A dE FEska el (500 me) o o] s Eo
o7} & oA F2 317|9} of x| BFE EF solvent(chloroform @ methanol, 2:1) 150 mE F-
Uh2 2,500 rpmollA 3E3F Alddslste] A2E SefaFol| oAl Wil &3 solvent 100m HEE o]&
of ZA}F 74, EEAIZAT
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ot BAA Y
Agoa] dojzl A2 SAS/PC (SAS, 1999)= o]&3fo] #4htA 2 Duncan®| tUsd4d<
AAES T

Table 2. GC condition for analysis of fatty acids compositions

[tem Condition

Model Hewlett Packard 6890N Gas Chromatography
Supelco wax™ 10 fused silica capillary column

Column
60mm X 0.32mm X 0.25um film thickness

Detector/temperature Flame Ionization Detector (FID)/ 250T

Initial temperature/time 180°C/6min

Rate 5C/min

Finla temperature/time 240°C/20min

Injector temperature 250C

Carrier gas No

Split ratio 10:1

Table 3& SAFEEE M AFFIEDASE FH5E 2 24ATS vehd
Astoleh, Ffe CBALUTIE /MY e ghg ey, 2Ae BIdLT} A
O b

B35S A FAAG A7) wE pH 2 7pE7hEke] WEE Table 4
of YeRA=d, pHe A9 A Z7lde= B2HEF7F 2 @S JERAL A $7)d =
BiAg 77t o4 o® %2 @2 YetdAdrh B1A 9 4% pH ¥/t 6.02~6.062.%
Hol7b tohE A ol & duidem £ Anes vepdiddn). ¢ 7R A A=
A717r0] FhEEE FolAlE AFS Holu oA Apol= BIAE el AW vERRT
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Table 3. Total moisture and crude fat of seasoned chicken adding the different levels

of green tea extracts during cold storage

Treatments” Total moisture (%) Crude fat (%)
CB 71.17+£0.10" 1.1440.18"
Bl 70.37+0.03¢ 1.4040.03"
B2 70.8940.07" 1.04+0.09"

D CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.

ABC Means + SD with different superscripts in the same column are significantly

different (p<0.05).

Table 4. Changes of pH and cooking loss in seasoned chicken adding the different

levels of green tea extracts during cold storage

Treat- Storage time (day)
fems b 1 4 8 12 16
CB 6.0£0.01° 6.1£0.01"  6.0+£0.02"> 6.0£0.03" 6.0+0.01""
pH Bl 6.020.02¢ 6.0+£0.02""¢ 6.1+£0.01"" 6.0£0.01*° 6.1+0.01™*
B2 6.1£0.02* 6.1£0.01" 6.1+£0.01* 6.0£0.02°! 6.0+0.02"
Cooking CB  26.2+0.12 27.1+3.21 26.840.81 30.2+3.07 32.0%3.01
Bl 26.1+1.27" 27.940.62%° 23.74+0.81° 32.2+4.25" 30.6+0.62%"
loss (%)

B2 27.2£0.81 27.7£0.71  23.3%£3.35 30.7£5.69 29.7£1.88

D CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

ABC Means + SD with different superscripts in the same column are significantly
different (p<0.05).

a,b,c,d Means = SD with different superscripts in the same row are significantly

different (p<0.05).
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Table 5. Changes of VBN, TBARS and total plate count in seasoned chicken adding

the different levels of green tea extracts during cold storage

I Treat- Storage time (day)

tems - ee? 1 4 8 12 16

VEN CB  52.3+2.9% 50.3+0.5%"® 49.9+0.6"° 56.6+0.8°  56.8+0.4™
B1 45.4+41.7% 49.141.2%  49.940.6° 55.742.0° 53.1+0.9™

(mg%) Bb Ab b a Ca
B2  47.0+1.0%° 52.5+1.9 49.5+1.5° 53.3+1.0 51.8+0.3
CB  0.894+0.1% 0.38+0.1° 1.22+0.0° 1.64+0.0*°  1.38%0.1""

TBARS N

) Bl  0.7520.0% 0.49+0.1° 1.19+0.1° 1.68+0.1*  1.3940.0™

Kk
mess B2  0.7740.1% 0.59+0.2° 1.1540.1 1.5440.1° 1.2840.0%
Total plate CB  4.2440.1° 4.59+0.1Y 5.59+0.1° 6.3+0.0"> 6.65+0.0°

count B1 4.2240.1° 4.68+0.19  556+0.0° 6.2+0.0"® 6.76+0.1°

B2  4.2940.0° 4.66+0.0¢ 5.48+0.0° 6.0£0.1" 6.71£0.1°

(log CFU/g)

D"CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

ABC Neans + SD with different superscripts in the same column are significantly
different (p<0.05).

a,b,c,d,e Means = SD with different superscripts in the same row are significantly

different (p<0.05).
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Table 6. Changes of meat color in seasoned chicken adding the different levels of

green tea extracts during cold storage

I Treat- Storage time (day)
tems ments” 1 4 8 12 16
CB 54.142.21%% 55.142.21% 51.4+2.12%¢ 48.241.16° 55.54+1.19™
L B1 50.4+0.94% 46.742.37°° 56.6+1.38% 50.0+0.83" 57.5+1.274°
B2 54.1+£0.42% 51.6+1.27% 49.040.16° 52.8+4.01* 52.3+0.72%
CB 3.87+0.55"  5.8+1.31* 2.884+0.85™ 3.78+0.29"" 3.37+0.59""
a’ Bl 5.094£0.40°  7.7£1.46* 4.65+0.51* 2.31+1.04%° 0.60+0.13%
B2 550+1.66° 5.7+1.61* 2.45+0.56% 0.54+0.82"° 0.47+0.16™
CB 12.140.69%¢ 20.7+1.33% 15.1+0.46%° 12.4+0.40° 14.1+£2.35™
b’ B1 10.440.25% 13.0+1.98°> 18.8+1.17% 10.240.95° 13.84+0.81°
B2 16.24+1.46% 17.6+2.06% 8.88+0.05° 12.7+£1.82° 11.1+0.78™
CB 12.740.54%¢ 21.6+1.03* 15.4+0.36%° 12.94+0.30° 14.5+2.37™
AC Bl 11.640.39%¢ 15.241.96*> 19.3+1.26* 10.4+1.09° 13.84+0.81°
B2 17.1£1.91% 18.6+1.75% 9.2240.15°° 12.7+1.78" 11.1+0.79"
CB 72.343.07%  74.344.10% 79.24+3.33  73.0+1.72° 76.6+1.88"
Ah B1 64.0+£1.32% 59.6+5.75% 76.240.62° 77.5+5.13"%° 87.6+0.60"
B2 71.6+£3.73% 71.846.07* 74.743.30° 87.2+4.20"* 87.7+0.69"°
D CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

AB
BC Means +

different (p<0.05).

a,b,c,d Means =+

different (p<0.05).
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Table 7. Changes of fatty acid composition in seasoned chicken adding the different

levels of green tea extracts during cold storage

Fatty acid(%) Storage days Treatments
CB B1 B2
Myrisic acid (€140 5 0785001 0650007 0852007
Myristoleic acid (C14:1 6 Orroor  osheons  osioor
+ + +
Penadecancic acid C150 o (1000 goiione 009s0.01
Palmitic acid (C16:0) 5 olsieods  2asa1r 2007e083
T L\ T B + B
Palmitoleic acid (C16:1) 16 490008 5008072 3084023
Magaric acid (C17:0) 5 0180001 0166001 0205001
Magaoleic acid (C17:) 5 0505001 0160001 025s01s
+ +
Stcaric acid (C15:0 6 741%070  sovtoss  aretos
Orcic acid (C15:1) 5 547oe08l 5319011 3200e1 30
Linoteic acid (C18:2) 5 oiniiom  sesieens  obneeros
Linolenic acid (C18:9) I aratons  serteas  sorsoss
+0.01° +0.00" +0.01"
Arachidic acid (C20:0) 5 011t001 0165002 0474045
+ + +
Bicosenoie acid (C20:) 6 054%003 0542000 0854033
+ + +
Arachidonic acid (C20:4) 116 ggg;gég Sgg;gig 282;832
Sawrated fatty aeid SFA (o G0N 50 s079s0.06
Unsaturated fatty acid UFA) [ g0 G goaneo.es

D"CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.

AB Means + SD with different superscripts in the same column are significantly
different (p<0.05).

a,b Means =

SD with different superscripts in the same row are significantly

different (p<0.05).
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Table 8. Changes of sensory scores in seasoned chicken adding the different levels of

green tea extracts during cold storage

Storage time (day)

1
Items Treatments" ] 1 3 1 16

CB 3.50£1.91 5.83+1.94 6.60+1.52 5.25+0.96% 5.754+0.96

Flavor Bl 3.50+1.91 4.67+£1.86 5.20+1.79 4.00+0.82*" 5.25+1.26
B2 2.75£1.50 3.67+2.66 5.00£2.55 3.50+0.58" 5.00%2.16

CB 2.504+2.38 1.67+0.82 2.00+1.22 2.50+£1.29  3.00%+1.63

Off-odor Bl 2.50+2.38 1.67+£0.82 1.80%£0.84 3.50%1.29  2.25+1.50
B2 2.2541.89 1.67+0.82 1.604+0.55 3.25%1.50  2.50+1.91

CB 3.2542.06 4.83+1.72 4.20£1.30 4.00+£0.82  3.75+1.26

Juiciness B1 3.50+1.91 4.83+1.83 4.204£0.84 4.00+£1.15 5.25+0.96
B2 3.2542.22  4.33+1.37 4.00£1.22 4.00£1.15  4.50%1.00

CB 3.75£2.22 4.67+2.73 4.00£1.73 4.50+£0.58  4.00%+1.63

Tenderness Bl 3.50+£2.38 4.50+2.35 4.00£2.12 4.75+0.96  5.50%2.38
B2 3.50+2.38 4.174£2.23  3.80%£2.17 5.2540.96  4.75%2.22

CB 5.2541.50 6.50+1.64 5.60+1.14 4.50+£0.58  4.50%0.58

Acceptability B1 5.25+1.26  6.33+1.75 5.80+1.64 4.00£1.41 5.75%+0.96
B2 475%£0.96 6.83%1.83 6.00£1.87 4.50%1.29  5.50%1.29

Y CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.
AB Means £ SD with different superscripts in the same column are significantly

different ©<0.05).
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21.5
11.5

14

Fomula for seasoned chicken with red pepper sauce adding green tea
CP

Water
Green tea extracts

CP:

Control (without green tea extracts); Pl:

Chicken

Ingredients
Red pepper sauce
Corn syrup

Ground garlic

I}

content; P2: 2.0% green tea extracts added on chicken content.

extracts
(1) pH

Table 1.
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pH-meter (MP230, Mettler Toledo, Switzerland)

SR AFE-S AOAC (1990) el W} 102 2 €9 drying ovenoll A 24413t A% F
TEFS S48 A2 A A5 T gk MEE(%)E HERIATE gt AlEE water bathol]
70 CollA 3087 7k st v wdskdt) W 2 3,000 rpmeol| 4] 1037t Centrifugedt 5= 543}
of Az A AR Tl e HEE (%= HeERAIT

ZA =2 Folch 5(1957)9] WS o835t S48t A& 2 g5 50 ml test tube

l

o ¥ Folch I (chloroform : methanol = 2:1) 8945 20 ml ¥ 3 Homogenized A 14,000 rpmo
2 30%3F w43} ¢ g Folch 149 15 ml® Homogenizer (T25-Basic, IKA, Malaysis) ¥4
B2 AA3] test tube capg $F TS 4TI 2417 WEA|SPH A 208 7H4 0 % shaking
dl=t}. Test tubeol] #&3HH A|EE 100 ml mess cylindere]l Whatman No.1 filter paper &4&
o]galA oJ3sl3lt. mess cylinder w55 $1aL o] 25%° siFsh= 0.88% NaCl& 37}ste] m

W3k Tt oW Folch II (chloroform @ methano

e

ess cylinder capE & th& AH3s| £ F 14
11 H0 =3 : 47 : 48)89 10 ml© 2 mess cylinder HHH-S AZ3 & w55 9=Ha). A5 as

piratorE ©]-&3A AASIAL 515 10 mS FAIE &l A= F7Idd ¥Yal Axe & FA 0OF &

gt ARA LS et 2tk

(c-b) X 10/a
ZAY 1 R) = X 100
Sample(g)

(5) VBN (Volaile Basic Nitrogen)574
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wade) Wy AES 2 dste] Iy QUIEAAE  Conway VI B WG,

10ge] A5 A% H 7T oF I0mlE 7hsted #4712 #HaL 75,000 rpmel A 187+ 48t

A171 & Whatman No. 1 oA =S o]&3le] o]3&}dc}. o3l 1 mlE Cowayeld &%) Wil 50%

KoCOs Iml & 94 Q2% ¥ ¢ Ao 0.0IN HBO; 1 miet 500 ulx]A]¢F (0.066% Methyl

red in ethanol : 0.066% Bromocresol green in ethanol = 1:1)S Y& 3 FEAHS vlE 48 &

& F o] AEH KCOse WHAIRE: HheARl F 37°Ce] i g7]elA 1 SN ZH.

ol FAFT+= KoCOss WA FAdth wkgo] £X1%  Conway® 745 dof wE AJE Qtel 10 ul
GCE injector® 3} 9 wW7h4]9] 0.0IN HySOs AREE o SAI] ALksloich

=] [e)
120%-7F Hk&-

tlo

Ak = (TBARS) & Burge®} Aust (1978) o Woz Z4s9lon, AEE 22 2

AEsE 3 A28 A8 5gol BHT (Butylated Hydroxytoluence) 5008} =5 15 mlE 713 w2 7]
5 Basic, Malaysia)Z 13,500rpmellA] 10Z7F #2&3ith #29 2mee]l TBA/TCA &

& 4 miE Far w7l A 1027F E8F F 90T F2xelA 1683t 7k AT WaeR 4

,000 rpmollA] 15%-7F Y4182 (Model Union 5kr, Hanil, Korea) & A1 & AsdS 3
3

Chromometer (Model CR-300, Minolta Co. Ltd., Japan) & A}g3&le] U3 A g2
33] Bk =45l on ojuf FFEMFES Y=93.5, a=0.3132, y=0.31982.2 3}t}.

fo
P
rlo

MAS 10gS 250ml A2 flaskoll ¥l &3 solvent (chloroform : methanol = 2:1) 150 mE
A7FeE v 2,500 rpmol|A] 37t wEstste] A|dS FEskal dAEEE (500 ml) o] ofH-g Kol o
3} 3 oI xof] P& 317]9} oA 55 Z3F solvent (chloroform : methanol = 2:1) 150 ME H&
U2 2,500 rpmell Al 323 AlAstste] 47t EekaTe] thA] War &3 solvent 100 ml =& ©]&
ske] Azp w4, BEAZT

o719 0.88% NaCl& Fo99] 1/4 A% H718le] shaking ¥ 3,000 rpmelA 108 5k 94
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F-2J&}aL aspiratorE o] &alo] AZAH wA|Bo R ASHS vlga &-5(lipid layer)S FH3I3ith
71459 8t 250 ml 99 flaskol]l 815S o] FalE olm] Na,SO,E o] dte] He S5
o5 40T olaollA] AAVFAE AL FUHAA sFslAdthH718v 34).
T wEE 20~30 mgo lipidE test tubed W2 ¥ 4% HxSOs (40 ml HzSO./1000 me
|9 1 mE F7kete] 5745 2aL 90TelA 10 tdgh & Aol yzhsilvh 13t
THT 2 me Yol £53L Hexane 2 mls WA ¥o] && ¥ gl At oA S/ 2 mis ¥
EEo] FUoH(33] wHE) 35S AAS T NaSOE Yol Fu8 AASI 45 2.5~3 s
FAske] GColl F=dsto] APrkS o] AZstlon, ojwf GCx1L Table 29 2.

401'

r—{m
ri
\l

Table 2. GC condition for analysis of fatty acids compositions

Item Condition
Model Hewlett Packard 6890N Gas Chromatography
Supelco wax ™ 10 fused silica capillary column
Column
60mm X 0.32mm X 0.25um film thickness
Detector/temperature Flame lonization Detector (FID)/ 250T

Initial temperature/time  180°C/6min
Rate 5C/min

Finla temperature/time 240C/20min

Injector temperature 250T
Carrier gas No
Split ratio 10:1

(9) T
7 (Total bacterial counts) & A& 25 g& A& F 1081¢] 1% peptone<l ¥l 60
% ¢t stomacherE 8}, stomacher 4 AIEE 1 mlE g = 108) 348 stof vjg] ZAg
Plate count agar (DifcoTM, Becton, Dickinson and Company, USA)o| HE3F 5 37Tl A
48A17F &<t incubatordl A BlFAIA YER= colonye] 5 AlG3kSlH.
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A% R FFH J1ERS Hate] 9¥HEPOR Brlsterh

ok AR
Ao Pofxl JA2 SAS/PC (SAS, 1999)S o]&at] #AHEA B Duncan® the748&
ARl

=4 =~ [e]
Table 32 SAFEES H7keh 13 FdAF] i 2 2244Ss ved 4
Folrt, a2 2 A AT ¥ ztelE fldla, FHFES oF 68% A=
R Z=ALE 1.07~1.19%2 JerAAT

Table 3. Total moisture and crude fat in seasoned chicken adding the different levels

of green tea extracts during cold storage

Treatments" Total moisture (%) Crude fat (%)
CP 67.97+0.34 1.07x0.05
Pl 67.78+0.22 1.10x0.02
P2 67.86+0.10 1.194+0.12

Y CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

W A% T pH, 7tEH (%) Wt

Table 4= A4 & pH % 7FE4 Waks vebd A, pHe 35 A% x7]< CPA#
T7F 7P e ge UEridaL AR 12d Al PIAE S B w2 gs dERide A%
717kl wEbM = CPAg T2 Alfletas 25 Hashs 43S Uehliddn. 3 7t
A CPA g ol Mut A7) 7o) S7hgel wel #fo4Ql Apols Bel=d A 1d % 84
Aol 7HE w2 ghs JERAT
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Table 4. Changes of pH and cooking loss in seasoned chicken adding the different

levels of green tea extracts during cold storage

Treat- Storage time (day)
[tems b
ments 1 4 8 12 16
Ccp 5.840.03%  6.140.01%  6.0+0.02*®>  6.0£0.01%  6.0+£0.02"
pH P1 6.1£0.01%  6.1£0.02*%*  5.9+0.04" 5.940.02°® 6.0+£0.01*
P2 6.1£0.02*  6.0£0.04®®  5.9+0.02% 6.0£0.01*" 5.840.02
CP  23.3+0.54° 28.7+2.15*  24.4+0.04°> 27.840.97* 28.1+1.39%
Cooking
P1 23.841.29 24.9+1.61 27.840.34 27.6+17.85 36.8+3.97
loss (%)

P2 24.4%£1.73 25.8+3.46 25.4%£0.23  24.3£4.36 26.3%£0.58

YU CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

ABC Means + SD with different superscripts in the same column are significantly
different (p<0.05).

a,b,c,d Means = SD with different superscripts in the same row are significantly

different (p<0.05).

ot A = VBN, Agatu= 5 et W}

Table 6= FzaFE=S W7He 138 FdASS A% T VBN, TBARS 3 F9]
W35S Uebd Aafelth. VBN A A 719} A F7)o] 5343FE 2%H 22 P20
A 7HE S e UEhIlaL A7 te] SUFR S BE A el A= VBNgho] S7F
o= A%S w3t TBARSS 4 A4 8dAel CPAel7- <k PIAT7) 22 & HE
o A 169A= PLAelTs R P2AET7F 7P w2 & UERldIY ol2d A=
2ol A F7ldl= Fakste] asbrt oIt R dae] uF AR Wl =3}
Aol advh mvEtA eyl Wil Ao Atmdrh i AR7|3te] SRS B
A2l Tl TBARSgkol S7behs 4&S vehlidh. St 4§ A% =71 CPAHT7E 2
AR =& %S vehla, A7Ie]l SIS BE A TelA o] mokAE AF

& ngith w3 Jre) Pt w3k 2ol AT Al AdES T EAE R Ao
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2 Alg ¥}

Table 5. Changes of VBN, TBARS and total plat count in seasoned chicken adding the

different levels of green tea extracts during cold storage

I Treat— Storage days
t
OIS ents? 1 4 8 12 16
cp 48.4+0.88% 51.0+2.80° 52.0£0.71" 53.7£0.45° 56.6+0.52*
VBN
P1 49.5+2.30%" 49.1£0.83" 50.3+1.51° 54.0+£0.80* 55.3+0.80""
(mg%)
P2 46.941.08% 48.8+1.66™ 49.94+0.93" 53.6+2.43* 53.0+0.61%
Ccp 0.874£0.05"  0.83+0.05" 1.15+0.06% 1.014+0.24™ 1.204+0.01%
TBARS N .
P1 0.87+0.13> 0.8240.13" 1.00+0.12%"" 1.33+0.07* 1.32+0.03°
(mg/kg)

P2 0.64£0.09  0.73+0.06% 0.9440.03%¢ 1.0640.03" 1.3940.08"*

Ccp 3.55+0.06™ 3.87+0.05* 4.46+0.06*° 4.62+0.08" 5.10+0.12°
Total plate

count P1 3.4240.09%"  3.86+0.06"° 4.2940.06™ 4.364+0.10° 5.2440.08°

(log CFU/2)  po  5341001% 3.7040.08™ 4.34+0.08% 4.50+0.17 5.13%0.10°

D"CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.

AB Means + SD with different superscripts in the same column are significantly
different (p<0.05).

a,b,c,d Means = SD with different superscripts in the same row are significantly

different (p<0.05).

% A% F S0 W

Table 6& FdAFe A% 5 %4 Ve e And], FEL)o] doiAE A
4 %7) CPAYTH AdHoR 2 e JEIIAT A% Fol0E f49 olg
oA srsieh. P2AETel A9 AR F7he] Wb foHel Aol vehiA: ekskeh

AMEZ(@)e A 2719 P2AE 7 22 32 UElla A% 1284 0= CPA 2l +7}
Fold oz =& FS YERAL FAEb)= AFVIZE F P2AE T U2 Aol v &
Foid o Fe S YEMNY chromagk2 A4 19 2 8dA ] P2AH 27 7 w2
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Table 6. Changes of meat color in seasoned chicken adding the different levels

green tea extracts during cold storage

Treat— Storage time (day)
Items b
ments 1 4 8 12 16
+1.148
Ccp 42.9 43.3+1.01% 42.8+0.44*  40.4+1.01° 43.6+0.15°
L P1 43.840.59% 41.241.30% 41.5+0.82° 41.6+£0.56° 42.5+0.38%"
P2 42.040.72%  41.9+0.56"% 40.6+1.74 42.6+2.74 42.4+1.06
Ccp 13.5+0.75"® 13.941.72% 10.7£0.20% 16.5£2.27% 14.44+1.12®
a’ P1 14.440.54% 16.541.19% 13.1+£0.34* 9.33+0.71% 13.4+1.26"
P2 17.240.89% 16.8+0.81%%" 13.7+1.65* 10.5+0.785% 15.3+1.48
Ccp 22.3+1.14%" 2424267 19.3+0.30" 24.3+2.65" 22.2+0.38%"
b P1 23.74£0.94%" 24.940.95° 23.240.93%"° 20.3+1.35°¢ 21.8+0.66¢
P2 25.9+41.62% 23.5+0.94™® 22.340.11%" 21.0+3.21" 23.4+1.31%
Ccp 26.0£1.33%% 27.9+3.08% 20.14+0.34%" 29.4+3.18"* 26.4+0.92°
AC P1 27.7+1.05%° 29.941.30° 26.7+0.67* 22.3+1.37% 25.6+1.17¢
P2 31.1+£1.75% 28.9+1.22"° 26.240.78% 23.5+3.14% 28.0+1.77™
Ccp 58.7+0.62* 60.3+1.58*" 73.840.36%" 55.8+2.84% 57.1+1.63
Ah P1 58.8+0.56% 56.6+1.51% 60.5+1.63" 65.3+1.71** 58.5+1.82"
P2 56.4+1.08% 54.5+0.40°° 58.5+3.25%"  63.4+2.48 57.0+1.79>

D"CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on

chicken content; B2: 2.0% green tea extracts added on chicken content.

ABC Means + SD with different superscripts in the same column are significantly

different (p<0.05).

a,b,c,d Means = SD with different superscripts in the same row are significantly

different (p<0.05).
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Table 7. Changes of fatty acid composition in seasoned chicken adding the different

levels of green tea extracts during cold storage

_ Storage Treatments”
Fatty acid (%) daye cp P1 Po
. , 1 0.99+0.01 1.0440.03 1.0120.04
Myristic acid (C14:0) 16 0.9340.06°  1.10£0.02*  1.04+0.02""
. . . _ 1 0.25+0.01* 0.204+0.01° 0.21+0.01°
Myristoleic acid (C14:1) 16 0.27+0.01 0.30+0.02 0.26+0.02
Pentadecanoic acid 1 0.10£0.01 0.09£0.00 0.10£0.00
(C15:0) 16 0.0940.00 0.11£0.01 0.10£0.00
o , 1 92.9240.33  22.00+0.23  22.26+0.33
Palmitic acid (C16:0) 16 93.3540.55  23.1040.53  22.8740.35
o . 1 1.3310.07 1.41+0.06 1.35+0.13
Palmitoleic acid (C16:1) 16 4.8440.67 4.8540.60 4.18+0.54
o _ 1 0.16+0.01 0.17£0.01 0.18%0.00
Magaric acid (C17:0) 16 0.1540.00°  0.20£0.01*  0.18+0.01"
o , 1 0.18%0.01 0.1840.01 0.2140.01
Magaoleic acid (C17:1) 16 0.1840.01 0.2240.03 0.1940.01
o , 1 7.87+0.27 7.79+0.31 8.22+0.18
Stearic acid (C18:0) 16 9.15+0.78 7.4140.37 7.7340.26
o , 1 33.61£0.79  33.17+0.83  32.72+0.69
Oleic acid (C18:1) 16 34.95+2.12  3457+1.97  35.26+2.33
o , 1 94324119  2531+1.09  24.45+0.48
Linoleic acid (C18:2) 16 90.5141.72  23.1141.99  23.3042.33
. o , 1 1.85+0.18 2.11+0.13 1.9840.23
Linolenic acid (C18:3) 16 1.2840.12 1.60+0.17 1.65+0.25
L , 1 0.1310.01 0.15+0.01 0.12+0.00
Arachidic acid (C20:0) 16 0.134+0.01 0.1240.01 0.1340.02
. o , 1 0.59+0.01 0.62+0.04 0.61£0.01
Eicosenoic acid (C20:1) 16 0.65+0.02*  0.5520.00" 0.60+0.02"8
L . _ 1 2.744+0.07° 2.78+0.16" 3.61+0.33"
Arachidonic acid (C20:4) 16 3.56+0.74 9.81+0.63 9.57+0.45
. 1 32.15£057  31.23+0.58  31.89+0.21
Saturated fatty acid (SFA) 16 33.79+0.18"  32.0140.17°  32.034+0.11°
Unsaturated fatty acid 1 67.85+0.57 68.77£0.58 68.12+t0.21
(UFA) 16 66.21+£0.18"  67.99+0.17"  67.98+0.11"

D"CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.
ABC Means + SD with different superscripts in the same column are significantly

different (p<0.05).
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Table 8. Changes of sensory scores in seasoned chicken adding the different levels of

green tea extracts during cold storage

Treat- Storage time (day)
Items b
ments 1 4 8 12 16
CP 4.50+£1.00 3.67+1.37 5.40+0.89 5.00£0.82 5.50+0.58"
Flavor P1 3.00£1.41 3.17+1.47 4.20+1.48 5.00+1.63 4.00+1.15"
P2 3.00+1.63 3.00+1.26 4.00+1.87 4.25+1.89 3.00+0.82"
CP 2.25+1.50 1.67+0.52 2.60+1.34 3.25+2.06 2.25+1.26
Off-odor P1 2.00£1.15 1.50+0.55 1.60£0.89 3.00+2.16 2.00+2.00
P2 2.50+1.73 1.67+0.82 1.60£0.89 2.75+£1.71 2.75%2.36
CP 2.75+0.96 4.33+1.97 3.20£1.48 4.00£1.83 4.00£1.15
Juiciness P1 3.00+£1.15 3.83+1.94 3.40£1.67 3.75%£2.06 3.25%0.96
P2 2.75+0.50 3.67+1.51 3.80+1.64 4.25+1.71 3.00%+2.00
CP 3.25%1.26 4.00+£1.90 4.40+1.14 4.50+1.00 4.50+0.58"
Tenderness P1 3.50+1.73 3.83+1.83 3.80+1.48 4.25+1.71 3.25+0.50""
P2 3.00+£1.15 3.50+1.52 4.60£1.52 4.50+1.73 2.75+1.26"
CP 5.50+£2.52 5.67+1.97 6.00£2.00 4.75£0.50 5.75%1.71
Acceptability ~ P1 5.50+2.38 6.17+1.94 5.80£2.28 5.00+£1.41 4.50£1.29
P2 5.2542.63 5.33+1.97 6.20+£2.17 5.00+1.83 3.75+1.71

D CB: Control (without green tea extracts); Bl: 1.0% green tea extracts added on
chicken content; B2: 2.0% green tea extracts added on chicken content.
AB Means + SD with different superscripts in the same column are significantly

different (p<0.05).
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Table 1. Fomula for the manufacture of seasoned chicken with soy sauce containing

different levels of green tea extracts

Treatments”
Ingredients (%) SA 3B 3C
Chicken 50 50 50
Soy sauce 11 11 11
Ground onion 5) 5 5
Ground radish 2.5 2.5 2.5
Ground ginger 1 1 1
Corn syrup 16 16 16
Ground garlic 3.5 3.5 3.5
water 11 11 11
Green tea extracts 0 1 2

D"SA: Control (without green tea extracts); SB: 1.0% green tea extracts added on

chicken content; SC: 2.0% green tea extracts added on chicken content.

Table 2. Fomula for manufacture of seasoned chicken with soybean sauce adding the

different levels of green tea extracts

Treatment”
Ingredients (%) BA BB BC
Chicken 50 50 50
Soy sauce 15 15 15
Ground onion 5 5 5
Ground radish 4.5 4.5 4.5
Ground ginger 1 1 1
Corn syrup 11.5 11.5 11.5
Ground garlic 4 4 4
water 9 9 9
Green tea extracts 0 1 2

D SA: Control (without green tea extracts); SB: 1.0% green

tea extracts added on

chicken content; SC: 2.0% green tea extracts added on chicken content.
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Table 3. Fomula for seasoned chicken with red pepper sauce adding green tea

extracts
Ingredients PA PB pPC
Chicken 50 50 50
Red pepper sauce 21.5 21.5 21.5
Corn syrup 11.5 11.5 11.5
Ground garlic 3 3 3
Water 14 14 14
Green tea extracts 0 1 2

D SA: Control (without green tea extracts); SB: 1.0% green tea extracts added on

chicken content; SC: 2.0% green tea extracts added on chicken content.
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