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ABSTRACT

Effects of Curing Agent Added with Grapefruit Seed
Extract on the Oxidative Stability and Quality
Characteristics of Chicken Breast Meat

by. Kang Su Tae
Advisor : Prof. Lee, Jae Joon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was carried out to investigate physicochemical components, the
antioxidative effect of grapefruit seed extract in vitro, and to evaluate the
functional effects of curing agent added with grapefruit seed extract on the
quality properties and storage characteristics of chicken breast meat steak.

The proximate compositions of grapefruit seed extract as were 62.89% of
moisture content, 9.19%6 of crude protein, 4.42% of crude fat, 0.08% of crude ash
and 23.42% of carbohydrate respectively. The content of vitamin C was 4.38
mg/100 g. The major organic acid were lactic acid, citric acid, succinic acid,
formic acid, malic acid and oxalic acid. The major free sugar were glucose,
fructose, sucrose, rhamnose, xylose and galactose.

Total polyphenol contents of grapefruit seed extract was 45.06 mg TAE/g.
Total flavonoid contents of grapefruit seed extract was 36.06 mg RE/g. The
DPPH radical scavenging activity of grapefruit seed extract increased with the
increasing levels of grapefruit seed extract. ICsy values of grapefruit seed
extract was 333.33 pg/ml.

Chicken breast meat was preblended with different curing agents. The

chicken breast meat consisted of six types : no treatment(control, T1), sorbic

= Vil -
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acid 0.2% + sodium nitrite 70 ppm added (positive control, T2), grapefruit seed
extract 0.05% added (T3), grapefruit seed extract 0.1% added (T4), grapefruit
seed extract 0.3% added (T5), grapefruit seed extract 0.5% added (T6). Each
chicken breast meat types were tested in triplicate and assigned to one of four
storage periods: 0, 3, 7 or 10 days. The moisture content was slightly increased
as grapefruit seed extract added, but it was no significant difference. Crude
protein, crude lipid and crude ash were not significant difference between
grapefruit seed extract. The pH and cooking loss of chicken breast meat
decreased with the increasing levels of grapefruit seed extract, but the water
holding capacity (WHC) was increased with the increasing levels of grapefruit
seed extract. For the textural characteristics, the hardeness and chewiness of
chicken breast meat containing grapefruit seed extract groups were higher
than those of T1 and T2, but it did not affect the springiness and cohesiveness.
Hunter’s color L (lightness) and a (redness) values significantly increased by
addition of grapefruit seed extract, it did not affect the b (yellowness) value. In
the sensory evaluation, the addition of 0.19 grapefruit seed extract (T4) had
the higher score in flavor and total acceptability. In the subjective evaluation,
the addition of 0.05% grapefruit seed extract (T3) had the higher score in
appearance and total acceptability. The 2-thiobarbituric acid (TBA), Volatile
basic nitrogen (VBN) contents and the total microbial counts significantly
increased with longer storage period. The TBA and VBN values of 0.5%
grapefruit seed extract added (T6) were significantly decreased compared to the
positive control (T2). Total microbial counts of chicken breast meat containing
grapefruit seed extract groups (T3, T4, T5, T6) were higher than the positive
control (T2), but that lower than control (T1). Therefore, adding grapefruit seed
extract to the chicken breast meat meat tended to effective for delaying lipid
peroxidation and antimicrobial effects during the cooler storage period

In conclusion, grapefruit seed extract should help to improve shelf life and
palability, so this can be applied meat products as a natural antioxidant and

functional curing agent.

- viii -
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HElH C ¥4 Rizzolo 59 Wy ) wel AEE 5 g2 metaphosphoric
acid (HPO3;) € 9& 20 mLE 7Fste] F=3F o2 1,900 xgoll A 2023t ¢4 &
3t %o membrane filter(0.45 ym)® oJ¥}ste] HPLC (LC-10AVP, Shimadzu,

Kyoto, Japan)® EAstqlon A 2728 Table 13 2t}

Table 1. Operation conditions of HPLC for vitamin C

Item Condition
Instrument LC-10AVP (Shimadzu, Japan)
Column pBondapak Cis (3.9x300 mm, 10 pym)
Mobile phase 0.05 M KH2POy : acetonitrile (60:40)
Detector UV-VIS Detector (254 nm)
Flow rate 10 mL/min
Injection volume 20 pL

-7 -
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714 242 Kim 59 WHU9el wah AR 1 gdl % 50 mLE 7hsh]
80T FZFoA 4A7r 7}FE 3 t}& Whatman filter paper (No. 2)& o] 38} a1, of of
< rotary vacuum evaporator® ¢ - =% & SHIFE 10 mLE A L34 Ion
chromatography (DX-600, Dionex, USA)® ®A3}om EXZAL Table 29

2ot

Table 2. Operating conditions of Ion chromatography for organic acids

Item Condition
Instrument DX-600 (Dionex, USA)
Supelcogeltm C-610H column
Column
(300 x 39 mm, 4 um)
Photodiode array detector
Detector
(M990, Waters, MA, USA)
Mobile phase 0.196 phosphoric acid
Flow rate 0.5 mL/min
Injection volume 15 uL
Wave length 200-300 nm (main 210 nm)
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TAYT B4 Gancedo WH(50)o 38kl AAEAT. A& 1 goll 80% ethanol
50 mLE 7}8t9] heating mentledl A 75C% 547 7F43dk tf¥ Whatman filter
paper (No. 2)2 oj3st1 o & rotary vacuum evaporatoroll Al ¢t - 535 3 10
mLZ A 83} Ion chromatography (DX-600, Dionex, USA)Z EAstlon &
A Z7L Table 37} Zt}.

Table 3. Operating conditions of Ion chromatography for free sugars

Item Condition

Instrument DX-600 (Dionex, USA)

Column CarboPac TM-PA10 Analytical (4 x 250 mm)
Guard CarboPac TM-PA10

Eluent 18 mM NaOH

Flow rate 1.0 mL/min.

Injection volume 20 uL

Detection ED50 Intergrated Amperometry
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A3d AEFEA FEE dAsad
1. ¥ polyphenol &% =3

22 259 F polyphenol &% Folin-Denis® (51)o] wz} =43kt
Test tubedll AH5-FA FE2S 27 1 mL¥} Folin reagent 2 mLS Y& 3 A&
oA 3EZF AA 3 v 10% NaxCOs 2 mLS H7Is L, o]& &3 & 30T
A 4087 AR e e, UV-spectrophotometer (Shimadzu UV -1601PC, Kyoto,
Japan)E AF&3te] 760 nmoll A FFE=E SASA Y. EF4ES tannic acidE 9|
g3t HFE=7E 0, 6.25 125, 25, 50, 100 ng/mL7} ¥ =5 Ao, o 7

FaMHMo2HEH Alg F9 F polyphenol &HFS T3t

2. & flavonoid &% =3

0{

AgEA FEE2 F flavonoid I#EHS DavisHS W3 W (52)0] wet A
gt AEER FEE 212 1 mLol diethylene glycol 2 mLE #H7}3F S 1N
NaOH 20 pL& i 37C water bathold 1Az &9 wESAIzl %
UV -spectrophotometer (Shimadzu UV-1601PC, Kyoto, Japan)® 420 nmol A &%
=5 S48 ZE=34AL ruting o] &8t HF =7 0, 6.25, 125, 25, 50,
100 pg/mL7F M =5 AR oW, o] HIFFHomRE A8F9
Fe T

% flavonoid &

_10_

Collection @ chosun



3. DPPH radical £2A% &%

AeFEA FE=9 22-diphenyl - 1-picrylhydrazyl (DPPH) radical 47 %<
Blois®] W (63)& ol&stol FAsAT. AT FE=2 22 1 mL¥ 0.2 mM
DPPH 1 mL$& test tubeel H3I F Egsto] 37CoA 30&3F &A1
UV-spectrophotometer (Shimadzu UV-1601PC, Kyoto, Japan)E A}-&3te] 517 nm
ANA FFEE SAsA. ojuf, A HuE fste] FAHWEL S E vitamin C
o &7 dAtskAlQl BHAS BHTE ol &3dte] w43 Wioz S48, AeF
A F=&=9 DPPH radical &~75& (1I-AE3H7MY F3=/F37H9 5%

£)x1000 e}ste] Alqksle] vHEFHLE

4. FA A=

SPSS (Statistical Package for Social Science)E& ©|
&3t B4 EAst9e AEdd xR E AR BAISA A, A A o] de] H

=
A BAL ddujx] BEAHEM(one-way analy sis of variance)S 3 & EAA

d

oA HAAL p<0.05 F=olA Tukey's testE o] &3t A3 7 A (Post-Hoc
test) 3} ok
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A4d AeFA FEEA wE Hlsdd FESA

2 AFEA

1. 4348 4 q7lsd &Hol39 Ax

9
)
)

Aol AgE Fa7](Fig. DE @G FA o FAET ANA FotE SA
& THdste] AdH ol8d S AASAL, Fig.29h o] AA NS Axzste] FUAIA
th Z+zre]l Hob el whEk BEF RE(TD), 22929 02%9F obaAkd 70
ppm= A7 FANET(T2), AeFA 55 0.05% H7F S7hs24a(T3), A&
T FEFE 01% H7F @7EAT(TY), AT F2E 03% H7F 97saT

5 05% H7F S7SAH(Te)C = 67019 Heldtoz2 1&sy
THE EgWol] Baste] 24A1%F FF 4Tl W

FRE TP AES A% TAAZE A

=
;%
Q
=N
(@)
B
N
ins
el
i)
=
il
rlo
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Figure 1. Photograph of chicken breast meat
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Chicken breast meat

Remove chicken skin and debris

l

Curing solution manufacture

(water, salt, sugar)

l

Curing agent injection

(injection, tumbling)

l

Refrigerated aging

Packing

Figure 2. Processing procedure of chicken breast meat meat
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Table 4. Formulation of chicken breast meat blending

(%)
Treatments”
T1 T2 T3 T4 TH5 T6
Salt 3.33 3.33 3.33 3.33 3.33 3.33
Sugar 0.87 0.87 0.87 0.87 0.87 0.87
Sorbic acid 0.2
Sodium nitrite 0.007
Grapefruit seed extract 0.05 0.1 0.3 0.5
Water 95.80 95.593 95.75 95.70 95.50 95.30
Total 100 100 100 100 100 100

Y T1:No treatment, T2: sorbic acid 0.2% + sodium nitrite 70 ppm, T3: grapefruit
seed extract 0.05%, T4: grapefruit seed extract 0.196, T5: grapefruit seed extract
0.3%, T6: grapefruit seed extract 0.5%

_15_
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. ARRE L AF BA

AEEA FEE A B Ay

Analytical Chemists (A.O.A.C) ®(47)9)

e}
a7z, 299 Ae micro-kjeldahlH, 2418

gyon BASAL, 4 APEd 3 A W Axseo,

LA

Y. pH &3

pH= Khalil(54)9] ®Riel wel 24 5= 317F |@7hsd A5 10 g& A

100 mLe} 374 Stomacher (400 Lab blender, seward, London,

30%7F dA3ete] pH-meter (WTW pH 720, Weilheim, Germany)=

e 3 wEd F BEge Aok

=] = S = =
At = FFT

_16_
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B4 542 Laakkonen 5 (559 Wel wel wAlgh o] & 2 mL FHE
A3 05+0.05 g& At Fr dia A5}
28 TAZE HZFI b8 80T Y water bath (HB-205SW, Hanbaek Scientific C

0%7F 7FE s 5 1027 AolA Wyt 4T, 6,710

a2 AERE FE A AR SR FA

il

skt
T (%) - frE
2= Eﬂ =
A2 A P - ANRY F P
Fel i = * 100
ASTA x ARAS

A

3t 30
o &

ZEge ga7] E75AS Water batholl ¥aL 70Col 4087F 7149
YA A FAE S-S & A Ao FAL Fo FAE vt
o o

2

rln
—n
X,

o
O
tlo
BN
AL
B
ol
S
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np, 23

_Ilm

3

o

%

10154

H

)
i
of
N
oy
i
filo
O+

H7tEd 2HolAe A SEAS SA8s7] Al tE =

ZF 1x1 emZF HE%E AWtk Rheometer
(Compac-100, Sun Scientific Co., Japan)E A}-&3}4] mastication test % shear
force, cutting testZ A A&+, AHE ZE18S RD.S (Rheology Data System)
Ver 2.01& o]&3stdth. g A+ 3 3719 A& #ste] 747 33 ®bE S48
of A= Yttt =4 Al table speedi 110 mm/min, graph interval 20
m/sec, load cell (max)< 10 kge] o2 313t

WA oe AtEeAR 7

AeEA FE2E H7T G AR5 SA2 WA, 94.04; a, 0.13; b,

-051)e. 2 ¥ 3471 Spectro colorimeter (Model JX-777, Color Techno. System

Co., Japan)® SA3sdt). olu FYS WP F5(D65)S A3kl Hunter Lab
1:

A o] W E(lightness)E WEW = Lak, A M =(redness) & YEIW = agt 12]al
S (yellowness) e YWEU = bito=2 YEldllth 542 5 &S & Hidghs
H ekt
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A B5EA

WeArs olv s Abel gk A Aol A= AFHA dE A g
A 10 oz FAse] Abdel 7R g diste] Ade & AAskATE dnt
(Saltiness), &%= (Tenderness), T4l (Juiciness), & 7| (Flavor) 2 AA| &2l 7]&
(Overall acceptability)S 54 7|5 HEWHog Hrletea, ztzte] Hrp &&
3Fo] ‘mf§- EH(extremely good)'E 5%, ‘H.%E(moderately like)S 37, ‘vf-$-
Y (extremely unlike)E 1oz AASA Y. A&+ pan—frying Ho=E 7}
2Holae] FA4 2%7F 72T7F 4 wW7pA 7h4E 0P°1 zes & 4
Z 2cm, A2 2 cm, F7 15 cm®E A3 & Ay Hol HAALE

om, 7} AR Atelel SE&5E AT

)
lo
>
bl
il
N
N,

Ll

>
>
o
30

A AALE 10209 FHE FHodANA Abdel HrR g diste] Ay
% AAsA k. 9] F(Appearance), §24(Color), &2 7 (Texture) 2 A% 54 (Total
acceptability) S 54 71& 2= og Hrtslda, Zhzbe] H7F o diste] 14
(&]¢o] w9 FA ¥k, FAlo] wjg sty xA ko] wig- FA &t pale,
soft, exudative (PSE)& SolthollA 53 (o] wj¢ Ft}, SAo] wjg ofFtt,
ZA 7ol wl$- Fu}, dark, firm, dry (DFD)3F Sojtho =z AAEAT. Alg=
pan-frying WO = H7lE4 2HolA9 FAXE=7E 72T7 2 w74A] 7Hd ko

Uf

zEs & 47t A8E 72 2 cm, AE 2 cm, 77 15 cmZ Addt & 3] A
Alell ol HALE skslen, Zk AR Alelel S8 E AlEskth
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3. A5FTA FEE HIF SUIEHY AFZEA
7}. 2-Thiobarbituric acid (TBA) % &3

A =(TBA)= Witte 5(56)¢] & WS ok Wy ste] TBA 42
Byl em, A8 10 goll cold 10% prechloric acid 15 mL¥ 3%} ZH+ 2
Homogenizer(AM-Series)ol] A 10,000 rpm2.& 10% w9t &3} st} 2l
Qualitative filter paper No.2 (Advantec)E Al-&3dto] o 334 o o}
0.02 M TBA € 5 mL& Yo &3] &3 v, YdihoA 16417 Bx &
Spectrophotometer (DU-650, Beckman, Brea, CA, USA)Z o] &3}o] 529 nm¢] o}
ol FHEE S35 Blanks 33 S/HTE ol €3t TBA FA& A&
Ab45)

o

1 kg @ mg malonaldehyde (mg malonaldehyde/kg)® A&t o]
standard curve= y=0.1975x-0.0011 1=0.999)¢| o yv=&33% x=TBA’}I= A%t

&t At
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1}. Volatile basic nitrogen (VBN) &% =3

A A7 A A (VBN) 832 Conway unitE AFESH w32k (57)¢0 <] &)
o 2R3t Alg 10 gol F7FF 90 mLE 718t Homogenizer (AM-Series)©l]
A 10,000 rpmo. = °F 30x WA & dAANS Qualitative filter paper No.2
(Advantec)& AFg38te] ofatlem, o3t} 1 mLE Conway unit 9]l ¥l
A= 0.01 N BA-g9 1 mLe %A 2F0.066% methyl red + 0.066% bromocresol
green)S 3% 7okt 439 H2 FHd glycerines ¥IEi 54S €2
T 50% KoCO3 1 mL& &4l F5 sta, A €97 v §718 32
g 37T A 12023F sttt vl $ 002 N HoSO= WAe] 4t
Ne At FAAAFA7IHEA(VBN)9 Fx&= 100 ¢ AlE 9 mg (mg%)2

.
2 gatstel EASATH

o |

VBN = {(a - b) x F x 28014 x 100} / Al&9] <
ar T9E ke F(ml)

b: blankell FY¥ 4ke] F(mL)

F: 0.02 N HpSO, %53 A4

28.014: 0.02 N H:SO4 1 mL A Est=d 23 N9

o2
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o

FHAE 3= ASIAHS o] &3] AlE 10 g9l 0.1% peptone &9 90 mL

7}8le] Stomacher (400 Lab blender, seward, London, England)® 30%7F #+ 4%

ot

st o] & A&3]A4 A7l A|EE plate count agar (PCA)¥iA| o] HZE3s}o] 37T
of| ;] 48A17F WA A TH(ER). vl EZ ZF colony counter® countst$dth Em|AY

= 79 99+ log CFU/g &2 AT

4. A A3

B oA3%o EAA = SAS program (2002)¢] GLM (general linear model)
procedureE °©]&3te] g o] FAHEA S AAstHon, 7t AT Hir HY Ao
oﬂ 9/]?1_ ‘IQI‘Q/]/\C‘)] 7&7(3.9- DUHC&HQ/] T:]-%‘@Xéﬂo]"jdgi 5% ‘/‘l}:‘?foﬂ/‘i /\E]/\]‘c_?}%l\ﬁl-.

R
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Table 5. Proximate compositions of grapefruit seed extract

(% wet matter basis)

Composition Grapefruit seed extract
Moisture 62.89+6.25"
Crude protein 9.19+2.21
Crude fat 4.42+0.10
Crude ash 0.08+0.03
Carbohydrate” 23.42£5.10

1)Carbohydrate = 100-(moisture+crude protein+crude fat+crude ash)

PAll values are expressed as meantSE of triplicate determinations.

_24_

Collection @ chosun



2. vg¥l C

AgEA FE2) WEH Co FFS BAS AIh: Table 63 2k wEw C
o FFE 438 mg/l00 g2 ehgeh vlER C: FAbs wEWoE, HAF % of

2 O

AFol EAsE BIERY Cis 38 obdAYE S F58A AATgoEN WA
nitrosamine?] A4 9A &S YHERlE AoeE WA don(62), ditst a5
ZEAIAL o] HEA Q] HA qAEA R o] &¥ L Ut}

r o
Ho
_>‘i
1o
>
>
i3
fr
1%
Ho
b=}
1%
&
ofy
1o
=
rg

6.14710.74 mg/100 g, ¥3]+= 19.38730.21 mg/100 go= #3] T HET C g ol

o vkl Hastlan63), A F o HEY C e FAFAAE, FF, AWA,
FEA7], FEAA Tl 93 Gegol A RuEHh64). HAe 3E 2 3y

Zo vEh C % BAP A% B85S 7093 meo%, HAA 470 mg%E BA
Hol fApsh 9o A5 HEE C Gl o wvha 1318k thes).
e B AR s ol 337k o Fae el A@dvtelme A
QWAL ol FA R, Fgol} wu Feol wElyl C FHRTE Fd A
=
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Table 6. Contents of vitamin C in grapefruit seed extract
(mg/100 g)

Grapefruit seed extract

Vitamin C 4.38+150"

YAll values are expressed as meantSE of triplicate determinations.
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3. F714k

=

rulo

A FEEe F71At A3 A3k Table 73 2o & 659 7]

2bo]l HEE Ao, o] F lactic acid®] gHaFo] 1,702.86 mg/100 g =2 714 &k

n°1'

a1, citric acid, succinic acid, formic acid, malic acid, oxalic acid <=2 2 HZE=%U

Folldel #7714 B4 AyE wmd AFAF gE A5 oA HER

714 FFEE citric acid, oxalic acid, malic acid 2 & =4 UEelykow o]=
T EFER FEo ztole a4 eyt B389 tH66). Koh
F R §714F F5F 2 citric acid?t 5.7796.2% 2 A S AHA]

;

oj

skl 1 9] 2 malic acid, oxalic acid, fumaric acid +£2&2 A= 3HrH o] Q)
28t th Chung 5(65)2 WA #3]¢F 359 F7]0hS E43 A3 350
M citric acid, malic acid 2 oxalic acid’} HEHJ oy o= 3§ o A
gtako] 7hA =& citric acid 7F AEH A FUta H sk
UE #AEFe 2ol AeFA FEEANAME citric acid®] ol =A UErsE o
malic acid4t oxalic acid®] 2 A7 WEFsEaL, lactic acid®t succinic acid®] ¥ %

o] = YERRkH
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Table 7. Contents of organic acids in grapefruit seed extract

(mg/100 g)

Organic acid Grapefruit seed extract

Oxalic acid 15.72+2.25"

Citric acid 1,624.36+69.52

Tartaric acid N.D.?

Malic acid 25.35%3.03

Succinic acid 240.16+£16.49

Lactic acid 1,702.86£50.41

Formic acid 35.43+5.36

Acetic acid N.D.

YAl values are expressed as meantSE of triplicate determinations.
N.D. : Not Detected
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4. 33

)=
T'_T/’\jl

tlo
b

AEsEA FEE9 FH A= Table 8% 2t F 659 #
ol =5 on, o F glucosed FEFo] 11496 mg/Le= 7Fg =Qkal,
fructose, sucrose, rhamnose, xylose, galactose =2 2 AE% Ut}

2o AdEFe &t "BAY Ay #& fFEds A AI fructose,
glucose ¥ sucrose’} N, ZF AE 2L HAA 42 FFRYE Hoa] oF
2v) A% wWol FrEo] ATt K iskthE5). Park® Chun(68)> B Ao] {2
g B4 A3 919 A 1A o]l 9 = mannose, galactose, xylose % rhamnose %
of M HEHATL Bustieh AFA =7 & A2 Fad &4 23 F
3 g3 ol AT sucrose’t 46.8764.6%= 7HE Hol ddfEo A, L
9] glucose$} fructose’} 8 el doleta X sty tH67).

gy B Ao A= FSolut B}y 7t opd FA A AP AR mE A
N MG 77E o AN dnkA o R FAo] iE FEH FHF GRS FFolut

B39 me Ao wurd,

oft
ol

Fe

)

_29_

Collection @ chosun



Table 8. Contents of free sugars in grapefruit seed extract

(mg/L)

Free sugar

Grapefruit seed extract

Sucrose
Maltose
Lactose

Rhamnose

Ribose

Mannose
Fructose

Galactose

Xylose

Glucose

39.88+352"
N.D.?
N.D.
11.85+2.65
N.D.
N.D.
107.56+5.96
0.45+0.08
474%1.22

114.96+6.19

YAl values are expressed as meantSE of triplicate determinations.

N.D. : Not Detected.
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A2d AFFEA FE2E9 I3 aH
1. & polyphenol &%

Phenolic compounds< 2l & Ao g ®xHo JE 23 dARRIERA
flavonoidF 7} FH/E o], phenolic hydroxyl (OH)7|7} wwla S0 A E=x}b
St AsS Fa ks, Aok F A T g AYries MHAE Ao
A ATHE9).

e FA FEE9 F polyphenol $H#S tannic acidE 7|FE22 2 AR S
W 1 A3= Table 99F #Zo] 4506 mg TAE/ge 2 YElgt. Oh (592 #&

FAF9 % polyphenol & 2243 A3} 209~53.1 mg/100 g& 2 ®iste] =}
T FEEN v IS et AT AdgEe] #yet T F
polyphenol && =4 A}, 3= 2884~8672 mg/100 g, A+ 365.9~384.5
mg/100 g2 =4 RustA+=d(60), ol 41 A7l AS AHEstS 7] wWE
ojg}al A Zt¥t},

Won (7002 5 #39 T2 F=E9 F polyphenol sheFe 27 598
mg/g, 9.94 mg/gl & ¥}y FEE| Hs] FA FEE| = polyphenol &#o] ¢

ol gfuol vt Husul ol EE FA e FEEo Iy Jdue
FE=HRT oF TH] o]&el F polyphenol S ZHAAL vk B ad Park s
(7Dl A A FAE A wEbA BRI R Sk A F polyphenol § o]

Choi $(720& omA Fxe] Ael wiel e & 2 dus F22e %

polyphenol & #-2 7}7} 1187181 mg% ¥ 1587239 mg% 2 & FEEd| H|sto] o
B8 FEEA o] ¥ =gt Huddrh Lee S(73)% s wBAe] A

%9/] i polyphenol 6}“—’3:-8— 7]'7]' 17.90 mg/gy 19.44 mg/gi
ZEA ol wrha muH ek ol A7 polyphenol L AR
FF, A B Sol Aot ohvet oW, FEW, FEE0 T a9l

welA Aslgre] Aol Wole Ao FuEh

"

i)
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Table 9. Contents of total polyphenol in grapefruit seed extract

Total polyphenol (mg TAE/g)

Grapefruit seed extract” 45.06+6.42°

YGrapefruit seed extract 1000 ppm (1.0 mg/mL).

Y All values are expressed as meantSE of triplicate determinations.
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2. & flavonoid =

Flavonoid= ©34 & =4S He desA ggEe 3=, 34, 349

AgZ22 2EE9 Z flavonoid &HE ruting 7|22 E Ao, 1 4
#}= Table 103} 7EL°] 36.06 mg RE/go. = ettt Oh 5(59)2
% flavonoid =S X3 A3} 12~48 mg/100 g& & H 1dke] =}
3 B3t sheFS JERNATE Lee S(73)2 5 wixfo] FojW FEHE &
H % flavonoid g&S =43 A3 oM 299~4.12 mg/goz 35
v = H-9loll Hete] & flavonoid $FiFe] WA WEukH W] T
F2 FEE9 % flavonoid %S 7H7} 276 mg/g, 20.06 mg/gl & 3
of mla] Fx —ﬁﬁ% o] % flavonoid §Fo] ©l ol 5“35]01 AN IL(70), Yu 5 (75)
S AgF #38 2 R Wee FE50| £ 5= £ flavonoid HS A3 2
o 747 3356 ng/mg, 131.48 ng/mgo 2 I35 %%Eit‘r A FE20M H
=0 Baskdvh =gk Ao ARER s g9 3y Fo F flavonoid
SAS A7 FE5S 1.95~393 mg/100 g, Z3 = 9.67~11.87 mg/100 go. = 3}

% flavonoid &#o]l B A YEWSH(63), 2 AFA e} vl ws) A-eF
&9 F flavonoid &¥e] ¥ =4 e
AFA AedEA FEEIAE 2 EF 2 TA FEEH vudE =2
sheFe] polyphenol 2 flavonoidE $Hrstal 2% 748 Al kst 5S S7HA1717]
e A AFHII=EE AREEAY O dolrl e d AE A EA

1
g Aow AlRAT

i

ofN

o

T o 2
rO(

RS

lo
o
ofo
N
)
ofr

73 o]

Hir
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Table 10. Contents of total flavonoid in grapefruit seed extract

flavonoid (mg RE/g)

Grapefruit seed extract” 36.06+3.46°

DGrapefruit seed extract 1000 ppm (1.0 mg/mL).

PAll values are expressed as meantSE of triplicate determinations.
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3. DPPH radical £A%

DPPHE $tgtA o= ¥ free radicalS 7HA L U= F84 EZE ascorbic
acid, tocopherol, polyhydroxy phenol &3&E % W3akA olql To 2oste] HAE
Folsle] Ao HiE AHS o]g3 o AEA FEE dasainEs A
stal gtdeAl SAE = Qo] de] AREEH I JTkT6). o2 ATtelA DPPH
radical 27 % lipoxygenase &4 A a3 F Zovs 3y 45 A

o] 2 Ao® HIEITHTTT8).

AHEZ2 289 Zo] wE DPPH radical &7 &3 DPPH radicalS 50%
AAN = N8 F2(C50)E T3 2= Table 113 2oh ABFA FE55 9]
DPPH radical &A%< 0.125 mg/LolA 9.85%, 0.25 mg/Lel4l 37.50%, 0.5 mg/L
oA 77.83%0 2 FHE9 HL7} 27842 DPPH radical 24 %% o3 o=

F7htAnh ICske AeFA FFE 33333 pg/ml, thE7+¢] BHT, BHA #
vitamin Ci= 242} 9852 pg/ml, 92.01 ng/ml, 58.24 ng/mle. 2 AgF 2 ==
Hoh gizgE0 ddoer A& Jork 50%9 A2AZAS YeR I
Tk A3 A% FAFGASAA BHTS BHAO Hlgte] HAa4EstAIQ] ascorbic
acid®] radical &~2A & o] =& AS & F AU
gk Jxe] e FEES s wel DPPH &ozd A adsE AT
A3 M FEE°] 05 mg/mLalA 20.30~3239% 2 2 AFAIe}; dus] s
T FEEC WA A FEEC st A 5L AATE B, ICshut=
966.25~938.50 pg/mlo.2 R isle] AEEx FEEo] 1 e oAl 50%
o] 2AZAE YERHATHTI). 20z ® #E Ay T FEE9 DPPH
radical 2AEAZ S S 23 3= 3290~8210%, TA= -0.7~44.70%= 3}
7t Skl Hle w2 FAS B, AeETA FEE Alste] v 248y
Bt Yu 5(75)2 AdF 35 % Ko wgs F=E° DPPH 47144
B35 Ayt 247 92%, 95%9 AASS Bol 3§ FEEHU £

AdAdol o Eoha Wit 3& 9 FHy wr g &8 G

P

filo

X
i
Br o

| =

]_

o
rr
pa
5]

Nt

AdurA o7 AEH F=E9 DPPH radical &7 93 #Ax}&o]50] phenolic
compounds % flavonoidol] 7]¢lsle] &AtsladAd S el X EZ 85 9o
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Table 11. DPPH radical scavenging activity of grapefruit seed extract

Samples Radical scavenging activity 1Cso
(%) (ug/ml)
0.125" 9.850.40"”
0.25 37.50+1.13" 333.33+14.12°
05 70.83+2.47°
BHT? 98.52+2.44"
BHA” 92.01+4.88"
Vitamin C 58.24+3.28°

DGrapefruit seed extract 0.125 ppm (0.125 mg/mL), 0.25 ppm (0.25
mg/mL), 0.5 ppm(0.5 mg/mL)

YBHT : Butylated hydroxytoluene

YBHA : Butylated hydroxyanisole

YAll values are expressed as meantSE of triplicate determinations.
¥ Abbreviations: different superscript letters indicate significant differences
at p<0.05 by Duncan’s multiple range test.
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Table 12. Proximate compositions of chicken breast meat prepared

with different levels of grapefruit seed extract

(%)
Treatmentsl)
Items
T1 T3 T4 T5 T6
Moisture 79.52+0.16”*) 7651+0.11°  76.01+0.18"  75.25+0.20°  75.06+0.36"
Crltld.e 18.60+0.45° 20.79+0.06"  21.09+0.11° 22.34+0.08" 21.90+0.31"
protein
Crude a b b b b
linid 1.92+0.50 1.49+0.14 1.59+0.06 1.58+0.10 1.86+0.04
1p1
CrUde ab ab ab b ab
e 1.09£057 1.21£0.08 1.3140.05 0.83+0.04 1.18%0.28

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

PValues with different superscripts in the same column are significantly different

(p<0.05) between groups by Duncan’s multiple range test.
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Figure 3. pH of chicken breast meat prepared with different levels of
grapefruit seed extract

Treatment : See the legend of Table 1. All values are expressed as mean+SE of
triplicate determinations. Values with different superscripts in the same column are

significantly different (p<0.05) between groups by Duncan’s multiple range test .
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Fig. 4. Water holding capacity (WHC) of chicken breast meat

WHC(%)
i
=

prepared with different levels of grapefruit seed extract
Treatment : See the legend of Table 1. All values are expressed as mean+SE of
triplicate determinations. Values with different superscripts in the same column are

significantly different (p<0.05) between groups by Duncan’s multiple range test .
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Fig. 5. Cooking loss of chicken breast steaks prepared with different
levels of grapefruit seed extract

Cooking loss(%e)
=]

Treatment : See the legend of Table 1. All values are expressed as mean+SE of

triplicate determinations. Values with different superscripts in the same column are

significantly different (p<0.05) between groups by Duncan’s multiple range test .
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Table 13. Textural properties of chicken breast meat prepared with

different levels of grapefruit seed extract

Treatments”
T1 T2 T3 T4 TH T6
Hardness Dhcd) c b b b a
(ke) 1.92+0.34° 1.71£0.12 2.08+0.24 2.18+0.13 2.18+0.22 2.48+0.13°
g
Springiness b . L b a b
%) 480944817  44.38+3.64°  46.93+5.00 49.1941.44>  52.73+2.93"  4750+852
0
Cohesiveness a . b A b a
%) 44.02+£3.60"  39.26+4.05°  42.9446.03 4450+493"  4346+705"  45.81+4.59°
O,
Chewiness i A A b "
67221050 2478442223 2172433 200042498  ARETHT29Y  27474+11.21°

(g)

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

“Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test .
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Table 14. Color properties (L, a, b) of chicken breast meat prepared

with different levels of grapefruit seed extract

Treatmentsl)
T1 T3 T4 T5 T6
L 521744489 52.46+4.19° 57.63+560" 5378+2.11° 57.21+3.29"
Hunter c - b b a
oA 6.49+0.21 6.66:2.70 7.93+0.93 7.99+157 8.07+0.78
CO
b 1.02+0.32° 3444245 -19241.85°  -0&2+2.14°  -1.10x0.77"

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

YValues with different superscripts in the same column are significantly different

(p<0.05) between groups by Duncan’s multiple range test .
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Table 15. Sensory evaluation of chicken breast steaks prepared with

different levels of grapefruit seed extract

Treatmentsl)
Sensory )
haracteristics®
charactensties T1 T2 T3 T4 T5 T6
Saltiness 2.33+0.577"  320+0.50° 3.00+0.41* 3.10:0.54*  3.10+0.74*  3.00+0.70°
Tenderness 2.16+028"  3.33+0.28" 3.30+0.44%  3.10£0.22"  350+050°  3.40+0.41°
Juiciness 2.00+0.00°  3.66+0.28° 3.10+0.22° 3.10+0.41°  3.20+0.27°  3.10+0.22"
Flavor 2.83+028"  310+050™ 3.30+027° 350+0.41*  3.15+027°  3.10+0.67™
Overall . . a a ab ab
N 2.46+0.28°  325+0.50° 3.40+0.27" 3.50+0.44* 3.35+0.22"  3.20+0.67°
acceptability

UTreatment : See the legend of Table 1.

?1: dislike extremely, 3! neither like nor dislike, 5: like extremely.

YAll values are expressed as mean+SE of triplicate determinations.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test .
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Table 16. Subjective evaluation of chicken breast steaks prepared

with different levels of grapefruit seed extract

1)
Subjective Treatments

evaluation?

T1 T2 T3 T4 TS5 T6

Appearance  2.90+0.507%"  3.33+0.28" 350+0.00°  3.50+0.00*  3.20+0.00"  3.10+0.00"

Color 2.33+0.57° 3.63+0.28"  4.00+0.00° 4.16£0.28" 450+050"  3.83+0.28%
Texture 2.00£0.50° 3.50+£0.28"  3.30+0.00" 3.40£0.00* 3.33£0.28" 3.03+0.28"
Total

. 1.50+0.50 2.33£0.28"  2.3310.28" 2.20£0.00% 2.20£0.00" 2.20£0.00"
acceptability

UTreatment : See the legend of Table 1.

?1: dislike extremely, 3! neither like nor dislike, 5: like extremely.

YAll values are expressed as mean+SE of triplicate determinations.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test
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Table 17. Changes of TBA values for chicken breast meat prepared

with different levels of grapefruit seed extract during 10 d of storage

at 5TC.
storage Treatments®
time
(day) Tl T2 T3 T4 T5 T6
0 0.23+001”™  0.16+0.01°  0.18+0.01°°  0.15+0.01°°  0.15+0.02  0.14+0.01"
TBA 3 0.30+0.01°°  0.25£0.01°  0.27+0.00™  025+0.01°°  0.23£0.01°  0.22+0.01°
(mg MA

/kg) 7 0.43+0.01°"  0.29+0.01"™ 0.31+0.04°® 0.30+0.01"™  0.2820.01"®  0.26+0.01®
10 056+0.09**  0.31+0.01°* 0.35+.0.01™ 0.32+0.01"*  0.30£0.01°*  0.29+.0.01

UTreatment : See the legend of Table 1. 1.92+0.34%

YAll values are expressed as mean+SE of triplicate determinations.

3)a-d

4H)A-D
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Means with different superscripts within a row differ significantly (p<0.05).

Means with different superscripts within a column differ significantly (p<0.05).
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Table 18. Changes of VBN values for chicken breast meat prepared
with different levels of grapefruit seed extract during 10 d of storage
at 5C

storage Treatments®
time
(day) T1 T2 T3 T4 TH T6

0 1166406979 10394019  11.06£027  1093+0.00°  1079+0.41°  10.75+0.15"

3 1470015  1175+031C  13262015"  1262+027°  11.80+072F  1207+027F
VBN
(mg%)
7 15792041 12.14+057®  1441+0.15"°  12.8+057" 1257057 1250+038"
10 1893+096**  1570:041™*  1616+0.15"  16.00:05™  1534+0548" 15444083

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 19. Changes of total aerobic counts chicken breast meat

prepared with different levels of grapefruit seed extract during 10 d

of storage at 5TC.

storage Treatments®

time

(day) T2 T3 T4 T5 T6
0 365+0.157P" 3214010  3.24+0.01" 3.11+0.04"°  3.07+0.05  3.06+0.02
3 515+0.06°°  4.45+0.13°C  4.9040.00"°  4.80+0.00°C  4.47+0.14°  4.40+0.05

log
CFU/g

7 6.99+0.04"  6.36+0.05"™ 697+0.10" 6.81+0.14" 650+0.19"  6.37+0.12"®
10 7.79+0.03"*  7.03+0.01°*  7.37+0.14"*  7.35+0.13"*  7.15+0.09""  7.05+0.11>"

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

3)a-d

4H)A-D
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Means with different superscripts within a row differ significantly (p<0.05).

Means with different superscripts within a column differ significantly (p<0.05).
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