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SUMMARY

[. Title © Development of functional food products of onion

0. The Goal and Rationale of Research

Among 746 thousand tons of onion (Allium cepa L.) produced a year, more
than 60% is harvested in a short period of time between June and July, resulting in
an heavy fall of the market price. According to a report from the Korea Food
Research Institute, up to 96% of the total production is consumed in a form raw

onion and only 4% are supplied for processing,.

Although Government makes every efforts to stabilize the price, the
fluctuating market price In extreme acts as a seed of discord between farmers and
agricultural policy. The fluctuating market also influence the economy of certain local
areas where onion is the major cultivation crop. Farmers respond to the unstable price

very sensitively, hence the year to year variation in cultivation area is very high.

Therefore, establishing a stable market is urgently required for secure
production of the crop and for the better economy of farmers. Mass consumption of
the surplus onion in the period of harvesting season by processing to various
value-added functional food products would be one of the counterplot for stable
market. The purpose of this study was to develop some value-added functional food

products such as Kimchi, Gochujang, bread and Bulgogi marinade using onion.
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M. Research Contents and Scope

1. Development of {unctional Kimchi’'s using onion

1) Establishing an optimum condition for processing of Kimchi's using onion as
the major ingredient
2) Changes in physicochemical properties of onion Kimchi during fermentation

3) Physiological function of the onion Kimchi

2. Development of functional Kochujang using onion

1) Establishing an optimum processing condition for onion Kochujang
2) Changes in physicochemical properties of onion Kochujang during fermentation

3) Physiological function of the onion Kochujang

3. Development of functional white bread products using onion
1) Development of bread products using onion
- Establishing an optimum condition for white bread preparation
- Functional properties, free amino acids, scanning electron microscopy of
white bread containing onion
2) Development of functional sponge cake using onion
- Establishing an optimum condition for sponge cake preparation

- Color, specific loaf volume, appearance and sensory evolution

4. Development of Bulgogi marinade using onion

1) Screening for protease activities, meat tenderizing effects and antioxidant
activity of onion

~ Screening for protease activities of onion against salt soluble myofibrillar

_.11._.



proteins and insoluble stromal proteins of beef and pork
~ Screening for meat tenderizing effects of onion
~ Screening for antioxidant activity of onion
2) Development of recipe for Bulgogi marinade containing onion
- Development of Bulgogi marinade containing onion through sensory and
textural evaluation of Bulgogi prepared with varying levels of seasoning

ingredients

IV. Research Results and Suggestions for Application of the Results

<Results>

To develop a functional Kimchi utilizing onion, the use of which has been
limited to mostly as a seasoning, 5 different Kimchi using onion as the major
ingredient were formulated; A: onion Kimchi control, B: onion Kimchi added with
oyster, C: onion Kimchi added salted shrimp, D: onion Kimchi added with oyster,
cucumber and bit radish, E: onion Kimchi added with salted shrimp, cucumber and bit
radish. Changes in pH, titratable acidity, reducing sugar, total bacterial count and
number of lactic acid bacteria during fermentation were studied, and biological
functions of the Kimchi were also investigated. pH of onion Kimchi decreased by
storage, while titratable acidity increased. Although the pH values of onion Kimchi
were not much different among groups, changes in pH during fermentation was
lowest in A, and the changes in pH were lower in B and D than in C and E. Salt
concentration tended to diminish as fermentation proceeded, and the changes in salt
concentration were lower in D and E than in B and C. Reducing sugar content

reached maximum at 4 days of fermentation and decreased from 12 days. Number of
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lactic acid bacteria increased during initial 4 days of fermentation and decreased from
12 days. Total and lactic acid bacterial count were lowest in A, Onion Kimchi was
found to suppress growth of cancer cell in a dose-dependent manner. A
dose~dependent proliferation of spleenic immune cell was also observed with onion

Kimchi.

Changes in physicochemical properties of Kochujang containing onion powder
(OK) were investigated during storage at 20C and physiological functions of OK
were also studied. pH of Kochujang tended to decrease during storage. Initial pH of
OK was significantly lower than that of control, but the pH difference was getting
smaller on storage, and at 90 days of storage the pH of OK containing 8 and 109 of
onion powder were higher than control. Salt content of OK was lower than that of
control, and as the onion added more the salt content decreased. Reducing sugar was
higher in OK than in control, and the reducing sugar concentration increased with
onion content. Amino acid nitrogen content which was slightly higher in OK than in
control increased during 45 days of storage and tended to decrease afterward. On
taste panel of Kochujang after 3 months of storage, OK obtained higher scores of
sweetness, color, flavor and overall acceptancy than control, especially the OK with
6% and 9% onion powder got higher scores than other groups. Kochujang was found
to have antioxidant activities,  The antioxidant effect of Kochujang was in a
dose-dependent manner, and the effect was higher in OK than in control. Kochujang
suppressed growth of cancer cell in a dose-dependent manner, and the anti-cancer
activity of Kochujang was higher in OK than in control. A dose-dependent

proliferation of spleenic immune cell was observed with onion Kochujang extract.

Physicochemical properties of dough and bread supplemented with onion
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powder were investigated. Farinographic characteristics of dough showed that addition
of onion by 2% and 4% increased water absorption. However, as the onion added
more the water absorption decreased. Addition of 2% onion delayed time for
development of dough a little, while more than 4% onion shortened the development
time significantly. A reduction in stability and an increase in weakness of dough were
observed by addition of onion. Addition of onion powder resulted in a reduction of
extensibility and an increase in resistance to extension of dough as measured by
extensograph. Amylographic analysis showed that addition of onion increased
gelatinization temperature and decreased maximum viscosity. Moisture content, baking
loss, height and volume of bread tended to decrease with the addition of onion
powder. Lightness of bread crust and crumb decreased as the onion powder added
more, while redness and yellowness increased. Bread with onion powder had more
free amino acid, especially, arginine, aspartic acid, glutamic acid and alanine, than
control. Using a purge and trap concentrator, volatiles were purged directly from
frozen dried bread, collected on a trap(Tenax-TA), and transfered to a GC. Separated
components were detected and identified using mass spectroscopic detectors. Ethyl
alcohols were generally the most abundant, followed in approximate order by hexanal,
2-methyl propanol, pentanal, 2-propanone, chloroform. The addition of onion hardness
of bread increased, but springiness decreased as the onion added more. Sensory
evaluation of bread indicated that addition of 2% and 4% onion powder enhanced

springiness, mouth feeling, appearance, hardness, moistness and overall acceptability.

Quality characteristics of sponge cake added with onion powder were
investigated. Specific gravity, specific volume and volume index were highest marks
with the addition of 4% onion powder. While viscosity was lowest marks with the

addition of 4% onion powder. Lightness, yellowness and redness of cake crust
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increase as the onion powder added more. Lightness and yellowness of crumb of
cake slightly increased as the onion powder added more, While redness was highest
as the onion powder added more. total bacteria, mold count and yeast count decreased
as the onion powder added more. Using a purge and trap concentrator, Volatiles
were purged directly from frozen dried bread, collected on a trap(Tenax-TA), and
transferred to a GC. Separated components were detected and identified using mass
spectroscopic detectors. Ethyl alcohols were generally the most abundant, followed in
approximate order by 3-methyl butanal, 2-methyl propanal, 2-propanone, 2-propanone.
The addition of onion powder increased hardness and decreased springiness and
cohesiveness of sponge cake. adhesiveness, springiness was highest marks with the
addition of 4% onion powder. Sensory evaluation of sponge cake indicated that
addition of 4% onion powder enhanced grain formation, mouth feeling, appearance,

hardness, moistness, flavor and overall acceptability.

To examine meat tenderizing ability of onion through protease activity, salt
soluble myofibrillar proteins and insoluble stromal protein isolated from beef and pork
were hydrolyzed with onion juice. The proteolysis of meat proteins were measured by
SDS-PAGE and spectrophotometric method. Results showed that onion has relatively
high proteolytic activities against meat proteins. The proteolytic activities were highest
at pH 5.0-55 and relatively high at neutral pIl. It was also showed that loss of the
proteolytic activity was relatively small with repeated freezing and thawing, implying

its high wvalue in practical use in food.

To examine antioxidant effects of onion in beef and pork, changes in the

level of thiobarbituric acid reactant substances (TBARS) in meat mixed with onion
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juice were investigated during storage at 4TC and 20T. Results showed that onion has

relatively high antioxidant activity in meat, especially in beef.

Optimum compositions of Bulgogi marinade were determined through sensory
and textural evaluation of Bulgogi prepared with seasoning mixtures with stepwise
increment of each ingredient. A primary marinade mixture, in which the levels of each
ingredient commonly used has been adjusted to obtain maximum softness and sensory
acceptance, was composed of green onion, garlic, onion, sugar, cooking wine, soy
sauce and table salt at the ratio of 10, 10, 10, 6, 20, 20 and 295, respectively. A
secondary marinade mixture, in which the primary mixture was modified to maximize
the use of onion without loss of meat tenderizing ability and sensory acceptance, was
composed of green onion, garlic, onion, sugar, cooking wine, soy sauce and table salt
at the ratio of 2.5, 2.5, 25, 6, 20, 20 and 2%, respectively. Finally, a tertiary marinade
mixture was developed by adding pineapple to the secondary mixture at a level of 2~

5% in order to fortify meat tenderizing power.

<Suggestions for Application of the Results>

The investigation of basic and processing technology for manufacturing
functional food products of onion has been successfully carried out. The acquired
basic information and processing skills are suggested to be transferred to any
demanding company or to be industrialized through establishing processing plants in

the cultivating area.
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Fig. 1. Changes in pH during the fermentation of
onion Kimchi at 15C.
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Fig. 2. Changes of titratable acidity during the fermentation of

onion Kimchi at 15T.
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HA 9 LaF #7123 FF9 Wk Table 13 2ok P F714ke REL lactic
acidel™, U R+ oxalic, succnic, malic @ pyroglutamic acid2A] o) E¢] ¥z uj ek
o], 53] lactic acid®] A& WEZIZo] AgFel wet FA AA Frhete B
ow, H5 kLol AR AT, A Gl dERTRY lactic acid?] ¥
o] ¥ ZA¥oldrt EF YA {FIAEL QAR vF Frkee AZoldoy, #9

Al WAge g

Table 1. Changes of non-volatile organic acids during fermentation of onion Kimchi
at 16C

Sample Day Lactic Oxalic Succinic Malic Pyroglutamic
0 1.58 0.13 1.32 1.38 3.03
A 4 12.79 0.27 2.12 0.40 5.21
8 50.32 0.32 2.08 0.10 4.83
0 1.29 0.17 1.06 1.27 2.98
B 4 10.32 0.25 1.89 0.38 5.06
8 45.72 0.23 1.97 0.17 3.98
0 1.23 0.12 1.36 1.23 2.78
C 4 9.72 0.25 2.02 0.27 4.49
8 44.31 0.23 2.13 0.13 3.67
0 1.62 0.20 1.43 1.42 3.21
D 4 13.06 0.18 1.97 043 5.27
8 50.42 0.25 2.32 0.12 4.39
0 1.52 0.18 1.39 1.23 3.04
E 4 12.47 0.16 1.72 0.27 5.06
8 48.27 0.21 2.06 0.16 4.21
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Fig. 3. Changes of the viable colony count during the
fermentation of onion Kimchi at 15C.
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Fig. 4. Changes of reducing sugar during the fermentation of
onion Kimchi at 15TC.
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Fig. 5. Changes of amino nitrogen content during fermentation
of onion Kimchi at 157C.
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Fig. 6. Changes in NaCl content of during the fermentation
of onion Kimchi at 15C.
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A Fegd Agoe FoAd WMEs A9 e, HE 493w AR
gzl Hlele] A9 ) A8} Hokdto]l FaA yEiwtiow, 2A3E iz 0
ko] A3 R Mzt drbwel 2% w4 vewed, AAH g EAEIE M F
A LrEg

Table 2. Sensory score of onion Kimchi fermented at 15C

Over all”
Time(day)| Kimchi | Color”  Sourness’ Hotness” Texture” Off-flavor’ eating
Quality
A 47a 1.0a 2.3a 4.8ab 5.0a 5.0a
B 4.5a 1.1a 2.3a 4.9ab 4.9a 4.9a
0 C 4.3a 1.2a 2.6a 4.6b 45a 4.6b
D 4.6a 1.1a 2.3a 5.0a 5.0a 5.0a
E 4.4a 1.2a 2.4a 4.8ab 4.8ab 4.9a
A 3.3c 3.2a 2.3a 3.4hc 2.8c 2.2b
B 3.7abc 2.4b 2.4a 3.7ab 3.2ab 2.6ab
4 C 3.8ab 1.7c 2.5a 3.2c 3.5a 2.4ab
D 3.4bc 2.9a 2.3a 3.4bc 3.0bc 2.4ab
E 4.0a 2.3b 24a 3.8a 3.5a 2.8a

+, ++,  +++ NS significane at P<0.05, 0.01, 0.001 or nonsignificance at P>0.05,
respectively

D Secale : 5 = very good, 1 = very bad 23 Scale : 5 = very strong, 1 = very weak
Y Scale : 5
% Scale : 5

very tough, 1 = very soft 5 Seale : 5 = very weak, 1 = very strong

1

very bad, 1= very good.

_43_



3. A9 7154 EA

7h gEdwe] Ay

oy} @ <y X WErLe EFES Ames mutagenity testZ FEAWolAE

i

3171 98 quinolineAl ¢l 1Qo W8+ Salmonella typhimurium TA 98, TA 1009 F&&&

50, 100 ¥ 150ppm =¥ 2 83 Frevertant/plate=E Table 1o YElUIAY, 433}

Wek&3EE0] 50, 100 ¥ 150ppm 22 A3 F 314¥ revertant®] #AEo] TA 98

Tl M 2z 3531, 51.98 2 67.1%°1A 1, TA 100 A= ZHzh 2585, 4322 ¥
63.56% HAse AFE JehdAdrh £ F3t AX X TA 98 FFoX 27 4762
67.06 ¥ 77.38%°1A 3L, TA 100704 2881, 4958 F 69.07%71 FAES & + U

=y

Table 3. Respective antimutagenity of methanol extract of onion and onion Kimch

Extract Revertants/plate
Sample concentration g Imhibiion . Inibition
(ppm) rate(%%) rate(%)
50 163+8.2" 35.31 176557 25.85
Onion 100 121+6.0 51.98 134+43 43.22
150 83+4.0 67.06 86+75 63.56
50 132,498 4762 168+45 98 81
Oni
on 100 83132 6706  119+55 4958
Kimchi
150 57+78 77.38 73+09.9 69.07

Y Mean®SD of three experiments
* Blank @ TA 68=252, TA 100=236
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=

g PAESF 4gelA &3
Fob B FAAA FEB GG FAE 4 AA wE 2AG A d R Py

A BF v oEHOR AE AFE AdAsden, vty FHHA Al

N oA 2 E537 9 A dep,

Table 4. Cell growth inhibition effects of onion Kimchi extract

AH49 MCF-7
Sample
oD IR 0D IR
Control 1.072£0.01 1.18£0.05
Onion 100ug/mé 0.95£0.22 11.2 1.03£0.04 12.7
Onion 100pg/mé 0.82£0.27 23.4 0.96%0.21 206
Onion Kimchi
0.91+0.37 146 1.06£0.54 10.2
100u8/mé
Onion Kimchi
0.751%0.13 299 0.90%=0.32 237

100048/ mé
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o Mgy

D nAAxEe F24%

AR BREAES FH A F3 R FIAA FEEY TS AW s,
Al A Eo] 2EFES 10, 100,21000se/mé FEE X gEd, $28 gz 8ls) A
oA Fk GEAHOE AFAEY FAE UGS Ko, FETE FupgA e
AGFelM =8 o A dEsoh

Table b. The effect of onion and onion Kimchi extract on growth of spleen cells

Concentration(ug/mé)
Conditions
0 10 100 1000
Onion 1.089£0.034 1.118+0.059 1.241+0.025 1.2790.040

Onion Kimehi 1.089+0.034 1.205=%0.002 1.275%+0.059 1.369=0.007
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2) A M EF YA AAE T
A A EF RAW64.70] 43l 2E285E Rz yste] 484171 w<ksl 5 vk
F =8 A 1 d

o qAAEZE A4S NOZ HE Abstd Fudd NOz +
el wzael ®lEl 10, 1002 1000pg/mee] ¥} FEEER AP AHUTAM FeAE

Yoz NOO| A4E fENRW, Fauce FoAANH NO Aol a9 7

A

Table 6. The effect of onion and onion Kimchi extract on nitric oxide production

of macrophage cells

Concentration(gug/mé)
Sample
0 10 100 1000
Onion 0.727+0.100 0.738%0.388 1.012x0.046 1.0941+0.242

Onion Kimchi 0.727%0.100 0.7061+0.188 1.284+0.031 1.4060.058
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3) Cytokined] &4
A vAAE Fut R FPA FEES Ing/me 22 HE 3 F Cytokined]
ARES &A% A YrTo vlske Cytokined A HE F71 A7)AE £354d.

Table 7. The effect of onion Kimchi extract on cytokines production of spleen cells

Cytokines (pg/mé)

Sample
n.-2 IL-4 1L-10 IFN-7»
Control <10 <10 <10 169.8+11.0
Onion(1mg/m¢) <10 <10 <10 57+209
Onion
, _ <10 <10 <10 42.3+63.3
Kimchi(1mg/ml)
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A 23 e L E
1. A&

FtudgAze A% ARE AW AN © whEo)A st ALgaT

A7 1.2kg, FE7HF 500g, Wl£7HF 600g, A7IE7FF 900g, &5 500g, & 640
o MeR AFFE Az F AxGWIFE F2HE0 3,6, 9 £ 12292 M7t
20TANA PR UA dFARZ g8l

=]
i
o
lo,
I
Ho
rle
—
&
(@]
2
>
>
o

Azxyoz 299 dL2 micro kjeldahld o2 ztzh

24l 9L uHd ANE 58 2650mE AL S d 10mE HS 01N

AP DNSHe® st on, $3& N8 558 FHS 180mes} 25% HCI 20
B FEAAA 3AIZE §¢ sHEES A2 tE 0N

NaOH&-} ez FHANN F o@lad HAE 38 30% ZnSO&H 10mee} 15%

KsFe(CN)s €9 10mE 7F8lx 500mE A48 & of3sle] DNSHo 2 R eslgict

o e
15 0ges 7 50mel & Fo SAFIn e F=7F oF 80%7 HA
olghE 200mE 7HE ths 70C &AM 1AEY FE58 F AHs et o3t

Abe] 80% C &S 60mE Zlst AR Aoz 63 FE53F e b o#E).
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of 8 o} A9} FHEE A e FHA F FFF o 50mzE A48 s
ol % HmlE Sep-pak Cizs B 0.22um membrane filter2 oJ#3t -8 HPLCE A}-8-38}o]
2R3 A9k, olu) columne caboydrate (3.9mmX30cm)E Al8-319 3L & v+ Acetonitile

7 Water ¢ H]-&-& 7822% o] AMRE Yo, F£& 15/min & 3} u).

2}, ofrl kel Ha

obelicel Aot FnA %} ol A Aol Formoly ez A FalAvh.

nEG 10g] FRE 00E A WUF F 1 A0E pH L ARE ZH5

A E Bgdl ZHT BmE AL T (A

o
1

agk &3 98, 300rpmol A 15
7 9ARYs 2 oJNE Amberlite IR 120B column(l X5em) o2 E7A1#H o 7435t
3 HPLCE Abg3sle BA3den, 2712 3739 {714 E4A9 2o,

b AEEA

ANEE FFHF2 108 H45 0 Mohr§ o2 A avh,

of, M
Aol MEi= MAA(Chromameter, Model CR-200, CT-210, Minolta Co.,
Japan)2 W=(Lgh), AN =(agh), FNE=(bHE 47 =83},

il
ol
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A F71A R
15339 F714EL Maarse 59 Wl wel Likens$} Nikerson®] H4 353
H(SDE)o.2 F&3 . & A8 Bgtazd wdAE 0gd 28BS 200m 1087

I

Efantste] Hrista] 100CE fxetn, £ g &o) Sgh23s dyzg ge &
40CE 3o 2X3 F¢ F71 388 21T & de22L 2239 GC 2 GC-MS
2 24 % A4 ojn ZHPL FFAP capillary colum(0.2mm id. X50m)g,
Detector= FIDE AF&-3t1 1, colum oven & X3 50ToA 58 §xg & 240C74
w3 3CTH 23t mAgo 582 x84} Carrier gast Hed A48l o,

split ratio ¥ 100 :1 2 3}% 3L, Ionization voltagex 72eVEI ©) it}

H5AAE 2099 BEANLAS HAR F YT 48 Nr2 @, A g A
BEE SHYOE PARYon, 1 AFE BARAANOVA tesh3siom, 7 B

e F94 H% S Duncan’'s multiple range test2 4 <39t}
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(2) Linoleic acid®l] tl& &4tstyg =3
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4 1 mE 718 telA 587 BX3 oS FHF 50 mlE 7Hstel 17100 N
NaS:0z8- 9 0.2 A A3,

(3) 7 Aol gt #atsl JAFEHY

Y13 FEE AAAAE JAGZHE A9 liver homogenateE AML3}
o in vitro= BFIAT. A9 148 43t phosphate buffer(pH 7.4)5 2
ket vhg T o] HoO(1M)9 FeSO450mM) 2 Y9liisd 5% 0.05mlE 7}
dto] 37TAM 4083 g F ¥ TBARS(Thiobarbituric acid reactive

substances) & =74 3} c}.

o gEdve A9
FEAWel HUEe FHUA ) Wol Fohe] Maronsh Ames T Woz 4%
steiet,

FALF BT PN 2gdgel Tao WA,

AR A e 48 Pyl F3ho] Adsarh
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k51 wgEAFE 12ke, IAILFE 500g, WEIFE 600g, R7IE7F 900g, AF
500g, & 629 ¥&E AFFE AFF 3 AZXYNIEE 20, 3,6 9 ¥ 12%)=

e I B et 7 R

FI LFFo AxA FEE 4% FER AP, 2EdE L 11.40~13.30

o] WY A (Table 1).

Table 1. Contents of moisture and crude protein of onion Kochujang

onion Kochujang moisture(%) Crude protein(%)
0 45.32 13.30
3 4496 13.02
6 45.03 12.98
9 45.26 12.09
12 45.03 11.40
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Fig. 1. Changes of salt concentration during onion Kochujang
(added onion powder) fermentation at 20T
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Fig. 2. Changes of reducing sugar contents during onion kochyang

(added onion powder) fermentation at 20T
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Fig. 3. Changes of total sugar contents during onion kochujang
(added onion powder).



okul ;AL AA FEF TFFL 17.33~2071%°lN=d, dHe HANFEES 5T
2 g ey =4 JeEbgd $-81 95 glucosed maltosed] §HL H2 Ho|ow,

fructose®} sucrose®] T A)F o7 vk (Table 2).

Table 2. Free sugar content of onion Kocfugang fermented at 20C for 60 days

Onion content(%) Glucose Fructose Succrose Maltose Total
0 8.02 1.83 1.13 6.35 17.33
3 9.21 1.93 1.23 6.52 18.89
6 9.48 1.88 1.42 6.38 19.16
9 9.97 2.03 1.56 6.27 19.83
12 10.26 1.95 1.47 7.03 20.71
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Fig. 4. Changes of amino nitrogen contents during onion

kochujang(added onion powder) fermentation at 20°C.
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Fig. 5. Changes of pH value during onion kochujang

(added onion powder) fermentation at 20C.
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Ab Fr7) A E e W s

=4 F 60de] A Fu n e FrId FHE Table 3904 He npsl 2o
oxalic, succinic, lactic, formic ¥ acetic acid’} FAEHY = NAZ 43 A7 Er) =
&4E 2 FFel HAUY: =8 olF succinic, lactic ¥ acetic acid®] £o.2 1 §go

wolom oxalic @ formic acidel e At}

Table 3. Organic acid content of onion Kochujang fermented at 20C for 60 days

(mg%)
Onion content(%) Oxalic Succinic Lactic Formic Acetic
0 80.06 832.35 331.69 33.67 157.62
3 83.23 759.46 328.38 36.38 146.72
6 79.39 740.27 316.92 35.46 150.06
9 78.02 780.98 300.43 20.06 143.27
12 76.92 750.47 315.40 2547 140.06
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Table 4. Changes in color values of onion Kochujang during fermentation

Fermentation time(days)

0 15 30 45 60 75 90
24.30 24.25 23.97 24.20 23.17 24.70 22.85
36.35 42.00 40.93 42,08 4250 42,22 42.57
10.10 10.90 9.57 10.30 10.13 9.93 10.00
2791 2767 2742 2703 26.98 25.56 24.06
34.05 41.49 39.83 41.99 42.27 41.78 42.15

9.78 10.66 10.32 10.02 10.13 9.53 9.59
27.96 27.37 27.49 27.08 27.03 27.14 25.00
31.42 39.43 40.23 39.16 41.10 40.06 39.89

9.72 10.57 9.95 10.15 10.97 10.32 9,77
30.45 29.78 29.76 29.54 2871 29.11 27.05
31.75 39.72 40.10 39.34 39.95 39.51 3961
10.31 10.43 9.97 10.39 10,92 10.45 10.34
32.61 32.07 31.09 31.10 30.98 30.40 29.62
32.40 40.33 38.53 39.79 40.33 40.00 40.40
11.20 11.23 10.81 11.31 11.70 11.33 10.27

Onion Color

r—(

3%

6%

9%

12%

oo Moo Mo Moo YO
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Fig. 6. Gas chromatogram of Volatile compounds in
onion Kochujang (6%) by SDE methed.



Table 5. Volatile components of Kochujang added onion

Peak R. T Components
No. ,

1 3.354 Ether

2 3.58 Acetealdehyde

3 4.180 Ethyl formate

4 4.745 Ethv] acetate

5 5.248 Ethanol

6 8.661 Isobutanol

7 3.665 ACD. C6

8 11.062 1.4-Dimethyl benzene

9 13.020 Hydrocarbon Ci2

10 13.246 Isoamyl alcohol

11 13.357 D-~Limonene

12 14,748 2-Pentyl furan

13 15,257 Amy! alcohol

14 1552 v ~Terpinene

15 15.753 t-Ocimene

16 17.037 4-Heptanol

17 17.718 Acetoin

18 18.784 4-Methyl pentanol
19 20.087 t-2-Heptenal

20 21.109 Hexanol

21 21.410 2-Methy] tridecane
22 24.154 H, Cl14

23 24.801 Trime. Pyrazine

24 256.973 4-Decanone

25 21.52 Linalool oxide

26 26.657 Acetic acid

27 27.669 2~mehtyl tetradecane
28 28.490 Furfural

29 28.869 Tetramehtyl pyrazine
30 29.445 3-nonanol

31 30.385 H. C15

32 32.240 Benzald

33 32.622 t-2-Nonenal

34 32.803 Linalool

35 33.928 Isobutyric acid

36 35.368 4~decanol

37 39.425 Penylacetaldehyde
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Peak

R. T. Components
No.
38 39.903 Furfuryl alc
39 40.063 Isovaleric acid + 2-methy!l butric acid
40 42.034 o —terpineol
41 42.173 H. C17
42 42.853 UnKnown
43 47.148 Methyl salicylate
44 48.220 Methyl Laurate
45 48.958 (E.E)-2,4-Decadienal
46 49.309 B -Damascenone
47 50.145 Caproic acid
48 50.502 Ethyl laurate
49 51.002 Geraniol
50 51.042 Geranyl acetene
51 54.202 BH.T
52 55.295 B -lanone
53 56.633 t- B ~lonone-5,6-Epoxide
54 58217 Methyl myristate
55 60.513 Pentadecanal
56 61.104 Ethyl myristate
57 61.132 caprvlic acid
58 61,934 Methyl pentadecanoate
59 63.504 Ethyl pentadecanoate
60 65.048 6,10,14-Trimethyl-2-pentadecanone
61 66.666 Nonanoic acid
62 58.854 2-methoxy-4-Vinyl phenol
63 63.416 Methyl palmitate
64 71,380 Ethyl palmitate
65 71.890 Unknown
66 74.258 Unknown
67 90.440 methyl 10-octadecenoate
63 82.158 Lauric acid
69 83.744 ethyl(E,E)-9,12-octadecadienoate
70 95.572 Unknown
71 67.764 Unknown
72 98591 Unknown- Myristic acid(?)
73 104.095 pentadecanoic acid
74 129.103 Palmitic acid
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Table 6. Sensory evaluation of the fermented onion Kochujang after 60 days of
fermentation at 20C

Onion powder

concentration(9) Sweetness Color Flavor Overall Quality
Control 1.00' 2.75° 3.25" 3.12°
3 2.95¢ 3.22¢ 3.56° 3.67"
6 3.30° 4,35 4.00° 4.09%
9 3.67° 4.35 4.05° 4.08"
12 3.95" 4.33 4,05 3.96°

Sweetness | b=very sweet, 4=sweet, 3=some sweet, 2=feel sweet, 1=not sweet

Color : 5=very good, 4=good, 3=common, 2=bad, 1=very bad

Flavor * 5=very good, 4=good, 3=common, 2=bad, 1=very bad

Overall Quality : 5=very good, 4=good, 3=common, 2=bad, 1=very bad

*! Means with the different letters are significantly different(p {0.05) by Duncan’s multiple
range test
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Table 7. Antimicrobial activities of Kochujang extract

Control Kochujang Onion Kochujang(6%)
Strains

1008 15044 10048 1502
Streptococcus mutans - - - -
Pseudomonas aeruginosa - - - -
E. coli - 8.5 - 85
Salmonella enteritidis - - - -
Bacillus subtilis - 8.5 - 85

E. coli O-157 - - - -
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Table 8 Hydrogen donating activity of Kochujang extract

Sample Hydrogen donating activity
Kochujang 4833562
Onion Kochujang 54,78 £2.81
0.196 BHT 55.16741.43




2) Linoleic aciddl & 3H3k3sl &3

FnFzg deEe FEE linoleic acidol thek @438 L linoleic acidol &3 13
T Hgs FEES A F 50TCoA 243 A F HAEEGE SASAEH, 2
A MegE FEE52 YA & gxTo) sty nd3A WugL F2E2EL Hr)a
o] HaglE7t Tk oEHor B vey, a5 Hr wEe) dEHow
A7 w=er, ¥ H7he FE7F £EF4E5 2 AU v A delnd

XY

o)

Q?l-l'
.
fo

g 3

g8 B 8 8 8 &8 8B

8

Peroxide value(meqg/kg)

8

8

o

01 1 10 100
Concentration(mg/ml)

Fig. 7. Peroxide value of lionic acid added onion Kochujang

extract after autoxidation at 50T for 2 days.

L ]: Control, [F]: BUT.BH : Kochujang(control),
= : Onion Kochujang(6%)

_72...



3 A B AAe g HAAiE A&}
Fnggel vige FHE AT Fug muE FHFH7] S1gel, AN liver
homogenate®] ¥3ina4 wWgh& FEES H7S 98 42TCHdA 72473 &9 A%
# TBARS #%¢ 4% A4t 19 89 2t}
79 2+ Ado) 3 TBARS &#& Ysuns4 &5
=

AN B dEHoE
6% oAl

TBARS®] AL A=A sty en, 4 #H7t =271 #&55

o] -
| -
- %

concentration{ug/m!)

Fig. 8. Effect of Kochujang extract on TBA value of rat liver.
HE Control, [_| : BHT, : Kochujang{control),

H : Onion Kochujang®%), B : Onion Kochujang(12%)
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Furge]l YEAWIYE FAs] A Aflaoxin BilOuplate)el A
Salmonella typhimurium TA 98, TA 1000 2FF W& FFEE 100 2 1000/ me
2§k F revertant/plate5=& Table 1] veliich TA98 2 100752 EdRo)FE
Blankeoll Wlsto] 37 A2 oA T EH R HPadtd FEAW At 47

3 Qe Ao Yewon, nixgudE FRnigo) 1 ant g 2 Uehgu

Table 9. Effect of Kochujang methanol extract on the mutagenicity induced by
aflatoxin Bi(1.0xe/plate) in Salmonella typhimurium TA 98 and TA 100

Extract Revertants/plate
Sample concentration
(ug/me) TA 98 IR(%) TA 100 IR(%)
50 704+52" 194  796%3.2 16.7
Kochujang
100 610=4.0 31.8 630+3.3 36.4
. 50 692152 21.0 712£6.5 26.7
Onion
; 4]
Kochujang(6%) 100 589+11.2 345  593E25 408

D Mean+SD of three experiments
Blank : TA 98=852, TA 100=936

Spontaneous: TA 98=90, TA 100=96
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Table 10. Cell growth inhibition effects of onion Kochujang extract

Ab49 MCF-7

Sample

OD IR 0D IR
Control 1.281+0.02 1.06£0.07
Kochujang10pug/ml 1.2240,14 46 1.0£0.03 6
Kochujang100us/mé 1.15+0.04 10.1 0.95+0.05 10.3
Kochujang1000ug/mt 1.0840.01 156 0.85%0.02 194
Onion Kochujang10ug/ml 1.05+0.02 179 0.82+0.01 226
Onion Kochuwjang100pug/me 0.93+0.03 21.3 0.7910.08 254
Onion Kochujang1000u8/mé 0.83%0.01 35.1 0.73£0.05 31.1
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Table 11. The effect of onion and onion Kochujang extract on growth of spleen cells

Concentration{sug/m¢)
Conditions
0 10 100 1000
Kochujang 1.089+0,034 1.15410,023 1.146+0,037 1.173£0.012

Onion Kochujang 1.08910.034 1.14840.040 1.219%0.008 1.205%0.100
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2) AAETE QNEAR Y ED
A AEF RAWZEAT) B} FEEBE FEUR A5
9% O4HEsF AAe NOZ REl 45l FEQ NO, 55 &

e gxad s 10, 1002 1000pg/mee] %s} FEER AHEd AYPTA TE 9FE

Mom NOS Mg frEstden, niguds duuigd d4 NO 4o 28 o

Z7hshae,

Table 12. The effect of onion and onion Kochujang extract on nitric oxide production

of macrophage cells

Concentration(ug/ml)
Sample
0 10 100 1000
Kochujang 0.727%0.100 0.754%0.400 0.743%+0.200 1.018+0.277

Onion Kochujang  0.727%0.100 0.761£0.104 0.971£0.031 1.28410.058
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3) Cytokined &4
A v FMEN 25F 2 F9uFY FEES Ig/my T2 AT F Cytokine
C

ol AAFE 5T A3 iz visto Cytokine M FAAZAE E3sith

Table 13. The effect of onion Kochujang extract on cytokines production of spleen
cells

Cytokines (pg/ml)

Sample
IL-2 I.-4 IL-10 IEN-»
Control <10 <10 <10 169.8+11.0
Kochujang(1mg/m) <10 <10 <10 64.7£17.3
Onion <10 <10 <10 422467
Kochujang{1mg/mb) o
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FH(Allium cepa L)= M@} &8t o 2A S-evieie] @R ubol Al o] A u)
A glew, Az vzt FaAuad g ANFE Frists FAR 99 Auude
16,000ha, AJ4k&2 935,0008 ¢ o] &vH(1). 2eiy AR F 6, 78 AA ¥l 60% A
E7F E8kE o] o] 7|t kAo g dAue A WEol Wik ¥y 2wm F=
AEFNLATY Asl J3E 96%7F PR (8P Edoer ATHA Fe YA
GMlE AL, 496 A 7LE g s AvE o wel Y F5EEE A 4%
Al AR7 AHdzdE A3 FulE 3o o, dus Aol wol 87 o HAl
ALE L @71k Ak Hls) Aulge]l Hom @ bF - AR vigo]l Wasie), 9ube
7+4
FURELS 714 WF vlf 0dahs wgsted dxda g Aupddoe] a4 AEsa
S AAolth o)) o] Fge] BAT duie s1F QAsE st dmpau]
AAZ171 9%k weto] "asich &9 Y (Allium cepa L) 549 93 718 Ay

I

g2 ok Au AT w2 SAAGY AGAA A FFL AT gley,

o}‘_,
mlm
i

2
=

WA 29 Q7T F FRE BN MR LA od ARE QY olgHe g
om, flavonoidl £A7 F&steHEC FHEel FUAAE@L W ¥ ol Agn
A A AE), FHA@, YIAH 5 Y dapole PR 2= AV
Aol Q= Aoz wEAh F3 Ft HAs 8ol Ak quercetin-4-glucoside S
U AR QASS HAN ATG). =3 dute &7 FA BF A9 2e A7
Shedl R BR SARE, £X, 2ag, 27 Fol ol KAkE).

Foo) B ATRE Foe) HYS 0§ FHESE®), Fol Aol o)

¥k HF W AzgRE o4 9

o

¥ AE ol 8% FHay Az 15A40), A
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Fade] 294 5409), ¥AHEF I3 G5 o) hH A Ax(10) FupHxo
Az(1D), F% F9 quercetin®] ¥&] 7]&(1213), FoFol gl AFAANE JA 8
I, Al 249 WgE FAaAIE 8914 Fol vk WAFLE AT W w32
Az, FA19 A, Wz @y T W Fue Aatdv. T Fuke g a
i, A anE stAe o2 dEA ol g ojgad olgd ExlsF /jdE A
oz Az ol dF AT A2 e dAClH
et B ATelMe d3 RS A AWM Y Az 218 FYE) Asto
TEESFE 2 7)1AH &4 ¢ Farinograph ¥ Extensograph® ZA3¥ 1, &
M= WEke A2 AmylographE °] 833tk Y38 H/IME e AXIAS W9
TEHE, W o), ¥y, A%, $F FHY, U, FAYEEL, FElopr|wat, o)
AE, 1AH 247 R AsPAE dAsR 28, o o] HAAEzzAT ¢t
B AEe Fur HESRA,
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A2 A AR 9D =Y

1 A&

GupAmto] Az AYADE)INA 1999 AdE B 157 UNFE AHEE
Table 19 A o5 A MWW (Straight dough methode)H(15) 0.2 23Rt} A g
A oFub R e A FAEE)A FY3te] 60meshe] A A thE 2, 4, 6, 8, 10%=

A7rek A

Table 1. Formula for white bread

Ingredients” Content(%) Weight(g)
Flour 100 1000
Water 67 670
Sugar 5 50
Butter 4 40
Yeast 3 30

Salt 2 20
Yeast food 0.1 1

YAl ingredient percentages based on wheat flour.

2. AW Az

213 9= (straight dough method) 2. 3le] MEHE A5 B8 9% AHEE AW
o] Mixing”7](W650xD900xH1,400. 220kg. AA1EFH. el P93 6w F 2l
(W520xD750xH1,850. AA1&4. =)ol 13 dEAN 93 Ay, 0498, 22 ¢4
F A7l L E(W1,660xD1,100xH1,850. A&, &) A 30&3F FAhFig. 1).
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[ Dough mixing |
l

| First fermentation(27+1°C, 75% RH, 60min) ]
!

| Dividing of dough l
J

| Bench time(Room tempearature, 15min) ]

! Malting ]
l Second fermentation(?aéil"c. 85% RH, 50min) |
l Bakinq(18(l)°C 30min) ]
r Coolling ]

Fig. 1. Breadmaking processes by the straight dough method

7b wWbEe] =3 e 2 7AR B 54
FH F4s 2 ¥R &AL Farinogram(Model 810108, Brabender, Germany)2. %
AACC W(s4-2D)ell 2AStd 2AH(16)5t9 vl Farinograph®ol Al Wt 84 A3t
(development time)& WH5¢] HZE(consistency)’} HiFe] =g wj7lz]e] A7HE:
e, Wk o] oFA T (stability) FHBe $1HEe) 500 B.U.(Brabender Unit)el =g
& wie wd w79 Aztez FASAT jESe] 3l (softening) BFE #HA
AlZHZ# Z 7 500 BUC =@ale Al F2E Aztete] 128 59 AR FAH9 &%

ArE 500 BUAL2REHY AgBUIE AR AT = &4 F A= e

]

ZAst= Wy oz Extensogram(Model 1310, Brabender, Germany)2 AACC %W
(54-10)ell 29l Aste] =A(17)3 94t Extensograph® ol Al wE59] A A% (extension) &
curved] ¥ AZd(mm)E SRS AIL, AFA YL (resistance to extension): curve?)

EO)BUIR FAArt L o] YES T e P& AA HAH o2 Aalstddot
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U, 53 Hx sl £3
Amylo-viscogram(Model 802725, Brabender, Germany) 2.2 4715 g E3v]
of e %3 HAx WIS AACC HH(22-10)0 uwiet FAHAB)YsI 222 We]
Z2 34 $4 & dFadh 23 AA L5 Fa Jr 25 7 H3 JEE AU
Ao e 65 g(Fi 135% ZIE)d FH4 450 mL F7He & @gdor stof ALE
stgon, &4 A xE 30TRT

4, FIEES HE Aol FHESA

Rt A7 A &Y (HB-502 Dry oven, Han Back Scientific Co., Korea)(19).2.
2 A et el Eoly 37 loop ZHZte] M ¥& REE HAFG ey, Ry &
A Yo g 245G}, specific volumelar/g)e W FAZ V5o A AT A
NaE Ae7tA A3 % AxA (Chroma Meter, CR-200b, Minolta, Japan)& AF&-3l4
FEMgoz RAN F L(HFE), ast(H A %), bat(F%)& A3

7} FEEAY
FREAZAL ZHAZT ZF A8 165 AYA(15 mmx110 mm)dl] ¥ FE§ F 2}
ANgHe SHT 10 mLE 718l 25ColA 1A17F WA SE A vortex mixerdolA 168

itk 5%37F w4 AlE#ES 12,000 rpmolA 1583 AN E2(ANTI-30
Centrifuge, Bechman, Germany)3l¢] g5 & vx4dddo] Yi BRu&E FA3x, 2}
Al AFZ 45°7] oA 304 FF AAAe AT F FAE FAs AFxAME

9} FARY AR AMA

U A# 9 FAEe A (SEM) #3
9] @& tv]# gy e}(Digital Camera RDC-2, Ricoh Co., Taiwan)Z 2w HHe] 54
= BEEG, B 4 ME YRTRe #3867 M B4 A2 A &010x10x10
mm)& A Diol YA F, 5x6x1 mme] A7) VS dRelE B2 AAW 9
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o ¥, JEOL ©]& =%7](JFC-11000F °]-&3t < 150 sec J %= gold ZLF T F FA}
A& & ] 7 (scanning electron microscopy, S-3500N, Hitachi, Japan)& o} &3¢ 7}

% 15 KVoild &gkl

A s

fFajotuicite 2wt 15g0] "ol FH4 100 mLE 7eta vRd £ o9sta,
of o] 20% trichloroacetic acid(TCA)E 15 mL 7bgt thg 34 WA IoA WA sty
dulds AAAA &9 AEdo) diethyletherE 713te] TCA, AE4AHEH 5L A7
3 T FEYEL 40T o)dtalA @gFHA]7] A, 0.2 N-citric acid buffer(pH 2.2)-8 )2
2 AA %o] 256 mL¥A AEF S 02 /m membrane filter® o3 F 1 40 UE
AE ol ) A E-A 7] (Model 835, Hitachi, Japan)2 #A48vt £z LKB 4150,
alpha autoanalyzer, Ultrapac 11 cation exchange resin, 0.2 M Na-citrate &3 < (pH

3.20, 425, 10.0) %< 40 mL/hr, ninhydrin %' 25 ml/hr, column temp.: 50~80C %
a4l o

2. g7 B

Aol FAAE BAL Dynamic Headspace Sampling(DHS) HHH o & 2g9] A&
purge & trap concentrator(Tekmar 3000, Automatic sampler 2016, Cincinnati, OH.
US A8 Algdtd ¥Wi 60CE2 FASHA helium gas(30ml/min)& 303t purged}t s
o]& Tenax TA(Chrompack, Inc., Raritan, NJ., US.A)Z2 X% columndl &&A1Z .
o] d} automatic sampler®] Z7-& Table 29 o columnd 225CE 7}1€dln o) &
cryofocusing module(Tekmar, Cincinnati, OH. U.S.A}& A&3}le] Table 3¢ 2708
GC/MS(Shimadzu QO-5000, Tokyo, Japan)ol F8t9 #A&%},

uf, =34
AZzE Aol ZA7FL Texture analyzerModel TX XT2i, Stable Micro Systems,

England)ell P20 20 mm Dia Cylinder AluminiumE #3tdle] AR & 23] A3z 3
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AAAE uw Ho|A+= force-time curveE R E A E(hardness), 3% 4 (cohesiveness), %
24 (gumminess), 4 @A (chewiness), 414 (fracturahility), 4 24 (adhesiveness), &
Al (springiness) %
Tx6x25 cm, acquisition rate @ 200 pps, Test speed : 1.0 mm/sec, Pre test speed @ 5.0

mm/sec, Post test speed : 50 mm/sec, Strain @ 50%, Trigger type :

500 sec® 3}t

B ol M (resilience) &

A gon, BMEIE sample

Table 2. The conditions of automatic sampler in white bread

with onion powder

Items Conditions
Instrument Tekmar 3000(U.S.A)
Purge Time 30min

sample Temp. 60T

Cryo Focus Temp. -100°C

Cryo Inject Time (.75min

Cryo Inject Temp. 225C

Table 3. Operating conditions of GC and GC-MS for analysis volatile

components of the white bread with onion powder

size

auto 20 g, time :

Items Conditions

Instrument GC-17A(Shimadzu)

Column Supelcowax TM-10(60m=0.25mmx0.25.2)
GC Column oven temp. 35(5)-(1.5C/min.)-170C, 30min.holding

Carrier gas He

Chart speed 0.3cm/min

Instrument GC-5000(Shimadzu)

Ionization voltage 15KV
MS Scan Speed(amu/sec) 1000

Scan Interval(sec) 0.5

Threshold 1000

Mass range 35-350M/Z
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Bl w534
Aol #EH7LE st AFQEGH }AY 108E A3 AIA, @84, 717,
A8, A, B34, A#, A%, A9, 55T, 49 44, F3HA 2E 54 A=
Heow 33 wkEste] el

A} E-A = 2
BE AYAyi= SAS TS oL BAAR0E Y, HFXY EEHX
¥ Duncan®l '3 144 (Duncan’s multiple range test) 2.2 Al 872 #2448 HAS

it



A 3-8 Ay 9 uF

1. Farinographol €3t 54
Table 4% W59 farinographel EA4XE Yeld ARe|tl, FEEF5&(water
absorption)& W/t§ del Aol ko) wlalr] ZA WEeln dubd o g 3ol
FE FITEHE FolAv, WrtF AwS SR FFd wy €L &
Hevk(21), BR MR dEidE B 9322)& wed 2 AN FEEFFEL
ZTNA 674%%2 UElgow, okutid 2%9 4% A7PE W da Frskda, 4
FE 6% HAE wols FUsA o] & farinograph’doll A AW A Aol FL WFY
& d=E g Ak L 10% YL WelE FAH oz gastct. vhs dAAAL

ES

e WAl Fol R4S A Ao, dgyo] Aa: AWl 3

=

o gl 9lo] WrFE dulde T AW FoF AFRE I ¢r(23). HFRT WS
=

o Wmete] RG] 2, 4%ol L B A8 HMelX fgrort AAFol BeldsE

ok
o%
>
o~
rlo

>

93} HolATh oA T (stability)ol M E iR Tl HlE| duiEue] At
Bold4E FAsAt. WFol gstHE A k(weakness) T Hl&] Gtz
Hoteol Bold s F7heal

Table 4. Farinogram characteristics of dough added with different levels of onion

powder
Water Development Stability Weakness
Components ) _ ) ]
absorption(%6)  time(min) (min) (B.U.)
0 67.4 87 474 ~4
2 68.6 8.6 - 86 45
Onion 4 68.7 8.0 43 81
powder 6 67.4 6.8 32 120
(%) 8 66.8 7.0 3.0 , 138 .
10

65.3 6.5 34 136
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2. Extensographol] ¢j3 2 &22 &4
yh=9] extensograph®] S X & Table 53 o}, gz <l £ W59 g&2x E
AL ARG AFAFEI TS olFoloF 8, AFEI & BF2 COz gasd] B
H, AgALEst & BAeole WS glutend] AFo] FF A& EIATH24),
GAELSE Frhe W WSS waste] BY, A EE gzl HlE) ubitde] Hobe
o] WolAE AAdP, AF ALEE dE2Fd v SR we Yoo Wepdse
Z Z7tetddch WAL hEzatol HlE $uET 4% Aot driAe Skt Uy
A AgelA e Fa asdh. meba Agwe A Hgx Alele] FEol oA
COz gas?| Bfsdo] Rola] AW AAe) F4 ¥5ES & + AU

Table 5. Extensogram characteristics of dough added with different levels of

onion powder after 135min

Extensibility Resistance to Area under curve
Components ,
(mm) extension(B.U.) (cnf)
0 178 260 103
2 171 330 135
Onion powder 4 158 485 166
(%) 6 142 580 153
8 116 570 114
10 115 640 92

D . . )
RM-=resistance to extension of maximum

3. Amylographo] 23 54

AR wFog Qste YA B gluten FAT R FEF 712 M E(gas bubbles)
b ek vk REAAY AHE FtAAES ARYAE oventl A EeElH w3
of & Ao FEFE P]ATHB). WFL Y dAELEZA ovendME 72 o)
A X8 dolvt(oven spring) 60C7t HH yeast7t BEF8H L A% =7t F53A 7}
EAES G| FIleh ohgE FE Z HEUA ZEU AlFEHL, Z5AHF FE0
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Z2Ad N AROR o) s oju) wel Aoy SHoR ¥ e ARYAI} A3
s85X %an o8d wuAds dBAole]l A5 Abond)ol AAN BFAY VFL
7}A crumb®l T-Z7F ¥rES] A H(26,27).

W7 g 53 BEAL ZAFEZ) 98 amylographe] A X & Table 69 2o}l 33 A
el BesrE 2o Aow 4 A Yud, dEF W duiEwe] Hrjwe) wold
22 AA A5, AT FAE L£EE dzzo & GHED 6% RS Ww o

2 Aedan, A ARe ey Hadee dzdd ns gaEde] o

Table 6. Amylogram characteristics of composite flour added with

different levels of onion powder

G. T.Y M. T M. v.”

Components (C) ) B.U)
0 53.0 89.0 765
. 2 55.0 89.0 710
Onion 4 56.0 89.0 660
powder 6 56.0 89.5 670
(%) 8 570 89.0 645
10 57.0 89.0 610

YGelatinization temperature(C)
2)’I‘ernperature at maximum viscosity(C)

MMaximum viscosity(B.U.)

4 %2, ol L $95Y

Table 7 W/l FohETE Wrhshel Axg AHe 428, ¥ol L 238 Y
BT $EFe dagel Ha Fhpwe BHIE W FEEFel i Paas
o el Eole AEY 7 19 loopF /M ES HEE FPANeN, 1 2R @

AM e utFe FEEFFE VA 84 24 2 s E] &AM o] gxE
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NMRT G3prtEe Frt2 Aste WrkE dWde AMEARE 2SS W Fo)of #
2235 JeErA =AU dzTte] ] FuREEe] Hriwo]l FMELE e gole
gopA vtk dute]l dSH WE mHT 9 AEPe] FEH AL HAFI] AAE &
gro] g4 e HrE £ WYHoR Algdr)l RuEAHL FAAHYOZ =A 3
o, thE HEe A7 A(2829,30)9 Fds AHAE vy od, dxad Hlsf &

SpRue @rhgel Weld4E MAMAOE PrdE AFo|Rort 2, 4%ME E Hol

&

il

LA Bk o)A L who] Hod #oslE |@wld AR glutenin® gliadin®]
stEk(31)o] YR dHN2 AAslgon £ 7 A pashRAHHEY HAE QA3 Axel
3 Az

Table 7. Moisture, Height and Volume of a white bread added with

different levels of onion powder

Moisture(%) Height(cm) Volume(cr')

0 61.12+0.78" 13.33+0.19° 1695+7.64°

2 59.00£0.82° 13.13+0.05%" 1665+8.55°
Added 4 60.70+0.36° 13.07¢019°  1508+6.52°
onion

6 60.23+1.57* 12.60+0.36" 1496+2.89°

powder{(%)
8 60.45+0.16°° 11.67+0.46° 1448+9.40%
10 60.74+0.13 9.73+0.40° 139519,54°

Means+STD(n=3). Means in a column sharing a common superscript

letter(s) are not significantly different(P>0.05)
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5 ¢FE&F4Y
sEETAHS Jed Aotk gxT 24

wE Wskekel Az e FEF

Table 8% %3 &
ol Wl guidel Hriwko] WoldaE St

Table 8 . Water holding capacity a white bread added with different levels of

onion powder

Added onion powder(2)
6 8 10

0 2 4

Water holding . be abe ab ab a
0.74+£0.11"  0.96+0.08™ 0.98+0.10™™ 1.08£0.10™ 1.23+0.20™ 1.27+0.26

capacity(mL/g)

Means+STD(n=3). Means in a row sharing a common superscript letter(s) are not

significantly different(P>0.05)

6. M5
Table 9& SoET-E A/ A= 2w crust, crumbMEE el d Aot} Lt

FopEe FANS W Fasw,

& crust® crumbelA EF ulzT Alwlel H] 3]

—

crust agh thato] Ws) FobEd 4% A/FAE wd ohA F7beb e, crumbe agk
= tEwel] wE FakEwe] 3HriFo]l Weld+E Frak ok crust bE WiE Tl H]

o FaEes HAE o FAEP oy, crumb bA-E tlETo Wle guiRuwe Ho)

Fo Bold4 g Frhsach
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Table 9. Color of white bread top

of onion powder

Crust and Crumb added with different levels

Added onion powder(%)

0 2 4

6

8

10

L 50.88+0.04" 42.93+0.01° 4534+1.16°
Crust a 14.63+0.03° 14.42+0.04° 14.79+0.03"
26.89+0.04* 18.84+0.05° 19.13+(.03"

40.27+0.02"
12.48+0.10"
12.26+0.04°

38.96+0.02°
12.87+0.03°
12.10+0.03!

40.20+0.01¢
14.28+0.03°
14.29+0.01°

b
L 7545+0.15° 7353+0.13" 71.85+0.11°
Crumb a -150+0.04" -0.2440.03" -0.35+0.04
b 1370+0.03" 16.45+0.03% 16.25+0.02°

68.40+0.14°
0.67+0.02°
17.31+0.02°

68.33+0.16
1.45+0.04
19.15+0.05"

61.79+0.12°
2.26+0.05"
20.48+0.03"

Means*STD(n=3). Means in a row sharing a common superscript letter(s) are not

significantly different(P > 0.05)

o]
o,
T

=

7. 98 9 FAR A (SEM) @@

Fig 22 3&%E Md7bste] Azg Ao u-S ved Aotk FupEdel Hrhd

Botds & el gol7h Yoz, Mo] Aojzlen, AMde) FasAr). &3 Fig 3

4ol SEM#BEE ehd HO2 % Hrhgol Frhge) weh ool M9} whs)

Al as & 4 UKk
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Control | % 1% 6% 8% 18%

Fig. 2. Photograph of white bread added with different levels of onion powder

2% 4%

.....

6% 8o 10%
Fig. 3. Scanning electron microscope of white bread
added with different levels of onion powder

8. &2 obr] At
Table 10& PR Hrlae] A2 2w §eou]wits Yebd Aot Uz
of W& FHiure MWW W =A VEgom i 8%9 10067} ok A vehdol

L-arginine, L-aspartic acid, L-glutamic acid, L-alanine %2 o}v|=Ate] o}k H& 5

il

At} ol V.S. RAO 59 gama-irradiation$r 2uo] f&)obn il 3Hak(32)3 A E
AgE VEH AT
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Table 10. Free amino acid in a white bread added with different

levels of onion powder (mg/100g)

Added onion powder(%)

0 2 4 6 8 10

Phser 0.91 1.27 1.08 0.76 1.28 1.59
Asp 0.97 2.14 5.15 5.08 12.04 10.32
Thr 0.74 0.96 0.99 0.80 1.80 1.38
Ser 0.73 0.62 0.57 0.45 1.24 1.03
Glu 6.87 7.25 7.07 6.35 10.95 9.86
Pro 3.08 3.30 2.88 2.04 3.80 3.28
Gly 1.57 1.66 1.46 0.90 1.36 1.37
Ala 1.86 2.40 3.30 2.79 5.95 5.20
Citr 0.43 0.72 0.92 0.70 1.83 1.73
Val 1.15 1.26 1.31 0.93 2.73 2.20
Cys 1.60 1.18 1.22 0.89 2.06 1.74
Met 0.42 0.47 0.43 0.23 0.25 0.36
Cysth 0.39 0.41 0.53 0.33 0.82 0.67
Ile 0.29 0.39 0.43 0.26 0.68 0.49
Leu 0.50 0.71 0.75 0.55 1.61 1.17
Tyr 0.34 0.91 1.17 1.03 2.41 0.49
f-ala 0.00 2.02 2.72 1.81 4.12 3.57
Phe 0.49 1.22 1.65 1.09 2.90 1.73
Lys 1.29 1.06 0.73 0.68 1.35 1.02
His 0.38 0.42 0.42 0.39 1.01 0.82
Arg 2.08 6.10 10.32 10.45 28.81 23.28
Total 26.09 36.47 45 38.51 89 73.3

9. FNAHE

A wko]l 7] E-S Dynamic Headspace Sampling(DHS) 3 o2 BA] 3¢t} o]ujg]
gas chromatogram®] Fig. 49} Zt} 7| AE LS Table 1154 2l B4R FF¢E9 &
G718 FHe 63FoINe, F8 Fr|YEO2E ethyl alcohol, hexanal, 2-methyl
propanol, pentanal, 2-propanone, chloroform, 2, 3-butanedione, hexane, propanol,
2-propenal 2.2 YElsIT}, Alcohol H+ ethyl alcohol, 2-methyl pentanol, propanol %
o2 744 2& %ol H&yr), Aldehyde H+ hexanal, pentanal, 2-propenal 5°] 4

=H AT
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Fig. 4. Total gas chromatogram of flavor component of the white bread added

with onion powder
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Table 11. Flavor components of the white bread added with onion powder

(area/10°%ar)
Peak Added onion powder(%)

No NAME 0 2% 4% 6% 8%  10%
1 Pentane 287 2933 2189 251 7656 471
2 2-Methyl pentane 459 6773 271 179 462
3 Hexane 25.69 739.82 1411.18 1676.43 6527 52.86
4 Methyl cyclopentane 363.19 179 522
5 Methyl hexane 42.85
6 2-Methyl cyclopentane 1746 132.79
7 Heptane 1481 1949 9937 74.17 2381 1848
8 Cyclohexane 6.81 51.26
9 Acetaldehyde 92.42 587  4.06
10 2,4,4-Trimethyl 1-pentene 5.17
11 2-Methyl pentane 10.66
12 3,4,4-Trimethyl 2-pentene 1.38
13 3-Methyl pentane 453
14 Propanal 11.04 1147 798 5752 8.16 3.42
15 Octane 529 496 875 5348 642 416
16  2-Propanone 98.62 11017 11013 13687 9585 74.24
17 Methyl acetate 392 153 258 89.65 9.86 6.02
18  2-Octene 1.59 2.24
19  2-Propenal 162 1.38 2205 389 285
20 Acrolein 2493 2168
21 Tetrahydrofuran 1.02 891 5005 2147 0.45 0.77
22  3-Octene 053 50.14
23 Acrolein 5.45
24  Butanal 357 396 204 1365 254 184
25 2-Methyl 2-propenal 5.26

_98_..



Table 11. Continued (area/10%m)

Peak Added onion powder(%)

No NAME 0 2% 4% 6% 8% 10%
26 Ethyl acetate 491 279 589 2315 1341 9.17
27 Vinyl acetate 1.48 0.98
28 2~-Butanone 11.85 12.16 769 16551 1429 8.01
29 2-Methy! butanal 231 141 411 774 386 4.45
30 3-Methyl butanal 4.36 409 1989 1225 13.17
31 Dichloromethane 215 1.03 1.16 3.18 1.93
32 Ethy! alcohol 4606.38 4324.34 3859.52 6052.13 6727.19 5173.46
33 Pentanal 95.19 13286 4091 14043 73.11 74.62
34 2,3-Butanedione 42.14 14478  234b 72.04 58.25
35 Methy!l butanoate 592 11.79 1.74 9.59 16.71
36 Acetonitrile 3363 2216 1751 2766 1926 9.25
37 Chloroform 11978 11554 86.64 179.19 12599 60.37
38 1-Penten-3-one 23.52

39 Toluene 8899 5782 7663 179.74 136.12 61.33
40 Propanol 6267 05333 1642118659 31.96 28.85
41 2,3-Pentanedione 923 843 1647 4445 16.16 6.35
42, Dimethyl disulfide 418 5.05 3.35 2.72
43 Hexanal 50598 26856 21243 289.29 193.64 93.54
44 2-Methyl propanol 101.06 6717 3009 281.26 139.88 78.42
45 Ethyl benzen 3.93 366 715 661 4,16
46 p—-Xylene 5.58 321 242 298 477
47 Butanol 1838 1717 5307 939 871 3.32
48 Penten-3-ol 1789 2585 1278 2619 1292 4.38
49 3-Methy! 1-butanol 17669 2656 30.62 12061 7371 28.48
50 Pentanol 1.87 224 327

51 Pyruvic acid 1534 1495 7036 3268 19.63 22.81

*Peak numbers are correspond to those shown in Figure 4.
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10. 237
Table 12& QGud& HIsto Az 2w zx74E veEd Aold, &34
(springiness)2 & Awho] nvjg] St 2%, 4% 7S o o Zsbskgds)

[«

Uelx AR M= Basksich $74 (cohesiveness) & HET Aol wls FuRw
2% NS WY ThA F7EAR, UelA AzelNE Zasdch A 24 (gumminess)
& Uz T Aue] W oFmbEul 2%, 4%, 8% AZFAS o tha Zrbsgam, U A
oM Fasdd. A8 (chewiness)S 2T 2w w3 FapEt 2%, 4%, 8%
2710 o va FseR, UeA ABdAE BASAT B4 (resilienco) e HE
oAbl wla] w29 WS Ww ba ZASEDZ, UmMA ARdME 23
Aastlt A E(hardness)s W2TF Amol via) Fapd 2%, 6% ArtAL 9 g
ZAasFda, YA AlgdAME Sttt A QA (fracturability) &tz Ao n)
8 durae A7ARe W Z7H A ¥ 24 (adhesiveness) S ThET Auo] wlE o
S 6%, 8% WARS W Ba AR, Yo AmdAE A

Table 12. Changes of textural characteristics in a white bread added with

different levels of onion powder

Added onion powder(%)

0 2 4 6 8 10

Springiness  0.83£0,02” 0.88:0.05"° 0.84:0.02° 0.80+0.02° 0.75:+0.01° 0.76+0.01°
Cohesiveness 0.53+0.02" 0.55+0.01* 0.52+0.03" 051+0.04° 052+0.03*° 0.47+0.01°
Gumminess 5.05+1.35" 5.15£1.69" 6.13+0.74° 4.33+164° 592+096" 4.68+1.25°
Chewiness 4.22+122° 458+164° 5.12+051* 366+1.60" 4.44+069° 3.55+0.93"°
Resilience  0.2940.01° 0394002 0.27:0.02° 025:003 025:002 0.21£0.01°
Hardness  9.48+239" 9.342296" 11.84£178" 886+3.82" 11.47+2.56" 10.07+2.68
Fracturability 6.93+3.27° 13.52+4.90" 1155326 843+0.68" 7.36x3.85" 9.58+3.09%
Adhesiveness -5.09+9.24* -2.08+1.95" -1.40+8.39" -0.67+15.66" -7.43+16.64* -0.20+2.29"

Means+STD(n=5). Means in a row sharing a common superscript letter(s) are not
significantly different(P > 0.05)
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11. #5AA

Table 122 F3ids Hr7bste] Az Awe] A5HA 2345 ved Aotk 49
3, AL B e e dadd e iR 2% AMAE W Sk
MmA ANge Fastdd. vyA, A3, 98, AR, A4, 5% A dxzde b
3 R 29 4% HA7FEE u Z7E9m, UM R Alas gkasigl Wae) Hes
2%k 4%67F w=A WEbska, U] Algs B vk, B3AEA e 2%9 4%7) &
L H4E JdERLT.

:_

Table 13. Sensory evaluation of a white bread added with different levels

of onion powder

Added onion powder(%)
0 2 4 6 8 10

Grain
formation
Springiness  3.3+0.48° 3.9+057" 3.6+0.70" 2.6+0.70° 2.1+0.88° 1.0+0.00"

Pore 3.1+0.32" 4.0+047" 26+0.70° 2.1£0.32° 1.6+0.70° 1.0+0.00'

Color 3.7¢0.48" 41x057" 3.0£0.67° 25:053" 1.6£0.70° 1.1+0.32°

Mouth feeling 3.3+0.48" 4.1+057" 4.0+0.47" 2.1+0.32° 2.0+0.47° 1.0+0.00°

Break 3.6+052" 3.9+057° 3.3t067° 253053 2.5+0.85° 1.0+0.00°
Appearance 3.4+052° 4.1+057" 4.0£0.47" 3.0:0.47° 2.0+0.47° 1.1+0.32°
Hardness  3.2:0.42° 4.1:057° 4.0+0.67* 2.9+0.88° 1.6+0.70° 1.0%0.00"
Chewiness  3.1£0.32° 4.0+0.47" 3.9£057" 3.0+0.94° 15+0.53° 1.1+0.32°
Moistness  3.2+0.42° 3.9+057" 4.0+0.67* 2.120.32° 2.0+0.47° 1.0+0.00°

Flavor  0.0£0.00° 4.0£047" 4.0:047" 2.0+0.47" 1.1£0.32° 1.1+0.32°

Overall
acceptabhility

3.31048° 4.0+047" 2.2+0.42° 2.1+0.32° 1.74+0.67" 1.1£0.32°

3.2+0.42° 4.12057* 4.0+047" 2.1:0.32° 15053 1.0£0.00°

Means+STD(n=10). Means in a row sharing a common superscript

letter(s) are not significantly different(P>0.05)
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M 5 & JutE 0|38t 7Y AEX AHol=zo Y

A1 A AA

FHAllium cepa L) 59 w3 F7E AU AFY 8 2 e F T/
akal Zug AARA e APE de] o&Ho] $ton, flavonoidd 2% FHEd=
o] $hfrelo] FFaEAE(1)S 74 W oopv, AWA AE «AEQ), FEAQ), EBA
3 5o o] tAolel 2HEAETS Ze AN EH AE Ao #aHr. 53
Ut Asr FA8o] 2 9YgS v AL EZA quercetin-4-glucosideE oF & T

S ee wan vk, B8 P &7 FA 2G YA 2 AASEd &

Fave B2y 541R), ¥3¥F Uy datg ol4d grE el A(9) Fubze
AZ10), ¥ F9 quercetin® ®# 714(11,12), ¥uEo) 5 ole] AALWYE A )
i, ZApgAE 29 B3E FaA7E E313) Fo] vk Yube] I #ddTE

= Adael Faga W gy ol & HAC 2§ head space® (14), $#viF5(15), 57

ZHRFFWAG) Fo) gom, AEF ¥ FAAL Pt FFe WA viAE 9
A7) Fe) ek e kg AR ABE U@ FAARe ATE A gl A
golt, &3] Aolat H#9 HEug Beld S40] AgvIzie] Lolgel mek Wl

Ho anlAel 71587 AABA Harel A,

gl & e P B s Adadl H4 Az 210e s A5
o gutE WG Aolag Azage W wF, A& SRS, wel ko], AN, A
£, 9%, FAANZRD, T, BAR, FR0l, ANE PR, AN 247 o
WA AAsgon, o gt AelAe] HA aiw WE Rux FEs
.
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A2AE Ag H Y

1, A=

£EZA] Aoz AFd AHEH ARE WAF((E)ALAG, HEE ; gz 89%, 4
¥ 127%, & 03%), AFHE)ALAD), AP 2 Potassium-hydro-tartarateE A}-8&3}
Ark A Table 19] Aoz AZ35tE Ao ALL3 G A A E(E)

A Y48kl 60meshe] Aol A thg 2 4, 6, 8 10%= H7}e )

Table 1. Formula for preparing sponge cakes added with different levels of

onion powder (Unit : g)
) Added onion powder(%)
Ingredients ;
Ratio(%6) 0 2 4 6 8 10
Flour 100 200 200 200 200 200 200
Egg 150 300 300 300 300 300 300
Sugar 120 240 240 240 240 240 240
Potassium-hydro-tartarate 05 1 1 1 1 1 1
Onion powder Variable - 4 8 12 16 20

2. 2Z3A Aelze Ax WY

£EA Al AxE Fig 19 PR Azsdn B 40 AHET AEA Ao
A9 gk v E 200 g, AR 300 g, A 240 g, FANGFTADE | golQon, %ot
TEe UNE FFY 2, 4, 6, 8 10%2 H/EAT, PAo] B Aola nEe Ju
190 C, o}¥E 170CRE ojdd 2 E(Dae-Young Machinery Co., Korea)ollAl 2087+ &
71€ sttt

_.106..



| Weight ingredients I

I Mix (only eggs, 3%) sec at speed 1) |
| Add sugar, tartaricaciid and, onion powder |
| Mix(30 sec at speedll. 5 min at speed 2) |
I Determine specific irravity of egg foam |
| Addlﬂour |
| Mix(1 min lat speed 1) |
I Determine specific ,qlravity of cake batter l
| Panning (B(iLDg per pan) |

| Bake at preheated oven for 20 min |

Fig. 1. Flow of sponge cake baking procedure

3. W+F2] vlF &R (specific gravity)
AACC method 10-15(18)l we} @zZke] 71X St Aol AU Z FHAL (V| E£E
ol H5 "WAAE Ax) A&ow WUAHA U/FE FUsle] 187 £ &

skl

e

7| ©] HAEA-N HTEA

9 wEg ge i
e FA R

L
&

=)
ofi
[

=
&

4. W59 Hre &4

e SA2 94E &858 W5E 19 g¥ 50 ml ¥l o]A BHstA Ho} Brookfield
824 2(TC-500, Brookfield Eng. Labs., USA)oI X 25C2 4A13H A Brookfield
digital bviscometer(Model LV, Brookfield Eng. Labs., USA)E A}-&3}4 spindle number
3& ol 838l HAEE 12 rpmol A 338 &8,
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105C 44719 A=Y (HB-502 Dry oven, Han Back Scientific Co., Korea)& ©] &3}
A &8k o (19).

6. 23R Aol wol
AACC method 10-15(18)0lf wte} ~E2 AHolze YRS AHYAM templateE ©] &3t
639 EolE ZHAF Y}

7. ME
ANag Nertx] A3 % AaA(Chroma Meter, CR-200b, Minolta, Japan)& AM&3}t
o FEMMor HAS F L(EE), agt(AAE), b (BFNE)S FH s

LR
ARE A4 Aedd 12 AR AW ¥ FANBYoR 2Ag AP

Specific loaf volume(cm/g)2 W F-AZ Yo A5

9. 9|# 2 FALHW H(SEM)##

9 g& v)x) g7 e (Digital Camera RDC~2, RICOH Co., TAIWAN)Z 7lo]a ZH 2
EAe #AsYa, w7 AR UREFRE fA] YA FE Axe AR
(10x10%10 mm)E AAD2o] W27 & 5x5x] mmel =72 dusiy dZuE ¥
oAz g o) i, JEOL °]& =F7](JFC-1100)E o|&38te ¢F 150 sec A% gold &

Bl8t & FAbA A @ w4 (scanning electron microscopy, S-3500N, HITACHI, Japan)&

o] &-3te] 71429k 16 KVelAl &t
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10. 714

A& 2g°] HaSOs 4ml, A% 3 A (HCIO) Tme, HoO2 3mE 7}t HafgA o)A @
SEZ MM shdsle] fAd FEAoz W wzkx REIs T 20 M2 83,
Atomic Absorption Spectrophotometer(Shimadzu, AAS-6501, Japan)& ARf&3le] BA3]
Avt, B4z L Plasma flow : 156L/min, Auxiliary : 0.5L/min, Nebulizer : 0.8L/min,

RF power 1300 watts, Speed 18.75 rpme| At}
11. Aol F M, FHo], &8 &

7} F AT

oA Ao A FAL FaAor vd Alolz 1gs Wit A dse
2 3%A Ao ek 343 S plate count agarvl] X {(PCA:tryptone 0.5%,
yeast extract 0.25%, glucose 0.1%, agar 1.5%)5 ©]&35lo] = EhElar 30C oA
247 wiet & JElvs gl colonysE FA A

Aclag AEY tqle]l dAH D WH3 g 20Tl Agstdr Lz oz
nhA g Aol oF 1g& Tween 800 FHd Wi A2 A5 10mLe] Eogle= 49
Al el Wi FskA Adgste SRS g, 121ToAM 1083 AaAz 28
PDAMI A (Difco)ell T Al& o 0.1mLE YA =Es 3 30ToA 3-4Uzk vk
g & Yeluts 9 colony® AS 8k,

15

a9l &4 L oxytetracyckine 100pg/mL7} A7FH malt extract agar® A}-£3}

o 25TAM 443 WiFF & vetys 3 colony+& AS 8
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12. 714

Al o] 2]

Sampling(DHS) Wy o g2 48 AXd 2g9 AEE purge & trap concentrator(Tekmar
3000, Automatic sampler 2016, Cincinnati, OH. US.A)¢] Algde] Y1 60T 2 §A 8¢
A} helium gas(30ml/min)& 3083t purgeste] ©l& Tenax TA(Chrompack, Inc., Raritan,
NJ., USA)Z F34E column®] F3A1Z}. o] el automatic samplere] =L Table
29 Zth columng 225CTE 7}4E3kx o] cryofocusing module(Tekmar, Cincinnati,
OH. US.A)E A8t Table 39 =722 GC/MS(Shimadzu QO-5000, Tokyo, Japan)

o Fshol

Az

R

SENE RS

245k

crust®}

crumb® Yoo} Dynamic

Table 2. The conditions of automatic sampler in white bread

with onion powder

Items Conditions
Instrument Tekmar 3000(U.S.A)
Purge Time 30min

sample Temp. 60C

Cryo Focus Temp. ~1007C

Cryo Inject Time 0.75min

Cryo Inject Temp. 225C

Table 3. Operating conditions of GC and GC-MS for analysis volatile

components of the white bread with onion powder

Items Conditions

Instrument GC-17A(Shimadzu)

Column Supelcowax TM-10(60mx0.25mmx0.2540)
GC Column oven temp. 35(5)-(1.5C/min.)-170°C, 30min.holding

Carrier gas He

Chart speed 0.3cm/min

Instrument GC-5000(Shimadzu)

Ionization voltage 15KV
MS Scan Speed(amu/sec) 1000

Scan Interval(sec) 05

Threshold 1000

Mass range 35-350M/Z
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13. Texture2 7%

AER Aoz FAZE AR 1AZE WHA4A R & Texture analyzer(Model TX
XT2i, Stable Micro Systems, England)Z ©]&&4] P20(20 mm dia cylinder aluminium)
g AAsle] AMEE 23] dEHoZ AYAMHAE W FolAE force-time curveRHFE
hardness, cohesiveness, gumminess, chewiness, fracturability, adhesiveness, springiness

2 resilience® FA 3R o, oluje] BAXAL Table 49 8kt

Table 4. The conditions of texture measurement in sponge

cake with onion powder

Items Conditions
Instrument Texture analyser
Sample size 6em x Tem x 2.5cm
Prove p 20mm

Speed 1.0mm/sec

Pre test speed 5.0mn/sec

Post test speed 5.0mm/sec

Tkigger type Auto 50g
Distance 50%

Time 5.00sec

14, #5734

Aozl HEHIE Aol AFIFRI} 4 159L AFste] 9%, U, W4,
A4, G WA, 717, deelNe] =4, 5 % FHAA 9 58 ARWen
WL,

)
32

15, A4 g
EAAE s SAS ZZ239 Fo|A ANOVA Testd AAI89 29, Duncand B2 ¢
AR R {948 HA3 A
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A3 A Ay g uF

1. 9+ ¥|F & A (specific gravity)

AEA AclZe] FuET HIbE @E w59 W|F L Fig. 294 Yelide. Aela
of HlEE Aela HFAFAMEY AdE F = gk B AP control?] B F
o] 04622 HlFo] Yo} ¥y} A vehgoew, ofE o F@20) A7 dAFHIL
¥, FurtF e Arbge] SIS Aojae HF e fFoHow FrkE At (p<0.05)

0.8

Specific gravity

control 2% 4% 6% 8% 10%

Fig. 2. Specific gravity of batter in the sponge cake

added with different levels of onion powder.

FREE FAY 2EX Aola wFe] YEEZE Table 59 YUl Aok, dl 2o
val GoEd F7rgel F4EFE FE 2A vdewiew 2% FuEd AAR
o 8% H7kAle o 2d) Ak ¥ HEE YEAT F59 AE AEe AFY

obAA FAY BHHT T B = ¢l
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Table b. Viscosity of sponge cakes added with different levels of onion powder

Added onion powder(%)
0 2 4 6 8 10

370.77+1.297  442.00+0.46° 576.37+0.70° 657.73+2.63° 800.07+1.85" 886.27+0.85°

Means+S.D.(n=3). Means in a column sharing a common superscript letter(s) are

not significantly different(P>0.05).

GRS Table 60 YEF AT

¢

e e dEusT FRdwge

dud e 7HAM Aeola Sfel fHFHSa K=

o
Mo
i)
B
=
N
X
o
o2

G2 ol MAL AR F9 shist FRele T & dEv) FRIFol 4% 33

=S
putad

N

batol 28.71% % v w= Al WERRLH

Table 6. Moisture of sponge cakes added with different levels of onion powder

Added onion powder(%)

0 2 4 6 8 10

24.76+0.01°" 25.32+0.53™ 28.71+0.94* 26.22+0.87° 24.45+0.62" 25.85+0.12™

Means+S.D.(n=3). Means in a column sharing a common superscript letter(s) are

not significantly different(P>0.05).
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4. 2EA Aol %o

AR RE HAEA AFT 2FEA Aol FolZ Table 70 Vet At st
FZE 2% H7HWE 97t 2ol7t 1 Eqkm, ERFRY 2, 4 ¥ 10% GHETE

e W Ba e g UdehiRen fod e Aole fATH 63 8%:
oa 2e ge et

Table 7. Height of sponge cakes added with different levels of onion powder

(cm)

Added onion powder(%)
0 2 4 6 3 10

342+0.12° 365:001° 355+001*° 3.35:005" 3.38+0.01° 3.62:0.19°

Means+S.D.(n=6). Means in a column sharing a common superscript letter(s)

are not significantly different(P>0.05).

5. 2F2 Aolze 4=

Table 8& ¥HELE /M 2&EA Aolag Mxg vebd Aol Crustd L
e FHET HrrFo FUEFE FiAde AEE JEUd e, agte S d
A7 ol FIEFE QA FAAse BFgodoy dxadd 2% HU S FgFHA
Aol 7 QAATHP>0.05). bt FoEY HIlFo] F/HETFE FALdle= AU
Crumb®] Lgt2 S Hrldge) Z2784E odi #ase AFAch age o
a3 2%, 4% FA7b2 Atoldle foAA Aolslt (N LeH, 6, 8, 10% 7T Abol
A% FeA¢l Aol PAUTHP>0.05). bFE d=TH 2% AT Alolde 93
Q Xol7t AN, 4, 6, 8 10% AT Aol oA Zolx AN THP>0.05).
FatEd Hrtol wE AE# Y] Fr 93] Sl ¥9ED AR A ZWnkgd ¢
& a3 23 Relgtn AgdEG,

[
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Table 8. Color of sponge cakes crust and crumb added with different levels of

onion powder

Added onion powder (%)
0 2 4 6 3 10

I 5471£393 40.36+0.02° 39.32+0.01° 37.69+:0.01™ 35.07+£0.02°° 33.68+0.02°
a 15.19+091* 1527+0.03" 14.27+0.02° 13.49+0.02° 13.69+0.02™ 12.78+0.01¢

crust
b 29.56+0.59* 22.28+0.01" 19.91+0.04° 19.68+0.02° 17.19+0.01¢ 15.09+0.04°
AR 2.46+3.99°  13.89+0.02° 16.12+0.03™ 17.66+0.01° 21.18+0.01" 23.62+0.04"
I 8559+0.15"° 85.56+0.05" 84.59+0.13" 82.95+0.02° 82.36+0.21¢ 82.36+0.46"
a 1.35£0.01° 1.46+0.12° 137+0.12° 1.79£0.01* 1.85+0.18* 1.85:0.18
crumb

b 37.790.15" 37.26+0.42™ 3651+051° 36.09:0.09° 36.71x0.59" 36.09+0.3°
JE 033:0.09°  0.78:045"  147+051° 3.36+0.21° 2.59+024°  3.39+0.38"

Means+S.D.(n=3). Means in a column sharing a common superscript letter(s) are not
significantly different(P>0.05). L. : (lightness), a : (redness), b : (yellowness), L value
: Degree of lightness(White +100 < 0 black), a value : Degree of redness(red +100 «

-80 green), b value . Degree of yellowness(yellow +70 < -80 blue)
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6. A4

FohE e WG AEA AojZe] WIAHE Table 99 VEulTh 2EA Aol
a0 FHEWE 4% AAUE WA 4172 AP B RS UEHALT, 2%E ASSHT
utpw Arbwel dETRT ¥e @e e,

Table 9. Specific loaf volume of sponge cakes added with different levels of

onion powder

Added onion powder(%6)
0 2 4 6 8 10

3661012  337:+008%  4.17+003* 3.93+0.12" 3.87+0.08™ 3.87+0.23%

Means+S.D.(n=4). Means in a column sharing a common superscript letter(s)

are not significantly different(P>0.05).

7. 9% 2 FAER B (SEM)#E

0% 2% 4%

6% 8% 10%

Fig. 3. Photograph of sponge cake added with onion powder
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0 2% 4%

6%‘ 8% | 10 /i:
Fig. 4 . Scanning electron microscope of sponge cake added

with different levels of onion powder

ot Hsbe AEA Aolze] Fr]2 8-S Table 100] Vel Qv Cadh
b ol seEol 9900, Mad Fer %uii gl 27tdo 37484
2 A4 Frtets A9 dedsl

pd
o

o
=i
L
N

Table 8. Mineral content of sponge cakes added with different levels of onion

powder {unit : ppm)
Samples content (%5) Ca Na Mn Fe Cu Zn
0 6.2628 42523 0.0164 0.6916 03381  0.4257
2 31553 52091 00425 16430 03089 0.4519
Onion 4 48125 31462 00783 1.8290 0.4407 0.4378
powder 6 42814 27935 00583 1.8301 03973  0.4891
8 46423 43039 00904 24578 03326 0.5808

10 46603 3.9953 0.1817 4.0049 0.4979  0.4061
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9. Alelae FAd, F%e], ARSF

7t F A

G e M 2EX AelAE AxT F 30T AFNHA FHATLTe W
35 A9E A3 Fig. 3% 2ok dizdd nste G Hritgo] F1deE
FATEE A AFE YEudnh A% 5dAAA e AT & Aol §
Adou, AR 109l 346709 159 5542 diza9) FAEFIE M w8 e Y
el 3, gu 96, 8, 10% #H7/ke 10974 & Hie e, 10%63H 7= A
A 159 1748 Jdedidch wepA ot BEg HobgoRA gzl Hlishe]l F4
o7 23w AFAE YE AT,

&a0o0

530 | i
500 |

450 |

350
300
asn

Thial bactena

200
150
1aa

30

0 5 10 15
Storage period(day)

Fig. 5. Effect of onion powder on the total bacteria count of bread during
storage at 30T
-4~ ' control -l- : onion 2% -A- : onion 4%

-x~ ! onion 6% -*- : onion 8% -@- : onion 10%
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PARLDS A7HE 2EA Aol FBo £ Fig 4o YA, A% 109
A 2 Weh= o, A 15AcME tREe] st Wrbiel uld 4-6ule B
Bol 48 VeI

1400

1200

1000

$00

WM oul

600

4090

200

Storage period(day)

Fig. 6. Effect of onion powder on the mold count of bread during
storage at 30C
-4- : control -~ : onion 2% -A- : onion 4%

-x- . onion 6% -%- ! onion 8% -@- : onion 10%
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SFupRwe Hylslm AEXA Feol=e AERSTE Fig. 59 JEth A 59
Al T gut Wk Abolel Exole fien), 10 olF R EE I

Yeasts

29 ERSE AasE 4% e,

400

350

300

250

200

150

100

50

5 10 15
Storage period(day)

Effect of onion powder on the yeast count of bread during
storage at 30C
-4- : control -M- : onion 2% -&- : onion 4%

-x— : onion 6% -*- : onion 8% -@- : onion 10%
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10. &71A

M

Futi@ 7} Ao)l=e total ion chromatogram2 Fig 8 9, 10, 11¢] veldIel. o)
o] A% EY F/)AHES Table 9, 10, 11, 120] Ve ieh, di &= cruste] F714
& 3-methyl butanal, 2-propanone, hexane, tetrahydrofuran, 2-methyl butanal,
2,4~dimethylhexane, 2-methyl propanal % ethanol 52 o= HEFHYow, i+
crumbh?] 7] E-& 2-methyl propanal, chloroform, dichloromethane, 2-propanone %
hexanal 59 22 &9
Egh g FH7F AelZe cruste] )AL 2-propanone, hexane, 3-methyl
butanal, 2-methyl propanal, 23-dimethyl heptane ¥ hexanal ¢ +202 A& o
™, crumboll A &= 2-propanone, 3-methyl butanal, 3-methy! pentane, 2-methyl butanal,

2-methyl propanal 2 ethanol 5¢ ¢o2 A&¥ AU}

L fla 1% o |22 e l;o
1%
2
z | "
=
2 14
= 2
=
o B
—— 2
E § % Tl F:1
= i ,’ o |1, % o 4
1ﬂq
EJ‘ 1 { 2 blﬂ ul\y bt
Y B o4
42
T T T T
o 3 8 , e 12 18
Reterston time {min)
&
03}
e
2
1=
g
2
E Lis
PE 3
“
“ 46 ;{_ “ 54 81 2 53
v v : T
1% 18 21 o 24 27 ao
Retension time (min)

Fig. 8. Total ion chromatogram of sponge cakes(control) crust
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Fig. 10. Total ion chromatogram of sponge cakes crust 10% onion powder
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30

Fig. 11. Total ion

chromatogram of sponge cakes crumb with

10% onion powder
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Table 9. Volatile components of sponge cake(control) crust

(area/10%m)

Peak

Peak

Area Comp.name Area Comp.name
No No
1 116.73 Pentane 28 7791  2-Butanone
2 19.22 2-Methyl pentane 29 37205 2-Methyl butanal
3 531 3-Methy! pentane 30 733.65 3-Methy! butanal
4  559.11 Hexane 31 33.48  Dichloromethane
5 5.64 1-Hexene 32 23754 Ethanol
6 251 2-Methylhexane 33 2448  2-Butenone
7 2727 Propylcyclopropane 34 23039 Pentanal
8 23128 Heptane 35 22186 2-Ethylfuran
9 4482 2,5-Dimethylhexane | 36 32.95  Trichloroethylene
10 6.59 1-Heptene 37 3453 Methyl methacrylate
11 82.32 2-Methylheptane 38 1974  4-Methyl-2-pentanone
12 14354 2,3-Dimethylhexane | 39 13.31  Acetonitrile
13 827 3-Methyl heptane 40 10.04  2-Methyl-2-butanol
14 2258 Propanal 41 69.53  Chloroform
15 323.34 2,4-Dimethylhexane | 42 595  2-Butanol
16 8.15 Octane 43 9284  Toluene
17 193.35 24-Dimethylheptane | 44 951  2-Butenal
18 240,16 2-Methyl propanal 45 3873  2,3-Pentanedione
19 59245 2-Propanone 46 10.71  Dimethyl disulfide
20 10584 1-Octene 47 17433 Hexanal
21 26.05 2-Propenal 48 11.69  2-Methyl propanol
22 510.33 Tetrahydrofuran 49 746  p-Xylene
23 9118 4-Octene 50 351 m-Xylene
24 193.73 Butanal 51 561  Butanol
25 1505 Ethyl acetate 52 6.96 1-Penten-3-ol
26 1.53  Viny! acetate 53 358  Dodecane
27 2256 Nonane

Peak numbers are correspond to those shown in Figure 8.
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Table 10. Volatile component of sponge cake(control) crumb

(area/10%n)

Peak Peak
No area Name No area Name
1 10.19 Hexane 25 639 2-Pentanone
2 1691 Diethyl ether 26 1581 Pentanal
3 1.21  Propyl cyclopropane 27 2822 2,3-Butandione
4 978 Heptane 28 798 Trichloroethylene
5 1692 Cyclohexane 29 2.41 Methyl 2-methyl
6 5,02 Dimethyl sulfide —2-propenoate
7 963 3-Methyl heptane 30 0.81 Acetonitrile
8 31.75 Propanal 31 0.69 alpha-Pinene
9 452 Octane 32 146.85 Chloroform
10 162,38 2-Methyl propanal 33 2875 Toluene
11 109.65 2-Propanone 34 4.14 Propanol
12 21.04 Methyl acetate 35 2.61 Methyl thioacetate
13 1416 2-Octene 36 1087 2,3-Pentanedione
14 554 2-Propenal 37 528 Dimethyl disulfide
15 6759 Tetrahydrofuran 38 152 Butyl acetate
16 3.72  4-Octene 39  84.41 Hexanal
17 10.84 Butanal 40 1,93 beta-Pinene
18 753 Ethyl acetate 41 2.22 Ethyl benzen
19 1.28  Vinyl acetate 42 0.28 p—Xylene
20 1231 2-Butanone 43 0.31 m-Xylene
21 196.71 2-Methyl butanal 44 052 Dially sulfide
22 1022.16 3-Methyl butanal 45 2.88 Butanol
23 110.83 Dichloromethane
24 12.29 Methyl ally sulfde

Peak numbers are correspond to those shown in Figure 9.
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Table 11. Volatile component of sponge cake crust added with different levels

of onion powder

(area/10%it)

Peak RT Comp.name Added onion powder(%)

No 2% 4% 6% 8% 10%
1 3.846 Pentane 48.53 655 1922 3221 23.82
2 3991 2-Methyl pentane 3614 772 1291 2568 1475
3 412  Hexane 1698 44922 81781 60491 997.68
4 4.283 2-Hexene 583.36 0.93 207 25.16 1.81
5 4383 2-Methyl hexane 2.11 2.27 9.93 2.68
6 4.467 Propylcyclopropane 10679 1155 1683  36.16 18.27
7 4567 Methanethiol 0.92 1.78 1019 2.26
8 463 Heptane 6345 7496 8217 143.12 81.03
9 4825 25-Dimethylhexane 9434 3139 1521  21.07 17.94
10 5092 1-Heptene 30.52 4.34 1.43 3.39 1.84
11 5258 2-Methylheptane 161.75 9645 6488 104.42 73.53
12 5317 23-Dimethylhexane 22382 16895 102.67 17825 122.84
13 5367 3-Methyl heptane 4283 1513 886 1699 12.07
14 5708 Propanal 6551 1032 1641 2631 20.96
15 5843 24-Dimethylhexane 29071 11886 10951 18737 13091
16 5941 Octane 36.91 12.82 11.82 18.62 13.31
17  6.068 24-Dimethylheptane 339.78 285.19 18773 27989 237.68
18  6.092 2-Methyl propanal 450.18 11142 26951 280.02 31825
19 6191 2-Propanone 96351 27662 699.48 63893 809.96
20 6383 1-Octene 5637 5977 1349 3485 11.93
21 6677 2-Propenal 6896 22.71 553 1158 4.13
22 6894 2 3-Dimethylheptane 9.61 8.14 10.79 11.22
23 7.144 4-Methyl octane 17671 17502 11955 21531 141.16
24 7407 4-Octene 10858 2182 1312 1281 1551
25  7.692 Carbon tetrachloride 4598 1829 1706 2121 18.55
26 7794 Ethyl acetate 22766 15879 101.43 153.21 11498
27 8.05 Vinyl acetate 54.46 19.49 9.39 21.34 11.09
28 8331 Nonane 6351 1788 17.05  31.97 20.14
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Table 11. Continued

(area/10%)

Peak Added onion powder(%)
No R.T Comp.name 907 4% 692 9% 10%
29 8489 2-Butanone 12027 2675 3806 4399  44.94
30 8669 2-Methyl butanal 626.06 2485 3791 43.08  44.77
31 8939 3-Methyl butanal 147878 30042 356.81 41663 421.34
32 9157 3-Methyl-2-butanone 1006.36 123055 91881 1454.67
33 9732 Dichloromethane 1264 2416 1401 1683 18.14
34 10.029 2-Propanol 57.95 6.72  15.08 7.94
35 1026 Ethanol 1725 3822 9683 1095 114.34
36 10467 2-Butenone 1098 1052  11.15 12291  13.16
37 1068 3-Methyl-2-butanone 16.53 839 1498 9.91
38 10.756 2 4-Dimethylfuran 24.98 6.82 1681 8.06
39 12.006 Pentanal 2451 12185 9974 14202 11778
40 123 23-Butandione 231.98 23734 266,13 280.26
41 12654 ‘Trichloroethylene 69.93 1286 2183 2691 26,77
42 12.848 Decane 8.71 1662 1653  19.63
43 12958 Methyl methacrylate — 344.75 374  11.12 226 1346
44 13521 4-Methyl-2-pentanone 9356 16,69 441 1314 5.36
45 1406 2-Methyl-2-butanol 13.56 3.78 839 1467 9.74
46 14.437 Chloroform 13894 4841 7382 7753  82.37
47 15453 ‘Toluene 14891 12081  69.06 9465 8475
48 1739 2,3-Pentanedione 7499 3095 1973 2912 2971
49  17.854 Dimethyl disulfide 13.39 4.01 621 1131 7.34
50 18.069 Butyl acetate 5.19 3.07 4.75 3.95
51 18729 Hexanal 314.29 40417 17464 23218 201.42
52 19976 2-Methyl propanol 6.83 12.14 1625 14.02
53 21483 Ethyl benzene 19.66 8.03 13.87 9.16
54 22058 p-Xylene 16.08 5.15 1.09 3.17 1.34
565 22517 m-Xylene 329 14.72 4.29 8.17 5.01
5 25125 o-Xylene 1.42 8.11 1.75 8.76 9.31
57 26133 1-Penten-3-ol 1162 1067 911 11.64

Peak numbers

are correspond to those shown in Figure 10.
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Table 12. Volatile component of sponge cake crumb added with different levels

of onion powder

(area/10%m)

Added onion powder(%)

Pl\egik RT Comp.name 2% 4% 6% 8%  10%
1 3813 Pentane 68.16  37.92 18.31 9.91 189.16
2 397 2-Methylpentane 343 1207 11.76 16.94 156.59
3 4115 3-Methyl pentane 35875 647.09 86593 1316.99 11793.87
4 4472  Methylcyclopentane 13.51 13.76 11.87 14.82 291.07
5 4585 Heptane 94.13 6963 45.66 4509  559.61
6 4783 3-Methyl heptane 1867 1735 22.94 15.88 179.77
7 5026 Dimethyl sulfide 252 1882 28.49 3158 101548
8 5.223 Cyclohexane 1.56 60.54 51.05 51.79 1521.72
9 5.638 Propanal 44.09 24.82 22.18 14.38 193.83
10 5732 Octane 12903 8889 56.25 4962  826.03
11 6.012 2-Methyl propanal 49106 25456 33293 21151 2067.04
12 6.115 2-Propanone 41393 99141 1053.16 1507.14 16511.41
13 6.833 Tetrahydrofuran 381.73 412 28.52 22.81  2356.05
14 7049 Butanal 5642  338.75 65.57 61.98 1836.81
15 7602 Ethyl acetate 838 6994 1.88 3.04 120.66
16 8341 2-Butanone 4364 3539 23.37 2644  321.25
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Table 12. Continued

(area/10%m)

Added onion powder(%)

Pealc R.T Comp.name
No 2% 4% 6% 8% 10%
17 8752 2-Methyl butanal 608.51 34193 41575 26351 2457.35
18 8975 3-Methyl butanal 896.24 85746 138573 1064.92 9224.42
19 9733 2-Propyl alcohol 76.72 3496 2958 22.05 17142
20 10.06 Ethanol 17651 23852 18156 20888 114254
21 1047 2-ethylfuran 151.34 hb2 1466 799  163.67
22 117716 Pentanal 12496 4372  30.74 1371 22113
23 1207  2,3-Butandione 34426 16921 18591 16662 197531
24 1241 Methyl butanoate 4697 2081  26.39 1241 34472
25 1262 Decane 1062 3744 2.81 5.23 60.75
26 132  2-Methyl-2-butancl 897 4883 3.91 5.82 72.15
27 1419  Chloroform 8656 H632  b2.58 8379 71874
28 1617  Toluene 4483 3782 36.315 2706 45027
29 1717  2,3-Pentanedione 93.17 1118 1197 697  112.84
30 1841 Hexanal 38615 12027 2632 193 73376
31 2493 Butanol 10.94 7.66 3.88 1.67 74.67
32 2695 I1-Penten-3-ol 12.59 6.26 2.51 3.46 26.19

Peak numbers are correspond to those shown in Figure 11.
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11.

—‘i‘" i
PN
N
2

FEEE FAAE 2EA Aozme EAZE Table 139 Jehuiddd, A=
(hardness), © % A(springiness), 384 (cohesiveness), HA(gumminess), XA
(chewiness), EUA (resilience)Z control®t} U¢mEL Hrlito] & e Ul

, A4S Agstn Mg FAAHA AelE vEdA gt EAREA

(fracturability) ¥ &4 (adhesiveness)2 Al &7be] 6914 <l x}o)& Ve Y EHp>0.05).

Table 13, Textural characteristics of sponge cakes added with different

levels of onion powder

Added onion powder (96)
0 2% 4% 6% 8% 10%
Hardness 6.77+1.67 896398  1049+441° 89396  1163+3.35" 922+4.33°
Fracturability 1050+6.83% 1222+762° 898+1.56°  079:456° 68514  17.0424.15
Adhesiveness ~14.3551.76" -20.95+1748 -1492+1527" -61.60+31.23° -4.88+21 62" -36.8418 15°
Springiness 0.45+0,01° 091+001"  0.91x001° 090£001"  091x0.01*  0.90+0.01°
Cohesineness ~ 0.2620.01* 051+001*  0.49+0.01° 049+001° 0521001  051007°
Gurmminess 3.48+0.69° 457+206° 52561224 449482  590+1.71"  470£2.25"
Chewiness 316+057° 414+186"  475:203° 406£434*  548+155"  426+2.06"
Resilience 0.14+0.01° 027+001°  0.25+001° 026£001°  020:001°  0.27+0.01°

MeanstS.D.(n=5). Means in a column sharing a common superscript letter(s) are not

significantly different(P > 0.05).
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12. 5 4A}

FGEEE AT 2EA Aoz #AFAAE Table 14 YWY #5484 2
AR, QYA 71E, A 2 2 AAAJ] VEEE AR fol3H ze)
GEbI A @gren, o, BAd @ WAl Alggkd F99¢ 2e]E& el
THp>0.09). 282 2%, 429 NP 2T, F2A9S 10%, WA A3 4%, 7|

s

TE UET, 2 R 4%, FHTL 2, 6%7F /M ®E %e UEbIAch Wk FdA
NEEE T WwEte] gmpia 9 49 Hrlato] BEAH o R 943 AEge vy

AT}

Table 14. Sensory evaluation of sponge cakes added with different levels of onion

powder
Added onion powder (%)
0 2% 4% 6% 89 10%
Appearance 3.27+1.16° 347064 3.40+0.83" 2.93+0.79™ 253:0.83" 3.13+]1.13*
Hardness 3.60+0.74"  3.07+£0.71* 3.20£0.77° 3.47+064" 3.07+059* 3.20+1.01°

Chewiness 353+0.64°  3.20+0.77* 3.27+0.71° 3.07+079° 3.00+0.53* 3.40+0.83
Adhesiveness  3.4720.64"  2.87+0.83" 2.80+0.94" 3.07+0.71* 3.07+0.88% 3.60+0.91%

Flavor 3.27+0.88™ 353052 3.60+0.91" 3.20+0.77™™ 2.60+0.91° 2.87+1.13%
Pore 3.60+0.63"  3.60+0.74" 3.60+0.74" 3.20£0.94* 3.13+0.74* 3.07+0.88"
Mouth feeling  3.40+0.91"  3.33+0.62" 347:0.74" 2.87+0.83" 2.80+0.86" 3.40+1.24
Moistness 3.13+0.52"  3.40+063" 287+0.64"° 3.40£091* 3.27+0.79* 3.00+1.07°
Oversll

5 347+£0.74°  3.47+0.83" 3.40£0.63" 3.00£0.99" 293+0.88" 3.47+1.19°
acceptahility

MeanstS.D.(n=15). Means in a column sharing a common superscript letter(s) are not

significantly different(P>0.05).
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2. ¥ @ ok Ak SGuA R P

FE HEG Bar] FdAae dwd B3 SHE wEsaA daur)e A a

o SuwAS £44 44304 (myofibrillar), B84 (stromal) B2 Re)de oE

2 guuae dE VAT FYALLTY F32E 2ahe wArs YL F4H
Qut olul BHF 444 BUAL AgaT e Fuyo]l goms wuAR Aol

A A A 7T

.

i

b 284 F
FE ¥R g dd okAE AR AFHE O dAY FdH EAINE ol &3d
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7)ol H 2 7] QA g 3ufFe] E& siste] B FA ¥ A EYsY 4F
(A T BE)e vlgx, AL 05% pyrophosphates 383 0.67M NaCl &4
& 7tsle] YA ETEe] A5 AE dEHA dWE F (myofibrillar proteins) & & A}£-3}

o, A FAE B84 @ (stromal proteins) & AF-8-5 o}

=

Auky GalReas &4 AAe 24 2E42Y 01~05mldl 4 714 05mlE 7H3e]
37CoA 0~20A17F ¥H3-A1A EAE Ut pHll wE a3 &4 Wzg F4387
st ZF 2a4Y 0.1~05mlo]l 2+ 718 05mi, 50mM KHePO4«pH 50~80) 2.0~
24ml (total volume of 3.0 mD¥& 37CelA 10~12087 ¥-ESAZHT. ZF 9HE2 10%
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TCAEHE& 7}8le] ice batho] ¥&o 24 A1, dAEY £ 278nmoA Y T34%

m&

g 27890 Bee T SDS-PAGES o §3je] Srhulde] Asvs] Fa4g B
sttt

3. Fvte] ks A
a7l ARz FutES Aol wWEH 4T A-(20T)oA 0~8U7F B H3AA
24 Faksle] ols] A4 ¥ MDA(malondialdehyde)E TBA(thiobarbituric acid)$} ¥H-8-A]
7 TBA WeZH(TBARS)S SAToR2M Fo| Apdel g gae] Fastds a2
gL AP 2A4E e AT
7t TBARS 3% &7
dA % A FEeo| 10% perchloric acid ¢} 8218lA] BHTE 718te] Ww AeloA 183
homogenizes} (14,000 rpm) ¥4 &8} o1 (1,000xg, 15+, 4C) MD F&3 g &Y
o 0.02M TBA 498 #71sle] 2 Bola 1A vbEA AT, whg-e]e A WzkA] 7
A 3mee] n-butanolE H7F F 30&3F A vortexingdhil 500 x golA 4] H st

n-butanol 22 3% 530nmol A FAEE =489

r

A& E 108 %9 Folch$ 9 (chloroform:methanol = 2:1, v/v)ol homogenizes}sz A A%
Zake] 3087 Ao|A mRke e Buchnerd #1712 o384l oo of 3o o]
20% kol sl el FHTE bele] A ¥ 3H(1,000xg, 158, 4C) 3, CHCLZ¢& 33
Atk F ALE FHET CHChFS da/t2s 5% 1342 g 5% sulfuric acid in
methanol 3 mlE 718kl A& FH3te] Wigsla 90ColA 9087 transesterifications}
Ak, WA ES WAAZL F 5% NaHCOs 3mlE 71832 A fol e 2 3ml2 33 F%319
Aastaz ABAZ B, A ether 10042 H014 GCR 2433t
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4, 17 g A
FHE HEG FPdAgY TP L W AFEAAY AE VEEE A48 BEn
7] %de] A reciped A nA AT

7b 237 Fd g Mle
obefe} Z& dwrd Ear] 2Py A A8 EFH LS Table 19 MY
M AARoR WMEATY FeHItY 2AFE s B3] Fde HF reciped
Tt ol

Table 1. Compositions of Bulgogi marinade recipe

Ingredient Content (%)
Salt 0~4
Sugar 0~8
Green onion 0~20
Garlic 0~ 20
Onion 0~20
Toasted sesame powder

Sesame Qil

Black pepper powder

Clean wine 20
Soysauce 20
Pear juice 0~20
Pineapple 0~8
Kiwi fruit 0~8

Huzle 54, ¢4, F€ & I +FE Agsgod, Burl =9& A E
4mm FAZ Ho] AL AT Z reciped] wel 271E Fdel Ae dWe AAFE AL
S 20822 dFsA Ao, ¥ recipedAE ASE AHE 208, 408, 6022
Ul Afw Al e AKEINE BG4 EFH S waE A AR AHY
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2, &2z
EBi7]e A e texture analyzer® ol4-38te EBI7IE A2ed o HdY &
=3t Hr1etgrl.  Texture analyzer: Stable Micro SystemAbe] TA XT2i 29
HDP/BSK blade set with knifeZ A}838l¢] maximum cutting force® A3 on, =
A ZAL trigger type: auto 20g, test speed: 2.0mm/sec, pre-test speed: 2.0mm/sec,

post-test speed: 10.0mm/sec.2 3} t}.
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A 34d A3 2 13z
1. %ule] gz R
7y, Fute] Shald R
Fupe] Sl EHEAE FABT] Hsle H371¢ myofibrillar proteinol] % u}F
& 7}ste] wkEA1zl ¥ SDS-PAGEZR #9135 oh Figure 1614 R vle} o] 4
& HrrekAl @kar 37ColA ¥hE-Al7] myofibrillar protein{lane 2)&  4Td R#3
control(lane 1)¥ thgo] gld. W G FS #Arlsle] 37CAA w3 A7 A (lane
4) myosin¥} acting HEF diF e ZHH gl BEEE AL 98 4 g
v 3 FuEE Hrtete] 4ToA HEAIH S wol: I hildoe] RajE = Ao #
#Zuo], Huz]g AHLA SAAY v FHEFE AEEe dS5aYE S F Y

Hs e NAST

Figure 1. Degradation of beef myofibrillar protein by onion juice. Beef
myofibrillar protein was incubated with or without onion juice for 15
hours at 4C or 37C. Lane 1: control at 4C, Land 2. control at 37C,
Lane 3: onion juice at 37°C, Lane 4: onion juice at 37C, 19 hr

incubation
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Fue] fuma pa@ge Anus gelsty] 9eke 43179 myofibrillar protein
of Fuere hake] 15N AR AIZEE W82 5 SDS-PAGER #<18k4lch Figure

2014 W= nk} o] WG AIZbo)l A i3le] wel myosindg WX SudEEo] A 7

0 1 2 3 4 5 0 5 10 15
Incubation time (hr) Incubation time (hr)

Figure 2. Time dependent degradation of beef myofibrillar protein by
onion juice. Beef myofibrillar protein was incubated with onion juice at

37C for 0, 1, 2, 3, 4, 5, 10 and 15 hours.

o} S dorsEd Sdea B g
Futo] Suud EHEAHE FuE HrEds ety 9ol A 1mr9 myofibrillar
protein®l]l 2}7] & <fo] IutF S Jpsle] 37CAA WL A T SDS-PAGER. 913}
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At Figure 3914 = wpop o] utFol Hrlge] geld4§ fuawde R A%
7y AAE RE &4 + AH

Figure 3. Effect of onion juice amount on degradation of beef
myofibrillar protein. Beef myofibrillar protein was incubated with 0, 0.1,
0.3 or 0.5 ml of onion juice in a total volume of 1,0 ml for 15 hours at

37C. Lane 1. control at 4C, Lane 2! control, Lane 3: 0.1 ml, Lane 4:
0.3 ml, Lane 5: 0.5 ml
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Figure 4. Protease activities of various seasoning vegetables against
beef myofibrillar protein. Beef myofibrillar protein was incubated with
0.5 ml of each vegetable juice in a total volume of 1.0 ml for 2 hours at
37C. The enzyme reaction was stopped with 1.0 ml of cold 10%
trichloroacetic acid.  After centrifuging at 10,000 x g for 20 min,

absorbance of the supernatant was measured at 280 nm.

z} ofafel 2 37] myofibrillar protein®] R 5AS SDS-PAGEE nHliE #-#slo
Figure 5°] Welgich, A% L& A @molA 2 27] myofibrillar protein 537} @35
RA G & Fge sl

!
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1 2 3 4 5 6 7 8 9 10

Figure 5. Degradation of beef myofibrillar protein by various seasoning
vegetables. Beef myofibrillar protein was incubated with 0.5 ml of each
vegetable juice in a total volume of 1.0 ml for 15 hours at 37C. Lane
1: control, Lane 2: green pepper, Lane 3: garlic, Lane 4: ginger, Lane 5:
pear, Lane 6. green onion, Lane 7. sovbean sprout Lane 8 green bean

sprout, Lane 9 and 10: onion
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2) #317] stromal protein®] -3l

7} ok ofsf o] 4 37] stromal protein® W3 FAE 280nmeA ] FHFEE FA 3
g A3E Figure 691 Yebdch 54 A3 & 2571 718 23 @
Holil oloj N FUE, «FUE o v 59 £o8 HIABAHS A
z} okxle] 4]i7] stromal protein®] W& EAE SDS-PAGEE Wl #

7o) VElQTl, FA RE A EoA 4 37] stromal protein ¥8i7F 32 A

=
Ar
o)
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onE olE 4 i gdE sF o

Figure 6. Protease activities of various seasoning vegetables against
beef stromal protein. Beef stromal protein was incubated with 0.5 ml of
each vegetable juice in a total volume of 1.0 mi for 2 hours at 37C.
The enzyme reaction was stopped with 1.0 ml of cold 10%
trichloroacetic acid.  After centrifuging at 10000 x g for 20 min,

absorbance of the supernatant was measured at 280 nm.
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12345’7‘8'910
Figure 7. Degradation of beef stromal protein by various seasoning
vegetables. Beef stromal protein was incubated with 0.5 ml of each
vegetable juice in a total volume of 1.0 ml for 6 hours at 37C. Lane 1
control, Lane 2. green pepper, Lane 3: garlic, Lane 4. ginger, Lane 5:
pear, Lane 6! green onion, Lane 7: soybean sprout Lane 8 green bean

sprout, Lane 9 and 10: onion

3) = A1 327] myofibrillar protein®] 4 3|
FRE HEY G Fd 2 HAS F9 #A37] myofibrillar protein S EA S
280nm &A= FAHELE Tt vy AIAE Figure 89 YA o2 g 2 FaA)
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Figure 8. Protease activities of various seasoning vegetables against
pork myofibrillar protein. pork myofibrillar protein was incubated with
0.5 ml of each vegetable juice in a total volume of 1.0 ml for 2 hours at
37C. The enzyme reaction was stopped with 1.0 ml of cold 10%
trichloroacetic acid. After centrifuging at 10,000 x g for 20 min,

absorbance of the supernatant was measured at 280 nm.
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Figure 9. Degradation of pork myofibrillar protein by various
seasoning vegetables. Pork myofibrillar protein was incubated with 0.5
ml of each vegetable juice in a total volume of 1.0 ml for 15 hours at
37C. Lane 1. control, Lane 2. green pepper, Lane 3! garlic, Lane 4

ginger, Lane 5: pear, Lane 6. green onion, Lane 7: soybean sprout Lane

8. green bean sprout, Lane 9 and 10: onion
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Figure 10. Protease activities of various seasoning vegetables against
Pork stromal protein. Pork stromal protein was incubated with 0.5 ml
of each vegetable juice in a total volume of 1.0 ml for 2 hours at 37C.
The enzyme reaction was stopped with 1.0 ml of cold 10%
trichloroacetic acid.  After centrifuging at I0,000 x g for 20 min,

absorbance of the supernatant was measured at 280 nm.
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Figure 11. Degradation of pork stromal protein by various seasoning
vegetables. Pork stromal protein was incubated with 0.5 ml of each
vegetable juice in a total volume of 1.0 ml for 6 hours at 37 C. Lane 1:
control, Lane 2. green pepper, Lane 3. garlic, Lane 4. ginger, Lane 5:
pear, Lane 6. green onion, Lane 7' soybean sprout Lane 8. green bean

sprout, Lane 9 and 10! onion
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Fig 12. Meat tenderizing effects of seasoning vegetables
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Figure 13. Effect of onion on TBARS content of beef during storage at 4C
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Figure 14. Dose dependent response of onion juice on lipid peroxidation of

beef at 4T
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Figure 156, Effect of onion on TBARS content of beef during storage at 2
0C
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Figure 16. Dose dependent response of onion juice on lipid peroxidation of

beef at 20C
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17. Antioxidant effects of seasoning vegetables
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Fig 18. Dose dependent effects of onion on TBARS contents of beef
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Figure 19. Effect of onion on TBARS content of pork during storage at 4C
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28 sample®] conjugated diene control® FutT o] o)zl gl vi(data not
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Figure 20. Effect of onion on TBARS content of pork during storage at 2
0C

- 189 -



Table 1. Effect of onion on fatty acid composition of pork stored at 20C

for 48 hours

Fatty acid Control Onion
Myristic 1.81 2.00
Palmitic 25.20 25.89
Palmitoleic 2.84 2.98
Stearic 9.39 5.68
Oleic 46.33 47.29
Linoleic 14.10 1531
Linolenic 0.32 0.85
PUFA 14.42 16.16
Linoleic/Palmitic 0.56 0.59
Linoleic/Stearic 1.50 2.70
Linoleic/SFA 0.39 0.46
Linolenic/Palmitic 0.01 0.03
Linolenic/Stearic 0.03 0.15
Linolenic/SFA 0.01 0.03
PUFA/SFA 0.40 0.48
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Table 2. Compositions of Bulgogi marinade with varying amounts of salt

Grou
Ingredients P A B C D E
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Sugar 5 5 5 5 5
Cooking wine 20 20 20 20 20
Soy sauce - 20 20 20 20 20
Table salt 0 1 2 3 4
Water 35 34 33 32 31
Total 100 100 100 100 100
Yosalt 3.2 4.2 5.2 6.2 7.2
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Figure 21. Sensory saltiness value of cooked Bulgogi
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Figure 22. Effects of salt level on maximum cutting force of cooked

Bulgogi
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Table 3. Compositions of Bulgogi marinade with varying amounts of sugar

Grou
Ingredients P A B C D E
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Sugar 0 2 4 6 8
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 38 36 34 32 30
Total 100 100 100 100 100
osalt 5.2 5.2 52 5.2 5.2
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Figure 23. Effects of sucrose on sensory characteristics of cooked Bulgogi
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Figure 24. Effects of sucrose on maximum cutting force of cooked

Bulgogi
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Table 4. Compositions of Bulgogi marinade with varying amounts of green

onion

Irmrredien‘group A B C D E
Green onion 0 10 15 20
Garlic 10 10 10 10 10
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 42 37 32 27 22
Total 100 100 100 100 100
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Figure 26. Effects of green onion on maximum cutting force of cooked

Buigogi

e vhg A7hg A%

Table 59} Zo] 20% FT7HA 5% @92 vy A7 ES @@ty 3d 8 &3
olu} 7+ F & ddEe EFHLL FPAY Y ApLu &S VxR dgen
A9, A4e 2 gof Y= e Ztz Qo ARA 2%, 6%, 10%E 3T}

Table 5. Compositions of Bulgogi marinade with varying amounts of garlic

Group o
pe® A B C D E

GGreen onion 10 - 10 10 10 10
Garlic 0 5 10 15 20
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 42 37 32 27 22
Total 100 100 100 100 100
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Figure 27. Effects of garlic on sensory characteristics of Bulgogi
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Table 6. Compositions of Bulgogi marinade with varying amounts of onion

Inp,rediengroup A B C D e
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Onion 0 5 10 15 20
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 32 27 22 17 12
Total 100 100 100 100 100
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Figure 30. Effects of onion on maximum cutting force of cooked Bulgogi
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Table 7. Compositions of Bulgogi marinade with varying amounts of pear

juice

eEe® A B C b E
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Pear juice 0 5 10 15 20
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Sov sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 32 27 22 17 12
Total 100 100 100 100 100
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Figure 31. Effects of pear juice on sensory characteristics of Bulgogi
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Effects of pear juice on maximum cutting force of cooked

Table 8 Compositions of Bulgogi marinade with varying amounts of

pineapple

Ingrediengroup A B ¢ D E
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Onion 10 10 10 10 10
Pineapple 0 2 4 6 8
Sugar 6 - 6 6 6 6
Cooking wine . 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 22 20 18 16 14
Total 100 100 100 100 100

- 176 -



Figure 33¢] #53Ab A% E AHuy mlefE H7lgo

—_

ZHE5E 2717 S

dxoH, 6% o1F 53 8%E HIIAS We wrl AYE 277 A AS FoRk

¢

TUE + 9e JEAT 6% o4 B3 8% A Bk AGez Yojgus] I

¢

—

E AERE Y% A3t Texture analyzer® o]£3}e] &3 maximum cutting forceXx
Holol E 2%k 4% HFE VA Fasgon, 2% BHoE 4% HrhA e ©e dAdA
THFigure 34). 22t 4% o] H7bel A ] o4 wol #43A &ty

2NE A W YUY HHG =4S FANEL Wl He5E ¥ FH) =7y

ou), 8% A7t NE W o4 HEe] FAHA B 6% B FEPL AT

T MEeE B g E 6% H77E 71 15 A0l E4ka, 8% HlA
L8y 7EEIF Aasdan, 8%olAM NEE AT AL a7t Uy dsle] it
A RlEle =40 A flefAMQd A wEow Ay

Figure 35 3Qlof&& 2% H71d dd o= (Table 82 % B) Al %= Aztg 20%

>

o
N

AR 60T A dElele] e WMEE e Aol oAulE AL Alzle] Aol
Aol wel 2717 dajxa 22 e wg Z7189 0k, v saltinessyE Q.8 A LS

Hedhe PoIAT FEHA /BEE 0 AL A% 0% AL A BT 0 5

- 177 -



Saltiness Sweetness

Overall acceptance

A B C D E
Figure 33. Effects of pineapple on sensory characteristics of Bulgogi
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Figure 34. Effects of pineapple on maximum cutting force of cooked

Buigogi
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Figure 35. Changes in sensory characteristics of Bulgogi by duration of

marination
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Table 9. Compositions of Bulgogi marinade with varying amounts of kiwi

fruit

m A B C D E
Green onion 10 10 10 10 10
Garlic 10 10 10 10 10
Onion 10 10 10 10 10
Kiwi fruit 0 2 4 6 8
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 22 20 18 16 14
Total 100 100 100 100 100
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Figure 36. Effects of kiwi fruit juice on sensory characteristics of Bulgogi
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Figure 37. Effects of kiwi fruit juice on maximum cutting force of cooked

Bulgogi
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Table 10. Compositions of Bulgogi marinade with varying amounts of

green onion, garlic and onion

Group
pdEe® A B C D E
0 0

Green onion 10 5 5

Garlic 10 5 5 0 0
Onion 10 10 20 10 20
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 22 32 22 42 32
Total 100 100 100 100 100
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Figure 38, Effects of green onion, garlic and onion on sensory

characteristics of Bulgogi

- 184 -



W ox

Lo

7000

6236
6500 p—

6162 6261

6000

5500

5000

4500

4000

Figure 39. Effects of green onion, garlic and onion on maximum cutting

force of cooked Bulgogi
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Table 11. Compositions of Bulgogi marinade with varying amounts of

green onion, garlic and onion

Group
e A B ¢ b E

(Green onion 10 75 5 2.5 0
Garlic 10 75 5 2.5 0
Onion 10 15 20 25 30
Sugar 6 6 6 6 6
Cooking wine 20 20 20 20 20
Soy sauce 20 20 20 20 20
Table salt 2 2 2 2 2
Water 22 22 22 22, 22
Total 100 100 100 100 100
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Figure 40. Effects of substitution of onion for green onion and garlic on

sensory characteristics of Bulgogi
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Figure 41. Effects of substitution of onion for green onion and garlic on

maximum cutting force of cooked Bulgogi
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Table 12, Compositions of Bulgogi marinade

Group
P B C

Green onion 25 0
Garlic 25 0
Onion 25 30
Sugar 6 6
Cooking wine 20 20
Soy sauce 20 20
Table salt 2 2
Water 0.5 6.0
Pineapple 5 5
Black pepper 05 05
Toasted sesame 5 5
Sesame oil 5 5
Total 100 100
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Figure 42. Comparison of sensory characteristics of Bulgogi
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Figure 43, Comparison of maximum cutting force of cooked Bulgogi
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