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ABSTRACT

Physiological Activities of Red Chinese Cabbage and
Its Applications to Cookie and Teokgalbi

By. Park, Eun—-Mi
Advisor: Prof. Lee, Jae-Joon, Ph.D.
Department of Food and Drug

Graduate School of Chosun University

The purpose of this study was to investigate the nutritional components and
physiological activity of red Chinese cabbage(Brassica rapa L. ssp. pekinensis)
and its practical applications as a health beneficial food. In order to examine the
quality characteristics and antioxidative effects of cookies added with red
Chinese cabbage, its powder was mixed with cookie dough to establish the
optimal blending ratio, and then sensory evaluation and antioxidant activity
were examined. Furthermore, this study was performed for the possible
application of the development of a new Teokgalbi; a representative local food
of Jeollanamdo instead of a portion of grind pork as red Chinese cabbage for a
new ingredient.

It was conducted to investigate major nutrients component and bioactive
materials of red Chinese cabbage powder. The proximate compositions of red
Chinese cabbage powdwe as a dry matter basis were 4.96% of moisture
content, 20.97% of crude protein, 1.89% of crude fat, 0.20% of crude ash and
71.98% of carbohydrate, respectively. The total amount of free sugars was
23,221.71 mg/100 g, among which fructose content was the highest, and glucose,
sucrose, galactose, mannose, maltose, xylose, ribose, and rhamnose were in
decreasing order. A total of 17 amino acids were observed. Among them, the

amount of glutamic acid was the highest. The major fatty acids were palmitic
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acid, linoleic acid and oleic acid as unsaturated fatty acids and saturated fatty
acid, and the content of unsaturated fatty acids(55.81%6) was higher than that of
saturated fatty acids(44.19%6). Several organic acid including citric acid, malic
acid, tartaric acid, acetic acid, succinic acid, lactic acid and formic acid were
observed. The contents of vitamin A and C were 0.04 mg% and 561.75 mg%,
respectively. The total mineral contents was 6198.87 mg/100 g, the K content
was the highest in the mineral and the amount of Ca, Na, Mg and Fe was in
decreasing order, and Zn, Mn and Cu were observed as the trace amount. Total
polyphenol, flavonoid and anthocyanin contents of red Chinese cabbage powder
ethanol extract were found 16.36 pg TAE/g, 31.11 pg RE/g and 9.46 mg/100 ¢
in 1,000 ppm, respectively. In addition, the DPPH and ABTS free radical
scavenging activities of ethanol extracts from red Chinese cabbage powder
dose-dependently increased.

In this study, it was also carried out to investigate the antioxidant activity
and quality characteristics of cookies containing red Chinese cabbage powder.
Cookies were prepared with different amounts(0, 0.5, 1, 3, and 5% to the flour
quantity) of red Chinese cabbage powder. The antioxidant activity and
components were estimated by DPPH and ABTS free radical scavenging
activity, and the total polyphenol, total flavonoid and anthocyanin contents in
cookies. To analyze quality characteristics, bulk density, pH of dough, spread
factor, color (L, a, b), hardness, texture profile analysis, and sensory evaluation
were measured. The contents of total polyphenol, total flavonoid and antocyanin
and DPPH and ABTS free radical scavenging activity of cookies significantly
increased with increasing red Chinese cabbage powder(p<0.05), while the pH of
the dough, L and a values of the cookies, spread ratio of cookies, hardness of
cookies significantly decreased with increasing red Chinese cabbage powder
(p<0.05). The results of sensory evaluation showed that cookies prepared with
3% red Chinese cabbage powder did differ significantly different from those of
the other groups in taste, flavor, texture, and overall acceptability. Texture
scores for the 3% red Chinese cabbage powder groups ranked significantly

higher than those of the other groups. Taken together, the results of this study
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suggest that red Chinese cabbage powder is a recommended ingredient in order
to increase the consumer acceptability and functions of cookies. The quality
characteristics of the 3% added red Chinese cabbage powder exhibited
significantly similar or higher values as compared to those of the controls,
showing the possibility of developments in health-functional cookies. To sum
up, the cookies with 3% red Chinese cabbage powder showed the best results
in terms of quality and potential antioxidant property.

The pork Teokgalbi consisted of five types like no red Chinese cabbage
powder added(normal, C), ascorbic acid added(control, A), 0.1%6 red Chinese
cabbage powder added(B1), 1% red Chinese cabbage powder added(B2), and 2%
red Chinese cabbage powder added(B3). Five types of Teokgalbi were tested in
triplicate and assigned to one of five storage periods 0, 5, 10, 15 or 20 days.
Addition of red Chinese cabbage powder decreased the moisture contents of the
pork Teokgalbi, but the ash and lipid content were significantly increased.
Increasing the amount of red Chinese cabbage powder in pork Teokgalbi had a
increasing trend of WHC values but cooking loss of pork Teokgalbi decreased.
For the textural characteristics, the addition of red Chinese cabbage powder
decreased the springiness, chewiness and the cohesiveness values but it did
not affect hardness values of pork Teokgalbi. In the sensory evaluation, an
addition of 1.0% red Chinese cabbage powder had the best score in color,
springiness, flavor, juiciness, and total acceptability values of the pork Teokgalbi
among the groups. As storage time increased, the addition of red Chinese
cabbage powder decreased pH, whereas it increased the total microbial counts,
and the TBA and VBN values of pork Teokgalbi. When the red Chinese
cabbage powder was added, total microbial counts, pH. TBA, and VBN values
were significantly decreased compared to the control sample(p<0.05). In
particular, B3 group was significantly(p<0.05) more effective for delaying lipid
peroxidation than the other treatment groups. Therefore, the results demonstrate
that the addition of the red Chinese cabbage powder to the pork Teokgalbi has
a trend to improve antioxidative and antimicrobial effects during the cold

storage period.

_Xi_
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In this study, the nutritional composition and physiological activity of red Chinese
cabbage powder were throughly investigated. Therefore, by applying its nutritional
value to cookies and Teokgalbi, the goal of this study is to show that the red
Chinese cabbage can be employed in various fields. By analyzing the components of
red Chinese cabbage physico—chemically, it was possible to develop an optimum
cookie recipe that contains the red Chinese cabbage powder. In addition, by adding
the red Chinese cabbage into a Teokgalbi, the typical local food of Jeollanam-do, it
could propose a possibility of developing a new style food. In conclusion, it is
confident that all the results of this study showed the possibility of developing a
new style food by adding red Chinese cabbage, a new food ingredient, to a
Teokgalbi, the representative local food of Jeollanam-—do.
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Brassica nigra
n=8

AACC
CC AA ‘x ~{\
n=9 i n=10
Brassica oleracea ~,  Brassicarapa

Brassica napus

Fig. 1. U’s Triangle.
Source: U N. 1935. Genome-analysis in Brassica with special reference to the

experimental formation of B. napus and peculiar mode of fertilization. Japan ] Bot.

7: 389-452 (8).
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Fig. 2. Photographs of red Chinese cabbage.
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Table 1. Transfer process of gene(s) for anthocyanin to red Chinese

cabbage through interspecific hybridization

v Brassica rapa var. Brassica oleracea var. Genera

ear .
B35 H=%7) tion
B 3=(2n=20, AA) x WZ+Fu]S(2n=18, CC)

2004

} o8] % (Embryo rescue)

X

752 E(2n=19, AC)
2005 Fi
| Z3]%1 A 2] (Cholchicine treatment)

#l=(2n=20, AA) x FIHHE 4 vlA| 2 E(2n=38, AACC)
2006 BCi

2007 HF(2n=20, AA) x FFEFT o544 EA(2n=20~29, AAC ) B30,
| A E A A
2008 B (20=20, AA) x FHFE AEA N FF aleld A ) BCs
L e E A A
B 3(2n=20, AA) x FIEE AEA T wejdg dFE 35) BC:
L owfF=eb fAb b B A A
2009 1 3(2n=20, AA) x FFFT AEAONF} wwjdd BE) BCs
L owfF=eb fAb b B A A
B 3=(2n=20, AA) x EIH|F(2n=20, AA, WS} w94 o 3] BCs
Lo S
2010 (2020, AA) < EFE WIS(20=20, AA, Wi e}l e 3] BC
Loz o] Mk g, AR, 4
2013 i (20=20, AA) x E3F WiE(2n=20, AA)

(S ATS o] &% R, AMEAAAA, ATAH 7))
Source: Kwon OH, Lee JC. 2012. Brassica rapa. L plant with red color and method

for breeding the same(KR-10-2012-0085308) (10).
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&, isothiocyanates 3}3HE, carotenoidAl A2 ##H E & beta-glucanAl 2

AL

E 2 taurine# o}7]

o

K=

A, el T 7} 7|3 =4
S5AAA, M Jdxd, |
A Asso Fast dJEA Fo v
species, ROS)9|

, Alazdte] «ﬂrﬂ T

8
= anthocyanins, carotenoids, flavonoids % BB} S o224 o)l HA
gats EH4ES fa 2 Z(free radical)® Q15te] ftEE 72 o 2 w3
oAy oie mar e Aew UewTHE2). A F ARSHE tiEAQd
phenol #| A A3l A9l butylated — hydroxyanisole(BHA),  butylated

~

hydroxytoluene(BHT) A|We] 2tsls AAA 7= Hold @z} AAHo=z =
S ol 8 ddov s AT AAELY S AASte T AA =

de mRtar B 9loj(33) ARE el AR HAHEIL WA AFS B e
Aot} olelgt AA ] weta H: HAXF FoAA 7 Edo] FiH AF
= AFAstA sk &R o FrEel QA A4S YEh= 4 HakshA
E AE A FAkstAel] #g A7 st A de sl o]
el 28 AEZEE FAkst g = AAHolHA e A kst EF
= Jhdstazt sk AgrE Bol AleHal vk dd ksS4 gig A=
= AR, SRS AE, S S, FAR, slEF oA Wol ofFoAa 9lon, A

7M. s AFEEI e HA kst £ phenolic acid, flavonoids.

anthocyanins, ascorbic acid, tocopherol, glutathione %°] UtH34). w3, kvl

AR T3 e AR A sl = glucosinolatesgl il st Al EA] EHo] glo

o, o5 A& HAE #d, 2374 T9 & TS JASTE Bk

(3536), T3 F(sulfur)S FHirstal Slof FEA o] A3 H53 Fr|E FoAdo

(37). AA A oJA= 10099F 2] glucosinolates ol A4 30010l A4 &AL
[e]

of

k= Aom delA ATh38). AAstH Ao F8 A<l glucosinolates
glucoraphanin, gluconapin, glucobrassicanapin % sinigrin 5 ©°|H, o] a4 Sl
EA3F=  myrosinase 4ol o] sheES Hx 24z sulforaphane,
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Table 2. Researches on the extracts of Brassica oleracea showing

varying extraction procedures and their bio—activities

Extraction procedures Final
Cell lines/ . Solvents & . . concentrations . Selected
. Starting . Dissolutions Functions
animals . quantities for of extracts references
materials . of extracts
extraction used
Dried extract . J Agric Food
Freeze-dry Powder 1 g/ _ Estrogenic
MCF-7 1 mg/ 0.05710 pg/ml Chem 48,
/fermented leaves 10ml EA effects . .
20 pg DMSO 4628-4634(2000)
o Induction of
Homogenization . . Nutr Cancer
. . Purified cabbage 0.1-100% 1 mL/100 g Tumor Necrosis .
AHI109A /centrifugation/f 43, 82-89
i i extract/DW extract BW Factor o
iltration . (2002)
Production
135g/80% 0-2000 pg/mL  Inhibition of LWT 39
PC12 Fresh leaves .. . .
MeOH extract neurotoxicity 330-336 (2006)
The stability of .
. Phytochemistry)|
small 500 g/L 0.5% 137529  the anthocyanins )
. . Fresh leaves 68, 1285-1294
intestine AA mg/100g BW from red .
(2007)
cabbage
Human Effect of Agric. Food
] 0.1 g/1.90 mL 100, 200, 300 g .
subjects Steamed red ) anthocyanins Chem 55,
10% FA in red cabbage .
HPLC-MS cabbage ) from red 5354-5362
MeOH consumption
/MS cabbage (2007)
Ethanolic
. extracts Anti—platelet, ]
Dried Cabbage World App Sci
) 5 mg/mL 500 mg/kg cholesterol | , .
Wistar rats  leaves/80% powder/ 80% o J 8 107-112
Water (body wt) antioxidant .
EtOH EtOH (2010)
extracts effects
5 mg/mL
] Dried leaves Blood glucose | ,
Male Dried leaves/ 1g/kg eCAM 5,
) 0.1 g/ mL 1g/ml restored male
Wistar rats  70% EtOH (body wt) . 281-287 (2008)
70% EtOH body wieght |
1 mg .
Food Sci &
. 5 0.1 g/mL sample/mL o .
HPLC Drying at 105T - Antioxidant Technol 41,
1%MA 5% o
o ) 49-58 (2006)
dithiothretiol
R Flavonoids and
The L
Powder antioxidant s
Frozen at - supernatants/ . Food Sci 69,
HPLC ) 0.05 g/mL ) - capacity of
20°C /freeze dry final volume ] (2004)
80% MeOH various cabbage
of 25mL
genotypes

Source: Nam MK. 2011. The effect of red cabbage extract on the apoptosis in
human breast MDA-MB-231 MS Thesis.
University, Seoul, Korea (74).

cancer cells. Duksung Women’s

-1
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Table 3. Selected phytochemicals associated with cancer prevention

Phytochemicals class

Typical compounds

Food sources

Carotenoids

a-Carotene, 3-carotene,
lycopene, B-crytoxamhin

iutein, astaxanthin

Yellow, red and dark
green vegetables and

fruits

Organosulfur compounds

Diallyl sulphide, diallyl
disulfide, methyl
trisulphide, dithiothions

Sulphides, allium
vegetables(e.g. garlic,
onion); dithiolthiones,
cruciferours vegetables

(e.g. broccoli, cabbage)

Phenolic acids(e.g. caffeic
acid), hydroxycinnamic
acid(e.g. curcumin),

flavanols(e.g. quercetin,

Vegetables and fruits;

catechins, green tea;

Polyphenols apigenin), flavanones(e.g. )
' ) o theaflavins, black tea,
narigen in, hesperidin), .
. resveratrol, red wine
catechins(e.g.
epigallocatechin gallate),
theaflavins, resveratrol
Isoflavones(e.g. genestein,
o ) Isoflavones, soybeans,
daidzein), lignans(e.g. .
Phytoestrogens . soy—based foods; lignans,
matairesinol,
. .. vegetables, flaxseed, rye
secoisolariresinol
) Glucobrassicin,
Glucosinolates, .
sulphorophane, Cruciferous vegetables

isothiocyantes, indoles

indole-3-cabinol

Terpenes

Monoterpenes(e.g.
limonene, perillyl alcohol,
geraniol), sesquiterpenes

(e.g. farnesol)

Vegetables and fruits(e.g.

citrus)

Source: Greenwald P, Clifford CK, Milner JA. 2011. Diet and cancer prevention. Eur
J Cancer. 37 948-965 (28).
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A 2% AEAE 2 HH

A 1A w2 owFe o5y HE A

1. 28 A=

B A9 AHeE W EE 0159 19 AR del Tskd Al gl

= =

gk w7 WEE Mol 5 cmz Aol /1% AAsA. A W WFE

=

-70C deep freezer(MDF-U52V, Sanyo, Osaka, Japan)E A&3te] &%
FAAZ7](ED 8512, Ilshin, Yangju, Korea)E AF&3}e] -70C, 72213 52 A
271 (HR2904, Philips Co., Amsterdam,

‘? = 12—
=

AR sA Hxd w3h o

AEE AHgs,

wrE njFe AR BAEe Association  of  Official

1

A

N

E/\]

el

Netherland) & AH&3te] 33 & @2 A8t -70ColA YerH 5t

Analytical

Chemists(AOAC) W (75)d] wet 8 AHS FdAaxYyHoz 105To 2413

ol A HAzxsle] HHEEda, ZAWE Soxhlet F%7](Soxtec System HT 1043

==

extraction unit, Foss Tecator)& AF&3| diethyl ether2 F%3

stol AFekalal, =

a2 A semimicro-Kjeldhl &2 2% ghwla BA 7] (Kjeltee 2400 AUT,

fu

Tecator)2 ZA3FATEH 2322 600TCoA A 5AIZE o] gstst A 3|shos =

A BB AR 100 g F FR, 2@, 24, 232

sho] & st
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3. 78T £4

89 ¥4 Gancedo WH(76)o] 7]lsle] AASAY. AlE 1 gol 80%
ethanol 50 mLE #7}8lo] heating mantleo] 75C, 5A17F 7}FE3 % Whatman
filter paper(No. 2)% oJF3sled o AL rotary vacuum evaporator(EYELA
VACUUM NVC-1100, Tokyo, Japan)el Z¢t: 5= o]& 10 mL®E A3 Ion
Chromatography(DX-600, Dionex, Sunnyvale, CA, USA)Z EAstc. EA4=%4A
2 Table 49} 2t}

Table 4. Operating conditions of ion chromatography for free sugars

Item Condition

Instrument DX-600(Dionex, USA)

Guard CarboPac TM-PA10

Column CarboPac TM-PA10 Analytical

Flow rate 1.0 mL/min

Eluent 18 mM NaOH

Inj. volume 20 pL

Detection ED50 Intergrated Amperometry
— 14 -
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4. T4 oprl=at B4

T obrAke]l BAWH L B A HdxE Als 05 g, 6 N HCI 3 mL&

AFsle] &7)star 121°Co| 24X 7 7peis) st S oS rotary vacuum

evaporator(EYELA VACUUM NVC-1100, Tokyo, Japan)® 7%t &=73}9], sodium

phosphate buffer(pH 7.0)0 10 mL®Z AE3IH77). € 1 mLE FHslxu

membrane filter(0.2 pm)& 3} & o}u] =Akx}E 24 7] (Biochrom 20, Pharmacia
=

Biotech Ltd, Cambridge, England) & A1 3lth. B2 H1-& Table 59 £t}

o

Table 5. Operating conditions of amino acid auto-analyzer for total

amino acid

Item Condition
Instrument S433-H(SYKAM)
Column Cation separation column(LCA KO07/Li)
Column temperature 57 ~ 74T
Column size 46 x 150 mm
Flow rate Buffer 0.45 mlL/min, reagent 0.25 mL/min
Buffer pH range 3.45~ 10.85
Wavelength 440 nm, 570 nm
~ 15 —
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A upal AR & Wungaarden(78)2] WHHo| Wl A8 2 g& ether® F&3F

t g A oF 100 mgs 7HAE Eek=Ae] Hs) IN KO
I Edtste]l A o] glold wizAA] WAzl $ 14%
BF3-Methanol 5 mLE& #H7Fetdith. @475 F&38] 80T 5&3F 7H493 F
methylester3}sto] NaCl £3-89 3 mLE t3dtil thA] hexane 1 mLE #H7}3le]

wol $7 AAH; AL Astel B NaSO,E ¥a
A

o] A& F A E
A7 g S Gas Chromatography(GC-17A, Shimadzu, Kyoto, Japan)® 4]
o}, B2 A& Table 63 7t}

1l

ot

e

ol
el

Mo
32

Table 6. Operating conditions of gas chromatography for fatty acids

Item Condition

Instrument GC-17A(Shimadzu, Japan)

SP™-2560 capillary column(100 mm length x

Column 0.25 mm id. x 025 um film thickness)
Detector FID detector
Oven temp. 170C (5 min) — 4C/min — 250C (30 min)
Analytic time 80 min / 1 sample

— 1 6 —
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714 £42 Kim 5(79)¢] Wl &3t A8 1 g S/ 50 mLE Tl st
C FZxd 47 7F 7}493 3 Whatman filter paper(No. 2)& Ap-g&3lo] o 3o},
o] o] & rotary vacuum evaporator(EYELA VACUUM NVC-1100, Tokyo, Japan)
2 7et-==3) SHTFE 10 mLEZ #8838l Ion Chromatography(DX-600,
Dionex, Sunnyvale, CA, USA)E Al&3ste #4319t +A4x1LS Table 73 #

o,

Table 7. Operating conditions of ion chromatography for organic acids

Item Condition
Instrument DX-600(Dionex, USA)
Guard TIonpac AG11-HS Guard, 4-mm
Column IonPac AS11-HS Analytical, 4-mm
ELUENT EGC-KOH Cartridge-38 mM KOH
Inj. volume 10 uLL
Flow rate 1.0 mL/min
Detection ED50 Conductivity

- 17 -
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1

HEFY C #2412 Rizzolo 5(80)2] Wl +3lo] A& 5 gol metaphosphoric
acid(HPO3) &< 20 mLE tlste] &3 % 3,000 rpmol Al 20iE7F 4] & shod
membrane filter(0.45 pm)E AH&3] 3221 vf5 HPLC(LC-10AVP, Shimadzu,
Kyoto, Japan)® A5ttt EAZ AL Table 8

HERRL A¢t E #42 AFTHAH AFEUHEDE Foto Adgsid. Als
0.5 g, ethanol 5 mL % ascorbic acid 0.1 g& &3 3t 80T 1083t 7FE3ha,
50% KOH-E 0.25 mL& #7Fste] 2083+
mLE H3dle] 1,900 rpmo2 2083 A2 3§}
40 mLE datal A4 gt FFds &
 3tes AASAT o] HHE 33] wHESta d &S FEl NaSO= o
3%t % rotary vacuum evaporator(EYELA VACUUM NVC-1100, Tokyo, Japan)=

hexanes A F=3Ach A 212 Table 99F 2th

_18_
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Table 8. Operation conditions of HPLC for vitamin C

Item Condition

Instrument Young-Rin Associates

Column nBondapak Ci5(3.9 x 300 mm)
Detector UV 210 nm

Mobile phase 0.1%6 phosphoric acid on water
Flow rate 0.6 mL/min

Table 9. Operating conditions of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)

Column Shim-pack GLC-ODS(M) 25 cm

Flow rate 1 mL/min

Eluent Acetonitrile © isopropanol = 95 : 5

Inj. volume 10 pL

Detection Retinol : SPD-10A(UV-VIS Detector 254 nm)

Tocopherol : RF-10A(Spectrofluorometric Detector)

_19_
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F71d B2 ACACR2)WH 3l Al& 05 goll 60% HCIOs 3 mL 2
A 7kdsta 05 M HNO3Z 50 mLE
2 Alg e 8 mLAY He xT
%‘ﬂgi 8}911, 05 M HNOsZ 272 dho] 9455 E335A(AA-6501GS,
Shimadzu, Kyoto, Japan)® #413}$1tH(Table 10). #+4%71S Table 103} #t}.

o
oo
ﬁod
;1
Mo
ﬁ
ok
g M
il
=]
M
oo
2
o
ot
ol
o
a4 =
oo =

Table 10. Operating conditions of atomic absorption spectrophotometer

for minerals

Item Condition
Instrument AA-6501GS(Shimadzu, Japan)
Lamp Item Ca Fe K Mg Mn Cu Na /n

Wave length (nm)  422.7 2483 7665 2852 2795 3248 3302 2139
Slit Width (nm) 0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5

Current (mA) 10 12 10 8 10 6 10 8

Lighting Mode BGC-D, BGC-D; Non-BGC BGC-D, BGC-D; BGC-D: Non-BGC BGC-D,

Burner height
(mm)

Fuel gas Flow

(mL/min.) 2.0 2.2 2.0 1.8 2.0 1.8 1.8 2.0

_20_
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9. A% =%

w7 w3 BEde] A= AAA(Spectro Colormeter JX-777, Color Techno.
System Co, Tokyo, Japan)E Al&3dte] ZA4sth. ME+= " =(lightness, L#b),
A A = (+redness/—greenness, azt) = A %= (+yellowness/-blueness, bih)S =4
SEATEH AR FEWA Lk 89.39, awt2 0.13, bat= - 0512 HASE o5 Ab

gahsint,
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A 24 B HlF 2E FEE

Lo
o
2
o
kol
i)
Ay
o,

B4E 70T sZ21% A7 g 100 gF 80% gk 1500 mLS #
WYzhs F-23E 65°C Heating mantle(Mtops ms-265, Seoul, Korea)oll 3A]
%332 Whatman filter paper(No. 2)& o] 3}3t9th oS 40T FL& Ao
A rotary vacuum evaporator(EYELA VACUUM NVC-1100, Tokyo, Japan)® &w=
AAG 3 745k sFHete] Wik w5 B9 5 FES 79 v AR AkskE BA g
7] 9lste] -70TCo W& BE#AsIATh Leedt Kim(83)e] Aol 80% olghs F

A4 FEERT ¢ ¥ radical 2AZAHS HYa, =2 s &

[e]
T 5T
e BT YEhy & Aol E 2 AR oue 55 A
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2. % polyphenol, & flavonoid ¥ anthocyanin &% &%

WIE S 2 oee FEEY F polyphenol $HE-2 Folin-Demis™ (84)°] &
3to] A5kt AJd o] W wjF 2 oee FEE (0.2 mLol Folin reagent
0.2 mL& &3tste] 3837F vHSAI7l ) 10% NaxCOs &9 04 mLE H7hshe] <
oA 403 HEe- AT &3 =% ELISA microplate reader(Model 680, Biorad
Laboratories Inc., Hercules, CA, USA)= 760 nmoﬂ A FAAY. ATEAERE
tannic acidE o]&3to] HHEFAS FAds o™, F polyphenol &2 1 mL 9
ug tannic acid equivalent(TAE)® e Sl ol

W7E o BT dee FEFE] % flavonoid -2 Davis¥(85)S WS =
HE wel ARG w3k aF B¢ e FE5E 05 mLe diethylene glycol
05 mL& #H7Fgk § IN NaOH 10 uL& 9L 37ColA 1A17F &<t RESAIZ th&
ELISA microplate reader(Model 680, Biorad Laboratories Inc., Hercules, CA,
USA)Z 420 nmolA F3 =5 S48 B+E54d 2 ruting ol &3t HHFA
S AAEH e F flavonoid S 1 mL 9 pg rutin equivalent(RE)E v}E}
w3l

w7k w3 E2o] Anthocyanin & #2 Jang 5(86)2 WS W] S35
o Alzgh Wik w5 28 3 ¢S FF SWl(EtOH : H:O - HCl = 85 : 13 : 2) 6
0 mLol ¥2 & 592 2SS A 150 ripml 2 2ol 6027 A& } Joh &

Z S Whatman filter paper(No. 2)2 o] 7}&}o] ¢Fao Al 60%7F W28 & ELISA
microplate reader(Model 680, Biorad Laboratories Inc., Hercules, CA, USA)Z 530
nmell A 3 =E =43 Anthocyanin &2 oS 2o 23] A4kslsitt.

Anthocyanin content (mg/mL) = O.D. x &Auwj4= / 65.1(F3A)
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3. DPPH radical £2A% =#A

wrk wjFE B8 o ee FEE9 22-diphenyl-1-picrylhydrazyl(DPPH) radical
SAstA . Wk v F 2 dEs FEE

PPH &< 09 mLE & &93te] 37TlA 302 &<t wH&A
BEs o] wgAHom, F¥EE ELISA

microplate reader(Model 680, Biorad Laboratories Inc., Hercules, CA, USA)E A}
&3to] 517 nmoll Al A5kt DPPH radical &7 ta3 Lol Alibsie] )
TE&2 Yepdoh AU zTe2E F48iskAIel BHTSE ascorbic acidE Ab

DPPH radical scavenging activity (%) = [1-(AbSsumpte / AbSprank)] % 100

4. ABTS radical 2A% =3

w2 v B o'E FEE9 22-azino-bis-3-ethylbenzothiazoline -

6-sulfonic acid(ABTS) radical 2~A4%5% F42 Re 5889 WS &3l =

Attt 74 mM ABTS €93 26 mM potassium persulfate &S A Z 3}
T v&2 Tgste] ABTS radical Fol=(ABTS)9 S 18] diolA
24X 7F Eok kS AT 1t ABTS' €95 734 nmol A 0.771.0+0.029] &3
T7F yepd wizhx] oghE 2 S| ASkiTh Wt v B oehE FEE 01 mL

302 &t WHSAIAT. FHIMES

¢} ABTS™ €9 09 mLE &g & 37CoIA

A& 4l ethanols %ol ¥FAlZ o, S8 %=+ ELISA microplate reader(Model
680, Biorad Laboratories Inc., Hercules, CA, USA)E A3t 734 nmol Al 4
a3tk ABTS radical 22758 thad 2ol Aibste] Wi &=2 veb Ak A
Yz 2= A ekskAQl BHT S} ascorbic acidE AF8-3F )

ABTS radical scavenging activity (%) = [1-(Abssample / AbSplank)] % 100
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SPSS(Statistical Package for Social Science)Z& ©]-&
A, AH 94 #A

g & p<0.05 FFollA

Bt EE AR A8
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A 34 W7 vl EZS HUbs F7] 22 54 € d4Hg
33 =3
1. 28 A=

A A} SANAZE ko AT F 100
mesh ]l AL A3t Alg & AFE-3F3 T} v #(Daehan Flour Mills Co., L
td., Incheon, Korea), 4 ®(Samyang Corporation, Ulsan, Korea), ™ ¥ (Seoulmlik,
Seoul, Korea), 4= (Haepyo, Jeongeup, Korea), &7 (Pulmuone, Eumseong, Kore

vid gt 399 (Kyle's story, Icheon, Korea), o] 39 (Jeonwon, Gimpo, K

orea)S Abgsto] F71E Azt

2. 719 A& wjgn|

W RS b F719 AR WFe)E Table 113 2vh Wik wE 2
we v UE g tatel we Eaaoa aﬂw%— syshact. Wi W
Rabsh vt wge ole Wl quAPL Ao, Wk wjF Ee] A7ty
A e AL RERT : gl 05,

(contro) ©. 2 3}, w7t w3 FEaro uaio]
)

1,3 % 5% #7He As dddez J0H05, 1, 3, 5% 7k
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Table 11. Ingredients of cookies prepared with different levels of red

Chinese cabbage powder

Treatments
Ingredients

0% 0.5% 1% 3% 5%
Weak flour 400 398 396 388 380
Red Chinese

0 2 4 12 20
cabbage powder
Butter 200 200 200 200 200
Sucrose 180 180 180 180 180
Salt 2 2 2 2 2
Egg 100 100 100 100 100
Vanilla powder 4 4 4 4 4
Baking powder 4 4 4 4 4

026 Cookies supplemented with 0% red Chinese cabbage powder.
0.5%6: Cookies supplemented with 0.5% red Chinese cabbage powder.
1%: Cookies supplemented with 1% red Chinese cabbage powder.
3%: Cookies supplemented with 3% red Chinese cabbage powder.
5%6: Cookies supplemented with 5% red Chinese cabbage powder.
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w7 w3 B HoE 7] AlzxeE b BEA F7) AxH =¥ ¥ (creaming
S A8 THER9). HH=7) A(NVM-14, Daeyong, Seoul, Korea)ell ®EZ

Ha Fas] HAs FEgA g & AYS 7 o Yol Yol Ay Aol B
%
=

W 7}4] §F o] TPARE BEAL. DS 33 Lol Yol Ry

Y 1
o] ¥y F7] EE Ao Hyd At SE 180T, & 160CT=E dEAIZ &
-7104, Daeyung, Seoul, Korea)oll Al 13%7F 3tk & F7]& A3 7o
=7 1A7F Bt 2044Col A WZHAIZ1 3 OPP(oriented pony propylene)® 5ol 3
=

Aspol 24417 & QuAR, MY, A%, pH, UE, AR R BEgAE AA5

*

e

4. B3 WS 2L AUME FI) S FF AEY A4

w2 vl H7F F7)= 100 g 80% o #FE 1,500 mLE H7Ee o SRz
o] 2z% 65C 9] Heating mantleMtops ms—265, Seoul, Korea)oll 3A7H4 33] F=3F

% Whatman filter paper(No. 2)& o33ttt o A4S 40T 48 AoA rotary
vacuum evaporator(EYELA VACUUM NVC-1100, Tokyo, Japan)Z &ul& A|A3kaL
Te-s5e o] Alme] AbstE A7) ffste] 70T WEddlA Kt
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454 2 gusam
T8 ARAE $A
w7k v B o F7)9) dubdRE Ao whyh w) o] o]3}eA AR Wlnl
o] dwtAdE A AFWHI FUS A Association of Official Analytical
Chemists(AOAC) W (82)o] =3te] A sttt
1. F7]9 % polyphenol, ¥ flavonoid 2 anthocyanin &% &3
w2 odjE B2Y "rE F7] deE FEE9 F polyphenol, ¥ flavonoid %
anthocyanin &% SA2 W3 wF ¢ FEFE9 bstady F
polyphenol(84), % flavonoid(85) % anthocyanin(86) 3% =4 AW Ha FHds}
Al A5kt
%!
°] DPPH % ABTS radical £A% =
DPPH(87) 2 ABTS(88) radical %7

t}. #7)¢ DPPH ¥ ABTS radical £2A% &

Wz W 2w sk )
e Wz wF BT FEEe) G
5 24 49U 595l Adss
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g, F7)9 ¥ A A (spread ratio) =3

Wz W B AJrE F7)9 ¥ F A (spread ratio)S A 7 (width: diameter, cm)

7 (thickness, cm)e] H]ES YEeld Ao zZH AACC W (90)] <] ¥
47]'6]_ _:117] 57HE T'gvg—

o] FIE 90TC=E 3 ZHAA

o
ofs
ol
=l

N
-

=z =
A dolg FHT 5 F7] g 7H°ﬂ st F AAES sk

o}
_I

sttt F7 17H-°/] A A7
oI F& 7] 93L& yAHE 7}U1]E}(WB250F Samsung, Seoul, Korea)® 3

=
ATt

= . 1A Eﬁfﬁﬁéﬂﬁ% (em/7W)
AE]IA(—)]X]T ?_7] 17HOHEH%

%

I\

vf. 7] w59 pH

¢ H7F 71 wSe] pH FA42 F7] v 5 goll /5 50 mLE

_i'_
271t ho mogenizer(Bihon seiki, Ace, Osaka, Japan)°l4l 7,000 rpmo. = 30% 3t
A7l & o 3% (Whatman No. 2)2 o33+ o A4S pH meter(Mteeler Delta

340, Mettler—tolede, Ltd, Cambridge, UK)Z =4 3} it}
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W #7) el UE 23
w7y v B Hrp 7] arE]
mLE Ya 9= 508 ¥

A Hvl(g/mL) =58 Al4bst

24e 50 mL WA %
=

=
T
sol2 ZAd WEe] Hyle] g

AL T8 A S

Wz S B HyE F7)9 ZZ 7S Rheomether(Compac—100, Sun Scientific
Co., Tokyo, Japan)& ©]&3lo] =43}t Rheomether® #7112 max wt: 10 kg,
table speed: 120 mm/min, rupture: 1 bite, distance: 50%, provei= A& 2 mmY
number 4 needlee AF&3to] F7] ¥WHOZ 4 mm HFIHEE HAHS ¢ IAFT

.

i B 244 BEAS AT F717F SAFEAA Fed W v F

m
=
Q
3
=]
(@)
%
fru
i
o
k3
%

3 (maximum force)S 33| ®H&E3 =A3G L, olAS 4

o,

oh. 7719 A= =

W owEF 2 HUE F71e Wy QB R F719 H(crumb)d 2
(crust)2] A2 A2}FA(Spectro Colormeter ]X*777, Color Techno. System Co,
Tokyo, Japan)& ©]-&3te] SAAT. sds 7oA w3 F7]19] SIHd 5

3 e =Ascr Axe  ALdE wWx(Lgk,  lightness), M E(agt,

2 i

+redness/—greeness) % A= (bgk, +yellowness/-blueness)E =43}t o]

ARESE EEW ko] Lk 89.39, agt 0.13, bat - 0512 HAS & A-&3F3t).
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o
Jo
w

ool

o

—

1o

o

A
Al

170

BPg &

Fed 24413k

S

ZF

hyA
s i

OPP(oriented pony propylene) H|E =

el

&7

ok(taste),

2} (color),
(texture), 7] & = (overall acceptability)el] W3] 58 7]

23

=

(flavor),

%37, g ywe)

Fef ‘wi¢- Fd 53, ‘W

S

EREEE

o=

Z] o
=

6. A2

°]-&

=
=

SPSS(Statistical Package for Social Science)

oA folxl A=

43

£

1

A

Tl

% p<0.05

g

AHE A (one-way analysis for variance)<

R
X

o

0

ol

el

Duncan®] ©}
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A o = 5 sAAx st 24T F A=
2 ARgEFATh %%8 (Il FAkel A oAb =9 4] FE Fujste] A
7 20 mm=z o] ¥4 7](Meat chopper, M-12T, Fuji Industrial Co., Hwaseong,
Korea)® & dte] A3t 2 2o 7H3(Sempio Foods Company, Icheon,
Korea), ¥ (Samyang Corporation, Ulsan, Korea), %3 (Ottogi Co., Anyang,
Korea), #71+& (Baeksul Co., Incheon, Korea), 7} (Deahan Flour Mills Co., Lt

d., Incheon, Korea) 5= AF-&3te] H4n|E A x3A)

2. W3t

-.~
=
o
M
jis)
ek
L
i
Ho
18
i
e
Lo
2
N
ol
oL

oAt o] R v S 2 H7F YAy AW Lee 56009 AyATE

Faste] CuAIAS A AASIATE w3 wF 29 HrF 9An o] As g

H & Table 129} 2o W3t w5 &3 H7F G20 A dye 23 =5 &

Fol Azt AA gAn] d=F F 0, 05 1.0 E 2.0%2] w3k w5 2dS H7ts)

=% 100 g, A7 100 mm, 77 12 mme] 2712 A FsAc e o

I 7l FAE, FdS & 99 v Nylon/PE 54 ¥a 18 £33t
%

T3 WG E A 2 st A 0, 5, 10, 15, 20l Z+2He] A4+ 234
A

ri

A

Aol AL AN s

o]
E
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Table 12. Formula of Teokgalbi added with red Chinese cabbage

powder
(%)
Treatments
Ingredients

Con" A Bl B2 B3
Pork 30 79.95 79.50 79.00 '78.00
Soy sauce 4.00 4.00 4.00 4.00 4.00
White Sugar 3.50 3.50 3.50 3.50 3.50
Green Onion 3.00 3.00 3.00 3.00 3.00
Garlic 1.40 1.40 1.40 1.40 1.40
Pepper 0.20 0.20 0.20 0.20 0.20
Sesame oil 2.00 2.00 2.00 2.00 2.00
Ginger 0.50 0.50 0.50 0.50 0.50
Onion 1.00 1.00 1.00 1.00 1.00
Rice wine 0.50 0.50 0.50 0.50 0.50
Honey 0.60 0.60 0.60 0.60 0.60
Sesame seed 0.30 0.30 0.30 0.30 0.30
Cone syrup 2.00 2.00 2.00 2.00 2.00
Flour 1.00 1.00 1.00 1.00 1.00

Ascorbic acid - 0.05 - - -
red Chinese cabbage powder - - 0.50 1.00 2.00

UCon: no red Chinese cabbage powder; A: 0.05% ascorbic acid, Bl: 0.5% red
Chinese cabbage powder; B2: 1% red Chinese cabbage powder; B3: 2% red

Chinese cabbage powder.
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. ggule 2454 54

wrE w2 HJ7F "9Z4dn)e] 2 EALS Rheometer(Compac—-100, Sun
Scientific Co., Tokyo, Japan)& A}&3}¢] mastication test ¥ shear force, cutting
testE AA G o, AHE T2 1S RDS(Rheology Data System) Ver 2.01S o] &
ST Table speed®t Graph interval ZFZF 20 m/sec, 110 mm/min, Load
celllmax)¥= 10 kgo] Ao = 33ith

2. wzue §4 23

HEZE 3 B 7 gau]e] S8 wi Al gL, 94.04; a, 0.13; b, -051)o = %
Z3}A] 71 Spectro colorimeter(Model JX-777, Color Techno, System Co, Tokyo,
Japan)2 S48, o W FYg2 WP 5(D6E5)S AHE5FY] Hunter Lab &
AA ] W E(lightness) S WEIHE Lk, A A %E(redness)S YEMNE agk 28
S S (yvellowness) S YEUE bgrez Yebdth =4S 53] wE 5 HFghs
sk

7 4
AAloll ol Adstda, 3 e AlgE Hu W ) o)
s U2 RS #BrbetES st B S 22 3 (texture), A (color), T
/3 (juiciness), & Wl (flavor), AA Q1 7] &%= (overall acceptability)oll 55X =H o=

Arbetach 2 @7 FEel distel w5 54, ‘RE 33, wig- vy 13
o2 AT
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4. 92H 9 AZFY =4

7}. pH & A

WIE W 2 H7F HAHe] pHe A& 10 gl 75 100 mLE 3 7Fske]
Stomacher(400 Lab blender, seward, London, England)® 30% 7 &3 Azl ¢}
S 934 (Whatman No. 2)2 33 o NS pH-meter(WTW pH 720, Germany)
= S48tk

Y. A ¥4ke) = (2-Thiobarbituric acid, TBA) &%

F B 7 g2 A =(TBA)E= Witte 5(93)¢] FEWS ¢
o TBA 3= Yverdth A& 10 goll 10% prechloric acid 15 mL 2 3
2} F7F4 25 mLe £33 Homogenizer(Bihon seiki, Ace, Osaka, Japan)ol Al
10,000 rpme.2 10% 7+ &3t A AT # A AE o] 3% (Whatman No. 2)5 A&
st oA 7l £ 0.02 M TBA €9 5 mL¥} o7} 5 mLE Ho] 3] &5
oS 16A17F WokAol A ®FXEal Spectrophotometer(DU-650, Beckman, Brea,

=z 2 =

CA, USA)E AF&3te] 529 nmollA F3EE 5439 Blanke 3% S/HTE

AbEEE . TBA %% A% 1 kg mg malonaldehyde(mg malonaldehyde/kg)
2 BASA o] u AF8% standard curvei y=0.1975x-0.0011(r=0.999)°] %L,
x=TBAZ}, y=53 =2 Attt
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ot 3 2A 97 8@ & (Volatile basic nitrogen, VBN)

W o 2 A "an e 3] 78 E&(VBN) g

Conway unit <A ¥ WA 01]—: Z| Al 2E(0.066%

methyl

bromocresol green) 3 &3 0.01 N 289 1 mLE 7}

il
R
¥
oX

o

BB = glycerineS H}

o 1=

steleh $u

o

S
(94)& o] &3t S7F 90 mLel A& 10 g5 #H7Fske] 10,000 rpm o= °F 30%
7Asts & o] 32 (Whatman No. 2)& AF&3le] o #stgnt ozl | mLE
red

e A=
S 23 50% KoCOs 1 mLS 9o FY4&
ATk BlE WHAZ F 87E FHor wHkslal 37T A 1208 Fob ik
ok HlFE Folli= 0.02 N HSO2 Ao Sakgds #A

A (VBN) 3+ 100 g¢ A3 3 mg (mg%) o2 3aketo] FA &4k

VBN- {(a~b)xFx28.014x100}

REE

a % gake] YmL)
b: Blankell FS1¥ &4ke] (mL)
F: 0.02 N H.SO32 =3 A
28.014=0.02 N H2504 ImL 4

Rab=

ihi<}

ko
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g F PAE T

AN

%

T MAE e AFIMHE ol &t e, 01% peptone & 90 mLell A=
10 g€ 7}5Fed Stomacher(400 Lab blender, seward, London, England)Z 30% &
o &3} sttt A% FAAZ AlEE PCA(plate count agar)v Aol % £ 3}o]
A8AIZE 37TCol Al vl A ATHIS). vl ¢+E T colony counter® countdtiTh. F
n &) &= log CFU/go 2 % AISHS

5. A A=

FAIA el = SAS program(2002)2] GLM(general linear model) procedureE ©]-&
sto - Age] A5E EAREA AAlelar, Zhzbe] At b 1ke] Aol

g Fod AL Duncand] St o= 5% oAl AAlSS T
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49

A 3%

g
70
"
o

9 o5

=
T

A 14 w3k oA

iz

0

=

Table 133}

§ Az
T 4.96%, =T 20.97%, =AW 1.89%, 3] 0.20%. ©FsE 71.98%= e

=]
F

h

81~121%, =W 141~203%, AW 11~34%, Z3|i 95~9.7%, 3=

57.6~63.2%<]

WolE e

T 92.7%, ©E 0.9%, AW 0.1%, 33

o~
T

0.6%, ©F3tE 57%= YERTH

!
il

¢
o}
i
0

&

N

N

2.0%, A% 0.1%, 3]+ 0.8%, ©3tE 89%E FHrshH,

ox
o)

fro!

ujp

6.2%, Z=wE 85%, =AW 1.4%, %3]+t 5.6%, =44+ 85%

O
F

M

fro!

fro!
R

o
N

rom Z3F ke @2 Zlow yEulth
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Table 13. Proximate compositions of red Chinese cabbage powder

(%)
Items Red Chinese cabbage
Moisture 4.96+0.09”
Crude protein 20.97+0.46
Crude fat 1.89+0.06
Crude ash 0.20+0.01
Carbohydrate" 71.98+197

YCarbohydrate = 100 - (Moisture + Crude protein+ Crude ash + Crude fat).

YAll values are expressed as mean+SE of triplicate determinations.
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2. rd 3

oL

w7k w3 Edol feEld ke Table 149 2l & 10F9 HF@de &4
A% lactoseE AL 9Fo Fdol A=A 2 A WIF uwjFe A
fructose 12,433 mg/100 g > glucose 9,664 mg/100 g> sucrose 87798 mg/100 g
> galactose 181.21 mg/100 g > mannose 50.50 mg/100g > maltose 9.32 mg/100 g
> xylose 5.13 mg/100 g > ribose 1.20 mg/100 g > rhamnose 1.09 mg/100 g <=©°]
w F fEldol 23221.71 mg/100 g= YESTE Seong(96)e] A T-ulFeo] R
o] 3}A A Ho M= fl o] fructose, glucose, sucrose 3E°] AZE A, Kimd}
Kwan(97)9] Ruby star &n —ir ol 4= fructose 2.17 mg/mL, glucose 4.36mg/mL,
sucrose 0.74 mg/mL 3F°] HE% AL, Cha(98)2] ZFetv)+= 7% o3 ¥4 4
I 5F 9] Fedol @%Q»\E‘r% Bazk Aok A9 ¢ glucose®] T
o] fructose® T}t A YEY glucose $FHS 6244 mg/100 g, fructose &HF&
52.89 mg/100 goliar, ZFEn] el A9 glucose 229.81 g/100 g, fructose 182.33
g/100 g o|Att. w7k vjF e AGoE Fo F89S fructoseZt 12,433 mg/100
g*t glucose 9,654.68 mg/100 g 1 on AyujFu o] B B2 Fo T
o h¥ et ko]l A3k fructosed] dhEFo] AHlFHTE Wi W Fo] =2 A
o2 yeh A=y F4 Z2do] e UHb A o] AAlse] Wzl WS o

A gsrra Az,

o
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Table 14. Contents of free sugars in red Chinese cabbage powder

(mg/100 g)

Free sugars

Red Chinese cabbage

Sucrose 877.98+52.46"
Maltose 9.32+0.82
Lactose N.D.?
Rhamnose 1.09+0.07
Ribose 1.20+0.08
Mannose 50.50+4.27
Fructose 12,433.31+438.75
Galactose 181.21£15.81
Xylose 5.13+0.42
Glucose 9,654.68+268.94
Total 23,221.171

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

N.D.: not detected.
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w7 w S Bl e A oAl ek Table 159F 7tk whiE o]l A
H7te w ojw=Aabe] A gFo] w9 FQ3 Qo Wz wjS BuS B
25 Az} o] FA olniito] HEHATE ofu| At e A4 ofn| At
& 4601.67 mg/100 g, H]|Z S5 olu =22 1271095 mg/100 g= & A o wAit

4
sk 17,312.62 mg/100 g2 YERstE o] 5 glutamic acid”’} 5,931.82 mg/100 g
o2 7} k3l aspartic acid, alanine, arginine =22 T A HlF2
F

e}
-
b F2 AEOR glutamic acid o] mrha X a(99)® wl glo] E

ofu . bS] it Bhe Folle 4R ¢#A =, L 5 glutamic acid
= AT aspartic acide Al8bs # e o2 ofn|ibo] Zh= A7F Fo 74
Ge el 3~5 mg/dleldE 2 W =2 5 e Aoz dEA 9v100).
Matsushita®} Yamada(101)+= A Aol FR3F ofu] = ALE 2 glutamic acid, serine,
valine, aspartic acid, proline, alanine®] Qo™ o] oln|=AtE0] Ao wHS Y=
8 AEolgt Rust=d wt v 2 ofn| il Aol o]ef Hl=EkSt) X
AEA T A 2004d0] dREle] EAHE FA4E 5 AAh FiRAAAE ofv =4t
=< A2 vhsol 5763 mg%® M E=%kaL, HT W Ve A AWE

a ek = 9tk Aol 3130 mg%, otxTetlAbS o skR-gk FubEo] 2924
al

ol

mg%etil Baustgoen tgoz w3 1,187 meg%, i3 952 mg%, T 402
mg% TO = HIHg E‘r 102). ofulx=AF ko] =vln HuE NAERTIE w7k
9] & olu Al FES 1271095 mg%E olE Lol Hlste] E5EA =
UERSE T
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Table 15. Contents of total amino acids in red Chinese cabbage

powder
(mg/100 g)
Amino acids Red Chinese cabbage
Essential
Valine 771.519+68.19”
Methionine 131.488+10.48
Isoleucine 513.585+39.12
Leucine "747.468+67.93
Threonine 650.894+61.43
Phenylalanine 521.551+46.16
Histidine 529.112+42.94
Lysine 736.052+66.61
Total EAA" 4,601.67
Non-essential
Aspartic acid 1,873.162+147.98
Serine 754.634+69.12
Glutamic acid 5,931.823+421.26
Proline 568.211+£32.22
Glycine 621.844+56.44
Alanine 1,609.946+137.80
Tyrosine 307.97+29.37
Cystine 15.15+1.33
Arginine 1,028.208+98.64
Total AA” 12,710.95
EAA/AA(%) 36.20

YTotal EAA: Total essential amino acid.
Total AA: Total amino acid.

YAll values are expressed as mean+SE of triplicate determinations.
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B7E ) F 2de] AAbS 2A1g A ¥ Table 163 2o Wil w3 Zde A
EstAskel  HEEUAT  EspA b A =

palmitic acid’} 21.25% = 7} =3, 52 % heneicosanoic acid, stearic acid,
2 AFHAa, Ex A A= linoleic

acid”} 35.57% =2 7+ =k linoleic acid, oleic acid,
cis—4,7,10,13,16,19-docosahexaenoic acid, nervonic acid 2.2 A&EH ATt Ex3}
A kako] 55.81%, ESFA AL 44.19% 2 EESEX WARe] vl o] PR AR T ¢
=4 YERS T Kim(103)9] AF-olA e A9 a3 2 sA 42 palmitic acid,

stearic acid, arachidic acid, behenic acid®|™, B X3}x] %A oleic  acid, linoleic

lignoceric acid, heptadecanoic acid <=2

acid, linolenic acid, eicosenoic acid, erucic acid® T4 %o i, FAE FLAs=
FE3 A B E A AR 58%9F 04.2% 2 B E 3 A HEe] Bl go] AT E
GERt = Ade] dvtel fAbE Aol gl
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Table 16. Compositions of fatty acids in red Chinese cabbage powder
(% total fatty acids)

Fatty acids Red Chinese cabbage
Lauric acid (C12:0) 0.49+0.02"
Tridecanoic acid (C13:0) 0.14 +0.01
Myristic acid (C14:0) 0.66+0.04
Pentadecanoic acid (C15:0) 0.83+0.06
Palmitic acid (C16:0) 21.25+1.98
Heptadecanoic acid (C17:0) 1.29+0.11
Stearic acid (C18:0) 5.36+0.45
Arachidic acid (C20:0) 0.81+0.06
Heneicosanoic acid (C21:0) 11.17+1.09
Behenic acid (C22:0) 0.62+0.05
Lignoceric acid (C24:0) 1.57+0.09
Saturated 44.19
Palmitoleic acid (C16:1) 0.48+0.03
Elaidic acid (C18:1n9t) 0.17 £0.01
Oleic acid (C18:1n9c¢) 3.81+0.29
Erucic acid (C22:1n9) 0.18+0.00
Nervonic acid (C24:1) 1.62+0.13
Monounsaturated 6.26
Linolelaidic acid (C18:2n6t) 0.05£0.00
Linoleic acid (C18:2n6¢) 11.21+1.08
cis—11,14-Eicosadienoic acid (C20:2) 0.30+0.02
Linolenic acid (C18:3n3) 35.57+£2.97
cis—11,14,17-Eicosatienoic acid (C20:3n3) 0.23+0.01
Arachidonic acid (C20:4n6) 0.32+0.02
cis—4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) 1.87+0.09
Polyunsaturated 49.55
Total 100

VAll values are expressed as meantSE of triplicate determinations.
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5. 714k

W o EF 22 f714F S Table 173 2k F 759 f714ke] HEHA
i, F 71 e 476316 mg% itk HEE #7714 F citric acid7b 2,183.32
mg%o 2 7F =kom  malic acid 1,987.29 mg%, tartaric acid 444.70 mg%,
succinic acid 125.61 mg%, acetic acid 12.97 mg%, lactic acid 5.66 mg%, formic
acid 361 mg% <oz yephygth AFuEe F71AF B4 01]/\1—1:— succinic  acid,
malic acid, citric acid =28 YEY 2™ (96), Cha(98)¢] ZFehv] F 714t s
Zehn] 7hA el 13,094.26 mg/100 g, A A FEoll 14,927.97 mg/100 go = ERGE
th Fepy] ZRA R R gA>d F 74 el ke, acetic acid, citric acid,
succinic acid, malic acid 2.2 HEZFH A= Rart A oF Aol {714k
tartaric acid, malic acid =2 =(104), ¥ fF7]4F d#-S oxalic acid, levulinic

acid, malic acid, citric acid =22 H 1% A TH105).
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Table 17. Contents of organic acids in red Chinese cabbage powder

(mg%)

Organic Acids

Red Chinese cabbage

Citric acid 2,183.32+197.16"
Tartaric acid 444.70+35.41
Malic acid 1,987.29+147.92
Succinic acid 125.61+11.64
Lactic acid 5.66+0.39
Formic acid 3.61+0.18
Acetic acid 12.97+1.08
Total 4,763.16

YAll values are expressed as mean+SE of triplicate determinations.
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Table 18. Contents of vitamin A, E and C in red Chinese cabbage

powder
(mg%)
Vitamins Red Chinese cabbage
A 0.04=0.00"
N.D.?
C 561.75+49.27

VA1l values are expressed as
N.D.: not detected.

Collection @ chosun

mean=SE of triplicate determinations.
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7. 714

W2 oS Ede] 5714 RS Table 199 2o & 8% Fr|do] 4 A
AEHAN, & F F& 6198.87 mgxolAdrt. F71d 5 K FHeFo] 4898.00

714
mg%gl & 7} ol FH A, Caol 855.70 mg%, Nai= 227.10 mg%, Mg+
205.00 mg%, Fex= 520 mg%o & YESo™ Zn, Mn, Cue 5 mg% "|9te 2
=HAh &2t AH9-% Ko| 509.90 mg/100 g, Ca 16895 mg/100 g, Mg 30.05
mg/100 g(109), ¥+ K 289 mg/100 g, Ca 34.87 mg/100 g, Mg 14.85 mg/100 g,
Na 1388 mg/100 go.= FFaFo] R s 9li(110), Cha(98)e] Fehnlal = Ko o
Fol 7H¢ wol FFHAe™ Ca, Mg, Na 2% YERIL, Fe, Zn, Mn 52 5
mg/100 g "o R HAEH Xl 9l Zb Zevlol e o)A ek &2
A A= WIE wiSok Fr1A TR R ARt AR Bow eyt
frabgh Aot FdS oA vER S FrAS Agsted 53] F71dS v
WA TreFatAl el Ak, AR Fr1A N v e FE 3 A A S
el FFgEe] Wol Aol7k Uyl dhal, fhe FELES A, ThE

’

GAZE Fel 2ol ols) JepdRol i, Wakd shsgel Fomr Aty B

13

h=4
32

T

°i°1

N
i
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Table 19. Contents of minerals in red Chinese cabbage

(mg%)
Minerals red Chinese cabbage

Ca 855.70+74.62"

K 4898.00+392.44
Mg 205.00£19.72

Fe 5.20+0.46

Na 2277.10£19.62
Mn 3.30+0.27

Cu 0.39+£0.01

7n 4.18+0.38

Total 6198.87

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

>

WIE wfE EEel AME== Table 209 22 AdgES UG HE L
67.38£0.12, HM%®= azte 7.35:£0.08, A= bES -7.79:0.062= YEET
Lee(115)9] o] %2 WE Lk 2378, A% agha 054, 4% bak& -0.30
= uEbsta, Jisk Yoo(116)9] =7y %2 W& Lk 2235 A= agt
2313, A% pgtd 21102 HIEHJT ovjet EFuelet Hlustd Wik b
Lk w1, 485 a g =7 e et St Ao, &4 bk

=
T2 g2 dEuddt

rr

s

N
-~
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Table 20. Colorimetric characteristic of red Chinese cabbage powder

L a b

Red Chinese cabbage 67.38+0.12" 7.35+0.08 -7.79%0.06

YAll values are expressed as mean+SE of triplicate determinations.
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A28 W WE BT 222 F4F 57

I

<

1. & polyphenol, & flavonoid ¥ anthocyanin $ %

B
r
>
o
=2
%
Ho
it}
O {

Fakst @A ol & V1A SRR &8 vt diE o
T7F ksl AP Ear glow, E3] polyphenol compoundsi= flavonoid, flavonols,
flavonones, flavones, isoflavones, flavan—-3-ols¥} anthocyanins< X3ts}al, s+eb
@Ars}, utoly &) vt gy =y, A, F, FAT “ﬂ@‘% 2 A3
dgkel] dFHe] sl= Aoz Huwo] sith. Polyphenol 3¢9 &l oF&o]
U R TAL} vlaste] A F 23 (food matrices)dl Aol o #H &l Ad=dl, o]
= AA Aol EAlst e FEREC] W odEt APHeR olf hed i
<+ polyphenol# 7} F=317] o] th(117).
Flavonoidi= polyphenol 33t&E9] dF oz F3A
Ho, AAeEe FE O AXEF 2, Y 9 oopx] ToR
Flavonoid= ©43 7150l A AWelA F2AE&% A9 gle Ao= vehd &
1 7

Eas skal g8 7hx]7F Q)

- - - =

2

| 9S4 2= biological response modifier = 4

oo g

s Y F 29 1jr( 8). Flavonoid= &¢t#H8, dvpolel2xtg 28, 3444
o] Al B WA g {8 Ay A BEIA A4S AU e
(119,120), =3k A el Abstahgs A k= Abdo]l dEAIUA flavonoid
A A . &g dig HAlo] AHFH R FrhE L JITh(12]).
Anthocyanin ¥4 o] ]

U 32 Sol FE 3y A =
of wheh Ihekd wepA Wb S8 HA Hoh 15AEe] =7, o, e
I 5 ol AU A= FEAASEEA A Al AR kT, A gl H)
g5, oF, X5, 57, AL F 5 FF¥ phenolstdtE F flavonoidsAl &&=
WAjelk gto] A€ itk Anthocyanine ZHEdwA ZAds W= 255 H7HA

2o g ofyzt AA e vt A4S vEWTh Anthocyanine A&
o] Ztzbe] oA thE dekS stu glEd, dujs 5SS Mow st o
TEE o8& A= AE HEYA st EoAAE 2FTS Folste £HF
gk Ape)d s st 9ds $H(122). Anthocyanin

Nat PAHEARA BYLLE AAS] ALY A8 2 wsE PAs, o
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HE wA ste] ZEl2HE A Ao ERS Fu, AY 2 HEF, g3 Z
3t 59 @y #AAE A3 A5 RS £vH(123). 3 Anthocyanine l&d
o] AHEFS wo] B ES Fo2A Fxdw 2 X5 £, vA) i,
T2 5 AAl AE2E FaEol Al FHIA g AR wEAA FE &
T A AbE A o] e ALER EF’—QE A THIS).
w7k w3 B o gke F2EE9 F polyphenol, & flavonoid % anthocyanin 3t
£ Table 213 Zt}. & polyphenol %2 16.36:0.07 ng TAE/g, & flavonoid

£ 31.1120.41 pg RE/g, anthocyanin %< 9.46+0.12 mg/100 g & e
T AAFeF Bde] A9 217333 mg/100 g, s Z2AZX AAGuF B
4345.25 mg/100 go] = Arhi B 31549 31(69), Han¥ Lee(124) &

b =719 ¥ polyphenol o]l 293 mg/100 gollil, dujel
polyphenol ¥#2 314 mg/100 go] FHF¥ vkl ®alste] & A3y Ao}t f
AFSAl 2 TE Yoon(69)2 Ed el AA oFulF B¢l anthocyanin $F o]
1040.60 mg/100 gelaL, s A x =22 7% 3181.65 mg/100 go.= YERLoH,
Park(125)2 ofokF-2tal7], ®ekn| zpu] Az 9] anthocyanin EaFo] 2H7; 3.9,
42 38 47, 41 mg/g(dried sweet potato)= 3HFstal Jdomw, 71H =&
anthocyanin %< 2Hal U&= A0 FF59 w2 3dAslsS anthocyanine] €<l
o Aolgta &givt. W7F vi3¢] anthocyanin 3% 4
2} A a1 gtakt 7)€ anthocyanin®] A %3] Evha delzl A=
g, EF97 25~490 mg/100 gHthE= AL anthocyanino] $Hf-%o AL A s}
9~21 mg/100 g3 AR s zhal Sl Ao Ko 126).
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Table 21. Contents of total polyphenol, total flavonoid and

anthocyanin of red Chinese cabbage ethanol extract

Total polyphenol Total flavonoid Anthocyanin
(ug TAEY/g) (ug RE?/g) (mg/100 g)
Red Chinese 2
16.36+0.07 31.11+0.41 9.46+0.12

cabbage

YTAE: Tannic acid equivalent.
YRE: Rutin equivalent.

YAll values are expressed as mean+SE of triplicate determinations.
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2. DPPH radical &A%

= =
I Qo HAApEe 28-S g4 radjcaloﬂ 67\}‘? Fo]dte] oA W A radicalel
et Z

3t gAsts H=ek AF Fo AW AsE AT HEE AMEEHL

e

N3
DPPHipurple color) DPPH:-H{ne colour)

AH = antioxidant compound
DPPH =1,1-diphenyl-2-picrylhydrazyl

Fig. 3 Changing DPPH color in antioxidant compound(128).

W oS B2 e FEE| t$ DPPH radical 4715 Table 229F 2t}
125 pg/mLelA 1.69+0.29, 250 pg/mLelA 5.14+0.20, 500 pg/mLeolA] 818+0.51,
1,000 pg/mLAlA 7F¢ =2 15.02+041%°] AA% St dAdEdts Al BHT
¢} ascorbic acid= 1,000 pg/mLelA ZFZF 68.12+0.37, 82.65+0.29% % el w7k
i3 2 oghE FEEC] A B2 @S BT Yoon(72)9] xS @Y e

4 79 100, 250, 500, 1,000 ug/mLAlA &4 {Ax7} =& 2AG
W, ¥ % o] F718<42 DPPH radical 271%5°] =& S U

b A dvtsh A 49 A%s »}E} Jek,
Z 7 =

Ebt A& w7k wF Edo] shf9 flavonoid®t anthocyanin $F#F w9l A
Azt o} 2w o] A2 flavonoid scavenging chelating™ & &3te] kst &3}
7} et Aoz ol Wrh(129).
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Table 22. DPPH radical scavenging activity of red Chinese

cabbage ethanol extract

Concentration DPPH radical
(ng/mL) scavenging activity(%)
125 1.69+0.29"%
Red Chinese 250 5.14+0.20
cabbage 500 8.18+0.51
1000 15.02+0.41°¢
BHT? 1000 68.12+0.37"
Ascorbic acid 1000 82.65+0.29%

YAll values are expressed as mean+SE of triplicate determinations.
Yaf\leans in row with different letters are significantly different (p<0.05)

Duncan’s multiple range test.
YBHT: Butylate hydroxytoluene.
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3. ABTS radical 2A%

2.2-azino-bis-3-ehtylbenzthiazoline-6-sulphonic acid(ABTS)+=  d4tslA] &)
ABTS- o] @atstAlol o&) FHx7F A= Aol 71%3te] AdEglon,
3 98+ Fig 49 22 JAHEE(Ko0sS) 7 vh-g-3ho] Ihid/5 2] ABTS-
FAstA FozA Ho MAAZ gikstd F 7

S0y 5 s S0y
= T
N—N
T
Etf

kY
E

A

(e}

]
]

tjo

D

ABTS
(2,2'-azinohis-(3-ethybenzthiazoline-G-sulphonic acid))

Fotassium persulfate } =27

S04 - . 505
= Ra
—N—N=—

KI’N NU
& el

Bluegreen

Fig. 4 . Principle of ABTS scavenging activity(128).

ABTSE o] &3 Wzt w5 &2 d&E& FE=9 radical &27°5& Table 237
2o 125 pg/mLelA 0.76+0.23, 250 upg/mLelAl  4.59+1.07, 500 pg/mLelA|
13.10+£0.44, 1,000 ng/mLolA 31.50+0.84% %= <)% <2 o]l & radical &7 5 °]
olx & YyelA Y. dAddtslA el BHTSF ascorbic acide 1,000 pg/mLel A z+z¢
95.01£0.19, 95.11+0.09% 5 tEF W3F w5 2% odes FEEo] e 7S B3
th Teow (252 19%°] 17wt & tiie A= & ABTS radical &

Hir

LS B 3} o, 1 F e NS YERE vl vlad =2 345
e = AdE R Park(125)9] vk FFE A 4
anthocyanin —1,“\«] EAo] AFAFNE g RS YElYE FF°] ABTS

radical 2~ €/ ¥ DPPH radical A£AE4LE EF A aguolA 7s A48
YEt it Tew 5(25)% Park(125)9] A4} <Fulj 5=} 24 35wkl ABTS
radical 224 &7 DPPH &2AEAAL 2 AT SolA ABTS radical &A1 €4,
DPPH radical &7 3 FAE 43S HERH AT
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Table 23. ABTS radical scavenging activity of red Chinese

cabbage ethanol extract

Concentration ABTS radical
(ug/mL) scavening activity(%)
125 0.76+0.23"
2 459+1.07¢
Red Chinese 20
cabbage 500 13.10£0.44¢
1000 31.50+0.84"
BHT? 1000 95.01+0.19°
Ascorbic acid 1000 95.11+0.09%

VAl values are expressed as mean=SE of triplicate determinations.
Ya¢\leans in row with different letters are significantly different (p<0.05)

Duncan’s multiple range test.
YBHT: Butylated hydroxytoluene.
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Table 24. Nutritional components of cookies prepared with different

levels of red Chinese cabbage powder

Red Chinese cabbage(Brassica rapa L. ssp. pekinensis)
powder content(%)

Itemes
Control 0.5% 1% 3% 5%

Moisture 7.85+0.01Y%  729+0.02°  7.00£0.02°  6.98+0.01°  6.80+0.02¢
Crude ash 0.74+0.02° 0.74+0.01°  0.78+0.02°  1.11x0.04°  1.37+0.04*
Crude protein  6.55+0.01¢ 6.68+0.01Y  6.85+0.01°  7.09+0.05>  7.47+0.08"
Crude fat  20.99+0.26™% 21324046 21.31+0.35  21.79+0.02  21.22+0.05
Carbohydrate  64.43+0.26°  64.29+0.45" 64.06+0.34 63.14+0.03" 62.17+0.05"

Calorie NS
466.54+1.50°  469.14+2.00 468.78+1.50  465.93+0.01  466.62+0.50

(kcal/100 g)

YAll values are expressed as mean+SE of triplicate determinations.
Yad\Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.

NS: not significant.
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2. 719 % polyphenol &%

w7l w3 RS ;4,7}6P F71¢9 % polyphenol S F4¢ A3+ Fig. 59

Zo w7k vl F719] & polyphenol T #H2 thZ++2 90.69+3.02 ng TAE/go|d
. 05,1, 3, 5% ¥z w7k w5 E4S H7MeE F polyphenole] $FaFe Zh7z;

113.36+0.70 ng TAE/g, 121.64+797 ug TAE/g, 12898+333 ug TAE/g,
146.67+4.66 ng TAE/goldth. w7k w3 F£7]9 % polyphenol $F#& w7l w3
A7hegol eSS gz vl vMOi EEE e L e SO
T 27), BaAF +23(67,130), EFHE EE(116), of=yYol ' (131),
BEIH6]), AlduE 22(132), A7 2¢(133), 27ve BEd3)e #At
F7) AFelAE 2 H7beFo] S7kgel wet ¥ polyphenol §HEFol o140
S7hstdh ol B AFAE fAbe A Rlon Flo] Wyl v o
H7bsko =4 F polyphenol e Fol= 32 F7]9 7541 WHol A whgt

A5 wgeleti AR,

Mo
=]

o fo
o4

A

h

o

A

_65_

Collection @ chosun



160

a
b ab
120 - b
c
. I
n I I 1 1
0.5% 1% g S0q

control

Tutal polphensl
(ne TAEf)
=

Fig. 5. Total polyphenol contents of cookies prepared with different
levels of red Chinese cabbage powder. All values are expressed as meantSE

of triplicate determinations. * “Values with different superscripts on the bar are

significantly different at p<0.05 by Duncan’s multiple range test.
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3. 719 % flavonoid &%

w2 oaE 22 HJ7F F719 F flavonoid &S A= Fig. 63 Zt)
WIE A B U 719 F flavonoid RS tiEwo] 0.66+0.04 ng RE/go] %A
a1, 05% 7S 4.74+0.07 pg RE/g, 1% 72 9.60+0.26 ng RE/g, 3% 7
T2 28824040 ng RE/g, 5% #7F2 48311054 pg RE/golth. w7k w3 &
FrEE FJ7E Ae dxzaed Bls) HIb e fo Al Aol UER A TH
oul H7E $71(134)9] FA454 2 s Ao A e Hrtskol Skl o

N
o,
o

)
fo

2t F flavonoid o]l FYA o=z Fristla, 3 Wsd &% H7F F71(135)9]
gatst @9 FHEEAL ATFoAE HIbso] F7hskd wel F flavonoid ol
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Fig. 6. Total flavonoid contents of cookies prepared with different
levels of red Chinese cabbage powder. All values are expressed as

mean*SE of triplicate determinations. * “Values with different superscripts on the

bar are significantly different at p<0.05 by Duncan’s multiple range test.
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4. §719 anthocyanin &%

Wzl w5 B Hd7 9]¢ anthocyanin %S =% 3 Ay Fig. 73 £t}
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A, 05% H7hES 1.35+0.02 mg/100 g, 1% 7k 3.06£0.05 mg/100 g, 3%
A7k 4.48+0.03 mg/100 g, 5% F7Fr2 567+0.05 mg/100 go] . W3+ nj3+
e Hrtde] S/ E sk oE4 2R anthocyanin FEE SVl A
Ak AA e Mo F7](136)9] FEEA R Ak @4 Ao E HUb
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Fig. 7. Anthocyanin contents of cookies prepared with different levels
of red Chinese cabbage powder. All values are expressed as meantSE of

triplicate  determinations. * “Values with different superscripts on the bar are

significantly different at p<0.05 by Duncan’s multiple range test.
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5. 719 DPPH radical 2A%
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Fig. 8. DPPH radical scavenging activity of cookies prepared with
different levels of red Chinese cabbage powder. All values are expressed

as meantSE of triplicate determinations. * “Values with different superscripts on the

bar are significantly different at p<0.05 by Duncan’s multiple range test.
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6. 719 ABTS radical 2A%
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Fig. 9. ABTS radical scavenging activity of cookies prepared with
different levels of red Chinese cabbage powder. All values are expressed

as meantSE of triplicate determinations. * “Values with different superscripts on the

bar are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 25. Spread factor of cookies prepared with different levels of

red Chinese cabbage powder
(cm)

Red Chinese cabbage(Brassica rapa L. ssp. pekinensis)

powder content(%)

Control? 0.5% 1% 3% 5%

Widthness  7.32+0.017*  7.19+0.01°  7.0120.01°  6.75+0.03%  6.60+0.04

Thickness 1.80+0.01N5%) 1.81+0.01 1.81+0.01 1.82+£0.01 1.83+£0.01

Spread b d
4.05£0.02° 3.97+0.01 3.86£0.01° 3.70+0.01 3.60£0.01°

ratio(w/t)"
YSpread ratio(w/t): Widthness(cm)/ Thickness(cm).

YSee the legend of Table 11.

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

Y d\leans in row with different letters are significantly different(p<0.05) by
Duncan’s multiple range test.

5INS: not significant.
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Table 26. pH values of red Chinese cabbage powder and dough prepa

red with different levels of red Chinese cabbage powder

Red Chinese Dough containing various contents of

cabbage red Chinese cabbage powder

powder 0 0.5% 1% 3% 5%

PH  113950.19”  593£000  6.38£0.04” 6.35£0.02 6.12+0.01° 6.01£0.02 5.87+0.01°

YAll values are expressed as mean+SE of triplicate determinations.
YadMeans in row with different letters are significantly different(p<0.05) by

Duncan’s multiple range test.
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Fig. 10. Density of doughs prepared with different levels of red
Chinese cabbage. All values are expressed as meantSE of triplicate

determinations. NS: not significant..
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Fig. 11. Hardness of cookies prepared with different levels of red

Chinese cabbage. All values are expressed as meantSE of triplicate

determinations. NS: not significant.
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Fig. 12. Appearance of red Chinese cabbage dough and baked cookie.
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Table 27. Colorimetric characteristic of dough and cookies prepared

with different levels of red Chinese cabbage powder

Items

C 0.5% 1% 3% 5%
62.93+3.02"%2  59.46+2.36° 44.74+0.84° 35.96+0.56" 29.01+0.62°
Dough 358+0.18°  6.75+0.52¢ 10.15+0.71° 14.91+0.47° 19.82+0.54"
16.05+0.34*  826+0.50° -5.45+1.28° -9.10+0.75% -13.02+1.01¢
86.32+0.22%  78.21+0.72" 75.04+0.20° 64.94+0.45" 59.33+0.65°
Crust
Hunter . d . b a
1 of -057+0.28° 1.71+0.17° 4.69+0.33° 8.91+0.38” 10.49+0.41
color
cookie
30.32+0.40°  19.35+0.96° 21.14+0.05" 7.59+0.54° 13.68+0.73¢
81.05+0.41%  74.52+0.92° 73.13+0.49" 60.81+0.47" 56.33+0.21°
Crumb
of -2.74+0.10° -1.13+0.13% 0.77+0.09° 6.76+0.35° 10.42+0.27
cookie
24.58+0.84° 16.60+0.58" 11.48+0.23° 1.49+0.16° -1.56+0.19°

YAll values are expressed as meantSE of triplicate determinations.

YaValues with different superscripts are significantly different at p<0.05 by

Duncan’s multiple range test.
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Table 28. Sensory evaluation of cookies prepared with different levels

of red Chinese cabbage

Red Chinese cabbage(Brassica rapa L. ssp. pekinensis)

Sensory powder content(%)
Characteristics
0% 0.5% 1% 3% 5%

Color 300£019"P2)  291+0.31°  3.36+0.34>  4.73+027°  4.91+0.31°
Taste 336+015%°3) 3554031  4.27+030  4.27+033  3.55+0.39
Flavor 3.00£0.13"  3.45+0.28" 391+0.31"" 4.73+0.33"  4.00+0.47"

Texture 3.10+0.16°  355+0.21"" 3.64+0.34" 4.27+0.38"  3.64+0.31"
Overall

. 3.10£0.21°  2.82+0.33" 355+0.28"  4.27+0.30*°  4.36+0.39"
acceptability

VAll values are expressed as mean+SE of triplicate determinations.
Y% PMeans in row with different letters are significantly different(p<0.05) by

Duncan’s multiple range test.

3INS: not significant.
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Table 29. Proximate composition of Teokgalbi prepared with different
levels of red Chinese cabbage powder

Red Chinese cabbage(Brassica rapa L. ssp. pekinensis)
Items powder content(%)
CON" A Bl

B2 B3

Moisture 69 25+0.567*Y  69.01£0.59""  69.01+0.26°  68.32+0.11™  67.82+0.10°

Protein  9474+058™"  25.18+0.44  2544+025  2521+0.63  2561+0.18

Fat 4.81+0.24% 470+0.12° 439+0.37°  479+0.09" = 5.17+0.03"

Ash 1.18+0.11 1.08+0.47 1.36+0.11 1.39+0.11 1.43+0.08

YSee the legend of Table 12.
YAll values are expressed as mean+SE of triplicate determinations.

Y4 C\leans in the same row not sharing a common letter are significantly different
(p<0.05) by Duncan’s multiple range test.

NS: not significant.
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Table 30. Water holding capacity(WHC) and cooking loss of Teokgalbi

prepared with different levels of red Chinese cabbage powder

Items CONY A B1 B2 B3

WHC(%) 66.45+1.937"%  63.23+1.48°  66.52+5.18°  71.19+3.29"  74.79+4.70°

Cooking
loss(%)
YSee the legend of Table 12.

16.60+1.96" 20.29+0.60° 13.07+1.54° 12.98+0.86° 8.64+0.07

YAl values are expressed as meantSE of triplicate determinations.

Y d\Means in row with different letters are significantly different(p<0.05) by

Duncan’s multiple range test.
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Table 31. Textural properties of Teokgalbi prepared with different

levels of red Chinese cabbage powder

Items CoNY A Bl B2 B3
32429.51 42640.29 42015.42 47566.06 53784.52
Hardness(g) ) . ; .
+8157.40° +7707.00° +9855.05" +8438 67+ +11869.62°
Springiness(%) 81.36+3.40" 81.03+1.39" 79.91+3.25" 78.97+4.41% 75.78+4.33"
Cohesiveness(%) 77.86+6.41° 70.88+5.21° 70.01%5.75" 66.74+8.37" 65.98+4.95"

Chewiness(g) 399.12+10059°  664.21£147.70"  593.98+95.11%° 555.57+135.30" 539.31+88.34"

PSee the legend of Table 12.
?All values are expressed as mean+SE of triplicate determinations.
Y Means in row with different letters are significantly different(p<0.05) by

Duncan’s multiple range test.
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CON A B1 B2 B3

Before
cooking

After »
cooking

Fig. 13. Shape of the Teokgalbi prepared with different levels of red

Chinese cabbage powder.
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Table 32. Hunter color properties(L, a, b) of Teokgalbi prepared with

different levels of red Chinese cabbage powder

Items

conNY A Bl B2 B3
L 6763+1.35"  6891+1.70°  64.97+0.98°  60.64+159%  55.68+0.82°
Color*
before a 16.67+1.90° 12.14+1.41° 10.86+0.99"  1357+0.67°  11.39+1.42¢¢
cooking
b 26.48+0.85° 26.44+1.33° 22224047  18.00+0.93°  10.52+0.80¢
L 66.36+1.78° 64.2+0.72° 64.44+2.11%  61.94+1.14°>  60.96+2.03"
Color*
after a 6.44+1.48" 4.89+0.28° 551+0.54" 6.83+0.62° 7.49+0.74%
cooking
b 23.39+1.41° 2156+051°  19.39+0.22°  17.15#091¢  16.39+1.01¢

xL: lightness, a: redness, b: yellowness

USee the legend of Table 12.

YAl values are expressed as meantSE of triplicate determinations.

Y \Means in row with different letters are significantly different(p<0.05) by

Duncan’s multiple range test.
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Table 33. Sensory evaluation of Teokgalbi prepared with different

levels of red Chinese cabbage powder

Sensory
CON? A B1 B2 B3
characteristics?
Texture 3.12+0.64°™Y  337+051  3.25+0.70  3.62+051  3.37+1.18
Color 295+0.70°) 350075  3.37+0.74" 4.37+1.06" 2.62+1.06™
Juiciness 28740.64°  3.37+051" 325:0.70" 362+074*  3.75+0.70°
Flavor 2.75+0.46" 3.25+0.46™ 3.62+051"° 3.87+0.99°  2.75+0.70"
Total
. 3.00+0.53" 3.25+0.70° 3.75+0.46™  4.25+0.70° 3.00+1.19"
acceptability

Y1t dislike extremely, 3: neither like nor dislike, 5: like extremely.

YSee the legend of Table 12.

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

NS: not significant.

YaC\eans in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test.
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Table 34. pH changes of Teokgalbi prepared with different levels of

red Chinese cabbage powder during 20 days of storage at 5C

Item Storage

CONY A B1 B2 B3
days
0 6.14+0.017Y 596+0.00"  6.00£0.00*  6.13+0.00™*  6.14+0.01**
5 476+0.00"  4.80+0.00"®  4.97+0.02® 5.13+0.01"® 5.22+0.00""
pH 10 470+0.00°%®  466+0.00°  4.73+0.01®  4.78+0.01"®  4.87+0.01°¢
15 455+0.01°C  4.62+0.01°P  4.63+0.00"™  4.63+0.01"°  4.70+0.04*"
20 4.47+0.01°  454+0.01°  453+0.00° 4.62+0.01°  4.71+0.01*°

USee the legend of Table 12.

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

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

4H)A-E
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Means with different superscripts within a column differ significantly(p<0.05).
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Table 35. Changes of TBA values for Teokgalbi

prepared with

different levels of red Chinese cabbage powder during 20 days of

storage at 5C

Item  oStorage

CON" A B1 B2 B3
days
0 0.64+0.017%Y  0.62+0.10° 0.44+0.04"° 0.42+0.02°°  0.32+0.04C
5 0.69+0.02°°  0.65+0.02°° 0.55+0.02°° 0.49+0.05°° 0.46+0.02"°
TBA
(mg 10 0.95+0.02"  0.89+0.01°® 0.74+0.06™ 0.70+0.05"° 0.65+0.06"
MA/kg)
15 1.09+0.14™  1.00+0.08"* 0.90+0.20™* 0.85+0.31"® 0.81+0.15"*
20 1.23+0.05**  1.02+0.05** 0.95+0.10°®* 0.91+0.04"* 0.89+0.04"*

YSee the legend of Table 12.

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

YA\ leans with different superscripts within a row differ significantly(p<0.05).

4H)A-E
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Table 36. Changes of VBN values for Teokgalbi prepared with
different levels of red Chinese cabbage powder during 20 days of
storage at 5C

Item  Storage CONY A Bl B2 B3

days

0 10.34+0.837N¥EY 10.34+0.157 10.17+0.72% 10.47+0.54° 10.93+0.83"

5 12.42+1.19°P  12.38+0.83%C 11.42+0.41°° 11.14+2.93"° 11.26+1.03"°
VBN

10 1523+3.18%  15.13+3.43"® 13.83+2.33"° 13.53+1.19"® 12.26+2.21
(mg%)

15 1857+2.30°®  18.79+0.15** 15.45+1.19" 14.92+0.72"® 14.35+0.27"®

20 20.08+0.57**  19.85+2.90°* 18.21+1.51™ 17.32+3.25™ 17.29+1.97"*

YSee the legend of Table 12.

?All values are expressed as mean+SE of triplicate determinations.
INS: not significant.

4)A-E

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

Yad\leans with different superscripts within a row differ significantly(p<0.05).
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Table 37. Change of total plate counts for Teokgalbi prepared with

different levels of red Chinese cabbage powder during 20 days of

storage at 5C

Item Storage o) A Bl B2 B3
days
0 6.09+0.112N9% 602+003°  6.03+0.03° 599+0.01° 594+0.02°
5 6.25+0.21°°  6.17+0.18"°  6.09+0.21°° 6.01+0.14"° 6.01+0.00°°

TPCY

(log 10 6.56+0.05°  6.31+0.03°° 6.26+0.02°° 6.29+0.01"® 6.20+0.04"®

CFU/g)
15 6.77+0.01"  658+0.09" 6.47+0.10™ 6.29+0.00™ 6.18+0.06™®
20 7.60£0.00**  7.53+0.33**  7.00+0.00"* 6.73+0.05"* 6.00+0.00°*

UTPC: Total plate count.

YSee the legend of

Table 12.

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

NS: not significant.

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

Yad\leans with different superscripts within a row differ significantly (p<0.05).
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