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ABSTRACT

Quality Characteristics and Antioxidant Activities of

Pork 7teokgalbi Added with Watermelon Radish Powder

By. Kim, Ye-Sol
Advisor : Prof. Lee, Jae-Joon, Ph.D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was performed to investigate the physicochemical quality
characteristics and antioxidant activities of watermelon radish, and to evaluate
the functional effects of watermelon radish powder addition on the quality
properties and storage characteristics of pork tfteokgalbr.

It was conducted to compare major nutrients components and bioactive
materials between watermelon radish flesh and watermelon radish peel powder.
Among the proximate compositions, the carbohydrate content of watermelon
radish peel contained lower than that of watermelon radish flesh, while the
contents of moisture, crude protein, crude fat, and crude ash were higher in the
watermelon radish flesh. Watermelon radish flesh had a higher total free sugar
content than peel. The major free sugars of watermelon radish flesh and
watermelon radish peel were identified as fructose and glucose. The value of
glutamic acid was greater in the amino acids of watermelon radish flesh and
watermelon radish peel, and watermelon radish peel had higher total amino
acids and essential amino acids. Watermelon radish flesh contained a higher
level of saturated and polyunsaturated fatty acids than watermelon radish peel.

The contents of organic acid were higher in watermelon radish peel, and the

_ix_
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level of malic acid was the highest in both watermelon radish flesh and
watermelon radish peel. The contents of vitamin C of watermelon radish flesh
and watermelon radish peel were 73059 mg/100 g and 38371 mg/100 g
respectively. The mineral contents of watermelon radish peel contained higher
than that of watermelon radish flesh. pH was higher in flesh than in peel. In
the case of raw fruits, the watermelon radish peel contained higher sugar
content than watermelon radish flesh. In the case of vacuum freeze-drying,
watermelon flesh had a higher sugar content than the peel. The L value and a
value were higher in watermelon radish flesh than watermelon radish peel.
Ethanol extraction yields of watermelon radish flesh and watermelon radish peel
were 34.24% and 15.25% respectively. The total polyphenol and flavonoid
contents, and anthocyanin contents of the watermelon radish ethanol extracts
were significantly higher in flesh than in peel. The DPPH and ABTS radical
scavenging activities, and FRAP values of the watermelon radish ethanol
extracts were significantly higher in the flesh than the peel of watermelon
radish.

Pork tteokgalbi were made with different levels (0, 1, 2, 4%) of watermelon
radish flesh powder and 0.05% ascorbic acid was added for comparison with
watermelon radish. 0, 1, 2, 4% and ascorbic acid samples were indicated as
CON, W1, W2, W3, and REF respectively. Antioxidant activities, quality
characteristics, and storage security of watermelon radish pork tfeokgalbi were
investigated during storage at 4C, and experiments were conducted on days 0,
7, 14. The addition of watermelon radish flesh powder decreased the moisture,
crude protein, crude fat contents, but the ash and carbohydrate contents were
increased. Increasing the amounts of watermelon radish flesh powder had an
increasing trend of WHC values, but cooking loss decreased. For the textural
characteristics, Hardness, chewiness showed higher values with increased
watermelon radish flesh powder. L value and b value were decreased as the
amounts of watermelon radish flesh powder increased, but the a value was
increased. In the sensory evaluation, W3 was preferred the most in terms of

color, flavor, and total acceptability. The longer the storage period, the more the
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polyphenol content was increased, while flavonoid, DPPH radical scavenging
activity, and ABTS radical scavenging activity were reduced. However,
polyphenol content, flavonoid content, DPPH radical scavenging activity, ABTS
radical scavenging activity were increased as the amount of watermelon radish
flesh powder increased.

As storage time increased, pH value was decreased, TBA, VBN, total plate
count values were increased. However, pH value was increased, TBA, VBN,
total plate count values were significantly decreased to the control sample as
the amounts of watermelon radish flesh powder increased.

These results demonstrate that the addition of the watermelon radish flesh
powder to the pork fteokgalbi has a trend to improve antioxidative and
antimicrobial effects during the refrigerated storage period. Therefore, the result
provides useful reference data for efforts to use watermelon radish flesh in
meat products as a natural antioxidant and a way to prevent lipid oxidation.

More research on watermelon radish pork tfteokgalbr is expected to follow.
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Fig. 1. Photographs of watermelon radish
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2. rEld &4

FEd A2 Gancedo WH(76)0l] F=ako] AAISEATE A& 1 goll 80% ethanol
50 mLE 7}38}9] heating mantle(Mtops ms-265, Seoul, Korea)oll A 75C= 5A]7F
71 gk oS o 3X(Whatman No. 2 filter paper)® o3ttt o AS rotary
vacuum evaporator(NVC-1100, Eyela Co., Tokyo, Japan)olAd #¢t-&53 & 10

mLZ A-83}to] ion chromatography(DX-600, Dionex Co., Sunnyvale, CA, USA)
2 % 9% 9 Y(sucrose, maltose, thamnose, ribose, mannose, fructose, galactose,

xylose, glucose)< #2138ttt 4 A2 Table 13 ).

Table 1. 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 uL

Detection ED50 Intergrated Amperometry
-8 -
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=
sto] g&7]skar 121 Coll 24A13F 7hrEash 2 o S rotary vacuum evaporator
(NVC-1100, Eyela Co., Tokyo, Japan)® 7 3%3}9], sodium phosphate buffer
(pH 7.0) 10 mLE ALsFATHT77). €4 1 mLE #3lal membrane filter(0.2 um)
2 o33t T olm Al AEE A7) (S433-H, SYKAM, Eresing, Germany)® 2]
sttt 4 =72 Table 29 2t}

Table 2. Operating conditions of amino acid auto—analyzer for total

amino acid
Item Condition
Instrument S433-H (SYKAM, Germany)
Column Cation separation column (LCA KO07/Li)
Column size 4.6 x 150 nm

Column temperature 57 ~ 74T

Flow rate Buffer 0.45 mL/min, reagent 0.25 mL/min
Buffer range 345 ~ 10.85
Wavelength 440 nm and 570 nm

- 9 -
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A ukaE 228 Wijngaarden®] W (78)o] Wl A& 2 g& ether® F3-o]¥s}
of w5 AHd oF 100 mges 7HAY FHFgpxAd FHstaz 1 N KOH-
ethanol &< 4 mLE 4]°] #F* Wzo] glojd wj7bx] wyk A7l 3 14% BF3-
ethanol 5 mLE H7lstdth. WZ7|E FAste] 80TolA 5&3F 7Fdsto
methylesterdtsled NaCl ¥3}-8&9 3 mLE 7}3tal, thA] hexane 1 mLE 7}38}¢]

S0l A2 F AP H &A AAsAT 1 F AFAS At FF NaSOss
Yol $FES AASL gas chromatography(GC-17A, Shimadzu Co., Kyoto,

Japan)Z #A5ko] 23F 9] AWAks EAEAY. 717 #4712 Table 33 #

Table 3. 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 i.d. x 0.25 pm film thickness)
Detector FID detector
Over temp. 170C(5 min) — 4C/min — 250C (30 min)
Analytic time 80 min / 1 sample

_’IO_
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Fr714F 248 Kim (799 ol #ato A5 1 gol S/ 50 mLE t st
80C =0l 4A13F 7Fd3et & o %% (Whatman No. 2 filter paper)E AF&3le] o
Hatgh o] oJAS rotary vacuum evaporator(NVC-1100, Eyela Co., Tokyo,
Japan)® - E=35te] SHFF= 10 mLE 4839 ion chromatography(DX-600,
Dionex Co., Sunnyvale, CA, USA)E AF&3te] EAlte] F 759 f7]4te]l &4

At A Z1E& Table 49 2t}

Table 4. Operating conditions of ion chromatography for organic acids

Item Condition

Instrument DX-600(Dionex, USA)

Column TIonPac AG11-HS Guard, 4-mm
Guard IonPac AS11-HS Analytical, 4-mm
ELUENT EGC-KOH Cartridge-38 mM KOH
Flow rate 0.7 mL/min

Inj. volume 10 puL

Detection ED50 Conductivity

_’I’I_
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HIERY Co #4& Rizzolo 5(80)2] Wl 3ol Al8stct. A& 5 gol
metaphosphoric acid(HPO3;) €< 20 mLE 7}sle] F&3 % centrifuge(Combi-51
4R, Hanil, Inchun, Korea)E AF&3to] 3,000 rpmelAl 203 LA &3k
membrane filter(0.45 ym)E AF&3l o] #A171 5 HPLC(LC-10AVP, Shimadzu,
Kyoto, Japan)® #2413t 4 AL Table 59 2t

HIERRD A9 E 242 AF3 4% AFEHEBDS &5t Aldstdth Alg 05
38t 80Tl 103t 7k 3skar, 50%
KOH €< 025 mL& H7Fs & 2087 7193 & 57 24 mL, hexane 5 mL
£ ¢3}9 centrifuge(Combi-514R, Hanil)E AF&3}o] 1900 rpme & 20%7F 94

wElat et S AE Aol hexane 40 mLE Hata HA Zeste] AT dE &

g, ethanol 5 mL % ascorbic acid 0.1 g&

O

gt & SHITE st 1023 BA g oE shss AASAY. o] #AH S 39
HEEE 0 A gAS g F4 Na,SO.2 543 3 rotary vacuum evaporator

(NVC-1100, Eyela, Tokyo, Japan)® hexaneS #$-5=+17 HPLCLC-10AVP,
Shimadzu, Kyoto, Japan)= #43gth. 4 Z7-& Table 63 2t}

_’|2_
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Table 5. Operating conditions of HPLC for vitamin C

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)
Column uBondapak C18(3.9 x 300 mm)
Detector UV 210 nm

Mobile phase

Flow rate

0.1%6 phosphoric acid on water

0.6 mL/min

Table 6. 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 uLL
_ Retinol : SPD-10A(UV-VIS Detector 254 nm)
Detection

Tocopherol : RF-10A(Spectrofluorometric Detector)

Collection @ chosun
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F714 BA e A O0AC W) #=3dte] A= 05 g 60% HCIO, 3 mL
2 20% HNO3; 10 mLE &%t F9eid wj7x] 7}d3ta 05 M HNOsZ 50
=]

mLE Ad&3s9t 24 5 AFE8RES T8 oS AldEdd 8 mLy FH s
Frg&do=z i, 05 M HNOsE tx7=2 3o 92 55 332
(AA-6501GS, Shimadzu, Kyoto, Japan)® A3ttt 4 Zd& Table 73 #

Table 7. 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
422.7 248.3 766.5 285.2 279.5 324.8 330.2 213.9

(nm)
Slit Width

05 0.2 05 05 0.2 05 0.2 05
(nm)
Current

10 12 10 8 10 6 10 8
(mA)

Lighting Mode BGC-D; BGC-D2 Non-BGC BGC-D, BGC-D,; BGC-D2 Non-BGC BGC-D»

Burner height

7 7 7 7 7 7 7 7
(mm)
Fuel gas Flow
2.0 2.2 2.0 1.8 2.0 1.8 1.8 2.0
(mL/min.)
- ’IA -
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8. BEAAT

=73k SPSS  statistics(ver. 26, IBM Co.,

333k (Mean)¥} ¥+H2H(S.D)Z UERS o)

i)
s
o\

e w4 Ade 33w
Armonk, NY, USA)E o] &3}
st oS A4

Student’s ttestE 2 A&

2

_’|5_
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DH 24 & ubio) 7lARel 44 BUg 247 5 g AR & 74 50 mL

s

H7}éke] stomacher(400 lab blender, Seward, London, England)® 30%7%F 32 3}
pH-meter(A211, Thermo scientific Inc., Waltham, Massachusetts, USA)=
B SA435to A gk(Mean)¥ 2TH2H(S.D)E YER ST

=
=)
ql
2
%)
N
=
=
2
3
Q
o)
Z
S
Do
=h
=
(@}
=
o]
Q
(o]
(@}
<
fru
2
%)
QL
20
)
Y
i
ot
>
il
e
oft

(Mean)¥ Z+#H2HS.D.)E °Brix® e AT

M ZHL AAA(Spectro Colormeter JX-777, Color Techno, System Co.,
Tokyo, Japan)E& Al&3te] SA3AT. MEs= Y =(lightness, Lab), A4

(+redness/-greenness, a#t) % &A= (+yellowness/-blueness, b#h) S =433t

iy

AbEE ®E W LEhe 89.39, awte 013, bate - 0518 B4 T ALk

AL
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2. FUR ARG A NV FEEY P} Y
RER

2 A3 ol A= Leeot Kim(83)9] dA7-olA 80% cl&t&= FE3sh= 45 4 F
SEEY o =& st @48 BT Bauvo] Fde B dus FES

Atk Ek TR Rl A BhS freeze dryer(MLU-9009, Mareuda Inc.
CollA sZAAZS & 100 g G 80% ofehe

Gwangju, Korea)& AF&3to] - 707

1,500 mL& H7tste] g7 W3S 23 65C heating mantle(Mtops ms—265,
Seoul, Korea)ol] 3A17H¥ 33] FZ3Fa. o] ¥ A (Whatman No. 2 filter paper)® ¢]
H3Ach o AS 40C 58 oA rotary vacuum evaporator(NVC-1100, Eyela
Co., Tokyo, Japan)= &v& A|A3 § ZSt-s5sto] sy 759 g4 &2
FE= TES T F AEY AsEE WA fstel - 70TelA WE B ¥H(MDF-
U52V, Sanyo Co., Osaka, Japan)3s}$itt.

o
e
o,

= X
= T

"

G SR 29

T A el Ao gilst dAS A5 skl 4 7 Z&(MLU-9009,
Mareuda Inc., Gwangju, Korea)d}o] whallst Al5& 80% ol&t&= FZE3H oM,

=
FE TES FEee MR deded i FAe uEeE YEhlelth

_’|7_
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th. ¥ polyphenol & =3

% polyphenol 3% Folin-Demis H(84)& Al&3te] =Astt Alg 0.2
mL<¢} Folin reagent 0.2 mLE &35 3sto] Aox 3&3F WA & 10% sodium
carbonate(NaoCO3) &9 04 mLE 7 410 408 FoF dadl WA} +
microplate spectrophotometer(Epoch 2, Bio Tek Inc., Winooski, USA)E A}-&-3}]
760 nmollAd FFEE A3 gallic acidE XTEZHE AFESIe] AT S

A & A5 F9 F polyphenol ¥3FS gallic acid equivalent(GAE)Z UEFW
o Ade 33 dbE SA-ste] Hgk(Mean)# A 2HS.D)E YERH AT

v=0.0164x + 0.0089
16 E2=0.9087

Absorbance at 760 nm

Sl A i 80 1040 170}
wF L - (1o N; Lr 40 2 LLF

Gallic acid equivalent (pg/mL)

Fig. 2. Gallic acid standard curve for total polyphenol content

_’|8_
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#}. & flavonoid &% =34

% flavonoid &2 Davis W8S Farste] FAsAth Al=5d 05 mLdl
diethylene glycol 0.5 mLE Yol &g % 1 N NaOH 10 uL& 7}3ke] 37T ol A
1A17F B¢ w3Al7l thS microplate spectrophotometer(Epoch 2, Bio Tek Inc.,
Winooski, USA)E AF&3}e] 420 nmolA SH =S =439} querceting %
A2 AEEte] AHFAS st & AlE F9 F flavonoid $HES quercetin
equivalent(QE)Z YEeWTE AL 33 wbE FH43to] Hirgh(Mean) ¥ XA
(SD)=E YER A

r=0.0037x+0.0511
0.4 E2=0.9990

20 nm
[

-
(5]

F,:l

Absorbance at 4
-
.h_n

0 20 47 60 gD 100 120

Quercetin equivalent (pg/ml.)

Fig. 3. Quercetin standard curve for total flavonoid content
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v}, ¥ anthocyanin &% &4

FupEo] 7pAl Kol AA BIo] gnthocyanin %S Jang 5(86)¢] WS FHar

1
gto] F4stAth £92 3 g2 F% &W(EtOH @ H:O : HCI = 85 : 13 : 2) 60 m
o
)

.

T 3d=2 HZE AA 150 rpm o2 AolA 603 Y FE5A
ZHS o 7% (Whatman No. 2 filter paper)® o #}3Fo] ot oA 60E7F HHX|
% microplate spectrophotometer(Epoch 2, Bio Tek Inc., Winooski, USA)S A}
gto] 530 nmol A FFE=E FASto] ofefol 2ol oa ALkeivh. AF 2> 33
Eato] i gt(Mean) ¥ £FHAHS.D)E e ST

ob ﬁN'

2

Anthocyanin content (mg/mL) = O.D. x 3Au]4 / 651 (F3A5)

v}, DPPH radical 274 &4 =3A

2,2-diphenyl-1-picrylhydrazyl(DPPH) radical 27 4% Blois(87)¢] WH <&
aste] SAAT A5 0.1 mLel 0.2 mM DPPH(in ethanol) €< 0.9 m
7vete] 37ColA 302 & BA SR FHMT S AR FEE A dEs 01
mLE %Yol WEAFor, FAUxzToRE 7|E FAbsAQl BHA, BHT %
ascorbic acidE AF&3te] W aLs}gd
2, Bio Tek Inc., Winooski, USA)Z 517 nmolA TFE=E A3 DPPH
radical 2~A A2 ol Aol 93] WEEZ A4tstR o, DPPH radical 427
274 50%°l FEste AR FEE AEY ICso#t(ug/mL)o= EAsAT A
A& 33] whEste] it gh(Mean)¥? EFHAHS.D)E YERW ST

)

t}. I % microplate spectrophotometer(Epoch

DPPH radical scavenging activity (%) = [1-(AbSsample / AbSpiani)] *x 100

_20_
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A}. ABTS radical 24 &4 =34

2.2’ —azino-bis-3—-ethylbenzothiazoline-6-sulfonic acid(ABTS) radical &7 A
=L Re 5(83)2 WS Fasle] 43Ut ABTS free radical®] A4S 9
7.4 mM ABTS €93} 26 mM potassium persulfate & NS #| %35l H o
2 EFete] bAoA 2447F s RESAIZ T 1 $ ABTS 8§99 FHF% Fhol
734 nmell A 0.7~1.0+0.027} ¥ %=% methanol2 A 3ATE 4 F=
Algd 0.1 mLe ABTS &9 09 mLE E§g F 37CelA 30% &<+ ¥HEAIH
o FEME FE5E Al methanols Ho] WHSAIA O, FAHAHERTOE
& FakstAlel BHA, BHT ¥ ascorbic acidE AF&3he] wlustdch o2 &
microplate spectro photometer(Epoch 2, Bio Tek Inc., Winooski, USA)E A}-&3
o 734 nmollA FHEE FAHSHN S, ABTS radical &7 &2 ool 24
ol MRS 7 AMEATE 3 ABTS radical &7 &4 50%°] S8t A 89
s AAtste]l ICs#k(ug/mL) o= FAEA, AALS 33 whEsto] gk
(Mean)?} %=HAHS.D)ZE YER AT

rr
N

ABTS radical scavenging activity (%) = [1-(AbSsample / AbSpian)] x 100
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o}. FRAP &4 =4

Ferric reducing antioxidant power(FRAP) =4S Strain and Benzie(89)¢] =4
= &dtol SAsAt Al A7l /¥ working solutions Al z=38H7] 3l
40 mM HCI® &3t 10 mM TPTZ(24,6-tripyridyl-s-triazine) 2} 20 mM FeCl3-
6H.O, 300 mM acetate buffer(pH 3.6)& 23 2ol Zk7zF 1 010 @ 109 v &=
He& F 37CoA 1023 WA A AxsATh A5 FEE

5 pLel working
solution 145 pLE &3tsle] 43, 37CAA 15837 Rks Azl

% microplate
spectrophotometer(Epoch 2, Bio Tek Inc., Winooski, USA)E A}-&3}e] 593 nmoll
A EFEE ZAFAY. FHES AR FEE O SHFFE Ya, A o

Z2 working solution Al buffers Yo HH-g-A] g
T e FdES EF 4 FeSOyTH0E A4S A4dste] Age g
AH(mM FeSOy/g)e YelUTh AE 33 whEste] Hirgh(Mean)2 X-HA
(SD)E e ST

3. BEAAE

2E w4 Aiye 33 wHE SAsle] SPSS  statistics(ver. 26, IBM  Co.,
Armonk, NY, USA)E o] &3} Hirgk(Mean)¥ X+HA2HS.D)Z YERN S oH,

Student’s ttestE HAlst] Fo4d S HAsATh

p
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A4d sy 28 J7F g4adne F25A4 # FAE a4

I-Ll

1. 28 A =5
B oAFo| AbgE ulR Buke Sulm spAn no= = Azalo] Eid
F 82 Agsgdr 24 18 ags volSeeld Svlzk-39 emrl-6 A

A Aol &k Ao 4 F-9(Table 8)&
Tujste] 27 20 mmE Ao 714 7] (meat chopper, M-12T, Fuji Industrial Co.,
Hwaseong, Korea)= I}a|3le] AF&3F Tt 1 9o 7 (Sempio Foods Co.,
Icheon, Korea), A®(CJ Cheil Jedang Co. Incheon, Korea), ¥F(Ottogi Co.,
Anyang, Korea), 3715 (CJ Cheil Jedang Co., Incheon, Korea), ¥ (Dongsuh Food

o
e
o
ro
—_
N
il
o)
o
ro

Co., Incheon, Korea) 5= Al&3le] 9dH|E A %3
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Table 8 Compositions of fatty acids in omega-balanced pork
(% total fatty acids)

NO. Fatty acid Pork
(g/100 g)

1 Caproic acid (C6:0) 0.767

2 Undecanoic acid (C11:0) yWizeEsd
3 Lauric acid (C12:0) 0.253
4 Myristic acid (C14:0) 1.855
5 Palmitic acid (C16:0) 23.753
6 Palmitoleic acid (C16:1) 0.523
7 Heptadecanoic acid (C17:0) 0.229
8 cis—10-Heptadecenoic acid (C17:1) 0.229
9 Stearic acid (C18:0) 13.864
10 Oleic acid (C18:1n-9c) 31.992
11 Linolelaidic acid (C18:2n-6¢t) 1.496
12 Linoleic acid (C18:2n-6¢) 12.739
13 a-Linolenic acid (C18:3n-3) 1.908
14 cis—11,14-Eicosatrienoic acid (C20:2) 0.426
15 cis-4,7,10,13,16,19-Docosahexaenoic acid (C22:6n-3) 2.045
Omega-3 3.953
Omega-6 12.739

Omega-3 : Omega-6 1.32 : 4.25
Total fatty acid 116.987

- 24 -
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S

Fed elnAl &

S

E 1

=
=

(65)¢] HaPA+

=N
[}

A Az

Y Z=T O % ascorbic acidE

¥

’

al

oS T 100 g, 174 100 mm, 77 12 mme 7= A

G0
;OH
;Ot
X
ol
TR
0

]

==

_25_

Collection @ chosun



Table 9. Formula of tteokgalbi added with watermelon radish powder

(%)
Treatments?
Ingredients

CON REF w1 w2 W3
Pork 74.00 73.95 73.00 72.00 70.00
Soy sauce 2.20 2.20 2.20 2.20 2.20
Tuna liquid 0.50 0.50 0.50 0.50 0.50
Salt 0.60 0.60 0.60 0.60 0.60
Garlic 2.20 2.20 2.20 2.20 2.20
Ginger 0.40 0.40 0.40 0.40 0.40
Onion 3.70 3.70 3.70 3.70 3.70
White sugar 2.40 2.40 2.40 2.40 2.40
Green Onion 3.60 3.60 3.60 3.60 3.60
Honey 3.00 3.00 3.00 3.00 3.00
Apple juice 3.70 3.70 3.70 3.70 3.70
Pepper 0.20 0.20 0.20 0.20 0.20
Sesame oil 3.50 3.50 3.50 3.50 3.50

Ascorbic acid - 0.05 - - -
Watermelon radish powder - - 1.00 2.00 4.00

YCON: 0% watermelon radish powder.

REF: reference tteokgalbi with ascorbic acid 0.05%.
W1: 1% watermelon radish powder.

W2: 2% watermelon radish powder.

W3: 4% watermenol radish powder.

_26_
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Prepare pork meat

Add watermelon radish powder
0, 1, 2, 4%) and 0.05% ascorbic acid

Add Minor ingredients

Mix and mould

(weight: 100 g, diameter: 100 mm, thickness: 12 mm)

Store the tteokgalbr in a refrigerator

at temperature of 4C for 14 days

Fig. 4. Preparation procedures of tteokgalbi samples added with

watermelon radish powder
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w
4

MR 2w gr gave dwe 3% A2 24

FHHE H7E wzhu) o] ksl @S =457 Y8 AR 5 goll 80% olerE 45
mL %2 % water bath(HB-205SW, Hanbaek Science Co., Bucheon, Korea)oll A

100 rpmo. = 24A17F A" F=319 v =23 5 o IX(Whatman No. 2 filter
paper)E ©|-&3] ofsto] Alm Aoz ARE5ATHEI).
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]
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t}. 7}¥ 2% (Cooking loss) =73

.
= 9902 4499 Ganel a4 FA@E 549 F FHLE 1200
17 e Agwe §7 087 wAd ¥ s

ko3
T 1o
1 FA@)E 271 AR T H&(%)=E SAAT. A3 33] vhEste] A&

7

i)
N
N
18

%7

I

Jim

SR A& rheometer(Compac-100, Sun Scientific Co.,
Tokyo, Japan)S A}-83}le] mastication test ¥ shear force, cutting testS 2 Als}h
oL, AFE ZE 798 RDS(Rheology Data System) Ver 2.01S ©]-83}%ith. table
speed®} grainterval Z+Z} 20 m/sec, 110 mm/min, Load cell(max)< 10 kg9
o2 skttt A 33| yhaste] A2 Hitgk(Mean)¥ ET-HAHSDI)E U
ERU AT
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T 2 HF gan|e] S WAL, 94.04; a, 0.13; b, -051) 22 EF
3FA1 71 A AFA (Spectro Colormeter JX-777, Color Techno, System Co., Tokyo,
Japan)E AR&ste]l FASd=d, oW FHE& WA FFF(DE5)E  AHEshA
Hunter Lab A9 W E(lightness)E YWEF &= L3k, A2 % (redness) & YER &
(yellowness)% Uell= btz et 4L 71E d%
#(Mean)# EFHAHS.D)E HEFH AT
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r#i 1

3
qe BAEE 59

A=A
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o 7|3 &7t o5E 53 MAA HAeE FEE S & e A8EE HT
S =
=

S M (color), %27+ (texture), tF5A (juiciness), =

P

1] (flavor), %Zuk(saltiness), A4 <l 7] & =(overall acceptability)® vwj-$- <=t} 5

A, wEolth 3, W§ vmek: 190 3¢l
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A5d St 2w A7k Have APy

1. pH &4

SR 28 H7E "9dne] pHeE AR 10 gl /5 100 mLE  H7tshe
stomacher(400 Lab blender, seward, London, England)® 30% 7t #2327 thS
o] ¥} 2] (Whatman No. 2 filter paper)® o33k o] 1S pH-meter(A211, Thermo
scientific Inc.,, Waltham, Massachusetts, USA)Z Z43sitt. A3 33 db&s)
o] AL Hitgt(Mean)?} ZT=HAHSD)E UER LT

2. A& Ab9] & (2-Thiobarbituric acid, TBA) &3

FHbE 2 H7F gznie] A4 A E(TBA)= Witte 5(91)9] F2HS i
W 3ste] TBA X2 YeT A& 10 goll 10% perchloric acid 15 mL % 3%}

3
=34 25 mLES £3%38F9] homogenizer(Bihon seiki, Ace, Osaka, Japan)ZE A& 3}
o 10,000 rpme. 2 10x3t A st T2 HE o 3% (Whatman No. 2 filter
paper) & AR&3te] o A7l & ool 5 mLe] 0.02 M TBA €9 5 mLE 2]
&3 5 16417 WA dl A WX SFal microplate  spectrophotometer(Epoch 2,
Bio Tek Inc., Winooski, USA)E AF&3te 529 nmolA FF=E ZHsIST)
Blank+= 3% /& A& o™, TBA X+ A& 1 kgd mg malonaldehyde
(mg MA/kg)® FEAISFATE olw] Alg¥ standard curvet: y=0.1975x-0.0011
(r=0.999) 01 31, x=TBA7}, y=5%3 == Axlstart. 482 33 nmkaste] 42 o
gk (Mean)? E+HAHS.D)E YERH AT
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o

T 37E =

H92)& ol&stith
seiki, Ace, Osaka, Japan)& A}-&
72 (Whatman No.
Conway unit®] <o) ¥l

A o718 A4 (Volatile basic nitrogen, VBN) &4

s =4O

wan e g A7ie A4 (VBN) SIS IV
S 90 mLel A& 10 g& #H7Fste] homogenizer(Bihon
sled 10,000 rpme. &2 ¢F 30%7F #AAIZ T o

Ab&ste] o Fsiaith. o 3 mLE
0.01 N 54F & 1 mLe} A A 2F0.066%

2 filter paper)=
YA o =

methyl red + 0.066% bromocresol green) 2-3%%< 7}3tith. Conway unit 57

o] Hz B Eo|= glycerines

HE2 3 574 & 2o+ t7F 50% KoCO3 1 mL&

ool A&sHAl Fdstar SA EAAA Ve FHoE wutekar 37T A 120
Sk viFskTh vl = 0.02 N H,SO.= Ul e] SAkgds A4gstalrt 3w
4 A7 Za(VBN) 21+ 100 g A5 3 mgmg/100 g)o= fabste] #A|8)
AL, AL 33 whEetel AW B gt(Mean)? EFHAHS.DIE YERAAT
B (a—b) < F<28.014 <100

VBN = REDL:

ar FHE e Fml)

b: Blankell =¥ s4ke] (mL)

F: 0.02 N H,SO, 23} A4

28.014=0.02 N H,SO, 1 mL &Xs=d 223 N9 &

Collection @ chosun

_34_



4. & " A E F(Total plate count, TPC) &4

T MAE T dF5 sAHEE o] &st9 e, 0.1% peptone €9 90 mLel A%
b blender, seward, London, England)® 30%
oF A3 skt A4 3AE A]EE PCA(plate count agar) Bl Ao #HE3}o]

—
o

- 0
o

N
.}

ol
ol
£

I

)

=

)

o

=

@
=

N

o

2} £ 5 o= colony counter® count
ston A¥e 33 wkE =A35to] Hitgk(Mean)¥ Z+HAH(S.D.)E log CFU/g

2 Ag o] BA Aili= SPSS statistics(ver. 26, IBM Co., Armonk, NY, USA)
o]-&3te] HitgH(Mean)¥} EFHXHSDIE Yetdd. zF Az 7He] EA4%

948 AAS sl 49 A F4HEA(One-way ANOVA)S & 5 p<0.05
S A Tukey’s multiple range testE A A&t A5 HAA3S
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Table 10. Proximate

compositions of watermelon radish powder

(%)

Proximate Watermelon radish powder (DW)"
compositions Flesh Peel

Moisture 4.72+0.08"NY 4.99+0.08
Crude protein 0.43+0.02" 2.63+0.03

Crude fat 0.24+0.01" 0.65+0.02

Crude ash 0.54+0.02" 1.06+0.04
Carbohydrate? 94.07+0.32" 90.67+0.27

UDW: dry weight basis.

2100 - (moisture +crude protein + crude fat + crude ash).

YAll values are expressed as mean+S.D. of triplicate determinations.

Y“NS: not significantly different among groups.

9Significantly different between watermelon radish flesh and peel by Student’s

t-test at © p<0.05, © p<0.01, ™ p<0.001.
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N

#49

FHbE 7 et A Bl o9 e Table 113 24 & 1059 a9
& A4 23 lactoses A5t 9F 9] frEldo]l AFH AT FEHF T2 el A
AEE 99T =9 F9$ fructose’t 17,441.28 mg/100 go. & 714 =gkt &
S =2 glucose 1391395 mg/100 g » sucrose 4,82554 mg/100 g > maltose
1,600.24 mg/100 g > galactose 225.32 mg/100 ¢ > mannose 41.21 mg/100 g >
rhamnose 6.98 mg/100 g > ribose 2.58 mg/100 g > xylose 2.44 mg/100 g <2
2, % 38,059.54 mg/100 geo] A== Atk Fuky Aol A9 glucose”t 10,241.57
mg/100 go 2 7FF =dow TSo =2 fructose 90079 mg/l100 g > sucrose
5,100.46 mg/100 g > maltose 389.46 mg/100 g » galactose 168.73 mg/100 g >
mannose 8891 mg/100 g > xylose 4.29 mg/100 g > ribose 2.28 mg/100 g >
rhamnose 1.76 mg/100 g <=2 2, & 25005.36 mg/100 go] AZEHo| Futg 712
ol & fred o]l bt AARY =R tHp<0.0D). # A= - 7
Ao A Zgk @uko] fructose ol 7MY = SAE dubEs e vd

do Adue Aed & e Aow weA.

ieh

rot
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Table 11. Contents

of free sugars in watermelon radish powder

(mg/100 g)
Watermelon radish powder (DW)Y
Free sugars
Flesh Peel
Sucrose 4,825.54+97.39PN 5,100.46+119.99
Maltose 1,600.24£64.75" 389.46+10.28
Rhamnose 6.98+0.11"" 1.76+0.03
Ribose 2.58+0.13° 2.28+0.04
Mannose 41.21+1.96™ 88.91+2.83
Fructose 17,441.28+934.58™ 9,007.9£196.80
Galactose 225.32+8.41" 168.73+14.10
Xylose 2.44%0.09™ 4.29+0.16
Glucose 13,913.95+610.80™° 10,241.57+1,322.80
Total 38,059.54+1,682.68™ 25,005.36%1,600.05

UDW: dry weight basis.
YAl values are expressed as mean+S.D. of triplicate determinations.

INS: not significantly different among groups.
4)Signiﬁcantly different between watermelon radish flesh and peel by Student’s

t-test at * p<0.05, ™ p<0.01, ™ p<0.001.
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3. A4 o mat

oful .=k ¥ TS W AE S ol

Ao A Edo] olu| Ak FheF A 7‘—24% Table 129} %
Ad EEe] A obnaks EAE A

ofr| =Ako] HEH o F
s A e 187777 mg/100 go & zxgg]giguﬂ, o
335.29 mg/100 g 2 7} kil methionine®] 43.79 mg/100 g & 7} ko)
4= ofw A 573361 mg/100 g2 =AHEAow o] F glutamic acid’}
191522 mg/100 g2 7} =93, cystinee] 14.36 mg/100 go. = 7} ok}
F T4 ol x=F ek 7611.38 mg/100 go = glutamic acid, proline, arginine,
aspartic acid =02 AEZHAG. - AHdAM HEH F Z4 oln Al gk
& 324050 mg/100 go. & FAEom, o F vannol 636.54 mg/100 go.= 7}
=93 methionine®] 33.41 mg/100 go & 7} w¥gkoh & v oln =4t &k
2 10,181.52 mg/100 go.2 =AHE o™, glutamic acid7]- 5,439.20 mg/100 go. =
712 3=k 3 cystine®] 15.75 mg/100 go. & 73 ot} & FA oln| Ak ghake

o
N

?‘_’,
=)
o
=
o
of
fo
r
fo
[
fu
X
=
—d
N

T A5 o % valin©]

Nl

13,422.02 mg/100 g2 & glutamic acid, aspartic acid, serine, arginine 2o 2 =
Hof "4 opm =4k (p<0.01) Bl EG ofn 4l B b o] ghgko] 7}
B =gt (p<0.001). ofn|x=4tke] tiFEE B3-S o]EojUl= EHolH,

A
i=]
B
=z
%=
glutamic acid= #F2 Ul aspartic acide= Al9bS H 3 ofn|Abo] ZHe= AV & o
=z
=

1>

M

2 %2 3~5 mg/dLolXE 1 gke =2 F ohal S A Jth94). A9
8 opu:AEL

o] ofwlizibEo] A& vte]l Fo Aiolgt HiarEo] =dl(95), FEMFY ofv e
Ab &40l olek ARSI T ofml gl FhEFo] =& A4 T A% o] 3,130 mg/100
g, TUEo] 2,924 mg/100 g, W5 1,187 mg/100 g, Yl 952 mg/100 g, Luk &
402 mg/100 g =02 BIi1Eo(96) FHHEL ofw| Al FhEko] o ThE A A

Z=1a}
Seapr
SRt} ol ggo] ASeA ¥ AL Flstnh

2 glutamic acid, serine, valine, aspartic acid, proline, alanine©]

F
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Table 12. Contents of total amino acids in watermelon radish powder

(mg/100 g)
) ) Watermelon radish powder (DW)V
Amino acids
Flesh Peel
Essential
Valine 335.29+20.717** 636.54+26.05
Methionine 43.79+4.60N9 33.41£3.53
Isoleucine 218.38+8.25™" 369.10+10.34
Leucine 319.35+£20.71" 556.39+27.57
Threonine 225.49+19.70" 437.84+31.49
Phenylalanine 192.75+14.49" 309.83+23.23
Histidine 258.35+11.11" 364.48+7.41
Lysine 284.36+8.81" 532.90+32.79
Total EAA? 1,877.77+31.23" 3,240.50+154.17
Non-essential
Aspartic acid 605.46+6.99%° 1,205.32+45.87
Serine 344.02+£26.16™" 783.88+9.25
Glutamic acid 1,915.22+167.33™" 5,439.20+170.84
Proline 1,136.14+169.53 837.96+29.75
Glycine 197271717 367.79+16.67
Alanine 300.34££26.93™ 577.01+20.17
Tyrosine 126.41£11.04" 200.89+16.87
Cystine 14.36+1.66™° 15.75+0.55
Arginine 1,094.38+56.89™° 752.71+29.58
Total AA® 5,733.61+83.15*** 10,181.52+314.79
EAA/AA(%) 32.75N 31.83

UDW: dry weight basis.

PTotal EAA: Total essential amino acid.

¥Total AA: Total amino acid.

DAl values are expressed as mean+S.D. of triplicate determinations.

SSignificantly different between watermelon radish flesh and peel by Student’s #test at

9NS: not significantly different among groups.
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7EA Aok A ] Auaks A% A= Table 133 2o FHHF
& 11FE, G EEZSAA 5F, MRS AW
T 23%9 Apstol AEFEHAT FubE AR 7 A T EEA
palmitic acid”’} 18.19% = 7} =<k3l, heneicosanoic acid, stearic acid,
lignoceric acid, behenic acid, heptadecanoic acid, myristic acid, pentadecanoic
acid, lauric acid, tridecanoic acid o2 HEHUT. GLEFZIIAUAS
nervonic acid’} 2.07%% 7} =1L, oleic aicd, palmitoleic acid, elaidic acid,
erucic acid 2= HEHAT. v7F=E3tA WAL linolenic acid’} 36.73% % 7}
Z =93l linoleic acid, cis—4,7,10,13,16,19-docosahexaencic acid, cis - 11,14,17 - eicosat—
rienoic acid, arachidonic acid, cis—-11,14-eicosadienoic acid, linolelaidic acid =2 %
A=A g gE 2o A AUt T F3PA AR palmitic acid7h
17.10% % 7F%4 =93, heneicosanoic acid, stearic acid, lignoceric acid, arachidic
acid, myristic acid, behenic acid, heptadecanoic acid, pentadecanoic acid, lauric
acid, tridecanoic acid 2.2 HZEHJ. G EZIA YA oleic acid7} 471%
2 7} #=9kal nervonic acid, palmitoleic acid, elaidic acid, erucic acid £° =
AEH AT}, G7FEE3A A linolenic acid’} 35.15% % 7F3+ %%EE‘%, linoleic
acid, cis4,7,10,1316,19-docosahexaencic acid, cis—11,14 - eicosadienoic acid, cis-11,14,17
~eicosadienoic acid, arachidonic acid, linolelaidic acid o2 HAZX At & 23
A3 ZopA P4 b AL e HbE VR R AR Y =9koH
(p<0.01), GLEZAGAE S gk o] o = tH(p<0.001).
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Table 13. Compositions of fatty acids in watermelon radish powder

(% total fatty acids)

Fatty acids

Watermelon radish powder (DW

)1)

Flesh Peel

Lauric acid (C12:0) 0.30£0.03" 0.18+0.01
Tridecanoic acid (C13:0) 0.10+0.00"*" 0.05+0.00
Myristic acid (C14:0) 0.88+0.04™? 0.76+0.04
Pentadecanoic acid (C15:0) 0.30£0.04™ 0.53+0.01
Palmitic acid (C16:0) 18.19+0.12™ 17.10+0.06
Heptadecanoic acid (C17:0) 1.12+0.07N 1.41+0.11
Stearic acid (C18:0) 4.27+0.13™ 3.34+0.09
Arachidic acid (C20:0) 0.48+0.06™ 0.90+0.03
Heneicosanoic acid (C21:0) 13.67+0.07" 15.11+0.13
Behenic acid (C22:0) 1.17+£0.07™ 0.76+0.03
Lignoceric acid (C24:0) 2.04+0.03" 1.57+0.06
Saturated 42.52+0.06™ 41.71+0.10
Palmitoleic acid (C16:1) 0.92+0.06™ 0.83+0.01
Elaidic acid (C18:1n9t) 0.54£0.05™ 0.72+0.04
Oleic acid (C18:1n9c¢) 1.53+0.09™ 4.71+0.10
Erucic acid (C22:1n9) 0.09+0.00™ 0.16+0.00
Nervonic acid (C24:1) 2.07+0.04%° 1.92+0.08
Monounsaturated 5.15+£0.24** 8.34+0.23
Linolelaidic acid (C18:2n6t) 0.06+0.00N 0.06+0.01
Linoleic acid (C18:2n6c¢) 11.46+0.08%° 11.23+0.06
cis—11,14-Eicosadienoic acid (C20:2) 0.18+0.01"* 0.45£0.01
Linolenic acid (C18:3n3) 36.73+0.16™ 35.15+0.09
cis—11,14,17-Eicosatrienoic acid (C20:3n3) 0.37+0.06™ 0.25+0.03
Arachidonic acid (C20:4n6) 0.35+0.01"*" 0.10+0.01
cis—4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) 3.18+0.16™ 2.71+0.08
Polyunsaturated 52.33+0.02** 49.95+0.01
Total 100 100

UDW: dry weight basis.

PAll values are expressed as mean+S.D. of triplicate determinations.
YSignificantly different between watermelon radish flesh and peel by Student’s #test at * p<0.05,
 p<0.01, ™™ p<0.001.

“NS: not significantly different among groups.
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i =5
o f7Ate]l HEHASH, FHbE JpAReL Ad BRE HEd #7714 FollA

o] FubR JEA T 2004.34 mg/100 g, TEHF A A o]
mg/100 go.& 7HF Eskou, A4 o= fldo teom gk 7o
7% citric acid, tartaric acid, succinic acid, acetic acid, lactic acid, formic acid
so g FubE Aol AL citric acid, tartaric acid, lactic acid, acetic acid,
succinic acid, formic aicd <2 & HE=HJTt & F7)4F e bR JpAR
2,927.05 mg/100 g, 95 AAo] 462397 mg/100 go= Fukif A Ao ghgfo]
b2 F-E e oF 158 =kth(p<0.01). 22> RSt 2 e Sk e e F
714F sk ZEkn] 7hAH= 13,094.26 mg/100 g, A A2 14,927.97 mg/100 g =
Zopu] ZpA R g o] wA FA4H97) B A Aol FArg A
= e
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Table 14. Contents of organic acids in watermelon radish powder

(mg/100 g)
Watermelon radish powder (DW)V
Organic Acids
Flesh Peel
Citric acid 796.53+21.957*9 1,891.39+103.91
Tartaric acid 4762+2.19" 497.04£21.90
Malic acid 2,004.34+114.61N59 2,073.57+112.92
Succinic acid 41.14+2.60" 30.40£1.50
Lactic acid 12.97+0.27" 71.87+2.45
Formic acid 11.43+1.47°° 12.2240.58
Acetic acid 13.02+0.47" 47.48+3.45
Total 2,927.05+139.61" 4,623.97+241.79

UDW: dry weight basis.

YAll values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different between watermelon radish flesh and peel by Student’s

t—test at * p<0.05, ¥ p<0.01, ™ p<0.001.

YNS: not significantly different among groups.
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Table 15. Contents of vitamin A, C and E in watermelon radish

powder
(mg/100 g)
Watermelon radish powder (DW)"
Vitamin
Flesh Peel
Vitamin A 0.07+0.00PN%) 0.08+0.01
Vitamin E 1.22+0.10 N.D.?
Vitamin C 730.59+17.49"* 388.71£21.92

UDW: dry weight basis.

YAl values are expressed as mean+S.D. of triplicate determinations.

INS: not significantly different among groups.

YN.D.: Not detected.

YSignificantly different between watermelon radish flesh and peel by Student's

t—test at ™ p<0.001.
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7. 714

F71dE AFoly A=A FhHE ¥ T C
w(103), AHNAl o] o] | s
Aeir= =557, AL, #Y, 57, oldF & B&FTd AFs Sl dFH&HoF o
(104). b7 7pARef A 242 F 8F 9 F71d dFEol #EHASe™ Table
163 2k F 7718 g2 s 7R 348441 me/100 g, S A A o
572514 mg/100 go. & <FHFE 77 o] shafo] S=ulit ZRAIE W T = 9ktH(p<0.01).
F714d 5 K& dH5 7FA % 3101.83 mg/100 g, 2% A Z 5079.67 mg/100 g
o7 7P wskow, sk gl dheko] JMA R R EdtH(p<0.01). Cad G4t
- 7FA - 22843 mg/100 g, - A& 394.23 mg/100 g(p<0.001), Mg <4
ZFA 5 105.80 mg/100 g, 2% A2 189.97 mg/100 g(p<0.01), Fe G 7}2 5
2.32 mg/100 g, 95 A4 1504 mg/100 g(p<0.001), Mn FE5F ZF2HF 055
mg/100 g, 9% A3 1.66 mg/100 g(p<0.01), Cu =% 7}44 0.12 mg/100 g,
FHbE A4 040 mg/100 g(p<0.001), Zn 9+ 7FA5 1.90 mg/100 g, 25 7
2 251 mg/100 g(p<0.05) o= FuHi Ao Frjd gheFo]l 7pAFET E3kh
Na =& Fu5 7F2 5 4345 mg/100 g, 795 A4 41.67 mg/100 g& = ¥
7hA el gheFol o mtAIY, EAIA FoxkE gl b VAR = K
Ca, Mg, Na ¢ & gtgFo] =k31 Fe, Zn, Mn, Cue 5 mg/100 g "wte 2 =
Ak FubE Ao A9 K, Ca, Mg, Na, Fe ¢ & 3dt&o] =gkow 7Zn Mn,
Cuv 5 mg/100 g Pl¥re s HEHAT 2 At Hobes dvk &5, 24
3 Ak =5= 50.97 mg/100 g, AFMF 71.168 mg/100 go] ™,
T 44490 mg/100 g, AHAHF 63.404 mg/100 goi 25 7}

¢ =2 FEFS UElv@dd). £ 49 75)49} Haskls W, sEbe F U1
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Table 16. Contents of minerals in watermelon radish powder

(mg/100 g)

Watermelon radish powder (DW)"

Mineral
Flesh Peel
Ca 228.43+10.55°% 394.23+11.03
K 3,101.83+148.56™ 5,079.67+173.50
Mg 105.80+5.80" 189.97+14.81
Fe 2.32+0.15™" 15.04+1.15
Na 43.45+1.09N% 41.67+1.16
Mn 0.55+0.05" 1.66%0.10
Cu 0.12+0.01" 0.40+0.03
Zn 1.90+0.11" 2.51+0.12
Total 3,484.41+165.83™ 5,725.14+199.04

UDW: dry weight basis.

PAll values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different between watermelon radish flesh and peel by Student’s
t—test at * p<0.05, ™ p<0.01, ™ p<0.00L.

YNS: not significantly different among groups.
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Table 17. Contents of pH in watermelon radish powder

Watermelon radish powder (DW)V

Flesh Peel

pH 6.32+0.032* 6.25+0.01

UDW: dry weight basis.
YAll values are expressed as mean+S.D. of triplicate determinations.
YSignificantly different between watermelon radish flesh and peel by Student's

t~test at * p<0.05.
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Table 18. Contents of °Brix in watermelon radish raw and powder

Watermelon radish

Flesh Peel
Raw 5.27+0.06""2 6.03+0.06™"
°Brix
Powder 7.30+0.10 6.53+0.06

VAIl values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different between watermelon radish flesh and peel by Student’s
t—test at * p<0.001.

YSignificantly different between watermelon radish raw and powder by Student’s

ttest at ™ p<0.001.
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Table 19. Hunter color properties(L, a, b) of watermelon radish

powder
, Watermelon radish powder
Color
Flesh Peel
L 53.02+0.512*% 48.28+0.74
a 26.08+0.21"* -4.37+0.18
b -3.23£0.50" 14.94+0.56

UL: lightness, a: redness, b: yellowness.
YAl values are expressed as mean+S.D. of triplicate determinations.
YSignificantly different between watermelon radish flesh and peel by Student’s

t—test at ™ p<0.01, ™ p<0.001.
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Watermelon radish powder

Flesh Peel

Fig. 5. Photographs of watermelon radish flesh and peel powder
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Table 20. Yield of 80% ethanol extracts from watermelon radish

Watermelon radish

Parameters
Flesh Peel
Extraction yield(%) 34.24 15.25
- 58 -
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Table 21. Contents of total polyphenol in watermelon radish

ethanol extracts

Watermelon radish?

Flesh Peel

Total polyphenol
(mg GAE”/g )

127.92+0.767***9 117.06+1.23

UWatermelon radish powder 80% ethanol extracts 1,000 ppm (mg/mL).
YGallic acid equivalent.
YAl values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different between watermelon radish flesh and peel by Student’s

ttest at ™ p<0.001.
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Table 22. Contents of total flavonoid in watermelon radish ethanol

extracts

Watermelon radish?

Flesh Peel

Total flavonoid
(mg QEY/g )

46.94+0.319*** 10.54+0.27

DWatermelon radish powder 80% ethanol extracts 1,000 ppm (mg/mL).

YQuercertin equivalent.
YAl values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different between watermelon radish flesh and peel by Student’s

t-test at ™ p<0.001.

_62_

Collection @ chosun



2}. & anthocyanin &%

A 2A&M A anthocyanin M A Hdolup Ao A, e, &7 2 <
oA Y= FSM AEY T84 AMARALT) SHNERE A Ast] AlxY
kst B wstE WAskal FHl2EHE A N 2 AY 18 HES g8 48
T 9 AH HF A5 =S T A Fdiks S2dolth(118). kst &4
9 ArgAe] F84 02 Q8 anthocyaning $Hiralal Y& tiREE9 I, i
T2 7l AFeE ol&Ha drt & AFoA = Fuby ThARe AE
anthocyanin & vl S35 ow, A= Table 230 YeEbl AT F9bF 7}
2] 5o anthocyanin ¥ 1897 mg/100 g, 9% Z 2 9] anthocyanin 3 &<

9 1.
03 mg/100 go = Fuby AR 7FA 4o anthocyanino] v ¥ ol Ae=
2215 A Hp<0.001). AFAFo] #F9l HE T 2R 9] anthocyanin %2 6.22~75
0 mg/100 g(105), W3k w3 =2l anthocyanin &< 946 mg/100 g2 Kl
H A7), FuHrt ﬁx}i}ﬂroﬂ &35k A g2 AALEHRT =S anthocyan-
in &%S YEeERY o, o] 2AE anthocyaninel] 7]¢13F Ao &2 thokst Ay
245 Ued= Ziii Nidaean=g

i

_63_

Collection @ chosun



Table 23. Contents of total anthocyanin in watermelon radish

Watermelon radish

Flesh Peel

Anthocyanin content

18.97+0. 27" 1.03+0.04
(mg/100 g)

VAl values are expressed as meantS.D. of triplicate determinations.
YSignificantly different between watermelon radish flesh and peel by Student’s

t—test at * p<0.001.
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Table 24. DPPH radical scavenging activity of watermelon radish

ethanol extracts

DPPH radical DPPH radical

Concentration ) ]
scavenging scavenging
(ng/mL) o b
activity (%) ICso”’ (ug/mL)
1,000 67.56+0.907*3
Watermelon 500 4178i036k**
) 686.80+6.90"
radish flesh 250 24.04+0.87°
125 13.67+0.58""
2,000 72.89£0.58
1,000 36.33+0.32
Watermelon
) 500 18.20+0.35 1,382.77+10.30
radish peel
250 4.41+0.23
125 207054
BHA 86.74+0.28
BHT 1,000 88.37£0.08
Ascorbic acid 93.48+0.00

VICs is the concentration of sample required for scavenging radical by 50%.
PAll values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different letters by Student’s rtest at ™ p<0.001.
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Table 25. ABTS radical scavenging

ethanol extracts

activity of watermelon radish

ABTS radical

ABTS radical

Concentration i ]
scavenging scavenging
(ng/mL) o b
activity(%)  ICso” (ng/mlL)
1,000 95.72+0.072"%
Watermelon 500 88.40+0.50"
182.54+19.35"
radish flesh 250 56.07+0.59"
125 34.70£2.19"
1,000 89.77+1.77
Watermelon
radish peel 500 96.32+0.72
475.22+12.87
250 33.54+1.19
125 18.33+0.57
BHA 95.59+0.29
BHT 1,000 95.72+0.07
Ascorbic acid 95.55+0.07

VICs is the concentration of sample required for scavenging radical by 50%.

YAll values are expressed as mean+S.D. of triplicate determinations.

YSignificantly different letters by Student’s #test at * p<0.05, “* p<0.001.
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Table 26. Proximate compositions of tteokgalbi prepared with different

levels of watermelon radish powder

(%)
Proximate Treatment” (DW)?
compositions CON REF w1 w2 w3 F-value
Moisture 6878+0.117°  67.99+0.88% 67214052  66.26£2.26"  65.50+0.79" 3.664°
Crude protein  14.44+0.11° 13894049 14.26+020®  13.11:092°  13.02+0.17" 5.444°
Crude fat 1087+0.59°  9.04:032°  1053+0.18°  10.35:0.34°  10.16£056°  7.791"
Crude ash 165£0.04°  L77+0.06™  1.83:0.06®  19040.06" 193005  13413”
Carbohydrate”  4.26+061°  7.32+008"  677+122°  839+133° 930118  10.909°

YTreatment are shown in Table 9.

YDW: dry weight basis.

9100 - (moisture +crude protein + crude fat + crude ash).

YAl values are expressed as mean+S.D. of triplicate determinations.

da¢ Means with different letters within a row differ significantly by Tukey's multiple range test (p<0.05).

* p<0.05, ™ p<0.01.
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Table 27. Water holding capacity(WHC) of tteokgalbi prepared with

different levels of watermelon radish powder

Treatment”

CON REF w1 w2 W3 F-value

WHC(%)  27.98+0.257 29.99+0.60™ 31.65+0.99" 34.50+1.29" 35.22+0.40°  27.039"

YTreatment are shown Table 9.
YAl values are expressed as mean+S.D. of triplicate determinations.
Ya¢ Means with different letters within a row differ significantly by Tukey’s multiple range test
(p<0.05).
“* p<0.001.
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Table 28. Cooking loss of tteokgalbi prepared with different levels of

watermelon radish powder

Treatment”

CON REF w1 w2 W3 F-value

Cooking loss(%) 26.32+2.15”%9 17.83+1.40" 20.97+0.85" 18.94+1.07° 14.02+1.15° 31.315™

YTreatment are shown Table 9.

YAl values are expressed as mean+S.D. of triplicate determinations.

da¢ Neans with different letters within a row differ significantly by Tukey’s multiple range test
(p<0.05).
“* p<0.001.
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Table 29. Textural properties of tteokgalbi prepared with different

levels of watermelon radish powder

i)
Textural Treatment

ti
properties CON REF w1 W2 W3 F-value

Hardness(g)  1,034.67+#45.00°™ 1,056.00:61.22°  1,061.67+48.05" 1,154.00+57.17%  1,255.0091.92" 5.761"

Springiness(%) 74.15£0.56" 74.07+0.51° 74.03£0.35 73.05+0.42" 72.63+0.75" 5.049"

Cohesiveness(%) 55540207 55.37+0.21 55.02+0.30 54.97+0.38 54.85+0.04 3.463

Chewiness(g) 958.71+161.99°  1,323.00+248.92™ 1,266.98+200.40* 1,525.69+182.39" 2,214.10+203.33" 16.263""

Brittleness(g)  29,428.87+111.24* 29,178.57+149.47* 29,295.62+90.89" 28,764.88+127.86" 28,602.43+62.53"  29.766™""

YTreatment are shown Table 9.

YAll values are expressed as mean+S.D. of triplicate determinations.

Ja¢ Means with different letters within a row differ significantly by Tukey’s multiple range test (p<0.05).
YNS: not significantly different among groups.

* p<0.05, ™ p<0.001.
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CON REF W1 w2 W3

Before

cooking

After

cooking

Fig. 9. Shape of the tteokgalbi prepared with different levels of

watermelon radish powder

_82_

“Collection @ chosun



Table 30. Hunter color properties(L, a, b) of tteokgalbi prepared with

different levels of watermelon radish powder

Treatment”
CON REF w1 W2 W3 F-value
L 60.10+3.20* 52.83+0.22° 46.75+1.91" 41.83+0.02"* 41.55+0.19"* 66.853"
Color?
before a 6.06+0.40¢ 6.24+0.09  9.11+0.37 17.29+0.10> 19.28+0.07* 1,842.027"
cooking
b 16.40+0.81" 19.26+0.32* 14.60+0.70< 10.98+0.20¢ 9.09+0.23° 187.739™**
L 61.03+1.15% 54.30+0.67" 54.48+0.94" 53.31+2.75" 51.73+1.88> 13.816"
Color
after a 6.08+0.99° 9.84+161° 11.37+0.95® 13.83+058" 13.86+2.10° 17.003"*
cooking

b 1528+2.34> 17.21+4.92" 92557+6.37* 14.30+2.67° 7.59+2.59" 7.465%

DTreatment are shown in Table 9.

Y1 lightness, a: redness, b: yellowness.

YAl values are expressed as mean=S.D. of quintuplicate determinations.

Yae Neans in row with different letters are significantly different by Tukey's multiple range test
(p<0.05).

YSignificantly different between color before cooking and color after cooking tteokgalbi by

Student’s #test at © p<0.05, ™ p<0.01, ** p<0.001.
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Table 31. Sensory evaluation of {tteokgalbi prepared with different

levels of watermelon radish powder

S Treatment?
ensory
. . 1)
characteristics™ ooy REF w1 w2 W3  F-value
Color 2.20£0.457Y  2.14+0.38° 2.79+0.27" 3.29+0.49" 4.21+0.27*  34.667"
Texture 3.00+£0.35™  3.07+0.19 3.14+0.38 3.36+0.38 3.36+0.24 1.719
Juiciness 3.20+0.278° 3.14+0.24 3.29+0.39 3.36£0.38 3.43£0.35 0.794
Flavor 3.30+0.45" 2.93+0.19° 350+0.50"  3.79+0.57% 4.14+0.24% 8578
Saltiness 2.20+0.45N° 2.36£0.48 2.29£0.49 2.14£0.48 2.07+£0.45 0.407
Total .
3.10+0.22" 2.86%0.38° 3.14+0.24" 3.43+0.45" 4.29+0.27% 19.366™
acceptability

D1: dislike extremely, 3! neither like nor dislike, 5: like extremely.

PTreatment are shown in Table 9.

YAl values are expressed as mean+S.D.

Yac Means in row with different letters are significantly different by Tukey’s

(p<0.05).

9NS: not significantly different among groups.

= p<0.001.
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Table 32. Changes of total polyphenol content of tteokgalbi prepared

with different levels of watermelon radish powder during

storage at 4C for 7 days

Storage Treatment®

time

(day) CON REF W1 W2 W3 F-value
PO g 14390£0.997Y 1507341020 155.69+0.27° 157.75£027° 173.87+0.42" 53,934
phenol
(mg 7 156.48+0.46°  161.19+0.51¢ 165.20£0.42° 170.14+0.77" 184.73+0.67" 3815
GAE"

/g ) tvalue -19.982" -15.935"" -13.116™" -26.372" -23.721""

DGallic acid equivalent.

Treatment are shown in Table 9.

YAl values are expressed as mean+S.D. of triplicate determinations.

Yae Neans with different letters within a row differ significantly by Tukey’s multiple range test

(p<0.05).

* p<0.05, ™ p<0.001.

YSignificantly ~different letters within a column differ significantly by Student’s #test at

= p<0.001.
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Table 33. Changes of total flavonoid content of tteokgalbi prepared

with different levels of watermelon radish powder during

storage at 4C for 7 days

Storage Treatment?
time
(day) CON REF W1 w2 w3 F-value

flavo o 786403190 109450147 2488:054° 32.83+0.10° 8546+037° 2914045

noid

(mg 7 5.42+0.24° 6.68£0.28¢  13.84+0.14° 21.69+0.42"° 35.63+0.19*° 235851
QEI)

) t-value  10.900" 23.856™ 34.368" 44.266™" 206.251""

YQuercertin equivalent.
Treatment are shown in Table 9.
YAl values are expressed as mean+S.D. of triplicate determinations.
Yae Neans with different letters within a row differ significantly by Tukey’s multiple range test
(p<0.05).
“* p<0.001.

YSignificantly ~different letters within a column differ significantly by Student’s #test at

= p<0.001.
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Table 34. Changes of DPPH radical scavenging activity of

tteokgalbi prepared with different levels of watermelon

radish powder during storage at 4C for 7 days

Storage Treatment”
time
(day) CON REF W1 w2 W3 F-value

0 11.61+0.937Y 16.02+1.03" 12.49+0.62° 12.56+0.72° 20.36+0.35" 67.190"*

DPPH 7 8.28+0.28° 11.16+0.27° 9.19+0.42% 10.25+0.15° 1248+0.15"  13.329™

t-value 5.916 7.945™ 7.616™ 5.445™ 35.768"

DTreatment are shown in Table 9.
YAl values are expressed as mean*S.D. of triplicate determinations.

Pa¢ Means with different letters within a row differ significantly by Tukey’s multiple range test

(p<0.05).

* p<0.01, ™ p<0.001.

PSignificantly ~ different letters within a column differ significantly by Student’s #test at

“ p<0.01, ™ p<0.00L.
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Table 35. Changes of ABTS radical scavenging activity of
tteokgalbr prepared with different levels of watermelon

radish powder during storage at 4C for 7 days

Storage Treatment”
time
CON REF w1 w2 W3 F-value
(day)

0 64.54+0.547%  7363+0.32° 73.48+0.31° 76.01+0.13" 86.73+0.31° 39.907""

ABTS 7 41.47+0.27°  45.710.46% 47.25+0.19° 51.26+055° 56.73+0.22* 46.701**

t-value  66.082"*% 87.007"" 124.249™ 75.943" 137.409™

DTreatment are shown in Table 9.

YAl values are expressed as mean*S.D. of triplicate determinations.

Ya-e Means with different letters within a row differ significantly by Tukey’s multiple range test
(p<0.05).

= p<0.001.

PSignificantly ~different letters within a column differ significantly by Student’s #test at
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Table 36. Changes of pH of tteokgalbi prepared with different levels

of watermelon radish powder during storage at 4C for 14

days
Storage Treatment?
time(day) CON REF w1 w2 w3 F-value
0 6.03£0.0428BY  606£008"  6.07+0.014  597+0.06°  596+0.03" 3546°
7 615500570 5724004  574+0.02%  589+0.03  6.02+0.04%  77.341"
pH
14 5.48+0.04 461+0.07C 459001  4.63+0.02  466+0.02°F  341.335"
F-Value 221.013™ 454.835™"  12,578846™" 1254157 1,756.824"

DTreatment are shown in Table 9.

?All values are expressed as mean+S.D. of triplicate determinations.

INS: not significantly different among groups.

DAC Means with different letters within a column differ significantly by Tukey’'s multiple range test (p<0.05).

" p<0.001.

9a-d Neans with different letters within a row differ significantly by Tukey's multiple range test (p<0.05).

* p<0.05, ™ p<0.001.
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Table 37. Changes of TBA values for tfteokgalbi prepared with

different levels of watermelon radish powder during storage
at 4C for 14 days

Treatment?
Storage
time(day) CON REF w1 W2 w3 F-value
0 0.08+0.022%90  0.06£0.01°  0.04+0.01*C  0.02+0.01C  0.02£0.01C  16.873"
TBA
(mg 7 149£0.01%  0.22£0.00F  0.90£0.01"®  0.71£0.01F  0.41+0.01% 6579.505"
MA/ 14 2440020 2925£001"  239+0.01°*  206+0.09* 1960024  73.179"
kg)

F-Value 15,862.875""  80,371.400"" 21,226.722"" 1,168.117"" 25,815.636™"

DTreatment are shown in Table 9.

PAll values are expressed as mean+S.D. of triplicate determinations.

da-e Means with different letters within a row differ significantly by Tukey’s multiple range test (p<0.05).

= p<0.001.

DAC Means with different letters within a column differ significantly by Tukey’'s multiple range test (p<0.05).
“* p<0.001.
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Add A7l Ax FHe K4F AT WAk ARAD FAF] FHHof
= dudo] opulwmate AX AR RrlH AxE LE F AT FA%
g0 A4E BAR 7% AF AAE Hl Fad FHolth FAEY
VBN $t&2& 5~10 mg/100 g Hel oA+ A3 Aejol™, 30~40 mg/100 g W<
QA4 27 Bo @R B P72, AEAEINE T4ET AR§

VBN 35 20 mg/100 g otz sFAstar Avk173).

WAAE 5 FEby 28 U7 9an]e] VBN @3S A A3+ Table 384
2o Az Gl a2 o "av)e] VBN @2 10.03~10.85 mg/100
g9 HHE SFAFJon, FubR s 4% #H7bg W39l VBN shafo] 7hg ub
Atk A 7 Aol = 13.13~17.45 mg/100 g2 HAZE A 717ko] A 3tglel] ule}

e AYa e VBN o] S7ketdAIRE, W2, W32 tjxvtoll Hlsle] fFoAo=
e ks YR TH(p<0.05). A 14U A9l 20.19~2559 mg/100 go WY =
= 1S E50 A9 RER 14~21% @do] dgfEol dojA A%
w2 Qs AHd=TE At A ARA74) "An] Az Al AREE =T
Aot Azl A4 e A wjEolgta FEHET HaAn AR At
A T |AN(72), wE al S H7F "@Au|(71), 22eke] FF EE "7 94
(73)°] A A}, A% 7Izko] A ko] wep VBN ghiFo]l Frhste] & Ae &
A AxE 2tk @A chain® dF7F AaEHEA FElolueil, dEU o}
Ab e BF 5 ovgwg da 8§ Bdo] Frtske] B
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Table 38. Changes of VBN values of (teokgalbi prepared with
different levels of watermelon radish powder during storage

at 4C for 14 days

Storage Treatment”
time(day) CON REF W1 W2 W3 F-value
0 10.85£0.18%%¥Y  10.47+0.03°C 10.54+0.06" 10.40£0.15" 10.03+0.07°C  21.403"*
VBN 7 17.45:025"  14.87+0.02°" 17.4140.08°% 15.42+0.06" 13.13+0.00" 715.295"
(mg
/100 g) 14 2550+0.17*  20.04+0.04* 20.90£0.03"* 20.81£0.03"* 20.19+0.14°* 1,641.708""

F-Value 4,161.415™ 71,210.586™" 24,216.023™"  9,776.299"" 10,345.801""

DTreatment are shown in Table 9.
PAll values are expressed as mean+S.D. of triplicate determinations.

Pa-d Neans with different letters within a row differ significantly by Tukey's multiple range test (p<0.05).

“* p<0.001.
DAC Means with different letters within a column differ significantly by Tukey’'s multiple range test (p<0.05).

™ p<0.001.
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T W3slk= Table 399 2tk Alx Aol 500~550 log CFU/go 2 SAEHASH),
Z 7d Aol 6.18~6.94 log CFU/g, A% 14¥#e] 7.02~7.85 log CFU/go 2 #
 713bo]l AojAel wel BE A RolA Y F vAE e AAHoR FrtedT
(p<0.05). ICMSF (International Commission on Microbiological Specifications for
Foods)oll A= & 54 A 8§ 5+ 7 log CFU/ge = FA3ta glow, 9

2

teke] A SAE FE AR AT6)94 5 log CFU/g olstd ¢ Adstts 7
T2 7 sded A% UdAel & MAE F7F 7.02~785 log CFU/g= =44
AL 71 a5, AR 918 AR Sol dotsigly] wwolgtan FEHT H
FujFet vhEg FEEE AR =5 HEH F Ve s dxad Wk
ke Zpol7k QI (77), A ZepulE b #wA ofE w3 dxaa A
7R ke 1Al Afolzh dErAl o M= oAl ftE S99 fllT

S|
o} Mg w, ¥ ApgAE dxiel wE ArielM e %

_?_
A= w7 e oM (p<0.05), T £ WUbEel SUME s F vde
3lo
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Table 39. Changes of total plate counts of tteokgalbi prepared with

different levels of watermelon radish powder during storage

at 4C for 14 days

2)
Storage Treatment
time(day) CON REF w1 w2 w3 F-value
0 550+0.067%  512+0.02°¢  517+0.01°° 5.11+0.01°° 5.00+0.02°C  140.415"*
TpPCY
(log 7 6.94+0.0248 6.32+0.06®  6.55+0.03°®  6.34+0.05 6.18+0.03®  189.456**"
CFU/ aA dA bA cA eA Hokk
14 7.85+0.01 7.12+0.02 7.39+0.04 7.28+0.03 7.02+0.02 602.981
g)
F-Value 3,740.554™" 2,608.038"  5,653.800"" 3,842.169"" 5451.529""

UTPC: Total plate count.

Treatment are shown in Table 9.

YAll values are expressed as mean+S.D. of triplicate determinations.

Dare Means with different letters within a row differ significantly by Tukey’s multiple range test (p<0.05).

™ p<0.001.

PA°C Means with different letters within a column differ significantly by Tukey’s multiple range test (p<0.05).

“* p<0.001.
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