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Abstract

This study examined the effects of gromwell (Lithospermum erythrorhizon) extracts on the storage
characteristics of Kangjung. At an increase of 0~0.25%, there was no significant difference in the moisture
content of wild and cultivated gromwell extract added to Kangjung, whereas there was a significant difference
when increased to 0.5%. When compared, the occurrence of lipid oxidation among the controlled gromwell
extract group stored at 60°C, resulted in peroxide values exceeding 40 meq/kg, which is a maximum value
for Hankwa within 12 hours of storage. However, at an increase of 0.25%, the cultivated gromwell extract
added group reached limits within 16 hours. Furthermore, at a 0.5% increase in cultivated gromwell and 0.25%
in wild gromwell, extract added groups exceeded this limit within 20 hours of storage. Gromwell added
Kangjung, a fried food, showed efficiency in suppressing oxidation of fat, more so in the wild gromwell than
the cultivated gromwell. In addition, efficiency in suppressing oxidation of fat increased at the 0.5% level
than- the 0.25% level. In conclusion, it is believed that an unused pigment resource called Lithospermum
erythrorhizon, normally reserved for medicinal use, can be distributed as a safe food additive. In addition,
as Lithospermum erythrorhizon is a natural antioxidant in fried foods, we believe this satisfies the demand

for natural food.
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Dried gromwell

v

Take into Erlenmeyer flask and add 70% ethanol

v

Extract on the water bath (222+2°C) for 24 hr

v

Filter through cheese cloth

v

Repeat the above procedure 3 times and combine the filtrates

l

Concentrate under a vacuum rotary evaporator (40°C)

v

Ethanol extract

Fig. 1. Extraction procedure of the ethanol extract from
gromwell (Lithospermum erythrorhizon Sieb. et Zucc.).
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Table 1. Formulas for Kangjung preparations with differ—

ent concentrations of gromwell extract (@)
I dient Kangjung samplel)
1 n
gredie Control CG25 CGB0 WG25 WGH0
Glutinous rice flour 300 299.3 2085 2993 2985
Gromwell extract 0 0.75 15 0.75 15
Sugar 18.0 180 180 18.0 18.0
Rice wine 24.6 246 246 24.6 246
Distilled water 24.6 246 246 24.6 24.6

“Control: Kangjung prepared with 0% concentration of grom—
well, CG25: Kangjung prepared with 0.25% concentration of
cultivated gromwell, CG50: Kangjung prepared with 0.5%
concentration of cultivated gromwell, WG25: Kangjung pre-
pared with 0.25% concentration of wild gromwell, WG50:
Kangjung prepared with 0.5% concentration of wild grom-
well.
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Glutinous rice

v

Steeping in water (25°C, 10 day)

v

Draining (2 hr)

v

Milling and sieving (40 mesh, 2 time)

v

Mixing of materials

v

Steaming (100°C, 20 min)

v

Punching (KitchenAid Co., USA, 10 min)

v

Molding (sheeting, 0.3 cm)

v

First drying (room temperature, 1 hr)

v

Cutting (1x3x0.3 cm)

v

Final drying (40°C, 10 hr); Bandaegi

v

Ist frying (puffing); 120°C, 1 min

v

2nd frying (puffing); 160°C, 40 sec

v

Kangjung base

Fig. 2. Schematic diagram for preparation of Kangjung.
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Table 2. Change of acid values in Kangjung with different concentrations of gromwell extract during storage at 60°C

Storage time Kangjung samplel) Feval
(hr) Control CG25 CG50 WG25 WG50 vatue
0 20.11+0.01% ©0.11 £0.00° %0.10 £0.01° 20.11 +0.00° €0.10+£0.02° 28.84"
4 “P0.31+£0.19" ©0.11+0.01 ©0.11 +0.03 D0.11+0.00 .11 £0.00 3.23
8 B5C0,40 +£0.04™ 560,28 £0.20 €P0.25 20,21 %.25+0.19 %0.38+0.19 0.44
12 B0.40 £0.01™ ABC) .38 +0.04 00.24 +0.08 B0.38 £0.04 0.38 £0.00 0.43
16 B90.45 +0.18™ ABCH 40 +0.03 50,39 +0.11 50.38 £0.09 £0.38+0.12 0.36
20 8074019 4By 51 +0.59 AB) 50 +£0.20 A0.53+0.17 20.62+0.18 2.20
24 40.81+0.19 2065+0.19 40,62 £0.03 20.65+0.00 20631001 5.50
F-value 14.43° 4.06° 718" 2213 22.93"

YRefer to Table 1.

?Values are mean+SD (n=3). Values with different subscripts within a row or column are significantly different, a=0.05 level.

*p<0.05.
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Table 3. Change of peroxide values in Kangjung with different concentrations of gromwell extract during storage at 60°C

Storage time

Kangjung samplel)

(hr) Control CG25 CG50 WG25 WG50 Frvalue
0 F31.06 +0.14°% %2663 +0.61° %97.00+0.44° 98,33 £0.07" S97.13+0.10™ 11224
4 E33.78 +0.64° F33.55 :0.30° F98.31 +0.75° ¥34.20 +0.57% F98.34 +0.77" 222,02
8 D37.46 +0.41° 35,43 +0.32° E3362 £0.02° E36.68 £0.14° £34.63 £0.40° 126.16"
12 ©41.31 £0.71° P3795+:0.71% D35.39 +0.65° P3936 +0.17" P36.22 0,04 778"
16 B45.32 +0.09° €40.88 0.32° 36.07 £0.06° 39,79 +0.15° 36,59 £0.45¢ 185.50"
20 A48.66+0.15 $43.40 +0,53° B41.80 £0.58° B45.45 £0.62° 530,80 =0.55° 136.38"
24 A48.76+0.27 A4555%0.15° A41.46+0.37 A4573+0.39° A41.77 +0.06° 550°
F-value 171.43" 543.11° 885.31" 149.42° 732.83

"Refer to Table 1. -

PYalues are mean+SD (n=3). Values with different subscripts within a row or column are significantly different, ¢=0.05 level.

p<0.05.

o

=]

EEEEELRE X
ST A 2 AL B2 A
olch, webal op U
& u ApEaE 5o

2 2g 4 9
J°€ﬂi%1%%ﬂlfé%dﬂ4MG%WGw
E A7HHCG5, CGR0) Rl Autgd oz
3 D& A0 veht opg A AL AR A 1
£ Aast olAle] o a3el Ao telHo

N2 ofy K
U'.O#
i
ot
il
Lo
r_)‘:l
o
N
i
<
ke
%>
Hﬁ

o

A A FEES IR A2 AR 2k
Table 48} Zr}l. 2+ z &l Foll 4] palmitic acid,
stearic acid, oleic acid, linoleic acid ¥ linolenic acid7} &%
Aoz AZF3en o] 2] mystric acid, arachinic acid
ol TA=E et o mlEkql FAR At} 7t A=
9] AR 2R E B BZ A AR linoleic acidet
oleic acid7} 247} 52~55%, 20~23% H =2 7} Wk,
7 v} 2 2 3= palmitic acid 11~12%, linolenic acid 6~7%,
stearic acid 4~5% o]t} o]& F7| 52 Akt =44l
linoleic acid 54.5%6, oleic acid 22.3%, palmitic acid 10.5%,
linolenic acid 8.3%, stearic acid 32%9} B]l=alH 7 2] wls=
g $Fol U AL(40), 74 o] Akl A H % A2 f-ALeke
tHA4D).

ol & AE Hidr) &

=]

g
= AL sl ABel
H}

2 At

75 A= 2 B3 A) 7
&7 oldxle] dojut Aol 7}
Aol AukakstE WA s el A FalgzA &
AbshA BAS R R o2 Wi AR FRER A o
3 Al 7189 57 2 AHSIS Soll Bl s et
Hod 7oz Aoy gr)
60°Cell A A== 5o 28 APTLS Z]Ho]'/‘]'c'}
=l 2 W3 o5 A3 Wa-gnt kA s
& &7l A& linoleic acid®} linolenic acid®

1m

& “'{”’ &
2
¥

2~49% U e]oll A ZHaEE Aoy, A A FE2E HArT
(CG25, CGR0, WG25, WG50) el A= ol B}l & x =he w3}

& 2yt

olAo 2 HE] ¥17) XeF A2 AR 7bel] wpe} A]up
AbSER ARaE A 0] Wt E S o 5 =, o WEks
£- linoleic acid 3%, linolenic acid 1%% Lee S(20)3 &
Ao g Aglr} o|eh= AhbH Al Han(42)-2 linoleic acid
78.5%, palmitic acid 66.1%%. w5 & W3-8 | AsFdct
Z AA 7| 7F A mpE Al 8o A WAL 2A HEe e
yleko|gl o1} A A2 o whepa] Wshgo] 2| = Aelvh

Ao absl= rlp R, AL S5 e Soll 93 Al
2], A8 fAY R AR AEY] ARl 2
A48 A9 @k AbshA Ao o] gk B 7t gk
ub 5o Ao Qlate] AFe] F-o] AstE L A el
A A Vel A HEE fAG §AAE A A
% A 543 eyt 87 Aot Ak A Sl 1
elul C, EZHE 5 AFHEAE a9t S dA 5
T oA Al E AV A o A ASAH R AgE =
AL 7|dE AT A} Al Fabgo] A vsA
o] Frhw d# A )lr}(43,44).

ohﬂ%vﬁ#*ﬂﬁ%ﬁEWaulgxxi

I

=

7<1 sz EJ%"J

FZ A4 -'?471:]7431 ALE °] el A7
S Falstdet oldo A2l 4] 4tshE o= 5AH
g el gl ARl Hrhshe A2 IR o WS
ste] B3 o g HA s Ao] SukE W o® g it
8| EA
AAFE AFRe 32 4=&-A (olfactory receptor)ol s
e 7 anAlA, AR HA o S Fshes AmEA A ado]
ghE|o] Zh5- WA} gke] - H Ao A AHE AT
3 = Aln"E sl A5 JA9) gke] A2 WA
o} o] futale Ar1M &5} T Wt dfsto]
A ET5 A} & A Ee] AlZbel] we} 1h-8-3E profile
& AAFE AeB XEL acquisition times, Y& in-

tensity signalg vFebdich & A 31e] wstel o3l zF Al A2

A8 W3 v &8 48 & o]E PCA(principal component



A% - 2

796

Rk

-7

Table 4. Changes of fatty acid composition in Kangjung with different concentrations of gromwell extract during storage

at 60°C
Sample” Storage time Fatty acid (%)” p/s?
; (hr) C16:0 C18:0 C181 C18:2 C18:3

0 11.94? 492 21.71 54.56 6.83 493

4 11.48 47 21.02 53.41 6.79 5.02

8 11.56 475 21.03 52.83 6.63 494

Control 12 1150 A72 20.97 51.06 6.67 485
16 11.36 470 20.90 51.57 6.38 491

20 1150 470 21.03 51.02 6.68 4,36

24 11.63 461 22.81 51.01 5.55 489

0 11.85 484 21.66 53.76 6.89 493

4 11.01 455 21.24 51.91 6.40 5.11

8 11.17 456 20.45 52.63 6.52 5.06

CG25 12 11.23 463 20.61 52.91 6.54 5.05
16 11.18 456 20.10 52.45 6.31 5.01

20 11.30 455 20.68 52.92 6.52 5.05

24 11.42 456 22.21 52.65 6.65 5.10

0 11.67 467 2297 53.95 6.74 5.12

4 11.27 464 20.64 52.18 6.58 499

8 11.19 462 2057 52.88 6.53 5.06

CG50 12 11.22 461 20.47 52.56 6.48 5.02
16 11.34 470 20.71 52.79 6.46 4.99

20 11.45 459 2253 53.01 6.66 512

24 11.49 4.43 2254 52.26 6.66 5.12

0 11.67 467 22.97 53.95 6.74 512

4 11.13 461 21.43 52,51 6.49 5.11

8 11.33 465 22.70 53.10 6.56 5.15

WG25 12 11.48 476 21.13 52.63 6.33 493
16 11.60 473 21.07 52.30 6.24 483

20 11.42 461 22.47 52.81 6.63 5.11

24 11.60 454 22.66 53.17 6.76 512

0 11.48 472 21.16 53.12 6.64 5.00

4 11.22 462 20.78 52.44 6.65 5.04

8 11.21 461 20.61 52.34 6.65 5.03

WG50 12 11.46 470 21.06 53.23 6.72 5.01
16 1137 462 20.41 52.65 6.53 498

20 11.34 453 22.20 52.54 6.63 513

24 1155 4.39 22.21 53.09 6.63 5.14

DRefer to Table 1.

2C16:0 (palmitic acid), C18:0 (stearic acid), C18:1 (oleic acid), C18:2 (linoleic acid) and C18:3 (linolenic acid).

IRatio of polyunsaturated fatty acid to saturated fatty acid.
4 .
Values are mean of three replicates.
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9] PCA W2 A8 JAS Axz A EREH 54 Ae
g 7)o] Wako] Folal o o7 govHE Foizl WAA
Fol ou gt IFol S3lertE W oz FAs B4
3= Ao 2] 27k A gt £8E AEE discrimination
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PCA W £ 2 mappingsle] 153} st iz A+
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AT FAeS Bu 2T 1242 AL
0.059, 24417+ A AT 0.1252 A 0F-E] 1247k el A
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= A7 124758 2447 9] FHa9lS BUlR Fgrh
hE2FE 0.066, AR = FEE 0.25% H7E(CG25)-2
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Table 5. Quality factor of Kangjung with gromwell extract
in PCA map estimated by electric nose

Class 1 Class 2

05% A7+(WGH0)-E 0.036.2-5 vrelytch
olake] Az e &A; 12417k o] Fol] A7l Akl H &= o

»  Storage Storage Quality” Zo] /M A, gl R oRAAA FEE 025% At

Sample . Sample . g factor N s = . N
time (hr) time (hr) T(WG25), oFAA 2] 585 05% H7FEH(WGH0), Al x] =]

Control 0 Control 0 0 222 05% A7FE(CGH0), A8l % 22X 0.95%(CG25)
Control 0 Control 12 0.059 e FE A=A w22 : (
Control 0 Control 24 0.125 A7l oz AdE W3E rygo) AAFEE 05%
Control 0 CG25 0 0.051 A7HH(WGE0, CGR0) el A1 #W3 ol g A e},
Control 0 CG25 12 0.070
Control 0 CG25 24 0.081 A
Control 0 CG50 0 0.363 o . ) )
Control 0 CG50 12 0.381 ok & AuA|x] FEES é7}'6}°4 Az AAHANEE
Control 0 CGH0 24 0.413 0 At 4] 28 A e = # 7} &
Control 0 WG25 0 0.150 GoCell Ao s Fe e e Table 63} 3. .,
Control 0 WG25 12 0.213 HbAl o g A X FEES HUHA 42 dE2TelA e Latd
Control 0 WG25 24 0.271 A A7 7ve] 2V 4E 4= A <0.05
Control 0 WG50 0 0213 171 o] PeE s oI ‘Jr(]p ), 2
Control 0 WG50 12 0.353 3t bt F7hsle Aol Hehp<0.05). ob 2 Al A A
Control 0 WG50 24 0.389 FEE HIEWG, CQell A, AXFEE 0.25% A7}

”Refer to Table 1.
Dlstance difference between class 1 and class 2.
PValues are mean of three replicates.

T(WG25, CG25)-& AAFEF 05% H7E(WG50, CG50)
B} Lgke] &2 vbdel aghd 2 Aol o] A4

Table 6. Change of Hunter’s color values in Kangjung with added different concentrations of gromwell extract during storage
at 60°C

Hunter's" Storage time Kangjung sampleZ) F-val
color values (hr) Control CG25 CG50 WG25 WG50 vaue
0 290.12+0.37% 464.0320.39° A58.72+0.56° AB7618+1.36°  PB55.96+034° 116525
4 486.3520.25° 463.1120.23° BC57 38 +0.20¢ C74.44+024> 45671+1034° 645491
8 A8416+2.98° BCg2 51 +0.42° A58 24 +0.70° Bo7512+043° P5162+051° 25960
L 12 A84.64+2.98° ©60.78 £1.34° A585340.20° “7458+052°  P51.20+025°  249.29
16 48582+ 4,95 BC62.21£0.40° ¢57.91+0.37 “7474+028°  B5536+0.19° 98.13
20 Ag5.64 12,127 “61.77 £0.94° AB58 08+0.26° A6.36+0.61°  ©54.10+0.29° 44.99
24 B83.94+0.39° BC62.14+0.31° D5A60+040°  AP7543+024° 53644063 307.94
F-value 197 14.48" 2.32" 427" 73.91"
0 o 07 +0.12° A9.85+0.10° 4310.8240.08° A314%0.14° B8 40+0.17° 22.06"
4 01.90+0.13° B951+0.05° A10.96+0.09° ©77940.09 B 96+0.06° 4568
8 D1.73+0.26° BC9 27+0.10° D10.394+0.16° . ©769+0.25° B338+0.07° 10.02°
a 12 £1.29+0.15° PR 77+0.23° 510714016 D7 2440207 “760+008° 1268
16 B2 37+0.19° B9 41+0.03° €010.54+0.09° Bg 12+ 0.05 88344007  285.07°
20 By 3740.15° ©917+0.27 AB10.83+0.06 “764+0.10° BR32+0.05°  137.05°
24 4291+0.12¢ 4979+0.13° AB1077+0.17° A86240.10° AR 71017 141.92°
F-value 29.55" 17.77 7.34" 26.35" 29.43"
0 £8.00+0.49° MIT+0.12° A337+0.17° ©2.68+0.36° 40.13£0.59° 19.12
4 P9 68+0.41° ©0.43+0.0° D1 70+ 0.05° €063+0.18° "091+0.14° 111067
] Pg 69+ 0.63% £0.07 +0.00° Py 85+0.10° “Cz 731017° P-142+0.05° 57.14"
b 12 D3 85+0.54% “0.53%0.11° B1.40+0.11¢ A316x027°  A-1.17+0.04° 57.45°
16 ©10.50+0.17° P0.32+0.08¢ BCo 02+0.09° AB°3 02=+0. 10b 5 062+011° 45891
20 B11574+0.31% 5071 +0.15¢ D1 76+0.12° A340+017°  5©-0.83+0.10° 26.60"
24 A13.88+0.21° A120+0.11¢ B9 10+0.07° AB311+0.16°  “P-019+013°  459.87"
F-value 59.26" 95.40" 10.38" 5.35" 1497
O — — — _
4 435142279 NS1.95+0,57° “ 08 +0.39° B1754052°  M0.83%£0.36° 42.76"
8 P12.41+2.13 1.74+0.72° C1 18+0.37° €128+0.17 1.28+1.04° 75.22*
JE 12 ©14.63+2.48° 2.31+0.12"° A1954+0.29° 4014+0.24° 1.02+0.29° 51.88"
16 ©16.12+1.26° 1.46+031° BC{ 44+0.31° A9 35+0.19° 1.19+0.11° 20.40"
20 519.22+0.39° 1.34+042° B150+£0.12° 51.84+0.32° 1.19+053° 18138
24 A36.750.39° 1.05+0.33° 1.28+0.95° “156+0.24° 179+0.15° 0.41"
F-value 96.76" 0.26 410" 5.00" 1.54

1)L lightness, a: redness, b: yellowness, 4E: total color difference.

Refer to Table 1.

YValues are mean®SD (n= 3). Values with different subscripts within a row or column are significantly different, a=0.05 level.

p<0.05.
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Table 7. Change of texture profile in Kangjung with different concentrations of gromwell extract during storage at 60°C

Texture Storage Kangjung samplel) Foval
profile  time (hr) Control CG25 CG50 WG WG50 vaiue

0 NS952.5 1942 N$953.8+35.2 NS935.8+35.2 NS962.9+63.7 NS940 2+548 0.09
4 260.2 %44 236.0+259 236.0£259 261.0+54.6 2459+80.7 0.15
Hardness 8 262.2i54:: 241.6+35.2 2416+35.2 27424551 252.3+61.7 0.28
(gferr?) 12 260.1+43 241.2+29.3 244.2+729.6 274.6+447 256.9+71.6 0.22
16 264.8£41" 246.4+37.2 246.4+37.2 2842+42.6 258.5+55.3 0.35
20 273.9+59™ 2451+19.8 24511198 286.0+42.8 260.31+50.3 052
24 287.4+63" 258.7+36.0 258.7+36.0 287.2+452 264.8+44.2 0.32

F-value 0.15 0.53 0.18 0.14 0.05
0 NS3985211.70  NS309.83+7.71 NS39.83+7.71 NS40.42+8.13 NS39.09+8.85 0.01
4 38.00+12.71™ 3741+11.37 37.41+837 4055+1.03 37.37+9.15 0.06
Crispness 8 38.39+10.97 39.14+10.14 39.14+9.14 36.808.81 36.46+9.09 0.05
(pesk 10 12 37.31+11.18™ 3455+10.16 34551+9.16 3658+7.10 34.511+5.49 0.07
' 16 37071172 34.07+9.45 34.07+950 3553+8.39 33.93+8.01 0.06
20 36.02+11.60™ 3467£8.41 34.67+8.41 34.62+9.67 33.44+7.83 0.03
24 35.22+5.95™ 33.26+8.35 33.261+6.03 31.84+8.75 3260+8.10 0.08

F-value 0.06 0.23 0.29 0.47 0.25

YRefer to Table 1. *Values are mean+SD (n=5). ™ ™: not significant.
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