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Abstract

In this study, contetnts of phenolic acid and isoflavone, and biological activities of soy sauce were compared the
soy sauce added bitter melon powder (BMPs). After the fermentation, pHs were decreased from 5.83 (0% BMP),
5.47 (5% BMP), and 5.32 (10% BMP) to 5.28, 5.36, and 5.16 at 90 days, whereas the acidities of soy sauce
were increased from 0.06%, 0.07%, and 0.09% to 0.30%, 0.28%, and 0.36% at 90 days, respectively. In addition,
the salinities of soy sauce were decreased, while viable cell numbers including Bacillus and yeast were increased.
The contents of total phenolic, isoflavone-aglycone, and phenolic acid and antioxidant and a-glucosidase inhibition
activities were significantly increased for 90 days, while the isoflavone-glycoside contents were decreased. In Particular,
soy sauce with 10% BMP at 90 days showed the highest contents of glutamic acid (GA, 9,876.09 mg/100 mL)
and y-aminobutyric acid (GABA, 325.02 mg/100 mL) contents than among other samples. Additionally, the radical
scavenging activities (DPPH, ABTS, ° OH, and FRAP) and a-glucosidase inhibition activities of soy sauce with
10% BMP at 90 days were shown to be high 96.07%, 97.27%, 59.47%, 1.98%, and 79.96%, respectively.

Key words : antioxidant, bitter melon, soy sauce, isoflavones, phenolic acids

M E 2ol 2429 F-L gudel duAle el gou
o Yol 7154 B o] 2Bl hpstm ULk

gL AgEd vFE 304047 B A H 2 e AAA @ ATl diHer oF 25%9
55 HUo] g wEoX Y o 2HE 249 1+ glycosides & B2} 80% 7}%2] malonyl-glycosides & Ei, L
s 2 S Ao Zu| 52 ALR-E oA gt} 2]l 5%2] acetyl-glycosides FE] <} <F 2% 1| TkS] aglycones
50 dhe 3¢ Cl80 A5 WAAT TR A D) NS ez 997 ke, 99 olels 3
o RE F A obletiel <l P s gl R, 93, 35 SRt gl Eaka
g ek, 23] I3 W, f7I) I Aol ol$el  aglycones TS 30-80%714) F7hATkn wElolsle)
A gel F4E F9ITHD. 3). T 1% & FaretaSu g5l e Az

2 Gt WA ofalE o o] &nAFo] ohd
*Corresponding author. E-mail : kmcho@gntech.ac.kr MAARC R 2333 e 2 ZFo|tT).
Phone : 82-55-751-3272, Fax : 82-55-751-3279 o Z(Momordica charantia L) $-2)Uako] A o]z}
Received 22 November 2017; Revised 20 December 2017; » 2 oolgtm Eﬂuﬂ Eolx )7}, ol g7} Sl A=
Accepted 22 December 2017. ]

Copyright (©) The Korean Society of Food Preservation. All

S B4 EE AR LAY BH02 olgd) on
rights reserved. =

134 Wb Eo|th®,9). ol F 5ol vt w2



Comparison of physiochemical property, phytochemical contents biological activity of soy sauce added with bitter melon powder 1139

Felytel e 2 g znt AujE st ol &5

Eo] ¥ 0174‘3“1 54 01%5}3—’ Ue FAlo|th of F
35-5°] 21+= monordicin 2 cucurbitacinsBhe A Eo| =
542 }O] Yo} et 59 a0l dvkn ¢#A
(10, Sel o7l chamin] 2k A1) £201

A olE dad BHIE SN A &9 Aoksel
ok —r*ro}‘ﬂr E—Lﬂ‘ﬂ ATH(11-13). B=7F o Sl -5 o]
AT MAP3o| 2= T A L A2 S Hst= Al2E &
A Al A SAE 2] 9A 3149 momorcharosides}
= 2228 DNA 3d-S Asliste] o] Holx= A-S WA
g e EZZ gEA dvk1s).

T o el Ees Ay oy o vt
2] 75 AT B Aok e A2 sl whEbA
B Aol oAF BES Aokl 1S Al xsta 4
2 gy gIE 2Hdo 2N 7)S5A AE ey
A AF o] 8 FHE Hall AASTh

s

g

A8 Mz Y Al

9 Azel AHEE T FUE TEIBAG 20N
ARG wAES FYete] ALgsteo 3
G oA AR FAA 2T
ek 2 5194 21]§0ﬂ ARESE 2
FA P ulEA A 3t ALE-3FSATE Phenolic acid 3%
T (gallic acid, chlorogenic acid, p—hydrolbenzoic acid,

N ol ool oX

protocatechuic acid, vanillic acid, veratric acid 2 t-cinnamic
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Isoflavones SlgHE &4

Isoflavone &3 #2412 Cho 5(17)9 Wl w2l High
performance liquid chromatography(HPLC, Agilent 1200
series, Agilent Co., Forest Hill, Vic, Australia) 2 %23} t}.
FAo| 28" ZH-& Lichrophore 100 RP C18 column
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15%-90%, 25%--80%, 35%-75%, 45%-65% 2 50%-65% =
FASATE Al 2T 20 ILE FHsIAH, o5 See
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detector(DAD)E AF8-3}e] UV 254 nmellA] AE3H

Phenolic acids 3l&t8 24

Phenolic acid &2F £4]-& XTerra™ RP C8 2+ (4.6x250
mm, 5 pm, Waters Corp., Milford, MA, USA)3} HPLC
(Agilent 1200 series, Agilent Co. Forest Hill, Vic, Australia)
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200 mM sodium phosphate buffer(pH 6.8) 50 pLell A| &9}
a-glucosidase &4~ 50 LS H7Fste] 37°CellA 1087t ojH]
k8l 3 sodium phosphate buffer(pH 6.8) 100 1L2} 5 mM
p-nitrophenol-a-D-glucopyranoside(p-NPG)-2 100 uLE 7}
sto] 37°Co A 10 7t WHEAIZTE o] W&o 100 mM
Na,CO; 750 uLE #7Fste] Whg-3 A A17]1 2L 420 nmel| A
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Table 1. Comparison of pH, acidity, salinity, and viable cell numbers of soy sauce without and with bitter melon powder

Added bitter melon powder concentration (%)

Contents” 0 5 10
0 day 90 day 0 day 90 day 0 day 90 day

pH 5830232 528021 547023 5.36£022" 5.32+021° 5.16£021°

Acidity (%, as lactic acid) 0.06+0.00° 0.300.02" 0.07:0.01° 0.28+0.02" 0.09+0.01° 0.36+0.02°
Salinity (%, as NaCl) 12.04£0.42° 11.06+0.48° 12.5420.42° 10.95:042° 11.60£0.43° 1139046

Viable cell numbers (log CFUfmL)

Bacillus 8.78:0.35" 9.42+0.38" 8.81£0.35" 9.40:0.38" 8.85:0.37° 9.39+0.35"

Yeast 6.09+0.24° 6.16+0.29" 6.09+0.24° 7.09+0.24° 6.09+0.28° 6.58+0.30°

DAll values are means of determination in three independent experiments.

PAll values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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Table 2. Comparison of free amino acid contents of soy sauce without and with bitter melon powder

Added bitter melon powder concentration (%)

Contents” (mg/100 mL) 0 5 10
0 day 90 day 0 day 90 day 0 day 90 day
Non-essential amino acids
Urea ND? ND ND ND ND ND
Proline 291.46£11.66” 789.22431.57 413.78£16.55° 1094.72+43.79° 468.67£18.75° 1029.56+41.18"
Aspartic acid 189.58+7.58° 915.41436.62° 447.39+17.90° 1345.67+53.83" 443.64£17.75° 1214.52+48.58"
Serine 102.43+4.10° 335.48+13.42° 202.21+8,09° 710.17£28 41° 333211333 576.8823.08°
Glutamic acid 134133253657 4094782163.79°  2456.5419826°  605033:24201°  340021:13601°  9876.09395.04°
Sarcosing 29232117 156.896.28" 20.83:0.83 56.3312.25° 89.6513.59" 90.59+3.62°
Aminoadipic acid 103.23+4.13° 252.68+10.11° 6.51£0.26° ND 12.5240.50° ND
Glycine 186731747 447.62£17.90° 216.62+8.66° 562.60£22.50° 237.26+9.49° 526.7821.07
Alanine 486.03+19.44° 1135.30245.41° 557.84122.31° 426.54£17.06° 128.08+5.12° 1102.92:+44.12°
Citrulline 130.51£5.22° 475.22419.01 219,948 8(° ND 48.601.941 998,07439.92°
a-Aminobutyric acid 35.54+1.42° 79.46+3.18" 3934157 67.31+2.69° 19.270.77° 90.51+3.62°
Cystine ND ND ND 84.89+3.40° ND 97.73+391°
Cystathionine 30774123 70.26+2.81° 30214121 49.12+1.96° 31.95+1.28° 50.24+2.01°
Tyrosine 438.74£17.55' 917.18+36.69° 546.27+21.85° 1188.10£47.52° 600.66+24.03 1103.2744.13
B-alanine 27.82:1.11° 134.955.40° 5291£2.12° 99304397 63.6812.55 109.97+4.40°
B-Aminoisobutyric acid 101.53+4.06" 286.6111 46" 145.86£5.83 207.46+8.30° 155.73+6.23° 234.82+9.39°
y-Aminobutyric acid 42.46£1.70° 849513 40" 168.3416,73¢ 170.30£6.81° 29621+11.85° 325.02+13.00°
Aminoethanol 13.220.55° 52.1942.09° 27.30+1.09° 4344177 33.03£1.32° 46.81£1.87°
Hydroxyproline 50.342.01° 7434£2.97° 46.42+1.86° 4851£1.94° 4921197 4405+1.76°
Omithine 187.9247.52¢ 131.2145.25¢ 152.6746.11° 318.88+12.76" 230.87+9.23 307.68+12.31°
1-Methylhistidine 2.2240,09° ND 244294977 519.34+20.77° 296.94+11.88° 496.09+19.84°
3-Methylhistidine 18.200.73¢ 442441 77° 7224029 29.89+1.20° 19.60+0.78° 15.6940.63¢
Anserine 129.85%5.19° 436.19+17.45° 126.57£5.06' 344,38+13.78° 156.4316.26° 313.29412.5%°
Carnosine 58.68+2.35" 64.5022.58" 18.160.73° 57274229 17.8820.72° 51.4412.06°
Arginine 159.13+6.37° 260.94£10.44° 333.92¢13.3¢° 531.0421.24° 379371517 527.8421.11°
Totals 4156.95+166.28"  11239.62+449.58°  6481.14125925°  14006.49+56026° 75126730051 19229.86+769.19°
Essential amino acid
Threonine 236.9249.481 646.58+25.86° 276.98+11.08° 787.98+31.52° 412651651 985.12+39.40°
Valine 510.60+20.42° 1381.03£55.24° 617.51224.70° 1363.37+54.53" 645.00+25.80° 1199.64+47.99"
Methionine 146.65+5.87° 403.09+16.12° 183.37£7.33° 351.23£14.05° 188.00+7.52° 364.30£14.57°
Tsoleucine 418.09£16.72° 1153.41+46.14° 505.10£20.20° 2048.0981.92° 498.86+19.95° 1799.38+71.98"
Leucine 791.36£31.65° 2041.56481.66° 948.03£37.92° 2456.32£98.25" 951.71£38.07°  2709.32+108.37°
Phenylalanine 588.79£23.55' 143034£57.21° 736.69£29.47° 1509.16£60.37° 803.98+32.16° 1411.86256.47°
Lysine 427.10£17.08' 976.4639,06° 531.54£21.26° 1232.93249.32° 613.17£24.53 1200.75£48.03°
Histidine 171.14£6.85" 398.56+15.94° 212.34+8 49° 467.56+18.70° 334.43113.38° 678.9027.16"
Totals 329065131637 8431.02337.24"  352224:140.89°  6504.79£260.19°  3700.72:148.03'  5975.92:239.04°
Total amino acids 7447.60129090°  19670.64786.83°  10003.382400.14°  20511.28+82045°  11213.39+448.54°  25205.78+1008.23"
Ammonia 221.66+8.87° 467.50+18.70° 259.74+10.39° 456.10+18.24° 264.68+10.59° 457.47+18.30°

DAll values are means of determination in three independent experiments.

IND, not detected.

IAIl values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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Table 3. Comparison of phenolic acid contents of soy sauce without and with bitter melon powder

Added bitter melon powder concentration (%)

Contents” (ug/mL) 0 5 10
0 day 90 day 0 day 90 day 0 day 90 day

Gallic acid 85.14£341? 140.8825.64° 83.65£3.35° 141.24£2.15° 8176327 150.556.02°

Protocatechuic acid 32.69£131° 47.53+1.90° 21.8740.87° 53.7412.15° 11.552046° 79.4713.18"
p-Hydrobenzoic acid 334.7613.39' 793.68+31.75° 398.6715.95° 909.0436.36" 443311773 1027.65£41.11°

Chlorgenic acid 25542102 592442 37" 13.7920.55° 34.17£137° 14.6420.59° 47.83£191°

Vanilic acid 2739£1.10° tr 6.53+0.26° 11.05£0.44° 39.66+1.59° 25.97+1.04°

Ventaric acid 81.563.26" 110.864.43° 70.2242.81° 135784543 60.79+2.43" 224.59+8.98°

t-Cinnamic acid 1835£0.7%° 23360.93° 15.5420.62° 31.28£1.25" 1926£0.7T° 31.38£1.26'
Total 6054312422 L175.5584702° 610272441 131630552650 6709712684 1,587.44263.50°

DAIl values are means of determination in three independent experiments.

PAll values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.

3, trace (<0.002 pg/mL).

AHER B8] A4 7Fesh A5 de] Bxditta A
A TH?23,24). Pratt 5(25)% Seo$t Morr(26)= ¥ ol A
HZ% 1Y vanillic acidu} p-hydrobenzoic acid®} 22 ]
phenolics SFEE2 AHtF o7 7 FoM e v¢ A&
griro]l ZAZT} 51902™ Boo 5(27)2 FEH o] F9
phenolics &S =43 A3} 3= A Fo] 7MY B
&Fe vt Basiiith weba B Aol A phenolic
acid 57} @742 2 oAF7F ki e Al 71918t
phenolics 3}3HEE°] 0UA ] AP o2 F713 Ao=
geteEch

F2I 53 2+E9| total phenolics &2k Hs]
o] FEI hf 714-9] total phenolics 3% W3} Fig.
17} 2otk 17 g A Folle AFE AR &2 1
o] 7% 1.84 mg/mLE YERHRIIL 5% A7} Aloll= 2.9
mg/mL, 10% 7} Aol& 3.76 mgmLE o F 3 7}eko]
ET5 T T3 w=9kom ol E A9 phenolic acid
Aztel g e] dx)stE A s JERN AThFg. 1). =3
o3 H7} 274 9094 zH7b 4.43 mg/mL(0%), 4.78
mg/mL(5%), & 4.95 mg/mL(10%)& Z7}5t1

Phenolics 3}3HE-2 o|n] AFghale} o] 2lZAo de]
EAste AA FatshA o] oS AR eb 2w 9
Atel 9 2belAd ~Ed s o] ERE YERd I BAI9)
DA AAdE HAshs o2 A UTHIS,28).

SHH Choi (292 Zvls #H7beo] BE4E total
phenolics o] F7Fste &< Uerdt) 81931 Jang
530) 9 7] FE2NS 5%9 10% Wb A ke 2zt
7.6 mg/lg 2 103 mg/gl® FH7lFo] ESE4E total
phenolics &-Fo] Z71e-S B3l Park 5GNE A n}
5 A7k 21l A 48 713te] Ao e ute} phenolics
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Fig. 1. Comparison of total phenolic contents of soy sauce without
and with bitter melon powder (BMP).

All values are means of determination in three independent experiments. All values
within a column with different superscript letters are significantly different from each
other at p<0.05 by Duncan’s multiple range test.

HFEL &7 ZHEQ| isoflavone &2+ w5t

o] 7H49] isoflavone &3 A1 A3} W) F A (daidzin,
glycitin, genistin)2} Y] 1l G| (daidzein, glycitein, genistein)
el o] 6572 isoflavone©] 715 A tH(Table 4). o5 &
7F e FEA R oF AUt EerE 2] wie A
T FF2 W2 AoE Y 009A BT fHadhe
Ao ® UBtyith. oF5 H7kekA] &2 e 7% 271
vl A % dheke 80.32 pg/mLoll A 11.78 pg/mLZ A
2L 5% H7F 214 55.89 ng/mL — 38.99 pg/ml,
10% 71 4L 5444 g — 4528 gLz 23 743
SATHTable 4). AFS H7lelA %2 3172 BluiEA| o
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Table 4. Comparison of isoflavone contents of soy sauce without and with bitter melon powder

Added bitter melon powder concentration (%)

Contents” (11g/mL) 0 5 10
0 day 90 day 0 day 90 day 0 day 90 day
Glycosides
Daidzin 2590:1.04% 6284025 1321£0.53" 11.4920.46° 11.69:047° 1113045
Glycitin 24.94+1.00° 4214017 2922+1.17° 2453098 2727¢1.09°  3151£1.26°
Genistin 29.48+1.18° 1.29+0.05° 13.46£0.54° 2.9740.12° 15481062°  2.6420.11°
Total 80.32321° 1178047 55.89+2.24" 38.99+1.56" 544412.18°  4528+181°
Aglycones
Daidzein 275451.10°  10385:4.15°  50.14£2.01° 82051328 52.043208°  78.55:3.14°
Glycitein 611:024° 2420097 10.79£043° 18.34£0.73" 9.38:0.38° 17.4120.70°
Genistein 1557£0.62°  77.09£3.08° 33.46£1.34" 62.4312.50° 35741340 56651227
Total 4922197 205.14:821°  94.39+3.78 162.82£651°  94.99:380°  152.6126.10°
Total isoflavone 129.54£5.18" 21692868  15028+6.01° 20181807  14943t598°  197.89+7.92°

DAIl values are means of determination in three independent experiments.

PAll values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
g y y g

W 3}= 4922 pg/ml — 205.14 pg/mLZ 71 2A S716H
on] 5% A7 Aol 9439 glg — 162.82 1glgiE Z7}E
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Fig. 2. Comparison of antioxidant activity of soy sauce without and with bitter melon powder (BMP).

(A), DPPH radical scavenging activity, (B), ABTS radical scavenging activity; (C), ‘OH radical scavenging activity,; (D), FRAP assay. All values are means of determination
in three independent experiments.
All values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Comparison of a-glucosidase inhibition activity of soy sauce
without and with bitter melon powder (BMP).

All values are means of determination in three independent experiments. All values
within a column with different superscript letters are significantly different from each
other at p<0.05 by Duncan’s multiple range test.
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