Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

1 96(2), 201-210 (}

| https: //d0| org/10 110 2/kjfp.2019.26.2.201

R LERIRMBX YL GO
The Korean Society of Food Preservation

Physicochemical and biological properties of Gochujang in the
presence of fermented apple products

Seung-Wha Jo, Eun-Ji Kim, Eun-Jung Yim, Jin-Kyeong Kim, Do-Youn Jeong*
Micrbial Institute for Fermentation IndustryMIFI), Sunchang 56048, Korea

At} 2 S ol8et 1
253} Aex
(RH) Z=0]

Abstract

This study was conducted to investigate the physicochemical and biological properties of Gochujang in the presence
of fermented apple products. To accomplish this, apple was fermented using Lactobacillus sakei SRCM101059,
and the products was used with Gochujang. No big differences in general chemical compositions was observed
between three kinds of Gochujang tested in study, not added apple Gochujang (NAG), Gochujang with apple liquid
(LAG), Gochujang with fermented apple (FAG). However, analysis of free sugar revealed that fructose and glucose
had an especially high proportion in FAG. FAG had high contents of free amino acids such as phosphoserine,
threonine, phenylalanine, and proline. FAG showed the antioxidant activity such as 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity (40.16%) and superoxide dismutase (SOD)-like activity (43.12%). The activity
was higher than those of others. FAG treatment significantly reduced lipopolysaccharide (LPS) induced nitric oxide
(NO) and cytokine levels tumor necrosis factor (TNF)-a. Thus, FAG treatment was considered to be more effective
in suppressing cell injury by inflammatory cytokine through the inhibition of LPS-induced NO and TNF-a. We
confirmed that FAG had improved antioxidant activity and anti-inflammatory effects. Overall, the result of this
study indicates that there is a potential to develop functional foods by the addition of fermented apple.
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Aol A AMEE Al A& Aol A 2017 A
g AME AESt #viEe 100% A FEY
(Jangsudream Co., Ltd., Jangsu, Korea)S AF&-3}31 o, &
A, 137 52 AE STl AuE S Fulsk
Atk 2 99 AF(Hanju Co., Ltd., Ulsan, Korea), &
(Obok Co., Ltd., Busan, Korea) & 7 (Ethanol Sales
World Co., Ltd., Jeonju, Korea) 52 FA S5 AlFol A

F13te] AHgsT,

Abnp gk olo] m=
AR g A3l HE T ) En A ELrd A
5 91(Sunchang, Korea)oll A 71 Bf501 AT Foll A A}

Lactobacilli MRS broth(DB Difco Laboratories, Detroit, MI,
USA)lA A vl A7l At D a5 L sakei SRCM
1010575 1%(wjv) 3 E3ted 30TColA 24A13F g 3kod A}
shEelo 2 ol §agrh

T2 ZAA-FEE A A26H A2E (2019)
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Table 1. Mixing ratio of ingredients for Gochujang preparation

(%)
Ingredient ratio(%)
Raw material ) > 5
NAG LAG FAG
Fermented apple products - - 24.8
Apple liquid - 24.8
Water 24.8
Red pepper 185 185 185
Glutinous rice 12.1 12.1 12.1
Sea salt 72 72 72
Koji 10.0 100 100
Water 12 12 12
Starter 02 02 02
Starch syrup 23 23 23
Ethyl alcohol 3 3 3
Total 100 100 100

"Not added apple Gochujang
2 Goctujang with apple liquid.
3 Gochujang with fermented apple products.
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Takemura Electric works Ltd., Tokyo, Japan)& ©]-83}<]
29 gl AAMFE ool tehia

frelge] 412 Shin S(23)°] WY& WY
of BT, 13 5 goll SR 45 mLE S1ele] 1]
Zol #23} A]7] 3 045 um membrane filterol] E3}A]
% Alg = AF8sith A AelE A8 20 ILE RID, DAD
detector(210 nm), Aminex column HPX-87P(300%7.8 mm),
o] F% 5 mM HpSO,= AHE-3ste] 50TllA 375 0.6
mLe] F71S= HPLC(Agilent 1200 series, Agilent
Technologies, Santa Clara, CA, USA)Z FA] ol £413}9] T}
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N HCI& ©]&3te] 2ul(viv) 843 & 0.2 um syringe
filter(Adventec, Toyo Roshi Kaisha Ltd., Tokyo, Japan)©l
E3A171 F amino acid analysis(Hitachi 1-8900, Tokyo,
Japan), UV/Vis detector(440-570 nm), column(Hitachi
4.6x60 mm speration, Hitachi 4.6X40 mm ammonia filtering)
£ ARt 48t Al R 20 1L, ©]F 3 Buffer
set(PH-SET KANTO, Japan), ¥4 &%= 50C, buffer 5
< 0.40 mL/min, ninhydrin -f<7-2 0.35 mL/min 2.2 #2135}
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gz 2752 Blois(24)2] WS Wdste] HAxlgols
(electron donationg abilities, EDA)°l th3t 312 7} A| 5.2
A S =3 =, A& 50 uLel 0.15 mM DPPH
& H(99%(v/v) MeOHell &-3ll) 150 uL= 7+gF £ 307t
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SOD-like &4
Superoxide dismutase(SOD)-like €42 SOD determination

Kit(Sigma-Aldrich Co., St. Louis, MO, USA)E A}-&-3}<]
st om, Al Al ¥ 450 nm A FHEE S5
st &4 742 kitoll A AlFste ALl ot A=
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=319t 7k 552 0.2 um syringe filter(Adventec, Toyo
Roshi Kaisha)2 o] Z}stal A& 7t 57|18 o] &3t
45CoAA &5 5 -70CAA F2Hx £ 3|3t AlE
o A&ttt

Aol AHE-gF Raw 264.7(HN 2 A X)& S Al 252
(KCLB, Seoul, Korea) ©. 2 F-E] Fgrlo} AR8-319 om, A
E ufj oo F Q3 A|2k2 Gibco(Rockville, MD, USA)oi| A

Jatith Al uj ek ¥R = 10% fetal bovine serum(FBS)
7} 1% antibiotics-antimycoticS &3+ Dulbecco’s modified
Eagle’s medium(DMEM) HJA| & o]&-3}e] 37C2} 5% CO,
A E v} %7](Thermo, Carlsbad, CA, USA)ll A vl &F5$ith.
A& Al o3 Fie oA A ZAEES WST-1 assay
(ITSBio, Seoul, Korea) = =% =t} vl 4d A XE 96-
well platec]] 1x10° cells/well7} ¥ =5 23319t} 2447
WY 5 A 85 FEHE A2]ska WST-1 A2k 100 LS
10 LA #71slke] ¥k-8-A171 H microplate reader(Infinite
200, Tecan Trading AG, Mannedorf, Switzerland)E- ©]-8-3}
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LPS¢} T A8E 24413 A2t $ HAM 2] Alo]
E7IQ1 BH|gF BAL R&D system(Minneapolis, MN, USA)
o] ] %1%+ tumor necrosis factor-a(TNF-a) ELISA kit
(EBioscience Co., San Diego, CA, USA)E ©|-&3lo] £43}
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L2 13(SPSS ver. 12.0, SPSS Inc., Chicago, IL, USA)<
1-§-81e] F+EFAX (Mean+SD) 2 AlAtet T 7t A
At 1ke] BAA FoAd A mE FAEA-2 One-way
analysis of variance test(ANOVA)E A A3t & §-2]Ado]
U= 7%, p<0.05 1|7+ u Ducan’s multiple range test=
AN AT
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EXS BA3 A3} Table 29F 2th 37]_;<] ES I ENCE
T2 31.78-34.38% 5 YERNC] Al 9l 1] 7
& 30.39-36.86%(25) 7} H] 523 S JERQTh 9%
T 64-65%% A5 F atol= AA] )Th pHE 4.21-4.56
O = Lee 5(26)9] 2 7}H4.59- 474)5>Jr oA 7-e UERIY

o] 7 w2 #= Uitk ol& AlEkE RIS W

=
g o] Fefgt ul Ao BE3 YD Tl o) nF%
o] frgjopisto] FTIEAS Aoz FFHT T
éﬂlE(Iightness)a: 23252376 % Al & 7t 2}o]E Ho]XA]
erokth

nF7e] Tk BanEe] AR S 7HrEel st
= el Faieth29). 13EY e
Table 39 YERS =4 maltose, glucose, fructose”} A&
ATk 1 F glucose FFe] 7 = UERTH AR H7b
LFI AR FE DT AR B3 a5l e
glucose®} fructose @ &o] =4 YElSL o Alake] H7to
we} el gl el Gebl Ao AR Jeong 5
GOyl w2H AtHmFge] F8 {2]FS maltose,
glucose, fructose &2 A F|o] 2 AAe} FASE 78k
< YeEPI o kel Abo] & maltose”t 7HE =2 EHEF
< Yeho] Aol AuE Bt o]l 13| £447]
7t SHPH So] Atolsle] zlo)rt 9lE Ao E AlgHTh
B Ao Alg¥ mFAe F2 {714 citric acid,
succinic acid, lactic acid, acetic acid’} A& At} A}
g 35 BE 714 A w2 g JERS
= o] Al kRt HE S Hrlele] s EEE
SXIAA v dakear AR o} Park Park(31)
o] Byof w2 frlike] ko] B AFA Tt vl
=& e YRl ol 5] Ay 9 457t
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Table 3. Free sugar and organic acid contents of Gochujang

(unit: %)
om A5 7F frofak= fliT), 5o 9lof ofn| Ak Constituents ~ NAG" LAG? FAG®
Aa FFE SR B FAES Algehe adlew oy Maltose  190:002%  183:0.019° 1574073

J 5 A= =2 9 . ; ,
Aol efoprlmate s o= HriA] Fals = A ddt Free sugr  Glucose  2570:06F 28474228 27.83:434°
she 7120l th27,28). 37K 5o ofwlieqkd Aagt Fructose 3541043 678029  674:050°
e k& o =2}

153.1-176.8 mg% & WSl ow, ARPEE Cittic acid  065:0.14'  067:021°  075:043°
~ Succinic acid  1.95:0.09°  223:040°  225:046"
. . - . Organic acid o
Table 2. Physiochemical characteristics of Gochujang Lactic acid 1.32+0.24° 1.48+0.19" 2.11+0.30°
Constituents NAG” LAG? FAGY Acetic acid ~ 4.90£0.35° 5.6110.82° 545£132°
Moisture (%) 34381049 3178:0.77°  3325:1.07" UNot added apple Gochujang
L 2 . . 2 Gochujang with apple liquid.
Salinity (%) 640,05 6.5£0.06 6.5£0.25 3 Gochujang with fermented apple products.
pH 4.56:0.05" 449002 4212022 :;V%u% are meanstSD (n=3). ‘ ‘
Amio type nittogen (mg%) 153.143.05" 15624221 1768+1.72" ifferent superscripts within a row indicate significantly different at p<0.05.
Chromaticity (L value) 23.65:036"  2325+097°  23.76%0.75"

I

Not added apple Gochujang.
2

Gochujang with apple liquid.

Gocluyjang with fermented apple products.

'Values are means=SD (n=3).

“"Different superscripts within a row indicate significantly different at p<0.05.
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St ot} ghol] JE = A2 BauEo th32). 37k
D3] fElopr] sk 24F0] HEE oW, ALt vH
7F 1537¢E A H7F 1573 B]5ko] taurine, cystine,
cystathionine, leucine, arginine 52| ¥&Fo] =27 o &<
Aoz TN, EFe vt& YERY = sarcosine©| 717
E& HF5S UERATKTable 4). A 28 53742 At
Ao frejotu| At gHEo] F 7EA] Al Hlal] e
go £XE5 YERNAAITE  phosphoserine,  threonine,
phenylalanine, proline AF &S0l 7H =& 3hs
H S tH(Table 4). Totol] J3FES S5  threonine(33),
phenylalanine, proline®] -2 A& Alzte] 7t} Al S
LR HIFFA S A EagAdo] Fobyo] Yo R
o2 uF e vle) @k ¥ e Alsdn. 59

Table 4. Free Amino acid contents of Gochujang

(unit: ppm)
Amino acids NAG” LAG? FAG®
Phosphoserine 166.59:6.38"
Taurine 260.17£1004°  233.19+9.52°  239.21+1.00°
Aspartic Acid 173.7143.83° 190.21£9.54* 174.5625.11°
Threonine 60194417  667.90+13.62°  691.378.95"
Glutamic Acid 355.80£6.54"  334.81:2063"  323.32:1901°
Sarcosine 2,807.22+160.83° 2,886.99+40.24°  2,646.3244.58
a-Aminoadipic Acid ~ 421.52414.13°  46371:993"  457.16£2.76°
Glycine 205.14+6,10° 2743442122 294.94+16.82°
Alanine 379.18+1343" 345234089  373.90+5.50°
a-Aminobutyric Acid ~ 53.77+3.6T° 49.36:2.06" 53.14£197
Valine 26091545 260.14£1131° -
Cystine 40341823 375.158460° 410681844
Methionine 24006+7.13*  21325:246°  221.854742°
Cystathionine 566.73£1798"  511.531822° 51807675
Isoleucine 236.16£17.22°  223.04£22.11°  209.92£18.69°
Leucine 34769:496"  315531646° 304971467
Phenylalanine 400.89:221°  682.00+1421"  899.76+7.42°
g-Aminobutyric Acid  13326£193°  13232£228'  133.89£5.59°
Ammonia 146394377 14081:2.17"  140.1645.18°
Lysine 359.36:695° 323341275 320.94426.82°
Histidine 92.79+2.22° 84.5812,01° 87.1044.55°
Arginine 699.64£9.73  609.687.49°  60621£5.63"
Hydroxyproline 175504429 160.80£393"  147.70+5.04°
Proline 1,827.50429.99"  1,857.60£2.35"  2,038.80+15.50"
Total 11,284.66157.09" 11,335.51252.79" 11,460.55+130.63"

Not added apple Gochujang.

2 Gochujang with apple liquid.

3 Gochujang with fermented apple products.

'Values are meanstSD (n=3).

“Different superscripts within a row indicate significantly different at p<0.05.
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Fig. 1. Antioxidant activities of DPPH radical scavenging (A),
Superoxide dismutase (B) in the 3 kind of Gochujang

NAG, not added apple Gochujang, LAG, Gochujang with apple liquid, FAG, Gochujang
with fermented apple products.

Values are meanstSD (n=3).
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Fig. 2. Effect on the 3 kind of Gochujang on the cell viability of
raw 264.7 cell.

A, not added apple Gochujang, B, Gochujang with apple liquid, C, Goclujang with
fermented apple products.

Values are means+SD (n=3). Means with different letters above a bar are significantly
different at p<0.05.

7baF7ge] mI3d7F 3537l Bl@] DPPH vl 2 227150

e AY%S B9l on, Lim 5(38)2 nHERE A7t

g 3ol n|H 7t vla 2uje] kst S 1
71578 A ke 5ol atst sEo] dES
ok 4= Itk 1F4<] SOD A} Ge Al E A
o] 43.12%(100 mg/mL)® 7P =& 45 Jehyol
DPPH 2}t &5 fARRE 23S B FUA R ALZ}
A7tnF4 e fol A9l atols YeA] g9kt ALzt
n A 7F 23] A6 Ble] YA T 7R 237
SOD At EA4o] 15817} S71she e Hof Akzte] 37t
Ffri-ell SOD At o] EolA= AE & 4 UATh

HAMEZ 4ZES

WAAEE 422 ok WA e, AAe] A
BE 270 23 ARG Fa3 13 Pol7l 5%
ggehi, Aol ol Bde] g4, AASE Aol
ofe] 71 Ale|E7KIs} WY 2Ae] Red BASS 2
e 5 P B WIAES FFHA 4TS I}
(39.40). A3 w17k mF, A A2k nFg R Ak
WE D5 F2 o] ALY AR g WA GBS

oIzt Al FHE FE2EL 1-100 pgmlol e =z
T2 F2 3k 2ol 7k JERFA] 22901 300 pg/mL ©]/d<]
FrodAe AE AEE0] 73] 7haste Al 93
AEZ E40] e Aoz I AtKFig. 2). ] uheh
WA EZE o] &3 Al FoA FAIRS] H FE= 100
pg/mLE A% ste] A3t

=
s} G4 FAe A 4TS FT@). At P17
134 FEES AYG ADEL 50 pgmLANE

127.0£2.7%, 100 pg/mLel A& 129.5+2.3% & 113 Eo]
FH =& S B n A 13 FEE
28] 3 AlE & 50 pg/mLol A& 131.83.6%, 100 pg/mL
M= 1385£5.7% = ol =2 o BHa Al
B 353G FE2ES A AT 243 F 3 A 10
pg/mLol A& 127.424.8%, 30 pg/mLol A& 131.1£4.7%, 50
ng/mLell A= 139.9+468%, 100 pg/mLo A= 145.3£5.3%
2 FoH w2 52 EAHFg 3). & ATeA &

o] LPSe 913 £ F4el A GeS BHT
Az AL 25, At BE 25 FEEE AL
W7} 15 $5E v ase ¥ Be B4E Mok
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Fig. 3. Cytotoxic effect on the 3 kind of Gochujang in RAW 264.7
macrophage cell.

Values are meanstSD (n=3). Means with different letters above a bar are significantly
different at p<0.05.

Nitric oxide Azt
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£ Agletsl= W NO9| A F= geleh Ad A LPSwt
= Mg AT 24413 T} Al 5054051 iIME F-A4] 2]
0l 9] 0.24+0.12 M Bt} 7o =& Ao g
IR ATHFg. 4). A7 1374 FEE2 30 pg/mL
A 3.97£0.39 1M, 50 pg/mLellA] 2.99+0.28 1M, 100 pg/mL
oA 2134031 iMZ P|H 7} 137 FE5 vl folF
o7 0|2 B, AR 154 FEE-S 30 pg/mL
oA 2.44+0.36 1M, 50 pg/mLellA 2.11£0.37 uM, 100
g/mLo A 0.88+0.25 utME AR} Rl 7F 137 2 AL
A7 3378 FEEC vlEl folahA He A oE ZR1EA
ChFig. 4). Wb A 28 13742 LPSo] 93 NO2
A ES oA A A 2Ed 2o o8t Al S

AAsEE o aAAd Row Alrdd.

TNF-alpha M2k
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HAA AN FF20 A& 3= B U T XA EL]
Q&) o) oe) 2Hg-S Hke T Rojm) By} o] Fol

A F2 ddo|t) AAA E A EH]| %= TNF-a=
T A E|A] o= = AT 4354 (pro-inflammatory) A}O]
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Fig. 4. Inhibitory effect on the 3 kind of Gochujang in the
production of nitric oxide in RAW 264.7 cell.

Values are means+SD (n=3). Means with different letters above a bar are significantly
different at p<0.05.
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Fig. 5. Inhibitory effect on the 3 kind of Gochujang in the
production of TNF-a in RAW 264.7 cell.
A, not added apple Gochujang, B, Goclujang with apple liquid; C, Gochujang with
fermented apple products.

Values are meanstSD (n=3). Means with different letters above a bar are significantly
different at p<0.05.
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Acw HztHle] YU BAo 7leld Hoz ARHL

AV 2 Lactobacillus sakei SRCM101057% % &3t11
gato] At} E NS A Z3)a, ol & At 15
A zsta olgletd 9 75 5498 £ =
25 A TEY Al AR AFd e Hobeh a5
At m 7Y 13 o] &8tk 3 1FY AEE
SHE-3FeF 31.78-34.38%, 9% 6.4-6.5%, pH 4.21-4.56, ©}n]
A A4 153.1-176.8 mg%, A =(L #F) 23.25-23.760. 2
Uebsth Al 28 33| feld A2 glucose,
fructose’} E2 TS EHIFow, fFoln ik
phosphoserine, threonine, phenylalanine, proline®] 22 <.
2 =2 s yeERIh 3% 3] dkst a9E
#2418 23 DPPH gtz 4753 SOD A 2402 Al
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A A3 Al H7F 25, Al EE a5 AL
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AR BEE 3% 2 2] = LPSel 2]3 NO 2 TNF-a2] A4
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