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Physicochemical and functional properties of Gochujang with
fermented tomato products

Eun-Jung Yim', Seung-Wha Jo', and Do-Youn Jeong"*

'Microbial Institute for Fermentation Industry

Abstract This study was conducted to investigate the physicochemical and functional properties of Gochujang in the
presence of fermented tomato products. To accomplish this aim, tomatoes were fermented using Bacillus subtilis
SRCM100333, and the products were used with Gochujang. As a control, non-fermented tomato liquid was used with
Gochujang. There were no significant differences in quality characteristics except for amino nitrogen in Gochujang. The
functional properties of tomato liquid (TL), fermented tomato product (FTP), Gochujang made with tomato liquid (TLG),
and Gochujang made with fermented tomato products (FTG) were investigated. There were significant differences in the
pancreatic lipase inhibition (PLI) and superoxide scavenging activity between FTP (87% and 28%, respectively) and TL
(77% and 14%, respectively). Nitric oxide scavenging activity of FTG (52%) was higher than that of other groups (TL,
FTP, and TLG). Overall, the results indicate that the fermented tomato can be used to develop functional Gochujang.
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=Yoo 5, 1995), 71E4kNa %, 1997), 71$1(Kim3} Song,
2002), 5%3%(Bang 5, 2004), £(Kim %, 2012a), BH(Kim
5, 2012b), HIA(An %, 2003), ¥3KKim 5, 2005), Z4H(Shin
5, 1999) @ HZZF(Oh 5, 2013) 52 H718le] Ene} 7%
& Aol A7l AF-EC] BIEI )

EvlE(Iycopersicon esculeulentum Millye 71313 &3l o
WA 22 25 vEls £714, %—?—%’”&Q H|E3 F4 o}
HeAbe] ZAF EAfSIY] YYHoE ¢ Rolth. B
ulEo] &% ko] 3 (lycopene) 3 o so“ ﬂxﬂiﬁ R
A AATe] Houk thdst At ore] oW 37t rha B
THA o H Masico 5, 1989), HIEF] C2| B¢ AA2ZE 712
EnlEe] 7P @ol 3hiEo] QtkLee 5, 2008). 3+ EnfEQ]
Fol HE S22 quercetin®] thEF $HiEo] AP onto
gaholgle AT-A37E YoM (Friedman, 2002), ErfE T &
A= tomatines QA A Eo il &t stsk Qo 8=
F JE Aoz B IHTHHwang?} Phyllis, 2004).
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dZUs FRS 9E AU TISE00, B, 38, 257
e A% T A B2 4FE AL Foiet
slo) 23, BY, WA 74 59 PARTS AT
A

EOIE Yool M=

B A= EntE g 3o Hgd wy 752 A
3l sk, )R Er| Y ELFE %52 (Sunchang, Korea)oll A
7125 S Bacillus & d4FE T4 o-glucosidase inhibition
(AGl) 8488 Ad #55 EntES} BaEAA ARt &1
o BrlEE A & BAE AAL IA7E ARRete] 2E
g 5 2FEE WIS AUrete] 1210C004 1587 7HE st
At ErlE 25dS 2% 3 nutrient broth (NB, Difco Labo-
ratories, Detroit, MI, USA)ollA A wjfA|z]l Adtd vty
Bacillus subtilis SRCM1003335 1% (w/v) HE3FI 3L, 37°ColA
200 rpme] WREEGEZ 120A7F HE3I L FTE ARG B
e ZFAe #3E5 [T Fhon, Alxd dade FF

7184 A 9 EntE wg a5 Hrkste] ARSE AT

EOlE TFEE| XM=

I Ax A EvE TR RydardEidx-edol
A BFEQl JalHol 93 dspergillus oryzaes ©]-8-3k] A
Z3 & A AMEE, AYEEE 29h 59 FAIES]
&5 A3t HAriste] 1&F sA4ES AXEATE & A=
HAAEE S B 1247 o AAS F 121°ColA] 302
b 7rdstel A3 & dEATR] A onzaes HFIRIL, 30°C

oA FE 80% OO E TAIZF WE T Ax, Biste] IAE
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Table 1. Mixing ratio of law material for Gochujang preparation

Raw materials Ingredient ratio (%)
Tomato 25.0
Red pepper 17.8
Glutinous rice 11.3
Rice 10.0

Sea salt 6.7
Meju 33
Water 12
Starter 0.03
Starch syrup 25.0
Ethyl alcohol 3

B 2g8 F&l 7/ 100mLE 718k 187 B9t wnkek &
0.IN NaOH &4 o= pH 8474 AAslaL, T4 22U &
20mLE 7kt & thAl 0.1N NaOH §dS =2 pH 847} SH==
ATt olF ¥ER FHTE ol&sto] uig AlRE Alegh
T opHiby A S SAEITE AEE A (CR-400,
Minolta Co., Ltd., Tokyo, Japan)= ©]-&3}o] L* (lightness), a*
(redness), b* (yellowness) &= SA3Ith A& 54 A|H 3}
o] 27 3.5cm petri disholl gol B fjolA S, A
ol 9 FF MATHL*=97.79, a*=-038, b*=2.05)0.2 HA3H
T S48 dRE AR 10gS F3 SHF 90 mLE 7et
o FH3] £33k 3 UAE AEA(TM-30D, Takemura Electric
works Ltd., Tokyo, Japan)g ©]&3le] =43t ol sldu|4E &

alof VRl

71 % R2E
N frelge) BHE 23 5gl FRE 45mLE Tk

] Y h
o] 1AI7F B9 #E83A1Z1 % 0.45 um membrane filterol] 5-32HA]
7l & AEZ ARSSIATE AAEE AE 20 uLE refractive index
detector (RID), diode array detector (DAD) (210 nm), Aminex
HPX-87P column (300x7.8 mm)°] 2%l HPLC (Agilent 1200
series, Agilent Technologies, Santa Clara, CA, USA)*| 5mM
H,80,& o542 & AMg3sle] 50°CollA £ 2 0.6 mLe] &
Aeg FA] A5k

2| ool

2l oprAte A 28 FH3 32 FFF 30mLE ¥
3 wEek ¥ 50 mLE B8-Sl 22TE o83l 2087 &
3k & A E2](3,000 rpm, 105, J-26 XPI, Beckman, Indianapolis,
USA)3IITE 245 2mLol 5% trichloroacetic acid (TCA) 2 mL
2 93 YAEF 10,000 rpm, 102)3te] 002N HCLE 343
A5NHS 0.2 pum syringe filtero] $ZHA1Z1 % amino acid analysis
(L-8900, Hitachi high-technologies Co., Tokyo, Japan), UV/Vis
Detector (440-570 nm), column (Hitachi 4.6x60 mm separation,
Hitachi 4.6x40 mm Ammonia filteringyS AME-3l] EA1319 T} Al
S 20puL, ©] 542 buffer set (PH-SET, KANTO, Tokyo,
Japan), ¥4 2%+ 50°C, buffer §%2 040 mL/min, ninhydrin
F&S 035 mL/min 2 EA3 54t}

a-Glucosidase inhibition &

ErlE @gd 2 y3FS ARE 519 a-glucosidase inhibition
(AGD) S =AUt AGI B4S Watanabe 5(1997)2]
He Wyt 43I EvtE wEd g 337 300 70%
NerSS H7Fste] 20°ColA 10417 & 2 100mLE F-&3h
T AEE o] &3t AlE 50 ulell 0.5 U/mL a-glucosidase &
29 50uL (in 0.1M PBS, pH 6.8)5 &3sle] 37°ColA 10%
F9F WHSAIFATE 3mM  penitro-phenyl-a-glucopyranoside (o-NPG,
in 0.1 M PBS, pH 6.8) 100 uLE #7138t & 37°CellA 1027+ 1t
SAZALH 0.1M Na,CO, 100 pLE 713fe] Wk ARAZ T
oju AJJE pnitrophenol®] Y-S F-FF A (elisa reader, Infinite
200 TECAN, Grodic, Austria)S AFE-3l SF%= 405 nmol|A =
A3ttt

Pancreatic lipase inhibition £
Pancreatic lipase inhibition (PLI) €42 Jung 5(2012)9] W
< HPsle A EvtE HEd 9 757 3¢9 80% M



ehE-S o] gated 2447 Bt AeoA IH FE3 T 100 mL
2 AH83 FT AEF 0|83t} Porcine pancreatic lipase 0.3
mgel 10mM MOPSS} 1 mM EDTA (pH 6.8)S XE3HH= buffer
£ 30uLE 3L tris buffer (100mM tris-HCl, 5mM CaCl,, pH
7.005 850 uL 3 7F5le] enzyme bufferS 1|3} Tl Enzyme
bufferdl]l Al 20 uLE #H7Kste] 37°CollA 1587 WA H L) vt
S ¥ 10mM pnitrophenyl butyrate (Sigma-Aldrich Co., St.
Louis, MO, USA) 20 uLE H7}8t] tfA] 37°ColA] 1587F vHs-
AF . pNitrophenyl butyrate”} p-nitrophenolZ 723l Hx=
& B TAE AMEste] S5 400 nmollA] 22939t Lipase
A (%) that 7ol AlLtsitt.

Pancreatic lipase inhibitory activity (%)=[1-(B—C)/A]x100

A: Absorbance without addition of the sample
B: Absorbance of the sample
C: Absorbance without addition of the enzyme

Superoxide 2Hs

Grksl &4 superoxide (SO) 27502 B¢ttt SO
2275 SOD assay kit (Sigma-Aldrich Co.)E 0]36}01 27—?_18}
Atk ANEE HAF FEIF 0.1%, 0.5%, 1%7F EA 548 o,
kit U reaction solution®l] 430] 96- well plateoﬂ A 37"C°ﬂ/‘1 20
27 REGAIZITE 450 nm oA FEEE 8% 5, ol
21S B3 SO &A% AHEsTh

SO scavenging activity (%)= {[(C-D)-A-B)]}/(C-D)}x100

>

: sample3} reaction solutionS WHSAIZl & FF=

B: sample?} WST Working Solutiong WH-AIZl & G4 =
C: reaction solution S-3=

D: WST Working Solution -3

M=z =4

EntE wgol g BEolE 3E I3F4E 4 SRS 1R
A T 44 29 g U 4EAS 02 pm syringe filters At
f3lod ARE T A|FE ARSI, AE A4S Desai 5(2008)
o] whdol| F3t] (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assayES &3 &
A3 473 M2 293T (human kidney epithelial cell) Al
X E Dulbecco Modified Eagle Medium (DMEM)° 10% fetal
bovine serum (FBS)3} 1% penicillin streptomycin®] -+ wj=A]
& ARSI 37°C, 5% CO, incubatoroll A wl<F3ISith Alge] <t
A4S golr 7] 8] 293T (human kidney epithelial cell) A 3ol
2] MTS assay HHS T3l A2 ASES SAIATE 293T
(human kidney epithelial cell) A|ZZ 96-well plated]] 2x10* cell/
welld] 53 T sEHE ARE AT st wg7]elA 37°C,
5% CO, AL Z 24x]7F &<t viFslAatt. v & MTS &9
A7VekaL ANTF FF iR & B EAR 490 nmelA &
FEE SAATE AXY] AETHS AE JA7H iz
He 2ol WEE(%)E HEA AT

ol
ol
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Nitric oxide 4 X|s

Nitric oxide (NO) 234 AT Raw 264.7 A 3E(mouse
monocyte/macrophage-like cell)S 10% FBS7F F7Fl phenol red
free DMEMS ©]-8-3}] 24-well plateel] 5x10° cell/well?] 5=
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g, AEE HF 571 04, 0.5, 1%7F =A A2l star 4827k

gt WS Griess reagent (Sigma-Aldrich Co.)9} 1:12

96-well plateol] 2|3}, A2olA 1587 Wk3-3F TR 540 nm

oz =439 th Lipopolysaccharide (LPS)= A3 tiZxo
o]-&-3t3Att.

X[UM=ZESE ofX|Et
A ZE3E AA 23S Hristr] ste] 3T3-L1 AA Al
2 Balslo] AE Y AW ZAES Oil red O IS %éH g
sith Alge AES44E WHoE Az Als
ARESFATE 3T3-L1 AAY Al 2e d= AlEZF 2304
1522 DMEMell 10% bovine calf serum (BCS)3} 1% penicillin
streptomycin®] -+ WX E AlE-sled 37°C, 5% CO, incubator
oA wistAT 3T3-L1 AR AXZE 10% FBS7| $H#¥
DMEM$ o|&-3le] AHAER #slsigich 3T3-L1 X% ‘ﬂi
=2 7+ wellol]l -8 g BF3te] AEE ujUd T 100% con-
fluency”} =™ 297F T2 fAgho} AR M3Ee] 3-isobutyl-
1-methylxanthine, dexamethasone, insulin (MDI) BHN% xghst
10% FBS DMEMO® 2 AWM ZH3}E Fslal 72417 3 1 g/
mL insulin®] & %51 10% FBS DMEMOS.2 72A17F F<F v <3t
Gt 2217 & 10% FBS DMEMO.2 wAj|sle] WA E £33}
£ fFEsTh AMAE 235 5 5 AEE A &2
T2 YR sl 7 A5E wEHE AEete Agsidl
st 4EE well dishellA ¥iAE A A% ¥ PBSE 23]
MASIAL 10% formaldehyde 848 H713le] d=ollA 147
ot Hua TAEI. 10% formaldehyde 8912 A A3 ¥
T2 23] AlF3IAL 60% isopropyl alcoholZ 5E7F A SH
xﬂ;a Oil red O ¥A N Aelate] 1027 I

ﬁ

o mlm o m

.ﬂ

it —Yl OIN off

A 5 AN E A v FFHFE AHEL 100% isopropyl
alcohol& A EJ3ted M| Aiftel] HME Oil red O FHHES
S5 F 490 nmolA &% —E— S48kt
A4 24

BE AYL 33] o} whEsl AAE =23oH, 54 =2
Z13(SPSS ver. 19.0, SPSS Inc., Chicago, IL, USA)S ©]|-&3}]
P+ EFHXMean+SD)E AASIAT. ZF AlEE 7+e] B4
T4 AR e FAENLS =9 EE 77 (independent
samples t-test)?} one-way analysis of Variance (ANOVA) testS

AAIg ¥ Ducan’s multiple range test2 +24& HS3A
(p<0.05).
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(Yoo 5, 1995). EnlE 2F 75370 oju]=iby
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Table 2. Physiochemical characteristics of Gochujang made with tomato liquid or fermented tomato products

Constituents TLG" FTG? p t
Moisture (%) 45+0.70" 44+0.14 112 2.035
Salinity (%) 6.2+0.09 6.2+0.10 973 .036
pH 4.7+0.13 4.7+0.05 949 .069
Titratable acidity (mL/g) 2.82+0.11 2.86+0.05 723 -381
Amino nitrogen (mg%) 178+3.74 204+3.56 .002* -7.120
Chromaticity (L value) 22.44+0.75 23.36+0.76 288 -1.223

YGochujang made with tomato liquid

Gochujang made with fermented tomato products
Values are means=SD (n=3).

*Significantly different at p<0.05

Table 3. Free sugars and organic acids contents of Gochujang made with tomato liquid or fermented tomato products (unit: ppm)

Constituents TLG" FTG? p t

Maltose 3732+76.717 3571+63.30 .084 2.285

Free sugars Glucose 27500+398.08 25132+634.68 011* 4.470

Fructose 1065+13.95 1450+27.07 .000* -17.880

Citric acid 488+9.90 651+20.82 .001* -10.019

o e acid Succinic acid 70£1.70 80+2.94 .016* -4.022

reanic acds Lactic acid 21141 22+0.82 435 -886

Acetic acid 21+0.47 20+0.47 .101 2.121

YGochujang made with tomato liquid

Gochujang made with fermented tomato products
dValues are means=SD (n=3).

“Significantly different at p<0.05

g ¥ R/

EulgEe] 4R goln, Aus = f7IMS R citric
acid, malic acid, tartaric acidE 35t o] &3E F, oY
g Adete A4eg i gEA UthHaet Choi, 1988). E
wiE Wy y3gF g2 EntE HrF 358§ &
714 ¥4 A3} glucose, fructose, citric acid, succinic acid &5
S Fod zpolE RS TtHTable 3). 7219 T glucose &
o] 71 A BAEoH, Al IFAelA ZEE= sucrose,
galactose, thamnose 5= SRI=A] ZUT) ole Ak, TRICHE,
A 5o HFE Hrkete Az 1FFAAME FE fEEe
AJE-L glucoseSIE AT} H|S8E ARE WY O™ (Kim 5, 1999),
ol ZA 9 wFd e AEd Eaaie] FRe 1 g4
of W Aeg AZHET(Shin F, 1997).

52| ofojit

2] oAl B4 Ad F 23Fe] AEHIeH aF dF
olu] =4k threonine, valine, methionine, leucine, isoleucine, phe-
nylalanine, histidine, arginine, lysine®] 25 &850 A} o}
H=At T FREAE TE opuste] HiE w2 TS e
Wrh(Table 4). ©l= 8, 9], EFof, AT 59 the HYH
ot B e W= SFEAke] ErfEdd o Bol FhrEo] 7]
fEo g MZAEHLee 5, 1972). EvlE 7} 2543 Erte
Uy a5 {8 obrieake] RS ammonia arginineS A2
Ble B foFoz oyt Atk 2 FollA y-aminobutyric
acid (GABAYE EVIE 7} ZFFHEL ErfE Wg I5F3o)A
FoF oz Zo| ZAHEUY. BErfEs B2 4] FFEHS 3
82 Yo F(Cho 5, 2012) EFlE W§ 75739 GABA ¢
ol ¥ =& A= v Eo] FFEE GABAE HEAF 7]
mjFel Zog FATE

a-Glucosidase inhibition £

o-Glucosidase= 4272] brush-border membrane®]] E=A4]3}] o-
amylaseol] ¢J3l] HaE B F AGE HFHow TLHo=w
AT E 40|12 Z | a-glucosidase TS A=A o
Ao 7kEEE Walsly ExFe & FFS XAAA AF
Hg w2 248 4= gltk(Hong 5, 2008; Lee 5, 2014). Bl
E #5d ¥ EviE Zadle] AGI 248 A9 A3 A
82.41, 84.45%= FrolZel zpolE Ho|x] oUt). 2EFO Ern}
B 2Fe] 84 A A 47 97.93, BA4%E frelFel 2}
ol Yeh A ekSthFig. 1). YA 272 ©]€H acarbose (10
mg/mL: 77.34%)0] B8]l ErE 73230 mgmL: 97.93, 98.44%)
FTE o 24 WAt BErleES o83 134Le Enf
kg o] vjste] T2 A48 U o= a5 A
Al BErtES] Hrle 89 A 54 =S F A=

= et

LN Lo

Pancreatic lipase inhibition £

Pancreatic lipase™ 84S w3llshs B4% a4
st A FHo] EobA HRkE 2T + AUk
o 8% 9GS sk lipase®] E4S A

S g & AthKwon T, 2014). FH|WF &35 A5}
A Ernte dgd @ 737l thEle] pancreatic lipaseS ©]-&

k| ot 2 A3 sxo wEh A5 o] FolA|

o Bl ZEe) 2 Enjg MEIS 30 mymL
7

2

a53Fe A7F 7036, 73.78%S JERAATHFig. 2). AELR
g o] w2 pancreatic lipase inhibition g0l #3F AT2E
AW Anf] WG E9] pancreatic lipase inhibition E4J¢] wE &
o F7HATH= A7t BAEATHLee 5, 2014). ERLE UE
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Table 4. Free amino acid contents of Gochujang made with tomato liquid or fermented tomato products (unit: ppm)
Amino acids TLG" FTG? p t
Aspartic acid 652.7£10.97% 554.1+10.34 .001* 9.249
Threonine 222.1+11.43 184.4+5.67 014* 4.179
Serine 306.5+9.20 264.8+12.56 019* 3.788
Glutamic acid 816.7+14.55 744.6+14.99 .008* 4.880
Glycine 188.3+7.64 148.9+8.35 .008* 4.923
Alanine 442 .8+18.29 361.7+5.75 .004* 5.983
Citrulline 122.6+1.69 87.8+2.41 .000* 16.750
Valine 382.7+18.70 300.0+11.40 .006* 5.342
Cystine 38.3+2.02 177.7+6.69 .000* -28.219
Methionine 92.1+1.89 135.2+3.97 .000* -12.805
Cystathionine 398.0+5.72 90.9+2.70 .000* 68.715
Isoleucine 340.2+13.41 305.7+11.18 .049* 2.795
Leucine 587.0+12.75 493.7+14.91 .003* 6.724
Tyrosine 283.4+10.91 235.0+12.94 016* 4.043
Phenylalanine 388.0+2.94 312.0+4.15 .000* 21.114
B-Alanine 313.4+7.12 282.1+13.49 .044* 2.903
B-Aminobutyric acid 57.6+1.36 49.5+1.48 .005* 5.699
y-Aminobutyric acid 116.8+7.86 248.2+4.88 .000* -20.090
Ammonia 166.7+9.46 160.3+7.78 501 0.739
Ornithine 40.2+1.68 30.4+0.88 .002* 7318
Lysine 502.6+12.38 416.4+17.94 .005* 5.592
Histidine 74.5+3.75 58.742.05 .007* 5224
Arginine 451.8+3.93 340.5+89.91 155 1.749
Totals 6,985.0+25.91 5,982.6+145.04 .001* 9.654
YGochujang made with tomato liquid
dGochujang made with fermented tomato products
JValues are means+SD (n=3).
*Significantly different at p<0.05
120 100
: I %0 | a W3 mg/mL
100 = > ®30 mg/mL
b c g &0 c &
 so f d ™ ] % <
2 I g
2 60 | =
8 £ 5
§ 40 | é 40
2
20 g 2 a ab 3
g 20
0 £ 10
acarbose TL FTP TLG FTG o
(10 mg/mL) o
L FTP LG FTG

Fig. 1. a~-Glucosidase inhibition activity of tomato and Gochujang
made with tomato liquid or fermented tomato products. TL,
tomato liquid; FTP, fermented tomato products; TLG, Gochujang
made with tomato liquid; FTG Gochujang made with fermented
tomato products. Values are means+SD (n=3). Means with different
letters above a bar are significantly different at p<0.05 for each
concentration.
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Fig. 2. Pancreatic lipase inhibition activity of tomato and Gochujang
made with tomato liquid or fermented tomato products. TL,
tomato liquid; FTP, fermented tomato products; TLG, Gochujang
made with tomato liquid; FTG, Gochujang made with fermented
tomato products. Values are means+SD (n=3). Means with different
letters above a bar are significantly different at p<0.05 for each
concentration.
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Fig. 3. Cytotoxicity of tomato and Gochujang made with tomato
liquid or fermented tomato products. TL, tomato liquid; FTP,
fermented tomato products; TLG, Gochujang made with tomato
liquid; FTG, Gochujang made with fermented tomato products.
Values are means=SD (n=3). Means with different letters above a
bar are significantly different at p<0.05 for each concentration.
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Fig. 4. Superoxide scavenging activity of tomato and Gochujang
made with tomato liquid or fermented tomato products. TL,
tomato liquid; FTP, fermented tomato products; TLG, Gochujang
made with tomato liquid; FTG Gochujang made with fermented
tomato products. Values are means+SD (n=3). Means with different
letters above a bar are significantly different at p<0.05 for each
concentration.
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radical, hydroxyl radical, hydroperoxyl radical, singlet oxygen,
hydrogen peroxide 53 7+ &4 At Fof 23t ksl thA}
PR 71918 4 Slom(Lee 5, 2004), OlEF B ALEE
< Zx-sted 2 04‘8} E‘r"kﬂ ksl Ee] dEA UthLee
9} Lee, 2004). Z2F7F2] 7% »=(Song 5, 2008), B9 (Kim %,
2012b), 273 ij?ﬂ(ctlang S, 2013) & FUMeie W @
25 Bo] Z7EIITE ATt dnk EvkE Agale) guls
a3E 4Z] 93] S0 27AFS Z9@ A, ke wE
A 1% A2 AlFTAME ErfE 25 2ulQl 28%2] AA
Sol SIS, EvkE A7t 7Y R EvkE SE TP

30
OTL OTLG
25 WFTP BFTG

20
15

10

Nitric oxide Concentration(unit)

LPS D.W/LPS 0.1 0.5 1.0
(Tug/mL)

Concentration of samples (%)

Fig. 5. Production of nitric oxide in tomato and Gochujang made
with tomato liquid or fermented tomato products. TL, tomato
liquid; FTP, fermented tomato products; TLG, Gochujang made with
tomato liquid; FTG Gochujang made with fermented tomato
products; LPS, lipopolysaccharide; D.W/LPS, lipopolysaccharide
made with distilled water. Values are means+SD (n=3). Means with
different letters above a bar are significantly different at p<0.05 for
each concentration.
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Fig. 6. Lipid accumulation of tomato and Gochujang made with
tomato liquid or fermented tomato products. TL, tomato liquid;
FTP, fermented tomato products; TLG, Gochujang made with
tomato liquid; FTG Gochujang made with fermented tomato
products; NAC, N-acetyl cystein. Values are means=SD (n=3).
Means with different letters above a bar are significantly different at
p<0.05 for each concentration.
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