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Changes in Food Quality Characteristics of Gochujang by the Addition
of Sea-tangle Saccharina japonica Powder Fermented by Lactic Acid

Bacteria
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This study was conducted to investigate changes in the quality of Gochujang following the addition of sea tangle Sac-
charina japonica powder fermented by lactic acid bacteria (FSP). Gochujang was prepared with or without FSP and
fermented at 16 C for 24 weeks, as detailed in a previous study. No significant physicochemical changes in moisture,
crude protein content, pH, salinity and amino nitrogen content were observed among the varieties of Gochujangs
evaluated (Commercial Gochujang, Gallic-Gochujang and FSP-Gochujang). In addition, we detected no significant
differences in microbiological profiles. However, following addition of FSP to Gochujang, the color was affected and
antioxidant properties were enhanced. The DPPH radical scavenging activity of FSP-Gochujang increased by 58.8%
and 24.8% compared with Commercial Gochujang and Gallic-Gochujang, respectively. Furthermore, analysis of the
free amino acid content revealed higher levels of y-aminobutyric acid (100.9 mg/100 g), a biofunctional ingredient,
in FSP-Gochujang. Thus, these results suggest the potential for development of a traditional Korean fermented food
with enhanced antioxidant activity and y-aminobutyric acid content using FSP.
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3l QIth(Hwang et al., 2011). 2232 Gochujang
S THRE WF(Ee vT 7HHE o085l TaA
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152K Bang et al., 2004), tjA! & X7} 315AH(Lee and
Lee,, 2006) 5] 111 5o]glck. kA, thite] el 4}
Sehe] 2% olsto] 12| 7154L 2ol7] g AT
7t RREOR e ATE o8 715 5 Aol
et A= WA gt

YA 0K Saccharina japonica)= 232570l &31= |2 F7F=Z2A]
wlebel 9 ol 58] ol v, 24, R.0.5 W A 5ol

iu}

o] o thalnfe] hfxlo] gl 214
% RS B G451 glo] 715 Ao that At 8
3] 41931 9lch. ThAlnHs 9 9 3b4kst A 9HCho and

Bang, 2004), @=¢1%0] 2 e A¥K(Cui et al,, 2002) -9}
chefRk g 7] 5ol thet tha=o AR = a7k Qiek. ERE, o
Alutolli= A Agn] AJE Q1 ofnl Al vheg TSRl Qlof &
2 HEE g A7 SN T8 AR EA AREE o] gt
thEom et al., 2010). }A|5H @A) 7jE o 9l thAuf 713
AF-E F7PA 7 e 9, A% 9 52 59 ek 4
AEEA B E A Qle Alo] tifEe| 7 sAor STt
ChAJES: 2H8-3F thefst Al 7to] @15 o] thAlnkE 28
gk, AU, Alo| A, e St 2 thgFet AlE ol whEolA 1L
QUTHKEFRI, 2000). 3FA|t TRAJRRS: 0|85 AlE-9] 7-9- ThHA]
k559 g, 0l W 2 270] wAI7E EAL 9lo] o] H gt A
A s 71s4e ok =Y 4 e A E Al 34
off thet A= Akt EE ThArE 2] 7l ith(Lee et
al., 2010a).

L AR O & A A fARE U ohAup B2 ohoel
Aol tigt Bt o] £o] ] aL §lom(Lee et al., 2010a;
2010b), 17715418 2 & A7 541%E 7164 9E A%
SVol| 52 F|of QIt(MFDS, 2016). & QLo A= gkt A
A AEQl A A2 ol 93 715 8S 7HAIAL Q)

Aluk S F7tol| o)t 1370 Al EEHA]
Ao 2 A S FAEE 2N E EET LRI

715430l djsto] Amsllct.
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E Ao ALg-5 SARE 2 thAlul B2k (Fermented Sac-
charina japonica powder, FSP)2 F-AF 7|2kt 9|28t Gaf
Hhfo] @ A 20 A3 Ae ARGSHRITE A Al
o] AFgE= AR E Song et al. (2008) 50| Hugk Aup 7
o] AF7FE= MVF TS TAHE THE dg)olAM st
AL 7L 9 P, vl b, 2 9 HL P B At
O 2 AFo|A F-ste] ARG & Aol A Azt 1
T AE FE B4 vlalE el A Al
QL DARY] e B R (1 kg, AR A)E AlRllA] 9l
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DAY HE

N

2 kol AR A FARA] o] 23Sk Q=
el L AlE| o A Al 251 e m FARE Al 25 Al
71E9] ks 13 (A= B) ¥E &3 v]&ol FSPE 7Iet
AFFA R Oy Azt Y= &9k Hle-2 v A
nls TEAH(A R B): L27FE(23%, wiw), TS 7] 4(23%,
wiw), HIF 7HR(6%, wiw), Z3(23%, wiw), E7HE(5%,
wiw), AL H (9%, w/w); FSPA7} 115X & C): ALF7F=
(17%, wiw), Th& 7] 2(23%, wiw), M 7FH(6%, wiw), =
A(23%, wiw), Z7HR(5%, wiw), LD (9%, wiw), SAkF
vk opA O 2R (5%, wiw). =52 &3 5 16 T ollA] 247
SARE 1S B4 ofl ARE-SERIT
A

NI

At g2 AOAC (2005)°l] w2k Z7gshelct. a2 g
105C 47he Aol et 2ysteln, 2ed e
semimicro Kjeldahl#o] wet 245}¢Ic} pHe A= 10 gofl
574 100 mLE 713t 7 3047+ 21kt 5 pH meter (Orion
Star A211, Thermo Scientific, MA, USA)E o]-&3lo] 2435}
Atk A1g FFS Mohr(Oh et al., 2002)0]] wheh Al & 5 g&
ZR4 100 mL WA E2s 0] 8sto] ALox) A A
71 5§ ©2#] No. 2 (Advantec, Toyo Roshi Kaisha, Ltd., Ja-
pan)& o 7HE §- 10 mL-& F3t £ 10% K,CrO, & 1 mL 3
7h % AgNO,Z ol 85}o] 17 A As}e] 27 shoict.

oDl A 31y

opu| = A4 3FEF2 Formol H(Shin et al., 1997a; 1997b)<
AFgBlo] AR 5 g8 S H,R 250 mL v A Z ek T 0] F4-5)
o] A &-of A 25 A1 % 6]3}A] No. 2 (Advantec, Toyo Roshi
Kaisha, Ltd., Japan)2 o] 1}5 8-9 20 mL2 F5kaL o] 7]¢f 0.1
N NaOH €90 & pH 852 243 &, 20 mL2] formalinS
7}51a1 ThA] 0.1 N NaOH -84 © 2 pH 8.57} 5| =2 A 4510}
ofn| =4 oS S SHTh
ME 27

ML A7 e 8710 Hol BRak whE 5 A
(Lovibond RT Series Reflectance Tintometer UK)E- ©|-8-5}
Lightness (L), Redness (a) 2 Yellowness (b) 452 =331t
0l 24

Al 25 g2 ‘Hat% phosphate buffer saline (PBS, 0.1 M,
pH 7.0) 225 mL¢} 317 filter bagel] €2 | Stomacher (Bag-
Mixer®400, interscience, Paris, France)S AMg-51o] 252-7F o
A3t o] AN AR 1 mLE& FHoto] UubAlat, 4L
at, Wit 2 =t S5k ZaA| Eats PBS
£ ol &oto] AR s|Alnt. LRtAlet= Plate Count



Agar (PCA,; Difco Inc., Detroit, MI, USA), -F-Aht<+= deMan
Rogosa Sharpe medium (MRS; Difco Inc., Detroit, MI, USA)
agar B A & ©]-8-8}o] 35+ 1T oA 24 £ 2417 57t vl g3t 5
AE AgrE Agskeinh Mt 10% tartaric acidS 3
7}51o] pHE 3.52 2743} Potato Dextrose Agar (PDA; Difco
Inc., Detroit, MI, USA)E ©]-85}0] 25°C ol 4] 3-7 vljoF & =

w5 ISl thd it B th At = 3M™ Petrifilm ™
E. coli/Coliform Count Plates (3M, Maplewood, MN, USA)
2 olgsto] Z4alairt.

Mt 2 =7

oot

315:4F 5 gof| 95% ethanol 50 mLE- 713 5] AR-2-0f| 4] 3417
ok WYhAI7) 3 of 317 S THAISH 1Y 24 Slat AR
2 ARE-51S T DPPH (2,2'-diphenyl-1-picrylhydrazyl) radical
47 e 1537k o]kl 100 pLell 0.2 mM DPPH (Sigma-
Aldrich Co., St. Louis, MO, USA) 100 nL& £3}5}o] A&
A 3087F WHE A7 F 517 nmollA] FHEE S skl &
A= Ayl ofgfj o /ﬁ,gi DPPH radical &~7 442 A4S
et

DPPH radical scavenging activity (%) =

Absorbance of control — absorbance of test

<100
Absorbance of control

2,2'"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
radical 27| 42 2.4 mM potassium persulfate S 3Z 5=
7 mM2] ABTS (Sigma-Aldrich Co., St. Louis, MO, USA) &
N 150 Lo} 1527 of ahel 50 Lok E3tsto] 6 w1k Aol A
HEA|E 5 734 nmel K] SHES 24515tk 248 ATk of
o] A1 0 2 ABTS radical &4 A2 A4S

ABTS radical scavenging activity (%) =

Absorbance of control — absorbance of test

<100
Absorbance of control
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n3ge] Gelobulieat A4S Siste] FAURAR 05 g
2 A=F3}0] 3% TCA (trichloroacetic acid) 10 mLE %1311
vortexing 3= AF-2-0f| A 1A17F 285}, 15,000 rpm, 1587+
A B3t & A5AE #Hste] 0.45 um Millipore o pato
2 o] 1}3} Sof o 1Ak AHE B4 7)(1L-8900; Hitachi, Tokyo,
Japan) o} 4511 £-4819{ct,

SAXE

# AT ANT DAY BE UYL 38 uiEs
glon, Ant B+ BEAAR BASET Y A4S

©olge AR $Jate] EAHEA(ANNOVA)S: d)8t &
P<0.05 4=Z=0f| 4] Duncan’s multiple range testS A A3} T},
WE 7] 2290 SPSS (v.23.0, SPSS Inc., USA) £7] 2271
& o]-§-sto] A2 sHiet

W 3] 4HS 50% o] o:lolwzm ERT A}wﬂ
o] 8 SRS 40.47-41.59%2 3] 514

Eé—ﬂ Aoz yeyith vhs 134X & B)9| & W*—
1.59+0. 36%i 71 =7 ngilaie.ur Al A=A,
40 47 +0.36%)3} FSP A7} 122K (A& C, 41.12+0.71%) 2]
= S 2 2ol 7t glo] FSPA7tol| ogth =8 FHeke] f-9
xm Zpol= & 4= glojt). o] ATH= Park et al. (2017)2] 7H2F
LTJu Bt 525 3HF40.1 +3.0%) 2 AR o)

2 Aol A A | 3R] 2kl FHEFRE Al 57
A2 A)24.5940.05%= 714 ok, uls 134X & B)S
5.58+0.17% 18] 3 FSP A7} 134X & C)2 6.21 +0.0%
2 7P =of FSP H7to] M2 {222l 2pol7t gl 2o R
UrEbgttt. o]i= FSPO] H7tol| ofgt 2t dl shek S71 wiit
R R = R et | P s el g B Sl e L R i 2

Table 1. Physicochemical properties of Gochujang products analyzed in this study

Samples Moisture (%) Crude protein (%) pH Salinity (%) Amino nitrogen (mg%)
Sample A 40.47+0.36° 4.5910.05° 4.82+0.01° 5.2240.16° 345.01+3.93°
Sample B 41.59+0.33° 5.58+0.17° 5.08+0.00° 8.00+0.17° 412.714£3.99°
Sample C 41.1210.712° 6.21+0.01° 4.91+0.02° 8.2340.16° 414.27+£10.26°

Sample A, Commercial Gochujang; Sample B, Garlic-Gochujang; Sample C, Garlic-Gochujang with FSP, Saccharina japonica powder fer-

mented by lactic acid bacteria. ““Means with different superscripts within each column indicate significant differences by Duncan's multiple

range test (P<0.05).
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Park et al. (2017)0] B33} 7)af 71 53240] Wof Zehal Al shak
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Table 2. Color values of Gochujang products analyzed in this study

<l

(Jeong et al., 2001). T142] ofu|le A 4 FEF HFA1%
ZANAPQMS, 20160l w2 H 160.0 mg% o]AH(T, A5
A ko] 15% o] -%-elli= 100.0 o)) o= eht
otk oA to) A AREE 11ARS 345.01-414.28 mg%E A
AlE B3 E BE ISt 20 & gRlE STt

A DEAHARE A)Q] ofn| A4 FHEES 345.01+3.93
mg%=E T2 AE0] nAo| Hg)| f-o)H o7 A SA
o, nhs AFH(AE B)2 FSP 7F 134 (A& O 2t
7} 412.71+3.99, 414.27+10.26 mg%= 5-0]4 zjo]= glo
U FSPA7F 7o) oF7t ] 2 21 0 & 27 =] Ql}. Park et
al. (2017)2] 2110 o5} A4l 132AFo] it opu| A A
L 165.3+79.6 mg%, 7Nk 1342 130.3+22.8 mg%=
Aol A AREFE o] ofu| e A ko] w2 RS G
AR O o] = A A2 F 245 o] FY] 7|1t w4 ol oJjt
Z0 2 gehEw Kim et al. (1994)2 1154 o] 4] <34] 2= )4y
Eofl ofaf) AAdE Tl Eafjaao] 280 & ofu|leAl FEF
o] Z7kghrtal ¥ arsict.

AR Y& ChAlOL 2Z(FSP) &7toll 28t nFF9|
A
AY

of

] A =24 Aik= Table 200
M= 28R FAR7L 7S F /M 5
f3t g¢lojn, n4 F4 B7He] 7| o2 ARE-EtH(Jeong
et al., 2001; Bang et al., 2004). &= ¢17tof| ARESE 13=730] L
Zh(lightness)S- TS 11344 2 B)o| 31.87+0.47 2 $-0]4
o8 w2 dhe el on, Al 57 (Al & A)} FSP 37}
I ARE C)= 28.70+£0.48, 28.23 £0.34% -3-2] A Q1 2} o]
7hele Ao r S E o, FSP A7be 115749 Lkl 9
FE T Ao R YEylth 15749 agl(redness)> s L
FH(A = B, 14.82£0.44), AT JL57HA & A, 9.73 £0.45),
FSP A7} 13X R C, 8.51+£026) £ FoFo2 =
Al S =3 om FSP d7bol| ofsf a34-2- aglol] dF= 2
of WA £ E Ao &2 wekEth 11749 bgk(yellowness)
nhs 322KA] & B, 11.79+0.24), FSP A7} 154X & C,
6.34+0.32), Al IFF(AR A, 5.30+£020) o2 Fo14
Q1 Zpol& HEtlet FSPA7 ol o3t bt A Faka -2 A
O g getEch 2 Aol AMgR 1140 A= FSP 371

Color values Sample A Sample B Sample C

Lightness (L) 28.70+0.48° 31.8710.47° 28.23+0.342
Redness (a) 9.73+0.45° 14.82+0.44° 8.51+0.262
Yellowness (b) 5.30+0.202 11.7940.24¢ 6.34+0.32°

Sample A, Commercial Gochujang; Sample B, Garlic Gochujang; Sample C, Garlic-Gochujang with FSP, Saccharina japonica powder

fermented by lactic acid bacteria. ““Means with different superscripts within each low indicate significant differences by Duncan's multiple

range test (P<0.05).
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ofaf L,a @ bgt B0l S vl A O ekt o)A
% FSPAZI7E 1390] Aol 2 93 vl A7) o] 2u]
A} 25 712 Bal 2h 5%0] FSPE A7t mag2 A%
ShCk(A} |4 A). 31, Park et al. (2017)& A5 31573)
79 Lgko] 31.43-37.88, agte] 6.45-18.61, bgte] 0.99-8.002]
#1912 ISk glom, o B Ao A] Qlojxl Avbet 3t
oli= gli= AL O = Lebie.

QAIF wE ChAH 2Z(FSP) Eolof o3t 1% 0
NER

A¥}= Table 3] YERH QAT 3ol A HEE A
6.69-7.74 log CFU/go.2 &A=l o Al IF2H(A 2 A)
0] 6.69+0.08 log CFU/go.2 FolAo = v AL ATt
nks 1A(A R B)T FSP 27 138 E 09 Al#at
7.42-7.64 log CFU/go. 2 A%t 134X & A)=Rc} oF 1 log
CFU/g & A0 Uehgeh FSP A7l ok golxel 2
o= ¢l Ao g FetET) Park et al. (2017)2] Ealo] 9|5}
A= 7 Aol =4 AE 54| dut At 3
224 x107 CFU/go.2 & ool A3 1343 AL
73S UERiCTE ST Park et al. (2017)2 %5 134
4+83x10"CFU/g, 7H&F 11542 1.94+0.5 < 10°CFU/g2
w5t} & ATe} A Ko7t glodet.

AR HEEH fARETE Al IFHARIRE A)0]
6.85+0.10 CFU/g, "k& 1+4(X|& B) 7.45+0.11 CFU/g,
FSP #7} 32K (A& C)0] 7.22+0.16 CFU/go.2 ARk Al

/et

oo
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o} 7 A 2 vhg I3 (A] & B)2FSP 371 a5 (Al
C)7} Azt 123X & C)oll B3] 1 log CFU/g & A2,

4 =] 3l om] FSP 7to]| o3t 592l Afol= gl A
ol%|¢ith Seo et al. (2012)2 EntE A H7fo] &3t
O] GAESs MSh= <4 $1.0-1.2 % 107 CFU/getal B
lof 2 A-o] Aot FALSEGIT EHA, Tt 2
I Zete WE D A Bl A AEEA] Tt

=
o232

=55
T T

o

AR e ChAlOL 2Z(FSP) &7toll 2Jgt nFF9|
St 2y Hat

1eokeh A ol A gke] A1 AYA| ol A ' EAY 5= hydroxyl
radical, super oxide radical, hydroperoxyl radical, singlet oxy-
gen, hydrogen peroxide 53 &2 &4 AbAF(reactive oxy-
gen species)of| &3t 4FaHA] tiAl FARE ol 7191 4= JltK(Lee
et al., 2003; Chung et al., 2006). o] &d41kA FE5S 245}
=t oot AR of 2] s} o] TAITE e =
A2 5 AEAl gl F2H o lon, Eqtad| 22
Ao =M ek A At of, A A2k 5o AU
ofRal o= QItk(Kim et al., 2012a). w2kx] FSP 37138k 213
o] gitst AF o2 A9 7]50] =AE B flsl F4
S} 25 Z7481Ath(Table 4).

I15%4+2] DPPH radical 471 242 FSP A7} 137K (A=
0), s AFA|R B), AT A AR A) £02 Z+7)
33.28+1.10, 26.66 +0.69, 20.96 +2.35%= 3-2] %2l x}o|7}
Q= 7o 2 24 E Q) uhs 154X & B)2] DPPH radical
47 29] 79 el ko] /A3 Gl aHAket Bl ot
o] 2715t Ao 2 wehETh Song et al. (2008) Uut 137

o flo

-

C

Table 3. Microbiological analysis of Gochujang products analyzed in this study

Samples Viable cells (log CFU/g)  Lactic acid bacteria (log CFU/g) Coliform group (log CFU/g) Fungal cells (log CFU/g)
Sample A 6.69+0.082 6.85+0.102 ND' ND
Sample B 7.42+0.15° 7.45£0.11° ND ND
Sample C 7.64+0.07° 7.22+0.16° ND ND

Sample A, Commercial Gochujang; Sample B, Garlic Gochujang; Sample C, Garlic Gochujang with FSP, Saccharina japonica powder fer-

mented by lactic acid bacteria. ““Means with different superscripts within each column indicate significant differences by Duncan's multiple

range test (P<0.05). 'Not detected.

Table 4. Antioxidant activities of Gochujang products analyzed in this study

Samples DPPH radical scavenging activity (%) ABTS radical scavenging activity (%)
Sample A 20.9612.35° 74.9311.472

Sample B 26.6610.69° 75.87+1.362

Sample C 33.28£1.10° 80.89+1.31°

0.2 mM ascorbic acid 88.18+1.27¢ -

100 pM trolox - 95.69+0.26°

Sample A, Commercial Gochujang; Sample B, Garlic Gochujang; Sample C, Garlic Gochujang with FSP, Saccharina japonica powder
fermented by lactic acid bacteria. DPPH, 2,2'-diphenyl-1-picrylhydrazyl); ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid.
“*Means with different superscripts within each column indicate significant differences by Duncan's multiple range test (P<0.05).
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Auls A7} 1534 nls2 H7F 154H9] DPPH radical 2~
7] B4 B4 ATk TAo] 38.44%, Ak H7h DR
0] 50.97%, TFs2 H7} 134o] 66.38%2}1 B sttt 2
Aol A 2] FSP %7} 315=%2] DPPH radical 4~7] &2 o}
52 A7t 5K A 2 B)RTh 24.8% A7 84 £7) 121
Al 21524 ek 58.8%9] =& 4 BAZ 7HR A SR 74
= ¢ich Lim et al. (2006)0]] 2J51H 7| EAF, 23, SoF, =4
T 2AE H7tete] Alxek 3157) DPPH radical 27155
A A3, Fotet ZEE H7F Aol A Rtk 7t
7} 28%%} 33%7F S Halske] & el o] 715 4
A& A7kt 21532%4-2] DPPH radical 227 2/do] Eoxlth=
dgt A5 =t

112%0] ABTS radical 224 &4 B4 Ayl nE 51327449
ABTS radical 2~7 €42 DPPH radical &7 &R =2
Ao 2 =A%t} ABTS radical &7 842 FSP A7} 113
B(AN R C), vhs LFHAIR B), Al AFFARRA) o=
=3ko ] 7F7F80.89 £ 1.31, 75.87+1.36, 74.93 £ 1. 47% = =
J =] %lch. ABTS radical 47 &g +-4] A} FSP X710l <5t
AFY A Do FOHOR & o g UEton, Al
AT nhs 5L 014 Zpol7t gle Ao = UEbTh

ol/Fo] ket AE AXE Sl HH, FSP 3 7tol| o5l 7]
& N2 AlFY] Ak Bl Sk AR UEor

|+= FSP7} 71A| AL Q)= 3pAks} &4 a o] &gt Ao &2 st
FItH(Eom et al., 2010; Lee et al., 2010a).

At S ChA|oF 22H(FSP) &7t 2let F2loto]
Ab B2 B3}

of

]

H 40

— o

s AH| AR 15| fefofu it 4] A Table
14 0 2§ 2ot Akl S4 Pl B
AATe] olst= S = A2 A QUck(Shin et al., 1996). Bt
< U&= fEjobr| At & aspartic acid, cystine, glutamic acid
= ¢ 9, leucine™} isoleucine & Ytof] FaF & 4= 9l
tH(No et al., 2008).

3 Ao BAG 130 F §efobu]ieibo] Shre Algk
TEAHAE A, 1,237.7 mg/100 g), FSP 27} 133X & C,
1,191.8 mg/100 g), ks 34H(Al & B, 1,109.1 mg/100 g) &
o2 A5k DA R A)] s A& B)} FSP 47}
DEA(A R Ot o] B fefohu]iedbe ok gl A
= & AR Al (AR A R oh] Ak glu-
tamic acid (200.2 mg/100 g)7} 7} &=3ke™ 22 2 pro-
line (195.3 mg/100 g), aspartic acid (132.4 mg/100 g), leucine
(79.8 mg/100 g) %0 2 FHefo] A ZHE| k. vhs 1%
(A& B)T FSP 7} 13X & C) 9 Bl A 2 o= 1
ol o] iAo 2= phosphor ethanolamine (THs 11574,
139.6 mg/100 g; FSP &7} 3154}, 177.4 mg/100 g), aspartic
acid (Hs 1154, 168.0 mg/100 g; FSP A7} 1124 172.9
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Table 5. Free amino acid content of Gochujang products analyzed
in this study
(unit: mg/100 g)

Samples

Free amino acid
Sample A Sample B Sample C

Phosphoserine 42.6 22.9 99.5
Taurine 8.4 97.5 56.5
Phospho ethanolamin 0.0 139.6 177.4
Aspartic acid 1324 168.0 172.9
Threonine 42.8 19.7 15.7
Serine 68.8 35.1 249
Glutamic acid 200.2 43.8 47.4
a-Amino adipic acid 24 1.5 0.0
Proline 195.3 93.5 97.4
Glycine 29.3 18.7 11.3
Alanine 54.8 57.7 64.5
Valine 62.9 21.9 354
Methionine 24.9 4.6 2.7
Cystathionine 0.0 29 2.8
Isoleucine 429 18.8 18.3
Leucine 79.8 34.3 211
Tyrosine 39.4 24.6 21.9
Phenylalanine 49.6 28.6 18.2
B-alanine 34.6 22.5 459
-amino isobutyric acid 1.8 4.1 17.4
y-aminobutyric acid 19.7 49.0 100.9
Ethanol amine 2.7 34 0.4
Ornithine 0.0 8.9 31
Lysine 30.8 42.9 315
Histidine 6.5 52 3.0
Arginine 65.1 139.4 101.7
Total 1,237.7 1,109.1  1,191.8

Sample A, Commercial Gochujang; Sample B, Garlic Gochujang,
Sample C, Garlic Gochujang with FSP, Saccharina japonica pow-
der fermented by lactic acid bacteria.

mg/100 g), arginine ("= 2574, 139.4 mg/100 g; FSP 37}
024, 1017 mg/100 g) ‘5o ek, T4tk B vz AR
9l glutamic acid®] "Fs 534X & B)Z} FSP A7} 213 %H(A]
£ C)9] S 717} 43 8, 47.4 mg/100 g0 2 AT T22H(A]
2 A)zh e Aol7} A Uepsteh. A2 o Thofe B4
O Bl AT AR AL HA RO 91 AH o]
o 8= FA st71 et AR (@FrSA 5)8 F7H A7t
of elgk 0.2 PekEck. T, 2948 bz A2 leucineol
Al ALFH(A & A, 79.8 mg/100 g)ofl THE AL+ & (s
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27,343 mg/100 g; FSP 37} 11374k 21.1 mg/100 g)©]| ]
ol wo] F7bE o] Qlof Washaer Jofs wd Ao ol
Fc} =31 FSP 37 215 4H(A| & C)ol| 4] y-aminobutyric acid
(GABA) &Fo] 100.9 mg/100 gO 2 AJ# 52X 7 A)}

]38 9 2ol 7} - 2 A0 2 Lebiith. GABAL #1917

of @] FxEsh= ofnficste] dF o w FE SFAIBAY 4l
7 A olm H7)5E HAAY| T st £t W ¢
2 A2 3t 50 R el S e Ao E B
1% 31 QIth(Lee et al., 2010b; Kang et al., 2011).

o|Ake] A¥}E £ B 1A o A7 54 AR R =
o FSPE A/REORA] 13 A1%S] B4 Ask glomAl
absl 24 9l AE| A Aol GABA 3o ZtjE 7] 54
o] $43 WA AUBHH O ol FF S| chpdt AE

T T o=
E 2| 28o] 7H5E A0 & whher
AP AL
o] = Pt AReAo ok A HE](2017d) &fst
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