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ABSTRACT

Makjang is a kind of Korean traditional short-term fermented soybean paste. The purpose of this study was to evaluate the
compositions of free sugars, organic acids and free amino acids as well as microbial counts of six kinds of Makjang. Commercial
Malkjang from different regions (Kangwon-do, Choongchung-do and Kyungsang-do) were used. The major free sugars of samples
were glucose (0.15~3.97%) and maltose (0.01~0.54%), whereas sucrose (0.02%) was detected only in M4 and fructose only
in M1 and M2. The major organic acids were citric acid (0.16~3.09%), malic acid (0.06~0.23%) and succinic acid (0.01~0.11%).
The total content of free amino acids ranged from 0.02 to 8.74 mg/g, and major amino acids were detected in the order of
glutamic acid, leucine, alanine and aspartic acid. Numbers of viable cells of bacteria as well as yeast and molds were 7.8x10"~
4.8x10° and 8.1x10°~3.6x10*, respectively. The results of the sensory evaluation showed that over-all preference of Kyungsang-do
Makjang was higher than others. Consequently these results provide better information for standardizing and improving quality
and functional activity of commercial Makjang.
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Algol gt FH= EZA87] FA
Table 1] E7]35FAth

Wzt FZ4=] o] Yol F2E heating mantleo| A 80T, 24
7Bt & RS WHE 3% $ filter paper No.5S2 o] Z}a}
At o 2 A4S AASIL 40T AF 55
AZ 3 375 5 mLE 383 t}2, Sepak C18(Waters Co.,
Milford, MA, USA)E 5347 0.45 pm membrane filter = <7
73+ & HPLC(Waters 2695, Waters Co., Milford, MA, USA) ¥
A8 A 52 AFESIIT] oWl columne carbohydrate column
(ID3.96x300 mm, Waters Co.)= A3} 21, flow rate:= 2.0
mL/min, ©]%5 J(Waters Co., Milford, MA, USA)< 85% aceto-
nitrile, Al & FY S 20 pLe] 2710 2 Refractive Index(RI)
detector(Waters 2414, Waters Co.)°l|X] HA&3II T} TFF2

xylose, glucose, sucrose, fructose, maltose 3! lactose(Sigma

Table 1. Information of commercial Makjang
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Co., St. Louis, MO, USA)E IA & E3dte] SHFE =5
FFEgdo R ARSIt REEAN AR B ARS v
& AIRNR)S Hlawste] ERlska, 2] REF A%
& Adsto] peake] WA o2 AE FAE] FHE A=
SFATh

3. RIILh etet £

f714F BA4S Wilson & Work(1981)% el wje} A8 5
gl 80%

olekE 294 100 mLE 7}k heating mantlel] 4]
80T, 2417t WHE- =& % filter paper No. 52 o] ¥}l ).
oAl e A& AAB L, 40C AT 55 A & S/HF
S mLZ %83 U2, Sepak C18 cartridge ¥ 0.45 ym mem-
brane filter2 ©2}3F & HPLCZ £33}t || column
YMCpak ODS-AQ(8.3 x 250 mm, YMC Co., Ltd., Tokyo,
Japan)E A28} 2, column =%+ 35 C, mobile phase>
10 mM phosphate buffer, flow rate= 0.7 mL/min, HZ7|+=
photodiodearray(PDA) detector, Waters 2414(Waters Co.)Z &
A8kt

EFEA L oxalic acid, citric acid, succinic acid, tartaric
acid, malic acid & lactic acid (Sigma Co.)& ¥ F& &3
sto] SRl o] E7 YO R ALt A5 B
=] 714 A2 HFE ARRKR)= Hlaste] g1k
3, Z47te] FEEd AH3dE 24 peaks] WA o= s
(e}
o

A BE oF | g¥ Aekslo] ZefaTo Yl 80% ol §he-&
N 100 mL 7hshe] oF 24413t & =50, FEES A
efztsted, 45T F2zclA es53 F 0.2 M lithium
citrate buffer(pH 2.2)8 5 mL=Z % 83}11, Sepak C18 *]2]
3k 3 0.45 um membrane® <] ¥}3}0] automatic amino acid
analyzer(Biochrom-30, Pharacia Biotech Co., Swiss)Z 233}
st} olwl column< Li form column(4.6 m x 60 mm, Phara-

cia Biotech Co., Swiss) 2.2 F213}1 31, 7552 buffer 20 mL/

Sample Region Major ingredients
M1 Wonju, Gangwon-do Soybean 75%, barley 10%, malt 5%, red pepper seed, salt
M2 Yanggu, Gangwon-do Soybean 70%, red pepper 5%, malt 10%, barley 5%, salt
M3 Seocheon, Chungcheongnam-do Soybean 60%, barley 20%, red pepper 10%, salt
M4 Goesan, Chungcheongbuk-do Soybean 74%, malt 15%, red pepper seed 6%, salt
M5 Hamyang, Gyeongsangnam-do Soybean 35%, glutinous rice 30%, malt 20%, red pepper 10%, salt

M6 Hapcheon, Gyeongsangnam-do

Soybean

40%, red pepper 10%, barley 5%, starch syrup, salt
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hr, ninhydrin 20 mL/hr©]$1 2™, injection volume-= 40 pLo]
At
AR .
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Plates(3M korea, Seoul, Korea)E ©]-&-3lo] S35t} A&
2 d7 Ay 952 348k 1| mLE 3M™ Petrifilm™
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oA wjFsle] B39 colonyE AlG3le] F7]8ta, &2}
TFo|E A BE g A ISR A ske] 3M™ Petri-
film™ Yeast and Mold Count Plates(3M, Seoul, Korea)el 1
£ g F 25CollA] 72A13F F1F incubatoroll A Bl ek

% A9 colonyS At ®716HA

o] s e AR F AMAIE 30~400 520
Be ez Ay g uh [MAA vaxe] g8 74 A
HOA g &k 74 - v Frhe R Hrteisith Als
Al A dgE 2718 Aol "ol AAlRt Al A ATEkA
3L, O A8 FHotel nAE 43S Hastelr] 98 nhe
o B2 I AlFsct

7. EAIXME]

2 A3 o] A3= SPSS(Statistical Package for Social Sci-
ence. SPSS Inc., Chicago, IL, USA) ¥4HE4] (ANOVA)<S
AAEle] Duncane] t5H 9177 (Duncan's multiple range

es) 0.2 AEZS frolAE AP,

Yot 9 o

[ - o v - ]2 HobAlo} frkiEaazE
1. 7ol 2k
el Ao gl #stes T3 AR F sE Al
uzko] f2lg kS =Y AFE Table 23 2t} Glucose=

0.15~3.97% HYZ Table 1014 #A|A1e gz g2 M6
A 3.97%= 7MY =& S JERlon, gk
1.23%°]H, ol= /o] 434 FEd F glucose”}
714 wo| AZHth= B 3(Park ef al 1995)8F LX|eh= 7k
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=% 3L FructoseS 9= Y331 M1, 9= S
ZFQl M2l AT ZH2t 0.02%7F HAEE 2 H, lactose= 0.01
~0.54% WHYZ M1 v HEER] ol Algabzte]
735 Az Aol wet frelde] ko]l o491 fol& B

o} T2 Az 2] 7% sucrose, stachyose, galactose $F
2 grolgbE Ha(Kim et af 2002)9e tha Abdtd Ans
BAou AlgEAe] 7% glucose, fructose”} 242} 6.20~
13.61%, 0.34~1.60% o] A= Atte AT 3(Kim e

al 2010)¢} ¥]==3k A3ks Bk Ao fElde vl
71 v AE ofsl APEE Za 7} ARA LA o}
WA-S 7lEslete] b #ofdle fEles Mﬂ A
(Park et al 1995)°| & Az}e} o) El'xo}"ﬂ He] 7§ &

FAL o3 BAAHAES & F Aok fElde] ol
AAte] wpet thEA] Had A HE Hojsls dEX

2R v g AR olsp] oz, ol #re| FRE
Yelstol 48 BESHAE ) ol met deels vl &
2 Z2d) 2jo|7} Artm BuHE vl QrKim & Kim 1999).

%3+ A3} += Table 3¢ UE}
S FH, AgEe HEA
ST R f714ke] el AT, citric

acid, malic acid, succinic acid, tartaric acid’} FA&E| oM,

Table 2. Free sugars contents of commercial Makjang (Unit: %)
Sample Xylose Glucose Sucrose Fructose Maltose Lactose
Ml N.D" 0.69+0.037° N.D 0.020.00° N.D N.D
M2 N.D 0.69+0.02° N.D 0.02+0.01* 0.05+0.02° N.D
M3 N.D 0.38+0.07° N.D N.D 0.43+0.13% N.D
M4 N.D 0.15+0.01° 0.110.01° N.D 0.04+0.03" N.D
M5 N.D 1.49£0.11% N.D N.D 0.01+0.00° N.D
M6 N.D 3.97+0.08% N.D N.D 0.54+0.02* N.D

D Not detected.
2 All values are mean+S.D.

274 Means with a same letter in a column is not significantly different (p<0.05).
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Table 3. Organic acid contents of commercial Makjang

2o B AT 329

(Unit:%)

Sample Oxalic acid Citric acid Tartaric acid Malic acid Succnic acid Lactic acid
Ml N.D" 1.55+0.1427° 0.0620.04 N.D N.D
M2 N.D 3.09+0.07° 0.12+0.05° 0.010.00° N.D
M3 N.D 1.48+0.05° 0.69+0.06 N.D 0.03+0.01° N.D
M4 N.D 1.48+0.11° 0.23+0.08" 0.110.02° N.D
M5 N.D 0.30£0.01° 0.11+0.05° 0.08+0.02° N.D
M6 N.D 0.16£0.03¢ 0.12+0.03° N.D N.D

D Not detected.
2 All values are mean+S.D.

a4 Means with a same letter in a column is not significantly different (p<0.05).

oxalic acid, lactic acid2 AE%A] &4t} Citric acide ZE
ol A HEE A3, M2EClA] 3.09%, M39F M4EHg-&
1.48%% A3 For HEHIN oW, M6H7dolA 0.16%7F
AZEEo A8 7t Y74 Apo]7) whoH, tartaric acidE M3
2ol A7 0.69% k-2 WER 13, malic acid= M327g]
A AZEEA gskth A 2Rl A 0.04~0.23% XS
© ™, succinic acidE M13} M6l AE AEHRA] &t
3L, M5Ol A 0.08%, M4l 0.11% e Ae=
vebgtt AA Al §714ke] L citric acid7F 7Y Bol
AZEE 3, malic acid, succinic acidT o2 HEEATh
Al @A) f714F 8FEES- citric acid, oxalate, succinate,
malate <22 Hu3liow, A2l 4L oxalate, malate,
© 2 Hi(Jeong et al 1998) st £ A
S AFEARL] 714 e fAkeE s Btk AR
52X 9] 7R G F= {714 5 HIEEA [
A e 7“3]’\3%_0_& 53] Aol P 2t
7} Yt a(Joo et al 92), AT-AT}e} o] f7]4ke] 3
ol zZfo|7F e A A el =3} vl
, sS40l whet "g’qﬂ‘{‘ fr714ke] ol ThE A= Al

citrate, succinate <=

r&ﬂﬂoﬁ_r

T WEAE) ARE BEAY Fo] nadeow
e felofrlate] Pl BL4% Sk Jogo) ¥
ot 54 EoR FrlE Y, B ABelA ABegel =
3 LhER AHs Table 49} ). A% 23] frelojn

Abe] Z FFES 12.76~28.42 mg/glE A& 3 20) o] A4te]
2ol 2 Btk & Ao felob =it 443, glutamic
acid7} 2.18~5.20 mg/go &2 7P Bol gf3la e Ao

e, o]+ T3k Zow Al EM, HE5d
Aol A glutamic acid”} aspartic acid 2.t} T] o] ZEa)3tti=

T
tsz o

A(Jung & Roh 2004)¢} Al #EFe] fre]ofn|ike] G4
oAl glutamic acid7} 7 B3kth(Park et al 1995)= ZA}e}
LA 8k

TH-C 2 leucine 1.25~2.87 mg/g, alanine 0.86~2.59 mg/g,
aspartic acid 0.71~2.79 mg/g &2 & Fo] 531, histidine,
arginine, threonine> V& {50 Y= Aoz YT
Cystathionine2] 74-%-, M5= oA = 3l &S Aoz
WL, cystine M3, M6Z ol At &= At frelot
H) =ik o] vk 29 H =), ARellA Bt 7l E
= leucine?} iso-leucine 22 &5t Aol 7 2 J &S 1)
I, T2 & cystine, aspartic acid, glutamic acid$} 22
gk gt Aol JEFe vzt Ha=a(Yang ef al 1992),

Bgo] Gloulieibe Az A EFe] ALE ok, A,
w713 3 230 wek 2431 gl Bl vehd ¢

A=, Aol felopn|ike] & ghko] 27.39~63.80
mg/g(Jung & Roh 2004) 2.2 =H3ke] 73§ Ad7|3te] A%
of vlal] & o] Fefo]l A7) wiiel AAH oz fElo}

uligke] o] He Aoz FYPHEr)

4. 0|42
JHE AT 14 29 AT BB B
2 HASE BE SAHY T 0122 A8 A

E 5o vl 5&-4 b ﬂ(Lee et al 2009). Table 52 L&
2} £ M AR Ak
7} F3o], EU‘: 2E A]EOM AZEHRL, AAH =2 4
4 ~48x10°9] £-XE Hlow, 7%
~3.6x10%2] B¥Z
xc}o 4;%3 F Z7|F5E 10°~10° CFU/ge] 5
Z £ 10°~10° CFU/ge = 4%
HAttn B s o(Mok et al
2005) & AP FAE ABE JERgew, 73] o
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Table 4. Composition of free amino acids of commercial Makjang (Unit: mg/g)
Amino acid M1 M2 M4 M5 M6

Aspartic acid 0.710.06>" 2.79+0.17° 0.91%0.13° 1.44+0.20° 1.42+0.09° 1.35+0.20%
Threonine 0.50+0.06¢ 0.83+0.07° 0.50+0.02¢ 1.1940.11% 0.8140.10° 0.4940.08°
Serine 0.62+0.04¢ 1.36+0.02%° 0.72+0.01¢ 1.5440.05° 1.2240.12% 0.81+0.03°
Glutamic acid 2.18+0.05° 4.96+0.09° 2.87+0.06° 5.20+0.12° 3.81+0.12% 3.65+0.11¢
Proline 1.40+0.03° 1.7040.13° 0.78+0.03¢ 2.03+0.10° 1.260.01° 0.79+0.04°
Glycine 0.26+0.01° 1.08+0.06° 0.3240.03¢ 0.82+0.02% 0.49+0.08" 0.41+0.01¢
Alanine 1.22+0.01° 2.59+0.05° 1.08+0.05¢ 2.93+0.04° 1.53+0.01° 0.86+0.04°
Citrulline 0.02:0.00° 0.05+0.01¢ 0.25+0.02° 0.78+0.04° 1.32+0.03° 0.15+0.01¢
Valine 0.78+0.02" 1.55+0.18° 0.80+0.08° 1.83+0.11° 1.20£0.01¢ 0.710.06°
Methionine 0.1340.01° 0.32+0.05° 0.19+0.03% 0.40+0.07* 0.2740.02° 0.28+0.04°
Cystine N.DV N.D 0.05+0.01° N.D N.D 0.06+0.02°
Cystathionine 0.02+0.00° 0.04+0.02° 0.01+0.01¢ 0.03+0.01° N.D 0.03+0.01°
Isoleucine 0.730.01¢ 1.3340.06° 0.67+0.01% 1.68+0.14° 1.13+0.05" 0.64+0.03¢
Leucine 1.38+0.05¢ 2.75+0.08° 1.2540.05¢ 2.87+0.17° 1.93+0.09¢ 1.30+0.04°
Tyrosine 0.5620.04¢ 0.56+0.03¢ 0.41+0.06* 1.03+0.02%° 8.74+0.16° 0.65+0.07%
Phenylalanine 0.84+0.05¢ 1.70£0.09° 0.82+0.05¢ 1.85+0.20" 1.38+0.02° 0.910.02%
Lysine 0.77+0.02° 1.7120.04° 0.99+0.02¢ 2.34+0.14° 1.66+0.02° 0.96+0.11°
Histidine 0.17+0.02¢ 0.43+0.08° 0.13+0.01 0.22+0.05° 0.18+0.06" 0.17+0.01¢
Arginine 0.47+0.12¢ 0.49+0.05" 0.58+0.05° 0.16+0.06" 0.07+0.04° 1.02:+0.13°
Total 12.76 26.24 13.33 28.34 28.42 15.24

Y Not detected.

D All values are mean+S.D.
=T Means with a same letter in

a column is not significantly different (p<0.05).

Table 5. Number of viable cells, yeast and molds of co-
(Unit: CFU/g)

mmercial Makjang

Sample Viable cell Yeast & Mold
Ml 4.8x10° 3.6x10*
M2 3.3x10° 8.1x10°
M3 9.7x10* 1.4x10*
M4 2.8x10° 2.3x10*
M5 1.8x10° 3.3x10*
M6 9.3x10* 1.7x10*

AS= AR A5 itz s
, Ao o8 B L' 5 gl 9
So] BAAHLee & Oh 1996)= ATZA3}

o] q.e

- =
°E 5

[e3

2 o

/\}ﬂi’i\?}. ]“ ;q'TET Az el w2

<, & T dot 21, 4%

T5 TS A7 AAA 0w HE SN
Wioll A nAEe] s o] Depild wWE AelH,

219e] ko] Wt E xko]7} WrHLee et al 2009).

ﬂ

e = Table 632} 2t} AL 19

AEE Aol Lk bk FARE A9
71—

%ﬂ}& Mie]

Lgrq M6+ 5,710,9; 7V =A YERt

el @ 2 A4 M7t 7P = JeRd A 2
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Table 6. Sensory results of commercial Makjang
Group Ml M2 M3 M4 M5 M6

Flavor 4.120.7°Y 3.9£1.2° 3.8£1.2° 4.2+0.9° 5.540.9° 5.6+0.9°
Color 1.9+0.7° 2.7£1.0¢ 5.4+0.9° 3.5+0.8¢ 5.6+0.5" 6.1+0.9°
Sweet taste 2.8£1.1° 33+1.1° 5.1£1.0° 3.3+1.2° 5.7+0.6" 5.7+0.9°
Bitter taste 2.7£1.1° 3.4+1.0¢ 3.6£1.4° 3.8+1.3° 4.240.9® 4.6+1.1°
Salty taste 2.2+1.0¢ 3.741.2¢ 3.841.7" 3.5+1.0° 4.8+0.9* 5.6+1.0"
Pleasant taste 3.6+1.7% 2.9+1.0° 4.3+1.1% 3.740.6™ 5.1£1.1° 5.4+1.2°
Overall taste 3.3+1.4° 3.3+0.8° 4.3+1.0° 3.6+0.8° 5.2+1.0° 5.1+41.4°
Overall acceptability 3.0£1.6° 2.8+0.6° 4.140.9° 3.7£0.8" 5.240.7° 5.4+1.1°

All values are Mean+S.D.

) Means with a same letter in a column is not significantly different (p<0.05).
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