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Abstract

Studies on effect of Citrus Concentrate on the

Physicochemical Properties of kochujang

Min Hwa Kang
Department of Food Science and Nutrition, Graduate School Cheju
National University, Cheju, Korea

In order to improve the quality and the palatability of Kochujang, we
investigated the physicochemical and microbial characteristics of
Kochujang when added different amount of citrus concentrate during
fermentation. Moisture content of kochujang increased during the entire
fermentation. The pH of kochujang was gradually reduced, but titratable
acidity was increased to 10 weeks of fermentation. Amino—nitrogen and
reducing sugar content of citrus concentrate added kochujang were higher
than those of the control, and it was increased with increasing
fermentation time. As the ratio of added citrus concentrate increased,
the color of kochujang was brightened. Total cell and yeast counts were
not affected by the addition of citrus concentrate. Sensory evaluation test
revealed that the addition of 6% citrus concentrate was the optimum
condition for improving kochujang quality. In conclusion, the addition of
citrus concentrate was desirable to improve the quality and the

palatability of kochujang.
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Table 1. Composition of raw materials for the preparation of kochujang

Red pepper . saccharification citrus
Wheatkoji| Salt }
powder solution concentrate
control” 3.5Kg 1.3Kg | 1.65Kg 10.80Kg 0g
3% 3.5Kg 1.3Kg 1.65Kg 10.476Kg 3249
6% 3.5Kg 1.3Kg 1.65Kg 10.152Kg 6489
9%" 3.5Kg 1.3Kg 1.65Kg 9.828Kg 9729

Yeontrol: kochujang without the addition of citrus concentrate, 239 kochujang with 3% addition
of citrus concentrate, *6%: kochujang with 6% addition of citrus concentrate, Y9%: kochujang
with 9% addition of citrus concentrate

Z}. pH

pHE A& 10gS A3 AHs AAZetaze] 9 T 40mle =55
= 7}ste] 3]Askal Hot & stir plate (PC-450, Corning Inc, NY, USA) ¢ ol A
30% o] A3} A7l T pH meter (744 pH meter, Micro Divices Metrohm

Limited, Herisau, Switzerland)E ©]&3}o] =43} 3t}
al. AR

A A=+ pHE 57438 A5 0.IN NaOH €H4o 2 pH 847F & uf 7}

A AASI o] w AH]E 0.IN NaOH ml9 & AANEEZ e Qo

10
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ok 718 &
F712 @ B4 HPLCE o3l thest 2ol Jatsitt. n%3e 4
%

3ts] 1gS Alsta of7]o] 50mle] HPLCE waterE 7}ste] 1A]3¢

UV detector 210nm, oven temperature 50Ceo]low, X+ F7]4FS  acetic,
citric, fumaric, lactic, malic, malonic, oxalic, succinic, tartaric acid®] 97}A =

ALg-3h ek,

AL obv ] HA

ofm -] HA T FAHL formol X8 40-4D)el F3to] thed Ze] A
AEkATh =, AR FAe] B AR 36% T4 222 &9 20mE 7t
ato] pH7F ®oix ™ 0.IN NaOHZ pH 8.47b4 tA] HAsJtHA). 2 =%
S92 0.IN NaOH §99] blank 23S AA8lel(B) Thae] Aoz ofnxg

E = R

(A-B) X 14 X F

Amino Nitrogen (mg) = x 100
A= #(g)
ol 3tY 3 dF
sk kS DNS( dinitrosalysilic acid)®(42)d &ste] A& 1gol 75

S50mE Al A2 & ojyste] o Imloll 3mle] DNS(dinitrosaliceylic acid)A| ¢F<
Fa 5i B =ollAl WS AI7IAL Aol WZbgt o 550mel A FEEE
T3t glucose 3+ F41& o] &3t bt

nFgel GAE e A8 BUAAEUDel el T ol Z43

"
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Rk 537 5gell T 100ml 7hete] A3t A7 F I CaCOs 1geol &

& T vty Egade] a3 &HS F9gt F rotary evaporator
(R-114, Buchi Lab., Flawil, Switzerland)o] <ZA3}e] F73FAth S7F o] 70ml
Ae =W T/HE AA 2 FTHFTE 100m7F H 25 835t o] F/HA 10ml
o 02 N KiCr:O7(Tedia Company, Ohio, USA)&< 10mle} 95% H>SO,
(Daejung Chemicals & Metals Co., Daegu, Korea) 10ml= 7}&te] A A A 7F 4+
Y 3 o5 FFFT 150mlet 8% (w/v) KI(Duksan Pharmaceutical, Ansan,
Gyeonggi, Korea)& < 65mlE 7[sGt of7]o] HE&A 1ml(1%,w/v)E 738}
o KoCr:O70l 938ty F3& = L5 01 N NaS:03 (Showa Chemical, Tokyo,
Japan)&few NS WA d wf7tA] AAs AT AR T G FFS

the Aol ofs Axtatat

2

(AxF - V/2 x Fy) x 0.0023
Alcohol(%) = x100
3]

A 0.2 N-KoCrz:07 A F #=F(ml, ¢ 7]l A= 10ml)

Fi : 02 N-KxCr:O; ¢ 97}

V 1 0.1 N-Nap$:0; ¢ A4 =] (ml)

F» . 0.1 N-Na:S:05 ¢ 97}

S @ A EAFH ()

0.0023 : 0.2 N KsCr:O7 1mlel 4%3tE aleohol(CoH;0H) o % (g)

2}, AT
M E= color difference meter (Model TC-8600A, Tokyo Denshoku
Co., Tokyo, Japan )& °]&3ste] Lat(HE), agh(HA %), bat(FAE)E 33 =54

sto] 1 Hitgtow FASElow ofu wiAlge] I a b= 96.25, -0.18, 0.241t

7t WAES

T oFe ARE 2T AYAdTsR dAd R AT § A RHS plate
12
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count agar (Difco Laboratories, Detroit, MI, USA)ol| 5 &3dte] 30T A 2~3Y

i

7F wjokst & yEhudE colonyFE, &R HFol: FAHE AlEHS potato
dextros agar (Difco Laboratories)oll H&3te] 25TCo|A 543 wjdkst & el

R4

= colonyFZ colony forming unit(CFU/g)& A& th.

g #5937}
1277 447 1524S AEGY ABTAHESRLY 08)e oz A,

)
o=z Hr7isk 3 1 A3E SPSS package 12.0 &
A HAAL AAEAEA (One way ANOVA)S o] &3t o AZAZFo 7=

Duncan’s multiple range testol] ¢]3to] EA4 22 s}¢c}.
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Fig. 1. Changes in moisture content of kochujang added with citrus
concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang with 3% addition
of citrus concentrate, 6%: kochujang with 6% addition of citrus concentrate, 9%: kochujang
with 9% addition of citrus concentrate,
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Fig. 2. Changes in pH of kochujang added with citrus concentrate
during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang
with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Fig. 3. Changes in titratable acidity of kochujang added with citrus
concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang
with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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% f71% FFe W

Asets 23 dAGHE deA vk A aF:Fe] #7424 A=

Table 33 2t} RE A Fol A citric acid> succinic acid> malic acid>

tartaric acid> oxalic acid £22 H=%HAL}. Citric acid®] A= #2559
HA7bgo] BES4E ¢ Zo] A&FHUEH ot AHFs=d F9o {7k i

ol citric acide]”7] WO = AAXNY. 3 A 8F /A= EE F714He] g
go] ZFH F718Ee] citric acide 22.342~26.670 mg/g, malic acidi= 14.983~
17.703 mg/g, succinic acidi= 19.375~20.922 mg/gl. 2 HIAE HF O &4
125 A= BE f71ke] ghaFo] ofbH ZHAdhe] citric acide 21.887~26.934
mg/g, malic acid< 15.540~17.884 mg/g, succinic acidt 19.237~19.745 mg/g
< HedH 15339 #f714F 2AHS 13 "@ael ol&d As, EVAE,
S kol wep Ade o]z led Al 670 mEW 74 A gdE dE S
Aol f714F HIFA = citric aied 48416 mg/g, succinic acid 90.183 mg/g,
oxalic acid 7.445mg/g, lactic acid 17.165 mg/g, lactic acid 38.163 mg/gl. = H
, A9Ael EAow= A XY aFHol+= succinic acid7} 1

ko] A - A - S HAY 3FHd citric acid®t lactic acid7t =2 H]E&S A+

tartaric acid 5°] =2 o2 EASY H7tE HFe IS W Aoz

e Yok E Jeong SO0E 71Ee AEnEZ owa o Azl 7

H5E AR AAnFF F F7IA FEol 24 AEE Aew Rausa gl
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Table 2. Changes in organic acid of citrus concentrate added kochujang

during fermentation (unit : mg/g)
Fermentation times(weeks)
kochujang| Organic acid
0 4 8 12
citric acid 17.857 17.902 23.222 21.293
malic acid 15.776 13.877 13.499 15.436
malonic acid 0.050 0.0065 0.055 0.007
control |oxalic acid 1.644 %1 2 2.437 1.854
succinic acid 17.237 19.171 21.454 20.717
tartaric acid 2.118 2.419 2.603 2.873
Total 54.682 58.8875 61.270 63.180
citric acid 18.799 21.080 22.342 21.887
malic acid 16.713 14.287 14.983 15.540
malonic acid 0.059 0.060 0.062 0.050
3% oxalic acid 1.519 1.590 1.793 2.004
succinic acid 17.974 19.179 20.922 19.237
tartaric acid 1.968 1.873 2.659 2.929
Total 55.064 58.069 62.761 61.647
citric acid 19.704 23.317 25.967 23.847
malic acid 15.925 14.767 16.754 17.788
malonic acid 0.048 0.057 0.062 0.076
6% oxalic acid 1.349 1.349 1.451 1.918
succinic acid 17.865 19.350 19.375 19.575
tartaric acid 2.117 1.992 2.234 2.279
Total 57.022 59.832 65.843 65.483
citric acid 21.368 22.763 26.670 26.934
malic acid 15.138 12.922 17.703 17.884
malonic acid 0.044 0.049 0.070 0.069
9% oxalic acid 0.939 1.386 1.535 1.630
succinic acid 18.416 18.840 19.694 19.745
tartaric acid 1.444 2.273 2.228 2.370
Total 57.349 58.233 67.900 67.002
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Fig. 4. Changes in amino-N content of kochujang added with citrus
concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang
with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Fig. 5. Changes in reducing sugar content of kochujang added with
citrus concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang
with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Fig. 6. Changes in alcohol content of kochujang added with -citrus
concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang
with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Fig. 7. Changes in total cell counts of kochujang added with citrus

concentrate during fermentation

control: kochujang without the addition of citrus concentrate, 3%: kochujang

with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate

@ jeju

30



Yeast counts(log CFU/g
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Fig. 8. Changes
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Fermentation time(weeks)

12

in yeast counts of kochujang added with citrus

concentrate during fermentation.

control: kochujang without the addition of citrus concentrate, 3%: kochujang

with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Mold counts(log CFU/g)

Fig. 9. Changes
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10 12

in mold counts of kochujang added with -citrus

control: kochujang without the addition of citrus concentrate, 3%: kochujang

with 3% addition of citrus concentrate, 6%: kochujang with 6% addition of

citrus concentrate, 9%: kochujang with 9% addition of citrus concentrate
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Table 3. Changes in color values of kochujang added with citrus concentrate

during fermentation

. Hunter Fermentation times(weeks)
kochujang |
vae 1 g 2 4 6 8 10 12
19.98 | 19.46 | 19.47 | 19.51 | 19.40 | 19.36 | 19.32
control” a 1497 | 14.86 | 14.83 | 14.83 | 14.73 | 13.70 | 14.98
b 12.24 | 1191 | 11.83 | 11.64 | 11.59 | 11.58 | 11.54
L 20.07 | 19.99 | 19.93 | 20.01 | 19.98 | 19.92 | 19.90
3% a 1484 | 14.84 | 14.98 | 14.31 | 14.44 | 14.41 | 13.38
b 1213 | 11.44 | 11.21 | 11.28 | 11.53 | 11.50 | 11.46
20.52 | 20.02 | 20.16 | 19.77 | 20.72 | 20.47 | 20.43
6%° a 1519 | 14.82 | 15.16 | 1452 | 15.17 | 15.13 | 15.07
b 12.48 | 12.21 | 12.18 | 12.14 | 12.40 | 12.36 | 12.36
L 20.81 | 20.77 | 20.97 | 20.57 | 20.60 | 20.54 | 20.43
9%" a 15.67 | 15,561 | 15.37 | 15.42 | 15.39 | 15.33 | 15.27
b 1255 | 12.42 | 12.32 | 12.38 | 12.39 | 12.37 | 12.36
Yeontrol: kochujang without the addition of citrus concentrate, 230¢:

kochujang with 3% addition of citrus concentrate, V69 kochujang with 6%

addition of citrus concentrate, D994 kochujang  with 9% addition of citrus

concentrate

@ jeju
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Table 4. Sensory evaluation of kochujang added with citrus concentrate

Overall
Sample Color Flavor Taste
Acceptance
control” 3. 842 3.45% 3.53° 3.61°
3% 3.88° 3.67% 3.91° 3.80%
6%° 3.98° 3.86° 4.24° 4.03%
9%" 3.96° 3.91° 3.96° 3.94°

Yeontrol: kochujang without the addition of citrus concentrate, 230%: kochujang
with 3% addition of citrus concentrate, 96%: kochujang with 6% addition of
citrus concentrate, D994 kochujang with 996 addition of citrus concentrate

YSame letters in each row were not significantly different at the 5% level by

Duncan’s multiple range test (p<0.05)
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