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Abstract

In this study, pigmented rice flour ‘Nuruk’ was prepared using various fungal strains to improve the quality of
Korean traditional ‘Kochujang’, and the quality characteristics during the aging of ‘Kochujang’ made with the ‘Nuruk’
were confirmed. The pH of ‘Nuruk’ was highest using Aspergillus oryzae pigmented rice flour ‘Nuruk’ (N2) at
5.83, and the highest acidity was Aspergillus niger pigmented rice flour ‘Nuruk’ (N3) at 2.69. The crude ash content
was 1.10-1.14% from the ‘Nuruk’ made with pigmented rice flour, which was higher than the 0.42% from ‘Nuruk’
made with white rice flour. The pH of ‘Kochujang’ decreased gradually from 0 to 90 days as aging progressed.
The titratable acidity was 2.76-3.71%, which increased with increasing aging period. During the aging of ‘Kochujang’,
the water content increased by 2-3%. The reducing sugar content decreased from 0.33 to 3.25% after 60 days of
aging and increased to 3.85 to 4.94% at the end of aging. Regarding the color values, the ‘Kochujang’ made with
white rice flour ‘Nuruk’ showed higher overall L, a, and b values than the ‘Kochujang’ made with pigmented rice
flour ‘Nuruk’. A sensory evaluation of six kinds of ‘Kochujang’ revealed the ‘Kochujang’ made with N2 ‘Nuruk’
to have the highest preference in all evaluation items.
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o - Malt powder 40 g + Water 600 mL
Rice flour 100°C Water Dipping ih
1.5kg 600 mL ‘ S rs

‘ ‘ Filtering ‘ ‘ - Malt extract

Mixing and Cooling (30°C) ‘ ‘

- Malt extract +

Aspergillus kawachii Heating Glutinous rice flour 200 g
Aspergillus oryzae - Glutinous rice porridge
Aspergillus niger ‘
Penicillium candidum
Molding - Glutinous rice porridge
‘ - Salt 100 g
1st. Cultivation 30°C, 2 days Mixing - ‘Meju’ powder 150 g
‘ - Red pepper powder 200 g
- Rice flour ‘Nuruk’ 150 g (6 samples)
2nd. Cultivation 25°C, 85%, 7 days
Drying ‘
‘ ‘ Sealing and Aging ‘ ‘ - 25°C, 90 days ‘
Rice flour ‘Nuruk’
‘Nuruk’ Pigmented Rice flour - .
‘Nuruk' ‘Kochujang’ - ‘Kochujang’ of 6 types

Fig. 1. Process for the preparation of rice flour ‘Nuruk’ by various fungal strains (A), process for the preparation of ‘Kochujang’ by
pigmented rice flour ‘Nuruk’ (B).

Table 1. Mixing ratio of ‘Kochujang’ made with pigmented rice flour ‘Nuruk’ (unit: g)

Sample K1Y K2 K3 K4 K5 K6

Malt powder 40 40 40 40 40 40

Water 600 600 600 600 600 600

Chili powder 200 200 200 200 200 200

Glutinous rice powder 200 200 200 200 200 200

Salt 100 100 100 100 100 100

Meju powder 150 150 150 150 150 150
N1? 150 - - - - -

N2 - 150 - - - 37.5

N3 - - 150 - - 375

N4 - - - 150 - 375

N5 - - - - 150 375

YK1, ‘Kochujang’ made with N1; K2, ‘Kochujang’ made with N2; K3, ‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5, ‘Kochujang’
made with N5; Ko, ‘Kochu]ang made with N2-+N3+N4+N5.

IN1, whited rice flour ‘Nuruk’ made with 4. oryzae; N2, pigmented rice flour ‘Nuruk’ made with A. oryzae; N3, pigmented rice flour ‘Nuruk’
made with 4. kawachii; N4, pigmented rice flour ‘Nuruk” made with A. niger; N5, pigmented rice flour “Nuruk’ made with P. candidum.

of o] ofd 10 mLof] THAAY 2-3 W2 7F5to] 0.1 N gtsto] BJAAIZ] F 0.1 N NaOH 8402 F3} AHAI7]
NaOH M0 2 =35} HAA|FH oM (Kwon 5, 2013), ¢ 3 0.0092 JF3lo] lactic acid= FHAFSISITHHuh, 2006). 17
4ol A4 Ak AR | mlol $5% 0 mLE A £ 290 GUT T Wske AL 10 nLE Somogyitld
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Fig. 2. Photographs of rice flour ‘Nuruk’ (A) made with various fungal strains, and ‘Kochujang’ (B) made with pigmented rice flour ‘Nuruk’.

N1, whited rice flour ‘Nuruk’ made with 4. oryzae; N2, pigmented rice flour ‘Nuruk’ made with A. oryzae; N3, pigmented rice flour ‘Nuruk’
made with A. kawachii; N4, pigmented rice flour ‘Nuruk’ made with A. niger; N5, pigmented rice flour ‘Nuruk’ made with P. candidum., K1,
‘Kochujang’ made with N1; K2, ‘Kochujang’ made with N2; K3, ‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5, ‘Kochujang’

made with N5; K6, ‘Kochujang’ made with N2+N3+N4+NS5.
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Table 2. The pH and acidity of rice flour ‘Nuruk® made with
various fungal strains

Sample" pH Acidity
NI 4.96+0.017 1.60+0.07¢
N2 5.83+0.01° 2.14+0.05"
N3 437+0.01¢ 2.13+0.02°
N4 4.15+0.01° 2.69+0.01°
N5 5.15+0.01° 1.81+0.02°

YN1, whited rice flour ‘Nuruk’ made with 4. oryzae; N2, pigmented
rice flour ‘Nuruk’ made with A. oryzae; N3, pigmented rice flour
‘Nuruk’ made with 4. kawachii; N4, pigmented rice flour ‘Nuruk’
made with A. niger; N5, pigmented rice flour ‘Nuruk’ made with P.
candidum.

DAl values are meantSD.

Values with different superscript letters in the same column are
significantly different at p<0.05 by Duncan’s multiple range test
(a>b>c>d>e).
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Bt 44 F 659 15 pHE B 27109 2
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Table 3. Proximate composition of rice flour ‘Nuruk’ made with various fungal strains

Sample" Moisture (%) Crude protein (%) Crude fat (%) Crude ash (%)
N1 10.70£0.322" 8.99+0.30%° 0.64+0.11° 0.42+0.09"
N2 7.69+1.67° 8.85+0.72% 1.44+0.06" 1.43+0.25°
N3 12.35+0.25% 9.31+0.39 0.82+0.08° 1.15+0.00°
N4 10.15+0.04° 8.65+0.23% 0.92+0.14° 1.2240.16°
N5 12.25+0.20° 8.28+0.31° 0.55+0.06° 1.10+0.10°

UN1, whited rice flour ‘Nuruk’ made with 4. oryzae; N2, pigmented rice flour ‘Nuruk’ made with 4. oryzae; N3, pigmented rice flour ‘Nuruk’
made with A. kawachii; N4, pigmented rice flour Nuruk® made with A. niger; N5, pigmented rice flour ‘Nuruk® made with P. candidum.

YAl values are meand:SD

JValues with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).
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Fig. 3. Changes in pH of ‘Kochujang’ made with pigmented rice
flour ‘Nuruk’ during aging.

K1, ‘Kochujang” made with N1; K2, ‘Kochujang’ made with N2; K3,
‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5,

‘Kochujang’ made with N5; K6, ‘Kochujang’ made with N2+N3+
N4+N5.
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Fig. 4. Changes in titratable acidity of ‘Kochujang’ made with
pigmented rice flour ‘Nuruk’ during aging.

K1, ‘Kochujang’ made with N1; K2, ‘Kochujang’ made with N2; K3,
‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5,
‘Kochujang’ made with N5; K6, ‘Kochujang’ made with N2+N3+
N4+N5.
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Fig. 5. Changes in moisture content of ‘Kochujang’ made with
pigmented rice flour ‘Nuruk’ during aging.

K1, ‘Kochujang’ made with N1; K2, ‘Kochujang’ made with N2; K3,
‘Kochujang’” made with N3; K4, ‘Kochujang’ made with N4; KS5,
‘Kochujang” made with N5; K6, ‘Kochujang” made with N2+N3+
N4+N5.
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Fig. 6. Changes in reducing sugar content of ‘Kochujang’ made
with pigmented rice flour ‘Nuruk’ during aging.
K1, ‘Kochujang’ made with N1; K2, ‘Kochujang” made with N2; K3,

‘Kochujang” made with N3; K4, ‘Kochujang’ made with N4; K5,
‘Kochujang’ made with N5; K6, ‘Kochujang” made with N2-+N3+N4+NS.
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Fig. 7. Changes in salinity of ‘Kochujang’ made with pigmented
rice flour ‘Nuruk’ during aging.

K1, ‘Kochujang” made with N1; K2, ‘Kochujang’ made with N2; K3,
‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5,
‘Kochujang” made with N5; K6, ‘Kochujang’ made with N2+N3+N4+NS.
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Fig. 8. Changes in color values of ‘Kochujang’ made with
pigmented rice flour ‘Nuruk’ during aging.

K1, ‘Kochujang’ made with N1; K2, ‘Kochujang’ made with N2; K3,
‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5,
‘Kochujang’ made with N5; K6, ‘Kochujang’ made with N2+N3+

701

(NI +8)2 27 Az3t 1] 40] 22 H7p)
Az 13 AlEdtE =4 UEH sHAYE Tt
ATofA AO] 71T ke= N2 FFOE A|X3F 13749 7|5
Z7b =0T ol2fet At VAR R SA = M=o gt
T AR] |t g A 0| friEl= A9] 7|5k} X

o7} AUtk A Suleith. 80| I 75 A7 W
NG| W7 AHE Y A oryzae R A 2E W

)9} S| F=E(N1, N2 37} 11370] A. kawachii,
A. niger L P. candidum -2 A|ZE SN0 F22(N3, N4,
N5 55 2 N2+N3+N4+N5 &3t +5) d7F 13 Ho A
W0 A5t A et eb 9 1 A%
off 3lof 4. oryzae #F U] FFROE AR = AL
58 7Bt 98 Aoe weEd:

2 o

H A= ﬂqe} HE y22}0] 22 FFA}o] Agt
o8 fANE B85 Fgo| FEE AT NFEEL A
Lohﬁ 1555 & H =4 3 1789 2 54

HOLE SISt XLL TEe
pHe= 4. oryzae 55 718l A%

pHQ} A E =45 23}
3 fn] W71 T

EN2 FE)0] 5.830=2 7P =431, AHLS] B A niger
225 A7 AT R0 AR RN 2

2.69% 7F =9kt 1—24 om} JH =4 Ayl 232
Zo| FuE o] &3l X3t FFo] 1.10-1.14%=, ¥u|E
o] gsf Azt F=9 0. 42%1:1;} A Jepgth Az &
71 NS 7F 1589) 43 71kl whE pHe| WSk
Aaoks A4S B, A4 s 54 7ITto] A

</ TG4 9]

o} & o7 ARGl A HYch

o]
S}
=]
=

NAHRS. S8 L OF 2.6%4 7RI AR ST Aol

Table 4. Sensory test of ‘Kochujang’ made with pigmented rice flour ‘Nuruk’
. Delicat S Overall

Sample" Color Flavor Sweetness Salty Spicy gal\fgre ?a \;(t);y pre feerr;ce

K1 5.90+1.457%9  570+1.16°  4.60£0.97°  5.00£0.94°  4.70+0.95°  4.90+1.29°  5.00+1.15°  5.40+0.97°

K2 6.80+1.32° 6.60+1.26°  5.60+1.26°  5.80+1.03°  6.00+0.82°  6.40+1.26°  6.30+1.16*  7.00+0.67°

K3 5.60:£0.84% 5.50+1.08™  4.30+0.95° 3.90+£1.45°  4.60+1.07° 4.60+1.07° 5.00+1.70°  4.80+1.40™

K4 5.50+£1.27° 5.00+1.05*  430+1.06°  4.50+£1.18°  4.40+0.97° 4.60+1.07° 4.70+0.67°  4.70+£1.06™

K5 5.50+£1.27° 490+1.10*°  3.90£0.57°  4.00£1.25 4.70+0.95" 4.40+0.70° 4.50+0.53°  4.40+0.70°

K6 5.50+1.43° 440+1.43° 4404158 4.10+1.37°  4.50+1.08°  420+1.03°  4.50+1.08°  4.30+1.06°

K1, ‘Kochujang’ made with N1; K2, ‘Kochujang” made with N2; K3, ‘Kochujang’ made with N3; K4, ‘Kochujang’ made with N4; K5, “Kochujang’

made with N5; K6, Kochu]ang made with N2+N3+N4-+N5.
DAll values are mean+SD.

JValues with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c).
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