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Abstract

To investigate the effects of water contents on the characteristics of Nuruk, three sets of Nuruks were prepared
with water contents of 20%, 26%, and 30%. Morphological shapes, internal temperature, physicochemical properties,
enzyme activity, metabolites, and volatile chemical patterns were monitored for 30 days. Regardless of the water
content, the morphological shapes showed that the mold mycelia were extended to the inside and the weight and
size were decreased in the three Nuruks. The internal temperature was the highest (39.7°C) for a water content
of 26%. Higher water contents were accompanied by lower pH. a-Amylase activity was increased 1.5-fold in Nuruk
containing 30% water. Acidic protease activity was also the highest (1,800 U/g) after 20 days for Nuruk with
30% water content. In addition, the levels of saccharides (glucose, galactose, and fructose) were increased 2.4-,
1.97-, 1.5-fold, respectively, with higher water contents. Organic acid (lactic acid) content was the highest (2.2
mM) in Nuruk containing 30% water. Free amino acid (glutamate and proline) contents in Nuruk with 26% and
30% water contents were higher than those in the 20%. The volatile patterns were different in the three Nuruks
with 20%, 26% and 30% water contents. This study suggests that the range of water content of 26-30% might
be appropriate for the production of Nuruk with high saccharification and proteolytic activities.
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Fig. 1. Morphological shapes of Nuruk with different water contents during fermentation perlod
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Fig. 2. The internal temperature changes of Nuruk with different
water contents during fermentation period.
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Table 1. Morphological characteristics of Nuruk with different
water contents during fermentation period

Fermenta
Nuruk tion Weight (o) Size Moisture content
water content(%) period et (mm)D/H) (%)
(day)
0 3084+1.55"? 12325095 17.97+1.14
o 33,630,809 o
. 11890:0.96" .
3 293.4+0.9 L3P 12.00403
6 288.9+1.93 118474124 9.4740.46°
" o 34254027 T
b
. 11833094 .
10 285.1+0.88 8051 825+0.44
o 11672066 "
20 290.6£1.77 1055071} 8.49+0.14
e 185222008 o
30 281714 7051 9.1120.06
0 301.5+1.45° 122362116 19.34+0.44°
o 34.83+0.78" o
3 27824095 10887:081 12.93+1.28"
o 32.7140.7* o
6 270.30.51° li635:07 8.83+0.44°
% o 33.25+1.00° o
b
10 267.14151° 16225132 8.224027°
o 31054076 -
o 11567063 .
20 257.8+1.02 L0 8.96+0.74
b
30 2497413 15642046 9.94+0.62°
31.8240.95°
121.82+0.81°
0 300.040.85" 04065 2148£126"
. 105772107 .
3 268.0+1.58 D470 13.520.47
6 259.6+1.15° 116452146 10.35+0.46°
" o 32.96+0.75° o
d
10 253.7+0.81° HLOLL 8.34+0.42%
o 31.86:0.86" o
o 114282083 )
20 257.740.7 274045 8.84+1.42
o 11552408 "
30 251.540.4 135016 9.2540.56

YEach values represents meantSD (n=3).
DValues with different letters (a-f) within a column differ significantly (p<0.05).
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Fig. 3. Physicochemical properties of Nuruk with different water
contents during fermentation period.

A, pH; B, acidity; C, amino acidity.
@, 20% water contents Mruk 2, 26% water contents Mruk I, 30% water contents

“Values with different letters within a row differ significantly (p<0.05). *Values with
different letters within a column differ significantly (p<0.05). Each values represents
meantSD (n=3).
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Fig. 4. Enzyme activity of MNuruk with different water contents
during fermentation period.

A, a-amylase activity,; B, glucoamylase activity, C, acidic protease activity.

@, 20% water contents Nuruk 2\, 26% water contents Niruk; W, 30% water contents
Nuruk

"Values with different letters within a row differ significantly (p<0.05). *Values with
different letters within a column differ significantly (p<0.05). Each values represents
meantSD (n=3).
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Fig. 5. Free sugar contents of Nuruk with different water contents
during fermentation period.

A, Glucose; B, Galactose; C, Fructose.

@, 20% water contents Mruk 2, 26% water contents Mruk I, 30% water contents
Nuruk

"Values with different letters within a row differ significantly (p<0.05). *Values with
different letters within a column differ significantly (p<0.05). Each values represents
meantSD (n=3).
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Fig. 6. Organic acid contents of Nuruk with different water contents during fermentation period.

A, acetate; B, butyrate; C, citrate; D, lactate.

. 20% water contents Muruk A, 26% water contents Nuruk, W, 30% water contents MNuruk
“Values with different letters within a row differ significantly (p<0.05). *Values with different letters within a column differ significantly (p<0.05). Each values represents meanSD
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Fig. 7. Free amino acid contents of Nuruk with different water contents during fermentation period.
A, 20% water contents MNuruk B, 26% water contents Muruk C, 30% water contents MNuruk
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Fig. 8. Principal component analysis (PCA) plot of ANuruk with
different water contents during fermentation period.
It was analyzed using the electronic nose.
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