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ABSTRACT

This study examined the sensory characteristics of Gochujang fermented with different ratios of rice-Nuruk. Gochujang
samples were prepared by substituting 0% (CON), 25% (NG25), 50% (NG50), 75% (NG75), and 100% (NG100) of rice-Nuruk

for Meju powder. A quantitative descriptive analysis (QDA) was

conducted with 10 trained panels who evaluated the

intensities of 23 attributes. The consumer acceptance was conducted with 51 general consumers who had not received sensory
evaluation training. The data collected from the sensory tests was analyzed statistically using one-way ANOVA, principal
component analysis (PCA), consumer acceptance, and partial least squares regression (PLSR). PCA identified two significant
principal components that accounted for more than 90.12% of the sensory attributes data for Gochujang with various amounts
of rice-Nuruk. The scarletness, glossiness, fermented odor, Meju odor, chili powder odor, fish sauce odor, soy sauce odor,
suljigemi odor, salty taste, bitter taste, chonggukjang flavor, and fish sauce flavor were loaded in the positive direction of
the first principal component (PC1), along with CON. The redness, thickness, jocheong odor, nutty odor, sweet test, spicy
flavor, MSG flavor, nutty flavor, rough, and tup-tup were loaded in the negative direction of along with NG2, NG3 and NG4.
A grass odor was loaded in the positive direction of PC2, and a bitter taste was loaded in the negative direction of PC2.
PLSR analysis identified the redness, MSG flavor, and jocheung odor of Gochujang with rice-Nuruk as major sensory factors
that positively affect consumer acceptance. This study suggests that adding more than 50% rice-Nuruk can improve the overall
consumer preferences for Gochujang and provides basic research data for developing rice-Nuruk fermented Gochujang.
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Ar5o| HE, Wt 5% =T (Aspergillus oryzae)
< amylase, maltase, invertase, cellulase, inulinase, pectinase,
papain, trypsin 52| &4 2 kojic acid, oxalic acid, citric
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Z(Suwon Fermentation Inc., Rice Koji Powder, Korea)< A
S35tk ME7EE Uit 100% 52 A2E 2338
== &Zd(Andong Old Flavored Soy Bean Paste Co., Andong
Old Flavored Meju Powder, Korea)s AF8-3}3it} 15715
= A31F 100%E 2& 22 2 A=2E Z(DP&F Co.,
Ltd, Dr. Pepper Red pepper powder, China)& AH&-3F3th 12
FAS AFs] ¢33 FAEZE E(Pulmuone Co., Ltd,
Natural mineral Water Pulmuone, Korea), &7}(Chungeun
F&B Co., Ltd, Roasted Bean Powder, Korea), 31 < $d(Deasang
Co., Ltd, Natural Salt, Korea), 27}(CPLB Co., Ltd, Gom
Gom Rice powder, Korea)E AMHE-3I . ZE A 5= 2024
590 AEUlE Fall €2 Fufjste] AHgsiith A
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Table 1. Formulas of Gochujang samples fermented with rice-Nuruk (A. oryzae) (unit: @)
Rice-Nuruk power
Ingredients

CON" NGI NG2 NG3 NG4

Rice porridge 40 30 20 10 0

Rice-Nuruk 0 10 20 30 40

Meju 40 30 20 10 0

Roasted soy flour 0 10 20 30 40

Red pepper powder 100 100 100 100 100

Solar salt 40 40 40 40 40

Water 200 200 200 200 200

Y CON: Gochujang sample prepared with 100% Meju.
NGI:

Gochujang sample prepared with 75% of Meju and 25% of Rice-Nuruk.

NG2: Gochujang sample prepared with 50% of Meju and 50% of Rice-Nuruk.

NG3:
NG4: Gochujang sample prepared with 100% Rice-Nuruk.

Gochujang sample prepared with 25% of Meju and 75% of Rice-Nuruk.
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Table 2. Descriptors and definitions of descriptors for QDA of Gochujang fermented with rice-Nuruk (A. oryzae)

Sensory

. Descriptors Abbreviation Definitions Reference
attributes
Redness Redness A Intensity of redness Tomato Paste (Hunt’s Co., U.S.A)
Scarletness Scarletness A Intensity of scarletness Tabasco sauce (Mcllhenny Co., U.S.A)
Appearance
Thickness Thickness A Degree of viscous apprearance  Sunchang Ssamjang (Daesang Co., Korea)
Glossiness Glossiness A Degree of glossiness Hot Pepper Paste (Cj Cheiljedang Co., Korea)
Odor intensity of naturally Camembert petit
Ferment odor Ferm O fermented cheese (Societe Fromagere de Retiers., France)
Doenjang odor Doenjang O Odor intensity of Doenjang Sempio Tojang (Sempio Co., Korea)
. . . . Andong Old Flavored Meju powder
Mejuodor Meju O Odor Intensity of Meju (Andong Old Flavored Denjang Co., Korea)
Jocheong odor Jocheong O Odor Intensity of Jocheong Korean rice syrup (Ottogi Co., Korea)
. . . - Dr. Pepper Red pepper powder
hil hill
Chili powder odor Chill powder O Odor Intensity of chili powder (DP&F Co.. Ltd, Korea)
F ted fish . .
Odor ermzzzg s Fish sauce O Odor Intensity of fish sauce Anchovy sauce (Daesang Co., Korea)
Grass odor Grass O Odor Intensity of raw chili Gom Gom Korean chili powder (CPLB Co.,
powder Korea)
I ity of 11
Soy sauce odor Soy O Odor Intensity of naturally Soy sauce 701 (Sempio Co., Korea)
fermented say sauce
. . Ligo Peanut Butter Creamy
Nutty odor Nutty O Odor Intensity of various nuts (Golden Boy Foods LTD., Canada)
. . Glutinous rice (HMP Co., Korea)
Int f the alcoholic od
Suljigemi odor Suljigemi O ntensity o é ac{o otle odor Soyulgok (Song Hak Gok Ja Co., Korea)
from Makgeolli residue
Water (Pulmuone Co., Korea)
Salty taste Salty Intensity of saltiness of NaCl Chosun Gan Jang (Sempio Co., Korea)
Sweet taste Swt Intensity of sweetness of sucrose Virac fermented rice punch (Paldo Co., Korea)
Spicy flavor Spicy F Intensity of spiciness from chili ~ Gom Gom Korean chili powder (CPLB Co.,
powder Korea)
. . . . .. Natural refined Gansu (Nammun Salt & Food.,
Bitter taste Bit Intensity of bitterness of quinine
Korea)
Taste/
flavor MSG flavor MSG F Intensity of Umami of MSG Miwon (Daesang Co., Korea)
Nutty flavor Nutty F Intensity of nutty flavor from Defatted peanut powder (Golden Peanut Co.,
peanut U.S.A)
Fl Intensity of anch
Fish sauce flavor  Fish sauce F saz\c/Zr fiensity O anciovy Anchovy sauce (Daesang Co., Korea)
Cheonggukjang ~ Cheonggukjang Flavor Intensity Chunggukjang powder (Songlim Food Co.,
flavor F of Cheonggukjang powder Korea)
Degree of felling from uneven O. Q. B almonds powder (Wooshin Food Co.
Rough Rgh
Texture/ oughiness £ surface and dryness Ltd, Korea)
aftertaste Tup-Tup Tup Intensity of Gom Gom Korean chili powder (CPLB Co.,

unpleasant astringency Korea)
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Table 3. QDA results of Gochujang fermented with rice-Nuruk (A. oryzae)

Sensory attributes CONY NG1 NG2 NG3 NG4 F-value
Redness A 8.16£0.697  8.98+0.79 10.88+1.10° 11.80+1.07° 12.74+0.88° 70.817"
Scarletness A 7.9740.50° 6.94+0.63° 6.13+0.82° 5.04+0.29" 4.58+0.39° 101.70™
Appearance

Thickness A 4.97+0.66° 5.89+0.32¢ 7.08+0.52° 10.12+0.51° 11.1540.64° 404.62™"
Glossiness A 10.12+3.21° 10.19+4.10° 7.35+2.28° 6.44+1.80™ 4.69+3.76° 9.49™
Ferm O 11.92+2.72° 9.75+2.79® 8.88+2.74° 6.61+4.01° 4.1243.19° 15.05™
Doen-jang O 5.33+0.29° 4.50+0.52° 3.82+0.49° 3.22+0.46" 2.5540.59° 83.43"
Meju O 7.14+0.41° 6.41£0.33° 5.56£0.37° 4.84+0.38° 4.01+£0.41° 172.80™
Jocheong O 4.4742.56° 6.02+1.95% 6.96+2.56™ 8.49+321° 10.37+£2.78° 12.07
Nutty O 3.61+0.20° 4.5140.35¢ 5.46+0.55° 6.12+0.35° 6.77+0.25 108.32""

Odor Chili powder O 9.13+£2.26™ 7.54+3.02% 9.61+4.38" 9.74+2.80° 7.06+4.32° 2117
Fish sauce O 8.98+0.58" 7.98+0.51° 6.43+0.51° 5.24+0.52¢ 4.1340.32° 263.67"
Grass O 7.36+4.58 5.5343.63 7.17£2.60 7.94+3 .41 7.03+4.93 0.84NS
Soy sauce O 6.61+0.47° 5.69+0.42" 4.8140.42° 4.18+0.31¢ 3.5240.62° 116.37™
Suljigemi O 6.51+0.50° 5.43+0.61° 4.5340.67° 3.64+0.58" 2.7440.75° 90.84""
Salty 10.84+2.31° 9.68+2.79" 9.3442.13 6.61+2.78° 7.06+3.96° 6.50™"
Swt 2.21£0.79¢ 3.27+0.87° 4.25+0.84° 5.71£0.57° 6.88+0.42° 112.99™

Spicy F 5.08+1.48" 5.88+2.50" 6.98+3.07" 6.50+£2.70™ 8.19+3.92° 278"
Taste/ Bit 7.97+4.34 8.45+4.04 5.78+3.76 6.91+2.28 6.98+4.07 12288
flavor Cheonggukjang F~ 9.24+3.93° 8.3242.92° 7.61+2.94° 7.80+2.46" 5.01+4.05° 3.68"
Fish sauce F 10.66+3.81° 9.24+2.15% 7.41+3.26° 6.98+2.80™ 4.8243.90° 775"
MSG F 2.22+0.75° 3.4140.76° 5.39+0.21° 6.230.18° 7.17£0.37° 259.23"™
Nutty F 5.1243.64° 5.8343.62° 5.70+4.03° 9.7242.62° 11.5142.35° 12,93

Texture/ Rgh 7.1243.05° 6.73+3.37° 8.56+3.20" 9.97+2.12"  10.7743.19° 557
aftertaste Tup 7.16+3.22 6.28+2.22 7.48+3.18 8.0243.35 8.23+4.07 0.92NS

D Refer to the legend in Table 1, Table 2.

sk

2 MeantS.D. © p<0.05, ™ p<0.01,

»<0.001, NS=not significant.

» 27¢ Means in a row by different superscripts are significantly different at the p<0.05 significance level by Duncan’s multiple range test.
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Fig. 1. Principal component analysis (PCA) results for the sensory attributes of Gochujang fermented with rice-Nuruk (A.

oryzae).
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Table 4. Consumer acceptance result of Gochujang fermented with rice-Nuruk (A. oryzae)

el HoFA oF BAEREAERS

CONV NGl NG2 NG3 NG4 F-value

Appearance 4.49+1.347%) 4.61+1.56° 5.20+£1.11° 5.14+1.23® 5.49+1.32° 517"

Odor 3.33+1.56 4.04+1.34° 4.90£1.19° 5.47+1.03 5.39+1.31® 25.70""

Taste 3.69+1.39° 3.96+1.64° 4.80+1.23° 4.88+1.58" 5.41+1.43 11.99™
Texture 4.45%1.54° 4.57+1.42% 4.84+1.24™ 5.25+1.35° 5.12+1.63% 2.94"

Overall acceptance 3.94+1.38° 3.76+1.41° 4.92+1.26° 5.02+1.73 5.31+1.36" 11.87"

D Refer to the legend in Table 1.
2 MeantS.D. * p<0.05, ™ p<0.01, ™" p<0.001.

% 274 Means in a row by different superscripts are significantly different at the p<0.05 significance level by Duncan’s multiple range test.
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