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Quality Characteristics of Jicho-gwahaju (Korean Traditional Fortified Rice Wine)
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ABSTRACT

This study investigated the quality characteristics of Jicho-gwahaju, a traditional Korean fortified rice wine, by varying the
timing of adding Lithospermum erythrorhizon-infused distilled spirit (Jicho-soju) to determine the optimal manufacturing
conditions. Based on a historical analysis of 128 traditional liquor recipes, five addition timings were established: day 0 (T0),
day 1 (T1), day 3 (T3), day 5 (T5), and day 7 (T7) of fermentation. Physicochemical properties, color values, antioxidant
activities, volatile compounds, sensory attributes, and principal component analysis were evaluated during a 12-day
fermentation period. The initial alcohol content tended to increase as the addition timing was delayed. However differences
among samples decreased during fermentation, reaching 18.43 - 22.70% by day 12. Soluble solid content gradually increased,
while pH remained within a stable acidic range, except in T0. Redness (a* value), total polyphenol content, and antioxidant
activities measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
assays increased with the delay in the addition of Jicho-soju addition. Volatile compound analysis showed that esters and
higher alcohols increased as fermentation progressed, with ethyl acetate and isoamyl alcohol identified as major aroma
compounds. In the sensory evaluation, T3 showed the highest overall preference due to its balanced color, aroma, and taste.
T3 also maintained relatively high polyphenol content and ABTS radical-scavenging activity, while showing an appropriate
ethyl acetate level and the highest acetaldehyde content. Principal component analysis indicated that sensory preference was
positively associated with redness and body but negatively associated with excessive fermentation-derived compounds,
bitterness, and sourness. These results suggest that adding Jicho-soju on day 3 of fermentation is most suitable for optimizing
the quality balance of Jicho-gwahaju and may provide basic data for developing functional traditional alcoholic beverages.
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Table 1. Formulation of Jicho-gwahaju

Ingredients Amount (g)  Percentage (%)
Glutinous rice 2,000 47
Water 400 10
Nuruk 120 3
Jicho-soju 1,700 40
Total 4,220 100
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Fig. 1. Changes in alcohol content of Jicho-gwahaju
during fermentation as affected by the timing of Jicho-soju
addition.

Y T0: Jicho-soju added to Jicho-gwahaju at day 0 of fermentation.
T1: Jicho-soju added to Jicho-gwahaju at day 1 of fermentation.
T3: Jicho-soju added to Jicho-gwahaju at day 3 of fermentation.
TS: Jicho-soju added to Jicho-gwahaju at day 5 of fermentation.
T7: Jicho-soju added to Jicho-gwahaju at day 7 of fermentation.
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Fig. 2. Changes in pH of Jicho-gwahaju during fermentation
as affected by the timing of Jicho-soju addition.
D Abbreviations are the same as in Fig. 1.
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Fig. 3. Changes in soluble solid content of Jicho-gwahaju
during fermentation as affected by the timing of Jicho-soju
addition.

D Abbreviations are the same as in Fig. 1.
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Fig. 4. Changes in color parameters of Jicho-gwahaju during fermentation as affected by the timing of Jicho-soju addition.

" Abbreviations are the same as in Fig. 1.
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Fig. 5. Total polyphenol content of Jicho-gwahaju as
affected by timing of Jicho-soju addition.
D Abbreviations are the same as in Fig. 1.
Values with different letter are significantly different by Duncan’s
multiple range test (p<0.05).
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Fig. 6. DPPH radical scavenging activity in Jicho-gwahaju
with different timing of Jicho-soju addition.
D' Abbreviations are the same as in Fig. 1.
Values with different letter are significantly different by Duncan’s
multiple range test (p<0.05).
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Fig. 7. ABTS radical scavenging activity in Jicho-gwahaju
as affected by the timing of Jicho-soju addition.
D" Abbreviations are the same as in Fig. 1.
Values with different letter are significantly different by Duncan’s
multiple range test (p<0.05).
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Dol €-E(2-phenylethanol, &71&; 14k 1.60~1.81)% & &
Aol 714319t 718l AR F oI ELH|S] =(acetaldehyde,
FAV} - 2= T304 58.33 ppm(EFU| 3k 5.83) 0.2 H gk
Hol % 159} T7914 Z}2}+ 38.47 ppm} 30.20 ppm -2
Zatgletl, ol &R o 3 FEAF @yl2 53] vt
o7 g F7] FHEJATIE SAo] MY d2s
A~ f Ax(alcohol dehydrogenase, ADH)ol| 2]3}] ogb& =
AN AY oM ELC 2 JhslE o] 1HAd AR M HT)
(de Smidt O & 2012). WE-E(methanol)S> ZE A] T oA

il oo ¥ o

Table 2. Major volatile aroma compounds of Jicho-gwahaju as affected by the timing of Jicho-soju addition

Compound Odor description Threshold Samples” OAV range
(ppm) Tl T3 TS T7
Ethyl acetate Fruity, solvent 10 69.51 159.26 177.60 163.65 1.96—17.76
Esters Ethyl lactate Creamy, coconut 14 26.50 60.10 57.27 63.10 0.34—4.51
Subtotal (10 esters) 24.46 97.21 22020 23553 227.48
Isobutanol Alcoholic 100 108.23 119.29 135.24 142.71 141.26 1.08—1.43
] Isoamyl alcohol Banana 70 250.04 269.81 313.86 331.25 333.52 3.57—-4.76
allrlclfll;z]rs 2-Phenylethanol Floral, rose 14 9.64 22.41 23.05 25.27 0.65-1.81
s higshlz:lit(;tlilohols) 454.85 49336 57742 608.40  613.42
Acetaldehyde  Green apple, grassy 10 21.61 58.33 38.47 30.20 1.54—-5.83
Others Methanol Ethanolic 668 7.68 7.89 8.01 7.91 0.01
Subtotal (5 others) 22.49 29.29 66.21 46.47 38.11
Total volatile 501.80 61986 863.83 89040  879.01

compounds

D" Abbreviations are the same as in Fig. 1.
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Table 3. Acceptability ratings of Jicho-gwahaju as affected by the timing of Jicho-soju addition

Acceptability Samples” F-value (p)
TO Tl T3 T5 T7
Color 5.05£1.00%  5.45+1.10™ 6.45+1.22° 6.09+1.51% 5.18+1.50°  4.890 (0.001)™"
Aroma 5.59+1.47 5.77£1.27 6.27+£1.24 5.68+1.64 5.55£1.65 0.877 (0.480)
Taste 5.27+1.55% 5.73+1.08° 6.05+1.36° 4.77+1.63 4.64+1.43 3.957 (0.005)"
Mouthfeel 5.68+1.73 5.64x1.18 5.82+1.74 5.23+0.97 5.27+1.42 0.731 (0.573)
Overall preference 5.59+1.22%¢ 5.91+1.11% 6.32+1.21° 5.4140.96™ 4.91+1.90° 3.538 (0.009)”

" Abbreviations are the same as in Fig. 1.
2 Each value is meantS.D (n=22).

3 Different letters within the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

sk sk

p<0.01, p<0.001.
7.12~8.01 ppm T2 11 7]1(500 ppm ©]sh= =LA
steletla, Ul d Ad 3 8 dolME (diacetyl) 2 5

23 (furfural) (Lee SJ 5 2007; Her J & 2020)& RE A
ol HEFA oot %_}E 57 2310] A £+
ol FAAHAUTE THH O, ol 2B Tt nFgIER
7l me o] B - %%“é g7t oot E 7}
G 7FsA, cHEDHSI =S £ T A FEE W 1
A& W, T3~T5 7xte] =8 F/IGE 2te] Fdo] Mg ¢
% Aoz Pk,

HU

4. A=sH &4 4rt

1) 7|2 "ot
Az A% FRF Q7L - BE Az BeFe 715
= %7} 2= Table 30 UeRSITh A(d) 71 8%== T3
AlgelA 6.45+1.22% 71 = A WERE 2. (p<0.001), TO Al
S 5.05£1.000.2 7FF e S Hth o= T3 A8

=

_133 mg

o] A ZA H5we|

e

Ao JYS

o,
M1
=

PO
o

=)
LR
%

hu]

bl thE 713 EE T3 AlR9A 6.05+1.360.2 713
%2 (p<0.01), T5(4 77£1.63) L T7(4.64£1.43) A BoAE
Tr-nglfli o 7S L}]ﬂ_uhjr Zﬂ: 71559} 11179’-_8‘ X}E]
T ZF oA Q1 Aozt glode AREAQ] 7S oA %= T3
Al87F 6.32£1212 7H B AFE Wk on(p<0.01), T7
T YERth

=

lr mr

AlBE 49119008 7P ¥e A olg] sk
Ae ditel &4 9 g E g5 P =2 TS, T7
ABo|A 7|a=r) o8]8 fast Aoz 7leA duY

il

QLN %
U7k WEA] ANEAYl T EE o R ololAA e &
o1& 2= 9l9it}.

2) MY AR A}

= =
Az Fole] A FA BAREA ZF= Table 400 Ueb
Qth. AAMEE= T5 A BAA 6.00£1.452 718 =4 Ve
O (p<0.001), &2 =3 TS Al FoA 6.77+0.972 713

Table 4. Characteristic intensity ratings of sensory attributes in Jicho-gwahaju as affected by the timing of Jicho-soju addition

) Samples”
Sensory attribute F-value (p)
TO Tl T5 T7

Redness 4.00+1.697  4.86+1.55™ 5.73+1.42% 6.00+1.45° 4.95+1.29° 6.201 (0.001)™
Alcohol aroma 5.18+1.76° 5.41£1.71™ 6.00£1.80* 6.77+0.97° 6.32£1.52% 3.722 (0.007)"
Sweet taste 6.64+1.68" 5.36+1.65 4.91£1.66™ 4.05+1.65° 4.41£1.68™ 8.062 (0.001)™
Sour taste 2.73+1.32° 3.73£1.39"™ 4.73£1.93% 4.77£2.16® 5.32+1.91° 7.415 (0.001)™

Bitter taste 4.27+2.23° 4.73+2.05" 5.59+1.68" 6.23+1.66° 5.73£1.91% 3.752 (0.007)"
Herbal medicinal aroma 4.64+2.13 4.73£1.75 4.82+1.74 4.82+1.76 4.73£1.58 0.039 (0.997)
Body (mouthfeel) 5.55+1.71° 5.23+1.45% 4.27+1.96™ 3.91+1.54° 3.55+1.57¢ 5.904 (0.001)™

" Abbreviations are the same as in Fig. 1.
? Each value is mean£S.D (n=22).

% Different letters within the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

" p<0.01, ™" p<0.001.
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73l 7= e (p<0.01). T3 2= TO Al5lA] 6.64+1.68
2 7P #=0l(p<0.001) HE 27| SHFTE H7IRE A5 7
o] Fo| go} wuto] At A ztE = Fg Felsiitt 4l
gt 2ut Aee SHRT AHA7F ARl oA SUske
78S HATHp<0.001). SFFASt A== A2+ 1T fol4
o zpo|7} giAtk. w7 TO AlBolA 5.55£1.712 713
=gtom T7 AlBol|A 3551572 7F8 WA HrkE ot
(p<0.001). ©]= TO A= =& 2 o] vit]zt P4
71038 Aoz daddt T3 AlgE wul, Aluh d3g
1R d e 2= i oz ) WA o s R s o7 e B R 2 o s ez R
T7F =4 vepd oz sk
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Fig. 8. Principal component analysis (PCA) biplot for
sensory attributes of Jicho-gwahaju as affected by the
timing of Jicho-soju addition.

Abbreviations are the same as in Fig. 1.

Principal component 1 (F1) and principal component 2 (F2)
explained 93.58% and 4.11% of the total variance, respectively,
accounting for 97.69% of the cumulative variance.
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