Km Check for updates

J East Asian Soc Diet Life 405
33(5): 405 ~414 (2023)
http://dx.doi.org/10.17495/easd1.2023.10.33.5.405

N8 2y

12
N
oy
mjo
i
AL
_QI_-
i
_o'k
-
1o
oK
[tal
Jm
0x

o

‘Goatgn EoteEdisd A AR EET
A~
= z z

M,
GolAjo)etn ol Eat AEADRAAT B

Quality Characteristics of Gwahaju (Korean Traditional Fortified Rice Wine)
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ABSTRACT

In this study, we assessed the quality characteristics, antioxidant activity, and sensory attributes of Gwahaju (Korean
traditional fortified rice wine) prepared using varying amounts (0%, 0.5%, 1%, 1.5%) of red-fleshed dragon fruit powder.
During the fermentation period, a slight decrease in the alcohol content of the Gwahaju was observed with the addition of
red-fleshed dragon fruit powder, with the alcohol content ranging between 21.33% and 21.64%. The pH of the Gwahaju
remained within the range of 4.01 to 4.09. There was a slight increase in the content of soluble solids over the fermentation
period, with the final soluble solids content of the Gwahaju ranging from 22.47 to 22.87 “Brix %. The color evaluation showed
that the brightness (L value) decreased as the proportion of red-fleshed dragon fruit powder increased. Redness (a value)
decreased with the fermentation period but increased with higher levels of red-fleshed dragon fruit powder. Yellowness (b
value) increased with both the fermentation period and increasing levels of red-fleshed dragon fruit powder. The total phenol
content and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activities also increased as the proportion of red-fleshed
dragon fruit powder increased. The sensory evaluations revealed that the Gwahaju with 1% red-fleshed dragon fruit powder
was preferred over other combinations. Therefore, Gwahaju supplemented with 1% red-fleshed dragon fruit appears to be the
most suitable combination for manufacturing.

Key words: Gwahaju, Korean traditional fortified rice wine, red-fleshed dragon fruit, Hylocereus polyrhizus, quality
characteristics
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Z81ll= 99.5% olleh-E(Ethyl alcohol, Duksan, Ansan, Korea)
= STHTE 70% A sto] Abgeiinh ek 2 Al A}
43t Folin-Ciocalteau reagent, gallic acid, quercetin, 2,2-
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Table 1. Formula for preparation of Gwahaju produced by various amounts of red-fleshed dragon fruit powder
Ingredients
Samples Red dragon fruit
. gon frui , .
Rice (g) Water (mL) Nuruk (g) powder () Mit-Sool (g) Soju (mL)
Mit-Sool 2,800 1,400 350 - - -
0% 500 250 - - 1,400 1,000
0.5% 500 250 - 5 1,400 1,000
1% 500 250 - 10 1,400 1,000
1.5% 500 250 - 15 1,400 1,000
A3 v, LFHE 45| A8 e 95 ] 7](FP20, Mette-toledo, Greifensee, Switzerland)E 4185t 1
27} 0%, 0.5% 1%, 1.5%S A7HIch oA Al%a WEs 39 1Fow Sgsgn.
45% }04 14 kg A ¥ F 72} 2023t €319 vh, &

g Aa5% {2 871 ol 25C9 incubator(INB-15R
Jeongbiotec)ol| A 3L 7F T EATH

3) A% A7}

470 A gl

217} 3029 &F 1 LE 21, 20C9] incubator
(INB-15R, Jeongbiotec)ol| Al 537t A ATy A&7} 3}
S 27 A7} F 3 AE 1504 5T 17
o] ZHAo g ANEE AFsl], LAEE7(MPW-54, Med.
instruments, Warszawa, Poland) & 3,500 rpmoi| 4] 287 4]
st Fede AL ARE ARSI

4. o|3t8ty 54 =4

1) &322 & 5

A g3} Bake] Arlers we)dt wele] dRe = o
A7 o] 732241718 (National Tax Service 2010)]l wH}A]
Ztzke] A2 100 mLE SFE H S7 70 mLell SFT=

gsle] HF g30] 100 mL7} H=2 243 T FHA

(211-DK-12, Deakwang, Seoul, Korea)Z %< $1il, Gay-
Luccac®] FHSAITOA 15TE BAsl] 1579 HHo 2

Ime FAE SPeach

A (Poket PAL-1, Atago,

’%‘ .
o] 1579 7 o7 =331 3, Brix

4) M= =X

ST 53

Ag3 Fslge] A=E  Colorimeter(CR-310, Minolta,
Osaka, Japan)E A&-3le] L(BE), a(dA %), b(EHE)E |
Fd HHo 2 e o, o] ] ALg-3l standard plate2]
L, a b &2 27 97.94, 0.29, 1.87°]%Uch

A7bdE gt
&2 Folin-Denis phenol method®]
43 Yu L 6(2002)94 WE ARSI 4o
43} 35} 150 ploll 2 N Folin-Ciocalteu reagent
T 2,400 pLE FH7bek 5 333 vEgAIF T o]
N Na,Cos(sodium carbonate) 300 yLE 7}3lo] 2
b baoll Al RESAIZD B, UV-VIS 337
(T60UV, Jasco, Tokyo, Japan)E A-8-3F] 725 nmoll A &%
Zslatt BT EAZ = gallic acidE o]83sl] HHF
s AT F mg GAEge = T Z2jus S ekl
Ak A=A FEgAe WAL y=0.0112x+0.217°] A
om, R 3t 0.9876°] ATk

=
a—=

o 3

6. DPPH Xte2iC]Z iﬂg/g =y

283} eFe] Hrbeke gelet 28k DPPH At
Z 2AEEY 342, 4 ¢xd FskE 900 pLell
DPPH £9(1.5 x 10 300 L= } o] wksiATh 1 H,
Aol Al 307 HE3A1Z] & UV-VIS 233 TA S AHg-8)
o 517 nmollAl FBEE S5, Als 4l deeES 3
7k i 272] FFEE 573kl DPPH AHrait| 2 A&
& YeERiATH
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DPPH free radical scavenging activity (%) =

(1—Sample absorbance/Control absorbance) x 100

7. BN SN It

WESh A4S vk A g3} TelFl tatel, AEF Wk
2 o539l Fxg TR 25% S WO A3} 3T
o 5% 9 w5 546 tstel BT B2 A
A7) @ A7t ARE B AN e D 249 4AS
93, P4 AAAG 2 ol Uk BPE P52
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AHEEHA] REE )
gzt 30 mLA AFsA o, 4 A= F Ue AFE
st FHlslE T 713 %+= Al(color), SHaroma), S(taste),
A ZH(mouthfeel), Z1HFA Q1 7] S T (overall preference)2] & 5
WA g Bkttt #5454 5 E(transparen-
cy), A7 S (redness), 2} SK(fruity flavor), &3] (alcohol
flavor), ©k(sweetness), 2="H(bitterness)2] 6714 &=2] 7F
ol gl Hrlel=s stk & ATE SHoxtEgn A
Wi 9ds]e] S90S ol 2353l thapproval Number:
SMWU-2108-HR-081).
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1) 2

247 el Hrbgs gt Az 47170 7
2y &F = Table 29} 2t} A 15 EeR

7} Fal5o] GAL RS 22.65~2421%F SHER o,

A 253l 21.54~23.92%, A 3FAE 21.28~

23.67%, A7 4F2 A= 21.27~22.33% = S ATt A

_‘_4
Z"_,m

A 712r0] Aol nle} YR FFe 2% Prshs BFS
denlon, %40 B4 53 welre gme JFge
.

21.33~21.64% SH AT A&7 B H7bel e 7
she] dg A AR 1-3FAA = A8 A7t
o] TVIAFE dFE FFF EI AF Ehon), &4
BH 5FAPM e A8 At e g3 3

oA Apol7b YehA] @it FHetre FHUASLE
(Alcohol fortified fermented wine) <] sHU=E, FE] &
TURE 3t IF %A =8l SHTE FAst] LEE
Ao 2N wo] Fnlet HEYS AT + UrHKang
SY 2022). 'HE7} Y= HA] Zo] HEL 75 x38H H
ol g ofgl FEoR alEa, o]FE A AYFE G
< RO AHES Bl ¢S COE EIlEA =
o] 43 o] F7IH Ei(Han EH 5 1997). L
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Table 2. Changes of alcohol contents in Gwahaju with red-fleshed dragon fruit powder during fermentation period

Fermentation period (week)

Samples” F-value
1 2 3 4 5
0% 22.6540.522C 21.5440.12%¢ 21.28+0.06 21.85+0.12°5 21.64+0.76™ 4323
0.5% 22.80+0.00™ 22.67+0.50° 22.54+0.30° 21.4340.50°%¢ 21.3540.58" 3.931"
1% 23.4340.26™ 22.5340.12" 22.7740.12° 21.2740.06% 21.3340.58¢ 2.682""
1.5% 24.2140.68* 23.9240.06** 23.6740.06™ 22.3340.06" 21.67+0.58% 0.887""
F-value 54203 11.324™ 9.534"" 534.028™ 426.094

Y 0: Gwahaju without red-fleshed dragon fruit powder.
0.5: Gwahaju with 0.5% red-fleshed dragon fruit powder.
1: Gwahaju with 1% red-fleshed dragon fruit powder.
1.5: Gwahaju with 1.5% red-fleshed dragon fruit powder.

? Each value is meantS.D. (n=3). p<0.05, “p<0.01, ~

<0.001.

a4 Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
A~C Values with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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g3 Fue] S I3t #skre] pHel Wske
Table 33 2t A4 1572 #H3l59] pHE= 4.01~4.052 =
E o, A7 253 Fsl2] pHE 4.03~4.08, 3574t
E 4.09~4.092 Z718tsla, HE 457 0] 4.02~4.08% 1}
Elkon, Wil 9EE 537319] pHE 4.01~4.09% =3 5]
At A% 71ZPE R pHEHFo| &%) Aol Hloh A
7 713t w2 dA e AdE YERA = it drbd o
2 &9 HF Z7)olls ERe 22 vAEo] f7)4ke] A
g g AR QIMbAH] o ARG o] & Fol 9Jste] pH
= oA A HW(Choi SI & 2013), &7} P HA &

Ag3t A7} Herrel A 54 409

7|5bo] Wk g 5 gm| i) A Tl o] 8E
Al oAl HthLee YI 5 2018). 1Y &5l 4=
o] 15%5 dow o|g3t vyl Fohs A

of
o

r
£

A&7} Fel 7] wE pH Wsks A HEE,
Tt A8 B Akl pHrh 2w B 34
A7FEl whe FSld AdFe HolAle

30 g fUogo
[0 mi
N

+

3) 7t2M IHEo| 2tk uist

A gate] Hrtge 2eEe
W3l Table 49 2t} A%
2FES] T o940 At
F2ke] Fskre] 7HAd
%P o™, A7 252}l & 20.56~21.48 °Brix %, A% 352t
o &= 21.67~22.95 °Brix %2 &% J7leltirh, A% 453}
oAlA 5FAIAl = Fre] WsrF vepA] edsket A4
SAo] B A& et HF JHeA 1dE TFHe

22.47~22.87 °Brix %= =% ¥t}

=5l 714 1 ELS SR JUddely ¢=e I
o] VAR ol &¥3, F/Y e} Avld e F= F
24 Fo] FkLee YJ & 2012). &5le] L&} Al2tew o
s WA dojua 1 ool mAES] FA dEs A
o] doju}, E Zwhlle 7H8A 1@ E] Tkl =4 Y
QA Alto] A g5 TR giAEFEol o) 7184 1

o)

P& g2 Ha volxA "k 2y oleie TE 2
A Fo dIE T4t 2 AFE FYsH HH g1
Ago] Astelo], njx SRR WA B3 e 1FE
o] & o o}l HslFe] wuld EolA HrkKang SY
2022). ¥HH 73 H7) o] Tl = B3} EAE AL Zest

o

Table 3. Changes of pH in Gwahaju with red-fleshed dragon fruit powder during fermentation period

Fermentation period (week)

Samples” F-value
1 2 4 5
0% 4.03£0.0475¢ 4.03+0.01° 4.07+0.02° 4.0540.01™ 4.01£0.01%P 9.464"
0.5% 4.04£0.00°" 4.05+0.01¢ 4.08+0.01° 4.06%0.01™ 4.0240.01"¢ 8.733"
1% 4.05£0.01*4 4.05+0.01° 4.04£0.01° 4.0240.01°° 4.0540.01° 1.788"
1.5% 4.0140.02¢ 4.0840.06 4.0940.05 4.08+0.00" 4.0940.01* 6.806
F-value 0.814" 12.792 17.543 2.056™ 0.803™
D Refer to the comment in Table 2.
? Each value is meantS.D. (n=3), "p<0.05, “"p<0.01, *"p<0.001.

"¢ Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
A~C Values with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 4. Changes of soluble solid contents (°Brix %) in Gwahaju with red-fleshed dragon fruit powder during fermentation

Fermentation period (week)

Samples” F-value
1 2 3 4 5
0% 19.63+0.06°° 20.56%0.00" 21.6740.00¢ 23.0040.06** 22.87+0.06™ 137.203™
0.5% 19.7040.00° 21.3440.06° 22.0040.00"%¢ 22.4340.05" 22.4740.07 413.262""
1% 19.6740.06° 21454047 22.20+0.00" 22.60+0.00™ 22.60+0.26 285389
1.5% 19.98+0.19° 21.48+0.45° 22.95+0.00°* 22.87+0.05 22.7740.06* 147.676™
F-value 11.068 5219 3.661" 4.053™ 458.235"

D Refer to the comment in Table 2.

? Each value is meantS.D. (n=3) "p<0.05, “p<0.01, *"p<0.001.
24 Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
A™D Values with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).

o, €hlol] F& 7184 18 ELS A% 2 E w9 7He
A 1P &L ZolA HrhRyu IS 2014). ¥ AFNM = F7
T Y olF HSA7IR] SRR 4FAA] 7HEY 1
FEo o] FTrkshe AL AT F ASlTh A8
A7t e /M8 18 E e 4 AgS HolA
= 2otk w2 AT A Aey e Ao Hrk
°] 1.5% ol3te] mle] A83 B i sl 7
A 1Y E T 2 IS VA G RS IR F 3
Rew, ol &is o] Wstel Ak 7ol At

A8 Fe] ArhEE 2El Helae] s471% & A
]

A 152004 68.26~96.85% UERFOoH AF 5FA| =
88.71~95.14= YElRTh FH7ES AL 4837 &2

A7F A 8L AS 17T 4 5573k WEghe] S71s8t
Atk A8 B b mEtE WEghe] Aol E B
=, F83e] Hrigo] T/EFE g WA =3 H
AL} A L] Ag- &A7)7ke] Tk wEl BE A5
AN 3 Fhaske AeE Bylon, Ag3 e At
o] S/IEFE AAE w3t STt AR 9o
T Ag3e] HrtEo] BeasE FAE E3 = SHEHU
on, TAHIIES ¥E3sle] RE A|BA] BET|7te] 7}
G= It Stk A4S Jehith

Fdo] £& HetFe w9 Yo| Ag Aol A7
o] Ya1, F4o] £X4 &2 Hslae ZAd 77k, 97
o Bt FHE 237 g 39 Ul FUEE HalFe
Aol grolx]A] & &=H|(Ryu IS 2014), ¥ A% £47]
Zrol TNEFE FAEIL Frtste] Hek 5o g
< g, 9oyt S7keHE AS B3 Hal5rt o] ghol

2
S w7l SHT H7F Foll= AAF Ao] BrolA A
o} ATyl Tt A= A4S

283l = betalain(EZZo]= Ayl 3= betacy-
anins 2! betaxanthin A|E d&-o] FH-3lTHLee SH 5 2018).
wetA] 83 FE2ES AZRE o]E3le] Fo H248 )
= A% T AR o] HETd| olgrhe H24S

Hehe AQMLRA 28T 4 S Ao AzHEn)

I
2 52,56 mg GAE/100 gO 2 7} Y7 Yehsko
o, A& B 1.5% H7lrte] 72.68 mg GAE/100 g&- 2 7}
2 = S AT A89E HUke Helae & EelslE
shzko] 60.96~72.68 mg GAE/100 g& & F-H 7l s
=7 vebtom, Agate] Hrheko] Sk met & Ee
Wi e =gk =4 S ATHp<0.03).

7o) F9H Fefhiol= EAS Hwd Lee SH &
(2018)2] Aol E-rte] HEolM = S| =rt AL
AZEHA gsko, 83te] Hoa] Feti o= AdEo]
= 23 Hed), 83 Fo ZEkH o= A9l narcissin
2 2 S A 9@ gitstay) 2 A gE e
He Aoz Hu¥AcHAntunes-Ricardo M 5 2015). &3}
o] H212AS H713 Kim YR $5(2022)2] AFolM e, &3}
37} 5ol vl EelvE, Seli e, Ay we] g
o] Eru HuFHQrk aER B el o] Hge]
A3} B8-S e ol g3l Aol ZeldEy e e

o
&
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Table 5. Changes of color parameters in Gwahaju with red-fleshed dragon fruit powder during fermentation period
Color Fermentation period (week)

difference Samples” ) N ; ; ; F-value
0% 96.85+0.022°4 97.00£0.01°* 97.10£0.04** 95.71+0.06** 95.14+0.04°* 74.749™
L 0.5% 88.22+0.03%" 92.09+0.08" 94.34+0.08" 93.58+0.12" 93.36+0.10° 7.397"
value 1% 73.7240.07% 88.82:+0.01°C 91.99+0.03* 90.64:+0.03°C 90.38+0.06™ 6.2817
1.5% 68.260.04° 79.80+0.03° 85.78+0.03°° 86.100.24°° 88.71:£0.26™ 10262
F-value 20.070™ 108.050™ 28.453™" 25.953" 11.753™
0% —2.54+0.52%P —2.97+0.02°° —2.46+0.04°° —2.95+0.01" —3.2420.04° 517063
a 0.5% 11.36+0.05° 7.1240.06™ —2.090.03% —3.67+0.01%" —3.00+0.05% 88.581"
value 1% 26.22+0.08"® 11.38+0.018 1.93£0.02 —0.73+0.01°" —0.31+0.01*% 58.007""
1.5% 34.610.09** 15.70+0.01°* 8.30+0.58 6.95+£0.53% 1.13£0.06** 61.838™
F-value 1.607" 5227 529.841™" 11.007™ 113.723™
0% 5.86+0.01° 7.68+0.02% 8.75+0.02 10.23+0.04°° 11.47+0.01%° 46.137
b 0.5% 8.21+0.06* 9.54+0.07% 13.58+0.12¢ 18.1840.04°C 21.1840.02* 77302
value 1% 11.27+0.02°® 12.32+0.01% 13.94£0.12® 19.83+0.18" 29.43+0.07°% 139.636™
1.5% 13.41+0.02 12.14+0.03 14.55+0.02°* 23.03+0.30"" 3353025 233.667
F-value 17642 32.136™ 1,323.505™ 142208 79.408""
D Refer to the comment in Table 2.
? Each value is meantS.D. (n=3). “'p<0.01, ™" p<0.001.

*7° Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).

A™D Values with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 1. Total polyphenol contents in Gwahaju with

red-fleshed dragon fruit powder.

D Refer to the comment in Table 2.

Values with different letters are significantly different by
Duncan’s multiple range test at p<0.05.
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Fig. 2. DPPH free radical scavenging activity in
Gwahaju with red-fleshed dragon fruit powder.
D Refer to the comment in Table 2.
Values with different letters are significantly different by
Duncan’s multiple range test at p<0.05.

283 bl whet o)A Q1 2bol7F Y=t (p<0.012),
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7V A B7HE A &) Vs gk BrF A A8
7} "yl ZrlE4E & 7|3 E Ea 2k, 1% A
7Vt Al89] 8 7|5 %7} 5.18% 7P gkon, B RS
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3 7|EE Ae3 B 1% F7F A5 7|5} 5.562
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ARl Ao 7} VFERA] &Skt AREAQl 7S Ee] A% 1%
A7kl 5772 7P A W7EEIA, ATkl 4238
2 7P 9A Bk Ak

WA 549 A= 97t 23 At FHEs T3
ol 5328 7P Emkem, Ao Hrige] S
37| FHAEE WA H7EE A 2™ (p<0.001), 1% 7}
Ao FHErt 35602 7 Gghth A7 o] 7ol
T FH7Rre] 1592 7Y wken, 1.5% b Alme] A
w7t 338% 7P =4 WrlEol, A8 £l Ak
S7ME5E ot AR Bt SUsHE 2o E Y
EFETHp<0.001).

283 B A7t Aetre] Hdga G2, 2ut A=
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3, AL} 1% Hrhro] 5742 71 A Pt o, A
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Table 6. Sensory evaluation of Gwahaju with red-fleshed dragon fruit powder

Samples”
F-value
0% 0.5% 1% 1.5%
Color 4.86+1.552® 441+1.53° 5.52+1.67° 5.2441.67° 3.390"
Aroma 4.27+1.03° 4.73+1.24 491£1.15° 5.18+1.05° 1.966"
Acceptability Taste 4.86+0.77° 5.18+0.91® 5.56+0.45 5.13+0.81% 1.132°
Mouthfeel 4.77£1.15 441122 4.64+£1.22 4.64+1.22 0.261
Overall preference  4.23+1.48° 4.56+1.32° 5.77x1.35 5.50£1.0° 5.790"
Transparency 5.32+1.35° 4.43+1.81% 3.56+1.42° 3.63+£0.96° 4915™
Redness 1.59+1.01¢ 247+1.27° 3.32+41.14° 3.38+1.18° 55.554""
Characteristic Fruity flavor 4.00+1.60 4.73+1.45 4.05+1.43 4.59+1.05 1.186
intensity rating  Ajcohol flavor 4.09+1.19 332+1.17 4274152 3.91+1.27 1.933
Sweetness 4.45+0.60° 5.44+1.04® 5.74+0.96" 5.27+0.96° 3.267
Bitterness 2.68+1.09 2.45+1.44 2.59+1.22 2.41£1.22 1.699
D Refer to the comment in Table 2.
? Each value is meantS.D. (n=25). p<0.05, “p<0.01, “"p<0.001.

¢ Different superscripts in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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