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Fermentation Characteristics and Sensory Characteristics of Makgeolli with
Dried Citron (Citrus junos SIEB ex TANAKA) Peel

Hee-Sun Yang, Su Jung Hwang', Sung Hee Lee’, and Jong-Bang Eun*

Department of Food Science and Technology and Functional Food Research Center, Chonnam National University
'"Faculty of Herbal Food Cuisine and Nutrition, Daegu Haany University
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Abstract This study was performed to examine the physicochemical characteristics and sensory properties of makgeolli
with dried citron peel and levels (3, 6, and 9%) of citron (Citrus junos) in makgeolli during fermentation with two-step-
brewing. The pH of makgeolli with citron dried peel increased within 5 days of fermentation, and decreased until 11 days
of fermentation. Total acidity increased after 3 days of fermentation then decreased after 5 days of fermentation, but
continued to increase slightly up to 12 days. Changes in alcohol content and amino acidity increased during fermentation.
A sensoryevaluation of appearance, flavor, sourness, sweetness, bitterness, and overall acceptance of makgeolli with citron

dried peel showed lower values than those of the control.
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4 AEORN 44 M fARALe g R 2
Estu BE Fo RATALY olsehs 54 WstE 24}

S

(Seoul, Korea)ollA] A3, W=t (4spergillus kawachii)S 5=
g 2] F AT A (HwaSeong-si, Gyeonggido, Korea)ollA 38k
AL YF@o)RAst ARSI AxfARTE Horek 7
Aglel AxE 98 ARS AxFAREE 200 AGE
WE A E A4 slls F /gl el (Shieung, Gyeong-
gido, Korea)2] thAAH(DSD-060) HZ71S o] &3ke] 50°CelA
Al T AxE RS Axs| ARSI

A=H=

WA 1 kgS AlESEA 24£2°ColA 2A17F B3t Boll HA] ARl
Z BS w2 ASAM 100°CE BE 29 5712 3087 &
A4kl 25-30°CE g3kt g st Aol W=k (Aspergillus
kawachii) 3 g& 4101 23-35°ColA] 48A17F F<t wiFate] A|x3)

A=RXD|E A7kst afde] M=
Azl £92 PR TE Yo £5S EEsiith '
B AR HEL P 1kg AR 3 g B 13 LS 2a g
o Qo] 7 E3st T F L 20+3°CE SAA7IH 59 HoF

. —L
oAl 2A17F Bt Eoll HA Al o2, ES w3 Ao 30%

7+ FAste] 25-30°CE gk I 75, E(18L), AR
A (e Al & "7 3, 6, 9%)E 27 7K & &l
] ] S

SRR &g 20£3°CE AR 72 B RES T, 40
mesh®] Aol 2] EX|AE A7 3t
g W/ BAYE A

AE F

=
£ AL e ol ANtk BENY F REAL 40
meshe] AR BEEAL AAD e QojA ojoloz o
W, 9 S, 919 3,000 pmOE 3057
& ¥ 9ee HAslel phsk 22 2 ofeleat e S,

=

pHE AR A5 4FNS pH meter(Model 8000,
VWR Scientific, West Chester, USA)E ©]-&3]4 =43}t &
2b ste A FHEAFAH()S 7 WIS 33
th QAEEE A8 Az 10mLE F3l] 01N FAShE
F 922 pH 83¢] E w7l F3 AAHS & suMF T
(%) o= JERAATE. oAt sk A1 o] FREATFA(18)
of w2} AEE YAEYE & 2 Y 10mLE FHoto dHs
Zetdl AxeF 3E-S 7FEkAL 0.1 N FABRES fdo® pH
8.30] & w7kA] F3st & of7le] SHEELULN SmLE 7t

Table 1. HPLC conditions for analysis of hesperidin and
naringin in makgeolli added with citron (Citrus junos SIEB ex
TANAKA)

(A) Operation conditions

Item Condition
Instrument JASCO PU-980 intelligent HPLC Pump
Detector JASCO UV-975 intelligent UV/VIS Detector
Wave length 280 nm
Column Synergi 4 p Fusion-RP80 column
(4.6x250 mm, 4 um, Phenomenex, USA)
. Solvent A: Water
Mobile phase Solvent B: Acetonitrile
Flow rate 1.0 mL/min

Injection volume 20 puL.
Oven temperature  Room temperature

(B) Mobile phase
Time (min) Solvent A (%) Solvent B (%)
0-10 80 20
10-14 63 37
14-25 63 37
25-30 80 20

sto] frelE A+ 01N FABER 89S pH 83°] € 1
7 A 2 A ag} sk Tt Aol &sie] o}
E2HS glycine 2 AT

o} .=2Hg/100 mL)={axF(O.1 N NaOH & 7})}x0.0075x10

=1

wAe] 59 9 &2 phenol-sulfuric acidf(19)2.2 =743}
Aok LEAL 40meshe] AR BEEAS AAT O, LR

A& 0.5mLol 5% phenol& 0.5mL, Bt 2.5 mLE 7)5te] 2
AoE &, 2087 Ao W8Stk UV Spectrophotome-
ter(2120UV, Optizen, Daejeon, Korea)S ©]-&314 490 nmollA &
FE2 ZAska 0, 50, 100, 150, 200 ppm F%=2] glucose solu-
tiong AMES] EFEHFFAG AAste] A&

e A2 FAARY FREATFHNTS, 2009)00
2} 3Tt 15°Cel A AA T 100 mL W] 2=Zep=39] TF7HA
FHstal oA S oF 300-500 mL ZE~Te] &7 T, o] WAE
g23E OF 15mLe] EE 23] M dS Fefdel A W
Z71o AAg ¥, WAZEAAE e 872 5k SR
o} Fdo] 70 mLEALQAIZES oF 208 U9yt HW SR/RE 5
, =g 7hete] 15°ColA wlaEekaAe] wEA A

o

G
o, 2 250 AYd &7 &, FAAE AHEE s YA,
25245 3 F Gay-Lussak®] Fg3hhiz =48-S A3

slam2|El, LR & 53

FAE olgsto] Az wAele BRI F oA d B
Uz o] Wshe HPLCE o] 8-3te] #4351 th(Table 1).
Synergi 4 1 Fusion-RP80 column(Phenomenex, 4.6x250 mm, 4 pm)
o] A&¥ HPLC(PU-980, JASCO, Tokyo, Japan)S AM&3l.om,
o5/ water?} 100% acetonitrileS- 80:20(v/v)S] H-&Z 1087F
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‘ Dehydrate for 30 min ‘
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‘ Incubate for 24-48 h ‘

‘ Koji ‘

Fig. 1. A flow diagram for koji preparation.
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AZ71(UV/VIS detector)®] 382 280nm, ZHS 202 {4
Aok 7+ JEE] ZARAS EFEZ Y retention time(z,)
Hlwale] R eH, A TFEAR AFAE st
Pttt Eajo ARE3 RE A]EE Whatman(Maidstone, UK)
0.45 ume] Y4 E IE(PURADISC NYL 25 FILTER)Z <=3}
o] FHSFATH?20).

EHsZAM

2 Egfol=E HUlete Az “‘723191 e A
sty 21F3ska) ish, oistdAl s0S sid® AA ]
e OﬂrJr‘S}O% Al dvljsh= E%@alﬁ} o] 43 FHS
6%= BAS the, A EE Hriet wpdele] o, &, 48,
&h S\ —’gﬂ 7|30l disl] 74 71sHEHe R Hriste]

2 Z0 7, 7P do 19 F5EE BAEAT

==

AZFATE Hrisle] Azd 2429 €5 200C2
A=E wigrio gaEer, e Az & 23g 59 5ok
HiY7]e] 255 20°CE AR Qe Az § FF daql
RAAZA = w71 LS 18CE ARl 2de] Ax F

=Ul9] F20] 20£3°CellA A4 H== sl

SHEN
EE @2 SPSS Version 18.0 package program(SPSS Inc.,

Chicago, IL, USAYS ©]&3te] 7k Algte] Hea ZFAAES

2F&3EaL Duncan & ol 838l 7t AF 7S] {OAE 5%

(p<0.05) Fel5ZNN AFHATH

g
)

U A%

i

=7l

=
°©

2
B
oX,

605

J
ry

Materials

Koji 1 kg
Yeast3 g
Water 1.3 L

|

Fermentation
2043°C, 5 days

Rice 1.5 kg

Second base

Wash & Soak

Dehydration

Steam & Cool

|

Steamed rice

Water 1.8 L

Nuruk 30 g
Different level of citron

|

Fermentation
20+3°C, 7 days

|

Makgeolli |
Fig. 2. A flow diagram for makgeolli preparation.
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8s7|12t & pH st
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3 A= Fig 300 L}EHHOJIT:} 95 A FolE 2712819 3
ez 2E A7 €9 28 3Y9A7K 718l 3.36-3.49
Atele] zhe Ao MEE 7H] FoAl Aol fidith 2
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A slAEo] 2T 2.93, AR 3%H 7 3.01, 6%3
7HE 293, 9%F 7 2992 Ve £5 @8 11YA 7R 1)
ASHA At €8 2a 1A o]F2 o Frtste] F
Fagdel RYAE UET 298, AZHAAY 3%A 7T 2.83,
6% 2.82, 9% A7V 27302 Vet HE pHE RE
AZAA Ol Xfoli= Ho|x] eSith. Ad Aol ¢fshd
g 7)7be] Ag] wek AAFE f714 dEge] wheske
ester 53 72 FwFRo] PYAE = 2ol AlRtEo] pHYL
T 5YATIA AR 27k AoF HelTh3, 21) AZFAATE

=

tdele] ¥R F pHE 3
7k

o o2

<0 2E 5Uo] A F Hrteins u &6 2E 11YA7EK
A} pH7F AskE ol H7ME AxSART gfE e

o8 714 f714ke] fElES7] WEeE AjzZtE HE 11YA)
7F A Foll= pHYF OF7F 718 Ao Holed o)E W
7F AP A frlak dFZg0] vkt ester T3 7
2 FudEo] Y= Fgo] AFEe pHIF U1 ALeR
weltk3.21).
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Fig. 3. Changes in pH of makgeolli added with different level of dried citron peel during fermentation period.
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Fig. 4. Changes in total acidity of makgeolli added with different level of dried citron peel during fermentation period.
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X7 074 /100 mL, AZFA3 3% 7H- 0.80 /100 mL, 6%
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atEo] thET 032100 mL, AXFAA 3%H7HE 033 g
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== Control

== Added with citron dried peel 3%
== Added with citron dried peel 6%
i p\dded with citron dried peel 9%

0 1 2 3 4 5 6 7

Fermentation period (days)

Fig. 5. Changes in total sugar contents of makgeolli added with different level of dried citron peel during fermentation period.
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Fig. 6. Changes in alcohol contents of makgeolli added with different level of dried citron peel during fermentation period.
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S BE AZA g9k FUHE B 2T 6.66%, A=A}
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A2l RYA7IA wHdele] 43g FEgE AL S F
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T482%E UERTE 253 FFol OE o= A
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2 FEfol =g Hrtste] Alxg 2ol visiA HE 42e 3
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oy sty 22 FEfEwol=Re £&d de A7t
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FIFE T HEeR A7 ol gk FUHH At 2
{3 AoT HATKRY).
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ZRAFHT 3, 6% A= FoF Aeolrt glovt olgd Ax
TR 9% oA ZpolrE ATk izl H]s)
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< olfie 7K AxfAFT e FHiE] e ofv=itel 7]
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Amino acidity (g/100mt )

=#=Control

== Added with citron dried peel 3%
== Added with citron dried peel 6%
=i Added with citron dried peel 9%

Fermentation period (days)

Fig. 7. Changes in amino acidity of makgeolli added with different level of dried citron peel during fermentation period.
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Fig. 8. Changes in hesperidin contents of makgeolli added with different level of dried citron peel during fermentation period.
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=iem Added with dried citron peel9%

Fig. 9. Changes in naringin contents of makgeolli added with different level of dried citron peel during fermentation period.

Table 2. Sensory evaluation of makgeolli added with different level of dried citron peel

Control

Dried citron peel 3%

Dried citron peel 6%

Dried citron peel 9%

5.14+1.32*
4.89+1.54°
4.69+0.55°
4.47+0.89°
435+1.29°
5.26+1.50°

Appearance
Flavor

Sourness
Sweetness
Bitterness

Overall acceptance

4.40+0.86"
5.17+1.83°
428+1.68°
4.53+0.80°
4.02+0.98°
428+1.32°

3.58+0.94¢
5.23+£1.47®
427+1.45°
3.94+1.37°
3.73+£1.29¢
3.50+1.20°

3.06+0.65¢
5.38+1.63"
436+1.78°
3.81£1.07°
3.53+0.85¢
3.04+1.15¢

Values represent means of three replications+standard deviations.

Dissimilar small alphabets within the same row are significantly different (p<0.05).
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