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Abstract

This study aimed to evaluate the fermentation characteristics of mixed Makgeolli with barley and wheats under,
fermentation at different temperatures (20, 25, and 30°C) and time (3, 6, and 9 days). The pH and sugar of mixed Makgeolli
were 3.68~4.26 and 12.30~17.31 "Brix, respectively. The total acidity showed proportionate increase with fermentation
temperature and time; whereas, reducing sugar contents decreased with increasing fermentation temperature and time. The
alcohol contents of mixed Makgeolli varied significantly by fermentation temperature and time (p<0.05). In terms of color
values, the L value decreased with increasing fermentation temperatures, and a value increased significantly with increasing
fermentation time. The number of microorganisms (yeast, total bacteria and lactic acid bacteria) in mixed Makgeolli
decreased progressively with increasing fermentation temperature and time. Among the organic acids (citric, lactic, malic,
and pyruvic acids) in mixed Makgeolli, citric and lactic acid was present at the highest concentrations. From these results,
the optimum fermentation conditions of mixed Makgeolli with barley and wheat were 20~25C for 6 days.
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frabatel vls) B2 Aoz A7 EIEItHYoon 5 2012
Rhee 5 2014).

‘9_]'7“3]01] 3 d7EE =2 hoFst YRS 0|23t o]

H2oZ &u71Z(Jeong S 2006), Y31 E(Kim S 2007),
—,—-.—(Woo 2010a), #u|(Lee 5 2014a), B 2|(Park 5 2015)
Y AFE7t e, AE7)ls 2400 gt dH(Kim
5 2012; Jung & Kim 2015), S+ZAo] o3t A74Sim &
Kim 2016) 5°] 21 Eich £33, 2L A7 GAl=Z
e AART= A7 Rage wet Ao ek &
H|Zbo] HA =7 SoEHA SR oyl dE Y A=
ol whE theksl, v o) M3tz QIR IH3} 5 4]
2ol 2571 AT QIthHa S 2014; Shin 5 2015).

B 2 (Hordeum vulgare L)= 2]0]d-32} B-glucans $H-7-5f
T Q= 7154 A2 Bale] BOHT i AP gols
ohe @gof Ha WA} 2 B HEshE S4o] SlrHChoe
& Youn 2005; Seo & Park 2014). (Triticum aestivum 1.2
s e, weh B e okl FxaA, A
oA au|E= 2o "ol Yol oEstar glof, =4
o] AFE(0.7%)S =03l =85t YtHKim & Yi 2010;
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e Alx g ARE 2ot @2 201590 Au 2
2315t Ao 2 2R &)(Huinchalssal-bori, Gunsan, Korea),
Wl = 9(Baegjoong-mil, Gwangju, Korea)S ARSI th TraA|
Ql Y=L EA| 2802 HYUARA(Cheonil Co., Yeosu, Korea)
oA FUsIRLH, 52 YR A 2T A +F(Nuruk,
Jinjugokja, Jinju, Korea)S FA 3]0l Al Feiste] ARHE3HS
ot aRE= ARE Saccharomyces cerevisiae(La Parisienne,
Societe Industrielle Lesaffre, Marcq en Baroeul, France)E <]
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108, Dongyang Techtool Co., Daegu, Korea)S ©]-23}% 0.0,
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A
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& Ll(ww) HEZ EF5tEen], 4839 FAE= AlA
A FA 1,500 go] HE=F FH|SHE el AlE & 36 £
19 B8 H7}eho] 3A]7]— B9 AR o2 308 Bk B
71& st} o] RIS 100T A 1A B2 225 = A
2oz AFPTE ABF YL B 50 mLE Az o]dte] ol
YA A A vw A Hejot FUZE Z?dii A A 5
g 2o We) sgtao] A Y3 FA O diulsto]
QL 20%(wiw), AT FZ-L 1%(wiw), 7}4%.3 180%(w/w),
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22 stgrhPark 5 2015).
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2010)o] w2t 243t pH 242 pH meter(Metrohm 691,
Metrohm, Herisau, Switzerland)E ©|-83}o] Ao =435}
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3%
—
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_0_‘# glucose standard curveE 0]-&3}e] AT TH(%, wiv)
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2EE5 15C2 BA% o2 FAHAE o]&sto] S35t

,_rh JIN'



Vol. 30, No. 2(2017) 2zo 2 2ot I

(NTS Liquors Licence Aid Center, 2010).

5. EEIQI. ol ég |-7-IE_|O| AHI:

HeEjeh 9 surde| Y] Mz S3E A=A (Ultra Scan
Pro Spectrophotometer, Hunter Lab, Reston, VA, USA)E o| &
3} RTRAN-regular transmission X E=9o]|A] Hunter's valueQl
Y= (L-value), 2= (a-value), A= (b-value) Froz =74
31t Shin S 2016).

6. H2|et & =atarda|o| n|MS

Hejel 9 sutde|E Ul %?JOPJ—, saline -§-4]
A2 343 oS, ARFE YPD agar (Difco, Franklin
Lakes, NJ, USA)E} | o]l FF3}of 25 Cofl A 72417t vl st &
WA o] aResE ARtk St PCA(plate count
agar, NJ, USA)uljR]of] =23t & 37Cof| A 48A]7F vljoFsto
AE JeEs Aestglen, fAktaE MRS agar(Difeo,
Franklin Lakes, NJ, USA)uj*]of| =3}, 37 CollA 481\]71-

vjerste] BAHE FAPSS Z4F o2 A5ttt A¥
33] BtEggsle] "Watghe 2 YElfgloen, A X2t %‘—

£ A%3to] log CFUMLE e QIthPark 5 2015).

r|o||

7. H2|et & =gtarda|el 7I|A =N

Hejeh 4 sadE FYskA & 95t A7 10
mLE #3}2 045 ym membrane filter2 &J3}3t o2, HLB
Sep-pak C18 cartridge(Waters Co., USA)o]| E3}A|# HPLC
(Dionex Ultimate 3000, pump, autosampler, USA)E ©]-23}4
714 BAE AR A B0 AHEE column e
Aminex 87H(300 mmx6.5 mm, Waters Co., USA), mobile phase
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At

= 0.0IN sulfuric acid® A3 ow, flow rate= 0.5
mL/min, injection volume< 10 tLZ 3}¢] UV detector(Shodex
RI-101, RefractoMAX520, Japan)ol| 4| AE3IcE FEE2
lactic acid, citric acid, malic acid & pyruvic acid(Sigma-Aldrich)
2 ArgslgtHLee S 2014b).

8. SHEA

2 AFZ o] et S47-2 SPSS FA| package program
(version 12.0, SPSS, Chicago, IL, USA)S o]-&35}o] H-3ka
REHAE AFSSIAAL, Bk
(ANOVA)Z H|135}4 2.1, Duncan's multiple range testS A
AJ5F] S%(p<0.05) elnzoll A B 7he] ThEul mE AA]
skt

one-way analysis of variance
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1. H2|Q} U =siatzz|o| 0|58y EM

da2eo o Hajoh d s3tatde] o pH, g ¢ F
Ab g2 Table 19 Yel it WA 5U3 YaAIZF 4
2ro WE pH H3LE AHE i, 2271 S7He] wet
pHE 37 S7Fst= F3E BYck YHE2% 20,25 9 30T
o A 347t wrd A] pHE Z4Z) 3.68, 3.68 E 3.910]31 oL,
9UZt W& Alofli= ZH2Z} pH 3.90, 4.22 % 4.265 YER T
=@tde] e pHe Ha2k oo TaAzt F7tol wet A
g o 82 F7kshe A3 UEtllth G = pHe 5 U5t
A 2L FaEAY a7t $71EeE dEE 57t

= A B, 53] 9dAe da2E 20,25 9 30T

Table 1. Physicochemical properties of mixed Makgeolli with barley and wheat during fermentation at different temperatures

Fermentaion temperature

Fermentation period (day)

(0 3 6 9
20 3.68+0.05"02) 3.80+0.13°A89) 3.90+0.07°*
pH 25 3.68+0.01°C 3.97+0.028 4.22+0.05*
30 3.91+0.04* 4.05+0.05" 4.26+0.02**
20 15.90£1.57* 12.83+0.85° 12.30+0.00®
Sugar (‘Bx) 25 15.30£0.12* 13.40+0.438 13.8740.15%8
30 16.75£0.25*® 14.86+1.64° 17.31£0.33*
20 0.58+0.11° 0.62+0.09° 0.74+0.04°
Total acid (%) 25 1.09+0.05°® 1.00£0.01*¢ 1.15£0.03*
30 1.07+0.05° 1.09+0.07* 1.17+0.06"

D All values are meantS.D. (n=3).

? Any means in the same column followed by the small letter(*”
® Any means in the same row followed by the capital letter(*

) are not significantly different by Duncan's multiple range test (p<0.05).
~©) are not significantly different by Duncan's multiple range test (p<0.05).
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&2 YeEHih ol2dt A= Kang 5(2016)9] Aol A
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At FAREE Aot E3h 2 AFolA w-d e pHet
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5(1999)9] B oAl o] b a] o] WH I oA ThlE
o] B3lEHA HE| =S} ofu]iilo] Flete] AFEE-S =
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Al HangE BUEYTE 5 Q= 7P 583 A E=(Song

T 1997), HALEE WS o T4 FFo] R £EC
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= O] Hk= Fig 194 B
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ATt =Hl(Table 1), Fig. 194 Wa2=0] W& Ha &
TE 8| Blud 4= ek E Y danty Fole B
o B A dFE Ago] BFFH L2 o]|Fo2|7] &
of SHAF ol HlEHsl] dHE FFo] F7FITHChoi 5
2011). At oz WFLE 20T} 25T A= TaAZLO)
g wet S-S Fasta, dAES Ukt A
< B4t Iy Ha2E 30CoA = Ta 64A7F F
HEA A SFEL F7I8te] BE 3, 6 2 9} 47
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ThA] Z7Vehe] Z+zh 4123, 18.37 @ 41.09 mg/mLE JERYY]
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UFZo| o] FEHA thA] U o] AaE =
= "Ji FEo| ot Aol AA =Y #HHA UME
=50 ¥FE & A= tHA| A & @ 5 5
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Fig. 1. Changes of reducing sugar and alcohol contents
in mixed Makgeolli with barley and wheat during fermen-
tation at different temperatures.

FAAZ|7F AHE Aer wdstr| e gk webA 71E
ATHITO B A AWE v]Ro] Hul, AFELE 20-25C

M9 e Hast AUT F Avlo] BE LT B
oFo] B ML IHF 4 9ov, ¥ ARS8

de 5 e AR A=W

3. HE2|ot & SEfatzz|el ME

Hejol 9 sgubde]e] alwo E MEo ZjolE
AR FA k= Table 29 29t H =8 Uetl= L2 of
FE Ya2=7F S7hste] met gasks AgFE Bylo,
WEeE 200, 25C U 30Co)|A Z+zt vt 6Uxlo] 70.54,
65.95, 64.509} ¥FE 92 x}o] 6531, 62.03, 60395 LJERMHS
th. £3], 30TCol A& 20T} 25T 24 & #ol& S
£, da2s F7td wet urdele] 23hE ofg] 2] At
3t Aot a4 Zhof o3t Aoz 5, oAt
AN 220 FFE wol 2= F7tof met 7143 e

7] g2l AR AR H) ki Fho Fag JFE F
£ WEE20TA 7 b F ol et ghd, =g et
Wt bt BN =S et aghd HE 9dA}e a2
of w2 {F ZpolE Kol o, LaA|gte] st
of et foJHor Frtste AFS e Athp<0.05).

4. He|ot & =&tafda|o] D|d=E
He|oh 9 Egtehd FJ—‘?J ‘%PEQEQ} TEAZE 7] w}
42 Fig. 20] UERfQITh &R
& 34X} WtE 2= 20, 25C 9 30TCoA 22 8.14,
7.93 2 7.67 Log(CFUmL)Z 7} &2 $5& Yeia, gt
BAZE Baef wt Fastitt oA HaEE 20T, 25C
2 30T AAAglo] 25 AL B BUsHA U
Epek. ot S e ol weh SraAlgk Aol nE e
=r7h geh HE e wos v 4t o 3 gast
ATt ol whE TaZYof wet H™sHA F4jE vld=ol
ofsto] FFae] agolu, pH, A &S AF 5o TEE
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Table 2. Calorimetric characteristics of mixed Makgeolli with barley and wheat
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Fermentaion temperature

Fermentation period (day)

() 3 6 9

20 70.81:£0.60°249 70.54+0.39** 65.31+1.228
L
(Lightness) 25 71.94+0.36** 65.95+0.38"5 62.03+0.22°C
30 69.710.44* 64.50+0.54°" 60.39+0.13
20 -0.28+0.08® -0.12+0.18® 0.61+0.14*
a 25 -0.09+0.05¢ 0.50+0.05® 0.55+0.16"
(Redness)

30 -0.2440.178 0.2140.15% 0.46+0.114
20 15.9120.20*¢ 17.35+0.64%8 18.45+055*
(Yeuozmess) 25 17.05+0.36™ 18.52+0.58* 18.32+0.20"
30 16.65+0.42°® 18.07+0.154 18.34+0.324

D All values are meantS.D. (n=3).

? Any means in the same column followed by the small letter(* ™) are not significantly different by Duncan's multiple range test (p<0.05).
® Any means in the same row followed by the capital letter(* ) are not significantly different by Duncan's multiple range test (p<0.05).
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Fig. 2. Changes of yeast counts, total bacterial counts and
lactic acid bacterial counts in mixed Makgeolli with barley
and wheat during fermentation at different temperatures.

74 W W Ao Algdrh 3L A &5 WA
7h 2 HolA atoll gt Atz dojuA] Yo arg
£ 10'~10° CFUmML A% = ojof gtk Lee 5 2014a)1 Rl
stEEd, 2 dFA3 YeEid EE4E 20T BHE 9
Az}, 2579} 30T A wa 6YA7A] AAHA Q] wrazt
AP PE AR AR H. HE, Park 5(2012)= 22
&5 TE 279 2UAe] AR, fARE 2 FF5TE 10°
CFU/mL oot a $7|¢1 9gAfof] TaA|gto] 7
N5 Gastfrhs 237 HaEQlon, Lee 5(2014b)
£ o] £59 Baxy] ARgE 10° CFUML o4, 4t
#4E 10° CFUML, 274X 10’ CFU/mLo|¢thal & B3
oF 2 Adu vl3t Aot wehA, 2o 39
nAETe TaLEY A7t wet =2A Yeuiaz 3
At 59 Wazxzo] astn, ol Ao FAW}
of ZAHA FFS vE Aoz AmHT

5. Hz|9t & =gtatda|o RIlA =M

@ Pyruvic acid
O Malic acid
@ Lactic acid

& Citric acid

Organicacid composition

Fig. 3. Changes of organic acid composition in mixed
Makgeolli with barley and wheat during storage at different
temperatures.

Hejeol g savtde]e) daeo U {4 S
A5t {714 24S Fig 3o ettt H2] 9] {7]
< o EAeE gt FE EOI AR acetic acid7} ohF
At FFEo] AstE o] iRV} HuR FHAA G
o] FrhWoo & 2010b). 37|14 E493 A3}, acetic
acid= HAEHA ol FAAsH= BEHA| 3L, Shin &
(2016)%] AFATe} FAFRE A ok a2 = ARt
o] W& {714k A o)A citric acid®} lactic acid7} tH-E-S
AP e, 7 9] malic acid®} pyruvic acid= L& HEEH
t}. Citric acidi= HEH 1714 oA dRFol 7H =32
o, EE 90dXo|| AL =T} FUMdrE STk AdE B2
g o, gAFo] A= lactic acid= WHE 9UR}ol WE-
L7t F7HEE Fadte S E R W, pyruvie acid
¢} malic acide La2= F7to] upat 2FH F71sk= F3F
S el 9HA] citric acid 2 lactic acid@t= AMHE AL
Bk ol 2o 2rany 5 njEe] sl Z4itolut
| Bol Bd==tl(Kang 5 2016), THA| ko] 73}

lo v e

~ =
24t 5
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gholl whet a 9URtoll s 2Ato] B wol A E] HHG
LEA77F BHEHATE & ARk

Aoz warol Hav|Zte] 2 whhae 47g
T&, WESE YT A 2R nRE d
52 TP ©f 20-25CoflA] 647 HAA7]= Zlo] He
o 2 Egutde] Az 3 zHez Aggch

o
OF

kO

Hajeol do] stubde] AlzxxAg AAst] Hete] T
FLE(20, 25, 300)E AJZH3, 6, 9U)S 2Elste AzE &
dubde]e] HaEYS AT pHE G 2
g A|7to] F7tgke] met Mutd o2 Zrlshe AgS vE
Wlon, AR a2 =9k A7t wet vl Ao 7}
steich SEEH 4R E T %hiii 20Ce}F 25T
= gaAgto] Hatge| wet g2 s, &2
Z7ksHe Wb, U EeE 30CoA s 2a 6°‘°ﬂ UFE AF
o] 7**6}‘%} A= L3 e da2=7t S715te)
et Zashs 39 Lé_’_—- Hlom, agtdt bgh2 IaE 9YAte]
da2ro] W2 §o4 2jo|& Ho|x| Fgtort, TaA7t
o] ZagH ‘ﬂr‘u‘} FHo2 Frkete A% UErodt
(p<0.05). BeEjet U E3tubde| o] n|YESLE ST A4,
FrSl dhE 3o HELE 20T, 25T L 30°Col|A] z+
7+ 8.14, 7.93 & 7.67 Log(CFUML)& 7} =& 422 1}t
WAL, SR Aate] whet AT o] AL a2 =t
FEglo] T, AT BR S Uit &
71AF ZAL citric acid9} lactic acid7} HEL AP oH,
71 2] malic acid®} pyruvic acide GF HAEE ) ojA}e] A
e FEFS o Hejet U EetdE|e Y daxae
UHE2E 20-25TCoA 647 Hage o =3 A&

AxT 4 9 Ao wastdrk

R FYAYUIA 7B GARIAME PI0LI370)
o ofat ATATY URoln, ol] Ze AAE =YYtk
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