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Analysis of the Physicochemical Characteristics and Sensory Properties in Makgeolli

Jae-Woon Kim', Ji-Eun Kang®', Han-Seok Choi’, Chan-Woo Kim’ and Seok-Tae Jeong’

"Woorisool Co., Ltd., Quality assurance, Gapyeong 12439, Korea
’Fermented Food Science Division, National Institute of Agricultural Science, RDA, Wanju 55365, Korea

ASTRACT

This study analyzed the physicochemical characteristics and sensory properties of makgeolli. Fifteen samples of 4 award
winning makgeolli and 11 samples of non-award winning makgeolli in a Korea liquors contest were examined. Physicochemical
analysis revealed a significant differences in the alcohol content, reducing sugar concentration, color difference, and volatile
compounds between the award winning and non-award winning makgeolli (p<0.05). The award winning makgeolli was related
to the high contents of alcohol and reducing sugar, bright color, and low contents of ethyl myristate. A total of 24 terms
(appearance 2, odor 10, flavor and taste 8, and texture 4) were expressed in terms of makgeolli. Regarding the sensory property,
the sweet, raspberry, pear, and yogurt smell were positively related to the award winning makgeolli. In addition, nuruk, savory
smell, and savory flavor were positively related to the non-award winning makgeolli. A study of association between the volatile
compounds and odor attribute revealed ethyl lactate to have a positive correlation with the raspberry smell (=0.840) and pear
smell (r=0.723) in the award winning makgeolli (p<0.01). The characteristics of makgeolli preferred by consumers are strongly
related to the sweet taste and smell, bright color, and fruit flavor.

Key words: Makgeolli, physicochemical characteristics, sensory property, correlation analysis, Korea liquors contest
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Table 1. Information of 15 makgeolli
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of Z} ]| thgk 3 E= Table 1] YERNATE A~D2]
Alme s F93)dA 748 AFEelH, E~0= B4
¥ AFI

=
% FHREA A oJsle] =% 61$]THNational

. ZF A1& 100 mLol| 7/ 100 mLE &3
F oF 80 mLE W FHSE 100 mL
TErQH% 15T 2435l g2 EA7|(AL-

Alcohol
Material
Name contents (%) aterials

Food additives

A 6 Polished rice .
acid, starch syrup
6 Polished rice
C 6 Polished rice Purification enzyme

6 Rice (popped rice)

Lotus leaf, herb 0.0041%, aspartame, phenylalanine, purification enzyme, citric acid, lactic

Aspartame, phenylalanine, sodium saccharin, oligosaccharide

Gastrodia powder 0.01%, Schsandra chinensis extract, aspartame, phenylalanine
Aspartame 0.01%, Cornus offcinlis extract 0.35%

Aspartame, phenylalanine, starch syrup, oligosaccharide

Citric acid, lactose, dextrin, aspartame, phenylalanine, oligosaccharide

Gelidium amansii lamouroux, aspartame, acesulfame potassium, lactic acid succinic acid,

Aspartame, phenylalanine, acesulfame potassium, lactic acid

Maltose, aspartame, phenylalanine, citric acid, enzymatically modified stevia glucosylstevia,

Acesulfame potassium 0.0055%, starch sugar 3%

E 6 Rice 12.6%,
wheat flour 3.15%
F 6 Polished rice 29.956%
G 6 Polished rice, wheat Aspartame, saccharin, starch syrup
H 6 Rice (popped rice)
1 6 Polished rice Fructose, aspartame, phenylalanine
J 6 Polished rice . .
citric acid, starch syrup
K 6 Polished rice 50%,
wheat floiur 50%
1 1 0,
L 6 \I?v(})ll;zltlegoz:e 2.89%, Lactic acid, aspartame, phenylalanine
M 6 Polished rice . .
lactic acid
N 7 Polished rice 97%
(0] 6 Polished rice

Aspartame, phenylalanine, lactic acid, citric acid, oligosaccharide
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3, Riken Keiki, Tokyo, Japan)S o|&atc] =438t}

3. pH % &t

pHE pH 7|E]7](Metrohm 691, Metrohm, Herisau, Switzer-
land)Z 20l A 4 sla, A AR 10 mLE 534
7]t Z&H1E 0.1 N NaOH®| 4B &5 ALt g &tet
$9TH(National Tax Service 2009).

4. ofo| At

olH| =4k A& 10 mLol| 0.1 N NaOH(Yakuri pure che-
micals Co., Ltd,)) 42 pH 827} 273t TS, formalin
(Yakuri pure chemicals Co., Ltd.) $< 5 mLE 7}stx, 2]
H AHE $3)sk=t AH|EE 0.1 N NaOHS| k& glycine &
2 331 th(National Tax Service 2009).

5 G
312 DNS(Dinitrosalicylic acid)¥< ©]-8-3}%1 tHChoi

SK 2006). WA 3]498F Al5 8- 0.2 mLo| DNS A]2F 0.6 mL
= BE T8 T4 52 B¢ BT vhe, A4
WStk W & SRFF 42 mlE Y & 233 & 7
3= 7|(JP/U-2000 spectrophotometer, Hitachi Ltd., Tokyo,
Japan) & AF&3l] 550 nmollA SFEE =35 I
T ET AFAE o83t AT T %)= AAtsth

bk AFE SHY 30 mLE ©]-83] phenolphthalein
(Showa chemicals Inc., Tokyo, Japan) &< 2~3%-&-2 7}
g, 0.01 N NaOHE ]85t A-g8le] & w7 Sk
T 22 gFo R Iksiich

J 22 GC(GC2010, Shimadzu Co.)E A}&3lo] &
A3k} 48 columne HP-INNOWAX(60 m x 0.25 mm
I.d. x 0.25 ym film thickness, J&W Scientific, Agilent Co.,
Santa Clara, California, USA)E A18-31%1.2H, FIDZ &3]
3t} Column oven?] 2%+ 45T(5 min holding), 5C/min %
£ 100°C(5 min), 10C/min 2, 200C(10 min)2 =212
SISt Carrier gast A4 7125 o] 831312, flow rate=
22.0 cm/sec(linear velocity), split ratiox 50:1 2 273} 11,
injector®] 2%+ 2507, detector®] 2%+ 280C=E st
A& 9J7H0.2 pm, Millipore Co. Cork, Ireland)?+ Tl 1}
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Table 2. Physicochemical properties of makgeolli
e i A
A 6.30% 3.655¢ 0.23°F 0.05¢ 0.29" 37.00° 31,748
B 4.17%¢ 3.68°FF 0.17° 0.05°¢ 0.05" 23337 30.89°
C 9.17* 419 0.42* 0.20* 1.30* 71.73% 32.24*
D 4.105¢ 3.526 0.335%¢ 0.08P5F@ 0.12" 33.328 31.90*
Avg. 5.90+2.39 3.76£0.29 0.29+0.11 0.1£0.71 0.44+0.58 41.35+21.62 31.69+0.63
E 470" 3.88™ 0.21¢ 0.07°" 0.08° 74.47° 32.28"
F 5.90 3.97° 0.29" 0.16™ 0.07° 84.73" 32.35°
G 5.40™ 3.79% 0.36® 0.13% 0.11° 126.20° 32.18°
H 5.13" 3.70% 0.23%f 0.08%' 0.08° 41.00% 32.21°
I 5.70 3.74% 0.24°%f 0.08%" 0.10° 2787 32,15
J 6.27" 3.69% 0.24% 0.08%" 0.06° 30.00°" 31.64"
K 517" 3.75%% 0.31° 0.10% 0.15° 49.20° 32.33°
L 4.10% 3.77°% 0.25%%f 0.09°%f 0.11° 23.73" 32.21°
M 3.97° 3.75% 0.18" 0.05%% 0.16° 23.00° 31.86
N 6.40° 3.56™ 0.31° 0.10% 0.13° 33.73 31.63®
0 597" 3.88" 0.25%%f 0.07%" 0.13° 95.20 3226
Avg. 5.34+0.83 3.77+0.11 0.26+0.05 0.09+0.03 0.11%0.03 55.38434.15 31.99:+0.34
p-value 0.036" 0.814 0.064 0.731 0.000" 0.114 0.000"
VAR = VAL + Ad® + AV

? Values are meantS.D. (n=3), different letters within the same row differ significantly (p<0.05).

&& AriLee JS T 1996). ool A=A lA Q19142
AHe FA7kete] HEshE 9% THHuh CK 5 2012).
2F0.17~0.42) 9} H]37450.18~0.36)2] F4t T2 2]
7 (Ministry of Food and Drug Safety 2016)°4 #|A] €
Ak 0.5% olat 7ol Fstsit

24 e] Ehlo] EAlshs T A ] 30~40%E
teaseU 2Hd carboxylase 5ol 2|34 EallE O}U]_‘r_
peptideZ T4 =o] UTHSo MH 1995). o} =2k 3
<} oﬂAEﬂE 5o e AAshe AFAelH, &
o T3l ks Roja F= AEo|tkShin JH 5 2004).
CE?OM Al BEdele] opu| A= 0.05~0.20(U )
0.05~0.16 mL/10 mL(¥] 5= Vebgth

o e o U L2

mé i-n

FPE (CIE SRS

d3E HFe] VAR o|&H 1 ke dFE T F
83 oz Antz 7yl 53 Zsl|o] WA &
E3} uhS Hofsle= e (Lee SB & Lee TS 2000)2 3l 3
A FF2 0.05~1.30(473), 0.07~0.16%(H] 173 9] ‘?-ﬂ
5 e 47dFolA vlddel vis) < 4u) 71

Ao 2 B JERLt(p<0.05). Autdele] #& m|ert &
H3)o] Agbol] 2AHA IS u];j% Aoz AlRd)

o] GRHE FRHE F2 EAolk FLA Fepol
Brhe 28 W EE 5471 Fo 2kl o@ o

71 A AL YepATKFleet GH 1993). ©]& 7124
b 4] G2 AEo=A B2 ol Il slew,
Z HAE TAYAZI] el s gl 9lolA A
JA|E Z 27} 9lthJeong ST 5 2013). ¥ Agelx] A
gle] 2kt e 23.00~126.20 mg/LE YERNM, Kang
(2014)°] A-ellA vehdt Aldebde]e] 384t e21.40
~121.00 mg/L)Z FAFSHAl ekt

Aurde]e] AxE)e vEFG199l Bls 9
(31.69)°14 S e 4] Aide] frefHes g
Ao 2 VERITtHp<0.05). 2Hde]e] Mxe FH5} ¥98
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A7he0) Awe] Ffol7l WG Ao AnHT ol W
AzE wdele] we Aol AvAnRE P g

A
Aetdeld Sk AJwe] S Table 37 2Tk 43&
% methanol®] & 230~125.02(U7F), 0~10.32 mg/L
(HI R 25 77 wEE 71E Tl 500 mg/lLE %
¥}5}A] 2k kTHMinistry of Food and Drug Safety 2016). L5
4572791 isobutanol 2] TS 86.69~126.24(Y ), 58.07
~198.14 mg/L(R1 443, b =At 5 leucine = HE A4
Ho, FRol AR 2 A 232 FvS JeEA N
o] AP T4 & HAE A6, SFH =AM A8
3= isoamyl alcohol ¥ (Lee JG & 2015) 45.59~180.20
(U5, 41.60~162.16 mg/L(R1 Q4= Yepsith

[

=

Aok, WdE 7 $83 I Eeltt o] 5 ethyl my-
ristate =AM S 7R = A B(Lee IG 5 2015)0.82 Aot
Aol A 2.68~5.81(UAF), 2.27~36.22 mg/L(H]AAF)2]
HE YERl v/l vls) 4dTFelA fFelHem v
Al YERGTHp<0.05). ©]¢] ZHdEE Ul= ethyl lactate(U.S.
Food and Drug Administration 2009)$} ethyl laurate, ethyl
palmitate™= 974 o] F-o] WE Afo]E Holx| gtk

Ao g 7 HRe 2 AAR AEFHE veld o 9
ARk, HE F AEE SR T o daEE RS
st mlg kol it B] 3o Fast 4
< v thLee TS & Choi JY 2005). 2 Aol EAH A
A8l {714 n-butyric acid, caproic acid, valeric acid

PG ARl wet oAl Afole VEhuA] it

frejolu]=4to] ) aldehyde, ketone¥, amino carbonyl®}

fr 2

Table 3. Volatile compounds of makgeolli (mg/L)
T aid e e mye pamiae U oopg sobwanol Methanol Y

A 4.63" 0.65 13.99 N.D? 4.66 2218 2.60* 140.11 126.24 4.40 6.93"
B 3.39 N.D N.D N.D 5.81 0.57° N.D 174.11 86.69 2.30 2.03°
C 10.89 131 103.23 2.10 2.68 9.53* 4.16* 180.20 88.44  125.02 6.128
D 1.31 1.89 5.58 0.60 4.96 3.60° 0.358 4859  120.09 13.36 20.49*
Ave. 5.06= 096+  30.70=  0.68+ 4.52+ 3.98+ 178+ 13575+ 10537+ 3627+  8.89+
4.12 0.82 48.69 0.99 1.61 3.90 1.96 99.22 20.78 59.36 8.02

E 10.05° N.D 6.81°  ND 6.77  ND 3.07° 41.60 72.18 541 7.09°
F 9.59° N.D N.D N.D 36.22° 3.84 N.D 87.53  192.53 N.D 3.85°
G 11.11° N.D 3.65° 036 12.35% 1.82 2.12° 117.54 79.33 N.D 6.80°
H 535% 039 4.05*  0.20° 11.69° 332 N.D 101.53 58.07 6.25 3.04°

I 723%™ ND N.D N.D 15.89° N.D N.D 14424  123.08 N.D 6.59*
J 0.82¢ N.D 3.66®  ND 8.74*¢ 211 N.D 81.67 13881 N.D 8.53
K 1.77° 1.09 342  ND 750 133 0.46° 82.79  139.67 N.D 8.05"
L 747 N.D 493" 041° 6.75% 2.25 N.D 162.16 81.19 N.D 3.22°
M 1.56% N.D 8.93° 0.45° 476" 3.93 N.D 49.09 10841 N.D 5.82°
N 2.45% 0.93 357 541° 469 980 1.50° 11152 144.40 10.32 25.84°
0 10.33° N.D 558 293 227 2.47 N.D 80.65  198.14 N.D 60.27°
Ave, 7.07+ 021+ 4.05+ 0.88+ 1070+ 2.80% 0.65+ 9221+ 12144+  2.00+ 12.64+
3.98 0.41 2.61 1.72 9.45 2.67 1.08 65.04 47.02 3.61 17.00

p-value 0317 0.105 0.225 0.772  0.007*3)  0.326 0.188 0.171 0.785 0.200 0.520

Y Values are meantS.D. (n=3), different letters within the same row differ significantly (p<0.05).

? N.D.: means not detected.
9" denotes significance at p<0.05.
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Table 4. The sensory evaluation term analysis of variance
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Observations (axes F1 and F2: 65 .48 %) Variables (axes F1 and F2: 65.48 %)
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(a) (b)

Fig. 1. Principal component plot of 15 makgeolli (a) and their sensory properties (b).
(a) Red spot: award winning makgeolli, blue spot: non-award winning makgeolli.

Table 5. The correlation on the odor attribute and volatile compounds

Correlatllon n—Bqurlc Cap?mc Ethyl Ethyl Et'hyl Ethy] F al Isoamyl Isobutanol Methanol Valénc
analysis acid acid lactate laurate  myristate palmitate alcohol acid
Alcohol  —0.102 0.156 0.394 0.771 —0.569""  0.117 0.333 0.042 0.394 0.354 0.341

Sour 0.177 —0.218 —0.254 0.173 —0.196 —0.247 —0.075 —0384 —0252 —0.287 0.751"

*

Sweet  —0.075 0.569 0.580" 0.501 —0.664" 0.595" 0.486 0.069 0.580" 0.603 0.192

*

Bitter ~ —0.031 —0.582" —4500 —038 0402 —0484 —0.602° —0.076 —0450 —0.468  —0.030
Delicate 0285 —0343 —0251  —0263  0.552° —0308 —0.266 0.177 —0251 —0240 —0317
Yogurt  —0.098  0.495 0.409 0413  —0.639° 0444 0.407 0.108  0.409 0.431 0.159
Nuruk 0331 —0334 —0418  —0365  0772° —0373 —0376  —0.138 —0418 —0397 —0.199

Raspberry ~ 0.283 0.471 0.840" 0403 —0.444 0.564" 0.694" 0.272 0.840" 0.839" 0.242

Pear —0.141 0.787" 0.723" 0244 —0.568" 0.541" 0.507 0.266 0.723" 0.752°  —0.055

D" denotes significance at p<0.05, " denotes significance at p<0.01.

Ethyl myristate= #|H] % & YERf& o ~H 22 S/T F2E0} 7|7k #Elsh= Blo] FaslthLee JG  2015).
grol] G20l g F+= AJE-(Nykanen L & Suomalainen Methanol®] 73-%, E-#2}3K;=0.839) 2 Hj z*(r—O 752)3}
H 1983)c]A|Rt Ao e]o] Slojxe F4d F5F 9F w2 JHAE YEATHp<0.05). Methanol-= 53] 7
= FE WIEECR /\].E =2 = 958 g Bilthy Alzbaee] E I oA Bl wA ol
Ethyl palmitate% FHUE T2 g #odsie] AZH e, o vg dlxH 27t 7leEaEo] AAd
o] vpu s sl AR ]E}. a3y ©EK=0.595), %ﬁl thKim YJ 5 2012). 383 500 mg/L ©|/4-2 Al sf=

A-03568), MB-0SI3 FAA BB el ok, IADE IR THREOR FRAN ADF B
(p<005), AuFRele] Frale] FHAQ FGL WA Ao A BARL WS 5AL e Ao A,
= ARE, AR 54 A S BaE) due A4 8 D 9RSRE 2 A1) otk ofd) 44
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%]+ isobutanol> T (7=0.580), H-Ex}3KHr=0.840), vl K=

0.723)3% =2 ’\L%}/‘é% H o isoamyl alcohol®] %=
‘go] YERA] ettt ol&

Al ~HZ2E st f‘._i-‘?roﬂ o3 E&X A Euto

sle] EA)sta ot %OJO 6‘}71 &, gﬁ 2717F 7

A Hike] gk FF/<1 n-butyric acide B4 547 9
do] YEPA] ekt em, valeric acide Al3H=0.751)7} =&
BUBAE B3tk

Caproic acid 59 THAIWLHS 571 AU 232+
= AT wjd] Y=ol 58] A Tkt A
(Bae SM 2008) 2.2 “hl(r=0.569) B v} &K=0.787)3} A}
Aol e Aog Yeht, AF L Ba Al Addae 7]
Oﬂ ?8 Oﬂ?ﬂ:ﬁ- u]xé e N\O\,]. x]tﬂ—/\}-__ 1 O]:O]
A E A F Qo] FE 2EE 5 3
3ltH(p<0.05) (Lee JG 5 2015).

Furfural & 72| Terg]r =Bl 714t o8 254 <1
Aol Gr1E Basel BAE gel FAE e Al2ud
3}3HE(Brewing Society of Japan 1999)2 H-3-2}8Kr=0.694)
I Aol =& AR eyt FRE SRS A1
Aol oJal furfural& 72 E B =l=Hl, $1227]00A4]
Abo] Bl S QIA1E 4 Sl EEE 839 mg/L o) dolgta
d\’/}(Momca LK 5 2000). o|E2 % 9X] o]de] FroAl=

F5el R Sueht, el v g v 2
eroawoh,} J&?iol AE AR Atmrdrh

O,
M onl ol M

ok §2
2 o

ks

rlr

of

= ATl Al e o] ofgtet it ded 54
< AuEn, 53] g dEd ) BARgolele] A
AE AT o3kt e fele FH3 A e
guele) gme, AUY gl feldew wA et
3, AE7E OA JERETHp<0.05). B3 39 A RoA] ¢
et At a9 ethyl myristated] o] 248 A LERSE

2.
Hp<0.05). AA| 15%F Autde]e] HARgol= &
270, &F 1070, Bt 87K, A3t 470)e] o7t 7
2;9] 3;4_-%%4 EH o l:h}] quﬂ: QL:,LEE
< |, eigto] 2 IdEow, ek g3
A7 vebgth Aubdelo] ghd 3aA AR
% gFol] gt =] AT ZI ethyl lactateZ}
F&H=0.840), ¥18K=0.723)2} =& o] JHHAE B
Thp<0.01). & AFolA] =FH AR[a}Eo] A5dte= o
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