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Quality Characteristics of Brown Rice Makgeolli Produced under Differing Conditions. Baek, Chang-Ho", Ji-Ho Choi’,
Han Seok Choi', Seok-Tae Jeong', Jae Hyun Kim', Yong-Jin Jeong? and Soo-Hwan Yeo'*. "Fermented Food Science
Division, Department of Agro-food Resource, NAAS, RDA, Suwon 441-853, Korea, 2Department of Food Science and Tech-
nology, Keimyung University, Daegu 704-701, Korea

In this study we investigated the possibility of preparing brewed brown rice makgeolli, a traditional Korean rice wine, under
diverse conditions. For this purpose the physicochemical characteristics of makgeolli brewed at different temperatures, utilizing
a variety of nuruks, the traditional Korean fermentation agent, were studied. The alcohol content was seen to be highest when
brewing occurred at 30°C, with the nuruk TN producing 16.2%. At 20°CTN produced 14.1% alcohol content. The alcohol con-
tent was therefore higher, by about 2%, for 30°C fermentations than 20°C fermentations. Similarly, saccharifying activity was
influenced by temperature and sugar content, with a higher activity seen at 30°C than at 20°C. As the fermentations pro-
gressed acidification petered out, with titratable acidity being 0.50-0.67% in all end samples. On the Hunter L, a, b scale; the a
value decreased slightly, while the b value increased steadily during the fermentation process. Measurements of total organic
acids were highest at 30°C, with the nuruk AK, at about 550 mg%. The content of citric acid was the highest at 30°C, being
230-310 mg% in all samples. However, more lactic acid was detected at 20°C than at 30°C. Total free amino acid was highest
at 30°C, with TN at 8,605 ug/ml, AK at 6,083 ug/ml, and RJ at 2,381 ug/ml. Total free amino acid and essential amino acid was
shown to be higher at 30°C than at 20°C. The bioactive substance y-aminobutyric acid was also higher at 30°C, with TN at 223
ug/ml. From all of these results, we surmise that brown rice makgeolli manufacturing conditions are optimal at 30°C fermenta-
tion temperatures and using the nuruk TN for brewing vinegar. In addition, the nuruk used clearly affects the quality of brown
rice makgeolli and an appropriate method to determine the best nuruk for various purposes should be pursued.
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Fig. 1. Changes in alcohol content by traditional static fermentation at different temperatures.
(A): 20°C; (B): 30°C; TN: control; AK: Asp. kawachii; RJ: Rhi. japonicus. Values are mean+SD (n=2)
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Fig. 2. Changes in sugar content by traditional static fermentation at different temperatures.
(A)~(B): refer to Fig. 1, Values are mean+SD (n=2)
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Fig. 3. Changes in pH by traditional static fermentation at different temperatures.
(A)~(B): refer to Fig. 1, Values are mean+SD (n=2)
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Fig. 4. Changes in titratable acidity by traditional static fermentation at different temperatures.
(A)~(B): refer to Fig. 1, Values are mean+ SD (n=2)

Table 1. Changes in hunter’s color values during alcohol fermentation by static fermentation at different temperature.

Hunter's Fermentation times (day)
Temp. Nuruk?® )
Color” 0 1 2 3 4 5 6 7 8 9
L 9276+0.03° 9206+0.02 92.21+0.00 92.17+0.02 91.26+0.03 91.32+0.04 91.42+0.04 91.62+0.05 91.41+0.02 91.67+0.02
a -0.90£0.01  -1.47+0.00 -1.39£0.01 -1.58+0.01 -1.56+0.01 -1.59+0.02 -1.57+0.01 -1.60+0.01 -1.90+0.01 -2.03+0.01
™ b 8.79+0.02 15.70+0.01 15.69+0.00 16.34+0.01 16.88+0.02 17.31+0.03 17.75+0.02 17.96+0.02 18.28+0.01 18.08+0.01
JE 9561001 16.35£0.00 16.28+0.01 17.02+0.02 17.77+0.02 18.02+0.02 18.45+0.02 18.69+0.01 19.07+0.02 18.82+0.02
L 93294003 9222+0.02 92.47+0.00 92.66+0.01 91.96+0.02 91.95+0.03 91.91+0.03 91.97+0.03 91.57+0.02 91.80+0.01
30°C AK a -1.19+0.02 -1.23+0.01 -1.09+0.00 -1.31£0.01 -1.35+0.01 -1.34+0.01 -1.31+0.02 -1.29+0.02 -1.67+0.02 -1.73+0.00
b 11.52+0.03 1554+0.01 13.84+0.01 14.04+0.00 14.47+0.01 14.88+0.02 15.26+0.01 15.64+0.02 16.40+0.01 16.00+0.00
4E  11.98£0.03 15.17+0.00 14.42+0.01 14.65+0.01 15.25+0.01 15.36+0.03 15.82+0.02 16.35+0.02 17.21+0.01 16.77+0.01
L 91.76+0.03 91.76+0.00 92.65+0.023 92.35+0.03 92.00+0.02 91.95+0.04 91.89+0.03 91.80+0.04 91.55+0.03 91.78+0.02
a -1.07£0.01  -1.23£0.01 -1.14£0.01 -1.29+0.03 -1.39£0.02 -1.35+0.01 -1.38+0.02 -1.31+0.01 -1.75+0.01 -1.83+0.01
RJ b 11241002 1343+0.00 13.25+0.02 14.63+0.02 14.98+0.02 15.35+0.03 15.77+0.03 16.11+0.03 16.75+0.02 16.57+0.01
4E  1221+£0.03 13.99+0.00 13.81+0.01 15.30+0.02 15.73+0.02 16.02+0.02 16.55+0.03 16.85+0.02 17.56+0.03 17.33+0.01
L 92651003 92.08+0.02 92.26+0.03 92.21+0.01 91.88+0.02 91.68+0.00 91.65+0.04 91.23+0.00 91.54+0.01 91.35+0.04
-0.91£002 -1.55t+0.02 -1.47+0.01 -1.59+0.01 -1.60+0.00 -1.60+0.00 -1.62+0.01 -1.81+0.00 -1.88+0.00 -1.97+0.02
™ 8.87+0.02 14.87+0.01 14.65+0.01 15.01+0.00 15.03+0.00 15.54+0.00 15.24+0.02 15.99+0.00 16.28+0.01 16.38+0.01
JE 9561001 15121+0.02 14.96+0.02 15.38+0.00 15.41+0.01 15.88+0.00 15.62+0.02 16.32+0.00 16.69+0.01 16.73+0.02
L 9320+0.01 93.18+0.03 92.88+0.02 92.56+0.02 92.66+0.03 92.32+0.04 91.78+0.03 92.02+0.05 91.85+0.03 91.46+0.03
20°C a -1.10£0.01  -1.10+£0.02 -1.14£0.01 -1.20+0.02 -1.26+0.03 -1.32+0.02 -1.28+0.01 -1.31+0.01 -1.36+0.01 -1.39+0.01
AK b 9.38+0.02 1268+0.02 13.02+0.01 13.00+0.01 13.47+0.03 13.66+0.03 13.83+0.02 14.21+0.03 14.63+0.01 14.49+0.02
4B 956001 12.88+0.02 13.27+0.01 13.18+0.01 14.00+0.03 14.66+0.02 14.83+0.02 15.21+0.02 15.63+0.01 15.49+0.03
L 92664001 9251+0.03 92.73+0.00 92.41+0.02 92.22+0.02 92.05+0.05 91.46+0.04 91.58+0.04 91.32+0.03 91.22+0.03
RJ -1.07£0.00 -1.14t£0.02 -1.16+0.00 -1.23+0.01 -1.40+0.01 -1.41+0.01 -1.45+0.01 -1.57+0.02 -1.63+0.01 -1.78+0.01
b 9.54+0.01 9.77+0.02 10.12+0.00 10.48+0.01 11.02+0.02 11.85+0.02 12.66+0.02 13.26+0.03 14.18+0.01 14.88+0.01
JE 978+ 000 9.89+0.02 10.54+0.00 10.77+0.01 11.26+0.01 12.54+0.03 12.87+0.02 13.44+0.03 14.67+0.02 15.08+0.01

@TN: Control; AK: Asp. kawachii; RJ: Rhi. japonicus.
b)L: Lightness; a: Redness; b: Yellowness.
9Values are mean £ SD (n = 2).
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2550 Hetd 2 Aol gl A0R Uehith ¢ S(22)
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wnohs Aolt AnE Beth o)k B AT A48T
o] LEA A ST YT R ohet AEE

zo] wrzl Hol7} AT of AL,
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u] opEele] /1AL 9Fo] AEHOW, T % citric acid
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A Had &RE 9T gt f7)4to] AEEHoH,
71 % citric acid= 300 mg% ©]AF 2 2 20°C Ha&as Bt
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Table 2. Organic acid composition of brown rice makgeolli after traditional static fermentation at different temperatures.

(mg%)
. . 20°C 30°C
Organic acid

TN?® AK RJ TN AK RJ
Oxalic acid 52 5.4 3.84 7.15 5.45 6.91
Citric acid 254.21 260.64 234.07 315.48 300.75 302.45
Tartaric acid 2.45 4.88 419 n.d® nd 1.67
Malic acid 5.51 6.44 7.15 25.39 17.00 29.24
Succinic acid 67.2 61.12 66.33 78.77 86.92 96.31
Fumaric acid nd nd nd nd nd nd
Lactic acid 62.98 91.15 86.73 51.27 80.77 35.11
Formic acid nd 0.18 nd nd nd nd
Acetic acid 30.7 44.33 17.81 48.58 53.12 38.55
Pyroglutamic acid nd 0.88 nd 12.83 6.25 6.97
Total 428.25 475.02 420.12 539.47 550.26 517.20

&TN: Control; AK: Asp. kawachii; RJ: Rhi. japonicus.
PNot detected.
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Ao WAE §otu|iAl B4 A3E Table 39 Ve alanine ¥ glutamic acid7} F¥ ofu| =4S 2 100 pg/ml
Q. 20°C & €99 4, TN, AK, RJo] 22k 24, 25, 22 ol HEEHT HaA H& 452, TN 1,136, AK
29| ggjotu|ito] HEE T 1 29 proline, arginine, 1,210, RJ 555 ug/ml 22, AK H A A E AFL3 €5 9

Table 3. Free amino acid composition of brown rice makgeolli after traditional static fermentation at different temperatures.

(Units : ug/ml)
Fermentation temperature
Free amino acid 20°C 30°C
TN@ AK RJ TN AK RJ

Urea 0.00 3.79 0.00 34.31 38.33 9.40
Aspartic acid 29.60 31.56 11.98 400.17 243.34 105.83
Threonine® 15.13 17.08 5.92 267.93 162.56 78.05
Serine 29.40 32.06 10.64 432.85 285.43 132.85
Glutamic acid 106.88 111.26 44.94 767.43 585.04 266.66
o-Aminoadipic acid 0.00 0.00 0.00 4211 31.60 7.98
Glycine 57.40 51.09 32.88 371.33 239.39 106.36
Alanine 109.32 103.97 63.47 821.03 537.74 229.12
Citrulline 0.00 0.00 0.00 12.34 6.22 0.00
o-Aminobutyric acid 0.00 0.00 0.00 31.18 6.34 0.00
Valine® 50.25 62.51 26.63 445.19 297.01 143.40
Cystine 0.00 0.00 0.00 176.42 108.12 29.33
Methionine® 18.14 31.64 6.56 204.11 144.12 51.52
Cystathionine 5.19 10.14 2.77 53.56 45.75 0.00
Isoleucine® 22.48 25.82 8.17 326.19 218.90 88.62
Leucine® 65.57 77.38 2414 682.56 484.17 192.70
Tyrosine 58.72 67.59 25.63 465.37 361.95 137.63
Phenylalanine® 49.61 67.45 24.38 487.20 354.46 134.14
B-Alanine 0.96 5.76 0.00 24.38 29.29 0.65
B-Aminobutyric acid 1.17 4.26 0.89 80.20 81.24 7.78
y- Aminobutyric acid 4.52 3.67 1.57 223.19 142.58 4515
Ethanolamine 15.39 11.51 11.67 21.74 17.59 8.26
Ammonia 18.35 16.56 14.29 51.84 44.20 18.65
Hydroxylysine 0.00 0.00 0.00 0.00 0.00 0.00
Ornithine 4.68 4.01 3.1 155.08 129.98 31.56
Lysine® 48.63 62.42 11.42 459.36 325.71 130.23
Histidine® 7.59 11.10 0.00 124.84 85.43 33.61
Anserine 0.00 0.00 0.00 34.24 0.00 0.00
Carnosine 0.00 0.00 0.00 6.03 0.00 0.00
Arginine® 119.46 145.79 42.96 817.56 630.10 222.01
Hydroxyproline 7.03 5.74 8.96 8.44 8.78 0.00
Proline 291.41 246.39 172.25 577.43 438.62 169.60
Total amino acid 1136.85 1210.57 555.23 8605.60 6083.99 2381.08
Essential amino acid 396.86 568.78 150.18 3814.94 2702.46 1074.28

&TN: Control; AK: Asp. kawachii; RJ: Rhi. japonicus.
PEssential amino acids.
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% §ejobliAto] 717 wol ARE Ao epte), Egt
g Zeoln A} 2L ZF2F TN 396, AK 501, RJ 150 pg/ml
o2 Ueh} WA T ue ol7t 2 Aoz ol
2t 30°C HE €54 TN, AK, RI= 242 31, 29, 25%
o] fEotu]iito] HEH 2w, 38 ofu]izAb(aspartic,
serine, glutamic, alanine, valine, leucine, tyrosine,
phenylalanine, lysine, arginine, proline) 11&-2 4009f A
800 pg/ml o4 HEH Ut} F ofn|iil I TN 8,605,
AK 6,083, RJ 2,381 pg/mlo.2 UL} 20°C 9 &5lHTh
o B gelopuliodto] AT AL et} Boolu)
AR S 30°C HA &3 olA 22 TN 3,814, AK 2,702,
RJ 1,074 pg/mlo] AEH A SR Kol FUT LA &
BE stojete AMESte WaA ol wet ofn|iit FEF Zpo]
7F QiSl=tl, 20°C A &4 2ot AA = i, A= 108
A= Zol7t Y= AL E Yeyt. 4A%E W= aspartic
acid= 30°Ce] TNOJA] 400 ug/ml, 20°Coll A= 29 ug/mlo]
HEH Ao Z Hol 20°CRT}; 30°C &aE &G oA oF 144)
o Wo] AEH R, AT Y= glutamic acid= 30°C
TN A 767 ug/ml, 20°C AKo| A 111 pg/mlo] A=&EH AT}
E3], dn)9 9 A ER 2 y-aminobutryric acid T
ZF 9A] 30°C TN} AKo| A Z+Z 223 ug/ml, 142 ug/mlo]
AEEol th& APt EY A UeEth B3 Ha 2
of wata 71 wol A& ofn|Ate] thEA YE =T
20°C9] A%, TN, AK, RJ =% prolineol Z+Z} 291, 246,
172 ug/ml AZEH 2w, 30°CY 7 TNL alanine®| 821
Ug/ml, AKE arginine®] 630 ug/ml, RJ= glutamic acid7}
267 ug/mle = UETh & 5221 HaA FFol wEt &
a]o]—u]}.:/k]-_g] zk]o] A detg e, Algk 7Z4Za ghak
298 Uephs Seloteldtol 38 A o Bes)
T
F5 fEjotu|icite] H& FEHA AHE e A

= o

o]} AWz Ho}, AHESt=
2, dr] dg o Fdo] 44 2 Ho} 7]5/d %
“60551”51 oz R EAAE ’d’ﬂﬂ‘ﬂ gazE de A
Tl =0l E Aoz oA

o Hir 2 W&
X0 l‘

o flo

5% 5 a2 o

L wEzAS g A A &3
32 zAIST A2 ThE wEAe HELEY 1
% 30°C 2ra7) 20°CET 43L& =471 9

o2 yehgth B8 ol wE &7 1-*%13
20°CEE]- 30°C g gGr7l =7 L]—E},_ Ao Ho}
FRE Too|E FEL u]A 6, pHE W 407 = A A

_\_

http://dx.doi.org/10.4014/kjmb.1210.10005

3 Z4ASg 1 o]F, tﬂg]._,] EZo 33 gttt FAAE
£ st BY 7 A4H0 F7ehon, 20°0 AK
o] AAAET} 7H =A(0.57%) UEFE L, 30°C WE &4
oA 0.66%2 Al 7Hs S AT M= F L@kt a gt
SHaz7| B g3 v3 A FEAHN 25 W
ofA|m, b gh-Z LA} A wet &3] st T
8 €59 §7]4ARE & 90| A&EHQ o, 1 & citric acid
gaFo] 71 A YEY T Lactic acide 23] 8 20°C ¥
AEGoA o Wol HEH ALCE Hop Iako uat A
48 F714ko] Zolzt Ygleh. fEjotn| At s HaA
TH L daro wat 24 o)zt IR, feobu] At
2 20°CHET} 30°C A &3l Bol AUA. o] A&
A EH, 30°Co A A 23 @] 4287} oL e03 F
A2 A, w8 $5 % WELE teby Al g
o 770 AYEL. FF, 5719 B2 Azo] Fgke v
Sele) 451 A=) 71 Fasieh AL
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