Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. 'Food Preserv.

1 26(5), 496-504 (201%} !

| https://doi.org/10.11002/kjfp.2019.26.5.496

&QEEE‘#EH’S%%%’E

The Korean Society of Food Preservation

Quality analysis of Makgeolli made with non-steamed rice flour Nuruk
by various fungal strains

Cheol-Gyo Lee, Ji-Hoon Na, Sang-Jun Park, Jae—Hee Jeong, Cheol-Min Kim,
Bok-seon Kim, Hong-Bi Han, Chang-Ki Huh*
Department of Food Science and Technology, Sunchon National University, Suncheon 57922, Korea

O

0| ZFE FSA AIF

Abstract

An easy and simple method of producing Nuruk using rice was developed. In addition, the quality characteristics
of the prepared Nuruk were evaluated for Makgeolli production. A comparison of the enzyme activities between
A. kawachii rice Koji (RK) and non-steamed rice flour Nuruk according to the fungal strain revealed the 3-amylase
activity of 4. oryzae rice flour Nuruk (AON) to be the highest at 3697.85 SP/g. The a-amylase activity and protease
activity were highest at 111.67 A.U and 33.23 tyrosine mg/min of P. candidum rice flour Nuruk (PCN), respectively.
The ethanol contents of the four samples were similar at 16.1-16.4%. The sensory evaluation result showed that
Makgeolli made with PCN had the highest preference score of 5.78 and showed a significant difference in overall
preference. Moreover, Makgeolli made with PCN showed a higher preference than of Makgeolli made with RK.
The titratable acidity and reducing sugar content of Makgeolli made with PCN were 0.48% and 4.14%, respectively,
which were higher than those of Makgeolli made with RK. The ethanol content of Makgeolli made with PCN
was 15.10%, which showed a 12.80% higher ethanol production yield than that of Makgeolli made with RK. Therefore
the PCN produced in this study will be effective for Makgeolli production.
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Fig. 1. Process for the preparation of non-steamed rice flour Nuruk
by various fungal strains.
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Table 1. Enzymic activity of rice Koj7 and non-steamed rice flour Nuruk by various fungal strains

Enaymic activiy A lavachii A oryze A niger P. candidum
RK" RFN RFN REN RFN
Saccharogenic activity (SP/g) 2,884.51£296.117"  2,958.28+312.39" 3,697.85+147.91° 2,563.84+351.88° 3,155.50+215.88™
Dexrinogenic activity (A.U) 53.71321° 57.87+401° 75484695 53.71£2.32° 111.67+8.43°
Proteolytic activity (tyrosine mgfmin) 204322 2042432 2476£3.6° 15.55+1.8° 33.2314.4°

RK Rice Koii ; REN, Non-heating rice flour Nuruks.
All values are meanrSD.

Walues with different superscript letters in the same tow are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c).
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Fig. 2. Photographs of non-steamed rice flour Nuruk by various fungal strains.
AKN, A fkawachii tice flour Muruk ; AON, A oryze rice flour Muruk ; ANN, A njger tice flour Muruk ; PCN, P. candidum tice flour Nuruk
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Fig. 3. Changes in pH of Makgeolli made with non-steamed rice
flour Nuruk by various fungal strains during fermentation period.

S-1, Makgeolli made with A oryze rice flour Auruk (AON) ; S-2, Makgeolli made
with A kawachii rice flour Muruk (AKN) ; S-3, Makgeolli made with A niger rice
flour Nuruk (ANN) ; S-4, Makgeolli made with P. candidum rice flour Muruk (PCN).

7_1'-5 %7]/\1350] xg/ag]oq x%x% /‘\l-]J:_ %\LO] /E}Zg—‘ 1;]._]4 Xy
o] Ith23). & AFelAx B E 7]|7te] A gl wek
A% A% gho] Al AEe Hol F4Ad EEIE
g HAcia Aokt Algd vl o] Al Wit
g 29K P candidum B7VE NFFE A7 9] 9
AEZF034% 2 7P GA el oy BEVF dRE =
AN R2YA = 0.6% %2 THE Al 579 B3 S-S
BN, A oryme A7V NF F5 H7F A A5t
053%% 7} & S BT

51
——51
—4—53
—%—54

=
en

Titratable acidity (%)

2 4 6 8 10 12
Fermentation period (days)
Fig. 4. Changes in titratable acidity of Makgeolli made with

non-steamed rice flour MNuruk by various fungal strains during
fermentation period.

S-1, Makgeolli made with A oryze rice flour Muruk (AON) ; S-2, Makgeolli made
with A awachif tice flour Nuruk (AKN) ; S-3, Makgeolli made with A niger tice
flour Nuruk (ANN) ; S-4, Makgeolli made with 2. candidum tice flour Muruk (PCN).
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Fig. 5. Changes in reducing sugar content of Makgeolli made with
non-steamed rice flour Nuruk by various fungal strains during
fermentation period.

S-1, Makgeolli made with A oryze rice flour Auruk (AON) ; S-2, Makgeolli made

with A kawachii rice flour Muruk (AKN) ; S-3, Makgeolli made with A niger rice
flour Muruk (ANN) ; S-4, Makgeolli made with P. candidum tice flour Muruk (PCN).
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Fig. 6. Changes in ethanol content of Makgeolli made with
non-steamed rice flour Nuruk by various fungal strains during
fermentation period.

S-1, Makgeolli made with A oryze rice flour Nuruk (AON) ; S-2, Makgeolli made
with A Kawachii rice flour Muruk (AKN) ; S-3, Makgeolli made with A niger rice
flour Auruk (ANN) ; S-4, Makgeolli made with P. candidum rice flour Muruk (PCN).
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Table 2. The sensory evaluation of Makgeolli made with
non-steamed rice flour Nuruk by various fungal strains

Component Color Flavor Taste Overall preference
S17 46782157 53311300 356215 3.67£1.69"
$2 5445201°  500£176° 42242200 4.44+133
S3 589+1.80°  433t172°  367:181° 3.56t151°
S-4 TETE2AT  648:219°  6.67£2.18° 5.78£1.09°

US-1, Makgeolli made with A oryze tice flour Muruk
S-2, Makgeolli made with A Aawachii rice flour Nuruk
S-3, Makgeolli made with A miger rice flour Nuruk
S-4, Makgeolli made with P. candidum rice flour Nuruk
PAll values are meanr+SD.
IWalues with different superscript letters in the same column are significantly different
at p<0.05 by Duncan’s multiple range test (a>b).

F4o] 53 Ao 7 Uehd P candidum A7V NET5
A7t 9Hde) e} 7)ol & FA 5 AR Az e e e}
o] F4E& vl & Aol NEE P candidum 27V
NeFr5e] ZAAE S getetazt st wpapa] 2 77
A7} A2l e} P candidum 27 VE NEFE ZH7F 949
IE 1294 pH, AR, T L oeke e S
ZA¥}= Table 37} 2t} pHO| 7% P. candidum 27V 717
T2 A7 94 4352 & =24 HoF E e 423
Hoh =93, Agitzet Sl &5 £33 P. candidum
A7VE NFFE Ao ez 24 Jebsd e
F4E Bt skl 3ol B 2 v = dEE
kel A & =4 H7F e 1280%% 1, P
candidum 27VF NEFF A7 GHEE 15.10%= P
candidum &7V NS A 7F 2HEE7F 230%7F © E=4
e oflghE ALt FEoA] ZAE o] gle Ao gy
Atk

2 32 A7 A9t P candidum B7VE N TS
A7F wtdeel B8 T8 T #eEUE AT 2=
Table 49} 2t} A 9 gfo] 7|3 %= & FX] A7} 47t
7.0, 6.6°.2 P. candidum 27}F NEFF= A7 w29
67,59 BT} =& 7352 By o) utnt A Al 715
%2 7% P candidum 27V NETSE AH7F 427170,
692 & 72 M7} wde]e] 6.6, 6.6 Kt} & 7|3 %

Table 3. Quality characteristics of Makgeolli made with rice Koji
and P. candidum rice flour Nuruk

Component K-1" S-4 T-value  P-value
pH 42310017 435:002 -12728"Y 000
Titratable acidity (%)  042:002  048:001  -5477" 003
Reducing sugar (%) 4.08+0.1 4.14+0.27 -354 742
Ethanol (%) 1280£0.17  15.10:0.12  -15254™ 000

K-1, Makgeolli made with rice Koji ; S-4, Makgeolli made with P. candidhumn rice
flour Muruk

PAll values are meanSD.

I7p<0.05, "p<0.005.

T2 ZAA-FEE A A26H A5E (2019)

Btk uab B Ao AR A 2D P candidum
o5 83t F3AF AF NETEe] A% I <ok
Al 83 &8 77 U Aoz AdEh

Table 4. The sensory evaluation of Makgeolli made with rice Koji
and P. candidum rice flour Nuruk

Component K-1" S4 T-value P-value
Color 70£149° 67116 502 622
Flavor 66t1.07 59179 1059 303
Taste 66t1.17 70125 -739" 470

Overall perception 6.6+1.17 6.911.20 -.566 578

VK-1, Makgeolli made with rice Koji ; S-4, Makgeolli made with P. candichm rice
flour ANuruk

DAIl values are mean+SD.

Ip<05.

AT E &S o] &3 FHY Az WS A
A 43, Fo] 23 Al 27 ES e ¢
2L A7VE N RS skt skqitt 7L A 524

T4 A7V N 759 E4845 ¥u
B-amylase 242 A oryme 530 TFE F71e AULE
N2 FZA0N)2] E4o] 3,697.85 SP/g® 7HE & 24
< E931, c-amylase 2797} protease &S S 3 A=
P. candidum #3°15 A7} A7} N FFS(PCN)°]
111.67 A.UZ} 33.23 tyrosine mg/min® 713 & 242
ook Fgo] o5 T AVEE ARTF A7 942
glo] & Hr1g A3 pHe| A LE gssE AH
129 A kawachii 2715 W& FSAKN) 7} 2 el <]
pH7} 7V =9kaL, wHdele] At s ) A5 BT
H] 528 gk Btk 2o ST S AA Al 5T
AA HE 7]7ke] Aol wet 8UAMA = A7 76k
HES Hoon 893 o] T2 E 7Hhdte Ao R VN
a1, ok ke vty 1294 AA A ZE7) 16.1-16.4%
2 97 a2l g HolA| gskth. FFo] 73 F5Ak
A7VE NS A7 el #eErE A JAA
71Z%d4 PCN 7} 247} 5782 71 =L 7|35 s
B3 o4 zto] & YeRiTh o] & PCN A7l 24z}
71EC & FAE AN AlzE s rde]eke] F4E Hla
sttt pH| 45 L& 1294 A kawachii & FA|(RK)
A7) A e] = 4239 32 Hel ¥hA pON 7} whd gl o
AF 4352 T 32 Btk Abx 3T 5 94
PCN #7} 24 2]7} 048%, 4.14% &2 =& 33 Yehj o,
4] Fdol| T83 949 oekd I JA] WE TR
A A RK A7} @287} 12.80%°] .21}, PCN & 7}t
A7} 15.10% 2 © =2 ek A 88 B,
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B 7klM e AAAS] 715 =0 45 PON 37} e

7F69% RK 7} Fdele] 66 Bt} 2 7|3 &5 BTk

wabs] At A% WH o R AZE P candidum &0 S

A 7}61 FoA ATV N rSe] Y Az FEI
& 77 e e E wddEnh
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