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Investigating the Fermentation and Quality Characteristics of Low-Malt Beer With
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Abstract

This study explored the suitability of nurungji as a substitute for malt. Rice beers (R20, R40, R60) and nurungji beers (N20,
N40, N60) were prepared by substituting 20%, 40%, and 60% malt with the rice and nurungji, respectively. All samples were
fermented at 25°C for 5 days and stored at 2°C for 15 days to study quality characteristics. The pH value of wort solution was
the highest at R60. The viable cell counts of all samples were not significantly different during fermentation and storage. As
the amount of rice and nurungji increased, the L value in chromaticity increased, whereas the a and b values tended to decrease
during fermentation and storage. The reducing sugar, soluble solid contents, and specific gravity of the wort solution were high-
er in nurungji beer than in rice beer. After fermentation and storage, the alcohol content of N40 was 5.83%, the highest among
the prepared rice and nurungji beers. The total polyphenol, flavonoid contents, DPPH, and ABTS scavenging activity of beer
decreased with increased rice and nurungji substitution ratios during fermentation and storage. Notably, nurungji beer showed
higher antioxidant activity than rice beer during fermentation and storage.
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Fig. 1. Viable cell change of rice beer and nurungji beer
during fermentation and storage. Refer to the Table 1 for
brewing.
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Table 1. Formula for the preparation of rice beer and nurungji beer

Beer samples”

Control R20 N20 R40 N40 R60 N60
Rice powder (g) 0 74.4 0 148.8 0 223.2 0
Nurungji powder” (g) 0 0 74.4 0 148.8 0 2232
Malt (g) 372 297.6 297.6 2232 2232 148.8 148.8
Hop (g) 2 2 2 2 2 2 2
Water (mL) 1600 1600 1600 1600 1600 1600 1600

YR20; Beer with 20% substitution of malt with rice powder, R40; Beer with 40% substitution of malt with rice powder, R60; Beer with 60%
substitution of malt with rice powder, N20; Beer with 20% substitution of malt with nurungji powder, N40; Beer with 40% substitution of malt
with nurungji powder, N60; Beer with 60% substitution of malt with nurungji powder

?Nurungji sample was prepared by heating cooked rice at 220°C for 3 min
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Table 2. pH, reducing sugar, soluble solid contents, and specific gravity of rice beer and nurungji beer during fermentation and

storage

Days Control R20 R40 R60 N20 N40 N60

0 5.69+40.03"*  5.80+0.02 5.88+0.024° 5.9440.02" 5.70+0.02 5.7340.024%  5.77+0.05*

5 4.38+0.15™ 4.13+0.11% 3.88+0.01% 3.64+0.04* 4.18+0.13% 4.04+0.03% 3.83+0.05"

pH 10 4.41x0.13" 4.11£0.10%  3.86+0.05* 3.6420.04% 4200.11% 4,03+0.04" 3.82+0.04™

15 4.37+0.10"™ 4.1240.09%  3.86+0.06™ 3.64+0.04™ 4.17+0.08™ 4.01+0.02" 3.77+0.105¢

20 4.40+0.13™ 4.12+0.09"° 3.91+0.09%¢  3.64+0.04™ 4.22+0.14% 4.05+0.09%  3.82+0.05™

0 8.88+0.54*" 8.58+0.37° 8.61£0.28* 8.74+0.12* 8.99+0.39"  9.16+0.25*  9.57+0.39*

Reducing 5 1.63£0.30% 2.37+0.48% 2.54+0.14% 3.74£0.46™ 2.08£0.36"  2.37+0.17% 3.43+0.46™
sugar 10 1.60+0.27™ 2.01+0.19% 2.0140.17¢ 34140425 1.73+027% 2.06+0.06% 2.7440.39°
(g/100mL) 15 1.63+0.22" 1.91+0.19% 1.86£0.20 32420295 1.66+0.19% 1.93+0.08 2.54+0.30°
20 1.63+0.24" 1.86+0.13% 1.94+0.09“ 3.12+0.16 1.73+0.11% 1.84+0.09° 2.56+0.29

0 13.40+£0.53%  13.72£0.25%  13.84£0.22*  14.00£0.46™  14.00£0.61**  14.70£0.61*®  15.54+0.58*

Sg(l)llll}zlle 5 6.92+0.57™ 7.53+0.06"  7.79+0.12% 8.38+0.14™ 7.24+0.51%°  7.78+0.52% 8.60+0.17%
Bc Bbc BCb Ba Bbc Bb Ba

U o A N o L i i1
20 6.83+047™ 7.31+0.27% 7.4340.15° 8.26+0.26™ 7.1140.46% 7.40+0.30% 8.29+0.25™
0 1.052+0.002"  1.052+0.002"°  1.052+0.002"°  1.052+0.002*°  1.054+0.001** 1.057+0.001**  1.057+0.001*
, 5 1.012£0.001*  1.014+0.003%¢ 1.016+0.002 1.022+0.001**  1.013+0.002*¢ 1.017+0.001"* 1.018+0.002*
szflligc 10 1.012£0.001%  1.013£0.002% 1.016+0.001* 1.022+0.002* 1.013£0.002* 1.016£0.001®  1.018+0.002"
& 15 1.012+0.001%¢ 1.011£0.003*  1.015+0.002%* 1.021+0.002%  1.013+0.002% 1.014+0.002"¢ 1.017+0.002%
20 1.012+0.001%  1.012+0.002%  1.015+0.002°* 1.021+0.002%  1.013+0.002°¢ 1.015+0.002°¢ 1.018+0.002%

YValues are mean+standard deviation (n=3).
?Values with different superscripts a column (A-C) and a row (a-e) are significant at »<0.05 by Duncan’s multiple range test.
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Table 3. L*, a*, b* value of rice beer and nurungji beer during fermentation and storage

Days Control R20 R40 R60 N20 N40 N60
0 38730322 40.17+0.42™°  40.27+0.67%"  40.63£0.85™  39.07£0.51™  39.33+£0.67™  39.47+0.78N"
5 38.80+0.36° 39.63£0.40™  40.00+0.70° 41.03+0.25"  39.27+047°  39.60£0.60  39.90+0.36"
L*value 10  39.33+0.74° 40.17+0.64™  39.87+0.61°  41.03£0.50°  39.07+0.81°  40.00+£0.40”  40.00+0.62"
15 39.17+0.75 39.57+1.18®  4023+0.21"  40.87+0.85"  39.23+0.74° 39.63£0.45°  39.50+0.60"
20 39.60+0.80° 40.30+0.17"°  40.27+0.67°  41.00£0.52°  40.03+0.21° 40.03+0.32° 40.03+0.25
0 0.33£0.15™*  —0.03£0.15™"  —043+0.06™°  —0.63+0.15™°  0.40+£0.10™"  0.30£0.10*  —0.03£0.23™"
5 0.43+0.23" —0.20+0.10*  —0.33+0.15°  —0.37+0.12° 0.53+0.31° 0.3740.15"™  0.03+0.12°
a*value 10 0.37£0.15° —0.13£0.15*  —0.30+£0.20®  —0.50+0.26° 0.33£0.06° 0.27+0.124%  —0.07+0.21°
15 0.37+0.31° —0.10+£0.10*  —0.30+0.26° —0.30+0.20° 0.33+0.21° 0.23+0.06™™  0.00+£0.10™
20 0.37+0.25° —0.10£0.20° —0.400.10° —-0.50£0.10° 0.20+0.10® 0.13+0.06™  —0.07+0.15™
0 7.10+0.10" 5.53+0.40™ 4.4340.06" 3.10+020"  6.57+021" 5.97+0.32% 5.53+0.15%
5 6.03+0.68™ 4.87+0.32%¢  3.63+0.49™ 2.10£0.95%  550+0.56%"  4.60+0.61%  3.77+0.35%¢
b*value 10 6.10+0.70™ 4.77+0.42% 3.70+0.26™ 1.87+0.21%  5.60+0.56" 4.70+0.53% 3.77+0.45%
15 5.97+0.57% 4.83+0.32% 3.50+0.44% 1.83+0.21% 5404020  4.73+0.42% 3.63+0.40™
20 5.83+0.25" 4.73+0.31% 3.33+£0.42% 1.87+0.42%  5.17+0.21% 4.67+0.59" 3.83+£0.31%

YValues are mean+standard deviation (n=3).

*Values with different superscripts a column (A-B) and a row (a-f) are significant at p<0.05 by Duncan’s multiple range test.

“Not significantly different.
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Fig. 2. Ethanol contents change of rice beer and nurungji
beer during fermentation and storage. Refer to the Table 1

for brewing.
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Table 4. Total Polyphenol, flavonoid, DPPH and ABTS radical scavening of rice beer and nurungji beer during fermentation

and storage

Days Control R20 R40 R60 N20 N40 N60
0 376.64+7.97"2 305.66+8.09"°  265.924+4.46™ 203.5242.67" 345.424534™° 292 50+14.78" 254.30+5.53M
Total 5 333.82+13.46™ 262.96+10.46"™ 216.13+£551% 173.16+12.80% 318.85+27.00"  253.85£14.48™ 214.35+3.57™
polyphenol 10  328.49+£17.59%  255.76+8.09%  209.80+3.76° 163.64+4.04° 315.08+24.01°  251.05£16.55% 208.11£5.51
(GAE ng/ml) 15 325.67+20.60% 253.58+8.42%°  204.67+6.67 161.49+3.47°% 308.91423.96"  244.61+15.71% 207.47+4.76%
20 323.04422.44%  254.84+10.45% 198.7242.98™ 160.02+4.85°  308.59+21.98"  239.28+17.31% 200.88+6.62°
0 178.6747.13™"  136.64+7.03*°  116.73£9.39™¢ 102.20+2.94™° 151.93+12.08™° 129.81+2.02™¢ 118.37+6.59™%¢
Total 5 172.54£17.05° 134.19+8.10°"™ 111.47+10.50% 97.41+4.67°  144.70£12.74°  120.41+10.18* 107.39+9.84%
flavonoid 10 172.86+£13.91°  133.55+4.44*% 109.42+10.05%° 98.34+4.02°  143.75+11.89°  120.17+11.74 105.00+8.40*
(CEngml) 15 171.67+12.84°  127.94+6.84*% 109.32+8.07°*  96.18+1.61°  142.95+13.36°  117.74+12.42"° 105.80+11.11%
20 1657741935 122.58+4.53™  109.32+7.80°  97.95+2.08"  139.56+14.32°  116.05+13.42 102.32+9.52%
0 37.8243.76™* 25704381  22.1241.76*  17.55+1.72¢  29.03+1.77%°  25.61+1.32%  21.61+0.81*
5 33.0142.57° 23.3842.45° 19.43+£1.27%¢  142542.01°  25.05+1.72% 21.91+0.48%*  18.53+0.73"
D(I;’)H 10 3266:3.00° 233742450 192941.05%  14.16£2.00°  25.04:1.64% 21714057  18.43+0.70%
15 33.1242.14° 233742.70™  19.41+0.95%%  14.1842.05°  24.98+1.63"  21.66£0.42%¢  18.46+0.74™
20 32.8142.45° 23.0842.63"  19.09+1.045%¢  14.09+2.06" = 25.6242.27%  21.57+0.46™¢  18.16+0.90™
0 2624+1.88"  21.90+136™  18.44+1.99* 13384236 23.80+1.82%  21.55%1.75"  18.43+1.95%
ABTS 5 20.51+1.58™ 16.56+£1.93%°  12.61+2.38" 9.4142.17¢ 18.15£1.35%"  16.41£0.53%  13.06+1.23"
%) 10 19.86+1.37™ 16.24+1.86%  12.01+£2.31%¢  9.14+2.38° 18.07£1.19%®  15.94+0.69%  12.57+0.94™

0

15 19.80+1.43™ 15.86+2.09%  11.52+1.90* 9.00+£2.37° 17.98+1.28%"  15.55£0.83%  11.92+1.71%
20 19.72+147™ 15.73£1.30%  11.53+1.05™ 8.8742.41° 17.5741.35%°  14.88+0.54%  11.97+1.25™

YValues are meantstandard deviation (n=3).
?Values with different superscripts a column (A-D) and a row (a-f) are significant at p<0.05 by Duncan’s multiple range test.
“Not significantly different.



FEAE A7 Aol wiFo] wast FAEY AT 83

WA 7hAsle] 209 3}e]] 323.04 GAE pg/mL3} 308.59 GAE
pg/mLz fro]2Ql zpo]7F YehdA] eF3ttHp<0.05). wtA]
FoA 20%= HolS thA RS v 7€ WEutEe] 2
s FEFE 7R AFE A2 s AR AdEd
g dnkr o g wiFe] ZEjds e 100300 mgle
FE B 9o m(Leiper et al, 2003), B QFe] RE AR
QuHe) mFe fAE Selds FEE WAt UE
Yajole] Fepuiwol= P ool 17867 CE g/
mLZ 713w HRke Ueion], elge] ol ile
o] T7tEFE stk s ARES R20, R0, 22]32
R60S] W A Zahuicol= gake 7h7) 136.64, 11673, =L
27 10220 CE pg/mLE VheRsith F242 ARS-& N2O,
N40, 2] 7 N60©] Zabp o= hake 15193, 129.81, L
232 11837 CE pgmL= Ueht FU3 wol thxl& A8
£ Plaskls o R A8 N A8+t Bk 27 Yebst
ok 2094k WFo] EEtE o= gk thEato] 165.77
CE ngmL& 7P %=9k7 R600] 97.95 CE pg/mLz 7} o
Atk FLT ol thAl & AlE7FR AlEt Bok N A&t
o] F Zejule ¥ SStE o= ool ¥ #A vehdt A
= oA Az Al R 7HE Aol o 7 S EEA
A U-e EYulE sigEEe] 855, LA
7HES Fell AF MER AT AstEy A9Y EebE o]
7t frEd o HEEo] SgRe|=e] §&0] ST
Az} A7+ tiHarakotr et al,, 2014),

DPPH 2! ABTS 2iC|z &7 &4 3}

2 W 3=of 5x] wW5=2] DPPH B! ABTS 2lt)z 27 &
dS Z7g3te] Table 4o Uehl ek 2a A gsiele] o)
Zt°] DPPH #it]zh &7 &L 37.82%= 7 &2 &
o%&

B UEoR], Belze] Wo} tiAlgo] $7HA5E Fa

Stk AT o} A& AR MwHAL W R AR
Zo| N A8Z He} 28 $42 BT BE ARE 9F
717 % DPPH 2] 27 B4o] Asigion], 4% 7]

e fAEe S BAT: 20¢xF W32] DPPH 2t
Uz &7 42 dixwto] 3281%= 7Y E8kaL R60°]
14.09%= 7P stokrk 2a d gstee] ABTS |z 4
A AT gz 2624%=2 7P = RS RS
H, Fege] "ol tAFe] SUtEFE Aol T

0]
<}

B oAy dF 2dages 22X AP
7] #ste] A2 o] &3 THAEY FeAE Hets o
- hAEE Aol WS AFE X133
2 20%, 40%, 60% utiFl5te] ZFz} N20, N40, N60<2] Ale =)
FE AxsaL AR WolE 20%, 40%, 60% thAste] Z}
Z} R20, R40, R602] Ale W52 A x5}tk ZE A 89] ¥
T A g3toe] pHe R AlE+20] N Al&+* B} =7 UEt
wom g 7|7k § pHe Aasielvk 2a 3 A% 717t
T BRSO AR BE ARM FeHQd atel7t vehd
A gsktk BR F AR 77 oA A el
Ztaes W3 Lo gk 7k 43S UERIAL R A
529 L ol N Al B} A vepsteh 3 42, ¢
A1) Hol thAl&o] S7HdrES W] agha) byt 7
SIRAIL R Al5<29] a gkt b g N A5t Hrp b2
S YERISItE 2R gt o] Sl v, 7R
FE FF2 N AlEo] R A8 Brh =7 Yebsdt
< FFS AF 20U T BE AE T N40o] 583%= 7t
4 =20 7S JERGA R600] 4.6%= 718 e 7he U
L 2E B AR V) AFe] Eebs 9 &
o DPPH 9! ABTS 2tt|Z 27 42 thxt
o] 7P Ee 3 Hlom A3} wFA ] wo} thA| o]
SIS Aasl: B3 FeA R Hols I A
N A g8e] st =49 ot d4tst /o] 2= o)
5

A
O
i
O
—

me kB B

F2HE FEAL Wl thAste] WFE AxHGL o)
e G A3 BAYo| F7HE ©Fe] AR TFs

sttt

References

Cheong C, Park CS, Ye SH, Cho HC, Noh BS. 2015. Brewing
science. Korea Ministry of Agriculture Food and Rural Affairs,
Korea Agro-Fisheries & Food Trade Corp., Kwangmoonkag., Paju,
Korea, pp. 150.

Cheung LM, Cheung CK, Ooi VEC. 2003. Antioxidant activity and
total phenolics of edible mushroom extracts. Food Chem. 81: 249-
255.

Choi 1J, Kim DY, Chung CH. 2017. Quality characteristics of pan
bread with nurungji powder. Culi. Sci. & Hos. Res. 23(7): 159-
166.

Choi 1J, Lee JH. 2022. Quality characteristics and optimization of
pound cake added nurungji powder. Culi. Sci. & Hos. Res. 28(6):
1-9.

Diakabana P, Mvoula-Tsiéri M, Dhellot J, Kobawila SC, Louembé
D. 2013. Physico-chemical characterization of brew during the
brewingcorn malt in the production of maize beer in Congo. Adv.
J. Food Sci. Technol. 5: 671-677.



84 &4

flo

Glatthar J, Heinisch JJ, Senn T. 2005. Unmalted triticale cultivars as
brewing adjuncts: effects of enzyme activities and composition on
beer wort quality. J. Sci. Food Agric. 85: 647-654.

Ha SJ, Yang SK, In YW, Kim Y., Oh SW. 2012. Changes in
microbial and physicochemical properties of single-brewed
Makgeolli by high hydrostatic pressure treatment during
fermentation. J. Korean Soc. Food Sci. Nutr. 41: 1176-1181.

Harakotr B, Suriharn B, Tangwongchai R, Scott MP, Lertrat K.
2014. Anthocyanin, phenolics and antioxidant activity changes in
purple waxy corn as affected by traditional cooking. Food Chem.
164: 510-517.

Hwang CI, Kim DH. 1973. The antioxidant oxidants. W1d. Hlth.
Org. Techn. Rept. Ser. 228-233.

Hwang ES, Lee HK, Moon SJ. 2020. Quality characteristics,
acrylamide content, and antioxidant activities of nurungji
manufactured with various heating times. J. Korean Soc. Food Sci.
Nutr. 49(6): 601-607.

Hyeun SK, Kwon YA, Lee SJ. 2012. Quality characteristics of
brewed beer with rice adjunct. Food Eng. Prog. 16(2): 139-144.

Jung SJ, Chung CH. 2017. Production and properties of ale beer
with nuruk, a Korean fermentation starter. Korean J. Food Sci.
Technol. 49(2): 132-140.

Kainuma K, Furukawa T, Suzuki S. 1973. Changes in the chemical
and physical properties of starch during dextrinization. J. Jpn. Soc.
Starch Sci. 20: 1.

Lee SK, Park JY, Park HY, Choi HS, Cho DH, Oh SK, Kim HJ.
2017. Evaluation of quality characteristics of beer by addition of
rice rate. Korean J. Food Preserv. 24(6): 758-763.

Leiper KA, Stewart GG, McKeown IP, Nock T, Thompson MJ.
2005. Optimising beer stabilisation by the selective removal of
tannoids and sensitive proteins. J. Inst. Brew. 111: 118-127.

Park JS, Kang ST. 2021. Quality characteristics of nurungji added
with barley sprout powder. Food Eng. Prog. 25: 1-7.

Park JY, Lee SK, Choi ID, Choi HS, Kim NG, Shin DS, Jeong KH,
Park CH, Oh SK. 2019. Quality characteristics of rice wort and

F A -

q11—71<_]0§ A RS

[ele)

rice beer by rice processing. Food Eng. Prog. 23(4): 290-296.

Park YH, Oh YJ. 1997. The physic1982ochemical characteristics of
instant nuroong-gi. Korean J. Soc. Food Sci. Nutr. 26: 632-638.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans
C. 1999. Antioxidant activity applying an improved ABTS radical
cation decolorization assay. Free Radic. Biol. Med. 26: 1231-1237.

Roh HS, Park JS, Oh JS, Kang ST. 2019. Quality characteristics of
low malt beer made with moisturized and heat treated purple corn.
J. Korean Soc. Food Sci. Nutr. 48(8): 887-895.

Shen Y, Jin L, Xiao P, Lu Y, Bao J. 2009. Total phenolics, flavonoids,
antioxidant capacity in rice grain and their relations to grain color,
size and weight. J. Cereal Sci. 49(1): 106-111.

Sung SA, Lee SJ. 2017. Physicochemical and sensory characteristics
of commercial top-fermented beers. Korean J. Food Sci. Technol.
49(1): 35-43.

Takahashi K, Shirai K, Wada K. 1982. Structural changes in starch
granules of low moisture content during heating. Agr. Biol. Chem.
46(10): 2505-2511.

Yang HN, Oh EB, Park JS, Jung MY, Choi DS. 2017. Brewing and
properties of low-malt beer with a sweet potato paste. Korean J.
Food Nutr. 30(3): 491-500.

Yang JW, Choi IS. 2016. The physicochemical characteristics and
antioxidant properties of commercial nurungji products in Korea.
Korean J. Food Cook Sci. 32(5): 575-584.

Yook C, Cho SC. 1996. Application of heat/moisture-treated rices for
sikhe preparation. Korean J. Food Sci. Technol. 28(6): 1119-1125.

Author Information

A& At staL 4 EYB TGS AAkH
A eSS HEND T Sy
w2 ST sta A EAB B Sy
BE: Agsep) s 4 ENB TS 3



