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Quality Characteristics and Biogenic Amine Production of
Makgeolli Brewed with Commercial Nuruks

Seok-Tae Jeong, Hee-Jung Kwak', and Soon-Mi Kim®*
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'Nutrition and Functional Food Research Team, National Institute of Food and Drug Safety Evaluation,
*Department of Food & Nutrition, Gachon University

Abstract Makgeolli mashes that were brewed using five different commercial nuruks (fermentation starters) were
investigated for changes in physicochemistry, microbial diversity, and biogenic amine (BA) production. Mash A brewed
with the nuruk (Gaeryang-nuruk) had the highest level of alcohol concentration and the greatest number of yeast cells,
whereas mash E had the greatest number of bacterial cells. Only three biogenic amines were detected in the makgeolli
mashes: tyramine, putrescine, and cadaverine. Using a PCR-DGGE technique, we observed that mash E had the highest
BA production, and had the greatest number of bands on the denaturing gradient gels. We also observed that the numbers
of bacterial cells correlated significantly with the putrescine and the total BA content, and that the BA content correlated
significantly with the color values (L, a, b). This study shows that the quality of a makgeolli can depend on the type of
nuruk. Therefore, we suggest that the quality management of makgeolli should start with the stage of nuruk manufacture.

Keywords: makgeolli mash, nuruk, biogenic amine, PCR-DGGE, microflora
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< 65 19%°] £ - sHHJ=H 5 *Zﬂ Al 90% o]
A S= T2 Bacillus subtilisS 211] 2o ZM = Lacto-
bacillus casei®t Leuconostoc mesenteroides?7t 2] « S = ATl
SIATE #2 Song S(15)y 42%2] F5ANX B. amyloliquefaciens
o} B subtilis7} $-AISH #o)3, Mdd+= Hd 72 log CFU/10g,
=3ol= 79 log CFU/10g, ERE 3.5 log CFU/10g, ZAMES
49 log CFU/10go] ¥E3te o] vl Balgin) oleh A Algh
FEAM B2 T AMlte] HEHE A AxFAol HAAH
o]7] WiiEo 8 AlRHThAL stglen, nAEStH o R A el
Felgo] w2 54 dagoe] st 759 Axrt AlFeitiaL g
gl vl ATh(13,14).
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Az 4y E8o A7 F vAEY "M Ald
dzle] mAE A4S BRESE 7I9E ol&ate] AT F
HI@ANME Bacilluse 45 T52Z Ax$ bd] oA wt
Zle e g 274 =2 B&E EXNSIE Enterobacteri-
aceaer= &7} NYEHA Lactobacillus, Leuconostoc, Pediococ-
cus, Weissella®} Lactococcus ‘s-2] Lactic acid bacteria(LAB)ZE. &
73] gAEAA A A 77.6%E ASISITAL SIStk LAB
< 2)F9] pHE W53 AF o vAES JSEA dis) 74
Astar, o]l59 A4S JAlske drHES AAsHEA 2E
AZE Fujet GYFHoE Tgo] HEE M8 F+= 28] A
or= & Bgd Fast 9T FIsitile). H FEEUS
olv} FHZHES FEishs AFE B o o|folMERA fA
F AFAE S AFREES EiIA YA ENE fEe 2
2upo] gzl tigt 877t ZORX| AL T HATEA] 2l Eol|A]
el LAB tist Ravt BXe oy o5 4359 A7
593 ZRulo| QB2 vhsAdo] st AFEI Utk
17,18).

HAged= B2 7o fikto]l EAlEH, 53] o8 F9
Lactobacillus7} TASIEE AR 117471648 2FL=2AM9] A
TAA7E 7IdEn. 2y olsle HER B2 d7E2 LAB
©] Biogenic Amine (BAYS AAgHE AMEE B Tt
BAE ¢RQ1S BIESH Bg T} 7hE wEAFoA &3] Wy
= AEN 248 He G718 1EdeH, Aolele vA
o o]t olu|=ste] GEM WkE A¥ A= EFo|th(19). 2
Ao HAEE LAB ©%(4,20-22) 5 Leu. mesenteroides,
Lac. hilgardii, Lac. brevis, Lac. plantarum 52 4% <FQlolA
BAE AT = o] BAE vl Ti(19). BAE 5414 A
9Ed e Al feele T ok ARgd s veil=
g AEo7|= AR thds AT A9 548 HEx
Fh23). AFelA e okl e BAE Adste At 54
3 STFIEE BA o AEe] FHo dokdt Alx
o] ARZ o] 5= Zlo] AXEIL UTH24).

B AFE o]de] AFellM Al e e E 4°Ce} 20°Cel] A
A 739 AFRES} A7 ko] FTlshHA BAS] A0l F
7FIE AL ol9} HlEstd LAB 4% 53] Lac. plantarum %2
7P FEEE 21 vh Avk20). 8Y Lac. plantarum
T ol AdE BAS Tl 4 e WHEERS) WA
g Ao YAFC] H= 759 JHFE BAS ¥4 ¥ BA ¥
d 7ol e A7t ol FolAof gith mebx 2 AFer=
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Table 1. Composition of raw materials in makgeolli mashes
prepared using commercial nuruks

Makgeolli mash

A B C D E
Rice (kg) 1 1 1 1 1
Nuruk () 20 100 100 100 100
Yeast (g) 4 4 4 4 4
Water (L) 3 3 3 3 3

vl o Zek Ao2 ) AZAA Al AAgE Q7S 71E0R

SRt &EE HE g TRe INbHoz ubdz] whgol| ol

AME8IAL U= Saccaromyces cerevisiae (La Parisienne, Lesaffie,

Saint-Nazaire, France)E ©]-83}9om, 7z} x2]+48 4g¥ HE3)

Row 25°ColA] HEAFATE e sule] FAEA Wk &

o] B2 Fola w5 Lol o8] R AAEle) 4G
1

=
PG wEANS YR WA 2 G

<49 Fee uxe ZAA(PR-201, ATAGO, Tokyo, Japan)
2 =339 e, pHE pH meter (Beckman, Model 115PD,
Istek, Seoul, Korea)Z =74 3}t

A== AR 1mLE 38| phenolphthalein A|A]2FS Y32 0.1 N
NaOH 8902 AHAsie] Anjd g 24 FH(%)o= 3tst

ATH?26).

& e U 100mLE FHslo] A FREAHY
@Dl w2t SR F 15°CAM FEAE o185t skl

o 4 BT 240 ASE FHAE 30

NaOHZ pH7} 82-847} 2 wj7ix] A4}

€459 M= UV-visible spectrophotometer (UV  spectropho-
tometer 1601, Shimazu Co, Kyoto, Japan)E ©]-&3lo] =433
o, ¥7(L), AT (@), SN =(b) 7S =73k] Hunter’s color

valueZ YERYATE o] 272 E F/FIFE AHSSIATH

OdE += 53

ERE g 548 A EZE(Petifilm, 3M Inc., St. Paul,
MN, USA)| P& A4 549 1 mLE =2ale] 25°Co4] 48
A7 vl & colonyE AlFste] &3t Ald2 IitAlF
242 AEYDE(Petrifilm, 3M Inc)ell &4 3HH 1mL S &
oate] 35°ColA 48A17F WIE = colonyE AlFdte] A
o} BE 242 33 wEale] 333
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(20)2] oz AF 23mLE 4°C, 13,000 rpmollA] 5E7F 94
223 & HHAES] DNAE FE313L, PCRF agarose gel elec-
trophoresis % DGGE (Denaturing Gradient Gel Electrophoresis)
= AAEY 53 DNAE Al E0138¢] primerd] p338f
(5'-ACGGGGGGACTCCTACGGGAGGCAGCAG-3)9} P518r (5-
ATTACCGCGGCTGCTGG-3)&  ol-&ste] s, olF
DGGE #41& 98] oligo-GC clamp (5-CGCCCGCCGCGCG-
GCGGGCGGGGCGGGGGC-3YS £ GC-p338fs A&ttt
PCR< 10x PCR buffer (BEAMS Biotech., Seongnam, Korea),
dNTPs 0.25 mM, Taqg DNA polymerase (BEAMS Biotech.), Zt
primer 0.3 pMell 1.5uLe] DNAS o] 30uLe] W3 EF=S
tFEo] PCR Thermal Cycler Dice (TP600, TaKaRa Bio Inc.,
Shiga, Japan)E ©|-&3 F3Y3IAth. DGGE £41-2 Dcode™ Uni-
versal Mutation Detection system (BioRad Lab Inc., Hercules,
CA, USAYE ©]&3t3th 217|952 30-60% urea-formamide %
AA7F Eo] J= 0.75mm polyacrylamide gel (8%(w/v) acryla-
mide-bisacrylamide 37.5:1)& TE9°] 14417 5 1x TAE buffer
(Biosesang, Seongnam, Korea)ol*] 60°C, 80 VZ UA 3t L9}
Ae AN 3 DGGE gel 719% ¥ GelStar
Stain (Gel Star™, Lonza, ME, USA)S o]&3&}o] 1587+ 423t
% Dual UV transilluminator (UVT-260D, Optima, Tokyo,
JAPAN)®} Digital Gel Documentation (Gel Doc 1000, BioRad
Lab Inc., Heracules, CA, USA)2.Z bandE 213}

Biogenic Amine =44

=8l FHrElel e BA 42 Kim 5209 WHo=
HPLCE ©]&3}4 histamine, tryptamine, tyramine, phenylethy-
lamine, putrescine, cadaverine, spermidine, spermine 5 =T 8%
o] BAE 4319 &, 94 E23 * 020 um 7849 filter
Z o33k AlF A= 200 uLoll CNBF methanol solution (18.5
mM) 100 L8+ H,BO;-Na,B,0,(pH 9.5) buffer 300 \LE # 7, 1
ml7H] SFTE AL T 65°ColA 3027F v-SAIF T 1k
2M HCI (10 pL)Z FZEAAT CNBFE <% BA AES 9
3l o] 5O E = acetonitrile (eluent A)¥ HAc-NaAc buffer
(0.1M, pH 62, eluent BYZ ©]&3}Th

HPLC:E= UV/Vis detector”} 2 HPLC (YL9101, Younglin
Co., Anyang, Korea)®} Zorbax Eclipse XDB-C18 Z#H(4.6x250
mm, 5um, Agilent Technologies, Santa Clara, CA, USA)S Al&
ALk o5 f45S I mUmin, FE THIE eluent AS %

Ble] 543} Biogenic Amine 729

71 70%A 100%7F S22 ZzaHske] 2 20287 AlES
o} 7Y 25 35°C, UV detectore] 3738 254 nmoll A A|3§ 3}
Atk 87FA] BA FF=AoA HEE peak A7HS HIWOE F
FTAE FrdE & g AJgdAe BA AA Fels 9%
7o 2 o] g3ttt

SH 24
ZE 24 A3+ MINITAB version 14 (Minitab Inc., State

College, PA, USAYE ©|8-3}%d One-way = Two-way ANOVA
2 2% = FoAE AAsISI ol A «8le] Eeset
A 543 vAE g tste BASH] AHAAE B8

EEr g

[

AFE I Y 570 FEo2 FF3 W4E S8l wHF |
d, 449, 7952 pH ¥ AE F Ate] A= Table 29} )
g 27] €99 pHe 4.40-5.0001924 495 pH 3.58-3.79%
e, o]% St Frtehs IS B 7UA| pHe 3.66-
4055 YERIATE MEFFES AES 75 AT 49 o]F T2
Al vl pH7Y 3A Fvkele AES UERSlh &5l
Z ARe wF 199 3.56-4.66%C1A00H | 4LA kA ket
2 Roltpr} 74AdE 3.69-6.7%7HA F7 8o,
2Fo)E YERITHp<0.001). €He] F 42k 5 CY
ATl g8 2HE 2715E 797k A% £
on, HF F A FE= 7P BUE W FEAE 2]
stare 7 ko 4dA A Fasion, 7UA thA
salgoy HE & A FFe 7P Bithp<0.001). E ATl
Al &8l it R wet & AF $e] FUlsk=tl®E pH
7t WelRA] ek e Choi S(11)°] 559 Al#ySoz A
BE AZ2S Aol fAIAE, o] AydAs wart 7l
YEHA F7)Abe] GIZEH FE WSSt esterd} 22 F] E
A Aol oo 2N pH/t S7HEIRE 7FsA (29 ©E
a2 olu|isto] Frtsle] &Tld $5F8S B9 FUS 7t
430y AAIBHATE g So 5(30)> AP oA AT F+
S AT 283 A dFo® AR ] €U F Al
FEY F A o] HEdavt AAEFE dA3] Folxl o]
F7F 2 &5l w8 Zakge] St dA3] Bk o2 s
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Table 2. The pH, total acidity and total sugar of makgeolli mashes brewed with commercial nuruks

H Total acidity (%)" Total sugar (%
Makgeolli mash P oy ) gar (%)
12 4 7 1 4 7 1 4 7
A 4.40+0.00° 3.57£0.29  4.05+0.03  0.28+0.03  0.19+0.00 0.22+0.01  4.47+0.06 6.23£0.12  7.53+0.32
B 4.90+0.00 3.82+0.03  3.93+0.03 0.21+0.02  0.21+£0.02  0.25+0.00 3.27+0.06  5.93+0.15  6.57+0.23
C 4.50£0.00  3.58+0.01  3.66+0.07 0.25+0.00  0.33+0.02  0.41+£0.01 3.07+0.21  5.73+0.15  6.63+£0.46
D 5.00+0.00  3.73£0.02  3.84+0.10  0.23+0.00  0.24+0.01  0.39+0.09  2.63£0.12  5.33+0.06  5.33+0.49
E 4.97+0.06  3.57+0.26  3.75+£0.06  0.21+0.00  0.23£0.02  0.31£0.06  2.90+0.20 5.57+0.29  6.23+£0.75
Makgeolli mash® p<0.001 p<0.001 p<0.001
Fermentation time” p<0.001 p<0.001 p<0.001

YAs acetic acid
JFermentation time (days)

'Values are expressed as mean+SD.

“The effect of commercial nuruks on physicochemical properties in makgeolli mashes
The effect of fermentation time on physicochemical properties in makgeolli mashes
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Fig. 1. Changes of color values of makgeolli mashes brewed with
the five different commercial nuruks. Values are expressed as the
means=tstandard deviation. L: lightness, a: redness, b: yellowness
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Volatile acid(mg/l)
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(b) Volatile acidity

Fig. 2. Alcohol concentration and volatile acidity of makgeolli mashes brewed with commercial nuruks on day 7. Values are expressed as

the means+standard deviation.
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Table 3. The microbial cell counts of makgeolli mashes brewed
with commercial nuruks

Makgeolli Yeast Bacteria
mash m 7 1 7

A 8.6x10"?  3.7x10’ 1.3x10® 8.5x10°
B 9.7x10’ 2.5x10° 2.8x108 2.7x10°
C 1.2x108 1.7x10’ 1.4x10° 2.7x107
D 8.1x10’ 5.0x10° 8.2x10% 3.1x10°
E 5.5x107 3.4x10° 1.3x108 2.9x107

YFermentation time (days)

PCFU/mL
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Fig. 3. The individual and total biogenic amine content produced in makgeolli mashes brewed with commercial nuruks. Values are
expressed as the means+standard deviation. "TYR: tyramine, PUT: putrescine, CAD: cadaverine, BA: biogenic amine
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Fig. 4. DGGE profiles of DNA extracted from makgeolli mashes
brewed with commercial ruruks on day 1 and day 7. "Number 1
and 7 mean the fermentation day of Makgeolli mashes and
abbreviation A, B, C, D and E mean makgeolli mash brewed with the
five different nuruks, respectively.
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Table 4. Correlation coefficients between physicochemical properties and biogenic amine contents of makgeolli mashes on 7day
SH Acidity Total Chromatocity Alcohol Vo.laFile Microbe No. Biogenic amines
sugar D a b acidity  vyeast Bacteria TYR?  PUT Total

pH 1.000 -0.695%%) 0.326  0.613* -0.597* -0.665** 0.634* -0.813*** (0319  -0.707** -0.419 -0449  -0.449
Acidity 1.000 -0.379 -0412 0396 0441  -0.665** 0.657** -0.297 0.261 0245  0.120 0.161
Total sugar 1.000 0380 -0.357 -0.364 0.779** -0.569*  0.510 0.030 -0.276 -0.137  -0.187
L 1.000 -0.999*** -0.990*** 0.624* -0.573*  0.533* -0.563* -0.713** -0.801*** -0.793%**
a 1.000 0.984*** .0.601*  0.540*  -0.516%  0.569* 0.732%* (.818*** (.812%**
b 1.000  -0.637*  0.654** -0.562*  0.578* 0.663** 0.782** 0.763**
Alcohol 1.000  -0.799*** 0.800*** -0.143  -0425 -0304  -0.351
Volatile acidity 1.000 -0.636*  0.380 0205  0.285 0.264
Yeast 1.000 0.130 -0.384 -0.343  -0.366
Bacteria 1.000 0392  0.613*  0.556*
TYR 1.000  0.878*** (.943%**
PUT 1.000 0.987***
Total BA 1.000
UL: lightness, a: redness, b: yellowness
ITyr: tyramine, Put: putrescine
Pp<0.05, **p<0.01, ***p<0.001
IR 5o FEH S dFL AE oF Hgel o <TloM AEE BAE ¥ 3FCE putrescine 59| £5 BT
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