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Manufacturing and Characteristics of Korean Traditional Liquor,
Hahyangju Prepared by Saccharomyces cerevisiae HA3
Isolated from Traditional Nuruk

Hee-Kyoung Jung, Chi-Duck Park, Hwan-Hee Park', Gee-Dong Lee, In-Seon Lee, and Joo-Heon Hong*
DG-Traditional Bio-Muterials Industry Center, ‘Mt Biseul Hahyangiu Co.

Abstract In order to standardize the manufacturing processes of Hahyangju, a traditional Korean liquor, 29 yeast strains
were isolated from traditional Nuruk. Strain N8 exhibited a particularly strong resistance to sugar. Strains HAZ2, HA3 and
HA4 grew successfully in medium containing 10% ethanol. In comparison with the growth exhibited by these strains when
grown in a yeast malt extract medium, the ethanol production rates for the three strains were 10.8%, 10.45%, and 10%,
respectively in a yeast malt extract medium containing 25% glucose. Based on these results, HA3 was the strain selected
for use in the manufacturing processes of Hahyangju and it was identified as a Saccharomyces cerevisiae strain with 97%
ITS sequence similarity. The use of Saccharomyces cerevisiae HA3 caused a decrease in the lactic acid content, acidity
and growth of lactic acid bacteria in the fermentation mash. Following the addition of Saccharomyces cerevisiae HA3 to
the manufacturing process of Hahyangju, the second fermentation mash showed a 22% increase in the alcobol production
rate associated with traditional fermentation; however, the amino acidity, pH and reducing sugar content showed little

change. Sensory evaluation of Hahyangju fermented with S. cerevisiae HA3 also showed better scores than Hahyangju
mashed by the traditional method.
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Table 1. Composition of the Hahyang-ju mash

Materials First mash Second mash
Cooked glutinous rice 8 kg 80 kg
Nuruk Skg Ske
Water 12L 78 L
Herb extract - 20L

Table 2. Condition for analysis of organic acid and amino acid
during second fermentation

Instrument: Alliance HT Waters 2975 (Waters Co.)
Column; Aminex HPX-87H 7.8 x 300 mm
Detector: Waters 24828(UV 210 nm)

Mobile phase: 0.008 N H,SO,

Flow rate: 0.4 mL/min

Oven temp.: 35°C

Organic
acid

Instrument: Biochrom 30 (Biochrom Ltd.)

Column: U-1631 4.6 x 200 mm (Biochrom Ltd.)

Sample processor: MIDAS (Spark Holland BV._

Netherlands Loop volume 200 puL.

Injection volume: 40 puL.

Buffer: Buffer I Lithium citrate buffer A pH 2.8,02 M
Buffer 2 Lithium citrate buffer B pH 3.0, 0.3 M
Buffer 3 Lithium citrate buffer CII pH 3.15,0.5 M
Buffer 4 Lithium citrate buffer DI pH 3.5, 0.9 M
Buffer 5 Lithium citrate buffer pH 3.55 1.65 M
Buffer 6 Lithium hydroxide solution 0.3 M

Reagent: Ultra Ninhydrin reagent Kit (Biochrom Ltd.)

Flow rate: Buffer 20 mL/h, Ninhydrin 20 mL/h

Amino
acid
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HE 20 2R B9 Succharomyces cerevisiae HAZE ]88 81350] Al & B2 661

Table 3. Effect of glucose on yeast isolated from traditional
Nuruk

Table 4. Effect of ethanol on yeast isolated from traditional
Nuruk

Glucose concentration (%)

Ethanol concentration (%)

Strain No. Strain No.
2 40 50 0 5 10 15
N1 2.693Y 1.948 1.557 N1 2.235" 1.940 0.146 0.098
N2 2.620 1.925 1.708 N2 1.963 1.920 0.228 0.041
N3 2.586 2.047 1.757 N3 1.868 1.792 0.291 0.097
N4 2.552 1.955 1.691 N4 1.947 1.847 0.128 0.036
N3 2.540 2.028 1.769 N5 1.859 1.750 0.224 0.094
N6 2.440 1.970 1.750 N6 1.830 1.887 0.393 0.066
N7 2715 1.895 1.572 N7 1.945 1.858 0.108 0.105
N8 2.554 2.023 2.009 N8 1.853 1.841 0.207 0.072
N9 2.564 1.987 1.672 N9 1.862 1.840 0.325 0.106
N10 2.532 2.271 1.672 N10 1.995 1.926 0.259 0.045
N1 2.514 2.087 1.603 NI 1.984 1.809 0.241 0.054
Ni2 2.572 1.862 1.810 N12 2.043 1.966 0.222 0.034
N13 2.679 1.893 1.554 N13 1.943 1.994 0.112 0.090
Ni4 2.686 1.892 1.590 Nl14 2.171 1.956 0.108 0.105
NIS 2.568 1.973 1.728 N1s 1.962 1.922 0.252 0.053
N6 2.657 1.935 1.563 NI6 2.131 1.961 0.093 0.118
N17 2.478 1.903 1.844 N17 1.934 1.887 0.222 0.036
NI18 2.490 1.945 1.596 NI18 1.946 1.839 0.101 0.026
Ni9 2.346 2.155 1.573 N19 4.961 1.888 0.230 0.047
N20 2.590 1.931 1.681 N20 1.994 1.901 0.256 0.031
N22 2.359 2.044 1.709 N22 1.933 1.901 0.712 0.082
N23 2.162 1.561 1.271 N23 1.935 1.795 0.070 0.023
N24 2.511 1.909 1.593 N24 1.937 1.872 0275 0.042
N25 2.627 1472 0.084 N25 2.123 1.971 0.126 0.118
HAI 2421 1.739 0.765 HAI 1.891 1.103 0.227 0.075
HA2 2.537 1.847 0.775 HA2 1.980 1.905 0.843 0.059
HA3 2474 1.415 0.742 HA3 1.936 1.878 0.779 0.048
HA4 2.398 1.365 0.783 HA4 1.931 1.854 0.634 0.029

"Cell growth was measured with spectrophotometer at 600 nm.
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Table 5. Effect of acid production on yeast isolated from
traditional Nuruk

5 3 (2006)

Table 6. Alcohol contents of broth fermented by selected yeast
strains in YM broth containing 25% glucese for 48 hours

Strain No. Clear zone size (cm) Symbol" Strain No. Alcohol contents (o)
Ni 0.5 + N2 28
N2 3.0 - N3 3.0
N3 1.7 ++ N5 4.4
N4 2.0 ++ N6 7.0
NS 1.0 + N8 3.6
N6 4.0 SRR N12 3.2
N7 0.5 + N17 72
N8 2.0 ++ N18 3.2
N9 1.7 ++ N22 6.2
N10 2.0 ++ HA1 84
NI11 2.0 ++ HA2 10.8
NI12 2.0 ++ HA3 104
NI13 0.5 + HA4 10.0
N14 0.5 +
N 20 - olehe AASo] Sorak HAL HA3, HAGE S5 ojere
N " o Base A2 2 Aol pizlen), TS HA3, HAd, W)
NIS 2:5 Ly dEAL HAZ_, HA30l $-atadeh. whebs sl F32 $%
N19 20 " A o]8 RE HAYS #HE AEssith
N20 1.5 ++ Musl 59 HAe| EX
N22 2.5 ++ === = =
N23 1.0 + st AlxE %0}04 **H‘E FRE TRl HA3Y 4E
N24 20 i 918k Biologhtel B4A228 (MicrologTM 4.0)0.2 12} &4 &
N25 0.5 4 ITS 1 primer (5-TCCGT AGG TGAACCTGCGG-3"), ITS 4 primer
HA1 1.0 + (5-TCCTCCGCTTATTGATATGC-3)& o] g3l PCR = %
HA2 1.0 + partial 18Sr DNA sequence® ©]&-3ke] NCBIS| blast searchE
HA3 3.0 o+ 588 AR, Saccharomyces cerevisiae®| 97% 35/3-& VR
HA4 3.0 o+ Saccharomyces cerevisiae HA3S. 2 839 rhFig. 1).

D +++: 3 cm clear zone, ++: 1.5 cm clear zone, +: 0.5 cm clear zone.
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50 2 5E] 12 ¥ Saccharomyces cerevisiaze HA3E- ©]

Query 27  TTTTTTTGTTTTGGCAAGAGCATGAGAGCTTTTACTGGGCAAGAAGACAAGAGATGGAGA 86
IR R e R RN AR R RN R RN R R MR R RN RA NN RN R
Sbjct 54 TITTTTTGTTTTGGCAAGAGCATGAGAGCTTTTACTGGGCAAGAAGACAAGAGATGGAGA 113
Query 87  GTCCAGCCGEGCCTGCGCTTAAGTGCGCGETCTTGCTAGBCTTGTAAGTTTCTTTCTTEC 146
FELEEEEE R L T DR T
Sbjct 114 GTCCAGCCGGGCCTGOGCTTAAGTGCGCGGTCTTGGTAGGCTTGTAAGTTTCTTTCTTGE 173
Query 147  TATTCCAAACGGTGAGAGATTTCTGTGCTTTTGTTATAGGACAATTAAAACCGTTTCAAT 206
PP O I i e e v
Sbjct 174 TATTCCAAACGGTGAGAGATTTCTGTGCTTTTGTTATAGGACAATTAARACCGTTTCAAT 233
Query 207 ACAACACACTGTGGAGTTTTCATATCTTTGCAACTTTTTCTTTGGGCATTCOAGCAATCG 266
N R N e AR AR R RN R AR RN AR AR
Sbjct 234 ACAACACACTGTGGAGTTTTCATATCTTTGCAACTTTTTCTTTGGGCATTCGAGCAATOS 293
Query 267 GGGCCCAGAGGTAAGAAACACARACAATTTTATTTATTCATTAMTTTTTGTCAMAACA 326
R e R R AR RN R R RN AR AR AR RN A RN R AR I NI —
Sbict 294  GGGCCCAGAGGTAACAAACACAAAGAATTTTATCTATTCATTARATTTTTGTCAMAACA 353 Fermentation time (days)

Viable cell count (log cfu/ mL)

Y.

L n .

6 3 6 9 12 15 18 21 24 27 30

Query 327 AGAATTTTOGTAACTGGAAATTTTARRATATTAMAACTTTCAACAACAGATCTCTTCGT 386 Fig. 2. Change of yeast and lactic acid bacteria counts during
FEECPEEETETEERE PR T L L T T fermentation of second mash. O:yeast(fermentatlonw1thyeast), o

Shict 354 AGATTTTCOTAACTGRMATTTTAMATAT AAAMACTTTOMCAACSGATCTCTTGST 41 yeast (fermentation without yeast), [1: lactic acid bacteria
Jet k T TATTA A erreeT (fermentation with yeast), B lactic acid bacteria (fermentation

Query 387 TCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGAATTCCOT 446 without yeast).
COLEECE R TR T PR L R T e e e
Soict 414 TCTCOCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAGARTTCCGT 473 _ )
Query 447 GAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCAGGGBGCATGCCTETT 506 —~ — Fermentat!on W.'thom yeast
- 1 Fermentation with yeast
FECEE LR T T R T e g 8
Sbict 474 GAATCATCGAATCTTTGAAGGCACATTGCGCCCGTTGGTATTCCAGGGRGRCATRCCTETT 533 g
Query 507 TGAGOGTCATTTCCTTCTCAAACATTCTGTTTGGTAGTGAGTGATACTCTTTGGAGTTAA 566 ‘é 5
FECCPRERTELEEEE I T T R LT T -'O—-
Sbict 534 TGAGOGTCATTTCCTTCTCAAACATTCTGTTTGGTAGTGAGTGATACTCTTTGGAGTTAA 593 2
Query 567 CTTGAAATTGCTGGCCTTTTCATTGGATG-TTTTTTTTTCCAAAGAGAGGTTTCTCTGCG 625 f 4 r
FEE T ER R TR U R RO LT =) - 13
T 1
Sbict 594 CTTGAAATTGCTGGOCTTTTCATTGGATGTTTTTTTTTTCCAAAGAGAGGTTTCTCTGOG 653 % 2 b : [ ’ i g
Query 626 TGCTTGAGGTATAATGCAAGTACGGTCGTTTTAGGTTTTACCAACTGCGGCTAATCTTTT 685 3 H 1 ;| | ;
FHCHEI R TR O E R B TR R T | ’ 5 ]
. o Hn
Sbjct 654 TGCTTGAGGTATAATGCAAGTACGGTCGTTTTAGGTTTTACCAACTGCGGCTAATCTTTT 713 0 3 6 9 121518212427 304560
Query 686 TTATACTGAGCGTATTGGAACGTTATCGATAAGAAGAGAGCGTCTAGGCGAACAATGTTC 745 _—
Fermentation time (days)
N A R RN A R RN AR AR R R A R TR R AR A NN
Sbjct 714 TTATACTGAGCGTATTGGAACGTTATCGATAAGAAGAGAGOGTCTAGGCGAACAATGTTC 773 Fig. 3. Change of acidity during fermentation of second mash.

Query 746 TTAAAGTTTGACCTCAAATCANGTAGGAGTA-CCGCTGACTTAGCATATC 794
FECCCLE I REEER R DO TE e e e

HAA ] wE ol B pHE| Wk ofrmihd £
Sojct 774 TTAAAGTTTGACCTGAAATCAGGTAGGAGTACCCGUTGACTTAGCATATC 823 Zojo] 293 ¢S Fl= Bl oI T AABL dAel=
Fig. 1. Alignment of partial 18S rDNA sequence of the strain F8 A%lo) HriE sl sk £Tle) oimli= AT E FEAE)
HA3 with Saccharomyces cerevisiae. Query: Partial 18S rDNA B A3 25 BRayiare vz 1F 055 A7ke 1958 e}
sequence of strain HA3 amplified with primer 1TS-1(5-CCGTAGG o o3 Wzt 9o m}a} 6021 7R AAE| =7aked
TGAACCTGCGG-3" and primer ITS-4 (5-TCCTCCGCTTATTG T ©
ATATGC-3"), Subject: Saccharomyces cerevisiae strain W36 18S 22} 322, 29602 FE 7ROl tha v FAEOM £
rDNA gene (internal transcribed spacer 1, 5.8S ribosomal RNA gene o]AQ] Aol VR A iskod, W A A Eok AsEl
and internal transcribed spacer 2) from blast result. 5l

F0] olm AL S B8R EE HoR LERGTHFig. 4).
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Fig. 4. Change of amine acidity during fermentation of second
mash,

50t

4.5} AT

4.0

pH

i L i L i " " : L A 5 i

0 3 6 9 121518212427 304560

Fermentation time (days)

Fig. 5. Change of pH during fermentation of second mash. O:
fermentation with yeast, @: fermentation without yeast.
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Fig. 6. Change of reducing sugar content during fermentation of
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Table 7. Organic acid components during fermentation of second mash

665

(Unit: mg/100 mL)

Organic acid

Fermentation time (days)

None added fermentation

Yeast added fermentation

15 30 45 60 15 30 43 60
Citric acid 18 14 11 38 15 - - 36
Tartaric acid 24 3 24 25 2 3 30
Malic acid 82 25 20 49 51 6 4 35
Malonic acid 79 26 25 67 40 32 33 126
Succinic acid 169 202 230 370 169 205 322 657
Lactic acid 602 598 537 794 200 187 183 357

Table 8. Arxino acid components during fermentation of second mash

(Unit: mg/100 mL)

Fermentation time (days)

Amino acid None added fermentation Yeast added fermentation
15 30 45 60 15 30 45 60
Asp 10.361 16.745 22.837 25.783 6.002 9.753 19.696 22.804
Thr 3.480 5.191 6.999 8311 2.853 4.927 8.863 10.366
Ser 5.678 9377 12.853 14.930 3.954 7.766 17.499 20.789
Glu 18.232 24719 30.477 32.182 12.575 20.109 29.534 31.573
Pro 35.238 37.971 41.836 43.077 50.025 6.707 537.871 58.931
Gly 8.149 12.205 15.766 16.972 6.406 9.792 16.678 18.995
Ala 14.113 23.467 29.944 31.905 9.307 16.447 29.287 32.994
Val 8.153 10.360 13.663 14.614 7.468 12.479 19.100 20.535
Met 3.642 5431 7.451 9.065 2.753 4.249 8.586 10.163
Ile 4476 6.541 8.883 23.989 2316 7.787 12.265 14.202
Leu 12.259 19.226 26.153 29.378 12.658 20.627 33.403 37.020
Tyr 11.225 14.763 18.322 18.097 11.104 16.591 22.733 22.493
Phe 12.864 15.168 19.718 25.153 12.418 15.745 23.653 29.335
Lys 7.024 13.022 18.883 21477 8.685 14.464 21.404 24.124
His 4.895 7.342 8.736 8.399 2.675 5.815 8.011 8.902
Arg 18.259 29.756 39.994 42.144 20.271 32.899 43.222 45.856
Total 178.048 251.284 322.5153 65476 171.465 256.157 371.805 409.082
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Table 9. Comparision of Hahyangju fermented by S. cerevisine HA3 and traditional method on sensory evaluation”

Mash method Sweetness Sourness Flavor Alcohol concentration  Overall acceptability
Fermentation added yeast 3.6+05 4.1+04 2.8+04 3.0+0.7 42+05
Tradtional method 3406 2.0+ 0.5%% 24+04 32+05 33+£0.8%

D5 like extremely, 4: like, 3: neither like nor dislike, 2: dislike,

1 dislike extremely.

ISignificant difference (p < 0.05) between S. cerevisiae 11A3 and traditional method.
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