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Characteristics and Alcohol Fermentation of Yeast from Craft Beer and

Lambic Beer

Jin woo Hwang

Department of Food Science and Technology, The Graduate School

Pukyong National University

Abstract

This study was aimed to investigate the alcoholic fermentation
characteristics of yeasts from craft beer and lambic beer. Isolated yeasts
were identified as Brettanomyces bruxellensis, Pichia manshurica, Pichia
membranifaciens and Saccharomyces cerevisiae. As results of sugar and
alcohol tolerance tests, S. cerevisiae showed the greatest growth at glucose
concentration of 40%, and ethanol tolerance ranged from 8 to 12%. B.
bruxellensis was found to have a sugar tolerance of from 30 to 40% and an
alcohol tolerance of from 8 to 12%, of which the LA-3 strain had the best
tolerance. After fermentation during 5 days, pH, acidity, sugar and alcohol
contents of the fermentation broth were measured. As results of the
physicochemical characteristics, alcohol fermentation using sugars was
actively performed in S. cerevisiae with a solid content of 7.2 ~ 8.5 °brix,
pH of 4.45 ~ 4.64, and alcohol content of 3.0 ~ 4.8%. Among them, CB-10
showed the lowest sugar content as 7.2 °brix and the highest alcohol content
as 4.8%, which means it consumed most sugar in the malt extract by alcohol
fermentation. As shown by the sugar and alcohol tolerance results, B.
bruxellensis showed less sugar consumption because its growth was slower
than S. cerevisiae. In addition, it was confirmed that the alcohol

concentration also showed a relatively low value, from 0.8 to 1.6%. Pichia



spp. had no alcohol fermentation, so there was no change in pH, acidity and
alcohol content except for decreasing small amounts of sugar for use of
growth. Organic acids and volatile compounds were analyzed among alcoholic
fermentation strains. Acetic acid, lactic acid and succinic acid were increased
after fermentation. Among them, CB-7 showed a low acetic acid content and
a high succinic acid content. In general, the volatile compounds showed
higher area of S. cerevisiae, and among them, CB-8 showed the highest area
value. Some of the yeasts isolated from craft beer and lambic beer were

found to be the same species, but their characteristics were different.
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% Bt HPLC #4S& #18tel AHE¥ &w"l  acetonitrile?}t water
(Honeywell Burdick and Jackson, Muskegon, MI, USA)ZS A}-&3l3th E+
EA42 A3 f7]4F2  analytical grade® acetic acid (Sigma-Aldrich,
Saint Louis, MO, USA), citric acid (Sigma-Aldrich), lactic acid
(SUPELCO, Bellefonte, PA, USA)®} succinic acid (SUPELCO)E A}-£35}¢]
2319t Wi A= YPD broth (Difco, Becton, Dickinson and Company,
Sparks, MD, USA)¢} YPD agar (Difco, Becton, Dickinson and Company,
Sparks, MD, USA)E A}-&3}3i T}
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violet (Liofilchem, Roseto degli Abruzzi, TE, Italia)S ©]&3le] & JAS
2 g FH Edtol= Sghzo] uAAIA AR A (Olympus CX23, Tokyo,
Japan)& o] &38te] w9 AV|, BYS #AASIY] gERZ FAYE dTES
AR Y. 2" = YPD broth (Difco)oll vjFst F, glycerol &%
S 70% %= 3}l cryogenic vial (Treuline, Portlandm OR, USA)e] ¥ ¥
-80TColA wyste] Aol AR&3ESIH

AdeE aRE59 A4S 9l Grle] @9 2(Seoul, Korea)oll ¢=2E &t
25s ~ 28s rRNA¢°] DI1/D2 99l d7[Ads M. Zeelr =
NL1 (5-GCA TAT CAA TAA GCG GAG GAA AAG-3)3¥ NIL4 (5-GGT
CCG TGT TTC AAG ACG G-3)E AF&3t9em™ Sanger method "2 <
high throughput DNA analyzerE A}g3to] A7IA<EdS A9 1 %

22 9714 9S NCBI®| BLASTE AHg38te] 454< nasq

3. FAUFSt FHFN N Be@ awe P, ne

3 W42 YPD broth (Difco)oll =9 &X7F 10, 20, 30, 40% H=5E

= AME 5 g BRES 4 MAEY 1% dFEHe dFe HI 5

Aol A 25C= wjFstHA 12417 F7]2 Epoch 2 microplate

ml

reader (BioTek, Winooski, VT, USA)E o] &3} 660 nmeolA 33
Aot F WS Fstdth o] W dx R 2% LY FEE VA=
YPD broth (Difco)E& A}F-&3F T}

Fae WA A dEEe ouee WA we AL Agsidon

k1
il
e

YPD broth (Difco)ell ol&=& #H7Fste] 4, 8, 12, 16%9] sE= Tt&Eo] &



BERA o3 d3E WE SEAS dolr7] fiste] @A HjojA~F
(Seoul, Korea)ol#4] dry malt extract (Kingbee biotechnology, Shanghai,
China)E& Fujste] A xR}t WA dry malt 13 ¢ =FF 100 mLE #
7vgk H autoclave® 121TCel A 151 " Azl 5 (A& AME3ste] A=
AL G2 AA A EA wf gl AREE AT £eldte] WE Edd 2R 1 mLe
YPD borth (Difco) 50 mLoll FF3}ar, 30CelA] 3 Hj kst 5 660 nmell
Al FEFEE 08 £ 0062 wFATh Axzg Fstd 100 mLe] 1%°l &35
& AFste] 256ColA 543 HAuY dtof gz &

e AEF H FAL PANER gt

i
po‘;
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5. #3E EEE AZH BEAY o33 4

PR e FEA(ATAGO Master 53a, ATAGO Co. LTD., Tokyo,
Japan Abg3te] =AsH o pHE ORION 3 STAR (Theromo Fisher
Scientific, Waltham, MA, USA)E ©]&3to At AAHLNEE A5 3
mLoll 1% phenolphthalein 2 ~ 3W&& golrwmd ¥ SHF+E ¢F 50 mL #
7FeE #el 01 N NaOH=Z 53 A4 stloer ave NaOHe| 4= acetic
acid(%)2 g2ttt 438 e Alg 100 mLE 7193 5 S/
70 mL BE7kA] e Fol FFFE AFEste] 100 mL2 FEeth ==
AE A&t =& A3 F T4 AL-2la (ATAGO Co. LTD,
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(Theromo Fisher Scientific, Waltham, MA, USA)E  acetonitrile
(Honeywell) ¥} water (Honeywel)E AFg3le] Avixyd & Alg&stich. 1
th5 0.20 yum membrane filter (Toyo Roshi Kaisha, Ltd., Tokyo, Japan)Z
o3 & HPLC (U-3000, Thermo Fisher Scientific Inc., MA., USA)Z #24
stk fF712F BA& 9% HPLC 72 Table 1% Z3ith ol 542
acetonitrile : 0.5% metaphosphoric acidE 6 : 4 H| &= 3}9] isocratic

elutiono. = F2338}9]t}.
7. ¢2g wEAY HuA RFE BA
A ggE B4 GC-MSE AFE3te] X489t A5 3 mLE
C

ap Bottles (Supelco)oll ©o} dry oven 50TCo|A 30% WA

LT AEAQHE IFHEZ VPC-10 (Shimadzu Co., Kyoto, Japan)< Al-& 3l

]I[o%
DU

Sorbent Tube, KNR Co., Ltd., Korea)ell 5% <t FAL A

o} B4 AEdeztyiel TurboMatrix 650 ATD (Perkin Elmer, Santa

Clara, CA, USA)®} GC-MS-TQ8050 (Shimadzu, Co., Kyoto, Japan)< A}-&
=]

she] AT 2L 9% GC 23 thee) Table 201 Uehigleh A}



Table 1. HPLC Condition for the analysis of organic acid content

Condition
Model Acclaim™ 120
Column Size 46 x 250 mm
Rarticle size 5 um
Flow rate 0.7 mL/min
Oven temp. 25C
Analysis
Condition
UV detector 210 nm
Injection
. 7 ul
Quantity




Table 2. GC-MS Condition for the analysis of volatile compounds

Condition

Model AT-1 capillary column
Column Size 60 m x 0.32 mm
Rarticle size 1.0 ym
Interface temp. 250C
35C(10 min) — 8C/min — 12010
Oven program. min) — 12C/min — 180C(7 min) — 1
5C/min — 230C (10 min)
) Carrier gas He (1.0 mL/min)
Analysis
Condition

Sampler temp. 2ol
Flow rate 1.0 mL/min
Split ratio Split mode




4% columne AT-1 (Agilent Technologies, Santa Clara, CA, USA)o| L,

carrier gas® A FS A&
8. TAA g
EAA 2] Minitab (R17)= ©]&3t%12™, one way ANOVA #4& &

& 95% A1F 7oA Fisher #E HlalE o]g3le] Fo A< Zo]lE 9l

shelo.
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AAgE WMo A YPD agar (Dfico)E o] £3to] F2Y9] g% EA]

Wl e EResn AnFe Agste] BAF 7 AuE FHHE AS

59 Table 39 YeESITE CB-2, CB-4, CB-5, CB-7, CB-8, CB-10<

cerevisiae® FREANoH T Ee @Gdd o FHE THAH MEY oY
Fo| A Zol7t dojue FAAA T Zobde & Wl tEEote JHE
2 & A9 CB-33 CB-9% Pichia manshurica, CB-12 Pichia
membranifaciens® 45 FE EE EHUFHEY FHE E 5 AL
W tg=Fote] EAo] AUAT. EIF o]ES AA wideAs W AtHERd
Pichia spp.®] Wx4<l 541 Hdd] suie] wAlE A8ttt LA-1
LA-29} LA-3% Brettanomyces bruxenllensis® s34 om & g n
vl 27]7F 2o HFEdE e JEHE AU t=Eobrt BRI

2. FAYFo} SN EF FRY G, &dF

o

Ul

e

#3238t S cerevisiae 6%, P. manshurica 2%, P. membranifaciens 1%

bruxellensis 3&< 9, €3=& #H7lste] Y3t 52 25 YPD broth
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(A) (B)

(©) (D)

(E) (F)

Fig. 1. Micrograph of CB-1 (A), CB-2 (B), CB-3 (C), CB-4 (D),
CB-5 (E), CB-7 (F) isolated form craft beer.
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(N]
Length:10um|

(A) (B)

(©) (D)

(E) (F)

Fig. 2. Micrograph of CB-8 (A), CB-9 (B), CB-10 (C), LA-1 (D),
LA-2 (E) and LA-3 (F) isolated form craft beer and lambic beer.
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Table 3. Identification results of yeast isolated from craft beer and

lambic beer

Code Strains

CB-1 Pichia membranifaciens
CB-2 Saccharomyces cerevisiae
CB-3 Pichia manshurica
CB-4 Saccharomyces cerevisiae
CB-5 Saccharomyces cerevisiae
CB-7 Saccharomyces cerevisiae
CB-8 Saccharomyces cerevisiae
CB-9 Pichia manshurica
CB-10 Saccharomyces cerevisiae
LA-1 Brettanomyces bruxellensis
LA-2 Brettanomyces bruxellensis
LA-3 Brettanomyces bruxellensis

_’]4_



(Difco)ell  HEste] 192A17-A] 12A417F @92 S3 =& SA430E 2y
t}& 9] Fig. 3 ~ 149] vebdct. WA Fig. 38 CB-19 %, 43 WAS
et Aom g WA A%, glucose 2%l 7HE =2 AFS BloH

Tt Eold 4 E AySo] "ol o glucose 40%1E ASHET o2
WA

16% A= AHS 1A ol Fig. 4= CB-29 ™3 #A 2o =Z glucose
40% 74 ASo] A& o glucose 2% E 7] A&EE7F 7 w
229k 36A1%F o] 2= AFol FAEAT. 43S WA 8% I

A AFstden 12%0AM = vl =g stARE o] s #d
4 ot Fig. 55 CB-39 9, ¢332 WAL Ued Ao 2 glucose 5%

7t Zotd e Aol o= AS T, 7 JMeH sHE Ao 2

bl i
AZIA GdFEol 4% H7MEAJS W H7beA B2 ARG 2358 Ao
T2 Ae AT F ANeH d3E 8% /A WS VHAN 1R =&
FTENAME ASS A XYY Fig. 62 CB-4e 3t 18X =2 glucose
40% AN = S0 YEglom 36A17F o] F o= glucose 2%H T w2 A5
S Btk d43E WAL 12%7HA dew 4%, 8%= FASA AEsE W

CB-7° W3 A3z F #F EF 40%7HA & WS 7R glucose 2%
WA o= vk thE TRl A= 72413 714
L AFete AoE yeun ¢3S WAd> 8%7HA 7FAIH alcohol 4% 9]
45 CB-5, CB-70] 36A|ztell A&Fo] Esl7b =AU 2™ alcohol 8% 75
CB-5+= 84A|%tel], CB-7& 72A1zkell 32317 = At Fig. 99 Fig. 11> 747t
CB-8, CB-10¢] &, ¢53 WS Yebd =2 CB-49F 3, ¢3&
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Optical density (660nm)

0.2 4

0.0 4
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Time (hr)
(A)

0.8 1

0.6

04 4

Optical density (660nm)

0.2 4

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(B)
Fig. 3. Glucose tolerance(A) and ethanol tolerance(B) of CB-1. The

data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.

_16_



Optical density (660nm)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0.8 1

0.6

04 4

Optical density (660nm)

0.2 4

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

(B)
Fig. 4. Glucose tolerance(A) and ethanol tolerance(B) of CB-2. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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0.8 1

0.6

04 4

0.2 4

Optical density (660nm)

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0.8 1

0.6

04 4

0.2 4

Optical density (660nm)

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

(B)
Fig. 5. Glucose tolerance(A) and ethanol tolerance(B) of CB-3. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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Optical density (660nm)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0.8

0.6

0.4

0.2

Optical density (660nm)

0.0

'02 T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(B)
Fig. 6. Glucose tolerance(A) and ethanol tolerance(B) of CB-4. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,
alcohol 12% ; —#—, alcohol 16%.
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Optical density (660nm)

Optical density (660nm)

Fig. 7. Glucose tolerance(A) and e(zlanol tolerance(B) of CB-5. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~
glucose 10% ; —%— , glucose 20% ; =, glucose 30% ; —#— glucose
40%. (B) - , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ; —f,

0.8 1

0.6
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0.2 4

0.0 4

0.8

0.6

04 4

0.2 4

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

alcohol 12% ; —#—, alcohol 16%.
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Optical density (660nm)

Optical density (660nm)

Fig. 8. Glucose tolerance(A) and e(zlanol tolerance(B) of CB-7. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~
glucose 10% ; —%— , glucose 20% ; =, glucose 30% ; —#— glucose
40%. (B) - , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ; —f,

0.8 1

0.6

04 4

0.2 4

0.0 4

0.8

0.6

04 4

0.2 4

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

alcohol 12% ; —#—, alcohol 16%.
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Optical density (660nm)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0.8 1

0.6

04 4

Optical density (660nm)

0.2 4

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

(B)
Fig. 9. Glucose tolerance(A) and ethanol tolerance(B) of CB-8. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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0.8 1

0.6

04 4

0.2 4

Optical density (660nm)

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0.8 1

0.6

04 4

0.2 4

Optical density (660nm)

0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

(B)
Fig. 10. Glucose tolerance(A) and ethanol tolerance(B) of CB-9. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.

_23_



Optical density (660nm)

Optical density (660nm)

Fig. 11. Glucose tolerance(A) anc;B)ethanol tolerance(B) of CB-10.
The data were averaged after three experiments. (A) -e , glucose 2% ;
-0, glucose 109 ; —%— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) - , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ; —f,
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0.0 4
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0.0 4

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204

Time (hr)
(A)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

alcohol 12% ; —#—, alcohol 16%.
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Time (hr)
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0.8 1
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0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204
Time (hr)

(B)
Fig. 12. Glucose tolerance(A) and ethanol tolerance(B) of LA-1. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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Fig. 13. Glucose tolerance(A) and ethanol tolerance(B) of LA-2. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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Fig. 14. Glucose tolerance(A) and ethanol tolerance(B) of LA-3. The
data were averaged after three experiments. (A) -e , glucose 2% ; -0~

glucose 10% ; —w— , glucose 20% ; =, glucose 30% ; —#—, glucose
40%. (B) -4 , alcohol 0% ; -, alcohol 4% ; —%— , alcohol 8% ;, —%,

alcohol 12% ; —#—, alcohol 16%.
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BHEozl Gty gelde SR E 1%5 HETAIZ F 25Tl A 547 %
g A7 Fe] 9%, pH, A%, ¥as =5 o Table 40 UEHSlH A
z2H Fede Fre 13 °brix, pHE 526, A=+ 0.116%= A ¥ AT

Saccharomyces 42 Q=7F 7.2 ~ 85 °brix® YEWoH, CB-10 &&7}
7H wkew CB-7 R7F 7V =4 YElskth Brettanomyces %2 10
~ 11.2 °brix® LA-3 57} 7F wttem LA-1°] 7 =9kAInt LA-29}
oAl 2ol ®elR| ¢kstem, Pichia 42 BE7F 12 °brix® UERR

Saccharomyces 40 T2 ZEEY 9o g s Yehyda, o S
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Table 4. Chemical properties of alcohol fermentation with different

yeasts
Sugar Titratable
Yeast strains contents pH acidity Alcohol
(°Brix) (%) ©e)
Medium - 13.0:027*  526+0.06"  0.116+0.006°
CB-1 P. membranifaciens 12.0+05"  5.39+0.03*  0.115+0.010°
CB-2 S. cerevisiae 8.0+0.3°  452+0.12%  0.164%0.015"  3.4+0.2°
CB-3 P. manshurica 12.0+0.5°  5.20+0.06"  0.113+0.008°
CB-4 S. cerevisiae 82+0.2°  455+0.04°" 0.140+0.012°  3.6+0.2°
CB-5 S. cerevisiae 8.0+0.4° 445+0.02¢  0.151+0.010*  3.0+0.3¢
CB-7 S. cerevisiae 85+0.2°  4.63+0.05%° 0.134+0.008"  3.0+0.4
CB-8 S. cerevisiae 8.0+0.3°  4.49+0.04" 0.147£0.014**  4.0+0.2°
CB-9 P. manshurica 12.0+0.4°  5.26+0.06"  0.115+0.009°
CB-10 S. cerevisiae 7.2+02"  4.64+0.04%  0.149+0.010°"  4.8+0.3"
LA-1 B. bruxellensis 11.3£0.2°  4.75£0.02°  0.138+0.011"  0.8+0.3"
LA-2 B. bruxellensis 11.2£0.2¢  4.72+0.05%¢  0.140£0.008"  1.0+0.2°
LA-3 B. bruxellensis 10.0+0.4%  4.64+0.04% 0.147+0.013**  1.6+0.2°
Y~ means “not detected”.
Y Results are mean =+ standard deviations of three independent

experiments. Same letter in the column are not significantly different at the

5% level. (p<0.05).
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Ao w2 MYt pHYE Saccharomyces 49 7% 445 ~ 4647 YEGEI
CB-57F 7F¢ wskem CB-10°] 7H& =Skvh. B. bruxellensis 52 464 ~
4758 LA-3°] 7b& wokal LA-13% LA-2& Fol#Ql zatels Holx &%k
t}. Pichia 59 pHe= 520 ~ 539%, P. membranifaciens= %< 7}3+soH,
P. manshuricat™ %ol5 F9AQl AolE YelNA] &9t S cerevisiae
gre HA Ak 0134 ~ 0164% =2 YERston CB-70] 714 wekow
CB-27} 7V =kt B. bruxellensis 42 0138 ~ 0.147%=, LA-1°] 7}%
sgkom LA-30] 7bd =AW, Fo] 49 ZpolE Yethl A FSkvh. Pichia %
< 0113 ~ 0.115%= WolF o2l ztol= gidth. ¢ A ¥
o A3} Saccharomyces 4°] 3.0 ~ 4.8%% CB-5¢ CB-7°] 7}& wrtom,
CB-10°] 7} £ &S yHedda, d& d7dAY das = #
AFeFI B Guido et al., 2004). B. bruxellensis %2 7 $-°l+ 0.8

FS UE e LA-1o] 7Hd va LA-30] 7Hd =2 &S YHeudd

i1, Pichia 4-& 438 ko] 0%t

F714F B4 A= tS-9 Table 591 YEFHATE. Acetic acide] 7
9 ~ 0.35 g/LE YElsten CB-89] 713
kom CB-29 497l 714 =2 %S YeEl Aot Acetic acide €3

g F o 557 2o RV AR 98] acealdehyde”} o EF2 =2

W o

[N)

Saccharomyces 421 7% 0.

o

riol
lo

sto] A ¢ B acetic acid’} &4 (Erasmus et al., 2003)% a2, @ o}

N

o] pH7} oW acetic acid’} o] 34 ¥ tH(Shimazu et al.,, 1981; Monk et
al., 1984). Sroka 59 ATZAIHT} acetic acid $HFEFo] WA ygkEd ol
WolF o] F Fol pHe Aolo o3k Ao g FAE T Brettanomyces <
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Table 5. Concentration

different yeasts

of organic

acid of alcohol fermentation with

(Unit : g/L)
Yeast strains Acetic acid Citric Lac‘tic Succ‘inic
acid acid acid
Medium - 0.10+0.007”¢  0.07+0.01*  0.90+0.08 -
CB-2 S. cerevisiae 0.37+0.023*  0.09£0.006*  1.68+0.18*  0.18+0.02"
CB-4 S. cerevisiae 0.31+£0.02°¢  0.08+0.004*  0.99+0.08Y  0.16+0.01"¢
CB-5 S. cerevisiaze  0.34+0.015*" 0.07+0.009* 1.19+0.13"¢  0.12+0.03
CB-7 S. cerevisiae 0.31£0.02°¢  0.07+0.015* 1.29+0.15"  0.22+0.02°
CB-8 S. cerevisiae 0.29+0.015°  0.09+0.011*  0.94+0.19  0.10+0.03%¢
CB-10 S. cerevisiae 0.35+0.03* ~ 0.07+0.006* 1.29+0.11>  0.13+0.01°¢
LA-1 B. bruxellensis ~ 0.30£0.024°  0.09+0.007*  0.91+0.08°  0.02+0.006"
LA-2  B. bruxellensis  0.29+0.015°  0.08+0.025* 1.04+0.07°¢  0.04+0.009"
LA-3  B. bruxellensis  0.35£0.02*  0.09+0.013* 1.03+0.05°¢  0.08+0.01°
Y~ means “not detected”.
Y Results are mean =+ standard deviations of three independent

experiments. Same letter in the column are not significantly different at the

5% level. (p<0.05).
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2 029 ~ 035 g/LZ YEgon LA-19 LA-2%= f94<l 2eo]& Holx
ekokal LA-30] 7} =okth Citric acids BE @E el tiste] {94
2kol7F gl e ™, lactic acide Saccharomyces << 094 ~ 168 g/L=
CB-8°] 7}4 vgton 714 =& CB-2& CB-8Hth o 189 ¥ Fd3&
el AT}, Brettanomyces & 091 ~ 1.04 g/L= YEbron LA-10] 7}
F wx LA-27F 7bd =A YEwt Succinic acid® S
Saccharomyces %2 0.10 ~ 022 g/LE UEwow CB-7°] 714 =9on
CB-8o] 7}F% vA YeElwtt. Brettanomyces 452 0.02 ~ 0.06 g/L=
Saccharomyces 4 H.th A Ugkow LA-13 LA-2%

Ao, LA-3°] 7H =4 veyud. ¢3& 38 Ay 27 dsdEyg
acetic acid, lactic acid, succinic acid’} F7tstE A& AT & Qslom,
a1 % CB-7 #57F A5tS 71A &= acetic acid g3Fo] Wi, #Z4AGS 71

+ succinic acid $H#Fo] ol {74k EAo] Hog S & & ATh

diE HEHNE GC-MS-TQ8050E U4 =S wAT 23+ v
o] Table 601 UJERAGITE 24 ® 304 B o okm e 7E o AFH 14F,
gosl= 9%, 7ZIEE 1FerR  EFIHAY.  Saccharomyces ol A
Brettanomyces < Hl3] & WA S YEHoen 1A dFEeRl
1-propanol, isobutyl alcohol, isoamyl alcohol, 2-methyl-1-butanole] &
Ao g BXEA3 Brettanomyces ZolAwE 22 4329 isopropyl
alcohol¥} furfuryl alcohole] #+4 %At} o] % isoamyl alcohols <=
& IgolA FHd M AHHez F83% AJF¢FS v A= sEE

(Kobayashi et al., 2006)°] a2 2-methyl-1-butanol 2ol A F#5+= A
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Table 6. Volatile compounds of after alcoholic fermentation

Area (/10"

RT Compounds Wort CB-2 CB4 CB5 CB7 CB8 (BI0 LA1 LA2 LA3
Alcohols
5.996 Isopropyl Alcohol _b = = - - r - 77 71 52
7919 1-Propanol - 368 973 658 574 813 380 36 34 265
11635 isobutyl alcohol - 2424 1897 938 472 2246 1902 110 334 718
16.751 Isoamyl alcohol - 7998 7605 4150 2373 5772 5438 449 664 1021
16902 2-Methyl-1-butanol - 4593 3555 1659 1173 3450 3101 240 562 833
20687 Furfuryl alcohol - = F = = k. - 10 21 19
32.305 2-Phenylethanol - - 39 = = 28 51 - - -
Total 0 20484 19369 9505 6692 16009 15372 972 1738 2907

(continued)
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Area (/10%

T Compounds Wort (B2 (B4 CB5 CB7 (B8 CB10 LAl LA2 LA-3
Esters
6.451 Ethyl formate - 165 - 141 169 165 170 - 59 63
10.741 Ethyl Acetate - 14940 12373 7005 6301 10502 14015 952 1230 6387
15689 Ethyl propionate - 190 242 111 87 110 238 - - 20
15.78 Propyl acetate - 69 55 2 - 33 - - - -
17.788 Ethyl isobutyrate 5 > i - * > i 14 19 48
18223 Isobutyl acetate ] 251 126 29 13 38 108 - - -
19.161 Ethyl butyrate T 545 272 57 59 184 228 - - 17
209 Ethyl-2-methylbutyrate 1 - - - - - - - - 63
2161 Isoamyl acetate = 3654 2084 1534 304 1211 1959 - - -
2177102 Methyl-butyl acetate - 977 439 409 444 636 754 92 87 283
26.253 Ethyl caproate - 2264 1190 162 136 622 341 - - 23
35.442 Ethyl octanoate - 1583 858 239 Tt 605. 739 243 324 619
36.959 Phenylethyl acetate - 32 20 - - - 19 - - -
41.728 Ethyl decanoate - 121 90 29 - 9 136 - - 258
Total 0 24790 17750 9716 8289 14251 19207 1302 1718 8281
(continued)
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RT

Compounds

Area (/10%

Wort CB-2 CB+4 CB-5 CB-7 CB-8 CB-10 LA-1 LA-2 LA-3
Aldehydes
4.335 Acetaldehyde 627 2841 - 3689 2538 10165 5252 932 2517 1456
7663  Isobutyraldehyde 1106 270 194 142 - - - 149 - -
12661  Isovaleraldehyde 4194 275 214 698 93 799 489 36 70 136
1321  2-Methylbutanal 1135 499 100 214 46 486 291 70 51 39
18.935 Hexanal 30 = 12 - 10 2 = - - -
24.415 Benzaldehyde - . F - 19 37 1 - - -
26.406 Octanal 56 1 - = - 50 T - - -
32.081 Nonanal 36 ke 20 - = 30 57 28 41 -
35.699 Decanal 79 57 44 37 22 143 101 43 95 51
Total 7364 3942 534 4780 2132 11761 6190 1313 2773 1681
Others
37.863  4-Ethylguaiacol - - - = - - - 117 152 110
Total 0 0 0 0 0 0 0 117 152 110

1)

- means “not detected”.
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Hom w9 & oA AdFRor WA= 7| AR o 7 (Howard,
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=
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F

ethyl caproate, ethyl caprylate®} phenyl ethyl acetate G©°] SI=HE

(Verstrepen et al., 2003), o]&]dt B = F/F9 FTulo] o] Lz &HT}

ZQ3A T o]59 FEVF UFE Eow wWFE XuUXA BEe Y ulo] F
odx= EA-Ho] Ut} B Ao HEH esterFo 2, A= 9 ~ 127}
2 9] esterF7F AEHAN W B bruxellensisol = 5 ~ 97FA 9] esteri7F

AEHJY. 2 FoAE  ethyl acetate, ethyl-2-methylbutyate, ethyl

caproate, ethyl octanoate”’} ester & =& WHS U E AS ¢ 5
AR Ethyl acetater= o EHE3} oA ELLS] o ~2HZ skt UWbdoz

WA TG wom Hdi 2 g (Kobayashi et al, 2006)& 74| &
Aol Aok B AR esterit T M =S WA @S dEHdded o

$ 2 s UE 2 AT A v
3t 73S YEPRATH Nespro et al., 2019). Isoamyl acetated = ol A 714
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(Burdock, 1975), ®] ¥ke] propyl acetate, 3<lofZ3} wliji} dko] ethyl
isobutyrate (Gillies et al., 1987) 52| &7]dEo] A= ATt IRl EF &
ethyl caproate (Zheng et al., 2012)2 ethyl hexanoate, 374 g A4l
AL %= ethyl octanoate (Fahlbusch et al, 2003), B.@it] ko] = ethyl
decanoatei= ethyl ester®= &5 3o ola] AXE oA AAE= 7|4
ester¢ld], o5& AFAHLCE MXE woz Mxvs Fa gikd 4
L3l acetate ester®}= TFE A ethyl estert= A WA AFE9] dol7p Zdojd 4=
5 mjdR2o ko] Foj== EAo] o] C8S ethyl caproates= 100%,
C10%! ethyl ocatanoate™= 54 ~ 68%, C12%l ethyl decanoate= 8 ~ 17%
Ax 7} galo]l @ th(Verstrepen et al., 2003; Saerens et al., 2008). A& A}
of| 5 &= ethyl caproate, ethyl octanoate, ethyl decanoate® Z<+%= WZ Zto]
Fol=xe Aol UedES 998 = AUTh

Aldehyde® Az WolsFoll A alcohol?} esteris HEHA FAA T o
2 ETF9 aldehyde’t A=A @olrp F{3= A+ aldehydes

isovaleraldehtde”} 714 Etomw =1 thL8-0 & jsobutyraldehyde’} &5 A

&
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2 9% aldehyde FollA acetaldehyde’} 7}4 =& w7 zkS vehuyidoh
CB-8A 7Hd %2 W4 ol Ueted, ol F7Hos o B2 37
3 o etEES whEojd 7t Hr opmgbe] 3 FF
ol leucine®} o} W] reductone?] ®Hg-ol 2]3Fe] A7]= isovaleraldehyde
(Bamforth, 2003)% wlyy, o= 3FS st dl AFEEE decyl

aldehyde, 2-methylbutanale] =& Wrg oA FFHoz HEH AT

d

A
s
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oX,
)
ies
S
=2
)
r:l

upx| 9o 2 4-ethylguaiacol-> <FQloly ol A Brettanomyces %°| 234
sl dHlE 3gE(Caboni et al, 20072 F%7F 620 ug/LETE AAH HH

g Brett’ 54 E= dAsd 5S40 FolElA ofdled kE FrE vAA
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[}

= a1, 400 ug/L WIRboA = &8, A7) 2 759 o= Qd] 9l 7]
Balx oz £A AE3=(Loureiro et al, 2003) EAo] d&d E A4 2

L

3}, B. bruxellensis W& oA 4-ethylguaiacolo] A e1& o2 7 =5 At}
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