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Abstract

In this study, suitable protectants and rehydration solutions were investigated for the development of ‘Yakju’ yeast
starters. Experiments were conducted alongside the optimization of protectant and rehydration conditions using different
types of sugars and rehydration solutions to enhance the viability and storability of air-blast dried yeast cells. Six
types of sugars (fructose, glucose, maltose, raffinose, sucrose, trehalose) and four types of rehydration solutions
(DW, PBS, 0.85% NaCl, and 1% peptone water) were examined to investigate optimal air-blast drying conditions
to enhance the survival rate of Saccharomyces yeasts cells. 10% sucrose (DW) and 10% maltose (PBS) had the
highest survival rate of 108.20% and 107.72% for S. cerevisiae W153 and W149, respectively. we assumed that
the increased survival rate (>100%) was as a result of the re-initiation of the proliferation of the air-blast dried
yeast cells during the 1-h rehydration. We also investigated physicochemical properties as well as sensory quality
of ‘Yakju’. S. cerevisiae W153 and W149 showed good alcohol fermentation ability in the three different raw materials
such as glutinous rice only (Glu 100), non-glutinous rice (NGlu 100), glutinous and non-glutinous rice mixture
(NGlu 50:50). The sensory evaluation revealed that S. cerevisiae W153 obtained the highest scores in the flavor
as well as the overall preference with the Glu 100.
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4= FAsH7] ofH7] "ol Adslstr] e AAold
(Park 5, 2012). olof| w2t 4=9) F+2 thAsk7] LIsl =4t
e WEY S+ Ax 71€9 /o] ERSItHKim 5,
2018). oFFof| ARRE = HEE 9RO FF= I, AR
ol 7k55te] REE W5 5ol o IF= & A I
ol AR, S HePd 50] i, A= 1L R
Aol et A2 oko] 7P Fa3t YmE o] HiE
2 amylopectin® &2 FAJE|o] gJlor, HRO] HEL amylose
(20-25%), amylopectin(75-80%) 2% G4 =]o] QJtt. Amylose
o} amylopectin g #folo]| Wt ~EEE, S &5, 5
A 27 5] GEpAH, T W] wet o 40 EA4
o] ZEHIthKwon 5, 2010). & YFoA = T2
FEZ=E Al Y 7| 8 thAHEES] AJ4te] §lof
Al F83% 4TS o, AR} Bikoks a4 wet Hasd]
EAo| EEkRIth(Pires 5, 2014). Saccharomyces cerevisiaes
o g o]gsly] oAl durH o B A
1= &3t IS AXA ot 8H19| S8} AlE2
WBIB AE F S77F Ao, AgHogs B
Y xR AlBo] F2 o8t T+t AEL A=

o8& AX 7IH9| sl 5A1R] B¢
= 7iet Azt ZFA%, ERAXR, TEAX,
oo Ax, $34% 5ol Histe] €55 Erhe &= A
Y3z Qlet. o] FollA A= SAAX tiH] AT} H]
&0] 5.3%, AZH7] HEo] 17.9%= FiH]go] wje- A
25} (Santivarangkna 5, 2007), 52 22 ARA|7]=
THZ, 55 AE 59 71H ] Hlslo] vl =& BEES
LERfjo] thA] Az 7| o= 7]l QikLee 5, 2016a). 71
Z F4t AFE ARE 3 7IeEN S8R E KIS
fsixe 7129 F2Ax ATl ASohe oA FEES
Sk Aol a5, nBEe] Ax B Fol &=
FAFE A= AR WS HiA 24, 27] vE S
HoH7H, At 24 5] itk X719 B9-oll=
e S50l we AlaEEe] g 5ol gEt AR tE 24
Z7A& 7FX 2 tHCosta 5, 2000; de Valdez 5, 1983;
Lee 5, 2016b). 3 AZH nBE2 A58} 27gofA o
Al S BA =, A5s}t &Y 59 eol| oo =&
of Y= A= A+E HilEo] §lom(Leach, 1959;
Rodriguez-Porrata, 2008), S. cerevisiae D8 H X0 ts}o]
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2 0]&319tt. pHE pH meter(Mettler-Toledo MP225K,
Schwerzenbach, Switzerland)E ©|-85fo] %5191, FAH
2 AOAC EZAFH o8 2431ArHAOAC, 2000). L3
= g2 15CoA A& 100 mLE F}o] 7% SF7FA
FHAE ol&sto] S50, 7H8-d ALFE(°Brix)>
AFEA(ATAGO, Co, N-1a, Kyoto, Japan)S ©]-&5}o]
Aolict. U 3RS DNS(dinitrosalicylic acid) A|2FS
83jo] 4] Aepo] T Zg5Hoitk Abmed, 2004). Al
0.3 mLoj| DNS A|2F 1 mLE F7Ioto] 95C oA 587 ¥k
T =25 7 mLE 7Bl B350 A|(Shimazdu Co. UV-
1601, Kyoto, Japan)Z ©]83}o] 550 nmojjA] T3S =74
S, glucose BERAO R BT TEL BUS,
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OF20] T=AA= To7} ATlo] i Tt 16
= tie= A Pust 542 49 5, FA9E A
Aol thate] A, g, Tk, Algt @ AR 7155
sto] Grlsiqitt 74 HEyog wrlsiglon, 742 Wi
F} 182 vl Yure grsieic B do] #5371
et el el el wEt Aefsted
QI 3(2020-0075)E |rol APt

[©)

o> rr

342 ¥

7k 3R 55 100 mL YPD A Hjz]|oflA| 30T, 16~k
St Higstalon, vl & AHRE(4,973 xg, 10 min)S}o]
AH AEZE 3451, 0.85% NaCl gAof|4f 23] A|&5k3]
o} 1% oRL, pelletZ lactomil 7 gi} $HA| EAS, GHE
ool Bon] 89 | mLo} EPAAT. T AW AR
pelletg TR 7AZ7]|(HB-509C, HanBaek, Bucheon, Korea)
S ARSI AxE BN Fke] i ol 1082%0] =
o W) 37COIN RN $EAZ T ABS B4 2
Ajo] He 42 Tk ALES FIsiglon], 4ToA
VhY EoF Bt AERS T st

SHEA L HRESH|

ALEFAR0 AEEE AXHSARE= 10% skim milk
SNo]| 6F9] GHFZE fructose, glucose, maltose, raffinose,
sucrose, trehalose ZF2FS 10%%] H7Fsto] v|wstct H3
A2 lactose 89%, maltodextrin 11%= F+A4% lactomil
(Seo Kang Dairy & Food Co., Ltd., Sacheon, Korea)S &-&
5190, pellet®} lactomil H]7} 1 : 3.5(w/w)7} E|A| A7}k
AHLee 5, 2016a). F-PA} AZ T WA w2}, FF5A%
50| YEET} B F SO HEUL opugon], skim
milk®} FFE /JE HO8HL 121TofA 1581 Hst

Agt 2200] FE Fwtol| vlAlE Y= Lot] fls)
Mg} gH o= PBS buffer &N} 0.85% NaCl -4, 1%
peptone water 8 37IAE Aol oM, i oee ¥
=25 (distilled water, DW)S &-85F%c}. B4 240 A
53} G YT 7] FulE BN F 25T 142
A3} 5153ck o] £ DW= T 849kl YPD 4] ujA]
(2% glucose, 2% peptone, 1% yeast extract, 2% agar)°f| 4]

BEES ZYAA

27] T(Noy= YPD AiA] ¥ix]oflA] 30T, 150 rpm, 16A]
Zbuidel 4 & A5z A AE 1 mLE F5 DW
et & YPD 314 Hi|o]lA} 30T, 4841k BiFA]
A A colony® ARSI 2] 278 F20) AES
(survival rate)2 $EZAZX7} dR5E 455 At 29
ol83fo] 27 Ru2 Beal 27 s 2702 o
3t H #=(N)E £4519, survival rate(%) = (N / Np) x 100
o8 YRRt #Alt HxETA|, BPAE St 4
Sl 812%7} B W ITCAA 6083 sl B
T Ao IS AFsIG RS AES APt
105C Ezto] 204 3-4A17F %3t H, E|AIACIE oA
307t Hegshal Fgoll =2 7] FAE S48 Tt
ATHAOAC, 2000).

S$EAZ 50| FAHNHOH BY

AR 24 29| FgA 2 AxE oA 1Sk 55
Az aX A3E9] HefjE SEM(Scanning Electron Microscope)
o= Tz THHongpattarakere 5, 2013). S5 AXaR
BB Pl 4 B HolZE A83k0] stubol 32k o
S Hitachi E-1030 ion sputter coater(Hitachi, Tokyo, Japan)
2 A8sle] For TStk BB Fel 5 kvl 7k
Ao 2= SUS220 AL AR} @ |7 (Hitachi, Tokyo,
Japan) = THEE| ]It

SHAZ|

BE Age 33] o4 w A Hlojel] Wz BE
HAE )] SAS program(9.4, SAS Institute Inc., Cary, NC,
USA) 0= B (ANOVA), Duncan?] TFEH9AZ(Duncan’s
multiple range test, p<0.05)S A|3§5}] G944 HSFIN
O, paired Student’s t-test(p<0.05 E+= p<0.01) E3} &
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Table 1. Characteristics of ‘Yakju’ after fermentation

813

ofzre] 14.83%0] Hlsto] 7 ehde, ofela B Jur
I} i 59k oF=0] ol nRIZIXIR S, cerevisiae W149
OFZ0] S JRL- 1.68%ZA] S cerevisiae W153 9]
0.23%0| Bloto] 2= E6kal, 3-&2] Tl 16.07%
2A S, cerevisiae W153 2559 14.90%ET) A5 =& 4
T2 YERARIT. W of=0] Afoll= S H7IRE o
o= g ol=gh Aol TAEA] Attt pHe} F4te]
9 FFER GAR IS W, o Huvl BAHE §
714te] FFu TeFo] t=7] wzolth(Contreras -5, 2014).
pHO] AL, S. cerevisiae KCCM 112157} &9] S50 A
o] 7HY =2 A2 UEPHoH, FAES] - S. cerevisiae
W1499] ko] 7} =11, TR0 2 §. cerevisiae W1530] =
on W] ALE AQJ5}AL S. cerevisiae KCCM 11215 &
07 =0 7o etk 72 FHES 14.90-16.07%
Agraog A2 o H|e] IFZ o] o w24, A2
HaoAs wE 7S daet 9 29| n2%rt 37t
Sk, aW g% W Qo] 43S Uavt o|2A SR
TjZo|tKShim &, 2016). A=2] F5Fof weh, & 3¢
S. cerevisiae W149, & 50% T 50%2] 3L S. cerevisiae
W149, WO AL S, cerevisiae W1537F =& 4TS §

T =21 o
= eI
oo 25t
255 Gelolol AET WY O, T WE 5 of
2 9 9 o] TS} Fake Table 29F 2tk oFo)
ofgh} E1E o o] Aol AlRZ R9l7t Aol

Mixture ratio

Strains" ) O&%}g&?ﬁﬂ; Sri(;fce:)z) SOll{ll:)]éii ;)Olld Reducz(r)z)g) sugar pH Tot?(}ﬁ)?ad Alc?gz)’l Vc/(‘)/r)ltent
Glu 100 9.20+0.007"" 0.30+0.02° 4.35+0.01° 0.24+0.01° 14.93+0.06°
KCCM 11215 NGlu 50:50 8.57+0.06° 0.310.01° 4.25+0.01° 0.26+0.01¢ 15.2040.10°
NGlu100 9.03+0.06 0.36+0.01° 4.1240.02° 0.29:£0.00° 15.83+0.06"
Glu 100 8.800.00" 0.210.00° 4.08+0.02° 0.27+0.00° 14.83+0.12°
w153 NGlu 50:50 8.57+0.06° 0.23+0.01¢ 3.97+0.01¢ 0.30+0.00° 14.90+0.00°
NGlu 100 9.07+0.12° 0.24+0.02¢ 3.82+0.02¢ 0.33+0.00° 15.90+0.00°
Glu 100 10.57+0.06" 1.63+0.01° 4.02+0.04° 0.3620.00° 15.37+0.06"
W149 NGlu 50:50 10.27+0.12° 1.68+0.03" 4.02+0.03° 0.34:0.00° 16.07+0.06"
NGlu 100 10.40+0.00° 1.85£0.01° 3.95+0.03° 0.37+0.01° 15.17+0.06°

VKCCM 11215, Saccharomyce cerevisiae KCCM 11215; W153, S. cerevisiae W153; W149, S. cerevisiae W149.
IGlu 100, glutinous rice 100%; NGlu 50:50, glutinous rice 50% + non-glutinous rice 50%; NGlu 100, non-glutinous rice 100%.

JAll the data were expressed as meantSD (n=3).

“Different letters within same column indicate significant difference (p<0.05).
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Table 2. Sensory scores of ‘Yakju’ after fermentation

Mixture ratio

Overall

Strains” (glutinous rice = Color Flavor Sweetness Sourness preference
non-glutinous rice)

Glu 100 5.63+2.19°* 4.75£1.69° 3.13+1.86" 3.19+1.47" 3.88+1.93

KCCM 11215 NGlu 50:50 5.81+£2.01* 4.44+1.36° 4.25+1.69° 3.88+2.09° 4.7582.14°
NGlu100 5.50+1.90° 4.50+1.37° 3.50+1.55* 4.56+2.53" 5.25+1.44°

Glu 100 5.75+1.98" 5.00+1.41° 3.06+1.73% 4.56+2.48" 4.9442 43°

WI153 NGlu 50:50 5.814£2.20° 4.63+1.75° 3.38+1.20° 4.31£1.78% 4.56+1.46°
NGlu 100 6.00+£2.34" 4.63+2.42° 2.81+0.98" 5.69+1.49* 3.9442.26"

Glu 100 5.75£2.08* 4.94+1.98° 3.50+1.79* 4.56+2.83° 4.8842.19°

W149 NGlu 50:50 5.81+£2.32* 4.50+1.93" 3.63+0.96" 5.75£1.77° 4.444+197°
NGlu 100 5.9442.29* 4.31+1.58° 2.94+1.84° 4.75+1.57° 4.2542.41°

YKCCM 11215, Saccharomyce cerevisiae KCCM 11215; W153, S. cerevisiae W153; W149, S. cerevisiae W149.
IGlu 100, glutinous rice 100%; NGlu 50:50, glutinous rice 50% + non-glutinous rice 50%; NGlu 100, non-glutinous rice 100%.

dAll the data were expressed as meantSD (n=3).

“Different letters within same column indicate significant difference (p<0.05).

£ YERHA] 2okt of9] g 3 A7t 4.75-5.00
2 B =S Hgf HAvHer 73wt £9eH, S
cerevisiae W153 o575 AMERE ek= A9] SRt #AGl
o] th w9 Hlsl| =2 715 E UERleH, 55| &
A AFOA 5.0002 7P w2 JA4E BT 9u
2.81-425% RE R7A0NA 58S HA LUt 4 oo
A= 8. cerevisiae W149, KCCM 11215, W1539] &0 &2 =
S HLE Wgty, T3} oo S, cerevisiae KCCM
11215, W153, W149 =0 & &=Qith W oA S
cerevisiae KCCM 11215, W149, W153 &0 2 =Qton] §
cerevisiae KCCM 11215 455 ARESE 83 9F7) 4.252
1= 24 3ol 7 =4 UETE Ao B, dekdos
S. cerevisiae KCCM 112155 LE AF oA 71 2 7]
S5 YyeRda, 29 £29 IAQlo] S cerevisiae W153
I Wi49= ANHA o0& 2 7|5 s YElltt. 34 o=
oAM= S cerevisiae W1533} W1499] 7|5 &7} 790,
S5} koM S, cerevisiae W1497} 5752 S-9jF o7
7 =8 AeE Yehllon, BE ZANAE 7 22 7]
STE YR W ok A= S, cerevisiae W153, W149,
KCCM 112159] =05 a7t =39t S84 7|2 %0lA
L P okR9] AL S. cerevisiae W1530], &5 oF0) |
& OO M= S, cerevisiae KCCM 112157} 7V =7 71
SI9It}. ol sniffing test Z7}e} Blms] BoFS w] SAket
73RS YER=t(data not shown), ©]+= 3|7} 3517 7]
2% o] dF= & A2E & 5 YtH(Chae, 2020). 5
g7}o] Avjof ulel & kF A|RA] S. cerevisiae W153S

ol gt Szt ), A%, FTH V|5 WOl B B
of ot AXY 4 Ue A0 Mgt

HZESH L Mgt 240 ofE2 W28 Y X4 Hlu

2% 7% A 4a AzE e vgEo| s} o)
S X 53K Champagne 5, 2012). Skim milke} §74 AZ
HEARA ABEOE g A% F AE] AR
SlolX RBE TS s, A ol 2425
1= =48 vHd OF 719 29 ¢ SAE v 9
3K Costa 5, 2000). ESF, Santivarangkna 5(2007)°] w2
H A HE AR HE FoflA A9 Ax Ho a9E Y
EbdTY B U510, Leslie 5(1995)0] w2 trehalose
o} sucrose”} X H A= AMGE S o dizto] BlsH A
E&o] S7FIlthaL Harsieitt Az 1 F dxH 1A
B-S 35ohs Aesh g2 "ol AR FAQ) A2
& =0|& 5835 Holtt. Y T2 AR A +F=
Azt ol BEEo] Hold 4= JJouE AEES =
o]7] Sl wAdEritt A&t As} EHE Eok= Ao] F
95}t FryQ} Greaves, 1951; Lee 5, 2016b). S. cerevisiae
D82 Soxste] A9 F+3} 22 ARt AP+
ol A= skim milket Z+E GFE 47 5% 10% A 2o}
AEES B ASH o™, 10% skim milke} 10% FFolA
29| PEES YEPHS ERIstGItHLee 5, 2016a). 3L,
Lee 5(2016b)> Ax 4] 2] AYE&0] 0AtA BIsf 147k
S A2E Aerst o192 W S7IeHe2 BArsisint. wiEt
A & Atolde A78E 252 Ao 22 fructose, glucose,
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maltose, raffinose, sucrose, trehaloses 10%% *2|5}o]
10% skim milke} 335t & 37C oA 1AI7F $3A4%SH o
S, Azx/RE ZFZF DW, PBS, 0.85% NaCl, 1% peptone
water®] @11 25CoflA] 1A7F Bt A3} Shof BEEE H]
TAGT, RE Hel7e) SRUFL 22 T 759 280
7P =l A 102%% 2853 th(Beker?} Rapoport,
1987). S. cerevisiae W1539] 72, glucose, maltose, sucrose,
trehalose H717914 DW 840 A28t HHL 1) o
WERS LEhfglon], IR TRIAL PBS SOt 085%
NaCl -§H= 25k A3t 2AUS ERIsHITHFig. 1). =
5] 10% sucrose 7S DW 8H0 2 1A|7F A<=38} 513
< 1 10821%= 7FF =2 AE&S Ueigler, 59 &
7FEo A 0.85% NaCl 894 TESF 106.56%2 =2 BEES
UEfiglet. w3 AE8o] 100%7} ok AL A5t
I F AHE3e ol arEo] FASIG7] HECE T
GEHKim 5, 2019). S. cerevisiae W1492] 732~ fructose,
glucose, maltose, raffinose Z7}Lo]A PBS €402 A=
3} 519 o 2 AEEZ YEIglen, 47 dRolA=
0.85% NaCl R =3t Aot AU SRk
(Fig. 1). €3] 10% maltose H7}S PBS Mo 2 A7k
A3t oS W 107.72%2 7HY 2 FEES UER

t} ESE S, cerevisiae W1533} H] 151932 w] AElAdo=w Ut
L A5 Y7 W12 S cerevisiae W1530] S. cerevisiae
W1490] H]sf A 25F A0 Kt At 202 AbaFh
2 AFolA g AREDARA 10% FF L 10% skim
milkz $F02E GRE FAKAAYH(SEM)S 085
of 11 FHE WISt Fig. 2). @vld wE A3, 7 an
=& skim milk® F4== e 2 A= o5 A2 4
7 F29] FRoll el 9E FHE EAsHIH. B
RHESA Fofso] TAEo], 1A 53} A A &
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Fig. 1. Moisture content and survival rate of air-blast dried Saccharomyces cerevisiae W149 (A) and W153 (B) with different types of

sugar and rehydration solution.

W, survival rate; O, moisture content. Hatch bar represents the best condition in each strain. Fru, fructose; Glu, glucose; Mal, maltose; Raf, raffinose;
Suc, sucrose; Tre, trehalose; DW, distilled water; PBS, 1x phosphate-buffered saline; NaCl, 0.85% saline; PEP, 1% peptone water.

All the data were expressed as mean+SD (n=3).

"p<0.01 and "p<0.05 compared with non-sugar samples rehydrated with DW.
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Fig. 2. Representative images of air-blast dried Saccharomyces cerevisiase W149 and W153 collected using a scanning electron microscope
(SEM) at 3,000x magnification.

All samples were air-blast dried with optimal sugar and protectants obtained in this study. Arrows represent protectants and each strain. Scale bars=10
um. (A), only protectants without yeast; (B), S. cerevisiae W149; (C), S. cerevisiae W153.
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Fig. 3. Changes in the viable cell counts of air-blast dried Saccharomyces cerevisiae W149 (A) and W153 (B) stored at 4C for 3 months
depending on different types of sugar and rehydration solution.
W, viable cell count at initial time; [, viable cell count after 3 months. Hatch bar represents the best condition in each strain. DW, distilled water;

PBS, phosphate-buffered saline; NaCl, 0.85% salige; PEP, peptone water.
All the data were expressed as mean+SD (n=3). p<0.01 and p<0.05 compared with non-sugar samples rehydrated with DW.
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