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Abstract

Probiotic functional foods are known to have various functional effects such as intestinal regulation, modulation of
immune system, reduction of allergies, and lowering of cholesterol. The purpose of this study was to select probiotic strain
that is most suitable for freeze-dried coffee for the development of functional coffee products. The survival rate of probiotics,
at drinking condition of coffee, at acid, at bile and after freeze-dried in coffee were measured on 1 strain isolated from
commercial freeze-dried coffee, 8 strains used as fermented milk starter, 1 Bifidobacterium and 1 Bacillus coagulans.
Bacillus coagulans showed the highest survival rate from 2.4x107 cfu/g to 2.0x10” cfu/g especially after freeze-drying. The
results at drinking condition of coffee, at acid tolerance, at bile tolerance and at storage test showed significantly better
survival rate of Bacillus coagulans than that of control (Lactobacillus casei). Especially, Bacillus coagulans showed 3.8-fold
higher survival rate at acid tolerance (pH 1, 120 minutes) than control. Thus, the lactic acid-producing Bacillus coagulans
is characterized as a probiotic strain suitable for functional coffee formulation and commercialization.
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M 2 P53 AE R 715H BA0] SAHES AR of
Yeh 23717 58 $H/d o] f-A] & ofoF ghri(Salminen 5
I ZH}o] 2 B A(probiotics) = ‘FE3F 4 HFSIE S 1998).

obABIT Ao E-&o] Hi Alojgl= Folgta HolE 1 Probiotics 7= B/ oA BEsh= Aol F88H], 2
ITHFAO/WHO 2002; Gorbach SL 2002). Fuller R(1991)2 < o AL YAAE #3577 EEY AR 2418 4=
F7FAoRlE HES 94 o AFEEE W, 57 & ofof 511, W2 pHet aE e FEAtgel Aol jlefof gtk

W uEY #3S MAATIAY HAAE S4AA A a2, "X A" WA Hed, dETY, SHRol
FENATRE Yet= AF ESAZHL probioticsE 4 9]} i Aol glojof stm, Ao Hol= QPHFE generally
Al o] &t ProbioticsE E2]7] YdlA= Aol &AsH E recognized as safe(GRAS) AFefjo]ojof gtchRavinder N 2012).
X 40] oY Aok Shoi(Sanders 5 2003), M| &3 F&  @EE AAGIA BelH ol Foul, YO probiotics
FAHOE FHEE WHOE FATolof S, WHUL 2B A8I] A BE A7} 0RO T (Dume 5
Approved lists of Bacterial names®] 7]&o]| oJ3) &4 ojof 2001), 1 5 7V E3H4) d1E 3 Y= 5= Lactobacilli®}:
BHReid G 2003). ESF AU HLA #9] A Adlst= Bifidobacteria®]THSaxelin M 1977). o] A2 Ao 2 HE Ha]
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3} probiotics 722 A AA2H(Borriello 5 2003), H4 Al
FR|(Dave & Shah 1997) = Solat R4S atrky oA
Utk @A e o2 7)5o] YFE o] health claims T
Q1= probiotics 7|52 ZERIo|BA D ABA] T HAPRA
(Isolaure 5 2002), 5% #91= 7K Ouwehand 5 2002) Lo}
Aol A F4F A, AR 28 Sol0, in vivo SN
SIF 91 ZHa(Kumar 5 2011), W7l 2(Matswzaki 5
2000, P27 A7, Bedeh Welzure Wzl o)
(Hamilton-Miler J 2003), ZUj@74141, 7Ha1 okl 2 ok
N o A Aoly BHAEE 77 (Pereia & Gibson
2002, 37 O 2UF A 5ol AT & 5 A
[FE2E YFUaf, A=, 24, ofo|2ad, ¥5Hdx 8

'l__
FEE, R A3 5 g2 z;::— REX

2 probioticsE 4xH]
7F @ 4 IthRavinder N 2012).
olE F Aue HE FHHo=2 g 0}7] ] B0, probioticsS
ALsl= 22 29t 2 FokEthBenkovic S 2015). Probiotics
7 4R BAAR ATS AL AL Rsh AT
My 28, 3 A2 WASKE A 7lgad, Av 95
J1g 53 A Aol BAShe AEVA, T 9 97 5ol
Aglo] a3l &, #u| 58 Al, pH 3~5 A A8, hot 77
89 A9 mAE Bo|H o] FPsaln, 71EEA 52
Z W AAEZ A ME 575 B2 HAF o2 F47}
SR E|ojof st} E3F probiotics #FEA] RFEE Y] =2
Wz go| EElolof
waba] 2 Ao Ae A 3kE probiotics #39F 247
2ADOH M7 Relg fAR 150] $2A2A Az
A5 151 8 AR BT Skl S

1
%’éﬁ 7%“4011 Al BT AR Aol A9 WAM T}
SZAAZR % 7A%7) heating plat EArg o A= HEA o]
o fesiel, Fue 45 FU FAAZAT 8%
o fARE 2uiAE Tl HAES 22Ek F
AZAT 8FL 30T HHdr-=Z 1%ww)EHoZ A3t
BCP agar H}jX|(Eiken Chemical Co. Ltd, Japan)o] =2t
94 olg3icf BCPS] el WA} LR WelE 7
A& sl E8lH 32 MRS F 31l x| (Difco, Mary-
land, UsA)°ﬂ 222 Toslgon, wjoF 2 Ewse ek
1 ARe B 2UE 47 Astel w43t f4ko] @
o1 w7kA) AZE MRS Wix|o] 38 vrEste] Easigih
Heto) o) W AAE Fo) adt fabpolst BREE 2

HolA ekt et ke &
2L F el ﬂwg%a o A ST FAaH
132 2F shaich EEd fAtS 582 I8 Sol-
gent/\}(Solgent, Co., Ltd.)ol| 2]&35}e] 16S rRNA gene sequence
£ W5

2 HZ= 4l HE
Table 19 Yebd RAut o] 1159 75 Aol AMEH
Atk T oA FE5tL 5{1% FEAxAT A £t
Lactobacillus zeae 1E3} =] 2Fa-S- starter culture 52 A}
K== Lactobacillus acidophillus®) 7%, Bifidobacterium 1%,
771541 E ol AHgsh= A8 Bacillus coagulans 18-
CISC Ol SN RS ATk Copnle
b AR ERSA 9 D B2 Qg vl o
i?l 2 TY AEATE slo] & A 5 tidollAl HiA]

sheict.

3. EZUZ % 25 MES

A FEHALFE 45%)°l 11 +F5 22 0.1%(ww) 3
7¥sto] —45T deep freezerol] 19 2% &, AHE 521X
7](ilShinBioBase, Co, Korea)o]] A% ZA-& A% (vacuum: 0.45

Table 1. Probiotic strains tested in this study

Species/strains Source

C ial cultur
Lactobacillus acidophilus LA 3 ommerctal Cuiture

(Italy)
. . Commercial culture
Lactobacillus casei BGP 93
(Italy)
mmercial cul
Lactobacillus paracasei BGP 2 Commercial culture
(Italy)
Lactobacillus rhamnsus SP 1 Commercial culture
(Italy)
Lactobacillus helveticus Commercial culture
(Italy)
Lactobacillus brevis Commercial culture
(Italy)
Lactobacillus plantarum Commercial culture
(Italy)
Commercial cultur
Lactobacillus bulgaricus omimercial cuiture
(Italy)
Commercial culture
Bj teri imalis . lactis BB12
ifidobacterium animalis ssp. lactis (Denmark)
mmercial
Bacillus coagulans(GanedenBC30) Co z‘}c;z;)culture

Freeze-dried

Lactobacillus zeae .
instant coffee
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torr, temp: 20~70C, time: 8~10 h)3}e] T2 AZXSIHcH

e EECCECE PP TR L L
TES IS ikt Fata S42 Lactobacillus 49
3] AR&-5}= standard method(Marshall & ed 1992)E W35}
o AFEHAT =, AAARE 0.1% pepione S0 345}
o] BCP agar(Eiken Chemical Co. Ltd, Japan) HZufjx]of] =2
2k 5 37°Cofl A 72417t v QF3HaL, 30~300 Ato] o] A colony
+E AT, Bifidobacterium 49| 9=, AAANES
Bt A2 H40.85% NaCl)oll &]AJsto] BS agar HjZ] o
0.05 mL HE3te] B 2R o2 wutsiy, 27t FE2H
petri dish®] &7]& vjFS 9J3} anaerobic jar (Oxoid, UK)<]|
gas-pak (BBL, USA)S 3 211, 37°Col|l A 48~724|7F @7
Hoz sl AT colony 52 ZsHATH

Bacillus coagulans Y= Ganeden A|ZA|A A|-Z3H
Bacillus coagulans 9-5-2] counting W of waka] A A|51
Atk AR 1 g& HF stomacher bago]l Wil At peptones™
(0.1% peptone, pH 7.0) 199mLE ¢ 150~200 pm o2 587+
35 The 5 N NaOHE.0 2 pH 8.5:022 -3ttt &
g #4E AR 20~30 mLE 50 mL-§ coming Ht tubeo] &3]
th2 75C water batho]| A 3087t vjoR(EAHF Hol § &) 5
45C olske ZA] WztAZTh WA AR 10 mLd
peptones=E 73Ho] 1071 A 02 8)43ko] HA]o] B3}
1, JEe o AFEE 25 A GYE H
24 (Table 2)o] % vHEo] ARE-3.0H, 40+2°C 2] incubator
oA 48AIZt FF viFstel B4 H colony 5 S SHATH

33 v AYE F3iA HlolEE E2m, colony 4= log

Table 2. Composition of glucose yeast extract agar (GYE)

medium

Constituents Contents
Yeast extract powder 50¢g
Peptone 50¢g
D-Glucose 50¢g
K,HPO, 05¢g
KH,PO, 05¢g
MgSO, 03 g
Trace mineral solution” 1.0 mL
DI water 1,000.0 mL
Agar 15¢g

"Trace mineral Solution: NaCl 500 mg, FeSO; - 7THO 900 mg,
MIlSO4 . Hzo, ZI]SO4 . HzO 80 mg, CUSO4 . 5H20 80 mg, CLISO4 .
7H,0O 80 mg DI water 50 mL

Fihte o183 s2dx A A= 1025

’ Preparation of 11 of strain

l

Survival test after freeze-dried in coffee concentrate
(vacuum: 0.45 torr, temp: 20~70°C, time: 8~10h)

l

Survival test at coffee drinking condition
(pH 3.0~5.0, 100C hot water)

!
| Survival test at acid (pH 2, 3, 4) \

l

| Survival test at bile \

l
’ Storage test (37°C, 3~9 month) ‘

l

’ Selection of probiotic suitable for FD coffee ‘

Fig. 1. Process flow for the selection of probiotic strain
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4. BFQ| 7{n| S8 & MES
FEAAZR Z2upo|QE A FF NEE AP S T3 o8t

AzES Uehdl ST Bacillus coagulans T8} GANE
F & AEE0) 7V £ Lactobacillus casei T-& T =(control)
# o2 Adste] Aul 2§ 3 BEE AP SHUth Instant
coffees H= &0l 383t usageE A &AsH7] fsked, 0.1 N
HCIZ pHE 3.0~5.02 2As = & 100 mLoj| Z2H}o] L E
2 AT B. cagulans 2.0x107 cfu/g, L. casei 1.0x10° cfu/g)
1 g5 7Pt 5&, 108, 158, 207 23t & A5 XJFst
SA AN o, A B S0 BatrE A SRl

e YEES Slsich

5. BFO| LA U LIEHEA

ZAXN B4 B. cagulans 2.0x10" cfu/g, L. casei 1.0x10°
cfwg) 1 ¢& 0.1 N HCIZ pH 1.0, pH 2.0 2 pH 3.02 235
Peptone water (0.1% peptone) 2N o] A7} L3ligt & 37T
A 203, 1208 EF vjoFstEA A28 Astol, A 3
Aol et 34 2HoT AEES st 25
o] YIZA 2AHL AN BEATFS oF B, cagulans 2.0x10
cfu/g, L. casei 1.0x10° cfu/g) 1g& Oxgall(Sigma Chemical Co.,
st. Louis USA)%] 0.3%, 0.5% ¥ 1.0% =2 F71H F4&
Hjz]of] gof 37ToA 2417t Fet ¥hEAIZ] 39 A|RE A
Fsto] B SAYH w2t #5 S, AEES
ZAVSHETTE 418 )R] AR Lactobacillus 452 MRS HJ|
A](Difco, Maryland, USA)E, B. coagulansw2 GYE A AH] %]



1026 TR0

e #5 eE
UGS WY BYW ThE, §F F AL0-300)HT} £
2A SER AY AT 37C FLAA 3, 6, 974Uz
uPS F ARE Aol A4S SH5T AEEE o
QIsheet

7. EHAz)

= Ao BAZF EAL SPSS(statistical package for
social science, version 12.0) F7] packageE AME-5l] A 2|34
i, 7 AR 7] o Ae2 BAREA(ANOVA) B AR
HALSE Tukey’s testS AAIBFATH (p<0.05).

0
K

| =}
=

Zat
. SHAUXFONNM rikE 22| ¥ SHE
223 ANt AT Y Aol Ad+=
it FAAX F 71Z7) heating plate EAMF ]| AT
wste], U] 15 5% 524
of thste] Akt ReHiRIE F FAtS 22t
2o e 2 MAAS S et ikl Tty
oflA meft FEi7t thE it 5E 1= AEEH
1 F 2T Ay HAS S 1RSI F
155 2F Btk
A A2 Y38l SolgentASolgent, Co., Ltd.)
|3} 16S rRNA gene sequenceS $~3Y31H Tt 244} 4
7IME 42 8 Ay 2esAol ARSE 27FG-
AGAGTTTGATCCTGGC TCAG-3) primer2} 16S 1492R (5'-GG
TTACCTTGTTGTTAACTT-3") primerE ARE3}o] G7|HES
SRISHAL, ERIE E7] A9 EZTaxon Z2IHS o|-§-5
o] Al5srA YQAE AES I, Lactobacillus zeae 452 %
A=)} o)== Vanos & Bindschedler(1985)7} soluble coffeeo]|
A Bg A Foll A - (predominant) O 2 X}A| 3}
Q= 9] Lactobacillio|™, 71 & L. plantarum 410] FZ02
AZAtkn Bug vt Qlol, 1 Anst BEHOE AXY
o] ERIHUE FF FEAxAE AEL i Y5
AT A BREA AF7HA 7L AERIE o, FAH o2 {9
g A 25| feike FUHE e s o g dFERA
7t Zasttta gk B3 FAARAT A Ee2E 4
EA 8ANEZSE Lactobacillus zeae= A ZAAN 22X A3 9
A= A8A 22 probiotics 7]5 R QAN AF Al $HAA
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T W2 st gHIAEZE Fasht, 2 A Aol A
dste Akt 9 AT 1053 3 HIAEE AAlst
o, probiotic O EA AAU3} 7HsAS St

BioBase, Co, Korea)& &3l 2= & Ad+-E S5, =
&5 ERIgH A= Fg 29 Ak

AYA, FAAR T At A 27|44 oF 1.0x10°
cfg A Al 1.0x10" cfvg o5tz F43] Fagez
A, AR AYEL R AR 5ol EIE Ut 12
L} spore forming -3AMIA T B. coagulans -5 AR = 27]
4= 24x107 cf/gol| Al S AAR T = 2.0x107 cfi/gl 2 =
2 AEES UEHh Gibson G(2010)9] o5t Itz o=
[F2E 5o AHESH= probiotic W= GOl Fsl7] wEo
A ZFA o GAEE 1R LA|gL, spore-forming #5+=
A EAAY dAE FES 4 vt Bt ot
A B. coagulans 7} Gt GEo] Ad= 50| TS
AEAe = St FEAR 5 AR FHS AR A
2 FAAR T W2 259 19 JFE2HAA Y A
A|Z2HE 4=50| sublimation = T4 o]Fo]R]= A
o2 gorgEch 181, Jalali 5(2012)& SE2AZ F o]y3t
o AHEE Eol7] AdA EAES T YFEE A (cryopro-
tectants) & ARESIO 2 o AZEE Y 72~76% AT
2= Qlthy EdHal 9tk Choi S(2004)L B E-S 10%9}h
sucrose S%E 7|& RAAER o] )AL, 7|3} 5 Aok
=2 25%7HA] Hrlsth et 2Ax A, 4A BEE0]
3A oA A Pevhar g v Qlok vhHe, AESY

I Before FD
[ After FD

Log numbers of viable cells/g

Lacidophius L.casei L.paracassi L.ramnsus Lhelveticus ~Lbrevis L plantarum L bulgaricus B.animalis B.coaguians —L.zse

Fig. 2. Survival rate of strains after freeze-dried. Bars
represent mean + S.D. (n=3). Different letters (a,b) in the bar
mean significant difference at p<0.05 level by Tukey’s test.
ns: not significant.



Vol. 29, No. 6(2016) Ak

[e]
=2

p

< W2 pHe} 5 caffeine 522 QIste] oA AE& P
o §FE F= YEEIAY 7]50] oA ZeR udy
k. 21, Spore forming A Bacillus coagulans A3
F80] £& 0|4 GanedenBC30 FAIA| EAA} spore7} B4
H A=A spore AlZH £ FFS @ Fo2H T2
Z % 959 =9k 213U, sublimationZ Q13+ Br4=17g o]
gt EEo] w2 2o R woE

3

FAAZE HAES Folo 9% LS Uil A4
T Bacillus coagulans dAAS} FAMF 25 52D

O Z AR Z MEEQ =& Lactobacillus casei 4575 )
228 AAsT of R ARZAMES B. cagulans
2.0x107 cfvg, L. casei 1.0x10° cfivg) < hot A 1] 2-8& ZZ(pH
3~5,100C hot water)ol| x| AJ&g& E|AEE 3+ A7}, Fig. 31}
Zro] fpakgtol| B|8) D53| Bacillus coagulans d5= AIA 7} $-
e AEZS YeEblle: Park 5(2006)°] F+ZAHY Faktel
Lactobacillus sporogenesd= QAL 28 ZAQ &2 E&
B4 oF 2027 WA= #A| BEEC] 77.6%° ERrhal
Hugtk Axet Attt o] HEo|, Samar F(2013)
probiotics -FAFS TIZHF L2 microencapsulationd}R] &2
& Aol 65TolA 2087 71T B, 27] @4} o
loggk 80 oA 3.0 o2 FA 3] ASHE AT, capsule
BE29] alginateE ©]-83}o] 2~4% ‘EE=F microencapsulation
Aefaronn farzel fase 323 ¥ 4 Atk B3
2 b glck Wb B A3 H7HE-02A capsule §Ag]
o 977} o Was Aoz wekEdck 5, w4l A8 9
o] Q= capsule® ikt AAlE AH ol J7rd F9, 29
Aol =AL Fof| SA] &3l o] #A7F AFBEHAY =

H

E)
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Fig. 3. Survival rate of Lactobacillus casei and Bacillus
coagulans at boiled water.

o18% 5

i)
[
N
A
o
2
N

1027

4 70| LA

Ax AA 1 g& pH 1.0, 2.0, 3.02 ZAH peptone 530.1%
peptone) §-H ol FH7FslA &gt = 37CoflA] 208, 120& 5
oF jOFShELA A RS AHSto] BERS RAE AT} Fig 4
9} Zt}. pH 2.0~-3.09| A= Lactobacillus casei w52} Bacillus
coagulans <+ AA| 257 L% &S YRS, pH 1.0
O A= Bacillus coagulans dAA 7} B L3 AAEEHS Ho,
AA W SPHEANAE BE7FeA 0] =22 Eskich

Maathuis $(2010)2 QAW & track 31} GASI=S =
FHAH R TIM-1)2 E3l Bacillus coagulans A A)(Ganeden-
BC30)9] =g37| Bt AP g A}, 23} Wokgo] 10%

a :: a a S pH3.0
8 b [ pH2.0
; " G B pH1.0

P c

6 T

Log numbers of viable cells/g

o 20 60 120
Time (min)
10
B — pH3.0
[ pH2.0
8 @ pH1.0
o aag aa a a
> = £ b
3 b T .
@
g 0] : i
>
G
§ d
E 44
S
c
j=))
o
—
2 <
T "SR T T
o 20 60 120
Time (min)

Fig. 4. Survival rate of Lactobacillus casei(A) and Bacillus
coagulans(B) in various pH. Bars represent mean+S.D. (n=3).
Different letters (a,b,c,d) in the bar mean significant difference
at p<0.05 level by Tukey’s test.
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wjgolnl, HA AEES 0% olioltkn Easigich
ESE milk, lactose T+ fructose 53} $HA| 3} A] Bacillus co-
agulans A\ A|(GanedenBC30)7} 4:3ks A5l = F
L Aoz ¥ysigch

5. @#Fe| LigEA

AF W BE EE 03%Dunne S 2001914 0.5%Zavaglia
1998)2 A3 AFMBE 1 g2 0.3%, 0.5%, 1.0% oxgallo]
e AR 5418 HiAl o] H7slA BlAE & BEE
ZAFSE A= Fig. 59F Zt}. Lactobacillus casei w52}
Bacillus coagulans d-A)A| ZF7} oxgall 0.3~1.0% FE=of| A 2
AZNA = L8 2SS Uehlo] oA a3p7]3el £
M) WA BE7FsA 0l S UErl it

o ot oft

10
a a N Oh

8 s = ab 2 2 = 2
= T g b
G T
©
o
o
g %
>
kel
0
g
E 41
= §
=
j=))
o)
|

2 4

o 0:3 0.5 1
Oxgal concentration (%)

10

g R Oh
= /1 2h
o) 2= :a.: ?E ab b
2 - T
o
g °
>
k]
@
2
E 41
S
{ =
(=}
(=]
U |

2 <

o 0.3 0.5 1

Oxgal concentraion (%)

Fig. 5. Survival rate of Lactobacillus casei(A) and Bacillus
coagulans(B) in various oxgall concentration(%) for 2h. Bars
represent mean+S.D. (n=3). Different letters (a,b) in the bar
mean significant difference at p<0.05 level by Tukey’s test.
ns: not significant.

A5 - 48

= FFEEA
6. JIEZZ10|AMQ] SHAZXFI| FAYLEST ZA|HE
A

= [e)

e F2AXAYE A & F50] HA g=E de =
qF oh, 37°C 32404 o707t HAgE & 370 7= A
£ AFsto BotE S A= Fig 63 2ot 11 Ax,

2AYR HE FE T AEE0| 27] Faol )3
80% o1 §A150] SelElol, B717t $ERA0] FAAZ 7
W Q] Bacillus coagulans A A|(GanedenBC30) A~ H3}H
of =LA Gl glo] AUA o840l & A= AlrEHTh

o OF
S =

A2, AGAA =4, ¢ =27 A, SELHE B
4 fgo| gzl T2ulo] e ElA ARTE AE

o] F7FstaL Qitk & AFolM = 71548 AY AENEE 9
| 22121 probiotic W55 Atz sHEITh

AnzAT A B2t o5 15, daF
AEFE 2 AN R 45F 8, Bifidobacterium 1€, Bacillus coa-
gulans 1502 FAAZX & AEE, 79 3§ &4 BES,
Uit 4 W EEAES S45HE T Bacillus coagulans= %7)
T4 243107 cf/gol|l Al BAAZ o= 2.0x107 cfu/gl & =
2 AEES UL, AT Y 3-8 &, WAMS, HEEA
AEO|ME Y22 Lactobacillus casei ¢-o]| B8} =38t
AEES Vehith 53], W4 HIAE A= pH 1, 1208
ZZANA Bacillus coagulans©] T2 H|3}o] 3.8u) =2 AY
&S YEHTh olof ZAFAES EHLE st FAMEA
Bacillus coagulans FAAE 71574 AT g @ A&t 3

8 4
a a I 0 month

ab 1 3 months

ay D b b I 6 months
kel T o c [ 9 months
2 6| )
8 T
<
a
8
>
ksl
0 4
©
s
£
=
=
S 2
-

T T
25C 37c

Fig. 6. Survival rate of Bacillus coagulans in freeze-dried
coffee after 3~9 months at 37°C. Bars represent mean+S.D.
(n=3). Different letters (a,b,c,d) in the bar mean significant
difference at p<0.05 level by Tukey’s test.
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