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macrophage A|3¢] 3| 3= murine macrophage cell line RAW 264.7-& o]&3}4lx
Ao ZHO B Peyer’s patchE Ea|slo] o] 83sgitt. =AY WY uly] EAEAN
= tumor necrosis factor(TNF-a), Interleukin(IL)-6 52| cytokineZ} nitric
oxide(NO), hydrogen peroxide W AlFs 5L tjales: sjgr. Amylolytic
Bifidobacterium wFE7to&= macrophage?] TNF-a Z7} 50] A= dolsteict.
Non-amylolytic Bifidobacterium FFEE HA] A E T}E INF-a E7}5E Roj3Q
th oizte] a3 &4 MlFo] E§3H= lipopolysaccharide® Bi fidobacterium>}
Aol HIBIEAE wie 238 TN-e8 4Fo] Zrasigrh.  Amylolytic
Bifidobacterium Fol|A& SJ328] TNF-a AB4tso] &2 Zo= Lvelyrh sSi2e

IL-6, NO ¥ hydrogen peroxide?] 4t Z7=% &gkl
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SUMMARY

The aim of this research is to develop a fermented rice and vegetable
products using Korean-originated amylolytic Bifidobacterium strains with high
immuno-enhancing activity. 47 amylolytic Bifidobacterium strains were isolated
on starch-containing agar medium from the fecal samples of the various age
groups of Korean, The amylase activities of these strains were subsequently
measured and compared after liquid culture in the starch-containing medium.
Based on their abilities of starch liquefaction and saccharification and
specific amylase activities strians such as Int-57, JS9, HJ7, SJ8, MS1, MS5 and
7S8 were chosen. Then, fermentation by selected-Bifidobacterium strains were
carried out on rice, fruit and vegetables. Amylolytic Bifidobacterium strains
showed significantly higher growth than non-amylolytic strains on gelatinized
rice. Among the various fruits and vegetables tested, juices of apples, peaches
and carrots were shown to be good growth substirates for the Bifidobacterium.

To study the effect of the amylolytic Bifidobacterium strains on the
immune function, murine macrophage cell line RAW 264.7 and immdne cells
isolated from the Peyer’'s patch immune tissue were used. For the assessment of
the macrophage activation, cytokines such tumor necrosis factor(INF-@ ) and
Interleukin(IL)-6, nitric oxide(NO), hydrogen peroxide and phagocytic
activities were measured. Lipopolysaccharide (LPS) from Salmonella typhimurium
suppressed the production of TNF-a@ below the Bi fidobacterium-treated level
when LPS and Bifidobacterium were co-incubated with RAW 264.7 cells. Among the

amylolytic Bifidobacterium strains, SJ32 which showed the greatest stimulatory
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effect on the production of TNF-a also showed the highest stimulatory
activities on the production of IL-6, NO and hydrogen peroxide,

The effect of the amylolytic Bifidobacterium strains which were selected
for their suitability in the fermentation of rice were evaluated on their
macrophage-stiumlatory actions, Strains of RD35 and RD50 showed greater
macrophage-stimulation in the production of TNF-@ and IL-6. As the cell
concentration increased the cytokine production increased, although the
cytokine levels started to decline over cell concentration fo 2504g/ml. in some
strains. The strains which showed higher cytokine-stimulatating activity
generally stimulated greater production of nitric oxide ever though the
difference were less marked between strains. In our previous studies we showed
that macrophage-stimulatory activity are co-related which the adhesion to the
intestinal-epithelial cells, These results may suggest that high-adhesive
strains to the epithelial cells may also retain high adhesion to the immune
cells such as macrophage, T cell and B cell.

Fermentation of the carrot juice by Bifidobacterium were characterized.
Most of the Bifidobacterium strains tested grew above 10° CFU/mL. The pH
reached to about 4.2 after 30h fermentation. When various supplements were
added, ascorbic acid and cysteine promoted the growth of the Bifidobacterium
during fermentation, Ascorbic acid may be favored for their superior sensory
value to cysteine. The volatile compounds produced during fermentation are B
-terpine, a-terpine, endocarbonylactate, dl-limonene, J-farnesene, @«
-bergamolene. Delta-4-carene and 2- 8 -pinene disappeared during fermentation.

Addition of 0.5% skim milk and ISP to the rice fermentation media brought
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the effect of growth acceleration from 10" to 10® CFU/ml, and the addition of
10% frozen apple pomace accelerated fermentation time from 24 hr. to 12 hr,
After the addition of the cells of Bifidobacterium longum 35 to the rice
fermentation product of Lactobacillus acidophilus KFRI 233, it was stored 8
days at 4C&} 20°C. During the 8 days’ storage, the cells of Lb. acidophilus
KFRI 233 maintained at the level of 10°, but the cells of Bif. Ilongum 35
decreased gradually to the 10° CFU/ml.

Grinding or size reduction and preheating of rice before gelatinization
facilitated the saccharification process and improved the saccharification
yields. A coarse grinding of rice to the mean particle size of 453 /m in an
impact mill and the preheating at 60C for 45 min were appropriate for the
saccharification. The optimum gelatinization condition was at 100C for 40
min. The optimum addition levels of the amylolytic enzymes for the
saccharification of rice were 0.135 unit/g rice powder for @ -amylase and 3. 375
unit/g rice powder for glucoamylase and the conditions were at 60C for 75
min,

The fermentation of the saccharified rice solution(SRS) was done at 37C
using Bifidobacterium sp. FBD-27 for 48 hrs. A great decrease in pH from 5. 39
to 3.93 was observed for first 12 hrs of the fermentation. The pH and the
titratable acidity of 48hr fermented SRS was 3.58 and 0.153%, respectively.
The viable number of Bifidobacterium vwas 4.8X10°CFU/m¢ before the
fermentation and showed the maximum 2.2X10°CFU/mlafter 36 hr and decreased
gradually afterward showing 1.4x10°CFU/n¢ after 48 hr fermentation,

Drying characteristics of wet apple pomace(WAP) was investigated to
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optimize drying process for the yearlong supply for the raw material of the
fermented products. The drying of the WAP consisted of 3 stages: constant rate
drying, 1st and 2nd stages of falling rate drying. The drying rate constant of
each stage of drying was calculated and its temperature dependence was
estimated according to Arrhenius equation, The magnitude of activation energy
of each drying stage were 21.0 kJ/mol for the initial constant rate drying,
26.2 ki/mol for the first stage of the falling rate drying and 24.0 kJ/mol for
the second stage of the falling rate drying. The optimum drying condition of
the WAP was at 70C and air velocity of 0.7 m/s. Drying took 2.5 hrs under the
condition,

A déying scheme of apple pomace/rice mixture(ARM) was developed. In this
scheme, ground rice was used as a drying aid to increase the drying rate and
thereby to reduce the drying time. The optimum mixing ratio of the ARM was 42%
wet apple pomace and 58% ground rice, The drying of ARM consisted of 2 stages
of falling rate drying. The activation energy of the 1st stage was 16.1 - 21.3
kJ/mol, and was 6.2 - 7.9 kJ/mol in 2nd stage. The optimum drying temperature
and air velocity were 70°C and 0.7 m/s, respectively. The drying time was 1.5
hrs, which was 1 hr less than that of WAP alone!

Two types of products were developed; LFR/BFW, lactic acid fermented rice
mixed with Bifidobacterium fermented WAP/SRS, and LFW/BFS, lactic acid
fermented WAP/SR mixed with Bifidobacterium fermented SRS. The mixed products
showed the best sensory properties with the mixing of 4 parts of lactic acid
fermented rice and 1 part of Bifidobacterium fermented SRS. LFW/BFS had better

sensory properties than LFR/BFW. The lay-out of the production processes for
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the developed products were proposed for 100 ml/btl x 10,000 btl/day preduction

scale,
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a3y W71 FolH fructose-6-phosphate phosphoketolase (F-6-PPK)

P8, A 24& FQ WHAER 2l FFE Bifidobacterium® s E3 3T}
Anylase 97HE H48l7] $istel MESAMulAo] 1 7184 AR 1.5% sodiu
propionate® H7}sto] 37TOIN 242 wjslgith. FAE YARe sl Hishm
#+AE 325l intracellular enzymed} extracelluar amylase?] 9718 DNSH 3}
iodine value® %%H] staich. B 1‘=1'$]‘— 50CoA 18 lumole.,] maltosed

BT BAgo 2 FIgr).

2. ¥WYsY nygagy: Ay
1) Macrophage cell line : Mouse macrophage cell line RAW2647~,%
10% FBS, 1mM sodium pyruvate, 1% NCTC-135, 100 Ug/ml streptomycin, 100 unit/ml
penicillino] 3 7}El DMEMo] wjdsigc) mjge &% 233 5% C0z incubatorije
A 3TCTE fAShE $st ME YEEL trypan blueE FAste] |asIYT)
A F3= 15cm tissue culture plates (Costar, Cambridge, MA)ollA] EdEX|F L A
€ 93jA = 5x10° macrophage cells/mlo] EHH 96-well culture plates (Costar,

Cambridge MA)ollA] 3urE-A 2] wjeksteic).
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2) Nitric oxide (NO) : L-arginineo] 3#-8-%o] 9A] ¢S special DMEM
o] argineo] 2ME =7} HEF ZAY ¥ AGMHEE vjg3ln AEE AEE A
s}oict. NoRErS  ¢lslel:  N-(1-naphthyl)-ethylenediamine dihydrochloride$}

sulfanilamide7} ¥-8¥ GriessUAr| kg A}23}4ict.

3) Cytokine : RA}E]E cytokine?] ZHEAME Tumor Necrosis
Factor(INF-a)@} Interlukin(IL)-6 X Interferon (IFN)E XE¥3lgct. zZtzhe]
cytokineo]] tf¥} anti-mouse monoclonal antibody(MAB)& ELISA plateo]l coating ¥
¥ wjrE A2 459E 33to] sandwich ELISAYe] 2]3le] 2 cytokineo] tid}od
FLAA cytokinemxE=E ARSI AHA WAL biotin-streptavidin-HRC

(horse radish peroxide)& o]-&3}4it}.

4) He0287d : Macrophageol] &]3tel J4lElE H0:2] L Tiku(1990)2
W o] 235to] AASgct. & Bifidobacterium TigFet §7 wl9E macrophaged
33] PBSE M|#5}3 5 pM-dichlorofluorescin diacetate¥l- PBSE Z} welle] H7}3}
gch 1Az 9-8¥ F OH00] 3o 4R dichlorofluorescing 485 nm
excitation/530nm emission fluorometry {Model Cytofluor II, Bioresearch Inc,,

Bedford, MA)E Rakslgic}

3. Ao 54, AAYY W vy PSS
F32] EHL API 50 CHL #5573 kitE o83 v3EREEo o
533 obgy MEute] xyat o] &%t data base§ ©]-§3hc system (MIDI
system)S A3le] Pt TAAY dxUH FFE0l FELE AEHA
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U3 gt B FRE FAULY] WEel olF 27 TLVY Byge ZAlAE
ol, API-ZM systen ol83lo] W4BETA U HulELe] B4o sl 1B
&9 §78 ZASATE Uabgol Uit AUTFY B4 AT sk it

FHE ot wiAstg =, 43¥ vjA]E anaerobic glove box Lol pouring ¥+

fok

37°C anaerobic incubator UollA] 12A1ZF Wix]3lo] 4t4AE A3 A A3t A
o5& 3|43l aerobic clean bench UlollA] Al<3] T8}3l, anaerobic jarZ o]
|3t 9641714 days) ®]%F3}ir}t. HCl wi=x]&= 5N HC1E pH 4.8, Acetic acid ®jj=]
i 2N acetic acid® pH 5.0 &2 BiFo] Folrl, itkof vyt BAEATE 93t 4t
EXEAT 1A oY HEFTE URTE AME319T M E FFE agar plated]
ELU%E F aerobic incubator (37C) ujollA 20117t Hujokste] Atdo] =HAj7 =

anaercbic jarol] &A 96 A]7t njo¥s}aicy.

4. A= FAG A4

AT W &EATL o3 AUFFY] EAE AFslaux} wER
(B.Braun BIOSTAT® M, 1.5 L)} ORP meter (NOVA)& AR&3}o] AlZ}atsiaisg]e} &2
£& moniterdtgtt. Y} MwF34 Bifidobacterium Int-57, JS9, HJ30, SJ326j
tiste] A= vigEFe] AU U 24wl U Fo 8B4
olB 1z} A¥stgch wix]Z+&= SMRS, & MRS 5.2%%} CaClz 0.02 %, cysteine 0,05%
2 8= glen 1.3LE A=3le] wjYstAth. Inoculumd 2%01931 37°ColA ul
PSSl phi= 6.001A4 2EF T o|uf pH 2FE $I3to] NHOH (10 N)& AM-31H9]
3L 150 rpm@ F agitationA]ZHTh FFE FE3517] Ao N9} 0.8 A3} purging
AlFA AEE A AL

5. % @ 3Tl T ULAPY A7
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Amylolytic, non-amylolytic bifidobacteria®] XNSIEE 0.05%
cysteine} 0.2% yeast extract7} H71E2 F3H 2hx|ojlA] v]astgdct, x| Fol
izl gXF L2 amylaseq7lE 2t 9= ZeE AU 459 3l Bif
adolescentis Int-573} non-amylolytic B. Jongum ATCC15707& A}-&3}o] Hgeol, A}
2, Ex, 8%, 20|, B, w3 So wjodsie] FAGeRe} 1 UFES] IS
ol ozt ouldel AL $3slgich Bifidobacteriad] FFFE oA wjgdg
71502 EAY F BL 5o aAuiA|o] Benno 5o el sto] =g ulesle]
colony forming unit® FPEGIrh wixle] BUFYE wol7] flsle] T Az
ascorbic acid& 0.1% 27} dlgdct. At FAAE(titratable acidity) & &3 3}
g3, BHUGS NS W o' 1|3 £ phenolic-sulfuric method® &3 3}91
t}. Skim milk& Alcalase, Protamax, Neutrase® Z}Z} E719FS da|dle] &3]3l
HFENRAL &), 33 EIRAL formol titratiomHHOE F3H opu]i
A+ ARSI A 1% FE, 2w F3pedol Skim milk 5% FIIE A, A 1% I3}
do Skim milk digestE Protamax B E33t = HIlsle] wjgste] UAZ ¥ A&

9 4, A=, pHE FHSICH

6. &7]Ae] AN 2 43 L & A3}, I3 A
2] By A% 274 Ea7] (Hanil FM-600W)& AHE-3le] 200 g
batchZ Ztz} 30, 60, 90X ¢ E&sigix, = tlE WHos opda Fafr)
(Cyclotec 1093, Tecator, Sweden)E AM&3le] E3f31ict. oul7l2 W I3 &
3 ol 2 Fake] 6.4u7} HEE ZF{HSE /1% F 60ToA 0 - 4587 oju] 7}
2313 100TColA 10 - 4027 E3}3ioict. Tt TR UIHFo] ¢-amylaseE
0.135 - 0.203 unit/g rice powder, glucoamylase 1.188 - 5.063 unit/g rice

powder7} HEE 0.1% (w/v) ZLEHE 7R F 60TolA 0 - 32 7H 5 I3}
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Ath. Wit ¥ UYE Bg Agsie] oz ¥ wiypalg H4esiach BUAe 4
g 9sto] 2bdEle] 10 meo]l 0.02% (w/v) resazulin €9 10 mME 713 Fof 1%
(w/v) cysteineZ} 1% (w/v) ascorbic acid €¢J¢] ¥} alste] 100CoIA 5
EZ 7t ¥ 9uie) u3hE MAA (Minolta CR-200, Japan)& AMgslo] Z3%

5 vzl WS media bottleo] Wi HUASZ 0 - 0.1%

T
r)t
B
2
X

FO2 HII F oplE wol 100ToA 1087 Jtdsta ¥z ¥ Zajggt
BifidobacteriumE& 2% E3lo] 37TColA WEstgich ARz B vj&g 1178
3t} 60CE 40837t preheating ¥ 100CoIA 4087 313t T 31olo)] a-amylase
(Termamyl, BAN, NOVOAL)E o-&3le] gialzl ¥ 194& PYFulX|o] X4t &
7t IsE =8 Hriste] dESelrh. ARAL Termamyl?] ¢ A7zt ubg A
& geEiste] E3sle] AUlar 6KNU, WHEAIZE 408 HAXAOE Syt BAN
o HH2AL H7FF 24KNU, ¥HgAZE 6020|FTh.  PYFulx|o] J3lelg 4 r}sie
FAEFS ALATE S LAY F FFF, AE, pHE FAsiych 93
& glucoamylase (AMG, NOVOAH)E o]&3le] QPHAIZIF uixlo] HA7lslqr}, £l
#HH 242 10KNU, 45&°]gch olul ph 4.52 ZAsigch amce] iz
glucose?] B Yo ® FEA3tct. WEF AEY FF4, 4%, pHE &4}
a -Amylase?] H7l= UIAIEO] AERE E3i3 F2 maltose PPHE FAFIY
3, ¥ Phenol-HSO/Y L2 3T VU2 INSYPo2EAsgrt. Axe
0.IN NaOH & HZ & o]-§3to] Aatstgr.

(%)= O.lN—NaO}Ef;%%én)e)xeo,oog x 100

7. Azt Az 3R R AL AYIY AT AAY A
Atzhate] Aze Alz (3 FAHE FYstel 23t ¥ Aokl 1%
ascorbic acido] 15%7t HX|¥ F FA7] (KMJ-703, DAEWOO, Korea)E o]-&3}o
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HEA HgE Al A8, At AzE St A2 871 F7 0.8 m
2] AYE ol 83l 4¥F dolN Az7} JHe3EF A, At 37 10
cn X10 cm, F7 4 my} HES A% slo] AXst2 @FAZR7] (Thermolyne
9000, Barnstead, U.S.A.)olld &< (0.3 - 0.7 w/s)3} & (40 - 90C)E e}
o] FYTEEP] =LY uizt] A2 AL Est ARgsigch Al Az
% AR FAWM3E: digital balance (BP210D, Sartorius Ltd,, U.S.A. )& AM&
3to] 158 4o &3 JI&3ldcl. Azexel $4Es A7 wE AE
o] ARIE FEYFL 2R £ & (MR, moisture ratio)& 4] (1)3} Zo] A
Aeta, A (2)8 2Yd Al AxEx A4(K)E Pt ARGE Ao
ulel AZFLE HAR Hro] FE Y AUR|(Ea)E 4 (3)F Zol

Arrheniusd] & o]&-3te] F3tgcTh

_ _(Mt-Me)
MR = (Mo—Me) (1)
MR=ae M co L (2)
k= Aexp(—Ea/RT) ------=--==-mmmmmnen (3)

o714 Mt = ARAIZ toll M8 +ERT (g water/g solid)

Me = BPEUTY (g water/g solid)

Mo = 7] 48%aF (g water/g solid)
a = A

k = 2Z& %A (nin™)

t = AZAIZE (min)

A = ==} (min™)

Ea = %‘%’ﬂdﬂb‘X' (kJ/mol)
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R = 7)¥44 (8.314 ki/mol + K)

T = 2= (K)

Aspi/gste) BAE SISt AT B AZAlIE AR
st wastenh Al Bl Aiu ARHAE BEE F7A17] st
ZaAANRE A Az & BT 2 100 g8 FE2E 1%¢] g-anylase
£-3} glucoamylase® & Z}Z} 8.5 - 25.5%F-F 28 715lo] 60ColA 1At ©3}3}
o] of3pstedrt. oA W] Al2tute Fslod Bifidobacteriun spp. FED-22,
278 208 FE3lol JTCAM 42417 W sheich.

8. Al A EAx W Udn

At/ g7t e AZE (dried apple-pomace/rice-flour mixture; DARM)
o] ARAEL B HIHRe Alzpatg Z39] 70:30, 64:36, 58:42, 52:48% 7}
3 ¥ AE71F7] (Food Prossesor, model HR 2871, Phillips, Holland)& A}&3}
o] EYSI EFELS sheeter (SE150, Korea)o BA]A F7 1 - 3 mne] sheet
2 gHEo] 10 cmX10 cm 27| 2 Huhsle] F7) 0.8 mo] AW glojA A=)
AZE T4 (0.3 - 0.7 w/s), LE (40 - 90C)E sl FP4EHLo] =
g wizpx] AR3ich Aapl/AVE ARE (dried apple-pomace/rice-flour
mixture: DARM)2| WE FY ZAMEL A2 ARME BT F B HUlslo
(dried ARM 111 g D.W. 640 g) Z3}(100C, 40%&)3}:z Wz} Foj 0.1% ¢ -amylase
2} 0.1% glucoamylase €& 17% £ 02 HJ}sto] 1A 7 ¢t 3l 33}z 1%
ascorbic acid® 0.04% F7I¥ F 1007ColA] 1083 7}dste t}}_é AAS L A
Z3te] UEE 2% FA )& W), o)l Bifidobacterium spp. FBD-228} 27

& 1v¥ FE3lo] 37TolA AT
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9. Bifidobacterium WHALHE o] &F IA A3 hiwES] AN

AR EEL B 5V Wi EuR sto Az & gl &
& i E=1:1.25 (wv)e] B]&E Friste] A7) iEelM 15837 FAIsta 3082
33}3}o] whe A R35F3L 0.3% (w/v) a-amylase?} glucoamylase A& W F5¢
5% $FE0.2 HIIste] 60ToA 1A 75 FHAF T ©ELeE EE AlFuRE
Arlsto] FASstATH FAY FHES 95TolA 05N JAHYLEA FL
& B3Nz SAo A g ¥ F HAdE 2B} (Lactobacillus
bulgaricus (LB), Streptococcus thermophilus (TA))E 7}3te] 37ColA 28A|E
Qb wrFslgir), Anhe UEI HES LFR (lactic acid fermented rice, %Ayl
ZE)olel Bustea, Atababe Auiste] ALEF AF2 LFW (lactic acid
fermented WAP/SR, A}z}u} M7} #t@abd & &)olel s}, Bifidobacterium ‘UE
gt WAP/SRS (BFW)2} SRS (BFS)&] A& BFW (Bifidobacterium fermented WAP/SRS,
EIR )= B UE Apzpat e stel) = A2PRH(WAP) & sty (Sps)ell
WAP:SRS=1:2(w/w) W]&E H7}3lo] Bifidobacterium sp. FBD-358 FHF3lo] 4847
w3 3lo] A Z3}glsl, BFS (Bifidobacterium fermented SRS, ®|¥|tj& W& A3}
of)= xpziub Hylglo] awdsluhS Bifidobacterium sp. FBD-35E W3l A2
steir}. LFW/BFS: #|=3%t LFWe} BFSE LFW:BFS=1:1 - 4:1%, LFR/BFW+= LFR3} BFW

£ LFR:BFW=1:1 - 4:12] ¥|& % E3slo] A =3l4rct.

10. o}3}e JEEMN 0 nPE 9 FF
5o 28 Jurtd A2HYE Agste AR, BEE VA B
=7 (N.0.W., 0-32%, Japan)& Al&3tod °Brix® ZAsiart. 23 2o =9

2Re B3 g T2 NES A1850] Ro-tap (RX-29 W.S. Tyler, U.S.A.)$le]

- 48 -



A 283 sieving®t A2 RE FFYE (mean particle size, MPS)E 2] (4)3} 7

o] Alxrstedct.

o wyiXdptweXdg e +w,yXd, L
MPS = W1+ W2+ """ + W (4)
71X, Wa = apertured F$A|Ze] BA (g)

dn = aperture (im)

AEE MALA (Minolta CR-200, Japan)& ©]-€35t% Hunter Ztel BWE
(L), Y= (a), BYE (b)E &FsIgch, LAB] phi pH meter (model 520A,
Orion, U.S.A.)& *Hg3le] &Asiglon, At AE 10 wE 3l 0.1% S
ZREAE A Gog A}gElo] 0.IN NaOHO.Z HHs}s AH|H NaOHOIO 2 HE
Al (5)0]] &J3lo] @At R TS AArsigr)

’}J‘E(%&ﬂ‘) — NaOH_%\_;lg!:gaOH@l 7]- '

BT S Sommyi-NelsonE AMESl] BAFE Fskch U3
FENGY NEOT AN VALY TFE (Cw0)E W4 (HS0) SN ABER
WA} [HoCPOs (Mo )ts0] 24 REGAI B2lWl ()02 WAL ¥ 520 nmol
FYEE HYATh. EEEASTE glucose $US ASsigion Pz} FUE
Aolel AWAE AR ABF VUYL AASKAT. HESHE 2absh)
1%t AEE= AEA (Cone and élate viscometer, RVDV-II, Brookfield, U.S.A.)S
o183ld 0TelNY ARGy Ankgee FPsATh. 54 AHE A ()3

- ©] Herschel-Bulkley modelol] 2]As}e] sjajstz, sas”& o]-§3}o] 43&22]¢(K)
U REABAS(n)E Axrshalc).

x0.009 --—- (5)
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714 7 = AHEY (Pa)
D= AYEKE (s7)

~

= AREX|$ (Pa-s")
FEASAF
Ty = $8-3Y (Pa)

n

Bifidobacterium F-4-2] &38L Press tubeo]r WHEAZ AFRE HI/E €9
o] AzFew MY ¥ MBS [modified Bifidobacterium selective medium:
trypticase 10 g, protease 5 g, (NH:)2S0s 3 g KH:POs 2 g, KeHPO4 1 g, L-cysteine
0.5 g CsHsONa 10 g, MgS0s 0.1 g, el % mixture (EELDY, ZUELT
a5}, olauEge ) 25 m¢, D.W. 1 £]o] =Wl anaercbic jar (Difco
Yol AAZ A3 anaerobic catalyst®} gas generating systems& 3L 37TCo]
A 347 WL colonyE A4Sttt RiEs S ANEE BF TRT
g yelg ARg-ste] 10944 B Yol it HMY 1 wtE BF FIE|FA] —.—-&&l
o2 25} ¢ 43 - 45CE RA|¥ Rogosa SL agar ¢f 15 mE FFH2E F73}
grh. HEFA T4E B agardl FAA] YT Foshe 2§35 A
92 slgoln At vz E # Aol W $IAY F SENHAE ARE 3
o] 37°ColA 37t wiesta Wi} F P2 30 - 3007] ol el Wb BPY B
& Uste] A4E AYLE Apsigol wvdaAgEgEe] WP ZLUY
I AEAETYI Uy Q HRPeE THY 1089 sidS tF2E i)
] BB (M, %, g, =2AZ 23 J13R)d tiste 93 AFPLE A
t}. ol MAIEL o}F Frh: 9, BRELE Fvh 73, FA=E HUAE Yrk
58, BEos Umch 3, o}F umch: Ldojdch AuA BALML sAS
£ /}g3lol Duncand] ZUAARE ANt #AxE E4siqnt.”

N
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A3 E MEZZ Y ¥

A 13 71578 viz=ddelots] £ ¢ A
1. 322l R-e)9 amylolytic bifidobacteria®] £&]

¢ fe amylolytic bifidobacteriaZ® #2|3}7] ¢i3sle ¥4
QL RolEE FHE AHUAERE 42 HARE U&= FA ¥U1F el A4
of &5 23t ¥ BHI + starch:r_zﬂﬁuzlql =ut slgch. =¥ plate: Gas-pak
(BBL) 52] #7713 HAE o]§3te] o|EL wjdY F, 20=8NE H/R| 38
& Y3k FFE ¢«EY ik «+EEE 4FF Y, A FAYY oy
o4 7] dol fructose-6-phosphate phosphoketolase (F-6-PPK) ¥4, A4z}
Zig Fo YANEER = FFE Bifidobacteriun® 2 FZ8IHT) o] F At
47712] amylolytic Bifidobacterium FFE& <&4Ee sigct. &4Ed
amylolytic Bifidobacterium F-3¢] amylase®7}E W|Z3l7] $13le) 47708 FRE
BHI-starch SlAlujxlolA 16412 wjabat ¥ AEusle) AL wmsiglch AR
oA TR Al BHIRIGA T JAiRloA wGH FFY ELEEL 7]
8 & B Fdch olEY 75 ATt A5 oA 0.3 unit/nle] BHE BHYL
o ofe]Z 2FF Yol 0.9 units/m1F £ B Uehidich. dibgog FAelA
B 84S Ushle 25 AR § A5YdA =3 84& 7IA 9oz, o
i 5482 AEolY boundPRrie AEoA Uehia gt #FE 7t
$ul B adolescentis Int-573} B, adolescentis IS8 THE FZEo] w3 & &

d2 7IX|3 9lgict (Table 1),
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Table 1. Amylase activity (U/ml - min) of the value Bifidobacterium strains isolated.

Amylase activity (U/ml * min)
Bifidobacrerium spp. * ,

Supernatant Pellet
HS3 - 035 0.14
SKi12 0.20 0.12
GE26 0.13 0.07
JI36 0.12 0.06
EH17 0.49 0.19
HE30 0.15 ‘ 0.07
MS5H 0.39 0.17
EH10 0.17 0.10
IH1 0.16 0.11
Int57 (B. adolescentis) 0.96 0.27
IH6 0.18 » 0.14
GY3 - 0.12 0.10
MS1 0.18 0.00
EHI1 0.14 0.08
7S8 (B. adolescentis) ’ 0.98 0.24
E218 0.22 0.12
HS12 0.28 0.12
E17 0.16 0.10
E216 0.30 0.15
El5 0.43 0.18
JS9 0.23 0.16
H340 0.15 0.05

* The amylolytic Bifidobacteria were grown in the BHI-starch liquid
medium for 16-hours and assayed for the amylase activity of the
intra(pellet) and extra(supernatant) cellular portion.

EY o]Ee AUFFE AAIR|o|A ujefste] amylased] FAEE WLl
223} amylolytic Bifidobacterium spp. & A3} specific activityE ¥}

drt}l. MRSAuiR|o] 1% 71848 AE 2} 1.5% sodium propionateE H 715ty 37TolA
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24X} sl ZAE YAES B43ta FAE Thste] intracellular
enzyme?} extracelluar amylase?] ¢7}1E DNS® (Table 2)3} iodine value® &3u]
3tgrh. Iodine valueol 23t ¢rhulmE Ints7, JS9, HI7, SJ85e] ZF371
intracellular®} extracellular amylase’} ThZto] &A uitc}, E3F DNSoj 2j3F &
MZANE BH iodine valued] ¥4z} Zo] A7l FF71 28 9717t &gkon w)
¥d =(specific acivity, U/mg)7} 0.09-0.12 FEE uYelyttl, webd Ints7,
JS9, HJ7, SJ8, MS1, MS5, 788 B2 E|FF7l 94:3% amylase ¥718 Z3 9=

Ao eyt

Table 2. Amylase activities of selected Bifidobacterium spp. isolated from Korean

Strain |EH17/MS5| IH1 |GY3| IH6 |Int57\MS1 |E218| E17 | E15 | JS9 | H]7 | SJ8

Extra
specific
activity
(U/mg)

Intra
specific
activity
(U/mg)

34.1 | 7941 95 [72.0|255|666 |465| 68 [21.2| 48 { 100 | 90 |58.1

100 | 378 | 733 | O 520|966 1600 | O |122| 43 | 600 | 441 | 500

= 1U : 10mg 2| starchZ £3l5H= enzyme2| &F

2. R MNEHAZE AUUUS AT PIRY

= Aol HYT)so] 4% Bifidobacterium spp. & XAUs}7] $)
sl A7dg uF wAEte] TSk, HYTUAZY HALS W WIS
Bg uNHs F2e] AP U FPsd ARHY PUES Dr. Pestkast Y
Jstglon, uudage AZAALE AT Pd Sol U AT 2B,
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Macrophage cell line (Raw2647)3} lamina propria, pyer’s patch ¥ lymph node &
FURSAZES ol &3le] ¢3Q fell9) bifidobacteriad FEo| ol& AEES ¥
goll oA e mAER A $lsle] WARPULLEE WAGAHRY
cytokineiHszt AES] FH% W HIHE P45 H7AE ol sidch =R
bifidobacteria®} Salmonella lipopolysaccharide W mouse- interferon r% oju] ¥
g7 dol & g8 BEHEF ulasle] bifidobacteriad] AHILIe] Uit 713
& 22 slda, AEE FEE FUAGEEAYY Yt eg o] §F = B6CIF1 F
& °l& sislrh

1) Macrophage @ T helper cell line : Macrophage cell line Raw264.7&
AME-3}3L T helper cell line EL4 cell line& AME3}gic}. ©]& MEES 10% FBS
(fetal bovine serum)”} 8 7}E DMEM(Dulbecco’s modified Eagle medium)ell Altfste
5% COz, 95% air A28 |X|¥ C0; incubatoro] 8joF 3}oit}.

2) Lymphocyte preparation : AHF & ole|l2F o] &3l niHAd F
BEFE Agsta FEIeE BUHAgAEey FHE 71#¢l  Peyer’'s path,
intrapithelial lymphocytes, lamina propropia $& WHEYTh °ol&& n|A3A A
Tt 5] FAA|Z ¥ ammonium chloride5aelE A3l FEFE TAATL
Laminar propriat| X Lycke(1986)2] whdo] 23} &, intraepithelial
lymphocyte= Mosley®} Klein (1992)2] ubwo]l &]3}o], 12]3L Peyer's patchHEE
A7) ¢8ld collagenaseX 28]& 3}l De Simone (1986)2] WHE& AH&-3}o Peyer’'s
patchAlZE &4ch

3) Cytokine production : RAEE .cytokine.‘l] Z8 %X Tumor Necrosis
Factor (INF)&} interlukin (IL) ¥  interferon (IFN)& XY 3dh=dl, ZZ
cytokineo] ti¥l anti-mouse monoclonal antibody (MAB)<S Elisa plated]] coatingA]

2§, agE Mz A5YE 33t 2 cytokined] tiste] FFHLE cytokine's
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=8 A4 dlgch A WAL biotin-streptavidin-HRPC (horse : radish
peroxide)& ©]& 3ttt

4) Cytokine expression : IL, TNF, ILN 5¢] mRNA$=ES ZAA} 3lgic) gizd=
7t B2 9HoE 9AA PCRES AHE 3tglEvl, ZF cytokineo] ti¥t PCRZF-F probe
& AH83to EA433 5] golA autoradiograph& video scanningdle] Aak3} 319l
=3

5) Nitric oxide (NO) : L-argine©] ¢l special DMEMO]| argineo] 2 mM ¥%
7t H=8 24T § HYHEE wjdtle] AE sEEE AEEAS A A
tl. NORFEE  $3lod:  N-(r-nophthyl)-ethlenediamine  dihydrochlorides}
sulfanilamide 7} ¥ Griess'dA]ekg AR 3lgic),

6) Hydrogen peroxide : Hydrogen peroxided] A%z A&
2,7-dichlorofluoresein diacetate®] hydrogen peroxide®} ¥WIE3dle] MAFE
flurometer (CytoFluor II, BIOSEARCH, USA)Z A3} stgicth oluwl ¥ue] of7)4ke)
(excited state) =& ¢ 5lol 485mE AZ3liL emissiony H-L 530nmof A &3
st

7) Phagocytosis W cytolytic assay @ Macrophage®} cytotoxic T A3
phagocytosis W MESY S AL 3todrh. AZo] wiFEHALY E2l¥ AXEES 1.5
x 10° Cr™-p815 ¥ Samonella F3 Ao} éi}*}fﬂ. 4217t vje¥slal, p8lSAEE

anti CD3 monoclonal antibody7} ¥-%¥ FelE o]-& 3}Ac).

3. WYY vy AFF AW (in vitro macrophage activity)
7}. Macrophage?] TNF-a Ag4te] u|X|&= amylolytic Bifidobacterium®] <3}
Macrophage®] TNF-a AJ&to]| m|X|%= amylolytic Bifidobacteriume]

BE ZAP17] #18te] LPS H e} Wl sbao] BAEE INF-a2] & ELISAYL2 R 4
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2¥slgict. olm] AMR® Bifidobacterium® 95CeolA 308 HeH FFE2A 0, 10,
50, 250 pg/mle] HEojA Wk AABgct tERFELZAME amylase PAHE 31|
o} NAL, NA2, NA3, NAMAE AMg3lela FAFFEME B longum ATCC 15707, B.
adolescentis ATCC 15703, B. infantis ATCC 15697 A}&3lgit}l. LPSE H/1sHx] ¢
ohguls FA B Z7to] whel INF-a2] Aate] F7istalrt. 5ol wiel T™NF-a8] A
AR EI} o Alo|stgct ¥=EQl R amylolytic Bifidobacterium dFEAE
SI327t 713 B ¥4 BYrh Non amylolytic(NA) FFEE TNF-a J4+& Eole
HA=7} Aolstel I SJ320] wdtelE ofslgirt. LPSE HE7IBHalE whole 2383 TNF-
a Aare] At WEEGD oY WAL LIPS F AV TNF-aF &2 FELE A
AAZY FFM WAF Ukt wheb macrophage M9 2718 A4 TNE-0
At f2E o 719 ik oAl Z2Ut e AR A4 &
Agel AA}E MNF-ad] Aadol njxle FFE xel7t ARFEHGS amylolytic
BifidobacteriumQl SJ322] TNF-a2] 34t /o] &2 Z o2 UElkITHTable 3).

Table 3. Effect of Amylolytic Bifidobacterium on TNF-a Production by LPS
Non-Stimulated(LPS-) RAW 264.7 Macrophage Cell Line.

TNF-a produced (ng/ml)

Cell conc(ug/ml)

. . control 10 50 250
Bifidobacterium
INT-57 0.45 054 31.14 75.19
JS8 0.45 0.78 1.89 92.89
JSO 045 402 74.24 1105
SJ32 0.45 55.31 79.26 1134
HJ30 045 241 31.21 70.38
NAl 0.45 0.61 0.77 2795
NA2 0.45 0.60 1.63 25.24
NA3 0.45 0.67 4.65 16.97
NA4 0.45 1752 51.08 96.44
B. longum ATCC 15707 0.45 45.60 49.61 71.75
B. adolescentis ATCC 15703 0.45 34.54 67.83 87.15
B. infantis ATCC 15697 0.45 6.45 42.74 31.26
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L}, IL-62] AJite] w|X|= Bifidobacterium®] <33}

Macrophage®] IL-6 “84lo]]l m]X|+= amylolytic Bifidobacterium®] <3
g 2ABL g1stel TNF-a FAHEARAI O] AFST AR TIARIE AMRSI9lT ELISAY
of o]5to] IL-628] Ak RISttt IL-62] AAte] n|X|&= Bifidobacterium®] &%}
< INF-a2] -2 g LPS FE/NES EE LPSEANZIAME F58 ko] go}
A% 1L-69] Aato] Z7hstATh. FRol whet 1L-68] Aabol WA= FE7} Aolst
gon MNF-a§ &2 FELE P4 FFEo] g4 IL-6E &2 T2 ik
At weld INF-ao} IL-6 52] cytokine Bifidobacterium FX 2] B3 o] 2
o] FAHeE fE AAEE Zo® 479}, olg¥ A= macrophage S
Eole 5% dF9 Adg Hrl LojA ¥ 4 g AAEA  amylolytic
Bifidobacterium® 24 SJ32E macrophage ¥4 ZAE& M FF2 FslgrHTable

4).

Table 11. Effect of Amylolytic Bifidobacterium on IL-6 Production by LPS Non-
Stimulated (LPS-) RAW 264.7 Macrophage Cell Line.

IL-6 produced (ng/ml)

Cell conc(ug/mb)

. control 10 50 250
Bifidobacterium
INT-57 0.14 0.15 0.90 6.91
JS8 0.14 0.13 0.19 3.23
JS9 0.14 0.71 419 14.93
SJ32 0.14 8.63 10.06 19.43
HJ30 0.14 0.22 1.97 7.62
NA1 0.14 0.19 0.18 134
NA2 014 0.16 0.30 3.20
NA3 0.14 0.15 0.61 6.84
NA4 0.14 0.21 0.89 11.79
B. longum ATCC 15707 0.14 3.83 6.73 9.83
B. adolescentis ATCC 15703 0.14 4.89 6.72 15.39
B. infantis ATCC 15697 0.14 1.02 6.87 11.17
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t}. Hydrogen peroxide AdAte] m]X|&= amylolytic Bifidobacterium®] %%
Hydrogen peroxide(Hz0z)%= macrophage?] 2] Z-3l-8olx 23 d¥¢e
Tl H0:8] AAte APH R ALY ¢l ¥ EAEE ARESIgTh H
8] Aate) mx| & Bifidobacterium®] HE¥ THZ2] nitrogen oxide 4t A¥ 2} u}
271R 2 0, 11, 33, 100, 300 pg/ml2] FA =& AME3IAch AHEE 2A ] B=
ol 4] Bifidobacterium®] BE7t 27} 845 H0:8] Jito] Frstg et Lps &3]3t
oAE tiAHLE 100 pg/ml o] FellMdE o7t ZAF gl Cytokine it ZApxlof
vehd AAE 328 2ol AAH UL A A 22 cytokined] Pake wA REA

71 FFE 9A] H0:8 AAE B2 208 AiAIE AL E YeikitH(Table 5).
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Table 5. Effect of Amylolytic Bifidobacterium on Hydrogen Peroxide Production by
LPS Non-Stimulated (LPS-) RAW 264.7 Macrophage Cell Line.

H20» production(nM)

Cell Conc(ug/ml)

. control 11 33 100 300
Bifidobacterium
INT-57 22.6 30.0 28.8 276 292
Js8 22.6 22.3 214 25.3 2.1
JS9 22.6 35.2 39.6 36.8 248
5J32 22.6 33.9 384 49.8 452
H]J30 226 26.7 34.7 30.0 24.8
NAl 22.6 234 279 245 28.2
NA2 22.6 24.1 26.8 275 27.1
NA3 22.6 306 386 405 36.3
NA4 22.6 271 329 26.2 22.5
B. adolsecentis ATCC 15703 22.6 285 287 33.1 36.3
B. infantis ATCC 15697 22.6 30.8 378 34.7 31.3

2}, Nitrogen oxide(N0)&] AJito] m|X|i= Bifidobacterium?] %3

NO= H:0:2t ¥7] macrophage?] Alg2h83} FUARXL] Alde)] 2
3t J¥L Fth Macrophge®] NO AJato] n]x]i= amylolytic Bifidobacterium®] %
2 RAI817] 815t By A4t ZARA o] ARS3E MY TiAIE AMSEIYIL Griess ¥
of &3ty NOE FF3rh. No& Ate] n|X|& Bifidobacterium®] F¥L F3¢
gol Yol A5 Nogj Aato] F71EAA ol ¥t WAL LPS BY/IZoAN e} &
Astalch. FFol wel N0 Aol mixlE FEJL Aolsiged utxIFes
cytokineZ} H0:& &2 +E2E a7l FFE0] X NOE £ 802 =3}
E ZLo= Uelych o]l TNF-a, IL-6, H0;, NO X4t A¥olA] amylolytic
Bifidobacterium ¢F1 SIE REWOIA  macrophaged] iyt BVHAEIL
amylolytic Bifidobacterium Zo A= EEolAYL} non-amylolytic

Bifidobacterium ¥ FA|HFel vlASIHE 71 74 Rew Ueh} ¢go® SJ32¢)
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oWl MX % AMEo| macrophage T FUlell Jlqsea 2AHEZ,
Bi fidobacterium®) macrophageo] 2= @&z}t ¥ THIEL; BHE HYGA Ao oA

£ 243 2%} o]0} A FoltHTable 6).

Table 6. Effect of Amylolytic Bifidobaterium on Nitric Oxide Production by LPS
Non-Stimulated (LPS-) RAW 264.7 Macrophage Cell Line.

NO production(uM)

Cell Conc(ug/ml)

control 11 33 100 300
Bifidobacterium
INT-57 36 94 8.6 12.3 15.4
S8 36 9.3 6.4 6.7 8.2
JS9 36 11.2 11.3 12.3 11.4
SJ32 36 9.0 115 13.7 15.1
HJ30 3.6 58 74 8.8 10.8
NAl 36 43 5.1 59 7.0
NAZ 36 45 39 42 105
NA3 3.6 50 78 115 124
NA4 36 8.3 10.3 11.2 10.7
B. adolsecentis ATCC 15703 3.6 10.3 8.8 9.2 13.8
B. infantis ATCC 16697 36 6.7 10.3 10.2 10.1

4. AddFe] 54

3] 58-L APL 50CHL 53 kit& AH§3te] Agdse] ©dte
ARE RABIAR, ol TEHE A patterng J|RES}O] Bergey's
manual of systemmatic bacteriology &) Wijo| #3le] ztzte] F58 FRsigrh.
ol MuWFF] wAEPL ztzte] FFof uwldl tiE WE patternd HFTL
A7 Augo)a 43 F2E WA Int 57 B adolescentis group®.
2, JS9, HI303} SJ32%= tho] B pseudocatanu]ac:;tum group2 & YAEYE el
e} ol BERY ARTE YW FHol ¥ 471 flold M gy =
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doll &J3le] B3} MIDI (Microbial Identification System,  HP GC)& A}-&-3}e
718 F3E FAACE w4 ExYel Ae} MIDIo] &% AE Zyshy
Int-572 B, adolescentis®.Z, JS9, HJ30, SJ32: B, pseudocatenulactun® & %3

& 71 9letHTable 7).

Table 7. Characteristic of carbohydrate fermentation of Bifidobacterium spp. isolated
from Korean intestine.

Bif. Int57 Bif. JS9 Bif. HJ7 Bif. S]J8

L-Arabinose + + + +
Ribose ’ + + + +
Mannaose - + + +
Cellobiose + + +
Salicin + + +
Melezitose - - - -
Trehalose + +

Melibiose

Mannitol - - - -
Sorbitol + + + +
Inulin + - - -
D-Xylose + + + +
Gluconate + + + +
Starch + + + +
Raffinose + + + +
Lactose + + + +
Fructose + + + +
Sucrose + + + +

Identified Bif. Bi. pseudo- Bif. pseudo- Bif. pseudo-

adolescentis catenulatum catenulatum catenulatum
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olojgte] 1x}o® A 4%8] Bifidobacterium B. adolescentis
1%3} B, pseudocatenulatum 3% 22 F $EZA wslA, 3FoE A5l 0]

r
O

-

T

Hego] Sy F2F AR FRe AL olFeiRI, HFHoE AU 4

dAd AEE A% BAZ AVY 4+ USBE, anylase H2ATHE AT 93
o
%2] Bifidobacterium @7 olg} Table 804 XRojFE= A} Zro] MIDI B3 Al&
=3} API 5% kit& ©]-83le] B longum 1 F32¢} B, breve 333E 53 =izt
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Table 8. Identification of Bifidobacterium strains with API kit and MIDI system

Carbon Source

Bifidobacterium strains

Utilization

54(MJ19)

Glycerol
Erythritol
D-Arabinose
L-Arabinose
Ribose
D-Xylose
L-Xylose
Adonitol
B -Methyl-xyloside
Galactose
D-Glucose
D~Fructose
D-Mannose
L-Sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol
o ~Methyl-D-mannoside
a -Methyl-D-glucoside
N- Acetyl glucosamine
Amygdaline
Arbutine
Esculine
Salicine
Cellobiose
Maltose
Lactose
Melibiose
Saccharose
Trehalose
Inuline
Melezitose
D-Raffinose
Amidon
Glycogene
Xylitol
B ~Gentiobiose
D-Turanose
D-Lyxose
D-Tagatose
D-Fucose
L-Fucose
D-Arabitol
L-Arabitol
Gluconate
2-ceto-gluconate
5-ceto-gluconate

35(JS18)

U+ o+ o+t

b+ + 4+ 1

o+ + + + 1 1

o

37(E15) 50(BC40)

Identification

B.breve
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A 2 A wydga AgFR we, gy a3
1. AUFFe] Bulzse) BYZAL

AUFF BB BYS A A%to} API-IM systend A}
g3to] AiFFe] mARY F4& =AUt FAFFYU non-amylolytic B,
breve, B, longum3} amylolytic Bifidobacterium JS9, HJ30, SJ322] E}$:-3}E sl
L2 Grloja Aold LAY 47t AUTH F, a-galactosidased] Hi= HI0
o} SI2FFNE WAL 471 YL THE FFo ML UAHUTE  P-gactosidase
E A3 AL Bo] 343 a-glucosidase?] F-9E HINoIME 19 §718 ¢4
& 471 glgit}. B-glucosidase?] ¢7}7} amylolytic strainojlA] Z381A LieltEd)
ol AAAZA MY FA Y& Haolr] ThRo] xFo] YA olF Zel T
T Aol "dasich Tl AAUUHA FAQ B-glucuronidaset= constitutive
Sl RS gA g ASE kAR inducible¥lol tid #Y BYATI}
f%=E gt}l. Alkaline phosphataset= amylolytic strainoAlwt 18] ¢717} Relx

non-amylolytic strainofA] trypsin®g 717} Bql Ho] EBol3}girt].

2. AT wigy PejdF
7}, A} Bifidobacterium spp. 2] Uj4Hg (acid resistance)

Aol FEE HOT Aty flste] AE WiX|E  anaerobic
glove baguUollA] pouring ¥t ¥ 37C anaerobic incubator UjolA] 124]7F whx]3}eq
AE A AAsNE AE FFE LT AT B71EN] 107 HA3le
aerobic clean bench UollA 4143 =W3}3l, anaerobic jarE o] &3lo] 96A]7H4
days) MlQIBIAITE. oluf merobic Aelold ESHE AIZHE 108olu, WAE 447}
anaercbic jar UoA FAEE AZHE 1A ojUlB FF7} atie] =2HE A0S

H2 9ot AtLe] ol viA HILEE Z FF BAEE] oM JLeE
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ogEo] 71& AEPES AY i pHE FY W3] Foth  HCl wiR]E 5N
HCIZ pH 4.8, Acetic acid WjX]& 2N acetic acidE pH 5008 mao] =gt} 9|
o 2 Lo E 227-Fo thsl Uabd e AR Uage] e #EE vhe ¥39)

on, 53] HI7 4F7} HCl, acetic acido]] ths] 18] viability7} z}z} 99%, 99%

2 FEHAA 23 Us4E 2YtHTable 9).

Table 9. Acid resistability to acetic acid and hydrogen chloride of selected
Bifidobacterum spp. isolated from Korean intestine

EH17| MS5 | IH1 | GY3 | E17 | JS9 | HJ7| SJ8

Viability" HCl | 959 | 780 | 950 | 968 | 665 | 786 | 99.0 99.0

(%) | Acetic
. acid

593 | 805 | 200 | 87.1 | 816 | 768 | 990 | 650

" Viability was expressed viable count ratio(x100) between acidic and

control cultures on plate.

L}, Bifidobacterium spp. 2] W4tAAE (oxygen resistance) .
AL ST 1A o] HETE 2R AM8slg MY F
F& agar plateo] =R F aerobic incubator (37C) Ule]A 20417t Anjekste
Atdeo] :=EA]Zl F anaerobic jarol §7 96 At wjorstAt}. IHI, KI1$} KI3F-3
o] 4tko] =EEE Ago] $44 RAoT Uik A TS Yagde

=
ORI hdol T U L Ao ® Mg rHTable 10).
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Table 10. Acid resistability to oxygen of selected Bifidobacterum spp. isolated from
Korean

IH1I | MS1 JS9 KI1 Ki3 HJ7 SJ8 | BMH3

Viability®
(%)

" Viability was expressed viable count ratio(x100) between oxygen
exposed culture and control culture on the plate.

9290 | 640 | <10 | 840 80 | <10 | 690 71.0

2718 22 ARyl &3t f4FF 4% (Intd7, JS9, HI7, SJ8)
Atk $4 ol FFES anylased] Aito] 943l # T EHY UE
ol Aystelzl A= F3| SI8 FFE UatdAd(oxygen resistance)3t Wit
(acid resistance)® o}&d $43lnE A EFANY} FF stabilitye] Rz
3 1B BEg 2 Ao ek Ints7 FFE WA, Uadade $4 9
okA|u} extracellular amylase®] 97}7} $438todem JS8, HI7T2 Uitaide 3|

WA i3 anylased g o] $-3t4lth

t}h AuFFe BSA=Hgrowth factor)o] tiyt ¥

Ha7tx) &3l bifidus factorFold 713 AAF L= Keldtx t}
gog Hasdx Aol HERIYE XX Ut BEHEAY bifidus factord
AHgsle] Al FAGRE APHATE olEY AP ol 2l AR
o] ¢ola Y&yl osle] THEA FEAF(VAA UHF, NAFALYZF)
& AFesier).  Exoligo-2  (glucose25%+oligosugar 75%)2] ZH-% FAEFY
non-amylolytic B, infantis, B. adolescentis, B. bifidum, B, breve, B.longum %2
QgL tj27Y glucoseBT} Aol Azsigch Iyt 71AUE amylolytic
bifidobacteriaZ EHI, JS9, HJ7, SJ8 5 FE2 Exoligo-2014 o] 443l
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10A]ZF wjo¥yd wuw] o]u stationary phased] =3t glucose, fructoligo,
galactoligo@®] tRFRT} 30A| ol 4 wlE BKEALE UASIGU). EF Exolac-2
(lactose 30%+lactoligo 70%)oME Z& WAL dAstidch olE amylolytic
bifidobacteria: T}E non-amylolyticdol RB)8}e] © W& glucosidase activity&

Z3 9= Ao Ueiylch

Bifidobacterium sp, Int-57¢] IETFA[ee] ZA-$ 3L UEZ =R ¢
sto] WEZAL thezt Zo| MASIETH Inoculum 2%, 37°C, pH6.0 (10N, NHOH),
Co-E HFFA o 1A B = purgingdt F vjG71FelE FAIGR 9= MRSE
71 &R 2 B}l cystein 0.05%, skimmilkS 1% V71 #ix]& AMgstdct. olu) A
gz 22 10V%fu/nlo]ate] AM&o] o]FojFrt. 8|3 redox potential}
dissolved oxygen®< Al7|2] wjgRZAoA Te= FAuiede] Fcrigh 3k Fx|

3 &S HASAT) Acetic acid®] o] tifr] 7)o wWol o]Foixa glo]
oY ZANN AxY AUFPe stabilitysh viabilityo] T & + A& 2
of iyt Hrp7t ¥ dasie|et FZHEch FIPLE AT AsEFANGS ¥
A dHAes AMEEIL Yt FFF4TE 10Vcfumld g AdshE ALY wE=

o]
w

Aoz AYAA Fdato] Hsstelel AlgHT] pHE 2R 2 ¢ i 15
A Ztgte] Fi 2.0x10°8 Bo] 2901 redox potential- L Bl 7|0 -330mVol Al
1222t w e F -240712] &7 WS Fu|ER AE Ho Fcrh wjodo]
E¢ mi7}A] dissolved oxygeno] 0.5% p0:0]3}E EHo F43 o3t H3P ujgo]
T wj7lx] ALH AT Acetic acid/lactic acid®] H] & wjoF 1227} 3.67}%]
715l H3E Ho] Fo3 LE Frlo] lactic acid?] Aato] o]Fojx|mal ef

2.5 AF ZkE Jelylch. Bifidobacterium sp. JS9, HS30, SJ32¢] is=dAlujed
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8] B9 pHE 6.0 &= KHLOH (1N)& AME3le 2A3te B-Fe °lF #F71
10%fu/nl & RojFo] phE ZAsHA ¢k wjatuct 108fe] F4el 7} WAL Ul
Ulgith. Redox potential wjoF Z7|ofl -250~-260mVoila] A]2}8}e] wfefe] ZPE|H
A Golx|Tirl wjek 9~12A] Zho)l -350~-360mVe] F-XE RojFo] FER HIIEE &
A & 471 k. EZF dissolved oxygenE £7]9] 0.271.0 pOz7} ¥l 3%64]
Ztell 002 FolAAN s EdAuels 44l G “H%% A &S ¢ 71
glait}. Acetic acid/lactic acid®] B] & ti=7|7kA] 2.00]38}& F-A|slt}r} A7)

oA acetic acid®] AJite] WolxA 9] H[-&o] 2.8-3.84l0]¢] Fl& B Foicl

4, Bifidobacteria?] WY F7sgddF

QN8 A] MlF2-2 Lamina propria, Peyer’'s patches 52 Zhj ¥
A @8e nHr}. o]& WHALE macrophage, BAIE, THAXE So| By s}
3 glth o]E % macrophage: N-oflA st F3 ¥US I HASHL ¥4
& Fdo] AAjste] B & TH R 3d& ALY EI macrophageo] 231o] B4k
EHE IL-1, IL-6 B TNF- 2 52 cytokined BJ3h= o8 F7/2 Y A= B4
& ZAYL B AYdME ol Eel¥ anylaseBgo] A3t AE F Lol
223 FFEL UALE o]Eo| macrophaged] DlXE FBE A 1% in
vitrod8& AAsteich. A8 A3} 53] RDB F5oF RDS0 FF71 INF- a (Table
11), IL-6 (Table 12) B4E& BF &2 $FEOE F7MA]7|93 RI60 #F+= thE &
FEo] nlsle] IL-6 & TNF-a 8 B4t o] ugith IAY = INMUTH
cytokine Jabtso] ntyog Z7sR|qt A =Tt 250u/ul FEo B39
& © YR FFoA cytokineFEo] A ZFeE Udch iAo
cytokine Z71so] & F3Eo] N08| 425 I A F7IA|ZAIT cytokined] H]3idE

T34 Aol7t TR ZstoichTable 13). £ A2 ZI}+ macrophage?| ¥4
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ol @Fol mzl Foli& BFE ot} ol F3E o7t Al Ro| F
A2 oW FE wElx] 2asle Ao| £7Hrh ¥ d7Ao|ME hydrophobicity
7t & F37} nacrophage?] HE F7MIAE SHol Ankn sh= AN A7 A
€ @2 Yol ¥a] FA9  hydrophobicity2} macrophages] ¥d%3e] VAE o
< FAFH LR ZABIAL gt} 3 hydrophobicitys} && FFEo] A Atma)
o] Oyt FEE o £& AT RAE Yl ulebd  hydrophobicity’t & F
FEo] e FMEL MAE Bsol AN dARY f4lo] goldln =yt
macrophageE HIRE THX W B Zofe] Aitel Rie @ FHLo] ¥ S A

°l2hz 7Fsde] wi¢ FnlEA A7)=gcl.
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Table 11. Effect of Amylolytic Bifidobacterium on TNF-a production by
RAW 264.7 Macrophage Cell Line

TNF-« produced (ng/mL)

Cell conc (ug/mL)

Bifidobacterium sp Control 10 50 250
RD 33 2.2 6.0 11.9 125
RD 35 2.2 10.8 18.3 225
RD 37 2.2 9.7 15.8 15,6
RD 48 2.2 11.0 10.2 11.3
RD 50 2.2 124 18.7 24.7
RD 54 2.2 114 17.0 229
RD 58 2.2 11.7 16.2 199
RD 60 2.2 6.5 10.2 8.5

Table 12. Effect of Amylolytic Bifidobacterium on IL-6 production by
RAW 264.7 Macrophage Cell Line

IL-6 produced (ng/mL)

Cell conc (ug/mL)

Bifidobacterium sp Control 10 50 250
RD 33 30 45 49.0 125
RD 35 3.0 255 77.0 90.0
RD 37 3.0 95 165 445
RD 48 3.0
RD 50 3.0 56.0 66.5 3.0
RD 54 3.0 26.0 75 7.0
RD 58 3.0 4.0 2.5 12.0

RD 60 3.0 3.5 4.0 6.0
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Table 13. Effect of Amylolytic Bifidobacterium on NO production by
RAW 264.7 Macrophage Cell Line

NO produced (zM)

Cell conc (ug/mL)

Bifidobacterium sp Control 10 50 250
RD 33 42.0 42.0 57.0 71.0
RD 35 42.0 39.0 51.0 70.0
RD 37 42.0 54.0 62.0 80.0
RD 48 42.0 53.0 65.0 75.0
RD 50 42.0 69.0 70.0 65.0
RD 54 42.0 55.0 73.0 81.0
RD 58 42.0 57.0 69.0 68.0
RD 60 42.0 52.0 54.0 70.0

A3 E AL I3 LEIYY A

1% g AR it gEAHYY a7
7}, iRl o] A 2] amylolytic 3} non-amylolytic bifidobacteria)
2 5-x: e

Amylolytic, non-amylolytic bifidobacteria®] HAFEEF 0.05%
cysteineZ} 0.2% yeast extract’} EJIElZ Z3E  ujx|olA] w2 stgc)
Non-amylolytic bifidobacteria®ll B3] amylolytic bifidobacteria®] dAso] A
Stgd=ul, amylolytic bifidobacteriaZ47} 10° cfuml® A3 whg,
non-amylolytic bifidobacteria 18A]Zt wjeFoll A 1-5 x 10°cfu/mle] F42 BAL
St4It}. B.adolescentis Int-572 Al W A|ui=] oA 7% amylaseBA S 23 Q)
o EZ ThE amylolytic bifidobacteria® oA #& M&o] L4319}, ulg}

A ol amylolytic activity§ 7}R|3L ¢l bifidobacterial Wik o] o3}, 93E
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48 FIglelx A HE LAY + AU+ 7Fs8 & AASHe Aok

1}, Bifidobacteriac] &J3t ARl Wi

Ux}H O R amylase71E Z3 Y& RALE AWH 459 3hpd
Bif. adolescentis Int-57& AMg3lo] &, Hepol, xjzl, XX, 2#lx], Qo] ©,
5ol wjekste] AN} O UFTEL 7| Z e i duFd AHEE £
gl LA} wiFZE AL VEIHOE A UelRgt B5ol, Alm, EE,
Y252 53 sezrt iy A e AL RYUHOE YaAFL
2] Jidel Uit JHsdE HUSgch Eooldt BE2 T ASE PG5 dold
< & $7} UArHTable 14). EXF B longumd] ¥¥E& TH Y3} oBAE YEE
ujekstel ZAbStolch @2, Bgol, oA SolA 2043 ¥ F49 77k 5x10°
+£202 A BYgsigch. 2018} Aol AE of 10°4Fo2 WAk BTN
E 5x104ges wg=Hdn ERdME #8 Aol BEHA  dslth
Bifidobacteria wjo¥o] ¥3 3t WRoJA 4At=7} Yol FII8tE L pHA L7 ©A 3t

THTable 15).
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Table 14. Fermentation pattern of several fruits and vegetables by Bif. adolescentis

Int-57 and their organoleptic acceptibility. (3x10° cfu/ml, initial counts)

Titratible acidity pH (pH of control) Viable counts Organoleptic

Peach 10.28 3.99 (6.24) 1.15 X 10° Good
Apple 0.87 5.42 (6.22) < 10 Good
Grape 0.42 5.85 (6.31) <10" Good
Orange 898 429 (6.38) 1406 X 10° Bitter
Cucumber 850 3.89 9.33 X 107 Bad

Carrot 10.87 3.96 (6.83) 7.00 X 10 Good
Cabbage 1.00 545 (5.74) 400 X 10 Bad

EZoAE uYFE prl 6.4BER HYa ARE 0,220] E33te] ZxojA
bifidobacteriaZ} FA]3}A] ¢fo} pHel 4twe] W3t} mjafst Zlog QzZHAc w3
$} 2o]o] bifidobacteriag w4y A= Fun|rt WA Asisio] B JAE
Uiglth(data not shown). 2¥A], ¥go} FolMt= bifidobacteriadl F4= F7He 9l
IR L LB FL2 BHEE o ol FUMAIAE E3lgtHdata not shown).
)72 ZH 9= amylolytic, non-amylolytic bifidobacteria®] A-go] Z xjo]7} ¢l
3L olE BF A, Hgol, YIHole #4880l $UI UEEY JIEE $4
stadch
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Table 15. Growth of B. longum ATCC 15707 during fermentation
of various fruits and vegetables.

Raw materials Viable cell counts”  pH®  Titratable acidity®

Carrot 4.7x10° 43 1.0
Grape 1.5x10° 6.5 0.2
Apple 25x10 5.0 0.3
Orange 5.2x10° 4.3 1.0
Peach 6.5x10° 4.2 1.0
Chinese cabbage 6.2x10" 5.4 0.3
Cucumber 1.9x10® 4.6 0.9

1) Cells were inoculated with 3%10° cfu/ml and incubated for 24hrs. Then
viable cell numbers were counted as described in the materials and methods.

2) pH and titratable acidity were measured after 30 hour fermentation as
described in the materials and methods.

2. WEAE ] UiYg 4H
7}. Bifidobacteriao] 2J3t AR

olu] B2 SAE B adolescentis Int-578 o|-&3}o} LUHAE HAl
3} ¥ bifidobacteriad] <J¥ AUFoe] s W HeE FININATE B
adolescentis Int -57- cysteined} yeast extract7} H718 # 7]EujA|elA &2
AAE Bt} 4 7126l s 27F4E 10° cfwnl o] 12~16A]2 ¥
¥ 71E B 4% Uehich. A7EulRlo] cysteineg H7ISte] 16213 vlgA]
F471 10%]4 5.8x10" cfunloZ FNHHE B 4 AT cysteined} yeast
extractS & 7|Eujzxlo] B7IA 1.3X10° cfu/nle] F4& UEhiYILh Cysteine
wejol A 213} BUAXE rolbifidobacteriad] PRl FAT A& Erh
RE groupold Wl 122]2tFolE F471 AAaStATh olE pHel L) AtES] F

Jloll 2lgich. wjek 16217 ZpAE pHe] ZAVF FEAL O ol FE WU ALY
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th pHe] W= F4x9] F7iet BAIL vk #iEe] o] BAY T2 ujet 8
A7t ol FRE wiEA Frishe id obdelold BEL 247 AUE uf Tl 3
Z27] otdelolAo] ¥ AL oEHE He|E Y dEH Ho] FaHch opdel
olA] BHL BEFTY Z4 Folx HriFes gl PEAEF naltotriose
2] &3 glucose TiF-o] £ASE B¢ “3‘!11611 Ak A g2 AAEY] £
sjztge] o JAYE o] Holge] =& F7IAATE ol AdEe] 9lo] glucosed]
R B, adolescentis Int-57 obdelolAle] B4R o] o3 Mg eldr}t. 1gla
1%2]  gelatin®] ‘UZFoje] %7% g gEE HoFHrh Amylolytic
bifidobacteriag o|£3%F 2y d A7 UYOE panel test W WHZZY FY3Io
it 2A7E o FEU FeH o I A=Y Ay Y 2 MsEE B
o Z9ltH Table 16).
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Table 16. Change in viable cell count, pH, titratable acidity and réducing sugar

concentration during rice fermentation by Bifidobacterium Int-57

Grou Time (h) o 4 8 12 16 24 48
“Cell count
Cxie® ) 10 22 70 98 12 80 43
Rice pH 69 68 63 60 58 57 55
Acidity 015 022 032 087 042 047 050
Reducing '
eugar 016 018 026 044 10 19 37
Ce("x‘:%%“; 10 37 15 49 580 22 51
Rice+0.05% pH 69 67 60 55 50 47 44
cysteine Acidity 016 025 094 149 171 18 195
Reducing
e 015 030 058 159 240 480  7.50
Ce(" x‘,"%‘é"; 10 49 54 13 110 3 54
H 0,
?;gf;gﬁ" pH 69 66 56 52 47 44 42
0.02% yeast|  pggity 015 045 129 208 223 243 262
extract Rod
ucing
e 0156 054 10 32 58 128 174
Amylase
activity . 2 6 15 22 3 29
(mU/ml.min)
Yefu/ml

2The amunt of 0.1N NaOH solution required to neutralize each culture broth
(10ml) to pH8.2

SEquivalent of maltose expressed as mg/mi

&g 7lEuR| 25l WEE AABIESH JS9, HI7, SI8FF= 32A|T o)

aelg w 10° cfu/ml 71x] E@sH= FASo] FIsych. 2y Int-57¢ ¢t

+ €2 Y
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Zastoch 3 ate] AHE elA YoubA] 48A]7F wjRAol= Int-57Rc} o uk
& o] A=Y Bifidobacterium Int57, JS9, W7, SI8E AMgsie] antstelg
LEF A3} Int573) SI8L whato] 7t bW Js9e} HITS Almbo] Zejgon BEE
B HAR QTG oL} Yol ot e RAY WeAol gl BARYr) &
A2 AU dgste] Atzht 5o RARE Arisi] wa TyLEAAHS

WYE B¢ bifidobacteriad] 43 Lt olz} PrAME £8o] ¥ RO T 7ty
L=

Ll R EF7te] 2% bifidobacteriad] AL FAIY

AN PRELS JUFY WelNE WHAT lysineRtPo] W
"olBE lysine #Po] w2 olF whdz} EYsto] WA W, Jdos Az
H@Folct. tF T o2 dho] AL niy ABY FA] ke we 7}
A2 glout b wHE Palo] Po| MU= Bul Avh B AHHE
bifidoba‘ctefi‘a A E LB VBN A 9y FHe o @Qioﬂ
ascorbic acid®} Fe|tjFghdl(Isolated soybean protein)& H7}ste] W& AT},
BUHA] ascorbic acid?t #e] tlF we] HMsh= bifidobacteriad] A&o] &
ol HglT B5H BrkE Fo} ol WY Ji54 WLE AFog el H3}
HA BP2E it B AUE 98 dx) v e BARE ALt 9l
= cysteined ascorbic acid® tjA|slzat Mu® F3e el Bifidobacterium
IS9oll 213 APsEE APsg). Ascorbic acid®] HEI} 0.05%00 A 0.1%7}x] 2
7kl whel 2o 48e FU18193 U Evbshd Fe ASL AP e B
Y 71 dsleh wWeld 0.1%2] ascorbic acid® W MY w Wxl Bzl
cysteine®] 0.05%2} Zhe HIE B 47} gt} ol: MepHsle] ¥ FPEw
(0.04-0.05%) Mt} 2] 527 3718 Zog Fo B2 A U we By

]
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o] WL ROT Bt} Bifidobacterium JSIE AFF2 dlo] ISPE 2%, 3%,
5% drlste] wastolch. 5% B2 FARO] 10° cfuml o2 Fo| B%o| P43ty
om APPE FII Ao veiulch gy 5% ISPE 4zte] o|F 7t ZA|E o] 3xe]
=7t B3I FrloME felstolct. AUeFQA Bifidobacterium Int-57, JS9,
HI7, SI8E AM&3}o] 3% ISPR} 0.1% ascorbic acid® H7}ste] MWUEE $3sldr}.
CysteineRt H71¥ 27 AU Eo| visle] F& FFo] PA3] e dojut HWH
12A] Zhate]] F2=7} 10°-10%fu/ml7kx] E@3}gc). ol tjRTRT} 20X E whE
FAZola ¥ 4 it B AWAHEE 48217 UEF tyRFRTL ¢ 2u8)Ql 1, 0%0]
Soith, 232 LHAREY lactic acidt 0mM~40mMO]RT, acetic acidi 70m
M~80mM ©]¢l 2™ lactic acid®} acetic acid®] ratio:= 1 : 1.5~2,54cl #&3F
71348 ZAE FUSHe acetic acid?] FAE SI8E YA &A Y AT
Uelyth #HZHow MuE 4FF(35, 37, 50, 54)8 oY A/AF YAAELS
Asts] ¢i3to] skim milke} ISPE} 22 AALE Huixlel H7t dtgle wf A
Zo] nXE& Q%S A A tlS Fig 1, 2, 304 8 4 9d& A3 g
Fig. 1014 & 4 gl A3} Zo] AT H7H wiAoALs AEIFEY Hole 4%
& Holz| g3 glou, Fig 200X} Zo] #ujA]e] skim nilkE 0.5% HF7} 314&

E 35 232 10614 10° CFU/mle] FRY Y4 SUAAE RejFa g3, 2
Ao ISP 0.5%& 7} A& WE ZFEGE7 =7l sRnt 3B FF] 7o

¥ 5 91F}(Fig. 3).
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Fig. 1. Fermentation curves of Bifidobacterium strains
using only 1% rice in the medium
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Fig. 2. Fermentation curves of Bifidobacterium strains

pH

pH

using 1% rice and 0.5% skim milk in the medium
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‘Fig. 3. Fermentation curves of Bifidobacterium strains
using 1% rice and 0.5% ISP in the medium

t}. Bifidobacteriao] &%t #l/A}zhebly

Bifidobacterium INT-57 & AM&3le] Alz2tE-& wWaEY A3 s
2E 4w 2 23S dgoy 2o A8L ¥ HI 94 4 2o Ui,
wehy agstele] Alzbehg Wrlslel wEY AT vt VE A9 ulsiol
Z¢ Aol WNs ZAEYR BEBHo| Falo] YAEGITL Bifidobacteriun
Ints7, JS9, HIT3} SIBE AMRslo] Amsjel/xzp EYBS BAY A A% ¥
o Ul JS9st HITo] Alzbue] B3 ZHE o]E e A WABE sl A
walel/Alzbute] MEFEE AUEgon FPYRZAL 37T, 42X\t B
AE ey Al Alzat B UEES) WEHHL ascorbic acidS ALY 2
$7} cysteine AMERt ZPHL} RFoT 44 UL Urhizlen oysteine

& A Z9E sulfureld Fefit WAZL B3t Bl FAol Wrh AP
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/A ZPee] B &E dElslo] WA A3}, u]& 90/102 drink-typed] A|Fol Fus}
H3 u]& 607402 paste-type HF 2 Ao FYsIPL F AE BF F53 £2

o] 43ty WA E2] bifidobacteriad-dt Ht] 3.9 x 10° cfu/g o]t}

2}, Bifidobacteriaol] &]3t oFupity
S9E blender® ol ¥F/IE HJIY F 0.2%2} 0.05%
cysteineg ¥7}3t ¥ bifidobacteriad 48417t wjobuastgict. wjoke]e] pH: ol
ol 3.8 - 4.9 FEAA HPou FY AL @ oRixA ggith
B.animlist 4%°] 3 ¥ 208 Urhdrh. olFel & A%o] & o[ Rl e
A2 Frtgel A nBES dAISh= allyl compound Aol &3t Ao T FHEN
butyric acide} surfurA5e] EulwjRo] BsH ez, susolol stelal Az},

m}. Bifidobacteriao] o]% W

o FA0] B longum ATCC 15707, B. adolescentis ATCC
15703, B, bifidum ATCC 29521, B, infantis ATCC 15697 52] ¥& FF £ Ay
ol Ee|Eo REAFL B Iongumv BGN4 4! B, adolescentis Int57 @38 &3}
36A1 272 LRyt & HEZRAA 1247 ZFH 22 ZASIGE uwl 2447 )
FollA &2 AFF7t TP wodI 36X wiPol e AFEL A ditges
Eol59tt. ZAE F3E % B longum Q B. adolescentisS$] =ro] & slgla
B. bifidum @5+ ‘ol A 23}t ol B. bifiduwm®] YR B FF £}
7} AL Ao 7108 Holgla AZHc) Bifidobacterial] FAlwd L UTo ule}
THE P4hg Btk 98¢ APol: B longun, B bifidum B2 FAlo] R¥sin
B. adolescentis?] FAl& Az Aog dHAYr. FIWAL H9E Wi 2

stel Azl gisteld W@ AAET BE Mol Hz EY Hou
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bifidobacteriagd28 KE35le 7584 E0%e] sdsHsde] AAEdtHTable

17).

Table 17. Change of the viable cell numbers during fermentation of carrot juice
with different Bifidobacterium strains.

Fermentation Time (hr)

Strains
0 12 24 36
B. longum ATCC 15707 2.3x108 1.2x108 5.4x10° 2.2x10°
B. longum BGN3 1.5x10° 1.4x10° 4.5x10° 3.0x10°
B. adolescentis ATCC 15703 3.0x 10° 1.0x108 4.7x108 3.7x10°
B. adolescentis Int-57 1.9x10° 2.1x10° 4.3x10° 23x10°
B. bifidum ATCC 29521 3.2x10° 1.56x10 7.7%x107 4.0%x10°
B. bifidum BGN4 2.6x10° 8.2x10° 1.56x10 8.1x10°
B. infantis ATCC 15697 2.0x10° 1.4x10° 2.1x10° 1.5 10°

A 4 A Bifidobacterium °]-& SIAAFS A
1. WEalzbe A7) vimoa 4 LEAFY A2

AZ Azpabg 4 wiRlo] Hrjsle] AWH 4 FF(35, 37, 50, B4)E
ztzh BE AL ©l 358 AAFFU AY $2 4FE 2ol F93, Y I
ASE 19 UE Folk o] A%t HAckZH10° - 10°), 29 Fol oy 10° 2
2z ASA AR5 YL B FHch ol I FFe §ELS IFE W
A BB =EA7E BHoE FFY Uaad HEA, FFE AEES B
N FR7E 105, 37H F37} 0.01%, 508 FF7} 1% LR 3TH FF7 0.1% ol
th AzAEh 827 A¥A g niAe Asb T 30O €22 F
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< 235 @A =il 3= Alae] A7t UAAFAE BeH2E AV ¥
4 71 wiEe] B% Alzhitg Y ARt YF AW F YSAEE o] &t Y
SAE FUE AEE A stdch Alabebe A AR A ol Table 189)
A B A3 Ak dEAbbe B daAEe] 34z F48t pH-3t 282
B F3EAE Fig 4% Fig. 5ol B A3} Ul 35 39 B¢ 0.5%
ISPRt H7} 319 A UAT Fo 10°282 ¥ sjgoL}, 0.5% ISP} 10% apple
pomaceE H7} 3tgE wi 12412 ool 10° o]} $2o8 Fo] 4l e

22 ¥ 71 dddch

Table 18. Al#dte) AzZ 3

15| 28] g
AL A 284g(100%) 286g(100%) 285g(100%)
M, HE 78.642(27.69%) 71.57g(25.1%) 75.18(26.4%)
A 52.45g(18.47%) 46.35g(16.2%6) 49.45(17.3%)
= 140.81g(49.58%) | 150.79¢(52.7%) 145.82(51.1%)
EHE 12.18(4.26%) 17.28a(6.0%) 14.72(5.1%)
2 2l & (mg/mé) 110.6 81.6 96.1

AE27ME8 &7 AE x|l fAaFEY 4%, 7
54 383 Y LYASAHL 288l XEFHOF Lactobacillus acidophillus
KFRI 233 @571 34xbd&d52 AU Hglon, AUdFE o|83le al/aizbe}
FAE Risoghurtd ARF ¥, HE2 3%% B|YxA Qo Bifidobacterium
longum 35 @& 71t 4T} 20Tl 8Y3 AAUHL s}girl. Fig. 62 4
FAE Risoghurte] AZF A4 Wz, 434 2 pH-ke] H3E Be3a g
th L. acidophillus ] I AA7I1245 W7} Qg o) B longun F38) F4
t AR7NTE AR 24l 8Y Folk 10° o312 AR ASS ¢ 4 Adch
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Reducing sugar(mg/mi)
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Fig. 4. The changes of cell counts, pH-value and reducing sugars
during the fermentation of two Bifidobacterium strains

35, 50 with 0.5%ISP
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Fig. 5. The changes of cell counts, pH-value
and reducing sugars during the
fermentation of two Bifidobacterium
strains 35, 50 with 0.5% ISP and
10% apple pomace
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10® ~ -7
1.5
107 ~ -8
9 E 108 -5 3
3 ©
5 1.0 4 LZ ;
< 10% -4
104 -3
5 -
©)
®
108 : -2
/ ® ®
[+]
0.0 - 102 r T T T T 1
0 2 4 6 8 10
Times(days)
—@— L.acidophilius (KFRI233), 4°C —D— pH-value, 4%
—#&— L.acidopillus (KFRI233), 20°C ~8B- pH.value, 20°C
~m- B.jongum (35), 4°C —®— Acidity(%), 4°C
—W¥— B.longum (35), 20°C —B- Acidity(%), 20°¢

Fig. 6. Total viable cell counts and acid production of L. acidophilus
KFR! 233 and B. Iongum 35 during the Storage of Risoghurt
at 4°C and 20°C

2.. Bifidobacteriumoll &%t T WHAEL] A=
7t A3t Aj4e] FFol wE ua
Bifidobacterium®] wj%¥E& Zole] tlE FHo Idz
oFE AEE wigsie] zAslATt B2, HEol, 2UA FolA 20412 F F4e
37171 5x10° 4202 A Fdsqch. 20]9 AlolrE o 10°42202 wjotE
Ach. wiFolAE 5xX104E02 PP Teoj Fo| FAo] WU =] ot
th. Bifidobacterium ¥jofo] T3 YBolA AL=7} Wol 71814 pHA s}l WA

St oA vlF ply} 64358 HYI AIET 0.220] Ealsle] Exo)A
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Bifidobacteriumo] F23}x| ¢o} pHel At=e] W7} nojdt Ao s FZHch a3
¢} @oleo] Bifidobacteriumg W% Z$ Fu|7t VA Asisl EA dAME
vjgith(data not shown). A}zb, Qx| Em } SolA+= Bifidobacterium® d#4 %
7He gAIR d YR 2 V4L ° o) FIMIIAIAE RlgicHdata not
shown). B3], o]& Y& A$ Bifidobacterium?] wjo}& $]35}o] NaOHE o]-&3}]
pHE F42% ZAUH: 2L THAY 20 € & o A= P
o] Z7lE: f9lo] HJl wiEol uigAsl] & Fde] drh U T2 U8
A7 AL F4ol 7177) uiEe] pHe] 2Fo] EERY 4 93 Yo 23ste] 4t
nj7b JlstelA  ®wE AR @Y FY Aol Ha =R /o4y
Bifidobacterium FF& REA3t] AE 7ol FUEH XA HEF

Bifidobacterium ¥ Y B2 J1Z FYsicia & 4 ch

Ll F4E Hole uE d2UR

w2 FAo] ascorbic acid (0.05%), L-cysteine-HCl (0.05%),
yeast extract (0.2%), & (10%), ©A|ER (10%), A2} F& (10%) 5L HI%
XYejoll Al Bifidobacterium WEE AT} (Table 19). Al olgjol: H7HE =)
B RX Bifidobacterium F42 ZF7}o] 71oisiglct. 7l AE FolA ascorbic
acid @ cysteine@ 71T Aol PP A3 Y FHE HF2EH
Bifidobacterium®] AL oS &FA3tgcie BZHr}, 53] ascorbic acid BTl
cysteine ¥71¥t ZA-fol] FASY F77t A3t o 2% JMAE BV A
22 UEldt}). Yeast extract, FH WU AEHF F& /I Hfde
Bifidobacteriumci3t @ ¥Q1AME HE3le] FA|52 FI7t o]FolW ZRew JzH
th Alske] B7He Q9 Axjel Uiy BF A g AR AW FHUH
ABRE H71E F ol waYe] 4o U =R AIHE F7RE Bl
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¢

£ #54Y F3o] BHEEYrHdata not shown).

Table 19. Effect of adding various ingredients on the growth of B. longum
ATCC 15707 during fermentation of carrot juice.

Fermentation time (h)

Materials added

0 12 24 36
Control (carrot only) 3%10° 39%10° 52x10° 25x 108
+ 0.05 % ascorbic acid 3%10° 54% 108 68%10° 22%10°
+ 0.05 % L-cysteine HCI ~ 3x10° 78%10° 49x10° 15%10°
+ 0.2 % yeast extract 3x10° 49%x10° 70x10° 3.7x10®
+ 10 % soy milk 3x10° 5.7x108 75X 108 45%x10°
+ 10 % skim milk 3% 10° 52X 108 9.0x10® 50% 10
+ 10 % apple juice 3x10° 32%x10° 25x108 1.6x10°

t}. Bifidobacterium Wio}o] &%t Biso] Wi}

B2 UHE7 AYEEA UESA] 4L iz P drc) WA

= 9lTt (Table 20). B. longum ATCC15707-& ti4:7] 27] o|Fe] mo] sjMxo]

HeABAES7L vPEE g2 3.0004 6,78 ol B Iongum BON3E Ze 7

& Hof FOIth. B bifidum BON42) L E ) FE wo] QM= g o tigr] Fr)o)

FE oFoFTh I2a UAEHA] G PIIRCt LEI} ABHHEA sigato] o

FolFedl 53] B longum BAN3Z th4:7] F7)of Almte] tiyt 57t A4t 9.0

2 Hole $2 53E Holth AN 7I=E dFSH Y FTYRT} 359

bifidobacteriao] &J3t UFYo] o] FL2 ASTE Ho] Fxd] 12 B longumo] 7}
% B2 ATE B R 229 4.087T} &2 6.0 RAt.
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Table 20. Comparison of sensory scores of fermentation product of carrot juice

by Bifidobacterium spp. at each culture time

non—fermentation  Blongum? Bif BGN3®  Bif BGN4"

pH 6.79 498 485 478
Brix . 11.0 109 108 10.8
Total acidity 0.075 0.310 0.344 0.381
CFU/ml 0 36x%10° 1.2%10° 29%10°
Sour aroma 20 6.7 47 37
Sensory Sweat aroma 6.7 3.3 47 47
Sour taste 2.3 5.7 43 40
scores Sweat taste 6.3 53 5.7 5.7
Overall 43 5.0 5.7 5.3

YEach value represented the mean of 5 observations

Culture time was adjusted for maximum growth of each strain as 24 hour”, 12 hour®, 36

hour?.

2}, Lactobacillus acidophilus®} Str. thermophilus2}2] Ejtu)ok
Bifidobacterium3} L, acidophilus ¥ S, thermophilus ¥-F+&
&3 ujosiny wxe Ao wiel 0, 12, 24 A B3 F 7] FAFE FF3)
1 A3}E Table 210 Uehfgict Z§hulolre Bifidobacterium®] 427} 3
oA Asko] gty B3], wjorAlzte] Azgte] wlel L. acidophiluse}e] E¥tujed

oA Bifidobacteriumo] A3 AlEsE= ZoE Ueldth olf|@  FHojA

_&.

BifidobacteriumS Lactobacillus$t E3¥} ulo¥sle] & Bifidobacterium o4& W
st U4abgdo] 7%t Bifidobacterium @& Awste] AHEE WaTl gl Zo
th. L. acidophilus7} #B7}ElA] Q32 Bifidobacterium WHEu] oA HrjFos &2
42229 Bjfidobacterium F47} SR o] Bifidobacterium Tt wvjeFo] wlgh3djcia

¥ 4 Qrk olaRe APolE FolAel Wi Hgol $4stT Lol St
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FERT FE 249 Aol L FF AL ABY P ZolA ulgy)
¥ Zolth & @79 Az s8R W g YRSso] Bifidobacteriun FFE
oSt & © Bifidobacteriun®] wjoto] }EBIA Wolubm AtEe] HAY Fbol

ojste] ©e] #ed o] deleg AR Zolth

Table 21. Growth of Bifidobacterium ATCC 15707 during the fermentation of the
carrot by mixed culture with L. acidophilus ATCC4356 and
S. thermophilus ATCC19258.

Combination of the strains Bacteria counted Fermentation time (h)
0 12 24

B. longum only B. longum  3x10° 42x10° 54%10°
L. acidophilus only L. acidophilus ~ 3%10° 6.7%10° 6.9% 10°
S. thermophilus  only S. thermophilus 3% 10° 6.4x108 59x% 108
B. longum _ B. longum 3x10°  38x10°  22x10
L. acidophilus 31 L. acidophilus 1x10° 5.0x10° 65x10°

B. longum B. longum 3x10° 7.5%107 1.4x10°
S. thermophilus 31 S. thermophilus  1x10° 47x 108 1.6x108
B. longum B. longum 3x10° 8.4x10 1.9x107
L. acidophilus L. acidophilus 1x10° 54x10°8 50x10%
S. thermophilus  3:1:1 S, thermophilus 1x10° 29x%108 12x10°

ol w2 wmas Wy W) 4ee Uy
Bi fidobacterium BGN2ol] 23t ©h i AF QY UE EH'?_%

Hoj Forh 2427 vjgoll A pHE 4.5 243l HFSEE 4x10° CFU/InLo] &
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3lo] utE ZF < 100u12] BFE7t FUpstalct. ¥7] &S 6C-Ms B4 A3t oF 30
2579 ¥/ 48 THsAHTable 22). ol& HE 5 HE A F 8= F
£9} HEO®L= f-terpine, a-terpine, endobonylacetate, dl-limonene, &
-farnesene, @ -bergamolene5-0] S’i:-"_. AAEE= HAEEL 2- B-pinene3}
delta-4-careneo] tiFEFolglct. & A= Bifidobacteriumol &% B UE F9
g By HEEN A, BEH wHsyl dolPEE EHoFs ZAIoldrh
Bifidobacteriumoll ¥t W2 UE F2o| 7] ¥ HIHE & A7 AIolA AZ Al
53 Ao 911:]-. g2 xpHe] 34 terpenoidZ A= terpinolene?} caryophyllene
o] RuEo] 93 B L AE2] flavorE2AM & ethanethiol, dimethyl sulfide,
acetaldehyde, octanol, 2-decenol&o] ZA&E o] Bu¥u}l gitt H2¥ F EFVI
o 7lojste HELEE isocounanno] ZAMHEF 9l & R ZEES eugenin,
isochlorogenic aicd, hydroxybenzoic aicd Sof 7]I%itia #jerdu} glch, & A7
oM 8] Bifidobacteriumol ¥t B WA FE EAo] HulE 7] AdAE HR
2 7 JE 2™ ol it B AAL &7Heh uleld YORE X&HOE
37 8 B3 A $E 929 B4 U Vel oud #Ho] deA =
A¥g Rolct. |
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Table 22. Identification of Volatile Compound of the fermented carrot juice
with Bifidobacterium BGN4

Compound Name control 24h treatment

a —pinene Hokok kg
sabinene oksk dokk
2- 8 —pinene skok

delta—4-carene *okk

bornylene ok sk
y —terpinene Hokok skok
a —terpinolene dsksk kK
bornyl acetate Hookok Hkk
trans—caryophyllene Kok Kk
B —sesquiphellandrene *ok ‘ ,

B —selinene sokok Kokok
B —cukekene otk —
B ~bisabolene otk *kk
o ~humulene Rkok

B —terpinene ) ok
a —terpinene ‘ Hok ok
endobornyl acetate Kokok
geranyl acetate seokok
di-limonene , *okk
B ~farnesene >k
a —bergamotene Hokok

Identification : *%x ( purityty 80 - 100 % )
% ( Y 60 - 79 % )
* " < 59%)
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A 5 A AY3 AlA®Y Wl Bifidobacterium YWHEA|AE]
7

1. Bifidobacterium WE-E ¥ 2 w3} A& sy

7h BEE ST Y 2= /i |

44 2471 { mhEY I E AHESte] 2R A Y=Y AIE Table
233} Zokrh mbEA 7€ AT Ao =Tt 344 EHIIE AHESt] £
3 Axct 22 AEE Bgon, FHY EHUE AHST B¢ Al wlat ¢

T} A5G

Table 23. Mean particle size (MPS) of rice powder

Mill Grinding time (sec) MPS (ym)
Impact mill 30 453.4
Impact mill 60 . 325.9
Impact mill 90 268.8

Abrasive mill N/A 150.2
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7} AREE UEEEE AR Z3 Fig. 73 Zol 3FA 471§ AHEsle
30, 6027 E2g A2 425 im (40 mesh)oA], 9027t B3 A8 250 /m (60
mesh)ollA 7} wo] H4E i, npda] E47|2 38 4L 4xI7t njAste 80
im (200 mesh)oll Al 713 glo] F4Egc)

A EE BT 2E IEEA 08vitt 9= (°Brix)& FFsidch 2
A= 4X 7 93 F Z7A BU)E 3027 43 A= 12.9 Brixgded, U
M2 AR+ 12.0 Brixoldlith. WAzt whE ZEwIE W3 1A]7 Fo
Z 25 705 oL E FUIstE ALE UEIGT 1A1Z ofF FAo % ©i &

= A3z &S] ulelA o] &L sl HY HAEME $F
A E4712 302 Este Aeo2 ZAAsdch ‘

L HALEE 93 33 A oujsle =4

23E B2, & 344 BV12 3027 B ARE AHS3le] 60TolA
o] JR2A 7 3ol mAe 9¥E B A IS A duzie] d3E
9% wEA AP E RE HAY + ddc)h dMZl2ARS 4568 Ay B¢
90& olF9 Wileo] FH Ax, ofuFI2A] JUAE ELHOE ol8Y 4 Yo
E= 3F o722 45202 ZF3Yct. FFE o8y UFM £
& 2% 3L "ol o18H dlon, duZkeg AA FFe o83t ¥
HE 52 B3 2&& Ho| JRE AMESH: 339 ZAFA AA ez 4
E4dch

th HHYHE ¢ T3 =24

12 W3t AT A F IzoN AR st TR ok, AAE
st BEstEA FEAE S=E FFY A3 T D] FIiYe uiel @
BAEET}F F715Hnl. BHg W o] BE&E 2 I 32AL 33
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Figure 7. Particle size of ground rice by different milling method

[ ] : Impact mill 30 sec | : Impact mill 60 sec
: Impact mill 90 sec RS : Abrasive mill
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gt 4 93 A2E 93 93 27 gy

BT A T3 F, w4 Wrlere desle YL st 3343
£ 93 158 Fole 2.3 - 5.2 mg/med] VUYL L By om P3| zto] AojAs
F EE Ao Bdgy 218 E‘_M_:_, @ -amylase 0,135 unit/g rice powder
2} glucoamylase 3.375 unit/g rice powder &0 & H713 #A$ 758 w3la]l 38.7
mg/meE 71 whE Ao 2 UL vehjedch weld  g-amylase 0.135
unit/g rice powder®} glucoamylase 3. 375 unit/g rice powder& 23 JAA X}t
2 Asiglen Ay 9t 7580yt

ul. Bifidobacteriumit® #wtdleye] B4

#gstel g Bifidobacterium sp. FBD-27-& A}&3}o] 37TolAl 48A7F & A7|W
A 122 Zkuict pH, AtE, Bifidobacteriun$-& 233 A3} Table 242} Zo] pH:
UE A 539004 12417 Fol= 3,930 Yoty om 1 o|Fol: uln|stA Zas}
of UZ 483 o]Fel= 3.58& UEehlgth Atm=E 7] 0.045%0]A WEAX] Zhe)
et Z718te] 48213t Folli= 0.153%8 MU}  Bifidobacteriund 27| 4.8x10°
CFU/meofl | & 364]7t Folli= 2.2X10° CFU/mo8 Z7}3iThrl 48417 Foji= 1.4
X10° CFU/mtE Zhastod wlniade] ¥4 36417 B 718 £ Aos Ur

sk
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Table 24. Changes in major properties of the saccharified rice
solution during fermentation by Bifidobacterium sp. FBD-27

Property
Fermentation ' ,
) Titratable Viable cell count
time (hr) pH

acidity (%) (CFU/ml)
0 5,39 0.045 4.8%x10°
12 3.93 0.117 1.5%10°
24 3.79 0.126 1.6x10°
36 3.61 0.144 2.2%x10°
48 3.58 0.153 1.4x10°

Bifidobacterium sp, FBD-27& o|§3ted 'Ha ¥t Awdste] Wage #ed A
W Azte] ZolA4E uitzt 23 s|ZEs} wolREd ol Bifidobacteriumd]
o3 MAEE XAtwEe] Agte] UR Ziz A 4AEcl Frle AAYL=R
W ke Byen 24X HEA MR A Uebdth oled Az ¥mEE
Rgo] aghe Axsle 222y AAFE o &3 Yulsjde] 279

Bifidobacteriund-8} TeAAl AAE FUY Wl AT YEY HF o] 2
o] Algkzl gwiziele] tinte] 23E o|Fo] Fpidel MY Atk ol 2
H2 R #g 0|23} BifidobacteriurdEAEL 758 HELENY A48E ¥

A < 9lgich

2. AEEge vyt YAFY 43
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l

7}. Bifidobacterium®] 3% WEZAL 1% ¥Id 27 ¥

3ol resazulin §9& 10 4E 71¥ Fof 1% (w/v) cysteineZ} 1% (w/v)
‘ascorbic acid €] AIlE Welsle 100CoA 587 7ld ¥ MEje] WlE
SR%9Ith 2 A3 L3k ascorbic acid® AN} A$ WA VeI, agte
ascorbic acidg& H7Ig ol W k& Uehlo] ascorbic acide] o]
cysteined] HYHHC} UL & 4+ Ut VAL FAY Wr1E ascorbic
acid§ & 0.04%38 713 Z¢ 71 &2 L 718 ¥ agte Uehio] 33 M5}
Zoz APl

Ascorbic acid &} 0.04%& H7}3}e] 100, 90, 80TolA 308 Fet 71€siy a
e FEY 23} 100TAM AT F2 108 olulo] FAS] ZAsigI, 90, 80T
oA 7HdR FeE 108 B¢ 24t 3 olFol: gubsiA ZastAY Ag
HEIE glol A2 LR 10THA 718 wE A zhe] &S BAYL R},
Ascorbic acid? oysteines] BHHE WlZst7] 98] LW ZAelA LY} agte
SB3te] BUHY FEE FHY A3} ascorbic acid H7IA] 7L7)7t ZA UE}
STh whelA BifidobacteriumEE 913 ©71d B2 24L& 2% RASE 0.04%

ascorbic acidE F7}ste] 100ToA 1083 g3t Hog At

L. BHAE MR} BifidobacteriunlE eizlene] B
RS de] HYAE 0 - 0.1%5F0E Hrbsln LIS F o, A%
Bifidobacteriumt& #7311 WS Mty pH WA= BUAE =
7Y8tAl 2 B9 3.42%3L ascorbic acid 0.04% H7}A] pH 3.07 713 Welm A
7hgol Wolds5 pHe AA &old 0.1% F7Mole tiz7el 2 2jo7}t ggch
Cysteine® A1 B9E A7lgol 71843 pr} wold QU wEFHH
TE 94 B4k

H=
\..

t‘ll’
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AEL BPAS H7IsHA] @ tiRFIL 0.1655A 3L cysteineF7HE 0.02%3H
7}A] 0.199%, ascorbic acidi 0.04%37FA] 0.199%2 713 &gtch v 2 ol
Aste AS o358 Axr Baste] AEI B/UA Y] H7H= Bifidobacteriumd
Fo] Hulge doy= o8 ALEHCTL Ascorbic acid H7HA] 0.1% H7IEE A
23t BRE A¥FN TRTHT} &S HEE UEhlo] ascorbic acid:
BifidobacteriumitFol AeE |PFIE A Yol FEEHATL

W& ¥ BifidobacteriundE ZZE A BYUAE 0.02%371¥ ascorbic
acid®} cysteineX 2|78 Bifidobacterium: FAISIE LY, 0. 04%8 7}of| A
ascorbic acid7} 3.4X10° CFU/m¢, cysteined7}7} 2.2%10° CFU/meo]eict.
Ascorbic acid 0.1% 7Rl 2.2x10° CFU/neg2m, cysteine 0.1%H7}Al= 8.0X
107 CFU/meE VA7t AAF o] F/IHE VUYL 23]8 Zadi I FEE
cysteineo] ascorbic acidell W3] ZA Ltelkich

243t BUY L V1A 0.04%E 77 AHste] By FAdS 2AR Ae
Table 253} Zro] ME{zl qlatelre] #HZE {3 Hol7h §lglent ascorbic
acid® H71gH A7t cysteined FIIY A-fol Hlste] ¥, B, 7ITE glolA
223t Aog Ueiytth, AAFQ 7|E =& ascorbic acid H7A M 22 7%

=8RG cysteme"‘ 7ol BEAQ 37 HAaF ot
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Table 25. Sensory data of Bifidobacterium fermented saccharified
rice solution with reducing agents at 0.04% level

Sensory items’

Reducing agents
color flavor taste mouthfeel overall

ascorbic acid 6.1° 5.8 5.8 6.0° 6.7

cysteine 6.4° 4.8 4.7 6.0° 4.6°

* Means with the same letter are not significantly different
(a=0.05),

a8 o Y Bifidobacteriunol 2% B UE AFA} ascorbic acidET}
£ cysteine® F7IRt Z9ol FA47t © 27184 Bifidobacterium®] 33E &3
S Zle2 2 AYe Azel Xolrt ddey el A3 cysteineH A 71Z
=2 €3y FoEA FEE d¥zie dE dYyde JdE oo
BifidobacteriumdE-&Eo] HEY B|YPAE 0.04% ascorbic acidgdrh @ ¢
L-cysteine HC1& HEWE HA7I8le] 2 BRolNe ZA13 Zhze] $A0A A%
B. breve?] itdo] Uit UHAEE Yol A7 Az} 0.05 - 0.10% L-cysteine HCl
€ A7 FAE 43t kit ot AR $43 A3E Uehy
©] 0.05 - 0.10% L-cysteine HCl& H7I5te] uigstAgu] S2jolu} M stiof
O AE &Y F e YR AYLS YL 9oy, Bifidobacterium o] B
YAZ AH83817] 9% L-cysteine HC12] A7He Hed JE Asle] AEo 3g
3t7] o3& $t olvel, UABEE FHAY Jow FAH YL}

ri

Tl At wo] AN FF Ay
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Bifidobacterium spp. 8] 7} 4% 43 AL {13l 6x|nirt ple} A4t
=& ZRstgch ¢34 pHe 7] 6,260 LE 6A1 ¥ 4,75 - 4,988 L&
s}gl.om Bifidobacterium sp. FBD-28& ‘2% 30A]3t o|¥, Bifidobacterium spp,
FBD-13, 22, 27 & 36|17t o]F 4.250]312 43t cHFig. 13).

AA A% g 2Iloe FFE X0lE Ro[| U F7I3ie 36 - 42 A LE
F 343 axe] F71E UehlgckFig. 14). A¥E ZAZRE Bifidobacterium
FBD-13, 227} 42A17t & ¥ phy} 3.742 718 Wga A= ] &ol 0.2x0]49
& UEehdch

Bifidobacterium sp., FBD-229] FEarg We|ste] pHE &Y A= Fig. 153}
Lol 6A12t U Foj FFYo] WETF pHe wiEA Lsigl oL} 4243 kA
ol FEaE xio|7t glsich. EI pHe ZbE 24 - 42A|7 WEA] FH3] 4t
ot HAFAIEE Fig. 1634 o] 0 - 30A 7= MM 3] F713hn 30 - 424 2t
A FAT AT ZUME VeI, 2% FFY AE I UE 42X o] 4rE 0.235%
2 7ML 3& Ushlol thE ATl viste] 241 Aoz Uehkich o3
A3} pHet A= 30 - 424 ol W7 3A dojus RS HAStAR, HF E
FAZRE 42X|Zb0] FL RAoE Uelylth, FFEEL  Bifidobacterium spp.
FBD-13, 222] pHet 4t=e] Wislyl Reejzled, 3 FFH2 U & + Udl
T}

3. Apzpup/areksiel E3LEL] Bifidobacterium WE B

7h. Abzpeligestel B Bifidobacteriun WEE 1% BUA Y
Bifidobacteriun®] A3 #3717 $18] VYA ascorbic acidet cysteine

& Axlzbulzh gesiel EIHE(40:60)0f 27t 0.04% H Foll 100CHA Fhd A

F5te] WAz ¥ Bifidobacterium FBD-225 2% ¥ 715lo] 42A17t WHSIHAAN 6417
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ot} pHot =g 53 A3, pHel FY cysteined AFLS}9IE wET} ascorbic
acidE AHE3tEE Wl Tl F3o] Tase] 7] 4.17604 3.62712] Z&stgch
AZE 0 - 362 A7 F AT BE fAsHA 2718l 22 3te uUehigoy,
4271 7e]l ascorbic acidg AME¥ H¥ cysteined AMEY ALRT) Zrlstch 9
o ZAA A2 Azput gzt EPEL BT UHY AT BEA}
€ A A3k gu), g, 237, $YFQ J|ZE BE 84 ascorbic acid
€ BT Zo] cysteined AMET ASmETh L4sigdrh. oY Azpm
Bifidobacterium& YHEAF)7] ¥ ®rH z2AL slste ALY BYPHE=
ascorbic acidE AME¥ 0] cysteineR A&t ZAHCU} RE Hoja £23 Aoz

LIELSLT

U Atzpeb/awstel BifidobacteriundEE $13 T2 A @ &y
vl& A4

Abzbebgedstel ulgg deElste] Et ¥ BUAE W1} Bifidobacterium
spp. FBD-13, 22, 27, 28 & 2%+E 0% FF3lo] 48417 WA ¥ BEAAE A4
g A= 5&—& Bifidobacterium sp. FBD-27& AME3t Z-¢7} C}E F2HEU} $423
ZAL® Urigton, gtz 3 s|ZEolM = Bifidobacteriun sp, FBD-22& A&
Ll B b s P

AP E71E Weab A Alzbeh Al vl 40:602 AFSE Ro]
R, ZAZA 71F e4gn FUY JTeE Azubawisid ulg 10:903)
40:600] H]81A] -3ttt o|Atel AIE Bifidobacterium FBD-22, 27& AR5}
= o] T FFE AL M BSHo s, AP Apy Frjge

40% (v/v)E BAs}Ac)
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A6 A Ahut Az 23 9 ARApapet/ ATty
| W 2w g

1. Azt dz7le A
7} Azt 2B

Atzhate] ALI|E SRR (M, )S 5.700]80th AptE &% 70C, ¥4 0.7
ws?] ZAojM Az F ARAE FEUZY Wde ARANT BETRE
8D a7t FAHNALU T5ROIFY $EEVY AL GWSiYch T2

AzzZold ATt $EMEOR)IS d8SA YEIE RAse Az

e

sHugo] wel YEAZ, ZEAZ 1WA, REAZ WA 5 SUAR Uol
ATt ol= Azl 24EBTo] kol ARZJoj: TEA2s AW
Az7l AWPel whet Bl w3, R S0l A3 AW 57 Fdo| sy
FEFsiEde] B oT dojuhy] wEel Yriks dxes Alzdch

Az2Eol B4¢ Yoslel AlZue AZHIL MR = Aexp(-k - t)e] A}
2% AZUAE AZREE A4 (KL Table 263 Zo| AFAZ 1THAeIANS
kgtol 718 wgom AZLE R Bgo] F/IUSE B S RAch
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Table 26. Effects of air velocity and drying temperature on
drying rate constants at different drying stages

Air Drying
velocity temperature fq_l }(2_1 Fsul
(/) (C) (min™) (min™) (min™)
40 0. 0052 0.0172 0.0127
50 0.0099 0.0322 0. 0093
0.3 60 0.0162 0. 0557 0. 0209
70 0. 0204 0.0273 0.0432
80 0.0185 0.0647 0. 0629
90 0.0296 0.1108 0.0340
40 0.0104 0.0237 0. 0237
50 0.0128 0.0478 0. 0157
0.5 60 0.0153 0.0494 0.0186
70 0.0189 0. 0875 0. 0245
80 0.0248 0.0765 0. 0241
30 0.0303 0.1015 0.1015
40 0.0093 0.0294 0.0110
50 0.0155 0.0407 0.0123
0.7 60 0.0169 0.0456 0.0145
70 0.0257 0.0578 0. 0376
80 0.0310 0.0998 0.0187
90 0.0262 0.1146 0.0478

E2ZE wE 7 A27E AR4E44E Arrheniust o]l F3A7 A 2
L2 AxEglon e 71720 AR ¥43 oUAE Table 273} o)
YEZDRAE 21.0 ki/mol, ZEAZR 1AM E 26.2 ki/mol, ZEAZ 28HA
A= 24.0 ki/mol & Ho] AEAR 14042 LELE4o] 714 & AoT L}e}
st olF¥ A Alztete] A=A AzxTHAnit $Eol5 7} delRle A
& A ARict,
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Table 27. Activation energy of drying rate constant at air velocity

0.7 /s
Drying stage Ea (kJ/mol)
1st stage 21.014
2nd stage 26. 207

3rd stage 24.036

A B9 Alz} Azo] B3 AF AzplL Alz}e) moisture content (d.b. )7}
8.4 - 7.0014 BA3}UAL 6.6 ki/molE H3dle] B A¥ola 3t Alzut A
2 ZAstouA| 21.0 - 26.2 ki/mol3} 2 xjo]E By, ol Alzt: x3Zo] t}

+E& PR3 o2 ARAR FAEY thFgolr] wiEel Atzhutel n]sted
FHo g $BolFo] i3t o] ] PELE AIRHT}. EY AREE ¢
F4ol whel ket ke®] xR Ao SxEo ¥ ReAE Z AN H

1¥) QItH Table 28).

o
lo,

z

PN

rlr
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Table 28, Duncan’s multiple range test for drying rate constant
of apple pomace

Means®
Effect

ki (min™) kz (min™) ks (min™)

Air velocity

(m/s)
0.7 0.02075 * 0.06463 * 0. 02365 *
0.5 0.01874 ® 0.06441 *® 0.02075 ®
0.3 0.01665 " 0.05889 * 0.03051 *®

Drying

temperature( C)

90 0.02870 * 0.10896 *® 0.0409 ®
80 0.02476 = 0.08036 " 0.0353 ®
70 0.02167 ° 0.07266 ° 0.0351 *
60 0.01613 © 0.05023 © 0.0180 *
50 10.01274 < 0.04023 © 0.0124
40

0.00829 ¢ 0.02342 ¢ 0.0118 °

* Means of each effect witﬁ same letter in each column are not
siginificantly different (&= 0.05).

. Al dzzd A% ,_ |
Azol 288 AL Table 298} o] AZLES Edol ule}l waFgon 7}
o A7) £0F ARZRAL ARLE 40T, 4 0.3 w/sE  10.3x o] 28

HA 7HE B2 A3te] £0% ARRAL ARLE 90T, £ 0.7 w/sE 1.84 7
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Table 29. Drying time of apple pomace at different air velocity
and drying temperature

(unit: hr)
Drying Air velocity (m/s)
temperature
(t) 0.3 0.5 0.7
90 - 2.8 1.8 1.8
80 3.3 2.8 2.3
70 3.5 3.5 2.5
80 5.0 53 4.8
50 8.0 6.3 5.5
0 10.3 7.0 7.0

AZ ¥ APy L 38 A= L2 257 F1EsE 3kt B¥e
Holthyl FAZRLE 60 - 70CE FPLE Z4sigrt. S whE MW 60T
0.5 > 0.7 > 0.3w/'s £22 yolxtirt 70CoAE 0.7 > 0.3 > 0.50/s 22
wolAth, olate] AUE EdE Al AzzAL MR e LS R
AZRLE 70T, £4 70 wsE ARFHY oW ARA|ZEE 2.547t0] 225 3r)

2. AzZA}pul/aicksloy Bifidobacterium WA A A% Y

Jh, wrgste) Az 23 A
AZ Azpe wwside] Estod BifidobacteriurdE Y BE Abzbitel Az
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F 7ol ¥ 4Y iy} 4uEES Az Azbery AriPels WA e
o, wely Az EREY 9 &Y et Jdnh HES 25}
A717 1% wgstele] Az Hstax xs HrbRe walstd g
A BUY YR RO T 1% BAL HIBE 85522 179SRo)A
Pzt wel Beto] FrlstEon 25 AL 17% FSHTE BT A
H5go| AT}, ol AAUTHY 1x L8 FrlLe BAY Yol g
B 17% $&0] Agsigon] BEay A YA 608 olFolE YA 42
L2 fAEY WAL 60T, 60802 AAsHr]).

U Az sty EYREY] wa

TE 0.7 /s, = 70CoA AZRE Alzpitg Easte] G3tddo] 0 - 55 52
E H7Isto] Ay AFe B4 2R A2e Table 303} Ut} LEALRY YR
T HE A3 L2E F Aol7t AY glden AR Al Arlujgo] $&4F U
=9 BEE U8t AdxE dE F 0.045 - 0.052%0 4 LE Fol= 0.153%7}
2] F718tem, pHs UHE A 4.40 - 6.080]4 W& ¥ 3.31 - 3.700.8 ZhAsY
th H¥T28] A2 Alzpet HIL U] 0 - 20%oflAE Aolst gloleut Mg
2.5% ol Boll M FIhugo]l B &4 T4 24Tt AR 1.6% Frlps
1.36X10" CFU/ml Qlu] iste] 5% H7h7E 6,48X10° CFU/mlE Ueh} ulmjtias] A
e Az At A7) e APTN O $& YL Ryl ol A
ERE Az Az AR AEL 1.6 - 2.0%7F YT Ao ehyc
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Table 30. Properties of fermented dry apple pomace/saccharified rice.
solution with respect to dry apple pomace addition level

Ferment- Dry apple pohace addition level (%)
Properties ation
time (hr) O 1.6 20 25 33 5.0
Sweet 0 11.5 12.5 12.5 12.8 13.2 14.0
-Nness »
( °Brix) 42 11.6 12.5 12.6 13.0 13.4 14.2.
0 0.045 0.046 0.048 0.049 0,051 0.052
TA (%)
42 0.126 0.153 0.144 0.135 0.153 0.153
0 6.08 504 4.79 4.75 4.57 4.40
pH
42 3.31 3.45 3.52 3.61 364 3.7
Bi fido- 4.8 4.8 4.8 4.8 4.8 4.8
0 x10* x10' x10' x10' x10' x10*
bacterium
number o 1.44 1.36 1.28 7.16 6.52 6.48
(CFU/ml) x10" x107 x10" x10® x10® x10°

fat
¥

Az Azpate) AAeEE ARE] 3l A= APE 0 - 3.3% £EL
F}stel WA AHEL TH5AA A3} Table 1ol o] A, ¥y, T, =L
1.33 - 2.22%7} @3l on AAHA oA 1.33 - 2.22%7t2] FAE ¢4
o1} 1.67% FIIR ol N &S F4E Hol A2 bt AP AveES
1.67%2 ZAFHLATh AR Alapdg A7iste] AT AF] FeFHES ABHIR
& LEY FLET WA §535te] AR Al 0] &Y LEAF NWsEE
EHelstgirt
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Table 31. Sensory score of Bifidobacterium fermented beverage

with respect to dry apple pomace addition level

Sensory L. .
Addition level (%) Sensory score

1.33
1.67
color ‘ 2.22
0
3.33
1.67
1.33
flavor 2.22
3.33
0
2.22
1.33
taste 1,67
3.33

properties

(=2}
w
)

.33
67

mouthfeel ;22

:rg_g_g_uu‘mmmmc‘crmmm

33

67

33

overall 2.22
3.33
0

[ ] QJONI—!I—I.O

T oo 9 o

B0 O 01w i U1(DD b i B DTN R O T O T T
= = DO DD O L = ] =] OO B GO OO W D e w3 O L~

*Scores with same letter are not siginificantly different

( @=0.05).

AZAFR F7plge]l oE 4E AEY /RESHe 33y s
Hershel-Bulkley model (z= K(r)® +zy)ol &A%Y sj¥stz, AxEx4 (K) @
FEATAF (n)E ALY Z3} Table 329} Zo] AR Alzpte Hr8lA] ok AY
Tl M= KZkol 0.0177 Pa-s" o913, Alzhut Hrlulgo] wrel Zrhste] 3, 39471+
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o444 1.2405 Pa-s" olgdrh. FEATAGE A AEFAA 1.0 o3 g Ko
AgErl F184E AR7t Yol YL Rolk YItdRA (pseudoplastic
fluid)ol 43193 Alzhat Hrhul&ol wet FARE Age I/ Yrtaido] £

3zt

Table 32. Flow properties of Bifidobacterium fermented beverage
with respect to dry apple pomace addition level

Addtion level of

dry apple pomace (%) K (Pa - %) n zy (Pa)
0 0.0177 0.7518 0.0309
1.33 0.2784 0. 4515 0.0918
1.67 0. 5396 0.3972 0.0927
2.22 1.1481 0. 3852 0. 0757
3.33 1. 2405 0. 3524 0.1404 -

th AAEpa Azalzpie] YEEY HlA
A3lol(SRS) ©E EE gystdd/atapyt EYelo| Bifidobacterium spp.
'FBD-22, 278 HEstod MEAIZ A pHi 5.0 - 5.3004 3.82 - 3.85% Holx,
APEE 0.06 - 0.12%014 0.20%7}x] Z7lstdem, Bifidobacteriums 10° CFU/ml
4202 Uiyt FsPArd AP (sRs) ©wRoE Y FLRch Ay

& At LAY g8 7|BEJ A Ueixten AzAlse (DAP/SRS)E 18
¥ g7t A} (WAP/SRS)E o8 Z-S-Rel 712Ado] +3isich
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B4, 454, HENME V|E=E F71E ZAzHs Table 3337 o] EAERE
Az NS A1 B8 V1= AM st e Aapabebg HOIY Aot A
7hstA] 92 At fAl gdeou AzAlzptg AU Beoh AR 42
Bt F7t Adoich

FFH2= Bifidobacterium sp. FBD-22¢}  FBD-277e] R-jxpyt glglon,
Bifidobacterium sp. FBD-222 W&t 27} FBD-272 LAY SR/RT} /IS &
rh UIEAZL 22 PEA P $2 7IEEE B HE 14403 2822
Atolol= FejFl A7 glodeut 144133 4241 Aololl= RoFA Aolzt AU
Tl mietA vlEga UELEE AXARNE EU)Sle] Bifidobacterium sp. FBD-22

g 1] 42410 UEY BF BeFeE P $stdch
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Table 33. Overall quality score of Bifidobacterium fermented beverage

with respect to materials, starters and fermentation time

Overall quality score®

Materials
SRS 5. 883"
SRS+WAP 6. 556"
SRS+DAP 7.944%
Starters
Bi fidobacterium FBD-22 7.407°
Bi fidobacterium FBD-27 ‘ 6,148
Fermentation time (hr)
14 6.167°
28 7.000%
42 7.167°

* Judged by 9 point scoring method,
Scores with same letter are not siginificantly different

( @=0.05).

2}, Bifidobacterium3 & 2] 2 =3}

Bifidobacterium sp. FBD-228] ZHZ30.5, 1, 1.5, 2%)& &e|ste] LI A 721,
28, 35, 42X7)¥E BN HALEY YABLE A Azte e FFJd =E
ol7b glolom wE A 53704 21A]7 UE F 3.84 - 4,412 Yol PHAZL
21X 3t F2 pHe] Wte njojstgct. Atz YE ATl wet XIde AFL
o] 271UTE B2 S RO 28X o|Fol HF Yol wiE AolJt ENHY
om uFuAFSsE WE BAWA FUIIT ojFe] Ziste FIUE HIow

1.5%2} 29822 A AE Ryl #A%3F /|54 FEYES 1.55F d1o] 28
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A HET Aol B2 7139E Bl I FF UYL Lowolglen wEaARS
28 - 352 70| syl

A7 A AM%/@}—?—Q EyAz o3 Az HE

A3} AlIERE o] 83 HlHA LFLRE AR J5H SRE LI 9
A Azbatel A% R UF 2@ 9ot Azr} wesich 2y Azt @
o= AzY A FUAH AT AREE s} £FEAT oY A
SAstaAl Azatel A2EEE YAAAD AZBEE wol7l 9iste] 2UQ 2
7HRE Attt E3sle] Aoz WIRE AZEZAS WY Az &
& BAIE JIME Adsta Ab/ate

mixture; ARM)2] AREA o ‘Qi-‘%’ﬁ—% Z A5}

=35 (apple-pomace/rice-flour

X2
£ r]q o

1. A}Zpul/2o}e E3HE (apple-pomace/rice-flour mixture: ARM)2] a

z7)¢ 7

7}. ARM®] VAP (wet apple pomace) #7} H]& ZAH

Aspebg wgsie] drsl TyuEy Fue =T W UrhIEE B -
182 2As] HHRe} il UES WEL T 2 me] FLLE JYsle] F
% 0.7 ws, SE 70ColA AZstolh WP Brhlgo] WE AZIHE WP W]

&) 71l wel 27 AREGEE YoYU F/MIEL AZ Ao 2 Jue n)
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X)z] ofgkch L} AP EU} vl&o] &S ZF9E ARV AWM wet ¥+
% W HEY ol BZHNL I A=E ARl 45 AHFH VAP HP A
7Hel&& 4242 AFstalrh

Mg AzHHANE AZZA0] £AYSY] o] FAY T BIUYY
& YoAN Fd 2 HZ 5L ksl AEY LS e B W
Th U2 ojgt e £ AR FF, AR AHEE U A2z Tl welA
Zpol 7t e ¥ mald Az4He] JeIE BYI FHEEH AxI]FsE] HLHe|
He AL BEE AZ I3 Fo £3F0] dold B¢ Ax2 ZAgrdrs 2
FAY FHo] dolg = YA 7] A FAE YA st AxRsk= A T4

aheto] o3t} W Kilpartrick 592 2% $45HE Y=L goFHARE B
ool wiEFTIL HPoH Yokoya FVE iyt 2Fg M AEYSE 55 3
E7} Acka Basigc,

s A2 Y £EBEHS 2 2 5 AFoNE A2 F ZAR (B

b

S, 2FuE wie} £EEH0] AT FAV Ge4E 230] Yol Yolxken]
ez e 9% 24| 43& 0CoI8te] 2=o]

& FQt}. Shinoharas} Wada'”'= 7
Azsd B4 AR U3 80T 48] LM E $50] A Hol o
ZolAtia Baslgel, ol & dFolA $UY WAPH/IRS LT AMY A=
Azlel xS Holglon AFH ARMY HAF ARLE(70T)e} FARE Z33rh.
E££g 0.4 - 1.2 ws HejolA @eiste] £, 2170t § IARE A2 E 3

R4

© Zao] 0.4 wsold 1.2 wsE Z74E of $582 F/S 43 -4 =2
ol gglon® AzEsM ZEAZR 2AdAE AUEE % 349 4%
wbx] OH=TH= Brennan 508 X319} go] A2 F $&5E0] dolME AEA=
T oA AUSE ¥ E4L & G nAx RYL Rastych
ZEAZ 19AE AR Edo] AzF el ARLET LATL2H Uehhs F

%)
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0|2 ZHEAZ WAL Ewold dolud WAl TAURE o|EshA Hol

%7} FolAn of AN AZREBE A RSB B &
slstel AuEe ArisE W E45e ARt YN B gk FRos B
TH3 gtk weEd BEAZYAS Hol: ARM

0.70/s014 718 FATE BASED o 27

™

ZZAL VAP 4243 71A] 70T,

WAP TH% AzzAIE dx]stect.

flo

U ARMS] Azeby

Abel/ bR EUE (RM)E) AXIAY F FEUT Bhol wE AREE A
3= 2EdAZo] &35t ARMERY AZE wWEA AWEHE U ARM YEZEY
EHOSY $E oF SEE Wol UR4E EdolFo] o3t A=4Es} Aujg
o Ax7t AR wel FE o] Zaslo ARG=I AP o2 A

ARMS] FAE AZXIZAL 1| mFAL ARMO] FUY AR RZA $E Hako] w}
EA Yotz 2 m, 3 mEl 2 FAVF It wiel A2&%5} ALt

ARME] Az F FEul& (MR)Y HIH= Fro] uel £71x] ¥elz FEEcH
& F7 2 m ol F9E ZEAR 194 2¢AZ TEHISU FA 1 m2)

2 1A Ziz7} |dE et

AREEARS (k)ZHS Table 342} Zo] AR %o ulel 71819l FAol wel

Aol
Zasigon ez 20l 2 ke UehigiTh.
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Table 34, Effects of drying temperature and thickness on drying
rate constant of ARM' during falling rate peroid
(unit: min™?)

Thickness (mm)

Drying
temperature 1 2 . 3
o .
(C) ki ka ki ks ki ks

40 0.041 - 0.025 0.056 0.017  0.047
50 ’ 0,058 - - 0.039 0,065 0.022  0.047
60 0.067 - 0.041 0,057 0.041 0.046
70 0.104 - 0.049 0,066 0.027 0.046
80 0.113 - 0.061 0,076 0.036 0.065
90 0.130 - 0.066 0.079 0.040 0.071

* apple-pomace/rice-flour mixture
* 2nd stage of falling rate drying was not observed

AZEE 448 ArrheniusAo] JASI A=Y A3 AR 1AM Az&E
=l uzshA At ol 25tAe e ARGEE SE W] @ u7
37 st AzE e en ARM A AZWAE $43IUA & Table 35
9} Zo] AZ 1HANNE 1> 2> 3 m £0% B3 U7l YolRon 2t
AE 57 3 me] BV T4 2 mel Ao ustd T e By} A2

15tA o] A 8] A3t UX|&= 16,127 - 21.306 ki/molE UENngLen AR 2thAlo)A

rr

= 6.281 - 7.889 ki/mol8] ZhE Ro AR 15tA0A A7} 2xtA R 2
2He Bt EE Al s AR B3 o yx|7t 21,014 - 26,207 kJ/mol

(Table 27)¢1u] Wisto] ARM ZAze] AU 6.281 - 21.306 kJ/molZA] ARM
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A=A

A

S0 go] astel A2 SolsiWE ¢ + gtk

Table 35. Effect of thickness on actiVation enéfgy of drying of
ARM® at air velocity 0.7 m/s
- (unit: kJ/mol)

Thickness (mm)

Drying stage ‘ v
1 2 3
1st stage 21.306 17. 448 16.127
2st stage .- 6. 281 7.889

* apple-pomace/rice-flour mixture

Ch ARM ¥¥ Azzd AF

=% ARM(dried ARM: DARM)®] Z¥E (LZ}, azb)e} AREEE JNELeE A
Azzde B8 #1351 DARME ERt ¥ L3t} agte FFste] MY e L
718 W agkg Urhls $43 222E, FAE ZRs AR4 AR 24}
sto] WS HasstEA AL BEste w2y A& Hsigch

ARME Fafste] MElg 2% A ZWEsl (&S L WL agl) S4e
07mmﬂ“°ﬂ‘%ﬁ07m@W4mwﬁLﬁﬂaﬂ%T®M3ﬁ}Eﬁzﬁ2mm$
AZ AXLE 70THA] DARMO] 7P &2 L7kt 7MY W aghe Bo] 73k k38 DARM
€ H5¥ + dgch
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Table 36. Lightness and redness of dried ARM'(DARM) at 0.7 m/s

air velocity

Thickness (mm)

Drying .
temperature 1 2 3
(C) L a L a L a
40 81.64 0.08 83.39 0.19 82,96 1.21
50 80.79 0.27 84.28 0.07 85.10 0.14
60 83.01 0.02 83.66 -0.16 84.46 -0.03
70 84.13 -0.05 85.53 -0.33 82.70 0.71
80 83.59 -0.29 82.67 0.36 84.38 0.47
90 84,60 -0.37 83.01 0.53 81.75 1.13

* apple-pomace/rice-flour mixture

ARMS] 57 @ Az &Eo] wE ARARA|ZHE Table 373 o] ARXLSET}L &S
4% Byl ¢e4E v Y 22273 FA 2m, F5 0.7 ws, A2
£E 70T~ ARMY AZo] £28 AL 1.5AZelglen o Aztef (WAP)E &

Fo2 AZY AL 2.5A0] uiste] 143be] TEH AZolglrh
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Table 37. Drying time of ARM® at 0.7w/s

(unit: hr)
Drying ’ Thickness (mm)
temperature
(c) ! 2 ’
90 0.8 1.3 1.8
80 1.0 1.5 2.0
70 1.0 1.5 2.5
60 1.5 2.0 2.8
50 1.5 2.0 2.8
40 1.8 2.5 3.3

* apple-pomace/rice-flour mixture

ARM @3A2A] FE2] olF HIFIUES AT Lo U P42 HANA =
"317] fiste HALY S At @2 BWe] A4 g2 ARMY AR &E (x)o]
uE A2£ QA2 (y)& plotdle] ¥AAE 73 A3, F7 3 me] Z$ y = 261.4
- 1.7x (r’=0.952), 2 mm®] B¢ y = 199.1 -1.4x (r’=0.954), 1 me] A% y

153 -
1.2x (r’=0,933)01%lt}. ©]E o] &3l ARMY @EAZRAY ARLEo] WE AzA

2A%E AR FA wtel ALY 4 glch

2. Atab}/4715 AZE (dried apple-pomace/rice-flour mixture: DARM)2]

uE B4

A=Y AME BT F ES HUlsle LEE AT ANE  Hsldcoh
Bifidobacterium spp. FBD-222} 278 1%% FE3}o] 37TolA 16 - 48A17F LEAY
F pH, 4=, vIvadaed] HEE FYY Z3} Table 383 glth, pH: 27)
4.520]4 3,68 - 3.86% ulolF@on], Alxl 0.176%0]4 0.306 - 0.424%E Z7}5}4
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32, HiEYagss 7] 4.8%X10° CFU/mlolA] 3247 & F 2.0%10° CFU/mlog
w2 GEht J15 8 SR ARl AUY FEUS HASGT Bifidobacterium
F2o] WE WHEe] WSBAIAI Bifidobacterium spp. FED-229} 2778] §&)xp
gaen LEAARE 2ATO] b GEsA Uitk $4E AEY olEg

BFD(Bifidobacterium fermented dried ARM)2} ¥ 3}4gic),

Table 38. Properties of Bifidobacterium fermented DARM'

Ferment- Titratable Overall
Bifido- Bifidus count
. ation pH acidity . sensory
bacterium (CFU/ml) -
time (hr) (%) scores
0 4,52 0.176 4.8X10° 4.8
Bif, 16 3.84 0.338 1.5%10° 5.8°
FBD-22 32 3.7 0.415 2.0%X10° 6.7
48 3.68 0.424 1.4%10° 6.7°
0 4,52 0.176 4.8X10" 4.8
Bif. : 16 3.86 0.337 1.6x10° 6.2°
FBD-27 32 3.83 0.343 2.0x10° 7.0°
48 3.81 0. 306 1.7X10° 5.8

I3

* dried apple-pomace/rice-flour mixture
* Scores with same letters are not significantly different at 0.05

level,

3. Alzpe/avte A2E (DARM)E o83 vivjtl: UXZE

(Bi fidobacterium fermented dried ARM: BFD) AR A%

x}:}é}/%ﬂ# ARE (dried apple-pomace/rice-powder mixture: DARM)-& &
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2 ¥ Bifidobacterium & &R (BFD)S] iHE ¥ BASA L Fig 8oA B:
ulo} o] 100 ml X10,000 bottles/day HEE WAFshr] #hAs 7HR 151.9 ke
# Al 1111 ke, B 1007.8 kg 0.1% g-amylase 8] 200.2 ke, O0,1%
glucoamylase -8 200.2 kg, ®|¥|t|A FF 15 kgo] &2 8F 9}
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Rice Powder Pomace

(151.9Kg/day) 3 (111.1Kg/Day)
l _J
N N ]
Mixing
(271Kj€gn
Rolling Thickness:2mm
Dring 70T, 1.5hr
Drled Material
(169.7Kg/Day)
Water
Willing {1007.8Kg/Day)
|

J <

0.1% a-amylase 200.2kg/day +
1007T,40min Gelatinization 0.1% glucoamylase 200.2kg/day

J/ < |

Sacchariflcation

L

Filtration

]
N N
Residue Filtrate

(229.1Kg/Day) {1000Kg/Day)

Heating 100°C,10min
Broth

Cooling 37T | (15Kg/Day)

N

Inoculation

Fermentation 37%,36h,

N

Bottling 100m1 X 10000 bottles/Day

607TC,1hr

Figure 8. Material balance in Bifidobacterium fermented ARM(BFA)
processing
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A 8 A Bifidobacterium YHLEE o] L% T4
%ﬁ"‘}‘ﬂéigvl A

sl g Bifidobacterium® 2 'HEAIZ A Pu|PES R Havt glgd
2o olE 13 bzt (WAP)E MUY LEIPLS st 94w
Bifidobacteriun WA ZEE o] &3l B 5% ojslol /ey LRALTES 7%
8E& Fosiaa 34 ARAAPUTE S A 23} Bifidobacteriun YESEL} vl S-S
geste] EPHoEA 58 VY YA =BT A jostE AEs)
et

L% A g

e ARSI 0.3% (w/v) a-amylase®} glucoamylase EAe)g ¥} Zake] 75% &=
T2E H7ISY 55TelA 1A E FHA L FAsIgLl. FAY PHES
95TelA 08T N TN HAE ERYIANLY Ao AFY the Wz
¥ ZAME €} (Lactobacillus bulgaricus (LB), Streptococcus thermophilus
(TA))& 37Iste] 37CollA 28A17H5-¢k wha sode).

ZabEe] E7b (LB+TA:  0.05+0.05=0.1%, 0.1+0.1=0.2%, 0,15+0, 15=0,3%,
0.2:0.2:0. 4% Welslol UATAE ZAT A phe BEDY Aolgle] 2042
7H] whEA Zasie 22 271X fubsiA Ztasigch FAPas EPAFE
of vls) FFFE oIzt dgon AxF Hrike 0.3%7} Hgsigct

2. Bifidobacterium X3

FUATF71@o]A A= YR Bifidobacterium spp. FBD-35, 37, 50, 542] WES
B& 2B st P3telol 1.67%2) AzAlIutE Wl 471X FRE 1.5%%)
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HF3lo 37ColA 3612 B¢ Lkt FPgE& 2ARY A3 pie FBD-35 FF& A
33 A9 WA A 5.39004 1243 o]F 5,012 yolx|n 36APUE Fole 3728
F2 ZolAN 1A ¢S UL UehjgoLl FBD-358 A3 ﬂ FBD-37, 50, 54 FF&
o ASHE BEY 4+ glth. ARV JA pH 33 AHSt FASA FBD-3BZFFE
HAEW B9t F3shA 427t FIstch

Bifidobacteriun®& ZAME Az FBD-357} 10° CFU/mles B B2
Bifidobacterium BA&E& Ron Unz FFEL 10° CFU/ml $E28 oloj m]X]
= E3lgch. ol FBD-358& Ay Unx] FFEO] Al ofF AT wWELE
shtEn Aol =& BAPEYo| A= FFES Bifidobacteriun S8 HZA|
F2d3te] o] & A Uit

o, 4%, AF4 5 BEFYl 7P $4% 0= B Bifidobacteriun
sp. FBD-358 o]@3}o] #et#}ed (saccharified rice solution; SRS)oll Alzh2} (wet
apple pomace; WAP) F7lH]&& ©elsle] WAY AEFQ phe} AEE FIT 2
Table 398} Zto] WAP:SRS = 1:26]A 713 $-43tqicl.
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Table 39. Properties of Bifidobacterium sp. FBD-35 fermented WAP:SRS -

with respect to mixing ratio

WAP:SRS (w:w)

. Fermentation
Properties time (hr) » o
e 1:1.5 1:2 1:2.5
0 5.23 5.23 5.23
pH ~
48 4,53 4.43 4,67
0 0.07 ©0.07 0.07
TA (%)
48 0.11 0.18 0.13

3. ARAPUTES} vy P LBB B} T

Bifidobacterium®} L. acidophilus E= S, thermophilus T35 Eilujorste
g wat o 5% ApAn= Eyu)edol Bifidobacterium F47b TAYTE
Bustgch. 53] wjg Aol Byl wield L acidophilusete] Eyhujodolx
Bifidobacteriumo] 8A3] APdshe Zog Ueht vatdo] 7% Bifidobacterium
55 ALY deide Basiyct Hdst 3ol we B. bifidum?)
8ol B ﬁ—?é%‘ﬂl}ﬂi B. bifidum, L. acidophilus W S, thermophilus& &
Ui Set G W S, thermophilus] wWE 3ol oja] wjdzy)o] wixule] pHIL
4.80|8l2 FZA3] WA EE BifidobacteriaZ} 3sh=t] Bl Ao T g3}
Qch ™

mEbd £ dFeld Tplas Ay vvtaF LEIES 22 sl
TRUL 2N TG UAY = e AT Bk AT
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7}. 2ERabF B (LFR)2} BifidobacteriumdX ¥t WAP/SRS (BFW)$]
E3A|E (LFR/BFW) ‘

A}3}erg whEjelo] (WAP:SRS=1:2)H| &S M7tste] Bifidobacterium sp. FBD-352
4847t MHEA|Z) b3 E(Bifidobacteriun fermented WAP/SRS: BFW)} Ratg& #7t
slo] 16417 wE F FAA A AFEPUEE (lactic acid fermented rice:
LFR)8] UFA|7hE B4 ZAFstgt). BFWE 122 7tmjct LFRE 4x]7njc} HEES]
54& 2R 23} Table 403} ol phit BFWZ} 27] 452014 48X3 WE ¥ 3.75
2 ZtAsgs LFRS 27] 6.23004] 16X A& ¥ 4.0322 Z43iqrh ARPU=
BFW2] 7S W& A 0.063%0 4 4817 W& F 0.090%E LFRE W& 3 0,032%0]

fr

A 16417 WE F 0.094%% F7}3514ich

Table 40. Properties of BFW and LFR before mixing

BFW' LFR™
Fermentation Fermentation
time (hr) A TA (%) time (hr) w T (%)
0 4.52 0.063 0 6.23 0.032
12 3.96 0.072 4 5.39 0.045
24 3.95 0.081 8 4.96 0.072
36 3.91 0.090 12 4.4 0.081
48 3.75 0.090 16 4,03 0.094

Bifidobacterium fermented WAP/SRS

% . . .
Lactic acid fermented rice

BEWS} LFRS] E3L IALARY] BEE 7|F20E 3o LFR:BFW Eih|& (111,
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2:1, £1)& 2E3P3 FEE AR 23 Table 413} o] TUH|SEE Y
2ol figey B5H delA LFR:BFH=4: 164 713 $2 AE Byon @4 A
=& LFR/BFVE g 3lgch

Table 41. Properties of LFR:BF¥' mixture with respect to

mixing ratio

LFR:BFW (w:w)
Properties
1:1 2:1 4:1
pH 3.67 3.77 3.68
TA (%) 0.45 0.45 0.47
Lactic acid
bacteria 9x10° 1.3%10’ 2.1x10’
{CFU/ml)
Bifidobacterium . 4o 10 4.95%10° 5.1X10°
(CFU/ml)

* LFR: lactic acid fermented rice

BFW: Bifidobacterium fermented WAP/SRS

o BAhdERt Apzpul/aeslE (LFW)3) Bifidobacterium 3

wetstey (BFS)2be] EYAE (LFW/BFS)

Ab2heh(VAP): I EHE (SR) ERHIL-E 0.5:1, 1:1, 1.5:1, 2:18 2Aslm &Y
Bt FAbdFEE Abpel/2bdFE (lactic acid fermented WAP/saccharified rice:
LFW)e] Eyhiled WAZYS ZARE F3 pi, A%, HAFZ4olA WAP:SR 0.5:10]

78 f4-stglct.

- 127 -



BlyjojAuE s el  (Bifidobacterium fermented saccharified rice
solution: BFS)2 Bifidobacterium sp. FBD-35& #lgd¥lolo] HE3dlo] 48A1HE¢L
daAA Azstoch THsr] A Brset LFWe] 542 Table 429} Zo] BFSS| ph=
4,37, AEE 0,045%0] .0 LFVS] pHi 4,09, AHEL 0.271%2 #hYEEo] Abzpe}

& AN EA FAUEA 88 e BAHE ¢ + AT

Table 42, Properties of BFS and LFW before mixing

BFS” LF¥™
Fermentation Fermentation
time (hr) e T (%) time (hr) oA T (%)
0 4.95 0.018 0 4,58 0.030
12 4.4 0.036 4 4,47 0.153
24 4.4 0.036 8 4.43 0.258
36 4.38 0. 040 12 4,43 0.270
48 4.37 0. 045 16 4,09 0.271

* Bifidobacterium fermented saccharified rice solution
* Lactic acid fermented WAP/saccharified rice

LFW:BFS2] Eu|go] wE HHeHHE LFW:BFS=4: 1014 7P S 5, =3
Z, 71Z=E Yehiol 3 EYngE A= e THPAEE LFW/BFSe BEst

gt « .
¥kl LFW/BFS] #5547} LFR/BFWE u]3bd Table 433} o] LFW/BFS7} ezt

O oS4y FeE: usht Azhtg  Asksld wELunEg  Azsel
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Bifidobacteriun HAY WP  BTyels o]  Alug M7t
Bifidobacteriun UEY WA R MEEe] A Feur
Bifidobacteriun®] FABH3 B W Y ©) 98 H8Y RS By
=gt}

Table 43. Comparison of sensory scores of LFW/BFS and LFR/BFW

Products® Mixing ratio Overall score
4:1 7.00
LFW/BFS 2:1 _ 5.36
111 5.09
4:1 6.91
LFR/BFW 2:1 4
1:1 5.27

LFW: Lactic acid fermented WAP/saccharified rice
BFS: Bifidobacterium fermented SRS

LFR: Lactic acid fermented saccharified rice
BFW: Bifidobacterium fermented WAP/SRS

4. TP AFEY AZRE AP EZA4H
7}. Bifidobacteriumd 3 ¥t WAP/SRS (BFW)e] #bAAMIFE (LFR)2}e]
ZAE (LFR/BFY) 4%

LFR/BFW 100 ml X10,000 bottles/day +22] g4+ $1% EA4X|E Fig 99}
Th A UE FPoIM & 311.28 kg/dayS YER 3lo] WHARAL A$ Bolx)
T 34 UEE (LFR)Z 800 kg/dayolglem, ol FEikg XEleli= LBS} TA 2z}
4.67 kgo]l A 9¥ch wluiAUFolA w3l 130,72 kg/dayzt Az} 65,36

- 129 -



kg/dayS QEE s}l WA A Bifidobacterium %7 (FBD-35)2 3.92 kgo] &8
¥ ulygAs YEE (BFW)Y 4532 200 kg/dayolditt. Ztzh gagt F UxE
& st FA3}sto] LFR/BFW 100 ml X 10,000 bottles/dayd BAHg 4= oltl.

U}, BifidobacteriumFRY 33 (BFS) FAbEEY AlzhehdwdtE
(LFW)2] E31AE (LFW/BFS) S35

Apzjube wstEe] Hrlstel Rar wAY FUAEF (LFW)oll Bifidobacteriumy
Y Weklel (BFS)S Y AIE (LFW/BFS)E] 100 ml X10,000 bottles/day w2
2] Bare 1Y EASAE Fig. 103} o] 4 224.09 kg/dayS HBZ 3t Apzhe}
S 224.09 kg/dayd7lste) RarF AEle] (LB} TA 22} 3.36 kg) & LEAIZ W&
2 (LFV)2] }Areke 800 kg/daysl.on] whle] 196.08 kg/day& Bifidobacterium &
2 (FBD-35 3.92 kg) &8 WHA|Z LHEE (BFS)E] PAtF2 200 kg/daysiﬁ}. o

HTEL FASI GojA #ZA4HEL LFW/BFS 100 ml X10,000 bottles/dayo] T,

A 9A MLEAEFEY iFH lay-out

oke] A 3A—o|Al s|WEt BFD(Bifidobacterium fermented dried ARM), Z4-HolA
7%kt LFR/BFW @ LFW/BFSS] 100 ml X10,000 bottles/day 22 it& #1% 3%
9] lay-out& ztz} Fig. 11, 12, 139} Ztl
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Lactic acid fermentation

l Bifidobacterium fermentation

Rice 311.284kg/day + ’ Saccharified rice solution 130.718kg/day
L_.D.W, 389.105kg/dav | + WAP 65.359ks/dav
! i
{ Soaking ] l Heating |
Room temp., 15min 1007T, 10min
i ]
[ Gelatinization | [ Cooling |
100, 30min 37C
] i
Cooked rice
| 622568kg/day | [ Inoculation ]
l Bifidobacterium FBD 35 2%(3.922kg/day)
I Saccharification l 0.3% o -amylase 52.918kg/day i
60T, lhr +glucoamylase 52.918kg/day l Fermentation ]
i 37°C, 48hr
|  Heating |
100, 10min
]
| Cooling |
37C
!
| Inoculation ]

Lactic acid bacteria LB120 4.660kg/D.W. 31.1284kg(day)
! + TAO61 4.669kg/D.W. 31.1284kg(day)

[ Fermentation |

37T, 16hr
]
| 800kg/day | . | 200Kg/day |
’ Homogenizer ]
13,000rpm, 3min
!
100m! X 10000bottles/day|

Figure 9. Material balance in LFR/BFW processing
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l Lactic acid fermentation !

Rice 224.089kg/day +

| Bifidobacterium fermentation ’

Saccharified rice solution

D.W. 280.112kg/day 196.08kg/day
! o
[ Soaking ] l Heating i '
Room temp., 15min 100°C, 10min
]
' Gelatinization ] [ Cooling I
1007T, 30min 37T
! i
| Cooked rice 448.179kg/day | |  Inoculation |
l Bifidobacterium FBD 35 2%(3.922kg/day)
r Saccharification I 0.3% o -amylase 38.095kg/day l
60°C, 1hr + glucoamylase 38.095kg/day f Fermentation l
! 37T, 48hr
| Mixing | WAP 224.089kg/day
!
l Homogenizer l
130,000rpm, 3min
!
l Heating l
1007, 10min
!
l Cooling l
37T
!
! Inoculation !
Lactic acid bacteria LB120 3.361kg/D.W. 22.409kg (day)
{ + TAO061 3.361kg/D.W. 22.409kg(day)
l Fermentation l
37T, 16hr
i
| 800kg/day | + [ 200ke¥day
Homogenizer I
13,000rpm, 3min
i
llOOml X 10000bottles/day|

Figure 10. material balance in LFW/BFS processing
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Figure 11. Process lay-out of Bifidobacterium fermented DARM(BFD)
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Figure 12. Process lay-out of LFR/BFW
- 135 -







Distilla tion Water

[Lactic Acid Fermentation)

zentiarg s

Manug!-feeding

(Manug! feeding)

HOPPER

HOT WATER
GENERATOR

e ~Annlyose.?8.095'<g/9)

e g SELECTOR Guco-Analyase(38.095Kg/B) 60°C, 6OMIN
(224.089Kg/ Top)) 1.8 .
rae” Veighing #48.17Kg/b CIPS i o 2 J
i
e o pverter Vv e 2o SACCHARIFICATION
RICE SILO GELATINIZATION o

(29.322Kg/Doy?

Bifidobacterium Fermentation

POMACE
(WAP

HOMOGENIZER

vt

196.08Kg/DAY
? 23
ir VATER Uik Pl o
3 L GENERATIR ) o
A-enzyne(£.984K /B ggﬁ:’;f%%‘ |
Benzyne(4.984K2/E) BUFFER i
TANK !
ciP, 226.954K9/b ”SZS}‘,?JE’" < 196.06Kg/ DAY ]
i SACCHARIFICATION FILTRAYION H
GELATINIZATION |
i
i
s Homogenizer
Henogenizer 10004, 10,006 bot ties./d
P , 10, es/day
. L ] [l CHILLED
! WATER
b 22.409¢g/d %
Bifidobac teriun " X e
GIeKg B 5558 Pec i Boemotm a0 @
} { BFrER Esjrma&{
e, 16 f TANK
BOTTLING MACHINE
P ¥ Fo ¥
hd = - \>"4
TANK TANK
il
¥e
T
FERMENTATION TANK
BATCHING
TANK

Figure 13. Process lay-out LFW/BFS
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