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Production and Characteristics of Cello- and Xylo-oligosaccharides by
Enzymatic Hydrolysis of Buckwheat Hulls

Hee Jin Im, Choon Young Kim, and Kyung Young Yoon*

Department of Food and Nutrition, Yeungnam University

Abstract This study was conducted to produce oligosaccharides from buckwheat hull by using commercial enzymes.
Yields of oligosaccharides obtained by enzymatic hydrolysis of the cellulose and hemicellulose fractions were 132.37 and
393.04 g/kg, respectively. Xylose, glucose, fructose, xylobiose, xylotriose, cellobiose, and cellotriose were detected in the
hydrolysate produced from buckwheat hull. Antioxidant activity of oligosaccharide from cellulose fraction (OSC) reduced
with increasing hydrolysis time; however, the antioxidant activity of oligosaccharide from hemicellulose fraction (OSF)
increased as the hydrolysis time was prolonged. OSF and OSC showed higher increase in viable counts compared to the
control. As a result, oligosaccharides produced from buckwheat hull by enzymatic hydrolysis showed antioxidant activity
and prebiotic effects. It is suggested that utilization of oligosaccharides produced from buckwheat hull as functional food
materials may be improved when hydrolysis time and conditions are controlled for this purpose.
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AL 7kt s AT B4, AlshER 2493 Zejbtol o E
2=(prebiotics)ZA1 9] &= =3It}

5 8ol 7 Aoz A
719k o] #dT AL ARSIt A WL o2

J(deep freezer, MDF-435, Sanyo, Tokyo, Japan)oll X 33} A
Ao ARE-3

S d AAke] A hrRE] W8S TR E 24E AAE
7] 9180 Celluclast 1.5L, Viscozyme L, Shearzyme plus?} Pectinex
Ultra SP-L (Novozymes, Bagsvaerd, Denmark)S AFE-3}ith A
E 2278 B (cellulase)@t A} R FRIEE] §.4x (xylanase) €
e FIEAHE A EZ 2 (carboxymethylcellulose, CMC, Sigma, St.
Louis, MO, USA)9} A}d @h(xylan, Sigma)S 712 =E 3l AJikel
UGS DNSH(23) 2 S5t Yehlidith & dE=27}
el Eare] ST E 1% 5 pH 5.0, 50°ColA CMCEH
ZE% 1umols Ealsle E4AFS | mnite & 1o, =
deRs g4 €49 pH S, 40°ColA 13 Bk Ao
ERE AYZA(xylose) 1 pmolS Edfjats EAHS 1 unite 2

ERASIT

o 4

ar 4

HMEZA2} S0|LEZEAS &

A& AZHoA AE2AE A9 UIdRE FAse dlv
AEZAE 7Ze G2 &8ss 54 7/IXIth Wb Im
7 Yoon(24)¢] "HE o]&3te] WEALRLE FrAERAE
w5, WEAE 30g9 300mLe] 1M FASI AR
(NaOH)= 7}3le] o3 7](homogenizer, AM-1, Nissei, Japan)Z
180 rpm©. 2 3%-7F #F3}st &, 1M NaOH 100 mLE #7}st
3 ¥ v %7 (shaking incubator, KMC-8480SF, Vision scientific
Co., Daejeon, Korea)S ©|-83}d 25°Col|A] 200 ppmeZ 3A|7F &
oF wHSISITE REgole MR te] AEA s}z 2a)s)
of A=ele | M FAHHCHLE F3HpH 7.0819%, M= &
FE pH 7.00] B W7k FFFE AFSIT o] W, 45
SuAERS BYoR —40°C ¥EI(MDF-415, Sanyo, Tokyo,
Japan)l H#sty, M= AEEX B0 7 YF Axstd
—40°Co] Y531 (MDF-435, Sanyo) H&ale] 7154 28agd A
2HE Qe GARSE o) ARSI

flo

B 29| JIRSE flgt & ™

AER e FuAER L Y 3] P 2 BIgs
e ZAE A7) 93 doe] pH, &%, a4% 3 71d
TEE Aol Adsith AEE2 B39 B9 pHE 5.0, &
TE 50°C, 7AELEE 4%2 319, dvaERs RS gy
50, 50°C, 25 unitZ 3} GAES] W3S UL 2 F, a4
W35 Z47he] E=(glucose)et AL Z2~9] SRS DNSHO
Hlwsle] Adgzad Fudegzs 238 7P Bo| Beske
g0g 7hzb AAsieit)

HEZA} SO0UEEA FEQ| M JIeEal| = MY

HEgde] A2 S8 7R 93 HA Ealx
A< 47437 98l Celluclast 1.5L5 ©]8-3l¢] pH(3.0, 4.0, 5.0,
6.0, 7.0), SE(30, 40, 50, 60°C), 71AEE(L, 2, 3, 4, 5%)S W
sPA7IEA AL, EslEe] 2R A FS DNSHS
2 vlwEiTh Z+ pHe AE22F 958 (citrate buffer, pH 3.0),
O EAIAE 9589 (sodium acetate buffer, pH 4.0-5.0), sodium
phosphate buffer (pH 6.0-7.0)05 ©]&3t] ZH3t). E3ll&2
ol ALgE AERX I Sk oigh aiis] & A4
H ¥yl o= 3t

Viscozyme L& ARE-ste] Wiggde] snAE22 £8& &
a7l gk Ea4e] HA E3) 218 A5 93 pH,
BEAFEE WHSA7HA At pHE 3.0, 4.0, 5.0, 6.0, 7.0
2, =% 30. 40, 50, 60°CE, §4F%+ 15, 20, 25, 30, 35
it 2 HSAI7IHA g4 9hE3k § DNSHS o] 88 Ad=
20 S S430th. pHE slnAEE2 78 20 mLo 9
A A7EE 7] pHE 2EE F 25 mL HAEEAsAd F
= )= MR

71y S2|ng dig st EAEH
HUAHZRY 7|54 2adS A s
AN A, AEE A
27AE olgsted 72A7F F1E 33
g2 pH 5.020 50mM oA ELMAE 589 350
2 79 14 g& 7hek & FguFr1o04] 2487 E1F swelling
stk 2 ¥, Celluclast 1.5 LE F7Fste] 40°ColA 150 rpm
20, 24, 48, 2A7F BQF BARS S SR AER S £
pH 5002 243 suAdEzs 23 250 mLE HF &)
ToflA 1A7F B9 HEEIET oA viFst & Viscozyme L
7¥eted EAES(0, 24, 48, T2A1ZF) BFAATE EA WS Wl
NS 90°Ce] water bath (WD-06, Han Yang Scientific Co.,
Ltd,, Seoul, Korea)ollX] 527t 71g3sted @48 BN &,
QARSI A2 FEqe Yeaxste 7led 2BnT A
2HE 9e AEE ARSI

A e

-

fr o o rlo

JI2ERFE 2208 i

gakse] oa 92 JMeRAEERH &9 wEle
Seo¢}t Yoon(25)9] "HS o] &3ttt &, HAH 270E TAE
gt & 54 Axg AEEX: B UAERE £84 &£
o] 20u)0] SR 60°CS] 80% Ol e (ethanol)ye 713 £l
A7l & gago] aHA| e IEAY] gIFRE AAFAT

ol AEZ2e) FNAFZS RFYOITHE] AL SHYIFS 7}
Z} OSC (oligosaccharide from cellulose fraction) ¥ OSH (oli-
gosaccharide from hemicellulose fraction)= 3FSITh HE3t 7t -3
ERREH dofxl 1T T JeEEEES] e WegE
o Az FHEkT B W F AE =] dx T

o2 Yepfigith

ToE g 3

Tao] BelE ARE rrdlEe] e £8303H0SC,
OSH)9] $F#-S Carbohydrate analysis column (3.9x300 mm, Waters
Co., Milford, MA, USA)S ©]&3}e] HPLC (Waters 2695,

Waters Co., Milford, MA, USA)Z A3t} ol L&A=kl A
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BE FFF £8iA121 3 045 um membrane filter (Milipore
Co., Billeria, MA, USA)Z &3}3sle] A1-8-315] ).

MR By 53

MR ARRE AR 5 L2)age) Ashix B4 4
Agols, ABTS” 2tl2 &7, Fe delold 849 AR
=M 249§, 2 A8 GBS 5% FaAlrled 8

83 A5 F=2 1C, (50% inhibition concentration)® = L}E}
Wit

AAEATS Blois0)l o Sstaltt. Pdeh A
(free) B 11-theldd-2-9 3 tol=2H(1,1-diphenyl-2-

picryl hydrazyl, DPPH, Sigma)°ll gt Alg &3] xR}z
THZH o] ¥kl oJs] DPPH tjZo] #ishs H=g &%
4= 7| (spectrophotometer, U-2900, Hitachi, Tokyo, Japan)E ©]-&
st SABIAT ZF Aol fE TR Axst] Al 05
mL #3}3, 0.1 mM DPPH €< 1mLE 7}ste] 1027+ &93}
At ©]E 37°C water bathollA] 30%7F WHEAIZI $ 520 nmof|A]
THEE S5t Mg TE At

ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) 4>
AEHL Re 5279 BHS 45 W st dFs3Th ABTS
7mM3} F3FE B (potassium  persulfate) 2.45 mM2 SF<ol]
Ballste] 12-16A17F Bt ol WSkl ABTS cation 2Hr]Z
(ABTSMS @AM TS 80% ollghe-S o]&3le] o] flo] 734
nmell A 0.7004£0.002¢] FE= 7S 2HeE IAEh SRS
3|45 50 uLe] AEE Aol 7istal sAE ABTS ' &9 3
mLE F7iste] AeoA 627 ¥AIZl &, 734 nmelX F8 %
S 345kl ABTS ' S 275(%)2 AH=3iith

Fe* Z#o|" €&/32 Dinish 5(28)°] WS FA3sl 43}
Atk AEE FFHF] Ho] FEEE ImL F3 FH, 2mM 93}
A () (FeClL)? 5mM Ferrozine (3-(2-pyridyl)-5,6-diphenyl-1,2,4-
triazine-4' 4"-disulfonic acid; SigmayS Z}Z} 25 uL H718lal vortex
mixing 3I3AtE ©1& 1027+ Aol WA ¢ thy 562 nmellM &
FEE FAste] Fer AHold S (%S A5k

A Reldel MK OXl= W&k

Aol AVRH #FE Lactobacillus Plantarum ATCC 8014, L.
casei ATCC 393, L. delbrueckii subsp. bulgaricus ATCC 11842,
L. acidophilus ATCC 8322 F 452 =AY E HEAE (Seoul,
Korea)ol /| EFtol ARSIt 458 WEFFEZZ Lactobacillus
MRS Broth (Becton, Dickinson and Company, Sparks, MD,
USA)l HZ3t] 37°C incubator (IB-600M, Jeio Tech, Daejeon,
Korea)oll A 24417F vk & & Z2UE FH3l 33 At wi<t
stod ARSI T

A frelwe] Agol mX= 932 broth microdilution method
(298 &3t Sk &, NEHFF YRAE 27 #5771
4 log CFUmL7} %% 0.1% A =5 (BactoTM Peptone,
Becton, Dickinson and Company, Sparks, MD, USA)°l 3|43}
ARE-SI9TE AFE MRS broth 8.5mLoll A€ 0.5mLE 3
310, 30% tlolHgAdZALo] = (dimethyl sulfoxide, DMSO, Junsei,
Tokyo, Japan) 2o 50 mg/mL L= A3 227 1 mLE
71k TR 37°C incubatoroll A 244)7F St ujekatt). uj kel
< 1mlA FHsl] 0.1% Dt WET 9mLel 3431 pour plate
ShaL 24A17F wF & FJgE AlFSIATh 0SCY HxEle 2=
A& diAl 1mLe] 30% DMSOE #H7lste] 5ds Wyoz =
A8tk T3 OSHE] ' (fructose) HFo] o} ol 2|3t &

T

o
2
o)

124 203

2l S X a94E viAlel] flete] H3E st F
g o g =43 A2 OSHe HRZo g AMEEgn) =,
HFE 1440 mgmL FEZ AZ3 T 1 mLE 30% DMSO°] &
g il Hrete] b ASHEE S4Y3t] OSH #
7hEE ASPEE vttt

SAHXE|

2 AYdae HiEo g 3%
3,z A ] gt TARA2 SPSS (Ver. 21, Chicago, IL,
USA) 5 293 o]&ate] p<0.05 FEollr ddnjx] 24t
AHS Algatsion, 7 A3 FFRE] o4 Aol |
ZAAE (Duncan’s multiple range test)O-Z 53 Th ESH Zg
blo] 0¥ T3 A& 9% 2 (control)t AT 7H] 9
A 2ol p<0.05 FToNA Hest2 HSSIATE

HYUHE 2&E9| JI-EdHE ¢let 5 &N
HWAHARRE de& BIERRY 7T xS Aitst
7] 913t 45 ZA3H7] $13 Cellucalst 1.5L, Shearzyme plus,
Viscozyme L % Pectinex Ultra SP-L& ©]&3lo] A8~ E33)
AR B8 77 2407 B AARE|E AL, #3l
Bo] AAGHS =3lo] Table 10] UYERAIT AS22~ B
2 Cellucalst 1.5LZ E3ljgh EalEe] Sdgado] 9.55 mgmlLE -
oFog g E, FuAEE A B3I Viscozyme Lol 23
B 2o SAgFo] 487 mgmlE FolFow sPF Eol ols
HEAE 717 BYE rIREE A a4% A

Suie)
Jot (N

ol [
Ol

< A3s] A8l pH, 2%, 7AsEo] wet dgas
24X ZE B EAES AN, 71Fe] EdlEE vEs &
Table 20 YERAATE pH 5.0 pH 6.0014 aAESE 7
&0 o] k2t 17.80, 1646%%E TFE pH BU} =2
&2 VeI, pH 50004 3oz 71 w2 RS W
WAt} Gibbins 530y EAE 043k QlE/E9 HF FE2x
7 A7 Cellucalst 1.5L7} pH 4.84014 7P =& 34 24
Uellthal Barste] 2 Aol fAlsith weba] AERA
< Eash] 93 H4 pHE 5.002 445U

2 pH 50014 =0 2 E3l&S SH3ATE 40°CA
X

A Sl A 93 Celluclast 1.5L9] A &
=%
=

B

lo
o

RuC R A o T )

7P =S BeleS B, I TheORE 30°CRE UERdt). 60°C
e 7hg v ), ol &4 whlEo] WA

o] H ] .0 O
o Halee BY
7

dadl Aoz e, B AT A%

Table 1. Effect of enzymes on enzymatic hydrolysis of cellulose
and hemicellulose fractions

Sugar content (mg/mL)
Enzyme : . :
Cellulose fraction Hemicellulose fraction
Celluclast 1.5L 9.55+0.08* 2.18+0.01°
Shearzyme plus 8.23+0.03" 2.03+0.01°
Viscozyme L 6.97+0.08° 4.87+0.01°
Pectinex Ultra SP-L 3.71+0.02¢ 1.99+0.02°

MeantSD (#=3).
Values with different letters in the column are significantly different
p<0.05.
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Table 2. Effect of pH, temperature, substrate concentration and
enzyme concentration on enzymatic hydrolysis of cellulose

Table 3. Yields of oligosaccharides produced from cellulose and
hemicellulose fractions by enzymatic hydrolysis

raction matter
fracti (g/kg dry
Hydr'o!ysis Cellulose fraction Hemicellulose fraction Hydrol()}/]s)ls time 0SC OSH Total yield
conditions Hydrolysis rate (%) Sugar contents (mg/mL)
3 8 41+0.34° 3.48+0.06° 0 68.04+1.80%  196.74+6.38" 264.78+0.74
4 14,0440 45° 4.7340.10° 24 103.92+3.93°  222.67+3.36°  326.59+0.73°
. 5 17.80:40.07 6.2720.05" 48 114.92+3.51°  240.00£10.02°  354.92+1.35
P 6 16.4610.36° 5 7120.19¢ 72 12633+1.04*  269.33+12.28"  395.66+1.27°
7 10.29+0.36° 1.820.03° Mean=SD (n=3) . _ o
Values with different superscript letters in the column are significantly
30 20.79+0.13° 7.65+0.01° different at p<0.05.

Temperature 40 23.01+0.08° 8.43+0.08? OSC, oligosaccharides produced from cellulose fraction by enzymatic
F?,C 50 16.47£0.09¢ 72740.05° hydrolysis; OSH, oligosaccharides produced from hemicellulose
(0 : ) ) ’ fraction by enzymatic hydrolysis.

60 5.91+0.06° 7.20+0.17
1 10.01+0.20° ) i
Substrate 2 15.670.08° 25 49 A2E Viscogyme LE AW A, 49°CHT
concentration 3 20.11+0.23° 43°CollA] =2 wIES Vet Baste] 2 A A3} f N
(%) 4 22.14+0.05° AbstQitt. webA sndEE s B oz RE S LS
5 21.51£0.17° 918k Viscozyme Lo HZ &= 40°CE A7g3isich
15 5.30+0.13 pH 5.0, 40°Collq &4 w=E ThEA sl 7iEalsiaion,
Enzyme 20 6.05+0.04¢ fgﬂﬁ LalEe] SIS S5 EhErrt TGS
concentration 25 6.3120.10° HT FFE S7HIAL, 30 unitel M 6.92 mg/mLE 7HE =
(unit) 30 6.92+0.02° S vEpilov 3suniclMe 2818 gadidn. ole 4%
35 6.45+0.08° 2 #39] %‘H*‘E‘Jr o o}ﬂl aadt e —’F e 714

MeantSD (n=3).
Values with different superscript letters in the column are significantly
different at p<0.05.

pH 50 40°CollA] 71 wzel 2 71de Eelles 34 4
3, 4%9] 714 FE=TA] 7B EETE Bl FE Bl go] 719
QoM NAET 4%0lA 22.14%= fFoFo g 7P B4 vE
gt ¥, 71EEFE s%elAE 2151%2 Astde], ©
&7F e ¢ Qe 7179 o] HE] wielE TdE
Gomez-Tovar 5(32)2 WEt A 28 AR S slehy e
I gahFoz AxEe A3 Celluclast 1.5L2] 2 714 5%
£ 4%o 2 RIsle], B AT Ayel fAI Y. ek A
22 FIE Fos] 9% A 7dEEE 4%E AT

ArAdgEs BIEZRE /e Sade Aehr] S
HH 27& AAs] 8t pH, 2= E4FEdd ©E 13
o] 3T TS 5743 A (Table 2), WH-§=2] SAFHFS
pH 5.0014 627 mgmLE FJHo= 7P =2 S YE
2, pH 7.0914 1.82 mgmL=E 7Fg W& S JeRISITh Liu
5(2008)2] AA-7ollA Viscozyme Lol 9]¢t pHel| W2 FE258S
A% A3, g4 AR Qg F£F 80| pH 4694 7 =
oF & A+ Aot FARIA webA FvAEREs FEoay
B Sy AARS 93 Viscozyme L HZ pHE 5002
ARttt

FHZ pH 500014 &x0 e EsEe] JdT e 4
Az}, 40°CoNA 843 mgmLE 7P =& s L}E}ﬂz, 60°Col|
A 720 mg/mLE 7PE 22 3hE eI Ismail 533 7

::‘

Jl

HA %= 7) 30 umt°1° gl om; ' sz Al ‘%‘ﬂié} %
Zo] oF 4= Frket o= RAsGATh wEkA| Viscozyme
Lo 4 ez § aiEEE 30wite 2 243t

Qﬂl —4 NS =
2 d SEa
J 4’\]{ S arde] ALk
S 103, 92 g/kgi H23) i, &3 1&01 Z7Veel o
o AT FTkste] A7 & el 126.33 ghe® 578
At o= Fe] Agol o) *“Ei*ﬂ ool =9 ¥
Al 2-&-2] I (cello-oligosaccharides)?] Aol 713 Aoz ek
At
Viscozyme L2 GAR3SH snjd g2 FYo2HE Aite
%‘3]1‘“6}9] NS A A3, aiAE] A SElade] ALt
T 1967 gt S0l BERE PANG o dgns B
ﬁ"] SEIY FFo] ¢ B2 Aog vehth aais|rlel
AErE SYFe] AR STSIAL, 2R S8
o] AAFEFe 26933 ghkg® YERSTE ]L Viscozyme L] 2-&-
oF Qe AUdRA IEY, HF F HFFRe AYRE I
9 &garge] AHEHW] HESR J&‘“d’?lr/}.
5

o
UﬂUV{}Z‘J A-HEE/\ HEL,,]. o]u]x 22 =R Qi—rﬁ Ag/\]-
% gl 8¢ 49 A9, 5awd A F 2nw
%‘%k—a— 264.78 gkg& = LPERSTY. B Eafl A7kl ~7}ﬂ°ﬂ
et glaTe FEE felHow Fiskel, A7 Ha
T 39566 ghkg] TS BT

o rﬂ
Jlﬂ' _I
FO‘I

m



waZ A e] gARs ] oJgh 7]

Table 4. Sugar contents of oligosaccharides produced from
cellulose fraction by enzymatic hydrolysis

54 gelwge) 4 F 5 205

Table 6. Antioxidant activities of oligosaccharides produced
from buckwheat hull by enzymatic hydrolysis

Hydrolysis Sugars contents (mg/100 mg) IC,,
time (h) Xylose Glucose Cellobiose  Cellotriose : Electron ABTS:- radical " .
. Sample Hydrolysis donating scavenging Fe?* chelating
0 0.18£0.01¢  2.34+0.07%  0.53+0.05°  0.47+0.01° time (h) ability ability ability
c c a a me/mL
2 e wen gseor oo I
7 1'54i0'023 3‘7&0'023 0‘62i0‘00° 0‘47i0'003 0 1020.38+8.80"  19.26+0.09° 7.78+0.05*
. i ; ; . i . . 0SC 24 961.31£1.30*  24.16+0.06° 9.73+0.12°
MeanSD (7=3) . ‘ . 48 119813637  23.59:0.07*  10.06x0.07°
Values with different superscript letters in the column are significantly P b d
different at p<0.05. 72 1321.47+3.83 23.45+0.61 16.27+0.15
0 179.69+10.13*  9.77+0.06° 7.700.02¢
Table 5. Sugar contents of oligosaccharides produced from 24 277.08+4.63¢ 9.49+0.09" 7.08+0.07¢
hemicellulose fraction by enzymatic hydrolysis OSH 48 259.98+4.22° 9.460.04" 6.8440.02
Hydrolysis Sugars contents (mg/100 mg) 72 489.721+1.70¢ 9.08+0.10% 1.98+£0.01*
time (h) Xylose Fructose  Xylobiose  Xylotriose Mean+SD (n=3)
. . : ; Values with different superscript letters in the column are significantly
0 0.02+0.02° 12.63+0.31°> 0.82+0.02°  0.11+0.01° different at p<0.05.
24 0.05£0.01°  12.73+£0.06° 1.02+0.13°>  0.12+0.02° OSC, oligosaccharides produced from cellulose fraction by enzymatic
48 0.1240.01° 12.77+047° 143£0.15* 0.13£0.01° hydrplysis; OSH, ’oligosacchqrides produced from hemicellulose
’ ’ ’ ’ ’ o ’ DO fraction by enzymatic hydrolysis
72 0.13£0.01*  14.40+0.67° 0.84+0.03°  0.09+0.01

Mean+SD (n=3)
Values with different superscript letters in the column are significantly
different at p<0.05.

Agzs BIoze de g2ade F8 TGS 24
gt A3 (Table 4), X=TF T2 Esl|rzte] dojAd4E Frtst
o] 7247F 3 371 mg/100 mge &2 ZAH =)t} v cellobiose®
ShERS 24A17F T EEoA 0.85 mg/100 mgE 7P A ekt
3993, cellotrioses= & AlZItfollA] H]
s e F203Ql zbol7t glith. Yoon 5358 BEke]
L] AT FHs ST d, ZAESATe] St
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Table 7. Effect of oligosaccharides from buckwheat hull on the growth of lactic acid bacteria

CFU/mL
Microorganism
Control" Control® OSH
L. plantarum (5.27+0.21)x10™ (9.20£0.62)x 10%* (7.20£0.20)x10% (8.00:£0.20)x 105"
L. casei (8.57£0.40)x10% (1.13£0.06)x 10°°* (8.83+0.47)x10%* (9.27£0.25)x10%
L. delbrueckii (1.11£0.06)x 10 (2.70£0.98)x10%* (2.17£0.15)x10* (3.12+0.61)x10%
L. acidophilus (1.68+0.04)x10* (3.15+0.52)x10%* (1.73£0.06)x10%® (2.46+0.71)x10*

MeantSD (n=3)

OSC, oligosaccharides produced from cellulose fraction by enzymatic hydrolysis; OSH, oligosaccharides produced from hemicellulose fraction by

enzymatic hydrolysis.
*Significant differences control and OSC to the #-test (p<0.05).
“Significant differences fructose and OSH to the #-test (p<0.05).

Values with different superscript letters in the column are significantly different at p<0.05.

YDMSO was used as control of OSC.
JFructose was used as control of OSH.

L. casei, L. delbrueckii, L. acidophilus)®] 2]l v]X 3
=439, 1 235 Table 79 YERNRITE 0SCE 210132
A7VeHA] k& il vl3] RE #FE°| folFo= Frtsl
P & A8 ARE JeMY. YK 4 F, L. acidophuilus
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S BAoW, L plantarums 23§24 2polE BT
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