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Microwave Extraction of Oligosaccharides
from Grey Oyster Mushroom by
Microwave Facilitated Hydrolysis
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J2$3/$.0 -1 0%+ /)] +&)ISFEI &(.) #EAS
HS&</H +S(STTIR*$+ /)3 30$$.! 40! /#$!
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+4<>1&(11*\AS()-= & (#A30* /$)/H$!+, -]
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- 112<4)&(3BG=Y] / | 2<4)&(R(.)55=8! / |
2<A)&(BIHS! 1 12<4)&(! 1,496! ‘3! /#$! %,3/!
&+A(&()N 1-03! |11 2<4)&F7! 9,%$! [H$*!
0,<-3&)H&*.$3! &%  #$/$*2<-)&(3
)(1&((2 | 1*4)/,3$E &*&+'(,35=Po&((,3$=!
28.<&)/,3%=! B-<:B%(.! 2<4),3$! (! "11$*$(/!
).%+(&',(3 | ZGL=! [IHS$! 0,/$(/'&<! #$&</H#!
+$($1'/3!, 11 /#$10,<-38))H&* $3! &*$! 184
SH&()S%S(! 1! %&)*,048&2%! 14()/",(! &(.!
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&)L )08(&/(3= 1 &(L!  *$&)(!
I$%0$*&/4*$3! (I S -$<.3 1
<'2,38))H&* $3! +-1 %)% D&AS! 1&)'<'/&/$.!
&)1 #-%,<-331 11 2#$-1 ,-3/$*1 %43#*, % 7!
"H#Y ,0/'%&<! $BI&)/( ),(/(3 ! D$*S$!
$I$4%0'($. 7 "HS! +&'($.) ,<'2,38))H&*.$!
0%,.4)/31 1% %! 2*$-1 -3/$*1%43#*, YR D$*$!
VH&H&)IBHP$.1 1, [HS™ %, <$)A<&*1 DS 24! +-1
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R&/HAY%! "H&('=! "H&'<EX"H#S! %A3H*, %3, 1IHI%'(2&(.! 0,D$*!,1! GHF! D&IBG! 2!, 1!
D$*$)4/1'(/,13%&<<10'$)$3! &(.| DE&3H#S.ID'/#! 2*$-1,-3/$*19643#*, %!D&31%'B$.|D'/#1G!%(g!
D&/$* /#$$! /'%BB]L/$*! D&3#H'(2=! /H$! 1! &(! KI<! 3,<4/ (! &3! &! )&I&<-3/! '(! #$!
%43#*, %ADS*SFSI&/INFIIIL MM &-3'(1 %)%, DEASI*$&)/, 11, *IGHIG(

&4, 11841 AS[T)L/S*D&* H#S$-I DS $+<$(.$.! JL/$* [4$) #-* <-3'31 *$&)/' (<! [#$!
(&I, 43%#, < 1+<$(S1&(I3SAS.Y, | +/&'(1&!  38%0<$3! D$®E<,D$.! /1 ), <! /1 *,, %!
08&*/)<$!3'?2$!, 11<$33NHRMFCITIHS. S [$Y0$*&/ATI %g!, 11 *$AS*3$!,3%, FBY 8!
0,D.$*!, 112*$-1 -3/$*19643#*,,%!D&313/,*$.!  D&/$*! D&3! &..$.! &(.! 3/**$.1 1,41 GI #*1 /!
'O &(I &% I2H ), (& ($H 1! 34+3BAS(/!  3$0&*&/B! /P! 3,<4+<$! &(.'(3,<4+<$!0,7M (3

4382% "HS! '<4/$.! 3&%60<$3! DS*$! ($4/48<2%.1 &(.!
! )$(/*142$.1&/GMFFFI*0%MIJ 21, GH!%'(=!
121'%)45)67/ &() 4! *$3.48<! 3,<".! D&3! ),<<$)/$.! +-!

I KR )HS &) =134<14%)1 &) IS H,  1'</$* (U4, 424H&ID#E/% & (10&0$ B, (!
CEV8=D#$(,<=!J,,%&33'$!_*<<&(/!_<4$IX & A4S 1'</$*! $\4'00$.! D'/# &! A&)44%!
LHF=I$/#&(5 TOV84& (1. #-.*,B-&)$/,($! 04%1#$!*$3'. 4&<!3,<".ID&3! *$.1&/INB !

5 QK] 8 | D$*$! 04%)#&3S$.! 1*,%! P$*)>!  ASH(2#/1&(N/#$1)*4.$10%,.4)/D&3!>$0/'(!
5X$*%&(-8 79,.'4%! #-.* B'.$=10,/&33'4%!  [HSIFS1*2$*&/ XI&NML, I 14*/#$+1&(&<-3'3
3,.'49%1/&*/*&/B&(.IN=IH. (1* 3&<")-<)1&)"

D$*$104%)#8&3$.11* %19'294&.*)#! 59] 87! 12' @-,AB47) ;,BC,:7:6' 464>/ D'
RA<<4<&(10,<-38M$N&<+*&/ (1>'/3ID$*$!  5-)* */7)-'BE/=-, B'C,+.)-

04%)#&3$! 1*,%! 12'<$W ! P&((,3$! &(.! " H#$) 0% B'%&/$! ),(3//4$(/3! 1! 2%$-!
&*&+(,35! D$*$! 04%)#&3%$.! 1%%! 9$((! -3/$*! %A43#*, %3! DS*$! &(&<-2$.1 +-143'(2!
JH#$%')&<359D'/2$*<&(8 7 X&<&)/,38! &(.!  /H$I3/&(.&* Yo$/#,138/1+-1]Y]d 1T H#S!
2<4),3$!D$*$!104*)#&3$.11% %! 6<BH! 87!  %,'3/4*$!),(/$(/ID&3!, +/&'($.1+-H$&/ (2ILF!
J<<! J#$%')&<3! 04*)#8&3%$.! D$*$! &(&<-)&2A!,1&1*$3#138%60<$!&/IGRII<I&!), (3/&(/!

2+&.$1 D$2#/1 ‘31 +/&($.7 1J*4.$! 0%/$(! D&3!
! $I$4%0'($.! +-1 43'(2! 14$! I@$<.&H %S/, !
1B'9::- +4<)-4.4T:,6'=%-> [ DH#)H#I'(A,<A$3IL'((2LHSN 1 1,1&<1(1*,2%(!

Sl 3)H$%E&S)! $3)*0/,(1 L1 /S (I L7F! 21,11 38%0<$=! /#$(! %4</'0<-'(2! 4S$!
$B/&)/',(10%,)$331&(.1&(&<-3$B13#,D(1'(!  (4%+$*+-INLH U*4.$! 1&/ D&3!.$/$*%'($.!
6'2TGTIHSISBOS%$(/3IDS*$!)&*$.1, 4N (1&!  +-143'(2 0$/*,<$4%! $/#$*! 1,1 SBI*&)/! [#$! 1&/!
%)* D&AS! .2$3/',(I '(3/*4%S$(/! FaP=!  1*%IHF!2!,1138%0<$!'(1&19,B#<$/1&008M&/43
fo]=! Q'3),A$* ORI 'F GHIBIL, *I #-.* <-3'37!  ]3#! D&3! .$/$*%'($.! +!/&>'(2! GFF 2! 1!
X*$-1,-3/$*19643#, %10,D.$* D&3!.*$.1&/1  3&%0<$I&(.1'()'($*&/ (2! N&/HHBIL *IHI#7!
NEIJ 11 %1A &-31/,1%6%, A$1%, 3/4*$1+$1 *$!  J*4.BI1+$*'3], +/&'($.1+-143'(2134<14*)1&)' |
+$'(2! #-*,<-2$.0 +-1 %)* D&AS! *&.'&/ (I &(.!3,.4%! #-* B $! /1 '2$3/1 L 7F! 2! 1!

&(1 &(! &)1 )&I&<-3TIP')* DE&AS! *&.'&I,(I  3&%0<$=! HHS(! '()'($*&/ (2! /H#S$! *$3".4$! (! &!
D&3! .,($!'(! & GF! %g! +&/#-0$! *$&)/ ¥ 14*(&)$! &/ HHEN 1,%1 H #7 U&*+ #-*&/$!
A$33$<! '(1 &! )<,38-3/$9F! I'#$! *$&)/(3!  ),(S(/'D&3!1L,4(1+-134+/*&)/'(2 |GFF!+-1&<<!
D$*$! (8! (1 4$! 1,<<,D'2 ), (/.3 h!  (A%+$*BCHT
%&B'%64%! 0*$33488L " FI03'+8960'(2!/'%S$!

|
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IHSY" &Y' () Yo (+45%, S (.., %" VERYO*. (%A% VIS RY/S+Y | 7-%AAn" %t |
LHEYOR Yot (SYHE T+ $% ‘?-‘:/04/%3/#2)% Yo"
B, +EYHI- Yot ) 4. OHI™, #1,$2"-3/$, 19604, 4/#5%/+ LJA5#+5,$ 6%&3&@“'“ b B5066,5,1)%
45,31 1.%#*)9% 4" (.46 #
- a4 <t=gl _
H40&:B4P.I1BIAL9!;™ &::;12:$0.&!#8!/%&#: ™! =
+:8+.8(&%(#:8":9IHMB!":B'(#:8"Q!%80!/%&#:™(.; 2. 8%|( ;‘;”@'-ji’ﬁﬂf,/‘i#*w%%“’%
-HCI concentration:02, 04, 0.6, and 0.8 M ! lA6!)&jQ%/#$°/§ 11y 4208 = C)5%*!)"#
-Reaction temperature: 70, 80, 90, 100, 110, 120, 130, 140 and 150°C! &)4+!%}~

T*1+(%'58+#/5.&%5#%9.,;+H+'<%""%=3%BQ (#&!9:&!1! }:'&
LH%06,5, 1968 +2.964, 41#) 4" +2.9646 $1)"4*

|

D%4!3$)(+5%#*+6%$4, 1 41#
F".1/%+":194B (&% (#:81(:1". 2%&%(.1(,.1&."#0'| | *.+1ya#
":B#0!:'(1:9!"'?.8&8%(%8(!":B'(#:8 ZE0:::#368#, HED#
D<HE)A+IUW
‘ 1$3HH1-%oHS Yo%) +%oH*" ) [#)4H1-9 ;‘L
"%4#,1HGEDH " %$4)5-1#2% (4%
89%)5-)4%
>0G"(I7H!:91(,.1"?.&8%(%8(!(:18.'(8%%6B L b5 11%8)9,0°

!

18G.+(1"%;?B.1#8HEA,1J.&9:&;%8+.IK#L '#0! @#BH#, I+ 58a#1" +8&4* | .
M,&:;%(:A&%?,4HIKMOD D,$2"-3/$,19%6#1" +&4

|

2*4343D+,.;%(#+! 0."+&#? (#18'&! (,.! .E(&%+(#:8! %80! ,40&:B4"#"1:9! 2:B4"%++,%&#0." 9&:;! A&.4! :4"(.
",&::;1%80!(,.1"%;?B.1%8%B4"."

|

1F'G)7)-B:647:,6'D'/,>.> /I ' M) UL HSIDS 24 LIHS! ([&<! *'$.!

L ESL06&(1 1,)431'3Y, #- ¢ <281 4! 3,<.18N

)&*+ H#-*&IB1 0,/ (31, 11 [#$! + %&3FI4#S! )N UHSDS 24/, 11$3" 48<! ¥$.13,<'.!
*$3'.4&<! 3,<"1 D&3! ),<<$)/$.! +-| 1'</$*(2! D&

[#* 428 &) DH&I%&(! 0&0$* I, A (1 &1

_A)H($H 1'</$* $\4'00$.! D &! A&)44%! 1H G)7)-B:647:6° D' 7,74>
04%T#$!*$3'.48<!3,<".ID&3!*$.I&/INB!  ;4-,=*-47) B&K
ASH(2#TI#$13,<'.1<,33ID&3N&)B&H-T | " [&<1)& + #- *&/F D&3Y%$&34: ! +-!
#SI19\A&/",(13#,D(1+$<, DIZG NG ! I#$104#$(,5 34<14*)1 &)'.| &33&-| % $HZS V!
! FL1%g!, 1/#$12*$-1,-3/$*19643#*,,%!13,<4/', (!
Iy D&3! .'<4/$.! 1, GF! %g/! TY! D&/$*! (! &!
"$=——"I"H$ BT A<4%$)1<&B%g!, V! &\4$,4310#$( <!
! 3,<4/',(! D&31%'B$.|D'/#1G%q! /H$!'<4/3.!
! 38960<$!3,<4/1(1&!)<,3$.1/$3/V/4+$=1& (. I#$(!
D#$*§:3 UV I3,<"1<,33+&3$.!,(1#$!.78.]  Hiong!,1134<14*)I&BH; EVEID&3&..$.!/,!
D$'2#/1,112*$-1,-3/$1%43#*,,%1 I1#$! %'B/4* I'#$! %'B/4*$! D&I!%0<$/$<-

%'B$.!&(.!>$0/!"(!&! D&/$* +&/#! &/ LH1 *]
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LF196'(7)!"#$*%,16'3#$*19)'$(/'1)!fc  ;cCO!
30$)/*,0#,/,%$/$*! 3-3/$%BXGFO! fc ;cCO=!

V'</*&S",(1##*,42#1%$%+*&($!1'</FFBle¥B7!
11/$*! V'</*&/', & LF! eg! 1! /#$! 3&%0<$! D&3!

fo] 8D&343$.!/,106$834*SU#$I&+3, *+&()SL LI @$)/$.1'(/,! /#$! KRGIT I'#$! %, +'<$! O#&3$!

1#$1%'B/4*$1&/IM FI(Bb+<&(>!D&310*$S$.!

+1HV 1 &\4$,4310#$(,<!3,<4/' (%'BS.!D'/#

TYID&/$EI&(.I W/ 34<14*)1&) &/ GGEH!+-!

AAAT "#$! 3I&(&*! )A*AS! 1% "JI

$/$49%'(&/ (! 1! 3&%0<$! 3,<4/,(! 1!
%434+, %! D&3! %&.$! +!1 43'(2! &\4$,43!
3,<4/(3! 11 2<4),3$! &N 11$*$(!
),08(*&',(3 71IID&3*$0,*/$.1'(! VI52*&%!
A1V (IGFFI 21, 11/#$! *$.1 DS 241,11 2%$-!

-3/$*1%43#*,, %87

|

12'G)7)-B:647:,6',D'-).E;:65'/E54-" Po#K

| TOl D&3! %$&34*$.1  +-1  [#$
(1%,3&<)-<)! &)'.1 &33&4 7", 0*$0&*$!

THSL(1*,38<)-<")1&)'.13,<4/ (=IHF 12!, 1"=H

43$.1D&3!.$',('?$.1D&/$*BQ® &(.!/#$11<,D!

*&I$IDE&3I3S/ SNV (o' 71HS!$%0$+8/4*$!
L 11 /#$! ),<4%(! D&3! >$0/! &/! OFI7!IJ
P,(,3&))#&* $31&(.,<'2,3&))#&* $3!D$*$!

%,('/,*31+-1*$1*&)/'AS!'(.$BL.$/$)/ T

1IN'O@P&'/:Q))A;>E/:,6';=-,B47,5-4C=*
HREKABASH/:/

| "#$19aJ!&(&<-3'3!D&3! ., ($! +-143'(2!
&(! 12'<$(/! GLNF! C(1'(/-KRgJ! 3-3/$%!
BXGML'_=! X$*%&(8!$\4'00$. ! D'/#! &! Rg!
&\A&2$<1248&* 1&( INRYIE\A&2MHKI), <4%(3!
Rg! &\4&2$YK! LF! 9aJ! ),<4%(3=! H! e%=!
EHBAFF! %871"4$! .'<4/$.! 38%0<$! D&3!
($4148<2$.1 &(L 1'</$*$.! [#+,42# & e%!

J(1,3 &<')-<')1&).1&(IGHF!2!,110,/&33'4%! %$%+*&(® GFF! eg! ,1/4#$! 3&%0<$! D&3!

3,.'4%!/&*[*&/$'D$*$'BS.!'(|GFF!%g!, 1! [F!

(@$)/$.1'(/,/KRQJ 71$1%, +'<$! 0#&3$!QC!

PIS&YK7'#$!%'B/4*$!D&3!&. @43/$.!/,'HFFD&/$D'/#!&!11<,DI*&/$!, TMPRoQg %' ( 7Q4*'(2!

%Q!+-143'(2!ITY'D&/STFL1%Q!, LI/#$!13&%0<$! /#3$!

3,<4/,(1&(.IL1%g!, LV#$L.'(/* 3&<)-<') 1&)'.]
3,<4/ (! D$*$!%'B$.), %0<$/$<(1&!)<,3$.!
1$3/1 /4+% 1 I'#$! %'B/4*$! D&3! '%%$*33$.! (!
+,'<(2ID&/$HI1, HIGFI%' (1+$1,*$1*&0' <$(2!
), <1, 1%, %6lSY0$*&/A*$H-1)SID&/STIHS!

&(&<-3'31 0*)$33=! [H#$! ),<4h(
1$%60$*&/4*$! D&3! %&'(/&($.! &/! 11!
*$1%&)/AS!'($B!.$/B)/,*1 (1 /#$! KRgJ! D&3!
4380 1) %,(1X S /-0$3! 1!
%,(,38)) #&*.$3=! ,<'2,3&))H#&* $3=! &(.!
0,<-3&))#&* $31+&3$.!,(*$/$(/', (/' %$d

fcl&+3,*+&()$!,11/#$!%'B/4*$!D&31%$&34*$.!"

&/ HEF! (%! +! 43'(2! &¥$*%,! 6'34$H
9)$(/'L)!  fc ;cCOl  30%)/*,0#,/,%$/$t
3-3/$%5XGF9lfc ;cCI=4D] 87] +<&(>ID&3!
0*$0&*$.1H&Y6'B/4A*$], 11."(/* 38<")-<')I&)".!
3,<4/ (! &(.! TY! D&/$* SH1=! P8V "#$!
3/&(.&*.1 JA*A$! 1,41 TO! .$/$*%'(&/",(! D&3!
%&.$+-143'(218\4$,4313,<4/",(3!,112<4),3$!
&I1'11$%8),0$(/*&/ (3 7 T9!ID&3I*$0,%/$.!
'(1 VI52%8%!, 1ITOI(IGFF2!, 11/#$1.%$.1D$ 24/!
112%$-1 -3/$*19%643#*, UBY

|

1M',6,/4;,=4-1.)'464>*[:/

I HSI3&))H&*.$!),%0,3 (! &(&<-3'3!

18S'T9%"'/C);7-/;,C*

I HSISB/&)/$0,<-3&))H&* STRBDE3!
XS0 14)8*-SEHS13/+4)/4%$), LIHSISB/*&)IS.
0,<-3&))#&* $ID&3!".$(/'1'$.!+-FKI (4)<$&*!
%&2($/')! *$3,(&)$5SPT 8 7SPT!30$)/*&!
D$*$1$),* $.1&/1L ONID'/#1&! *4>$*13)$(.!
"PINFFI308$)/*, %$/$*!,0$*&/ (21&/NFFIPRP
JH$W)&<! 3#'1/3! &*$! $B0*$33$.! (! 0%
Q$4/$+4%!,B'.$80. Y 8D&3143$.1831&!3, <A$(/!
1,51 SPT! &(&<-3$3 ! "#$! $B/*&)/$!
0,<-3&))#&*.$! D&3! .'33,<AS$.!'(1 Y! &/! F!
11 &(.1 >$0/! &/! [#8&/1 [$%0$*8I4*S! .4*(2! [#$!
%$&34*$%H/

A%, <-28.13&%0<$3!D&3!)&**'$.1,4/ID'/#!

&(! 12'<$(/! GLNF! C(L1'(/-! KRgJ! 3-3/$%=!
XGAL # X$*%&(d $\4'00$.! D/#! &l
)&*+ H-*&IB! ),<4%(! 5ga]Q! ),<4%(=!
"*&(32$(,%')J]T_Y9aRIJKYNOL=IJKY ;
©COHM! f9] 8T7"#$! #-.%,<-7$.! 38&%60<%3
D$*$! '<4/$.! &(. ($4/*&<'2$.1 1,<<,DS.! +-!

1K 02*18/8%)1=,2+*22, (%
83'@-,A:B47)";,BC,/:7:,6/'464>*/: "

Ul *$34</31 11 #$! 0% B'%&/$!
),%0,3/ (I &(&<-3$3! 1! /#$! 2*$-1 -3/$*1
06d3#*,, %31 &*BU%Y6&* 2$.!' (1" &+ <STBHS!
)&*+ #-*&I$=! %,'3/4*$=! <'0'.=! &3#=] 0 /$'(=!

7<=
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& 4.1 1+$*1 ),($(/ A , 1 2% -3/

%&B'%4%! A&<4$! \1THR/ | 4(.$*! /#$!

%43#*,,%3!&*$! 1,4(.!/,1+$! &/13'%'<&*I <SAS<PY.'/',(3!&/!GMF! | J! 1,*! GH!%'(! D'/#' FM! P!

D'/#1/#,3$!, U6*4 W) ZG T D&+ #- *&/$!'3!
J#$!,(<-1%8@, *1),%0, ($(/!, L1/#$!.*-196&33!, 1!
2%$-1-3/$*106434*, %7

I &3$.L(L¥S.ID$2#/3=1)&*+ #- *&/$3!
),(F+4I$ 1 1,1 NNIMV! |11 251 -3/$]
00A3#*, YT I"HS! V& + #-*&I$3! ),(3'3/1 1!
A&* 43! ),%0,4(.31 344 &3
%,(,38))#&* $3=! ,<'2,3&)H&*.$3=! &(.!
0,<-3&))#&* $FE&*+ #-*&I$3! &*$! %&'(<-!
0*$3$(/! '(! H$! 2%$-1 ,-3/$*! %43#*,,%3! &3!
0,<-3&))#&*.$3! '(1 /#$! 1,%3! 1! 2<-),2$(=!

KJ<!I3,<4/,(15'27L) 8TH$!%&B'%4%!A&<4$3!
11 9g=! "J=1 &(.! TO! &*$! '(1 /4! *$&)/" (!
1$%0$*&/4*$1*&(2%!, 1! GAEIGHRU 7 9,%$!
(15*%$.'&/$) . $),%0,37,(1  0*,.4)/3! 1!
P&'<<&*! *D((2! &(.! J&*&%$<'?&/ (!
P JT 8 DS 2$(3*&/$.! 1%%! /43!
$2%&.&/', (1,11 0% /$'(3! &(.! )&*+ #-*&/$3 !
ZF L7 $-,(.1/#31%$&)/ (1 /$%0$*&/4*H
SMGHF! I8t 9g=! "J=! &(.! T9! .$)*$&3%!
+$)843$! 3,%%! 1! [4$! )&*+ #-*&/$3! &(.!
0% /$'(31'( ! #-.* <-2$.1 %A 3#*, %! D$*$!

'(283/+<$! 1'+$*F$<<4<,38=! "$/&*-1 1'+$*37 (A$H/$.1/,1 &!*$3'. 48 <1 +<&)>! 3, <" | &/ #' 2#$*!

WEIED 111 & 112<4)&(8t &(! JH$H!
H$%')$<<4<,3$T0&((&(3=! B-<&(3=! &(.!
28<8&)/&EY

$41>)' 32 R* B'%&/$! ),%0,3/,(! ,1! 2*$-!
-3/$*1 %A3#*, %! D$)$(/! +&3$.!,(1 .*'$.!
D$' 2B /#$1.8/8! 0*$3$(/$.! &3! YIKFN!
9aP 7

Moisture (%) 1.26 £ 0.03
Lipid (%) 1.30+0.03
Crude Protein (%) 24.59 £ 0.21
Crude fiber (%) 0.97 £0.00
Ash (%) 6.94 +0.09
Carbohydrate (%) 64.94 +0.26

|

I821'RDD);7,D7=))A7-4;7:657)BC)-47E-)']

X gl *$R)) (1 /$%0$*&/4*$! #&3! &(!
060, */&(/1*,<$!'(1 /HS$) #-.*,<-3'31*$&)/" (!, 1!
2%$-1,-3/$*19643H*, %7 X$($*&<<:K'.I<, 33!
D8/, /&<!)&*+ - +&ISB ] & (1*$.4)'(2!
34286798 1! [#$! #-.*,<-2$.1 2+$-1 -3/$*!
%434, %! '()*$&3%.! DU ()*$&3'(2!

1$%0$*&/4*83

£ SR < ] 112<4)&(1+&'($.)(!
[#31314.-)&(1+$I &JI*+4/$.1] | #S14'<'2& /" (!
11 &1),%+(&7, (1,1 %)* D&AS! *&.'&/ (!
#$&/'(218(.IKI<I&3I&N&I&F 3/

|

8B'RDD);7/',D'0&>";,6;)67-47:,6'

L), 0$(#&S (1<$AS<!, TIKI<IH&3I&(!
'%60,*/&(/! *,<$! ‘(! IH$! #-*,<-3'3! 11 2*-]
-3/$*1 %43#*, %7 1 9g=! "J=! &(! TI!
32("1)&(/<-I'()*$&3$.! D'/#'()*$&3'(2! KI<!
),08(*&/ (3 79g=!"J=! &(.! TO!'()*$&3$.!
*8%8&I)&<<-! DHS(! I#$! KI<! ),0$(/*&/" (!
D&3!'()*$&3$.11% %E!/,IFOIP79g!, 112*-!
-3I$*1%434*, %I *$&)HS.181%E&B' %A% A&<AS!
APATNALA(SHASY, (1 (31&/NGHF! JIL,*!
GH!%'(ID'# RLIPIKJ<!3,<4/ (! 56'27 N&8T!
"J1 10 2%$-1 -3/$%! %434, %! *$&)HS.! &
%&B'%4%! A&<A$! 1TNEY | 4(.$* /#$!
),(1',(31&/NG RN L, *IGH!%'(1D'/#! F 7LI P!
KJ<!3,<4/',(156'27 M87 T9! 11 2%$-1 -3/$*!

1$%0$*&/47TBQ*$&)#S. #3!%E&B'%04%! A&<A$D043#*,,%! *$&)#S.! &! %&B'%4%! A&<4$! 1!

APANAA(SHHSY, (', (3L1IGHF! {J=IGH!
%'(=1&(.! FLIP!KJ<!3,<4/ (! 5'27 L&A"J!
*S)HS. VHBI%& B Y6 4%IA&<A4S TUGHI(.$+!
I#$1), (1", (31&/IG F! {311, *IGH!%'(ID' 4 RL!
PIKJ<! 3,<4/' (I B5'27 L+&7 TO! *$&)H#S.! /#$!

HFLVI4(.$*/4#3$Y), (/' (3&/IGMF!1 J 11, *IGH!
%' (ID'HFMIPIKJI<!I3,<4/ (5627 ) 8 T'#S!
H2#$41 KI<!),0S(&S,(31/$(.1 1,1 2$($*&/$!
%,*$IP_JTI0*,.4)/3 IAFLL[7

<
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82' #Q) RA>E/6 &=-B47,5-4C=* 8F O@P& 464>*)' D, T7*C)' D'
HR&KAGASH[:/ B,6,/4;;=4-1)

I 3$$! /48! $118)/31 10 A (&) (1 1 R<-3&)HEF.$3! (I 2%l -3/$
),(1 (3 (S, <'2,38))H&* $3  KB'2$3=!/#$! %43#*,%! D$*$! #-.*<2$1 +1 &

0*,.4)/3! D$*$! &(&<-2$.1 +-1 328! $B)<43",(I )%+ (&, (I 1! /H$! #S&/! 2$($+&/S.! +-!
V¢ %6&[, 25 &O#T 1 "H#S! )&<H&L (I JA*AS! %)% DEABIE. &/ (I&/VHSYSY0$*&/A*$*& (23!
$%, (3/*&/$3 &! <'($&*1 *$<&/ ,(3#'0! +$/D$S(! ,1IEFIIV,IGHFII=IKI<), )$(/*&/ (!, 1IF 1!
J#$1<,21,113&)H& . $1%,<$)4<&* D$'2#/31&(.IP!/,|F TOIP=1&(.¥$&)/",(1/'%$!, 1!GHI%'¢/,!
*$/$(/',(1/'%$3!562 INB THSI*S/S(/, (/%S 3 0%,.4)$! <'2,38))H&* $3! &(.!

11 ,<'2,3&)#&*.$3! D'/#! L LF! 4(/3! '3!
+$/D$SS(ILH!/,L19%'( 7 1451 0,<-3&))H&*" . $!
0$8>3! &2/ <$331/H#& (I LHI T HSI*$/$ (/' (!
1'%$!,11%,(,3&))#&* $3!'31&,4(. 1"G!%'(7!
1L/$*1 1S #- % <-3'31*$&)/ (=1 145! *$/$(/' (!
1'%$31,110,<-38))#&* $8B# */; J#&'(88 1&(.!
<'2,38))#&* $3! D$*$! <$33! /#&(! L1 T
P,(,3&))#&*.$3! D$*$! ,+/&'($.! &/! #2#%*!
*$&)/", (1 1$%0$*&/4*$3! 1! GNEFHRAL] 7 '
*$&)/ (! /$%0$*&/4*$! &*,4(.! GLFGAF!IJ!
0% A'$3! <'2,3&))H#&* .$3=! D#' <@$!< D$*!
I$%0$*8/4*$31*$3A</1' (14 2#$*10,<-3&) )& $
0,37 "#$! <$@M 11 3%
0,<-3&))#&*".$3!,+/&'($. D&3! %, *$! /#&(! "N!
ACI3ID'HYHS!,+/&'($.10%,.4)/ 1 LIENLH/! &/!
81, (1 (31,1 F! jJ=IGH!%'(!\ D'#IE! P!
KJI<7 | Y<'2,3&))#&* .$3! D'/#! [H! 4(/3!
57 ERV8IDS$*$!,+/&'($.14(.$*1/#$), (.1, (3!
&/IGLIFI!L *IGH!%'(=1&(.INIPIKJ<!I3,<4/" (7!
I P,(,3&))#&*.$31 D$*$! ,+/&'($.! D'/#!
J#$!,+/&'($.10*,.4)/ 1,11&+ ANERER/! 4(.$*!
I#$1),(1' (3I&NGHF! JI1, *IGH!%' (=1 &(./AN!
PIKJ<!I3,<4/ (7

|

5

4
g3
&
-]
S2 ¢

1 y =-0.1916x + 8.3461

R2=10.9942
0
15 20 25 30 35

Retention time (min)

|
2%43 73MY%BH3&Yo(#:81+'&/.1:01"Yo++ %&H#0." V(%8
"0l (i +%B+B%((,.! 873.&! :9! '8#( "l ‘O
,40&:B4P.01"%;?BI9&:;! (,.! %8%B4"#" 341 HIKM!
L'#22.01$#(,1"#P.. E+B"#:81+:B";84
|

%,(,38))H&*.$37 | JL/$*! [H$! #-*<-3'3
*$&)(2 HS! %,(,3&))H&*.$3! 2<4),3%=!
&*&+'(,38=! &(.! %&((,3I$*$! ,+3$*A$ 4!
43'(20 )&+ #-*&IS! ),<4%(=! D' S
*$/$(/,(1 1%$ 3 &/ LF=! LH! &(.! "F! %'(=!
*$30$)/A$<86'2 THBY3I$B0S$)/$.=12<4),3$!'3!
JHS! %&@,*! %,(,%$H +4'<./(2! +<,)>1 |11 [#$!
0,<-3&))#&*" $31'(12*$-1,-3/$*1%643#*, U4

. Glucose

A
o
: . &
Poly-/Oligosaccharides :)"‘ «Q\
o \
\ 2 {;& | ?5%“\
329
! | Galactose Mannose
1 B N
& K¢
o~ é‘,- o o
B $ G .°
\ ¢ ad
\ & R
\J""'\“w——_u'—,_‘r—— —
T T T T . ,
2 18 2 % %

2%43 83 R,.| HIKM! +,&:%(:A&%;! :9! (,.! A&.4!
A& & %9(.&! ,40&:B4#" 341 M#BA
+96&3:,408%(.!+:B*B

|

8H' O'T9%'464>*/:/ *

I "#$l Kl SPT! 30$)/4%! 1! /#$!
$B/&)/BL 2%$-1 -3/$*! %A43#*,, %! 5&/! [#$!
*$&)/",(1),(.1(3L1IGLF! 1J=IGH!%'(ZINIP!
KJ<8!'(1Q . Y!I'313#,D(!'(! 6'27 H7 I'#$!SPT!
30$)/*49%68#,D3!&!2,,.1&2*$$%$(/! D'/#! [#$!
0*$A",43<-1*$0,*/$.! &/ T"#$!3'2(&<! 1!
1#$130$)/*4%!"31*$0,*/$.1"(1)#$%") &<!3#'1/3=In!
DOYBY "#$! 32(&<! &V IMMLMMA! 00%!
), **$30, (.31, 1#$10* /,(132(&<! K;GBI1! / 1]
&(,%%*)10% /,( 371#$13'2(&<!&/ IMH! I MO!
00%! ),**$30,(.3! /! /#$! '($*(&<! K G!
*$3,(&()$3!, 11568 +&)>+,($! J#&'(!, 1! 2*$-!
QBGR0643#*, %oT1H#$I32(&<I&N W1 IVH!
00%!),**$30,(.3!/,/#$!'"(I$*(&<'K. G!,185=8
I (> +&)>+,(B! H&'(1 &(! 55=81 / !
<'(>$.! 3'.$! H&'(7! "#$! GK! SPT! 3'2(&<3!

<<
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$3)*+$.1 &+ AB), (1'*%! /4! #-.* <-3'3! 1!
2%$-1,-3/$*1%43#*,,%!1* %610, <-3&) #&*' $3!

*

@BB'0C,/&,(%2

(1,1,<'2,3&)#&* . $3! D'I#HI*S08&(2 14(/3! 9 <'.1<,33 I I 9g!
115G=8&(.1 55=B/ | 2<4)&(!1,*9B " I&<N&*+ H#F&IS ! "Jl
| T$.4)'(213428! ! To!
Q$2*$$!,110,<-%$*2&/'|( OR

M s 9281$B) <43, ()#*,%&/,2*&0#-9a] |

) S4)<$8*1%&2($/')1*$3,(&()$ SPT *
== =0 = <o 3= se | 2= =20 *
| " . . . <060'0%+02
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