5541 B T o owm L T Vol.41, No.7
2024 4 7 A FINE CHEMICALS July 2024

AR AR

G EREBRENEREALEIHEIT
RAW?264.7 20 8 52 9% G TH IR

1,2 1 1 =12 1
RER S, & K, wEA, X, ERi
(1. BEREZERE 29%Be, L8 TEM 241002; 2. LG LW TREARM R PO, L8 58 241002)

s

FEE: RAKEEEXFEURESE (BFO) #E4T TR MBI, s T ARFERF IR (DS) m&tii™
¥ (CM-BFO ), 38 ik B[R 2RI 7 [T S0 % 4% 1 O 56444 DS isgmm, DL IRz EA/EM . R GC.
FTIR., 'HNMR. "“CNMR %} BFO & CM-BFO MZ5HIHEAT T RAE, DL RAW264.7 4 AL T AR F DS #)
CM-BFO {4 NS5 i S Th P . 4552368, 0.5 g BFO ] 30 mL i /3 50CH 20%0 NaOH /K e Ak b 38 1
h, UL 30 mL Biitsr40Ch 2.5% M LK R AR, AER IR 65 °C. JWRTIE] 3.3 h AL
T, BFO ¥ DS &5, A 1.06, BFO Al CM-BFO #JRE4& T RAW264.7 40U fesie ik, 3 1 DS 4 0.82. 0.93
H10.96 ) CM-BFO 1% L% BFO B W71, Mk DS(0.73 )1 DS( 1.06 )y CM-BFO N2 M4 /N CM-BFO
PSRBT T AE — R Y PRl N BE S DS 11T 15 S22 S B 5 5 s 3 P 3

KR ASHURIRNE; RWRE e BUREE; SyEiEtE; eI UkEoR

FESES: R285 XHEFRIAE: A XEHS: 1003-5214 (2024) 07-1542-08

Carboxymethylation modification of fructooligosaccharide from burdock
and its enhancement on immune activity of RAW264.7 cells
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Abstract: Carboxymethylated burdock fructooligosaccharide (CM-BFO) with different degrees of
carboxymethyl substitution (DS) was prepared by aqueous method. BFO and CM-BFO characterized by
GC, FTIR, '"HNMR, and >*CNMR. The effect of reaction conditions on DS and the interaction between each
factor were analyzed by single factor and response surface experiments, while the influence of CM-BFO
with different DS on cell immunity were further evaluated using RAW?264.7 cells as model in vitro. The
results showed that, under the optimal conditions of 0.5 g BFO alkalized in 30 mL mass fraction of 20%
NaOH aqueous solution for 1 h, using 30 mL mass fraction of 2.5% chloroacetic acid aqueous solution as
carboxymethylation reagent, reaction temperature 65 °C, and reaction time 3.3 h, BFO obtained the highest
DS degree of 1.06. Moreover, both BFO and CM-BFO exhibited enhancement on the immune activity of
RAW264.7 cells in vitro. CM-BFO with DS of 0.82, 0.93 and 0.96 displayed significant improvement on
the cell immune activity compared with BFO, while the ones with low DS (0.73) and high DS (1.06) only
showed slight enhancement. The immune activity increased first and then decreased with the increase of DS
in a certain range.
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1.3.3 NMR 7%
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CM-BFO [{JfitE, 0.01 go 85, #:0 (2) 15 DS:
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Table 1  Test grouping and processing methods
Wi R 45 25 o 12 Wk /(mg/L)
A — —
FH X B 2H RZHE (LPS) 1
LY BFO MR DS HJ 100, 200, 400 600, 800
CM-BFO
T " FRENE.

1.5.3 RAW264.7 % jeL3g 35 7& F1 # )
2 M8 Sk [28] % ] CCK-8 %4l BFO J

CM-BFO X 4 Jig 34 78 (1 2 W, BH P X B 21 400 il
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MIFFWERE J), FWEeEEC (4) #E T
Y/%=A./A, % 100 (4)
Krp: Y HEWIEE, %; A AL ARMOCE
Ay A AR
K Griess WK RAW264.7 4B Y NO
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Fig. 1 GC spectrum of BFO hydrolysates
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Fig. 2 FTIR spectra of BFO and CM-BFO
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Fig.3 'HNMR spectra of BFO and CM-BFO
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BEAFrh g C-1'5 5 92.91 SS9 &8 T4 25 b
ST C-15 0 73.09~81.10 AbAY(E S0 )7 & TSk
ST C-3'. C-4'. C-5'; 669.18~72.51 AbIRE 514
)8 T#H% 2 THr Cc-2. C-3, C-4, C-5; 661.85
LB 5 S H & TR TR C-6'; 6 60.07 4bRY
fF iRk, oA JE FRE R Ty C-6,
AT B HAE S & L DL 15 SRS, 21155 F 45
R—3, VLIRS Ay B8 B0 N SCHERRTE 1 2 0

5 5 CM-BFO f# *CNMR 1%, & 5 7T LA
F i, 78 0 55~110 Z[a] CM-BFO H{5 S & | i1
&5 BFO Kik—3, AR )& CM-BFO 7£ 6 176.93
47.08 WA EGERAE SV, HIE TS T LMoy
C=0, FHEHET LR THMEFE (CH—),
Tt B R R A B )

82.89

176.93
103.96

0

K5 CM-BFO J "CNMR ]
Fig. 5 '"»CNMR spectrum of CM-BFO

ZE LTk, AT RAHR A SE 5 T AR HR 22 8 R R SC
BR[5,21174 & £ ; FTIR. '"HNMR F1 *CNMR %%
WM, BFO B Ih ¥ Ak &1
22 BRBEEARRELS
2.2.1 NaOH Jit & 4% *F DS #%m

6 A% NaOH Jii it 40 B JH 38 B 58 45 L

0.92

0.6}

10 15 20 25 30
NaOHJF B3 50/%

K1 6 NaOH Ji it 73 HO0 B 1 52 1)
Fig. 6 Effect of NaOH mass fraction on degree of substitution

MIE 6 TT LI H, DS Bfi& NaOH Jii & 4 B 1
STt e TR, REFE T, iE =M NaOH mJ LA

A4 R RTR F AL B o AR B AR PE I B (R
iR ), $&mEEb N RE ST, HEmiEETE DS Hil &
) NaOH 23X 8 LR i ot i A B50™ R 5, DRI B A1
DS™, 24 NaOH Fitm /M 40H 20%0, DS e, H
0.92, HIt, #eft NaOH i /340 20%E 75 22 5%
222 vqEEERER S
% Ji Design-Expert 13 X} 5% 2 tf fY 804G gt 47 — 1

PG, TR T ) 22504, 153 =507
&K ¥=1.05-0.02004+0.0263B-0.0362C+0.02254 B+
0.02754C+0.0200BC—0.16804°-0.09058°-0.0455C*

( P<0.0001, AHEZEL (R*) =0.9941 ), X} 2
f S 06 B4 R ) ANOVA A58 iR 17 £2 504k 11 05 4
Br, FrSEdE Wk 3,

2 MR A S g AR

Table 2 Experimental results of response surface methodology

YA SR
A
5 4 5 c e M W DS
By RE/C iHE/A
BU%
1 0 1 1 2.5 70 40 093
2 1 -1 0 3.0 60 3.5 0.73
3 1 0 1 3.0 65 40  0.80
4 0 -1 -1 25 60 3.0 0.93
5 0 0 0 2.5 65 3.5 1.04
6 -1 1 0 2.0 70 3.5 0.80
7 -1 0 -1 2.0 65 3.0 0.92
8 0 -1 1 2.5 60 40  0.82
9 -1 -1 0 2.0 60 3.5 0.81
10 0 0 0 2.5 65 3.5 1.05
11 0 0 0 2.5 65 3.5 1.04
12 1 1 0 3.0 70 3.5 0.81
13 0 1 -1 2.5 70 3.0 0.96
14 0 0 0 25 65 3.5 1.05
15 1 0 -1 3.0 65 3.0 0.82
16 0 0 0 2.5 65 3.5 1.05
17 -1 0 1 2.0 65 40 079
#3 TESLE
Table 3 Results of variance analysis
ARKW PR AME YWHME O FE PHEH BEH
15595 0.2016 9 0.0224  131.19 <0.0001  **
A 0.0032 1 0.0032 18.74 0.0034  *x
B 0.0055 1 0.0055 3229 0.0007  **
C 0.0105 1 0.0105 61.58 0.0001  **
AB 0.0020 1 0.0020 11.86 0.0108  *
AC 0.0030 1 0.0030 1772 0.0040  **
BC 0.0016 1 0.0016 9.37 0.0183  *
A? 0.1188 1 0.1188  696.12 <0.0001  **
B 0.0345 1 0.0345  202.01 <0.0001  **
c? 0.0087 1 0.0087 51.06 0.0002  **
5k 2% 0.0012 7 0.0002
fR2E 0.0007 3 0.0002 1.73  0.2984 AN
afiiR 2 0.0005 4 0.0001
Js¥ill 0.2028 16

e o FoR R E R R (P<0.01); *FT/RHEZWE
# (P<0.05),
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M 3 ATLIAEH, B F SR (131.19), P
/N (<0.0001 ), 601 A1 TR R4, & 25 kbl
Bw2E (P=0.2984) Az, Ui HALSI = T4
AN, TEABER X R R EGE A . IhAh, M3 3
WATLUAEN, —RIBHE 4. B, C, KWK E
A B>, C°, VIR HIG AC #%F DS A &5
Wi, 38 HIW AB A BC WIXE DS 4 &% 0, W3S H
W FAERT LA 1, 28 B R X DS 1952 Wi FE B K
FN/NF K. AC>AB>BC., W# A, B, C I/ F
fE15 3 3 DEEXT DS B MAFEEE N K 2/ T
N C>B>A,

K 7 & EAZHE A BFO R H IEAL IO B Yy
P, K 7 A LIE I, ACSZHK 2D Kl Pk
TR, XTRIAY 3D P Al R ok,
W AC 52 5 Xt DS %M K, AB IRZ , BC 5 fe/)N,
JEPH ZRAR K,

s

L7757

4&%%?
el

C: JBif ) /h
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Fig. 7 Response surface diagrams of the interaction of
various factors

i34 Design-Expert 13 H A0 AL A He Fo0m) T
BFO # H 3 AL A B S g 26 1y« S L R I
YA 2.5%, RS 65 °C, FWIFE 3.3 h, It
R H AL U B e, A 1,06, TERLARAF FEE
SCHG 3K, 15 BFO [ H AL B2 43 51 1,06
1.05. 1.06, F¥{E KN 1.06, 5L IEA—Z, i
BRI 5 R v B R
23 GREFEWESH

ZWEZ R W RALBG 5 1 e TE 7 K/NS DS
(14 56 22 Il fA7 B A0 1E AR D& Bl G AR 561200, i R Y
it E] T 12 AR TR DS(0.73.0.74.0.76.. 0.80 .
0.81. 0.82. 0.92, 0.93. 0.96, 1.04. 1.05 1 1.06) ¥
CM-BFO. N T i e i PR BIF 5 SE A LA, LA
RAW264.7 40 A8, XF DS 20514 0.73 ( £AK .
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fir# 4 CM-BFO-1), 0.82 ( i, CM-BFO-2 ), 0.93
(FE, CM-BFO-3), 0.96 ( f1Ji¥, CM-BFO-4 ),
1.06( = J# , CM-BFO-5)i 5 Fp A £ CM-BFO
YT T AR BERE PRI K% E 5 BFO 84T T L,
TR DA r G ) Goe 1 RS 2 B R 42+ CM-BFO,

JE1% 1 BFO 3R BB S it G & .
2.3.1 CM-BFO *F RAW264.7 48 it i& 1 49 % v

8 4 BFO il CM-BFO X% RAW264.7 4l Jifdi§
YRR, Horr, BHMEXT RRZH A A AL A TS
435k 195.3%F1 100%.

200
195}
- 190t ,
_E 185+ ! |
% 18or T : :
= 1751 | i i i
i ! —=—'BFO !
170 ! ! ——ICM-BFO-1 !
165} ! ' ! ::CM-BFO-Z !
1 1 1 ICM-BFO-3 I
60t ! i i ——CM-BFO-4 |
! ! ! —+CM-BFO-5 |
1550 100 200 300 400 500 600 700 800 900
BT R/ (mg/L)

8 BFO J¢ CM-BFO X} RAW264.7 4 ffd i P (19 5% 1l
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