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Synthesis and characterization of carboxymethyl tamarind

WU Shunwei, LI Qi, LI Shaoying, LAN Fang, NIU Chunmei
(School of Material Science and Engineering, Hebei University of Science and Technology , Shijiazhuang, Hebei 050018, China)

Abstract ; Series of carboxymethyl tamarind kernel polysaccharide (CMTKP) with different degree of substitution (DS) were
prepared by the reactions of tamarind kernel polysaccharide (TKP) and sodium monochloroacetic acid (SMCA) in alkaline
aqueous isopropanol. The influence of mole ratio of NaOH to SMCA, SMCA concentration, reaction temperature and time on
DS, reaction efficiency (RE) as well as the transmittance and apparent viscosity of CMTKP aqueous solution was investigated.
The maximum DS of 0. 92 and the RE of 77% were obtained. The solubility of CMTKP in cold water and the freeze-thaw
stability were apparently improved and the transmittance of the mass fraction of 2% CMTKP aqueous solution could be up to
97%. Thermal stability decreased showed by TGA, and crystalline region reduced with the increasing of DS after carboxymeth-
ylation showed by XRD. The structure was characterized by FT-IR and solid-state ** C NMR.
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RAELD BT (CMTKP) 2L TKP 25, & LR 4 (SMCA) 2 B 57 1 % 59 WA L2 W0, Wl 454
M DB . D-ANE . D- W A0 K 8 L- PR gl . BFFE RIS 78 208 b 51 AR F B A A 42 i ok
VMR, B, BHOR TP EAR N T SRR E . BAT R T EE T RES R ERES R
RERME RPESEEN ULRRPEBRER T EC LW EHRAFBINATRE EYE
2 Ak s MRS AL B GUR F . (H TKP B3R 2L MR8 8D, a0 GOYAL 45 L Bk 38 98 i S il 4
THRARE R 0. 65 B CMTKP, B8 T NaOH Fl SMCA ¥ BE L K i Al it 1] 0 B 14 95 JBE <6 S 36 2 H50o0r BUAR
JEE B R o

7 3C P S TR B K o AR Y K T AR o 0 BIGH  # R B A RBURE B9 CMTKP, X BT M T
ZAFBEAT D0 A LA ) 5 e RO B BV P P 4 i B B 7 88 TKP AT 2B 4. T3k CMTKP 7K 3 98 B9 2 0 &
R IR L P BT R 5 R i B SRR L 45 B8 Al S T W B R Tk AR RE 1 I 0 R B R 41 A1 63 o
(FTIR) MR IR (°C NMROXTHEMHTRA . & TKP 207 E5I AR T2 AT H o iRk ae, K
S R ) S B R B R V8 K S T I L 394 0 5 2 T 9 AR )R A o DT 2 HE A Al fhe it A0 B 35 Ak 3 46 5B
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DRH : TKP, W B i 235 A B f B IR 734t s NaOH L Bk 2 B . R EE VR 282 . H, SO, 1l HCL %
SYMTAE ;732 4 BB TSR, RIBETT R E K 41tk THF s A4t

2ANER B IRK B, HH-2 B VLR 35T XA 3248t 5 e s XU T 2 46, 101-0AB AU, R H 7 28
FRXES A FRA AR HE 722 4060k BT, RIS R BB E A IRA ml 4R 4t i % X $6 31, NDJ-1 #, Lighs
ER IR A R A A ML ; FT-IR, Prestige-21 &, H A 5 # /0 7] 244t ; 4 E 4 Hr AL (TGA) , Mettler Toledo
(STARe) #, Mettler Toledo 2% 7] #& fit; X f £k A7 44 {X (XRD), D/Max-1200 &, H 7 # 5= /0 &) & fit;
¥C NMR, Bruker 300 P %I, %1 75 & 75,2\ B $244t
1.2 CMTKP Hy#l#&

¥ 80 g TKP A /L E] 240 g FLliF SR & 5 40h 80N M RN BU/K W A= DM E R T HHE
¥5) . HEH AR IELE 45 C R EEmAL 1 h, SR J5 K18 R 7K 78 58 18 30 3% i Bk Ak S 0 TR BE 0 — 2 =
B R 40N MR ZBKEREEHE MBI = O . BRI — & it EJE R E 4808 10%HCL K
W ZE R, REHE. R THREH.
1.3 BREMREYRNE

B BE R 48 A TKP 570 EBCR A IR B B 19880, B 38 o SE I IR B (Ds,) 5 338 U B (Ds)
9 LB 3R BRI BE A 8 (D, B HE BE IR 00 8 50035 o R [R) 50808 19 37 3 KNS —FE T 7= A 22 57D 5 L SOk
C13]#n 3k 14].
1.4 BXEMERAFENE

T il i B A Bl 29089 CMTKP KW . I NDJ-1 e R FE W ERMEE . #E 24 h )5, UE
WKMB . A 722 6 E RS N 600 nm &8 F I E BB B e R, FWHE R EF S W3
BkL15].
1.5 FSRiEEHEmRR

Bo il R 50 20 CMTKP KEHR . HHEF —18 THIKFA TR 24 h GBI, ZHT B A%
%o AAJELL 3 000 r/min BYFE B B0 20 min, WALV HY 2L IR DL
1.6 FT-IR 4#7

%A KBr & Jr 5, A Prestige-21 B8 B it 28 3 1 AP S 335 0 4 G5 40 BEAT R AE .
1.7 TGA ##f

F Mettler Toledo (STARe) BT 37 X WAL SO 7E N, B T #47 TGA 447, W2 iR EEE N
30~500 C,FFE#HE X 10 °C/min,
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1.8 XRD &#f

Fl D/Max-1200 & X SHATHHXIE TKP Foby XA RBRAARE R CMTKP 1945 & B . 75 A E
FElk 3°~80°, F Jade #3138 45 f BED
1.9 BC NMR $#fF

ke A TOK B R BBOR G M T, LA DO A, 78 5 kHz T A Bruker 300 P BY A% #% Ft Iz A & #
MBI C NMR A,

2 HR5WR

2.1 RESEEIRM

Xf CMTKP fi7 4 97 5 PEBE A 2w BBl AR 25, 60 45 B Bk L (40 52 A9 2= 1L Tk Ak BsF i) R Bk £ 3R B 46 % 7
it B BE B 3503 DA e K MR A 3B D R MR LRG0 . il 45 CMTKP BySE & R R WK 1,
2.1.1 B b A R

T AR R L, PR R RE R AR AL ISR 1 BTN . BE M 15 S Bk Ho Xt CMTKP BUR BE K MR RE B9 52 A
FE KIS B IR AR HAEAE 90% LAk, Ds FR N ALE (Re) Bl O B b 74 3% 0 38 K, B 20
21 NaOH 7R & LLA BUBR B 81 288 5+ [ B 88, A A TR, (HESmEBE LR T 1.2 1A, R
MBS TR, HA NaOH F B Z MBS BF SRR, BBt 1.2+ 1 REH.

A1 RBFEHALER
Tab.1 Reaction conditions and results of CMTKP

e Bk LE Bk 43/ °C BEfoRSE) /b BLREURE SKREBURE  RBIME/% BE/ % R/ (mPa - s)
1 L1:1 50 3 1.0 0.4140. 02 41 92 89
2 1L.3:1 50 3 1.0 0.5970. 01 59 90 80
3 L4:1 50 3 Lo 0.6470. 02 64 92 40
4 L5:1 50 3 Lo 0.7140.01 71 94 27
5 L2:1 50 3 1.0 0.52740.01 52 92 98
6 L2:1 50 2 Lo 0.49740. 01 49 90 88
7 L2:1 50 4 Lo 0.5240. 02 52 93 62
8 L2:1 50 5 1.0 0.5140.03 51 92 50
9 L2:1 50 6 1.0 0.52740.01 52 93 45
10 L2:1 40 3 Lo 0.5140.01 51 93 54
11 L2:1 45 3 1.0 0.50%0. 02 50 94 49
12 L2:1 60 3 1.0 0.5470.01 54 92 55
13 L2:1 55 3 Lo 0.7840.03 78 96 79
14 L2:1 50 3 1.2 0.92740.01 77 97 72

2.1.2  BEALRTE A R R

T B R A ET A P P RE R AR A, R 1 AR S—AEAL 9 BT, BEE RMETEIM 2 h EK ZE 3 h
A, CMTKP BB EE B ROR LA BB B Wi R, M 3 h AR K., B BB RNAE S 3 h,
2.1.3 MHMLIEERZm

F 1R 10— MG 14 FEBMLIREX SRR M. 7 UE B BENBEIREE N 55 °C, BUREE.
LR 3B G BN R P WG A B A IR 503G S5 i 5 BRI, mEALIREE R 55 CCRF AR R K. B MIRE
A AT IR 43 1] 9 058 0 52 0 90 78 B E A JB H 9 1 R, O BRAE 55 CRATR R B G U B K, IR
BB IR B . IR 60 C Y, B BE FRAIR 2 3R H B A 72 v 81 S5 i R AR i L3 K
2.2 FEBEEN

FRESECH 1% 2% B TKP KWK E5E08 1% #1258 CMTKP /K% W 7k fl s e o 0L
B 1, TUEE,FESE RN 1% M 2% K CMTKP KEBRER G IR ETUE, B CMTKP B4 i
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P B AL T 2 BT SRR SO MR VR R R R M B 3R R A A T R R TR BRSO R
2.3 TGA &%t

7E N, 35T xF TKP #1 CMTKP G et #tAT THF5E. & 2 FE 3 20518 TKP fl CMTKP 72 R <3
BETH TGA-DTG J&I&l. fi[& 2 FlEl 3 A5, TKP Fl CMTKP § TG R B #3840 i R AR AR DL, —F 3978 2
MEEBEAHATHARNRE, 8 1 MREXRBEE 90~100 CZE, FRRERBKMLEFK, TKP
JFARER 2 AR E X IAE 300~340 CZ[H], i CMTKP 95 2 MRE KR E 2% 285~310 'CZ[E]. TKP R
KRB R RS E I AGIRE O 320 C, T CMTKP f KSR E A EGIRE 295 °C , R B CMTKP b TKP J5iA i IR E
PEREAR . FEREALIOS S R AR NaOH i TKP Ff# 7= i 7 B AR, 45 X IR
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Fig.1 Freeze-thaw stability of tamarind collagen Temperature/C

powder and carboxymethyl tamarind gum

B 2 TKP# TGA-DTG # 58
Fig.2 TGA and DTG of TKP

2.4 XRD 4#f

TKP J5UB Fl CMTKP #9 XRD 477 55 [ JLIE] 4, HXF N7 ) 250 dh B9 45 B BE LR 2. TKP 58 A9 45 &
F .08 7.19% 1 CMTKP F 45 & B8R, BLREIBURBE B34 n, 45 S BE B W e AR . SR MREF TKP ST e
PR EE R R R T RE B, SEEITH, S 2 CMTKP 5945 5 B K.
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Fig.3 TGA and DTG of CMTKP

Fig.4 XRD of TKP and CMTKP

% 2 TKP # CMTKP &4 & &
Tab. 2 Crystallinity of TKP and CMTKP

CMTKP

*
o

TKP(Ds=0)

Ds=0. 44 Ds=0.67 Ds=0.92

pin
om
=
~
X

7.19 1.03 0.91 0.59
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2.5 FT-IR %47

TKP 1 CMTKP f§ FT-IR B & & 5 fix. £ CMTKP 44 EEH,1 604 cm 'F1 1 426 cm ™ ' 4b4y
A& —COO— BT FRFNX FRAY M 45 e 3 e, RTR H R EBA BN FIA B P EFHHRIT . 7 TKP R
A CMTKP gy & &, 3 420 cm ™ b 3F — M TR 4a 4 sh g, HIH R T—OH 48 I 3h 14 , 7£ 2 900
em 'AbJE F—CH MR 3 &, X Z 55 B B F 200 a4 mIt Rk & £ 1k,
2.6 “C NMR &7

& 6 % TKP # CMTKP f§*C NMR &, 7 TKP E#f CMTKP {2 E g H , 78 63. 6 X107 °(C-
6), 74.2X107°(C-2) 83.9X 107 (C-3) A A B AR sh ik, A B TP H 7 20 R 8 MRshg"”, 3t
HRFEAMSBRPTETFERENEFHSEWIHF R R EUWDE., £ CMTKP MZ B E 4, 78 178. 8 X104k
T HARENE, XIHEF—COO—R#RaNE, RHRFEEAWRDNGIARNTTEFLHE LY, CMT-
KP B EEH7E 63. 6 10 °F1 83. 9 X 10 ° AL Ay 55 KRR P IR b FZE L A7 C6 f1 C-3
i E

\ S
|
\ |
™ CMTKP {
\_\ \/ " I{‘
i LY, (AW
/\\j i &]
A NSO & W o CMIKP
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B 5 TKPf CMTKP # FT-IR B¢ B 6 TKP #f CMTKP #5C NMR B¢
Fig.5 FT-IR spectra of TKP and CMTKP Fig. 6 Solid-state *C NMR spectra of TKP and CMTKP
3 #& iF

LA TKP JFA 50, E LR 4N BB T kAL, 52 PR B /K ¥ W R 4 BRI il 4 CMTKP, 3@ it R L5
BRI TS

D A5 NaOH F & B 10 18 B K Bk Ak i [8] 48 B R X CMTKP B BE B s I 5 3R I Fok
VR 14935 % S 0 32 LB BE B SY 0 L 7 E SR I 2B 45 14 n(SMCA) ¢ n(NaOH) : n(TKP)=0.5:1.2: 1,
BN IR 55 °C, RBLEFIE] A 3 h, il £ H B CMTKP S KR BRI 3K 0. 92, R AR K 77 %, R &5 EHh
2%/ CMTKP /K% W BB YC R R Rk 97 %6, ¥ 7K AT ¥ 4 70 A A 8 ok B B il 3%

2) TGA syt RIRF EALSE TKP B #Ea & A B A%, XRD B R B 5 F M 48 b CMTKP 5945 &
FEEK, ERPERRERE, SR EBM., FT-IR f1°C NMR ifEB] TKP 58 2RI EE TRFHEL
RN
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