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Abstract: Partially hydrolyzed guar gum (PHGG) with different relative molecular mass was prepared using controlled
enzymatic hydrolysis technology, and the mass fraction of galactomannan in PHGG was calculated by ion
chromatography. The molecular structure of PHGG was characterized by infrared spectroscopy, nuclear magnetic
resonance and X-ray diffraction. Thermodynamic properties of PHGG were investigated by differential scanning
calorimetry and thermogravimetric analysis. The results showed that the critical factors influencing the enzymatic
hydrolysis of PHGG were substrate mass concentration, enzyme addition amount, and enzymatic hydrolysis time. By
manipulating these factors, medium and high relative molecular mass PHGG (molar mass 8.92x10° g/mol), medium
relative molecular mass PHGG (molar mass 5.07x10° g/mol) and low relative molecular mass PHGG (molar mass
0.62x10° g/mol) were prepared. Among them, the mass fraction of galactomannan in medium relative molecular mass
alcohol-precipitated PHGG reached 84.09%. In PHGG with different relative molecular mass, the mass fraction ratio of
mannose to galactose decreased, and the main chemical structure remained unchanged, but there were minor disruptions

to the crystalline region structure, indicating that PHGG exhibited good thermal stability even at elevated temperatures.
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Overall, PHGG with different relative molecular mass, prepared by controlled enzymatic hydrolysis, has good stability in

thermally processed foods, which provides a theoretical basis for the application of guar gum.

Keywords: guar gum;relative molecular mass; enzymatic hydrolysis; structural characterization; thermodynamic

characteristics
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Fig. 1

Effect of enzyme dosage on relative molecular mass of guar gum in complex enzymatic hydrolysis
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Fig. 2 Single-factor experiments on enzymatic hydrolysis of low relative molecular mass PHGG
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Table 2 Chemical composition and pysicochemical properties of GG and PHGG

gy B mEBRBRESE KRB KomEsE MRE R/ MIXT o FRE, 5T ERRE/ DI
PRAL P 5 /% 1% 1% 1% (mPa-s) x10° (x10°g/mol)
GG 4.12+0.27% 14.71+0.03" 0.61+0.03" 0.41+0.03" 606.00 83.40 25.20 1.14
PHGGI 4.47+0.19" 12.06+0.05° 0.54+0.03" 0.34+0.03" 75.20 33.40 8.92 2.00
PHGG2 4.56+0.25" 10.05+0.03¢ 0.56+0.02° 0.44+0.03" 12.12 15.10 5.07 1.59
PHGG3 3.80+0.26° 13.69+0.03° 0.65+0.02* 0.12+0.02° 6.09 0.64 0.62 6.83

VI = [7) — F HHhs 09 A B 5 B S R R0 12 90 B 2 A AF A Y 2% 7 (P<0.05) .

Kl HPSEC-RID VI3 FIM X 7> TR &, 5
HPSEC-MALLS It FH v 0 43 1) 4 ¥ JB& 7R o & 40 {E
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T B 5 R D 4 R % 5 R TR R R

7N ZE 3T A I S R e W M VA BE K AT Ok 4R
K, R W B AR E 2R, 08 O T B AT SR A3 A
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JEEC I A g RO AR — B, AW
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Wl % /N 3 1 W i CRHOGE 43 1 5T £ <100 000)
(I 5, R R 7 R R 25 SR B — Bk
2.4 PHGGHIEFEHM
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TEEAAL R 2 GG M PHGG & A 1/ BB+ 11
A AROWE LA ERERES . H
F 3L HN AN A R 3 7 B R BE DT PHGG B AL H
EERERES>HAARESEER, LBEIUEIEL
R T A IR TR S S B R R . k4,3
FiEE ST PHGG - FLBE A H B2 W & o B R A ]
22 5, BEUT PHGG2 1 2 ZL o0 A H 78 4 ot & 4> 3L
i T HARAE R 73 7 B Y . AR AR 43 1
i T PHGG I H 55 0 5 2 700 5t & 20 20 LB
(M/G)¥J/NTF GG, 1 R R N 2 FLH 56 5 0 v i v
552 U 0 BE B RE A O, FLME AR B &, T
PE AU, p-H BR B OBE BE BE ML ME H T B W
B-1,4-F5H g, WA BEAR (0 - L H 58 58 08 B i Al 1
23 M3 BEUT GG I M/G oA 1,71, 5 SCHk i 18 3
A — ", PHGG3 & i Ui 4k B 5 , M/G 1 1.64 [%
LA, A RE R A PHGG3 A X 4F F i & /N, &
A OK B RO R A R S S SO U S AR BE PR AR
e fife A B AR = T IR SR - L H 55 SR & 4y

%3 GGHPHGGHIBFEAEM
Table 3 Monosaccharide composition of GG and PHGG

Ff i Bl 5z AFUBE R 2 H/(mg/e)  EILRER B0 MU (mg/e)  H BRI E OB/ (mg/e) 2P AL H 5B E D H/% M/G
GG 13.9320.01 246.14+1.23 439.45+1.52 61.70+£0.03 1.79+0.01
PHGG1 16.42+0.02 293.82+0.99 438.35+1.34 65.90+0.06 1.49+0.01
PHGG2 15.84+0.02 279.33+1.90 431.14+1.77 63.94+0.04 1.54+0.01
PHGG3 14.34+0.03 256.88+1.56 420.49+1.82 60.96=0.11 1.64+0.01
E£ 9T GG — 340.55+1.67° 583.82+1.04° 83.19+0.24° 1.71£0.01°
FE T PHGG1 — 336.07+1.08¢ 481.83+3.12° 73.61£0.19° 1.43+0.01¢
i PHGG2 — 366.21£1.25° 568.14+3.22° 84.09+0.27° 1.55+0.01°
T PHGG3 — 353.78+1.47° 392.60+1.66° 67.17+0.03¢ 1.11£0.01¢

VE 7 BB B A BEAS [ 2 7R 2 9 B 22 A7 AR 2 3 22 S (P<0.05) s — R R Al o
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Fig.3 FT-IR spectra of GG and PHGG
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Table 4 "C-NMR chemical shifts of GG and PHGG
-D-H 5 -D-H &b -
Y ER po-i 4D LH
(T3 D 5 38D
Cl 100.02 100.02 98.71
C2 71.28 71.28 69.29
C3 73.22 73.22 68.39
76.79 77.07
C4 69.78
76.45 76.94
C5 75.06 74.95 71.46
C6 61.24 66.40 61.24

IRWME: BOKBIRERNG&E EHEERRNZEDN

) C4 1 JE T2 AL k8 N 76.79 Al 76.45, X 5 H &
B4 3 T it 1) OH % 2 FLBE AR 5 5%, 9F H
SHEL a-1, 6-FEHRSLAEMHENCOES
U P AR B Y ALBE C6 Ik 20 R (61 .20 [R5 #
#1(5.20),

FH ] 4 AT AL AR N 70.00 R4S 506 5 R
W B o, AR v 2 W O = Ak e AT RS N 1.23, 11
FH 3 Y e L 0 A7 B 5 C2—C6 T AR T IR
B, ABEX Ay . X ] BRI D 3 FhORE S B AE X 4 T
JRE K, @ TGRSR R m R, T
B ENE 3 IE 1 B A GETE RS . PHGG3 #1 X
4y TR E /N T 100 000, 75 =i T3 & TR A
T MR 1 7 T s B R R TR RS
BA G ANFH A E BEH .

FH TS AT s SCRE AL BE S o CLAL HT 1AL
AL N 5.23, EREH B AR Ic T CLAL HT 4k
MR R 5.08, N C2—Co R 5— MR THIE, 5
T S5 7 B2 A B 1 HBT A A B AR A AL, 1 27 467 7% 7
3.80~4.80 HI(E 5 EH S BMEX 70 fr J& H R 11
GG fIPHGG 1 PHGG2 [ i 15 F1 &L 15 05 T2 AR 155
X RN FEAL AL 16.77 1746 5 B B 1 2 by
JR 15 Z T .
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559k A - A e A OC 1 25 K O, RS IR 4y T
. M E 6 F Nk AR GG M PHGG 7E % i T
AR AR ,20=20.48°40 B K AT 5 0, 7F
20=40.64°4b H 3B TE B R B0 L 2 JE G A 45 A I
5 AE U105 11 I AT S 04 TR 20=14.90° 4k 58 kD 1) U6 R
WY, B B 0o A A 38, otk PHGG2 F & 43 A i
AT 5] 5 B AR K 2y T 5 R PR AR AT O R R T B, R
B RE i o R SR AR /s, S5 B0, O B R AR, DR UL g
il SIS 2 il X 45 40 3 AR OB R o

2.6 PHGGHIATRREM S

26,1 E2F#afE Ao PHGGH ERHT =
AT W 7. IR OR IR BT IR R AL H
P2 R WE L EE b B-1, 4 AF BRI ST BE o-1, 6-1
JFUs 24 . PHGG1.PHGG2 Wy # I¢ I8 FE 7 5 A
144,146 °C , & T GG Wy #& 1% 3 FF (138 °C ) ,
PHGG3 & A B W ()W #lde 3, 31X 7] B8 5 PHGG3
BRKER AN FRERA R, BAESER
TR ) A A R R A K, GG PHGGL .
PHGG2.PHGG3 I JH #4 It i 52 53 1 9 152184,
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Fig. 6 XRD patterns of guar gum and enzymatic hydrolysates
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Fig. 7 DSC curves of guar gum and PHGG
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