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Abstract

Abstract

Guar gum (GG), whose main component is galactomannan, is a commonly used thickener
and stabilizer. However, GG has the disadvantages of slow hydration speed and high solution
viscosity, which limits its application in food. Therefore, in this study, the conversion equation
was fitted by the least square method, to establish a method for detecting the absolute molecular
weight of partially hydrolyzed guar gum (PHGG) using gel permeation chromatography (GPC)
with differential detector. The key factors affecting the enzymatic hydrolysis of GG were
regulated to prepare PHGG with different molecular weights. The properties of PHGG samples
were studied by monosaccharide composition analysis, structure characterization, and
thermodynamics. Furthermore, the effects of concentration, pH, and temperature on the
rheological properties of PHGG and the impacts of medium and high molecular weight PHGG
on the stability and microstructure of oat protein emulsion were investigated. The main
conclusions are as follows:

By optimizing the chromatographic column, mobile phase, column temperature, and flow
rate, a method for detecting the molecular weight of PHGG by GPC was established. The
chromatographic column was Ultrahydrogel™ linear (300x7.8 mm). The mobile phase was 0.3
mol/L NaNOs. The flow rate was 0.6 mL/min. The column temperature was 40°C. The dn/dc
values of PHGG in different molecular weight ranges were determined by ASTRA software.
Using the least square method, the fitting equation between the relative molecular weight
parameters detected by gel permeation chromatography-differential detector (GPC-RID) and
the absolute molecular weight parameters of PHGG detected by gel permeation
chromatography-multiangle laser light scattering (GPC-MALLS) was established. The results
elucidated that the relative molecular weight range of PHGG was 5.0x10° Da<Mw<4.0x10°,
which was consistent with the fitting equation of molecular weight parameters. The relative
error between the calculated absolute molecular weight parameters and the measured values of
GPC-MALLS was within £10%.

With the relative molecular weight of PHGG as an indicator, f-mannanase was selected
for single enzymatic hydrolysis. By investigating different enzymatic hydrolysis conditions,
three key factors affecting the molecular weight of PHGG were obtained: enzyme addition,
substrate concentration and enzymatic degradation time. Controlled enzymatic hydrolysis to
prepare medium and high molecular weight PHGG1 (8.92x10° g/mol), medium molecular
weight PHGG2 (5.07x10° g/mol) and low molecular weight PHGG3 (0.62x10° g/mol). The
monosaccharide composition of GG and PHGG was determined by ion chromatography. Their
structures were characterized using fourier transform infrared spectroscopy, nuclear magnetic
resonance spectroscopy and X-ray diffraction. The thermodynamic properties were analyzed
by differential scanning calorimetry and thermogravimetric analysis. The results indicated that
the mannose/galactose ratio (M/G) of PHGG was slightly higher than that of GG. Enzymatic
hydrolysis neither changed the main structure of PHGG nor introduced new functional groups,
but the crystal structure changed slightly. Meanwhile, PHGG still has good thermal stability at
higher temperatures.
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The effects of concentration, pH, and temperature on the rheological properties of PHGG
with various molecular weights were investigated. The results revealed that the PHGG solution
was a shear-thinning non-Newtonian fluid under different conditions. At the same concentration,
the greater the molecular weight of PHGG, the greater the apparent viscosity and storage
modulus. PHGG with different molecular weight and M/G required different pH conditions to
form gel. PHGGI solution forms a weak gel structure with high strength at pH6. Temperature
scanning suggested that the activation energy of PHGGI solution was smaller than that of
PHGG2 and PHGG3, and the viscosity was less dependent on temperature. Moreover, the
variation trend of viscoelasticity of PHGG1 solution was the same as that of GG, which was
more advantageous in thermal processing. Hence, PHGG1 may be an alternative stabilizer for
GG.

The effects of GG and PHGG1 concentration on the stability and microstructure of oat
protein emulsion were investigated. The particle size and Zeta potential analysis revealed that
0.8% GG emulsion and 0.8% PHGG1 emulsion had the smallest Z-average particle size, but
the emulsion PDI values were larger, indicating the existence of molecular aggregation in the
system. There was no significant difference in Zeta potential between different concentrations
of emulsion. The 0.8 % GG emulsion was layered after 14 days of storage, while the 1 %
PHGG1 emulsion maintained the stability of the oat protein emulsion within 14 days. This
manifested that 1% PHGGI1 emulsion had better emulsification and emulsion stability.
Rheological results suggested that the emulsion with PHGG was a shear-thinning non-
Newtonian fluid, and the 1% PHGG1 emulsion had higher apparent viscosity and storage
modulus. Laser scanning confocal microscopy observation that the microstructure of 0.8% GG
emulsion had open flocculation, and the microstructure of 1% PHGG!1 emulsion demonstrated
that oat protein and PHGG uniformly wrapped oil droplets to formed a dense network structure.
Therefore, oat protein emulsion with 1% PHGGI1 had excellent storage stability and
microstructure.

Keywords: Guar gum; Controlled enzymatic hydrolysis; Absolute molecular mass; Oat protein
emulsion; Stability
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Fig. 1-1 The structure of guar gum
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RO g, (E R S il LR e PR, DU B LR, #ec il A& m B,
FLACTER S , ANRE 58 2 W B 2 7 S T A 8 LR 2, 5 B0 1 Jo AR o I VR L 4R 0k
REPG; LD GHM B-HRIEE 5 ST LR, HitkhEfEpid a2 E
e, IR IO AN 5T, R AR 728,

TR A LB ISR BT (e BRSR) 5GE R, I IR R4S 5575 7R a7
S e FRUE, (ER Q] et e 2 LA 2R A iR R M AR AR AR R ) R s T e
RS EVE R E RS ik A e RO AR T2 A I SEEE RN T4
ARIBIRIMBCRISETT ik AW FTE VO B BEA S B U B BT, AN [R] 7058 HA e SRR
EEA /N B A AR B, E AR -2 R R, St A bR s A
P H2WETElE, RRIEE .

N T EeE G IR ENE, W AR SIS SRR AR AT FLAL R, e R me
AR EVER IR B 1D BUKPER . S8R/ FLALTR S ELREERD 1 a-BR e 2t h i i
BRI Gk, 2 A IR e 52 & 4l (B /R a2 R 2 — My P O ERIR B 1R
AR R R AR DO S AR S S, P AEBUKIR S ), 2 S BORR I 2kt 2) ]
A7 BE = 1R 75 /2L A 7R R S R B 281 e 7 S T e 2 B 9 Je i e A s IR IS 5, T RS
SRR, AT A2 TR, B R B SR A AN ST 30 LA EAE A FLAk
e EEBD SRS R R, ARG S S, S iR AR e
UURAN IR [ e i, 2 S BURR RS, MO . 4) A8 fEH . 1B
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A ne 71 oy S AR Sk TSR, IREEROFEE, B
ENE R /TN e
1.2.3 #BorEeM /R SR IR B A

IEAER LA A JEORE, I LA E#SE AL T 232 940, Bt Oatly /A F] A4~
e FLEA 524 PR R B MR 0 XU [ A R , “ A R R
2507, “ =W R YR CONFRREEZ Y, YUY DL R B AL,
LR 3K 7 ot 2 A RN IR 77 it XU S ¥R AR iR S SO0 3 P I e Ay S B
M FLI IR MLAY,, i v 32 L 10 it SR i s o PR AR OC FE 2L

MEAFEH P MEEAKEBAREERRERENFERERFNZ —. GG Z&—Fh
FRARIIEBI A LA, BRI B 2R AN H EEBE o2 i, ARSI TK, TR
B A2 [A) A7 BE R AR E 20 B HIAR . Lei 8 NI FER M 2N SR E BT CR 0P
By FLIEBEEOD R MR R BT PERE R B R AT, 45 R BoR GG FLIRE
I T REMB R R, AWEAAE, SRR ML A SCikikE™), R
IR 52 2 PR AR AR K ST R B RE 7, TCVEE SRV, SRR LA E AL
Fa e tERE K. Gong 25 NV FE K, GG Mt . siKIEASEARS S, HFEA
Jii i O 2 KR A, S AR AR T s B I 2 N R B R R KR 4R
i, WM RINZIRRE, ART R GG fEAFE B I PRI
AFRPER, XATReER: D EERSGWAAAEES, ZEd & a R R W AR
b, S B AKAERTY 2) TURGIRE &, Z—MWA SRR, Fg
B3 7K S B 2 /N T BOM O A R 26, oV RO s S T B e A s 7K B vl LA
Santos 25 NPT R, EAAR 0.3%-0.5% GG X 5448 2 5 [ i LR R A e A BRI 52
M, fESRRA “HRESRLBE” HLH, B A BFLBUE R 240K R AR, (5 FLIBORG 3P Y
I BCEEROIR 2518 s I H B2 3 8 AR AL S #eE A A RIRE AT

PHGG & —fIEB FRAMNF . PHGG 5 GG M5 T45 1AL, BT DUE R —Fhobl 2k
ek, H5&EAFRAREREWR BT, $E iy s o AR A E R I AR E P, o
FLIR It s RR e . th4h, PHGG 43 FHERIR IR S/K 7 F I il i AR E AR e
FLR E A 8 5 LA BT PHGG 4 THELR R, T B = GE PR 25 K i [
i, XTHAET 4R E QIR IR E e F it — D 5.

1.3 BE&MsFERRN
1.3.1 REVnTFERIESH

GG 7 TREM AN GIARFIE . WL BRI, RaW o TEiil b
KRS HGEEE & (Mw) - B0 78 (Mn) | IBE2T& (Mp) MZ 01
3 (PDD o Mw & PLFTEA NINBGEAT Geit i 78, B0 T EE L KIS 7
PRI OL, RO TR A T2 HE; Mn Z2LLs s TR EW 0 T480H i
BOEAT G T8, B0 TEE 2 SEIVN S T FHERE G TR OL: Mp &3
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BoE R

WAREE R BB Bk T2 m & B b s mig b ity &2, eRBIEES TFELAL M
THEBAFES T S L% PDI 2 Mw 5 Mn [ ECIE, & SR 2 B4R 4y T 814011
PDIfE KT 1, H PDIEMK, RS TESMGEBEE. KASS TRIRE. BES
FEPERCZ R TR T RSO, FrBLH A Mw SRR EEEYIN 7 T & .

GG 1 PHGG B4 T &4 e, 75 BRI R 0 23 A o smCde B3 82 s 7
o R ITVEAEN 28 5 RO AR B 5 13 Al - 7R 2R 38 B (GPC-RID) e AR
B 3 g -2 M RO CEUN IR HE (GPC-MALLS) .

1.3.2 BeWorERNTE

AR B R B I il (GPC) 2 G T BN, BA SR PROE,
R SRR p o BTSSR R B A 1 22 T VIR 22 TR e U781, A Jir 2R AR A1 £
PIREXS 73 F BB RN B 5y, o FREVMOES R NERZ N, BElEgRK, W
WEE N (] T 23 T B K B 24

GPC-RID &AM SR A VAR 73 F S 1o F ik . BRI Waters 3R S pm it
S FIRERE (LogMw) S¥eBilTIE] (T) fokruE ik, He s 206 0 2 s 45
DURE SRS 5, 505 AR AR URE 5 1) G 57 I 8], 15 BhAR v ih 26 1S AR 27 i &0
GPC-RID Al 73 -5 0 ff 5 5 A o i AR DU A 25 00 AR AL BE AR 0%, b, BRIE R 1
oy TR e 5 2= /N T2 ik B R0, R P IR AR A A G TR T B TR
0PI, B 5 U R R AR R R R A AR, BT FLH EE SR 2 e ik
s JEURERRD HIARXS 43T SRl 45 S AR i Z2 50K

UTAEK, GPC-MALLS v2: R HC A P AR 1 280 1 T3 52 B 90 3 R OQTE o IE T iR
FHRET I R A M 4%t 7 F i &, R B BERE I B A BUNE RIS . BRI
BOCHURDCRH OGRS B G R T, WEA TR B OE, SRGE8) ASTRA #A4
SREURFIIRE 5 5 IR EATHOR A FE . EAFESH MR E W AT, Binriie
ZHERLANT 5y T B 2 0 B R HB, Fan % NBRH GPC-MALLS (dn/de=0.145) £l
GG W51 T84 2.71x10° Da. GPC-MALLS VA6 AL B 5, (B IN B 5, #6
DR AL oy, ST = 3 T FE LGB,

HAT, k&SNl @7 GPC-RID Kl A%} 73 F & 5 GPC-MALLS A0 1)
Yo FEZ MR ICR, TEAIRERNAEN 7 FEMZ RS Fik, @7
—FiJET GPC-RID R AW o0 F BT, BRI IR A, "LMERE
H W5 T E A IR A E T 1A

1.4 SIBEEREHREX

FER AR R, WA SIS R b S M BUA TR UOE . A, REESEARRER R,
2P BRI R PR A A e RS INARE A FLAETI B8 O IX AL R L. GG
& H AR IR e R AA R 2 7, ERA D TR BESES IR A, &
GG BIFJE M mi b AR & o GG 1 imbl BRI R 3 Rl — 2o A T SR PR 1) VAR AIK & 1
RPN 20 FOM i L E TR R TE AR
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GG M7 FREREHEZIEMI, FrAi i N8 GG 1 7 B RFRIE R E
FZo ¥ TR R 2R, GPC-RID VAT S E ik d R AR 4> 1 it &, H
A I 5 A T ML A B 2 2L H 82 2B A i, BRIk PHGG 712 A M HERA I 32 2520, BOR
GPC-MALLS iEAr I 4368 73 7 8 AN 75 ZE0S e, (B2 70 T e U HERA 1 32 dn/de (B2,
HAES AR, S8 =0 SR BEAh, Befiid B AT nl i A& Y 2 A ks A1
L B FCER TR B B GG BN Ry TSR, X TEM
T PHGG Wy Z %% . P8 ik s ot b . a, sl & ke
HMALBR A R R EREN BTN 2 —, RPlfEasED, HAEETHE L
R ;s R R BN S G AR SE T, E4ERFH g MBI AR RSO, 42
M B LR M AR E I, T H RTOG T PHGG X T #E22  LLlAe e . AR 24
Ve R AROUL 45 ¥ AR S AT T2 o

BT EIR 5, ASCRH N T IRE G X 0 7 R EAMLERS 0r 7 R O,
#EAL—Fp GPC 5l A ZR B AA I PHGG 4% 70 T s 1 7772, AR & 1k il
JRAS, SRR o JE I R SR A AR A A F > TR PHGG, BT FUAN R A PHGG
TARZEVE RIS, Ko7 7 PHGG X #e2 8 FA FLIR SN, Oy PHGG M T3k
AR RIS, A BT AR DAL AE A GG 1) 2N

15 EEATNE

AU LR RO AN R, E e —MFIH GPC-RID #ill PHGG 4 T & K&
ST EAAAMTTE . HU, @ Y R0 E AR 1) S R 2R AN [F o T2 PHGG, JF
WA R 4> T PHGG HpEA R G5BT IE MR ES . &, TTRARFE R T
ANF S5 PHGG MASS R, DL T8 PHGG W#EE 8 1 ALk e
RO EE R REA . BN B

(1) it GPC /&M PHGG 4T, A, Wahi. iR, fEd riie; I+
I S A %] - kar U AR P (1) oGk FR b BTG R (dn/de), BE AR &7
M PHGG F) dn/dc {8, A3 GPC ¥l PHGG 437 & HOHERE .

(2) 1£ GPC filll PHGG 7 T EHIRIFAF T, LAIA e it b, 81 GPC-
RID KA F 73 F & PHGG HIAXS 70 F S48l i/ A 0 T i E S5
5 GPC-MALLS fri43 2] [ a5t 77 i s S 80T 2 D& - @ —For 120007
7%: ilid GPC-RID &0 PHGG 4axf S5 T 4axI 83 TREMZ iR H.

(3) UL PHGG W5 T2 AT, @B MR 7 2. BRI AR ) |
JEAIAR B FTR BE AT 5 52, DA E REMAI AR IR DG B ER 325 RIS 5 88N [A) 1 & PHGG 1Y
FOEAL . > AR S R I 22 5

(4) W FATZESLLS, BMEAREE . pHy REX T PHGG AR 45 IR, A
7] 5 ¥ 5 PHGG [0 FH AL AR S0 50 R At i8S GG AR M AU T i o T &
PHGG (Mw=8.92x10° g/mol) M. T-#edz S I FLH, WEAARIKRER GG fd &5+
& PHGG X #6575 1 FLRe PR AN RO 25 46 ) 5

=
I=EN
=
I=EN



2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

F—E —# A GPC-RID EMiR PHGG a9y FERS FENH
7

21 BiE

JRIR S AN 3 B R SR 3 1 B o A e, B 2 ot . FIFH GPC-RID %
A GPC-MALLS M€ PHGG 7 T EM S RAZEROR, X5 R I 2% AR A il 77 2
(1) J5 3G K80, GPC-RID 445l PHGG AHXY 73 B AV BE 5 o0 i . il it . sl
FHS ARAE A BT, R4 GPC-MALLS v f R R (X 2-1. 5K 2-2) A%, dn/de
{H 25200 PHGG 48Xt 7> 1A FIERREE o bk, GPC-MALLS 74 A TR 4% 7 &
I SA L, 5 GPC-RID X#SAHEL, SRBe = A BETEAC. Rk, FFZ4EE GPC il
PHGG 73 T &AM, Bkl A .

AEH LN T GPC il PHGG 7 FERGIE K. HIK, & 12 MFES &
(1) PHGG, FFillsE H do/de {8, € AR FEGH N PHGG K do/de {A, X Jy#ERH I
& PHGG HIAHXS 731 Jot B AN 4505 73 1 ot S e (A0 SCRF . B Ja, R SR/ Z3fedkif) 2 10
q A&, E#AL GPC-RID il IAHXT 73 T8 245 GPC-MALLS il i 4%t 73 1 &2 240
Z [ B 3 J7 R

2.2 MRS
2.2.1 LR

B R G RCRE Y, SERR =& e s IHIREN, EAERNFAFIGIRA R 4
R v i, o A 24 R T AR
2.2.2 SEIOAY RS

Waters1525 =80 (4, J5[E Waters A F]; Agilent1260 = RUEEHE 155 (0 i,
EEMRER AR AT ; TSK-gel G4000PWx (300x7.8 mm) %t taitt, HA Tosoh 2
H]; Shodex OHpak SB-805HQ (300>8.0 mm) HEithifik:, HAHIAH Tkt
Ultrahydrogel ™ linear (300%7.8 mm) #Efi i AE, & [E Waters A F]; RET #i/JHiH:2%,
I IKA AF .

2.3 SEW AR
2.3.1 GPC 4 TER %440
2.3.1.1 g RNS X Hh 2R B

W B GPC ikl 4 1F: E N 0.5 mL/min, JiEIAHAN 0.1 mol/L REFRHN, iR N
40°C, F=FAEA S K@ik TSK-gel G4000PWxr (300%7.8 mm) . Shodex OHpak
SB-805HQ (300>8.0 mm) #1 Ultrahydrogel™ linear (300>7.8 mm) J3 56 A5 ek B b
MM T, REATPRMEI R A, B I KRB/ NRTEE A 7 2 3R
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2.3.1.2 WIAENAF S FE PHGG Rl 52 mH

W GPC i kil 26 4: iR 5 Jy Ultrahydrogel™ linear (300><7.8mm) , i
%N 0.50 mL/min, #3158 40°C, Vs FHAK IR BN 0.05 mol/L. 0.10 mol/L+ 0.30 mol/L-
0.50 mol/L FSEE4N, 2 kIl GG A1 =Fh PHGG F)/r T, ELECRE M) HE IG5 0

2.3.1.3 HEXNAFESTFE PHGG KUl 5 H

W GPC i kil 26 4: tiAER S5 Jy Ultrahydrogel™ linear (300><7.8mm) , i
ZhAEN 0.30 mol/L THEE4EN, Jii# N 0.50 mL/min, FEIEMKIREEE N 30°C. 40°C. 50°C,
S GG M1 =F PHGG W) /rF&, LLEHFESM AT HIEH N .

2.3.1.4 BEXNAFESTFE PHGG KUl 52

W H GPC ik 26 F: iR 54 Ultrahydrogel™ linear (300>7.8 mm) , it
ZAHN 0.30 mol/L FEEREN, AHiE N 40°C, HMEHEAMKIR K E N 0.50 mL/min. 0.60 mL/min-
0.70 mL/min. 0.80 mL/min, 4} 5 GG A1 =% PHGG 4> T &, ELEEE I H & s
o
2.3.2 GPC-MALLS WA F T8 PHGG KT XM E

TR S 4 12 MANES FEE PHGG (K 2-2, FEfh9a'S5 A SD-1~SD-12), A5

S B BN 1 mg/mL FIREE, B RHEECE N 6 AN BERS LI /K I, KIGEN Optilab

T-rEX /R Z 47 i kil 8 PR U I E 5, (EHES GIERERIE S IREEE, F
H ASTRA A AT &AM 240, THERIRRDN do/de 18

HPLC degasser Injector
and pump with Ioop

Optilab
(U)T -rEX

2-1 M5 dn/de {H XA 2E B K
Fig. 2-1 Instrument device diagram for measuring refractive index increment
2 B BOCCHU R I #5 THR R E AN A 50 2-1. 2-2 PR, 22 R ke I 25 o ay
&5 54X H Y778 dn/de 7 RIEEE.

ALS:KLS K (5) Mw Min;j (2-1 )
2112

K==l (2-2)
Nalo

i, Avs CEUHE SRR Koes 2GRS 4G miy EE N K ED
IR no A& T FIAE R0 PN AT A 2

10



2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

2.3.3 PHGG B ] &

R AT EE S 25 10 NARF > T E R PHGG, 72 HIECE N 10 o/L /KB . RIE
ANIF] dn/de fE, BEAEFRIEA “ Sandc-FE g5 7. 1% AN FEIREAAALR I PHGG Kk O 4
MR FEIE RPN REZE, BEENRICN “ ViR 9R S 7.

2.3.4 BEARIRERHIAXT 4 FEN &

GPC-RID AR X 71 i B il 26 14 €443 Ultrahydrogel™ linear (300%<7.8
mm) , JsNFEA 0.3 mol/LNaNO;, i A 0.6 mL/min, #5ill#s#EE N 40°C, HEFEIAFR
N 20 uLo LA RRE AR AE S T EXNEUE (LogMw) SEREFIE] (T) Bk,

PHGG HIAHX 2= M2 0 BURE dp M7 : K H Waters BRI PHGG 11947 B B
(], SRS AR b i 2R o AR E 124> T8 (Mwr) FEXIE 0 78 (Mar) FIZ 5
ﬁﬁ%;& (dp,R:MW,R/Mn,R)o
2.3.5 EEMR)/RERRAIZEXT 43 F B 2

GPC-MALLS M4 %} 731 & 1 i 2 F 5 GPC-RID #H A I} ASTRA R4
I 2% FIRE b 15 5 FE AT B o0, 15 B H 43 T & PHGG 45 B0 F 8 (Mwwm)-
A5 H T (Mam) FIZ 0 ERE (dom)s
2.3.6 FF GPC-RID Rl xt43F & W) 7R E AL

FIF /> — i, ¥ GPC-RID JIE ) Myr Al Mar, 43755 GPC-MALLS %€ )
Mwm Fl Mo AT 2 TS, P45 AR 0 F E& SN 0 F &S5 E A
o FIHPE AR ITHE AT 40 E T8 (My-Cal) . 485534 5r 78 (Ma-Cal) F1Z
STELR AL <dp-Ca1=“]fAW_‘CC;1>O wa, HRENAARERHHEES GPC-MALLS {4
Z A AR R 2
237 MEEMER M

4 dn/de=0.10 F1 dn/dc=0.11 #J PHGG ¥ 58 3 1, FIRE 1B 28l , B K
A 24 /NIF, 28 0.45 pm K RPEE R JE R, ANEE R E R IR 6 R DAAG TRE R I AR v
AT, I AR TR R RIEILG AT EL X TR EM L RS, T
# PHGG ] My-Cal. M,-Cal F1 dy-Cal [ -8 AAH S brvEE R 22 (RSD).

2.3.8 BIEL

B SEIe B8 — IR, SR H Origin 2023 BAFER, FHH SPSS Statistics 23 2K {347
WEMHT (P<0.05),

24 ER50R
2.4.1 GPC 4y TERM %44k
2.4.1.1 RS SRR 2R TR R

11
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FRAEAE S B Y0 LR A F A (184, 3 =R S ) o A 20 % 2 3 v RO
B R, ARG S5 RN 40°C, idE N 0.5 mL/min, JizIAHN 0.1 mol/L
NaNOs. Fl|H] Waters 2R 2FK A e BT AR AE S 1) LogMw 5 T #E47 835387, 1522 ME 8]
AR R R R 2-1 S8 AT AN [ B 5 (i (1) S B bR v th 26900 & S 8.

£ 2-1 ARR SRR 1FFAE TR & S50

Table 2-1 Standard curve fitting parameters of different types of chromatographic columns

N S i WE T R? FEFHAR PR 737 & /Da
TSK-gel G4000PWxL LoaMw=-0.39T+11 17 094 3x10°
0 w=-0. . .
(300%7.8 mm) J
Shodex OHpak SB-805HQ LoaM 115742720 097 45108
ogMw =-1. : :
(300>8.0 mm) g
Ultrahydrogel™ linear L oaMw =-0.56T+13.63 0.99 7106
0 w =-0. +13. .
(300%7.8 mm) J
e S - sz [ gmegee s
Ultrahydrogel™ fincar ‘ [T — u-n.,.f}a.:,,m\“‘ 1,::-,] | sk — Ullml‘l_uhuxclm b:im r |

! !l
l

I
/1

0l <
{

Mw
og Mw

I
4,
\f)

|‘ 7

I ."I(
I
.\Ill“ L

15 2 10 15 20 z 10 15 20
PR B (6] /min PR B (6] /min PR B (6] /min

e ostdl: HIZRHE (Mw=180Da); std2: Dextran T-300 (Mw=300600 Da) Fl Dextran T-10 (Mw=9750
Da) JRAFrER; std3: Dextran T-150 (Mw=135350Da) Fl Dextran T-5 (Mw=2700 Da) & brifk i
P 2-2 AN[RI R Co A A 00 A TR R P 4 ot ) S 05 28R P
Fig. 2-2 Peak curves of dextran standards in different types of chromatographic column detection

P 2-2 Je AN ) 2 5 C T A ARG 00 A7 TR T A v i ) EE W R R 45 R 7R, TSK-gel
G4000PWx 3%+ F11 OHpak SB-805 HQ €& i A4 X T AN [F] 431 5 1 JE A 1 7 B RUR B 22
AT RE A T =R e SE R R LR AN E], TSK-gel G4000PWxi it i JE R} 2 5 H L T
MR IR AORL, SERPRAE A 10 pm, S/NEIRIEIRECH 1310, 73 BYEH Y 2x10° Da-3x10°
Da, % T &0 T EBAY B3 H % . OHpak SB-805 HQ iy i 4% 55 ¥4 H 35 74 s PR T HEUR)
FRIK VB PR BEIE C AT, KA 13 pm, BEARECR T 1.2x10°%, HEFHAR IR 7558 4x10° Da,
Ny B RUR 2% . Ultrahydrogel™ linear 2 #2384k 58 B 3L 79 I 82 Y G 78 VR &
TR, HEREARFR Y 7x10°Da, Xf T 0BG . R RO EUBUR A ORE S 7 B ORI T
AR A . B F Ultrahydrogel ™ linear €2 1% 44 22 57 1 45 T b T s 4 BH 28 1 R?=0.99,
BN A IR M AR

2.4.1.2 HEHHEXAESFE PHGG Bl I8

K] 2-3 ZAEERANIK EEAE 0.05 mol/L-0.5 mol/L JEE N, GG MIA[F 218 PHGG It
R, HE ORI, ik Ultrahydrogel™ linear (300>7.8 mm) , ik %
BN 40°C, V% E N 0.5mL/min. 458 8on, UREEE FIRE T, s &

12



2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

KT 0.98. /INorT5 PHGG3 [ H U [ F040 WA Z IR SRR BE R s W4+
& PHGG2 WS ML Al S sh AR BEE o8, THIREAM AL 0.05 mol/L A1 0.5 mol/L
I, PHGG2 [ i 6 T FH s R 5s B 35 R I R 4 7£ 0.05 mol/L NaNOs il &1,
PHGG1 1 GG MFFMEvEMET [ BT H e & IRk E, KA KD TRERGFE. WE
SRR TR, eSS K T A B, RS dER A, H 0.1 mol/L
NaNOs X T i 70 F &1 PHGG1 Hg, WEIEAE. thoh, e kg s s
(ot A, Al LAI%$E 0.3 mol/L NaNO; #EAT J5 8 (0 2 - 1Ak AL

30 —— 0.05M NaNO3 6 —— 0.05M NaNO3
GG ——0.1M NaNO3 PHGG1 —— 0.1IM NaNO3

.l —— 0.3M NaNO3 WL —— 0.3M NaNO3
—— 0.5M NaNO3 —— 0.5M NaNO3

mV

L I ! L L | 1 1 1 1
0 5 10 15 20 25 30 10 15 20

e S 18] /min Ve M B 1] /m in
8r 10
—— 0.05M NaNO3 r —— 0.05M NaNO3
oL PHGG2 —— 0.IMNaNO3 PHGG3 —— 0.IM NaNO3
—— 0.3M NaNO3 —— 0.3M NaNO3
— 0.5M NaNO3 s — 0.5M NaNO3
Nl L
2L
¢ %0
0
2
SR
4+
-6 1 1 1 1 1 | 10 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Ve 8] /min WEMEET [A]/min

2-3 THERIREEXT AN 70 78 PHGG il IR

Fig. 2-3 Effect of sodium nitrate concentration on the chromatograms of different molecular weights PHGG

2.4.1.3 EEXNAFESTTFE PHGG Rl FIRH

Kl 2-4 NAFEFER (30°C. 40°C. 50°C) X} GG Al =F{A[F4rF & PHGG ik &)
SO, O RER IS (it k% 3 Ultrahydrogel ™ linear (300>7.8 mm) , VzhHHEE N
0.3 mol/LNaNO;, 7K E N 0.5mL/min. R TR, ANEFET, FriEZH 4 mH
KRBT 098, FEiE N 40°CH, GG M1 PHGG KX B IFLLLFFa, WL RiF, ik
R B AR YT s X AT Re RN B AR T, [ e A S IR sl AH 2 TR R B FEAIS, AN[F) 73 1
B AL Y HCR BN, 5 3 WIS TRV BR AT, a2 1T DG I T o A N 50°CHY, PHGG
FTPHGG2 Ff iy H U ) . BB AP AR,  JF BRI & 48 5 G AL {6 7
b3 FEAT IR R 40°CHEAT JG B il Sk AL .
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__ 30m
30°c ——30°C
——40°C .
I b ——40°C
——50°C
P . . . . . | . )
s 10 15 20 25 30 0 B 10 15 20 25 30
BEML IA]/min YeR A E)/min
or ——30°C T ——30°C
PHGG2 —aec PHGG3 s
——50°C sH ——50°C
0
Z s
Rrys
ask
. R s . . . )
s 10 15 20 25 30 0 s 10 15 20 25 30

Vet B 1A]/min e 1A)/min
K 2-4 FEIEXTANE 4> T8 PHGG it 18 i 5210

Fig. 2-4 Effect of column temperature on the chromatograms of PHGG with different molecular weights

2.4.1.4 FWENAFE S FE PHGG KM IR H

or e i —— 0.5 mL/min
0.5 mL/min

GG —— 0.6 mL/min oL PHGGI1 —— 0.6 mL/min

4 —— 0.7 mL/min —— 0.7 mL/min

i ——— 0.8 mL/min ~——— 0.8 mL/min

L
15

0 5 10 20 25 30
BeLS [A)/min e [A)/min
15 .
—— 0.5 mL/min
12 - .
—— 0.5 mL/min 1
PHGG2 —— 0.6 mL/min PHGG3 gg mi;m?n
8 —— 0.7 mL/min 10 - — ().g mL/m?n
——— 0.8 mL/min — 0.8 mL/min
4 5 /\
=
B o E o ‘
4 Sk
-8 -10
12 ! L ( 1 . . ) -15 L
5 10 15 20 25 30 0 5 10 15 20 25 30

VeI E)/min

e it B [E)/min

B 2-5 iLE0 AN 778 PHGG ik I 2
Fig. 2-5 Effect of flow rate on the chromatograms of PHGG with different molecular weights

WK 2-5 ZFUELE 0.5 mL/min-0.8 mL/min JEE N, GG fl =M AFE4% & PHGG [

kK, HEtiiai st aiiE%kFE Ultrahydrogel™ linear (300x7.8 mm), sl
WE N 0.3 mol/L NaNOs, HREE N 40°C. 45 R E/R, RRVGET, trik il &m
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2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

FHRZRFOKT 0.98. HiEH 0.4 mL/min B, {XERELF e B I BLFE ST 46 H IR
(G, FF A I BT R I TG, 2 PR AR R . iE N 0.5 mL/min I, GG #1 PHGGI
o T ) HE R I %9859, PHGG3 HILFIE. £ 0.6 mL/min-0.8 mL/min Ji3EJEHE P, Y
ANFE 7 B R L i I o B A R I G ALh . PRI BRI A 0.6 mL/min, $5 4] 5 5
WEE PRI BE LT (8] 9 15 min 78 45 BRRE PRIEJE 2R Aa . WETE R

Zi b, GPC il GG A1 PHGG 7 T E M & (il S 72 . filiAE 4 Ultrahydrogel™
linear (300x7.8 mm), JiizNHIA 0.3 mol/L NaNO;, #Eif N 40°C, ii# A 0.6 mL/min.

2.4.2 GPC-MALLS JEAF2F& PHGG Krgt R E

DU B FE R B, A RIS 7L H 88 b T2 A A, Nwokocha 5 A Bl X
JAA M2 H 78 B HE 4% 5 T B8N 7.23%10° g/mol (dn/dc=0.14); Zohra %5 \ 01k %
INZERTI AR 2 A0 FEART I 2 AN R FE A SR BC AV, K% Shodex OHpak SB-806HQ 444
A1 Shodex OHpak SB-804HQ it Hr 1k, izhAHiZE N 0.1 mol/L LiNOs, Wi E N
0.5 mL/min, RrillfS 3] EARE LI H 5 R8N 1.40x10° g/mol. & T JIUR G AL 73
TEANLE RBAEHEZES . Rishikesh 25 NPUM# ] GPC-MALLS 2480 1) /IR 515
“axt 7y F &4 2.20x10° g/mol, T Martin 55 AP2ISZEG it F 1 JTUR SR 4806 50184 3%10°
g/mol; Liu % N\P3H GPC-RID £l 5 R ERRAHXT 70 F &N 2.66x10° Da, HACEE —
BRI 25 AR ZE 80K - GG 3 2 Aar il 45 FAS (5] 1) J5 DR AT e s € w25 A AN [,
dn/de AR EA I, MIE (2-1). (2-2) THEAHL, ARFAE ST dn/de A% E N 0.09
I, x5 TR NTHRAE 2 dn/de=0.12 B 1.78 i .

# 2-2 A[FESrT2 PHGG (4 5 R 1 &

Table 2-2 Refractive index increment of PHGG with different molecular weights

(RS RS dn/dc R? #0531 Jit & Yu /g mol! X 53 T /Da
SD-1 0.09 0.99
Mw>2x10° Mw>4x10°
SD-2 0.09 0.99
SD-3 0.10 1
2x10>Mw>1x10° 4x10%>Mw>2x10°
SD-4 0.10 1
SD-5 0.11 1
SD-6 0.11 0.99
SD-7 0.11 1
1x10>Mw>1x10° 2x10>Mw>5x10°
SD-8 0.11 0.99
SD-9 0.11 1
SD-10 0.11 1
SD-11 0.12 0.99
Mw<1x10° Mw<5x10°
SD-12 0.12 1
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* 2-2 A8 PHGG ) dn/de fH . FIH ASTRA FAE53 7% 12 M AT 4k
PERLG, MHRREEYRT 0.99. LILERKH, 4 PHGG MAX 7Tl E Mw>2x10°
g/mol B, dn/de=0.09; %4 PHGG MIZEXT5rF & 2x10° g/mol>Mw>1x10° g/mol KT,
dn/dc=0.10; 4 PHGG HIZE%T 73T & 1x10° g/mol>Mw>1x10° g/mol K, dn/dc=0.11;
4 PHGG HIZE5%F 93T i & Mw<1x103 g/mol i, dn/de=0.12. A dn/de {85 H T 2375
TR T,

2.4.3 PHGG WEH S TFEN E

FIF e/ ik 3 2-3 hAS[E 2> T8 PHGG I Myr Al My #E4T Z 0GLE, )

Azl 2-6 Frox. BB TR 2 WAIE TEN:
My-Cal=-2E-05Mj, g +0.49M,,, g -57.53 (2-3)

LA TR R?=0.99, R HIUA T F 4% B35y TR SEE R & - 24 PHGG
[ Mym<1x10° g/mol i, ANA[LLHEIE 73 F2EH# TR (02-3) 115 My-Cal, X1]HE
KA T2/ T 1x10° g/mol B PHGG it 5 45 e s I Ax i R 25 0 SEARL, 5 SO X 43
FRESY4X i ENENEEARMER, AFE 2 UE g,

% 2-3 PHGG HIMHX EIH4 TR (Myr) S40EBS T8 (M)

Table 2-3 Relative weight-average molecular weight (Myr) and absolute weight-average molecular weight

(Myu) of PHGG

Sample My r/kDa My,mx10%/g mol!
So.00-1 8888.67 2640.67
So.00-2 5333.50 2132.00
So.10-1 3029.33 1131.67
So.10-2 2898.33 1201.33
So.10-3 2660.33 1026.33
So.10-4 2526.67 1052.33
So.11-1 1756.50 750.57
So.11-2 1436.33 654.10
So.11-3 1167.00 510.60
So.11-4 641.00 271.05

E: PL “Sanac-9m 5" Pric H TS T BT FERIFE N Soee-x: dn/de=0.09 ) PHGG; So.i0-X:
dn/dc=0.10 ] PHGG; So.11-x: dn/dc=0.11 [ PHGG.
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2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

3000
-0
2500 | _--
— ° I ‘ ’
IB 2000 | L .
S ,
o P
S 1500 t
— ’
X s
2
= (]
S 1000 P
/7
.9’
500 f [ 4
/
[ J
0 1 1 1 1 ]
0 2000 4000 6000 8000 10000
M, r/kDa

€ 2-6 PHGG IR AT (Mu) SHMTIIH TR (Mo HIRLA 12
Fig. 2-6 The fitting curve between MM and Myr of PHGG
%% 2-4 ffizs, d8id GPC-RID %Al f33] PHGG ) Mwr, HIE AL (2-3) Ffh
35| My-Cal, My-Cal 5 Mym FIFHXS R ZEE£L10% A o

#* 2-4 PHGG 4iX HE 7078 (My-CaD 1555 GPC-MALLS JiE (Mym) HIFRXS R ZE
Table 2-4 The relative error between My-Cal and My,m of PHGG

Sample My,mx103/g mol! My-Calx10%/g mol! Relative error/%
So.09-1 2640.67 2738.20 -3.56
S0.09-2 2132.00 1999.23 6.64
So.10-1 1131.67 1250.28 -9.49
So.10-2 1201.33 1201.32 0.01
So.10-3 1026.33 1110.61 -7.59
So.10-4 1052.33 1058.67 -0.60
So.11-1 750.57 745.49 0.68
So.11-2 654.10 608.32 7.53
So.11-3 510.60 489.75 4.26
So.11-4 271.05 249.82 8.50

IR FIBF AL PHGG X EX > FEEH TR (2-3) 7K. & 2-5 240
FIEG MR PHGG ] My-Cal 5 GPC-MALLS A 2 (B B GHR 22 . gk R,
M.,-Cal 5 Mym HIFE R ZEFEARLEL10% AN o

17
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* 2-5 ANFEEHARALIX PHGG 4 B0 T8 (My-CaD) tHHEESIRE (Mow) KA RZE
Table 2-5 The relative error of My-Cal and My, M of different enzymatic hydrolysis batches of PHGG

Sample Mynmx10%/g mol! M,-Calx10%/g mol! Relative error/%
Vo.00-1 1162 1054.75 10.17
Vo.00-2 2231.67 2013.11 10.86
Vo.10-1 989.70 936.95 5.63
Vo.10-2 1091.00 1021.98 6.75
Vo.i-1 645.90 584.96 10.42
Vo112 328.77 322.12 2.06

e Bl “Vawae-FEm &5 7 Fric TR0 T BRI IR Vooe-x: dn/de=0.09 ] PHGG: Vo.io-
x: dn/dc=0.10 ) PHGG; Vo.i1-x: dn/dc=0.11 [¥] PHGG.

Kl 2-7 i R EAE 0.09-0.11 JEHI N PHGG 4axt B34 & i HAE 5 E
Pxf bt iR, PRI EE R RIEAR —E, My-Cal 55 M 2 T8 PR X 58 22 2
ALEE10% AN . F, #id GPC-RID £l PHGG ] Mwgr, R LA T7 24T 74,
REME LR SRS AN [ 2> F & PHGG (Myw>1x10° g/mol) HJ My-Cal.

3500

3000

2
Lh
(=]
(=]

2000

1500 f

M,,-Calx10%gmol-!

1000 f

—Mx\ 7, M:Mw' Ca ]-

0 500 1000 1500 2000 2500 3000 3500
M, \¢10%/gmol-!

2-7 PHGG [Max] E YT EIHEE (My-Cal) H5IRME (Mym) IXFEL
Fig. 2-7 The absolute weight average molecular weight (My-Cal) of PHGG was compared with
the test value (Mw,m)

2.4.4 PHGG HIBUBY 4 FENE
FIFH e/ B 2 2-6 HR[E 2> 18 PHGG ) Mar Al Mom 47 Z RIS, 0
AL aE 2-8 B, B30 FERZ TG TFERN:
Mp-Cal=-0.0023M; g+6.27M,, z+24.59 (2-4)
LA TTFEN R?=0.99, REJMIA FFETH L E 5 FENTSEER . W5k 2-
7 B, J83id GPC-RID £k II#3 2] PHGG ) Mg, ARG AR (2-4) H4/5 3] Mo-Cal,
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2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

Mu-Cal 5 Muom FIAHRFR ZEE£10% LY

#* 2-6 PHGG MIAXI I 08 (Mar) 54060530 F&E (Mam)

Table 2-6 Relative number-average molecular weight (M r) and absolute number-average molecular

weight (Mam) of PHGG

Sample M, r/kDa M mx10%/g mol!
So.09-1 1380.50 4261.00
So.00-2 227415 2248.00
So.10-1 171.33 932.27
So.10-2 154.00 962.93
So.10-3 129.00 818.80
So.10-4 129.67 836.87
So.11-1 125.00 724.60
So.11-2 72.00 477.17
So.11-3 43.67 322.30
So.11-4 9.99 92.25

% 2-7 PHGG 4ax 435 7y T & 1H A (Mp-Cal) F1 GPC-MALLS MHAME (Mapm) (ELES
Table 2-7 Comparison of the calculated absolute number-average molecular weight of PHGG (M,-Cal) and
the GPC-MALLS test value (Mn,m)

Sample M mx10%/g mol! M;-Calx103/g mol™! Relative error/%
So.00-1 4261.00 4297.86 -0.86
So.090-2 2248.00 2389.83 -5.93
So.10-1 932.27 1031.44 -9.61
So.10-2 962.93 935.72 2.91
So.10-3 818.80 795.22 2.96
So.10-4 836.87 799.01 4.74
So.11-1 724.60 772.48 -6.20
So.11-2 477.17 464.15 2.80
So.11-3 322.30 294.02 9.62
So.11-4 92.25 87.00 6.03
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4500
4000 .
3500 t s *
3000 f . *

2500 | , '

2000 J/

M, nx10%/gmol-!

1500 | !

1000 | r
¢

500 r

0 500 1000 1500 2000 2500
MLRkaa

) 2-8 PHGG 4P M09 4h TRt (Man) SAIRE T4 HERERFAORIRT S 4 T8 (M) HORRIER
Fig. 2-8 The relationship between Mym and My r of PHGG
WA FE AR PHGG X &40 T EFHOTRE (2-4) BHATRIE. Wik 2-8 Jr
7~ AT dn/de=0.10 A1 dn/de=0.11 1) PHGG, H M,-Cal 5 Mam RIAHNT 1R ZZEEALE£10%
AW, fH 2 dn/de=0.09 ] PHGG FHXT iR Z{EAR K IX 7] §E H T- Mw>2x10° g/mol ] PHGG
A, TR B RS R BI R T, 0 T B R AR MR RS A I Y T2
B, SEiSsE TR RGO
% 2-8 ML PHGG 4R B4 FRLME (My-Cal) SHHRE (Mo [ORIRHR2
Table 2-8 The relative error of M,,-Cal and M, m of different enzymatic hydrolysis batches of PHGG

Sample M mx10%/g mol! M;-Calx103/g mol™! Relative error/%
Vo.00-1 929.60 1542.94 -39.75
Vo.09-2 1796.00 3061.52 -41.34
Vo.10-1 724.93 746.80 -2.93
Vo.10-2 829.73 766.78 8.21
Vo.11-1 406.90 453.45 -10.27
Vo112 110.17 115.37 -4.51

Kl 2-9 EPTHTHRIGEAE 0.09-0.11 JEFE A PHGG 4% 403 7 F =it B 5 A
Xt b WK AR, Bk dn/de=0.09 (1) PHGG, W75k Ret RIEAR —F, Mn-Cal 5
Mam Z B X R ZFEARLEL10% AN - &5 KW, 83 GPC-RID il PHGG ) Mug;
R FHAUA 7 R EAT et , ReB8 B HERA I IR A5 AN (7] 4+ & PHGG (2x10° g/mol>M,>1x10°
g/mol) [ M,-Cal.,
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2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

5000 r

4500

10%
4000

3061.52

3=} [ 7%}
Ln (=] L
[~} =]
S S S

-10%

alx10¥gmol-!

& 2000 |

1

M,
—
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(=}

7Mﬂ._}'l = Mn-Cal

0 1000 2000 3000 4000 5000
M, x10%/gmol

2-9 PHGG 4axt #8873 T8 (Ma-Cal) S5IRME (Mam) BIXFEE
Fig. 2-9 The absolute number-average molecular weight (M,-Cal) of PHGG was compared with
the test value (Mnm)

2.4.5 PHGG WIZ 0B R HN =

ZHEMABEREM T RN, 208 R88K, 2Ry TES M.
WIS RI-1 s, PHGG FF AR T4 s R dpr KT doms FTHEFA PHGG
SRR 7 TR AN R, B R B A (R S5 A AN ]

% 2-9 BRI HEL S FEE A RNEL 5 FEE AR 5HE My-Cal f1 M,-
Cal, AR (2-5) HHEARN dp-Cal. SR ER, B dn/de=0.09 /) PHGG FEfh, %
BRI S S MR 2 TR PRI AR 5 22 2 B TR AR 10%3 LA -

Mw-Cal _ -2E-05MZ, g +0.49M,, g-57.53

dp-Cal= =
b Mn-Cal ~ -0.0023M2 g+6.27M,, g+24.59

(2-5)

% 2-9 PHGG £ #i A ¥0iH51H (dy-Cal) 5 GPC-MALLS JAR{H (dpm) FIELER
Table 2-9 Comparison of the calculated polydispersity coefficient (dp-Cal) with dp,v of PHGG

Sample dpm d,-Cal Relative error/%
So.00-1 1.06 0.64 66.30
So.09-2 2.72 0.84 224.60
So.10-1 1.21 1.21 0.13
So.10-2 1.25 1.28 -2.79
So.10-3 1.25 1.40 -10.26
So.10-4 1.26 1.32 -5.13
So.11-1 1.00 0.97 3.62
So.11-2 1.37 1.31 4.53
So.11-3 1.58 1.67 -4.86
So.11-4 2.94 2.87 2.33
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e AN [F B RV PHGG BE A% GPC-RID £ BUAR BT H 7 BT 96 . s
2-10 Fi7r, dn/de=0.10 F1 dn/de=0.11 HI#F i dp-Cal 5 dpm BIFHXT R ZELEL10% AN . H
T dn/de=0.09 ] PHGG #7503 0 T EM G TR A IR ZEE S, FEZ 08
AREAHRHR Z R R

# 2-10 AN[FEBFMLIX PHGG M2 0 R B0 EAE (dy-CaD 5MHAME (dp) HIAHNT R 2
Table 2-10 The relative error of dy,-Cal and dpm of different enzymatic hydrolysis batches of PHGG

Sample dp.M dp-Cal Relative error/%
Vo.oe-1 1.45 0.68 112.31
Vo.09-2 1.24 0.66 88.88
Vo.io-1 1.38 1.25 9.76
Vo.10-2 1.33 1.33 -0.21
Vo.-1 1.41 1.29 8.99
Vo2 3.00 2.79 7.50

K] 2-10 247 I EAE 0.09-0.11 JEHEN K PHGG Z 7 BUREUH R (dp-CaD 5
MARAE Cdon) BIXTEE. IR, B dn/de=0.09 ) PHGG b, PR3 5k (1 45 R 3k
K3, FHXHREFEAREL10% AN . 45 REY, FHEY S TEEHRAXNES )7 &
WA X THE My-Cal f1 Mp-Cal, BZEAR (2-5) 1HEARIK dp-Cal, BEBEEHER
HiFRAS A E 2> 78 PHGG (2x10° g/mol>M,>1x10° g/mol) ] dyp-Cal. 51 e Wt T PHGG
IR B .

35 ¢
—— dyy=dy-Cal
3
25 |
=
Qo2
_E:_
15 |
1
0.6 ® 034
064 5 @ ® 068
0’5 1 1
0.5 1 1.5 2 2.5 3 3.5

dp=M
2-10 PHGG MIZ 0 LA BGTHAE (dp-Cal) 5 GPC-MALLS E (dpm) HIXTEE
Fig. 2-10 The polydispersity index of PHGG (dp-Cal) was compared with GPC-MALLS (dp,m)
B FIARSEEG 5 mT 50, 4axt E s B VRN 2x10° g/mol>Mw>1x10° g/mol  (FH%
B TRETGHEDN 4X10° Da>Mw>5X 10° Da) ) PHGG, £F&AEXT 2 TS 8m 445t
SRS AR (2-3, 2-4, 2-5), pFEZHOHEAAES WAE A R ZE£10%
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2 —Fh ] GPC-RID MR PHGG 46504+ & )2 7 F B A 7 1

DL . A, 28 2x10% g/mol>Mw>1x10° g/mol (dn/dc=0.10 F1 dn/dc=0.11) [ PHGG
FE S b AT K 2 BE AN R 1 S5
24.6 REEMEL

* 2-11 WA PHGG 4axt 7 F RN ES
Table 2-11 The repeatability of absolute molecular weight calculated of PHGG by fitting equation

) ) dn/dc=0.10 dn/dc=0.11
(EETiE =)
My-Cal/g mol!  M,-Cal/g mol!  d,-Cal  My-Cal/g mol!  My-Cal/g mol!  dy-Cal

1 1207.17 883.51 1.37 548.71 305.14 1.80

2 1118.30 774.19 1.44 592.80 304.52 1.95

3 1005.62 786.70 1.28 519.25 295.25 1.76

“FIME 1110.37 814.80 1.36 553.59 301.64 1.83
HEME

9.10 7.34 6.10 6.69 1.84 5.40
(RSD, %, n=3)

7E: My-Cal, M,-Cal EtftihafLl 103

% 2-12 WA TTFRIHE PHGG 4a%t 701 B R % 1
Table 2-12 The precision of absolute molecular weight calculated of PHGG by fitting equation

dn/dc=0.10 dn/dc=0.11
M
M,-Cal/g mol!  M,-Cal/g mol!  dp-Cal  My-Cal/g mol!  M,-Cal/g mol!  d,-Cal

1 1128.83 833.97 1.35 555.03 305.83 1.81

2 1112.07 774.70 1.44 529.97 311.00 1.70

3 1098.43 730.69 1.50 584.32 301.89 1.94

4 1078.99 716.89 1.51 564.23 299.37 1.88

5 1102.67 843.21 1.31 548.71 305.14 1.80

6 1111.18 809.11 1.37 532.46 303.44 1.75

FEE 1113.11 779.79 1.43 556.44 306.24 1.82
HE M

1.37 6.65 5.24 4.89 1.49 6.37
(RSD; %, n:6>

¥: My-Cal, M,-Cal F{EIFLL 103

% 2-11 ZUA F TR HE PHGG 4% 73 F 2= M E E M . 13 dn/de=0.10 F1 dn/dc=0.11
[¥) PHGG F£ 8 (2x10° g/mol>Mw>1x10° g/mol), 43 HIBLE N 3 43 FATREM, FIH GPC-
RID #& Myr+ Mog 1 dpr, HRIE (2-3, 2-4, 2-5) 735135 PHGG ] My-Cal Al M-
Cal il d,-Cal. P PHGG F# i My-Cal F1 My-Cal A1 dp-Cal [ RSD 1B #1/MF 10%.

% 2-12 WA ITHETHE PHGG 4% 77 TR IR % . 153 My-Cal 73514 1118.30
g/mol 1 548.71 g/mol HJ PHGG VA BUESBERE 6 X, FH] GPC-RID KrlAHXS 731 i &2
B, R (2-3, 2-4, 2-5) 43R PHGG KXt o> =28 P PHGG Ff i 2 3
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HEFE 6 YRIP) RSD HI/NT 7%,
Kk, KA GPC-RID #ll PHGG MXf 4> &S5, BHAHS TFEHA T THE4
o TEZSHW T, BA R EEMEL M,

2.5 ARE/NG

(D @A GPC RRI 26T, TR — M L EGER I GPC Rl PHGG 41 & 1)
g %A Ultrahydrogel™ linear (300x7.8 mm); A4 0.3 mol/LNaNOs; JiiH#
4 0.6 mL/min; ¥4 40°C.

(20K H ASTRA 8 AR5 Hridk, W€ ARl 43+ B G H A PHGG ) dn/de i : Mw>2x10°
g/mol B, dn/dc=0.09 ; 2x10° g/mol>Mw>1x10° g/mol K} , dn/dc=0.10; 1x10°
g/mol>Mw>1x10° g/mol i, dn/dc=0.11; Mw<1x10° g/mol I}, dn/dc=0.12; MK —
T EE HERA 1K) GPC-MALLS BXFH A PHGG 48 73 1 & 1K 71

(3) KH&/N3REE, ¥ GPC-RID WS4 ekt i 42 WA 77 &Y GPC-
MALLS #li#3(#) PHGG #4&x 5> T & AT 2 MAIUE, 7015 2
EEHTFRERMAE AN Mw-Cal=-2E-05M3, g +0.49M,, -57.53, HI< RER? 4 0.99;
B TEMAE AR N: Ma-Cal=-0.0023M; g +6.27M, z+24.59, 1< R R> N 0.99;

2
I o N P e (a1 Mw-Cal _ -2E-0SMR g +0.49My -57.53
Lo AT 2 A dp-Cal Mn-Cal  -0.0023M2 g+6.27M,, g +24.59°

(4) ZxF 5 T REIEEH 23109 g/mol>Mw>1x10° g/mol (AHX T H 34145 ¥ [
N 4X10° Da>Mw>5X10° Da) ] PHGG, ff&HZF T8, B30 TEMZ R
LG A, daxf B n T, 48030 FEMZ R0 HHS GPC-MALLS il
HAE AR R ZE ARG AEE10% LAY

(5) R H GPC-RID f&illl PHGG A% 4> &2, HAIH S FEMEG TR E LN
STESEINITE. PANAESS FER PHGG 70 BIEL 3 4 TATRES, 4axt 7y T BS 30T
S RSD $#8/hF 10%; HIANAFE > FE I PHGG R, B 6 IR, 40T &
ST EAEN RSD 35/ 7%, R RFZERA RIG IR % EMES .
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$=% AFS TR PHGG HIfl . SitRIE AT

E=F TESFEPHGG WH&. EHMRIERARNFESH

3.1 BiE

JRIR G WTUR SR FL A SR — PR SR A, B P Ta R AR BRI
#, Hoarama 2R, 5Ky FHEEAER, TR R . H2& GG
IKIZRK IR 2B/, VSRR AR, LR M PR TR & AL Ay A A
GG MBI E A TRRX/NEEMK, HElrw s 2K oK. BKERY, R
GG M=, HRKMEREEA GG, 4 FERIAE S AR MR T 2K,
B B A TR e . RBLCAFIRAD, 5 THEHI R . BB Bk 2 2 il p-
H B RPEM S o- AN, (FHT GG F4EM B-14-MEH S MISE o-1,6-FEF4E, K
GG BRI T 505, SR bXE R s sy 15 PHGG (1) £ 7 720 45 K 14 3 (R BIE 7

Az E—% GPC fulll PHGG 7 T &R LM, LA PHGG 7 & A4Ehs, #®
R GG BRI BN 2R, AT B & AN R 4> 7 B 1) PHGG. XA 415 1)
PHGG #HAT BBELL 4T, 35K F NMR. FTIR F1 XRD #A4EH L4, it TGA 1 DSC
I3 BT H AT ) 2 B AR AL

3.2 MRS
3.2.1 WA

JKIRE R, MU e AR ARG R A A 5240t B-H 22 FMilg (5x10*U/g), il
WAL R A B A 5] 72 s & 22/ (LP482001, 2000 U/mL), B /RAGERHE AR A F .
3.2.2 LIRS

RET hn# e FEoe, E IKA An]; DHG-9053A HHGEIR & KT, Fif—
TERI AR AR A F]; DV2T g hi 1, 32 Brookfield A F]; SCIENTZ-10N &%
WL, TUE 2 AR R A TR A E]; NEXUS f# B A8 #27 4h 5 384%, 35 E Thermo
Nicolet A F]; Avance III 400MHZ &8 AL REIEIR G UEAL, 1E[E Bruker A a]; TGA2
BT, MRS -FE R 2 A B8 H TR A 7] ; D2 PHASER X S8 ATHHMY, #45 E A& 75 AXS
HIRAT; DSC8500 ZE /R E#AY, FEEIAEI/RERA T Waters1525 15 RUBA (1%
1, ZEE Waters 7] Agilent1260 SRS E Gl , £ EMHERFE R AF]; Dionex
ICS-5000" @ 2305 F o, SEEFEER G /REHHE A F] .

3.3 LW A
3.3.1 JR/RE R ERAAR h BR & R <2
3.3.1.1 NRABREHFET AN N RERS FEREH

(1) RAREIRE 10 g/L IR ERER, BEWIERE 45°C, B4 20 min, %
E2EBEANINE 140U/ (g GG, E%E B-H & ZEFERE )y 100, 200, 300, 400, 500, 600 U/
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(g GG) XM X GG X o F i BRI, ROVS5 5 G # 2 90°C/K I H R B
20 min, 183 GPC-RID &GN A &AL B S GG HIAEXS 70 T i &

(2) KHPEWRE 10 g/L JIUR G, BEAREIEEE 45°C, BEMANTASY 20 min, B-
HER PR INE Y 500U/ (gGG), HHEE =)y 100, 120, 140. 160, 180. 200
U/ (g GG) &M T GG AX 73 F IR E RIS, 45 R 5 IO %5 2 90°C/Kis i fr
B 20 min. 181 GPC-RID &kl A [\ 444 HE 5 GG HIARXS 401 i & .

3.3.1.2 &2 TEHOBERETUR SR KR AL

(1) RABTEIKRE 10 g/L JIURGIRIER, B-H B EEBERAINE 500U/ (gGG), X
iR JE 45°C, HEEEEARI A 100 204 30, 40, 50. 60 min 251 F X GG A%} 5 T
RN 81 GPC-RID iER AN &b B S GG HIAEXS 73 7 i &

(2) RABEARE 10 g/L TR ZRER, BEMFER ] 20 min, KSRE 45°C, F5
B-H 22 BB I A 100, 200, 300 400. 500, 600U/ (g GG) 2614 FxF GG X} 4
TR ERFW; @i GPC-RID R A R &AL B G GG AR 71 & .

(3) KH p-H TR RGN E 200U/ (g GG), EE#ERSE]) 20 min, &M IEE 45°C,
LEEMFEIRE N 2. 4. 6. 8. 10, 50, 60 g/L %4 X GG AHNF 71 B 1 520 ;
it GPC-RID Al ARl 26 A Ab B 5 GG AN 71 i & .

(4) KH p-H T RKFERFRINE 200U/ (gGG), BEMRATA] 20 min, Fi&EIRZ 60 g/L
TR ST, H RN 35, 404 45, 50, 55. 60°CEA: N GG X 70 TR B 5
Wi 3 Jd GPC-RID A Ml AN R 26 A A0 B 5 GG AN 70+ L & .

3.3.2 JN/RE R HI T BER
Bl ph bl ORREHE: KD N1 1, B )UR G IRERAE I SR & BRI
= A [A], %08 3R 3-1 #il# AF 9 F &=/ PHGG.
% 3-1 PSRRI eI T &

Table 3-1 Experimental scheme of controllable enzymatic hydrolysis

FE A4 PR BN/ (U/g GG) Pt g F 1] /min RhREL, (viv)  IRE/PC
PHGG1 0.05 5 1 55
PHGG2 0.05 60 1 55
PHGG3 4 20 1 55

3.3.3 R TUR R 24k

BT PR E A £ ORE L, B R BN 10 g/L /R SR KIEW, 8000 rpm | 250>
10 min ZEBAEMEZ R, B EBRIIA T K 2B, A5 T T /K 2 EEAR A A 5] 80%,
4°CAE R 12 he UTIEF 80% /K ZBEWEYS 3 WG, IR TIRARAE
3.3.4 BRI R SR 2F 5 &l E

KT B A & RS, R KE R RO EERA 0.45 pm WBEBLUE, GPC-
26



$=% AFS TR PHGG HIfl . SitRIE AT

MALLS ki1 R . thilh#E . Ultrahydrogel ™Linear (300x7.8 mm), il %§: Optilab
T-rEX 7R Z PRI 25 A1 DAWN HELEOS 8+22 1 FE G HSH A I 2%, izhAH: 0.3 mol/L
THERAN, E: 0.6 mL/min, #iF: 40°C.

GPC-RID ERI A 2544 4. i 43 : Ultrahydrogel™Linear (300x7.8 mm), 6 %%:
Waters2410 78 ZH7 GRS, J2h4H: 0.3 mol/L AHEREN, Jii#: 0.6 mL/min, FEi: 40°C,
Iy FERIE B ZervE i . Dextran T-300 (Mw=300600 Da). Dextran T-150 (Mw=135350
Da). Dextran T-10 (Mw=9750 Da). Dextran T-5 (Mw=2700 Da). #jZjf# (Mw=180Da).

3.3.5 BREHR O AEA T ERESENE

a4l 5 AR S AR T8, 1% B Dionex ICS-5000+5 A ki, 4. Carbo
Pac PA20 (150x3.0mm), JiziMH: A W A/K, B WA 250 mmol/LNaOH, C N 1 mol/L
NaAc. H6EEVEIAET LR 3-2,

R 32 BRETRE Y
Table 3-2 The program of gradient elution

i [8] /min A% B/% C/%
0 98 2.0 0
21 98 2.0 0
21.1 93 2.0 5.0
30 78 2.0 20
30.1 20 80 0
50 20 80 0

JUR S AL R 70 82 R S B ROoR

_ (Cman+Cgal ) x0.9xV
GM=—"t (3-1)

A GM A HBERM SR, %; Coa AH B EIRE, mg/L; Cpu NFILHE
JREWREE, mg/L; V AKMAR, L, WIOFERRE, g.

3.3.6 HR0EHRIUR SR KIS HRAE

3.3.6.1 LMo

i B AR 2T ARG ALE 4000 em™'-400 cm™! V8 B N 4 i 4lidk PHGG k4741
NG IEFRE, X% PHGG AL AMGIE K .
3.3.6.2 BREILIRPE DT

¥aift PHGG FEMIE T EHK, AZREFLIRPEE RS0 2 4%y 400 MHz ('H-
NMR), BRI EHZ N 125 MHz (PC-NMR), %} L2 PHGG HIRRE FIA L .
3.3.6.3 X-GHRATH 44T

¥4tk PHGG £ IR AR R X-SHRATHEAO E A, X SRR AR ThRN
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