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Abstract: The effects of temperature, pH, salt ions, and sugar solutions on the rheological properties of
crude polysaccharide water extract (Naematelia sinensis polysaccharides-water extract, NAP-WE) from
Naematelia sinensis were systematically investigated. Through static and dynamic rheological tests,
changes in apparent viscosity, storage modulus (G'), and loss modulus (G") of NAP-WE solutions under
different conditions were analyzed. The results showed that NAP-WE exhibited shear-thinning behavior,
and variations in temperature, salt ions, pH, and sugar solutions altered its apparent viscosity and gel
characteristics. Within the 4-60 °C range, the apparent viscosity of 6.0% NAP-WE solution slightly
decreased with rising temperature, and its weak-gel properties weakened in high-frequency regions,
though it remained non-fluid. Acidic/alkaline environments reduced apparent viscosity and gel strength,
but the consistency coefficient (k) and flow behavior index (n) showed minimal changes, confirming its
stability within pH 3-9. Na’, K', and Ca®" all reduced viscosity and gel strength, with efficacy ranking
Na"™>Ca®>K"; excessive Na" over-shielded charges, altering polysaccharide chain aggregation and
loosening the network structure. Glucose/sucrose solutions (4%—-8%) decreased apparent viscosity, with
sucrose exhibiting stronger effects. Low sugar concentrations (<4%) minimally impacted gel properties,
preserving weak-gel characteristics. In summary, NAP-WE’s rheological behavior is significantly
regulated by environmental factors, and its weak-gel properties remain most stable under low temperature,
neutral pH, low ion concentration, and low sugar content. The results provide a theoretical basis for
applications of NAP-WE in food and pharmaceuticals.

Keywords: Naematelia sinensis polysaccharides; rheological properties; temperature; pH; salt ions; sugar
solutions
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Millanes & Wedin (Tang & Yang 2024), j&—fl 5
AIRITAN . R IRITRE R . UsInER . Bt
SAL A0 RN 5 1B ) R Y 245 FH B0 IAT (B s A
K 2008; Wueral 2019; #MES 20205 JLIL
WESE 2025), WFSRRM], et g g 5 20
EAR R ZF Y M EIcR, AR
L PUhRE AR AL S 2R AR W T (B A

2021), ZHi AR B py FEE MR Z
— AR AR A R L 2 i A T
PR . B ITME A R 1B S 1 R A 5T A5 (F
W% 2022; XIRIPEAE 2024; 5KAGEGE 2024).

AR 2 SRR W IRAE SN IVER T i sl
IR, SEaTHE. EYEz .
i TR VI A G . AR 2E A S 20
KB EEIN T RE, SRR, 2
SR P G SRR BT, LR AR 2R R S M
HAE i EWEZ Al A4k i 1 (2
HZE 1997 RBRTHIAEMERE 2008 1D ykEE
2015; XIFFHLEE 2024), fEEM T, ZHE
AR 2= R R BEEAR  BE . RRUEAE

250186-2



BGE F | pEAREASERRNREEHERMER

EYER | ARILI

FA . B RS . IR IS5 22 0 3 3 T A =i 2
VS W S B RS T RE,  H B AR FR A0 R
2 R PR S A T RS TR s R
e . R S5 2 E A 43 IRl R A e = Ak )
LREEM, TR RYR . AT AR SRR E R 5B
ATaEYEBudai et al. 2023). FEAL 40,
22 W I I AR 4 R PR TR R 7 e P R
fE, W REAE M T ae i MY RGBSR L AR
(Fan et al. 2022 ; Budai et al. 2023; Kalasariya et
al. 2024), Z W) AR = Re M E B g e Hon T
i M S YRR E

RSN T, IR, pH. &R 5%
IR A2 s 2 AR R E (75 5 46 20215
Wang et al. 2022), BF5ERB, T & Al A
AT AN, FEFETRFEEZ RS
2021); pH ZAFfb g ZHeE H 2R A, s 4y
TG (B AMES 2009); £hEs 78 i i i ik
RO T HRER AR CRBEESE 2017); TBEZEA]
RE 35 4 KA 7 a5, HI 55 2 B5 7K 4k )2 OFF IE 41
2018), HAY, "t B 2 hAAH ey %
b FHARI T ZMAYE oY, X
AT A PR e R R = IR AR DT, UHAE
SEBRR S s R O, S . b B
2O, FR AR W R A R ey AR
b, R ARTERE . R AHE 5T LA ip A0 H R
PR ISI-X9 (F SR R ek, 3 3 UK BB - 2
DL L Z BE(NAP-WE), @1t REHF 5T A
AR . pH. #8851 MW T NAP-WE %
TS IR AR AN S A AR S 52 0, LA B
NAP-WE Wi AR Rt , e i |
22 W7 T RE 1 2 b A A W B R R T R R
PRALEIE P

1 ME5 7%

1.1
111 SEEE AR5

8408 B Naematelia sinensis JSJ-X9 5K
T B 2 g AR AE R A PR A w4 ek 2
(U I =N ot = s NN
WEWE AR B E 2 4R A A2 R A B

NS
1.1.2 {{EFFEE

LDP-200 H3#EHLHTIT K e T 20 K BHHLH A
FRZSHD) s RE-2000 JE % 78 &AL (7 o {3
J7); HW24 U S B TR 4 (i —E R
P BRAT]); Alpha2-4 LDplus % T #L(Christ 2
F]); MCR 302 i %% (Anton Paar 23 ).
1.2 B EEHASENRE

H R A H SR E T 60 CCHEFE Pt T
48 h, FMBENLREE, i 40 B, WEKAK.
FREL 10 g M3 R & T hedhr, %5008 R 7810
KA 1:70 JRE AL, emL)AkRELLL, BT
KR H 100 °C/K A ZHE 1 h, 11 900 r/min 5.0
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Fig. 1 Graph of apparent viscosity (A) and modulus variation (B) of Naematelia sinensis polysaccharide water extract (NAP-WE)

at different temperatures.

®1 TEIEE THEBEE LR Power law FEEUESH

Table 1 The Power law equation fitting parameters for Naematelia sinensis polysaccharide water extract at different temperatures

a0l T HARE R B RSIE AR TR ¢ R FRE
Solution Temperature/°C Consistency coefficient k/Pa-s" Flow behavior index n Correlation coefficient R
NAP-WE 4 156.92 0.247 0.9950

10 133.30 0.273 0.990 2

25 91.08 0.305 0.990 0

40 4437 0.400 0.990 1

60 17.985 0.496 0.990 9

2.2 pH X HEEEE ZRERTF NG

IR, pH (RS AT USRS 51K
G, TR A VI % (Rumpagaporn
etal.2012),

YRR pH JEFEITE 3-9 N, 6.0% NAP-WE %
TR R AR AR B3/, AHEET pH 7 B 1Y
TR, pH 3.5.9 &4 T AT T RE(A 24),
Uil NAP-WE 7EH PR A e e, TR
PEFIBR I S48 1) 2 3 B3 LR B8 1) T %, 31X T
5 ZWE 0 53R Ao 1450 B U A G (Huang et
al. 2018). fH k fEH n (E 1 BRI IR BEAR /N,
Ui B IR R AL INGR 2).

6.0% NAP-WE K FEA ] pH T i A fA]
VW pH A 7 I, NAP-WE 7E /5% 4y 0.30 rad/s
B BRI o5 s VW pH H 3. 5. 9 Fll NAP-WE
VAR N 1,69, 1.27 ., 2.24 rad/s I H PREEE
SL(E 2B) . dd e F AR A 5 BRI AR AR, K

L5 pH 7 AL, pH 3. 5. 9 BHIATRAGEEIR &S
5% , Uk B R PR PR A IR 5 & S BUA R IR R
1) 55 58 S R PR D 55, H P AR M 2 AT A 55 B
e, REAR AR A, iR HAE pH 3-9 Ju [
A B R e .
23 BEFHPREAEEZRERTFHF NI
2.3.1 $HEFXF NAP-WE B0

AR B A AR T SO VRt A A A Y
B[N & (Geng et al. 2022), TE 1.0%—4.0%HJ NaCl
W 6.0% NAP-WE #4457 U1 A8 5 19 9F 4~ i
WA, HH B EERE Na vk ) T i R AR
(Bl 3A) ok {E R Na ¥ J3 1 T w51 i IR R AR, 2.0%
NaCl ¥R, NAP-WE AWM k (HEILE
47.08% , IR WA LLREAL T 70.76% ;5 4.0%
NaCl ¥ JE T ,NAP-WE % i 1Y k {EFEAK = 39.23,
5 VS A FU AR T 76.25% , 6] Na /] Ui
WAL LN/ N s (ERE Na Wk B2 i 7w i 7
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Fig. 2 Apparent viscosity (A) and modulus change (B) of Naematelia sinensis polysaccharide water extract under different pH.
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Table 2 The Power law equation fitting parameters for Naematelia sinensis polysaccharide water extract at different pH

Angular frequency/(rad/s)

ARl pH  BAEER%K ik ERWIE A4 FHIEREL
olution onsistency coetticient a-s ow behavior index n orrelation coetticient
Soluti Consi y fficient k/Pa-s" Flow behavior ind C lati fficient R’
NAP-WE 3 117.00 0.345 0.989 6
5 122.32 0.306 0.991 0
7 161.00 0.300 0.990 9
9 116.24 0.332 0.991 8
A B ® 6.0% NAP-WE-G’ oG"
@ 1% NaCl-6.0% NAP-WE-G' < G"
1000 ¢ e G.03TONP-WA # 2% NaCl-6.0% NAP-WE-G' &G
® 1% NaCl-6.0% NAP-WE 1000t » 4% NaCl-6.0% NAP-WE-G' ©-G"
w s 4 2% NaCl-6.0% NAP-WE es®"®
£ 100 '_.:::.._... v 4% NaCl-6.0% NAP-WE ey ; e
e (e, & 0883°° 582 g0
= 8 T M e -%— 100 = o0? & IESPPTR L
¥ @ 10k 4..‘:..-.0.. Y = ao® ¢ © 2832 ' i
= 3 TeAdlseeastee ® 2 s §8% o0 bEne
“'F:'E r 44.0%, s} 0020,99° s BE
T 3 ‘-' > 322‘393"—
=] . © * > b
B 1 10fgs3ssss’
0.1 1 1 \I$ 1aal L PR R |
1 10 100 0.1 1 10
) L

Shearing rate/s™!

Bl 3 AR NaCliRE TR EE ZEMRNMEA)FEELZLE®B)

Fig. 3 Apparent viscosity (A) and modulus changes (B) of Naematelia sinensis polysaccharide water extract at different NaCl

concentrations.

55, 00300 FHE E 0.374, 768 Na m] UK 5574
W EREB Y, WES BT YRR T GGR 3).
6.0% NAP-WE 7£ 0.41 rad/s Z£45 PR EERR

Angular frequency/(rad/s)

Vi) NaJdi55 T NAP-WE 19 55 BEICHE (8 3B).

232 HBFXZHERET

SRR 74

1E 0.5%2.0%1 KCl 5T, NAP-WE 2

M 7E 1.0% NaCl. 2.0% NaCl. 4.0% NaCl %
H) NAP-WE & 5.3 B BIAE 2.24 rad/s /247,

J g VAR AR A A, HOELFRAL RS K
W B T TR (B 4A) . & fEE KM B T

250186-6



BGE F | pEAREASERRNREEHERMER

EYER | ARILI

RS, 2.0% KCLRIE T, NAP-WE &1
k EHFEACE 11576, SR WA LA T
28.10%, FH] K] LA A 0 ZE PR B i/
H5 Na"M kb, KX NAP-WE AY5ZI4 /)N ;
n fHFE KWREMFEmAS, B 0300 Az
0.319, R KT LI S5 A R o8, (R ik
A NER 4)o

6.0% NAP-WE 7EMMI% A 0.23 rad/s B H 3
BEIE S, 1E 0.5% KCl1. 1.0% KCl. 2.0% KCl %k
' NAP-WE i 308 e s 19 7 400 5 1 s B 7E
1.27 rad/s 247, Ui K855 T NAP-WE [ 555¢E

JEHFAIE (] 4B).
233 R TR STERT FHF A 56T
TE 0.5%—2.0%[1) CaCL ¥+, NAP-WE
R B U AR R (AR AR A, HOHFR ML EERE Ca”
e FE ) TH = T FRAR (] 5A). k (B BE Ca® M B T
M FEAR, 2.0% CaClL ¥ FE T, NAP-WE & 1
kAEFEARZ 75.66, 5 5 IROM ELREAIR T 53.00%,
FU Ca® AT DA I R B AR R B N , R K
FRMER K, /NFEWE R Na®; n (EHE Ca®
WM THE TS, B 0.300 FHEE 0.360, #
B Ca' A LAV S5 M A BB 1 (3R 5)-

%3 AE NaCliRE THEEEEZHERN Power law HIZHIE&SH

Table 3 Fit parameters of Power law equation for Naematelia sinensis polysaccharide water extract at different NaCl

concentrations
Rl eyl n R 2 % e KWK (=44 LEESES
Solution Mass concentration/% Consistency coefficient k/Pa-s" Flow behavior index n Correlation coefficient R
NAP-WE 0 161.00 0.300 0.990 9
1.0 82.98 0.334 0.9952
2.0 47.08 0.365 0.989 2
4.0 39.23 0.374 0.986 9
A B ® 6.0% NAP-WE-G' o G"
1 000 m 0.5% KC1-6.0% NAP-WE-G' o G"
® 6.0% NAP-WE @ 1.0% KCI1-6.0% NAP-WE-G' < G”
@ 0.5% KCI-6.0% NAP-WE 1000 £ » 2.0% KCI-6.0% NAP-WE-G' G"
&4 - 4 1.0% KCI-6.0% NAP-WE ee°®”®
£ 10015222e,, 2.0% KCI-6.0% NAP-WE = b .
= : !!g‘ ..O 099'550
Z 12220 5 S
g '*'*zg S 028°%° =8 nnoB338
w2 10 -.’.!!g’ i3 = 100 o ® s o B ot ?® it
:'ﬁf :g’Exg Z* 3 se® ML ?eo,-‘; $°
Rz "3ty S gt 33
5 !’. = o g o - )
< b 1 e ¢ ©
= 1 e X
49:- Ve | o2 @ "
50:_ PR $ 0
01 L MR | L PP | A | 1 I
1 10 100 1 000 0.1 1 10

[IPIRE S

Shearing rate/s™!

FdiiaE
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Fig. 4 Apparent viscosity (A) and modulus changes (B) of Naematelia sinensis polysaccharide water extract at different KCI

concentrations.

x4 AR KCLRETHEBZEZHEN Power law FIEUNE S

Table 4 Fit parameters of Power law equation for Naematelia sinensis polysaccharides water extract at different KCl

concentrations
Ui Jo Rk HRRE 2 RSIEEWAE R ¢ B34
Solution Mass concentration/% Consistency coefficient k/Pa-s" Flow behavior index n Correlation coefficient R
NAP-WE 0 161.00 0.300 0.990 9
0.5 130.20 0.311 0.994 8
1.0 116.82 0312 0.995 4
2.0 115.76 0.319 0.995 4
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Fig. 5 Apparent viscosity (A) and modulus changes (A) of Naematelia sinensis polysaccharide water extract at different CaCl,

concentrations.

=5 ARE CaClyRETHIESEHZHER Power law SIEHIEEH

Table 5 Fit parameters of Power law equation for Naematelia sinensis polysaccharide water extract at different CaCl,

concentrations
2011 Iriserid s ULEER RS EWAE E ¢ AR
Solution Mass concentration/% Consistency coefficient k/Pa-s" Flow behavior index n Correlation coefficient R
NAP-WE 0 161.00 0.300 0.990 9
0.5 120.80 0.320 0.9927
1.0 102.89 0.336 0.990 5
2.0 75.66 0.360 0.987 5

6.0% NAP-WE 7E M 31 %47 0.23 rad/s Bif HH 81
BEIE S, 7E 0.5% CaCl, . 1.0% CaCl, %k o' NAP-
WE H BREE I 5 59 A A50R 3 L BLAE 0.958 rad/s
i, Ui Ca? U855 T NAP-WE 455 BRI FRE
(% 5B). HHFRIWE R Na©, Ca® %} NAP-WE
553 058 JE R AE PR UK 55 8RB/

ZELATR, [F—RETM 3 FhEh s TIE R
Hr, K% NAP-WE B9/, HkE Ca™',
Na 2R, #EMDE NaCl Hi9 Na'&hfiZ
WG b 7 B fr (AR BRI SR IR L) , WD 4311
FIEEHER 7, R Na 2l B Rl ff, S
W RAE Ty A, T ARSI IR 25 2544
Vil 55 ZHHEE I R IE(Hao et al. 2018), [RIIG, ZEE5
TR, S EERE R TR, DMRIE
TSR ASYERE, TSRS FRAR A 7= 5
24 HERRXPIEOER SRERTFHERF M
2.4.1 EEME AR SHERT RS2

£ 4.0%—8.0% M B A PHA W, 6.0% NAP-

WE 115 A B U1 i A A i AR (B 6A) o I B B
ZH0 kA] 1, NAP-WE B9 k [E1EME T 4% JET0
Bl N A AL B /N, AE 4%-8% It ¥k 75 7 6l 9 /i
160.61 [% 2 129.90, i 4%LLF ot & e B 1 75
EIFH BOT NAP-WE [ 3 ML /N, 4%
1 260 RS VR A b AR A 28 v LSRRG B A T
(3 6) P8 & /8 NAP-WE HIBERL A2 815 7%
N 0.23 B 0.958 rad/s, 8% iAW
PR R NGRS ZE 1.27 rad/s (Bl 6B). 45 HEH]h
Ao tu B H 2 WA T 4% A 2 iA i b 2%
WG AN, BERCRF B ARE
2.4.2 FERERENZERT IR WA D
TE 4.0%-8.0% M FEFH A H NAP-WE 3%
WA E A B R (B 7A). NAP-WE [ & {E
160.61 [ % 145.63, X[&ZE 71.40, H TFRIEE
KT B PR AR R, Ui B RO R KRR b
B BEFRAR (R 7). AR K B R NAP-WE
P BERE BTG, MAMCRIE 4%k E T 2
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Fig. 6 Graph of apparent viscosity (A) and modulus variation (B) of Naematelia sinensis polysaccharide water extract in glucose
solution with different concentrations.
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* 6 FRIKERAEERRTHIEAEEZHER Power law SIEUESH
Table 6 The Power law equation fitting parameters for Naematelia sinensis polysaccharide water extract in glucose solution with
different concentrations

a0l TR T s 224K RSIEEWAE R ¢ B34
Solution Solution concentration/%  Consistency coefficient &#/Pa-s"  Flow behavior index n  Correlation coefficient R
NAP-WE 0 161.00 0.300 0.990 9
4 129.90 0.339 0.991 0
8 160.61 0.315 0.991 0
A o 6.0% NAP-WE B . 6.0@;;3_—;5-@ o G
® 4% ﬁ:\*ﬂ?ﬁﬁ&_6.0% NAP-WE L 4{V0 fﬁi :|‘f‘ﬁ'7 -60_% NAP-WE-G, , a G”
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Fig. 7 Graph of apparent viscosity (A) and modulus variation (B) of Naematelia sinensis polysaccharide water extract in sucrose
solution with different concentrations.
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R 7T FTRIREEESRTPEAEEZHE Power law FIEIUASH

Table 7 The Power law equation fitting parameters for Naematelia sinensis polysaccharide water extract in sucrose solution with

different concentrations

Rl TR L M 2 % iR ERWIE (=44 R R
Solution Solution concentration/%  Consistency coefficient k/Pa‘s”  Flow behavior index n _ Correlation coefficient R
NAP-WE 0 161.00 0.300 0.990 9

4 145.63 0.324 0.988 6

8 71.40 0.385 0.997 0

R, (0 6.0%)0 Bk B W rh AR M H 2 b
FE A% 3 LA 10 46 A AR TRORT IRE A R P 1
W AR R , 5 HA S EERCRE , R
AR AR

3 it

AR T AR H R 2 5 (NAP-WE)
T AE 2E R AN A 2R A i LML, 5 AR
% KA EAE AL B UM 56 . s At B H 20
VR AR R, ISR, A AT
HoAdy 0 T AR R A B S . SR
NAP-WE Ji ARt N R R B, ARl
FE . EREST . pH. WA TR S ks H A
GG S o

TE 4-60 °CYLFIN , FRLEE B BE L 5 i
E AR (4 °CH kB 156.92 Passn, 60 °CHTFEZE
17.99 Pa-sv), 5F M (2024) KB HPEAHEE
ZWHAE il T 2R B R AR A 45 SR A — B [l st
Bl & R R, W AT AR B n MK
(0.247—0.496), RIBYEWLES; shASNRE R
JBE 15 A AR M 0.545 rad/s (4 °C)JA#5 £ 37.7 rad/s
(60 °C), FKHIE MR/ F R B S s, , 555
FS A T R EDUE 1 i T % AR ) R o I 45 45 )
HIFERE

pH FasE R M pH B IRR . B
NAP-WE 7£ 5& pH i Bl (3-9) N AR5 55 BE IR
s AR E M, X5 AR 2 PEEL pH
(B IS 286 5 FAAIG , 76 pH 410 X [] F W0 B A8 Ak AR
KIZEFAR—B (D Z 5 2021),

B TR L, Na' KR Ca” %
RN S EEIRRE, KX NAP-WE (5% i i
AN, HKIE Ca®', Na Bysemigs e, i i
Na' i R AT, SR r) R4 =k

AR SRS RA A Ca® (EAE T FEULEE B 1
IR S5 A (AR 2021), FIREJR S 2 hE
(RIS TR LA K 22 W 2H L FRAL I RS [l 56, $hs
TXIAFE Z WA, SR AR, 2
IR T AR B NI, AT AR AT BRAR Y = i o 7R
WA RAE R, R ) 280 3 i 0 o 5o T A A b
Al AE SRR 2 R SR S P S . T
W 425 K F IR T 2 HKALZ B4R
WS (<4%) F NAP-WE B¢ FrttAnfase , e
PR IR R P HA N .

AR R G HBFIE THNRE RN EXT NAP-WE
(AT AR 24 RE R S M), 8 78 L AR 24 FUAL Sl T R
PEE O AL B T AR IR, BY Iy At
HZME I RENE & Sh &4 i T %, A rh AR AU i
HZM 7 b 2 e

1E# Tk

WRIE eSO R | S28; PGSR : 1B
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XA B AT S Tk BIRER;
ER: BUE. B RS AN K
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