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Effects of dry heating treatment and pH shifting on gel properties of hemp
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ABSTRACT: Objective To study the effects of different pH shifts and dry heating treatment times on the gel
properties of hemp protein isolate/carrageenan grafted hydrogel. Methods The effects of different dry heating
treatment times (0, 24, 48, 72 h) and pH shifts (2, 12) on the gel hardness, rheological properties, water distribution,
and microstructure of hemp isolate protein/carrageenan grafts were investigated using the un-pH-shifted and dry
heat-treated fractions as a blank control. Results The hardness, water-holding capacity, and energy storage
modulus (G') of the protein gels treated with dry heat treatment and pH shift increased overall compared with those

of the control group, with the fractions treated with dry heat treatment for 48 h and pH 2 shift being 1.38, 1.10 and
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19.45 times higher than those of the control group. Dry heat treatment and pH shift increased the content of immobile

water in the gels (92.88%) and the electron microscopy results showed that the microstructure of the gels was

gradually denser, with pH 2 shift and dry heat treatment for 48 h became more dense and uniform. The content of

o-helix of the protein in the composite gels decreased, and the content of S-sheet increased, which indicated that the

internal ordering of the protein molecules increased. Conclusion Under the condition of pH 2 shifts dry heat

treatment for 48 h, the gel properties of hemp protein isolate are the best, which provides a new theoretical basis for

the application of hemp protein isolate in the food industry.
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TR FETE AL A5, B0 T K AT A 55 7K Ik A B0
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REAN p-Pr & Pl {H CA 5 HPI 4540 28 1 BEEE F Y
SZMRHIAR ST - pH St —Fh A Rl AR 2 454 1Y
Jris, BRIz MU T OGS Y RS LA
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FHTE, AR T R4, SRR R S
FA 3 S R B R SRR R HATE A s R W
TG pH RS AL HE AT 2 RO AR (D REE R, i i A
PR T B 143 A0 5 A T 5 i R A B R 01 T AR
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DB TR SR 1 TS S et HPT
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BRI P AT TS i A T 25 B B, (R AR S TR AR
IO ) 2 - 2 W A2 6 WD TE B T B T T B SR T,
pH ZRPERZIR S5 W) 22 A o L B 1 O SR AE RN TTL
UE, HA—ENHIFEHE.

BT, AT — BRI B A pH {2 %)
HPI/CA BEHE SRR, 381 X AN [F)Bl & AL Ak B )
454 pH il %5 HPI-CA BERL, XF HBERFFEIEA TS,
B TE M ZE ) A 578 HOARSCHL], S HPI-CA BEKCH
A AR AL AR A -

1 MR5RE

L1 #E5RF

CA W H R RH THRAT; BAgDURF-RIE A
IS RAE I RHCR IR AR GE A BT 55 70.20%; 5/
FHAE: 2.90%; KA 9.80%; KA Erat: 11.30%).

WEBR Eh 2% i (0.01 mol/L, pH 7.2, phosphate buffer
solution, PBS). | BB IR AN (A HT4l) (A R E R
HIRAF), TKOEE. 95%LEE, PR HE, g-HiHkds
BE(orpral, REERITARA AR, R ZBEGrHraE, b
T30 B R A AL RHE AT BR W) BT RO A2, b i 30 i
IRHEAERHEAT FR A w)); PUlEREM . NaOH ., # HCI(3 M4,
RKECERH R A BRA T
12 ES5EE

DHP-9012 HLIAE IR I FRAR (LT — AR A A R
#l); Spectrum Two ZLAMGIREN(3E E 414 1 R BRI A FR 2
7]); TG16-WS i 3 L L i A B DAL PR
H]); AlpHa-1560 85Nt H R oA IR A R);
TA. new plus JUR{X (- EEH & BERHE A FRAF]); MCR
102 B e i AR A [ AR A3 ) 7 548 PR 1 ], NMI20 4%
e LR BUAR A3 B A (A 36 B F R A RS FD); Alpha 1-2
LDplus % T12HL(#E[E Martin Christ #:[4]); Zeiss suprass
P 7 B (R /REE Rl E24 4 FR 2N H]); Spectramax M2
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ZIIREBEHR Y (S E SE A 3 FALER AT B A |l ); PR124ZH 43
BrRF(dE 0.0001 g, FIBAARMUEUFRAARRAF).

1.3 XWHE

1.3.1 HPI #§4|%

HPI (22 HADNADEV 28U 5 i 3 R 118
B BERRDURRKIRS IR T 1 80 B i 45 o b 0 F B BB DURR
W5 EE T KR SHHE(m: V=1:20), {1/ 2.0 mol/L NaOH
BIREVE pH W2 9.0, 45°C /K 2 h J5 4000 r/min &0
20 min, WHE BIERAH. B 2.0 mol/L HCU¥& I 3
T pH A ZE 5.0, 4°C 4 FE 12 ho 325 L7, 4000 r/min
B0 15 min WAEDITE, AREFKIE ik 3 1k, ik
pH N 7.00 X FTARFE AT VR T AL 3, 153 HPL 7R T-H,
FREURE RENEEA SRR 89%).

1.3.2 &A% 44 CHPI

Z: M8 MA 2520 )7 244 4 HPI-CA HEA41(CHPI)., %
0.8 g CA 110 g HPI T M 72 40 ¥ i T 100 mL 7818 7K
b, 8% pH % 7.0 (1 mol/L HCI), ¥ % T 1453 HPI-CA
RAWETF S . ¥ HPI-CA IREYWE T M X%
74.71%+0.37% MR RIE R4 T, 65°C S0 FHIRKEFE 0.
24, 48, 72 h, 5r#145%] CHPI-0, CHPI-24, CHPI-48,
CHPI-72 484
1.3.3 CHPI # pH 1a#5 4 32

25 AN [) T I 18] 2 R Y CHPT RE S T 2588 Tk it
F£ 1 h (400 t/min), ilf5 CHPI 80 (10%, m:V), SRIG437]
F 2 mol/L ) HC1 2 2 mol/L ) NaOH J4¥5{F M E pH 2.
12, 1 h 583 pH 23 BT ZE 7.0 BBl 4 195 BOso%
MirT 4 CHRAFTHEFE 48 WG R R T4, X AL (SOAH R Ab 2
JyWIkRiC A CHPI2, CHPI7 F1 CHPII2. FA vkTAE Atk
FEAE-18°C T4
1.3.4 CHPI £JZ 694 &

B N A T b # s R K2 pH fm#% 9 CHPI BT
BTk H(10%, m:¥), 25°C 400 r/min $i ¥ 1 h, 4°C FHE#F
2 h HH B KIE . 95°C /KB INHY 30 min f5 57 BIFE RS &
PROKIS A3 20 min, 4°C 5
1.3.5 BMEGNE

PR ¥ (grafting degree, GD)HJIESE ZHAO 2521
BRI AeIE ek A1 — R VA T TE S 4 - 80 mig 45K
T HESRAE T 2 mL # 95%Z B, A 0.01 mol/L VY
TRANZE W 50 mL (pH 9.7), 20% 1 “ ke SEGREE 4N 5 mL, -
FiFE LM 200 uL, INAZEIR/KEZRZE 100 mL, BEASRTHF
ShAYEOR(200 pL, 2 mg/mL)5 4 mL B OPA i HI7E 35°C
TR 5 mine 31240 WA EIEEETFE 340 nm AL
EW R, CHPI-0 AFAH 100%1F 2 % % (free amino
group, FAG/WERZ% . GD Mt mAX (1) F:

-4
GD/%=AfA S % 100 % 1)

T

K, A, HBFBHESIERE (CHPI-0); A A5 W ERE
1.3.6 #HKak

$7K (water holding capability, WHC)IE 21 MA
SR IR Sl . BEEREARTE 5000 r/min B5.0> 15 min,
BLODJEW A ZARKSr, THRRK N2 (Q2):

(ml - mz)

WHC/%="" x 100 % )

m

K m HELORIBER R TR (2); my N EORTEOE
TR 1) S T IRE ()5 ey A S0 85 0 5 R I ) A T i ()
1.3.7  FiHs#t

i FH R A AU S I CUT S5 2318 38 14 3 0 U5 1 i
JE o TN 3R B A R 4 A 1 mm/s F S mmys; ik
77 5.0 g. M3 TPA Hh&iHa g,
1.3.8 AREHMESH

il FH U AR APPSO Al 48 Sk ) AT 2 A% T 94 . T
JERHE A HAR 40 mm A G847 AR = 8] 1 1] Bty
1 mm, FEFRAE 25°C 204 T 745 10 min 5, LA 5.83°C/min
HIE A 25°C ETHE 95°C, 7E 95°C 4 10 min, LIAHIA]
A 95°C FEZ 25°C, Lk AT M IR1 R I 1) BEf ek A5
(G
1.3.9 ARG Bt A a3k B 7 Re T AT ) ) &

it FEAIC A% R PR LA A3 BT (SR 7 5t T B ) (7))
i, JAER 10 mm BFTFLEHEREGE 10 mm B FEAETEAR 5
FABEAR 15 mm PIAZREBEIAE N, B4 I AL RSk
Kt R CPMG JPF1, BUCRIESE: F4% 18 MHz;
90° Ik FE 14; RAFESEL 1020; FE RAHEE R 1500nms;
AFESERE 100 KHZ; RESATR 430360.89; bl 25 20,
1.3.10 i35 dF 24t

i Zeiss supraSs 3445 (scanning electron microscope,
SEM)X} pH fiiiB% & T $Ah B R AR IS 5 TR i A SO 45 44
AT o ¥ CHPL BERAE Sh(F14Y 3 mm, HA2 7 mm)REfl
T 2.5%K V7V, pH 6.8)H 4°C fififF 4 h [, RIGH
0.1 mol/L PBS Z& i (pH 7.2)%E% 3 YR(FF¥X 10 min), PEI
S BRRE R o 0 A [ e B B VA TRL(50% . 70% . 90%
100%)H i K AL BE, MR BRI 3 ¥R, AFIR 10 min. A 7K
Ak BB FE T R TG K S EEFNAEUT BE(100%) 1R A P07 U,
Ja AT BE Ve AR VR T AR B, VRTRES DL 10 kV
TN ELE, 5000 £ £ F 002 I RURE i 1 R UUE 3
1.3.11 4§ 2ot & onsp kign &

{ili Fi| Spectrum Two £IAMEE{UAE 500~4000 cm ™ AL
TR P T, FARLIAMERS S A Peakfit 4.12 RN E
FI AR A A T OB R T, TR T Ak
(a-B85E . p-HTa . B-1 i B CRIAS M RIAHRT B 43 ik
1.3.12 R #RE

4 il Spectramax M2 Z2 B HEEFFR I XE T HE 5 1) IR
PEIEIER, ¥ 5 meg 2 pH fiF% S T HAL B CHPI A
7T 10 mL PBS (0.01 mg/mL, pH 7.0), iBiEHES) 30 s, B
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200 pL AT ET 96 FLAGHR AR I E 2 6amE . BESE
WF: #RBEK 290 nm; & 5K 300~400 nm.
1.4 BURGOH R

i LB AE R — L8 4 F EE 3k, HH AR
YIEhR iR 22 . (3 FH SPSS 20.0 XF RS TS50 #r, R
FA B[R 28 7 2243 B7 (analysis of variance, ANOVA) K 56
(P<0.05)., {#if] Origin 2021pro F 21K .

2 HERE5HH

2.1 GD. WHC 58K&E

B A AR R L B GD 1 B e,
WL S GD HEIEMK, 3 1 a4, S5X A
B, WEBLALRR B T A b BT ] (1 38 1132 48 54, (P<0.05) .
FH] HPT A1 CA B AAE THEBUR N o TEFISEAL T (#
— S MATRLEE AR ), GD i 5 T3 3 [A] 2 IEARDC, GD 1)
He I B T A FR i A B R s . pH (R BS AL
FEF GD N, PRE IR A 8 (T ab b A eSO (5 P 2 i i A
M4, Wies L & e, GD Mgl

TR S B 85 N WHIC 2 Sz W 1 86 M P I A5 Ak ) A 504
b o ANRILLSM BOBERERE EFI WHC 284k e 1 s . ZEAR R
pH TRESALBEACME T, S5Xf HRALAH LA, ARFRER)NT 48 h
) CHPT #Ef (R BE K WHC B T #Au b B a] i 34
T B2 BN (P<0.05), pH 2 (RASALEL 48 h IR Bchs fE An
WHC A2 RAl, 43 A %) IEZH G 1.38 F1 1.10 £5(479.27 g
M 95.91%). THINBJRIFEIREE, (LIt CA
ANLES, XA TR R Pl e SR AU, 1Y
N7 SR EAER, SOt S SCE B M TR, MR
PRI e WHCPO), ML BEE ) KT 48 h B,
%=1 27[E pH wBHBRTHRLER B GD. WHC FIFEE Tk

Table 1 GD, WHC and hardness changes after different pH
shifts and dry heat treatment times

pH T b B

e i/ GD/% WHC/% i /g
0 0 87.32+0.40°" 346.46+14.51¢
24 6.54+2.72" 88.79+0.70° 358.36+5.13¢
pit7 48 12.31£1.09" 92.93+1.17° 388.62+6.37°
72 19.23+£1.09¢ 87.40+0.73% 290.36+12.30"
0 0 89.14+0.31°  389.98+11.46°
o2 24 9.87+2.43" 91.57+0.14°  459.68+8.79°
48 17.60+£3.64° 95.91+0.73"  479.27+7.91°
72 27.47+3.03" 88.67+0.61°* 327.08+4.60°
0 0 85.90+0.27"  383.52+7.07°
24 11.88+2.178 88.85+0.73  449.48+4.82°
pi 12 48 24.90+1.08° 94.03+0.39*  460.70+8.24°
7 34.10£1.08* 83.30£0.048  304.64+4.60"

T RIS LA [R)/NG 7B 27 B il 7] 25 52 (P<0.05) .

Ao A WHC 3247 [ I (2 1 48 h A Fl WHC [ %
327.08 g il 88.67%) . H I [H] 1% 5 iz 7 S5 vy s T AE 2 11 1Y) il
BAASE, DA R AR S5 A AR AL I R R s K 2 S 5 #
SRR, 555 R (4T eSSk RE 1 PO W pH
R 2R (I IREE SR IT, (e T 8 1R KR B A e
SR A, AT 4R 1o R e 5t B AN D), il A
VR 20 A )RR MTE BURREIR S, SRR 2%
KATFAYIR A B BRI, Kk, 4 pH 2 khH
W, B o5 20 TS A AT 80 HPL 5 CA
V1) 388 3ok Pl A EL AR T /N R SR S AR BE R I 265, 384
T R
22 R &

R P B 44 i etk — 25 3 M pHL B8 S T FA kb 2R s
[ HPI-CA BERCTE A ARA A i s As Ak . dnial
1 7R, JITA R 2 3 B0 TR Py e e - i i 2, HLER B
AR G . GFOR TR B Y ASG I 5 (14 7] 4= o
SRR A S AR A B, Rl N ER BE Y
SENGHETIN, WTUR B B PR 0 R 3 BT ol 5 e T 45 e i
FE TR EERIR, S8 GWA TP BEE R T, G
P b Tt X W AR AR T T B AR, R HTTE A
FOBEERZ N4 . SHENG P4 f AR (R I 45 T 8 1 F o
[ AH A s o E AR IR EL, G E T, 1
2R 11 Z A B 1 A R FAR IR B B A7 A 00 IR e A AR
FH MR pH &0 F, SxFHRAAAM AR, BERE GRi%E T34
AL ] AR AN TG AN, £E pH 2 4bPE 48 h B} GA Rk
{H, Aas ALY 19.45 £5(1075.4 Pa), ATLAHEN, Jesta]
(T HRA PRI E TR A -EE U AR - R A
AR, RGN REA S SR R, TR T
T R I 4520, LK ) ) RS X R T J AN
FIR, PRSI ] TSNy 7 A Y S A ) RELRS- 28 116
TR IE A ) 2 8 L T 43 (B 38K o AHIR] T b B (] T, 28
pH FE AL FRAIEERS ) G T X RLH, JLrp pH 2 fifg b g
5 G'ER R o HEFVIF-5 Wi pH 2510, JIREE ST 285 N
HRILR, TN RIZCEK, [RIEHF 3SR T R Y SR A AR T
Je g I RN, FTLA GMERSINHAE pH 2 AR 535
AN E A — R TR, 24 pH R 2
5 K E LT, Y S5 LA CA AR —1K &R
Wi, BT BE ST SR N, Gt — A
23 FHALIERE K pH RIBXTEIK S 57 B S 0

4 2A 585 T CHPLSEE T Sty 3 A~ 1B fi, B
Ty (0.01~10.00 ms)., T3, (10.00~600.00 ms)., T>; (>600.00 ms)*,
T FRSEADTFREBEEGWKD T Ty R ERE
JEEH K, ISR K R R A 5 Toy USRI S Hh 11
H K, BABEREARSITE. WE 2B BR, il 4548
TN Top BARKY Tos, ULHHBERS vh &4 80 B 45 A /K
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Fig.1 Temperature scan curves of CHPI treated with different dry heat treatment times and pH shifts
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Fig.2 T, images of CHPI treated with different dry heat treatment times and pH shifts (A) and 75, T»,, T>; area with 75 relaxation time (B)



5522 BEASF, S TG pH R XU A3 125 8 /R B He A o ek J A o 118 5 79
B v, = 1]
O TR T T T TR [ L o T e £l
de -] = - B! ]
90
S ab abc abe ab bed a € abed cde abc cde de
&
an
20
10
Q ™ > YV Q b S Vv Q ™ S V
& 0 ’Vb‘ q’i\ {\ AV e AN N N ’Vb‘ ,»f\

ENCILbsE N

T AR/NG FREFORFE G A P32 57(P<0.05), & 4 [F,
B 2(8k) 2 RTR T HAb BEEEAT pH i F8 4L BEAY CHPI 1Y Th KU (A T iR BRI Ty Tos. Tos IHIFA(B)
Fig.2 T, images of CHPI treated with different dry heat treatment times and pH shifts (A) and 75, T»,, T»; area with T, relaxation time (B)

D H BK A pH BSR4 T, Rl T b 2R
AP (BT R 38 i CHPT BEREH Y Ty SR TR FRUR S5 380, Tos
st P TR B AR AT, T S 48 L 9 I - ALK IR 1 95 G R B UK
g R 10) <1373 R 8 = 12 i 4 NV 1R i A 0 L
PT, . PTy. PTos 2 S b5 o) % 1 g TE AR, ZEAR 7]
pH i# 25 F T, PTo, B T R A BE I sg hn, 7€ 48 h
HF A 3 e KAEL(92.88%) 0 IXESE T CHPI SR 2 115 Al
TR AR AR IG5, 5 T 0 A v A P 2% 1T LA 3K T 22 1Y
P S S T [R5 Rl o e 1282 ) 1) PSR
KA A AE A 5 WHC AR 25 S [, H WHC 78 250 111
FER R HES T8 200K, X RSN /R BRI 2% 7= A
M AL R 1 5K T f .
2.4 BRRMMEE S

VR 1) = Ak I 24 5 4 ple sz ST B ), @it SEM
X CHPI S =AM 48 A T0%E, WniEl 3 BroR . AH A pH 1
BT, X R AL E I S R A P L, T A PR (e 5 e 45 4
HFAHLEE A 0] BB 55 718 (<48 ), AR [A]y 48 h ), #E
iyl WA N A o IS i = B e el [ 'S
S RI A PR RN A 72 h B, R LR AR

P53 B R LI . X 5 B R SE R R N G, R
F1 1% 25 (] 457 BELZSO 5% ) 28 1 43— 6] 32 Bk, %o i e Ak ™
G lip AT

AR ] T $Ab BRES (8], CHPI-0 BEHE P 25 i R B fisc 4t
RHEFR TR, BENCR M T, MR . A5,
2 pH 12 s A 5E IR AR T B2 M Ak 38 St R ZE AH L HL A
TR A FLIR S5 48 LA T BEAS T3 () BERESR 10 . P RE S Bk
pH R AL B4R T 88 A PR R T AN B0 3R A 1A 52 i)
BERCTHORES 1 o T HAb IR 43 5% B AR LL3L, pH (wiF%
S 3SR 5 A TN B < R I O, YR T AR R
TERE pH 250, IREE S i B R T I8 R 43 T I TR 44,
Ha TS, BABRESHEE N T #EEY, X T
RO TR, (R ngest, &REm, +
AL 48 h HpIF] pH 2 it B b 3 19 358 JE SO0 485 ) dc S 0%
¥5).
25 LIHKEMERRZREHTK

T H R FH B AR 4 21 A8 ' i (Fourier  transform

infrared spectroscopy, FTIR)WEEE F 0 E 68 A1 A1 — 4544
A4k, WEME 145 (1600~1700 e )AFFAT U4 T 11553
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Mr, i 4 Fis. SXT IR g, TR RS &
pH % BB U T & AR RS (P<0.05) Bl Ak JH
(B 934 0, CHPI M9 B-#7 & & B et &/ FEAL, o
CHPI2-48 45y i Y B-IT3 & 5 (40.35%) . HHIF
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