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Abstract: In order to improve the functional properties of pea protein isolate (PPI), such as solubility, emulsification,
foaming capacity, and broaden its application in the food industry, in this study, PPl was selectively extracted using
ammonium sulfate precipitation, and was covalently grafted with chitosan oligosaccharides (COS), carrageenan
oligosaccharides (CAS), alginate oligosaccharides (AOS), and agaric oligosaccharides (AGS) at an oligosaccharide-to-
protein ratio of 20% using cold plasma (CP) induction. The effects of this non-thermal covalent grafting with marine
oligosaccharides on the solubility, thermal stability, foaming capacity, and emulsifying properties of PPI were investigated.
The results showed that CP treatment induced effective and rapid covalent grafting between PPI and marine
oligosaccharides. The highest grafting rate (17.89%) was observed in the PPI-COS combination. In terms of mixtures, the
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solubility of the covalent complexes was significantly improved (P<0.05) after CP induction relative to those without CP
treatment, in the order of AGS/PPI-CP>COS/PPI-CP>CAS/PPI-CP>AOS/PPI-CP. Among them, AGS/PPI-CP showed the
highest solubility (0.775 mg/mL), while COS/PPI-CP exhibited the greatest foaming capacity (146.67%), emulsifying
activity (123.21%), and emulsion stability (37.73%). These enhancements significantly improved the interfacial adsorption

of PPI, contributing to greater stability at both air-water and oil-water interfaces. In conclusion, non-thermal covalent

grafting of marine oligosaccharides with CP was effective in enhancing the functional properties of PPI. These findings

provide valuable guidance for the development of functional pea protein-based food products and related applications.
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T 24 ho BAHIE A Rl 5 R 28 CP LB TR
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AOS/PP1. AGS/PPI.
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10 h, fFFF SIEMIE A I . SCE S LIbRIETR
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CKEZE AL T A AEMIRR ) . FHIE 1 AT, COS/PPI-
CP. CAS/PPI-CP., AOS/PPI-CP. AGS/PPI-CP 3% 4%
BESY A 17.89%+0.21%., 12.74%+0.45%. 8.39%-+
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(3981 Da) . H.143FmEAIKAY COS/PPL 4 CP &b
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TS A BRI S TR SH, BEAR I 5 8 1 Bvs
FL 2085 G, v NI IR B s F AN R, 13X
—MERLE L 5 SR E AP (o — 2. ik, 7R
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Fig.1 Grafting degree of CP-induced marine
oligosaccharides/PPI covalent complexes
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Fig.2 Browning degree of CP-induced marine
oligosaccharide/PPI covalent complexes
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mixtures and CP-induced covalent complexes

1 AN RN VA B (R A7 A .35 22 57 (P<0.05) .



4785 % oM

T , 47 MRIRAFE TR RSNl 90 20 29 26 A S AR Bet SCH DR PRS2

oo
o

XTECAHT TN E S SIR G YIS 2R . R
SR PPI V#4016 (0.144+0.001 mg/mL), S5H#HETE
PR A JS, COS/PPI, CAS/PPI il AOS/PPI ZH i
7 YA T A (0.078~0.086 mg/mL), T AGS/PPI
TR EERAA PG, AT RRSEAE T E pH & T, AGS/
PP1 & &R 4eRe R s mrHE R /EH, Aol T
AR E S | SR

M ELIRE W, CP iFES I & -5 W HE R E
2 5 (P<0.05), MKl AGS/PPI-CP>COS/PPI-
CP>CAS/PPI-CP>AOS/PPI-CP, 3X iii B i vE S vl 5
PPI JE s 52 5 i 25 1 i 1 &K 11 5 1) 2% /K ik ]
i, IR IE T PPI OB /AKER A, X &M T CP 4t
B A e PR AL Y, (R A R iy FR B, 5
(R S TN, B T 22 A 25 /K X 8k, 35 T 25 P15
LR S AE BAE R, JEmER I TS AR,
H i, AGS/PPI-CP % it i &5, & 0.775 mg/mL,
COS/PPI-CP i B2 2 (0.710 mg/mL) .

COS/PPI-CP #lI AGS/PPI-CP 2H ] %5 1 45 1 &
T PPI-CP 4H, 38 COS 5 AGS £ CP 553
iERdE, 85 T PPL UKGRESIPY, XnReS COS
RS T2 LA S RS T AR CP 3 5 TR iaE
PERZK -G FLTHEZE LIS R EF L. AGS/PPI-CP
ZH S f B i = W RT e 5 HLAE CP 5 S5 7 PPI 3%
D BGOSR w5 A0 OC, e A P B i (1) 25 a]
7 BH 5% B, A5 B T 433 PPI B9 43 BOR A2, 4R,
CAS B ERBEAE 450 v f gy, 255 5
PPI 2% [ ¥ 1 Ay DRl A4 38 v — 0 BH s - kAR i
L “MRIL”, R AN 2 S i i 52 G T SRR, T
SECEATIEMEE S RRERY . A0S EA K
PEEREH], IXHHAE CP 5 S N5 PPI IE A7 AUE AL
BFE AW, il kB ER ol g Kk ik, §:30 CAS/PPI-CP
Fi1 AOS/PPI-CP £H n| #5285 1 & & Lk PPI-CP £H1IX.
2.4 EIFENE/PPI IERIMNIFERS PPI S FESHHY
220

FIJH SDS-PAGE 43 #7151 SE 05 /PP IR & il
CP i E S FEAL(E 4) . SCEEHL
FRUESE BT Macker 1943 F &= W EIH 11~245 kDa.
VERIA S5, B-%ii ik £ s HA B AR 10T PRI I A
Br/EH"Y, PPL 4 F 4T £ 14~150 kDa 22
], AR5 50 F1 63 kDa 43 B W T+ Vicilin
(7 S)F Legumin WHE(11 S), >100 kDa HJ 25 /@ T
AR AR TR G s U BT SRR . XT LAl 4a
5 4c, PP 4345 1/ H AT = BEAIK, UERH T 2R
#R PPI id ik i S i Ea s i SRR S A, AR
EIEFISE R (8] 4a 5% 4b), PPI-CP A 11~20 kDa
ZA IR B A%, BiBH CP ARG PE4CE: PPT H /N
FLEER AR IR, E4), CP AR, PPI 5
PEEBE T AR S B 17 kDa 45547 1 5%, 45 F1 63 kDa
RPN, 28 PPL /NorFHE (17 kDa) SiE7ESE
BEEIFAAEA BEAE M . R p-3i sk LB R PPI PNHK

COS/PPI
CAS/PPI

AOS/PPI

" AGS/PPI

| CAS/PPI-CP
AOS/PPL-CP
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ﬂm | COS/PPI-CP

- - e
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Fig.4 SDS-PAGE of marine oligosaccharides/PPI
after different treatments

T (a) R JF AT AT PEZHE/PPLIE S (b) K& FAL
H) CP TN I A W5 (o) il iy Ak 38 () i3 V6 22 4/
PPLIEEY); ()& FALTRAY CPESIN EEY).

Py Ak (& 4c FIE 4d), A] LI A& EL PPI 7E 100 kDa
BT ANAFAESHY, T CP 5 T s AV ESERE/PPT L
W2 A WIFE 48~63 kDa [B] 5543 JiN, HL¥E 100 kDa
b AT B B A5HY, IEB] CP AN FRE S TSRS
PPI [BPJE B T4 RS T- MBI =) .
2.5 EFENE/PPI IERILNIZRXT PPI T MHIRE Y
Al

WEFESERE S PP MOAH B AE FHE 20 PPI gk
ARVEIREE . HIE 5 RIH, KRER PPI 7E 90.63 °C A HH
I PATPESE, ZEVE/PPT R-E WA /NME R BV PER
Ak, F2UHSENE O] BEiE I 55 MBS & (AN &V . Bk
YERD 5 PP1 45 &, X 88 R Y #A S8 M SE i 45708 o
AS TR S AP X 2 P 5 AR A i R 104 55 T i R S Ry
COS>CAS>AOS>AGS, )z, ZHhi/PPl N E 5
AR PR RE e S B T, $ T B SR . COS/PPI-CP>
AOS/PPI-CP>AGS/PPI-CP>CAS/PPI-CP, ixZAHiL
MrPeAl Lb ) B S, 5 T e = PPI AU T, JLHr
PR T BEaE o BR il 431z sh ek g s ah A4 B K E R 32
1R A P R AR PRI RE R R P, Hoh, oS R R 4T
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