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Arg 5 L-Lys #CW ¥T A #OUIR BKP R A 6 KIEMRF], IR T L 2330950t . 2ot b9 BKP B 3R R KIE
A, A2 —MERAEGXARETOReR, 2R TR, F4. A0 FILgARSKkEZ Y, BAT
W 5 AT
FEER: MAAE G, B, AL, U, 2 H T AL
HESHES:TS201.2°1 SCERFRIRAD: A N EHS:1002-0306(2026)13-0177-08
DOI: 10.13386/.issn1002-0306.202508178

Improvement of Emulsifying Properties of Almond Kernel Protein
by L-Lysine and L-Arginine and Its Structural Effects

XIA Na"*, ZHANG Yongsong', ZHANG Yanan', WANG Yueli', YU Ming’

(1.College of Life and Geographic Sciences, Kashi University, Xinjiang Key Laboratory of Biological Resources
and Ecology of Pamirs Plateau, Kashi 844000, China;
2.College of Food Science and Engineering, Guangdong Ocean University, Yangjiang 529500, China)

Abstract: To improve the water solubility of Badam kernel protein (BKP) and expand its application scope, this study pre-
pared BKP-L-arginine (L-Arg)/L-lysine (L-Lys) mixed emulsions by introducing L-Arg and L-Lys into BKP, respectively.
Fourier transform infrared spectroscopy, intrinsic fluorescence spectroscopy, ultraviolet spectroscopy, and other analytical
techniques were employed to characterize the structural and physicochemical properties of the mixed emulsions. The re-
sults demonstrated that L-Arg/L-Lys primarily enhanced the water solubility of BKP by elevating the pH of the BKP solu-
tion. Compared with the pH-adjustment treatment group (control group), the L-Arg treatment group and L-Lys treatment
group significantly improved the water solubility of BKP. Specifically, the L-Arg treatment and L-Lys treatment increased
the water solubility of BKP from 67.83% in the control group to 83.57% and 81.77%, respectively (P<0.05). Furthermore,
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the introduction of L-Arg and L-Lys also significantly improved the emulsifying activity index (EAI) and emulsifying sta-

bility index (ESI) of BKP, compared with the control group, the L-Arg and L-Lys treatments increased EAI by approxi-
mately 64.13 m%*/g and 57.24 m*/g, respectively (P<0.05), and increased ESI by 37.00% and 29.02%, respectively (P<0.05).
Modification with L-Arg and L-Lys can effectively overcome the inherent water solubility limitation of BKP and confer

better emulsifying capacity to it. Owing to its excellent water solubility and emulsifying properties, the modified BKP is an-

ticipated to serve as a high-performance natural protein additive, finding widespread application in emulsion-type food sys-

tems such as beverages, sauces, and dairy products, thus possessing broad application prospects.
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ARG, PIRERZIA RN = M S M Fids e MR e & i
TR, S T R S A T RE AR E, pH — S
FEHITE 6~8 Z[a], B FH 4 P adt i 15 7 3= 2 2 S Ak
B SRR A IS e i Y R HL AT SRS ko, 7R
LA I L XA R AR R . R, PTRLKR AR
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H 0 g S 7K PED), S 2R B AR e T . ThRELL
To 5 H A 4F 0 AH B AE H# A EE 52w, Ak,
Arg F1 Lys WMEEEREAS, X fiF3 BT TRENS 575 ) Hh
558 U 0 HA B 43 B H A )1 o A . BKAE
FHEERAEAHEAERY A48 B S i 22 SRR
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N7 PHSI-3F pH 3 RV BRI 4T BR
2N A AR AR 2T AR SR . RF-6000 2 A6
5. UV-1800 24hA] WL GE T H AR HYHS
J s DGJ-5C SEESAIGRTHL s A YR A Fi
2\ 75 Nicolet iN 10 {8 BL AR He 2T 4R
Fisher Scientific 23],

1.2 ZWHE

1.2.1 EHEAREAMGIE  RIaME S Ik, R
JFHB R UL I EARSFE A . B )
e, FHAE O Ng e POy i - Bt 80 Hii i
P E R L B AR B S5k R TR EE 1:10 1R A,
VI pH 2 7.0 =R FHIPE 3 h )5, K3 B LA
6000 r/min Z5.0> 20 min, 4 FIFRHENTEE(MD77,
8000~14000)iFHT, fv /518 T35 BKP,

1.2.2 §RrESE AR ME BKP SR Zhu 250 (7
B A S LB i) BKP, IR T T i 2 sk .
FRIBGE 1Y) BKP 7 T28 18K B, SR 25 N hidh:
FEE AP, 455 20 mg/mL BKP &7, M
18 BKP AW pH N 6.89, IUHR 4314 W ¥ v X I8
2H. 1E Bk BKP DB A 219 L-Lys/L-Arg,
fEE 1MW P L-Lys/L-Arg BB K TR BEHE N 1.
2 mg/mL. W45 %02 B 1R J5 XT N 1 BKP % %)
pH 43 51 . B AR 2 9.04 F1 9.60, K5 & iR 2 9.31
F1 9.74, 43R 44 R “+1L” “+2L" L-Lys(mg/mL)
FI“+1A” “+2A"L-Arg(mg/mL) . [RIRIXFAGANEIE
iR %) BKP AT T pH JEEE, ([ H 53w fh 2
FEMR Jo 1 BB 1 WA AH R Y pHL, I 0 B AR 1 Sl
“—1L” “—2L"L-Lys(mg/mL) 1 “—1A” “—2A” L-Arg
(mg/mL) . ¥25CPESS i BKP W B 5r HAT 8 R T
LRSS ARIRARAT, FRATAE 4 °C T IRFFo

1.2.3 BERCHEKSAT  ARYE Mosleh 251 195k,
e LA IR AN SR PN TR AL EE B B 7K (Sodium Dode-
cyl Sulfate Polyacrylamide Gel Electrophoresis, SDS-
PAGE) & BKP 5 F =504 ¥ HiEAT pH 48
ARASBRFTA PR R B9 BKP B A it 284K v, B
20 uL BKP %5 10 pL _FRESE bR -& Il K i
5 min, ¥ 10 pL B RIE-G W DA EE T, K
A 120 VIS T T HL K . FRTK SE RS, BRI
2% S5 ¥ G-250 L 4 40 min, I & (HH
fist: YK PR - K DIARFR =2 :1: 7 IRE) Wi A

1.2.4 B H AR A DIaeRe R bRl

1.2.4.1 FHMERNE S8 Sun 580 Jr It T
THE M ER . X 5 PR SIS MR T AR RE, TE
6000 r/min F B5.0> 30 min. R JHXXEE AR 15 W
oA R e, DA AR I Y AR ST b o 2k
y=0.0925%x+0.0068, R*>=0.997, f# JH/A.(1)i155 BKP
PRV PR

Thermo

HIRE (%) = % x 100 = (D
0

Krp, Cy /& BKP AR T HE A K E &
(mg/mL); C, J& FiEW P8 AT & & (mg/mL) o
1.2.42 MEMINE 288 Jiang 280 0 7 3R K
BKP B . ¥ BKP SRR AT R, (A5
RIS BKP BT E AR EF N 5 meg/mL, HI435600%
THEDE A 600 nm RGN LI SR
1.2.4.3 EAI#1 ESI i€ #RYE Wang S5 By J7
Xt BKP S 9 EAT #l ESI #E47 03X . BF 5 mL
WA FHT T4 BKP IEH S 5 mL E KBRS,
7E 12000 r/min F #£47 2 min ¥ 5. B B #E S H8
By 50 pL FLAL#E AT 5 mL 1 mg/mL B SDS & iR
A, S THE 500 nm I I SG A, FHAKAE
SRES AT BE L 10 min J5 B YO 349 5 U80S 5 17 B
50 pL FALBGHITEEEAE. RIEAX(2)F(3) I
. BKP 14 EAI F1 ESI:

2303%x2xA,xN .
EAl(m?/g) = =— 22102 2
(m'/g) 10°xCxV =
0 AIU
ESI(A))=?><100 X 3
0

K, A A S BZEORWILARFT 10 min J5
O BE s N iy # B % % ; C & BKP 1Y it &= ¥k i
(20 mg/mL); V 2 IHAHEF5344(0.5) o
1.2.4.4 FRmgi/RPERIME 5 H BT s K
M7 F7 AR HE Malhotra 5507 JEF 72t . 4 BKP #y
R THEIREL S 0hi% W (PBS, 10 mmol/L, pH7.2) 1,
3% 5 mg/mL 1Y) BKP ¥ . T+ FH PBS & W% It
BKP W B 0.1~0.5 mg/mL FUBEREEHREE . 4%
H¢ 2 mL BKP %5 20 pL 10 mol/L B 7K #I5E S
£l ANS-Mg B4, Z IR T #EOGHFE 15 min, 55 ]
FHZE G ASORS I LA S 568 B () AR AU 10 . 1
Nex=365 nm, A, =484 nm, LG IEELR, DL
F 5 4 I 3 (mg/mL) A2 G 3 43 S SR ek
PAALE R, DA ELRAFRAE N BKP AR /K PEEUE
(Hy) -
1.2.45 WEHmMEZTENE =S8 Zhao 55U 190
FEITIEFE N B e U B s A & = o K 20 mg/mL
1) BKP W LB F/KRE] 2 mg/mL. B 1 mL
BKP A # 5 4 mL 9 DTNB i 7] (& 0.086 mol/L
Tris, 0.09 mol/L H 4 l& #1 4 mmol/L. DTNB, pHS8.0)
TR, TEREGAAE T HCE 15 min J& FHDEG GG
JETE 412 nm AR . (4T REFEE S
Bt

RIS B = 73.5x Ay xN/C D)

A, N 2R R4, C J2& BKP #EE(2 mg/mL)
1.2.5 B HAREA S HTERS PR E
1.2.5.1 WNIEZOCHER ST TG E 5’
FESL PP 0GIE . B 1 mg/mL # B & T L (o
Hh, BEPEPEOGIER AR . B ARSI R K
290 nm, & ST IE FE 2y 300~420 nm, AR H] 7N
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1 nm, HEE T 600 nm/s.
1.2.5.2 AP K AT H RS 7KK
BKP R FEZE 0.2 mg/mL, B 2 mL FBS Al 5y
SECEE I T P K 3, i85 220~400 nm P TE
Bl P9 561
1.2.5.3 (HMAS LT A GIRES T F S B AR
e 21 H1 56 3% AR X RE S VAT 43 M, AR X (]
4000~500 cm ' P4 H 32 UK, B A A HE R
4 cm™', BRAF LN GEE o X ARRAE T2 AL 048 I8 B804
1700~1600 cm™' Jm [ PYAE S LT A GG E 51 7 5k4k
L B oA N 1 s o S 1 S R 1Y e 7l S B T P R
HITER PSS b ) 1) TR B A B AR o W2 AT 114y
TR N, ISR il b 2 1 BT R &5 A2 1k
1.3 HIELIE

JITAT B T = ROPA T35, 25 SR LI E bR
HE2E R, X745 B ] IBM SPSS Statistics 27 /4
BEAT BA R 2K 5 2253 #7 Fll Duncan K256 (P<0.05) .
JH Origin 2024 FAHEEIFNESE S3HT -
2 RS9
2.1 SDS-PAGE JMELR

BKP (95T b B 1 s, REATn]
ALFH ) BKP 43 T H7E 17~48 kDa Z [a] B P 3 % 4
AT, X5 AT BIFIE LSS RS 4H A BKP B
o SI7 B GRS FH S IR B2 28 %) 19 IR B 1 43 F L2 2N
20~22 kDa Fll 42~46 kDa™, Z:it pH 284k A4b 3
K L-Lys 1 L-Arg 20PE/S B9 BKP, HrF 5 gRabF
AHFEVE P, FL 32245 iR 5046 T 17~25 kDa, #5512
TE =27 A1 27X SRR ERARE TR . i —2 4
S B PIRP E FEBR L N “—17 “—27 55 “+17 LA B i 4%
BT AL, pH A2 4L FFIE T30 BKP 5 F o A8 iy 228
o BARWERY L-Lys 3% L-Arg [FIFEBE R4 558
= pH FAEE FARRIAAE R, [RIE ke ba T amasoe] 85 11 ot
FAASFISZ ], AN | R 4TS S5 S iy A S B8 B e i
SEARNR MM, X —BR A RE S AR TR
TS ek R A G . AW R HpiE 2k
P T 3 3] A IR T S T IR A 5 R A i R A AR
JH, SR (5 R ARIRES, I AT BB P TR 2 1 it
o5 SR IR A T 2400, ARBFST R L-Lys/L-Arg

L-Lys L-Arg

kDa Marker BKP =1 =2 +1 37 | SN0, CEl &2
~180

~135

~100 W

~75 -

~63 -

~48  —

~35  —

- -

25 -

BERENE, L R a— - S — —
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K1 Ik

Fig.1 Electrophoresis pattern

AbFE 3L 35~48 kDa 15 43T 5 4%y 05 SARDR, AR
T HEVR T 42~46 kDa W ILAEAEM )G & A T se PR
fi, iX 5 Wang 5520 7EZLIE 8 40 2008 . KSR A1
H R AR 2 Hh R B R S HE RO LR 2 Sl /N

KRB S IRARNE R o 12253 F 8534 GG X 4

rEgZE R4k, TTREXT BKP BYDIAETE ™ A= X5
Me): — 771, F58/ N AR L B RS BE 1, AT B

FAEFKE M 55— 7 L AE R FLALTIRE SR 531

TS F W IEAIRES ), o n] BB E— e R B L 2 A

W S5 RS T, T A A H LA A

2.2 BEKRERRITHREFFMLER

2.2.1 B KV RE N TR ET IG5

Z—, Hg B 2 s AE B Sl T B -

S FRVE I S LR (L-Lys/L-Arg) A< B X H5 | iy

pH ZE{EXT BKP /K& 094 A DT#k, AT E T
XF W, pH BYXFRERLH (B “—17 “—274H) . ¢55RaniE 2
Fr7s o L-Lys ZbBH S 9K 3 “+11L7 & 81.23%,
“H2L7 2 81.77%; L-Arg AbFHF BU7KIEME: “+1A” 2
82.70%, “+2A”JE 83.57%, BN WEE T R&id
AR Ab FRLH (7K1 (67.83%) (P<0.05) o 14T, 7EAH
[F] pH 7K (AfEN pH10.5 19 “+172H5 “—174H),
L-Lys 5 L-Arg ZbPRZH (19 /KA i 35 v T X
¥ pH XFHRZH (P<0.05) . 3X—XF LbAT JyHbuERH, 7KES
PEHRTIFARI A pH AB1LIR 3N, Bl IR AR
S T MBS E o X PP ESVE FH T BR IR

F L-Lys FIEIEA L-Arg BIARIEEE S 1 T MoK S5
FIC N Z S5, MBS TR ARG EE P,

a a
ab
= be
=
&
&
BKP -1 -2 +1 +2 -1 -2 +1 +2
L-Arg L-Lys
P2 L-Lys/L-Arg AbPETT S R pH 22 b B0 5 X0 i it 2
I

Fig.2 Effects of L-Lys/L-Arg treatment before and after
and pH changes of solution on solubility

e AR FRFRIR 22 7 B3 (P<0.05); K] 3~ 5 [,

222 PEE EARAHME RS Y E AR R R
TR R i 2 — e RE LR, i TGRSV S804
W AR T RE RSP, L-Lys/L-Arg X} BKP 7%
MR ZE RN 3 i, — gL R, 2 A Ak
B SEME RN ICR ., & L-Lys/L-Arg Fl%
W pH ZE LA Rl BEH AR AR T4 BKP 3 35
T (P<0.05), 33X 5 i B TH I 25 5 (& 2) A
B, A5G T B AR L (p D) RS F BE R i . ik
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BEREAR I — B . RN, TRAGMT & B, S48 454k

HHH Al TG W 3 25 5%, (H L-Lys 5 L-Arg ZbFEZH
FIA) o B (3 3 IS AER THEXT 2 19 pH X R ZH . A B
PEE IR IS AT REF=4: T B BA.al pH &7 B R
IR . L-Arg Al L-Lys 7] 38 ik HoHF i 4 5 285

R AR R R AR B AR, IR TR A Bl

TR A, MRS _ R B Eh sl pH Y875 556
HVA VB 5 BE ), L-Lys 1 L-Arg 7€ pH /N T H %%
FE, 25 (L-Lys B9 pl 2 9.74, L-Arg 1 pl &2 10.76) 114
FREE P E B AT, BB S BKP PR A EAER, X

T HE R R ELRR S BKP 8]0 EEAE HAE 20,

L-Lys fll L-Arg AbFRA) BKP AIE /N EA IXT R
B pH AR LACER S AR BE, nIHESE L-Lys il L-Arg B
FIEFNIIEAT 57K a2, P& Ao ErmRIVE FH AL R]

RUET BKP BB IERAIR T =B

a
0.8 - %
0.6 b
i b b p
= 0.4
0.2
0
BKP -1 -2 +1 +2 -1 -2 +1 2
L-Arg L-Lys

E3  L-Lys/L-Arg AbBURTS FIVATR pH AR ALAL B IS Xt B2 Ay
Al
Fig.3 Effects of L-Lys/L-Arg treatment before and after
and pH changes of solution on turbidity

2.2.3 FLAkMERE  xFFLBRM R T DLl LTS
PEFR L (EAD F1FL AL FR 2 PEFR L (ESD) Sk PFHT P4,
EAI F/R 5w 25 H T e 435 A9 7K 5 3l A T A9 s 38
T AR EST fif a4 J& R GE AR SN A5 ) | k5o 45 )2
FYFTHEPERY, L-Lys/L-Arg 520i BKP #J EAI fl1 ESI
Sy aniE 4A . B 4B iR, MR TORACEELAY BKP,
pH 2% {1k &b B A L-Lys/L-Arg 4t 3 J5 B9 BKP Y
EAI ¥94 B F 5 (P<0.05) . “R2A” I T “—2A”
BT 25.02 m¥/g, “+1L7 1 “+2L7 43 BN R 3RS T
21.23 F1 8.15 m*/g. X —&5RBAWHFREH, B2 SR
P51 AR gl pH R TR RE . T RE
J& Lys/Arg 2 3L s AN BE 3 3 85 11 53 104
faf, A BEAH o0 45 7 4 BH B8 - 33 Fi AH B el
TG, (i H T S AR I - /K S R I I ), A
A B A AR, B 4B 2R pH AE b
AEPRSHE RS EST AU L-Lys/L-Arg Zb¥0, PR
PR “—17F1“—2" 41545 BKP 19 ESI ol & 255,
T “+1A” F“+2A7 F5 T BKP 435325 T 37.00%
FI1 34.01%, “-+1L7 F1“+2L7 W4 H42 8 T 25.01%
Fl 29.02%. £ L-Arg/L-Lys B )5 i BKP REFH 4%
Sy A6 T i 2 TE A S ST ASE, S 1T HE B v R i O
FAERFZLIR RS R . SXOFSCR v R YR T R 11

O, LERS LSER BB R AR R R LSS R 181 -
A 1ot
b
100 | ¢
=
C 2
E
= 60 f
5
40|
20}
BKP -1 -2 +1 +2  —1 =2 +1 +2
L-Arg L-Lys
B 100
a
a
80 b b ol
g oo
8 a0t
20
0
BKP -1 -2 +1+2 —1 -2 +1 +2
L-Arg L-Lys

Kl 4 L-Lys/L-Arg ZbHIHTJ5 FIE K pH 22 ALAL I XF
EAI(A) 1 ESI(B) f 5]

Fig.4 Effects of L-Lys/L-Arg treatment before and after
and pH changes of solution on EAI (A) and ESI (B)

el H: 2 B 1R e Rt A0 35 B VA TROK B RS R 43k
HE, M R 1 SR g5 R ok 78 24 A s 7Lk
S48, R} L-Arg/L-Lys 3 BKP A pH
Ft, BKP s BRI 22, PAnidgam T 2L/ NER Y
TR ), A 2 RE B - Hb T B S Vi 2R 2 A mlias Thl e
5, B LIRS T Ak, 3 e A S P
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