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value, this study systematically evaluated the effects of varying dissolution pH levels (2.0, 3.0, 9.0, 10.0, and 11.0) on the

nutritional and physicochemical properties of pea-grass carp dual protein (Co). Parameters including optimal precipitation

pH, proximate composition, particle size, Zeta potential, protein subunit composition, amino acid profile, and digestibility

were analyzed. Results indicated that the optimal precipitation pH for Co was 5.0. All Co samples prepared by the pH

cycling method were identified as high-quality proteins, containing major heterologous protein subunits and a full spectrum

of amino acids, with methionine content significantly higher than that of pea protein alone. Physicochemical analyses

revealed that alkaline-processed Co samples (Co9, Col0, and Coll) exhibited higher a-helix and lower f-sheet ratios
compared to acid-processed ones (Co2, Co3). SDS-PAGE results demonstrated that the alkaline method facilitated the
enrichment of readily digestible protein fractions. Alkaline-processed Co also showed smaller particle sizes and higher

absolute Zeta potential values. Nutritional profiling indicated that Co10 had a crude protein content of 86.98%, an essential-

to-total amino acid ratio of 40%, and in vitro protein digestibility and corrected amino acid score of 86.16% and 1.04,

respectively. These attributes support the commercial potential of Col0. In conclusion, the alkaline pH cycling method

represents a promising approach for preparing pea—grass carp dual protein with superior nutritional benefits.
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Table 1 Basic component analysis of Co prepared under

different dissolution pH conditions

Fefh K53 (%) HEH%)  HIRWI(%) W (%)

Co2  5330.02°  82.71£0.21°  5.03+0.88"  5.04+0.25°
Co3 5.04+0.15°  82.32+0.56°  5.32+1.02° 423031
Co9  3.94+0.02°  85.60+0.77°  3.37+0.39"  4.10£0.39°
Col0  424+0.06°  86.98+0.18"  3.69+0.46°  3.52+0.17°
Coll  433+0.12°  87.13%0.24"  3.23+0.55"  2.77+0.34°
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2 ORFEFE pH &0F P41 Co HIZ AR LML (g/100 g)
Table 2 Amino acid composition of Co prepared under
different dissolution pH conditions (g/100 g)

AHR Co2 Co3 Co9 Col0 Coll
FEMRThr"  3.43£0.21° 3.54+£0.05° 3.66£0.08" 3.85+0.16" 3.82+0.12%
HETRVal 3.88+0.04° 4.07+0.07° 4.27+0.12° 4.66£0.05* 4.59+0.08"
HEERMet” 1.69+0.01¢ 1.85£0.03° 2.03£0.07° 2.17+0.04* 2.16+0.05"
SoRE Rl 3.59+0.12° 3.72+0.08° 3.99+0.15" 4.34:£0.02° 4.25+0.12%
FAEMRLeu” 6.35+0.04° 6.59+0.06° 6.91£0.08° 7.59+0.03" 7.42+0.06"
KN MEPhe” 3.62+0.02° 3.73£0.04° 3.89+0.03° 4.23+0.05" 4.14+0.03°
M MRLys’ 7.1240.18¢ 7.38+0.04° 7.69+0.11° 8.03+0.03" 7.92+0.08"
AT 1.63+0.03° 1.46+£0.04° 1.30£0.02° 1.16£0.08 1.24+0.03¢
KA RAsp 9.28+0.23° 9.57+0.11¢ 9.76£0.11° 10.18+0.08" 9.96+0.07°
225[iSer  4.03£0.04° 4.17£0.02° 4.28+0.08° 4.47+0.02° 4.55+0.04°
BHEMGlu 13.88+0.36° 14.56+0.11° 15.39:0.15° 16.02+0.12° 15.98+0.11*
HEMRGly  3.02£0.02° 3.16£0.04° 3.35+0.06° 3.57+0.06" 3.46+0.03"
HEfRAla  4.23£0.08° 4.39+0.03¢ 4.51+0.05° 4.71+0.01° 4.83:+0.02°
kAR

Cys-s
B Tyr  3.95+£0.04° 3.88+0.02° 3.75+0.04° 3.52+0.04° 3.53+0.06°
HEFRHis  1.47+0.02° 1.64+0.03¢ 1.71£0.01° 1.96£0.03" 1.92+0.04
THEMArg  7.49+0.11° 7.18+0.06° 6.89+0.09° 6.45+0.03° 6.57+0.11¢
2 #Pro  2.88+0.08¢ 3.02+0.02° 3.17+0.04° 3.39£0.18" 3.35+0.08"

0.19+0.01° 0.26+0.01¢ 0.29+£0.02° 0.38+0.01° 0.32+0.01"

TAA 81.73 84.17 86.79 90.68 90.01
TEAA 31.31 32.34 33.69 36.03 35.54
TNEAA 52.05 53.29 54.35 55.81 55.71
TEAA/
TAA(%) 38 38 39 40 39
TEAA/
TNEAA (%) 60 61 62 65 64

i *FR TR IENR, TAA(Total Amino Acids) /R 2358 M4, TEAA
(Total Essential Amino Acids) &/~ 075 R HEMR il i, TNEAA (Total Non-
Essential Amino Acids) /R AE 07 B IR B it AN [F/INE F R R [FIAT
g 2s 7 2, P<0.05,

SR (Trp) « B&21% (Tyr) FRE &R (Arg) & i
[, HAYE SRR NITE pH10 BHARI R B SMATT =,
PRS0 T Co FY RIS & & TR M A,
HHr Col0 1Y B EEfR & S f sy, i 90.68 g/100 g,
Tt B i 25 14 T A Y Co B4 B v 1Y 8 IR 14,
H. Col0 B EFEMER S - BRILZA, BT Co A
A O T 2 L 1R B R/ S B IR (TEAA/TAA) ELIE N
38%~40%, W 75 & FE IR B /AR TR S H R B
(TEAA/TNEAA)A 60%~65%, Col0 §1 TEAA/TAA
(40%) LA X TEAA/TNEAA (65% )35 T HABFRE S o
ilH TEAA/TAA>36% Bl 2 R A 1 s,
KA GE R B9 ITE Co HWIFF G BT8R H Y ZER,
H. Col0 R HAE.

IR FAO/WHO T 1985 4EHEFE R [ BT iF4Y
=, DU AR AT Gl & 45 9 PR & IEmR, LA
JENARIE B A FRETRE, B 7 /R T HFP Co KRS
LT S B R LH B S A S DC BCRR B . T A
Co 1, Lys(71.2~80.3 mg/g) & & ¥ uti#d T WHO 1Y
FEUE, (HEE R+ BEE TR (Met+Cys) Fl Leu & i
FEXTHEAR o B ColO Fb, HAxAE oL 1Y 25 B 2 FE iR
(Met+Cys) ¥ AR B4 JLTF 2L bR (25 mg/g); 7E

PRPEZRAT(Co2 . Co3) il &AL, Leu & itk
R L LT R (66 mg/g) o AN, I ih o5 & ik 2=k
i (Phe+Tyr) 55 T WHO A2 IUE, H7E pH10 i+
IRBE RAE(77.6 mg/g) . FEFLFP Co 1, f¥ Col0 fiE
A THTI 2 9 PTG ZIEIR 1Y 7 oK, FWITE pH10 2%
PR A B T A s B MR 2H e S A I i iy 2R e ™
m, TEE TR s ) AN IS T .

—8— FAO/WHORL N JfifE ik

—8— FAO/WHO#)) JLIfi#7

His —A— Co2

90 —¥— Co3
Co9

Val

Col0
—p— Coll
Trp Leu
Thr Lys

Phe+Tyr
Bl 7 ORI pH Hl£5 0 Co 5 WHO(1985) #2675 24
et Z AR BT 1A (mg/g)
Fig.7 Radar chart of the Co content and the EAA requirement
pattern suggested by WHO (1985) under different
dissolution pH (mg/g)

Met+Cys-s

27 EFFIFN

A FLAR P43 (amino acid score, AAS) | /&4MH
163 (in vitro protein digestibility, IVPD) | {b3 &
1E & PR PF- 43 (protein digestibility-corrected amino
acid score, PDCAAS) Pl Co HUEFHIRL . AAS iH
% e B AR P B S AR T R 2R BT 2 SRR 2 A,
P AR AREE . 3R 3 AT AL, AR FIDE
MARET, Co MISE— PRI E IR E 2 5 N
H 4% (His), 4 LR IR+ 2R (Met+Cys-s ) o
5 HAh Co #HLE, Col0 5 Coll fY AAS {HEW, 1E
JR AL 3 121 F1 120, A SRR 2H hli i
XA, BEAE T G A AR E TR S

IVPD S22 I TS R E ) SRR, H
RS B -IAALIE AR B 52, T3 3. ARSh
AL, TEAHRITE ALY T, 9 Co mTH AL E T
iR Co, Hidr Co10 A TVPD %5 (86.16%+1.04%),
XA RS TSR &R s AR M L RIS
RIS TRl A, B2 ICEERTRY, [ 25 5,
STE A ) RS 500, IvAh, BRI RS AR
HAAERE Arg/Lys tb{H 2 f #H BT, Co2., Co3,
Co9. Col0 Fll Coll HJ Arg/Lys 43 % 1.05. 0.97.
0.90. 0.80 1 0.83. A Ik, Col0 H4#:{IK 1 Arg/Lys
LB RS T A BT s IR L s /L, AT REAR B FHE
= IVPD. ETH AR 0T ] B 2 2 2518, A
MR FHE FEFHRCRS,, PDCAAS A FH T #2454



55 47 % 5 12 1) JU/NE 45 pH EERNEE A B - XU BB SRR AT <153 -
3 A% pH Hil &8 Co FEALEY AAS. IVPD Fll PDCAAS
Table 3 AAS, IVPD and PDCAAS of Co samples prepared at different dissolution pH values
- brifE(E (mg/g) Co2 Co3 Co9 Col0 Coll
i
IUN AL 'UN 4L 'UN AL A L A 4L A 4L
His 16 19 104" 88 109 92 113" 95 123" 103 120" 101
Ile 13 28 276 128 286 133 307 143 334 155 327 152
Leu 19 66 332 95 347 100 364 105 399 115 391 112
Lys 16 58 445 123 461 127 481 133 502 138 495 137
Met+Cys-s 17 25 111 75" 124 84" 136 93" 150 102° 146 99"
Phe+Tyr 19 63 398 120 401 121 402 121 408 123 404 122
Thr 9 34 381 101 393 104 407 108 428 113 424 112
Trp 5 11 326 148 292 133 250 114 232 105 248 113
Val 13 35 298 111 313 116 328 122 358 133 353 131
AAS 104 75 109 84 113 93 121 102 120 99
IVPD(%) 71.58+0.74¢ 74.39+0.72° 79.49+1.02° 86.16+1.04° 85.86+0.87°
PDCAAS 0.74 0.53 0.81 0.62 0.90 0.74 1.04 0.88 1.03 0.85

T B — BRI MR A R/INE FREFROR R4 22 5+ 3, P<0.05,

SR AR E . FEAS RIS f# pH #1419 Co H,
Col0 1 Coll 1) PDCAAS % &, 43 % 4 1.04 F
1.03, SX8EARMISY, 228 Col0 F1 Coll HATDLRHY
IR A, AR B T R PR 0 I 3R b
FE o
3 Zhip

IR K], Co MIRIEDIVE pH 2N 5.0, HLOK
PESHE T il #4519 Co 5 3% 50 01 8 0 TR M 4514
5 Fh Co Ir& & F M Fh IS 574, AR (Met) & &
(1.69~2.17 g/100 g) ' 2& = TH—Hi G AR 1 (P<0.05),
LI 12 A 30R A T AR 8 1 i SR R AN
J& o R pH X Co W45 M 4t HAT i 25 5 i) (P<
0.05). DRIEFHRIUY Co H ARSI Zeta-HA7LEXHE
g /INRIAR, Hidp Coll Bykiiti/N(3.61 pm),
LA E By K (-55.6642.28 mV) . RIS T
TN, PR ET Co(FRAIJE Col0) B 1Y -1
TEFNEARI p-ITrE ik, SDS-PAGE [Ejit—4%
B, IS Co & iR 1 R B, HsM s fn 4%
1A B 0 4 b (e L 4 47, e idia Rl il
FILSTARFIETE B A B3R T, Bl EER I Co 1Y
JRE LR S TR RS, b Col0 BE LR
i (90.68 g/100 g), IRSMEIL IR 86.82%., FE
PAPEARE S T, Coll AR I & B (87.13%), AT
R (3.23%); T Col0 LA RIURAL, BRI E
oo, R REE SRR AR N FHIE . AR5
LEIRANAN Ry 1538 5 i TSR 1 A i A R L T B
e, WA R B MR LB ROt T ULk 55,
RIHES
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