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Optimization of Extraction Process and Properties of Protein from
Porphyra haitanensis

XU Haiju, FENG Shangkun, CHEN Zhengdong, BAO Ruohan

(Taizhou Vocational College of Science & Technology, Taizhou 318020, China)

Abstract: The protein extraction rate from Porphyra haitanensis was investigated as index to carry out high-value
processing and utilization of Porphyra haitanensis. The supersonic wave extraction techniques of protein from Porphyra
haitanensis were studied by single factor experiments and orthogonal method. Extraction solvent, ultrasonic time and wave
power, solid-liquid ratio and pH were investigated, and the Porphyra haitanensis protein was analyzed for its spectral
properties such as equielectric point, emulsification, foaming, and antioxidant activities. The optimum extraction conditions
of Porphyra haitanensis protein were as follows: Ultrasonic wave power 1350 W, working time 50 min. Under these
conditions, the extraction ratio of Porphyra haitanensis protein was 60.98%=+1.01%. The results showed that the isoelectric
point (pl) of Porphyra haitanensis protein was 4.5. At the isoelectric point, Porphyra haitanensis protein had better foam
stability, reaching 80.84%+2.95%. Porphyra haitanensis protein extract exhibited an excellent antioxidant ability within
5~50 mg/mL. When the concentration was 50 mg/mL, the total antioxidant capacity was 2.89+0.09 U/mL and the
scavenging capacity of ABTS" radical was equivalent to 0.83+0.08 mmol/L Trolox, and the scavenging capacity of DPPH
radical was 68.04%=0.73% at 10 mg/mL. This study can provide theoretical basis and technical support for the exploitation

and utilization of Porphyra haitanensis resources.
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(Bangiaceae) . 155530 & (Pyropia) , JBe—Fp A=K IEWR
TEEIITRLHE v s 1 DX A A A e A i R ses, gk
AT P2 e 22—, B AW AR EE R
HREFRUT,

RS U STEk S S SN - WL N RS (B s =
JB . Z2hE . EIER . YRR, AR B SRS
FUSERRE O, IR8CRR I & ik E) 31.33%~50.94%,
AEW & EE 0.34%~1.04%, B RIS = 2 SRS
EFXF X — 4R A, R B TSR LR G T R A
PSRRI R YN (WP e =TI = i DAY £ v N (SN = N 1)
XA U PR B S R SR, T HANA]
PRSI LS E e & & . A SR 7 AFTERE R
225, T R IR 5530 3R (1 3R BT 2 A de i o8,
Kol R S SR R I E A T B R

(LG I T 1 WK R R IS: . Ll R v A
JIL IR, FFAEE P b FERHE | A8 M . HRECRAIC
FNREFE RSB . FEE PRI AR Y & e, A Oy
VB S IR A B R IR | S e B BSOS AN R AT
JEE A N FH B AR TR R G R v, AT TR AT PR
LA TSR | FEN A . ORI AR
WFFE LIRS0 R St W8T & — il 7 Il B
FRESE A R BT L, I HEE R AR R R bT
SALFFHIE TAFST, B TR IR S50 IR0 A A FH
P22 M FRSARIE RN AR S
1 MRlEREE
1.1 MRS5S

IREE SRAWHTA &M T AR K F = 3758
Y, IKBE, BRISVETPEFEA=0T, Bt T4 s S o 50l
KA (BCA 75) . ABTS il & . T-AOC Ml xE iR &

AR ) TSR IT; Bradford 5 A EEII

e RERRAEYEARARAE; DPPH (4
jiball, [ e A AR A B F; SARES . B
SN BRI AU RN . BRERET . VBRI . Bl
A BIRAATAl et T ETTASE

DHG-9145A #UH BE RS X T RFE Lig—
TERM A RN TY99-TIDN 7S D AU |-
HFPT I AT BRZS F 5 Avanti J-26 5 3 314 550 HL

Dl 3¢ = ZE %7 /K 5 SUNRISE W Gl bR A Fig +

TECAN 2\ F]; GB204 i, X~F %i-l- METTLER
2V E]; FOSS 2300 4= A dLIREF L i arA:
YIRS AT FR S T ; Delta320 ¥ %5 pH 3+ MF4%1)-56
FNZALER N T 751 APebb @l BESTH A a
BRZSE]; Alphal -4 R R THEPL F2E Christ; UV2550
EHNAT LG BHAS SHIMADZU 23 Al T50
BHL  fEE IKA NF .
1.2 LWHE
1.2.1 S UAR IR R R R R e st %8
SRR R AR, 15883550 C Mt T EE
S AL P —ad 120 H i —FREGEEH —T%
B L (w e v) INAEE ) — 1k F1 4 PEas i P 5 — 4

P AN B —4 °C, 10000 r/min 850> 15 min—HL |-
IHR— I E R A S .
L T 2t 8 F R BCR AT A T
N FEBPEARK S E
BN = rran E A
X (D
o, 5 550 B 5 & i SR FHEIL TG E 4
B3, ISR AR S B E SR A BCA 2GR &0 R -
PR 3R SRR R AT A TS 00 A 22 SCHik [9-10],
LT ANAEE T (ZE48 K . 20 mmol/L pH7.0 PBS,
20 mmol/L CaCl,) . #75 &A= [l Fnalf@ns ) (2., 3.
4.5.6.7.8s). B L (50:4, 50:5, 50:6, 50:7,
50:8, 50:9, 50:10 mg/:mL) . pH(3. 4.5, 6. 7. 8,
9). ML (180. 540, 900, 1260, 1440, 1620 W)
FHE T SARFE] (10, 20, 30, 40, 50, 60 min)Xf1x4e
S MIRBCRASE . B SR, oAb S 55
F [ 2 2R K L B A A B ] FOEE 7 [a) B A E] R
4 s, B L 50:5 mg/mL. pH7. B3 1260 W,
B FE AR E] 20 mins
1.2.2 IRESEHEAESEANE  RAMEYLK
REEFNE T A&, 218 GB 5009.5-2016 & &
R ER R A E )
1.2.3 IEAZIRSETT  ERREE LS R IR -,
LIS 2Rl (A) . pH(B) | #7512 (OO #iE 1IE
ARG BT A AR EE MoK, LAE R R BCR N %5 25R
i, PEAT =R 2 =K IEAS IS, AT RE A8 7 A B
FAET 2854 IR ZRKTE LR 1,

1 IR FE KT

Table 1  Factor level charts of orthogonal test
SES
¥ o o
A 7 AARETE] (min) B pH CHEIR(W)
1 45 6.5 1170
2 50 7.0 1260
3 55 7.5 1350

1.2.4 RS A Hl s R P O CE 2R E 1558
FEANES T 20 MAE.OREINE AR,
BENBHTLE, AN N 60% WRFRELH R P ELAT,
TE 4 °C FHFEIRIS, B0 20 min(4 °C, 4900 r/min),
WL, I DB 28K s il o T B T AR 4R,
TE 4 °C FNZELLBENT 48 h, HlajiesK 4~5 K, B
FH PEG 20000 e 5 12 U8 THAR 2 B 1 BT K o
XA R T2 B B S 20 53847 200~700 nm 4=
PRI, IR 2 g AR E .
1.2.5 IREESEE AR T
1.2.5.1 SFH G E ISR E A R IR,
50 mL 3t 7 453, VEHE pH 53511 3.4.4.5.5.6.7.8.9;
10000 r/min BS.LM3ES 15 min J5H W, A Bradford
B e S 2 1R S0 A2, ISR AE 595 nm ARG
B, WOGREE R/ MY pH BP A3 88388 Y S HEL A o
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1.2.5.2 FALPERAIE AR Pearce 4512 B 1k
M E o FLdl 6 mL 0.1%(w/v) B FE & 2 3 W,
pH 43551 3.5, 4, 4.5, 5. 5.5 2RJ5 A 2 mL A94:
oA G, RS B4R ES 1107 r/min #4571 min
J&, S ZMEEHREL 25 pL BERL, A 0.1% B SDS ¥
W5 mL 1R5]. LA SDS B NZS M, MEHAE 500 nm
AR SEE . CE 15 min &, FRE —WK . RN
T AR E AT B AR

2%x2.303x Ay XN

FATEME(m?/g) = CxoxLx 10 @)
, . Ayx15

| %:—»‘ . — 0

A F 58 P (min) A AL X (3

s C W AR B BE (g 25 1 /mL);
@ FPIARFEZLACI ST & 9 R (0.25) 5 L Sk (AR
FERE(1 em); N AMRAEG Ay AWIGEZLALIR YOG
JEAE; A5 oA 15 min J5 BOGEE .
1.2.5.3 SEMEPEB AN & 288 Fernandez 55 1Y
FrEEE A S . B 20 mL 2% (w/v) S FIAW, 45
B VE pH = 3.5, 4, 4.5, 5. 5.5 )5, TE =@ Has
DL 1x10* r/min )87 2 min, )48 b BsF 90 7 RIS R 194
SRRV, KAt FEAEE 1 30 min J& WA FNTA WY A
BV, AP R iR AR e M AN R A RN
V,—-20

(%) = —55— x 100 A @
IR = ] X 100 R (5

Horfr: V) FORBEHATE LR A R AN 0 SRR,
mL; V, BRI 1 30 min S5 HL IR I A B
FH, mL .
1.2.5.4 IREREATMPUAILBE T E  Fea
UL A AT E . AESLEREE 0. 5. 10, 20. 40,
50 mg/mL, - BEER A SEEY 3 IR, BOPHME, 3T
LSBT ILBE T S

N Wl 52 OD1E — X R OD1H
mhE AR =
HPTEALEE S1(U/mL) 501530

SR e
HFE &

1.2.5.5 DPPH H HALIHEERAEIME R 96 fLAk
M 5ERE SR DPPH [ A LTS BRIGTE" . 78 96 FLAR
L REIMAZ I 20 pL A R EE 0~10 mg/mL)+180 uL
f* 0.2 mmol/L ) DPPH &k, =i MG —F IR G
4], HESGHLE 30 min, 517 nm 2P 5E LW SGAE, JH
Ape 350 25 PALLLLTE K 2 AR B, Xof HRZH L
TorK A DPPH ¥, HW B S50 A gy F1
A oo LA Trolox fBHMXTHE

& (6)

_ Awan—Aure

o

2=H

DPPHH H2E7E R (%) = (1 )x 100

X D
o Ay FORFESHDPPH; A e 8L S +TC

IR Ay i FNIK ZEF+DPPH
1.2.5.6 ABTS'H HILWEKRGE 1M =R ABTS
W S UL ABTS B TR . FHFEMED
HE RO AR v R EF TS RE, #2 10 mmol/L Trolox 5
WEGE AR B BE A 0.1, 0.2, 0.4, 0.8, 1 mmol/L,
T 96 FLAHR NS S T AR RNRE &, B DA ik 1)
FLHE AR S, IR T 6 min J5E 405 nm AR
MY GAE
1.3 HEE

SLBGHE DS E AR UE2E R 7R, SR Excel X
PEIEATER R B N AEE], SR SPSS Statistics 23.0 4K
HHATSEIT M, Ducan FQyLBEAT W 4 22 554547,
P<0.05, 27 B3,
2 RS9
2.1 IEEEMERRESE

AL T SR FH Y JFCRHE RS B A &
21.02%+0.11%( LL T 3L 31) , & & F A (10.2%~
10.7%) "3 JfE 7185 (10.12%~14.13%) U6 F1 2E 47 3
(6.05%)U" R A&, RHIRESE—MEAS
R A B R
2.2 BEREIWER
2.2.1 AFEFIXHEBCRSEm |32 2 ATH, A
RS R LS i), 64 TP P R A f5 15581
R TR ECEA FANE], A LAZEMR 7K 20 mmol/L
pH7.0 PBS S5l EA 78 75 I 4 Mot i, 85 1 B
BOR B 25 F L 20 mmol/L CaCl, S5t B i H B
FR(P<0.05) ., FHEABHEERAE, RILEBEREEIE/K A
el

F 2 REHIN IR SR FIRECR
Table 2  Protein extraction rate of Porphyra haitanensis in
different solvents

sl PRIBCR(%)

ZEARK 39.78+2.93°

20 mmol/L pH7.0 PBS 40.78+1.55°
20 mmol/L CaCl, 25.86%1.15°

TE: AR FRE AW AT 225 5 (P<0.05)

2.2.2 JEAS[EFER A EE B BRI hIE 1
AT UL, [ E A P A AR AL Sl 4 s B, BEAE R RS AR )
(] B3N, 32 B3 8 1 i a9 s BeR e BT R s
R, 76 4 s I Ik B iR Ad, 76 5~7 s {8 B N AR AR,
Bk 8 s W SGHGHT R, 22 Bt R A (A B e 7] o 1
i, RS SEERAE I ]y, ASA) T BRI
DAL, 4 P AR RS o 2 He SR 50% (R A
JAEITTE] 4 s, AR TRIFRISTE] 4 ), MR HE A BERERCR
B .

2.2.3 RHEHEXHRIRCR A2 A 2 AT, BEERR
FERIEIN, IA 550 FURRBCR 2 e ETHe R EEng#
o MPRRR LS 50:8 mg/mL B, $RBCRIA R AOR,
IKE 47.28%, HAhS HEHERHE LLAgSE i, $RHCRIT 40
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Fig.1 Effect of ultrasonic interval time on protein
extraction rate
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Fig.2 Effect of solid-liquid ratio on protein extraction rate

SRR SO TSR R, SRR
R RE R, WASHE LA A= 25 A, 535088 75 I b BRASCR:
554ks BRI PRI R, S VRORY BERRATR, 75 P as
AEAVE IR, 85 SR ORI 2R bk sz
Bk, FH T4 REm 2L S 800 N R Y (AR
TR R EE R T i, R T 4 SR A0 i HH o, DR 4
BCRTRENS, AR, R Ha i R B s P A P R
e AT ) T, 33t RSB P B 225 A R A
2.2.4 pH X MR RBCRGEm  fIE 3 AT, 78
pH3~9 JEEIN, K pH X RIS A 156 35 1A B ECR
FOSZIR FLRC I . Bl S pH 36K, $RECR S Sk
SIS TG, 24 pH Sy 7 Bk 35 RAE .
XTI pH AT, WA S A R
F R 43— 14 2 T FEL ey 198 0001, 2 1 J5XE 7K A 25 R 1
o, SR, — B EAKR I EER 5L AR K TR
A (HE Y pH T B S5 ), SRR A S
AP, FECE KB T ARV IR, (A5 PR IR
A BRART,

2.2.5 MEFEUIERIEBCRAGFEEN  hIE 4 7], BEE
P AR B HE N, R R A R ORI T R kA
B, 1E 1260 WAL FIIK B = aUs FEAIR, 4540 BRZH [R] 17
e PE2E 5 (P<0.05) o 7S DR VR,

pH
K3 pH W& H BHRIBCR A2
Fig.3 Effect of pH on protein extraction rate
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Fig.4 Effect of ultrasonic power on protein extraction rate

FH )RR, A3 AR B R, R R, A AUy
STESHRD . AEREFE TR N, RS AN R LS A
WA RE, FE 25 25 A0 A LR, B3 58, 25
J5rF 5K AT 22 A B AR G R, (R SE R A s
PO, FIK 1260 W B, B [ Bi15 DL S8 42 Fe 47 HL s
H, SR AR SEG I 7 D38, ™ A= i RSOV d 58 5376
FIE R A ASE, TR IRDOUE, FES S e bl 2, Rkt
PEBCR TR, 5 B RN A = A YA A, S
PP RE 1080~1440 W BEHEIE

2.2.6 MM SFRERIXTHRBCRAFEm H & S AT,
PRRFHCE SR, S E rS FR a) , 2RSS0 R
F BT BCR B A i 2K SE T e T M. SRR
(0 min, BISRE A AN BE) A EL, AbBELH (85 1 T
BOR B EH (P<0.05) . HHTEHAKIVE, XHREZH A
AT TS Y, O R KA PR IBGE i . (H
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60.00 4

3 40.00 A
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Fig.5 Effect of whole ultrasonic time on protein extraction rate



- 210 - £ Tl B4

T K25 R RCRIRARR, AN T S BR 18 R RAR A 7=,
[P st 18 BH Y 1) FH R P DR A v 2 e P R 1 T )
WL

TE 0~50 min U B PN, Bl B ] 4 2 2 1 o 4
R T, 3R PR SR S S B TRT HE 11 22 4 1 24
JLRERSERAE, o A P9 2 ST S 2o b s ke . M4sta]
L 50 min B, VIR B A R P B TA] 1 SE R T4
[ S AR R e S Vot il Y BT - S B o o g
S5 aliE A A A B R AT e, PRI AR
JEHRBCR T RET,
2.3 EXREER SIS

F 22 3 A UL, 4% PR 22015 S S R P BT HR GR Y
SCMRR AN —3 52 KRB/ N5 A>C>B, R
HE P AR [R] X HOCR A 5 e B, LR & 7 )
2, B pH, IR A A,B,Cs, RIEEF 42
Hf1E] 50 min, pH7, HAIH 1350 W,

3 IEZREER
Table 3 Results of orthogonal test

SE A B C IR (%)
1 1 1 1 43.29+2.35
2 1 2 2 49.25+1.82
3 1 3 3 57.15+1.75
4 2 1 3 57.98+1.61
5 2 2 1 60.98+1.93
6 2 3 2 56.80+1.66
7 3 1 2 56.09+1.86
8 3 2 3 56.95+2.00
9 3 3 1 46.17+2.84
K, 149.69 157.36 150.44
K, 175.76 167.19 162.13
K, 159.21 160.12 172.09
k, 49.90 52.45 50.15
k, 58.59 55.73 54.04
Ky 53.07 53.37 57.36
2R 8.69 3.28 7.21
ESVEES A>C>B
BidE A,B,C,

MIEAE R P AT, ik A A,B,C, FF
ATEEAZIREGY 9 LHSLg, RIAE A,B,C,GHEFS Y
[E] 50 min, pH7, A LIE 1350 W) &4 F 4T =1
SO UESE S, A5 34 B0 A8 I R 9 $R Ul 60.98%+
1.01%. PARIREVE S i T 2o 2%, $2
BURLE 50% AoAq122 24,

24 IREFEERRFIEEIEPRIERIN- T RIEFHE

K A e IR B B ) VB ST R AR
B L B 3BT e B0 2R R WA T 200~700 nm 4
PR, A8 e DGR E AN E 6~&] 8 BT .

El 6 I T 4 IRISE, S1IHE 326. 494 540,
668 nm 4b. 326 nm ALAYRENEIR IS4, EAH iR
L CE fase 1Y) TIPS WaE Ha s /N DL R A S
7E 330 nm MRS, 668 nm Ak A% I WA i I 5 BH 25 1
PR P A /DR RnTaER all,

2022 4F 6 A
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Fig.6 Absorption spectrogram of protein extract after

ultrasound
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Fig.7 Absorption spectrogram of protein extract
after salting out
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Fig.8 Absorption spectrogram of protein extract after dialysis

nE 7 Foss, AT S R SR BRI 4 ik
I, Sy SIFE 495, 541, 612, 672 nm A&k, S5ERATZ R
XL, 326 nm &b s W IACAE T 2, BERH I S ER AT IR 2
T RFASTIYEAE RS, R, St RmR e £ AT,
AU Ird e, AAIH1S 612 nm A4S
W A e i B St TR EH I YR VR R T BEA T B A AR
PR Ry s B TR IEROSOEZE. 620 nm BT 1T IE] 8
T1E 495 F1 544 nm AbAEAE I b, BiRH &t i@ e,
PR PSS R, PR R I S5 S8 AR 1 g
B it —2E A5 Sl B BT R 1, ERTRLETAE
Sy B AR SR BT

ME 6~Fl 8 i LIFH H, L iE W #E 220~280 nm
IR i , 2 PR SRy R o 2 e A 55 4 M X A Wz 1A
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H BRI T 2 B R v iy <211 -

% Z 4 FRAE 200~220 nm, 5PN 22 (Phe) A T Wi i
TE 222 5 259 nm, BEZ R (Tyr) BRI WELE 231 K
272 nm, O R (Trp) BRI IETE 227 5 279 nmP%,

[RIRST, 3B L X LEAR 7 PR B . ERAT R NOBT I
RO G AP g, W] L & BRI A A 2T RS ER
5, W3R 4 s, PESCHRIRGE, SR ATaiE | IF R
pH A [AlER s i =GR AR

4 IRESRE AR R T OIS E Y
FREE IR A
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