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Effect of Extraction Methods on Physicochemical and Functional
Properties of Nannochloropsis Proteins

HUANG Suyan'?, CAO Rong’, LIU Nan’, SUN Yong®, ZHOU Deqing’, WANG Shanshan®’

(1.College of Food Science, Shanghai Ocean University, Shanghai 201306, China;
2.Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Nannochloropsis freeze-thawed extraction protein (NFP), Nannochloropsis enzyme-assisted extraction protein
(NEP) and Nannochloropsis alkali extraction protein (NAP) were extracted from the Nannochloropsis powder by using
freeze-thawed salt precipitation method, enzyme-assisted extraction method and alkali dissolution acid precipitation
method, respectively. The physicochemical properties and functional properties were compared and analyzed. The results
showed that the extraction rate of alkali-solution and acid-precipitation was 18.70%+0.50%, which was significantly higher
than that of the other two extraction methods (P<0.05). NFP, NEP and NAP all contained a variety of essential amino acids,
accounting for 38.75%, 38.16% and 37.88% of the total amino acid content, respectively. The UV absorption spectrum
showed that the three extracted proteins exhibited strong absorbance values at 200~220 nm. Fourier transform infrared

spectroscopy (FTIR) showed that all three proteins displayed typical protein absorption peaks, however, the secondary
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structure changed. After alkaline extraction treatment, the proportions of f-turn in NAP decreased to 19.62%+1.48%,
respectively, whereas the f-sheet content increased to 32.90%+1.55%. Compared with NEP and NFP, the free sulthydryl
content and Zeta potential absolute value of NAP were significantly increased, while the particle size was obviously

reduced (P<0.05). The results of scanning electron microscopy (SEM) showed that the microstructure of the three proteins

was different. Functional properties analysis demonstrated that the solubility, foaming ability and foaming stability of the

three proteins displayed similar trends with that of pH. Compared to NEP and NAP, NFP had better functional capacities.

The results provide a certain theoretical basis for the development and utilization of Nannochloropsis protein resources in

the food industry.

Key words: Nannochloropsis; protein; alkali-solution and acid-precipitation; physicochemical properties; functional

properties

TAUERTE (Nannochloropsis ) J&=—J8 53 A5 12 1Y
FASMEE IS IAZ A Y, B T IR A AN, IR S,
FapREeRE . Al S IR R IRIE, HR2h 2~
8 um, JEASTRI R, AR KR, SRR G, v LASEER
FUALSREE , BAT AR =5 i &6 I Ak A s FH AT
S At RS B IR R, SR
SEFEECINL. B, a3 a. p-EHE MRS &
BRAME T IR RE R == A AR O & = ik TSR
(Eicosapentaenoic acid, EPA) ), J& Tl b4 5= EPA
AL BT R, 8 T A St 2 4 A Fn e J i ARk i
), O F 2021 F8E E K DT HLENE I NS E
JEBIB, H A, R 2N T KT IRAE B
RS AW 24 | Akl 5 AN AR 42 S8 1 A5 4R

TR O T R R R —, — ik
FET YT H & R 25%~40%P, AHES T HABAEY)
PR, Mok QB A R B P, 7r e A
P RF SRR [RIIN, foe £R 1 Y SRR AP S5
4, HAEWRI RS . SOOI, 2 R4 Al Fr2 vk
AR AR FUTORYE, A PR B 25 5 At i
I EEHEEA BN A 17, T e R
BRI 2R, DRI SRy Y i v AR P SR EOOR, 3R T
T AR RE VA TR A 3 . B AT, B4
H BERR AR AL PR T 5 AR LIS R EA I . HL
PRA 3 B R R L WP L i L B AR, AR
PAFEY Rk (R Edrml . R « AeE B (ilan
PR TRONALFESE ) FIBGALHE T30, Horh, plidi
PRUTIE IR | 2207 S8 B HARBCR S YL AL, i
S BRI R 008 B O v .

VAR, [ P S LR 5 O AH S o8 T 5
SR}, AH R A TP EREE ™ I A= 7 S W, XA
BREEE AL B A SRR R A ZEZ . KT A
AER B 2 A Bk e 2 I PR AT RE P BT )
s, ENAMEA RIE . B, ASZEHIR FH VR AR
AT . B4 B ANOREE B2 DT 53 51 i B Ll sk
st MR NEE 3 p Pl N =g S B I A R Ypiw S I BEI N = A
M 2E 5, BTE AR RS IN T LA BAE S 7
mi R S BT 2 7 TR AR YR -

1 #R5R®E
1.1 MRI5EE

WAt ER By MRS TR AR RO A RO w5 £

YEFEAF(3000 U/g) . F L2 G-250., 1 ekt
fR &l (SDS, Hykal) . P IpEIE . i 47 iR 20 (ammo-
Jb RS F AR A R
w5 B (20000 U/mg) . TifiREs . 5,5- —%idk-2,2-—
LI AW (DTNB) BV 2R R A R
O\l T A R R [ e AT Al

SCIENTZ-10N &% THRHL T2 Bih
BN H]; ZHSY-50N /KigER IR & LI AAE{L
w3 A R F]; FE20 pH 3+ BRI -4ER ZH R
INE] LC-4012 fIGHES. DL LBOTRH P AERIEAER
AR F; UV-9000 584001 DWLA-S6 T Bilgoo
BT ER A BR S B ; Bruker Tensor27 {8 B AR He 2T 4k
FEFEAY  TEE Bruker 24 m B TAL  fEE IKA
AXAR N F] ISM-6390LV IR a4l s HASHL T
R34t Hitachi 835-50 ZA 5502 H 43T HAS
H 7.4\ 7l ; Zetasizer NanoZS90 4N A ki & /Zera Ha v/
SIATN BEE TR SCANF]
1.2 SEWHE
1.2.1 Bk SR (A FRER
1.2.1.1 FREERDTEE  MREERRZEDY oI
Hemh D, I EREY S R B FOK LU t
1:10(g/mL)VRE 5], K 24 h J5 & T-20 C 454
TR 12 h 2. TEIETRE, RELL FEERE
AR, URELES IR IR, BHIR AP ES 0 (4000 r/min,
20 min) JG B WS W . 7E RIS WP OIn AN A BE Ry
75% IR ER , R FHERRTVE IR R UIE, s o
. ZE5.0(4000 r/min, 20 min) 5 WAETTTE, 1§ FH%5
Wr48(3.5 kDa, 4 “C)iBHT 72 h, B% TS5 25
BR ¥ % f 25 B ( Nannochloropsis freeze-thawed ex-
traction protein, NFP) .
1.2.1.2 B EhE: KRtk 5 2538 oK A
BRE L 1:10(g/mL)IEA5, %K 24 h J5H 2 mol/L
HCI ¥4 pH P77 2 5.0, IIA 1% (w/w)EEHE, T 50 C
THEEFE 4 h; FINA 1% (w/w) £F4EZE B, T 50 C T
BfFfA 4 he BRFAES RS, 42850, (4000 r/min, 20 min)
AEBINAE FISWR .. $RIR 1.2.1.1 vpERAT . BTSSR
"FJ\}’T'%E s 15 %) ﬁﬁ?%% =] (Nannochloropsis enzyme-

assisted extraction protein, NEP)!''l,

1.2.1.3 HEIRFETLEE =% Duppet S8 197 3

nium persulphate, AP)
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BEAE BB o Bl R w5 R B K LURHE b
1:10(g/mL)IRE4], %K 24 h JFH 2 mol/L NaOH
WWEVET pH 2 9.0, BT 4 °C T42HL 30 min, £
s> (4000 r/min, 20 min) J5 3153 FIH U, JH 2 mol/L
HCI1 75 pH RHEAEDIGER 5.0 JFHE 1 h, &850
(4000 r/min, 20 min) Ji5 WA UL TE D), f# FH i AT 48
(3.5 kDa, 4 °C)iENT 72 h, BT a5 25 A
(Nannochloropsis alkali extraction protein, NAP) .
122 HEHRBCRIGIE SRS E ke 5
R BOR A A  a, RPEN(DIFRE AR
il
s o R I 418 2 B
R Y TN TR T
X (D

1.2.3  FABRke 8 B b B o
1.2.3.1 UV-Vis WIKOGHE ST B R TR S BT 6
0.5 mg/mL M IR, (SRS AT T4 TR
HBEAT 200~800 nm Y& I PN HUFTHI,
1.2.3.2 ZIERHT  FETIFRI—E S8R HAES, 0
A 10 mL 6 mo/L i HC1 ##&, 7F 110 °C T 7K 24 h,
KA AR 5 K B AR 50 mL, AERAZHL 1.0 mL
VEWRE A B 15 mL U Py, X oy s 45, s 28
. FH 1.0~2.0 mL pH2.2 ¥R 4N 5% BRI 2]
T e A N R, IR IR ST )G, W O WG i)
0.22 pum ENEITUE, $558 BEANERIEREM, el a2
Wi . fdiFH Hitachi 835-50 24 3L M [ 3l 4B A sz e
FAFEFRL A
1.2.3.3 HHEIARL NGRS SRR R
FIEHAT4 T . B 2 mg R THAESL, INA 200 mg A2
PR W KBr, FHISHESIF AT I 20 5 R A, i
U AYRE SR A AE 4000~500 cm™! G Bl N HEAT
F . M55, 8 Peakfit A BT e 1 47
FREAE 6 (1600~1700 cm ™) By % B, K 1E 4R )5
Gaussian 75 2B, #FAVH - SPOL TG, 11
A R E
1.2.3.4 JFEHEZTENE B 15 meg MIIER
BEEE RS T 3 mL Tris-Gly-SDS 2% b #
(0.086 mol/L Tris, 0.09 mol/L Gly, 4 mmol/L EDTA,
0.087 mol/L SDS, pH8.0) ', FL4MIR A, ¥ Lk
WL 6000xg BS.0> 10 min, HX 1 mL W T4
", INA 4 mL Tris-Gly-SDS ZZ ik, FlIIA 0.04 mL
DTNB % # (10 mmol/L) 7£ R i 5 )2 )W 30 min, £
412 nm AR SCRE . ARPEZC(2) TR
FFEEH Y,
73.53>Z:A412XD & (2)
K, Ay, BFESHTE 412 nm ARG D &
MBER 15 C BRI, mg/mL.
1.2.3.5 HRif2 N Zeta HAZAYIIGE  FCHI MR 1 mg/

-SH(umol/g) =

mL A& S W, 0.1 mol/L NaOH 475 pH
& 7.0, BGE F ARSI OINARE St b, e 2
¥4 . JH 0.1 mol/L NaOH =% 0.1 mol/L HCI & ¥
pH = 7.0, HilliE Zeta BB, AEE R FEE 3 Kk,
1.2.3.6 HdHETT BV E NFP. NEP 5 NAP
AR E T2 A L, 7 A A b3, I
REGIE L SR )G _EHLIEFA IR,
1.2.4 FAUEREEE DGR s
1.2.4.1 #HMENE =7 Tao U I ikITFd
ek, 228 ToKECH] 1.0 mg/mL FYFIIEREE
MW, FH 0.1 mol/L HC1 &% 0.1 mol/L NaOH & 35
IR pH 433 2. 4. 6. 8. 10, FiEIEYH 20 min
J&, 6000 r/min BS.0> 10 min, JH Bradford %) ik
T AR TINE . ARPEC ) TSR R
HEREASE

FEmPaEASE
1.2.4.2 WEFKMEFRI MMM E S25 55 B H 4607
BT, FEAEIEEAC. TR PRl Bk 58 25 1A B A PE RN
T o

W K P B — 5 B AR P BR e 2 T B0
F1, A 5 mL KB FK, SRR R EERSAEG T
#E 30 min, 6000 r/min &5.0> 10 min, 3% FIH K,
WEEDTHEY) o 1052 B DS T & | SR A8
BB B R 2 VB RS UIE RS A R . T
BT

KM (g/g) = x4

K, M, FoRFE 25 LIRS DITEY) A A 11
Jiie, g5 M, R WIAE B OB RS i, g5 M 3R
AN ARES AT, g0

W B—E i AU ER B ST S mL &
K, WRHE 2 min 5 ZE #EACE 30 min, 6000 r/min
B0 10 min, WARDIIEY) . 105725 B OB I BT |
Tl B A A A TR R B0 i UL D ) S 0 A TR
o AT

Wi (g/g) =

o, M, TR LS ULIE Y A O Y T i,

g5 M| R WIAH B DA FIRE S I BT L, g5 M 2R AR
RESL TR, g,
1.2.43 EHHEFREWIZEERIE 2% Simayi
SEUSI T IR SR T 1.0 mg/mL AOFIER
BETE MW, FH 0.1 mol/L HCI 8 NaOH %5 %% 43 1)
4 pH = 2.0, 4.0, 6.0, 8.0, 10.0, JH & I R HLLE
15000xg 2544 F /5 1 min, 57 R0 24 00RT (V) F
¥y s (V) AR . Z IR R CE 10 min, FHUGE SR
RV, o FeRAF(6) . (7))

HEHINE (%) = i

AR (%) = x100 = (3)

M, -M,
M

M, - M,
M X (5

_VXIOO

v A (6
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V,-V
V,-V
o V FORWIAFESATE, mL; vV, ke
ST JE AR R, mL; V, KR 10 min Ji5 194K,
mL .
1.2.4.4 FAeHEMF R EHEMME =% Li 40
BT PR E S . BCH 1.0 mg/mL AYRIER e R
FIYEW, F 0.1 mol/L HC1 5% NaOH ¥ W& 53 31 8 5
pHZE 2. 4,.6.8.10, B 3 mL AWK S 1 mL FEkih
RA, S BALLE 15000xg 2544 F 157 1 min,
P IGHEBEL 50 pL FLARYE, 43-HI7E 0 A1 10 min J
A#] 5mL iy 0.1% SDS %W H iR ~], £ 500 nm &b
MZEWSCREE . S BIRIRAZ(8) . () I FLILTEF
FLAbFRE PE:

AL (m?/g) =

TR E (%) = x100 A (D

2x2.303xA,xN

LxCx®x10000 A ®

ALALRAE M (min) = — 22 x10 £ (9)

A=A,

o Ay Al A 5 EFUIR A A7 0 A1 10 min
B SERE s N AR 7 (N=100); C 258 R
FAIHEE, mg/mL; @ 2R E(D=0.25); L J2o%
%5 FE (L=0.01 m) .
1.3 #HIELIE

% JH Excel F1 SPSS 27.0 #4434 75004 b BRFN
B EMEST, JH Origin 2022 XSPEGPESEATHIE . ik
AT = UROEA T, BdE DA B bR 22 3R
7~ o FH Excel 2021 %k {4-#11 IBM SPSS Statistics 27
BRAN A THAE 537 B i 24547, SR Origin 2022
BRI T4 E
2 HBRESH
2.1 AEHERA A RIECEE R RBEA =

FHE 1 ], =R RO 2 B R BCR AR AR
2R (P<0.05) . PSS T, pH A3 S AL
T LAPE RN MR B 28, 38 T AR R 9T FLME SR
BRTHEAMFEHE, H, SRFERRT TR BRI IR
Fl| 18.70%=0.50%, o3& = T REhEE AT IR FNAGHE 5 B
122 (P<0.05) o VR Rl 30 40 A P9 VK ST Al R 240 v
20
18|
16
14 |
12

10 |
St

HHRIE (%)

SN B~
T T T

BRI
BT SRR IR O AN Bk i 8 B R A S

Fig.1 Effects of different extraction methods on the extraction

rate of Nannochloropsis protein

BN E/ING FHERR 2 5 B3 (P<0.05) o

TR R S R AR, M 4n i RE R e, ATl 25 A
IG5 . AEARXS FOsdRk, EEIRml e B (a5
£, EXT A MEER R ) BN B B LT
S TR AR ) A B RN LT 4 i 3, MR
AHURRE Y SERETE . AR AT, HX 8 T 5T
SEN, AFUSAS AR X B P2 AT, 9tk
RO IR R T 3 v, HAT HRECRE L
AL AR TFHEAEPL A, & T Tkt . B A
WP B P Ay B 7 pH 281k, pH i = 23 i gE
HorFlaac i S EHE, i miaa nT ge et —265 | &
SR R, 1 — BT LR A BB s e,
FLE AT FY) T, HIANHE P SR, Bk, SEECS
3 AR A 58 RN Ak B S (] 0 oy B, — R GE R ER 1Y
pH A 8~9B41,
2.2 ARHEERFARMIMEKEEBRIEL MR
2.2.1 UV-Vis RIKOGHE AT HEUEREES T FE 200~
800 nm YL EIPNAEES AT IR SO EREantE 2 s, =
FhIR BT A RS TE 200~220 nm AbAT B K
Wetdg, 3 EER I FE AT C=0. -COOH 5 CO-
NH, 2530 n—n' B FEGE TS P, =R
IR FE 260~280 nm IR KA HAT 35055 i I Wi g,
ULEHEE A & /DRI AR . ILAh, ek
AR HTE 400 nm ZE A7t H B — /N s g WA ig, 3
HIREREHE /B p-THEE N EITEAERS, Bl B
FRIASE T T ' P AR 452 155, 33X T REJR: R TR e R R 1
IR 2, BH MR RS N .

35
—NFP
3.0} NEP
——NAP
25k
o0
Eon
X 15t
10}
0.5} NFP NEP
NAP
0 , : : -
200 300 400 500 600 700 800

A (nm)
K2 AEFREOr AERE A SRS
Fig.2 UV-vis spectra scans of Nannochloropsis protein
with different extraction methods

2.2.2 FIERRADESIHT R 1 Ao, AR TR
PO 11 0T 2 B IR 2H A ARRL, % 1 TC i 3 25 5 (P>
0.05). Hir, BHER & s, SRS EUEYE FHH
—3(*71, NFP. NEP Fl NAP ¥ &4 ANMEFTE ) ZFh
AT S FENR (Essential amino acids, EAA), 4351 /5 &L
S F2 (Total amino acid, TAA) A 38.75%. 38.16%
F37.88%. Hor, TREMR . SIEIR . e ARl
ZAMRAARXS & T BEE IS BSR40 4/
5 T A= 2H 21 (Food and Agriculture Organization/
World Health Organization, FAO/WHO) 14 JLEEHETF
{H 53310 3.4%. 3.5%. 2.8% Fll 6.6%); T s &



F 468 1M TR, 55 PRIOE RO AR R B BRI e 5 <91 -
#1 NFP, NEP Fll NAP BY&ILHLH AL
Table 1 Amino acid composition of NFP, NEP and NAP
O, NFP NEP NAP
it (g/100 g) ARXS & 5 (%) Frar(g/100 g) ARXT i (%) Frar(g/100 g) AEXT i (%)
REAR 7.30+3.10° 11.31 7.12+1.61° 10.74 7.09+1.46° 10.16
HRR 8.62+1.99° 13.36 9.59+2.03" 14.45 9.73+2.67° 13.95
227 R 3.00+0.16 4.65 3.28+0.43" 4.94 3.25+0.04° 4.66
IR 3.81+1.26° 591 3.67+1.02° 5.53 4.15£0.71° 5.94
RN 4.2140.51° 6.53 4.31£0.89° 6.50 4.41+0.27 6.32
WA 4.74%1.56° 7.35 4.75+1.84° 7.16 4.91£1.34 7.04
R 0.51£0.16° 0.78 0.41£0.22° 0.61 0.260.11° 0.37
ETERN 3.80+0.89" 5.89 4.18+0.98" 6.29 3.88+0.18° 5.56
HER 2.06+0.69° 3.19 1.16£0.26 1.74 1.43£0.49° 2.05
R AmR 3.22+0.61° 4.99 3.44%0.57" 5.19 3.030.81° 434
SRR 5.23+0.52* 8.10 5.82+0.78" 8.77 5.79+1.41° 8.30
i SR 2.19+0.66 3.39 2.27+0.53° 3.41 2.63+0.26° 3.76
ANER 3.28+0.52° 5.08 3.31+0.33" 4.99 3.68+0.10° 5.28
e 3.73+0.65" 5.78 3.83£0.37* 5.77 4.55+0.52° 6.52
HAER 1.62+0.36° 2.50 1.13£0.27* 1.70 1.54+0.45* 221
hi =R 3.99+1.31° 6.18 4.360.86" 6.57 5.50+0.52° 7.88
EZViA 3.22+0.58" 4.99 3.74+0.24* 5.64 3.95+0.09° 5.66
EAA/TAA(%) 38.75+3.02° / 38.16+4.15% / 37.88+3.97* /
EAA/NEAA(%) 63.48+5.71° / 62.06+7.69* / 61.32+7.28 /
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Fig.3 FT-IR spectra of Nannochloropsis protein with different
extraction methods
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Table 2 Secondary structure relative content of Nannochloropsis
protein with different extraction methods (%)

EHFm pATE TE RN i a-SR e B
NFP 23.4240.58"  22.76+0.86"  25.81+0.14"  28.00+1.11°
NEP 25.26+0.07"  23.5240.29°  25.66+0.35"  25.56+0.66"
NAP 32.90£1.55"  24.36£0.59"  23.11#2.19"  19.62+1.48"

T [RSNG8 22 5 B3 (P<0.05), K3,
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Table 3  Effects of different extraction methods on the free
sulfhydryl content, average particle size and Zeta
potential of Nannochloropsis protein
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Fig.4 SEM images of Nannochloropsis proteins (5000x)
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protein by different extraction methods
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Nannochloropsis protein by different extraction methods
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