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HE 266071;

H 266200)

A 3 L7 Ak 4T (Euphausia superba) & & IR 408 i3k T 7, DAML3E 3 fu ik B 0k £ 8 1)

i, AR EHELRMER LR YA ER AT EaRAERE R RN EERR(EARRE.
EH . BHRAB)H#ATHRMA. ERET, RANRBFIANTRHTEARATHELENRET L
S BEABRBERN 3%, WEEHH 1.2 MPa, BRI 3 K, EZAHT, EREITEEKY
Tt 2 23K 5 (86.3542.11)%. & E 47 K & 4(9.10+0.35)%., K 161k T 73045 i B sk 0T 2 1 ik th 2k
Ao B K (1.1420.12)%, & & T4 E 4 (92.7342.29)%, Mt 4F R EEE 44 T 3000 Da LT, &
HBRARAEHAFARAERRAL/ MR T A AL EWITE. FARE N E &R A K

P2 I KPR BEROR L H#

B3| EAREE; BEAK; EXER; 4uE; B
FESES TS2544 XHEERIRES A

R M s IR (Euphausia superba) & Hi Bk - 55 iy 2
R, RN 6.5~10 12 t, BA TN
IR 5 AN I 0 RV ) OB %E B 4R, 2016
R 2018; WA, 2019), PR BEIR A (& R
&, ILFITEM 65% (Tou et al, 2007; Wang et al, 2011),
I A PR SR KTV B W B R R (XA R AR,
2017; XUBTRKAE, 2022), JEAER, AHOCHFSE R,
A B 22 K LA R A 0 A B A S TR
¥y (Wang et al, 2015; Han et al, 2018), 17 ML
et al, 2017). F#IfLJ%(Zhao et al, 2019), HLEALGI/NIY
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Bt X A 0 T P S vk R LR BT L
U8 ANUE | FB AT ARCAL R BRI B A5 (B AR SR, 2013),
Y8 S — B R R 220K S I A B B, 1Bk H RTIE 4
BT AU A I, HEA ST B A AR
TG PRI . N K AEARAS T BRI I A T AR . DB A
3 0 B B B R AR LR (T R A4, 2011),
AR, 7B ATl Hh Ak 2 il i FH 2R IR 73
B e gE A ER IS AR (X5 4, 2013; Benedetti et al, 2016;
TR, 2019)0 L8 BFRR, ABFIER Y058 H AT
T AR WA 2 A R A i 5 Ak L 3 3 B PR 2R S
A S B KRB . ANOE R T L DRSS T 4%
PEHATARAL , LA 5 i o g AR s R 2 A Tl Ak
Az g FHER R AR SR

1 MEE5AE
1.1 SKewr#t

JI NG P AR B AR - LI AR 5 A A R A R A
BRNT] s Bt B (Alcalase 2.4 L, 200 000 U/mL):
P22 AT B AR AT BRZA W 5 Lowry 125 8 1V B2
A R EREABRA R BRS8N .
WA 4N . NaOH, HCl %3] . Zrbral, FEzh4E
AL~ A BR A F
12 {XFE&E

XS-Y-MINI-2 BUA LK £ D) RESL 50 5 45« R AL ids
TN RN AT FR 2 7] ; TEN-18-200 200D HY 44 38 it .
INAR T R A FRA ] SRIX-8-13 #h if;
e RIBERITRHESARA A ; DK-98-1T L K
AR RS BR A 7 5 UVI-10211 B 4N/ 7] U406
HEETE: il R LR A A FR/A Rl ; BILON-6000Y
RUMESE TR i FE DA i A BR A 7] 5 ST3100
B pH i1 B (M)A BRZS 7] ; BSA224S-CW
BRI T R . PRI A FRA F]; SHA-B
RUTE R 4R 5 o MR R A28 i A PR A F] 5 HH-2
RUBCR R . EARR A FRA R s LXJ-IIB %Y
B0l IR R
1.3 XFE

1.3.1 HBEEITE G Rk 4 & 2 ik e P
(2019) A S5 5 1 il 45 B AR W R B K AR EBGE 120
BRI B, FBBNR L 1 ¢ 6 (¢/mL)ERJN pH Ry 7.5
HIBETRERZZ B, TRAT, ARIEMLIE ra A B i i A
2% (VMR I, SSCCREEE 4 h 5 T 95 Cngkex
20 min, BHEZEE, 5000 r/min &> 20 min, Y%

W, TERERUERE A 200°C . KR N 85°C 4
R, fmiss TSR BRI K
132 MEMEAETY A A B I 2 R 2 2
TR 7K o T ) LSS B MR BE , PR N DB I A R W T OB
2 L, il B fe e 7 SE 0 R ) AT I Eh Ab 3L
FEE 12 0.3 MPa LUF, 8 HIZE R KRS BE P9 s W kb
2 2 L J5 RS b SAR Y S S PR AL . i e 1 IRTE
AL BRI IR R 0.3 MPa Ji5, AL BRI B
I AH I PE 8 B o
133 #RZEEikit HEATHE KR L AR08
I PEAR BB R AL . BREAIKIRES 3%, 16
WRECH 1R, AUk 51 0.6, 0.8, 1.0, 1.2
F1 1.4 MPa HEATHRUEMER ; 120 1.0 MPa, fE3RKEL
J1 R, EAKKESBIRN 1%, 2%, 3%. 4%FH1 5%
AT s EEARKKREES 3%, FJ1o0 1.0 MPa,
PERRET R 1, 2, 3. 4, 5 BEATaNEmiEh. LIRS
AR AR AR KA Ik 2R B 1 B R PRI R AR,
FE AR 1 R
1.3.4 EXFEHEH R 4 5 PR 3R S 00 25 R R A 7
B . g0 | PRI RS = I R B IE A5
Btifl, SCRAKFBREELE 1. RIGIERLHE Lo3)it
7525, MR e B Tl AR 1O P O 23 R 8 o R
g9, W el T4 M.

#1 EXRBEEATR
Factors and levels used in the orthogonal tests

% Factor
AR

Tab.1

K gL T

Level Nanofiltration Peptides C{}E?{kﬁ
pressure/MPa concentration/% > © times
1 0.8 2 1
2 1.0 3 2
1.2 4

1.35 B FegmE Jod £ A BRI 5B R R
Ay B IR SC/T 3011-2001 (K7 i b 43 B 22 )
PIRLE AT o AR AR B DL AT

I 3k 22/ Y= (B8 ER HRHA P 28 23 % S R )5 B
HEh o B i)/ ER HDRRE k43 > 100
136 ZaHikFegn g e R & 1 B 5 Y
FIE DN ot R A0 BRI S5 B Th S A i SRR
BRI A0

M EAPUR Y=L AT RN th R A S - RS
BRI SR AR S B < 100
137 BLHALIEES AMBIF R GRG LRI &
T T A8 ST 365 A A 1) S5 D0 40 108 120 46 A2 o) o 0 ol M
FRRIEA T SR AR B, A 3 B 25 A IR TR 2 8 25 T4
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Ja AT LT K IR GB 5009.3-2016 (&
i A ZRRUE X KA B IISE ) BRI E T T
B A I GB 5009.5-2016 (£ i 2 4 [E R AR
B R AIE ) MELERIT; K E R LI GB
5009.4-2016¢ & 5% 4 E ZhRUE B b A e )
FIRLE AT R & a4 B SC/T 3011-2001 { 7K 7= iy
R I ) RLE AT PR IR GB
31645-2018 { i &R EZARME BRI R
A PIHEAT; SRR IR GB 5009.124-2016 ( &
A FRARE B SRR AIE ) ELE AT .
1.4 FIEAIE

SRS R - BB AR E2E (Mean+SD) Y IE U5
7N, K Excel 2016, IBM SPSS 20.0 il Origin 2018 %
AR TRAE AL B BT R 32211 SR FH LR 3R 225
Hr(one-way ANOVA)HA T H] LLHK , P<0.05 hy 2 5 b 3

2 HR5WR

21 BEEELE

A A U R 0 e R e O 1 A R R R R R
PR RMAR I 1, HEAKKEN 1%~3%
I, iR AR A G KR B AT T
IR EE R 3%0), b 3imm, i55(69.07£2.25)%,
2 T A SR 4 (P<0.05) 5 11T J Bl 2K 1 e
SN, TR A B T R 8 IR BRI, g
I AR, S BUBERRCR A i 24 8 R B R = g
290 208 I T AR P 11 9 TR R P AN TR, ok 22 A
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Fig.1 Effect of peptides concentration on the

desalination rate and protein loss rate during
nanofiltration of Antarctic krill peptides

AR FBE RN AN R S B2 R HAT i 21 22 57 (P<0.05) . T[]
Different letters represent significant differences between
different experimental groups (P<0.05). The same as below.

PSSR, B0 37 o i e T A, 75 3t R S SR
(i =, 2017) B FARKHBERE 1%~5%30 Bl N 01 7 i 26
ARFR, A S A Y AR 0 R B TE (7.63+0.22)%~(8.75+
0.31)%Z[A]; AbFRTFE, PR LG AHR ZE AN G 1
KASREABRXIEE, 2013), (HELKAHMEA
P I TP RIAEBAROKT, TR 3 B A7 A 8 1 TRk
o I, B B AR 3% i 444
YR8 R P A B 1A I R 3R R B i
RINFILE R ULE 2, 16 0.6~1.0 MPa (4715 1 7
W, B I3, B AR BEER SRR s 44 E
JEJ170 1.0 MPa B, JIER3 K (77.2242.65)%, W& m T
0.6 MPa i1 0.8 MPa SZ5K:2H(P<0.05); 1 Bt 4438
JIRREIN, AR BTN R AEARTETE IR 0.6~1.4 MPa
O PR P AT AR AL B, % SO A Y B R R AR
(7.87£0.13)%~(9.010.33)% 2 [7], HHAMKLE D, 1E
SEhRA R, il m e g A L BRI, TP
BKERAE T S B B i ], R B (B iR 5,
2012). Hitt, HEMNIEE ST 1.0 MPa Ryt 4414
£k % Desalination rate
[ HAMRAR Prot:in loss rate

80
ab a

gﬁL 7, ok

£k % Desalination rate/%
~
ZE [ #1522 Protein loss rate/%

0.6 0.8 1.0 1.2 14
4K JE /7 Nanofiltration pressure/MPa

YN8 7 % R A B MR A BRI S R
B SETP N
Fig.2 Effect of pressure on desalination rate and protein
loss rate during nanofiltration of Antarctic krill peptides
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Fig.3 Effect of cycle times on desalination rate and protein
loss rate during nanofiltration of Antarctic krill peptides
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TR RS FERN L, SR Lo (3%)IE A8 LB T
FEER KU BE | 99008 R ) RV A U EUAE — PR 3 R 3k
HAsmm, S5 2, AR 2 AT, W2E RIS
JEARER T S P 2 R ORI R, 25 S &R
Hr, SR RIS ER SR R Bk, HCA IR IR
B, S N ANIE R T o 4 K E TS B R AR
BB P AR A . AR K. JEAREL
K3, gHIEET) K3, RIEEFIRKIREE 3%, J£J] 1.2 MPa,
TEIRUER 3 IR, I0E, TEHEEMRAE T 25T, M
P BRI IR A iR 6T 35 51)(86.35+2.11)% , 2 (AR
FoN(9.10+0.35)%, WFHIZ T 2047,

F2 EXTIHER
Tab.2 The results of the orthogonal tests

Eiiﬁiilﬁeial . E R . Nan(ij;;ljtzation ﬁ%ﬁ.\ﬁ Hjﬁﬁtﬁ %.E B

number Peptides concentration/% pressure/MPa Cycle times Desalination rate/% Protein loss rate/%
1 2 0.80 1.00 37.43+0.97 7.66+0.33
2 4 0.80 2.00 65.08+2.06 8.29+0.54
3 3 0.80 3.00 86.21%1.76 8.73+0.37
4 4 1.00 1.00 55.16+1.53 8.54+0.25
5 3 1.00 2.00 83.39+1.08 8.86+0.25
6 2 1.00 3.00 54.14+2.51 8.47+0.28
7 3 1.20 1.00 71.50£2.01 8.54+0.30
8 2 1.20 2.00 49.13+1.13 8.91+0.17
9 4 1.20 3.00 80.40+3.10 9.12+0.41
k1 47 62.90 54.70
k2 80 64.23 65.86
k3 67 67.01 73.58
R 33 4.10 18.88

23 PREAMEEEAREINE A KE SR s e, e
25 It Ak PHIS ARAT (%) A A Tl R A K Y 2 AR Ay [ >12500 Da

Mras R 3. B 4, 3k 3 nlsn, R T3k
15 B P B AR AR IR, R0 8 (1.1440.12)%, &
FBT % 8 0R(92.7342.29)%; AR FIRRIEAG T 16 Fhad &
M, &4 7 FuwER, Hh, AEmRY R,
REHM T HIRZ, Wik @I &5 R m e
[(40.0620.10)% , W55 2 HE PR 5 JE 0 T Z SE R 1) HL(E
9(66.82+0.28)%, £F & B A ERA 44U A T AEH
VR IO T 2R b o (0 T B TR B TR B R 1
40%, Wiy B IR SR T A ILFR W HLE N 60%). H
4 v, A>T B 2E 189~6500 Da, Hir,
451~1450 Da 5 IR 5 (38.45+1.37)%, MMijrTH&1E

= 12 500~6500 Da
6500~1450 Da
S

- = 1450~451 Da
SR 0.01% 451~189 Da

w
A
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P4 JbeER 5 v B i AR 2 R A4 207 H o0 A
Fig.4 Molecular weight distribution of the desalinated
Antarctic krill peptides
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Tab.3 The compositions of the desalinated
Antarctic krill peptides
ioRllEfEg N Gl
Detection index Content/(g/100 g)

JK43 Moisture 2.70+0.44
FHJH Protein 92.734+2.29
JK5y Ash 3.30+0.10
3 Salt 1.14£0.12
FHAB AN, Amino acid compositions
KRAHMR Aspartate 10.53+0.08
72 R Threonine 4.17+0.04
2252 Serine 3.98+0.10
A& Glutamate 13.38+0.15
HZ®R Glycine 4.99+0.04
W& Alanine 5.87+0.03
45 Valine 4.88+0.11
H i 2R Methionine 3.37+0.02
S E R Isoleucine 4.41+0.11
5o Leucine 7.49+0.04
M Z M2 Tyrosine 3.99+0.06
KINABR Phenylalanine 4.32+0.04
i %R Lysine 7.41%0.05
HZ M Histidine 2.16+0.01
&R Arginine 5.06+0.03
fifi%#& Proline 4.00+0.06
FFEMR & Total amino acid, TAA 90.01+0.68
WWFFR LN Essential amino acid, EAA 36.05+0.33
E R
Iilzojlfeﬁszi&ti%aiﬁzmino acid, NEAA 53.96+0.37
W B IR R R S EAA/TAA 40.06=0.10
DT A IERR /AR LT HILRR EAA/NEAA  66.82+0.28

3 #it

AW A B PR 2R S FE S SE g, i T RE I
L AR L e € S S [T R P g = /9713
FESEAR R BN UE T 5 FedkE T 40 AR
3%, NIEE 1 1.2 MPa, fEIRREL 3 W TEILAMET,
T PR R R 1 ) I8 8 SR AT 35 21 (86.35+2.11) % ,Iﬁn
b T2 8 R Ab 3 A A5 1 g Wl R 2 1 R R
1% . S IEFR 2 RN 43 T ﬁﬁﬁu,wﬁaﬁo$m
%8 R A AR B P R ORI R T T ke B
HEESHME.
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Optimization of a Nanofiltration Desalination Process for
Antarctic Krill Peptides Using Orthogonal Tests
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Abstract Antarctic krill (Euphausia superba), an important group of marine zooplankton in the
Southern Ocean, is the only fishery resource with extremely rich reserves and a low degree of
development in the world. Antarctic krill is considered to be the greatest potential source of
high-quality marine protein resources due to its abundant biomass and high protein content. Peptides
prepared from Antarctic krill exhibit multiple physiological activities, including osteoporosis relief,
glucose metabolism regulation, blood pressure amelioration, antioxidation, fatigue alleviation, and
anti-aging activity. The production and development of Antarctic krill peptides has recently become
an industry focus; however, existing research has been limited to the optimization of enzymatic
hydrolysis processes, mainly involving the screening of suitable enzymes and the optimization of
enzymatic hydrolysis conditions. Due to the high mineral content of Antarctic krill and the
introduction of buffer salt in the process of enzymatic hydrolysis, current Antarctic krill peptides
products have a high salt content, which leads to poor sensory experience and health risks. Hence, a
process for desalination of Antarctic krill peptides is needed. Desalination methods for bioactive
substances include dialysis, ultrafiltration, nanofiltration, electrodialysis, and macroporous resin
adsorption. In the field of membrane separation, nanofiltration technology has been widely used in
the purification, concentration, and desalination of food components owing to its advantages: low
operation cost, no introduction of exogenous substances, no destruction of materials, and low
rejection rate of monovalent ions. In order to improve product quality and ensure market expansion,
the process of desalination of Antarctic krill peptides using nanofiltration technology was studied and
optimized in this study.

Defatted Antarctic krill powder was enzymatically hydrolyzed by alkaline protease to obtain
Antarctic krill peptides for further use. The main factors affecting the desalination effect of Antarctic
krill peptides (peptides concentration, nanofiltration pressure, and cycle times) were optimized by
single-factor and orthogonal tests, using the desalination rate and protein loss rate as evaluation
indexes. The experimental optimization ranges included peptides concentration of 1%~5%,
nanofiltration pressure of 0.6~1.4 MPa and cycle times of 1~5. The salt contents of the samples
before and after desalination were quantified using the silver nitrate titration method; the protein
contents of the experimental samples were quantified using the Lowry colorimetric method. The
quality indexes of the Antarctic krill peptides after treatment (including the basic nutritional
composition: moisture content, protein content, ash content, salt content; amino acid composition;
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and molecular weight distribution) were systematically evaluated by the corresponding national
standard methods. All experiments were performed in triplicate, and data were expressed as mean +
standard deviation. Excel 2016, IBM SPSS 20.0, and Origin 2018 were used for data analysis and
chart drawing.

Single-factor tests revealed that peptides concentration of 3%, nanofiltration pressure of 1.0 MPa
and a cycle time of 2 could be selected as the design basis for the Lo (3”) orthogonal test. The range
value of the orthogonal test indicated that the degree of influence of the three factors on the
desalination effect was as follows: peptides concentration > cycle times > nanofiltration pressure. The
optimum conditions for desalting Antarctic krill peptides obtained by k value analysis were as follows:
peptides concentration of 3.0%, nanofiltration pressure of 1.2 MPa and a cycle time of 3. Under the
optimal condition, the desalination rate of the Antarctic krill peptides reached up to (86.35+£2.11)%,
and the protein loss rate was controlled at (9.10+0.35)%, demonstrating the feasibility of the process.
The salt content of the Antarctic krill peptides after desalination was reduced to (1.14+0.12)% and the
protein content was (92.73+£2.29)%. The molecular weights of the Antarctic krill peptides after
desalination were mainly distributed between 189 Da and 6500 Da, of which the proportion of
peptides with molecular weight less than 3000 Da was (88.91+2.19)%, conforming to the molecular
weight distribution range of bioactive peptides. The amount of essential amino acids in the Antarctic
krill peptides after desalination accounted for (40.06+0.10)% of the total amino acids, and the ratio of
essential amino acids to nonessential amino acids was (66.82+0.28)%. The amino acid compositions
of the Antarctic krill peptides after desalination were ideal and met the standard stipulated by the
FAO/WHO. The established nanofiltration desalination process presented good treatment effects, and
the obtained peptides were of good quality and high nutritional value.

The production of Antarctic krill protein-related products may be the next key development for
the processing industry, since the sole high-value products of Antarctic krill at present are Antarctic
krill oil and its derivatives. The established nanofiltration desalination process has practical
application value and would provide technical support for the development of high-quality Antarctic
krill peptides. This research provides scientific support for the efficient utilization of Antarctic krill
resources.

Key words Antarctic krill (Euphausia superba); Peptides; Orthogonal test; Nanofiltration;
Desalination



