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Optimization of ultrasonic—assisted alkaline extraction of
kelp protein by response surface method

YUAN Li-ting, LIU Yu-de*, SHI Wen-tian, GUO Jia
{ Institute of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048)

Abstract . Dried kelp was used as raw material to extract protein from kelp. The content and species of amino acids
in kelp were determined and the suitable extraction method was selected. A single factor experiment was conducted
to compare the extraction rate of protein with single alkaline method and ultrasonic—assisted alkaline method. By
analyzing the effects of raw material particle size, solid—liquid ratio, extraction time, extraction temperature,
ultrasonic power, pH and other factors on the extraction rate of protein, the appropriate extraction conditions were
selected. The extraction process was optimized by response surface methodology (RSM) . The effects of ultrasonic
power, extraction time, extraction temperature and pH on the extraction rate of kelp protein were analyzed. And the
protein components in kelp were analyzed. The results showed that the ultrasonic—assisted alkaline extraction method
was better than the single alkaline extraction method, which could not only effectively shorten the extraction time,
but also improve the extraction rate. The optimal extraction conditions were as follows ;. particle size of 80 mesh,
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solid—liquid ratio of 1 : 55 (m : V), ultrasonic power of 333W, extraction time of 2h, extraction temperature of

53'C and pH of 10.1. Under these conditions, the extraction rate of kelp protein could reach 8.105%. Analysis showed

that kelp had a high content of gluten,
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Figure 1  Effect of raw material size on extraction rate

| 26
| 2021545

AuE. 2 HERERN, EARES S E A
SrEs, 2B MCAIHE S b . T R ARG 4
AR R R, AL AR E
M7 5G| REA R, FE, MEESELE
R A A E s DY, S S EEMSE S A
fEEREIIAR, BRI A EHRAE MK, S56%
(&, WEFEIREEDRLEE 80 ~ 120 H.,
322 HAETERMHEECRR B

p P 2 ] G, OB B A R L i A R
EIRIR A I R AR e, B TR IR R
AR SRR S BN K. T R F 300W
mf, REERK, HEEEATET R, 8
HA R, UM IEH R, BS54
LB A4 P S B D0 R B AT O 3R 3 BT A
HETHREZ P, B, R@EFEHER 250 ~
3I50W,

—— PR L

HHTEE (%)
b a
(" (=]

A
=
T

AT 150 200 250 300
HEmE (W)
B2 HEDhEIHLIWENRIE

Figure 2 Effect of ultrasonic power on extraction rate
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Figure 7 Response surface and contour of the interaction between ultrasonic power and extraction time

3322 HEEESBEEELZGER @S

o BERUREEAE, HERUEERE P A K

ALEL, SREUETEY 1.5h, pH Sy 10 Wf, BAIIR EMAERUD. SRS BMEE, R®UACH
AZE, PR ERIUR A e KR B E R R,

29 I
20215545



Hp L £ g

Clima Food Addives B35 =5 5T

RERE (%)

60.017°% 9176

e 310076
ss.mgn P Lo 309,176
3 289,176
4§,m7 = 269.176

C: MUGHAE (T) 40017249176 A, fpvohde (W)

550174

0.7

C: RHGRA (C)

£
Ln
=
—
£

40,0174 e : ;
249,176 269,176 289,176 309.176 329,176 349.176

A HEEIE (W)

B BENESREELHERAMMNEEERSSS

Figure 8  Response surface and contour of ultrasonic power interaction with extraction temperature

3323 #EEFESpH XHAEAM HE 9 A,
SRS 1.5h, $REURIE N SOCH, HEAEE
A, RFCEHE pH RSl RIS /b, pH

R (%)

S e |

_-—"'—FP-'J =
1 “ha9.176
10552, L "329.176
T . T309.176
Y e 289176
D pH A T260.0T6 A, TS (W)

9249176

EN S 3 TE R R R PN PN
e FEREEBMETR, KU AD PR E R
HAERIBEE,

HRECE (%)

10.5

L 5

9§ N =~ T 1
249176 269076 289.176 309.176 329.176 349.176
Ay HIEIHE (W)

B9 MEAEIIES pH X E{FR R 0ERME R R % &

Figure 9 Response surface and contour of the interaction between ultrasonic power and pH

3.3.2.4 RMATE SEFURBEAZ EAER  BE 10
A[H, AN 300W, pH 10 B, 4R HUAT
) A7, 35 H A B 4 R B 14 S R U
e PREUGRBEAAE , $7 HOH il 2548 U a] ) 1
SEIE R E W, ERE R, EW BC W
i) ] 2 %2 A P e

| 30
2021541

3.3.2.5 fRUES pH ZZHAER  thE 1 ATAl,
TR TNy 300W, HERGEFE y 50 C b, $R R
AR, 2 BRI 75 pH. () 8 56 18 s .
pH A, 35BSl A 4 B ) 1 T R S B A T
b Fm MR, R BD MR H R
T .



i
&
-4

0017 0

S5017 —) 18
50017 o 0
45017 AR
C, MR (C) 400171 B: SR (b)

W £ s sl
wfhma Food Additives

R (%)

55,017

50017 4

C. REGRMEE (T)

1 1.2 14 L6 1.8 )
B, {2HT(E (h)

B 10 SRENR 8 SRR E 3 B VR AR 06 N RS

Figure 10 Response surface and contour of the interaction between extraction time and extraction temperature

S

B

2 f

it P e HL_ ]
| = __,,---"'_---_-- 3 H--_"“'-u, ‘||

1 f : )
mjiw”m» .-ﬂAﬁj

D. pH 9.5 " g b

B HENWE (h)

LA (%)

105 41

9.5

! 1.2 1.4 L6 1.8 2
By SR (W)

BN REES pH TEEREMAmEERSES%

Figure 11 Response surface and contour of interaction between extraction time and pH

3.3.2.6 fREGHEES pH ZHMEH  fE 12 978,
IR 300W, FREURE] A 1.5h B, 2GR
FEAAE, $RIREEE pH #Y 3y K e KIS B/,
pH AAE, i HRR il 2 42 I Ay 3 K S R e
v, FEELEBEE, FCD FERHERZ L
M.
333 Bk

HL 4 Design Expert 10 181 % M 1Y 1 i 45
M LT 50 . BT 2 332.793W,  $EHUE

|6] 2h, fEEUGEEE 53.728°C, pH10.163, MEMFT
HYSRILE R 8.137%, AP SRR,
PRUEATATHE, BEFRREURIF N . TRAHE 80 H,
RHEEE 1255 (m: V), @RI IBW, 20
I 6] 2h, $REGEE S3°C, pHION, &3 =K
fritie e, SR 2 E AR IURRESS ik 2
8.105%, STINERIT, AR AN S R i
Bhs—.

31 l
2021 EFAH



i b N1

China Food Additivesem—m——— =

LR (%)

4507
9 40017 o jemEE (C)

PRl (%)

10.5

9=l - — T JI’(-? :
40,017 45017 017 55.017 60,017
C: JREEHE (C)

E 12 REGSES pH 32 B {E R #0006 R R

Figure 12 Response surface and contour of interaction between extraction temperature and pH

34 BHEEASEHEER

45 Osborne 4385 5 2 i of 8 3 04 41
it bl e, HAMSELES, ATE
i R YRR o P AR IR R B > EREH
SEEEH>HEH. RS REE
Peartyb, nES A BT P R E ST
AFEERPRERRE, £ LA, dmaT itk
R AR, ERENTERE R EIAET, HXf
AEIE, EINASE A0 H s .

x5 BHFEREASREMEE

Table 5 Protein composition and relative content of kelp.

£ 4k R & (%)
EEAE 11.11
HHH 3333
EEEN 16.67
HEH 3589
4z

B AR AR, AR (1) Hife
e AR B SR AT, RLo
BRI S R R K, MR
EEURRS . I DR A
T E MR R L RA AT, (2) £
R BRI RIPTRIO A LT, A

| 32
| 2021545

R R ES T Z M. Al EafE
R, AT CAGR SR UsHR], of REI A HE B i
MR, (3) R EE R F, FH
R T 5 e BT ST P T, SR AU A], i R
I, pH S5 55 el PR 3 Xt vt 2 3 42 DO A 2 e 4
M. xBTS R i
HER, AP AA BEYE, SRmEEE
T IR H R BCERY R R . AR > fE
Bf(E] > pH >R HUR ., AR I i LA T
ReAAE R 80 H, BHEE1: 55 (m: V),
HEFET)EE 333W, BREUNE 2 h, $REGEIES3 C,
pHI0.1 RYER ML T2 5 0F T iy A Bl e O PR PR L2 i
GIKF] 8.105%, (4) XiEHEE Y& 4L b T
#oT, RAETHEOSEES, WEAOSH
febo R AEES, "R XR AR R
By, RPEAT AR E A A A . 50 R T
R (R B R AR B A R B LA,
e 1 S E PRI, il & QA PR IR
PET IR RS, RO KR AR T E
il AR .

E 30

[1] #iER, R SRR TR (ML Jbs . (b TR
¥, 2013, 14-15

[2] 8% . M it ay i B e LR T RERT o (D). Ao . Josy
THE, 2018



[3] Tadmor S N, MNeor A. Seaweeds protemn quality could be better
and the shadow price of production lower than in terrestrial
plants[J]. Phycologia, 2017, 56 (4) ; 183—183.
(4] 6, BRmid, HOPE. & i E S AR IR i PR 5T
[ A rF=FbsE, 2008, 27 (10) ; 530532,
[5] Admassu H, Gasmalla M A A, Yang R J. et al. Bioactive
peptides derived from seaweed protein and their health benefits ,
Antihypertensive, antioxidant, and antidiabetic properties[J].
Journal of Food Science, 2018, 83 (1) ; 6-16.
[6] Cerna M. Seaweed proteins and amino acids as nutraceuticals(J].
Advances in Food and Nutrition Research, 2011, 64, 297—
312.
[7] Hou X R, Hansen | H, Bjerre A B. Integrated bioethanol and
protein production from brown seaweed Laminaria digitatafJ].
Bioresource Technology, 20015, 197; 310-317.
[8] ZMAEE, WHE, FOH, % BESRRT EWE D
e Tl ol . BB, 2012, 26 (1), 5-8
(9] Mdte, AW, SCHRS, A B P AR AR B R AT
#PEAMAN LA RS, 2015, 31 (2).
222-226:
[10] FOCs, S B R R PR B MR B T
£ [ B, 2012, 37 (3) ; 250-254.

[11] Gebreluel T, He M L, Zheng SY, et al. Optimization of
enzymatic degradation of dealginated kelp waste through
response surface methodology[J]. Journal of Applied

R T S s
m.izina Food Additives

Phycology, 2020, 32 (1) : 529-537,

[12] RRW, WHE, Filw, 5. 000EL KSR D R
WLZ D] ke i dE, 2003 (3) . 17-22,

[13] EFDERMR RS, BEmambiEraies) .
B i A e G SRR T . GB 5009.124—
2016[8]). dbmt. o e fmilk it ik, 2007,

[14] EFEDYEHE Rk E R, % mh 2 e e
Iy -l B SO s P E S RATIGE . GB 5009.5—
2016[8]. Jbmt: R EEES R, 2007,

[15] Gfifd, SfbHE. wflsE, 5. MIRMRIGRRERENERR
BT (1) BB, 2011, 27 (6) ; 673-677

lie] HERzA, & 1dk, #ifF, % SRR mEARMREE
THEEEREH (). P E S &ENE, 2017 (6) . 8692

[17] Wang L, Fan J H, Guo 8 Y, et al, Extraction process
optimization of fucoidan from dealgimated kelp waste[J]. Joumal
of Physics; Conference Series, 2020, 1622, (012039,

[18] W40, FEokfif, FHE, 5F . IS - MERIUDIES K
EE A LA (). ffh Dok, 2018, 39 (9) , 3-8

[19] Ansharullah, Hourigan J A, Chesterman C F. Application of
carbohydrases in extracting protein from rice bran[J]. Journal
of the Science of Food and Agriculture, 1997, 74 (2) .
141—146.

[20] S22cf], D, BEFA, . o Sl IR (kAR U R 2R
BLTE D TR, 2020, 41 (14) : 166-171

& T T = L TR i, il S b S A A A B A T =0 MMMMMMM#

17l 28 44

R34

ERPRFZREAP L

M. www. efaa.cn

7 PR T PN T I TS TN S ¥ N 1Y SO VY T INO T JC ¥ N T  JO Y IV R T T I ¥ Y Y 1 '

2021 EE R R AR MEBREE MERER
(FIC-f2mE® )
BE -+ —E2EUNEARFMANENELS

Aok ariE: 2021 511 A 108 ~12 8
IFMPE#LoHELHAREBRI. G, 10148, 11,148

Ehdlr. PEREFMFMERDS

om 8 & i

P

B i e o D i B e S o SR S o

(hER@FMF ) REHFRLF

5. 010-59795833

33 |
2021458 |




