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Process optimization and functional characteristics analysis of
Euglena protein foam separation
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( School of Chemistry and Chemical Engineering, Qinghai Normal University, Xining 810008, Qinghai, China )

Abstract: Euglena protein was extracted from foam separation of its solution, and the effects of pH, liquid
volume, temperature and dilution ratio on the recovery and enrichment ratio of Euglena protein were
investigated by single factor and response surface design. The functional characteristics was analyzed. The
structure of protein was analyzed by FTIR and UV-Vis spectroscopies, with the secondary structure
identified by Peakfit Version software and the amino acid composition determined by full automatic amino
acid analyzer. The results showed that under the optimum separation conditions of pH=5.5, liquid volume
300 mL, temperature 30 °C, and 15 times of dilution, the protein recovery was 94.27% and the enrichment
ratio was 4.18. Moreover, the maximum water holding capacity of protein was 7.27 g/g at 60 °C, and the
maximum oil holding capacity was 14.74 g/g at 40 °C. On the whole, the emulsifying ability, emulsifying
stability, foaming property and foam stability of Euglena protein were firstly enhanced and then reduced
with the increase of mass fraction. Fuglena protein displayed a typical protein peak with its secondary
structure mainly S-sheets. The content of essential amino acids and hydrophobic amino acids in protein was
35.28% and 50.80%, respectively.
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Fig. 1 Schematic diagram of foam separation device
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Table 1 Response surface factor level design
2 K-
-1 0 1
A 5.0 5.5 6.0
B/mL 250 300 350
Cc/°C 25 30 35
DI 10 15 20

15 BEEFEIEEENNE
1.5.1 REEGHFKZTHNE

PRBEER RS R B Je e, SR IG &ad % ik
T4 (BRIREE A-35 °C. YEEIFEIN 12 h) IR
WA, TEB LSRRI 6 4 0.1 g #EE, A
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Fig. 2 Effect of pH on recovery and enrichment ratio of
Euglena protein
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Fig. 3 Effect of liquid loading on recovery and enrichment ratio
of Euglena protein
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Fig. 4 Effect of temperature on recovery and enrichment ratio
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Table 2 Response surface design and experimental results

P9 pH HWiE/mL EAC WBfEUm R% E

1 55 350 30 10 92.0 2.9
2 55 300 25 10 91.8 2.7
3 55 300 35 10 93.5 1.2
4 55 250 30 20 91.6 3.1
5 6.0 300 25 15 91.8 1.9
6 6.0 300 30 20 91.7 1.8
7 55 300 30 15 94.5 4.2
8 6.0 350 30 15 90.6 2.5
9 55 300 35 20 91.4 5.3
10 5.0 300 25 15 92.9 1.5
11 5.5 350 30 20 92.7 4.4
12 5.0 350 30 15 91.3 2.9
13 55 250 30 10 91.8 2.1
14 55 300 30 15 93.5 4.8
15 5.5 300 30 15 94.3 4.4
16 5.0 250 30 15 92.1 3.2
17 5.0 300 30 10 93.1 2.1
18 6.0 250 30 15 90.4 1.6
19 5.0 300 35 15 92.2 3.1
20 5.5 300 30 15 94.1 34
21 55 250 35 15 91.7 33
22 6.0 300 30 10 91.1 1.3
23 55 300 25 20 95.3 2.5
24 5.5 300 30 15 93.8 3.9
25 5.5 350 25 15 93.1 2.6
26 5.0 300 30 20 92.8 3.0
27 5.5 250 25 15 92.6 3.6
28 5.5 350 35 15 92.5 4.5
29 6.0 300 35 15 90.7 2.1

K Hl Design-Expert V8.0.6 F4-%F 3 2 o i) £k
AT WG, B e TR

R=94.04-0.674+0.17B-0.46C+0.18D+0.2548-0.100
AC+0.234D+0.075BC+0.23BD—1.40CD—1.554>—
1.33B°-0.44C*-0.53D* ( P<0.0001, R*=0.9501)

E=4.14-0.384+0.245+0.39C+0.65D+0.304B8-0.35
AC-0.104D+0.55BC+0.13BD+1.08CD-1.414-0.20

B>-0.50C*-0.74D* ( P<0.0001, R*=0.9160)

JEXT AT FEHEAT T34, 19 125 R 45 5%t
(BSR4 PR 20K ) o7 L A9 S B G, 1E B R AU
W T SEmA Y 5 o 3R 3. 4 4300 ok DGR AN E 4R LY
52501

23 R Z5H

Table 3 Variance analysis of recovery rate

Sk U5 ERA AHE ¥AE FME O P BEME
LAY 40.09 14 2.86 19.05 <0.0001  **
A4 (pH) 5.47 1 547 3637 <0.0001  **
B (R A) 0.33 1 033 222 0.1586
C (B ) 2.52 1 2,52 16.77 0.0011  **
D (MiBeAEHE0)  0.40 1 0.40 2.68 0.1237
AB 0.25 1 025 166 0.2181
AC 0.04 1 0.04 027 0.6140
AD 0.20 1 020 135 0.2652
BC 0 1 0 0.15  0.7047
BD 0.20 1 020 135 0.2652
CcD 7.84 1 7.84 52.15 <0.0001  **
A? 15.48 1 15.48 103.00 <0.0001  **
B 11.52 1 1152 76.62 <0.0001  **
c 1.28 1 1.28 854 0.0111 *
D? 1.84 1 1.84 1224 0.0035  **
¥ 2% 2.10 14 0.15
BRI 1.47 10 0.15 093 0.5805
afiiR 2% 0.63 4 0.16
vl 42.19 28

e SRR ERFBE (P<0.05); *FTREFWBE (P<0.01),

e 3 FiZk 4 Pros , AMEIRLAY P {E34<0.0001,
PRI Y FAEY>0.05, 20 (o] AR o B b 25
Xt F IR, IZAE R O R Bk R7=0.9501, F/Rnl LA
fift B 95.01% el W E 1 A8 fk, I8 B 5 AH ¢ R 2K
RAq=0.9002, FEABIAIPIA FEACLTF, SRR ER,
AT RGN, 4. C. CD. A4*. B*, C*. D’
X REAIAT b 5, 50 2R/ S pH> et >
Wi B BB it . X T E L, ZBARAR R AL
R*=0.9160 F7~m] LU#EE 91.60%0 1 {H 19281k, ¥4
IS Rag=0.8319, FUIBIRIMIIA RS, LRz
BN, ATHFRIFAE, 4. B. C. D, BC. CD.
AP, C*. D PSR R, S P 2RI N
B B AR >pH> 2



55 6 3] N

M, AR BREEER PR 2 B T A K h R 3 A

* 1345 -

x4 EEWRTT ST

Table 4 Variance analysis of enrichment ratio

HUR IR AW B F{H P BEM

(el 30.93 14 221 1090 <0.0001  **
A4 (pH) 1.76 1 176 870 0.0106  *
B (i) 0.70 1 0.70  3.46  0.0841  **
C CRBE) 1.84 1 1.84  9.08 0.0093  **
D (FikefE%) 5.07 1 5.07 2501  0.0002  **
AB 0.36 1 036 178  0.2039

AC 0.49 1 0.49 242  0.1423

AD 0.04 1 0.04 020 0.6637

BC 1.21 1 121 597 00284  *
BD 0.06 1 0.06 031 0.5875

CcD 4.62 1 462 2280 0.0003  **
A2 12.93 1 1293 63.77 <0.0001  **
B? 0.26 1 026 127 0.2788

c? 1.62 1 1.62 797 00135  *
D? 3.52 1 352 17.37  0.0009  **
B2 2.84 14 0.20

BRI 1.73 10 0.17  0.62  0.7538
a2 1.11 4 0.28

eyl 3377 28

e *FORZEF B (P<0.05); **FREF W EE (P<0.01),

222w @S

fifi H Design-Expert V8.0.6 #4748 i1404r, 153
pH. W . IR . MR EL 4 DR AR A
WIRSr s iy =i i 1, 25 R WK 6. 7 iR,

®, 275 27
Wy 250 5.0 b

25 PR 2R B R 0 /N 32 e it e Y R AT A
B i oA P R AR L A, 3R A PR 3R Y A2 L
VX B 2 1 T 8 s R L RS2 i R 2, I
AR B2 WA — DR ME, S Ezm
M RE L BRI, SCEARHIRE, fem AT i)
UL, AT 4 AP AE AR E Y X mlcR R,
H1 & 6a nl AT, AR i R TAT 12 BE UF AR FI W7, 4>B,
R pH BN R T2 A 520 5 78] ob i
AIBEISRERE A>C, BRI pH X [0 Wi 64 52 i Ll E R 5
TEIE 6c H, i A BEINARBE 4>D, Bl pH X R
A2 M LURR B R s H 18T 6d mTRA, AR A5 v i T %1
BEUSRERE T, C>B, IR EE A4 52 Ma R T i i Y
S 7R 6e b, MR BEUSTEE D>B, RV BEA
HooS IR A LR R R 7RI of b, IHTTETAY
BEUNFREE C>D, R HEXT [T 4 52 0 LA A% £
K Li bk, &SR-SI s R IE, R,
pH> > BEAG B> . P e SR HOok B, A
Ta AT, AR R 1A P BE U R R FI WY, 4>B, Rl pH
(2 MR T2 W B2 5 AR 7w, I ) BE U
T C>4, BREXTE LR pH K5 72K
7o, [TE I BEWRREE D>A, B REAEEON AL
AUREIR L pH s HT Il 7d AT, R 40 e 3 T 1] i
FEREFIWT, C>B, BIIELEE A2 R TR W BRI 5
TEIE Te , i Y BEW AR D>B, RIARBEASLON &
S LCRYSEA LB s AR IR 76 Fp, i A B A A
& D>C, RV BEAREO0 & 4R UM P s 25
ERIE, AR T T A R A, BVRR R B>

L >pH> =

325

300
o %m\‘»
o B
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Fig. 6 Response surface for the effect of experimental factors on recovery of Euglena protein
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Fig. 7 Response surface plots for the effect of experimental factors on enrichment ratio of Euglena protein
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{8 ] Design-Expert V8.0.6 #/Fi#E47 404, LA [H
ORI 4 Lo TR bR, AR BRI fE 414 pH
5.42, $EWE 308.26 mL, JEE 30.30 °C, FiBH
16.74 4% AEDL AT BB ER A9 LSRR 94.03% ,
WAL N 439, F T WU EAEM AL T 2 M t,

Z R SEPRE M, W pH N 5.5, 25 W 300 mL,
MR 30 °C, FREAEECN 15 7%, AT, #
PR A RISCR N 94.27%, FHE N 4.18, SLERSE
R [ S TN = AV I VATIRES Y I A RIURE S
SRR AR T 22T, B A RS
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Fig. 8 Effect of temperature on water holding capacity

WE 8 fiin, BERERTHE, B IRk
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T OOE SRR, EKIEH S EKE A T4
G, i E TR R L RKMERE . SR, YR
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foam stability
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WE 12 PR, BREEEFTE 230 nm A4 i85 &
KW, %St FIkEE—C=0 ) n—= [ ERIT fif 7=
APV R AR SRS H 0 SNSRI 5 T
PR 280 nm A A A BE TR, X BT A T
HR . RN R R 7 i R
25 FTIR &#f

PR 1.7 SR, KRR AP T T FTIR
M REERIME, 258 0E 13, 14,

4000 3500 3000 2500 2000 1500 1000 500
PBeE/em™!
K13 BREEE Y FTIR 3514
Fig. 13 FTIR spectrum of Fuglena protein

1700 1680 1660 1640 1620 1600
PWE/em™

K14 BREEE AR 1 a1k K
Fig. 14 Fitting map of amide [ band of Euglena protein

mE 13 fros, & AR V2 REE N,
1300~1200 cm ' &b K BEfE 1 47 #9 ¢—O Fil C—O0—C
SRR SN 1400 em™ A BERE 1 4 N—H 49
Bl IS5 1600 cm ' AL HEERE 147, REA
R BB ( O=C—N—H ) 1)1 45 4k 5 I ;
2850~2980 cm ' 4b Mk B 47 (—NH FI—OH [y {H
45 4R 504 ); 3400~3300 em ™' Ab Ry M A A A WL I
(N—H ig5¥Rzh ) B, iz ] Peakfit Version 4%t
FTIR i B e a7 647 T 200, 159 RR e 2 1 ik
Jie T A LA, Gl 14 e, B st FTIR
TEEILE 1700~1600 cm ' () B SEGUA, RIGRIE
B4 SRR (A ) e iy & i S5 SRk s iR .
NFE S AT, AR R R UL BTSN E,
hi 32.12%, DHCH B-I IR FITCHL S B 2548 o - IR TiE
P& 2 WA TP B A a5, AR E
FasEE, p-55 MGG M2 0P 454 .

F5 OMEEN TR AR S
Table 5 Relative content of secondary structure of Euglena
protein

R BRI g MBI o pATE
MIXFER/% 1073 2543 1483 16.89 3212

26 SEBHH

MR 1.8 L5 R 4 A sh 2 2R 51 i X
SRR PR R (T T LR AL 2, g Rk
6 Ao 3 6 NI UL, IR & 22 , A 34.546 mg/g,
HP IR B T 12.80% ; T 2 FE R 5 ik 3] T 35.28%,
B K LR AR T 50.80%7,

6 BREEE AR T

Table 6 Amino acid analysis of Euglena protein

REM Wy | RER
#ER - (mglg) K (mg/g)
REZI 20245 750 | BEER 14.654  5.43
HAM 14662 543 | FEHNAMR 15016  5.56
AR 12.490  4.63 |HE® 9.190  3.41
HHEIR 28.644 1061 | HiEmR 15.465  5.73
HEmR 12.550  4.65 | KAEAMR 18.952  7.02
N2 R 16.556  6.13 | W& 34.546  12.80
bt 2 0.576 021 | Zs5 19.664  7.29
AR 12430  4.61 | IR 95218  35.28
FAmR 9.588  3.55 | HKEKM 137.122  50.80
SEERT 14668 543 | BERMR  269.896 100

T CHLHEER; BUKEEROEMER . WER. H

=S

A IR B PR R, DATCR A
O TEDS, BE TR ES B e fE pHL B



55 6 3] N

M, SF BRI IR IR O B T 201 B D e oA

© 1349 -

B R RS EL . [RII X#R e 2R 1 D R R M R A T
T %%, R FTIR . UV-Vis JGi% Fil Peakfit Version
AT T EAMNA, JEE TR A SRR
o A5, MREE R PR A B Y AR AR
pH=5.5. #ifia 300 mL, S 30 °C. Mikef5%k 15
i, DL EDSCR AT E 4L H R 94.27%H1 418, R
H7E 60 CHfHpKiER K, H 727 g/g, 1E 40 °CHY
Bk, M 14.74 g/lg, BEEE AALILAE
FLACRE M . R . M RAR E T AR AR AR
PEAR T A A A K B e S N
FTIR il UV-Vis WOGHE 7R, #se a1 A Sl
M, HogmARREEE AU g-IrE& N E.
EAPLHFAEM T EMB KA LR SN
35.28%F1 50.80%. i BH IR 43 B & —Fh T 47 H 45
VERIE Y Tk, AR SO BRI TT R HR 4t T 505
WA -

SE

[1] LI Y, TANG X L, SONG W S, et al. Biosynthesis of silver
nanoparticles using Euglena gracilis, Euglena intermedia and their
extract[J]. IET Nanobiotechnology, 2015, 9(1): 19-26.

[2]  O'NEILL E C, KUHAUDOMLARP S, REJZEK M, et al. Exploring
the glycans of Euglena gracilis[J]. Biology, 2017, 6(4): 45-59.

[3] CHENZF,ZHUJY, DU M, et al. A synthetic biology perspective
on the bioengineering tools for an industrial microalga: Euglena
gracilis[J]. Frontiers in Bioengineering and Biotechnology, 2022, 10: 1-7.

[4] KHATIWADA B, SUNNA A, NEVALAINEN H. Molecular tools and
applications of Euglena gracilis: From biorefineries to bioremediation[J].
Biotechnology and Bioengineering, 2020, 117(12): 3952-3967.

[S] DURNFORD D G, SCHWARTZBACH S D. Protein targeting to the
plastid of Euglena[l]. Euglena: Biochemistry, Cell and Molecular
Biology, 2017, 979: 183-205.

[6] PANJA S, GHATE N B, MANDAL N. A microalga, Euglena tuba
induces apoptosis and suppresses metastasis in human lung and
breast carcinoma cells through ROS-mediated regulation of
MAPKSs[J]. Cancer Cell International, 2016, 16(1): 1-13.

[7] IVANOVA I M, NEPOGODIEV S A, SAALBACH G et al. Fluorescent
mannosides serve as acceptor substrates for glycosyltransferase and
sugar-1-phosphate transferase activities in euglena gracilis membranes[J].
Carbohydrate Research, 2017, 438: 26-28.

[8] AEMIRO A, KIIRU P, WATANABE S, et al. The effect of euglena
(Euglena gracilis) supplementation on nutrient intake, digestibility,
nitrogen balance and rumen fermentation in sheep[J]. Animal Feed
Science and Technology, 2017, 225: 123-133.

[91 NAGAO R, YOKONO M, KATO K H, et al. High-light modification
of excitation-energy-relaxation processes in the green flagellate
Euglena gracilis[J]. Photosynthesis Research, 2021, 149(3): 303-311.

[10] NIE S C (L ik), ZHANG W (3kH), GAO H (F54L), et al. Effect
of ultra-high pressure micro-jet technology extraction on structure
and antioxidant activity of f-glucan from Euglena gracilis[J]. Fine
Chemicals (K2H1L T), 2022, 39(8): 1633-1640, 1661.

[11] LIU L (X|JE). Foam separation of whey protein, preparation of
antioxidant products and improvement of functional properties[D].
Xining: Qinghai Normal University (¥ iy 2%), 2018.

[12] SHAO WY, ZHANG J Y, LIN Y, et al. The selection of a surfactant
for freshwater Microalgae harvesting and separation by the foam
separation method[J]. Bioprocess and Biosystems Engineering, 2019,
42(11): 1721-1730.

[13] MATSUOKA K, MIURA H, KARIMA S, et al. Removal of alkali
metal ions from aqueous solution by foam separation method[J].
Journal of Molecular Liquids, 2018, 263: 89-95.

[14] KINOSHITA T, ISHIGAKI Y, YAMAGUCHI K, et al. Novel

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

[32]

operational method of continuous foam separation of gold-injection
of metal and/or surfactant solutions into rising foam bed[J].
Separation and Purification Technology, 2006, 52(2): 357-362.
SUZUKI Y, IMAFUKU Y, NISHIYAMA M, et al. A highly efficient
method for concentrating DNA from river water by combined
coagulation and foam separation[J]. Separation Science and Technology,
2019, 54(18): 3128-3134.

SHAO W'Y, ZHANG J Y, WANG K, et al. Cocamidopropyl betaine-
assisted foam separation of freshwater Microalgae desmodesmus
brasiliensis[J]. Biochemical Engineering Journal, 2018, 140: 38-46.
YU X D (F7IM%), ZHANG W (5K45), LIU L (XIJE), et al. Optimization
of separation of gelatin solution using response surface
methodology[J]. Chemical World (k24 1H5Y), 2018, 59(7): 412-419.
YAZDAN-BAKHSH M, NASR-ESFAHANI M, ESMAEILZADEH-
KENARI R, et al. Optimizing nanoencapsulation of heracleum
lasiopetalum by response surface methodology[J]. Journal of the
American Oil Chemists' Society, 2022, 99(5): 421-431.

JEONG G T, PARK E S, WAHLIG V L, et al. Effect of pH on the
foam fractionation of Mimosa pudica L. seed proteins[J]. Industrial
& Engineering Chemistry Research, 2004, 43(2): 422-427.

LIU L (XIJk), ZHANG W (3K)#), CHEN Y T (MoT#), et al.
Optimization on foam separation process for Spinachleaf protein[J].
Food & Machinery (£ 5HLK), 2017, 33(6): 169-175.

LIU H B, ZHANG W, CHEN Y T, et al. Optimization of foam
separation of mulberry leaf protein by response surface methodology[J].
Food Science, 2015, 36(8): 97-102.

WANG Z J (E&4H), ZHANG W (3kk), GAN W M (H 3CH), et al.
Foam fractionation optimization and antioxidant activity studies of
dioscin from Trigonella foenum-graecum([J]. Journal of the Chinese
Cereals and Oils Association (91 [ K il 24 %), 2021, 36(11):
144-150, 161.

GUO J J (3Bxix0), LI Y X (ZHEFT), FAN Z Y (BEF4R), et al.
Extraction technology optimization of dietary fiber from Hippophae
rhamnoides pomace by response surface methodology and the
evaluation of its application properties[J]. Natural Product Research
and Development (KR Y5t 5 &), 2022, 34(7): 1181-1188.
SUI C B (FEaf#), ZHANG W (JKH), NIE S C (1), et al.
Optimization and function characteristics analysis of foam fractionation of
Quinoa protein[J]. Fine Chemicals (4% 401k T.), 2022, 39(11):
2312-2320.

CHEN M J, LIN C W. Factors affecting the water-holding capacity of
fibrinogen/plasma protein gels optimized by response surface
methodology[J]. Journal of Food Science, 2010, 67(7): 2579-2582.
ASSADPOUR E, JAFARI S M, MAHOONAK A S, et al. Evaluation
of protein solubility and water and oil holding capacity of the legume
flours[J]. Iranian Food Science & Technology Research Journal,
2010, 6(3): 184-192.

LI'Y (Z5H0), LI X T (20 K), GUO W Y (55 3CUH), et al. Analysis of
amino acid composition, structure and emulsion properties of
Coconut cake protein fractions[J]. Chinese Journal of Tropical Crops
(A EYIFR), 2022, 43(3): 644-652.

ZHANG Y P (3kFl), ZHANG M J (K2 H), DIAO Y C (A = 4F),
et al. Foaming characteristics and underlying mechanism of rice bran
protein-ovalbumin mixtures[J]. Food Science (& fhFla), 2022,
43(12): 81-86.

ZHANG J X, SHARMAN E, JIANG J. Two-dimensional ultraviolet
spectroscopy of proteins[J]. Science China Chemistry, 2018, 61(9):
1099-1109.

LIU Y Q (X EZ#k), DU R M (48 H ), BALY (F1#%), et al. Effect of
ultra-high pressure treatment on tertiary structure of sheep bone
collagen[J]. Journal of Chinese Institute of Food Science and
Technology (I 4%4R), 2022, 22(8): 207-213.

LAN W Q (W EF7%), HU X Y (M5 ), RUAN D N (BCZR ), et al.
Effects of carrageenan oligosaccharides on the protein structure of
Litopenaeus vannamei by Fourier transform infrared and micro-raman
spectroscopy[J]. Spectroscopy and Spectral Analysis (Gt:ii2:-5 1%
7HT), 2019, 39(8): 2507-2514.

LIU J (X&), HU X (#112), YANG X Q (8% FX), et al. Extraction
and antioxidant activity of enzymolysis products of Gracilaria
lemaneiformis protein[J]. Acta Agriculturae Zhejiangensis (WA
4R), 2022, 34(5): 1061-1072.



