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Abstract: The exploration of new protein sources will have a significant impact on future food development. This study
examined the effects of various factors involved in alkaline ultrasonic extraction on Euglena protein yield by employing the
single factor, Plackett-Burman, and response surface methods. UV-Vis spectroscopy, FT-IR spectroscopy, and automated
amino acid analysis were adopted to evaluate the functional group composition, secondary structure, and amino acid profile
of Euglena protein. Additionally, the functional properties, such as water absorption, oil-holding capacity, and emulsification
capacity, were studied. The optimal extraction parameters are as follows: a solid-to-liquid ratio of 1:20, an ultrasonic power of 100 W,
an alcohol-to-base ratio of 1:3.5, a sodium hydroxide concentration of 0.35 mol/L, an extraction temperature at 40 ‘C , an extraction
time of 120 min, and an ultrasonic treatment time of 5 min. These conditions result in an extraction yield of 93.81%.
Structural characterization reveals that the secondary structure of Euglena protein primarily consists of S-turns and fS-sheets,
accounting for 98.80% of the total structure. Essential amino acids account for 66.09% of the total composition, with
hydrophobic amino acids constituting 67.81%. At 60 ‘C , Euglena protein exhibits the highest maximum water absorption,
reaching up to 13.19 g/g. Meanwhile, the highest oil-holding capacity of 7.33 g/g is observed at 40 °C . Euglena protein demonstrates
good emulsification capacity, emulsification stability, foaming capacity, and foam stability, with percentages of 34%, 64.62%,
53.90%, and 81.79%, respectively. This study utilized alkaline ultrasonic extraction to enhance the extraction yield of
FEuglena protein, laying the groundwork for its application as a novel protein source.
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Table 1 Factors and levels of Plackett-Burman design
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Table 2 Factors and levels for response surface analysis of

Euglena protein extraction
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Fig.1 The impact of single factors on protein extraction efficiency
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Table 3 Plackett-Burman experimental results

A &A

‘ ., CZ DR _, FR GR&

o ‘.;C}if’/ %ﬁ; BRI/ f{i Fdh A ﬁ;fi
R e &/C  min /W I8 /min °

(mol/L)

11 1 -1 -1 -1 1 -1 7210
2 -1 -1 -1 -1 -1 -1 -1 7641
3 -1 -1 1 -1 1 1 -1 7178
4 1 1 -1 1 11 -1 7807
5 -1 1 -1 11 1 6812
6 -1 | | 1 -1 -1 -1 7210
71 S L S 1 94.64
8§ 1 1 -1 -1 - 1 72.87
9 1 11 1 1 -1 -1 9564
10 -1 -1 1 1 - 1 90.66
11 11 -1 1 1 7519
2 -1 -1 -1 1 -1 1 1 7320
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Table 5 Response of Euglena protein extraction yield

% 4 Plackett-Burmant&® 5 £ 451

Table 4 Plackett-Burman model variance analysis

A FFAe df T FAa P&

AL 894.58 7 127.80 7.33 0.036 4*
A 68.25 1 68.25 3.91 0.1190
B 137.04 1 137.04 7.86 0.048 6*
C 39.50 1 39.49 2.26 0.206 8
D 37.90 1 37.90 2.17 02144
E 348.20 1 348.20 20.00 0.011 1*
F 263.61 1 263.61 15.12 0.017 7*
G 0.08 1 0.08 0.01 0.948 5

&E  69.75 4 17.44
B4 94632 11
JE: A7 P<0.01 2%,

HHER 4 ], 7 AR 20 A R SR BRI [
AT R BRI R ISR . B . B L
8 R D 0 B PR G e B (P <<0.05), WEM
KRR LG > B Dy 26 > Bl bt . PR e 4
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(ED). HAEIIE (F) {EAN— 0w B A R A A
5.

. A # B ;@; c B2 Y &R A RIE Y%
R ARV By gRE Y, Tl
1 0 0 0 95.51+0.71 93.59
2 0 1 -1 77.53 £2.36 74.20
3 -1 0 -1 76.85 +0.66 80.32
4 -1 -1 0 76.85+2.90 76.25
5 -1 1 0 67.53 £1.60 67.39
6 0 0 0 92.41£5.52 93.59
7 1 0 1 66.80 + 1.64 63.32
8 0 1 1 66.11 £4.97 68.98
9 -1 0 1 68.20 £ 0.46 65.47
10 0 -1 1 62.50 £5.75 65.83
11 1 1 0 67.02 £4.09 67.62
12 0 0 0 90.50£2.21 93.59
13 0 0 0 95.51+0.84 93.59
14 0 0 0 94.03 £3.13 93.59
15 0 -1 -1 95.80 £2.31 92.93
16 1 0 -1 78.07 £2.89 80.79
17 1 -1 0 74.20 £ 1.07 74.34

HHEE S A4, M RNAE (YY) N3 UaRib 2414,
U F me AR AR A HE AR A R . I e
THARAE B 1 IR FE O - Y=93.59-0.42A-3.90B~
8.08C+0.53AB-0.65AC+5.47BC-12.60A°-9.59B*~
8.51C% Horh, Y M#E#E A MILHR, AL BAIC
Aol kbR b, AT E, B, BB
AN [R)A% BE 0 ] AL 2 AR AR T F ARSI SR A 0

T ZEA WA R W 6 Fron, A P<0.01 A
Giil e X, YE BB R=0.959 3, i B AR A Ap
DLE 9 1R 1 1 s I % AT 2 0T #8835 2 1 1 I 1) 7
M, ZRABLI5 P=0.063 9 >0.05, FimEMPITA L,
UL B G R R, RIS v E WA EE, X
N THT AR A B B0 ) e e o A2 5 R 80 4.7% < 10%,
Tt A T AS 5 S PR B A AR R . @I He AR
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IR FAE, AR RAS B0 48 br B2 2 P F R
AN, RHEFP B L (C) > A D% (B) > K}
WEE CAD. MRAE PAE K/, AR o — X T B
B3, CHEE, kU BC 8%, ZTHI A B.
C B, RWPEHERZINZERNET, SHE
SRR AR Z M AR AR R .
* 6 REARINENAESN
Table 6 Variance analysis of Euglena protein extraction yield
RR P BwE HF F{L Prob>F
AR 2282.35 9 253.59  18.33  0.000 5**
A-#H b 1.40 1 1.40 0.10 0.759 6
B-#pF % 12137 1 121.37 877  0.021 0%
C-BEmkib  522.36 1 52236 37.77 0.000 5**

AB 1.14 1 1.14 008 0.7823
AC 1.71 1 171 012 07352
BC 119.67 1 119.67 865 0.0217*
A’ 668.54 1 668.54 4833  0.000 2%*
B’ 387.29 1 387.29  28.00 0.000 2%*
c 305.10 1 305.10  22.06  0.002 2%*
K E 96.82 7 13.83

K 78.33 3 2611 565  0.0639
“iR £ 18.50 4 4.62

BiREZ 237917 16

E: * AT P<0.01 23, *P<0.001 A2 F.

HHEARIEIE /%

BERATIRNE /% o
PR AR / %

[ 2 P E R X EEAXTE B 1B 00 i i 5 H E
Fig.2 A response surface diagram was created to show
how two factors interact to affect the extraction
rate of Euglena protein

1 (a) FHRIAAR B 2 B3R G RIVE R "0 090 Lt
& ; (b) AR nB st & & RIRE Ha o oh & @ B
(¢) A7 2 FABEmibrt & @ RICE Hra oy f L dh @ A
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B EE A 1:3.5, HEATIRAEREG . 45R BN MEE
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TR A G R BOR A, 5 A8 SCI A R 7 SR 024
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24 B EE EUV-Vis® Wb o 47
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0.4}

W HE /au

021

0.0
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P& /nm

& 3 #iEER UV-Vis RIS

Fig.3 Absorption spectroscopy analysis of Euglena

proteins UV-Vis
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Table 7 Amino acid analysis of Euglena protein

AABRLMAR  AF/(mgke)  HH/%
RN 42.73 3.20
FIRAER 0.01 0.00
My R 37.25 2.79
RABENE 0.56 0.04
P RE 74.44 5.58
R Bhh 0.30 0.02
H AL 99.45 7.45
2H BB * 31.93 2.39
F AR * 133.07 9.97
RAZBR 36.02 2.70
TR * 175.30 13.13
BRI * 86.31 6.47
W ELRBL * 13.27 0.99
ESE N 106.97 8.01
POER:d 58.50 4382
224 23.74 1.78
TR * 39.43 2.95
& RBR * 0.31 0.02
B R R 79.64 5.97
HABR * 295.57 22.14
o F IR * 882.17 66.09
KRB 905.06 67.81
BRI 1334.79 100.00

2.6 FT-IRZ T

HT 1B 4 TR, BRI ER A VR 2 R IR 0 R A e
FE 1651 cm™ AbMEfE T A8, LT & E LAYk
i (O=C-N-C) [fiaidikanie, 7EBLZ 11450 & H

W7 N-H B Z dhii g, fERLIT iz A 7 th
LT N-H B4 5E200%, 761 080 cm™ 1 804 cm
HIL T C-H 4 iRz, fEBti% B A7 Il 17 -NH
M -OH %R, HAE& 14 (Amide 1 700~
1 600 em™) 3 B2 AR & B (1 45 M el AR,
iz ] Peakfit Version AR #E 4T 04, 133 7L 1
WG EE, w5 s, BANEAER T FRAIT i
KI7E 1 700~1 600 em™ [¥] By 3 544, 8 3t gt
TEREEAN —HENE &,

1.0
0.8
0.6
KE
= 04
0.2
0.0F
1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
PH/ em™
B 4 fREEBK FT-IREE
Fig.4 FT-IR spectra of Euglena protein
0.10
0.08 -
" 0.06
R
B 0.04fF
0.02 |
0.00 L L L
1700 1 680 1 660 1 640 1620 1 600
W/ em™?

E 5 R EANEE | FHRIEIEE
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Table 8 Relative content of secondary structure of

Euglena protein
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