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Optimization of Ultrasound-Assisted Alkaline Extraction Process for Wild Rice Protein and
Evaluation of Its Functional Properties

YAO Na, CHEN Qili, HU Lanfang, WU Chenglong, REN Ying, ZHANG Lixin, SUN Xiaohong"

(School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China)
Abstract: To improve the extraction efficiency of wild rice protein and enhance its functional properties, ultra-
sound-assisted alkaline extraction was employed to extract wild rice protein. The extraction process was opti-
mized using response surface methodology and compared with the traditional alkaline extraction method. By de-
termining functional properties including water-holding capacity, oil-holding capacity, emulsifying proper-
ties, and foaming properties, combined with particle size, Zeta potential, and infrared spectroscopy analysis,
the effects of ultrasound treatment on the structure and function of wild rice protein were investigated. The re-
sults showed that the optimal extraction conditions were as follows : liquid-to-solid ratio of 28:1 (mL/g) , ex-
traction time of 30 min, pH12, and extraction temperature of 38 ‘C, under which the protein extraction rate
reached 87.81%. Ultrasound treatment reduced the particle size of wild rice protein and increased the absolute
value of the Zeta potential. Meanwhile, the contents of a-helix and B-sheet in the secondary structure de-
creased, whereas the proportions of B-turn and random coil increased, indicating a looser and more extended
structure. The water-holding capacity, oil-holding capacity, emulsifying property, emulsion stability, and
foaming stability of wild rice protein extracted by the ultrasound-assisted alkaline method were all significantly
higher than those obtained by the traditional alkaline method (P<0.05).
Key words: wild rice protein; ultrasound-assisted extraction; structure characteristics; process optimization ;

functional properties
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Fig.1 Effects of various factors on the extraction yield of wild rice

protein

W 1Ca) i, Bl VA 700 in a2t (e 38 n , 90K 2 1
FEBCR R IR ETHR S TEMORHE A 1021 (mL/g)
B, B IBCR AR XS B s OB LIS M 22 201 (mL/g) B,
PEWCRAT R AT s OB R 2501 (mL/g) B, 42
BORATIAE BT AR b AR S, RIUR B B AR BOR AL
i, T BB IR 70 S I G I 70 S R 2 i
7T 85 9 R o £ ¢ v R 2 P L AR ), AR 08 in i
FIVERA R

WA 1 (b) i, Bl 4 2 R ) 28 4, 2 (1 4 B0
BEHE BTG TR 7E 10~30 min X [N, &
B LT, UGB AE XA ] B N, B IR ] 7
FERA B FAEASRBCRIE & . AR, Y BRI ] i
30 min B, 35 FAPRIBCRTT UG R, FRIT R A HR IR ] S
T B AR IO™ A2 T RIS o 336 R A i s A
FHFIALARSO N B0 VR AT 23540, 4 0 2 BRI, T aod < o
[E] A BT BB T B8R AR M Rl SR AR IR AR AIR

W 1(e) R, pH EM 9 FHE 3] 11, FHAHRBCR
SEHUPE TS Y pH kST, & P R BCR I
A T 2Y pH AETHE 2] 13 [, 5 IR BCRIA AL,
HATEAR pH (BT , 43R 10 0 HLfar 43 A 23
KA AR pH (R, B pH (TS, 8 55

R B LA U, S (R R SR R R
JI 5 i AR IO T . 2R pH (AT AR S R 4y
B T4 32 B IR0 3 A AR PR s g e HL L &
HARBCRREAL

i 1(d) s SE ORI 30 CFHRiE] 40 °CL 8K
F 3 BURANWT LT 5 45 4k 22 T, R R E T T
B o ARSI B2 DX R] 385 Y T e B W] AR i 27 1)
PGz sh A5 B TR IR A 2544 , (3 25 11 50 5 D4 i
TR, TR R B R . SR, YRR L 40 CJE
SRRl A 0B A = cd & U s il 02 B i) 1 2 T 2 5
BT 2 (R S5 M AR e . SR A AR IS, A
PEREAG , MELABE BRI R, AR B R R R

LA RER A RBGCR M T 2 AT, 5 WoRt
b 25:1 (mL/g) & A ] 30 min, pH12 F1 42 B B2
40 “CHEy Je S 7 TG ARS8 ) e 2K SF- o
2.2 TE P B ARE BRIHOKR B A T A S ik
45
2.2.1 WA S

i 107 TR 6 2% 4 B 25 SR ke 2 iR .

*2 MEERRARRER

Table 2 Response surface methodology experimental design and

results

A BRI, B HEEUR DGR Y B

CpH{E

)
do

(ml/g) []/min JE/°C /%
1 20:1 20 12 40 75.2
2 30:1 20 12 40 85.6
3 20:1 40 12 40 78.3
4 30:1 40 12 40 85.2
5 25:1 30 11 30 83.4
6 25:1 30 13 30 80.8
7 25:1 30 11 50 81.7
8 25:1 30 13 50 78.6
9 20:1 30 12 30 75.3
10 30:1 30 12 30 85.6
11 20:1 30 12 50 75.4
12 30:1 30 12 50 81.7
13 25:1 20 11 40 82.1
14 25:1 40 11 40 84.2
15 25:1 20 13 40 79.8
16 25:1 40 13 40 81.5
17 20:1 30 11 40 79.3
18 30:1 30 11 40 87.4
19 20:1 30 13 40 76.7
20 30:1 30 13 40 85.8
21 25:1 20 12 30 81.6
22 25:1 40 12 30 81.2
23 25:1 20 12 50 78.8
24 25:1 40 12 50 82.0
25 25:1 30 12 40 87.7
26 25:1 30 12 40 87.3
27 25:1 30 12 40 85.1
28 25:1 30 12 40 87.7
29 25:1 30 12 40 87.5
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Fig.2 Effects of interactions of factors on the yield of wild rice

protein
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Table 4 Comparison of functional properties among wild rice
proteins extracted by ultrasonic-assisted alkaline method and

those extracted by alkaline method
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Fig.3 Average particle size and Zeta potential of ultrasound-
assisted alkaline extraction and alkaline extraction of wild rice
proteins
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Fig.4 Infrared spectra and protein secondary structure

percentage of ultrasound-assisted extraction and alkaline

extraction of wild rice proteins
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