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Optimization of Ultrasonic—assisted Extraction Process of Crude
Protein from Termitomyces albuminosus and Its Antioxidant Activity
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Abstract ; Using Termitomyces albuminsous as experimental materials, the optimum conditions of ultrasonic—assisted extraction
from Termitomyces albuminsous with the extraction rate of protein as index were studied through the method of single factor and
orthogonal experiments.The crude protein’ s antioxidant activities of ABTS ™+ ,DPPH- and O, - radical scavenging assays were
also investigated in this paper. The results showed that the optimum extraction conditions were ultrasonic power 400 W,
ultrasonic temperature 70 °C ,ultrasonic time 1.5 h,pHI1 and solid—to-solvent ratio 1: 25 g/mL, respectively. The extraction
rate of crude protein could reach up to 67.322% =+1.028% and the content of protein was 86.525% =+ 1.315% under these
conditions. Termitomyces albuminosus crude protein had a certain antioxidant activity. The scavenging ability of ABTS* - DPPH-
and O, - free radical 1C,, ( half maximal inhibitory concentration) value were separately 46.322,61.176 and 151.250 mg/L.The
free radical scavenging capacity of Termitomyces albuminosus protein was lower than that of V.’ s ability to remove them.
Therefore , the ultrasonic—assisted technology was suitable for crude protein extraction from Termitomyces albuminosus and the
protein had antioxidant activity.The study provided a theoretical basis for high value processing of Termitomyces albuminosus.
Key words: Termitomyces albuminosus ;crude protein ;ultrasonic—assisted extraction ;antioxidant activities
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H AR UEERE 0.0.2 .04 0.6 .0.8 1.0 mL Fik 5,
AMINZEE K E 1.0 mL )5, AT B2 8 G250 5]
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(=80 °C,1.4 MPa,24 h) 4% &4 .

1.2.3  FARZFE LT

1.2.3.1  JEFSYIRXIGPA TR IR BCR R e
FAITE] 1.0 h, @@ iR 60 °C BRI L 1: 30 g/mL, i
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1.2.3.2 7S IREEXT RGP E R BCRAsE N
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1:30.1:35.1: 40 g/mL %f 3 HA B & 19 42 B3 11
AT

1.2.3.5 75 B (A X XS A 2R R BOR Y SE . 7E
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1.0.1.5 2.0 2.5 h) % XM\ B4 7R L BRI 520
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Table 1  Factors and levers of orthogonal experiment
EN
KF AR BEARE o D 7 I [H]
(W) (C) (h)
400 50 9 0.5
500 60 10 1.0
600 70 11 1.5

1.2.5 8 A IR 4 B 5 R I 4 B0 N BOREL 2R 1 Y LE
BOZMOCHER[21 ] 0 52, ERM I L 1225 g/mlL,
pHI11 JREJE 70 CTFE2E 1.5 h, 2 BGNEHE T, 5
TE3Z T 56 A 52 56 45 SR X b, bU AR S I Bl B 4 B
5 E IR B SRIBOIOCR

1.2.6 A W EIEBREE ST 1902

1.2.6.1 ABTS" - A W R Tl e M
2.45 mmol/ Li i PR 2P AL h] 45 7 mmol/L ABTS * - fif 5%
W, EEOG R E 12 h, 10 mmol/L # M2 2 v W
(pH7.4) ¥ f ABTS ™ - fifi 5 , (1 AE 734 nm WROGAE
0.7 = 0.02 5 85 XS P B 2 A Bk 20,40 .60 .80
100 120 mg/L, WL 3 L % PR B BAE o
A 12 mL ABTS™ - i W, % &) J5 25 R &% O\ I L
5 min, Lk 95% 2 FE N = kb, T 734 nm ) W SG E
CAD) 5 [RIBFINE L 95% £ A0 X AN o 25 11 32 BOR
MG RE (A, , LR TR BE B B2 V., AEXT IR, 3+ 58
ABTS " - 3
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ABTS IR (% ) = (%) x100  #(2)
1.2.6.2 DPPH- [ 3G BREE ST B9 B XA B

B RS B 10 .20 .30 .40 .50 .60 mg/L, I B RS A 1
HAMBEW 6 mL T4 1, It A 6 mL 0.01 mmol/L
DPPH - 5%, ¥ 5] 2 Rk 56 S W 30 min, DL JG/K 2, 1
hZ b, F 517 nm W E K SERE (A, 5 [B A @ LA
6 mLIC /K Z, B AR 309 AN B 26 11 H BT ) W O
(A,), LA 6 mL Jo/K Z B DPPH (I GE (A,) ;
VIAHRIH BRI Vo VEXTRE 3155 DPPH - 3R>

A —A
DPPH 355522 % ) =(1_f) %100  F(3)
2

1.2.63 O, - A HILEBREESI M E B XSPAHE
P %5 B 20 .40 .60 .80 100 120 mg/L, 74545 o
A 3 mmol/L £FZK = E# 0.3 mL, 435I A 2 mL
X BN B R M BEUE A 6.7 ml. Tiis — HCl 2% vh &
(pH8.3) , LAZEIR/K Z b, T 325 nm K F4E 30 s
T 5B SR LRI AE 6 min, LA a] Ay 4 AR A, 1% 5
B A YA AR B R AT 2R M 0] U3 B A5 B 2R Al 358 o IS o ke 53R
AA, AA,
AA, —AA,

0,33 (%) =( AA £ (4)

A AA, SN ARIR = ) AR IR R AA R
I Tt A7 T i 28 28— T 1 AR Ak 925 382 55 ( B 34 Sy
G RE AE A B B IED) o
1.3 HELE

S A IBM SPSS Statistics 22.0 4 % 52 56 455 S 33t
78835387, N FH Microsoft Excel 2003 1)) FORECAST
PRI 580 9 I 50% [ FR 356 T 75 0% PA TR AR PR E
(ICs) -
2 H#REHH
21 BEEXWER
2.1.1 A TPRX AP SR BCR s HIE
1 AT, R P DR T i, AR R ORI e R
KA AR RE 3 T3 500 W 2R $R R G, Wl 3k
26.970% +0.666% , H. 5 AL 2E 7 2 (p <0.05)
FH T8 75 D 38 04 B4, R 75 I 4 BILAR SN, AN s RK
S8 R, BT Xk 4 R ) T A, R P R R b
s A8 Ty 33 5 v 2 S BOHL IR 7 A 38 INAT B R
RHN T2 7GR0 = A2 L DR, A8 7 0 A B L B
X BA BRFHL £ B9 D2 AE 500 W i Ay
2.1.2 R REXT AP B B R BCR 2 HE
2 TP, B P IR EE T, R R BOR R e T e S
FEAR A8 A e 3 B8 75 70 °C I 45 1 $2 B B e, 7T
ik 37.049% +0.631% , H 5 Hifh#H 22 3 W & (p <
0.05) . DSl Ayl B T v mT B2 v 2 1 O A A R R S A
ARSIV 38 58 5 0 U R o v i, R 0 4 S B AR A
G, % (A A R IR, 26 11 0T i /K ik AT 22 8, 31 (]
AHE S5 G UTTE , M B R R o BT LA, M8 75 il By
P B WA ROHL AR 1 RO TR AE 70 C A4 .
2.1.3 pH X XESPAEE & HEFRBCR M B K 3 7]
J, B pH FHE, 8 B R BOR 2 SE T S BRI AE 1k
G pH11 B 25 9 8 B3R i kK, Al 3k 52.305% +
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Fig.1 Effects of ultrasonic power on extraction rate of
protein from Termitomyces albuminosus
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Fig.2 Effects of ultrasonic temperature on extraction rate of

protein from Termitomyces albuminosus
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Fig.3 Effects of pH on extraction rate of

protein from Termitomyces albuminosus

2.1.4  ORHE EEXS XS BA R G H L IBCR g i E 4
AT, BEORRA L3O , 3 A PR OGRS T R s B Y
AR S R L 1225 g/mL B8R R HCRECR,
a3k 52.271% = 0.613% , H. 5 H fih 41 22 7 & &
(p <0.05) o R BEANR HE 38 O, 1A% 25 266 B2 [, 2 )
SREG s AECERA e R, ki T oy, N A) T AR
FUS R ITTGE ™ o by ik, B8 75 il 1 O A T R 2R

20195 5108 223



I@%sﬂ@h‘«i

Science and Technology of Food Industry

TEHM

K2, D720 W3R 3.
K2 BT B RIS PR LR IS S e S A R

Table 2 Orthogonal array design and results of protein

FIAEHR FEAE 1:25 ¢/mL Ze47 o

extraction of Termitomyces albuminosus with ultrasonic assisted

SRE A B C D EAREIES
(%)

1 1 1 1 1 52.705 +0.628

2 1 2 2 2 49.966 +0.581

3?:20 1725 1330 1335 1740 3 ! 3 3 3 66.952 +£0.742

i H(g/mL) 4 2 1 2 3 49.452 +0.559

5 2 2 3 1 49.966 +0.633

B4 AL L X X B B 2R 1 B B 1) B i 6 ’ 3 1 ) 65.205 +0.765

Fig4 Effects of liquid ratio on extraction rate of 7 3 1 3 ) 48.870 +0.609

protein from Termitomyces albuminosus 3 3 ) 1 3 47774 +0.574

2.1.5 BB R AT G B AR IR BRI B & 9 3 3 2 1 49.007 +0.683
5 Al B S B A PGB N, 2R R BCR 2 e TS k, 56541 50342 55228 50.559
BEARA A f a3 B A A A 2 1.0 h B $2 BOCR R, k, 54874 49235 49475 54.680
T3k 52.352% +0.720% , H 5 HAhH 2 F B Z (p < k; 48550 60.388 55263 54.726
0.05) , M Je B Wi BEARG o PRI A 3 ‘B 19 8 7 B[] AT i 4 R 7991 11.153 5788  4.167

JYem Ak i P o A B R, (B AL R 2 S R
JO A A P L 2 A, O P TR R R R R A
PRIt A P A B B X B TR S PG i R T A

FHE 2 A0, 4% 5206 IR 22 X X9 A B4 2 P BR B R
FIZMERE R B > A >C >D, BESERE > Bt
>pH > S I IR] 8 P I i B B A R 2 Y

Lo AL 2 E R A, B,C, D, , BIEE 5 Ty 3 400 W, 7t

l IR H 70 °C ,pH M 11 B8 HFHE] A 1.5 h,

50 | E R 3 Al TR S IR RS pH R Y E]
S Pyxp R R BCAE R 2 52 (p <0.01) , ZETEZE S
=® o 45 ik 3 2 S 4% (4 7 1) 7 400 W, A 7 I 1
= 40 70 °C,pHI1 A1) 1.5 h (9 460 , 645 7
s A BB WA R REL S8 11 1 0 52 6, 9 A5 06 WA T 2

PR & &N 86.525% =+ 1.315% , 3 P12 BU R Ky

%3 10 s 20 25 67.322% +1.028% . JCHEHALFRAA) HHLIL , AEAH IR 5

R ) (h) PET HR O AN B 28 11 S 1N 74.067% + 1.238% , 3R
S T TR R B BRIy 42.238% = 0.876% 1400 W A IARBILH

B RBCR HE L = T 59.387% , # BT it
P T 16.820% , X UL TR A5 P e HE T XS AR R
O A1, Al 3 R BCR B 2 2T (p <0.05) ¢

Fig.5 Effects of time on extraction rate of

protein from Termitomyces albuminosus

22 EXLEER

S AR 75 i i I AR RO SR, A B 2 S
b, RN 1:25 g/mL, LU S D3R (A) M
IR (B) ,pH(C) JEARTA (D)4 AR EUEATL, (3Y)
TE A2 S A X0 WA T REL B P S B, 2 0 4 SR AL

23 BHNEAEBHNMELFEESH

2.3.1 X} ABTS' - N BRBEJ1 20 th K16 A A, X4
PR E X6 ABTS ™ -5 —E (I BRfiE 7, BEHL &R 1
HPEHIN , X ABTS ™ - (3 BR E J7 22 i 3 ML 8
WePE Jy 120 mg/L I, ABTS™ - 3 [ & e K 0] ik

3R IR B EOHLE FIE S S T 205 2200 i

Table 3 Orthogonal test analysis of variance on extraction of protein from Termitomyces albuminosus with ultrasonic assisted

AR SRR H B2yl Y F F I SHE BEE
X 4 2 23.862 11.931 4.329 ¥
A 2 106.622 53311 19.344 -
B 2 226.523 113.261 41.096
C 2 66.595 33.298 12.082 Fo45(2,16) =3.36 .
: : : Fyo (2,16) =623 o
D 2 34.346 17.173 6.231 -
e 16 44.096 2756
R 26

T FORESFRH (p <0.05) , #x FoREFW I (p <0.01) ¢
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92.485% + 0.515% (p < 0.05) , H & I Hl V. &K
ABTS " « [ 1G4, 43317 46.322 10.431 mg/L {E KR 4
RTE BRCRAR T R BE V, mTE BRECR (p <0.05)

110 - a a a a a a
= = = = -
90
S 70 b
&
gr SO b —+— ABTS"
30 ——V,
1() Il Il Il ]
20 40 60 80 100 120
JR IR 4 (mg/L)
K6 JEMAEEEXT ABTS ™ - TSR E

Fig.6 ABTS" -
protein from Termitomyces albuminsous
VE - AR NG TR R ) — B vk B2 AN [ B4 0]
25t (p <0.05) 7 &1 8 [l
2.3.2 X} DPPH-BiEBRAESI oM Fh E17 Rl AT, XS
FHLE EXS DPPH - —E IIEERE /1, A E A
AL, X DPPH - 099 B 8 1 12 dir i n , ML ik
Sk 60 mg/L B}, DPPH - fz K15 B3R 0] 1547.165% =+
3.185% ML & FI M Ve 3§ ER DPPH - 59 1C, 73 5
61.176 .3.890 mg/L, ¥ 3 F 5 BR 28R 35 K T [F] #e

JE Ve BITEBRFCR (p <0.05) ¢
100

radical scavenging activity of

&
i 40
20
0
10 20 30 40 50 60
B (mg/L)

K7 XSHEE X DPPH- { th AR5 ERAE
Fig.7 DPPH- radical scavenging activity of
protein from Termitomyces albuminsous
233 XF O, - AMWFERTEERAESI AT i EI8HI N,
AN AL X O, -3 — & WIE KR AE 71, BB
FIHRE BB n, X5 O, - B3 BRBE J1 2 W B4 i, XS B\ T
LA FIHEEE S 120 mg/ L, XF O, - 35 BR 3w ey nl ik
46.245% +=2.535% FHE 1FI V. BIEER O, - 1y IC,,
£33k 151.250 ,45.606 mg/ L, FH T B 15 6 500 2%
HAR T RIS Vo BOTE BRZECR (p <0.05)
3 it
ALY SR PR 75 il B B2 MO Oy 2, dl AT B R
FEAZ S T XGPS A9 SR I 22280, B
ARSI L 1: 25 (g/mL) JEAS I 400 W,
FEFEVREE 70 °C (pHI11 FBFAETE] 1.5 h, By 1 BT &
BN 86.525% + 1.315% , 5 1 # B3R & & 1l ik
67.322% +1.028% . XSPABRTHL & H B AT — 22 LA
FERE ST, 16 P BE e Y5 I N, X) ABTS™ - [ DPPH - Fl1
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Fig.8 0O, - radical scavenging activity of

protein from Termitomyces albuminsous

O, - = Fp A H HE 1Y 75 B 3 B 1l ik 92.485%
0.515% 47.165% +3.185% #l1 46.245% =+2.535% ,FL
IC., 4351k 46.322 61.176 Fi1 151.250 mg/L,V, 7Hk% =
Fh A FEAY 1C,, 435 S 10.431 3.890 Fi1 45.606 mg/L.;
{EAHEE X A rh 2k 03 BRBE 1 ] AR T [RIHE Ve
HOTHEBREE 7o PRIk, 38 P i 3 B W 52 FH 1 X AN 5 4
PRSI, IR AL A P 2B A — 2 iy BT s 4, vl o
FRARPT AT B TT ¢ FIRS B BT v LA n T A1) 2 13t
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