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Optimization of ultrasonic-assisted enzymatic extraction of
polysaccharides from Cantharellus cibarius by Plackett—Burman design
and response surface methodology
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Abstract ; To optimize the ultrasinic-assisted enzymatic extraction of polysaccharides from Cantharellus cibarius,on
the base of the single factor experiment results, enzymatic hydrolysis pH, solid-liquid ratio, ultrasonic power and
enzymatic hydrolysis time were identified as main factors that influence polysaccharides yield with the Plackett—
Burman experiment design firstly. Then the Box-Behnken experiment design and response surface analysis were
adopted to optimize the extraction conditions with polysaccharides yield as the response value. The optimized
technological parameters were as follows; pH5.5, solid - liquid ratio 1:46 ( g/mL) , ultrasonic power 210 W and
enzymatic hydrolysis time 68 min.Under these conditions, the theoretical and actual crude polysaccharides vyield
were 12.08% and 11.91% , respectively, with a relative error of 1.41% , which indicated that the combination of
Plackett - Burman design and response surface analysis can well optimize the extraction technology of
polysaccharides from Cantharellus cibarius with the ultrasinic — assisted enzymatic extraction method and it can
provide certain technical support for the widely used of Cantharellus cibarius.
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s B, W] LA B D S 56 UOBSU A T L PR ER 19 AL
R, 385 DA Ak 22 114 25 4 TR 3R b P A 28 7 3 i
FONEEAJLAE Y RN R IR p L b,
VARSI B4 22 W8 45 5 A g Wi WAL, %) 8 A~ 52 i DAl 2% 12k
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Table 1  Plackett— Burman experimental factor and level
- KF

-1 1

A [ (g/mL) 1:30 1:50
B g H1H (1U/g) 5 10
C At ik ] ( min ) 40 80
D P fie it )2 (°C) 40 60
E Jigf pH 4.8 6.4

F#FIIR(W) 180 300
G &8 7 B[A] (min ) 20 40
H iR () 40 60

1.2.3.3 WA IAISC B0 4K Plackett— Burman 52

YO ah AL, VRIS R LE AR pH B P Dy A< I A ()
ARy 2 TRTBE T Y 4 AN PR ER, dz P e 0z 1T 3 B 3k X
XS R ZEPE OR A AT IO o S50 DR 3R ROK K- 2
AN 2 PR .

F 2 WA RL BT A RER AR
Table 2 Range of different factor invested RSM

K
A% -1 0 1
X, [ (g/mL) 1:30 1:40 1:50
X, fifE pH 48 5.6 6.4
X, BETIR(W) 180 240 300
X, MfFAT ] (min) 40 60 80
2 ZHRESW

21 BEZRIBRER
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Fig.1  Effect of solid—liquid ratio on
yield of polysaccharides
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Fig.2 Effect of enzyme dosage on yield of polysaccharides
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Table 3 Plackett—Burman experimental design and results

) AW BEME C @@ﬁﬁﬂﬂ‘ﬂﬂ D R i ol FREAR G ﬁfﬁﬂﬂ HOBFREE Y 3%
(g/mL) (1U/g) (min) (C) (W) (min) (6) (%)
1 1 -1 1 1 -1 1 -1 -1 10.43
2 1 -1 -1 -1 1 1 1 -1 9.97
3 -1 1 -1 -1 -1 1 1 1 9.85
4 -1 -1 -1 1 1 1 -1 1 9.21
5 1 -1 1 -1 -1 -1 1 1 10.87
6 -1 -1 -1 -1 -1 -1 -1 -1 10.15
7 -1 -1 1 1 1 -1 1 1 9.90
8 -1 1 1 -1 1 -1 -1 -1 9.81
9 1 1 1 -1 1 1 -1 1 9.95
10 1 1 -1 1 -1 -1 -1 1 10.41
11 -1 1 1 1 -1 1 1 -1 10.31
12 1 1 -1 1 1 -1 1 -1 10.29
10.5 10.8 1
10.0 1 10.4 - ;/E———E
= 937 1001 /
X S
5 907 . L 9.6 1
€ g5 ® 9.2
\{
8.0 - 8.8 E
7.5 - - - - - 8.4 . . . . .
30 40 50 60 70 10 20 30 40 50
HARE(C) 87 I 7] (min)
Pl 6 7 il o X6 T 22 B AR R A i Pl 8 7 I o X6 S T 22 WA 1 5 i
Fig.6 Effect of ultrasonic temperature Fig.8 Effect of ultrasonic time on yield of polysaccharides
on yield of polysaccharides Fe 4o TTLATR G AR pH L ET6CH BT 2 3 A
1957 F M B R R B (p < 0.01) , i i W 1] (p =
10.0 1 0.014) Xf ZZBEASF RS2 MU 35, B I 8 SR R
95+ /// T B 4 XA 4 A BRI 3R S 2800 P 2 HEA T IR
ﬁ 9.0 SRR B TG AR 5 %o T AT B R 22, 78 IS SR 92 50 v 3
o 4 DR 92 50 0P| ELVIRLAFE % 1D
_— 7.5 1U/ g Fitfigf- il & 50 °C AT I [a] 30 min 75 il 2
go{ ¥ .
50 C,
7.5 T T T T T
60 120 180 240 300 # 4 Plackett-Burman 3L 404347
R L)H(W) Table 4  Statistical analysis of the
7 R T RN T L2 R AR A S Plaekett— Burman experimental results
Fig.7 Effect of ultrasonic power N " ZRRUE
on yield of polysaccharides T R R R TH a0
AU Ab PR () 45, Z2 B H B AN FE 43 ; Bl A A S B[] i 10.0958  0.02262  446.26 0.000
0.4483 02242 0.02262 9.91 0.002

PR, Fh TR R D Y S AR SONEAE T A T2, DA A

T o 22 WA SR G e TP 2%, Pk, #E4% 30 min B 00150 00075 002262 033 0.762

g Fre A% P 1] C 02317 01158 002262  5.12 0.014

2.2 Plackett—-Burman 234 D -00083 -00042 002262 -0.18  0.866
ARSI n = 12 (% PB S8 1A B . %o [ E  -04817 -02408 002262 -10.65  0.002

FE(A) i (B) R pH(C) BRI (D) i F -02850 -0.1425 002262 -630  0.008

B (E) BRI (F) AR (G) 7 il G 02050 01025 002262 453 0.020

(H) 3% 8 A58 PR 22 UEATITHY , 075 158 H X X0 v 1 224 H -0.1283 -0.0642 002262 -2.84  0.066

(EES A UL SSETE J:UP) R PSS hatta g Wi B U R =0.9903; R, =0.9644

%3, 2 Minitabl5 $R0F b B4 3] 8 2514 K5 46 235 2R UL
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2.3 MuRIE XS

2.3.1 [ USAERI Y Ny K U7 2550 AR AR B R 3 S
55 F1 Plackett— Burman 52 56 2% HE | 396 B e bk (X))
i fig pH (X, ) JHE 75 B3 (X)) OB fE B ] (X,) S B
A, LLZBES 2 (YY) Sy N A , B Minitabl5 #f4
M4 Box— Behnken Ji 3 347 i 0 1 5 1, O A6 XS il
PHZ BRI T2, LA 1.0 -1 43543 | AR iy =4~
KA, ST T R AR IR S

%5  Box—Behnken 0 i [ SE 38 11

Table 5 Box—Behnken design and response value

iz ] Minitab15 #5405 58 1143 A B4 485 H oK G it
PR RS IEIG 28 R AT Z2 T LA, [l A ASE A R 4L
K EVER B 25 R LK 6, W LIE 4 AHEX £
BEAR R B 00 /N HET R X, > X, > X > X5 X7
X, XX XX X X X X, XX B 2 R ) 22
FEFF38(p <0.01) 3 X, (il pH) X759 %47 . 35 52 1
(p <0.05), 10 X, X, A X, X, B9 m A i (p >
0.05) . F AT T, 25 52 0 R 2R 0 T 2 A 21 10 52
AL PEL R

FKZ A 3R] X, CER L) (X, (B pH) |
X, GE A Ip%) F1 X, (BB IE]) 5 Y (X7 5 2 8515

XN e BN s ) 2 R SR R Y = 11,94 + 0,264, -
T L pH ES EﬂL,'”j (%) 0.067X, — 0.128X, + 0.133X, — 0.427X,> — 1.046X,> —
(g/mlL) (W) (min) 0.325X,> — 0.621X,> — 0.123X,X, — 0.178X,X, +
1 0 -1 -1 0 10.75
5 0 » 0 | 1044 0.363X,X, +0.01X,X, +0.003X,X,-0.27X,X,
3 -1 0 -1 0 10.91 Fo  [EIE R ENE R EANHE
4 0 0 1 1 10.81 Table 6 Estimated values of the
5 1 0 -1 1 11.66 partial regression coefficients of the regression model
6 -1 0 0 -1 10.77 ——
7 1 0 0 -1 10.71 =] 44 gﬁg@ T p E
8 ! -1 0 0 10.94 Fi%l  11.9400 0.04533 263428 <0.001 e
9 1 0 1 0 11.05
0 o o . X 160 X, 02642 0.02266 11.656  <0.001 ok
X, -0.0667 0.02266 -2.942  0.012 %
1 ! 0 ! 11.70 X, -0.1275 0.02266 -5.626 <0.001 o
12 -1 0 1 0 11.00
3 0 0 » . 1075 X, 0.1333 0.02266 5.883  <0.001 .
" 1 0 0 . 1031 X2 -04271 0.03399 -12.563 <0.001 .
15 0 ) 0 1 10.03 X,>  -1.0458 0.03399 -30.765 <0.001 o
16 _1 _1 0 0 10.18 X,®  -03246 0.03399 -9.548 <0.001 .
17 0 | 0 | 1027 X,*  -0.6208 0.03399 -18.263 <0.001 o
18 0 _q ) 0 10.50 X, X, -0.1225 003925 -3.121 0.009 o
19 0 1 _1 0 10.60 X, X, -0.1775 0.03925 -4.522  0.001 * %
20 0 0 1 _1 11.04 X, X, 03625 003925 9235  <0.001 ok
21 -1 0 0 10.35 X,X; 00100 003925 0255  0.803
22 0 -1 0 -1 10.22 X,X, 00025 003925 0.064  0.950
23 0 1 1 0 11.38 X;X,  -02700 0.03925 -6.878 <0.001 .
24 1 1 0 0 10.61 T # 78 0.05 KPR35 + o+ 78 0.01 K- B3,
e . N C (USSR 7 25 TSR T4 7, FT LA e, T A
27 0 0 0 0 11.95 R 2 (p < 0.0001) , A5 7 ¢ 481 01 AR 5 3% (p =
0.053 >0.05) ; [ )7 a2 258 R® =0.9915 , 3%
FT O RABER ) 200
Table 7 Variance analysis for the regression model
Ji 2K F Seq SS Adj SS Adj MS F p
EVE} & 14 8.6407 8.6407 0.6172 100.14 0.000
Lk 4 1.2992 1.2992 0.3250 52.70 0.000
Sy 4 6.3379 6.3379 1.5845 257.09 0.000
ZHAEH 1.0037 1.0037 0.1673 27.14 0.000
BRIk s 12 0.0740 0.0740 0.0062
E1 10 0.0732 0.0732 0.0073 18.29 0.053
a2 2 0.0008 0.0008 0.0004
&t 26 8.7147

R® =0.9915;R, =0.9816
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Fig.9 Response surface plots for operating parameters on yield of polysaccharides
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RSN E R (A R O b A B N R L S
ENDESER (DA R NTE

HiE 9a 8 9b (8] 9c RT LI Y, BEF &1 L poHE
i, Z2BE AT AR eI s sl ) LR M HE 2 D 1:40 ~
1:50 (g/mL) I A5 A o 8198 b XS A5 53 1) 52 i) ¢
K, FEFRR A MRS B O, I IO B 1, HE L AR IR
Yk i R o3 22 0 R 3 55 B R O R A B O 52
A R RO OR, VR W P 2 R RE ARG, Ak BR R AR G AR
vhop B Z WY B, PR e 23 il b Z2 AR

H I 9c (& 9d (151 Of W, Ml figt I 8] %o 453 5 4 52
W s B Tt e P () e e e S, M9 22 B A R
ARG, 32 2 T A I [0 J 52 i) 22 WA b i A I 1)
KRB th LG 22 205 i, DR IHE AR 52 46 3ok 45 L e
A SR ISY [] g 50~70 min

H & 9Ob (151 9d | [&] 9e T LLFE H , Bl 35 i 75 D)3
NI 2GR ST (EP NI NDF DR B SR C S i
ZOMEAT A, DA I P ) AR e 4 ) T S I VS R .
R P T Z2 B B IR S e R 5 R A DRl A
H 1) PR Bl A1 G 1) IR Bl Bl 35 M RS Dy RO, PR B AR

B A LG AR 2N, WK T 40 O BE Y 2H 2R 40 i
L PN Z2 AR BT L R T 22 A 5 Y A T R
WAR B —E R LI , Z2 M4 3 S T REAR, 3X v g2 th
TR R AT, 2SN B R

&l 9a & 9e & Of W] 1, Z2 W45 3R |58 I i pH
BRI , 24 pH 2979 4.0~5.6 I, 1533 52 v ) 1k
e, MR pH it 5.6 J5 , 18RI N, vl 68
ST pH WY THEEN TS S 0 R, R T
Tif () PR DR pHL e 45 A Gl Y L

B S L B vl A, (B R L S g% pH B L S
TR TER LG T A I v | RS S T 23 i g I T
ISR L TR, 387 38 B4R I W35 5 1 i i
pH 5 S D A8 W pH 5 A TA) Y A5 R Lol T
BE , Fm8 HAEHA B3
2.33 W ESAUEAN E A B 19 B IE 2 X | U
e R RPN b | B R S S = W B Sy
TS 2 U A~ B ER Y S AR SR, 4350 2R X, = 0.59
X, =-0.07 X, = —0.53 X, = 0.40, ¥ 0 iy B 1E 5 14
B EE 1:45.9 (g/mL) | B fi# pHS.54 8 75 Th %
208.2 W il figt B[] 68 min | I IS X 9 B 22 B4 35l
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