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Optimization of Purification Process of Konjac Glucomannan by
Response Surface Methodology

BAO Ruining, WU Weiguo, LIAO Luyan, WANG Yan"

(School of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: The fat, protein and other compounds in konjac powder limit the application of konjac glucomannan. Konjac
glucomannan with relatively high purity could be applied in food, medicine and other sectors. This research aimed to
optimize the ultrasonic assisted purification process of glucomannan from konjac powder with ethanol. The significance
effects of five relevant factors including the ratio of konjac powder to ethanol, ethanol concentration, ultrasonic time, power
and temperature were analyzed based on single factor analysis of variance. The first three aforementioned factors were
selected for further analysis their significant effects on the purity of glucomannan. Moreover, the relevant factors were
optimized via response surface model fitting. The final optimized parameters were as follows: 1:102 (g/mL) for the ratio of
konjac powder to ethanol, 73% ethanol, 55 min ultrasonic time, 175 W ultrasonic power, 50 °C ultrasonic temperature. The
content of konjac glucomannan under the process condition was 88.1%, which was close to the predicted value, and the
purification process of glucomannan from konjac powder was feasible. The structure of the samples before and after
optimization were measured by infrared spectroscopy and X-ray diffraction with no significant difference. The content of
konjac glucomannan in the purified konjac powder by this process was significantly higher than that in the unpurified one,
and the structure was less affected. Results from this study could provide theoretical support for efficient utilization of

konjac glucomannan and development of relevant functional products.
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JBE AR —Fh AR A RUASHE ), AR RKAENL T
MV A R 0V 0 14 L X s B B st ZEFR ) v
A TRETE . HR LA B 2 S, JI S5, 2Tk E B2
MAETHHE . BEETh A NETETER: . £F4E 3 .
AT LA S AR, H il I R BRR R ZE .
I H B AHE (Konjac Glucommannan, KGM ) 1E A Bk
R ZEvp b b e 2 1 gy, & RIS B 50% LU
B0 KGM & B FHVETEO BE 24 T 5200 25 19
SERFERR,

KGM #5008 A1 H 22 b as A 1, TRy
AR B SR BT T T B Ik B AR B LA H O, 4,
AENE TR ZZ Fh i, L FEREMR MRS . AR EEE . H
Y =R AL AR A5, IR EIm TR G 2k
o AE AT BN 25 . BRI IR LA BT
Fé) E AR N I PR R 25 4545 10T, it
S KGM i AT /KIS AT . ICEEHERR AL | A4 n] B fi
PER G A RASPED O YF SRkt R i A
A LB I T R RS20 B s | AP SRR
ARSI AR b e, R . B2y b TR AR
SIS EA ARG N A, PRI KGM & 5219
T FT R A i ELA B2

H Al KGM iy &lifk 77 72 KB 2 BEUTTE S
EWINT . PO(AC), L4, (A ES I A B 4@ 3 1.
KGM 1550 451K . #AEE 2% HRSCRAR T 45 n) i, BR i)
H &S T2 T KGM BHAT 5%
TR T A PSR, AR P S
5 Bh 2B CE R Tl RS, a2 N TS Y
JEAERYH KGM B alife 55, e 153, it
ST AR ERE (FT-IR) Al X SR ATHHMY (XRD)
XTHARACET G PIZS T3 T3RAE, LI KGM iy —
ST R AN PR SRR S SR A A 2
1 MRlEREE
1.1 MRS5S

JEAER WA LR R B B Bl . A
EAbEh . oK CEE IRARET BT al, = 255 A
AT BN W i b n s . v B S R
sF]; DNS B P E WHEYRHEE BRAF

1510-02624 G im st i FRER KRB}
Frh EHRAE; 101-2AB #U B #EE XT84 R
T A TR AR AT RN |5 S-LC FVE IR K IR Bl
AL AOGEH BRI P ES A B 7] BS224S HL TR

e Z IRl LT A R H]; KH-250DE 7Y
B i Evees BIRAE S S A R A
LD5-2A B0l dERTEREI/R &0 LA BRAS F] 5 IRA-
ffinity-1 {857 iH 2T 4635 . XRD-6000 Y X G2k
MY HASHERAE]

1.2 XWHE

1.2.1 AR AEM LW EHIE 23 0. 0.4,
0.8. 1.2, 1.6, 2.0 mL A4 1 mg/mL 7 % B b vHE 7 W
T 6 4~ 25 mL BIEE T IfF 28K kb2 2 mL, fin

A 1.5 mL DNS, 100 °C 7Kfi# 5 min, BHGER. &
BUREWR T-WFRAR, 75 540 nm AT S'GIE , 2k
HEMZE . FRUEMMZE TR Y=0.3589X+0.0006( R*=
0.9945), n] DLAS A& 7€ 0~1.0 mg/mL Ju [FE A
RAFIIZRPEICFR .
1.2.2 JEFER T KGM & & mMIIE BB 4l
AR FREC 1 g BESEMINA SRR, PPk 51 )5 1E
—ERVHRFE IR | DR R] R T alifh, s uE AR
T 0.1900~0.2000 g JEHE I AZEIEK, Bk 3 h 5 T
BODHLFE R 4000 r/min L 20 min, FIEW AN
RO -

KGM &= Yl 2 218 NY/T 494-2010 BEF=H)
PRAER S AR, AREA (D ITHREI S =,

JEHF K PKGM & & (AT 21T, %) =

&(5T = To) % 50
mx(1—w)x1000 < 1?0 A

o & S KGM K it i e 5 B A H bk gk
(53 F i Z H, 6=0.9; T 2 KGM /K Al i (i A
i, R T (mg)s Ty i KGM $EGR B A 4 b &
i, BN 25T (mg) s m oA JBERYRE A BT, BN
wa(g)s w AR EKE, %,

1.2.3 BESR KGM ARl MRyga=02) i
B KGM 59300,

KGM i xKGM & &

FEFE P KGMAR (%) = R x100
@)
N KGM R S5, A =5

(mg)-

1.2.4 FARIZRSCE

1.2.4.1 BHE X KGM FE=sEm  HEFFREE
TR 1.0 g, B LB | S TREE L R AR LA
e ABFE TSI E R 80%. 50 °C. 45 min. 200 W,
B EST A 1:40, 1:60, 1:80, 1:100, 1:120(g/
mL), TEIZEA N HATILE, BB LE X L& i i1y
S

1.2.42 ZBEEWREEXT KGM &8 2 rEFRE
BEAEA R 1.0 g, BeRbi b S IR L S A
LA R 8 75 Ty F 45 il 2 1:100(g/mL) . 50 C.
45 min., 200 W, ZEEHR FE 455512 50%. 60%. 70%.
80%.. 90%, FEIZAAF NI TELE, 558 £ Bsaue B o JH:
AR

1.2.43 HEAIREX KGM B iR E
BEFEA R 1.0 g, 1 SEEU T | B L . S B ]
LA Ko #8575 ) 52 43 ) B 52 2 70%. 1:100( g/mL) |
45 min. 200 W, #875l} BEAE 30. 40, 50. 60, 70 C
TN HEATECEG, 5 AR R Y S S s

1.2.4.4 BRI KGM SRS ik RE
BEAEA R 1.0 g, 15 S EEHe T | B Lh . RS IR
LA K 788 75 B 6] 43 51 i 2 SR 70%. 1:100( g/mL)
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50 °C.. 45 min, F/5 Y1555 125, 150, 175, 200,
225 W, TEIZS A R AT S5, B 880 D s 8 R =&
AR

1.2.4.5 HAENEXT KGM &35 MEFRE
JEFER D 1.0 g, 15 B L R L . S IR LA
B R4 5 E N 70%. 1:100(g/mL) ., 50 °C .
175 W, BRI a] 435104 15, 30, 45, 60, 75 min, 7E
AN T TS, A RS DR A B AR
1.2.5 WL RIS ST AR E SIS0, HERR
XN B35 (P>0.05) IR 2, kL. &
TSy B G 2= B Ta] AR 5 /K S84 T Box-Behnken 2t
Bt A e S A, BARIREOK S0 1.

F1 G R R KB

Table 1 Factor level design of response surface test
K
(S
-1 0 1
ARHR G (g/mL) 1:80 1:100 1:120
BLEEHRIE (%) 60 70 80
CHE A ] (min) 45 60 75

1.3 BRI
1.3.1 FT-IR W KRS SR8, e Ll
1:50 IRA WS, A5 A LT G, 70
Bl 4000~500 cm™', 433 4 em™ FIER,
1.3.2 XRD WM& CRFAES & T3R8 R A, A
X SEATIHA, MRS =i, BE 40 kV, H
i 40 mA, 260 FAFHIL Fl 4°~40°, 3 EF 2°/min 551F F
HEATE,
14 HIELIE

TRLH SIS T =R OPAT, G5 R AT E RS .
iz JH] IBS SPSS Statistics 26 AT B K2R WEEHT,
Origin2022 #4347 K JE £ il ,, Design-Expert 13.0
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Fig.1 Effect of material-liquid ratio on the content of KGM
TE: B ARV NG PR 22 53 3 P<0.05, 5] 2~141 5 A

W LR ), JBE A T R 43 W B oME LA f BRI
KGM 198 G KA, BEE BN FL IS R, 2R
BEAEXTI Z, KGM & 2 E Wi . M|t h
1:100(g/mL) B, KGM & ik ) i KAH 77.88% J=
BT R M. PR HAE 2 s A e 2 A O
TR AR, AL K 3B, a5 Z2 KT A AR S5
B KGM Tk b, Srm etk ol ~ I 4E TR
I GE AT, BRR EEXT KGM &5 i s i AT e 2
225 (P<0.05), HoBhg ek 1:100(g/mL) Asf A ik
=2 YEBCEHZ L 1:80. 1:100. 1:120(g/mL) #4171
I3 TATRES o

2.1.2 ZPEEHEXT KGM & 2igsem K 2 s,
JEERIMA B, Horb i) KGML R . 3E
By G I T K, 76 S E AR 254 T, KGM
Pz B UTIEVE RN, T HEH A —3R 455 i) e 1 i
BRI, FECE R BAIPY . MREE Bk
WK 2 70% B, KGM S &ik38) T HRKEN 83.41%:
LR PE ARSI, JH] KGM 4 TR, NEER
RO AL | S5 G 2R BRI, BRI BRI,
HILGET AT, LS EEXT KGM & BB A i
FH2E 5 (P<0.05), o Z e 70% FbAR G 3, EHL
EEHE 60%. 70% . 80% BEATHN HiaE .
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Fig.2 Effect of ethanol concentration on the content of KGM
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Fig.3 Effect of ultrasonic temperature on the content of KGM
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PRI ARSI, ATRES S0 KGM 4 T4 21k
W, S&B2EA R, i geiT2#500r, M R X
KGM & sg kA 322 5 (P>0.05), KMk, J5
SRS O P R [ 2 50 °C .

2.1.4 AT KGM & EsEm ikl 4 Bk,
TSR/ IR T AR RS RO BE S T IR, R RESE
FTIF o T4E, i ANREA 205, It KGM &%
K. BEEBAEYDIRIE 175 W, ks8] Tk
{H 82.26%. BHAT DISRARSIG I, s fbAER T 20
Sy FA5H B REIR, AN EERE IR, 530 KGM &
B W AN Sl At SR R A BT, S T R
KGM & S 522 5 (P>0.05) . Ik, J5
LLECnG R DR E S 175 Wo

100 -

80f &+ — & * A

(=N
(=]
T

KGM i (%)
n
(=}

[y}
(=]
T

1é5 150 1%5 2(I)0 22l5
HA IR (W)
Kl 4 SN KGM &t 15200
Fig.4 Effect of ultrasonic power on the content of KGM

2.1.5 EFSAEFEXT KGM &3 mysem & S Al 5,
B 44 75 B 1E] 35 2] 60 min, KGM & 1 3% i Jl & =
88.75%, MfiJa ¥, E A B B 454 R,
KGM 5 HAhSFY s & 5%, s FeER e e 4T
T, ARt AR AESE AR 1T K A 18] A48 7S 1 FH L
fii KGM WZ5HAER R, 25 tVE T S 380 T 2k
B KGM & H I N R, st gei 24530, B
BT KGM & S 25 5 (P<0.05), Hrfr
AP B[] 2 60 min By B 5B 35, 358 S 7S ) A] 45,
60, 75 min FEAT RN RS o
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Fig.5 Effect of ultrasonic time on the content of KGM

2.2 M EIRIELER ST
2% Box-Behnken JFUFE, 401086150 1148 SR 4N
%2 PR,

2 WNL AR BT KA

Table 2 Response surface experimental design and results

WS ARIE BZEME CEBSEE Y KGMEE(%)

1 -1 -1 0 58.57
2 1 -1 0 52.62
3 -1 1 0 70.68
4 1 1 0 63.85
5 -1 0 -1 72.45
6 1 0 -1 67.67
7 -1 0 1 64.88
8 1 0 1 68.02
9 0 -1 -1 63.01
10 0 1 -1 77.92
11 0 -1 1 58.75
12 0 1 1 71.74
13 0 0 0 88.64
14 0 0 0 86.25
15 0 0 0 90.66
16 0 0 0 87.81
17 0 0 0 87.72

AR 2 FagEE xR gE 25 R BT LS, 1455
ALY Xk N7 B4 151 U3 T B Ay . Y=88.22—1.8A+6.41B—
2.21C—0.22AB+1.98AC—0.48BC—13.19A%2—13.59B>—
6.77C>, X R A7 FR AT I 225087, G5 0Lk 3.

*3 BRI T 2200

Table 3  Analysis of variance in regression model

JEKE FHA AmE ¥y FE Pl BEM
TR 2293.4 9 25482  59.78  <0.0001 H
A-BHEE 25.99 1 2599 6.1 0.0429 *
B-ZBHHE 32819 1 328.19  77.00  <0.0001 o
C-HfSHfE  38.98 1 3898  9.15  0.0193 *
AB 0.1936 1 0.1936  0.0454  0.8373
AC 15.68 1 1568  3.68  0.0966
BC 0.9216 1 09216 02162 0.6561
A? 732.86 1 732.86  171.94 <0.0001 o
B? 777.98 1 777.98 182.52 <0.0001 o
c 192.87 1 192.87 4525  0.0003 o
W2 29.84 7 426
AT 19.41 3 6.47 248 02003 AWE
iRz 10.43 4 2.61

BB 2323.24 16

s # R 2E FH R (P<0.01), * 255 B 2% (P<0.05)

P2 345 R4 Mol i, R BT R 8 35 (P=
0.2003), H A58 ek FH A9 [ T A5E Y24 k257K S
(P<0.01), NIRRT, R?,4;=0.9872, BRI %
BRI E B . — IR B 28534 2 535 (P<0.01),
A, C ZRREFE(P<0.05), ZKIH A2, B2, C2 X &HH)
SR B 35 (P<0.01) ; A5 551 & =R 2
KGM & & B R B2 RNy £k B >l 7= 1 [a] >4}
W L.

AR A 1A 7 #2, A e N ) 38 BRI, N
& 6~1& 8 Fir .

6 M) N T8 T LG, 2 B LR LY
YRR BEY, 2555 m L ], L B ) i S e £k
e, R SRR LA Lt 2 TR 04 R i R
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o BAMIRIE A 2R RN BEI B e 2 T ], B T
BHR LUAN B B HAT 5SS B0V . TEAS S B8 75 B
(&) | A IR R P DR A A E T, BERA L 38 i
BRI T, KGM & B2 e T ik B s
PN

KGM & (%)

KGM &1t (%)

1.0

0.5

0.0 4

LT

—1.0 = —
-1.0 -0.5 0.0 0.5 1.0
BHE L
Bl 6 BRELL. CEEHEEAHIN KGM & =520
Fig.6 Influence of material-liquid ratio and ethanol
concentration interaction on the content of KGM

B 7 w1 AT LAE HY, R B ] Lk L i
bl PR R B, 235 A i £R I, R B[R 1) 19 45 v
L NNEAE, FRUTEATEHEIXT KGM &8 52 B A
W WGP B A R R AN I B 1 T 1], R T
R LU AN 7 B ] 38 BAE RO . AEANEAE 2%
R | S IRLRE R P DRI SR, BRI L i3
AN S B ] U SE K, KGM S f 2 0eTHar ik B (E
JE PN

8 [tz by [ B ] LA Y, CEEHk B Lh s 7
B TR R BN, 45555 2R F, Cmsae BERh n] i) 45 i 2k
AL, R 5 ATAT A L, L BEHEXT KGM &
EAYRZN T R R RGP A A5 TR R IR RO IR I 1) g 17
T, BB T £ W5 BE A P B TR 52 BN 858 . TE
ANPRAE H A S FEAH_, A8 RS B[R] 4 AR 2, Tk
FE TR 2 KGM FrmseTh ik 8BS o

FIFH Design-Expert #4154, BEY= ik aith
SRR L 1:101.538(g/mL), LBEHRIE 72.777%,
HE S B[R] 24 54.808 min, KGM & & 1 ik 88.672%.
ARPE S PR EREA e S, B LY . SEEHEE | B E AY
[E] 43510k 1:102(g/mL) . 73% F1 55 min, i =K
BOFESCEG 13 KGM & =~ 88.1%%+1.05%, 5 Tl
(BB, BLUI AR G HE AT 1711 .

KGMF i (%)

R IR]

10 <05 00 05 10
BHE L
&7 RHE LG AR S TN KGM & L 520
Fig.7 Influence of material-liquid ratio and ultrasonic time
interaction on the content of KGM

KGM it (%)
~]
S

0 050.0 '@
—-0.5 —U. 3
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IR
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LIERIE
B8 ZEHWE . B RIS B0 KGM 5 3 (51
Fig.8 Influence of ethanol concentration and ultrasonic time
interaction on the content of KGM

2D A LR RT KGM & 328 59.70%=+
0.97%, 4lifb)5 &5 88.1%+1.05%; £8A=(2) 14
AEALHT KGM 15338 52.24%:+1.29%, dlifb 51535
62.93%=1.73%. Hitk, TZ k)G KGM & & 515
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2.3 SEMIFRIE

2.3.1 FT-IR EESHHT S T siAbhn s B ae A1 19
AT, SR AR B - 21 F R S35 A L4 44 BEA T
MBI, G 9 LN I, WSS A TR DA B H B
AN BB R], A H BB A4 I e, 33X 5 T30 1A 2%
2B KGM H-OH 19 i 45 ¥k 3h 4 ) 90 76
3000~3700 cm ' Z [A], iX J& 22 M 9 RRAE 04 B8, A
2800~3000 cm™" i Bl N 49 14 FH -CH, Fi1-CH,, 3L A1
H-CH BRI T P= 4 . 7E 1647 cm ' 40 Az s 4
POy T NSRRI

: Lo r— R4liftKGM
W
S 2% Z
Q| o | LifLJFKGM

35‘00 3000 25l00 20I00 ISIOO 10‘00
PHL (em™)
K9 4lifbhi)s KGM B 2r 8 &
Fig.9 FT-IR spectrum of KGM before and after purification

2.3.2 XRD FEiESHr  aniEl 10 o, galifkiis KGM
19 XRD FE3EAE 26 4b T 4°~40°Ta] H5 A F BL H I I
HOLE fhgE, 76 260 AbT 2072547 P4 H B — 32 wE 19
RO, SHAEFTIR—E ek, A USSR

RPN H R, DA 2L T 2% KGM 2544 | 45532
AR SR I sz i B

— K4ifkKGM

4lifb JFKGM

5 1‘0 1‘5 20 2I5 3I0 3I5 4I0
20(°)
Bl 10 4ifbATE KGM [ X S il
Fig.10 X-ray diffraction pattern of KGM before and after
purification

3 g

AT A S B D] 2 R 7 T g A TR 2y
R4l b T 254 M) . B . R L . A8
JH Y B AR E T3 43 5 28 55 min, 73%. 1:102(g/
mL). 50 °C. 175 W, iZ5+M4 F KGM & i 5B
MAE AR 2258 /)N, 155 88.1%+1.05%. LT IZ T 2
ZAF T KGM 135%K 62.93%., i % HARAL TS
ZERYBEATFRAE, XF LAY FT-IR & 3% 1 XRD &
i, AR A I W25 5%, IEBI AL T 25 % KGM 4544

MRS o PRIHEAS P KGM 85 HTEE T,
I ZAT AR . i, oAbl BE YRy A 7 4l
A, 13BN 4l B2 B 5 1y KGM, A W T2 i 25 56 4%
APl T A - S LR P S AT 5T o
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