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Abstract

This study aimed to optimize the hydrolysis conditions required for extraction of dietary fiber from Opuntia humifusa
stem using Viscozyme® (MilliporeSigma, St. Louis, MO, USA) with response surface methodology (RSM). A central
composite design was applied to examine the effects of the independent variables, enzyme concentration (0.5-2.5%,
X;) and reaction time (1-5h, X;). The hydrolysis conditions were optimized using total yield, total dietary fiber
(TDF), water-soluble dietary fiber (SDF), and water-insoluble dietary fiber (IDF) contents of hydrolysates as dependent
variables. The total yield was 39.9-53.2% and the coefficient (R?) of the derived equation from the response surface
regression for total yield was 0.9073. The TDF and SDF contents in all hydrolysates were 29.02-43.82% and
27.25-40.68%, respectively, which were within the 1% level. The IDF contents in all hydrolysates were 0.98-3.80%
(R? 0.8886) and with in 5% significance. The optimal hydrolysis conditions comprised 1.0-1.8% Viscozyme® and
an incubation period of 1.0-1.8 h. Our results suggested that O. humifiisa could be a source that might extend the
application of dietary fiber in functional food industries.
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Holgg e xR 7|2 27 L Qo] 27} oF T0%
W 459 T A2l W8 Hol3%7} ok sl Tt
(Shin Z, 2015).

HolH gt ‘9izte] Astiio] o) FMRoEA] P
4 st 2l Td(igninge] B 0= golsld B4,
3feka E40) wet -84 Ao]4df(soluble dietary fiber)
9 284 Alo]AdG(insoluble dietary fiber)& FLEEC 4
|4 Aoldf= ti W vd=Eel ol BaE= Aol
= Ugs 7 axet @4 SYaHE 24 71s= 7RIt
HH, 587 Aoldf= o Wi mI8E] o5 A=A
M BRAT BT Z7) 0] A BN 2 %
tgetel o ol a7l o2 H I TK(Ebiharalt
Nakamoto, 1998; Im 5, 2016; Schneeman, 1987). o] £/
i Zo] Aol RS tFd ehRtt A =R AoldR 52
53l 71578 2AEA AlFARIC] E-85tee A7t ol
AL Stk A &ofl S ABREAAER] AloldR9] &
£ 885 Ho7] Akt o gE gujSEyt A45Ed
50| Utk BiEE2 Ellol] ofgt Ao R =& AJEt -8+
ool &ofie @ =4 5ol Qlsto] GHo] Ae IepA|H,
22 §7]8071 220 AL8EID 3ot ol5e B4o] 9]
o) 1% G| QPIAITE 22 % 5718009] B
o] 8 &= FEo] It Oh &, 2017; ShinT} Lee, 2011).
uebA] dukdog AlEo] AYd Ede FE517] Sl
FrFEHo] 7MY Hol ARGEIL Qlod, FE Eet
oA An|7F Bar 3120f OfRt RaAdRo] 1 59 A
o] Ut o9} 22 7+ & S0l 7 BE Hekt
T Qe TRt 5 o] BAET 9lor, T FolA:
BAE o83 & WS Mol woH, El8E
FAREO] Aof e 0 3 Aokl HI-849] 715/ A3
2 F8A0E HIANFCEN & 582 THAE &
= A4S 7HIthKim 5, 2007; Oh 5, 2015). HhA] 2
Zof Ao RRE MHEY 23S o) AEIHY
W2l EasleRol £2 ASEI gk

HRS-HHE A H(response  surface methodology, RSM)-
iz} 7o) QRIH4-E AHgslo] HHZAS B, it
o} of 2 HeEETe] AsRRgo 2 QIR HREHEE S5t
of WsEe] Hajghe FEake wolth WikHoz wg
FERAL ofe] 7o) F4} ABAES WS AY
9] 315 £0)7] "ol 49 AASIFERE o] 4
HE 92 5 e olfo] Qo] MR 221 T A%
M 9 7Rez2aS g9 o g@ol o851 QUrkKimy}
Kim, 2019; Park -5, 2017).
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mesh®] A2 H&Aslo] -20C Y53 (MDF, Sanyo, Tokyo,
Japan)ol] HstAA Ago] ARSI
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Yrye 2y
=

Adx 2719 9, & 52 ASS7%7|(FD-720,
Kett, Tokyo, Japan)E, ZA|E ZAR} A53Z7](Soxtec
2050, Foss Hoganas, Sweden)E ©]|-&5}0] =435}3 0,
zoje AsSoR, TS Kieldahldol
micro-Kjeldahl %*|(Dstillation Unit B-323, Buchi, Flawil,
Switzerland)Z 0]-85l0] 24319t FAGE= 2RSS
Z7|(Fiber test F-6, Raypa, Barcelona, Spain)E ©|-83}o] &
gotelon, etk Ak Alm AATEE 100%= 5t
S, 2o 2, 23E SRR %)= W gk & Sioich
HYS ISt HHAE
Adx £719] aais) 21 A S8l Al=d 715
B84Ql Viscozyme L¥(Novozymes A/S, Bagsvaerd,
Denmark)< 0]-8-5}5 0 ZA3HI A& (central composite
design)¥} RFSHHAZAH(RSM)yS 2-85t0] A9 HAE st
At 58A%xE Hdx £7] 5 ol 10819 /5 H7t
o &, HAZZ(pH 4.8, 40T)0A BaE (X))ot WA
X2 SHHFX)E o] BawE(0.5-2.5%), FFAZE
(1-5 hy& -2, -1, 0, 1, 298] 5EHA|2 H531t 3(Table 1),
Table 29} o] 13717k0 & A5t} FAESHE AAIGIS]
tf. SgRgo 9T B SHEHEFY)E T TE(total
yield, Y;), &2]0]4]-8(total dietary fiber, Y,), 584 4lo]4
“H(water-soluble dietary fiber, Y;) 2 E84 Alo|d#
(water-insoluble dietary fiber, Y2 AA5}H1, 447}
ZES SAS software(SAS, version 9.4 SAS institute Inc.,
Cary, NC, USA)E Arg-sto] EAst3ich
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Table 1. Levels of extraction conditions in experimental design

Coded variables

Variables Symbols
2 -1 0 1 2
Enzyme concentration (%) Xi 0.5 1.0 1.5 2.0 2.5
Reaction time (h) X, 1 2 3 4 5

Table 2. Experimental points of the central composite design and the experimental data of total yield, total dietary fiber (TDF), water-soluble

dietary fiber (SDF) and water-insoluble dietary fiber (IDF) of Opuntia hymifisa stem under enzyme hydrolysis condition

Conditions
Exp. No - Reaction Total) yield TDF 0content SDF ;:ontent IDF 0content
nzyme (o) (o) (7o) (%)
concentration (%) time (h)

1 2.0 () 4 (1) 46.88 32,01 31.02 0.98
2 2.0 (1) 2 (-1) 52.66 35.60 33.70 1.90
3 1.0 (-1) 4 (D 40.23 29.02 27.25 1.77
4 1.0 (-1) 2 (-1 45.38 42.69 40.68 2.01
5 1.5 (0) 3 (0) 44.57 33.86 32.70 1.16
6 1.5 (0) 3 (0) 44.80 33.74 32.40 1.34
7 1.5 (0) 3 (0) 44.52 33.79 3249 1.30
8 1.5 (0) 3 (0) 44.63 33.77 32.40 1.37
9 1.5 (0) 3 (0) 44.90 33.63 3232 1.31
10 25 () 3 (0) 53.24 30.20 28.77 143
11 0.5 (-2) 3 (0) 39.94 36.97 35.90 1.07
12 1.5 (0) 5(2) 43.29 31.98 29.87 1.11
13 1.5 (0) 1 (-2) 45.38 43.82 40.02 3.80

o A48 Aol et 5 el %
Z20| v WiRgy Lehfih

9
9 r{m
:?l’,

FaRPAs) Tvel 174011*1 7}* s 6& Thepote

2 SRYPIAE ol

23918 oiziat
22 AMESIIHE Aol J% zxqo HOH Al 0.1 gof
2225 50 mLE F7I81, 0.1 N NaOHZ pHE 6.00% %
A5t T - amylase 0.1 mLE 7]—0]—01] 100TCo A 3087 714
ST 71 3 25 E 60T E W TS 0.1 N NaOHE 9]
£3}o] pHE 7.52 ZASt & protease 5 pugS 715194 60T

|

A 3087 §ESSHAT thA of7]e] 0.1 N HCLE:

Alstol

pHE 452 273t T amyloglucosidase 0.1 mLE Z7}s}o]
60Tl 3087t HES3t & Whgste] Aol T 482
ARt ANk AlgE AN o, RE ol
cellte 1 ¢& A7Ista] 105CoNA 1 ARAA e
gt & ZHol ARSI

MO]@%% S S45l7] flsl 4 wheHo] 60TRE
7HEel 2 95% kS 200 mLS 7hote] A2 A 1AL
%|5lo] JAEo| FAYEE Stk 1 T P IS
Elojz]of 78% oflehe-S H7lsto] 71e]mo1 e
A7 1L, 78% OlErE, 95% ofeL,
10 mLA 23] 2313t H51=0] 501&’1% wE'JOMﬂ%
105CollA] ARAZII 1A7F Hhgste] geke atgleh.

874 Aeldwel dFE S Al RE ATl
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H7H celiteE 78% OeH2E 712kl & WSHS oA
7|13 70CE 718 & S7S 10 mLE 23] A2 3 ofzt
B} A dllo] SFRTE "47]'01'04 A FulE 100 mL= 5F
F0et. HE] 60CE B0 & 95% ofghE 400 mLE 347}
ki 1’43 ALoNA 1A JAJste] AEo] =S SHA
ot 2ol celited 78% OSSR 71ioe] & ARG
ATA7IIL 78% ofehE, 95% olfghE W ofAlE o= 77t
10 mL¥ 23] AjFstglon, f2|o7]= 105TofA vl
FFE Z7slo] F2]o)4-fH(total dietary fiber, TDF), &
Ay A]o)Ad-(water-soluble dietary fiber, SDF) U E-8-4 4]
o]/d-H(water-insoluble dietary fiber, IDF) S ThS- 4]0

olsto] Atsioict

TDF(%) = [Weight of residue (mg) - weight of protein
in residue (mg) - weight of ash in residue
(mg) - blank] / weight of sample (mg) x 100

SDF(%) = [Weight of residue (mg) - weight of protein
in residue (mg) - weight of ash in residue
(mg) - blank] / weight of sample (mg) x 100

IDF(%) = TDF (%) - SDF (%)

-
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[= = jm
524%8 ddz 2710 QugEe BAsigon] 1

F

o SUme [¢}

ZA7= Table 33} Zth A9 iﬂ Z,\J"Ii_—?j 1:0. ) 699%0]91.0.
o, 2 AR 18.80%, £ 6 B
RS 8.19%, BH3HEO] FHE 69 66%0]3]c}. Kim 5
(2016) A 71E ’ﬂ‘rﬂ?r_ =719 ?___Ilﬂ—ﬂég_,% 273 3
¥}, ol =k oo 7, 2HHE, £ L

ToHE o] 27 0.40%, 6.54%, 8.89%, 1.57% 2
82.64%= HIlsto], B ﬂ—?ﬁjﬂroﬂ vl e chld sl
2 =0 g9l E gERe YERITE E3E Yoon 5(2009)
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Table 3. Proximate composition of Opuntia humifisa stem

Opuntia humifusa stem

Composition (% dry weight)
Moisture 2.69+0.14"
Crude protein 18.80+5.70
Crude fat 0.66+0.21
Crude ash 8.19+0.35
Carbohydrate 69.66+5.72
Dietary fiber 58.82+1.32

YValues are meantSD (n=3).

87.23%0] 0, X3 Zehlz ZHF 9 xA40.0] 5t
Fo| Z1ZF 2.17%, 1.61%, 0.52% L 1.02%= 552 ALt
2540 Siego) 7P A Sl & A7AY Aol
Urehjglct. olo} z2o] i 2719] bR P Aol
Az B3 U AL Holo] 7jel3t 202 WebT)
£ o)) AU 2719] AolHE YFS SEOUR B
3k=9] oF 85%F Tdok= A 2E UEPKITE Hwang 5(1996)
of A, WA, T4 B ST AHES) Aol T 24
St Ao A= vllS 26.28% dry weight, 9FHi3:21.40% dry
weight, &20f 41.56% dry weight, E1HAl 48.78% dry
weight, AJ} 11% dry weight, B 7.51% dry weight, A3
1] 39.25% dry weight, BTHA|T} 56.74% dry weight=
T5te), B Aol AL HdE 2719) Holde FeFo] of
4 B8 5Z02 BN, Yo AU 2719 2L 4]
oli% TR T TSR ol87HI} e

SAF=20| £20 0jal= S
e

Vlscozyme 2 cellulase, B-glucosidase, xylanase2] &3
2 AU Qo] Az AlEo] dhetel ZgtElo] e TR
9l cellulose, hemicellulose, B-1,4-glucan 59 25 7
SO ot E VAT 7184 1o RS
A FHHOh 5 2015) webd Adz 2719 o

¢ 258 o A9 BAvHEA B4E ool 24
s 9 §k3 Akl gt F 1:] A HAISHIT.
Az E715 SATEAE sl A 1374719 &

270 et BaTRRRAt] UL ARo 582

Aol o, Ai= Table 29} 2t} G45T 9 URSA|7H
ofl whe} 39.94-53.24% H;?M 222 JehJjglon, G4k
7} ol lo] e} 8T FlolE ARE Bk oz B
Z ANl Aol Viscozyme“'”oﬂ oJsf 7?%\4:#0113]01 arabinose,
glucose, galactose, xylose 5-& E3ISt YR, thofst &1
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g g F% g7t A3 sl o] +80] Ut A= o
FETHYoon 5, 2006). 7P AX Al 2 FAREZEE 4]
o]45- —% "‘ao 3 e S5 AT, A &858

37.21%=, & 79 2% 789 H|s] WA Yehk(Lin 5,

2014), E4E|7} /%‘Cﬂ*é%i FEUHAS & 5 Atk

S o]-ga}o] ”ﬁifﬂ &lo]d
7‘@7} T 75CollA] 9081t &

282 303%% EuHEch

(Wang S, 2015). E Uﬂ““d’“ifﬂ TAES|] o5 &

fl
2Ls
r{m
%
0o
ine)
i
319
o
OII
EE
[o
(o]

2 584 AoldfAaY 582 1298%E UEKIm 5,
2016), & A4 DL AlojdFAxo] & &0l WY =
%—% gelstiint. &2 AE ol8sto] HHHEHI|ARA
S olgato] FREHY 3|H4)E A oW (Table 4), 5]
tigt 3714]9] R*2 0907301J_ 5% oJul2] 9-94=Zo]A] &
o)do] A=A, Hdx £719] ez g $&9
tjelale vigto 2 3x19) H}_ﬁtﬂlaﬂua golstyom,
A= Fig. 1A% 2t EAEE 0.5%, 1.5% D 2.5%Y

582 77} 39.94%, 44.57-44.90% U 53.24%E FAEE

[©)

Table 4. Polynomial equations of Opuntia hymifiusa stem by enzyme hydrolysis condition

Response” The second order polynomial R? Significance
Total yield Y = 39.544286 + 3.025357X; + 0.258512X, + 1.558214X,? - 0.315000X,X; - 0.174196X,>  0.9073 0.0342
TDF content Y = 79.125714 - 17.270357X; - 16.466012X, - 0.263214X;* + 5.040000X,X, + 0.887946X,>  0.9801 0.0017
SDF content Y = 78.492857 - 18.548095X; - 16.600714X, - 0.162857X,* + 5.375000X,X, + 0.861786X,>  0.9751 0.0026
IDF content Y = 4.030000 + 1.087500X; - 1.793750X, - 0.032500X;> - 0.340000X,X, + 0.293125X,> 0.8886 0.0483
Xj, enzyme concentration; X, reaction time.
DTDF, total dietary fiber; SDF, water-soluble dietary fiber; IDF, water-insoluble dietary fiber.
(A) B)
56.14
57.37
§ 49.96 § 45.88
E 43.78 S0 % 34.38 o0
3.67 3.67
37.60 @ 22.89 @
250 233 & 250 233 &
' 117 '@Q& e 117 ‘~°°°
Enzyme concentratiop (%) o 19 & Enzyme concentratjop ("/). oso * Q'@é
© ®)
5446 420
g - —
E 4325 § 2.99
oo 5.00 E L7 500
3.61 367
N
s 233 .§‘® 8 o — &z@
183 e .\é\‘ 183 . &
. 1.00 ) 117 0
Enzyme concentration (%, s & Enzyme concentration (v, ) o0t Q-@c

Fig. 1. Response surface for total yield (A), total dietary fiber (TDF) content (B), water-soluble dietary fiber (SDF) content (C) and
water-insoluble dietary fiber IDF content (D) of Opuntia humifisa stem by enzyme concentration and reaction time.
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7t 2255 8 ST o, HREAR] HE 459
F Hsh= 2 A7t gl AR Yehth Jdx 719
B4 EoE9] 80 e ol&H A2 saddle point B
B2 vehom, aaks) 271 JEsie] SAEA A
A EASTE 2.46%, HRSAIZE 2474120 W) Z i) 54.12%
2 dEEQoH(Table 5), X £7] EAEGE 482
Eollzzdol tigt JRk BRI BAso] U I
< 5 ERI5ISItKTable 6).

P ©
)
1
by

[
AJo)4d5 g2 Table 29} ZFo] 29.02-43.82% 9] G
UERQITE 4T 1%, JESAIZE 4417100141 29.02%2 7+
e SR TS UERAL, AAEE 1.5%, ¥F
SAIZE 1A7 04 43.82%2 7FE =2 F4lol g TS
e Aot 7kpEsl] 2400 Qo] aasE 9 BESAIH
T2 FAolAf o Hsto]l tigt ¥ESHH 3141 Table
49} Zrow, FAloldf Sl tieh 317419) R 0.9801
2 =2 AFEE HYom, 1% oly9] folde Bk A
dx &7] aaEe] 220 o FAoldR gl tigt wt
SHHL Fig. 1B} 2t} GA5E 1.5%7HE Z4o|4%
o] F7Isle7E 11 o] ol thA] st S B3
ok EG 1AKE 9 F FAjol g go] e Koot
7} 1 o|¥ 2 AAehs A%E UERIE iz £719
AR Aol tiet A4 Ze Table SOIA9} 2o
& AL saddle point? e oM, ok an
T 0.98%, BRI AIZF 1.294)7 D of) 48.54%2 o] =E|Qich
AYz £7|9] 488 A] AW GATol kA7
ol e FAlolg Tl vIXE JeFE Yol Fu(Table
6), AAEERETE TEgAITl el o] B FFS S ¢

Table 6. Regression analysis of Opuntia humifisa stem by
hydrolysis conditions

F-Ratio
Response”
Enzyme concentration Reaction time
Total yield 11277 1.58
TDF content 15.12° 56.53™
SDF content 849 22.68"
IDF content 0.23 9.72"

UTDF, total dietary fiber; SDF, water-soluble dietary fiber; IDF,
water-insoluble dietary fiber.
2'p<0.05, “p<0.01, “p<0.001.

& 99tk Im 52016y WUAHERRE Celluclast™2}
Viscozyme™ & o}g3fe] A Ao R F £&e AL
SERTHE WHgARI B QJakg wokth Bstel £ o
o] 2ok fAstoc:

EAHS 20| £84 A0|MS B 0NE I
Wiz 2712 20En GaRsle] 284 Aolds
e 27gel9lom, Arks Table 29} Pk 584 Aol
% TS BfRA) W2 HolZ BAL, AASE 1%, 4
AR 2AZIONA] 40.68% HIAHS BYoH, T

—_
X

¢

6, WESAITE 4XIZI0TA) 27.05% HATES Rk A
7] ARs) 228 584 AolA% Wk Aol st
S 37140 R'S 0.9751 1% o]} fojo] el
ok Tass) 240] M Wiz 5719) 584 Aol
< wisjo] gt HES RS FAlo) 4 Teke] wisie}
Aol UehthFig. 10). 3, 584 Hold% B3
10k HFGAIZI] QIR WO, T B 15%7}

!
0N

T
=

i
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A

ﬂd
=
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flo o do i
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Table 5. Predicted levels of optimum hydrolysis condition for the maximum responses by ridge analysis total yield on total dietary fiber
(TDF), water-soluble dietary fiber (SDF) and water-insoluble dietary fiber (IDF) content of Opuntia humifiusa stem

Enzyme Reaction Result

Response Response concentration (%) time (h) (%) Morphology
Max 2.46 247 54.12

Total yield Saddle point
Min 0.69 4.18 39.51
Max 0.98 1.29 48.54

TDF content Saddle point
Min 0.91 4.61 27.28
Max 0.96 1.32 46.97

SDF content Saddle point
Min 0.90 4.59 25.79
Max 1.68 1.03 3.64

IDF content Saddle point
Min 2.32 4.13 0.71
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A S7Fs7E L of%- sl on HReAIRE 1A7HllA &
IS Holr} ol F= AA3] ok AdE UERHAL
o =iAE 8 SRR, TARL &, o 3 SRTAR
2)=RE $84d HoldraE FE3] Al5te] Viscozyme
P olgslo] maRRt AT, At SIS 8
g *‘Olﬁ 0] & $80] S7IBIALH, 1% F71s 1

ARE 3= Al 7P %%‘@G 11-13.81%)2 YEFH{THDo
L 997) 843 Aol Aol tisf aais) 20 1
#ote] sAAe B9 Hded % Haxy 1 g2 o
231 A3}, Table 59} 2] HAEE 0.96%, FHSAIZE 1.324]
o ZThigh 46.97%% JERoItt Bavete 5 RRSARE
of gt =84 Alo|A-5-2] F-ratio= 717} 849 4 22.682
IO EasEe HEEAIl tisf § w2 9F= T
= A°= YEHTtH(Table 6). 54 T3S ol-8sto] HiFF
AERRE -8/ AolfAE AAIRE Parkd} Yoon(2015)
o] Aol mEw ZieeEal Al Zaakio] 7K 848
AoldRe] &) 7Tl Harste] & o] Avjet
Aottt ol AEAEE BEsaael Viscozryme S
Az AlEHel EAtkE =899 IRAEEEE A4
sfsto] 84402 7]*%%&5“1 aaFEEe] 849 4

ol 0] HaEkdl vEsl S7Iske Ao= Wk
HIm 5, 2016; Lee 5, 2014).

o4

E-’-‘--E-ﬁﬂ -’-E?_ | 284 Ao|dw e njalz &
cellulose, lignin &
hemlcellulose 301 2=, o5 F9 AF 5= X
Al7IH, B9 RulE S7HAXIH. 89t ofue} 45t "’]’X-]
T a5 2 7IE =4 249 &< HEA AAS

23l ollA 831 28-S $ItH(Hua 5, 2019; Makk1 =
2018). SAITGAI 0l oJgt Az £7] G4ie] 244
B84 Xlo]Ag sleke BA519 o, T Avl= Table 20]
YER AT 84-5E 3 BESAIZRO] whet 0.98-3.80% R9
o] B8/ Aol o= UL, o] & Hge R 3 3
A& Table 63} At} E-84 Alold| Tkl digt 34
2]9] R’k 0.886°2 5% olHi9] folAdo] Q1g=9lct. A
Wz £719] 584 Alo]4f Tl gt Eaizdd vk
FHO| Hok= Fig. 1Do] Yehfiglon, 1 23 a45%
9 BESAO] e 584 Aol %}E*  Zol7k A
tf 845% 9 HRSAR| B 584 Aol ¥ 4
o] tigt ASH AL saddle pointZE ZRIE 0, X
e BAaEE 1.68%, BHSAIZE 1.03A7IoIA &84 4]
o] T 3.64%E AZH OU%(Table 5), EaEEk
T wES A7k e odeke ukS S slojsh 2 9)oirk
(Table 6).

Y BARHZ 02

Viscozyme®g 0|83t A £7]9] TaRsfolA 58,
FAold G, 84 Aol E B8 Aol et w2 &

RS H7FsH| fIsto] 2t o) HREEHE super-
imposingd}o] Fig. 20 AAlstATt. 2+ g&0] & Eafjx
o2 =& o B XHghe] vhEEHE 3 T 3t
A3t &, FAo1R T, 84 Aoldf i E 28
4 Aoldfr T 433E9] Hdighks Uehdl= R 1
Ho| 2 T FEA0E Aol 11 YA ok= FE2
7+ EgRie] HE glo] 3 iz W= d4gs
it o] ¥REHEHOZRE AAE 5 Qe B4R FF
27 W9JE Fig 20] 2 HEOE FA%T 1-1.8% U v
SAIZE 1-1.8A7tO 2 & E] I THTable 7).

fo

OF
=

B Jroie Adzx £7]E Viscozyme® g o]&slo] &
apsfste] Balgo) 83 Aol U 5 2sto]
TRSRHEAH O R Wz £719] 4 aiagd] 202 4
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Fig. 2. Superimposing contour map for optimized hydrolysis
conditions of total yield, total dietary fiber (TDF) content,
water-soluble dietary fiber (SDF) content and water-insoluble
dietary fiber (IDF) content from Opuntia humifisa stem by
enzyme concentration and reaction time.

Table 7. The range of predicted optimum hydrolysis condition of
Opuntia humifusa stem by superimposed response surface

Range of predicted condition
(optimal value)

1-1.8 (1.75)
1-1.8 (1.50)

Treatment condition

Enzyme concentration (%)

Reaction time (h)
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EYUSRA BAE0S25% 2 HEAZ(-SAHS

R, BEErRE Rl S8, SH0F o

o, -84 Aolg T 2 e Aolg T 25al
=]

A5t A3}, §=rsHEo] 69.66%, 410148 58.82%E 4lo]
497 B0l e ARSI SATAAL e
ols AAH 13719 aAERH0A Hdx £7|5 2ol
sto] HUE P & 7 Eoj2dS &3 A, S5
of T AL BF 5% oWl oA Folide] AAH
At ol tigt SE HAXHLS AAEE 2.46%, ¥
AIRE 24741701101, FAol - g2 BT 0.98%,
HESAIZE 1.29A1710]310m, =84 Alo] i g2 84vs
= 0.96%, SFAIZE 1.32A17k0] 101, B84 Alol4d- o3
2 G4BT 1.68%, HEGAIT 1.03AIZEe R, ojnf 7k F<4H
9] RS & 54.12%, FA]o14F T 48.54%, &
3 Aol 95 46.97%, &89 Aolf AT 3.64%=
e Hdx £7] BoEY 8, SR T &
|4 Aol T 9 B84 Aolidf Tkl thigt HF
Eo|Z AL superimposing 3+ AT}, A 5E 1-1.8%, WS-
AlZE 1-1.8AZF 0= S =[]t
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