Korean Society for Biotechnology and Bioengineering Journal 30(2): 63-68 (2015)

http://dx.doi.org/10.7841/ksbbj.2015.30.2.63

ISSN 1225-7117 / elSSN 2288-8268

AR =2
o EA NS AHE o] &3k Wy

QA AJH| 1.2 o]&]x]P Ale_Q_“ 711;]]31-5 71;“.91_1,2*

) B4

2492 B9 259 HA3

Optimization of Demucilage Process of Opuntia ficus-indica var. sabo-
ten Fruit using High Hydrostatic Pressure Enzyme Dissolution

Sungbin Im'?%, Hyungjae Lee?, Jae-Yong Shim*, Tae-Rahk Kim®, and Dae-Ok Kim'**

Received: 1 September 2014 / Revised: 16 December 2014 / Accepted: 3 April 2015
© 2015 The Korean Society for Biotechnology and Bioengineering

Abstract: This study aimed to develop and optimize a demu-
cilaging process of Opuntia ficus-indica var. saboten (OFI)
fruit to increase its usability as functional food ingredient and
food additive. Viscozyme and Novozym 33095 as multi-
enzyme complex having a broad spectrum of carbohydrases
and pectolytic enzymes, respectively, were used in enzymatic
dissolution along with high hydrostatic pressure liquefaction.
To optimize the liquefaction process using high hydrostatic
pressure liquefying extractor, response surface methodology
with 3-factor central composite design was employed with re-
action factors such as temperatures (25, 32, 40, 48, and 55°C),
pressures (20, 40, 60, 80, and 100 MPa), and times (15, 30,
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45, 60, and 75 min). At optimum conditions (25°C, 100 MPa,
and 58.275 min) for high hydrostatic pressure liquefaction
process, the processed OFI fruit juice was predicted to have
viscosity at 2.917 poise, partly due to the release of free sug-
ars such as fructose and glucose detected using HPLC-ELSA
system. The results above suggests that the OFI fruit juice
with decreased viscosity may be used for various manufactur-
ing processes of food, beverage, ice cream, and cosmetics.

Keywords: Carbohydrases, HPLC-ELSD, Pectolytic enzymes,
Response surface methodology, Viscosity

1. INTRODUCTION

Wl 2 (Opuntia ficus-indica var. saboten)y= R A% . & dz]
FEE o] = AN AErA, U= AFEE
H| 22k R A ol A A ReE Ao 2 AHEE = Gf=
oo Aot HdES e B A AR o] FofA
Ut Q] FF2 A5 Ao Aol gk, =5 5 )
oFott, STWALS] 9 B2 u= A FFo] 2 A
HR =] 3L Qlet. o] 2 gk Ak Al-§-AH A Ql, e gk Al Of | et e
(betaxanthin) ¥} F-2-A4 9] Alobd (betacyamn) og B
&= H et ¢l (betalain) & =8 F2 3o [1]. B]ERRL, 77
A, EYHE 5 a0 }1 9o o]gg EA o2 93| =
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A =, B3 F24 FAS 245 Hel 7]
% A5 "ot AAR pectin methyle-
sterase (PME) S-2 polygalacturonase (PG)4| & A| &9 H =
Aol YIS T aasol oA Y S oA 24
2 Qg WStz Barw o] gk [11].
2 0] HAES 2ol AoJAfE o] FolA 317 uf
o, o] & EaletalS W Aol =R E 4 4 U= B
-8, Ze| AHE AA 59 5e2 vlvsiic [12]. sFA| T
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o [13], 52 o] 73| 7l Eawt-gol A 197] ¢
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N
-0l
o

ot e
Z] (high hydrostatic pressure
liquefying extrator)E ©]-8-3}%th. A2 9] £3]f (dissolution)

= CIFUES L Y H=E & 7y
AL ZUA 7] 2A} HES-EHEAY (response surface
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2. MATERIALS AND METHOD

21.9dx

w2 AR Egol A 20114 1964 28 Abo]of 4
shel 212 A shelt. WA 2z 524 5 20°Co) A Bt
oh. 19} BT AL 913 A Hel A MUEE sEatol
v 7] (HM-331, A7), A2, Hahel e 1502 5ot &

22. 54 A
AT TR B akE Bl A, BE 2
sef b RS WA }

20 = v

5
e e P s
< Q] Viscozyme (Novozyme, Denmark)¥} Novozym 33095
(Novozyme)E A1 35}9 T} Viscozyme2 ofgfuld| o] = (ara-
banase), H| E}-2-F 7k 0] = (B-glucanase), AU 2ht| o] = (xy-
lanase), Al &3 0] = (cellulase), &|n] A EF o] = (hemicellu-
lase) 5 .= o] Fo) X gH3ha w8l A4 EFHA| (carbohy-
drase complex)t}. Viscozyme S A& 4| 9] B] A& t}eF (non-
starch polysaccharide)s E3| o2 He & Fo|il, AlE
9] pectin-like substanceE £3|5}0] A A2 & a8
T 7= S22 wo] ARt Novozym 33095+ A&
A2 L Bl 5k &8 425 21| o] = (polygalacturonase)
5 5 AU eIe HY Be) Ao AL 2 WY Eeas
(pectin lyase)o|t}. 212+ 9] & 4= A7 e}o] &3lo] 8-0]3l =
£ 25°CY] Eof 10% 52 &35} A tH(E: Viscozyme : No-
vozym 33095 = 80:10:10 (v/v)). ] &4 Tt Mgz =
20 AA 5= 10%7F HA Aol & F 150% 5t 7=
ERCEEETEEE RS ERTUEEY

23. 3% A3 233

B4 WSS AHES] U9 W £ AL EFES 1
33224 (TFS-2L, High hydrostatic pressure liquefying ex-
tractor, Toyo Koatsu Co., Ltd., Hiroshima, Japan)of] 411 g%
FHEA Y o e theFet w2 o A BES- AT F T

24. 4% 44

6
30, 45, 60, 75 min)& SR sk AES AAsH
=gl 747} 0, £, 28 H35 3181901 (Table 1), o] 2
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Table 1. Variables and levels for central composite design of surface
response method for high hydrostatic pressure liquefying process

Coded-variables

Table 3. Contents of fructose and glucose of Opuntia ficus-indica
var. saboten fruit juices under high hydrostatic pressure liquefying
conditions (40°C, 20 MPa, and 45 min) with Viscozyme and No-

Variables Symbols  —5———F—7— vozym 33095 mixtures
Temperature (°C) X1 25 32 40 48 55 Treatment Fructose (g/L juice) Glucose (g/L juice)
Pressure (MPa) X2 20 40 60 80 100 Liquefied 2.70£0.10 2.6940.17
Time (min) X3 15 30 45 60 75 Control" uD.? u.D.

Table 2. Viscosity of Opuntia ficus-indica var. saboten fruit juices
under central composite design of surface response method using
high hydrostatic pressure liquefying extraction with Viscozyme and
Novozym 33095 mixtures

Sa;InOple Temperature  Pressure Time Viscosity (P)
1 2 0 0 5.937+0.187
2 -1 -1 -1 6.076+0.234
3 -1 -1 1 5.549+0.085
4 -1 1 -1 5.539+0.165
5 -1 1 1 5.342+0.151
6 0 -2 0 4.646+0.114
7 0 2 0 5.202+0.349
8 0 0 0 6.614+0.437
9 0 0 -2 8.054+0.324
10 0 0 2 6.742+0.512
11 1 -1 -1 6.379+0.028
12 1 -1 1 6.524+0.385
13 1 1 -1 6.656+0.159
14 1 1 1 6.922+0.091
15 2 0 0 5.551+0.030
Control - - - 9.511+0.910
23t T 15709 A= AASHATH (Table 2). 7] =
Yuss DA & 49 A% A4 W x Fa0 HA

=] = =
(Y1)& 4852 49590 249 24512 99 2
Woo] AALE BEL AR, o WEAE LK, 3
2 I ARAE Fote] ottt 2 A 2719 Oﬂé‘%
SAS (ver. 9.1, SAS Institute, Cary, NC, USA)E ©]-8-3}¢] 32}
YHSRELH 02 ey ot AT S ofeht
ey

Y = byt by Xy + by X, + by X5+ b, X, X, + b3 X Xy

2 2 2
by Xo X3+ by Xy + by X+ by Xy

25. 3% 3-78

1o o3t 3% WL B Pojrl Mz Faol YL
AR-2000 advanced rheometer (TA Instrument, New Castle, DE,
USA)Z o] g3te] 243ttt HEL 25Col 4 2490
o, 2|5 40 mm9] cross-hatched plateS AlA| 2 0]-8-3} %t
AES 1-1058 54} 912 sho] 41 2] (power law)<
o]-g-5Fal @ X 7] 3= (apparent viscosity) S -5} %t

2.6. HPLC-ELSD &4
HPLC-ELSD system (Agilent 1100, Hewlett Packard, Palo Alto,

YNo treatment with Viscozyme and Novozym 33095 mixtures.
2U.D.: Under detection limit.

CA, USA)¥} carbohydrate column (4.6x250 mm, 5 pm, Waters,
Milford, MA, USA)E 0|83} g gaFS =451t
& (&1 A o EUOER (&4 Bye o83t 04,

0% A/90% B; 3, 10% A/90% B; 205, 40% A/60% B; 25
£, 40% A/60% B; 275, 10% A/90% B; 30, 10% A/90% B
I 22 2 A EA48HA T 74 (flow rate)> 1 mL/min
o]a1, Al & =Y (injection volume)2 20 uL &t}

3. RESULTS AND DISCUSSION

3.3 23

53 415
=7F gasgih 23 6 (40°c 20
MPa 45 mm)Oﬂ A M S Ar (4.646 PYE DS 4= 99
ouf, o]i= tf 2 (9.511 P)T} u] waFlS f oF 51%2) M=
ZAaE 2ok 27 9 (40°C, 60 MPa, 15 min)of| A 714 =2
AE (8054 Pt EEE O ol R vlast S
) ok 15%2] A= A4S Bl

3.2. HPLC-ELSD £4]
HPLC-ELSDE ©]-8-3}¢] ViscozymeT} Novozym 33095 &3¢}
42 A T/ Fe AeE EQE 6 Ad T (40°C,
20 MPa, 45 min)¥} &4 B A 2] 0 T 2ol A o] feldS
E A5} A 7}= Table 31} 2t} Figure 12 HPLC A 20tE 1
# (chromatogram)ol] Hol= A9, A5 A 2|sA] g2
xolA & 4 o F23F 53 (peak)”} Viscozyme
¥} Novozym 33095«] =3 aaE A Aol A Uet
stk ol 28 9 2= L= (glucose) ) 2 (fructose)
9] 71 0.2 HPLC- ELSD "9 5y 3olal gt} (Fig. 1B). 12
oF &4 N3} Hk-3-S 40°C, 20 MPa, 45 min®] Z A o|| A 4=3Y
ek A, %ﬂ%‘l E%“’]’ o] 2+2F 2.69 g/Lot 2.70 g/l
o] /g o] = It} (Table 3). =1, B 51} & 239
A AL ViscozymeT} Novozym 33095 &8 § 4 4 B2 o] 9]
a4 718 el BR AL e Rvt AR ALe] GR 2 B} o
= oA S S A o= AYZtErt. HPLC-ELSDE
].9_6]- O a]l:l- B2 B3]l A9 ?QE ey
2 T o] Role] ot g Rel 44 el 20w del
SIS RAAA e
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Teme: 209816 Mewses - Amgitude: 39,1746 mV

Fig. 1. HPLC-ELSD chromatograms of Opuntia ficus-indica var. saboten fruit juice under non-treatment (A) and treatment (B) with the
mixtures of Viscozyme and Novozym 33095. peak 1, fructose; peak 2, glucose.

2aA Baas Aot Past 1ot BAS BaA BUY 2 FA9 HYEL 2917 PR o ZH T} o] A0 A o]
of /ol F7tsk 3Tt [14] T A= kA 2 Wdx B0 Hl 3 oF 70%9] &= 2
25 7= A2 S E U B EHEA S F6f &

33.39 %34 E=oF FFof M= 2 A4 (minimum pOlnt) AlZkof A= qt
U FHE AW o] ZA16HA] A E (central composite design) A4 (saddle point)S 7= Z3I}E Bt} (Flg 2). 2wty
= o]-&ste] 4] Sy o vhe o gk S AHEA ofdaE, gYo] oldeR F=TF HAAY S Hole Ae
= e A, ofe oF 22 33]?]*4% ?2 = o A3l Rlshgom, Hh-g-AI7E2: OF 4520 A 60+ AFo] o] 1 9f o
Y = 6573+ 0200, +0.065.X,  0.184X; + 0.177X X, A P = o}‘ﬁq-:]i ‘}—}%} o] *}i“f axo g *1\1}5 (°F

~45° 3! 2 = S} 9 as z > =]

+0.142X,X; + 0.056.X,X; — 0.212X7 — 0.417.X3 + 0.201 X7 ;5 {:S%Cé ;}_ f]jiz}‘; c‘;’—lz_‘—%oﬂﬂﬁ —Ja;jgilj o ;;]_‘zi
HFo w B A ¥ o] AT 24 25°C, 100 MPa, 58275504  E3t HE 52| E9] o] G0 o5t Ao R gArEr 2 it 1L
Y= ool Y E o] 7y FUg vhg=doAe wid o AP E FoiA o [15], BvtE 54 [16]°14 M= 5
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Fig. 2. 3-D response surface analysis of viscosity of Opuntia ficus-indica var. saboten fruit juice with respect to each independent variable.
(A) temperature (x-axis) vs. pressure (y-axis), (B) temperature (x-axis) vs. time (y-axis), (C) pressure (x-axis) vs. time (y-axis).

77} o|FZojH o, HE Yol uigt (pectinase formula-
tion) S 817 AR&-3F 200~300 MPa2] 119} %] 2] 2] 7 S0 A=
2 €] 8-l (pectin solution) ] H =7} Zr43} T} [17].

4. CONCLUSION

qwea¢¢4@@%
Gk 384 SAFTA A DS B9 2= (25,32, 40, 48, 55°C),
ke (20, 40, 60, 80, 100 MPa), HF-S-A] 7k (15, 30, 45, 60, 75
mine] A 15744 48 202 AT 24 6 40°C, 20
MPa, 455)0) 4 7H W HES Q2 4 Gloleh W
SAWY BRA ATE B4 25°C, 100 MPao] A o
582758 A A S W A9 FE9l 2917 PR &4 HIA
o) ol 3] 0% 7hkel WE aAv E WdE 2

P2 5t AOR 2 Y} o 2 913 7+ B

=
=

ZEH\_.7]JSL/\§ 1%‘ XH‘;‘! ]%‘%7]'§—E/\‘]_‘] HHL:]X_,]%
4 HAS Wd £ QS Aoz Holth £33 119t S of A

TAFSEE A (peroxidase) %—E]\ | & AFS}Ea 4 (polyphenol oxi-
dase)o} 7] FpH £AS ze ot BoS 0| BT
HuE (18], tEAol 5o AeBAHe4d 5 &
271 gk o4 v (19, w1 2 0] Asls o W el
T2 Fo AYBYEHY F5 48& Y AN 14 =
= Bafof g 27 A7} ol Lol RTh, Wi 27} 7} 3
A AF Oﬂokk] H ‘:‘,] X]—?Q ° /U- s O]‘—- O]—O]/\ﬂa

12

p

9»1]\"5‘ =1 Os [ L) T

i, A7 AE EoF 5 Oﬂ*ﬂ ol-& 7he et AEF A=A
o) Wz F YL oS oA 5 9l AR AT
=

Acknowledgements

2 AT AYEAAUS FA A A

=] AAE 2 ALY (RO0O
0452)0 = A L= 5.



68

Korean Society for Biotechnology and Bioengineering Journal 30(2): 63-68 (2015)

REFERENCES

10.

. Fernandez-Lépez, J. A. and L. Almela (2001) Application of high-

performance liquid chromatography to the characterization of the
betalain pigments in prickly pear fruits. J. Chromatogr: A 913: 415-
420.

. Son, M. J,, K. Whang, and S. P. Lee (2005) Development of jelly

fortified with lactic acid fermented prickly pear extract. J. Korean
Soc. Food Sci. Nutr. 34: 408-413.

. Lee, N. H, J. S. Yoon, B. H. Lee, B. W. Choi, and K. H. Park

(2000) Screening of the radical scavenging effects, tyrosinase inhi-
bition and anti-allergic activities using Opuntia ficus-indica. Korean
J. Pharmacog. 31: 412-415.

. Frati, A. C., E. Jiménez, and C. R. Ariza (1990) Hypoglycemic

effect of Opuntia ficus-indica in non insulin-dependent diabetes
mellitus patients. Phytother. Res. 4: 195-197.

. Park, E. H., J. H. Kahng, S. H. Lee, and K. H. Shin (2001) An anti-

inflammatory principle from cactus. Fitoterapia 72: 288-290.

. Galati, E. M., M. R. Mondello, D. Giuffrida, G. Dugo, N. Miceli,

S. Pergolizzi, and M. F. Taviano (2003) Chemical characterization
and biological effects of Sicilian Opuntia ficus indica (L.) Mill.
fruit juice: Antioxidant and antiulcerogenic activity. J. Agric. Food
Chem. 51: 4903-4908.

. Matsuhiro, B., L. E. Lillo, C. Saenz, C. C. Urzia, and O. Zarate

(2006) Chemical characterization of the mucilage from fruits of
Opuntia ficus indica. Carbohydr: Polym. 63:263-267.

. Cassano, A., C. Conidi, and E. Drioli (2010) Physico-chemical

parameters of cactus pear (Opuntia ficus-indica) juice clarified by
microfiltration and ultrafiltration processes. Desalination 250:
1101-1104.

. Cai, W., X. Gu, and J. Tang (2008) Extraction, purification, and

characterization of the polysaccharides from Opuntia milpa alta.
Carbohydr: Polym. 71: 403-410.

Sepulveda E., C. Sdenz, E. Aliaga, and C. Aceituno (2007) Extrac-
tion and characterization of mucilage in Opuntia spp. J. Arid Envi-
ron. 68: 534-545.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Eisenmenger, M. J. and J. I. Reyes-De-Corcuera (2009) High pres-
sure enhancement of enzymes: A review. Enzyme Microb. Tech-
nol. 45: 331-347.

Séenz, C., E. Sepulveda, and B. Matsuhiro (2004) Opuntia spp
mucilage's: A functional component with industrial perspectives. J.
Arid Environ. 57: 275-290.

Wang, T., R. Jonsdéttir, H. G. Kristinsson, G. O. Hreggvidsson, J.
O. Jonsson, G. Thorkelsson, and G. Olafsdéttir (2010) Enzyme-
enhanced extraction of antioxidant ingredients from red algae Pal-
maria palmata. LWT-Food Sci. Technol. 43: 1387-1393.

Kim, D. and G. D. Han (2012) High hydrostatic pressure treat-
ment combined with enzymes increases the extractability and bio-
activity of fermented rice bran. /nnov. Food Sci. Emer: Technol. 16:
191-197.

Opazo-Navarrete, M., G. Tabilo-Munizaga, A. Vega-Gélvez, M.
Miranda, and M. Pérez-Won (2012) Effects of high hydrostatic
pressure (HHP) on the rheological properties of Aloe vera suspen-
sions (Aloe barbadensis Miller). Innov. Food Sci. Emer. Technol.
16: 243-250.

Krebbers, B., A. M. Matser, S. W. Hoogerwerf, R. Moezelaar, M.
M. M. Tomassen, and R. W. van den Berg (2003) Combined high-
pressure and thermal treatments for processing of tomato puree:
Evaluation of microbial inactivation and quality parameters. /nnov.
Food Sci. Emer. Technol. 4: 377-385.

Tomlin, B.D., S. E. Jones, A. A. Teixeira, M. J. Correll, J. I. Reyes-
De-Corcuera (2014) Kinetics of viscosity reduction of pectin solu-
tions using a pectinase formulation at high hydrostatic pressure. J.
Food Eng. 129: 47-52.

Garcia-Palazon, A., W. Suthanthangjai, P. Kajda, and 1. Zabetakis
(2004) The effects of high hydrostatic pressure on B-glucosidase,
peroxidase and polyphenoloxidase in red raspberry (Rubus idaeus)
and strawberry (Fragaria x ananassa). Food Chem. 88: 7-10.
Corrales M., A. F. Garcia, P. Butz, and B. Tauscher (2009) Extrac-
tion of anthocyanins from grape skins assisted by high hydrostatic
pressure. J. Food Eng. 90: 415-421.



