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Optimization of Combined Process of Enzymatic Hydrolysis and
Solvent Extraction for Production of Lycopene from
Elaeagnus umbellata

Yun Hye Oh? Ju Mi Lee?, Hee Jeong Chae'?
"Department of Food and Pharmaceutical Engineering, Hoseo University
"Department of Food and Biotechnology, Hoseo University
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Abstract This study was undertaken to optimize combining the processes of enzymatic hydrolysis and
extraction for lycopene production from autumn olive berry. The autumn olive berry was pulverized and
suspended in water, followed by treatment with various hydrolytic enzymes including Ceremix, Celluclast,
AMG, Viscozyme, Pectinex, Promozyme, Ultraflo and Tunicase. Reaction solutions were subjected to
extraction by applying different organic solvents including acetone, ethyl acetate, hexane and
chloroform. Highest yields of lycopene extraction were obtained with the Ceremix (hydrolysis enzyme)
and chloroform (extraction solvent) combination. Subsequently, using this ideal combination, enzymatic
hydrolysis conditions, including enzyme concentration, pH and temperature, were statistically optimized to
0.58%, 5.5 and 54.4°C, respectively, by applying the response surface method. The lycopene extraction yield
increased 2.3-fold (22.6 mg/100g) by using the selected combined process. We propose that these results

could be used for the future development of bioactive materials required for bio-health care products.
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1. M
B4 Ui (Blaeagnus umbellatay= B4 U5}
o &t AEEA IF Exe WIEOE A=A
opge] Eax]o] it HaTO] YF Helg R
dul= 5-7€0 Askel= Ao A gloH, 15
cm 71 B0 R dgia oA g2 9kE 7HAH 4G
o] 7kssttH1l. FZolle A AGolA ezt F2 o]
FojRA 1 9lom, ooyt RS FA| FulE &
A EE% B E 875 7] HiEe] FaoF f
71 AR ZH“H@V] =2 7108 48A Stk
B gufjo] & T, ©gkE o, ded
o, A @% 9 3|2 k2 22t 77.90%, 17.97%,
2.56%, 0.82% @ 0.75%= HilEo] loH[2], H&eRF
23.3 mg/g, %E}Eh:o]E%- 3.6 mg/g, 7}E2E|o|ER
19.9 mg/g, ¥ 126.5 mg/ge TRl ok &
A SItH3l. E3 Hejd YR dufjols EvfERT 9oF 4
v o)< lycopene o] Fi-Elo] rtal BE ]
©o[2], Fordharm[4]2 15-54 mg%2] lycopene©]
e g gufjo] 3hfEo] kol B askgich
Lycopene(CioHse)> A8/ £33} o]Axdll Thel=
THE HEZHEHA T2 A Utk "AY
lycopene2 all-trans +2& 7K 11709] & o|%
2% 9 2719 vj3d o|FAYCE FAE0] BFAAE
e}, Lycopene ®4et pARTE o]folzl 7t2H
(carotene)F2 HBREW, A5 227 d#A Qo
Lycopene AollA =7 Hrh= ERLE, 4,
sk 58 B9t AH=H(5], Lycopene?] Aks &
AL FHASHS, TE9, o 5 22 A {4
2EHAREE AAE Wolsh=d &3ttt A
ATH5, 6].
Lycopene &WiE AH&Sto] F&5k= 2o 7MY &
AFAQ] Hpoly &g 2712 Ql5to] 2ugEE(7),

I“N

QAZEZ] = A7} A3 HO‘E} AE, SHEE 59
0] QA HopollA9] A A2 ARERH 7|64 B
q4e —7—%0}7] 9Jef o] 8= °“:‘r Hhe w2 2AF
< 7 A4S 7HeREsoh X%-rZ}SP}OPE%‘: EHog
ALE7 = o}u:] N L 7 BELY & 5
22 AL 93] BLE7|E Sttt Choil8l: dYdos

FE E2se 30kt 2

5o maw AR A9 P} aset F

1014 Ceremix, Pentopan

2=

F& 80| ot H1skgith Yool E4E
ol-gsto] F&3t F FEEET} protopectinase E4
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£ ol&oto I FE=E AT B f-carotene T
ol ok 28} Frietgctal Eaigt vh Qlch

FI2Ho|E 5 v 2= 76 BEEE &5t
= 3% E 4l g4t SEERE, odoAHolES
2 HF4 R7189E AREsteE Aol dRkdoltt

E dFoAE Hee 4R duERE X849
lycopene L7180 22T §47F 7B TA
< AFstd FE2ES FIAPIIA stk

ESF g YR Gr9] lycopene 11 8& —’:r‘-;“?g_ 4
gt EaAE 3HS HATe| Yoto] vREREHEAY
< 0|89 pH, B 2% 9 4 5kt 2 A4S
A 3totrt.

2. Mz ¥ W

2.1 XZ

HEl$ 4R gulj= AddE /304 At AR

319, B24% % 0425 mm ©J3le] 272 B
T AAGsto] AREsIoih FAlS, oAlE, 4l SRR
EE, ogotAElo]EL SigmarHMO, USA), Burdick
& JacksonAKMI, USA)Z HPLCHS AR&sI3th 84
Celluclast, Ceremix, AMG, Viscozyme, Promozyme,
Pectinex, Ultrafloe= Novozyme A/S(Copenhagen,

Denmark)2] AES ARE51A, DiawakaseiAHOkazaki,
Japan)9] TunicaseS ARESFRATE 1 9] A9k 15 ]

Ao A& AMgskSiT
22 F& &8
24 A8 E90|| ofMlE, 4, SRREAF, oot
ElolE 59 §71-8ME 247 1 @ 25(w/v) HIER 7}
Sto] 2417 BE 25TOA A" FE01ith. FEHE
20%3F 3,200 rpmellA AHERSto] A& d5HS 7
& o7t & A-35%7](BioTron, Korea)S o]-85tc] A
5= & lycopene?] SRR 4319t Lycopene
AF A AP 33 HHESte] E7g5H3irh
2.3 84 XM

Ao FAFE 1 200(w/v) HIEE 21 B4 8F
(Celluclast, Ceremix, AMG, Viscozyme, Promozyme,
Pectinex, Tunicase, Ultraflo)& A& & tjy] 2=zt
1%% H7Feta AguFr|2 1417 308 529t 50T



Bl R gulese dolzd AN AT 54 ol 9L $7180) 23 B3 349 A}
A a4 BRES ST & oTsigich IHES 945 9 lycopene ¥ 22 11.1, 9.6, 11.3 mg/100g°]
o] 1:25(w/v) HI&Z SE2XEE H7I’E & 2417t Ut} Lycopene F-24F 0] A3t 471 "ol Bz} Y
B3 25T oA &390 FAEEste] A2 A5HS  HAEC] A9AA] ¥ 17 BEE0] Qlo] HFZAS
3l o=t & AF 555t lycopene?] TS 38 ¥F wWrh. wiEhA v £0iQl SEEXF0R &3 4
Eoto] 2451 lycopene?] =&°] 7% =4 YRt Zog maEn
T3t F2R2EE} H|S5E A9 gl o EotAEo]
2.4 lycopene?| HPLC 2M4xH EQ} opijEo] SRR FARE 258 YETH
F2 20 9 Helgs R gl 552 Kim(10]
o) ¥p¥e Wgsio] Ohl1119] W¥ O HPLC(Agilent -2 B 18

1100, Agilent Technologies, CA, USA)S AR&3}o]
45

2.5 A EHE 0|18% 31 X5t
aaAE 2719 HH3E 5 J?J’*éﬁ]-@‘ﬂ(central
composite design)C.& AFHAAZE 3t EHH

Kn)E 74 =X, 5 2%(Xy), pHX:)E 37}7\]*‘3
Agete] 242t -1, 0, 19 39412 R5slelgla, 177}
A9 & 270E AYE A E3 lycopene

Sr&(Y)e F5UR(Yn) 2= 33
3. 2y { ¥

3.1 S0f Mg

Helg YR JuiEFEE lycopened ©FAl
S2ERE 9 oHopHo|ER F&5to] A X3 &
E9] lycopene 2 Fig. 1014 B Hie} Zo| S22

= s}

Ty T

E2RE FEE0] 12.2 mg/100gZ 7 &2 lycopene
AFS HooH, UmXA ofA|E, dl4k odotAHo|E

Lycopene contents (mg/100g)

Ethyl acetate Acetone Chloroform Hexane

Solvent
Fig. 1. The lycopene extraction yields from autumn
olive berry by the treatment with different
solvents
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Lycopene] FA717] Aol B4 8F
(Celluclast, Ceremix, AMG, Viscozyme, Promozyme,
Pectinex, Tunicase, Ultraflo)o& Z}Z+ A2t &
lycopene HAFEASIL FE2ES AT 40
E lycopene 352 HES A}, F1g 2004 &=
Hie} Zro] 54 H|A 2ol Hlste] RE F4 AHYFES
lycopene $£&E0| ¥, £3| Ceremix AZ+9 7
£ &4 vjAPEof v oF 1.78) FEE°] FEE U

Ceremix A g+ T2 & Pectinex A9 F
E°] =%oH, Yool9]9] A+l oJstA %ﬂ—’u\*’f—éﬁ
<HT} protopectinases A 23t GollA 4EE 24
9 weFtEdo] Frkstgnty Hargk H]‘ Act. ES
Pectinex ¥ FUE9] o]4&ESE 4 F H= 3
2% A2 FUEClY d4FE %“/]‘EE‘:} =ozl A
< BIgh v QlEd2], £ AFeNE fASH
Ceremix®} Pectinex B4 oA FEE0] ok

o]

=2

2oz FoHErk o] F  Ceremix: cellulase,
pentosanase 5 gHohs B &40[H Pectinex
9] A= cellulase, pectin esterase 5= 598 T4

25

20

Lycopene contents (mg/1009)

Enzyme

Fig. 2. Lycopene extraction yields from autumn olive
berry using various enzymes. (1) Control; (2)
Celluclast; (3) AMG; (4) Promozyme; (5)
Ceremix; (6) Viscozyme; (7) Ultraflo; (8)

Pectinex; (9) Tunicase.
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Table 194 Bi ule} Zo] LML ZE lycopene
TS AL, B4 FEX), B THE2E(X) ¥
pHX3)E =H84E Aot E9¥sEA 5k,

2

T4 WSLE, pH)ol| digh F5H 5 (lycopene )9
FAFHAE A2 F, ANOVA EAHLA S o] g5lo] &
HHeet SEHS 719 ASIAE QT A=
Table 2%} Ztt.

Bl Ui g 2259 lycopene &0 tish vt
SEHEAHZ AAIRE A3 lycopene -2 18.7-24.4

mg/100gY W2 EA=on, sRgEH 3749
ATBARY)E 0.93339] groz Az AHwr} &9k
ou olof w2 HHSHH 3|4} Table 37 go] ¥
& A3t

Table 1. Independent variable and their corresponding
levels for experimental design

Factor Unit Low level (-1)  High level
Enzyme % 05 2
concentration
Enzyme reaction e 35 70
temperature
pH - 3 7

Table 2. RSM-central composite design for the
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lycopene extraction

Independent Response
Exp. Concentration  Time pH Lycopene
Type
No. contents
(%) (min) () (mg/100g)
1 Axial 1.05 35 5 18.74
2 Axial 1.05 52.5 3 20.28
3 Axial 0.1 52.5 5 24.38
4 Axial 2 52.5 5 22.12
5  Axial 1.05 52.5 7 21.54
6  Axial 1.05 70 5 19.9
7  Center 1.05 52.5 5 23.1
8 Center 1.05 52.5 5 23.95
9  Center 1.05 52.5 5 23.39
10 Fact 0.58 43.75 4 20.63
11 Fact 1.52 43.75 4 19.64
12 Fact 1.52 43.75 6 20.57
13 Fact 0.58 43.75 6 21.62
14 Fact 1.52 61.25 4 20.48
11 Fact 1.52 43.75 4 19.64
12 Fact 1.52 43.75 6 20.57
13 Fact 0.58 43.75 6 21.62
14 Fact 1.52 61.25 4 20.48
15  Fact 0.58 61.25 4 21
16 Fact 1.52 61.25 6 22
17 Fact 0.58 61.25 6 23.12

Table 3. Polynomial equations for the lycopene extraction
condition from autumn olive berry

Response Second order polynomials R*  Significant
Lycopene =
+23.27-0.51X1+0.4X>
Yield  40.51X3-0.084X,>1.07X7? 0.9333  0.0024

~0.67X3°+0.050X1X>
-0.083X1X5+0.21X:X3

Table 4= ANOVA EAHEY ZIEA 84 5%
X)), &4 ¥RE2E(Xo), pHX3)E 25 5% o] &
9] 24 90| & Ao= TWHEII

Table 4. ANOVA analysis of the model for the
extraction condition of lycopene from
autumn olive berry

Source DF F-Value Prob )F
Model 9 10.89 0.0024
Xy 1 10.59 0.0140
X, 1 6.57 0.0374
X3 1 10.28 0.0149
X, 1 0.34 0.5762
Xo? 1 55.48 0.0001
X5? 1 21.83 0.0023
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Bire AT Gk 2o L 47180 35 B Y HA%

3719] &¥ ¥4 = lycopene(Y)Q B4 HE(Xy)7F
FEE IA FFE "X AR AoZ FRIFHt

A3 A3 Fig. 3014 B vie} Zo] 84 Bk
058¢ W #AA WSR=(X)7t FTVIEEE
lycopene(Y1)9] &5 Z7ksicirt Zashs Zo=z &t
QIskit. o= lycopene©] ¥t & 5o ¥iztsto, @
AW AIZE Bt H2 Lo FEEHA] lycopene©] Tt
g Aoz weec)

DESIGN-EXPERT Plot

lycopene content
X=CipH
Y = B: Enzyme temperature

Actual Factor 238734
A: Enzyme concentration = 0.58
2321

S 3
SIS
SN
SRR
>
O

22,6648
21,8951 N\
21.2367

Iycopene content

—~—
4.00 " 61.25

Fig. 3. Interaction graphs of enzyme concentration,
reaction temperature and pH in lycopene
extraction from autumn olive berry

Lycopene®] &=kl gt ¥k =49 dx ¢
SAIEA 9] A} Table 5% Fig. 404 Hi= Hiel Zo],
X1=0.58, Xp=54.4, X3=5.5904 FZA3}d o= 239
mg/100gC.2 d&E|qict

FHstE 271 9 SR APEE RIS A,
lycopene?] & T2 22.6 mg/100g01Act. &%
I 94.6%9] AATHS FIst1L, o|2HE Table 5
oA Bi= viel o] A IALHel o &= At
o AA| AT} 7hof| =2 AFo] &S AT

Kang[2]9] ¢1+to] W2H BAA ofX] il 25
EZEmto g =3} lycopene THS 9.7 mg/100g0]3
om, 294 FEHo= =24 lycopene T 15.2
mg/100g0|}= v}, B Ao} Zo] Ceremix &4
£ 0|83 lycopene F2H2 77181 F&H| Bl5)
234%, 294 lycopene &%l Hla] 480 147%
571k gRlskairt.

ZAEH 02 BrERHBEAH| o3k GaX] T4 X
A3}E 55to] lycopene FEES FHAZ & AL
o, o]§ A}, Ed2E, U 59 752 2= Hio]
LFAA G 715 29 ] &8 £ S A
o= 7|djdrt.

Table 5. Model-estimated extraction yield and
experimentally determined value for
lycopene extraction using the optimized

conditions
. Predicted  Actual 4
n Optimum Validity
Condition . Value value 0
conditions (%)
(mg/100g) (mg/100g)
Enzyme
. o 0.58
concentration (%)
Reaction 544 23.9 226 94.58
temperature (C) :
pH 55
DESIGN-EXPERT Hot Interaction Graph
Iycopene content 2428 B: Enzyme fem peralure
X =A: Enzyme concentration .
¥ =B Enzyme temperature .
= Design Points e s
u B 43.750 <
4 B+ 61.250 £
Actual Factor 8
C:pH=500 @ 2%
5
=
5
£
2015
.
1874 f
T T T T T
oss 031 1om = =
A EHME concentration
DESIGH- EXPERT Flot Interaction Graph
lycopene content 2em | CpH
X =B: Enzyme terrperature .
Y =C pH .
» Design Foints =
u C-4.000 H
a C+£.000 2
Actual Factor g
A Enzyme concentratig =04 L)
&
3
2015 ®
—
T T T T T
L

B: Enzyme temperature

Fig. 4. Interaction graphs of enzyme concentration,
reaction temperature and pH in lycopene
extraction from autumn olive berry

4. 4=

£ AFollde BElg UR duj2RE 71548 24
lycopene AJAkel7] $I5t 3P o2 AAA TRy
3 Buj=Ego] A B3t 342 Ateryler,
HAEdE SRSEHREAHS o]8sto] FHH3Tlolqitt
WA, lycopene & &2+ SEEEF0| 7P &2
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