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Abstract

In this study, we tried to establish the best method for fresh
as well as low temperature extraction. During extraction

blueberry beverage production using enzyme treatment
of physiologically functional materials, we used low

temperature to prevent nutritional loss by heat. In addition, we investigated optimal blueberry extraction conditions
using various enzyme treatments (cellulase, pectinase, cellulase:pectinase (1:1) mixture) to increase extraction efficiency
and reduce turbidity. A variety and ratio of enzymes, extraction temperature, extraction time, and shaking speed
were considered for the best extraction efficiency rate. We observed high extraction efficiency rates of 85.72-86.55%

and 87.06-87.93%, respectively, upon cellulase or pectinase
(1:1) showed an extraction efficiency rate of 86.84-88.14%.

treatment. In addition, a mixture of cellulase:pectinase
The best extraction efficiency rate was observed when

crude blueberry was treated at 45C (87.91%), for 3 h (87.88%), in a 90 rpm shaker (89.19%). Sugar content
and acidity of blueberry extract were not affected by the various treatments. However, total phenolic compounds

were detected upon pectinase treatment (18.62 mg/g). Only
samples regardless of treatments and extraction conditions.

fructose and glucose as free sugars were found in all
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Table 1. Extraction efficiency rate (%), acidity (pH) and sugar
contents (°Brix) of blueberry were summarized based on different
enzymes and its ratio

Enzyme rauo Extraction rate

(7) %) Brix pH

Control 0.00 85.02:002%  113:0.06° 327001

005 87.06:0.06°  1.17:0.06™ 324001

_ 0.10 8793+0.12°  110:000°  3.28+001°
ctinase

pe 0.15 87.49+0.10%  1170.06™ 322001

020 87.81:0.10°  1.1320.06° 3202001

005 85.0440.16"  120:000°  3.22:0.01°

- 0.10 86.18£0.18%  120:000°  3.23£0.00%
cellulase

0.15 8572¢038"  123006"  3.22+001°

020 865540517 120£0.00°  3.22:0.01%

005 86.84+031%  110:000°  3.24%0.01°

cellulase: 0.10 87.77:030°  117:006™  321:0.01

pectinase (1:1) 0.15 87254031 120+000°  3.19+0.01

020 88144032  123:006°  3.20:0.01%

I)Enzyme ratio (%) represents 67.5 U for 0.05%, 270 U for 0.10%, 607.5 U for
0.15%, 1,080 U for 0.20% in pectinase, while 60 U for 0.05%, 240 U for 0.10%,
540 U for 0.15%, 960 U for 0.20% in cellulase. 63.75 U for 0.05%, 255 U for
0.10%, 573.75 U for 0.15%, 1,020 U for 0.20% in cellulase:pectinase (1:1). Each
treatment was incubated with enzymes for 3 h at 45°C.

ues represent the meantSD (n=3) an erent letters indicate significant differences
2l h SD (1=3) and different 1 dicate significant diff
(p<0.05).
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Table 2. Analysis of extraction efficient rate (%), sugar contents
(°Brix), and acidity (pH) of blueberry extract according to
different extraction temperatures, extraction times, and shaking
speeds after enzyme treatment

Conditions
Variation” Extraction rate op
%) Brix pH
Temperature (C)
40 87.62£0.15™ 1.20£0.06™ 3.1740,02°
45 87.9140.05" 1.20:0.00° 323+0,00°
50 87.58:0.11° 1.30£0.06" 3.19£0.00°
55 87.65£0.05" 1.1020.00° 323+001°
Time (h)
0 85.2140.05° 1.20:0.00° 323+0,00°
2 86.820.28" 1.20£0,00° 3.2240,00°
3 87.8820.10° 1.200.00° 320£0,01°
4 87.39+0.05" 1.27:0.06" 320£0,01°
5 86.6820.05" 1.100.00° 320£0.02°
Agitation rate (rpm)
0 87.5140.05° 1.17:0.06" 321+001°
30 87.9240.10° 1.17£0.06' 322+001°
60 88.48+0.79% 1.20£0.00" 3.19+0.00°
90 89.19+0.00" 1.20£0.00" 322+001°
120 88.92+0.05" 1.0740.06° 325+001°

%0.1% cellulase:pectinase mix (1:1) was used as a fixed factor for temperature variation
and treated for 3 h at 45°C. 0.1% cellulase:pectinase mix (1:1) and 45°C were
fixed factors for extraction time variation. For agitation rate, 0.1% cellulase:pectinase
mix (1:1) were treated at 45°C for 3 h.

Values represent the meantSD (n=3) and different letters indicate significant differences
(p<0.05).
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A2, 90 rpmol| A 89.19% = 7Fd &L 3hS Btk 00l
A 90 rppme] WRIEETIA = STt SN E FETE
o] F7Fall o, 120 pm7HA] £EE FTTMIARE FEF
ol A7} gle 295 B Y aEEE FEF
&o] 7M¢ F% 90 pme® A3t dEE 1.0
1.20 °Brix &2 H$om, pHE 3.19-3259] W2

u

18 ok e
J[}b — ‘1] —{[U NIE

e
o

__{
_l

~

H=4 3k3hE QFEAloPd(anthocyanin), 7|7 (catechin),
%iizﬂ ﬂ'(chlorogemc acid) 52 A&7 2] £X
o & 24k AHE F PR theket P8 wAES
M #EA 3R] HlE A on)E v B3t
Afshs AAE 7RI At G40t 3] A&AR1 At
2 B3l AR AFAAE 2AAY, AR
A T 3kE #|=A] 1 AKresonance-stabilized phenoxy
radica) & A8t AH 2715 AA g o= sl
ot 2 gt a T ol AeEEE e Aoz deiRltt
(2425). FE2UL 2 £ F ¥E ¢ Fg
17} 20 YepiTh & dlede 224 248 AUkl
22 TolA = 16.8 mg/gs UEMISL AL, cellulase E4E
718k ol A& 15.41-18.1 mg/g, pectinase EAS 37131
T A= 17.51-18.62 mg/g, cellulase:pectinase =3 =] 2]+
AME 1523-17.81 mg/gE oAl ol QdTh
cellulase:pectinase(1:1) &3} &4 0.1% AH&3siH 225
40-55C=2 2|3k ol & 17.23-18.90 mg/g] A7= B
Ao, frolAQl fel 7t itk FE2AIZT] W & 2
s 2 3A17F & Al 18.06 mg/go = M g
ANE HoAX 5 &7 fAR AFE Bolth uvts
Tol| w2 e 16.51-19.14 mg/ge] WS JeERAUTH
120 ipm £=04 19.14 mgfee] o2 71 w2 2 E
H o} 0-90 rppm FEo A= Fel A<l Aol 7} ittt

O

25
ONo treatment BCellulase OPectinase BEPectinaset+Cellulase

% 20 ab ah abab ab aa b
E ab ab ab 2
i T b b
% 15 |
£
= 10
(=%
=
e 5t
—

[l L

0.00 0.05 0.10 0.15 0.20

Enzyme ratio (%)

Fig. 1. Total polyphenol content of blueberry extract according to
different enzyme treatments and its ratio. Cellulase, pectinase, or
cellulase:pectinase (1:1) mix were treated for 3 h at 45C.

Cellulase, Enzyme ratio (%) represents 60 U for 0.05%, 240 U for 0.10%, 540 U
for 0.15%, 960 U for 0.20% in cellulase

Pectinase, while 67.5 U for 0.05%, 270 U for 0.10%, 607.5 U for 0.15%, 1,080 U
for 0.20% in pectinase.

Cellulas+Pectinase, 63.75 U for 0.05%, 255 U for 0.10%, 573.75 U for 0.15%, 1,020
U for 0.20% in cellulase:pectinase (1:1). Different letters indicate significant differences
(p<0.05).
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Fig. 2. Total polyphenol contents of blueberry extract based on
temperature (A), time (B), and agitation rate (C) after fixing the
enzyme and its amount.

Enzyme incubation temperature was 40, 45, 50, or 55°C. Extraction time was 0, 2,
3, 4 or 5 h. Shaking speed was 0, 30, 60, 90, 120 rpm. 0.1% mix enzymes were
treated for 3 h at 45°C.

Values represent the mean+SD (n=3). Different letters indicate significant differences
(p<0.05).
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Fig. 3. Free sugar glucose (A) and fructose (B) contents of
blueberry extract according to different enzyme treatments.

Cellulase, Enzyme ratio (%) represents 60 U for 0.05%, 240 U for 0.10%, 540 U
for 0.15%, 960 U for 0.20% in cellulase.

Pectinase, while 67.5 U for 0.05%, 270 U for 0.10%, 607.5 U for 0.15%, 1,080 U
for 0.20% in pectinase.

Cellulase+Pectinase, 63.75 U for 0.05%, 255 U for 0.10%, 573.75 U for 0.15%, 1,020
U for 020% in cellulase:pectinase(1:1).

Different letters indicate significant differences (p<0.05).
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Fig. 4. Glucose and fructose contents of blueberry crude extract
according to temperature (A), time (B), and agitation rate (C) after
fixing the enzyme and its amount.

Enzyme incubation temperature was 40, 45, 50, or 55°C. Extraction time was 0, 2,
3, 4 or 5 h. Shaking speed was 0, 30, 60, 90, 120 rpm. 0.1% mix enzymes were
treated for 3 h at 45°C.

Values represent the meantSD (n=3). Different letters indicate significant differences
(p<0.09).
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