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Characteriatics of Single Cell Suspension of Garlic, Red Pepper and
Cucumber Prepared by Protopectin Hydrolytic Enzymes

Ku-Hyoun Baek, Sung-Soo Kim, and Young-Chun Lee"*

Korea Food Research Institute
'Department of Food Science and Techmology, Chung-Ang University

Abstract Protopzctinase (PPase) from Bacillus subtilis was used to investigate enzymatic maceration of vegetable tissues.
Optimum concent-ation and pH of PPase were 0.75, 0.75, and 0.5%, and 5.0, 8.0, 7.0 for red pepper, garlic, and cucumber,
respectively. Optirnum shaking-rate, reaction time, and temperature of PPase were 250 rpm, 150 min, and 37°C, respectively.
Yields of mechanically macerated red pepper, garlic, and cucumber were 45.8, 47.5, and 82.1%, whereas those treated with
PPase were 81.8, 84, and 98%. Over 40% Vitamin C, the most unstable component during mechanical maceration, remained
intact for 12 days after enzymatic treatment. Color differences (AE) of mechanically macerated red pepper, garlic, and
cucumber were 1.16, 2.86, and 3.27, whereas those of PPase-treated ones were 2.87, 7.68, and 5.22 after heat treatment at
100°C for 20 min. Capsaicin content of mechanically macerated red pepper was 0.4 mg/100 g, whereas that treated with
PPase was 1.32 mg/100 g. Viscosity of PPase-treated vegetable decreased slowly with increasing storage period, whereas that
of mechanically macerated vegetable sharply decreased. These results indicate PPase treatment of vegetable could be better
choice for preparation of high-values and functionally processed food and for extending preservation period.

Key words: protopectinase, maceration, red pepper, capsaicin, single cell
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D,: weight of the sample
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Plant material 9 g (3-5 mm)

Soak in 13 mL appropriate buffer
Add 13 ml enzyme Ext.

(100 U/mlL PPase)

React (37°C, 90 min, 200 rpm)

Suspension macerated Plant material

20 mesh screen

l

Suspension sc?

| _Keep (4T, 2hr)
Centrifugation
(10 min, 4TC)

|
I I

Insoluble residue
[ Dry at 105C
IR? dry weight

Washing (SC)

First supernatant

| Dry at 105C ]

Pool supernatants(SS¥)

SC dry weight

Second supernatant

Fig. 1. Methodology used in maceration tests of different plant materials. "SC: Single cell, “IR: Insoluble residue, ¥SS: Soluble substrates.
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I Freeze dried red pepper 1 g ‘
| ACN 10 mL

’ Mixing, 2 min ‘

' Filtration (Whatman. No2) ]
| CL8 Sep-pak filter ACN 5 mL+MeOH 5 mL

’ Filtration (3ep—pak)

‘ ACN 4 mlL + 1% acetic acid/ACN 1 mbL

‘ Filter through 0.45 ul membrane filter

i Inject 20 pl to 4PLC (280 nm) ‘

Fig. 2. Procedure of sample preparation for analysis of capsaicin
and dihydrocapsaicin by HPLC.

Table 1. Operating conditions of HPLC for capsaicinoids
analysis

Apparatus : Gilson 305 system

Detector : Gilson UV/VIS 119

Wave length 1280 nm

Column s nucleosil 100-5 C, (25 cm)

Injection volume 120 pl

Flow rate : 0.8 mL/min

Mobile phase

A solvent : B solvent : Water : MeOH

Gradient table time (min) A (%) B (%)

0-5 30 70

6-20 45 55
21-35 30 70
35-55 45 55
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Fig. 3. Effect of individual conditions on preparation of single cells from selected vegetable tissues with PPase. @: red pepper, A: garlic,

O: cucumber.
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Fig. 4. Microphotographs of red pepper suspensions. (a) treated
with PPase (b) mechanically macerated with homogenizer.
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Table 2. The ratio of yield and waste from vegetable suspensions with treatment of PPase and mechanical maceration

Mechanical maceration Treated with PPase"
Treatment -
Yield (%) Waste (%) Yield (%) Waste (%)
Red pepper 45.8+0.19 542+0.19 81.8+0.15 182£0.15
Garlic 47.5+0.30 52.5+0.30 84.0£0.37 16.0£0.37
Cucumber 82.1+0.37 17.9+037 98.0£0.29 20£0.29

"'Suspensions treated with PPase and mechanical maceration were filtered by 20 mesh screen.

Table 3. The change of vitamin C in vegetable suspensions treated with PPase and mechanical maceration stored at 4°C (unit: mg/100 g)

Treatment

Storage period (days)

0 3 6 9

12 15 18 21 24

Red MH" 105734243 79.24°+£1.72 67.88°+139 66.23°+ 128 60.12°=1.18 46.76°+ 121 43.12°+1.29 42.78'£1.54 37.65°%1.16

pepper  PPase” 10021°+1.42 95.71°+1.76 85.64™ +1.43 84.64™ £ 122 73.68 % 1.34 70.26°+ 1.4 66.26"+ 1.42 65.82+1.09 40.01°%1.10
Garlic MH 9481093 8.0°+0.59 70°£00 6.02°£0.0 604100 583F+024 4854047 438°+£021 3.6+033
PPase 9481060 7.6°+£0.82 7.59°£041 694100 649¢+0.0 62094041 55491022 52194022 4.03°+025

Cucumber MH  1084°£022 727°4043 6554063 4.86°1032 4824048 4741044 371°£0.09 2.83+0.07 1.757+0.10
PPase  10.53*£0.76 8.65°+0.77 8.63°10.40 6554021 54204029 43204013 33274011 209%+022 1.53'+0.18

*The values are mean:SD of 4 replications.
"MH: mechanically macerated vegetable suspensions.
IPPase: PPase treated vegetable suspensions.



374 Al E 3R] A 38 WA 3 F (2006)

(a) 3.2 3.2
w
o 2.4
Fo.4 2
~ [o]
[] Q
g 5 1.6
g1 6 .}'T_’
] 5
50.8 5 o0.8
o] o)
© O
0 0
0 3 6 9 12 15 18 21 24 0 1 2 3 4 5 6
Storage period (Days) Storage period (Cycles)
(b) 6
Ga.5 k)
~ @
© 0
g 5
3 ° g
= 5
51 5
8 &}
0
0 3 6 9 t2 15 18 21 24 0 1 2 3 4 5 6
Storage period (Days) Storage period (Cycles)
~ 12 o
g s
- ®
3 8
e 6 5
ES) o
= <)
S o
= o)
8"’ 8
0
0 3 6 9 12 15 18 21 24 0 1 2 3 4 5 6
Storage period (Days) Storage period (Cycles)

Fig. 5. The change of color difference (AE) in Vegetable suspensions treated with PPase and mechanical maceration stored at 4°C (Left)
and —18°C (Right). @: MH (mechanically macerated with homogenizer), O: PPase (PPase-treated). (a) red pepper (b) garlic (c) cucumber.
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Table 4. The change of color in vegetable suspensions treated with PPase and mechanical maceration after boiling
Time (min)
Treatment Hunter color value"
0 0.5 1 10 20
L 26.93+0.02° 26.01£0.04° 25.87£0.01% 25.41+0.03° 25.451+0.03°
MR a 18.66 +0.04° 17.49£0.02 17.37£0.04° 16.531£0.04° 16.54 £0.04°
b 9.08 £0.04* 830+0.07 8.22+0.03 7.77£0.02° 7.82£0.02°
AE 0 1.6710.06 1.8710.02 2.9310.03 2.871£0.02
Red pepper
L 24.754+0.03° 24.34£0.10® 24.32+0.07% 24.44+0.04" 24.48 £0.07"
PPase” a 14.83 £0.02 13.96£0.01° 13.76 +0.03° 13.71+0.04° 13.75+0.05
b 6.744.0.03° 6.31+0.02 6.221+0.10° 6.351+0.12"° 6.39+£0.04°
AE 0 1.05+0.04 1.27£0.06 1.22£0.03 1.16£0.07
L 42.24£0.04° 44.4110.04* 44.77+£0.01° 39.91+0.04 38.53 +0.04°
MH a -2.22+0.03 -2.66+0.02* -2.2740.02° 2.48£0.09" 3.94 £ 0.46°
b 5.35£0.01° 5.25+0.02° 5.95+0.02" 7.18+0.08° 8.04+0.13"
Garli AE 0 2.221+0.04 2.61+0.01 5.5610.11 7.68 £0.36
e L 44.96+0.04° 46.5110.01° 47.83£0.04° 47.56+0.07° 47.76 £0.07°
Poase a -2.04+0.01° -4.13+£0.01° -3.72+0.02* -2.2510.02° -1.46 +£0.03
‘ b 6.63+0.10° 4.81£1.01° 5.84+0.04° 6.27£0.05" 6.82 £0.09
AE 0 3.18£0.72 3.4210.03 2.6310.06 2.861+0.09
L 51.39+0.11° 49.81+0.03¢ 49.8140.09° 51.44£0.96" 53.06£1.07
MH a -49110.01° 42+0.01° -3.95£0.01™ -3.6710.04° -3.48£0.04%
b 12.74+0.04° 11.78 £0.01° 10.75£0.03° 8.91+0.20 8.00+0.20%
AE 0 1.981+0.02 2.72£0.07 4.021+0.19 5.2210.55
Cucumber
L 46.79£0.03° 46.07+0.03* 44.80£0.07° 44.12£0.03° 44,18 0.55¢
Poase a -4.08£0.02° -3.79+0.02* -3.89+0.02% -3.13£0.01° -2.86£0.02°
b 11.99+0.01° 11.54£0.02° 11.35+0.07* 10.31 £0.02¢ 10.08 £2.10¢
AE 0 0.91 +£0.03 1.4210.07 1.93+0.04 3.2710.02

*The values are meanzzSD of 3 replications.

YL: black (0) < white (100) a; red (100-0) — green (0-80) b; yellow (70-0) < blue (0-70).

f’MH: mechanically macerated vegetable suspensions.
PPase: PPase treated vegetable suspensions.
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Fig. 6. The change of Viscosity in vegetable suspensions treated with PPase and mechanical maceration stored at 4°C (Left) and -18°C
(Right). @: MH (mechanically macerated with homogenizer), O: PPase (PPase-treated). (a) red pepper (b) garlic (c) cucumber.
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