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Research Title: Development of low methoxyl pectin extraction process from young sugar palm
by recovery of ethanol

Researcher: Kittichai Banjong

Faculty: Agro-industry

ABSTRACT

The recovered ethyl alcohol from distillation was substituted for 95 % ethyl alcohol in
precipitation and washing process during pectin extraction from young sugar palm mesocarp and
exsocarp. The pectin from recovered ethyl alcohol substituted in precipitation (p). The pectin from
recovered ethyl alcohol substituted in precipitation and washing (PW) and the pectin from
conventional process using 95% ethyl alcohol (C) was analyzed and then compared. It was found
that the substitution of recovered ethyl alcohol for 95% ethyl alcohol in precipitation and washing
(PW) can reduce the cost of 95% ethyl alcohol. This study was also to prepare low calorie jam
using pectin from conventional process using 95% ethyl alcohol (C) and pectin from recovered
ethyl alcohol substituted in precipitation (p). The development of fow calorie jam was divided into
two groups: The first group is low calorie jam with no sugar added (LM0O, COand P0). The second
group is low calorie jam with 33% sugar (LM33, C33 and P33). The products (LM0, COand P() were
tested by consumers for color, odor, appearance, spread ability, flavor and overall acceptance. The
physico-chemical properties including gel strength (N), color (L*, Flue angle and Chroma valug),
total soluble solid (°Brix) were also determined. It was found that pectin from conventional process
using 95% ethyl alcohol (C) pectin from recovered ethyl alcohol substituted in precipitation (P)
was significantly different compared to commercial pectin (p<0.05).

Keyword: pectin, young sugar palm, extraction, ethyl alcohol, low calorie jam
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middle lamella
( ,2548)
2550
328,771,654 ( , 2550)
Borassusjlabellifer L.
(Endocarp)
13.3%wiw Low-methoxyl pectin (Rungrodnimitchai, 2011)

( | 2547)

(Rungrodnimitchai, 2011)
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2.1
Borassustlabellifer Linn.
PalmyraPalm  Lontar ~ FanPalm

212 18-
25
10-15 6-8
1-
4 , 2543)
3 1 Exocarp 2. Mesocarp 3
Endocarp ( 2.1)
Rungrodnimitchai (2011)
13.3%wi/w 20.1% | (2555)

5.24-14.68% |

(Low methoxyl pectin, LMP)

2.1



2.2

Katesz (1951)

(Pectin substance)

H OH

b

(Anhydrogalacturonic)
(Methyl group)

COOH H

2.2

: Rolin

(Protopectin)

" (Saponification)

(Pactinic acid)

OH

(Pectinic acid)

COOH

De Vries (1990)

H

OH



2.3.
(Pectin)
30,000-300,000

231,
(2549)
(Galacturonic acid)
-(L4)

(2555)

(Methyl ester) 23
(Linear galacturonic)
(Arabinogalactan)
(Galactan)
(Rhamnose-galacturonan)
2.4

COOH

H OH

D-Galacturonic acid

2.3

CcoOCH3

H

(2555)

(Methyl group)

(Rhamnose residues)
(Arabinan)

OH

D-Calacturonic acid methyl ester



24
: Simon (2003)

2.3.2.
Rolin ~ De Vries (1990)
(Methoxyl ester) - Degree of esterification

(DE)
(Methoxyl ester) Degree of
methoxylation; DM) 2
\ (Low methoxyl, LM)
(High methoxyl, HM)
(Rapid
set) DM 60% DM
DM 50-60% DM
Car  MgZ
2565 32-4.0 DM

DM



, DM
! ( 01
2555) (Germeiner, 2012) 2.5
%
HV - Pectins
LH-Pectins
25
. Genrieiner (2012)
2.32.1. (Low methoxyl pectin, LMP)
(Methyl esters) 50%
20-50% (Silvachimica and Indunor, 2005) 2.6
Cat
10-80% - 2955 (  ,2553)
Rungrodnimitchai (2011)
(DE) 29.3-45.0%
(2555)
(DE) 10.67% (2548)

(DE)  25.28%



COOH COOH
ifi
9.
0 1 0
COOH GOOCH, COOCIHL
2.6 Low methoxyl pectin

 International Pectin Producers Association (2001)

(LMP) 2 (Holmer,
1991)
1) Amidated low methoxyl pectin
2.1

Degree of amidation (DA)

2.1 Amidated low methoxyl pectin
: Silvateam (2011)

2)  Conventional low methoxyl pectin

28

DE 50%
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2.8 Conventional low methoxyl pectin
 Silvateam (2011)

2.32.2. (High methoxyl pectin, HMP)
(Methyl esters) 50%
DE 50-75% (Silvachimica Indunor, 2005)
2.9 - 2.0-35
55% (2553
Silvachimica - Indunor (2005) (HMP)
(Rapid set), (Medium rapid set)
(Slow set pectin) Kulkami  Vijayanand (2010)
(DE) 60.30%
(2550)

(DE)  5255%

COOCH,

... 11R.%

2.9 High methoxyl pectin
 International Pectin Producers Association (2001)
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24,
24.1.
Kartezs
(1951) De esterification
(3-elimination
(Levigne et ., 2002)
Calcium pectinate
Chelating agent
Calcium pectinate
Polyphosphate ~ Oxalae
24.2.
: (Hemicellulose)
(Uronide)
1
(Kartesz, 1951)
3
Rungronimitchai (2011) 100
133
150 1 70%

2 300 2
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95% 300 '
243,
2431, !
Pagan  Ibarz (1999) ,
80 (2546) ,
1
80 (2550)
80 Rungrodnimitchai (2011)
80
80
24.32. !
Pagan ~ Ibarz (1999), Pagan
(2001)  Levigne (2002)
(2550) 30 Chang (2006) 20
120
( , 2548; 2552, ,2546; Molles, 2007;
Rungrodnimitchai, 2011)
2433 I

(pH 15-2.0)



(2546), , (2548),
(2546), Pagan, (1999), Pagan

(2552)

13.3%wiw

80

2.5.

13

, (2552), , (2550),
(2001).  Levigne (2002)
1520
1520
10%

2

2.34%wiw Rungrodnimitchai (2011)
2

3 10.0%wiw

2 23.5%wiw

120
24.2
1



25.1.

(80

- 255)

2.5.2.

100

2.10

2.10

(2555)

- 255)

211

14

1413

80
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(2550)

Direct steam)

Distillate
95% Reflux

Bottom product
95%

95%
(2539)

2.

2.6.1.

2.04% |
Kulkami

9-10%

(2552)

Vijayanand (2010)

Distillate
95%

24.42%

16

Residue



i

14.8%wiw
(DE) 60.30%
88.2% |/ Rungrodmmitchai (2011) ( )
13.3%wiw (DE) 29.3-45.0
% 43.3-10% | - 1
1 (Middle)
26.2.
Colliodal polygalacturonic acid 1
(2546)

60, 90, 120, 150 = 165
19,35, 55,87 60%

2.6.3.

(2553) 3
1145992 1843%wiw

2.64.
11.59% | 12.54% | 8.57% |

(253
265 ,

8%
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2.1,
2.1.1,
(2543)
60
1 5 65%
, 1
(Rolin and De Vries, 1990)
1473
2.1.2.1.
2.7.2.2.
2.12.3

3.2

2124, Low methoxyl pectin -~ High methoxyl pectin
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2.1.25.
2.13, ( )
(Newtonian)
1 1% Pseudoplastic
solution (Sriamomsal, 2003)  (Kawakatsu et ai, 2001)
2.14,
1 1 2555
Thixotropic solution +1
2.15.
Intrinsic viscosity
(Michel et al., 1982; Christensen, 1954; Berth etal.,
1982)
2.1.6. (Cazy
2
2.1.7,
2
( 2.102.2)
28.
2.8.1. ,

(Kartesz, 1951)
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(Rolin and De vries, 1990)

(
1 (Rolin
and De vries, 1990)
2.8.2.
35-4.2
70%
(Homogenization)
Stir yoghurt
(Perayra et al., 1995)

2.83.

(Cloudy)
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10-15%

0.05-0.1%
(Tomato juice) (Citrus juice)
1
! (Chemical preservative)
(Pasteurization)
(Pectin methylesterase) (Elshamei and Elzoghbi, 1994)
Deesterified
(Flash pasteurization)
Braverman, (1949)
(Klavans et al.,
1994)
284,
!
(Brake andFenema, 1993)
2.85.
1

Einhomstoll (1996)



22

2.9,

( 2533)
45
0-10
(Black, 1993)

25
(Schmidl and Labuza, 2000)

1) '
)
(Sunyer,
1993)
1
3 1,095
( , 2547)

(Nabors and Lemineux, 1993)



260 100-

(Nobors and Gelardi, 1991)

(Furia, 1983)

23

Acosta (2006) (Lowmethoxyl
pectin)
8
Rolin- De Vries (1990)
(2538)
) 70:30  50:50
Gajar - Badrie (2002) (High methoxyl pectin)
(Low methoxyl pectin) (Carrageenan) (Gel
set) ' (P>0.05)
(P<0.05) 2
0.03 (Sucralose) 19
12 3.62
1 3
(P<0.05)
Nawawi  Heikal (1995)
1520 1 10-50
15-100 1 1
20 3 45
Abdullah  Cheng (2000)
3.5-37.7 (Carambola) 0-15

61.5-96.5 Mixture design



24

Response surface methodology )
[i! 25 4
106 100 1 3
Hyvonen  Torma (1998)
10 5 )

(High fructose syrup, HFS)

(2546)
191.93 21.22 1.9 5 0
56.08 224.32 05 3.75
(4.15 )
Bakr (1997)
0.2
4
2.10,
2
45
3
15
20
20 2 50-75
%
5 3 33.3-75.0

4 25-15



f 213 (2543)

65
28 35 ' !
3
1 (Most Probahle Number)
~, 1
1 L 250
1
Food and Drug Administration (FDA) 1936
(Preservative)
45-47
' 55
' > 190 ( , 2536)
103-105
68.5
90
' ( , 2543)

25
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1
, 2543)
2.10.1,
3
( , 2536; Baker et al, 1996)
(High methoxyl pectin, HMP)
1
(Low methoxyl pectin, LMP)
(Egg box madel) (Apirattananusom, 2011)
2.10.2
2.10.2.1.

(255



2.102.2.

1991)

(Sedimentation)

(Casein)
1

27

(Schmidt, 1981)

(Hydrophillic)

COOH)

2.9-34

4
( , 2543)
(Oalkentull,
(Gelling agent)
(Thickening agent)  stabilizer lie
(Acidified milk)
(Emulsifier) (Emulsion)
Prebiotic Probiotic
Funcitonal food
2 ( , 2534)
(Pectin Gel)
(-COOCH3 (-
Junction Zone
(Polar Groups)

(H-bonds)
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2) (Calcium Pectate Gel)
3.4-6.0 1 (Ca2
(Mg2y
Junction Zone Egg-
Box Model
( , 2545; :

2547)

1)

2)

3)

( , 2536)
Caz - 1

gel strength
(HMP) (LMP)



(LMP)
2.10.2.3.
Specific rotation ~ -20.4
2544)
( , 2543)
5-15
( , 2536)

2.10.24.

(

2551)

Cazr

(

(HMP)

- 2559)

210

(invert sugar) (

29
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3.1

311

(Exocarp)

3.1.2.

313

(Young sugar palm peel)

(Mesocarp)

(HCI)
(CIHN)
(CHM THD)
(NaOH)
95% (CHZOH)

(Distilled water, HX)

(Distilled water, carbon dioxide (C02) free)

(CIH4)

(CHINCHN

(H2 04

(Hammer mill; Philip-Cucina, Indonesia)
(Tray dryer; Progress, Thailand)
(Hot air oven; Memmert, UM 400, Germany)
2 4 (OHAUS, USA)
(Water bath; Memmert, WNB 7-45, Germany)
(Buchi, R210, Switzerland)
(Hunter lab, Qouan XE, USA)



(

, 2550)

(Tray dry)

32

UV-VIS Spactrophotometer (UV-1601, Shimadzu, Japan)
(Nabertherm , LT40, Gennany)
Vortex mixer (G560E, Scientific Industries, USA)

( Mettler Toledo, Switzerland)

(Desiccator)
1
1,000
35 90%
10
(Hammer mills)
4-5 (3]
(Tray dry) ’ 10 6-7
(! )
4-5

31
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3142, 3 c,P PW
)
)
3)
* - C 95%
(Conventional process, ¢)
P
(Precipitation, P)
PW
(Precipitation ~ Washing,
PW)
3143,
0.25
10:300 N 2
0.25 80 120
1 (Rungrodnimitchai, 2011) 32
3 95% (Conventional process, ¢)
(Precipitation, P)
(Precipitation and Washing, PW) (%
Yield) 3.1.4.4

(% Yield) = « 100



3141 10
300 (pH=6.79)

') 05 |
80 2
i
50
Ty 03,
i 2 (H=17)
2 025
*
------ >
70% 2 300
05% 1 300
50 8
(Pm mill) 0.25
32
c 95%
P PW
C P 95%
(70%) PW

(87%) (70%)



0

(Conventional process, ¢)
P
PW

PW)

3.14.4,
95%
3147
Design = 2

35

95%

(Precipitation, P)

(Precipitation ~ Washing,

3.2

95%
Factorial in Completely Randomized

95% (Conventional process, C)

(Precipitation and Washing, PW)

IN%L5, &2.1:25 1:3

3145

3144
115

(Precipitation, P) 125

(Precipitation, P)

50
3143
4 C,p,PW
Rangana (1977)

95% (Conventional process,

(Precipitation and Washing, PW)
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1:25
05

0.5 '
0.5 '

, DE (Degree of esterification, %DE)

% DE = NaoH valume 2 X100
NaoH valume 1+ NaOH valume 2

3 1

(Completely Randomized Design, CRD)

3
SPSS version 16 Duncan’s New Multiple Range
Test 95%

2) AOAC (1990)

3144 95% (Conventional process,

C) LN
(Precipitation, P) 125
(Precipitation and Washing, PW)

1:25 Aluminium can
130 2 Aluminium can

130 2-3

(Desiccator)

- - x 100
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3 1
(Completely Randomized Design, CRD)
3
SPSS version 16
Duncan’s New Multiple Range Test 95%
3) AOAC (1990)
3144 95% (Conventionalprocess, C)
115
(Precipitation, P) 1:25
(Precipitation and Washing, PW)
125 550
1 4
3.0000 Hotplate
550 3-4
x 100
3 {
(Completely Randomized Design, CRD)
3
SPSS version 16 Duncan’s New
Multiple Range Test 95%
4) Rangana (1977)
3144 95% (Conventional process,
C) 115
(Precipitation, P) 125

(Precipitation and Washing, PW)
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1:25 0.01
0.05 10 1
100 100
1 10
10 10
2 01
1
12 25
525 y = axth
3
(Completely Randomized Design, CRD)
3
SPSS version 16 Duncan’s New Multiple Range Test
95%
5) Rangana (1977)
3144 95% (Conventional process,
C) 115
(Precipitation, P) 1:25
(Precipitation and Washing, PW)
1:25 05
250 100
1 6
01N
= 1,000 x
NV
¥ ()
N
()
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3 1
(Completely Randomized Design, CRD)
95% 3
SPSS version 16
Duncan’s New Multiple Range Test 95%
3.146. 4 C,p,PW
1) Hunter lab colour Quest XE
3144 95% (Conventional process,
C) 115
(Precipitation, P) 125
(Precipitation and Washing, PW)
125 Standardize ~ Tile Port ok
Rready to read white tile Port ok
Sensor successfully Std. ok
Read sample Read sample 10
ey was e i LAGT /W05
Hunter Lab colour Flex Hueangle ~ Chroma Chroma
Plot (X b*( )
Chroma ‘
Hue Chroma
(Completely Randomized
Design, CRD) 95% 3
3
SPSS version 16 Duncan’s New Multiple Range Test
95%
) Brookfield viscosity
334 95% (Conventional process,
C) 115

(Precipitation, P)

1:25
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(Precipitation and Washing, PW)

125 0.3,06,09 12 15
1.8% 1 11 100
0306,09 1215  18% 25
Brookfield viscometer
(Centipoise, cPs)
3
Completely Randomized Design (CRD) 95%
314,
!
60 175
3148,
3143
31471 3
(EBulliometer)
3149,
(ANOVA)
Duncan’s New Multiple Rang Test (DMRT)
95% (p<0.05)
3.2.
3.2.1
9%
(Conventional process; C)
(Precipitation; P) 1

3143
3.2.2.
Low methoxyl pectin (Pomona’s Universal Pectin, USA)



Sucrose (Food grade)
Mano-Calcium phosphate (Food grade)

Critic acid (Food grade)
323.
1) (Water Bath; DAMAN Scientific, Korea)
2) 4 (Metter ML204, Switzerland)
3) 2 (Pioneer, USA)
4) Magnetic stirrers  Stirring bars (IKA-Werke Gmbh, Germany)
) (Hot plate)
6) Thermometer
) 4
9)
9)
10) (Brookfield DV-I1I, USA)
11) (Texture Analyzer TA-XT2i, England)
12) (Minolta CR400, Japan)
13) - (pH meter Suntex, Switzerland)
14) (Hand Refractometer ATAGO, Japan)
324,
3241
3 0.3,0.6
0.9 (DI-water)
2 0 &
3 0510 15
3.0-33
18

(Texture Analyzer) (Cylinders) P0.5R
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0
3 (N)
Factorial in Randomized
Complete Block Design (Factorial in RCBD) 3
2 3
3
Duncan’s New Multiple Range Test
95%
324.2.
C P
LM
LM C P
3 4 03,0609 15
(DI-water)
4 0.5, 10, L5
2.0 18
(Viscometer, Brookfield DV I11) 18 (cP)
Factorial in Randomized
Complete Block Design (Factorial in RCBD) 3 4
03,0609 15 4
05 10,15 20 ki
Duncan’s New Multiple Range Test 95%
3.2.43.
95 (Conventional process; C)
(Precipitation; P)
6 (LM)
% (Conventional process; C)

(Precipitation; P)
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Pomona’s Universal Pectin,

USA 2 {
6
1) 1
1 LM (LMO)
2 C ' (CO
3 P (PO
) 2
4 LM B (LMY
5 C B(EP
6 3B (P
31 6
33
31
, in 2
1 2 3 4 5
W (LM (CO (P.) (LM3 (€3 %)
97.90 97.90 97.90 64.90 64.90 64.90
0.60 0.60 0.60 0.60 0.60 0.60
1 0 0 0 3 3 3
150 150 150 1.50 150 150

* ; - 3033



3244,

50

(Hedonic scale)

3.3

45:30)

60

18

(Hedonic scaling)

1

44

&

3.0-33

(13

(Monadically serve, one at a time)
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3.2.4.5,
)
)
3)
4) (AOAC, 2000)
9)

3.2.4.6.

6 (Randomized Completely Block Design, RCBD)
6 (Completely randomized design, CRD)
3 (ANOVA) 6

New Duncan’s Multiple Rage Test 95%



1L ‘
95% (Conventional process, C)
1 2
5% Evaporator rotary 2
60 1 2
95% (p>0.05)
87.00  87.66% 41 3
88.66% ( 4.1)
1 2 3
41
1, CN! 13! 1ol
1 2 3
750020578  87.00£0.57b 87.66£0.57b 88.66+0.57c
(%)
* ;)
(P<0.05)
12, !
41
3 95%

(Conventional process, C),
(Precipitation, P)
(Precipitation and Washing, PW)
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( 3.2) 95%
11, 115, 12 1:25 1:3
95%
(Conventional process, C) 11,115 12, 125 13
10.38, 13.65 13.66, 1365  13.64%wiw
C 115
' (p>0.05)
12,125 13 4.2
(Precipitation, P) 1:1, 1115, 12, 1:2.5 1:3
3.53,3.57,4.80,9.62  9.97%wlw
p 1:25
13
(P>0.05) C
C 4.2
(Precipitation and Washing, PW) L1
1:151:2125 13 350354475952  10.04%w/w
PW
13
1:25 13

(P<0.05) 42



42

11
1:15
12
1:25
13

3c"

41

11

AL0.38+0.26h
AL3.65£0.32a
AL3.660.36a
Al3.65£0.12a
AL3.6410.31a

v

- PW

b3.530.27¢c
b3.5720.26¢
B1.80+0.16b
B.6210.27a
B.97:0.05a

1:25

(%)
PW

B3.50£0.27d
B3.54+0.26d
t4.75£0.17¢c
B.5240.290
B10.04:0.14a

(P<0.05)

(P<0.05)

mP

m PW

48
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13,
131, ? (Degree of esterification, DE)
2 1) (Low
methoxyl, LM) 2). (High methoxyl, HM)
(LMP) %DE 50% DE 20-50% (May,
1997) 3
( 43)
3 95% (Conventional
process, C)
(Precipitation, P)
(Precipitation and Washing, PW) 42,61,
476 4323% (p>0.05)
43 (LMP)
(P<0.05) 33.93%
3 Low methoxy! pectin

50% (Sharmaet.al., 2006)
Rungrodnimitchai (2011)

29.3-41.1% (2555)
21.90%
132,
9
95% (Conventional process, C)
(Precipitation, P)
(Precipitation and W ashing, PW)
(p>0.05) 1051, 10.57
10.49% w/b (LMP)

(P<0.05) 4.67%wlb 43
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(Muhamadzadeh et an, 2010) 3
(2548)
10.06%w/b (2546)
10.06% w/b
(2555) 12.13% w/b
10%w/b
1.33.
3

95% (Conventional process, C)
(Precipitation, P)
(Precipitation and Washing, PW)

(P>0.05) 4.70,4.73
4.71%wiw
(P<0.05) 3.51%w/w 43
3 !
: 10% 10%
10%wi/w
(MoHD et ah, 2012)
(2548) 5.42%wlw !
(Precipitation and Washing,
PW)
1.34. (Galacturonic acid, GA)
3

95% (Conventional process, C)
(Precipitation, P)



ol

(Precipitation and Washing, PW)

(p<0.05) 83.31,75.54  64.16%wiw

10% 77.50%
530 02500 (, 2549)

(Precipitation and Washing, PW)
(p>0.05) 63.94%wi/w
95%
(Wang etal., 2002) 3
35%

3147 | (4

1.35. (Equivalent weight)

95% (Conventional process, C)
(Precipitation, P)
(Precipitation and Washing, PW)
(p<0.05) 128220, 880.39  849.28

3,000.20



3
(-COOH) (-COOH;)
(
43 3
(%) (%)
C p
DE 42.61+2.27a 41.76+2.00a

1051+0.292  10.5740.33a

4,70+0.20a 4.73+0.17a

GA 83.31£2.25a  75.5440.96h
,282.20+2.16a  880.391.19h

abc'
(P<0.05)

C 95%

P

PW

14,
141,

95% (Conventional process, C)
(Precipitation, P)

52

PW

43.23+0.26a 33.93£0.07
10.49:0.04 4.67£0.05
4.71:0.11a 3.5110.03
64.160.96¢ 63.94+1.18
849.28+149c  3,000.20£1.53

(Precipitation and Washing, PW)
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1.5%
42 3 1
3
U petoet P67 0@t \ 12 MG, ot §
(%)
42
. £{1C 95%
P
PW
95% (Conventional process, C) 15%
15.76 cPs
(Precipitation, P)
(Precipitation and
Washing, PW) 1092 9.34¢cPs ( 1)
1.5%

24.42 cPs ,
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3 (2546)

1,282.20, 880.39, 84928 3,000.20 ( 43)

142,
4 95%
(Conventional process, C)
(Precipitation, P) ?
(Precipitation and Washing, PW)
L*, * * L* 4
65.04,64.81,64.99 8299 ( ) a¥
5.13,6.26,5.18 ~ 3.9 b*
1493, 17.12, 1506 14.78 ( )
W ) Hue angle
() 0° 9 ;o 180° 210°
4 7105, 69.94, 70.80  77.83
N\, P Chroma
Chroma 4 1578, 1824, 1592 1513
(44

? 95% (Conventional process, C) ?
(Precipitation, P) ?
(Precipitation and
Washing, PW) 65.04, 6481  64.99 ( 44)
(p>0.05)
(P<0.05)
82.99



5

P PW  Hue
angle 69.94  70.80
(P>0.05) 95%
(Conventional process, C)
(Precipitation and Washing, PW) Hue angle
(P>0.05) 95%
(Conventional process, C)
(Precipitation and Washing, PW) Hue angle
(p>0.05) 7105  70.80
: Hue angle 77183
(p<0.05)
3
Chroma
95% (Conventional process, C)
(Precipitation and Washing, PW) 15.78
1592 (p>0.05)

(Precipitation, P) -~ Chroma 95%
(Conventional process, C)
(Precipitation and Washing, PW) 18.24
Chroma
3 15.13
L* Hue angle -~ Chroma

95% 1 ( 1
2548)
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4.4 4 (L* Hueangle  "Chroma)
c p PW
L* 65.04£053a  64.81:0.71a  64.990.35 82.9910.24
Hue 710520340 69.94+141a  70.80t044d  77.83t0.04
Chroma 15.7810.18a 18.24+0.48h 15.92+0.09 15.1310.28
* et
(P<0.05)
xx - C 95%
P
PW
L5. 95%
(Conventional process, C)
95% (Precipitation) ( 12
45 10 95% 892 53.52
60 1 ) 13,65 95%
392
95%
(Precipitation, P) 9% 742 44.52
9.00 10
0.9 95% 4,63
(Conventional process, C)
( ,
PW) 95% 10
18.00 (Conventional process, C)
35.52 95%
1.89
120
87% 60

87% 250 45 1



o7

1700,210,746 60 ()
1275, 01575, 0555 0045 (Unit)

2.037
240 240
488.88 60
858.253 /60 ( 1)
(Precipitation, P)
125 250
( 42) 3.58
95% P 4452
95%
5.00
(Precipitation and
Washing, PW)
125 250 ( 42)
87.00% ( 41)
1 482.76 PW
132.75
PW 10.48
PW 32.54
95%
2.99
PW
C) 23.92%
P
(C) 21.40%

PW



45 95% 3

/ c : PW
959%

() 15) 0 0
() ) 14 0
2( ) 300 300 300

() 892 ) 300

05% () 535 145 18,00

() 0 358 1048

() 535 481 2848

95% =% 463 189

(3 5.0 299

ok /. ¢ 059

:
P/

L.6.

(Rheological property)

(Giese, 1995; , 2543)

(LM) : 3031
46 LM 03,06 09
0 B 0510 15
LM
0.08-0.61
LM
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15
1.0 (P>0.05)
05 (p<0.05) 0.21,0.19
0.08 43 LM 03
LM 0.6
3
(P<0.05) ( 0510 15
) 44 0.5,
10 15 AN\
( , 2532)
LM 0.9
3
(P<0.05) ( 0510 15
) LM 0.6 45
051.0 15 0 33
' LM
45
3.0-45
(,2544) LM
3
(Crosslink)
(Oakenfull, 1991)
( , 2536; Baker,

1996) 3



(P<0.05)

4.6
()
0.3
0.6
0.9
* ahc”
(p<0.05)
0.7
0.5
4.3

0.5
10
15
0.5
10
15
0.5
10
15

0

0.0820.02f
0.190.05¢
0.21+0.03¢
0.22+0.04¢
0.290.02c
0.3520.03p
0.2620.04d
0.330.06f
0.38+0.04a

33

0.19+0.03f
0.2820.03¢
0.3240.04d
0.27+0.03¢
0.46+0.03c
0.55£0.02b
0.32£0.03d
0.56£0.04b
0.61+0.05a



0.7

N

b1

LA AYaLL

A AR AR
A AN
NONON

0.5

45

dy I dl Y o U 14 dl = 1 gj 1 Y o ¥ € Y ¥
wnanstluenasianulidmsunisldnuienisfinwivingu ldeygnlriluldusslevisunisen

ludnsdllag visdu BnnanuilvsauUaiien wagdenediniivesonalsynasaniinisuiluly



LM
LM 03,06 09
0510 15
LM
Cross Link
Egg Box Model
(-C0Q")

and Weaver, 1998)

(Broomfield, 1996)

25%)

(Rolin, 1990) :
(2L

253)

62

33
LM

(2547)

(Charley

1
(Dervisi et al., 2001)
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17
(LM)
LM 03,0609 15
05 10,15 20
LM 3.24-31.70 cP 95%
(Conventional process; C) 3.51-34.09 cP
(Precipitation; P)
2.67-19.83 cP 1 3 LM C
P 030609 15
3 4.6-4.8
P s \ ¢
( 03,0609 15 ) C
P
()

46 (LM)
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onal process;

o

" 2
&&9“' 9 = f\
“Ragnant®

48
(Precipitation; P)

dy I dl Y o U 14 dl = 1 2; 1 Y o ¥ & Y 1
nanstiluenasianulidmsunisldnuienisfinwivintu ldeygnlviluldusslevisunisen

lidnsdllag visdu Bnnanuilisauadiien wagdesdndiniivesonalsnasaniinisuiluly



4.7
()
() W
03 05 £3.24+0.40°
03 10 a3.3340.44"
03 15 £5.57+2.84K
03 2.0 M .8740.19K
0.6 05 £6.20+0.22j
0.6 10 £6.62£0.50i
06 15 AT.34+0.23]
06 20 A8.63+0.43h
0.9 05 AL1.43+0.38E
0.9 10 Al1.80+0.18fy
0.9 L5 A12.83+0.12f
0.9 20 al4.1040.J0¢
15 05 B26.57+0.550
15 10 B28.17+0.15¢
15 15 B30.13+0.25h
15 20 B31.70+0.40a
* "
(p<0.05)
ABC
(p<0.05)
4.7
15 2.0
(P<0.05)
(p>0.05)

LM 0.3,06,09

(cP)

95

(Conventional

process; C)

£3.5140.23
R.77+0.121y
B2.76£0.10h
§2.80£0.15h
B5.23£0.15f
B5.42£0.20f
B5.3740.35f
B5.4240.23f
B.64+0.72¢
B10.27£0.584
B10.37:0.50d
B10.73£0.59d
a33.2740.14¢
£83.57+0.76kc

. A33.83£0.558

A34.09+0.61a

15

(Precipitation; P)

R.6740.18¢
B.58:0.10g
B.58+0.58
R.7340.78°
¢4.62£0.17f
¢4.78£0.17f
B4.830.35¢f
B4.90£0.10f
¢8.1320.21e
¢8.7740.68
¢8.84£0.55(
£8.93£0.20d
C18.42£0.43¢
¢18.930.46b
¢19.60+0.10a
¢19.830.58a

0.5, 10,
LM

65



1 1
1
2
(
18,
9
18.1.
2
(LMOCO PO
BLMBCB  pH 6

66

C P
(PC0.05) 1 03
05 LM C !
(P>0.05)
05 10,15 20
LM
(Michel et al., 1982) C P
: f
(,2546)  Takahiro (2001)
1 1
, LM
, 2549)
(Conventional process; C)
(Precipitation; P)
b (LM)

95% (Conventional process; C)
(Precipitation; P)
Pomona’s Universal Pectin, USA
3 1-3
3 4-

9-point Hedonic scale
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c0 |
(P0.05)

6.46, 6.04
LM

€0 PO
554 568
LMO
5.44, 458
LM3

LMO
027,006 0.0

67

1 LMO
(p>0.05) PO
500,492 448 2
LM3 c3 P3 (P<0.05)
5.44 L*( 49)
C P
1 LMO
5.76,583 532 2
LM3 c3 P3 5.76,
(p>0.05) 2
1
c0 PO (P<0.05)
4,04 ( 49)
68 L4 LMO
¢c0  p0
c0 p0
c3 p3
(P>0.05) 516 504 LM3
(P<0.05) 6.84
LM3 €3 3
LM3

(2547)
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1
LMO (p<0.05) Co PO
464,418 446 2
LM3 C3 3 6.80,6.36  6.20
M3 (P<0.05)
( 49) ( 4.7)
LM3 c3 P3
1 LMO
(P<0.05) Co PO
460,39 266 2 LM3
£3 P3 (P<0.05)
6.66, 6.10, 5.90
LM CAAGR 1 2
2 1
1
28 35 ( 213, 2543)
1
LMO c0 p0 (P<0.05)
478418 352 2
LM3B £3(P>0.05) 692 66l P3

(P<0.05) 578
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LMD

5(CH

6 (PY)

500"

492"

448

6.46“

6.04h

544¢

5,76

5.32h

5.88a

5,76

5.5

5.68

5.44b

458°

4.04d

6.84a

5.16b

5.64b

464°

418°

4.46¢

6.80a

6.36h

6.20b

4.60J

3.9°

2.66f

6.6

6.10b

5.90°

478°

4.18d

352

6.92"

6.61"

5.78h
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18.2
49
1 LMO c0
p0 027,006  0.05 2 B
Cx P3 046,034 029
) LM (p<0.05)
2 LM
1
LM
(49
b 1 LMO
L* c0 (P>0.05) 31.06
29.18 PO (P<0.05) 27.60 ar
b* Hue angle (<) 0° ;W
] S804 210° LMQ €0 PO
82.20, 7548 66.71 &/
Chroma Chroma LMOCO PO
5.00, 1385 828 Hue angle Chroma
LMO c0 PO
(P<0.05) = ) LM3
L* c3  p3B(34.84,2805  28.06 )
(P<0.05) & b* Hue angle ()
0° ;9w o 180° 210°
LM3, CB P3 86.85, 7803  69.19
g * Chroma Chroma
LMZC3  p3 830, 1197  7.49
Hue angle Chroma LM3



Hue angle Chroma

c3 p3

Hue angle

LMO Co

(P<0.05)

2 LM3
(P<0.05) 45.13, 4743
Vries, 1990)

LMO

c0

0.056 2
(P<0.05)

1

p0

312,314 314

(2536)

1

LM3
' LM
C P L*
1
p0
1520, 1467 14.37 °Brix !
£€3 P3
46.77
( , 2543; Rolin and De
|
n0 (P>0.05)
(P<0.05) 0.049,0.051
LM3 P3
(P>0.05) €3

0.066, 0.060 ~ 0.053

1 LMO €0
(p>0.05)
2 LM3 £3 P3
(P>0.05)

2931 - 25
35



(Noborsand Gelardi, 1991)

LM
LM

LM

1 123
100
260 100 (
,2537)  Schmidl  Labuza (2000)
25

12



4.9

()
L+
Hue angle
Chroma

L(LMQ

0.27+0.02c

31.06+0.69
82.20£3.77h
5.00+0.62d

15.20+0.30c

0.0490.00a

3.12+0.02a

2(CO
0.06+0.01J

29.18+1.37d
15.48+0.89°
13.8540.95a

14,670,150

0.05620.00b

3.1440.04d

3 (PO

0.05£0.01

27.6+1.07a
66.71+1.26d
8.28+0.35°

14.370.12d

0.051£0.01a

3.140.03%

(P<0.05)

4(LMY
0.4620.04a

34.84£1.79%¢
86.85+2.47a
8.30+0.95¢

45.13+0.4Th

0.060+0.00b

3.15+0.03D

5(CH
0.34+0.05b

28.05:1.01a
18.03+4. 29
11.97£0.79

4743+0.40a

0.066+0.00c

3.1840.03b

6 (PY)
0.2940.05l

28.06:0.93a
69.19+4.44d
149£1.49°

46.77+0.67a

0.053£0.01d

3.18+0.02b



4

95% (Conventional process, C)
(Precipitation, P)
(Precipitation and Washing, PW)

42.61,41.76
;323 1051, 1057 1049
470473 4T 83.31, 75.54
64.16 1,282.20, 880,39 849.28
3
2 PW
€ 2392%
p
() 21.40%
PW
3 (LM)
0.08-0.61
LM
03,06 09
4, 1
LM,C P
5 1 LM,C P
2 3 (LMQcO PO

3 (LMBCB PR 6



75

'1
6.
LM,C P 1

1-3 027,006  0.05 L* 31.06,29.18

21.60 Hue angle 82.20, 7548  66.71 Chroma
5.00,1385 828 1520, 1467 1437
°Brix 0.049,005  0.051

3153\ [ /3.4 2
4-6 046,034 029 L*

34.84,28.05 ~  28.06 Hue angle 86.85, 7803  69.19
Chroma 8.30, 1197 7.49 45.13,47.23

46.77 0.060, 0.066  0.053

315318 318
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