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ABSTRACT

This study was carried out as an attempt to e xtract p ectins from different
blends of dried citrus peel namely (lemon, orange, grapefruit and shaddock) and dried
apple pomace and study the optimal conditions for pectin extraction from blends
which gave the highest yield and best quality properties. Also, the extracted pectins
under the optimal conditions were used in making of fig jam. The obtained results can
be summarized as follows:

1- Pectin yield extracted from the different blends at the optimum conditions for the
predominant component in the blend was increased than pectins extracted under
the same conditions, and ranged from 12.03-14.91% to 12.67-20.16%,
respectively.

2- Methoxyl contents increased for all blends pectin (9.77-10.36% than before 8.66-
9.15%.

3- Galacturonic acid content ranged from 79.79 to 81.55%, and no significant
differences were recorded between all blends.

4- Viscosity and shear stress values were the highest values (especially after using
the optimum conditions of extraction) for afl biends except blend 4 which the lemon
peel was predominant had the lowest values (69.77 c.P.s. and 41.86 P,,
respectively.

5- Molecular weights of pectins obtained from all blends were raised except blend 4.
Molecular weight was decreased to 80.54 x 10~ Dalton.

6- Using HPLC, total neutral sugars content were higher than those of the same
blends extracted under the same conditions. Rhamnose, galactose and arabinose
were the predominant monosaccharides detected in all blends and manose was
veryé\igh in blend 5. Also, xylose was found in the highest concentration in blends
3and 4.

7- Sensory evaluation, the highest overall score for pectin from biend 1 was obtained at
concentration of 0.05%, while the highest overall scores for pectin from blends 2, 3, 4
and 5 were obtained at level 0.20% of pectin in making on fig jam.

In conclusions, blends of citrus peel and apple pomace can be used to
produce pectin with high quality properties. This had good benefits on increasing the
national income and improving the environmental ecology of our industry.

Keywords: Pectin, Citrus, Apple, Peel, Pomace, Lemon, Orange, Grapefruit,
Shaddock, Jam.

INTRODUCTION

A large amounts of solid waste mainly citrus peel and apple pomace
are left following the industrial extraction of citrus and apple juices. The peel
which constitutes about 45-50% of the original weight of the citrus fruits and
approximately 50% of apple pomace are considered an ecological problem
for Egyptian food and canning industries where they are considered a main
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source of microbial contamination and pollution (Turki et al., 1988 and Ma et
al., 1993). Fresh citrus peel and apple pomace are considered the more

Important source for pectin production. The albeto of Gitrus fruits particularly

grapefruit and. lemon is an especially rich source of pectin which can
represents up to 50% of the dry cell wall material, while orange peel had
more than 30% by weight of pectin (El-Nawawi and Shehata, 1987 and Ros
et al., 1996). Egypt produces annually about 2,291,483 tons of citrus fruits
which are used as fresh fruits or in the field of food industries and the annual
production of Egyptian apple fruits is about 455,000 tons (FAO, 1996).
Pectins form gels under certain conditions and this property had made them
very important food additives. In food industries, pectins are widely used as
gelling, s tabilizing, thickening or film forming agents. About 80-90% of the
yearly production of commercial pectins from apple and citrus fruits are used
to make jelly and similar products requiring high methoxyl pectin (May, 1990
and Ayyad, 1997).

Considerable evidence suggests that, pectins have several
applications in pharmaceutical products and dietary supplementation with
pectin may reduce levels of serum total cholesterol, decrease low density
lipoprotein cholesterol and moderate the glucose response (Baker, 1994).

Therefore, this study was performed to investigate the possibility of
utilizing the excess quantities of citrus peel and apple pomace in extraction of
pectins from different blends and s tudying the o ptimal conditions for pectin
extraction from each biend. Produced pectin was evaluated through studying
the physical and chemical properties of pectin extracted from each biend.
The suitability of pectins in manufacture of fig jam was also investigated.

MATERIALS AND METHODS

Materials:

The main raw materials used for producing pectin were the peel of
citrus fruits namely lemon (Citrus limon), orange (Citrus sinensis var. Baladi),
grapefruit (Citrus paradisi) and shaddock (Citrus grandis var. Reinking).
Citrus and fig fruits (Sultani var.) were obtained from local market at
Mansoura City, Egypt. Apple pomace which obtained from “BEST" Egyptian
Canning Co. Minyet Samnnud, Aga, Dakahlia Governorate, Egypt.

Methods:

Preparation of citrus peel and apple pomace for extraction of pectin:
Dried citrus peel and apple pomace were used to make various

blends of peel for pectin extraction according to the percentage described in

Table (1).

Table {1): Various blends of citrus peel and apple pomace used in pectin

extraction. .
Components

Sample Apple Grapefruit | Shaddock |Lemon peel| Orange
L pomace (%) | peel (%) peel (%) (%) peel (%)
Blend (1) 40 15 15 15 15
Blend (2) 15 40 15 15 15
Blend (3 15 15 40 15 15
Blend (4 15 15 15 40 15
Blend (5) 15 15 15 15 40
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Pectin extraction from various peel blends:

Pectin was extracted from citrus peel and apple pomace blends, as
follows: each dried blend was suspended in distilled water (1:30 w/v) and the
pH of the media was adjusted at 1.6 with concentrated nitric acid. The
mixture was heated in water bath at 80-90°C for 60 min. After that, there
were five different conditions for pectin extraction from the five blends
mentioned in Table (1). The applied extraction conditions were the ideal
conditions for extracting pectin from the fruit peel, which represent the
principle component of the blend.

These extraction conditions were done as follow:
- Treatment for the blend 1, containing 40% apple pomace was extracted
at pH 2.0 with HCI, at 80°C for 120 min.
- Treatment for the blend 2, containing 40% grapefruit peel, was extracted
at pH 1.6 with HCI, at 80°C for 60 min.
-~ Treatment for the blend 3, containing 4 0% s haddock, was extracted at
pH 1.6 using nitric acid, at 80°C for 60 min.
- Treatment for the blend 4, containing 40% lemon peel, was extracted at
pH 1.6 using nitric acid, at 90-95°C for 30 min.
- Treatment for the blend 5, containing 40% orange peel, was extracted at
pH 1.6 using nitric acid, at 84°C for 60 min.
Then the extraction method was completed as mentioned by
El-Bastawesy (1999).

Isolation, precipitation and purification of the extracted pectin:

The pectins present in the resulted liquor from the various sources of
citrus pee! and apple pomace were precipitated and purified according to the
methods described by Allam (1988) and special modification reported by El-
Bastawesy (1993).

Analysis of pectin:
Physical properties of pectin:
Molecular weight of pectin was calculated according to Christensen
(1954).
-Viscosity and shear stress were determined according to Phatak ef af. (1988).

Chemical properties of pectin:

- Moisture content of pectin samples was determined according to Johnson
(1945) by drying at 70°C for 10 hrs.

- Ash content, alkalinity of the ash and pH value were determined as
described by A.O.A.C. (1990) by heating in muffle oven ( MLW-Electro-
Mod. LK 312-11) at 600°C for 3-4 hrs, and using pH meter (Mod. CG
710) West Germany.

- Methoxyl content, equivalent weight, and acetyl value were determined
according to the method described by El-Bastawesy (1999).

- Degree of estrification (DE) and anhydrogalacturonic acid (AUA) and of
pectin were determined titrimetrically after acid washing of the pectin
according to Allam (1988).

- The neutral sugars composition was determmed after acid hydrolysis
using High Performance Liquid Chromatography (HPLC) at the Central
Laboratory of Horticultural Research Institute, Agricultural Research
Center, Giza, Egypt according to the method described by Weniger et al.
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(1978) and Binder (1980) and the fractionaied sugars were determined
colorimetricaly using the phenolsuiphuric acid method as described by
Smith ef af. (1956).

Pectin application:

Fig jam was manufactured and sensory evaluation was conducted by
the methods described by El-Bastawesy (1999).
Statistical analysis:

The resuits were subjected to statistical analysis for correlation
Cocefficients according to Gomes and Gomes (1984).

RESULTS AND DISCUSSION

1. Some physico-chemical properties of pectin extracted from
various blends of citrus peel and apnle pomace:

An attempt was carried out to produce pectin by using five blends
from each by-product of lemon peel (LP), orange peel (OP), grape fruit peel
(GP) and shaddock peel {(ShP) in addition to apple pomace (AF) to improve
the physio-chemical properties of extracted pectin with high viscosity and
good gel power. The extraction method was carried out by using nitric acid
{pH 1.6) at 80-90°C for 60 min. Pectin yields (PY) were 12.03, 13.67, 14.97,
14.42 and 13.0% for blends 1, 2, 3, 4 and 5, respectively (Table 2). The
difference in PY may be due to the different blends percentage of every citrus
peel! and apple pomace. Moisture and ash content of different pectin blends
were ranged from 6.79, 0.14 to 8.81%, 0.31%, respectively.

Table (2): Physio-chemical properties of pectin extracted from various
blends of citrus peel and apple pomace,

Blends”
Properties ] 5 3 3 5

Yield of pectin {%) 12.03 13.67 14.91 1442 13.0
Moisture content (%) 7.66 7.72 7.74 8.81 6.79
Ash (%) 0.195 .19 0.31 0.285 0.140
Alkalinity of ash (%) 50.00 45.00 30.00 66.00 30.00

H of 1% solution 3.4 34 3.35 34 3.4
Methoxy! content {%) 9.15 8.93 8.71 8.66 8.71
Equivalent weight 588 5.38 532 510 485
Acetyl value {%} 0.14 0.14 0.25 0.11 0.14
DE {%) 59.93 58.70 57.35 53.76 56.85
AUA (%) 78.32 80.96 81.84 74.22 81.55
Mol. Weight {dalton) 9455 x10° [ M.57 x10° {9132 x 10 {9271 x 107 | 7325 x 10°
Viscosity (c.P.s.) 101.98 101.98 104 .66 8051 5262
Shear stress (Pa) 61.18 61.18 62.79 48.30 32.20
Total sugars {%) 0.88 2.59 1.41 1.01 1.87

Blends:

1. 40% AP + 15% GP + 15% ShP + 15% LP and 15% OP.
2, 15% AP + 40% GP + 15% ShP + 15% LP and 15% OP.
3. 15% AP + 15% GP + 40% ShP + 15% LP and 15% GP.
4, 15% AP + 15% GP + 15% ShP + 40% LP and 15% OP.
5. 18% AP + 15% GP + 15% ShP + 15% LP and 40% OP.

Table (2} indicates that there are no difference between methoxyl
contents for all biends except blend (1) which had a siightly higher methoxyl
content (9.15%). Acetyl values were constant in blends 1, 2 and 5 (0.14%),
while it was more higher in blend 3 (0.25%}, generally, acetyl vaiue was very
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lower than that of the standard citrus pectin (0.38%) as reported by Anon
(1959). The maximum AUA% contents were in blend 3 (81.84%) and blend 5
(81.55%), which contained 40% (ShP) and 40% (OP), respectively, but blend
4 had the lowest value of AUA % (74.22%).

From the same table, degree of esterification (DE%) was ranged
from 33.76 to 59.93% and viscosity and Sh.st, which are very effective on
gelling power, were the higher values for blend 3, which contained 40% ShP
(104.66 c.P.s. and 62.79 Pa). O nthe other hand, biend 5 had the |owest
values of viscosity 52.62 ¢.P.s. and Sh. st 32.20 Pa, respectively. Molecular
weights of pectin extracted from different blends showed insignificant
difference, but for blend 5, which contained 40% OP, Mol. wt. was decreased
to 73.25 x 10° dalton compared with other four biends (Table 2).

Total neutral sugars contents for the five blends varied from 0.88 to
2.59%. Blend 2 was three folds more than blend 1, but other blends (3, 4 and
5) were approximately in similar values. This was found to be very low when
compared to pectins from apple pomace, citrus wastes and values from
approved of Codex (David, 1987; Allam, 1988; Phatak et af., 1988; Hwang et
al., 1992 and Ayyad, 1997).

2. Statistical data analysis:

The number given in Table (3) indicated the correiation coefficient for
various blends of different citrus peel and apple pomace, which pectin was
extracted under the same conditions. Positively correlation at level 0.01
between viscosity and Sh.st and there are positively significant at level 0.05
between viscosity and Mol. wt, also between Sh. st and Mol. wt.

3. Effect of extraction methods on physio-chemical properties of pectin
extracted from various blends of citrus peel and apple pomace:

Many freatments were performed to obtain pectin products with
optimum physio-chemical properties, using various methods of extraction.
The optimum methods for pectin extraction were selected which showed the
best properties of pectin extracted from citrus peel and apple pomace before
blending and the results illustrated in Table (4).

Table (3): Correlation coefficients among pH, viscosity, shear stress,
AUA and Mol. Wt of pectin extracted from various biends for
citrus peel and apple pomace.

pH Viscosity | Shear stress AUA Mol. Wt.
X4 X2 X3 X Xs
X -0.409 -0.412 -0.429 -0.167
X -0.409 1.000° 0.036 0.880"
X 20.412 1.000° 0.044 0.876"
Xa -0.429 0.036 0.044 0443
Xs -0.167 0.880" 0.876" 0.443

Tailed signiﬁcant (* 0.05, ** 0.01).

For blend 1, which contained the high percentage of AP (40%),
extracted with HCI at pH 2, 80°C for 120 min, it was clear that PY raised to
16.26% after modification of extraction method, but moisture and ash
contents were r educed c ompared with the p ectin e xtracted with the former
method (Table 2).

Equivalent weight, Meth. %, acetyl value, AUA% and DE% were
increased to 752, 10.36%, 0.27%, 79.79% and 69.12%, respectively (Table 4).
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The modification of extractlon method had a significant effect on most of
physm -chemical properties of the pectin produced. It could be noted in these

gxperiments that viscosity and Mol. wt. were high record valuas, thay were
228.12 c.P.s. and 117.75 x 10° dalton, respectively.

Pectin yield (PY) in blend 2 was reduced to 12.67%, comparing with
PY in blend 3 (17.75%) than that of the same blend in Table (2). Also, data in
Table (4) cleared that blends 2 and' 3, which gave pectin with higher values
for Equ. wt., Meth. %, acetyl value and DE% (730 & 699, 10.23 & 10.11%,
0.22% & 0.25% and 67.89% & 67.52%, respectively) than those of pectin
extracted from the same blends before modifying the extraction method.

Galacturonic acid content (AUA%) in these pectin extracted from
these methods had a slightly decreased vaiues (80.38 and 80.38%,
respectively) than those of pectin from the same blends in Table (2). On the
other hand, blends 2 and 3 had the highest values of viscosity, Mol. wt. and
Sh. st compared with those of other blends befcre and after using the
modified methods of extraction.

Also, from the data illustrated in Table (4), it could be observed that
blend 4 had lower values in moist. %, ash %, acetyl value and viscosity than
before t he m odification .o f e xtraction m ethod. The low molecular weight of
pectin extracted from blend 4 caused a marked decrease in viscosity and
shear stress values of this pectin. But, the modification of extraction method
resulted in remarkable increase in PY 20.16%, Equ. wt. 578, Meth. 9.77%,
AUA 81.55% and DE 61.15% compared with the same blend in Table (2).

Table (4): Effect of various extraction methods on physio-chemical
properties of five various blends of citrus peel and apple

pomace.
Samples*
Properties Extraction conditions
1 2 3 4 5

Yield of pectin (%) 16.26 12.67 17.75 20.16 16.90
[Moisture content (%) 5.94 4.85 7.20 6.92 4.40
|Ash (%) 0.080 0.055 0.095 0.120 0.310
[Alkalinity of ash (%) 60.0 60.0 0.00 10.0 18.0

H of 1% solution 3.5 3.3 - 34 3.4 3.3
Methoxyl content (%) 10.36 10.23 10.11 9.77 10.20
Equivalent weight 752 730 699 578 699
‘Acetyl value (%) 0.27 0.22 0.25 0.08 0.30
DE (%) 69.12 67.89 67.52 61.15 67.16
AUA (%) 79.79 80.38 80.38 81.55 80.38
Mol. Weight (daiton) 117.75 x 10°]129.35 x 10°[124.87 x 10°] 80.54 x 10° [114.08 x 103
Viscosity {c.P.s.) 228.12 330.08 289.83 69.77 209.32
Shear stress (Pa) 136.85 198.03 173.88 41.86 125.58
* Samples (Extraction conditions): 3. pH 1.6 with HCI, 80°C for 60 min.
1. pH 2.0 with HCI, 80°C for 120 min. 4. pH 1.6 with nitric, 90-95°C for 30 min.
2. pH 1.6 with HCI, 80°C for 60 min. 5. pH 1.6 with nitric, 84°C for 60 min.

. From the same table, it is obvious that blend 5, containing 40% OP,
extracted by nitric acid (pH 1.6 at 84°C for 60 min.) produced pectin with
remarkable increase in PY, ash %, Equ. wt., Meth %, acetyl value and DE%
Table (4), compared with thase of pectin extracted from the same blend (5),
before modification of extraction method (Table 2).
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The higher the molecular weight, the higher viscosity and Sh. st. for
blend 5, but the moist % and AUA % were a slightly decreased (Table 4).
Finally, it can be concluded from the result illustrated in Tables (2 and 4) that
there are many factors affecting on pectin production and its characteristics.
These factors include the variety of citrus peel wastes and apple pomace, the
percentage of each peel in the blend and method of extraction. It is
noteworthy that those mentioned factors have a great influence on optimizing
the conditions suitable for pectin production. It can be recognized that the
modification of extraction methods can improve the physio-chemical
properties of pectin extracted from citrus peel and apple pomace biends.

4. Statistical data analysis:

Table (5) showed the data obtained from various blends of citrus
waste and apple pomace by different methods of extraction. As can be seen
the major positively significant correlation coefficient was between viscosity,
Sh. st and Mol. wt. at level 0.01.

Table (5): Correlation coefficients among pH, viscosity, shear stress,
AUA and Mol. wt. of pectin extracted from various blends for
citrus peel and apple pomace by different methods.

PH Viscosity | Shear stress AUA Mol. Wt.
X1 Xz X3 Xa Xs
X1 -0.258 -0.258 -0.220 -0.192
X2 -0.258 1.000** -0.718 0.981*
X3 -0.258 1.000** -0.718 0.981**
Xa -0.220 -0.718 -0.718 -0.827
Xs -0.192 0.981™ 0.981** -0.827

Tailed significant (* 0.05, ** 0.01).

5. Neutral sugars in pectin extracted from various blends of citrus peel
and apple pomace: .

The n eutral s ugars ( NS) c omposition of pectins extracted from five
blends of citrus peel and apple pomace, determined using the HPLC
procedure was presented in Table (6). No difference between total neutral
sugars for all blends was observed except blend 4, which had a slightly lower
neutral sugars content (4.24%). These values were very higher than those of
the same blends in Table (2). The increasing in total NS% may be due to the
modification of extraction method, but all values were lower than the results
given by Garleb et al. (1991), Hwang et al. (1992) and Ros et al. (1996). Fig.
(1) illustrated the chromatogram of standard sugars. The individual
monosaccharides obtained by acid hydrolysis of five studied blends as shown
in Figs. (2, 3, 4, 5 and 6) were rhamnose, xylose, arabinose, mannose,
glucose and galactose. The major neutral monosaccharides detected in all
blends present in highest concentration were rhamnose, galactose and
arabinose (Table 6). Arabinans, galactans and arabinogalactans could
serves as components of the pectic substances and as the source of
arabinose and galactose. Rhamnose was  component of
rhamnogalacturonan, the backbone of the pectic polymer (Dey and Binson,
1984). The higher content of rhamnose in these blends, especially blends 1,
2 and 3 (2.487, 0.819 and 0.864%, respectively) explain strongly the
increasing in viscosity values of pectins extracted from these blends (Table 2)
compared with other studied pectins. .
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Fig. (1): HPLC chromatogram of standard sugars. (1 Rhamnose 2. Xylose, 3.
Arabinose, 4. Mannose, 5. Glucose and 6. Galactose).
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Fig. (2): HPLC chromatogram of neutral sugars composmon of pectin
extracted from various blends of citrus peel and apple pomace.
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Fig. (3): HPLC chromatogram of neutral sugars composition of pectin
extracted from various bIends of citrus peel and apple pomace.
Blend (2). -
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Fig. (4): HPLC chromatogram of neutral sugars composition of
pectin extracted from various blends of citrus peel and
apple pomace. Blend (3).
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Fig. (5): HPLC chromatogram of neutral sugars composition of
pectin extracted from various blends of citrus peel and
apple pomace. Blend (4).
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pectin extracted from various blends of citrus peel and
apple pomace. Blend (5).
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Table (6): Neutral sugars composition of pectins extracted from five
various blends of citrus peel and apple pomace.

o Blends
Sugars % r 3 3 Y 5
Rhamnose 2.487 0.819 0.864 0.635 0.549
Xylose 0.247 0.526 1.561 2.423 0.462
Arabinose 0.076 0.983 0.719 0.365 0.053
Mannose 0.807 0.259 0.108 0.108 3.874
Galactose 1.873"* 3.032* 2.288* 0.707 0.542
Total % 5.490 5.620 5.540 4.240 5.480

* Glucose + Galactose.

Also, xylose was found in the highest concentration in blends (3 and
4) and mannose was very high in blend 5 (Figs. 4, 5 and 6).

Xylomannans have been shown to be associated with pectic material
and could in part, explain the presence of xylose and mannose in the pectic
substances (Selvendran and O’Neill, 1987). No glucose could be detected in
blends (4 and 5) and this may be due to the interference of glucose with
galactose in both blends (1, 2 and 3).

6. Effect of various blends pectin levels on sensory properties of fig jam:

The produced pectins from different blends were used in making fig
jam in concentrations of 0.05, 0.1 and 0.2%. Sensory properties of fig jam
was studied and the results are presented in Table (7).

Table (6): Effect of various blends pectin levels on sensory properties of fig

jam.
Sample  [Con| gyeng 1 Biend 2 L Blend 3 Blend 4 Blend 5
Pectin level (%)
Sensory 0.05[ 0.4 020,05/ 0.1 0.2 0.05] 0.1 0.2]0.05] 0.1 0.210.05] 0.1 102

Iproperties | 90 | "™ | o | o ol o | o | % | % | % | % | %% | % | % | %

[Texture 20°[6.52[ 16.5[17.13[18.13] 15.2[15.7| 17.1| 16.3[ 16.8[17.1[17.4[17.9[18.0[ 16.8[ 17.2] 171

[Color 20° |16.55[17.75 17.0 |17.38|16.562| 16.6 | 16.69] 16.5| 16.5[17.3[17.0[ 16.0[17.4[16.6[17.2| 16.7

Flavor 20° |14.5(16.5(/15.26|/17.0/15816.8/15.8(15.0/14.8/15.8/14.8/14.0/15615.8/15.6|15.0

Taste 20° |1568(18.5/16.0|17.0(16.4(16.6|16.8|17.0|156|16.0|16.0|15.2|15.8|17.2|16.4|14.8

Brightness 20° | 15.44[17.42] 16.0[17.14| 16.0{15.2| 16.4[15.6/16.0|17.0|16.2| 148 15.8  156(17.0|16.2

Overall 100 ° |67.79| 86.67[81.39(86.6579.92| 80.9 182.75/80.4 [ 79.9183.2 814 [77.91826[82.0|83.4(79.8

6.1. Pectin from blend (1):

The results presented in Table (7) indicated that texture and flavor of
fig jam had the highest scores (18.13 and 17.00, respectively) at pectin level
0.2%. Generally, overall score for pectin of blend 1 (86.67%) was obtained at
concentration of 0.05%.

6.2. Pectin from blend (2):

Good taste and brightness (16.18 and 16.40, respectively) were at
level of 0.2% pectin compared with that of control sample. Generally, overall
score of sensory properties (82.79%) was showed by using pectin from blend
(2) at concentration of 0.20% (Table 7).

6.3. Pectin from blend (3):
From Table (7), it was observed that Ievel of 0.20% pectin gave high
grades for texture, colour, flavor and brightness (17.10, 17.30, 15.8 and
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17.00, respectively). The high overall score for blend (3) was 83.20%, which
was obtained at level 0.20% of pectin (Table 7).
6.4. Pectin from blend (4):

Table (7) showed the superior texture, color and flavor similar in
blend (3), with pectin level of 0.20%, which resulted in the highest vaiues of
sensory properties. The overall score of this type of pectin was 82.60% at
level 0.20% of pectin.

6.5. Pectin from blend (5):

Level of 0.1% pectin produced jam with excellent texture, color and
brightness with highest grade (Table 7). The highest overall score (83.40%)
was obtained at the same level.
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