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ABSTRACT

Prickly pear peels liquid sweetener (PPPLS)
was prepared from prickly pear peels (PPP) and
used as substitute sweetening agent for glucose
syrup or sucrose at levels of 25, 50, 75 or 100% in
toffee manufacture. The physico-chemical and
sensory properties were determined just after
preparation and intervals every one moenth during
storage at room temperature for six months. Prickly
pear peels (PPP) considered as by product that
characterized by their higher content of sugars
reached to 11.43 %. The chemical and physical
properties, sensory evaiuation as well as utilization
of natural liquid sweetener produced from prickly
pear peels were studied. The data revealed that
reducing sugars comprised about 86.06 %of total
sugars, while, non reducing sugars comprised
about 6.04 % of PPPLS. Resuits indicated that
PPPLS is a good sourre of many important ele-
ments such as K, Ca, Mg, Na and Fe, Vitamin C
was considered as the predominant vitamin (2.74
mg/100g) followed by B1 (0.471mg/100g). Sensory
evaluation of PPPLS indicated the possibility of
using such PPPLS as a sugar substitute in toffee.
Toffee was prepared using PPPLS as substitutes
of glucose syrup or sucrose in the percent 25, 50,
75 and 100 %. Relation between fime and tem-
perature during cooking of experimental samples
were studied. No remarkable differences were ob-
tained in the behavior of heating curve due to addi-
tion of PPPLS at the studied lgvels. Effect of cook-
ing temperature on moisture content and hardness
of toffee processed using PPPLS were aiso stud-
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ied. Hardness value of control sample increased
from 343 to 605 N when the cooking temperature
was increased from 114 to 118 'C. Same behavior
was noticed by PPPLS-suppiemented samples.
Changes that occur in sugars composition of toffee
with processing using PPPLS were studied. The
reducing sugars were gradually increased with the
increasing sucrose substitution of PPPLS to reach
its maximum 94.61% of the total sugars, adversely,
non reducing sugars that reach its minimum 5.38%
of the total sugars. Chemical composition of toffee
tested samples was determined in the start of stor-
age time while, acid value, peroxide value,.fatty
acid pattern and sensory attributes were deter-
mined during storage period at room temperature
for six months. Generally, the difference in chemi-
cal composition between the formulas is slight.
While, acid and peroxide values of all experimental
manufactured samples were gradually increased
versus storage period with significant difference.
Total saturated fatty acids content of oil exiracted

" from all samples increased, adversely, total un-

saturated fatty acids content which decreased at
the long storage period. In addition, all toffee
manufactured samples showed acceptability in
sensory evaluation afler processing and at inter-
vals during storage. Use of PPPLS up to 50% in
toffee manufacture led to enhance all sensory at-
tributes. The obtained information is useful for the
further chemical and nutritional investigations of
prickly pear peel, and also for industrial utilization
of the major by-product of the prickly pear fruit.

INTRODUCTION
Opuntia is a genus of the family Cactaeae that

grows world wide, the most usual and studied spe-
cies of this genus is Opuntia ficus indica which is a
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fropical fruit that grows in tropical and subtropical
areas (Felker and Inglese, 2003). Recently, there
are several researches about processing prickly
pear fruits, which usually are eaten fresh after
peeling in all production regions, intc many differ-

ent products such as use juices, nectars, dehy-

drated sheets, marmalades, jelly, jams, natural
sweetener, candies, pectin, mucilage and canned
and frozen fruit, etc. (Bunch, 1996; Thomas,
1998; Saenz, 2002; Goyccoiea and Cardenas,
2003; Saenz et al 2004; Cardenas, et al 2007
and Cassano, ef al 2010). The whole fruit of the

prickly pear fruit consists of three parts, the peel

33.35-48.00 %, pulp 45.00 — 61.40 % and the
seeds 2.80 — B.85 % (Gurrieri ef al 2000; Essa
and Salama, 2002; and Diaz Medina ef al 2007}.
The processing of many fruits results in the accu-
mulation of large quantities of by-products. Proper
utilization of this by-product could reduce waste
disposal problems and serve as a potential new
source of fats and proteins for use in food and feed
{Kame! and Kakuda, 2000). During processing
prickly pear fruits into products large part makes up
about 40 % of the whole fruit weight lost as by-

‘product that characterized by their higher content -

of sugars, pectin, oil and other substances. Modifi-
cafion of wastes and or recovery of nuirients or
valuable substances from by products of food in-
dustry as well as their use as foods or feed afler
their treatment, are the main trends of proper utili-
zation, The chemical properties and composition of
prickly pear wastes including seeds and peels was
studied by Sawaya et al (1983); El-Kossorl ef a/
{1998); Coskuner and Tekin, {2003) and Habibi,
et al (2008) to determine its suitability for human
consumption. Forni et al (1994} and Majdoub et
af (2001), they studied the preliminary characteri-
zation of hot acid extracted pectin from prickly pear
peel. There are alse many studies on some physi-
cal and chemical properties of prickly pear seeds
oil {Sepulveda and Saenz, 1988; Krifa et af 1993;
Ramzdan and Morsel, 2003; Labib, ef al 2005,
Ennouri ef a/ 2005 and Ennouri et al 2006).
Sweeteners are the most important component of
confectionery as they contribute a broad range of
functionalities influencing sweetness, texture, mi-
crobial stability, flavor, color, overall appeal and
product stability (Heim, 2003). Sweeteners can be
divided into tow classifications: bulk sweeteners,
which provide calories; and alternative sweeteners,
which have a sweel taste but are effectively non-
caloric. The use of natural sweeteners other than
sucrose is an interesting area for the food industry.
The use of liquid sugars including corn syrup, high
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fructose corn syrup (HFCS), invert syrup, molas-
ses, and honey has been developed in confection-
ary manufacturing (Smith, 1998 and Alpaslan &
Hayta, 2002). The use of cacfus pear (Opuntia
ficus indica L.) juice to obtain a new natural fiquid
sweetener was previously studied by (Saenz et al
1998). They stated that the sensory evaluation
revealed the same relative sweetness for cactus
pear syrup and glucose, but lower than fructose.
Also, cactus pear syrup had a relative sweetness
value of 67 with respect to sucrose (100). More-
over, prickly pear juice can be of potential for
manufacture of High Fructose Glucose Syrup
(HFGS) Hamdj, (1997).

Therefore, the main objective of this work was
to ufilize prickly pear peels that characterized by
their higher content of sugars to prepare natural
liquid sweetener as a new source of sugars suit-
able for toffee manufacturing.

MATERIALS AND METHODS

Prickly pear peels

The mature prickly pear fruits (Opuntia ficus in-
dica) were purchased from an prickly pear farm, El-
Dar village, Kaluobia governorate (season 2009).
The prickly pear fruits were thoroughly washed in
running water to remove the big thorns, air dried at
ambient temperature, and then manuslly peeled
with knife, the fruits were then weighed before and
after being peeied, to calculate the percentage of
edible portion.

Preparation of prickly pear peels liquid sweet-
ener

Peeled fruits were shredded and blanched in
hot water (1/3 ratio} at 100 °c for 60 min with main-
taining a continuous stiring over the extraction
pefiod. The mixture was transferred to a piece of
fine mesh nylon cloth and handly pressed to re-
cover the juice as completely as possible. Prickly
pear peels juice was concentrated by Rotary vac-
uum evaporator to get concentrate of 50-55 ° Brix
liquid sweetener {Saenz et al 1998). The product
was hamed as prickly pear peels liquid sweetener
(PPPLS) and kept in glass bottles and sfored at
refrigerator at 4% till analysis and use.

Preparation of toffee: Prickly pear peels liquid
sweetener (PPPLS) was used as a sugar substi-
tute in the preparation of toffee in laboratory using
the traditional procedure as described by Sweet-
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maker, (1985). The formuliation of control samples
was sucrose (37.0%), glucose syrup (38.0 %),
shortening (10.0 %), sweetened condensed whole
mitk (15.0 %) and salt {little). Substitution wasg car-
ried out by replacement of glucose syrup or su-
crose at the level 0, 25, 50, 75 and 100 %.

Heating curves obtained during cooking of ex- '

perimental samples

Heating curves of time versus temperature
were carried out during cooking of 1 Kg of each
experimental samples. They were obtained by
measuring temperature versus time every Smin.

Effect of cooking temperature on hardness and
moisture content of experimental samples

Control and experimental samples were exam-
ined according to the method described by Tonu-
ccl and Von-Elbe, (1988).

Physico-chemical analysis

Moisture, total solid, ash, fat, protein, fiber,
acidity and total sugars content, ascerbic acid, total
soluble solids and refractive index were deter-
mined according to A.O.A.C. (2000), total carbo-
hydrate was calculated by difference. Acid, perox-
ide values and fatty acid profile of extracted lipids
were estimated according to A.O.A.C. {2000). Ph
value was measured using pH meter (HANN -
Instruments, USA). Minerals were determined by
Atomic Absorption Spectrophotometer (Spectra
AA-20, GTA-96, Varian, Australia) according to
A.Q.A.C. (2000). Sugar content was determined
using HPLC (Hp 1050, Hewlett-packard, USA) as
mentioned by Macherey-Nagel, (1992). Vitamins
were determined by using HPLC (Hp 1100) ac-
cording to Czerwiecki and Wilczynska, (1999).
Browning index and clarity were determined as
described by Ramadan, {1995).

Hardness

Hardness of toffee was measured according to
the method described by Tonucci and Von-Elbe,
(1988) using Instron Universal Testing Machine,
model 4302 {England}. Samples pieces were held
at 22" C in an incubator for 24 hr. A load cell used
had a maximum capacity of 1000 N. The rate of
compression was 2 mm/minute and the chart
speed was 50 mm/minute.

Microbiological analysis

Total bacterial count, yeast & mould and coli-
form bacteria were enumerated according to the
methods recommended by APHA, {1992).

Sensory evaluation

Evaluation was made by 10 staff members of
Food Science Department, Faculty. of Agricufture,
Ain Shams University, who were asked to evaluate
flavor, color, texture, mouthfeel and overall ac-
ceptability of the processed toffee according to
Venkatesh et al {1984).

Statistical analysis

Data were averaged and presented as mean ¢
Standard Error (SE). The obtained data was ex-
posed to analysis of variance. Duncan multiple
ranges at 5 % level of significance was used to
compare between means. Results followed by dif-
ferent alphabetical letters were significantly dif-
fered. The analyses were carried out using the
PROC ANOVA procedure of Slatistical analysis
System (SAS, 1996).

RESULTS AND DISCUSSION

Physical characteristics of fresh prickly pear
frults '

The observe number of fruits per kilogram was
about 12.68. The percentage of edible portion {fruit
pulp) reached to 51.55 % with high percentage of
the peels reached to 43.03% and low percentage
of seeds reached to 5.42 %. These results are in
agreement with that reported in previous studies.
Essa and Salama, (2002) and Diaz Medina ot a/
(2007).

Physico-chemical characteristics of fresh
prickly pear peels and prickly pear peel liquid
sweetener (PPPLS) (means t SE) (on wet
weight basis)

Proximate chemical analysis of fresh prickly
pear peels and prickly pear peels liquid sweetener
(PPPLS) are listed in Table (1). Prickly pear peels
samples contained high sugar level reached to
11.43 %, these results were in agreement with
(Sawaya ef al 1983 and Mousa, 2004). While
fiber, protein and ash contents were 2.51, 0.79 and
0.53%, respectively. Fat content was low as
0.34%. Ascorbic acid was recorded 11.07
mg/100g.
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Table 1. Physicochemical characteristics of fresh prickly pear peels (ppp) and
prickly pear peol liquid sweetener (PPPLS) (means of three replicates %
standard error} (on wat welght basis)

Characteristics { % } PPP PPPLS
Moisture 82.39 +0.96 42.61 +0.88
Total solid 17.61 0.4 §7.390+0.97
Total soluble solids ND 53.82

p H value 5.77 5.34
Acidity (as citric acid) 0.054 10.012 0.42 + 0.08
Refractive index ( at 20 °C) ND 1.4687 + 0.001
Browning index (A at 420 nm ) ND 0.615 £ 0.083
Clarity ( % T at 660 nm ) . ND 26.73+0.54
Total sugars 11.43 +0.26 4490 + 0.65
Ash  0.5310.15 1.05 10.13
Protein 0.79 £0.13 1.97 +0.24
Fat 0.34 £0.10 0.48 + 0.08
Fiber 2.51 £0.11 0.54 +0.10
Ascorbic acid (mg/100 g) 11.07 £ 0.43 -
Glucose ND 21.83
Fructose ND 16.81
Sucrose ND 271
Total ND 41.35

ND: not determined

Resuits given in the same Table show the
physicochemical characteristics of PPPLS. The
total solids and total soluble solids content of
PPPLS were 57.3% % and 53.82° Brix, respec-
tively. The sugars were the major soluble solids of

prickly pear fruits. Sucrose content was relatively

lower than glucose and fructose contents in pulp
and juice as reported by (Kuti and Galloway,
1994). Sugars are considered as the predominant
compounds in PPPLS, the total sugar about
44.90%. Glucose, fructose and sucrose contents of
PPPLS were 21.83, 16.81 and 2.71%, respec-
tively. The data revealed that reducing sugars
comprised about 86.06 % of the total sugars,
while, non reducing sugars comprised about
6.04% of the total sugars of PPPLS. Glucose con-
centration higher than fructose. Generally, the ratio
of glucose and fructose in PPPLS can be of con-
siderable interest since fructose is about twice
sweet as glucose and one and half as sucrose and
this sugar is important from view point of dibeto-
genic. These results are similar to that reported by
Kuti & Galloway, (1994) and Saenz et al (1998).
The protein, ash and fiber contents were 1,97, 1.05
and 0.54 %, respectively. pH value and acidity

were 5.34 and 0.42 %, respectively. The obtained
results were found in line with Saenz et al {1998).
The browning index (A at 420 nm) and clarity (% T
at 660 nm) were 0.615 and 26.73%, respectively.

Minerals and vitamins content

Both macro and micro elements were given in
Table (2). The data showed that PPPLS is consid-
ered as & good source of many important ele-
ments. It exhibited higher amounts of K and Ca
that reached to 1018.92 and 548.76 ppm, respec-
lively, while, Mg and Na reached to 214.51 and
193.43 ppm, respectively. Fe was 24.88 ppm. Re-
sults revealed that heavy metals contamination
levels in PPPLS are generally very low comparing
with contamination levels described previously by
El-Kossori et al (1998). Vitamins content of
PPPLS were given in the same Table. Results
indicated that vit. C was considered as the
predominant vitamin {2.74 mg/100g) followed by
thiamine (B1) (0.471 mg/100g). The difference in
pyridoxine and folic contents is negligible (0.289
and 0.272 mg/100g). Riboflavin was detected at
low level (0.132 mg/100g) in PPPLS. On the other
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Table 2. Minerals content (ppm) and Vitamin content {(mg M00g) of prickly pear

peel liquid sweetener {(PPPLS)

- Elements Concentration Vitamin Concentration

: (ppm) {mg per 100g)
Macro elements Thiamine (B 1) 0.471
Potassium (K) 1018.92 Riboflavin (B 2) 0.132
Sodium (Na) 193.43 Pyridoxine (B 6) 0.289
Calcium (Ca) 548.76 Folic acid 0.272
Magnesium (Mg) 214.51 Ascorbic acid (C) 2.740
Micro elements
Iron (Fe) 24 88
Copper (Cu) 1.02
Lead (pb) , 0.21
Manganese (Mn) 512
Zinc (Zn) 1.65
Arsenic (Ar) 0.07
Mercury (Hg) Nit
Selenium (Si) Nil
Cadmium (Cd) Nil

hand, (Diaz Medina et al 2007) studied the chemi-
cal composition for the tow species of prickly pear
fruits and they found that ascorbic acid ranged
from 17.2 to 28.7 mg/100g. in another study,
ascorbic acid in prickly pear juice was 315
mg/100g Essa and Salama (2002).

Effect of thermal processing on microbial load
of PPP and PPPLS

The microbial load on raw vegetables and fruits
is Influenced by many factors; such as hands of
personal, trimming, sorting and packaging and the
equipment used in operations contribute to the
number of microbial contamination and their distri-
bution on the product {ICMSF, 1980).

The ftotal bacteria! count, total coliform and
yeast and moulds were determined by the plate
count technique and found to be 6.2x10% 3.4x10°
and 1.23x10° cfu/g, respectively. Analysis after
thermal processing at 100 'C for 60 min. the count
was reduced to 4.6x10 cfuyg for total bacterial
count, while the coliform and yeast and moulds
were not detected.

Organoleptic evaluation of PPPLS

The prepared PPPLS were palatability tested in
terms of color, taste, consistency and acceptability
compared with cane molasses and mean scores
were listed in Table {3). Significant difference be-
tween PPPLS and cane molasses in their attrib-

utes. It was evident that PPPLS recorded the high- -

est average scores of color, consistency and ac-
ceptability, but on the other hand, it was the lowest
score noticed in taste. While, PPPLS introduced
with the addition of sesame paste (lehena) were
high in sensory attributes scores compared with
plain sample. Higher scores were obtained for
taste and consistency. Therefore, tehena was
added as improvement agent for taste and consis-
fency of PPPLS. Generally, sensory evaluation
showed that the prepared PPPLS as high desir-
able as cane molasses.

Application
Toffee Processing

Toffee is produced by blending glucose syrup,
refined and / or brown sugar, milk solids (usually in
the from of full cream condensed milk}, fat and salt.
The mix is then concenfrated to high total solid
content (Sweetmaker, 1985),

Relation between time and temperature during

cooking of experimental samples

Figure (1) showed heating curve during cook-
ing of toffee formulas. Generally, it could be no-
ticed that temperature increased with extending
cooking time until it reached the final cooking tem-
perature and time. No remarkable differences were
obtained in the behavior of heating curve due to
addition of PPPLS at the studied levels. The fina!
cooking time was recorded when the moisture
content of the cooked toffee reduced to about

Annals Agric. Sci., 55(2), 2010
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Table 3. Organoleptic evaluation of prickly pear peel liquid sweetener (PPPLS) and
comparad with ciine molasses

Samples Color Taste Consistency | Acceptability Total
20 30 20 30 100
Molasses 18.35 A 28.15A 18.35 A 28.15A 93.00 A
PPPLS 18.85 A 27.20 A 19.00 A 28.50 A 93.55 A

The effect of sesame paste { tehena } addition on sensory properties

Sampies Color Taste Consistency | Acceptability Total
: 20 30 20 30 100
Molasses 18.50 A 27.70B 1795B 2835A 92.50B
PPPLS 18.70A | 28.75A 18.70 A 28.40 A 94.55 A
A.B there is no significant difference between any two means, within the same attribute, have the same
letter

—&— control
—-@— 25% PPPLS
—#— 50% PPPLS
—w— 75% PPPLS
—&— 100% PPPLS

A A SR A AR S SR | R 3
0 5 10 15 20 25 30 as 40 45

" copking time (min)

120 4 B %‘ﬁ
190 -
1
g 80 4 —M— contro]
g . —@— 25%PPPLS
£ —4— 50% PPPLS
g 60 —w— 75%PPPLS
g | —&— 100% PPPLS
[
40 :
20 '
T T Ty A SR S S S A |
[+ 5 - 10 15 ZQ 25 30 35 40 45
cooking time (min}

Fig.1. Heating curve recorded during cooking of toffee contained different
concentrations of PPPLS as a glucose syrup (A) or sucrose (B) sub-
stitutes
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10 £0.5%. It was 30 min at which the cooking tem-
perature reached 118 'C for the control toffee
sample. The cooking time (32-41 min) and tem-
peratures (120 -128 °C) were increased by increas-
ing the addition percentage of PPPLS. Moreover,
the sucrose substituted samples had the highest
cooking time followed by the glucose syrup substi-
tuted samples comparing to the control sample.
This may be due o the high moisture content of
PPPLS-supplemented toffee samples.

Effect of cocking temperature on moisture con-
tent and hardness of toffee samples

Effect of cooking temperature on moisture con-
tent and hardness of {offee samples processed by
glucose syrup and sucrose substilules were also
studied. Hardness value of control sample in-
creased from 343 to 605 N when the cooking tem-
perature was increased from 114 to 118 'C. Same
behavior was noticed by PPPLS-supplemented
sampies. Table (4) shows the moisture content
and hardness of PPPLS-supplemented toffee at
the final cooking time. Although the final cooking
temperature of PPPLS supplemented toffee were
higher than those of the control samples, slight
reduction in hardness of PPPLS-supplemented
toffze was recorded comparing to that of control
{Table 4). Variations in toffee moisture and hard-
ness have been attributed to variations in substi-
tute ingredient used in toffee formulas. These re-
sults are in agreement with those reported by To-
nucci and Von-Elbe {1988).

Effect of processing on sugars composition of
toffee samples

Changes that occur in sugars composition of
toffee with processing were studied. Comparison
between the different toffee samples in their sugar
contents was found in Table (5). The results
showed that the sucrose and glucose contents In
the control sample were 36.18 % and 39.04 %,
respectively, while fructose was absent. However
fructose was found in toffee processed with glu-
cose syrup and sucrose substitutes. On the other
hand, toflee processed with glucose syrup substi-
ution of PPPLS were low in glucose content ver-
sus fructose content that in creased by increasing
substitution. While, toffee processed by substitut-
ing sucrose with PPPLS had lower sucrose con-
tent, also, by increasing substitufing percent glu-
cose content was higher than fructose content.

The reducing sugars were gradually increased with
the increasing sucrose substitution of PPPLS to
reach its maximum 94.61% of the total sugars,
adversely, non reducing sugars that reached its
minimum 5.39 % of the total sugars. The formen-
tioned results showed variation in sucrose, glucose
and fructose contents, this may be due fo the dif-
ferent concentration and composition of the used
substitute ingredients in toffee formulation and that
contain a mixture of sucrose and inverted sugar
{glucose and fructose). '

Chemical evaluation of toffee processed by
sugar substitutes with different levels of
PPPLS after processing

Chemical analysis of toffee processed by glu-
cose syrup and sucrose substitutes with PPPLS
were evaluated after processing {(untabulated
data). Moisture content of all experimental samples
(ranged from 10.34 £ 0.22% to 11.14 £ 0.22%) was
slightly higher than coniro! sample (10.23 +
0.26%). These findings were in agreement with
Joshl et al (1989) those of who mentioned that the
final moisture content of soft toffee was ranged
from 9 to 10%. On the other hand, no noticeable
differences were obtained in fat, protein and ash
contents of different samples.

Stability measurement of toffee prepared with
different levels of PPPLS as sugar substitutes
during storage at room temperature (20 & 5° C)
Chemical characteristics of fat extracted of
toffee

Data in Table (6) indicated that the extracted
lipids from toffee prepared with different levels of
PPPLS as sugar substitutes had acid values rang-
ing between 0.06 to 0.17 without significant differ-
ence (p>0.05) at zero time. The acid values were
gradually increased versus slorage period with
significant difference. The values reached their
maximal ranging between 0.89 to 1.21 after 6
months. These increases were probably due fo
lipolysis occurred by lipases in ingredients such as
condensed whole milk. Such enzymes, which are
often very heat-resistant, break down the triglyc-
erides of fat into its constituent fatty acids (Young,
1983). The free fatty acids may also produced in
advanced state of double bonds oxidation of un-
saturated fatty acids esters (Mounts and List,
19986).

Annals Agric. Scl., 55(2), 2010
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Table 4. Finai cooking temperature (FCT), moisture content and hardness of toffee processed

by giucose and sucrose substitutes with PPPLS

Control | Glucose syrup substitution % Sucrose substitution %
sample | . 50 75 | 100 25 50 75 | 100
FCT (°C) 118 120 | 122 | 122 | 122 120 | 124 | 126 | 128
Molsture
content (%) 1023 | 1081 | 10.74 | 11.14 | 10.84 1095 | 11.04 | 1034 | 1064
Hardness (N) | 605 578 | 582 | s91 | 571 579 | 590 | 546 | 574

Table 5. Sugar composition (%) of toffee processed by glucose and sucrose substitutes with

PPPLS

Control | Glucose syrup substitution % Sucrose substitution %
Sugars

sample | o5 50 75 | 100 25 50 75 | 100
Sucrose 36.18 3571 { 37.07 | 36.13 | 38.24 28.83 | 20.13 | 11.01 413
Glucose 39.04 3815 | 3164 | 2883 | 2145 4425 | 49.81 | 53.36 | 56.93
Fructose - 110 | 432 | 960 { 16.01 0.48 593 9.71 | 15.61
Total 7522 7496 | 73.03 | 7456 | 75.70 73.56 | 75.87 | 74.08 | 76.67
R.S 51.90 52.36 | 49.24 | 51.54 | 49.49 60.81 | 73.47 | 8514 | 9461
N.R.S. 48.10 | 47.64 | 50.76 | 48.46 | 50.52 39.19 | 26.53 | 1486 | 539

R.S.: Reducing Sugars as % of total sugars
N.R.S.: Non Reducing Sugars as % of total sugars

Table 6. Acid value of extracted lipids from toffee processed by glucose syrup and sucrose substi-

tutes with different levels of PPPLS during storage at room temperature (20£5°C)

s':orr'agdo Contro! Glucose syrup.sﬁbstltutlon % Sucrose substitution %

N _

° sample

{month) 25 50 75 100 25 50 75 100

0 0.13% 012™ 014 | 0.13°% | 017" 0.14° [ 013® | 015% 0.06
1 0.45%" 0.32 %% 0.50 0.60"" | 0.707 0.51 G 0.31%" | p.50%" 0.5p %"
2 0.85"%* | 050" | 0.53%% | 065" | g.72 0.52°%" | 0.49°%0 | p.52AEC | g5 At
3 069" | p.55%¢0" 0.81°* 0.70%% | p.8p "t 0.50 0.54 %P* | 0.53%%¢* | g.70 "
4 0.70"%% | 0.66 % p.70B= | 0.70%% | 0.80 " 069%* 1 pE5%" | 05578% 1 p7pht
5 0.88"*® 0.87 "t 1.05%0 0.87* | 0.817" 1.047 [ pga”™™ 0757 0.73 A0t
6 1.20" 1.19 % 1,207 0.89% | 0.89 " 1.21% 1.19 1.03 * 1.09 *

Capital and small letters were used for comparison between means in the vertical and horizontal directions, respectively

Means with the same letter are nol significantly different, (p>0.05)
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Table {7) showed that the extracted lipids from
toffee samples had peroxide values ranging be-
tween 0.16 to 0.27 meg/kg at zero time without
significant differences. These values were more
than that of the fat (0.00 meq/kg) used in prepara-
tion, due to the cooking treatment. Reifsteck and
Jeon (2000} reported that the thermal induced
oxldation involves hydrogen radical abstraction on
lipids with the addition of molecutar oxygen to form
the peroxide radical followed by the formation of
hydrogen peroxide. On storage at rcom tempera-
fure, the peroxide values of extracted lipids sub-
stantially increased reaching their maximal values
at the end of storage period in all samples with
significant differences in comparison two values
at zero time. The peroxide values of extracted
lipids from toffee prepared by using 50 % and
25 % PPPLS as giucose syrup and sucrose
substittles were ranging between 6.17 to 7.74
meqg/kg at the end of storage. The difference in
values between formulas in the same month was
minor, that may be due to the difference in mois-
ture content which accelerated oxidation of double
bonds.
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Table (8) shows the fatty acid pattern of lipids
extracted from toffee samples evaluated at zero
time and after 6 months. The major fatty acids at
the start of storage period were palmitic acid
42 .40% followed by oleic acid 36.24%, linoleic acid
7.37% and stearic acid 6.64%. However, minor
amoumnts, about 1% or less were detected for
caproic, caprylic, capric, lauric, arachidic, behenic,
myristoleic, palmitoleic, lenolenic and gadoleic.
The total saturated fatty acids increased gradually
from 54 58 % during storage at room temperature
reached to their maximal values ranging between
55.31% to 57.62 % after 8 months. These increase
was mainly due to the increase of palmitic and
stearic acids and the reduction of unsaturated
fatty acids, mainly mono-unsaturated ones. On the
other side, the fotal unsaturated fatly acids, mainly
monao and di-unsaturated were reduced from
45.42% to 42.38% during storage for 6 months.
The decreased in total unsaturated fatty acids
could be atiributed {o partially oxidation of double
bonds in oleic and lencleic acids to form peroxides,
hydroperoxides, carbonyl compounds and further
oxidative cleavage products (Reifsteck and Jeon,

- 2000).

Table 7. Peroxide value of extracted tipids from toffee processed by glucose syrup and sucrose
substitutes with different ievels of PPPLS during storage at room temperature (20:!:500)

Storage Control Substiute glucose syrup Substitute sucrose

Perlod

(month) sample | 259, 50% 75% 100% 25% 50% 76% 100%
0 0.18° | 0.27° [ 0.47° | 020° | 018® 017 | 020" | 0.48% [ o0.18%
1 0.46° | 053° | 036° | 035° | 038" 0.44° | 0.44°" [ 037° | 054°
2 1435 | 1477 | 1.08% | 1.15%* [ 1258 143 | 158 | 1.00°" | 1.45%
3 500°% | 457° | 2535 | 2502 | 278" 5.02% | 35890 | 2509 | 2.p7%0e
4 6.67° | 5885 | 3.15%% | 33380 | 3% B.64%% | 538%°C [ 34288 | g 7ghecte
5 7.50™" 1 642" | 5378 | 447N [ 4.28h 7.49% | 7.47%% | B354 | 4600
8 772* | 7.09* | 617% | 656* | 6.26* 774% | 783%™ | 619" | 8.35%

Capital and small letters were used for comparison between means in the vertical and horizontal directions, respectively
Means with the same letter are not significantly different, { p>0.05)
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Table 8. Fatty acid compositicn of extracted lipids from toffee processed by glucose syrup and
sucrose substitutes with different levels of PPPLS at zero time and after storage period
for 6 months at room temperature {20+5°C})

Fatty Zero | Control Substitute glucose syrup Substitute sucrose -

acid | time | sample | y50, | 509 | 75% | 100% 25% | 50% | 75% | 100%
C.6 0.56 0.43 050 | 048 | 042 | 059 062 | 047 | 056 | 0.48
c8 0.30 0.26 0.30 0.29 0.24 0.31 035 0.29 022 0.32
c:10 0.55 0.52 0.59 0.60 0.49 0.61 0.63 0.54 0.58 0.51
C:12 0.87 0.93 1.00 0.98 0.86 1.03 1.00 0.82 1.19 1.08
c:14 292 2.98 3.14 3.16 2.81 3.32 3.21 296 3.26 3.03
c:16 42.40 42.16 43.30 | 42.01 | 41.82 | 4210 4204 | 4226 | 42.74 ; 43.21
c:18 6.64 7.70 7.54 8.10 10.26 | 8.00 8.69 7.84 8.82 7.33
Cc:20 0.23 0.24 .0.05 0.01 0.18 0.01 0.00 0.00 0.16 0.13
C:22 0.10 0.11 011 ] 012 | 010 | 0.14 012 { 010 | 0.09 | 013
SFA' 54.58 | 5531 5652 ) 5570 | 57.18 | 56.10 56.65 | 55.39 | 5762 | 56.22
C14:1 0.59 0.49 0.53 054 | 045 0.55 0.52 046 0.57 0.56
C16:1 0.75 0.48 0.33 0.61 0.26 0.62 049 0.43 0.68 0.30
Cc18:1 3624 | 3521 | 3485 | 3492 | 34.76 | 34.24 3446 | 3463 | 3385 | 3535
ci8:2 7.37 8.01 7.28 7.73 6.89 7.99 7.36 8.60 6.86 7.08
c18:3 0.32 0.34 0.33 0.33 0.32 0.33 0.34 0.33 0.31 0.33
cz20:1 0.14 0.16 0.16 0.16 0.14 0.17 0.17 0.14 0.11 0.16
USFA? 45.42 44 .68 43.48 | 44.30 | 42.82 | 43.90 43.35 | 4461 | 42.38 | 43.78

' SFA=Saturated falty acids
2 USFA=Unsaturated fatly acids

cant changes in all properties during storage at

Sensory evaluation of toffee
room temperature. It could be noticed that all prop-

Sensory evaluation of toffee prepared with dif-
ferent levels of PPPLS was calculated to select the
best levels of PPPLS which improved or closed the
color, flavor, texture, mouthfeel and overall ac-
_cebtabiiity of toffee prepared with glucose syrup
and sucrose substitutes by PPPLS during storage
periods and the results are given in Table (9). No
significant difference (p>0.05) were observed in
flavor, color, texture and overall acceptability of
toffee as a result of addition level different of
PPPLS and control sample afler processing in
zero time. While, toffee prepared by 75 and 100 %
substitutes glucose syrup and sucrose with PPPLS
showed lower score and significant difference of
mouthfeel compared with control sample after
processing in zero time. The results show signifi-

erties of all samples till 90 days were similer with-
out any significant differences in their mean score
values. Also, during storage period all samples
obtained higher values than 5 till 120 days and
decreased significantly (p>0.05) at the end of stor-
age. On the other hand, samples of {offee contain-
ing 75 and 100 % PPPLS as substitute sucrose
showed faster slight changes in the texture and
mouthfeel atfributes. This could be explained by
those mentioned previously by Joshi ef af (1989).
They stated that sugar are the main constituent of
toffee and the undesirable texture was probably
due to the sucrose quality which would crystallized
in finished product and the resulting product will
become "short or sticky".
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Table 9. Mean values of sensory evaluation of toffee processed by glucose syrup and sucrose
substitutes with different levels of PPPLS during storage at room temperature

(2025°C)

Storage | . trol Substitute glucose syrup Control Substitute sucrose

Pertod | sampte | gy, 50% 6% 100% sample 25, 50% 8% 100%

{month)

Flaver
0 8.20Aa 8.50Aa 8.50Aa 8.50An B.20Aa 7.90Aa 8.50Aa 8.30Aa 8.60Aa 8.40Aa
1 B8.20Aa 8.10Aba 8.00Aa B.50Aa 2.10Aba 8.30Aa 8.00Aa B.10A8 8.20Aa 8.30Aa
2 7.90Aa 7.90Bca 7.70Ba B.10Aa 8.00Aba 8.10Aa 8.40Aa 8.30Aa 8.50Aa B.50Aa
3 7.60Aa 7.70Bca 7.60Ba 7.90Aba 7.80Aba 7.80Aa 8.00Aa 8.10Aa B.00Aa 8.00Aa
4 7.008a 7.40Bca 7.10Ca 7.30Ba 7.30Ba 690Ba 5.80Ba 6.90Ba 7.00Ba 6.70Ba
5 5.40Ca 5.20Ca 5.500a 5.20Ca 5.60Ca 5.80Ca 5.70Ca 5.70Ca 5.50Cs 5.40Ca
F 8 5.20Ca 5.10Ca 5.30Da 5.10Ca 5.30Ca 5.50Ce 5.30Ca 5.60Ca 5.30Ca 5.00Ca
Color
[} 8.80Aa 9.00A8 8.70Aa 8.60Aa 8.80Aa 8,30Aa 8.40Aa 8.40Aa 8.20Aa 8.20Aa
1 B.30Aa 8.30Ba 8.50Aa 8.30Aa 8.50Aba 7.90Ba 8.30Aa 8.30Aa B.00Aa 7.90Aa
2 8.10Aa 8.80Aba B.70Aa 8.70Aa B.80An 8.60Aa 8.30Aa 8.10Aa B.3IOA! B.40Aa
3 8.10Aa 8.20Bca 8.00Aa 8.20Aa 8.30Aba 8.20Aa 7.90Aa 7.70A8 7.90Aa 7.90A8
4 7.80Ba 8.00Ca 7.80Ba B.00Aa 7.00Ba 8.20Aa B.30Aa 8.10Aa 7.80Aa 7.80Aa
5 6.80Ca 6.70Da 5.80Ca 8.70Ba §.70Ca 5.60Ca 6.80Ba 6.60Ba 8.60Ba 6.40Ba
6 6.70Ca 6.50Da 6.50Da 5. 40B8a 6.40Ca 6.20Ca 6.50Ba 6.30Ba 6.20B8 8.10Ba
! Texture
0 7.80Aa 7.60Aa 1.50A8 7.40Aa 7.50Aa 8.00Aa 7.00Aba 7.70Aa 7.40A8 7.40Aa
1 7.80Aa 7.50Aa 7.70A8. 7.70Aa 7.20Aa 8.50Aa 8.50Aa 8.20Ab 8.00Ab 7.70Ab
2 7.T0Aa 7.60Aab 7.50Ac 7.60Aab T.10Ac 7.608ab 7.90Abb 8.20A8 7.70Ab 7.30Ab
3 7.40AC 8.10Aa 7.80Ab 7.40Abc 6.90Ac 7.50Ba 7.70Ba 7.90Aa 7.50Aa 7.20A8
4 6.90Ba 6.80Bab 6.70Bbc 6.20Bbc 6.00Bc 6.30Ca 6.10Ca B.00Ba 6.20Ba 6.00Ba
5 5.90Ca 5.60Ca 5.70Ca 5.40Ca 5.30Ba 5.60Ca 5.20Da 520Ce 5.20Ca 5.10Ca
;] 5.80Ca 5.300a 5.70Ca 5.30Ca 5.30Ra 53008 5.00Da 5.00Ca 4.80Ca 4.80Ca
Mouthfes!
0 8.10Aa 7.80Bab 8.10Aa 7.20Abe T.DD:AC 7.90Aa 7.708abc 7.80Ab T.20Ac 7.10Ac
1 8.50Aa 8.60Aa B.30Aa 7 60Ab 7.10AD 8.50Aa B.40Aa B.20Aa 7.40Ab 7.00Ab
2 7.508ab 7.80Ba 1.90A8 7.40Aab 7.10Ab 7.60Ba 7.90Aa 8.00Aa 7.50Ab 7.20Ab
3 7.40Ba 7.60Pa 7.60Ba 7.30Aab 8,90Ab 7.50Ba 7.70Ba 7.70Aa 7.50Ab 7.00Ab
4 680Ca 6.40Cab 6.30Cab | 6.60Bab | 6.108b 8.70Ca 6.50Ca 8.30Bb 6.308ab 5.90Bb
3 5.60Da 5.20Da 5.40Da 5.40Ca 5.10Ca 5.60Da 5.40Dab 5.40Cb 5.20Cab 5.10Ch
6 5.40Da 5.00Da 5.20Da 5.10Ca 5.10Ca 5,30Da 5.10Da 5.20Ca 4.50Ca 4.80Ca
’ Acceptablilty

o 8.70Aa 8.70Aba 8.70Aa 8.70A8 -B.BOAB 8.20Aa 8.30A= 8.10Aa 8.00Aa 7.80Aa
1 9.00Aa 8.22Aba 8.90Aa 8.90Aa 8.80Aa 9.00Aa 8.80Aa 8.70Ak 8.00A¢ 7.80Ac
2 9.40Aa 3.9048a 8.90An 9.10Aa 9.00Aa 8.00Ba 8.20Aa 8.60Aa 8.10Aa8 7.80A=
3 8.80Aa 8.70Aba 8.60Aa B.70Aa 8.60Aa 7.70Ca 8.00Aa 8.20Aa 7.80Aa 7.60Aa
4 8 00Ba 8.10Ba 7.90Ba 7.60Ba 1.30Ba 5.90Ca 7.10Ba 6.90Ba 6.90Ba 6.90Ba
] 5.80Ca 5.80Cea 6.00Ca 5.680Ca 5.50Ca 8.00Da 6.00Ce &.10Ca 5.70Ca 5.90Cs
8 5.60CH 5.50Ca 5.80Ca 5.50Ca 5.20Ca 5.80En 560Ca | 5.80Ca 5.50Cs 6.50Ca

Capital and small Istters were usad for comparison bstween maans In the vertical and horizontel directions, raspactively
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CONCLUSION

The obtained resulis showed that PPPLS could
be considered as a good sweetener owing fo its
higher sugar content and nutritional value. The
possible utilization of PPPLS as natural sweetener
with replacement ratio up to 50% from either glu-
cose syrup or sucrose in manufacturing of confec-
tionery products especially toffee. In addition, us-
ing PPPLS led to improve the nutrition value of
toffee as PPPLS was considered as a good source
of many important elements and vitamins.
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