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ABSTRACT

In food industry, the processing of vegetables and fruits produces huge amounts of waste. The management
of these wastes is a very important issue for the food industry, which is an important sector in the world
economy. New biotechnologies allow recycling of these wastes for high value-added products. It is thought that
these wastes contain valuable molecules with potential technological application such as polysaccharides. The
technological importance of polysaccharides is attributed to their distinct physicochemical properties such as
their ability to emulsify, bloating, thickening, adhesion, stabilization and other important characteristics for food
manufacturer. Polysaccharides also have many medical applications, for example their ability to act as
antioxidants, anti-tumors, antibacterial and antiviral as well as their ability to reduce blood cholesterol levels and
important other properties. Due to these many technological and health benefits of polysaccharides, this study
aimed to extract polysaccharides from different plant residues and study their interaction with milk protein and
then use them to manufacture functional yoghurt by adding them to the milk prepared for the industry low
yoghurt in its fat content. The study included three sets of experiments as follows:

1- Extraction of polysaccharides from some plant wastes
Polysaccharides were extracted from wastes of processing of some vegetables, including okra, Jew’s-

mallow and pea using four different methods, including extraction by water with heating or microwave and

extraction by alkaline or lactic acid. The percentage of polysaccharides in each extract was determined in order
to select the best extraction method.

The results revealed that:

- Extraction of polysaccharides by alkali increased significantly by increasing the concentration of alkali
solution from 0.2 to 0.8 mole. While increasing the concentration to 1.0 mole led to significant decrease in
the amount of extracted polysaccharides from different plant wastes. The percentages of polysaccharides
extracted from pea, okra and Jew’s-mallow wastes using 0.8 mole of sodium hydroxide were 17.1, 25.1 and
12.0%, respectively of total extracted dry matter and decreased to 7.5, 14 and 9.3 % by increasing
concentration of sodium hydroxide to 1.0 mole.

- The acid extraction of polysaccharides was carried out using gradient concentrations of lactic acid, including
0.2, 0.4, 0.6, 0.8 and 1.0 mole. In the case of pea wastes, the highest percentage of extracted polysaccharides
was 17.7% + 1.39/100 g dry matter, which was recovered by using 1.0 molecules of lactic acid. While the
lowest percentage (12.8% =+ 1.5) was extracted using 0.4 mole lactic acid. Using a concentration of 0.2
mole, the proportion of polysaccharides extracted was 16.8 £ 1.2%/100 g of dry matter. For okra wastes, the
highest percentage of polysaccharides was 18.6% + 1.2/100 g dry matter when extracted with 0.2 mole
lactic acid. While the quantities of polysaccharides represented 16.6 and 16.4/100 g dry matter when wastes
were extracted, respectively, with 0.4 and 0.8 mole of lactic acid. In the case of Jew’s-mallow wastes, the
highest percentage of polysaccharides was about 9.7% + 0.98/100 g dry matter, which was obtained using a
concentration of 0.8 mole of lactic acid, and the lowest rate was 3.7% = 0.23 was recorded for sample
extracted with 0.6 mole of lactic acid.

- The percentages of polysaccharides recovered from different wastes by microwave were generally lower than
those reported for acid and alkali extractions. Microwave power of 400 and 600 watts was used for
polysaccharides extraction. The increase of microwave power exceeding 400 watts had no effect on the
percentage of polysaccharides extracted from okra and Jew’s-mallow wastes and had a negative effect on
the extraction of polysaccharides from pea wastes. Polysaccharides extracted from wastes of peas, okra and
Jew’s-mallow by 400 watt accounted for 14.5, 13.5 and 2.7% per 100 g of extracted dry matter,
respectively. At 600 watts, the percentage of polysaccharides extracted from pea, okra and Jew’s-mallow
wastes accounted for 10.5, 13.4 and 2.8% per 100 g of dry matter, respectively.

- Water extraction was less efficient in polysaccharides extraction compared to acid or alkali. The percentage of
polysaccharides extracted from peas, okra and Jew’s-mallow wastes accounted, respectively, for 7.7, 12.6
and 2.9%/100 g dry matter.
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In this study, the treatment of milk with four types of polysaccharides increased total protein levels in the
supernatent, indicating an increase in protein suspension in the filtrate and followed the behavior of the
stabilizer such as pectin. On the other hand, Urea-PAGE analyzes showed that the concentration of casein in
the filtrate, especially kappa casein, increased with concentrations of polysaccharides.

2-Production of reduced-fat yoghurt using plant polysaccharides
Reduced-fat yoghurt stabilized with 0.01% (w/w) of extracted polysaccharides was produced in order to

evaluate the possibility of applying plant polysaccharides as texture stabilizing agent. For comparison reason,

additional treatment was also made by adding pectin with (0.01%, w/w) as one of the most widely used
commercial stabilizers in the yoghurt industry. Following yoghurt manufacture, yoghurt was stored at 5 °C for

12 days during which samples were taken for chemical, microbiological, rheological and sensory analyses. The

most important results can be summarized as follows:

- At the beginning of the storage period, the titratable acidity of yoghurt samples containing polysaccharides
extracted from Jew’s-mallow and okra wastes was significantly lower than that of the other treatments. In
general, the acidity of all samples increased significantly (P> 0.05) as the storage period progressed. At the
end of the storage period, the highest acidity was 1.49% for reduced-fat control sample, followed by the full-
fat yoghurt sample and then those containing polysaccharides extracted from peas while the lowest acidity
value (1.25%) was for the sample containing polysaccharides extracted from Jew’s-mallow wastes.

- The pH values of fresh yoghurt samples ranged between 4.68 and 5.0, which decreased to 4.44 and 4.95 after
12 days of refrigerated storage.

- Whey separation of yoghurt samples appeared to depend on the type of plant polysaccharides added as well as
on the storage period. At the beginning of the storage period, samples containing polysaccharides extracted
from okra wastes had the highest wheying off percentage, whereas sample containing pectin exhibited the
least whey separation. The rate of whey separation increased significantly in all samples by increasing the
storage period until the sixth day, while it decreased significantly after 12 days of storage.

there was a significant reduction in the values for lightness in yoghurt samples with added plant
polysaccharides compared to the control. The addition of polysaccharides extracted from Jew’s-mallow
wastes led to the highest decrease in lightness value while those of okra resulted in the lowest decrease.

aValue for redness/greens were significantly decreased in samples with added polysaccharides extracted from
Jew’s-mallow followed by pea wastes. Values for yellowness were the highest in samples containing
polysaccharides derived from Jew’s-mallow wastes followed by those containing polysaccharides derived
from pea.

- The addition of plant polysaccharides to yoghurt had a limited effect on the numbers of Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus within 12 days of storage. Samples containing
pectin or polysaccharides extracted from pea and okra wastes contained significantly higher numbers of
Lactobacillus  delbrueckii  subsp. bulgaricus compared to the control; while samples contained
polysaccharides extracted from the Jew’s-mallow had the lowest numbers.

- Examination of yoghurt samples by scanning electron microscopy showed that the addition of different
polysaccharides caused significant differences in the structure of yoghurt matrix depending on the type of
added polysaccharides. Compared to full- and low-fat yoghurt control samples that had a tight surface and
concentrated protein network, yoghurt samples with polysaccharide extracted from pea wastes developed
had microstructural attributes similar to those of pectin containing sample. Both yoghurt samples had casein
matrix characterized with a more porous and open structure and coarse surface compared to the other
samples. Plant polysaccharides extracted from okra and Jew’s-mallow wastes had a compact structure with a
smooth surface, fine pores, few voids and many whey pockets that appeared narrow and scattered
throughout the protein network.

- The addition of plant polysaccharides to yoghurt resulted in significant differences in the values of yoghurt
rheological measurements which included firmness, cohesiveness and adhesiveness compared to control
samples. Fresh yoghurt samples containing polysaccharides extracted from mallow and okra wastes had the
lowest values of the three rheological measurements. Yoghurt samples containing polysaccharides from pea
wastes had rheological behavior, in terms of measurements of firmness and cohesiveness, similar to that of
control and pectin containing samples. At day 12 of storage, values for the three rheological parameters in
addition to viscosity increased significantly compared to fresh samples. For each treatment, the maximum
increment in such rheological parameter was that recorded for yoghurt samples containing polysaccharides
extracted from pea wastes compared with the other treatments.

- The inclusion of plant polysaccharides had significant impact on the sensorial characteristics of both fresh and
stored samples. Fresh samples stabilised with polysaccharides extracted from wastes of pea and okra had
significantly the highest flavour score with preference given to those containing pea polysaccharides due to
the presence of sweet taste. Samples stabilized with polysaccharides from Jew’s-mallow wastes had flavour
score slightly higher than that given to control sample. Fresh samples stabilized with any of the tested plant
polysaccharides had significantly higher texture scores compared with full-fat and reduced-fat samples with
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preference to samples stabilized with pea polysaccharides. During refrigerated storage, there were
significant reductions in sensorial attributes of all samples. At day 12, the samples stabilized with pea
polysaccharides still had the highest score for each sensorial attribute and rated the first compared with other
sample.
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