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Abstract

Polyphenols are broadly distributed in the plant kingdom and are increasingly
recognized as having beneficial effects on human health because of their potent
antioxidant capacity. Syrian production of pomegranate fruits (Punica granatum)
exceeds 50 thousand tons per year, and pomegranate peel constitute about 50% of the
fruit’s weight. Those peels are usually discarded as waste even a significant portion of
polyphenols are often present in high concentrations in the outer parts of fruits.
Polyphenols are characterized by their astringency and extreme sensitivity to light and
oxygen, which does not allow to consum them directly.

During this study, a quick and easy method for the extraction and purification
polyphenols from pomegranate peels was developed. Then microcapsules were
prepared in order to mask the astringent taste as well as to protect these compounds
from external oxidation and interaction with food components, while maintaining their
ability of scavenging free radicals and therefore their physiological efficiency.
Prepared microcapsules were added to juice and milk for the preparation of functional
foods and their stability was studied.

Also during this study, other natural sources of polyphenols were studied.
Optimal extraction procedure was developed for both carob pods and external
pistachio shell.

This study is practically divided into seven parts:

First part: Determination of polyphenols and proanthocyanidins quantification
method’s conditions:

During this part, we determine the conditions of application of folin-Ciocalteu
assay and the standard curve of gallic acid which expresse the amount of phenolic
compounds. Also, the conditions of application of acid-butanol assay and the standard
curve of catechin were studied in order to calculate the yield of proanthocyanidins.
Finally, the conditions of the DPPH assay were determined to examine the free radical
scavenging properties.

Second part: Optimal conditions for Proanthocyanidins’ _extraction from
pomegranate peels’:

The extraction process is the first and most important stage in getting phenolic
compounds from different plant sources. It is generally known that the yield of
chemical extraction depends on the type of solvents with varying polarities, extraction
time and temperature, as well as on the chemical composition and physical
characteristics of the samples. Results showed that long extraction time had more
impact on the degradation of phenolic compounds compared with high temperature.
The recovery of polyphenols and proanthocyanidins was the highest when water was
used as solvent of extraction at 50°C for 20 min. Highest quantitative yield of
phenolic compouds was accompanied with highest free radicals scavenging capacity




of pomegranate peel extract. In conclusion, the DPPH radical scavenging activity of
extracts has a linear relationship with the polyphenols yield.

The stability and the free radical scavenging activity of the aqueous extract was
studied at different storage temperatures. The aqueous extract remained stable when
stored at frozen temperature (-18° C) for more than 15 days.

Third part: Purification of extracted proanthocyanidins and determination of its
antioxidant capacity:

The final aqueous extract contains many phenolic and non-phenolic
compounds, so it’s required to find an effective procedure for its purification. Results
also showed that about one-third of the inhibiting ability of free radicals in the red
pomegranate peel extract is due to its contents of proanthocyanidins, so it was
important to develop a way to separate these compounds from other polyphenols.

A comparison of two SPE cartridges, including silica-based C18 and
aminopropyl for the isolation and purification of proanthocyanidins extracted from
pomegranate’s peel, showed that the proposed SPE method with aminopropyl
cartridge using alkalized aqueous acetone at pH 9.5 as eluent was more effective for
the purification and the separation of 90% extractable proanthocyanidins.

Fourth part: Microencapsulation of extracted polyphenols to prepare functional
foods:

Coacervation method was used in this study to encapsulate the extacted
polyphenols. The formulation containing an extract of 1g pomegranate peels in 100 ml
distilled water encapsulated with 3% of sodium alginate cured in 0.05M calcium
chloride for 20 min and kept in a gelling bath for 15 min was chosen as the best
formula regarding the loading efficiency. This optimized conditions allowed the
encapsulation of 43.90 + 2.918% of total extracted polyphenols and 46.34 + 1.722%
of total extracted proanthocyanidins.

A combination of sodium alginate and pectin was also used for the
encapsulation of the extracted polyphenols, a ratio of these two polymers (2:1) was
responsible for the maximum polyphenol content. The microencapsulated particles
provided to polyphenols an effective protection against the degradation phenomenon,
whereas antioxidant activity remained identical.

Fifth part: Studying the In-vitro release of the microcapsules in simulated gastric
and intestinal fluids:

The results obtained showed that microbeads presented only slight variations
around their original antioxidant activity measured by DPPH assay. But in order to
evaluate their probable physiological activity, in vitro release studies of gel beads
were conducted in both simulated gastric fluid (SGF) and simulated intestinal fluid
(SIF).

The release pattern of polyphenol from microbeads prepared with combination
of polymers (sodium alginate and pectin) was entirely different from that prepared




with single polymer (sodium alginate). The release of polyphenol from calcium
alginate microbeads was found to be 64.87 + 0.05 % in pH 1.2 within 2 h. When
pectin was added to sodium alginate, only 48.81 + 0.06 % of polyphenol was released
in pH 1.2 within 2 h. 88.37% and 70.48% of polyphenols were released within 3 h in
the dissolution medium SIF (pH 6.8) from alginate microbeads and pectin alginate
combination microbeads respectively.

Sixth part: Studying the stability of the microcapsules in food:

Functional foods were prepared by adding aqueous pomegranate peels extract
or polyphenol microbeads to orange juice and bovine milk. Stability studies in
refrigerator showed that aqueous extract was more stable in juice, while pectin
alginate microbeads were more stable in milk.

The results also showed that the addition of aqueous extract to juice didn’t
affect its radical scavenging activity compared with diluted extract saved under the
same conditions. While the scavenging activity was decreased immediately by about
50% when the extract was added to milk. It may be due to the formation of
polyphenol-milk protein complexes. To study the degradation of these complexes in
gastro intestinal tract, a mixture of aqueous extract with milk was kept in HCI medium
at pH 1.2 and temperature of 37° C. Results showed that after 2 hours, radical
scavenging activity of the mixture increased, so it can be predicted that the acidic
gastric medium can cause a partial degradation of the polyphenol-milk protein
complexes.

Seventh part: Application of extraction method on some plant samples:

During this part, we search for natural polyphenols sources. We focused in our
research on plants or part of plants widely distributed in Syria and which could not be
consumed directly in food dietry. External pistachio shell and carob pods were
selected. Comparison between green and dry carob pods was made in order to
determine the effect of maturity on the quantitative content of phenolic compounds.

The recovery of polyphenols and proanthocyanidins was the highest in external
pistachio shell when ethanol and water mixture (25% v/v) was used as solvent of
extraction. The yield of polyphenols and proanthocyanidins was 11.69+0.205 (g/100 g
GAE) and 0.64+0.014 (g/100 g) respectively.

The vyield of polyphenols in green carob pods was 20.056+0.980 (g
GAE/100g), while its yield in dry carob pods was only (g GAE/100g) 4.969+0.119.
and proanthocyanidins was 11.69+0.205 (9/100 g GAE) and 0.64+0.014 (g/100 g)
respectively. Also the amount of proanthocyanidins in the green carob pods was about
8 times its quantity in dry pods.



In addition to the difference in quantitative yield, there is a difference in the
optimal solvent of extraction. The use of ethanol 10% gave the highest quantitative
yield in dry carob pods while the use ethanol 25% was better for the extraction of
polyphenols from green pods, which shows the probable difference in the chemical
structure of the compounds during maturity. As for proanthocyanidins, 70% acetone is
the best solvent for both types of carob pods.

During this part also, a quick and easy method for the separatation of
proanthocyanidins was developed. This method is based on a sequential extraction of
the fruits using absolute ethanol three times and then 70% acetone for twice. This
method needs additional purification processes to get rid of fat and sugar compounds
and organic acids that may be present in the sample.
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