
 
 

EFFECT OF ACCELERATED AGING ON TOTAL PHENOLIC CONTENT, 
ANTIOXIDANT AND ANTI-DIABETIC ACTIVITIES OF LEBANESE HOMEMADE 

POMEGRANATE MOLASSES WITH AND WITHOUT ADDITION OF GLUTATIONE 
 
 
 
 

A Thesis 

presented to 

the Faculty of Nursing and Health Sciences 
 

at Notre Dame University-Louaize 
 
 
 
 
 
 
 

In Partial Fulfillment 
 

of the Requirements for the Degree 
 

Master in Food Safety and Quality Management 
 
 
 
 
 

by 
 

DIMA BOU AJRAM 
 
 
 
 

SPRING  2021 









Acknowledgements 





Figure 1: 15

Figure 2: 16

Figure 3:
57 

Figure 4: 60

Table 1
22

Table 2: 
30

Table 3: in vivo 40

Table 4: 49

Table 5:
62 

Table 6:
63

Table 7:
68 



Contents 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In vitro  



 

 

  

 

 

 

 

 

 

In vitro  

 

 

 

 

In vitro  

 

 

 



Introduction and Background 
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Chapter 1: Preparation of Pomegranate Molasses 

et 

al.





et al et al et al



.



1.1 Glutathione 

et al

et al.

et al

et al

et al

et al

et al

et al

et al et al

et al



et al

et al

et al

Chapter 2: Chemical Composition and Antioxidant Activity of 
Pomegranate  

2.1 Oxidation and antioxidants 

et al., 



et al., et al., 

et al., 

et al., 

2.2 Phytochemical Composition of Pomegranate 

et al.



et al.,

et al.

et al.

et al., 

et al.

et al., 

2.3 Total Phenolic Content, Total Anthocyanins, and Antioxidant Activity   

in vitro



et al.

et al.,

et al. et al.

et al. et al.

et al.

et al. et al

et al. et 

al.

et al.

et al. et al.

et al. et al.



Table 1

Cultivars/ 
country

Properties Studied Total 
Phenolic 
Content

Total 
Anthocyanins

Antioxidant 
Activity Evaluated

Reference

Twenty cultivars/ 
Iran

Total Phenolic content, antioxidant 
activity, total anthocyanins

DPPH et al., 
2010

One cultivar raw 
and cloudy fresh 
PJ, clarified PJ 
vs pasteurized 
PJ/ Spain

Total phenolic contents, antioxidant 
activity

ORAC et al.

Eighteen 
different 
commercial 
samples of 
pomegranate 
juice/
Spain

Total phenolic contents antioxidant 
activities

ABTS 

FRAP

ORAC 

et al.

Three
cultivars/Spain

Total phenolic contents antioxidant 
activity

DPPH et
al.,

Nine cultivars/ 
Spain

Antioxidant DPPH 

ABTS

ORAC

FRAP

et
al.

Ten cultivars/
China

Total Phenolic content, antioxidant 
activity, 

DPPH et al.



TRC

ABTS 

O2
-

Ten
cultivars/Iran

Total phenolic contents, antioxidant 
activities

DPPH

ABTS

et al.

Eighteen 
cultivars/
10 Morocco, 3 
USA, 2 Spain/ 2 
Tunisia/ 1 China

Total Phenolic content, antioxidant 
activity, total anthocyanins

(Moroccan)

(others)

(Moroccan)

(others)

DPPH

(Moroccan)

DPPH

(others)

et al.

Nineteen 
cultivars/
Spain

Total Phenolic content, antioxidant 
activity, 

ABTS et al

Nine cultivars/ 
Spain

Total phenolic contents, antioxidant 
activities, 

et al., 
2017

Five genotypes/ 
Italy

Total phenolic contents, antioxidant 
activities, 

One local brand 
of Pomegranate 
Molasses (n=3)/
Turkey

Total phenolic contents

one distributor/ 
Turkey 

Total phenolic contents, total 
anthocyanin content, antioxidant 



activities

Seven different 
market brands of 
Pomegranate 
Molasses/ 
Turkey

Total phenolic contents, antioxidant 
activities

Lebanon Total phenolic contents, antioxidant 
activities, in vivo 

Sweet
pomegranate 
from local 
market/ turkey

Total phenolic contents, total 
monomeric anthocyanin content, 
antioxidant activities

Nine different 
market brands of 
Pomegranate 
Molasses/ 
Turkey

Total phenolic contents, antioxidant 
activities

Six commercial 
brands of 
pomegranate 
molasses/ 
Lebanon

Total phenolic contents, antioxidant 
activities, 

et al.

Unavailable 
cultivar/ Iran 

Total Phenolic content, antioxidant 
activity, total anthocyanins,

Unavailable 
cultivar/ Turkey

Total Phenolic content, antioxidant 
activity, total anthocyanins,

et al., 



Chapter 3: Health Benefits of pomegranate 

et al.

et al.,

et al. 

et al.,

et al., 

et al., et al., et al.,

et al., et al.,

et al., et al.,

et al

et al.

3.1 Antioxidant Properties 

et al.,

et al. et al.



in vitro

et al.

3.2 Antidiabetic Properties 

et al., 

et al., 

et al.

et al.



et al.

in vivo in vitro

In vitro

et al. 



et al.

p

p

p

p p p p

et al.

 in vivo



in vitro 

3.3 Cancer 

et al., 

et 

al.,

et al., 



in vitro

in vivo

Table 2: 

Type of cancer Cancer cell line/model Main result Reference
Prostate
Cancer

et al.

Prostate
Cancer

et al., 

Prostate
Cancer

et al., 

Prostate
Cancer

et al

Prostate
Cancer

et al

Prostate
Cancer

et al

Prostate
Cancer

et 
al., 

Prostate
Cancer

et 
al.

Breast cancer et al

Breast Cancer et al.

Breast cancer et 
al., 



Breast cancer et al., 

Breast cancer et al.,

Colorectal cancer et al

Colorectal cancer et al.,

Colorectal cancer et 
al.,

Leukemia

Leukemia et al

Leukemia et al

Leukemia et al.,

Bladder cancer et al

Bladder cancer et al.,

Hepatocellular
carcinoma
(HCC)

et 
al

Hepatocellular
carcinoma
(HCC)



3.3.1 Prostate Cancer 

et al., 

in-vitro

et al. 

et al. ,

In vitro

et al. 



et al. 

et al.

et al

3.3.2 Breast cancer 

et al



et al.

et al. 

et al

et al 



3.3.3 Colorectal Cancer  

et al.,



et al. 

in vitro



3.3.4 Leukemia 

in vitro

et

al.,



3.3.5 Bladder cancer 

3.3.6 Hepatocellular carcinoma (HCC) 



et al. 

et al.

3.4. Cardiovascular Diseases (CVDs) 

et al. 



et al. et al., 

et al.  et al. et al.,  et al., 2020

et al. et al. et al., et al., 

et al.,  et al., 2020

et al. et al.  et al.

 et al., 2020  et al., 2020; 

 et al. et al.

Table 3: in vivo 

In vivo

Experimental

Randomized 
clinical trial

et
al.



quasi-
experimental et al.,

randomized, 
placebo-
controlled, 
double-blind 
study

et 
al.

randomized, 
double-blind, 
parallel trial

et
al.

open-label 
intervention

et
al

quasi-
experimental 
interventional 
study

et
al.

double-blind, 
placebo-
controlled, 

et al.,



randomized, 
clinical trial

single‐blind 
clinical trial

et al.

randomized 
double-blind 
clinical trial

et al.

randomized 
clinical trial

et
al.

randomized 
double-blind 
clinical trial

et al.

Quasi-
Experimental 
Study

Shishehbor 
et al.



Randomized 
crossover 
controlled 
trial

et
al.,

Exploratory 
randomized, 
double-blind, 
placebo-
controlled 
trial

et
al.,

randomized 
crossover 
trial

Barati 
Boldaji et
al., 2020

3.5. Irritable Bowel Disease  

et al



3.6. Alzheimer Disease  

et al. et al.,



3.7. Male Infertility 

et al



3.8. Erectile dysfunction 

et 

al.



Chapter 4: Materials and Methods 

4.1 Pomegranate molasses preparation  



4.2 Chemicals 

4.3 Accelerated shelf-life testing (ASLT) procedure  



Table 4:

4.4 Determination of total phenolic content 

et al

et al.

Time Accelerated Aging Time (AAT) /
days in incubator

Real Time (RT)/
days on shelves

T0

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10



4.5 Determination of total flavonoid content 

et al et al

et al et al

4.6 In vitro antioxidant assays 



et al

4.7In vitro inhibitory antidiabetic assays 





et al et al.,

control sample control

Statistical analysis 

Chapter 5: Results and Discussion  

5.1 Determination of total phenolic content 



et al. et al. 

et al. et al.  et al. 

et al. et al et al. 

et al. 

 et al. 2015

,

et al.

et al et al

et al



et al

et al

et al.

et al., et al



et al

et al.

et al
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R² = 0.967

0

10

20

30

40

50

60

70

0 5 10 15 20 25 30 35 40 45

TP
C 

(in
 m

g 
GA

E/
g 

PM
) 

Time in the incubator (in days)

TPC during ASLT 



5.2 Determination of total flavonoid content (TFC) 

et al.,

 et al. 

5.3 In vitro antioxidant assays 

5.3.1 In vitro AA of PM sample using DPPH radical scavenging assay and Ferrous ion chelating 
(FIC) assay at T0 without added GSH 



.

et al

et al



et al. 

21.50198
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 et al

et al in vitro



5.3.2 AA of PM samples without GSH and with addition of GSH at different concentrations (50, 
100, 200 mg/L) at time T0 with and without oxygen saturation  

et al.



et al.,

et al. 

5.3.3  Antioxidant Activity (AA) of PM samples without addition of GSH studied under 
accelerated aging (ASLT) tested using DPPH radical scavenging assay. 

Sample IC50 (mg GAE/g)
with O2 saturation

IC50 (mg GAE/g)
without O2 saturation

Sample 1 without 

Sample 2 with 50

Sample 3 with 100

Sample 4 with 200



et al.

et al.

et al



Time in the Incubator
(Tn, where n is the number of 

days in the incubator)

IC50 (mg GAE/g) Mean Difference

T0

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

* The mean difference is significant at 0.05 level

5.3.4 Antioxidant Activity (AA) of PM samples with addition of 200 μg/L GSH studied under 
accelerated aging (ASLT) tested using DPPH radical scavenging assay. 



 (ASLT

5.4 In vitro antidiabetic activity of PM

et al. 



et al.

et al. 



5.5 Correlation between phytochemical constituents and antioxidant activity. 



et al.

et al. 

et al.

N IC50 DPPH
Without GSH (200μg/L)

IC50 DPPH
Without GSH (200μg/L)

TPC
Without GSH 

(200μg/L)
(time T0 to T10)

TPC
Without GSH 

(200μg/L)
(time T0 to T3)

TPC
With GSH 
(200μg/L)

(time T0 to T10)

** Correlation is significant at 0.01 level (2-tailed)



et al. 



et al.



Chapter 6: Conclusion 
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