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Abstract 

Oxidative stress, caused by excessive production of reactive oxygen species, 

represents a major factor associated with numerous chronic diseases, including 

cardiovascular disorders, metabolic syndrome, cancer, and aging. Plant-derived 

antioxidants can effectively counteract oxidative stress. Due to differences in the 

antioxidant capacity among plant species which based on their phytochemical 

composition. Accordingly, the current study aims to compare the phytochemical 

analysis and antioxidant capacity assessment of nine botanicals including: Thyme 

(Thymus vulgaris) (Powdered and Fresh), Rosemary (Saliva rosmarinus), (Powdered 

and Fresh), Oregano (Origanum valgare), Ginger (Zingiber officinale), Cinnamon 

(Cinnamomum verum), and Pomegranate (Punica granatum) dreivatives (Peel and 

Juice). To achieve that, Total Phenol Content (TPC), Total Flavonoid Content (TFC), 

and antioxidant activity (via DPPH assay) were evaluated across the selected plants 

extracts. The results revealed that powdered pomegranate peel exhibited the highest 

TPC (8599 mg GAE/100g), TFC (4950 mg/100g), and antioxidant capacity (285.15 

umol TE/g). Among the culinary herbs, powdered oregano and powdered rosemary 

demonstrated superior phenolic levels, while fresh sample consistently showed lower 

concentrations for the all parameters, due to their high moisture content.HPLC 

analysis identified punicalagin (15000 mg/Kg) as a dominant in pomegranate peel and 

rosmarinic acid, carnosic acid and thymol are dominated in oregano, rosemary, and 

thyme respectively, while cinnamon was mainly rich in cinnamaldehyde and cinnamic 

acid derivatives and fresh ginger exhibited a unique phenolic profile dominated by 

gingerol compounds. These results provide a quantitative basis for selecting specific 

plant materials as natural functional ingredients for food preservation and health 

promotion. 
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Introduction 

Oxidative stress is a biological 

condition that occurs when there is 

an imbalance between reactive 

oxygen species (ROS) and the 

body's ability to neutralize them 

using antioxidant defenses. It is 

associated with numerous chronic 

diseases, including cardiovascular 

disorders, metabolic syndrome, 

cancer, Neurodegenerative disorders 

(e.g., Alzheimer's) and aging. 

Antioxidants are used that neutralize 

ROS by donating electrons to 

stabilize free radicals, chelating 

metal ions (like Fe²⁺ ) that generate 

radicals and enhancing endogenous 

defense enzymes. Antioxidants are 

usually classified into enzymatic and 

non-enzymatic. The enzymatic 

antioxidant system comprises a 

series of enzymes that prevent cell 

damage, including superoxide 

dismutase, catalase, glutathione 

peroxidase, and glutathione 

reductase [30]. The nonenzymatic 

antioxidant system consists of 

compounds of endogenous origin 

including blood plasma proteins, 

transferrin, albumin, ceruloplasmin, 

and ferritin. In addition, this balance 

can be significantly influenced by 

dietary antioxidant including 

vitamins (vitamin C, E, β-carotene) 

and other compounds of plant origin, 

such as polyphenols [39]. These 

polyphenols have attracted 

considerable attention due to their 

strong radical-scavenging activity 

that mitigating oxidative stress 

damage by modulating cellular 

redox status. Plant-based dietary 

antioxidants, have emerged as 

particularly rich sources of bioactive 

phytochemicals with potent 

antioxidant properties. In addition to 

their wide application in gastronomy 

and the food industry, they are also 

used in herbal medicine [67]. They 

regulate the functioning of the 

digestive tract [34], regulate blood 

pressure, reduce the risk of 

atherosclerosis, lower total 

cholesterol level and have anti-

diabetic properties [49]. In addition, 

they exhibit antimicrobial and anti-

inflammatory activities [26]. 

Among Plant-based dietary 

antioxidants, pomegranate (Punica 

granatum L.) has been described as 

a ―super food‖ and classified among 

the top ten fruits with high 

nutraceutical value. The juice is a 

rich source of polyphenols, 

flavonoids and tannins, with deferent 

contents between varieties, 

agronomical conditions, climate, 

post-harvest times and juice 

obtaining method [44]. Experimental 

studies have demonstrated that 

pomegranate peel contain high 

concentrations rich of flavonoids, 

tannins and phenolic acid with 

antioxidant activities [56]. Due to 

their rich sources of phenolics 

copounds, culinary herbs also 

expected their antioxidant capacities. 

Thyme, rosemary, and oregano 

(Lamiaceae family) are rich sources 

of phenolic compounds, particularly 

rosmarinic acid, caffeic acid, 
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flavonoids, and phenolic diterpenes, 

whereas cinnamon provides 

cinnamic acid, gallic acid, and 

related polyphenols and ginger 

contributes pungent phenolics such 

as gingerols and shogaols. All these 

compounds enhance redox activity 

through hydrogen atom transfer, 

single-electron transfer, and metal-

chelation mechanisms that increase 

their antioxidant activity. Despite the 

recognized antioxidant potential of 

both herbs and pomegranate 

derivatives, however, there are limit 

comparative studies between them. 

Prior comparative work has 

compared other fruit extract of 

grape, olive, tomato, lemon with 

pomegranate peel, for phenolics and 

antioxidant activity [59] or 

compared pomegranate peel powder 

blending with certain spices [42]. 

Other investigations have ranked 

antioxidant potential across deferens 

kinds of herbs [21]. 

 The objective of the present study is 

to conduct a controlled comparative 

phytochemical analysis and 

antioxidant capacity assessment of 

Thyme (Thymus vulgaris), rosemary 

(Salvia rosmarinus), (fresh and 

powdered ),oregano (Origanum 

vulgare), ginger (Zingiber 

officinale), pomegranate (Punica 

granatum, local cultivar from 

Halbcha ) (peel and juice) , and 

cinnamon (Cinnamomum verum) 

.Understanding the comparative 

phytochemical profiles and 

antioxidant capacities of these 

botanicals is essential for optimizing 

their nutritional applications for 

health promotion. 

2. Materials and Methods 

2.1. Plant material preparation 

Fresh samples of Wild Rosemary 

(Rosmarinus officinalis) and Wild 

Thyme (Thymus vulgaris) were 

manually collected from the 

mountainous regions of [Qaradakh / 

Sulaymaniyah, Kurdistan Region of 

Iraq] during the spring season of 

2024.The collected samples were 

divided into two groups: fresh leaves 

were immediately frozen in liquid 

nitrogen and for dried samples, they 

were shade-dried at room 

temperature (37 ± 2°C) in a well-

ventilated area for 01 days until a 

constant weight was achieved. This 

method was chosen to prevent the 

thermal degradation of thermolabile 

antioxidant compounds. Leaf 

samples were finely ground using a 

mortar and pestle with liquid 

nitrogen [10] and the whole sample 

was stored at −20 ◦C until use. 

Commercial dried Oregano 

(Origanum vulgare) and Cinnamon 

(Cinnamomum verum) powder were 

purchased from a local 

Sulaymaniyah market. 50 g of each 

powder was blended in a laboratory-

scale mixer for 2 minutes before 

weighing [1]. 
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 Ginger rhizomes (Zingiber 

officinale) were peeled, washed, and 

sliced into 2–3 mm thicknesses [3]. 

For extraction purposes, these 

materials were either used 

immediately to represent "fresh" 

state or stabilized via freeze-drying 

at -20°C to prevent the degradation 

of thermolabile volatile compounds 

[11]. Regarding Pomegranate, 

Salakhani, a local cultivar, well-

known from the Halabja of 

Kurdistan Region of Iraq, was 

selected after washing, manually 

peeled. The inner white spongy 

membranes were removed, and only 

the outer colored shade-dried at 

room temperature until crisp, then 

ground into a fine powder [63]. 

Fresh pomegranate juice was 

extracted using Oster blender (Oster, 

Fort Lauderdale, FL) a mechanical 

press, to remove any remaining pulp 

or solid particles, the crude juice was 

filtered through a double-layered 

muslin cloth. The fresh juice was 

stored in light-protected amber glass 

bottles at -20°C to prevent the 

degradation of anthocyanins and 

ascorbic acid. The plant extracts 

were prepared according to Tahir et 

al [57] as follows: Tissue (1 g) was 

ground in a mortar with a pestle and 

liquid nitrogen, then 0.1 g of fresh 

powder is used for extraction with 

0.7 mL of 80% (v/v) methanol at 4 

°C for 16 h. The mixture was then 

centrifuged at 14000 rpm at 4 °C for 

10 min. The supernatant solution 

was used for total phenolic content 

(TPC), total flavonoid content (TFC) 

and Antioxidant capacity (AC). 

2.2. Bioactive Compounds and 

Antioxidant Capacity of Selected 

Plants. 

2.2.1. Total phenolic content 

The content of total phenolic 

compounds in each extract is 

determined according to the Folin-

Ciocalteu method Blank: An aliquot 

of 150 μl of dH2O was mixed with 

1.1 mL of Folin–Ciocalteu phenol 

reagent (10 × diluted in water) and 

allowed to react for 7 min. Then 0.9 

mL of 10% saturated Na2CO3 

solution is added and allowed to 

stand for 50 mins in the dark at 

40ºC. The absorbance of the reaction 

mixture is read at 750 nm. A gallic 

acid standard curve was used to 

calculate the phenolic content. The 

total polyphenol content (TPC) of 

each extract was expressed as g 

gallic acid equivalents per 100gram 

of fresh weight or dry weight. 

 

2.2.2. Total flavonoid content 

 Four hundred µL of the extract 

solution was mixed with 0.9 mL 

methanol (80%), 0.3 mL of 2% 

aluminum chloride (AlCl3), 0.07 mL, 

1 M potassium acetate (CH3COOK), 

and 1.7 mL of deionized water.  
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Distilled water was added instead of 

extract solution in blank sample (as a 

control). After incubation at room 

temperature for 30 min, absorbance 

of the reaction mixture was 

measured at 415 nm. A quercetin 

standard curve was used to calculate 

the TFC of each extract which was 

expressed as mg quercetin 

equivalents per 100gram of fresh 

weight or dry weight. 

2.2.3. Antioxidant capacity 

evaluation (DPPH Assay) 

The antioxidant activity of the plant 

extracts was determined according 

Jamal et al [32] using the DPPH 

(2,2-diphenyl-1-picrylhydrazyl) free 

radical scavenging assay. Briefly, 

200 µL of each extract was mixed 

with 2 mL of a methanolic DPPH 

solution (0.1 mM). For the control, 

200 µL of methanol was added to 2 

mL of the DPPH solution to account 

for the initial radical absorbance. 

The mixtures were shaken 

vigorously and incubated in the dark 

at room temperature for 30 minutes. 

The absorbance was then measured 

at 517 nm using a 

spectrophotometer. All experiments 

were performed in triplicate. The 

antioxidant capacity (AC) was 

calculated based on a Trolox 

standard curve and the results were 

expressed as µmol Trolox 

equivalents (TE) per gram of fresh 

weight (FW) or dry weight (DW). 

2.2.4. HPLC Conditions 

Before application of HPLC 

technique, sample extraction is 

needed which applied according to 

Ngamsuk et al [47] as follows: 

Three gm of samples, finely 

powdered, was blended with 60 mL 

of methanol/water (40/60) during 

24h. The mixture was filtered and 

the filtrate concentrated under 

vacuum (40°C) to a volume of 5 mL. 

This solution was hydrolyzed with 5 

mL of 2N NaOH for 30 min. The pH 

of the mixture was adjusted to pH 

7.00 with 2N HCl and the phenolic 

acids were extracted by liquid/liquid 

extraction with ethyl acetate 

(20mLx3). The extracts were then 

combined and the ethyl acetate 

removed under reduced pressure. 

The residue was dissolved in 7 mL 

of methanol for HPLC analysis.  

HPLC analysis was conducted on a 

SYKAM HPLC system (Germany) 

equipped with a C18-ODS column 

(250 × 4.6 mm, 5 µm). Samples (100 

µL) were injected into the system. 

The mobile phase was composed of 

95% acetonitrile + 0.01% 

Triflouroacetic acid (solvent A) and 

5% acetonitrile + 0.01% 

Triflouroacetic acid (solvent B) at 1 

mL/min. The gradient program was 

as follows: 10% A from 0–5 min; 

25% A from 5-7 min; 40% A from 

7–13 min; then returning to initial 

conditions. Detection of phenolic 
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compounds was carried out with a 

UV-visible detector at 278 nm. 

2.3. Data analysis 

Statistical analysis was performed 

using the XLSTAT software. All 

experimental measurements were 

carried out in triplicate (n = 3), and 

results are reported as mean ± 

standard deviation (SD). Data were 

analyzed using one-way analysis of 

variance (ANOVA). To identify 

significant differences between the 

treatment means, Duncan‘s Multiple 

Range Test (DMRT) was applied at 

a significance level of p < 0.05. All 

graphical representations were 

prepared using Microsoft Excel. 

3. Result and discussion 

3.1. Total Phenolic Content of 

Selected Plants 

The Total Phenolic Content (TPC) 

of the studied samples are measured 

using the Folin-Ciocalteu 

colorimetric assay and expressed in 

milligrams of Gallic Acid 

Equivalents (GAE) per gram of 

weight. As shown in table 1, a 

significant variation in TPC among 

the studies plant materials, that 

strongly influenced by plant species 

and processing state (fresh vs 

powdered). Among them, powdered 

pomegranate peel (PPP) exhibited 

the highest TPC (8597.00 mg 

GAE/100 g), confirming its well-

documented richness in hydrolysable 

tannins, particularly punicalagins 

and ellagic acid [51]. High TPC 

value of PPP also obtained in other 

studies [22; 65 and18]. 

After PPP, Oregano (6967.66 mg 

GAE/100 g) and rosemary (5527.33 

mg GAE/100 g) showed elevated 

phenolic levels among powdered 

herbs used in the current study 

which is close to that recorded in 

other studies [41; 46 and 40], and 

this is due to their high content of 

phenolic acids and diterpenes such 

as rosmarinic and carnosic acids. 

Cinnamon powder (3265.00 mg 

GAE/100 g) and powdered thyme 

(3819.66 mg GAE/100 g) exhibited 

moderate TPC which consistent with 

previous studies [43; 17], reflecting 

differences in their structure and 

dominant phenolic profiles. 

In contrast, fresh samples 

consistently showed lower TPC 

values. Fresh thyme (650.00 mg 

GAE/100 g) and fresh ginger 

(449.33 mg GAE/100 g) contained 

moderate phenolic levels, whereas 

pomegranate juice (350.00 mg 

GAE/100 g) and fresh rosemary 

(117.66 mg GAE/100 g) exhibited 

the lowest values. These results are 

fully consistent with other studies 

[12]; [11], the reduction in TPC 
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values of fresh samples is due to 

high moisture content, since fresh 

plant materials generally possess a 

moisture content ranging from 75% 

to over 90%, which significantly 

dilutes the concentration of bioactive 

constituents per unit of mass 

including phenols. Drying processes, 

when performed correctly, remove 

this aqueous phase, thereby 

concentrating the phenolic 

compounds [52], even the study of 

[58] revealed that some drying 

methods may influences the stability 

of phenolic compounds, that are 

sensitive to heat, oxygen, light, and 

enzymatic activity. The impact of 

drying on phenolic degradation 

depend on plant species, drying 

technique, heating time and 

temperature. Ginger also exhibit low 

TPC, as it's phenolic profile is 

unique due to the presence of 

gingerols, which are phenolic 

ketones responsible for its pungent 

flavor.  

The determination of the Total 

Phenolic Content (TPC) within plant 

extract constitutes a fundamental 

procedure in the characterization of 

their antioxidant potential and 

overall bioactive density. Phenolic 

compounds, characterized by at least 

one aromatic ring hydroxylated with 

one or more hydroxyl groups, serve 

as critical secondary metabolites in 

plants, providing defense against 

ultraviolet radiation, pathogenic 

incursion, and oxidative stress. Total 

phenolic content refers to the 

cumulative concentration of all 

phenolic compounds, including 

phenolic acids and flavonoids. 

Table1: Total polyphenols content 

(mg GAE/100 g) in the selected 

plant extracts used in this study 

Note: Values are expressed as Mean 

± SD (n=3). Means with different 

superscript letters in the same 

column are significantly different (p 

< 0.05). 

3.2. Total Flavonoid Content of 

Selected Plants 

The measurement of flavonoids 

typically utilizes the aluminum 

Sample Mean ± SD mg 

GAE/100 g W  

Powdered 

Pomegranate Peel 

@=A?580 ± 2.00
a 

Powdered 

Oregano 

>A>?5>7 ± 

2.52
b 

Powdered 

Rosemary 

==:?5;3 ± 2.52
c 

Powdered Thyme ;@9A5>7 ± 

2.52
d 

Powdered 

Cinnamon 

;:>=580 ± 2.00
e 

Fresh Thyme >=8580 ± 2.00
f 

Fresh Ginger <<A5;3 ± 3.06
g 

Pomegranate 

Juice 

;=8580 ± 2.00
h 

Fresh Rosemary 99?5>7 ± 2.52
i 
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chloride (AlCl_3) colorimetric assay 

that relies on the formation of stable 

acid-tolerant complexes between the 

aluminum ion and the C-4 keto 

group and either the C-3 or C-5 

hydroxyl group of flavones and 

flavonols. The resulting 

bathochromic shift allows for 

spectrophotometric quantification at 

wavelengths between 415 nm and 

510 nm [16]. 

The results in table 2 show 

significant variation in the TFC 

values between the selected plant 

extracts used in this study, which 

were strongly dependent on the plant 

species and processing form (fresh 

versus dried). Among all selected 

plant extracts samples, pomegranate 

peel exhibited the highest total 

flavonoid levels. High flavonoid 

concentration were also found in 

PPP in other studies [4; 35]. This 

finding is consistent with the 

biological role of the peel as a 

protective tissue, where flavonoids 

(punicalagin, quercetin, rutin, and 

kaempferol) with other phenolic 

accumulate to defend against 

environmental stress and microbial 

attack. In contrast, pomegranate 

juice, which is characterized by high 

water and sugar content, contained 

substantially lower flavonoid 

concentrations. Previous studies [68; 

5] also highlighted that pomegranate 

peels contain a richer flavonoid 

compared to edible juices, 

supporting their use as potent 

antioxidant sources in food systems. 

Oregano powdered consistently 

ranked among the highest flavonoid-

containing herbs in the current study 

followed by thyme, and rosemary 

which is consistence with other 

studies [11; 40]. Oregano and thyme 

rich in luteolin and apigenin whereas 

rosemary rich in flavonoids like 

Qurcetine and Catechine, however 

its phenolic profile dominates rather 

than flavonoids [16]. The flavonoid 

in powdered samples of thyme, and 

rosemary was higher than that of 

fresh sample, which attributed to 

both moisture removal during drying 

and the natural abundance of flavone 

derivatives in their leaf tissues. 

Regarding to the flavonoid content 

of cinnamon, which is higher 

significantly from the fresh herb 

samples and pomegranate juice, is 

attributed to its high contents of 

Catechine and Epicatechin [23; 29]. 

Fresh ginger exhibited relatively low 

total flavonoid content (Qurcetine 

and Catechine), its biological 

activity is primarily associated with 

non-flavonoid phenolic compounds 

such as gingerols. This highlights 

that bioactivity in plant materials is 

governed by overall phenolic 
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composition rather than flavonoid 

concentration alone [6]. 

Table 2: Total Flavonoid content 

(mg/100 g) in the selected plant 

extracts used in this study. 

Sample Mean ± SD 

TFC (mg/100 

g) 

Powdered 

Pomegranate Peel 

4950.00 ± 2.00
a
 

Powdered Oregano 3860.00 ± 3.00
b
 

Powdered 

Rosemary 

2901.33 ± 3.21
c
 

Powdered Thyme 2530.00 ± 2.00
d
 

Powdered 

Cinnamon 

1840.33 ± 2.52
e
 

Fresh Thyme 341.33 ± 3.21
f
 

Fresh Rosemary 260.67 ± 3.06
g
 

Pomegranate Juice 180.00 ± 2.00
h
 

Fresh Ginger 60.00 ± 2.00
i
 

Note: Values are expressed as Mean 

± SD (n=3). Means with different 

superscript letters in the same 

column are significantly different (p 

< 0.05). 

3.3. The antioxidant capacity of 

selected plants   

The results presented in table3 show 

high significant differences in 

antioxidant capacity among the 

selected plant extracts samples used 

in this study, reflecting variations in 

their phytochemical composition. 

Among them, powdered 

pomegranate peel exhibits a highest 

antioxidant capacity (285.18 µmol \ 

TE/g). The exceptional value 

recorded  for powdered pomegranate 

peel  aligns with the study of [50] 

who estimated the antioxidant 

capacity of pomegranate peel with 

358.67 µmol trolox/g dried sample, 

using the DPPH based method .This 

high antioxidant activity is attributed 

with higher concentrations of total 

phenols, flavonoids in pomegranate 

peel recorded in the current study, 

especially punicalagins, which 

account for approximately 87% of 

the total antioxidant activity found in 

pomegranate derivatives [13].
 
 

In contrast, pomegranate juice 

exhibits low antioxidant capacity 

(12.45 µmol \ TE/g) compared to the 

peel. These results are close to the 

study of [33].  Antioxidant power of 

the juice are highly dependent on the 

variety, ripening stage and 

processing conditions. The juice's 

antioxidant capacity is primarily 

driven by anthocyanins, Ascorbic 

acid and the soluble portion of 

punicalagins that leach from the peel 

during the pressing process.  

High antioxidant capacities also 

detected in the three species 

examined from Lamiaceae family 

(oregano (199.67 µmol \ TE/g), 

rosemary (198.50 µmol \ TE/g), and 

thyme (190.57 µmol \ TE/g)—), 
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used in the current study, 

particularly in their dried powder 

forms indicates a significant 

concentration effect resulting from 

the dehydration process [20].  

Recording high antioxidant 

capacities in Oregano extracts which 

is consistent with other studies [36; 

24] is due to them contain of phenols 

like rosmaric acid and quercetin, and 

in rosemary is largely derived from 

its unique phenolic diterpenes 

including carnosol, carnosic acid 

[38; 64]. Whereas Thyme's 

antioxidant activity is driven by 

thymol [7; 25]. 

Cinnamon powder (195.95 µmol \ 

TE/g) and fresh ginger (12.81µmol \ 

TE/g) represent different botanical 

structures (bark vs. rhizome) and 

processing states in the dataset. The 

high antioxidant activity (195.95 

µmol \ TE/g) of cinnamon, possibly 

from Cinnamomum verum, which 

exhibits superior antioxidant profiles 

compared to C. cassia, is attributed 

to its rich content of 

cinnamaldehyde. Cinnamon bark is a 

particularly stable matrix; its 

antioxidants have been shown to 

maintain their efficacy even after 

exposure to 165 °C, making it a 

valuable antioxidant in processed 

foods [9; 60].Fresh ginger‘s lower 

value (12.81 µmol \ TE/g) is 

primarily a result of its high water 

content that dilute the primary 

bioactives in ginger (gingerols) that 

are potent antioxidants agents, [61]; 

[54]. For the same reason the 

antioxidant capacity of fresh 

rosemary and thyme were less than 

their powdered form. 

Table3: Antioxidant Capacity 

DPPH (µmol TE/g) in the selected 

plant extracts used in this study 

Samples Mean ± SD 

DPPH 

(µmol TE/g) 

Powdered 

Pomegranate Peel 

285.18±1.25
a
 

Powdered 

Oregano 

199.67±0.58
b
 

Powdered 

Rosemary 

198.50±0.75
b
 

Powdered 

Cinnamon 

195.95±0.45
c
 

Powdered Thyme 190.57±0.51
d
 

Fresh Thyme 22.13±0.32
e
 

Fresh Ginger 12.81±0.15
f
 

Pomegranate 

Juice 

12.45±0.20
f
 

Fresh Rosemary 3.53±0.12
g
 

Note: Values are expressed as Mean 

± SD (n=3). Means with different 

superscript letters in the same 

column are significantly different (p 

< 0.05). 
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Phenolic Composition of Plant 

Extracts Determined by HPLC 

Table 4 show HPLC analysis 

revealed the marked differences in 

the qualitative and quantitative 

distribution of individual Phenolic 

components among the plant extracts 

used in the current study including: 

rosemary, thyme (fresh and 

powdered), pomegranate (peel and 

juice), oregano powder, cinnamon 

powder, and ginger), reflecting their 

distinct phytochemical 

compositions.  

The pomegranate samples (peel and 

juice) distinguish from the other 

samples used in the current study, 

due to their exceptionally high 

content of hydrolyzable tannins, 

Punicalagin and punicalin which 

predominant in pomegranate peel, 

far exceeding those found in the 

juice. This pattern reflects the 

protective function of the peel, 

which accumulates ellagitannins to 

defend against environmental stress. 

Punicalagins (α and β isomers) are 

non-cytotoxic at therapeutic 

concentrations and serve as 

precursors to ellagic acid and 

urolithins, which extend the 

antioxidant effect within the human 

gut [28]. The peel also contained 

appreciable amounts of ellagic acid 

(650.2) and gallic acid (320.4), 

further contributing to its antioxidant 

potency. The concentrations of these 

phenolic compounds in the juice 

were markedly lower than that in the 

peel, due the juice, representing the 

edible fraction, contains lower 

phenolic concentrations. These 

findings align with previous studies 

[19; 2; and 55] in detecting higher 

phenolic concentrations in the peel 

compared with juice.  

Among the Lamiaceae herbs (thyme, 

rosemary, and oregano), Rosmarinic 

acid was a consistently abundant 

marker in all of them, contributing 

significantly to their 

radical-scavenging capacities. 

Flavonoids such as luteolin and 

apigenin were especially prominent 

in oregano and thyme, consistent 

with their reported antioxidant and 

anti-inflammatory properties. 

Similar phenolic profiles have been 

reported in previous studies [27; 53 

and 37] on thyme extracts and 

others [8; 48] applied on rosemary 

extract and others [62; 30] on 

oregano extracts. In general, 

Phenolic concentrations are 

considerably higher in dried samples 

(thyme and rosemary) than in fresh 

leaves due to moisture removal 

during drying, which concentrates 

phenolic constituents. In contrast, 

cinnamon (Cinnamomum verum) 

displayed a markedly different 

phenolic profile which characterized 
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by high levels of phenylpropanoid 

derivatives, particularly 

cinnamaldehyde and cinnamic acid, 

as well as relatively abundant 

flavan-3-ols including catechin and 

epicatechin. These compounds are 

well documented to contribute to 

cinnamon‘s strong 

radical-scavenging activity and 

antimicrobial functionality, which 

consistent with other studies [14; 

45].  

Fresh ginger exhibited a phenolic 

profile distinct from both herbs and 

cinnamon. its phenolic composition 

was dominated by gingerol-type that 

are responsible for ginger‘s 

characteristic aroma, taste, and 

antioxidant and anti-inflammatory 

effects, confirming findings reported 

in recent ginger phytochemistry 

research [15; 66].  

Hence, among the phenols, Gallic 

acid with antioxidant potency was 

detected in the most of the samples 

followed by Caffeic acid, then 

ferulic acid, whereas Ellagic acid 

and punicalagin were characteristic 

of pomegranate (peel and juice). The 

high punicalagin concentration 

(15000 mg/Kg in peel) reinforces the 

exceptional antioxidant and 

antimicrobial properties of 

pomegranate by-products. Regarding 

to flavonoid Composition of the 

studied plant extract in this study 

Catechin was predominantly found 

in most of them, whereas Gingerol 

just found in ginger with the highest 

overall concentration among all 

compounds (451.6 mg/Kg) in ginger, 

highlighting its unique potent 

antioxidant and anti-inflammatory 

activities. Collectively, the 

comparative HPLC analysis 

illustrate that the phenolic profiles 

are highly dependent on plant 

species, plant part, and processing 

form. Pomegranate peel emerged as 

the richest source of phenolic 

antioxidants overall. Among 

culinary herbs and spices, oregano 

and thyme exhibited a broader 

diversity of flavonoids and 

hydroxycinnamic acids, while 

cinnamon and ginger featured 

unique phenylpropanoid and 

gingerol-type phenolics, 

respectively. These profiles provide 

a biochemical basis for the 

differential antioxidant, 

antimicrobial, and health-promoting 

activities support the targeted use of 

these plant materials in functional 

foods, nutraceutical formulations, 

and natural preservative systems. 

 

 

 



Euphrates Journal of Agricultural Science-18(2):116-137, (june.2026)          Mohamed & Hassan                              

 

  ISSN 2072-3857           

 
128 

 

  

Table 4: Phenolic profile of the selected plant extracts used in this study 

using HPLC analysis

 
Name 

Mg/Kg 

Chemical class Fresh  

Rosemary 

Rosemary 

 Powder 

Pomegranate 

 peel 

Pomegranate 

 juice  

Fresh  

Thyme 

Powder 

Thyme 

Oregano  Cinnamon 

powder 

Ginger  

Apigenin Flavone 23.4 64.6   23.4 65.2 54.6   

Caffeic acid Hydroxycinnamic 

acid 

43.2 160.5 50.6 1.6 70.4 190. 280 .3 93 11.2 

Carnosol Phenolic 

diterpene 

375.3 1400        

Carnosic acid phenolic 

diterperne 

1100 8500        

 Catechine  Flavan-3-ol 43.2 95.4 167.5  5.8 63 175 130  525 27 

Epicatechin Flavan-3-ol 23.4 65.3 76.3 8.6 25 83 75 420  

Rutin Flavonoid 

glycoside 

  35.4 6.7      

Ellagic acid hydroxybenzoic 

acid derivative 

  650.2 75      

Ferulic acid hydroxycinnamic 

acid 

34.2 105.3 27.4 3.7 30.4 110 85 160 7.6 

Gallic acid Hydroxybenzoic 

acid 

35.2 99.7 320.4 75 55.6 112.5  185 720 18 

Luteolin Flavone 45.1 88.2   35.7 96.5 123.6   

Punicalagin  ellagitannins   15000 41.5      

Punicalin Ellagitannin 

(Hydrolyzable 

Tannin) 

  780 5.5      

Rosemaric acid Hydroxycinnamic 

acids 

475,5  2100     702  3800 5450   

Sinapic acid hydroxycinnamic 

acid 

7;.5 61.0        

Qurcetine  Flavanol 33,4  92.4 85.2 3.8 23 85.9 93 42 9.3 

pcoumaric acid  Hydroxycinnamic 

acid 

34.7  98.2 80.8  40 110 69.3 35 6.3 

Gingerol  Phenolic ketone         451.6 

Zingerone Phenolic ketone         25.3 

Thymol      

 

Monoterpenoid 

phenol 

    540.7 1100    

Carvacrol monoterpenoid 

phenol 

    375.3 890.8    

Cinnamaldehyde Phenylpropanoid 

aldehyde 

       14000  

Cinnamic acid Phenylpropanoid       15 620  

 

4. Conclusions 

 

This study highlights the significant 

variability in phytochemical profiles 

and antioxidant capacities among 

common culinary herbs and 
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pomegranate derivatives, influenced 

heavily by plant species, tissue type, 

and processing atate. Pomegranate peel 

emerged as the most potent source of 

bioactive compounds, significantly 

outperforming its juice counterpart in 

both phenolic density and radical-

scavenging activity. The Lamiaceae 

family—specifically oregano, 

rosemary, and thyme—demonstrated 

high antioxidant potential, particularly 

in powdered forms where dehydration 

effectively concentrates secondary 

metabolites like rosmarinic and caffeic 

acids. 

HPLC profiling confirmed that each 

botanical possesses a unique "phenolic 

signature," such as punicalagin and 

punicalin in pomegranate peel, whereas 

pomegranate juice contained lower 

levels of rosmarinic acid, carnosic acid 

and thymol respectively, while 

cinnamon was mainly rich in 

cinnamaldehyde and cinnamic acid 

derivatives and fresh ginger exhibited a 

unique phenolic profile dominated by 

gingerol compounds, which governs its 

specific biological functionality. While 

powdered materials exhibited higher 

absolute concentrations per unit of 

mass, the broader spectrum of 

compounds detected in fresh samples 

indicates that thermal processing may 

lead to the degradation of certain heat-

sensitive antioxidants. Ultimately, these 

results provide a quantitative basis for 

selecting specific plant materials as 

natural functional ingredients for food 

preservation and health promotion. 

References 

[1] Abubakar, A.R. and Haque, M., 

2020. Preparation of medicinal 

plants: Basic extraction and 

fractionation procedures for 

experimental purposes. Journal of 

Pharmacy and Bioallied 

Sciences, 12(1), pp.1-10. 

[2] Alqahtani, N.K., Alnemr, T.M. 

and Ali, S.A., 2023. Effects of 

pomegranate peel extract and/or 

lactic acid as natural preservatives 

on physicochemical, microbiological 

properties, antioxidant activity, and 

storage stability of khalal barhi date 

fruits. Foods, 12(6), p.1160. 

[3] Amoah, R.E., Wireko‐ Manu, 

F.D., Oduro, I., Saalia, F.K. and 

Ellis, W.O., 2020. Effect of 

pretreatment on physicochemical, 

microbiological, and aflatoxin 

quality of solar sliced dried ginger 

(Zingiber officinale Roscoe) 

rhizome. Food Science & 

Nutrition, 8(11), pp.5934-5942. 

[4] Azmat, F., Safdar, M., Ahmad, H., 

Khan, M.R.J., Abid, J., Naseer, 

M.S., Aggarwal, S., Imran, A., 

Khalid, U., Zahra, S.M. and 

Islam, F., 2024. Phytochemical 

profile, nutritional composition of 

pomegranate peel and peel extract as 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
130 

a potential source of nutraceutical: A 

comprehensive review. Food 

Science & Nutrition, 12(2), pp.661-

674. 

[5] Barros, Z.M.P., Salgado, J.M., 

Melo, P.S. and Biazotto, F.D.O., 

2014. Enrichment of commercially-

prepared juice with pomegranate 

(Punica granatum L.) peel extract as 

a source of antioxidants. Journal of 

Food Research, 3(6), pp.176-187. 

[6] Bekkouch, O., Bekkouch, A., 

Elbouny, H., Touiss, I., Assri, S.E., 

Choukri, M., Bourhia, M., Kim, 

K., Kang, S., Choi, M. and Choi, 

J., 2025. Combinatorial effects of 

Zingiber officinale and Citrus limon 

juices: Hypolipidemic and 

antioxidant insights from in vivo, in 

vitro, and in silico 

investigations. Plos one, 20(9), p. 

e0319721. 

[7] Bellumori, M., Innocenti, M., 

Congiu, F., Cencetti, G., Raio, A., 

Menicucci, F., Mulinacci, N. and 

Michelozzi, M., 2021. Within-plant 

variation in Rosmarinus officinalis 

L. terpenes and phenols and their 

antimicrobial activity against the 

rosemary phytopathogens Alternaria 

alternata and Pseudomonas 

viridiflava. Molecules, 26(11), 

p.3425.  

[8] Bencharif-Betina, S., Benhamed, 

N., Benabdallah, A., Bendif, H., 

Benslama, A., Negro, C., Plavan, 

G., Abd-Elkader, O.H. and De 

Bellis, L., 2023. A multi-approach 

study of phytochemicals and their 

effects on oxidative stress and 

enzymatic activity of essential oil 

and crude extracts of Rosmarinus 

officinalis. Separations, 10(7), 

p.394. 

[9] Beniaich, G., Zouirech, O., Allali, 

A., Bouslamti, M., Maliki, I., El 

Moussaoui, A., Chebaibi, M., 

Nafidi, H.A., Bin Jardan, Y.A., 

Bourhia, M. and Taleb, M., 2023. 

Chemical characterization, 

antioxidant, insecticidal and anti-

cholinesterase activity of essential 

oils extracted from Cinnamomum 

verum L. Separations, 10(6), p.348. 

[10] Bielecka, M., Pencakowski, B., 

Stafiniak, M., Jakubowski, K., 

Rahimmalek, M., Gharibi, S., 

Matkowski, A. and Ślusarczyk, S., 

2021. Metabolomics and DNA-

based authentication of two 

traditional Asian medicinal and 

aromatic species of Salvia subg. 

Perovskia. Cells, 10(1), p.112. 

[11] Bieżanowska-Kopeć, R. and 

Piątkowska, E., 2022. Total 

polyphenols and antioxidant 

properties of selected fresh and dried 

herbs and spices. Applied 

Sciences, 12(10), p.4876. 

[12] Calín-Sánchez, Á., Lipan, L., 

Cano-Lamadrid, M., Kharaghani, 

A., Masztalerz, K., Carbonell-

Barrachina, Á.A. and Figiel, A., 

2020. Comparison of traditional and 

novel drying techniques and its 

effect on quality of fruits, vegetables 

and aromatic herbs. Foods, 9(9), 

p.1261. 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
131 

[13] Cruz-Valenzuela, M.R., Ayala-

Soto, R.E., Ayala-Zavala, J.F., 

Espinoza-Silva, B.A., González-

Aguilar, G.A., Martín-Belloso, O., 

Soliva-Fortuny, R., Nazzaro, F., 

Fratianni, F., Tapia-Rodríguez, 

M.R. and Bernal-Mercado, A.T., 

2022. Pomegranate (Punica 

granatum L.) peel extracts as 

antimicrobial and antioxidant 

additives used in alfalfa 

sprouts. Foods, 11(17), p.2588. 

[14] Culas, S., Kaur, L., Popovich, 

D.G. and Rashidinejad, A., 2025. 

The effect of maturity stage on 

bioactive properties of Ceylon 

cinnamon bark extracts. Proceedings 

of the Nutrition Society, 84(OCE2), 

p. E191. 

[15] Dalsasso, R.R., Valencia, G.A. 

and Monteiro, A.R., 2022. Impact 

of drying and extractions processes 

on the recovery of gingerols and 

shogaols, the main bioactive 

compounds of ginger. Food 

Research International, 154, 

p.111043. 

[16] Darie-Niţă, R.N., Vasile, C., 

Stoleru, E., Pamfil, D., Zaharescu, 

T., Tarţău, L., Tudorachi, N., 

Brebu, M.A., Pricope, G.M., 

Dumitriu, R.P. and Leluk, K., 

2018. Evaluation of the rosemary 

extract effect on the properties of 

polylactic acid-based 

materials. Materials, 11(10), p.1825. 

[17] Davì, F., Cavò, E., Cacciola, F., 

Laganà Vinci, R., Mondello, L., 

Ragusa, M., Cullotta, C., Lauro, 

R., Taviano, M.F. and Miceli, N., 

2025. Phenolic characterization, 

antioxidant properties, and brine 

shrimp toxicity of different aerial 

part extracts of Thymbra capitata 

Cav.(Lamiaceae) wild from Sicily 

(Italy). Plant Biosystems-An 

International Journal Dealing with 

all Aspects of Plant Biology, 159(5), 

pp.911-924. 

[18] Derakhshan, Z., Ferrante, M., 

Tadi, M., Ansari, F., Heydari, A., 

Hosseini, M.S., Conti, G.O. and 

Sadrabad, E.K., 2018. Antioxidant 

activity and total phenolic content of 

ethanolic extract of pomegranate 

peels, juice and seeds. Food and 

chemical toxicology, 114, pp.108-

111. 

[19] Di Sotto, A., Locatelli, M., 

Macone, A., Toniolo, C., Cesa, S., 

Carradori, S., Eufemi, M., 

Mazzanti, G. and Di Giacomo, S., 

2019. Hypoglycemic, antiglycation, 

and cytoprotective properties of a 

phenol-rich extract from waste peel 

of Punica granatum L. var. Dente di 

Cavallo DC2. Molecules, 24(17), 

p.3103. 

[20] Duma-Kocan, P., Rudy, M. and 

Gil, M., 2025. The Effect of 

Rosemary and Oregano Extract 

Addition on Selected Quality 

Properties of Pork Pâtés During 

Cold Storage. Molecules, 30(22), 

p.4409. 

[21] Foss, K., Przybyłowicz, K.E. 

and Sawicki, T., 2022. Antioxidant 

activity and profile of phenolic 

compounds in selected herbal 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
132 

plants. Plant Foods for Human 

Nutrition, 77(3), pp.383-389. 

[22] García, P., Fredes, C., Cea, I., 

Lozano-Sánchez, J., Leyva-

Jiménez, F.J., Robert, P., Vergara, 

C. and Jimenez, P., 2021. Recovery 

of bioactive compounds from 

pomegranate (Punica granatum L.) 

peel using pressurized liquid 

extraction. Foods, 10(2), p.203. 

[23] Gulcin, I., Kaya, R., Goren, 

A.C., Akincioglu, H., Topal, M., 

Bingol, Z., Cetin Çakmak, K., 

Ozturk Sarikaya, S.B., Durmaz, 

L. and Alwasel, S., 2019. 

Anticholinergic, antidiabetic and 

antioxidant activities of cinnamon 

(Cinnamomum verum) bark 

extracts: Polyphenol contents 

analysis by LC-MS/MS. 

International Journal of Food 

Properties, 22(1), pp.1511-1526. 

[24] Gutiérrez-Grijalva, E.P., Picos-

Salas, M.A., Leyva-López, N., 

Criollo-Mendoza, M.S., Vazquez-

Olivo, G. and Heredia, J.B., 2017. 

Flavonoids and phenolic acids from 

oregano: Occurrence, biological 

activity and health 

benefits. Plants, 7(1), p.2. 

[25] Hammoudi Halat, D., Krayem, 

M., Khaled, S. and Younes, S., 

2022. A focused insight into thyme: 

Biological, chemical, and 

therapeutic properties of an 

indigenous Mediterranean 

herb. Nutrients, 14(10), p.2104. 

[26] Hassid, A., Salla, M., Krayem, 

M., Khaled, S., Hassan, H.F. and 

El Khatib, S., 2025. A review on 

the versatile applications of plant-

based essential oils in food 

flavoring, culinary uses and health 

benefits. Discover Food, 5(1), p.130. 

[27] Hcini, K., Bahi, A., Zarroug, 

M.B., Farhat, M.B., Lozano-Pérez, 

A.A., Cenis, J.L., Quílez, M., 

Stambouli-Essassi, S. and Jordán, 

M.J., 2022. Polyphenolic profile of 

tunisian thyme (Thymbra capitata 

L.) post-distilled residues: 

evaluation of total phenolic content 

and phenolic compounds and their 

contribution to antioxidant 

activity. Molecules, 27(24), p.8791. 

[28] Hegazi, N.M., El-Shamy, S., 

Fahmy, H. and Farag, M.A., 2021. 

Pomegranate juice as a super-food: 

A comprehensive review of its 

extraction, analysis, and quality 

assessment approaches. Journal of 

Food Composition and Analysis, 97, 

p.103773. 

[29] Helal, A., Tagliazucchi, D., 

Verzelloni, E. and Conte, A., 2014. 

Bioaccessibility of polyphenols and 

cinnamaldehyde in cinnamon 

beverages subjected to in vitro 

gastro-pancreatic digestion. Journal 

of Functional Foods, 7, pp.506-516. 

[30] Jafari Khorsand, G., 

Morshedloo, M.R., Mumivand, H., 

Emami Bistgani, Z., Maggi, F. and 

Khademi, A., 2022. Natural 

diversity in phenolic components 

and antioxidant properties of 

oregano (Origanum vulgare L.) 

accessions, grown under the same 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
133 

conditions. Scientific Reports, 12(1), 

p.5813. 

[31] Jakubczyk, K., Drużga, A., 

Katarzyna, J. and Skonieczna-

Żydecka, K., 2020. Antioxidant 

potential of curcumin—A meta-

analysis of randomized clinical 

trials. Antioxidants, 9(11), p.1092. 

[32] Jamal, S.D., Khalaf, D.S., 

Ahmed, T.A. and Hassan, K.I. 

2024. Physicochemical, Sensory 

properties and antioxidant activity of 

yogurt flavored with some local fruit 

juice. 

[33] Kalaycıoğlu, Z. and Erim, F.B., 

2017. Total phenolic contents, 

antioxidant activities, and bioactive 

ingredients of juices from 

pomegranate cultivars worldwide. 

Food chemistry, 221, pp.496-507. 

[34] Ketnawa, S., Reginio Jr, F.C., 

Thuengtung, S. and Ogawa, Y., 

2022. Changes in bioactive 

compounds and antioxidant activity 

of plant-based foods by 

gastrointestinal digestion: A 

review. Critical Reviews in Food 

Science and Nutrition, 62(17), 

pp.4684-4705. 

[35] Kolesarova, A., Baldovska, S., 

Kohut, L., Vasicek, J., Ivanisova, 

E., Arvay, J., Duracka, M. and 

Roychoudhury, S., 2023. 

Modulatory effect of pomegranate 

peel extract on key regulators of 

ovarian cellular processes in 

vitro. Frontiers in 

Endocrinology, 14, p.1277155. 

[36] Kosakowska, O., Węglarz, Z., 

Pióro-Jabrucka, E., Przybył, J.L., 

Kraśniewska, K., Gniewosz, M. 

and Bączek, K., 2021. Antioxidant 

and antibacterial activity of essential 

oils and hydroethanolic extracts of 

Greek oregano (O. vulgare L. subsp. 

hirtum (Link) Ietswaart) and 

common oregano (O. vulgare L. 

subsp. vulgare). Molecules, 26(4), 

p.988. 

[37] Mahrye, Anwar, F., Mehmood, 

T., Qadir, R. and Riaz, M., 2022. 

Phenolics profiling and biological 

activities of different solvent 

extracts from aerial parts of wild 

thyme (Thymus vulgaris L.). Journal 

of Food Measurement and 

Characterization, 16(1), pp.610-618. 

[38] Mantzourani, C., Tarantilis, 

P.A. and Kokotou, M.G., 2023. 

Carnosic acid and carnosol: 

analytical methods for their 

determination in plants, foods and 

biological 

samples. Separations, 10(9), p.481. 

[39] Mason, S.A., Trewin, A.J., 

Parker, L. and Wadley, G.D., 

2020. Antioxidant supplements and 

endurance exercise: Current 

evidence and mechanistic 

insights. Redox biology, 35, 

p.101471. 

[40] Mateus, A.R.S., Serrano, C., 

Almeida, C., Soares, A., Rolim 

Lopes, V. and Sanches-Silva, A., 

2024. Beyond thymol and carvacrol: 

characterizing the phenolic profiles 

and antioxidant capacity of 

Portuguese oregano and thyme for 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
134 

food applications. Applied 

Sciences, 14(19), p.8924. 

[41] Mikołajczak, N., 2018. Phenolic 

compounds in dried herbs and spices 

commonly used in the 

kitchen. Journal of Education, 

Health and Sport, 8(9), pp.673-685. 

[42] Mohapatra, S., Bhanj, P.U., 

Roy, M. and Das, A., 2023. 

Development of nutritionally 

enhanced pomegranate peel powder 

by blending with certain spices. 

[43] Moreno, E.K., de Macêdo, I.Y., 

Batista, E.A., Machado, F.B., 

Santos, G.R., Andrade, D.M., 

Rocha, M.L., Lima, N.M., Vaz, 

B.G. and Gil, E.S., 2022. 

Evaluation of antioxidant potential 

of commercial cinnamon samples 

and its vasculature effects. Oxidative 

Medicine and Cellular 

Longevity, 2022(1), p.1992039. 

[44] Mphahlele, R.R., Fawole, O.A., 

Stander, M.A. and Opara, U.L., 

2014. Preharvest and postharvest 

factors influencing bioactive 

compounds in pomegranate (Punica 

granatum L.)—A review. Scientia 

Horticulturae, 178, pp.114-123. 

[45] Mutlu, M., Bingol, Z., Uc, 

E.M., Köksal, E., Goren, A.C., 

Alwasel, S.H. and Gulcin, İ., 2023. 

Comprehensive metabolite profiling 

of cinnamon (Cinnamomum 

zeylanicum) leaf oil using LC-

HR/MS, GC/MS, and GC-FID: 

Determination of antiglaucoma, 

antioxidant, anticholinergic, and 

antidiabetic profiles. Life, 13(1), 

p.136. 

[46] Nieto, G., Ros, G. and Castillo, 

J., 2018. Antioxidant and 

antimicrobial properties of rosemary 

(Rosmarinus officinalis, L.): A 

review. Medicines, 5(3), p.98. 

[47] Ngamsuk, S., Huang, T.C. and 

Hsu, J.L., 2019. Determination of 

phenolic compounds, procyanidins, 

and antioxidant activity in processed 

Coffea arabica L. 

leaves. Foods, 8(9), p.389. 

[48] Peixoto, J.A.B., Álvarez-

Rivera, G., Alves, R.C., Costa, 

A.S., Machado, S., Cifuentes, A., 

Ibáñez, E. and Oliveira, M.B.P., 

2021. Comprehensive phenolic and 

free amino acid analysis of rosemary 

infusions: Influence on the 

antioxidant potential. Antioxidants, 

10(3), p.500. 

[49] Peña-Jorquera, H., Cid-Jofré, 

V., Landaeta-Díaz, L., Petermann-

Rocha, F., Martorell, M., 

Zbinden-Foncea, H., Ferrari, G., 

Jorquera-Aguilera, C. and Cristi-

Montero, C., 2023. Plant-based 

nutrition: exploring health benefits 

for atherosclerosis, chronic diseases, 

and metabolic syndrome—a 

comprehensive 

review. Nutrients, 15(14), p.3244. 

[50] Rafi, M., Wulansari, L., 

Septaningsih, D.A., Purnomo, 

T.F., Auliatifani, R., Ilmiawati, A., 

Yulianti, W., Nengsih, N.K., 

Suparto, I.H. and Kusuma, W.A., 

2021. Antioxidant Capacity and 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
135 

Phytochemical Profile of Punica 

granatum L. Peel Extracts Using 

Different Solvent Extraction. Journal 

of Tropical Life Science, 11(3). 

[51] Sabraoui, T., Khider, T., 

Nasser, B., Eddoha, R., Moujahid, 

A., Benbachir, M. and Essamadi, 

A., 2020. Determination of 

punicalagins content, metal 

chelating, and antioxidant properties 

of edible pomegranate (Punica 

granatum L) peels and seeds grown 

in Morocco. International Journal of 

Food Science, 2020(1), p.8885889. 

[52] Salamatullah, A.M., Ahmed, 

M.A., Hayat, K., Husain, F.M., 

Arzoo, S., Alzahrani, A., Alotaibi, 

A., Alyahya, H.K. and Ahmad, 

S.R., 2024. Different drying 

techniques effect on the bioactive 

properties of rose petals. Journal of 

King Saud University-

Science, 36(1), p.103025. 

[53] Shahidi, F. and Ambigaipalan, 

P., 2015. Phenolics and 

polyphenolics in foods, beverages 

and spices: Antioxidant activity and 

health effects–A review. Journal of 

functional foods, 18, pp.820-897. 

[54] Shaukat, M.N., Nazir, A. and 

Fallico, B., 2023. Ginger bioactives: 

a comprehensive review of health 

benefits and potential food 

applications. Antioxidants, 12(11), 

p.2015. 

[55] Siddiqui, S.A., Singh, S. and 

Nayik, G.A., 2024. Bioactive 

compounds from pomegranate 

Peels-Biological properties, 

structure–function relationships, 

health benefits and food 

applications–A comprehensive 

review. Journal of Functional 

Foods, 116, p.106132. 

[56] Singh, B., Singh, J.P., Kaur, A. 

and Singh, N., 2018. Phenolic 

compounds as beneficial 

phytochemicals in pomegranate 

(Punica granatum L.) peel: A 

review. Food chemistry, 261, pp.75-

86. 

[57] Tahir, N.A.R., Rasul, K.S., 

Lateef, D.D., Aziz, R.R. and 

Ahmed, J.O., 2024. In vitro 

evaluation of Iraqi Kurdistan tomato 

accessions under drought stress 

conditions using polyethylene 

glycol-6000. Life, 14(11), p.1502. 

[58] Thakur, N.S., Thakur, A. and 

Kumar, P., 2020. Effect of different 

drying modes on phenolics and 

antioxidant potential of different 

parts of wild pomegranate 

fruits. Scientia Horticulturae, 274, 

p.109656. 

[59] Timón, M.L., Andrés, A.I. and 

Petrón, M.J., 2024. Antioxidant 

activity of aqueous extracts obtained 

from by-products of grape, olive, 

tomato, lemon, red pepper and 

pomegranate. Foods, 13(12), p.1802. 

[60] Tulini, F.L., Souza, V.B., 

Thomazini, M., Silva, M.P., 

Massarioli, A.P., Alencar, S.M., 

Pallone, E.M., Genovese, M.I. and 

Favaro-Trindade, C.S., 2017. 

Evaluation of the release profile, 

stability and antioxidant activity of a 



Euphrates Journal of Agricultural Science-18 (2):116-137, (june.2026)                 Mohamed & Hassan              

 

 
  ISSN 2072-3857           

 
136 

proanthocyanidin-rich cinnamon 

(Cinnamomum zeylanicum) extract 

co-encapsulated with α-tocopherol 

by spray chilling. Food Research 

International, 95, pp.117-124. 

[61] Unuofin, J.O., Masuku, N.P., 

Paimo, O.K. and Lebelo, S.L., 

2021. Ginger from farmyard to 

town: Nutritional and 

pharmacological 

applications. Frontiers in 

Pharmacology, 12, p.779352. 

[62] Vallverdú-Queralt, A., 

Regueiro, J., Martínez-Huélamo, 

M., Alvarenga, J.F.R., Leal, L.N. 

and Lamuela-Raventos, R.M., 

2014. A comprehensive study on the 

phenolic profile of widely used 

culinary herbs and spices: 

Rosemary, thyme, oregano, 

cinnamon, cumin and bay. Food 

chemistry, 154, pp.299-307. 

[63] Venkataramanamma, D., 

Aruna, P. and Singh, R.P., 2016. 

Standardization of the conditions for 

extraction of polyphenols from 

pomegranate peel. Journal of food 

science and technology, 53(5), 

pp.2497-2503. 

[64] Waheed, M., Hussain, M.B., 

Saeed, F., Afzaal, M., Ahmed, A., 

Irfan, R., Akram, N., Ahmed, F. 

and Hailu, G.G., 2024. 

Phytochemical profiling and 

therapeutic potential of thyme 

(Thymus spp.): A medicinal 

herb. Food science & 

nutrition, 12(12), pp.9893-9912. 

[65] Yang, B., Kealey, K., Chen, J. 

and Solval, K.M., 2022. 

Developing microencapsulated 

powders containing polyphenols and 

pectin extracted from Georgia-

grown pomegranate peels. Lwt, 154, 

p.112644. 

[66] Yang, K., Gao, F., Shi, J., Yue, 

Z., Jin, S., Wang, P., Liu, C., Yin, 

Q., Dang, X., Guo, H. and Chang, 

J., 2025. Effects of ginger ethanol 

extract on growth performance, 

antioxidant capacity and intestinal 

microbiota of broilers. Poultry 

Science, p.106139. 

[67] Yashin, A.; Yashin, Y.; Xia, X.; 

Nemzer, B., 2017, Antioxidant 

activity of spices and their impact on 

human health: A review. 

Antioxidants 6, 70. 

[68] Zhang, H., Wang, M., Yu, G., 

Pu, J., Tian, K., Tang, X., Du, Y., 

Wu, H., Hu, J., Luo, X. and Lin, 

L., 2023. Comparative analysis of 

the phenolic contents and 

antioxidant activities of different 

parts of two pomegranates (Punica 

granatum L.) Cultivars: ‗Tunisia‘and 

‗Qingpi‘. Frontiers in Plant 

Science, 14, p.1265018. 

 

 


