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ABSTRACT 

Deep-frying with vegetable oils, particularly Hayat palm oil (HPO), is widespread activity in Tigrai; 

Northern Ethiopia. However, frequently frying with HPO can generate harmful chemicals to health. 

Therefore, the purpose of this study was to assess the detoxification effect of rosemary leave powder on 

HPO used for the preparation of potato chips. Different frying cycles (1st, 3rd, 5th, 7th, and 9th) with and 

without rosemary powder were employed for frying 500 g of row potato at 180 oC in 2L of Hayat palm oil 

at different doses of 100,150, 200, 250, and 300 mg/kg rosemary powder for 20 min. Oil samples were 

taken at 1st, 3rd, 5th, 7th, and 9th frying days. The result of the analyzed physical parameters such as moisture 

content for fried Hayat palm oil without rosemary (FHPO) was found in the ranges of 0.73 to 1.265% while 

fried Hayat palm oil with rosemary (FHPOR) varied from 0.19 to 0.538% and specific gravity from 0.8906 

to 0.9226% for FHPO and 0.8868 to 0.9121% for FHPOR. The refractive index for FHPO was also 

recorded from 1.459 to 1.547, but FHPOR was obtained in the ranges of 1.453 to 1.459. The pH values 

were recorded between 4.058 to 4.57 for FHPO and 4.68 to 5.814 for FHPOR. In addition, the viscosity 

value also ranged from 73.635 to 88.415 cP for FHPO and 48.214 to 63.741 cP for FHPOR. Among the 

chemical parameters analyzed, peroxide values ranged from 10.167 to 14.578 meqO2/kg oil for FHPO and 

6.463 to 9.8 meqO2/kg oil for FHPOR, iodine values from 57.34 to 53.54 g of I2/100g oil for FHPO, and 

from 45.55 to 50.465 g of I2/100g oil for FHPOR, acid values from 0.935 to 5.61mg KOH/g oil for FHPO 

and from 0.186 to 0.7922 mg KOH/g oil for FHPOR,  saponification values from 204.5431 to 208.508 mg 

KOH/g oil for FHPO and 157.129 to 203.977 mg KOH/g oil for FHPOR, conjugated diene values from 

3.079 to 4.374 % for FHPO and 0.2869 to 0.6432% for FHPOR. Statistical analyses using one-way ANOVA 

and Tukey’s test revealed significant differences (p < 0.05) across all studied physical and chemical 

parameters. GC-MS analysis also confirmed the removal of harmful chemicals such as alcohol, epoxide, 

ketone, and CDLA from FHPOR while oleic acid present, indicating that the oil had not decomposed. The 

level of heavy metal concentrations in FHPOR were found within the permissible limits (Pb: 0.01, Fe: 0.10, 

Cu: 0.10, Cd: 0.01, As: 0.01, Hg: 0.01) mg/100g, while FHPO exhibited higher levels (Pb: 0.10, Fe: 0.02, 

Cu: 0.11, Cd: 0.12, As: 0.11, Hg: 0.10) mg/100g. In conclusion, the incorporation of rosemary leaf powder 

into deep-frying practices significantly enhances the chemical profile of HPO by reducing toxicant 

chemicals and improving its oxidative stability. Generally, the present study showed the potential of 

rosemary as a natural additive for healthier cooking methods and improved oil quality. 

Keywords: Hayat palm oil, frying, rosemary leaf powder, potato chips, heavy metals  
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CHAPTER-ONE 

1. INTRODUCTION 

1.1. Background of the Study 

Vegetable oils are an important part of the human diet; (Osunrinade et al., 2020). Among these, 

Hayat Palm Oil (HPO) is widely used as a cooking oil in Asia and Africa (Edo et al., 2022). 

Although HPO is cheap and commonly used, it contains saturated palmitic acid methyl ester, 

which is not as healthy as unsaturated oils of oleic and linoleic acid methyl ester (Gu et al., 2020). 

The process of frying with oil results in the formation of harmful compounds through chemical 

reactions like hydrolysis, oxidation, and polymerization (Esfarjani et al., 2019). These compounds 

adversely affect the quality and stability of the oil, impacting its physical appearance, and 

nutritional value (Jurid et al., 2020).  

Furthermore, the presence of heavy metals in cooking oil, which can transfer from fryer equipment 

(Heshmati et al., 2020), such as Fe, Hg, Cd, Pb, Cu, and As, can accelerate the oxidation of 

unsaturated bonds in lipids, leading to produce toxic reaction products (Adeyeye et al., 2022). 

Repeated deep frying also causes the formation of secondary compounds like fatty acids, alcohol 

(hydroxyl), aldehyde, ketone, and epoxides which are more reactive compounds (Zhang et al., 

2024). Consuming fried foods or rancid oils containing these harmful compounds at high dose can 

pose various health risks, including obesity (Pougoue et al., 2023), cardiovascular diseases, 

diabetes, cancer, and neurodegenerative diseases (Mahiran et al., 2023; Sikdar et al., 2021). 

Therefore, due to health issues monitoring of oil quality is paramount to avoid the use of poor 

quality or contaminated oil while repeatedly frying HPO to prepare chips. Some researchers have 

studied the harmful effects of frying potato chips in palm oil without removing the contaminated 

oil (Omojola et al., 2020). According to Jurid et al., (2020), recycled palm oil is prepared by frying 

potato strips for up to five cycles, assessed with quality of color, density, viscosity, moisture, 

peroxide value, and iodine value. Based on the analysis of the rapid decomposition of peroxides 

and the unsaturation of the oil at high temperatures, it becomes rancid and toxic to humans. 

Therefore, rancid oil should be discarded after the first use. On the other hand, Moufakkir et al., 

(2023) investigated the effect of rosemary extract in soybean oil which slow down the oxidation 

process effectively. Thus, rosemary extract powder (RE) ensures the high stability of soybean oil 
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against oxidation and a longer shelf life. In addition, Borsato et al., (2020) studied a biodiesel 

samples containing Cr3+, Co2+, Fe2+, and Fe3+ ions analyzed with rosemary extract and the extract 

was also found to be more stable than without the extract indicating that rosemary extract can hold 

on free radicals in biodiesel.  

This research aims to address the gap in exploring the impact of rosemary leaf powder on the 

physicochemical properties of palm oil and the nutritional quality of potato chips, particularly in 

Tigrai Region of Ethiopia, where chip is widely consumed. In this Region, chip is typically fried 

using repeatedly reused oil, without the addition of rosemary, which may contribute to the 

accumulation of harmful toxicants. The study focuses on evaluating rosemary extract as a natural 

antioxidant to mitigate these toxicants. Accordingly, different parameters were analyzed including 

specific gravity, moisture content, pH, viscosity, refractive index, peroxide value, acid value, 

iodine value, saponification value, conjugated diene value, and some selected heavy metals (Cu, 

Fe, As, Hg, Cd, Pb), to assess both the quality and contamination levels of the oil.  

For this purpose, different analytical and spectroscopic techniques, such as gas chromatography-

mass spectrometry (GC-MS), ultra-visible spectrometry (UV), and atomic absorption 

spectrometry (AAS) were employed to evaluate the physicochemical parameters and heavy metals 

in fried HPO. Therefore, the primary objective was to mitigate the toxicity associated with repeated 

deep frying of HPO by incorporating rosemary extract as an antioxidant. In Addition, it was aimed 

to assess oil quality and contamination levels by comparing them against the national and 

international standards. 

1.2. Statement of the Problem 

Reusing oil for frying is a common practice in household cooking, particularly in the production 

of potato chips, which often involves frying with HPO at higher temperatures. This repeated use 

of oil leads to lipid peroxidation, resulting in the formation of harmful compounds that alter the 

oil’s physicochemical properties (Nanayakkara et al., 2020). The fried potato chips mostly contain 

over 20% oil from the frying process (Yusof & Mohamad, 2019). Consequently, these secondary 

toxicant compounds can contribute to carcinogenicity (Duguma & Abebaw, 2020). 

In recent years, oils have become commonly used for frying foods such as potato chips, and are 

increasingly consumed in Tigrai, Ethiopia. Among these foods, potato chips are being fried in 

large quantities and sold to consumers on the streets of cities. In each city many vendors of the 



3 | P a g e  
 
 

Tigrai Region, particularly in the cities of Mekelle, Adigrat, Axum, and Shire, about 25 women 

make for living by preparing and selling chips, fried in recycled oil for up to three weeks without 

discarding and without use of rosemary, posing significant health risks due to the accumulation of 

toxic substances. Despite its occurrence, no research has been conducted in this region on 

mitigating the toxic effects of palm oil using rosemary.  

To address this issue, the solution is the use of rosemary leaf powder, a natural antioxidant, to slow 

lipid oxidation in frequently used frying oils. While synthetic antioxidants are commonly added to 

frying oils, they degrade at high temperatures and may pose health risks (Gao et al., 2022). In 

contrast, rosemary extract could prove a safer, natural alternative. This aims to explore the 

potential of rosemary leaf powder in reducing the harmful effects of repeatedly used HPO during 

the frying of potato chips (Ujong et al., 2023), to improve public health and promote safer cooking 

practices in Tigrai.  

1.3. Objective of the Study  

1.3.1. General objective  

✓ To evaluate the detoxification effect of rosemary leaf powder on frequently fried HPO for 

potato chip preparation using titration and characterization methods 

1.3.2. Specific Objectives 

✓ To determine the physicochemical parameters of fried HPO in the presence of rosemary leaf 

powder  

✓ To characterize the chemical composition, conjugated diene value (CDV), and level of heavy 

metals content in frequently fried HPO with and without rosemary leaf powder using GC-MS, 

UV-visible, and AAS, respectively. 

✓ To compare and contrast the effects of frying HPO with and without rosemary, under standard 

limits of ISO, AOCS, FAO, AOAC, WHO, SON, and Codex Values. 

1.4. Research Questions  

Based on the above objectives, this study aimed to answer the following research questions. 

✓ What was the absorbance of conjugated diene value (CDV) of fried HPO with and without 

rosemary leaf powder?  
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✓ What were the levels of heavy metal concentrations (Hg, Cd, Cu, Fe, Pb & As) presented in 

fried HPO before and after treatment using rosemary leaf powder?  

✓ Did the levels of physicochemical parameters and heavy metal content decrease their toxicity 

after the addition of rosemary leaf powder when compare to standard limit?  

1.5. Significant of the Study  

This study is significant for addressing health concerns related to the use of repeatedly deep-fried 

HPO in potato chip preparation. By developing a detoxification method using rosemary leaf 

powder, the research aims to reduce lipid peroxidation in the oil, thereby improving the safety and 

quality of potato chips. The findings are expected to contribute to practical strategies for mitigating 

health risks associated with deep-fried foods. 

1.6. Scope of the Study 

This study focused on the detoxification of repeatedly deep-fried HPO used in potato chip 

production with rosemary leaf powder. The research aimed to determine the optimal concentration 

of leaf powder, assess detoxification efficiency through titration and characterization methods, and 

evaluate the physico-chemical parameters of the detoxified oil. Due to constraints in time, budget, 

and equipment, the study was conducted in Axum city, and intended to represent other cities in the 

Tigrai Region. The assessment specifically concentrated on the physicochemical properties of 

fried batches (1st,3rd, 5th, 7th, 9th) for both FHPO and FHPOR, as well as selected heavy metals (Hg, 

Cd, Cu, Fe, Pb & As) in reused HPO. 
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CHAPTER-TWO 

2. LITERATURE REVIEW 

2.1. Overview of Palm Oil 

Palm oil, a widely used vegetable oil extracted from the mesocarp of the oil palm tree (Elaeis 

guineensis), consists mainly of triglycerides formed from fatty acids and glycerol, with about 95% 

of its composition being fatty acids (Puji et al., 2024). It contains essential fatty acids crucial for 

optimal health (Asikin et al., 2023) and is notable for its high vitamin E content, particularly γ-

tocotrienol, a potent antioxidant (Sulaiman et al., 2022). Palm oil has a balanced fatty acid profile, 

with linoleic (10–11%), oleic (39-40%) and palmitic acid (44–45%) as the main unsaturated and 

saturated fatty acids, which are listed in Table 1, respectively (Izuddin et al., 2023). 

Its rich orange color is attributed to high levels of α- and β-carotene, which comprise over 80% of 

its carotenoid content (Jadhav et al., 2022). Physically, palm oil is semi-solid at room temperature 

and soluble in solvents like ethanol and n-hexane, which are commonly used in extraction (Liu, 

2020). Its versatility allows for applications in baking, frying, detergents, cosmetics, and medicine 

(Cavalcanti et al., 2022). Additionally, palm oil contains oleic and linoleic fatty acids, which may 

lower bad cholesterol and reduce heart disease (Stavila, et al., 2023). 

However, oils rich in polyunsaturated fatty acids like palm oil are more prone when compared to 

those rich in mono- or saturated fats (Ahmed et al., 2023), highlighting the importance of 

considering its stability alongside health benefits in both industrial and nutritional contexts 

(Yılmaz et al., 2023).  

Table 1: Structures and common fatty acids found in the triglycerides of palm oil. 

Fatty acid Structure Reference 

 

Palmitic acid (C16:0)  

 
 
(Shotts et 

al., 2021) 

 

Oleic acid (C18:1) 
 

 

Linoleic acid (C18:2) 
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2.2. Palm Oil and its Nutritional Standard Value 

The quality of palm oil, a widely utilized vegetable oil in food and other applications, is assessed 

using several parameters, including physicochemical parameters, and some selected heavy metals 

which are listed in Table 2. 

Table 2: List of standard reference methods for palm oil. 

№ Physicochemical parameters Recommended value validated methods by Reference 

 

1 

 

Moisture at 105 0C  

< 0.2 % maximum in 

(% m/m) 

ISO 662:2016; AOCS Ca 2d-

25 

 

 (Hishamuddin 

et al, 2020; 

Purnama, et al., 

2020) 

 

2 

 

Acid value 

0.6 mg max of KOH/g 

oil 

ISO 660:2009; AOCS Cd 3d-

63  

 

3 

 

Peroxide value 

10milliequivalents max 

of active O2 per kg of 

oil  

ISO 3960:2017, BS 684-

2.14:2001, AOCS Cd 8b.90 

AOAC 965.33  

 

4 

 

Saponification 

195-205 mg KOH per g 

oil 

ISO 3657:2013;  

AOCS Cd 3-25 

 

5 

 

Refractive index (RI 40 0C) 

 

1.454 – 1.456 

ISO 6320:2017; AOCS Cc 7-

25: AOAC 921.08 

 

6 

 

pH 

 

5-7 

Standard Organization of 

Nigeria (SON) 

(Edo et al., 

2022) 

 

 

7 

 

 

Iodine value  

 

 

45–55 (g I2/100 g oil) 

 

 

ISO 3961  

(Purnama et al., 

2020) 

 

Codex Values 

 (MacArthur, et 

al., 2021) 

 

8 

 

CDV 

 

< 2.5 % 

 

Codex values 

(Chbani, et al., 

2023) 

 

9 

 

Specific gravity at 50 0C  

 

0.891–0.899 

 

WHO/FAO 

(Negash, et al., 

2019) 

 

10 

 

Viscosity  

 

50-60 cP 

 

WHO standard 

(Adelagun et 

al., 2023) 

№ Heavy metal Permissible Limit validated methods by Reference  

 

1 

 

Lead (Pb)  

 

Maximum 0.05 mg/g 

 

(FAO/WHO JECFA) 

(Lin et al., 

2024) 

2 Iron (Fe) maximum 1.5 mg/g 
CODEX STAN 193-1995 

(Al-Akayleh et 

al., 2024) 3 Copper (Cu) maximum 0.1 mg/g 
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4 

 

Cadmium (Cd) 

 

Maximum 0.05 mg/g 

 

(JECFAFAO/WHO.,2019) 

(Wathum, 

2021) 

 

5 

 

Arsenic (As) 

 

Maximum 0.01 mg/g 

 

WHO 

(Enemuor et 

al., 2021) 

6 Mercury (Hg) Maximum 0.05 mg/g FAO/WHO (Code, 2021) 

2.3. Potato Chips  

Potato scientifically referred to as Solanum tuberosum, is a highly valuable and commonly 

consumed source of carbohydrates. Their nutritious value and adaptability make them one of the 

most popular foods in the world (Yaghi et al., 2022). It is a great supply for human nutrition as a 

source of energy. Their dry weight is mostly made up of starch, with the remaining 60–80% being 

made up of carbohydrates. Potatoes are not only a good source of carbohydrates but also a full 

protein source (Tolessa et al., 2019). Potatoes provide high-quality protein, despite having a 

comparatively low protein content when compared to other dietary crops. Despite being low in fat, 

it is still rich in vital nutrients. They have potassium, vitamin C, and vitamin B6 among other 

vitamins and minerals. The Food and Agriculture Organization (FAO) reports that potatoes rank 

as the world's fourth most important crop and play a vital role in the world's food supply (Beals, 

2019). Made by deep-frying sliced potatoes in vegetable oil to a temperature higher than the boiling 

point of water (180°C), potato chips are a widely consumed snack across the globe. Because the 

water in the potatoes evaporates during the frying process, the end product has more than 20% oil, 

mostly from the frying process (Yusof & Mohamad, 2019). 

2.4. Repeated Deep Frying of Palm Oil 

Foods can be fried using various vegetable oils, with palm oil being a popular option in Ethiopia 

due to its favorable frying qualities and low cost (Chathiran et al., 2024). (Mahmud et al., 2023), 

among frying oils, palm oil stands out for its distinct fatty acid makeup and high smoke point of 

230 ◦C. However, the increased use of palm oil raises concerns about the long-term health effects 

of its frequent use. Research indicates heating palm oil at different frying cycles can accelerate the 

oxidation of fatty acids, leading to the degradation of beneficial components, like α-tocopherol and 

γ-tocotrienol, compared to other types of oil (Amsalu et al., 2020). Essential fatty acids, especially 

those in the omega-6 family, are crucial for maintaining cell integrity and controlling physiological 



8 | P a g e  
 
 

processes, such as inflammation, reproduction, and heart health. During deep-frying, these fatty 

acids can break down, producing off-putting aromas (Demgne et al., 2023).  

Deep-frying involves submerging food in hot oil at a recommended maximum temperature of 

180°C (Patil et al., 2023; Yılmaz et al., 2023). However, repeated deep frying causes oil to oxidize, 

leading to the formation of hydroperoxides and a range of hazardous secondary compounds, such 

as alcohols, aldehydes, ketones, acids, and epoxides (Erickson et al., 2023). 

2.5. Factors affecting Palm oil quality  

The quality of frying oil is influenced by various factors, including the frying temperature, frying 

time, the presence of heavy metals, equipment used in frying, the type of oil used in frying, the 

presence of additives, and the structure of the fried food are the main factors affecting these 

reactions (Yildiz et al., 2024; Yılmaz et al., 2023). Repeated deep frying can lead to issues such 

as stickiness, foaming, darkening, and the overall degradation of the oil. For instance, fryer metals 

made from copper or iron can accelerate the oxidation process of the frying oil (Madhujith & 

Sivakanthan, 2019). 

2.5.1. Decomposition of Palm Oil during Frying 

Chemical reactions such as oxidation, hydrolysis, and polymerization occur when oil is heated 

during frying. These reactions change the physicochemical properties of the oil (Sikdar et al., 

2021).  

2.5.1.1. Hydrolysis 

Hydrolysis of Esters in diglycerol and fatty acids forms the basis of fats and oils, with triglycerides 

being tri-esters composed of three fatty acids linked to a glycerol molecule. During frying, 

water/moisture, steam, and oxygen cause chemical reactions in both the oil and food, leading to 

the hydrolysis of triglycerides into diglycerides, mono-glyceride, glycerol, and free fatty acids as 

shown in Figure 1 (Yadav et al., 2023). Water acts as a weak nucleophile, attacking the ester bonds 

in triglycerides, which increase the concentration of FFAs as critical indicators of oil quality. As 

food is cooked, the interaction between water and oil accelerates hydrolysis, particularly with 

short-chain fats (Abeshu, 2023). The hydrolysis process is influenced by factors such as oil 
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temperature, the area contacts between oil and water, and the presence of moisture, with glycerol 

partially evaporating at a temperature of 150 0C. The resulting FFAs can impact off-flavors and 

degrade the oil’s stability and quality, making it unsuitable for further frying (Mathew, 2021).  

Therefore, monitoring the FFA content, typically between 0.05% to 0.08%, is essential for 

assessing frying oil quality. Ultimately, the breakdown products of hydrolysis not only accelerate 

oxidation but also shorten the oil’s fry life (Abeshu, 2023). 

 

Figure 1: The hydrolysis of triacylglycerol in the presence of water produces free fatty acids and 

diacylglycerols (Erickson et al., 2023). 

2.5.1.2. Oxidation   

Edible oils, like palm oil, undergo autoxidation during frying due to the reaction between oxygen 

and unsaturated fatty acids, producing various products (Chew, 2021). This process involves lipid 

radical-initiated chain reactions, particularly at frying temperatures between 150 and 190°C, which 

promote peroxide formation and the oxidation products' subsequent polymerization processes 

(Fatima et al., 2023). The energy needed to release hydrogen depends on the fatty acids present, 

especially from allylic carbons near double bonds, leading, to the production of conjugated dienes 

as a stabilizing mechanism as shown in Figure 2 (Chew, 2021).  

The initiation begins when unsaturated fatty acids (RH) lose hydrogen adjacent to double bonds, 

forming highly reactive carbon radicals (R•) due to exposure to high temperature, light, humidity, 

or metal ions (Flores et al., 2021). Heavy metals like Fe3+ and Cu2+, can catalyze this oxidation, 

generating alkyl and peroxyl radicals, which produce non-volatile compounds such as aldehydes 

and ketones (Zaghi et al., 2019). This process results in the production of polymers and darker-

colored oils as frying cycles and temperatures increase (Haider et al., 2023).  

During propagation, lipid radicals (ROO•) abstract hydrogen from RH, forming new radicals and 

hydroperoxides (ROOH), which can further decompose into secondary oxidation products like 

alcohols, and shorter-chain carboxylic acids (Valle et al., 2024). The resulting compounds can 
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undergo reactions like aldol-condensation and polymerization, negatively impacting oil quality 

parameters such as viscosity and acid value (Amran et al., 2022).  

In the termination phase, radicals can self-interact to form non-radical species, including dimers 

or trimers of oxidized lipids (ROOR). Notably, deep-frying oil generates toxic secondary 

compounds, including epoxides (C-O), hydroxyls (-OH), and ketones (C=O), which are potentially 

harmful (Grootveld, 2022). Free radical chain reaction R-O• with unsaturated fatty acid to form 

epoxide, hydroxy, and ketone (Zhang et al., 2024). Hydroxyl compounds such as hydroperoxides 

are linked to inflammation and oxidative stress in the body (Stavila et al., 2023). The epoxidation 

process occurs directly at the double bond of fatty acids, producing hydroxy and carbonyl 

glycerides, with linoleic acid primarily forming di-epoxides and oleic acid mono-epoxides 

(González et al., 2021).  

              Imitation:         RH + HO• →    R•                                                                                Eq (1)  

                                      R• + O2 →    ROO•                                                                              Eq (2) 

                                      Men+ + ROO• → Men+1  + RO• + OH•                                             Eq (3)   

                                      Men+1 + ROOH →  Men+  + ROO• + H•                                          Eq (4) 

             Propagation:     RH + ROO• →  R• + ROOH                                                               Eq (5)   

            Termination:      R•  + R•   →  R − R                                                                            Eq (6) 

                                       R•  + ROO•   →  ROOR                                                                        Eq (7) 

                                       ROO•  + ROO•   →  ROOR  + O2                                                                  Eq (8) 

Where RH represents to linoleic acid, R•= free radical (alkyl), RO•=alkoxyl radical, ROO• = 

peroxyl-radical, and ROOH = hydroperoxide (Valle et al., 2024; Amran et al., 2022). 
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Figure 2: The mechanism of the oxidation of triacylglycerol Via free radical mediation produces 

initiation, propagation, and termination (Erickson et al., 2023). 

2.6. Health Impact of Repeated Deep-Frying PO 

Consumers are choosing deep-fried foods like potato chips due to their appealing qualities, 

including palatability, color, flavor, and texture (Ujong et al., 2023). Nevertheless, this cooking 

method generates harmful byproducts such as peroxides, ketones, aldehydes, alcohols, free 

radicals, and epoxide which can lead to rancid tastes and odors from oxidation at n-6 double bonds 

(Mohammadi et al., 2021). Repeated frying can introduce anti-nutritional properties, particularly 

through substances like epoxides, which are associated with potential health risks, including 

genotoxicity, skin irritation, respiratory issues, and carcinogenic effects (Dangal et al., 2024). 

Harmful ketones, such as acrolein can cause carcinogenic, liver and kidney damage, neurological 

problems, and metabolic abnormalities (Lozano et al., 2022). Long-term exposure to oxidized 

lipids can produce free radicals, increasing the risk of chronic diseases, like cancer, inflammatory 

disorders, and heart problems (Dangal et al., 2024). Frequent consumption of fried foods (four or 

more times a week) is associated with serious health problems such as cancer, heart disease, type 



12 | P a g e  
 
 

2 diabetes, premature aging, obesity, pancreatitis, and gastrointestinal disorders (Alexandre et al., 

2022; Valle et al., 2024). 

Additionally, fried foods may contain heavy metals like lead (Pb), iron (Fe), copper (Cu), cadmium 

(Cd), arsenic (As), and mercury (Hg), which can damage vital organs, including the kidneys, brain, 

liver, skin, and heart (Abdullahi et al.,2023). The presence of these heavy metals is linked to 

adverse health outcomes such as immune suppression, chemical sensitivity, breast cancer, reduced 

sperm count, and infertility. Ultimately, the consumption of rancid oil from frying is associated 

with elevated cholesterol, pancreatitis, gastrointestinal issues, lung damage, cancer, cardiovascular 

disease, type 2 diabetes, accelerated aging, and obesity (Ukwo, 2024).  

2.7. Therapeutic Applications of Rosemary 

The quality and nutritional content of frying oil can deteriorate with repeated use, negatively 

impacting health (Jurid et al., 2020). To enhance oxidation stability, antioxidants are added, with 

natural options like barley, sage, and rosemary preferred over synthetic alternatives due to their 

efficacy and health benefits. Extracts from cinnamon and rosemary, particularly rosemary 

(Rosmarinus officinalis) have been shown to extend the shelf life of palm oil (Nanayakkara et al., 

2020). Rosemary extract, obtained through solvent maceration with acetone, water, ethanol, and 

methanol is rich in phenolic compounds such as flavonoids, diterpenoids, triterpenoids, and lignans 

(Alexandre et al., 2022). 

These phenolic compounds possess strong antioxidant properties, the ability to scavenge free 

radicals, and metal chelators, which can help prevent diseases like cancer, diabetes, neurological 

diseases, and cardiovascular diseases (Jeruto et al., 2024). Rosemary extract also contributes to the 

prevention of food’s color, flavor, and nutrition content (Girish et al., 2023). Its application spans 

various industries, including food, cosmetics, and perfumes, where it aids in product preservation, 

oil stabilization, and flavor enhancement (Zheng, et al., 2019). The European Union (EU) 

recognizes rosemary extract (E392) as safe and effective food preservation, while synthetic 

antioxidants butylated hydroxy anisole (BHA), butylated hydroxytoluene (BHT), and tert-

butylhydroquinone (TBHQ), are limited due to potential toxicity (Fotiadou et al., 2024; Sarmah et 

al., 2020). 

Research indicates that rosemary extract added at 200 mg/kg, is more effective than synthetic 

antioxidants in reducing the deterioration of soybean during frying (180 ˚C and 2 h) (Li et al., 
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2023). In another study found by Guo et al., (2023), the optimal level of rosemary extract (RE) for 

storage stability ranges from 50–200 mg/kg, demonstrating efficacy compared to synthetic 

antioxidants alternatives and stability at high temperatures (190-240 °C) (Gao et al., 2022). 

Rosemary’s primary antioxidants and particularly effective at scavenging free radicals and halting 

oxidation chain reactions, such as delaying or stopping its propagation stage (Ginsburg & Maleky, 

2020). Furthermore, increasing ethanol concentration and extraction time can enhance polyphenol 

content in rosemary, reaching a maximum of 24.14 mg GAE/g, achieved using 80% ethanolic 

solution at 70 ◦C for 60 min (Vella & Laratta, 2023). The medicinal properties of rosemary are 

attributed to its bioactive compounds, including caffeic acid, rosmarinic acid (RA), ursolic acid 

(UA), carnosic acid (CA), and carnosol, along with essential minerals like calcium (Ca), 

phosphorus (P), potassium (K), sodium (Na), iron (Fe) and zinc (Zn) (Makhamra, 2023: Nik et al., 

2022). In addition to findings by  Zhao et al., (2020) and Ayoola et al., (2020), methanolic extracts 

of rosemary leaf powder contain phenolic antioxidants that are effective scavengers of free 

radicals. These compounds demonstrate various biological activities, including antimicrobial 

agents, antiviral activities, antifungal, and antibacterial. They also have potential applications as 

pesticides, cancer drugs, food additives, and herbicides such as 2,4-Di-tert-butylphenol (2,4-

DTBP). Another significant compound is (2R,3R,4aR,5S,8aS)-2-Hydroxy-4a,5-dimethyl-3-(prop-

1-en-2-yl) octahydronaphthalen-1(2H)-one also known as Santalcamphor. This compound likely 

exhibits antioxidant properties due to its hydroxyl group (-OH), which enables it to participate in 

antioxidant mechanisms by scavenging free radicals. 

2.8. Reaction of Antioxidant with free radical and heavy metal 

Polyphenolic compounds are vital antioxidants that can compact oxidative damage in food through 

various mechanisms.  They primarily function as hydrogen donors, metal ion chelators, free radical 

scavengers, and singlet oxygen quenchers (Lee et al., 2020). Specifically, polyphenols neutralize 

free radicals via two main processes: hydrogen atom transfer and electron transfer. In hydrogen 

atom transfer, an antioxidant (AH) donates a hydrogen atom to a free radical (R•), a more stable 

radical (A•) and a reduced free radical (RH), thereby halting the formation of toxic lipids peroxides 

as shown in Figure 3. (R• + AH → RH + A•) (Viana et al., 2022). After deep-fried, polyphenolic 

compounds continue to exert antioxidative effects by capturing harmful aldehydes, delaying 
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polymerized triacylglycerols (TAGs) formation, and stopping the oxidation chain reactions (Viana 

et al., 2022). 

 

Figure 3. Mechanism of triacylglycerol free radical scavenging by antioxidants 

Electron transfer involves the antioxidant providing an electron to the free radical, stabilizing it, 

and preventing further oxidative damage as shown in Figure 4 and 5 (Nieto et al., 2023). 

Additionally, they chelate metal ions such as Fe2+, Fe3+, Cu2+, and Cu+, forming stable complexes 

that inhibit metal-catalyzed oxidation (Wang et al., 2023). The chelating ability of phenolic 

compounds extends to various transition metal ions, such as Hg, Pb, Cu, Zn, Cd, Ni, Fe, As, and 

Sb, especially in their anion form (Pirzadah, et al., 2019). Furthermore, phenolic compounds 

stabilize free radicals through resonance delocalization, preventing them from attacking stable 

molecules. Common types of phenolic compounds including volatile oils, flavonoids, phenolic 

acids, and phenolic di-terpenes, with their antioxidant effectiveness influenced by the arrangement 

of hydroxyl (OH) groups around the aromatic ring (Ginsburg & Maleky, 2020). In the molecular 

structure, complexation takes place with the C-3 and C-5 hydroxyl groups as well as the di-

hydroxyl groups in the B ring (Bouizgma et al., 2023). Overall, due to their diverse mechanisms 

metal ion chelation, radical scavenging, and stabilization polyphenolic compounds are excellent 

antioxidants, playing a significant role in maintaining food quality and extending shelf life (Wang, 

et al., 2023).  
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Figure 4: Metal chelation mechanism phenolic antioxidants. 

A) coordination of Fe2+ by polyphenols and subsequent electron transfer reaction in the presence 

of oxygen generating the Fe2+ polyphenol complex: B) coordination of Fe3+ by polyphenols, 

subsequent iron reduction and semi Quinone of formation (partially oxidized polyphenol), and 

reduction of Fe3+ to form a Quinone (fully oxidized polyphenol) species and Fe3+; R=H or OH 

(Wang et al., 2023).  

 

Figure 5: Quercetin binds to a metal (oxidant) to form a complex ring-like structure (Beya et al., 

2021). 

2.9. Physico-chemical measurement of Fried PO 

2.9.1. Physical Parameters  

The degradation of frying oil can be monitored through various physical measurement techniques 

that assess indicators such as refractive index, pH, moisture content, viscosity, and specific gravity. 

These parameters provide immediate insights into the frying oil's quality and are quick and easy 

to measure (Abiodun et al., 2020). 

2.9.1.1. pH value 

The pH of fresh vegetable oils typically ranges from 5 to 7, reflecting their weak acid. However, 

during frying, the pH decreases due to the hydrolysis of triglycerides into free fatty acids (FFAs) 
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and glycerol, which influences the oil’s acidity. This reduction in pH can also on the specific food 

being fried (Edo et al., 2022). Oils with low pH values are often rancid and unsafe for consumption, 

as the degradation of long-chain fatty acids into short-chain compounds produces highly acidic 

byproducts that contribute to a rancid taste. Both raw and fried oil can be measured using the 

AOAC (1984) method, employing a pH meter calibrated at pH 4 and 7. Samples are prepared by 

mixing oil with hot distilled water and cool in a cold-water bath to 25˚C (Bikila et al., 2020). A 

higher acidity level indicates a significant breakdown of fatty acids frying, consistent with findings 

by (Benmeziane et al., 2024), who reported decreased pH values in soybean and corn oil due to 

FFA release during repeated frying, catalyzed by vapors, oxygen, and water from the fried potato. 

2.9.1.2. Refractive index (nD
30 or RI) 

 Refractive index (RI) is a crucial property that indicates how light passes through a material, 

offering insights into its chemical composition and oil quality during multiple frying cycles ( 

Ahmed et al., 2021). Several factors influence the RI of frying oils, including molecular weight, 

fatty acid chain length, degree of unsaturation, and degree of conjugation. The RI is determined 

using the AOCS method (1989) with a digital refractometer set to room temperature. Research 

indicates that longer fatty acid chains and a higher degree of unsaturation increase the RI. For 

instance, the RI values for edible palm oil range from 1.454 to 1.456 (Flores et al., 2021). To obtain 

accurate results, it is necessary to determine the refractive index at a specified calibration 

temperature using the appropriate formula: 

  R = R1 + K(T1— T)                                                                                                            Eq. (9) 

Where R=Refractometer reading reduced to specified temperature T °C, R1=Reading at T1 °C, 

K=constant 0.000365 for fats and 0.000385 for oils (usually 40°C) (Ayouaz et al., 2022).  

2.9.1.3. Moisture content 

Moisture is transferred from food to oil during frying, resulting to water loss from the food and an 

increase in the oil’s moisture content, which affects various physicochemical properties (Liyansan 

et al., 2022; Yildiz et al., 2024). the quality of palm oil for deep frying is determined by its initial 

characteristics, high-grade palm oil exhibiting low free fatty acids and moisture content, very low 

levels of contaminants, and an excellent bleachability index (Mahmud et al., 2023). The moisture 
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content of the oil is measured by the mass lost when the sample is heated to a specific temperature 

(105 ± 10 °C) (Nizam & Mahmud, 2021). Excess moisture can contaminate the oil, increasing 

FFAs, and causing flavor loss and rancidity (Yusof & Mohamad, 2019). Continued frying raises 

moisture content due to oxygen exposure and excess water transfer from potatoes to oil, potentially 

leading to hydrolytic rancidity (Moufakkir et al., 2023). High moisture levels are linked to 

chemical reactions such as polymerization, oxidation, and accelerating degradation and forming 

harmful substances (Alzaa et al., 2021; Dodoo et al., 2022). For example, in a study of palm oil, 

Initial moisture content increased from 0.08%  to 0.61% after the third frying cycle, attributed to 

moisture transfer from the potato chips to the oil (Anwar et al., 2024). The moisture content of the 

oil affects the frying process, with high levels leading to foaming and splattering, while prolonged 

frying further, the oil becomes more saturated with moisture, degrading its quality and flavor. The 

relationship between the initial moisture content of the food and the oil content is significant, 

influencing both oil absorption and the overall frying outcome (Yadav et al., 2023). The mass (g) 

of the dried oil sample was then calculated by subtracting the mass of oil plus crucible after heating 

from the mass of oil plus crucible before heating (Kamanula et al., 2022). The moisture content of 

oil is calculated according to the equation:  

% Moisture content = ( 
w2−w3

w2−w1
) X 100 %                                                                         Eq. (10) 

where, W1 = Weight of container (g), W2 = Weight of container and sample before drying (g), W3 

= Weight of container and sample after drying (g).  

2.9.1.4. Relative density or specific gravity  

The quality and purity of edible oils are significantly influenced by their specific gravity, which 

measures the density of a material relative to water (Ahmed et al., 2021). Specific gravity reflects 

of oil the mass per unit volume of oil and is used as an indicator of purity, determined through a 

gravimetric method that compares the weight of oil to an equivalent volume of water (Ondo et al., 

2021). Factors like the fatty acid composition and storage temperature affect oil density, with 

specific gravity expressed without units. longer fatty acid chains correlate with higher molecular 

mass while increasing temperature generally results in lower specific gravity. According to Codex 

(2017), palm oil has a relative density ranging from 0.891 to 0.899 at 25 °C. The increase in 

densities with frying cycles is attributed to the formation of higher molecular-weight polar 
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compounds due to polymerization reactions during repeated frying (Chowdhury, 2023). This 

increase depends on factors like temperature, the number of frying cycles, and the composition of 

the samples used, as noted by Nduka et al., (2021), who observed a progressive increase in the 

density of refined, bleached, and deodorized palm oil (RBDPO) from the first to the fifth cycle 

involving potatoes. The degradation during frying due to hydrolysis, oxidation, and polymerization 

affects the compound. A high specific gravity often indicates lower oil content, whereas a low 

specific gravity suggests higher purity, implying that oil with high specific gravity contains fewer 

impurities (Iloamaeke et al., 2024). Specific density is calculated as:  

Specific gravity =
w1−w2

w2−w0
                                                                                                    Eq. (11) 

Where, W0 = weight of dry empty density bottle, W1 = weight of density bottle + oil, and W2 = 

weight of density bottle + distilled water (Maduako et al., 2022). 

2.9.1.5. Viscosity  

Oil viscosity quantifies how resistant to shear or flow and is measured according to ASTM D2270 

(Pathmasiri & Perera, 2020). It can be expressed as kinematic viscosity (v) and dynamic viscosity 

(η) measured using a Brookfield dial reading viscometer with a big cylindrical spindle number 02 

(Daniel et al., 2021). Low viscosity indicates low flow resistance, while high viscosity signifies 

greater flow resistance. Temperature affects viscosity; high temperature improves molecular 

mobility and reduces viscosity. Additionally, the unsaturation of fatty acids decreases viscosity 

due to double bonds making bonding more rigid and rotation between C-C bonds more active 

(Sikdar et al., 2021). 

Viscosity stability serves as an indicator of oxidative stability, measured at a shear rate of 0-100 

s–1 (Jadhav et al., 2022). Direct readings of the dynamic viscosity value (mPa.s or Pa. s, or pascal 

second) were obtained from the viscometer, which was kept at a steady 25°C (Zhou et al., 2024). 

In the previous study, Saleh et al., (2021), observed results between fresh and in-use oil, in-use oil 

showed higher viscosity than fresh oil, with increased frying cycles. This increase is linked to 

polymerization and fatty acid length, indicating oil degradation. For instance, viscosity rises from 

48.4 cP at the 5th frying cycle to 68.76 cP at the 20th cycle (Assefa et al., 2024). Higher viscosity 

results from the accumulation of polymeric compounds and affects how adherers to fried foods 
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(Yadav et al., 2023). The recommended maximum viscosity range is 50 to 60 cP (Adelagun et al., 

2023). kinematic viscosity mathematically expressed as meter square per second (mPa.s/m2/s) as: 

Kinematic Viscosity of oil (v)  =  
Ƞoil 

𝜌𝑜𝑖𝑙
                                                                               Eq. (12) 

Where: ηoil is dynamic viscosity (mPa.s or Pa.s), while ρoil is density at a constant temperature of 

25°C (0.899-0.92 g/ml) (Redzuan et al., 2023). 

2.9.2. Chemical Titration Methods 

2.9.2.1. Peroxide value (PV)  

The peroxide value (PV) measures the formation of peroxide or hydro-peroxide compounds during 

the initial oxidation of fats or oils, (Rahman, et al., 2023) serving as an essential indicator of 

freshness, rancidity, and shelf life. According to Codex (2017) and IOC (2019b), the maximum 

PV for palm oil is 10 meq O2/kg of oil. Hydro peroxides, primarily oxidation products, break down 

at 180°C, producing both volatile and non-volatile secondary products. Lipid oxidation follows 

three main steps: initiation, propagation, and termination (Yusof & Mohamad, 2019). When 

unsaturated fatty acids oxidize, unstable peroxide molecules form, subsequently reacting to 

produce ketones and aldehydes, leading to rancidity. This process occurs when oxygen reacts with 

fatty acid double bonds in triglycerides, resulting in peroxide formation (Figure 6).  

 

Figure 6: The oxidation reaction of unsaturated fatty acids in triglyceride (Fajriati et al., 2023). 

A lower PV indicates better oil quality, measured by the iodine produced from the reaction of 

peroxides with iodide ion 

2I- + H2O + HOOH → HOH + 2OH- + I2…………………………. ………………………. Eq.(13) 

The base produced in this reaction is absorbed by the excess acetic acid present. The released 

iodine is titrated with sodium thiosulfate. 

2S2O3
2- + I2 (purple) → S4O6

2- + 2I- (colorless)……… …………………………………….Eq.(14) 

 (Asouzu et al., 2023; Daniel et al., 2024).                             



20 | P a g e  
 
 

PV =  
Vs x N x 1000

Weight of sample (g)
                                                                                                       Eq. (15) 

where, Vs= volume of Na2S2O3 for sample, w= weight of sample (g) and N= 0.01N concentration 

of Na2S2O3  (Liyansan et al., 2022).   

2.9.2.2. Iodine value (IV)  

The iodine value (IV) measures the degree of unsaturation or the average number of double bonds 

in the fatty acids of fats and oils (Multari et al., 2019). It is defined as the grams of iodine that can 

be added to 100 grams of oil. This value serves as an assessment of the oil's stability against 

oxidation, with a lower value indicating enhanced stability during storage. The analysis entails 

dissolving a precise quantity of fat or oil in a solvent and reacting it with an excess of iodine or 

another halogen that reacts with the carbon-carbon double bonds. Higher iodine values indicate a 

greater extent of unsaturation. With prolonged frying time, the iodine value tends to decrease due 

to sharp oxidation rates. The Hanus method is commonly utilized to determine the iodine value, 

involving titration with sodium thiosulfate as the titrant and starch as the indicator. This analytical 

method facilitates the formation of di-iodo alkanes through a chemical reaction (Flores et al., 

2021). Any excess unreacted IBr reagent is subsequently converted to molecular iodine by 

treatment with KI. Then, the IV is estimated from the difference of this value from that obtained 

for blank and using the below reaction in Figure 7. 

 

Figure 7: Chemical Reactions Involved in the IV Estimation of Oils through Hanus Method 

(Pulassery et al., 2022). 

Iodine value (IV) was calculated using the expression; Blank titration was also performed: -   

 𝐼𝑉 =  
12.69 𝑥 𝑁 𝑥 (𝑉2−𝑉1)

𝑊
                                                                                                          Eq. (16) 
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Where, N = normality of sodium thiosulphate (Na2S2O3), V2 = volume of Na2S2O3 solution in mL 

used for sample, V1 = volume of Na2S2O3 solution in mL used for bank, W = weight of sample in 

grams 12.69 = used to convert from Eq (16). thiosulphate to grams of iodine. (MW of iodine is 

126.9) (Yusof & Mohamad, 2019). 

2.9.2.3. Acid value (AV) 

The quantity of fatty acids that have been hydrolyzed from triacylglycerol or generated as a result 

of rancidity is indicated by the acid value, sometimes referred to as the free fatty acid value. It is 

defined as the amount of potassium hydroxide, expressed in milligrams, required to neutralize the 

free acids found in one gram of fat or oil (Omozuwa et al., 2023). The acid value is used to 

determine whether the oil is suitable for ingestion and how rancid it is. It is commonly stated as 

palmitic, oleic, and linoleic acid and is expressed as a percentage of free fatty acids. Triglycerides 

hydrolyze and produce free fatty acids as byproducts. Fry oil undergoes a hydrolysis reaction that 

raises the amount of free fatty acids. These acids are made up of small molecules that can be 

volatile or break down at high temperatures, which lowers the amount of free fatty acids (Liu, 

2020). Using phenolphthalein as an indicator, titration with sodium hydroxide or potassium 

hydroxide is frequently used to determine the free fatty acid concentration. Determination of free 

fatty acids (FFAs) content using the equation: 

Acid value (mg
KOH

g
) =

(Vs−Vb)x M x 56.1

w
                                                                            Eq. (17) 

where Vs and Vb are volumes of titrant used for the sample and blank, respectively. M is the 

molarity of the titrant solution and W is the weight of the sample (in g) (Munir et al., 2021; Patil 

et al., 2023). 

2.9.2.4. Saponification value (SV) 

The saponification value is a measurement that indicates the amount of alkali required to saponify 

a given quantity of fat or oil. It is expressed in milligrams of potassium hydroxide (KOH) needed 

to saponify 1 gram of the sample. Saponification is the process of treating triglycerides with alkali, 

resulting in the breakdown of the triglycerides into glycerol and fatty acids (Flores et al., 2021). 

The saponification value provides a rough indication of the molecular weight of the fat or oil. A 

lower saponification value suggests a lower average molecular weight of the fatty acids or a lower 
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number of ester bonds. This value can be used to assess the purity of fats or oils. According to 

Codex (2017), the saponification index for palm oil falls within the range of 195 to 205 mg KOH/g 

oil. The saponification index is determined through an experimental process involving the reaction 

of palm oil with a specific amount of potassium hydroxide (KOH) and subsequent titration with 

HCl (Maduako et al., 2022). The Saponification value (SV) calculated using the expression given 

below:  

SV =
(Vs−Vb)x M x 56.1

w
 x 100                                                                                                  Eq. (18) 

Where, Vs = sample titer value, Vb = blank titer value, M = molarity of the HCl, and 56.1 = 

molecular weight of KOH (Miyuranga et al., 2023). 

2.10. Conjugated Diene of fried palm oil 

Repeatedly frying of palm oil leads to the formation of hydro-peroxides, indicated by the 

absorbance at 230 nm, while the breakdown of these hydroperoxides into secondary oxidation 

products of linoleic acid is noted at 230 nm (Mechqoq et al., 2021). During lipid oxidation, 

electrons transfer from a non-conjugated to a conjugated position, forming conjugated double 

bonds in fatty acids, particularly in polyunsaturated fatty acids like linoleic acid, which contain 

methylene-interrupted dienes as shown in Figure 8. unlikely hydroperoxides derived from oleic 

acid, which have a single double bond, those from polyunsaturated fats include conjugated dienes 

in their structure (Shahidi & Yeo, 2020). 

 

Figure 8: Lipids, such as linoleic acid, form a peroxyl radical (LOO•) in the presence of O2 

(Christodoulou et al., 2022; Kaseke et al., 2021). 
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The conjugated dienes in palm oil imply oxidative deterioration (Salama et al., 2020). When 

evaluating the quality of polluted palm oil, UV-Vis spectrometer analysis has the advantages of 

being quick, requiring little sample volume, not requiring chemical reagents, and not being 

affected by color changes or chemical interactions (Fonseca et al., 2021). Oil samples are suitably 

diluted in solvents like n-hexane or iso-octane/cyclohexane before the examination. The CDV 

calculated as extinction values（E1％) using following equation;  

 E1% = [
Aλ𝑠230

bc
]                                                                                                                    Eq. (19) 

Where Aλs is the absorbance of the sample, b is the path length of the cuvette, and c= concentration 

of sample used for absorbance measurement in (g/100 mL) (Pereira et al., 2020).  

2.11. Application of Spectroscopy  

Spectroscopic techniques are widely used to detect defects in fried palm oil due to their number of 

advantages, including non-destructive analysis, elimination of hazardous chemicals and minimal 

sample preparation, cost- and time-effectiveness, high reliability, and reproducibility. These 

benefits make them particularly effective for identifying defects in vegetable oils ( Maouardi et 

al., 2023).  

2.11.1. General Concept of UV-Visible  

UV-Visible spectrometry has progressed from the early spectroscopes of 1860 to modern 

instruments widely used since the 1960s (Carpentieri & Domenici, 2024). This analytical 

technique measures light absorption in the UV and visible ranges for qualitative and quantitative 

analysis, particularly in detecting pollutants in cosmetics, food safety, and textiles (Arce-Saldaña 

et al., 2023). Grounded in Lambert-Beer law, it relates absorbance to concentration and optical 

path thickness (Guo et al., 2020). A monochromator converts polychromatic light into 

monochromatic light, allowing quantification based on absorbed light intensity (Tanwar et al., 

2024).  Measurement begins with a baseline from a solvent blank, followed by the sample to assess 

changes in transmitted light (Voss et al., 2024). Configuration may include single-beam and 

double-beam designs, affecting accuracy and stability (Nandiyanto et al., 2023). UV-visible 

analysis is frequently used to evaluate the quality of spoiled oils, such as palm oil, detecting photon 

emission or absorption in the 200–800 nm range. This non-destructive technique provides insights 
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into physicochemical changes due to oxidation when foods high in proteins and carbohydrates are 

repeatedly fried (Jolayemi & Mritala, 2020). It can also determine free fatty acid content, with high 

FFA levels indicating poor oil quality, making this test significant (Arafat et al., 2021). 

2.11.1.1. Single Beam UV-Vis Spectrophotometer 

Single beam UV-visible spectrometer, such as the Agilent Technologies Cary 60, is tailored for 

lipid analysis (Conrad et al., 2024). It emits UV and visible light, which is separated by a 

monochromator to select wavelengths typically between 200-800 nm (Abiodun et al., 2024).  The 

sample compartment holds a 1cm cuvette containing the oil sample, ensuring a clear optical path. 

The detector measures transmitted light intensity, converting it into an electrical signal (Abed et 

al., 2023). The instrument features a single light source (flash deuterium lamp from 190 to 400 nm 

or a tungsten lamp for visible light from 400 to 800 nm), which limits its suitability for source 

additivity tests (Vallbona et al., 2024). The data acquisition system processes the signal for real-

time absorbance readings, aided by a baseline correction mechanism for accuracy. Control 

software manages settings and analysis, presenting results through a user interface (Jaffar et al., 

2024). A cooling system may also maintain stable temperatures during measurements. These 

components collectively enable precise absorbance measurements, essential for assessing oil 

oxidative stability in quality control and research (Berger & Trunschke, 2021). 

2.11.1.2. Double Beam UV-Vis Spectrophotometer 

The double beam UV-visible spectrophotometer, such as the England UV3114503, enhances 

analytical capabilities for lipid analysis, including the measurement of polyphenol compounds 

formed with Folin-Ciocâlteu (FC) reagent, detected at 760 nm (Fabjanowicz et al., 2024). This 

instrument features two optical paths, one for the sample and the other for the reference allowing 

real-time comparisons and improved accuracy. The light sources typically include a deuterium 

lamp for UV from 190 to 400 nm or a tungsten lamp for visible light from 400 to 800 nm. Light 

passes through a monochromator to select the desired wavelength before interacting with the 

sample in the cuvette, while the reference path contains a blank or solvent. The detector measures 

light intensity from both paths to calculate absorbance based on intensity deference, which the data 

acquisition system processes (Nandiyanto et al., 2023). The control software manages operational 

parameters, conducts baseline corrections, and generates absorbance values, facilitating data 
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interpretation and reporting. This design supports precise measurements and stability, making it 

suitable for quality control and research in lipid analysis and other fields (Carpentieri & Domenici, 

2024). Following Lambert-Beer law, the instrument converts polychromatic light into 

monochromatic light, measuring absorbance proportional to analyte concentration (Nhivekar et 

al., 2022). Measurement involves first determining blank intensity with a solvent, and then 

analyzing the sample’s light absorption to calculate concentration changes (Poh et al., 2020).   

2.11.2. General Concept of AAS  

The Atomic Absorption Spectrophotometer is designed for the precise measurement of heavy 

metals through interconnected components. The hollow cathode lamp serves as a light source, 

emitting specific wavelengths that excite electrons in the target metals (Sevillano-Morales et al., 

2023). The nebulizer converts the liquid sample into a fine aerosol, enhancing sample introduction 

into the flame. In the flame system, fired by acetylene and an oxidant, this aerosol is atomized, 

vaporizes the sample and dissociates metal compounds into free atoms (Sulthana et al., 2024). A 

monochromator isolates the relevant wavelength, ensuring only related light reaches the detector, 

which measures light intensity and converts it into an electrical signal proportional to the metal 

concentration (Pasias et al., 2021). The data acquisition system processes these signals to calculate 

absorbance and determine concentration, while control software facilitates calibration and data 

reporting. A cooling system may also be included to maintain consistent performance. Together, 

these components provide accurate and reliable measurements of heavy metals, making AAS 

essential for environmental monitoring and quality control (Slota et al., 2023). 

Vegetable oils naturally contain trace amounts of metals, which can accelerate oxidation when 

present in higher concentrations. These metals may originate from soil, fertilizers, pesticides, and 

frying equipment, significantly impacting oxidation stability and oil quality (Lin et al., 2024). To 

analyze these minerals, a wet digestion method is commonly employed using a digestion furnace 

(HYP-1040; Xianjian, Shanghai, China) and heated at 370 ◦C for 4 h, with H2O2 added (Sun et al., 

2021). This method involves a mixture or aqua regia of nitric acid (HNO3) and hydrochloric acid 

(HCl) to decompose organic matter, separating target analytes from the matrix and eliminating 

organic substances that could interfere with subsequent analysis. This step is crucial for ensuring 

accurate and reliable results in the analysis of metals in vegetable oils (Asrade & Ketema, 2023). 
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AAS is the most widely used technique for heavy metal analysis. Because of its sensitivity, 

specificity, simplicity and accuracy. The amount of energy absorbed is proportional to the 

concentration of the element in the sample. The digested sample was analyzed for the 

spectrophotometer (Asrade & Ketema, 2023). The value of the dilution factor (DF), required as 

input to calculate the heavy metal concentration, was determined using the following formula:         

DF (
L

kg
) =

V(L)

W(kg )
                                                                                                                  Eq. (20) 

where V refers to the volume of a diluted digested sample read from a volumetric flask while W 

represents the weight of a material sample. Subsequently, the heavy metal final concentration in 

the original sample will be computed using the following formula: 

C (ppm or
mg

L
) = AAS reading (

mg

L
) XDF (

L

kg 
)                                                                  Eq. (21) 

where C refers to the actual concentration while the AAS corrected concentration was obtained 

from the calibration curve (Tek & Ng, 2024). The level of metal content was calculated by using 

the formula: 

  Metal content (
mg

100g
) =

C x V

 W
                                                                                                                     Eq. (22) 

Where, W = Weight of sample in (g), V=Volume of extract (ml), C = Concentration of sample 

solution (μg/ml) (Mohammed & Saleem, 2023).  

2.11.3. General Concept of GC-MS  

Chromatography is a technique that separates components in a mixture based on their partitioning 

behavior between mobile and stationary phases (Bajo-Fernández et al.,2024). Gas chromatography 

introduced by James and Martin in 1952, is specifically designed for separating, identifying, and 

quantifying volatile chemicals with boiling points up to 350 oC or 400 oC (Ferraz-Almeida et al., 

2020). In GC, the mobile phase is gas, while the stationary phase is liquid or solid. The process 

begins with the injection of the sample into an injector, where it is vaporized and transported 

through a column filled with the stationary phase by an inert gas (Fabjanowicz et al., 2024). As 

the sample composition exits the column, they are detected and recorded as a sequence of peaks, 

each corresponding to a specific component and its retention time (Williams et al., 2021). The 

various components of the sample are separated and eluted at different and specific times, which 

is referred to as retention time. GC-MS is a crucial tool for identifying and quantifying organic 
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compounds in environmental samples, and it has advantage and disadvantage as shown in Table 3 

(Joia & Muhammad, 2023). The fatty acids composition in oils can be calculated from individual 

peaks expressed as % of total fatty acids using the formula: 

 % fatty acid =  
each peak area

Σ total peak area
 X 100 %                                                                              Eq. (23) 

 (Korede et al., 2024) 

Mass spectrometry is an analytical method that determines the mass-to-charge ratio of ions, is 

employed to identify new compounds and characterize known components. When combined with 

gas chromatography, GC-MS is considered the standard for analyzing lipids, components of FFAs, 

drug metabolites, and environmental contaminants. (Kaisan et al., 2021).  

Table 3: Advantage and limitations of GC-MS. 

Analytical techniques Advantage Limitation Reference 

 

 

 

 

 

 

 

 

GC-MS 

✓ Provide better resolution and 

separation for peaks  

✓ Lower limit of detection 

(LOD) 

✓ Provide rich information of 

qualitative and quantitative 

analysis of sample 

✓ Robustness  

✓ Offer greater sensitivity and 

specificity 

✓ High reproducibility 

✓ Massive and lengthy sample 

preparation (hydrolysis and 

derivatization of sample) 

✓ Destructive method 

✓ Time consuming for sample analysis 

✓ Incapable of compounds that are non-

volatile, polar, or thermally labile 

✓ Identified compounds have to be in a 

mass spectral library/ database for 

identification purposes 

 

 

 

 

 

 

 

 

(Tan et al., 

2022). 

GC-MS-gas chromatography-mass spectrometer:  
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CHAPTER-THREE 

3. MATERIALS AND METHODS 

3.1. Study Area   

The research was conducted in Axum, a city in the Central Zone of the Tigrai Region, Northern 

Ethiopia. Axum is located approximately 1043 Km far from Addis Ababa and 249 Km from 

Mekelle via Adigrat as shown in Figure 9. Its geographical coordinates are approximately 38° 44' 

50.244'' E longitude and 14° 8' 2.5152'' N latitude, with an elevation of 2,131m above sea level. 

Various Woredas and agricultural production areas surround Axum. Notably, potatoes are grown 

in the May Ngus irrigation area, which is close to Axum. 

 

Figure 9: Map of Study Area. 
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3.2. Sampling Technique 

HPO samples were randomly taken from Axum city road market and analyzed their 

physicochemical parameters and some selected heavy metals from the repeatedly deep-frying 

(HPO) at high-temperature directly from the sellers found near the bus station. 500g of potatoes 

were taken for each fried cycle at constant temperature (180 oC) which was controlled using a 

thermostat collected at the same time interval of 20 min and the same volume of oil (2L). For this 

purpose, two types of samples were prepared: one with fried HPO without rosemary powder 

(FHPO), and the other fried HPO with rosemary powder using different amounts (100, 150, 200, 

250, 300 mg/kg) (FHPOR), respectively. To prevent, contamination in each fried cycle the chips 

fryer machine was washed with soap and distilled water and made ready for the next time. Sample 

collection was done for two weeks from January 1-15, 2016 E.C. Accordingly, 1.8, 1.7, 1.5, 1.4, 

and 1L of frying oils were collected from each fried cycle for each consecutive day which was 

fried at 20, 60, 100, 140, 180 min of time interval from the final fry. Samples were labeled as 

FHPO for every fried cycle (1st, 3rd, 5th, 7th, 9th) and FHPOR also labeled as (1st, 3rd, 5th, 7th, 9th). 

To ensure sample integrity, samples were packaged in plastic bags and covered with aluminum 

foil to prevent photodegradation. The samples were then transported to Mekelle University for 

further analysis. 

3.3. Chemicals  

HNO3 (68%; Chem Corp Industries, USA), H2SO4 (99.8%; Sulfa Chem Ltd., Germany), CH3Cl 

(99%; Chloro Chem Solutions, India), HClO4 (70%; Acid Tech Manufacturing, Japan), KI (99%; 

Iodine Innovations, USA), CH3COOH (99%; Acetate Chemical Co.,  Brazil), Na2S2O3 (94.6%; 

Thio Chemicals Inc., UK), HCl (37%; Hydro Chem solutions, China), KOH (99.5%; KOH 

Dynamics, Australia), CH3OH (99.8%; Methanol Makers, Canada), phenolphthalein Indicators 

(Indicator Solutions, France), CCl4 (99%; CCl4 Industries, Mexico), KBr (99.9%; Bromide 

Technologies, South Korea), I2 (99.5%; Iodine Resources, India), H2O (Pure Water Co., USA 

standard in APF), H2O (Distillation Solutions, Messebo Cement Factory), starch solution 99.4% 

(Starch Chem Corp., Netherland), H2O2 (35%; Peroxide Chem, Italy), Folin-Ciocâlteu reagent, 

(HPLC) grade (Reagent Masters, USA), Standard Gallic Acid 99.5% extra pure (Pure Lab 

Chemicals, Switzerland), Na2CO3 (98%; Carbonate Chemicals Ltd., UK), Na2SO4 (99%; Sulfate 
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Solutions, France), C4H10O (99.7%; Ether Chem, USA), petroleum ether 95% (Petro Solvents Inc., 

Saudi Arabia), C6H10 (Indian, HPLC grade solvent 99.9%; Cyclo Solvent Ltd), C6H14 (98.84%; 

Hexane Technologies, Canada), pH 4 and 7 standard buffers (Buffer Solutions Inc., Germany), 

acetone (99%) (Acetone Solutions, USA), and Whatman № 42 filter paper (Whatman 

International, UK) were used during the study.   

3.4. Apparatus  

Digital analytical balance made in Korea serial №: 15641875, digestive furnace model (HYP-

1040; Xinjian, Shanghai, China), rosemary blender or grinder model IKA Grinding Mill A11, 2mm 

size mesh or sieve, Heidolph Laborota 400 vacuum rotary, laboratory fume hood, Conical flasks, 

beakers, watch glass, pipette, Volumetric flask, Crucible, oven model 30-1060, desiccator, 

HANNA meter model (HI-5522 pH meter), burette, BIOBASE SY-2L4H water baths , funnel, 

digital refractometer serial №:BU16127, electrical centrifuge model U8V-2, stainless steel metal 

fryer, thermostat to control the fryer’s temperature, brook field viscometer model (MA 023434666, 

1031, USA), Erlenmeyer flask, magnetic stirrer made in UK serial №: R000104942, vacuum 

filtration, cuvette, pycnometer/density or corked bottle, reagent bottles and test tubes were used 

during the study. 

3.5. Instruments  

UV-visible spectrophotometer (Agilent Technologies Cary 60 UV-Vis, SER №: MY15410011 

manufactured in Malaysia), UV-visible spectrophotometer (ENGLAND, SER №: UV3114503), 

atomic absorption spectrophotometer (50B AAS Varian Country), and gas chromatography-mass 

spectrometer (GC-MS) (Agilent, England GC7890B /USA MSD5977) were used for 

characterization of fried HPO with and without rosemary leaf powder. 

3.6. Preparation of Rosemary Leaf Extract    

Rosemary (Rosmarinus officinalis L.) leaves were properly cleaned with tap water and then 

distilled water and dried in an oven at room temperature (25° C) for ten days, it reached a consistent 

weight. The leaves were processed into a fine powder using grinder. Then, the powder samples 
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were sieved through a 2mm screen placed in polyethylene bags, and kept at room temperature 

storage (Pontillo et al., 2021). 

128.538 g of powdered rosemary and 1289 mL of 99.8% methanol were combined for maceration 

in the ratio of 1:10 (1g rosemary to 10 mL methanol). The mixture was carefully placed into a 

5000 mL beaker and macerated for three days at room temperature while being constantly shaken 

with a magnetic stirrer. After that, it was macerated for three days. Then, the extracts were filtered 

through Whatman №-42 filter paper in a vacuum pump filtration system. The extract was placed 

in vacuum rotary evaporator to remove methanol solvent at 64.7°C (Hussein et al., 2022). Hence, 

the extraction process was carried out for the maceration of rosemary (Amalraj et al., 2022). A 

total of 21.538 g extracted powder (which is a light brown or dark green color) was collected 

during the process, labeled as rosemary leaf extracts (RE), and kept in a brown bottle or dark vial 

in a refrigerator at 4°C was collected as in Figure 10 (Tohma et al., 2021; Zeraat et al., 2023). 

 

Figure 10: Maceration process to prepare rosemary leaf powder 
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3.7. Determination of Total Polyphenol in Rosemary 

A 250 mL volumetric flask containing 10 g of rosemary powder was used for the Folin-Ciocâlteu 

reaction. Following that, 100 mL of the Folin-Ciocâlteu reagent (1:10 v/v in deionized water) was 

added, and the mixture was left to react for 5 min at room temperature. Next, 80mL of saturated 

Na2CO3 solution (6-7.5% w/v) was added, and the solution was diluted with deionized water to 

the appropriate level. The mixture was allowed to settle at room temperature for 90 min, covered 

with aluminum foil, and placed in dark place (Cheng et al., 2022). 

In a 250 mL volumetric flask, 25 g of Gallic acid was dissolved in 250 mL of methanol (99.8%), 

and serial dilutions were carried out at concentrations of 10, 20, 30, 40, and 50 µg/mL. A blank 

solution was made with 20 mL of Na2CO3, 5 mL of methanol, and 5 mL of the Folin-Ciocâlteu 

reagent. The prepared solutions were allowed to settle at room temperature for 8 min. To each 

solution, 3mL of saturated Na2CO3 solution was added, and the mixture was shaken for 3 min. 

From this, 1 mL, 2 mL, 3 mL, 4 mL, and 5 mL of each RE, blank, and Gallic acid equivalent 

(GAE) standard solution were taken for serial dilution, and deionized water was added to get the 

final solution up to the 1000 mL mark of the volumetric flask. The mixture was then allowed to 

develop its color for 90 min at room temperature in a dark condition (Shaziya et al., 2022).  

Finally, a UV-vis spectrophotometer was used to measure the absorbance at a wavelength of 765 

nm using a 2 mL glass cuvette. The absorbance of the blank sample was subtracted from the 

absorbance results for each concentration of the extracts. The standard curve produced by GAE 

was used to calculate the sample's Gallic acid content (Mohammed & Saleem, 2023).  

3.8. Repeated Deep Frying HPO Procedure 

A 6 L household stainless steel frying pan without a cover was used for this experiment. The frying 

process was carried out for 25 consecutive total fried cycles, with each frying time consisting of 

20 min of frying following the same procedures. Samples for analysis were taken from the last 

frying session on the (1st, 3rd, 5th, 7th, and 9th) number of fried cycles as in Figure 11 (Nduka et al., 

2021). 

In total fried cycles, 12.5 kg potato in 10 L of HPO was used i.e.; in the 1st method, 500 g in 2 L, 

1.5 kg in 2 L, 2.5 kg in 2 L, 3.5 kg in 2 L, and 4.5 kg in 2 L of FHPO labeled as the 1st, 3rd, 5th, 7th, 

and 9th number of fried cycles, respectively. For each frying process, 500 g of potatoes were peeled, 
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washed, and cut into thick, evenly sized-pieces using a mechanical cutter. The potatoes were 

washed with distilled water before frying and cleaned with a tidy white dress to remove water from 

the potato to decrease the hydrolysis reaction. In the first method, the potatoes were placed in an 

electric fryer containing each 2 L of oil, and the temperature was set to 180°C for 20 min to initiate 

frying (Ceylan & Baştürk, 2023). This method served as the control without any additive of 

rosemary antioxidant (FHPO) (Hussain, 2020). 

In the 2nd method, the process was similar to the first method, but the only difference was the 

addition of rosemary leaf powder. Different doses of rosemary leaf powder (100 mg/kg, 150 

mg/kg, 200 mg/kg, 250 mg/kg, and 300 mg/kg) were added in each 2L of oil before frying on the 

(1st, 3rd, 5th, 7th and 9th) number of fried cycles, respectively. At the end of each frying method, the 

fryer was turned off after the last batch of fries. The remaining fried oil samples were collected 

and filtered through Whatman №-42 filter paper to remove any residue or debris. These samples 

were then stored in dark brown bottles and labeled as FHPO and FHPOR for each fried cycle of 

the 1st, 3rd, 5th, 7th, and 9th, and stored at-4°C until further analysis of their physicochemical 

properties, and some selected heavy metal contents (Plaskova & Mlcek, 2023). 

 

A) FHPO                                                         B) FHPOR 

Figure 11: Repeated deep-fried Hayat palm oil procedure. A) FHPO & B) FHPOR have the same 

(time interval, amount of potato, volume of oil, and same temperature (180 OC), but different 

variable doses of rosemary leaf powder were taken. 
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3.9. Physical Parameter Analysis of HPO Using Apparatus Methods 

After collecting the samples for analysis, samples were subjected to centrifugation at 4200 rpm for 

15 min, which was used to separate any solid particles from the oil. For further purification, a 

filtration process was employed with vacuum filtration using Whatman №-42 filter paper, and the 

supernatant samples. This filtration method was used to ensure that the purified oil was used for 

subsequent titration and characterization (Irfan et al., 2020).   

3.9.1. Measurement of Moisture Content Using Oven Method 

To determine the moisture content of FHPO and FHPOR samples from each final frying cycle, the 

standard oven drying method was used with a slight modification (AOAC, 2000). The process 

involved weighing an empty crucible and adding 10 g of FHPO of the 1st, 3rd, 5th, 7th, and 9th 

number of fried cycles. The sample was then dried in an oven at 105°C for 1 h or until a constant 

weight was obtained. After cooling in the desiccator, the crucible was reweighed. The same 

procedure was followed to obtain the weight of the last FHPOR sample from each of the fried 

cycles (1st, 3rd, 5th, 7th, and 9th) number of fried cycles. This analysis was conducted three times 

(Liyansan et al., 2022). 

3.9.2. Specific Gravity Measurement 

To determine the specific density of the oil, a density bottle also known as a pycnometer 25 mL or 

standard weight 24.8 mL, was used. The sample of HPO was melted and filtered through filter 

paper to remove any impurities. A clean and dry corked bottle with a capacity of 25 cm3 was 

weighed (W0). Then, the empty bottle was filled up to the mark with the last fried time FHPO and 

FHPOR samples from each of the fried cycles (1st, 3rd, 5th, 7th, and 9th), corked, and weighed again 

to obtain (W1) for each sample. After washing, drying, and reweighing the bottle, it was filled with 

distilled water (W2) to replace the oil. This process was repeated three times (Aslam et al., 2021). 

3.9.3. Refractive Index Measurement   

As per AOAC (2000) guidelines, the refractive index was measured using an automatic digital 

refractometer serial №: BU16127 at room temperature. Before taking the readings, the first sample 

was melted and filtered to remove impurities. The prism of the instrument was cleaned with 
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distilled water and acetone. Calibration was done using distilled water at a temperature of 25°C to 

ensure uniformity. The prism was cleaned again with acetone and dried (Okoro et al., 2023). 

Then after, a few drops of FHPO and FHPOR samples from the last frying cycle (1st, 3rd, 5th, 7th, 

and 9th) several fried cycles were separately placed on the prism, closed, and their respective values 

were recorded. This analysis was repeated three times (Aslam et al., 2021). 

3.9.4. pH 

The pH value of the oil sample was measured using a digital pH meter. With a slight modification, 

samples were diluted with hot distilled water (1:10 ratio). A 10 g portion of the sample from FHPO 

and FHPOR was mixed separately in 100 mL of distilled water for 60 s using a magnetic stirrer. 

The mixture was filtered through a Whatman №-42 filter paper to obtain a clear filtrate for pH 

measurement (Hasanah et al., 2024). The pH meter was first calibrated with pH 4 and 7 standard 

buffers by dissolving one capsule in 100 mL of distilled water. The pH of the sample was 

determined by dipping the electrode of a pH meter into the mixture. After calibrating the pH meter, 

then filling a clean and dry 50mL from FHPO and FHPOR of the last fried cycle (1st, 3rd, 5th, 7th, 

and 9th),  respectively samples into a separate beaker, the pH value was recorded in triplicates  

(Frances et al., 2023). 

3.9.5. Viscosity Measurement  

The viscosity of the oil sample was determined using a viscometer as per the specifications of the 

instrument. The viscometer was set up at room temperature with a spindle number 02, which falls 

within the recommended range. To calibrate the viscometer, it was adjusted using de-ionized 

water, and the dynamic viscosity reading was set to 0% using the dash sign. The viscometer was 

then prepared for measurement by setting the spindle speed to 100 rpm and ensuring the bubble 

level was centered (Liyansan et al., 2022). 

For each trial, 60 mL of oil sample was taken from each fried cycle of the 1st, 3rd, 5th, 7th, and 9th 

fried cycle of the oil. Before each measurement, the viscometer was turned off, cleaned with 

distilled water and a soft cloth, and the spindle was turned on. To maintain the acceptable range of 

percentage value, the spinning speed was adjusted if it fell below 10% by increasing the speed and 

changing to a larger size spindle, or if it exceeded 100% by decreasing the speed and using a 

smaller size spindle (Raji et al., 2022). 
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The material contained FHPO & FHPOR with the oil samples carefully positioned below the 

spindle, which was then immersed deep into the oil. The viscometer was turned on and set to a 

speed of 100 rpm. After allowing it to rotate in the oil for 2-3 min to achieve stability, the viscosity 

readings were recorded in triplicate for each sample in centipoises and calculated the kinetic 

viscosity (Nuru & Getachew, 2021). 

3.10. Chemical Parameter Analysis of HPO Using Titration Method 

3.10.1.  Determination of peroxide value (PV)  

Peroxide value was evaluated according to standard methods of AOCS, Mechqoq et al., (2021), 

which was determined by measuring the iodine released from KI, with some modifications. To 

assess the formation of primary oxidation products, 5 g samples of FHPO and FHPOR were taken 

from the last frying cycle (1st, 3rd, 5th, 7th, and 9th) and placed in each 250 mL conical flasks. A 

mixture of acetic acid and chloroform solvent (3:2 ratio) was added to 30 mL of each oil sample 

and stirred thoroughly for dissolution. Then, 1 mL of KI solution was added to each solution. The 

solution was kept in a dark room for 1 min, with occasional stirring, followed by the addition of 

30 mL of distilled water. The liberated iodine was slowly titrated with 0.01N sodium thiosulfate 

solution until the yellow color disappeared, shaking vigorously. After that, 1 mL of starch indicator 

solution was added, and the titration continued by shaking vigorously until the release of all I2 

from the CH3Cl layer, resulting in a blue color disappearance finally become cloudy solution. This 

analysis was done in triplicates (Elamin, 2019). 

3.10.2.  Determination of Iodine Value (IV) using Hanus Method 

Iodine value was evaluated according to standard methods of American Oil Chemist’s Society 

(AOCS), Mechqoq et al., (2021). A 13.2 g of pure resublimed iodine was added to glacial acetic 

acid and placed into a 500 mL volumetric flask by warming over a water bath. When the iodine 

was completely dissolved, the solution was cooled and then about 1.5 mL of pure Br2 was added 

to the solution. The solution was diluted into 500 mL with glacial acetic acid. The whole operation 

was conducted in a fume hood (Fariha, 2020). To determine the degree of modified unsaturation, 

5 g of FHPO and FHPOR from the last frying cycle (1st, 3rd, 5th, 7th, and 9th) were weighed 

separately into 250 mL stoppered conical flasks. Carbon tetrachloride (25 mL) solvent was added 
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to each oil sample and thoroughly mixed to dissolve. Then, the prepared Hanus reagent of 25 mL 

was added to each solution, mixed well, and kept in a dark place in the vial for 30 min for a 

complete reaction between iodine and the unsaturated bonds of oils. The flask was covered by 

aluminum foil to avoid light exposure (Negash et al., 2019). After allowing it to stand, KI solution 

(15 mL), and distilled water (100 mL) were added to the sample solution to transform leftover 

iodine into iodide. The released iodine was titrated with 0.1 N sodium thiosulfate solution using 

starch indicator solution (1 mL) until a blue color forms and disappears after thorough stirring. 

The blank determination was also carried out following the same procedure without the oil. This 

analysis was repeated three times. The difference between the volumes, in mL, of 0.1 N sodium 

thiosulfate vs consumed by the blank test and the actual test, multiplied by 126.9 (atomic weight 

of iodine) and divided by the weight in g of the substance taken for the test was found to be the 

iodine value. The iodine value of the oil was determined using the formula from the literature as 

described by (Jurid et al., 2020). 

3.10.3.  Determination of Acid Value (AV) 

Acid value (AV) was evaluated according to the standard methods of the American Oil Chemists’ 

Society (AOCS) (Mechqoq et al., 2021). To determine the presence of free fatty acids resulting 

from rancidity or contamination with some modification, 3 g of each cooled oil sample was taken 

from the last frying cycles of FHPO and FHPOR (1st, 3rd, 5th, 7th, and 9th fried cycles) were weighed 

and placed into 250 mL conical flasks. Next, 30 mL of newly neutralized ethanol was added, 

followed by thorough shaking to dissolve the sample (Ameen et al., 2023). The sample solution 

was boiled for approximately 5 min. After the mixture was allowed to cool, and then 1 mL of 

phenolphthalein indicator was added. Then after, the sample solution was titrated with 1N NaOH 

solution until a permanent pale pink color appeared. For the blank titration, NaOH (1N) was slowly 

added to 30 mL of ethanol in the presence of phenolphthalein as an indicator. This analysis was 

conducted in triplicates (Elamin, 2019). 

3.10.4.  Determination of Saponification Value (SV) 

The saponification value (SV) was obtained according to the American Society for Testing and 

Materials 464 (ASTMD464) (Mishra et al., 2023). The saponification value was determined with 

some modifications of ASTMD464, and hence, 3 g of FHPO and FHPOR from the last frying 
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cycles (1st, 3rd, 5th, 7th, and 9th) were weighed separately and placed into 250 mL Erlenmeyer flasks. 

Next, 25 mL of 0.5 N alcoholic KOH solution was added to each flask. A blank determination was 

also performed following the same procedures as the sample used. The flasks, along with the 

condenser, were gently boiled in a water bath at regular intervals until saponification was 

completed until it indicated the absence of oily material and the appearance of a transparent fluid 

solution. Clarity was achieved after approximately 30 min of boiling. Once the flask and condenser 

had cooled, the inside of the condenser was washed with approximately 10 mL of ethanol. After 

that, 1 mL of phenolphthalein indicator was added to the solution and the excess KOH was titrated 

with 0.5 N HCl until a cloudy solution was formed. This analysis was also repeated three times 

(Osunrinade et al., 2020). 

3.11. Characterization of FHPO and FHPOR Samples  

3.11.1.  Conjugated Di-ene Value Analysis   

With minor modifications, a UV-visible spectrophotometric examination was carried out to 

quantitatively determine the conjugated fatty acid values (diene) of the treated and untreated 

samples. The measurements were carried out at 230 nm, for the treated FHPOR and untreated 

FHPO samples (Aly et al., 2021). Using AOCS standard procedures, UV absorbance at 230 nm 

was measured (Mechqoq et al., 2021). Accordingly, a 50 mL volumetric flask was filled with 3 

mL of the filtrated, treated, and untreated oil sample from the 1st, 3rd, 5th, 7th, and 9th frying cycles. 

The oil sample was then dissolved in 30 mL of cyclohexane, using a magnetic stirrer. The resultant 

organic phase was carefully collected using a decanted after being centrifuged for 5 min at 1,500 

rpm to extract the upper layer, which contained cyclohexane (Jiang et al., 2020). A UV-visible 

spectrophotometer was then used to evaluate the absorbance of the samples. Finally, following the 

procedures described by (Fonseca et al., 2021), the conjugated dienes were computed.  

3.11.2. Heavy Metal Analysis  

3.11.2.1. Sample preparation using digestion methods 

To determine the heavy metal content, the treated and untreated samples were subjected to wet 

acid digestion following the standard methods described on Association of Official Analytical 

Chemists (AOAC), 2000 protocols (Frances et al., 2023). In this process, 1 mL of the sample was 
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accurately weighed and transferred into a digester tube and was digested via a mixture of 10 mL 

HNO3 (70%), 4 mL HClO4 (70%), and 4 mL H2O2 (30%) at a temperature of 240°C for 2 h in a 

digestive furnace until all the samples were dissolved completely and also to obtain a clear and 

colorless solution (Sun et al., 2021). After completion of the digestion process, and cooling at 

room temperature for 30 minutes. After cooling, 50 mL of deionized water was added to dilute the 

solution (Gebeyehu & Bayissa, 2020).  

3.11.2.2. Analysis of heavy metals using AAS 

To create standard solutions of Pb, Cd, Cu, Fe, Hg, and As, their corresponding salts of Pb (NO3)2, 

Cd (NO3)2, Fe (NO3)2, AsNO3, Hg (NO3)2, and Cu (NO3)2 were dissolved with de-ionized water 

to get a 1000 ppm stock solution each salt. The stock solutions were serially diluted to prepare 

working standards with concentrations of each heavy metal element at 2, 5, and 10 ppm (Frances 

et al., 2023). The analytical wavelengths, energy, lamp current, and slit width for each element 

were used as per the protocols used and the absorbance of the interest element was measured in 

replicates. Accordingly, the absorbance of supernatant solutions of the interest of elements was 

measured at the following operating condition: wavelengths and spectral bandpass for Pb, Cd, Fe, 

Cu, Hg, and As were, Pb: 228.8 nm (0.5 nm), Cd: 217.0 nm (0.5 nm), Fe: 238.2 nm (0.5 nm), Cu: 

324.7 nm (0.5 nm), Hg: 254 nm (0.5 nm), and As: 193.7 nm (0.5 nm). Pb, Cd, Cu, Fe, Hg, and As 

were determined using a Deuterium arc background correction equipped with a hollow cathode 

lamp with the flow rate of the nebulizer with 5.0 mL min-1. Finally, the average concentration 

value of each metal was expressed in mg/g of day weight using the following formula; 

Heavy metals (
mg

100g
) =

C 𝑖𝑛 (
mg

ml
)×V in ml

Sample mass (g)
  , Where C = Concentration of metal ions (mg/mL), V = 

Final volume (50 mL) of solution, W= Initial weight (1 g) of the sample measured. Conversion 

factor 1 ppm or µg/mL = 0.001 mg/g. Where “x” from the calibration curve is in µg/ml is the 

absorbance reading concentration.  



40 | P a g e  
 
 

3.11.3. GC-MS Analysis of FHPO and FHPOR 

3.11.4.1. Preparation of Fatty Acid Methyl Ester (FAME) 

The fatty acid profile was determined using gas chromatography/mass spectrometer after the oil 

samples were esterified into Fatty Acid Methyl Esters (FAMEs) suitable for analysis. First, 10 mL 

of extraction solvent was added for every 1 g of sample (10:1 solvent-to-sample ratio). A 1 g 

portion of the treated and untreated fried samples were weighed and transferred into a 50 mL 

centrifuge tube. To remove water, 0.5g of Na2SO4 and 10 mL of n-hexane were added. After 

Allowing the mixture to stand for a specific duration of time, the extraction of the target 

compounds was facilitated into the solvent (Lisa et al., 2022), and then the mixture was stirred by 

a magnetic stirrer for 1 min. After the extraction time was completed, the extract was separated 

with centrifugation followed by carefully decanting the liquid phase. Next, 5 mL of a 2 M KOH-

methanol solution was added to the solution and allowed to stay for the reaction to be taken place 

for about 5 min (Hee et al., 2023), followed by placing a water bath for 2 min at 70°C. After that, 

a 1 g of Na2SO4 was added to neutralize any excess KOH. The centrifuge tube was then rapidly 

cooled in a desiccator and then add 4 mL of ultrapure water and 5 mL of n-hexane were added. 

The upper solution was extracted through centrifugation at 9400 rpm for 2 min, and the upper 

layer, which contained the interest of the analyte/sample in n-hexane, was carefully separated into 

a vial using a pasture pipette for GC-MS analysis (He et al., 2022).  

3.11.4.2. Gas Chromatography-Mass spectrometry (GC-MS) Fatty Acid Analysis  

The extract of FHPO and FHPOR were concentrated to 1 mL for GC-MS analysis and 1 μL was 

injected into the GC capillary column, (HP-88 containing 88% cyanopropyl arylpolysiloxane as 

stationary phase (30m, 0.25mm, 0.25μm film thickness)). The injector and detector temperatures 

were adjusted to 240oC and 260oC, respectively.  

The GC oven's initial temperature was 60oC and maintained for 2 min, then after raised to 230oC 

at the rate of 8oC/min, kept at 280oC and held for 5 min with a total run time of 34 min. The EI 

MS parameters included a solvent delay of 3 min and a source temperature of 230 oC. The split 

ratio used was 10:1, and helium (purity 99.99%) was used as a carrier gas with a flow rate of 

1mL/min in GC separation. The mass spectrometer was operated in the electron impact (EI) mode 

at 70eV; with an ion source temp: (250oC), a quadruple temp: (150oC), and a translating line 
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temperature of 270oC. The mass scan was found in the range between 50 and 550 m/z with an em 

voltage, of 1035V. Peak identifications for the FAs in FHPO & FHPOR oil samples were 

performed by comparison with MS spectra and retention times (Rt) of the standards. Similar 

procedures were also used for the analysis of the chemical composition of methanolic rosemary 

extracted (RE). 

3.12. Data Analysis  

All data values obtained from the physical and chemical analysis of both treated and untreated oils 

were presented as means ± standard deviation (SD) (Mean ± S.D; N=3) to illustrate the mean 

difference between FHPO and FHPOR. Statistical analysis was conducted to examine the 

relationship between fry time (independent variable) and physio-chemical properties (dependent 

variables) of the oil samples. One-way ANOVA was performed in Excel using data analysis, 

followed by Turkey's test. Graphical representations of the edible oil parameters were generated 

using Microsoft Excel 2019 and Origin Pro software 2018 version. A 95% confidence interval was 

employed with a significance level set at p < 0.05. 
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CHAPTER-FOUR 

4. RESULTS AND DISCUSSION 

4.1. Extraction Yields of Rosemary  

Extraction yields of rosemary (RE) in this study was 16.71% as shown in Figure 10 based on the 

dry weight of 21.538 g obtained from macerated rosemary leaf powder. This result falls between 

the 27% yield reported by Tohma et al., (2021), for 18.7 g methanol extracts and the yield found 

by Chaqroune and Taleb, (2022) for 25 g of rosemary extracted with n-hexane. In Taleb’s study, 

methanol yielded the highest total phenolic content (19.06%), followed by ethanol (13.31%), ethyl 

acetate (7.62%), and n-hexane (5.14%) over 72 h macerated. Therefore, the present study’s yield 

is within this range, it suggests that the rosemary extract produced here is good quality, with 

potential applications in chips preparations and health benefits, particularly due to its antioxidant 

properties.   

4.2. Total polyphenol Content in Rosemary 

According to, Manzoor et al., (2022) the total polyphenol content (TPC) of the macerated rosemary 

in methanol extract was determined using a spectrophotometer and Gallic acid (GA) as a standard. 

The concentration of mg GA in the rosemary leaf sample was found to be approximately 0.2597, 

8.44, 20.65, 27.143, and 40.65 for standard solutions 10, 20, 30, 40, and 50 µg/mL, respectively. 

Moreover, the total phenols in the methanolic extract of different rosemary concentrations were 

quantitatively estimated as mg of gallic acid equivalent (GAE mg / L), N=3) was assessed by the 

Folin-Ciocâlteu reagent method from calibration line as shown in both Appendix Figure 12 and 

Table 12 (Mohammed & Saleem, 2023). To calculate the total amount of polyphenols in the 

rosemary leaf sample, the dilution factor or sample-to-volume ratio (1:10 w/v) used during sample 

preparation.  

The concentration of polyphenols in the sample after dilution was calculated using the following 

equation:  

X or Concentration (
µg

ml
) = Concentration (

µg

ml
) x dilution factor                                     Eq. (24) 
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Thus, the concentration (µg/mL) after applying the dilution factor were as follows: 2.597, 84.4, 

206.5, 271.43, and 406.5 µg/mL, respectively. The TPC from the sample volumes used in serial 

dilution law (10, 20, 30, 40, and 50) 
µg

ml
 , were taken as 1 mL, 2 mL, 3 mL, 4 mL, and 5 mL, 

respectively. The resulting TPC values were as 0.02597, 1.688, 6.195, 13.572, 20.325 
mg

g
 

correspondingly 10g of rosemary extract had the highest TPC (41.81 mg GAE/g), and this result 

agree with a previous study by Bianchin et al., (2020), who measured 45.67 mg GAE/g) for the 

lyophilized rosemary ethanolic extracted.  

4.3. Effect of Rosemary on Repeatedly Deep-Fried Cycles of HPO 

Hayat palm oil (HPO) contains relatively balanced unsaturated and saturated fatty acids. This 

allowed for use for repeated frying for a specific number of cycles. For this reason, HPO was 

chosen for the deep-frying experiment (Nduka et al., 2021). As shown in Figure 11, the pale-

yellow color of fried HPO without any addition of rosemary in the 1st cycle oil changed to deep 

brown by the 9th cycle. Similar results were observed in a Yılmaz et al., (2023) study where 

potatoes fried in palm oil, showed a distinct color change from golden yellow to brown after the 

8th frying. According to Wang et al., (2023), this progressive increase in color intensity indicates 

the decomposition of unsaturated triglycerides, and free fatty acids (FFAs), which leads to the 

formation of harmful compounds. In addition to Nanayakkara et al., (2020) study, the oxidation 

of soybean oil with 10% rosemary extract dissolved in ethanol was found to be lower than that of 

oils treated with the maximum legally permitted level of butylated hydroxy anisole (BHA). 

Rosemary extract enhances the oxidative stability of frying oils and reduces the dark coloration of 

potato chips during frying by inhibiting the Maillard reaction and controlling polymerization 

reactions.  

4.4. Measurement of Physico-chemical parameters of HPO 

The quality of Hayat palm oil was analyzed by determining the physicochemical properties such 

as moisture content, specific gravity, viscosity, pH value, refractive index, peroxide value, iodine 

value, acid value, and saponification values were tested for FHPO and FHPOR as shown from 

Appendix Table 13 to 17.  
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4.4.1. Physical parameters of fried HPO 

The physical parameters (moisture content, specific gravity, refractive index, pH value and 

viscosity) of FHPO and FHPOR were investigated before and after the addition of rosemary leaf 

powder Table 4. 

Table 4: Result analysis of physical parameters of FHPO and FHPOR. 

Para

mete 

FHPO  

Standard 

 

Reference 1st 3rd 5th 7th 9th 

MC 0.738 ± 0.01 0.740 ± 0.11 0.770 ± 0.05 0.790 ± 1.09 1.231 ± 0.04 0.2%  (Hishamu

ddin et al, 

2020; 

Negash, et 

al., 2019; 

Purnama, 

et al., 

2020 ; 

Edo et al., 

2022; 

Adelagun 

et al., 

2023) 

SG 0.9156 ± 0.02 0.9066 ± 0.01 0.9192 ± 0.02 0.9156 ± 0.01 0.9159 ± 0.03 0.895 

RI 1.459 ± 0.01 1.478 ± 0.02 1.489 ± 0.01 1.502 ± 0.03 1.546 ± 0.01 1.455 

pH 4.54 ± 0.03 4.42 ± 0.05 4.43 ± 0.01 4.17 ± 0.01 4.07 ± 0.02 5-7 

V 4.73 ± 1.09 77.03 ± 0.11 79.27 ± 1.21 85.35 ± 0.45 88.02 ± 0.39 50-60  

Para 

mete 

FHPOR  

Standard 1st 3rd 5th 7th 9th 

MC 0.220 ± 0.03 0.540 ± 0.36 0.180 ± 0.03 0.270 ± 0.11 0.130 ± 0.02 0.2% 

SG 0.9091 ± 0.01 0.9016 ± 0.02 0.893 ± 0.02 0.9007 ±0. 03 0.9083 ± 0.01 0.895 

RI 1.459 ± 0.02 1.459 ± 0.01 1.454 ± 0.02 1.459 ± 0.01 1.459 ± 0.01 1.455 

pH 4.69 ± 0.01 5.79 ± 0.02 5.54 ± 0.02 5.24 ± 0.04 4.73 ± 0.01 5-7 

V 64.84 ± 1.09 59.45 ± 0.11 55.27 ± 0.11 52.2 ± 1.32 49.02 ± 0.81 50-60 

N.B. MC = moisture content in %, SG=specific gravity, RI=refractive index, pH, and V=viscosity, 

were calculated as (Mean ± Standard deviation, N = 3) are significantly different p < 0.05.  

Moisture transferred from food to oil, during frying, resulting in water loss from the food and an 

increase in the oil’s MC, affects various physicochemical properties (Liyansan et al.2022; Yildiz 

et al., 2024). An analysis of the MC of frying oils over multiple cycles showed that FHPO samples 

had values, all exceeding the international organization for standardization (ISO 662) and 

American oil chemists society (AOCS) limits, 0.2% (Begum et al., 2024). This aligns with Anwar 

et al., (2024), who noted an increase in palm oil MC from ( 0.08%) before frying to 0.19%, 0.29%, 

and 0.61% after the 1st, 2nd, and 3rd frying cycles, respectively, due to moisture transfer from the 

potato chips to the oil. Continued frying raises MC, this is due to oxygen exposure and excess 

water transfer from potatoes to oil, potentially leading to hydrolytic rancidity (Moufakkir et al., 

2023). Previous studies have linked high moisture levels to chemical reactions such as 
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polymerization, oxidation, and hydrolysis (Banchode et al., 2021), with excessive moisture 

accelerating degradation and increase the formation of fatty acids (de Alzaa et al., 2021; Dodoo et 

al., 2022).  

In contrast, FHPOR samples showed MC values, remaining near the recommended value, during 

the 1st fry but increased in the 3rd and 7th cycles, due to excess water from potatoes or washing. 

However, adding rosemary, achieving reductions of MC across the cycles. This effect is attributed 

to the phenolic compounds in rosemary, which have protective properties. One-way ANOVA 

analysis p (9.88 X10-5) < 0.05 and t-cal (4.535) > t-critical (1.701) confirmed significant 

differences between FHPO and FHPOR, highlighting the effectiveness of rosemary leaf powder 

in preserving optimal frying conditions and enhancing the safety and quality of fried oils by 

reducing MC.  

The quality and purity of edible oils are significantly influenced by their specific gravity (Ahmed 

et al., 2021). According to Negash et al., (2019), FHPO continuously exceeded the permissible 

standard range of 0.891 to 0.899, after multiple frying cycles, suggesting potential deterioration 

and increased toxicants. This aligns with findings by Mishra et al., (2023) who noted that soybean 

oil’s specific gravity increased from fresh oil value (0.911 to 0.920), 5th (0.914 to 0.922), 10th 

(0.916 to 0.923), suggesting that frying cycle contributes the accumulation of aromatic 

compounds. While FHPOR exhibited a relative decrease in SG compared to FHPO, values 

remained above the recommended range for all cycles except the 5th fried cycle. 

The concentration of toxicants in repeatedly deep-fried HPO decreased significantly over cycles. 

Repeated frying leads to hydrolysis, oxidation, and polymerization, which alter oil density and 

specific content, which was mitigated by the antioxidant properties of rosemary leaf powder 

(Mishra et al., 2023). One-way ANOVA p (0.00078) < 0.05 and t-cal (3.768) > t-critical (1.701) 

indicated significant differences between FHPO and FHPOR. The efficiency of rosemary leaf 

powder in preserving frying quality and safety by reducing specific gravity.  

Refractive index (RI) is a physical property that indicates how light passes through a material, 

providing insights into its chemical composition, making it crucial for assessing oil quality during 

multiple frying cycles (Ahmed et al., 2021). FHPO exhibits a higher increase in RI compared to 

FHPOR, attributed to the accumulation of conjugated fatty acids formed during thermal 

degradation, indicating greater autoxidation in FHPO (Ahmed et al., 2021). This aligns with 

Gautam, (2024), who reported that the RI of palm oil increased from 1.459 to 1.461 after frying 
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the 5th frying cycle, suggesting that frequent frying leads to oil rancidity and discourages the reuse 

of vegetable oil. The addition of rosemary powder decreased the RI, indicating lower thermal 

degradation and suggesting that rosemary stabilizes the oil’s chemical characteristics. However, 

the RI in FHPOR varied, notably decreasing from the 1st to 5th fry cycle due to rosemary’s 

presence, while subsequent cycles from the 5th to 7th showed an increase, likely due to the 

degradation of rosemary’s antioxidant properties. The stabilization of RI From the 7th to 9th cycle 

suggests a reached equilibrium in oil degradation. The percentage of reduced toxicants was noted, 

particularly at the 5th cycle with 200 mg/kg of rosemary, aligning closely with standard RI of edible 

Hayat palm oil 1.455 (Begum et al., 2024).  

One-way ANOVA analysis p (8.85 X 10-5) < 0.05 and t-cal (4.575) > t-critical (1.70) showed 

significant differences between FHPO and FHPOR, this indicates the usefulness of rosemary leaf 

powder in maintaining optimal frying conditions and improving the safety and quality of fried oils 

by lowering refractive index.  

The pH value, typically ranges for HPO from 5 to 7 (Edo et al., 2022). In this study, the pH values 

of fried oils were assessed, revealing that FHPO’s values fell below this range. The higher acidity 

in FHPO  suggests a significant breakdown of fatty acids during frying, which aligns with findings 

by Benmeziane et al., (2024), who reported pH decreases values in soybean and corn oil due to 

free fatty acid, released during repeated frying (Jaffar et al.,2024). This decline was catalyzed by 

vapors, oxygen, and water from the fried potato.  

The addition of rosemary in FHPOR initially raised the pH from the 1st to 3rd cycle, though a slight 

decline occurred by the 9th cycle, likely due to, rosemary’s ability to inhabit oil decomposition.  

Among all cycles, the pH in the 5th frying cycle with 200 mg/kg of rosemary remained within the 

standard limit. Additionally, the toxicant levels decreased over the cycles for 1st (3.2%), 3rd 

(23.8%), 5th (20.11 %), 7th (20.9%), and 9th (13.84%), indicating that rosemary powdered 

contributes to maintaining oil quality and safety by mitigating acidity and reducing toxicants.  

One-way ANOVA p (1.7 X 10-7) < 0.05 and t-cal (2.048) > t-critical (1.701) confirmed significant 

differences between FHPO and FHPOR, highlighting the efficiency of rosemary leaf powder in 

preserving conditions and improving fried oil quality.  

Viscosity represents the resistance of a liquid to flow (Duguma & Abebaw, 2020). FHPO’s 

Viscosity increased from the 1st fried 74.73 to 88.02 cP, consistently exceeding the recommended 

maximum range of 50–60 cP (Adelagun et al., 2023). This increase aligns with findings by Kung 
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& Hsieh, (2021), who observed that the viscosity of palm oil rises due to the formation of dimer 

and polymeric compounds through polymerization, resulting in carbon-carbon or carbon-oxygen–

carbon linkages between fatty acids. Similarly, for the Fresh palm oil starts at 55.23 to 75.80 cP 

after 24th. With frying cycles, indicating oil degradation as unsaturation decreases and C=C bonds 

break ( Ahmed et al., 2021). This suggests that as frying continues, FHPO gets thicker and more 

viscous (Ooi et al., 2024). 

In contrast to this previous study, FHPOR maintained viscosity values decreasing from 64.838 to 

49.02 cP. The lower viscosity, particularly in the 5th frying cycle with 200 mg/kg rosemary leaf 

powder mitigates the viscosity decrease and inhibits the formation of high molecular weight of oil 

toxicant effect. Rosemary’s antioxidant properties may further delay oxidative polymerization, 

thus reducing viscosity changes (Wang et al., 2023). Additionally, toxicant levels decreased with 

rosemary, ranging from13.23 to 44.31%, indicating a positive impact in oil quality and safety.  

One-way ANOVA p (8.84 X 10-13) < 0.05 and t-cal (12.268) > t-critical (1.701) showed significant 

differences between FHPO and FHPOR, demonstrating the effectiveness of rosemary leaf powder 

in preserving optimal frying conditions and is essential for improving the safety and quality of 

fried oils by lowering viscosity.  

4.4.2. Chemical Parameter of Fried HPO 

The chemical parameters of fried Hayat palm oil (FHPO) and fried Hayat palm oil with rosemary 

(FHPOR) were extensively investigated before and after the addition of rosemary leaf powder as 

shown from Appendix Table 18 to 21. Table 5 presents the data on peroxide value, iodine value, 

acid value, and saponification value for both oil samples.  
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Table 5: Result analysis of chemical parameters of FHPO and FHPOR. 

Para

mete 

FHPO Standard Referenc

e 1st 3rd 5th 7th 9th 

PV 10.82 ± 0.65 10.87 ± 1.97 11.84 ± 1.96 11.73 ± 1.86 12.57 ± 2.01 < 10 (Hisham

uddin et 

al, 2020; 

MacArth

ur, et al., 

2021; 

Purnama, 

et al., 

2020) 

 

IV 55.98 ± 1.36 55.83 ± 0.16 55.42 ± 0.43 55.24 ± 0.27 54.71 ± 1.17 45-55 

AV 3.74 ± 1.87 3.43 ± 1.08 1.87 ± 0.94 1.87 ± 0.94 1.87 ± 0.94 0.6 

SV 205.08 ± 0.54 206.01 ± 0.54 207.57 ± 0.94 207.54 ± 0.54 207.57 ± 0.94 195-205 

Para 

mete 

FHPOR Standard 

 1st 3rd 5th 7th 9th 

PV 8.97 ± 0.83 8.50 ± 1.48 8.01 ± 0.49 6.97 ± 0.72 6.87 ± 0.40 < 10 

IV 46.07 ± 0.52 47.35 ± 0.21 49.50 ± 0.97 48.34 ± 1.46 48.25 ± 0.17 45-55 

AV 0.743 ± 0.05 0.704 ± 0.01 0.556 ± 0.19 0.426 ± 0.12 0.374 ± 0.19 0.6 

SV 158.54 ± 1.41 194.98 ± 1.40 202.17 ± 1.81 197.31 ± 0.91 183.26 ± 1.43 195-205 

N.B. PV = peroxide value, IV = iodine value, AV = Acid value, and SV = Saponification value, 

were calculated as (Mean ± SD, N = 3) are significantly different p < 0.05.   

Peroxides and hydroperoxides are the initial oxidation products of oils, characterized as unstable, 

odorless, and colorless (Mansour et al., 2022). The peroxide value (PV) quantifies the dissolved 

oxygen in oil serving as an indicator of oxidative degradation, freshness, rancidity, shelf life, and 

overall oil quality (Habarakada et al., 2021). In this study, the PV of FHPO increased steadily over 

multiple frying cycles, ranging from 10.82 to 12.57 meq O2/kg oil, surpassing the standard limit 

of  10 meq O2/kg oil (Begum et al., 2024). This trend indicates increase is indicative of increased 

rancidity, and oxidative degradation (Habarakada et al., 2021). At 5th and 7th fry PV decreases 

from 11.84 to 11.73, potentially due to variations in oxygen exposure affecting oxidation rates 

(Yılmaz et al., 2023). In contrast, the PV for frying oil with rosemary (FHPOR) ranging from 8.97 

to 6.87 meq O2/kg oil, demonstrating that lower PV correlates with better oil quality. So, in PV in 

FHPOR in terms of quality the nearest to the standard is the best oil quality (Moufakkir et al., 

2022). For comparison, untreated sunflower oil reached 23 meq O2 /Kg after 30 frying cycles, 

while rosemary-treated oil decreased to 9 meqO2 /Kg, highlighting the antioxidant properties of 

rosemary effectively delayed oxidation and inhibited formation of excess peroxides.  

Additionally, the percentage of reduced toxicants improved significantly from 17.1 to 45.4%. 

Moreover, the results of analysis using one-way ANOVA p (4.92 X 10-8) < 0.05 and t-cal (7.378) 

> t-critical (1.701) confirmed significant differences between FHPO and FHPOR, underscoring 



49 | P a g e  
 
 

the effectiveness of rosemary leaf powder in enhancing frying oil quality and safety by lowering 

peroxide values.  

The iodine value (IV) measures the degree of unsaturation in fats and oils, specifically the 

concentration of carbon-carbon double bonds. Higher iodine values indicate greater unsaturation, 

making the oil susceptible to oxidation and rancidity (MacArthur et al., 2021; Omara et al., 2019).  

In this study, the IV of FHPO decreased from 55.98 to 54.71 g of I2 /100g oil, were above standard 

range of 45 to 55g of I2 /100g oil for HPO (Purnama et al., 2020). This decline suggests a loss of 

unsaturated bonds due to oxidation and polymerization, leading to degradation and reduced 

nutritional value (Omara et al., 2019).  Gautam, (2024), also observed similar study, the reduction 

in IV indicates a loss of unsaturated bonds, but formed saturated compounds. The increased 

oxidation also raised the oil’s viscosity, making the oil thicker and less fluid or high viscosity 

(Waqar et al., 2023). Therefore, the last 9st cycle, for FHPO becomes more saturated or rancid.  

However, the IV of FHPOR was initially increase from 1st to 5th cycle which means, this high 

value of IV is due to a high content of unsaturated fatty acids essentially due to the abundance of 

oleic and linoleic acids, remain the oil undecomposed (Ahmed et al., 2024). However, the 

subsequent decrease from the 5th to 9th cycle suggests that rosemary’s antioxidant properties reduce 

during further oxidation reactions. While the IV values of both oils remained within acceptable 

limits, FHPOR exhibited better quality due to lower levels of unsaturated and associated toxicants, 

which decreased percentage lowered from 11.6 to 15.8 %.  

One-way ANOVA analysis p (7.85 X 10-17) < 0.05 and t-cal (17.848) > t-critical (1.701) showed 

significant differences between FHPO and FHPOR. This also showed the usefulness of rosemary 

leaf powder in preserving ideal frying conditions and is essential for improving the safety and 

quality of fried oils by increasing the iodine value.  

The acid value (AV) quantifies free fatty acids present in fats and oils, indicating the level of 

hydrolytic in rancidity and overall oil quality (Frances et al., 2023). Higher AV signals increased 

hydrolysis and reduced quality (Mansour et al., 2022).  

In this study, the AV of FHPO decreased from 3.74 to 1.87 mg KOH/g. This decrease contrasts 

with findings by Chu, et al., (2024), which reported an increase in AV for 1st frying oils increased, 

indicating that oil degradation, and produce free fatty acids (Dodoo et al., 2022). But, after the 3rd 

cycle, AV decreased to the 5th cycle, due to high thermal degradation, and oxidative reach to the 
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maximum. After the 5th cycle, the AV remains constant due to the degradation of oil to produce 

free fatty acids (Habarakada et al., 2021).  

For FHPOR, the AV ranged from 0.37 to 0.74 mg KOH/g, indicating that rosemary’s antioxidants 

properties effectively reduced free fatty acids and inhabited the lipid hydrolysis resulting in better 

overall quality (Banchode et al., 2021). But 1st and 3rd fried cycles are still above the maximum 

permissible value, confirming that insufficient antioxidants for detoxification. In contrast, FHPO’s 

AV exceeded the standard for HPO (0.6 mg KOH/g) and was considered unsuitable for further 

frying (Begum et al., 2024). Notably, the AV of FHPOR at the 5th cycle was nearly the same as 

the standard value. The reduction in toxicants across cycles was evident, with percentages 

decreasing from 70.3 to 80.13%. One-way ANOVA analysis p (4.19 X 10-6) < 0.05 and t-cal (5.69) 

> t-critical (1.701) confirmed significant differences between FHPO and FHPOR, indicating the 

effectiveness of rosemary leaf powder in enhancing frying oil safety and quality by lowering acid 

values. 

The saponification value (SV) measures the amount of potassium hydroxide (KOH) needed to 

saponify one gram of the sample, reflecting the average molecular weight of fatty acids in fats and 

oils. This value provides insights into the oil composition and quality, indicating the presence of 

fatty acids with varying chain lengths (Frances et al., 2023). The results for FHPO showed SV 

increasing from 205.08 to 207.59 mg KOH/g. Similar results were reported by Gautam, (2024), 

who observed the SV of fresh palm oil increase from an initial 200.5 mg KOH/g to 214. 55 mg 

KOH/g by the 5th frying cycle, this attributed to the formation of secondary oxidation products, 

such as carbonyl compounds. The increases in SV for FHPO from the 1st to 9th cycles, due to the 

breakdown of triglycerides into free fatty acids resulted in decrease in unsaturated fatty acid 

composition and produce secondary compounds.  

In contrast, FHPOR showed values increase from 158.54 to 202.17 mg KOH/g and then decrease 

from 197.31 to 183.26 mg KOH/g for the same cycles. For FHPOR, the initial increase in SV from 

the 1st to 5th cycles was followed by a decrease, likely from cycle 5th to 9th, this may be due to the 

antioxidant properties of rosemary leaf powder, which helped stabilize the fatty acid profile and 

reduce oxidative degradation. A high SV in FHPOR typically indicates shorter-chain fatty acids 

that are more easily digested, and nutritionally valuable (Banchode et al., 2021). While FHPO 

generally exceeds the standard SV of 195 to 205mg KOH/g, FHPOR values remain below this 

range, indicating that the molecular weight of fatty acids is affected by the addition of rosemary 
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leaf powder (Begum et al., 2024). The best outcomes occurred at the 5th frying cycle with a 

rosemary dose of 200 mg/kg, which significantly reduced toxicants in the oil and was close to the 

standard.  

One-way ANOVA analysis p (0.0001 X 10-8) < 0.05 and t-cal (4.526) > t-critical (1.701) confirmed 

significant differences between FHPO and FHPOR, highlighting the efficacy of rosemary leaf 

powder in preserving ideal frying conditions and improving the safety and quality of fried oils by 

lowering saponification value.  

4.5. Characterization of Fried Hayat Palm Oil 

4.5.1. Conjugated diene value Analysis using UV-visible 

The conjugated diene value (CDV) is an important measure for evaluating the stability and quality 

of edible oils, reflecting the extent of oxidative breakdown and free radical production due to the 

arrangement of double bonds in unsaturated fatty acids. Conjugated dienes, are more reactive and 

prone to oxidation than isolated double bonds (Kaseke et al., 2021). In Appendix Table 22, CDV 

was measured for FHPO and FHPOR during the 1st, 3rd, 5th, 7th, and 9th frying cycles. The % CDV 

for FHPO, in Table 6 was increase from 3.18 to 4.03 %, and then decrease from 4.03 to 3.30 %, 

all exceeding the standard value of 2.5 % (Chbani et al., 2023). The increase in CDV during the 

initial frying cycles (1st to 7th) can be attributed to oxidation and isomerization of linoleic fatty 

acids due to frequent frying and oxygen exposure (Ahmed et al., 2024). CDV generally rises with 

repeated frying but decreases at the 9th cycle due to maximum oil decomposition (Wann et al., 

2021). A similar study by Saleh et al., (2021), found that fresh oil samples had CDV of 0.34 

to1.01%, while in-use frying oil from restaurants ranged from 0.52 to 2.97%. This increase is 

linked to higher polyunsaturated fatty acids, particularly linoleic acid, and the number of frying 

cycles, leading to increased rancidity.  

In contrast, FHPOR showed significantly lower CDV values from 0.29 to 0.64 %, indicating 

reduced oxidative degradation. Adding rosemary can reduce CDV by neutralizing free radicals 

(Nanayakkara et al., 2020). FHPOR showed consistency with lower CDV than FHPO, indicating 

reduced oxidative degradation. This is supported by Kumari et al., (2024), who reported a 5.2-fold 

increase in CDV for oils without antioxidants after 30 days, compared to a lower 3.25-fold increase 

with rosemary extract, which reduced by approximately 27%. Related to this present study, 
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toxicant levels decreased across the frying cycles from 90.97 to78.4%. One-way ANOVA analysis 

p (7.42 X 10-23) < 0.05 and t-cal (4.53) > t-critical (1.701) confirmed significant differences 

between FHPO and FHPOR, confirming the effectiveness of rosemary in maintaining optimal 

frying conditions and improving the safety and quality of fried oils.  

Table 6: Result analysis of the CDV of FHPO and FHPOR using a UV-visible spectrometer. 

Param

para 

                                          FHPO  

Standard 

Reference 

1st 3rd 5th 7th 9th  

(Chbani, et al., 

2023) 

CDV 3.18 ± 0.09 3.34 ± 0.09 3.45 ± 0.15 4.03 ± 0.34 3.30 ± 0.33 < 2.5 % 

Param

para 

                                           FHPOR  

Standard 1st 3rd 5th 7th 9th 

CDV 0.29 ± 0.01 0.39 ± 0.02 0.48 ± 0.03 0.50 ± 0.02 0.64 ± 0.01 < 2.5 % 

N.B. CDV = Conjugated diene value was calculated as (Mean ± SD, N = 3) are significantly 

different p < 0.05. 

4.5.2. Chemical Composition of Rosemary  

The volatile components of rosemary leaf extracts, obtained using 99.8% methanol at room 

temperature and under reflux conditions, were analyzed using GC-MS with Electron Impact (EI). 

The data, compared to the National Institute of Standards and Technology (NIST) database, 

identified 19 major compounds (Jeruto et al., 2024). These compounds were calculated their 

percentage composition by dividing each peak area to the total peak area as follows:- 

% chemical composition =  
each peak area

Σ total peak area
 X 100 %  (Korede et al., 2024). 
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Table 7: The chemical composition of methanolic extract of rosemary leaves powder analyzed 

by GC-MS. 

peak 

№ 

compound 

name common name 

 

     RT Peak area 

% Peak 

area 

1 C9H10O  2-Methylenebicyclo [4.2.0] oct- 4-en-7-one 3.472 44704 0.714 

2 C8H10  Methyl laurate 4.91 220815 3.525 

3 C8H8  Benzene, ethenyl- (Styrene) 5.409 107734 1.72 

4 C8H10  m-xylene and p-xylene 5.447 174855 2.79 

5 C6H10O4  Butane dioic acid, dimethyl ester 7.812 30697 0.49 

6 C14H22O  2,4-Di-tert-butylphenol 14.683 146178 2.33 

7 C12H14O4 1,2-Benzenedicarboxylic acid, diethyl ester 15.711 536957 8.57 

8 C15H30O2  Tridecanoic acid, 12-methyl-, methyl ester 17.093 16398 0.262 

9 C17H34O2  Hexadecenoic acid, methyl ester   19.193 820800 13.102 

10 C16H32O2  Palmitic acid P639 19.534 331995 5.3 

11 C19H34O2  Methyl linoleate 20.84 723701 11.55 

12 C19H36O2  13-Octadecenoic acid, methyl ester 20.897 1581820 25.25 

13 C19H38O2  Methyl stearate 21.111 280610 4.48 

14 C18H34O2  oleic acid  21.237 323529 5.16 

15 C18H36O2  Stearic acid P80616 21.427 115363 1.84 

16 C18H32O2  Linoleic acid @P785 21.994 26820 0.43 

17 C15H24O2  Santalcamphor 22.493 29489 0.471 

18 C19H36O3  Methyl ricinoleate 22.606 709071 11.32 

19 C18H34O2  Methyl palmitoleate 22.859 43162 0.689 

N.B.17)(2R,3R,4aR,5S,8aS)-2-Hydroxy-4a,5-dimethyl-3-(prop-1-en-2-yl) 

octahydronaphthalen1(2H)-one 18) 9-Octadecenoic acid, 12- hydroxy-, methyl ester, [R- (Z)]- 

The chemical composition of methanolic extracted rosemary leaves, summarized in Table 7 and 

Appendix Figure 13, reveals a different bioactive compound. The prominent among them are 13-

octadecenoic acid, (25.25%; C19H36O2), which exhibits anti-inflammatory, hepatoprotective, anti-

androgenic, nematicide, and anti-arthritic properties (Ayoola et al., 2020). Hexadecanoic Acid 

(13.102%: C17H34O2), detected at 19.193 min known for anti-inflammatory, anti-bacterial, anti-

oxidant, and blood cholesterol-lowering properties (Tulandi et al., 2021). Additionally, 2,4-di-tert-

butyl-phenol or 2,4-DTBP (2.33%; C14H22O) detected at 14.683 min has Ms ions m/z 253 [M]+ is 

good agreement with 2,4-Bis (1,1-dimethyl ethyl)-phenol) phenolic compound exhibit anti-fungal, 
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anti-bacterial, herbicide, food additives (antioxidant), anticancer (cytotoxic), anti-inflammatory, 

antiviral, phytotoxic, and nematoidal properties (F. Zhao et al., 2020)  and Santalcamphor 

(0.471%; C15H24O2), is a terpenoid compound well-known for having antioxidant qualities, 

detected at 22.493 min with Ms ions m/z 279.1 [M]+ in Figure 14 (Candra et al., 2023), which is 

good agreement with a common name Santalcamphor contain specific hydroxyl group (-OH). 

These isolated through GC-MS analysis, demonstrate significant antioxidant potential, helping to 

scavenge free radicals, reducing oxidative stress, and potentially delaying aging processes (Zhao 

et al., 2023). Thus, these phenols can prevent several chronic diseases, including diabetes, cancer, 

and cardiovascular disease (Chraibi et al., 2020). Other notable compounds include Methyl 10-

trans,12-cis-octadecadienoate or methyl linoleate (11.55%; C19H34O2) detected at 20.84 min. This 

fatty acid ester has been linked to anti-cancer, anti-microbial, and anti-oxidant properties (Shahin 

et al., 2022). Rosemary extract also contains 9-Octadecenoic acid, 12-hydroxy-methyl ester, [R-

(Z)]- or methyl ricinoleate (11.32%; C19H36O3) detected at 22.61 min which have antioxidant and 

anti-cancer properties (Tulandi et al., 2021), along with 1,2-Benzene dicarboxylic acid, diethyl 

ester or phthalate ester (8.57%; C12H14O4) detected at 15.711 min, which has anti-viral, anti-

inflammatory, antioxidant, and antibacterial properties and Oleic acid (5.16%; C18H34O2) with 

peak 21.237 min known for its antibacterial, anti-inflammatory, and anti-cancer qualities 

(Lamloum et al., 2023; Perera et al., 2021). 

overall, the GC-MS analysis highlights the high prevalence of fatty acids and phenolic compounds 

in rosemary, underscoring its potential as a functional ingredient with significant health benefits, 

particularly due to its antioxidant and anti-inflammatory properties. 

4.5.3. Chemical Composition of Fatty Acid in Fried Hayat Palm Oil 

The study investigated the impact of rosemary leaf powder on the chemical profile and toxicants 

in repeatedly deep-fried HPO using GC-MS analysis. Fatty acids were expressed as % of total fatty 

acids. % fatty acid =  
each peak area

Σ total peak area
 X 100 %   (Korede et al., 2024). 
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Table 8: Summarizes the percentage peak areas and retention times for the total fatty acid result 

from GC-MS (FHPOR). 

 

In the above Table 8 and Appendix Figure 15, thirteen fatty acids were detected in each of the 

examined FHPOR samples. Among these, the most dominant peaks were 13-octadecanoic acid, 

which accounted for 48.272% of the total percentage area and was detected (molecular formula: 

C19H36O2), and palmitic acid, with a percentage area 35.279% (molecular formula: C17H34O2). 

Additionally, methyl stearate was identified, with a peak area of 8.115% (molecular formula: 

C19H38O2). Other identified fatty acids such as myristic acid, which had a peak area of 2.77% 

(molecular formula: C15H30O2), as well as eicosanoic acid indicates a peak area of 1.753% 

(molecular formula: C21H42O2). Lastly, lauric acid was detected with a peak area of 0.561% 

(molecular formula: C13H26O2). The presence of oleic acids (C19H36O2; 0.4563 %) in FHPOR, 

enhanced by the addition of rosemary, indicates that this oil retains its beneficial properties without 

decomposition at 21.338 min. Oleic fatty acids, in palm oil may help lower bad cholesterol and 

reduce heart disease (Stavila et al., 2023). 

 

 

peak 

№ 
Formula types of fatty acid methyl ester RT Area 

% Peak 

area 

1 C13H26O2 Lauric acid 14.777 3019244 0.561 

2 C15H30O2 Myristic acid 17.118 14920663 2.77 

3 C17H32O2 Methyl palmitoleate 19.01 3085233 0.573 

4 C17H34O2 Palmitic acid 19.351 189998786 35.279 

5 C18H36O2 Heptadecanoic acid 20.203 2243129 0.417 

6 C19H36O2 13-Octadecenoic acid 21.061 259976671 48.272 

7 C19H38O2 Methyl stearate 21.294 43707047 8.115 

8 C19H36O2 Oleic acid 21.338 2457239 0.4563 

9 C20H38O2 (E)-9-Octadecenoic acid ethyl ester 21.559 1512822 0.281 

10 C21H40O2 cis-13-Eicosenoic acid 22.688 4272561 0.793 

11 C21H42O2 Eicosanoic acid 22.897 9441326 1.753 

12 C23H46O2 Methyl 20-methyl-heneicosanoate 24.499 1799182 0.334 

13 C25H50O2 Tetracosanoic acid 26.001 2132952 0.396 
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Table 9: Summarizes the percentage peak areas and retention times for the total fatty acid result 

from GC-MS (FHPO). 

peak 

№ 
Formula types of Fatty acid methyl esters RT Area 

% Peak 

Area 

1 C13H26O2 Lauric acid 14.777 1902349 0.529867 

2 C15H30O2 Myristic acid 17.105 8381588 2.33455 

3 C17H32O2 Methyl palmitoleate 19.011 1928451 0.537137 

4 C17H34O2 Palmitic acid 19.345 1.28E+08 35.68191 

5 C18H36O2 Heptadecanoic acid 20.184 1116381 0.310949 

6 C19H36O2 13-Octadecenoic acid 21.061 1.73E+08 48.31474 

7 C19H38O2 Methyl stearate 21.206 28929275 8.057761 

8 C19H36O2 9-Octadecenoic acid (Z)- 21.275 911178 0.253793 

9 C19H34O2 Methyl 10-trans,12-cis-octadecadienoate  21.32 1006704 0.2804 

10 C19H36O3 Oxirane octanoic acid, 3-octyl- 22.506 1090903 0.303853 

11 C21H40O2 cis-13-Eicosenoic acid 22.682 2153457 0.599809 

12 C19H36O3 Octadecanoic acid, 10-oxo- 22.72 1626129 0.452931 

13 C21H42O2 Eicosanoic acid ME P1072 22.884 5347137 1.489355 

14 C19H38O4 Octadecanoic acid, 9,10-dihydroxy-  24.234 963030 0.268236 

15 C23H46O2 Behenic acid  24.493 997263 0.277771 

16 C25H50O2 Tetracosanoic acid 26.001 1101977 0.306937 

The GC-MS analysis of FHPO samples, detailed in Table 9 and Appendix Figure 16, identified 16 

different fatty acid methyl esters. In the sample without rosemary, predominant fatty acids included 

13-octadecenoic acid (C19H36O2; 48.315 %), and palmitic acid (C17H34O2; 35.68%). Additionally, 

fatty acids detected such as myristic acid (C15H30O2; 2.335%) eicosanoic acid (1.489% peak area, 

at 22.884-minute, C21H42O2), lauric acid (0.52987% peak area, at 14.777-minute, C13H26O2). 

Moreover, the FHPO sample showed new peaks potentially harmful secondary compounds: an 

epoxide (3-Octyl-2,3-epoxyoctanoate; C19H36O3), an alcohol (Methyl 9,10-dihydroxystearate; 

C19H36O3), a ketone (Methyl 10-oxostearate; C19H38O4).  

These compounds are associated with serious health risks, such as cardiovascular diseases, 

diabetes, colon cancer, neurodegenerative diseases, and aging (Nid et al., 2024). Additionally, this 

study, identified Methyl 10-trans,12-cis-octadecadienoate (C19H34O2; 0.2804%), a conjugated 

diene of linoleic acid with a 0.2804%. Research by Mechqoq et al.,(2021), indicates that repeated 

frying palm oil results in the formation of hydro-peroxides from the breakdown of omeg-6 
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essential fatty acids (Shahidi & Yeo, 2020). Consuming deep-fried foods, like potato chips, can 

generate harmful byproducts including peroxides, Ketones, aldehydes, alcohols, free radicals, and 

epoxide which can lead to rancid tastes and odors from oxidation at n-6 double bonds (Ujong et 

al.,2023; Mohammadi et al., 2021).  

However, the addition of rosemary led to a significant reduction in the concentrations of several 

fatty acids and complete removal of some toxic substances with 200 mg/kg of rosemary leaf 

powdered effectively preventing the formation of epoxides, alcohols, ketones and conjugated diene 

of linoleic fatty acids were missing in FHPOR, but present oleic acid. The presence of polyphenol 

antioxidants like 2,4-DTBP and Santalcamphor in rosemary is likely responsible for this inhibition  

(Kedir et al.,2023). Overall, incorporating rosemary leaf powder into repeatedly deep-fried Hayat 

palm oil enhances its chemical profile, reducing harmful compounds and supporting healthier 

cooking practices through the use of natural antioxidants. 

4.5.4. Heavy Metal Content in Fried Hayat Palm Oil 

This study evaluates the impact of rosemary leaf powder 200mg/kg at 5th fried on heavy metal 

contamination in HPO subjected to repeated deep frying. The analysis revealed concerning levels 

of heavy metals in both the control (FHPO) and rosemary-treated (FHPOR) palm oil samples from 

Appendix Table 23 and Figure 17 calibration curves were calculated for Pb, Fe, Cu, Cd, As, and 

Hg. Vegetable oils may contain heavy metals from a variety of sources, such as environmental 

pollution, and contamination during extraction and storage (Ntube et al., 2024).  

Table 10: Result analysis of some selected heavy metals of FHPO and FHPOR using atomic 

absorption spectroscopy (AAS). 

 

Heavy metals 

FHPO 

(mg/100g) 

FHPOR 

(mg/100g) 

Standard 

(mg/100g) 

Reference 

Lead (Pb) 0.10  0.01 0.05  (Lin et al., 2024) 

Iron (Fe) 0.02 0.10 1.50   

(Al-Akayleh et al., 2024) Copper (Cu) 0.11 0.10 0.10 

Cadmium (Cd) 0.12 0.01 0.05 (Wathum, 2021) 

Arsenic (As) 0.11 0.01 0.01 (Enemuor et al.,2021) 

Mercury (Hg) 0.10 0.01 0.05 (Code, 2021) 
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In Table 10, FHPO exhibited higher concentrations of Pb (0.10mg/100g), Fe (0.02 mg/100g), Cu 

(0.11 mg/100g), Cd (0.12 mg/100g), As (0.11 mg/100g), and Hg (0.10 mg/100g) while FHPOR 

showed much lower values: Pb (0.01 mg/100g), Fe (0.10 mg/100g), Cu (0.10 mg/100g), Cd (0.01 

mg/100g), As (0.01 mg/100g), and Hg (0.01 mg/100g). This suggests that rosemary leaf powder 

significantly reduces heavy metal contamination. For example, the Lead (Pb) concentration in 

FHPO (0.10 mg/100g) exceeded the WHO/FAO standard of 0.05 mg/g, while FHPOR achieved 

an 88.7% reduction to 0.01 mg/100g. The neurological and carcinogenic risks associated with 

elevated lead levels have been well documented (Gungshik et al.,2023). 

Similarly, while Iron (Fe) levels in FHPO (0.02 mg/100g) were below the 1.50 mg/g WHO/FAO 

standard (Blessing, et al., 2024), it increased to 0.10 mg/100g in FHPOR, remaining within safe 

limits. This slight increase may be attributed to the rosemary leaf content Makhamra, (2023), 

although Fe was below the standard, the formation of free radicals and accelerated oxidation 

processes (Ghosh et al., 2020). The copper (Cu) concentration in FHPO (0.11 mg/100g) exceeded 

the WHO/FAO limit of 0.10 mg/g, while FHPOR showed a minimal reduction (3.85%) to 0.10 

mg/g, in line with safety guidelines. Excess copper intake has been linked to neurological disorders 

(Blessing et al., 2024). Cadmium (Cd) levels in FHPO (0.12 mg/100g) increased the 0.05 mg/g 

limit with implications for serious health problems, such as carcinogenicity, kidneys, lungs, bones, 

stomach, and prostate (Adeyeye et al., 2022; Ali et al., 2023). But, after adding rosemary Cd level 

decreased to 0.01 mg/100g in FHPOR was markedly lower a reduction of 93.75%. Similarly, the 

Arsenic (As) concentration in FHPO (0.11 mg/100g) exceeded the WHO/FAO limit of 0.01 mg/g, 

but decreased by  95.5% to 0.01 mg/100g in FHPOR, reducing risks associated with As level can 

cause health problems including illnesses, neurological problems, gastrointestinal, hematological, 

renal, hepatic, and reproductive issues as well as being carcinogenic and mutagenic (Isiodu et al., 

2024). Mercury (Hg) concentration in FHPO (0.10 mg/100g) was also above the 0.05 mg/g 

WHO/FAO limit with potential neurological consequences and carcinogenic risks (Mallongi et al., 

2023). But, after the rosemary addition, the mercury level was decreased by 90.72% to 0.01 

mg/100g in FHPOR. Statistical analysis using one-way ANOVA p (0.45) > 0.05 and t-cal (-0.79) 

< t-critical (2.23) showed insignificant differences between FHPO and FHPOR. However, the 

addition of rosemary significantly reduced heavy metal concentration to 61.3%. This reduction is 

attributed to the presence of 2,4-DTBPa and Santalcamphor in rosemary, which possesses 

antioxidant and metal-chelating properties effectively binding and sequestering heavy metals. 
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Table 11: Method Validation Parameters for heavy metals in FHPO and FHPOR Using AAS  

 

In the above Table 11, the R2 values for most metals in FHPO and FHPOR range from 0.9564 to 

0.9991, indicating strong linearity and a reliable, consistent relationship between metal 

concentration and absorbance. This suggests that the FAAS method is accurate and precise, 

allowing for reliable quantification of metal concentrations across a wide range. However, the R2 

value for arsenic in FHPOR which is 0. 9423, the lowest in the dataset, indicates weaker linearity 

and less consistency in measurement. This may be due to interference from rosemary or other 

compounds in FHPOR that affect arsenic’s absorbance at the measured wavelength, making 

arsenic less reliable quantified in FHPOR compared to FHPO. 

Limits of Detection (LOD) and Limits of Quantification (LOQ): assess the sensitivity of the 

method for detecting and quantifying low metal concentrations. In FHPO, Hg (LOD =1.1 µg/ml) 

and Pb (LOD =2.1 µg/ml) have low LODs, indicating high sensitivity and precise detection at 

trace levels, which is ideal for identifying contaminations in food products. Similarly, Fe and Cu 

also show low LODs and LOQs, suggesting the method’s overall good sensitivity in FHPO. In 

contrast, FHPOR shows higher LOD and LOQ, especially for As (3.0 µg/ml and 10.0 µg/ml 

respectively), indicating that As is harder to detect in FHPOR, likely due to interference from 

rosemary or other matrix components. Rosemary compounds may bind to metals, reducing their 

availability for absorption and lowering sensitivity. Therefore, the AAS method performs better in 

FHPO, where the simpler matrix results in lower LODs and stronger linearity, while in FHPOR, 

the complex matrix introduces interference that impacts the detection and quantification of metals, 

especially arsenic. Generally, the AAS instrument is sensitive enough to reliably detect the above 

heavy metals, as their LOD and LOQ values are below acceptable limits.  

 

Heavy 

metal 

Permissible limit 

(mg/100g) 

FHPO (µg/ml) FHPOR (µg/ml) Linearity (R2 > 0.95) 

LOD  LOQ  LOD  LOQ FHPO FHPOR 

Pb 0.05 2.14 7.14 2.63 8.75 0.9983 0.9948 

Fe 1.50 2.53 8.42 2.50 8.33 0.9991 0.9643 

Cu 0.10 2.33 7.78 2.47 8.22 0.9959 0.9564 

Cd 0.05 2.57 8.57 2.40 8.00 0.9735 0.9868 

As 0.01 2.24 7.46 3.00 10.0 0.9891 0.9423 

Hg 0.05 1.10 3.67 2.00 6.67 0.9973 0.9643 
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CHAPTER-FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

This study optimized by incorporating powdered rosemary leaves into repeatedly deep-fried Hayat 

palm oil significantly improves oil quality and safety. A study found that adding 200 mg/kg of 

rosemary enhances key physicochemical properties, resulting in more stable and less hazardous 

oil. The FHPOR exhibited positive changes (p < 0.05) in moisture content, specific gravity, pH 

value, refractive index, viscosity, peroxide value, iodine value, acid value, and saponification 

value, along with increased oxidative stability. The conjugated diene value demonstrated that 

rosemary addition improved oil stability, achieving in removal efficacy of 86.214%.   

Using the Folin-Ciocâlteu reagent method, the total polyphenol content (TPC) reached 41.81 mg 

GAE/g. GC-MS analysis identified significant antioxidants in the methanolic rosemary extract, 

such as 2,4-DTBP, and Santalcamphor, which effectively reduced their oxidative degradation in 

FHPOR. This reduction is evidenced by decreased harmful carbonyl compounds including 

ketones, alcohol, epoxides, and conjugated diene value of linoleic acid (CDV), and improved fatty 

acid profiles. Also, oleic acid in FHPOR confirms that the oil fried at 200mg/kg of rosemary has 

not decomposed. The addition of rosemary leaf powder significantly reduces heavy metal 

contamination in FHPO, making FHPOR a safer product for consumption. While FHPO exhibited 

elevated concentration and all except Fe, exceeding permissible limits and posing health risks, 

FHPOR showed much lower levels, within safety guidelines. Notably, rosemary reduced copper 

by 3.85%, lead by 88.7%, cadmium by 93.75%, arsenic by 95.5 %, and mercury by 90.72%. This 

reduction is attributed to the metal-chelating and antioxidant properties of rosemary, resulting in a 

total reduction of heavy metals to 61.3%. Overall, the findings support using powdered rosemary 

leaves as a natural additive to frying oils, enhancing oil stability and promoting healthier cooking 

practices. This sustainable option benefits the food industry by advancing safer food preparation 

techniques and contributing to healthier fried food products. 
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5.2. RECOMMENDATION  

Many women in Tigrai use Hayat palm oil to fry foods like chips, to mitigate health risks, it is 

recommended to add 200mg/kg of rosemary leaf powder to 2 L of fresh HPO can be fry the 

oil up to the 5th fry cycle. This natural antioxidant helps prevent lipid degradation and improve 

food safety. Public awareness campaigns should educate food vendors and consumers on the 

benefits of rosemary as a natural antioxidant, promoting healthier cooking and eating habits. 

Future research should explore the effect of rosemary leaf powder on a wider range of frying 

oils and cooking environments. Investigation of additional parameters related to frying oil 

safety and nutritional quality can significantly improve public health outcomes in the region. 

Expanding the study to include various oils will enhance the generalizability of the findings 

and provide deeper insights into rosemary leaf powder’s role in promoting safer, healthier 

cooking practices. 
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Appendix 

 

Figure 12: GAE calibration curve for determination of total polyphenol content in RE. 

Table 12: Calculation on total amount of polyphenol from gallic acid calibration line 

conc.(ppm) triai-1 trial-2 trial-3 Sum Mean SD Mean ± SD 

sample-10 0.307 0.308 0.309 0.924 0.308 0.001 0.308 ± 0.001 

sample-20 0.37 0.371 0.372 1.113 0.371 0.001 0.371 ± 0.001 

sample-30 0.46 0.461 0.462 1.383 0.461 0.001 0.461 ± 0.001 

sample-40 0.514 0.515 0.516 1.545 0.515 0.001 0.515 ± 0.001 

sample-50 0.618 0.619 0.62 1.857 0.619 0.001 0.619 ± 0.001 

Blank 0.08 0.081 0.082 0.243 0.081 0.001 0.081 ± 0.001 
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Calculation on physical properties for FHPO & FHPOR 

Table 13: Moisture content data record using dry digital oven method for FHPO & FHPOR 

FHPO WSBD WED  WSAD % MC Sum Average 

  19.98g 11.336g  19.92g 0.742     

1st 20.35g 11.612g  20.285g  0.748 2.213 0.738 

  19.42g 10.6g  19.398g  0.723     

  19.853g 11.37g 19.793g 0.711     

3rd 20.31g 11.65g 20.252g 0.65 2.231 0.744 

  19.323g 10.65g 19.25g 0.87     

  20.003g 11.371g 19.941g 0.722     

5th 20.36g 11.65g 20.29g 0.82 2.31 0.77 

  20.36g 10.66g 20.284g 0.765     

  19.89g 11.37g 19.88g 0.176     

7th 20.26g 11.66g 20.25g 0.151 2.38 0.79 

  19.297g 10.66g 19.12g 2.05     

  19.997g 11.378g 19.89g 1.267     

9th 20.42g 11.66g 20.312g 1.194 3.684 1.228 

  19.174 10.66g 19.07g 1.223     

FHPOR WSBD WED  WSAD % MC Sum Average 

  19.924g 11.377g  19.903g 0.246     

1st 20.113g 11.66g  20.097g  0.189 0.66 0.22 

  19.11g  10.66g  19.09g  0.225     

  19.988g 11.38g 19.95g 0.488     

3rd 20.28g 11.38g 20.262g 0.202 1.614 0.538 

  19.42g 10.66g 19.339g 0.924     

  20.122g 11.377g 20.104g 0.2058     

5th 20.194g 11.66g 20.182g 0.1406 0.525 0.175 

  19.076g 10.66g 19.061g 0.1781     

  19.88g 11.378g 19.843g 0.388     

7th 20.191g 11.66g 20.176g 0.176 0.804 0.268 

  19.39g 10.66g 19.369g 0.24     

  19.914g 11.378g 19.901g 0.152     

9th 20.133g 11.66g 20.124g 0.106 0.375 0.125 

  19.201g 10.66g 19.191g 0.117     

To calculate % moisture content value using the following equations example for 1st FHPO: 



86 | P a g e  
 
 

% Moisture ontent = ( 
(WSBD−WED)−(WSAD−WED

WSBD−WED
) X 100 % where, WSBD = weight of the 

sample before dry, WED = weight of empty dish, WSAD = weight of sample after dry, give the 

result as the above in table 13 for 1st FHPO, % moisture content = 0.742, 0.748, & 0.723. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.742 0.748 0.723 2.213 0.73767 0.013051 0.738 ± 0.01   

 0.2% max 

  

  

  

3rd 0.7108 0.6501 0.8676 2.2285 0.74283 0.112233  0.74 ± 0.11 

5th 0.7224 0.8202 0.7654 2.308 0.76933 0.049018 0.77 ± 0.05 

7th 0.176 0.151 2.05 2.377 0.79233 1.089243 0.79 ±1.089 

9th 1.267 1.194 1.223 3.684 1.228 0.036756  1.228 ± 0.037 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.246 0.1893 0.225 0.6603 0.2201 0.028666 0.220± 0.03   

 0.2% max 

  

  

  

3rd 0.488 0.202 0.924 1.614 0.538 0.363588 0.538± 0.363 

5th 0.2058 0.1406 0.1781 0.5245 0.17483 0.032723 0.174± 0.033 

7th 0.388 0.176 0.24 0.804 0.268 0.108738 0.268± 0.1087 

9th 0.1522 0.1062 0.117 0.3754 0.12513 0.024054 0.12513± 0.02 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 0.013051. This calculation can be applied to the 

other samples in the same manner. 
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Table 14: Specific gravity data record using pycnometer for FHPO & FHPOR 

FHPO WOil in g Wp in g  WH2O in g SG Sum Average 

  50.223 27.391 52.179 0.9211     

1st 50.047 27.333 52.105 0.9169 2.7469 0.9156 

  50.127 27.565 52.387 0.9089     

  50.287 27.463 52.179 0.9235     

3rd 49.71 27.669 52.398 0.8913 2.7199 0.9066 

  50.015 27.398 52.387 0.9051     

  50.139 27.402 52.172 0.9179     

5th 50.373 27.652 52.441 0.9166 2.7575 0.9192 

  50.322 27.462 52.228 0.923     

  50.01 27.623 52.173 0.9119     

7th 50.317 26.832 52.44 0.9171 2.7467 0.9156 

  50.068 25.999 52.226 0.9177     

  50.1 27.033 52.245 0.9149     

9th 50.364 27.034 52.5 0.9161 2.7477 0.9159 

  50.222 27.436 52.292 0.9167     

FHPOR WOil in g Wp in g  WH2O in g SG Sum Average 

  49.913 27.519 52.246 0.90565     

1st 50.215 27.727 52.397 0.9116 2.7272 0.9091 

  50.11 27.572 52.343 0.9099     

  50.13 27.519 52.244 0.9145     

3rd 49.463 27.727 52.395 0.8811 2.7048 0.9016 

  50.093 27.571 52.342 0.9092     

  49.5 27.519 52.234 0.8894     

5th 49.4 27.725 52.393 0.8895 2.6783 0.893 

  49.7 27.57 52.341 0.8994     

  50.195 27.519 52.242 0.9002     

7th 50.276 27.725 52.393 0.9012 2.7021 0.9007 

  50.179 27.571 52.342 0.9007     

  49.957 27.52 52.242 0.9076     

9th 50.139 27.724 52.393 0.9086 2.7249 0.9083 

  50.08 27.571 52.342 0.9087     

To calculate the specific gravity using the following equations, for example, for the 1st FHPO: 

Specific gravity =
WOil−Wp

WH2O−WP
, where, WOil = weight of oil, Wp = weight of pycnometer, WH2O = 
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weight of oil distilled water, give the result as the above in table 14 for 1st FHPO, specific gravity 

= 0.9211, 0.9169, and 0.9089. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.9211 0.9169 0.9089 2.7469 0.91563 0.0062 0.9156 ± 0.006   

0.891-0.899 

  

  

  

3rd 0.9235 0.8913 0.9051 2.7199 0.90663 0.01615 0.9066 ± 0.016 

5th 0.9179 0.9166 0.923 2.7575 0.91917 0.00338 0.9192 ± 0.0034 

7th 0.9119 0.9171 0.9177 2.7467 0.91557 0.00319 0.9156 ± 0.0032 

9th 0.9149 0.9161 0.9167 2.7477 0.9159 0.00092 0.9159 ± 0.0009 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.90565 0.9116 0.9099 2.72715 0.90905 0.00306 0.9091 ± 0.003 

0.891-0.899 

  

  

  

3rd 0.9145 0.8811 0.9092 2.7048 0.9016 0.01795 0.9016 ± 0.018 

5th 0.8894 0.8895 0.8994 2.6783 0.89277 0.00574 0.8928 ± 0.006 

7th 0.9002 0.9012 0.9007 2.7021 0.9007 0.0005 0.9007 ± 0.0005 

9th 0.9076 0.9086 0.9087 2.7249 0.9083 0.00061 0.9083 ± 0.0006 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐) = 0.00617. This calculation can be applied to the 

other samples in the same manner.  

Table 15: Refractive index value data record using refractometer for FHPO & FHPOR 

FHPO trial-1 trial-2 trial-3 FHPOR trial-1 trial-2 trial-3 

1st 1.4648 1.4648 1.4648 1st 1.4649 1.4644 1.4647 

3rd 1.4649 1.465 1.465 3rd 1.4645 1.4643 1.4646 

5th 1.465 1.465 1.465 5th 1.4646 1.4647 1.4647 

7th 1.4654 1.4654 1.4655 7th 1.4647 1.4648 1.4647 

9th 1.4658 1.4658 1.4659 9th 1.4647 1.4647 1.4647 

To calculate refractive index using the following equations example for 1st FHPO: R = R1 +

K(T1— T),  for example, R1= (1.4648, 1.4648, 1.4648), k for Hayat palm oil = 0.000385, T1 

temperature record oil was at 25 0C & T = 40 0C, give the result as the above in table 15 for 1st 

FHPO, refractive index = 1.4590, 1.4590, and 1.4590 respectively. 
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FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 1.459 1.459 1.459 4.377 1.459 2.71948E-16 1.459 ± 0.00  

 

1.454-

1.456 

3rd 1.477 1.478 1.479 4.434 1.478 0.001 1.478 ± 0.001 

5th 1.481 1.492 1.493 4.466 1.4887 0.0067 1.489 ± 0.007 

7th 1.501 1.502 1.503 4.506 1.502 0.001 1.502 ± 0.001 

9th 1.545 1.546 1.547 4.638 1.546 0.001 1.546 ± 0.001 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 1.459 1.4586 1.4589 4.3766 1.4589 0.000252 1.4589 ± 0.02  

 

1.454-

1.456 

3rd 1.4587 1.4585 1.4588 4.376 1.4587 0.000153 1.4587 ± 0.01 

5th 1.453 1.454 1.455 4.362 1.454 0.001 1.454 ± 0.00 

7th 1.4589 1.459 1.4589 4.3768 1.459 5.7735E-05 1.459 ± 0.00 

9th 1.4589 1.4589 1.4589 4.3767 1.459 0.01 1.459 ±0.01 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 0.00443. This calculation can be applied to the 

other samples in the same manner. 

Table 16: pH value data record using digital PH meter for FHPO & FHPOR 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 4.51 4.54 4.57 13.62 4.54 0.03 4.54 ± 0.03   

 5-6.4 

  

  

  

3rd 4.44 4.36 4.45 13.25 4.42 0.049 4.417 ± 0.05 

5th 4.44 4.43 4.42 13.29 4.43 0.01 4.43 ± 0.01 

7th 4.17 4.16 4.18 12.51 4.17 0.01 4.17 ± 0.01 

9th 4.06 4.09 4.07 12.22 4.07333 0.0153  4.073 ± 0.015 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 4.68 4.69 4.7 14.07 4.69 0.01 4.69 ± 0.01   

 5-6.4 

  

  

  

3rd 5.77 5.8 5.81 17.38 5.793 0.0208 5.793±0.021 

5th 5.53 5.54 5.56 16.63 5.543 0.0153 5.543±0.015 

7th 5.29 5.22 5.21 15.72 5.24 0.04359 5.24±0.0435 

9th 4.74 4.72 4.72 14.18 4.72667 0.01155 4.727±0.012 

To calculate pH of 1st FHPO using HNNA digital pH-meter, the result in the above table 16 gives 

as fellow 4.51, 4.54, and 4.57. To calculate standard deviation, standard deviation is the square 
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root of the variance.  Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐) = 0.03. This calculation can be 

applied to the other samples in the same manner.  

Table 17: Viscosity data record using digital viscometer for FHPO & FHPOR 

FHPO trial-1 trial-2 trial-3 FHPOR trial-1 trial-2 trial-3 

1st 67 68 69 1st 60 59 58 

3rd 70 70.1 70.2 3rd 54.1 54.2 54.3 

5th 71.1 72.3 73.4 5th 50.2 50.3 50.4 

7th 77.2 78.1 77.9 7th 48.7 47.5 46.3 

9th 79.9 80.1 80.5 9th 45.2 44.8 43.9 

To calculate kinematic viscosity using the following equations for example of 1st FHPO: 

Kinematic Viscosity of oil (v)  =  
Ƞoil 

𝜌𝑜𝑖𝑙
   , while ρoil is density(g/ml) at room temperature (0.889-

0.92 which is average density 0.91g/ml), the result gives 73.63, 74.73, and 75.82 mm2/second. 

respectively. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 73.63 74.73 75.82 224.18 74.7267 1.095 74.73 ± 1.095   

 50-60 cP 

  

  

  

3rd 76.92 77.03 77.14 231.09 77.03 0.11 77.03 ± 0.11 

5th 78.02 79.34 80.44 237.8 79.2667 1.21167 79.267 ± 1.211 

7th 84.84 85.71 85.5 256.05 85.35 0.45398 85.35 ± 0.454 

9th 87.7 87.91 88.46 264.07 88.0233 0.39247 88.023 ± 0.392 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 65.934 64.84 63.74 194.514 64.838 1.097 64.838 ±1.097   

 50-60 cP 

  

  

  

3rd 59.34 59.45 59.56 178.35 59.45 0.11 59.45 ± 0.11 

5th 55.16 55.27 55.38 165.81 55.27 0.11 55.27 ± 0.11 

7th 53.51 52.198 50.88 156.588 52.196 1.315 52.196 ± 1.315 

9th 49.7 49.23 48.13 147.06 49.02 0.80579 49.02 ± 0.806 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 1.095. This calculation can be applied to the other 

samples in the same manner.  
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Calculation on chemical properties for FHPO & FHPOR. 

Table 18: Peroxide value data record using titration methods for FHPO & FHPOR 

FHPO trial-1 trial-2 trial-3 N Na2S2O3  Woil in g FHPOR trial-1 trial-2 trial-3 

1st 0.51 ml  0.54 ml 0.6 ml 0.1 N 5 1st 0.473 ml 0.46 ml 1 ml 

3rd 0.45 ml 0.53 ml 0.65 ml 0.1 N 5 3rd 0.473 ml 0.46 ml 0.33 ml 

5th 0.51 ml 0.54 ml 0.71 ml 0.1 N 5 5th 0.385 ml 0.43 ml 0.39 ml 

7th 0.71 ml 0.56 ml 0.74 ml 0.1 N 5 7th 0.324 ml 0.33 ml 0.39 ml 

9th 0.55 ml 0.6 ml 0.74 ml 0.1 N 5 9th 0.34 ml 0.37 ml 0.33 ml 

To calculate peroxide value using the following equations for example, for 1st FHPO: PV =

 
Vs x N x 1000

Weight of sample (g)
  , the result gives 10.2, 10.75, and 11.5. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 10.2 10.75 11.5 32.45 10.8167 0.65256 10.8167 ± 0.65   

0.1-10 

  

  

  

3rd 9.02 10.65 12.95 32.62 10.8733 1.9745 10.8733 ± 1.974 

5th 10.63 10.8 14.1 35.53 11.8433 1.95618 11.8433 ± 1.956 

7th 10.8 11.2 13.8 35.2 11.7333 1.85831 11.733 ± 1.858 

9th 10.9 12 14.8 37.7 12.5667 2.0108 12.567 ± 2.011 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 9.9 8.3 8.7 26.9 8.96667 0.83267 8.967 ± 0.833   

  

0.1-10 

  

  

3rd 9.45 9.2 6.78 25.43 8.47667 1.47466 8.477 ± 1.475 

5th 7.7 8.57 7.75 24.02 8.00667 0.4885 8.0067 ± 0.489 

7th 6.47 6.65 7.8 20.92 6.97333 0.72155 6.9733 ± 0.722 

9th 6.8 7.3 6.5 20.6 6.86667 0.40415 6.867 ± 0.4042 

To calculate standard deviation, standard deviation is the square root of the variance. 

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 0.65256. This calculation can be applied to the 

other samples in the same manner. 
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Table 19: Iodine value data record using titration methods for FHPO & FHPOR 

FHPO 

Volume of blank in ml Volume of sample in ml  

N of Na2S2O3 

 

Woil in g Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 

1st 169 169 172 40.5 41.5 40  

 

0.1N 

 

 

 

3g 

3rd 175 176 170 45.28 40 39 

5th 170 171 170.5 39.6 39.7 40.5 

7th 172 171 172.5 39.6 39.34 40.57 

9th 172.5 169 171.9 41.5 39.5 39.87 

FHPOR Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 N of Na2S2O3 Woil in g 

1st 175 177 179 60 60.5 59.5  

 

0.1N 

 

 

 

3g 

3rd 181.5 182.6 183.7 70 69.5 65.5 

5th 188.7 189.5 192 75 76 77.5 

7th 167 168.8 169.5 57 56.5 57.9 

9th 152.7 165.5 162.5 44.5 55.2 54.3 

To calculate Iodine value using the following equations for example of 1st FHPO: IV =

 
12.69 x N x (Vs−Vb)

W
  , the result gives 54.99, 57.53, and 55.41. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 54.99 57.53 55.41 167.93 55.9767 1.36152 55.98 ± 1.36   

 45-55 

  

  

  

3rd 56 55.69 55.81 167.5 55.8333 0.15631 55.83 ± 0.156 

5th 55.41 54.99 55.85 166.25 55.4167 0.43004 55.42 ± 0.43 

7th 55.2 55.54 54.99 165.73 55.2433 0.27755 55.24 ± 0.27 

9th 53.51 54.78 55.84 164.13 54.71 1.16658 54.71 ± 1.166 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 45.77 46.67 45.77 138.21 46.07 0.51962 46.07 ± 0.52   

 45-55 

  

  

  

3rd 46.53 47.5 47.2 94.7 47.35 0.21213 47.35 ± 0.212 

5th 48.65 49.3 50.55 148.5 49.5 0.96566 49.5 ± 0.965 

7th 47.2 47.84 49.99 145.03 48.3433 1.46152 48.34 ± 1.461 

9th 48.1 48.22 48.434 144.754 48.2513 0.16919 48.25 ± 0.169 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 0.65256. This calculation can be applied to the 

other samples in the same manner.  
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Table 20: Acid value data record using titration methods for FHPO & FHPOR 

FHPO 

Volume of blank in ml Volume of sample in ml  

N of KOH 

 

Woil in g Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 

1st 13 14 15 12 12 12  

 

0.1N 

 

 

 

3g 

3rd 15.5 16.5 16.5 14 14 15 

5th 19.5 19 24 18 18 22.5 

7th 22.5 23.5 24.2 22 22.5 22.7 

9th 24.7 25.5 26.5 24.2 24.5 25 

FHPOR Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 N of KOH Woil in g 

1st 1.4 1.32 1.31 1 0.9 0.9  

 

0.1N 

 

 

 

3g 

3rd 0.98 1.3 1.4 0.6 0.9 1 

5th 1 1.3 1.3 0.8 0.9 1 

7th 1.1 1.2 1 0.9 0.9 0.8 

9th 1.5 1.3 1.4 1.3 1.2 1.1 

To calculate Acid value using the following equations for example of 1st FHPO: 

Acid value (mg
KOH

g
) =

Mx 56.1 x (Vs−Vb)

w
 , the result gives 1.87, 3.74, and 5.61. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 1.87 3.74 5.61 11.22 3.74 1.87 3.74 ± 1.87 

  

0.6mg 

  

  

  

3rd 2.805 4.675 2.805 10.285 3.42833 1.07965 3.43 ± 1.08 

5th 0.935 1.87 2.805 5.61 1.87 0.935 1.87 ± 0.935 

7th 0.935 1.87 2.805 5.61 1.87 0.935 1.87 ± 0.935 

9th 0.935 1.87 2.805 5.61 1.87 0.935 1.87 ± 0.935 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.687 0.778 0.765 2.23 0.74333 0.04922 0.743 ± 0.0492 

  

0.6mg 

  

  

  

3rd 0.711 0.701 0.699 2.111 0.70367 0.00643 0.7036 ± 0.006 

5th 0.374 0.748 0.547 1.669 0.55633 0.18717 0.5563 ± 0.187 

7th 0.374 0.561 0.342 1.2773 0.42577 0.11818 0.426 ± 0.12 

9th 0.374 0.186 0.561 1.121 0.37367 0.1875 0.374 ± 0.188 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 1.87. This calculation can be applied to the other 

samples in the same manner. 
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Table 21: Saponification value data record using titration methods for FHPO & FHPOR 

FHPO 

Volume of blank in ml Volume of sample in ml  

N of HCl 

 

Woil in g Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 

1st 46.4 46.6 47.4 24.5 24.6 25.2  

 

0.5N 

 

 

 

3g 

3rd 44 42.9 41.5 20.5 20.9 19.5 

5th 45.7 46.2 45.8 23.5 24 23.5 

7th 45.1 45 45.3 23.1 23.1 23.3 

9th 47.02 47 47.1 25 24.9 22.8 

FHPOR Vs1 Vs2 Vs3 Vb1 Vb2 Vb3 N of HCl Woil in g 

1st 32.5 31.9 32.6 15.7 14.9 15.5  

 

0.5N 

 

 

 

3g 

3rd 33.66 32.5 33.5 12.8 11.8 12.5 

5th 37.5 37.46 36.9 15.8 15.7 15.5 

7th 35 36 35.1 14 14.9 13.9 

9th 35.8 36 35.9 16 16.5 16.4 

To calculate saponification value using the following equations for example of 1st FHPO: SV =

56.1  x 0.5NHCl (Vs−Vb)  

w
 , the result gives 204.8, 205.7, and 204.8. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 
204.77 205.7 204.77 615.24 205.08 0.53694 205.08 ± 0.5369 

 

3rd 
206.64 205.7 205.7 618.04 206.013 0.54271 206.013 ± 0.543 

195-205 

5th 
206.64 207.57 208.51 622.72 207.573 0.935 207.573 ± 0.935 

 

7th 
205.7 204.77 205.7 616.17 205.39 0.53694 205.39 ± 0.54 

9th 
207.57 206.64 208.51 622.72 207.573 0.935 207.573 ± 0.935 

FHPOR 
trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD 

Standard 

1st 
157.08 159.89 158.64 475.61 158.537 1.40785 158.537 ± 1.408 

  

 195-205 

  

  

  

3rd 
195.041 193.55 196.35 584.941 194.98 1.40099 194.98 ± 1.401 

5th 
202.9 203.5 200.1 606.5 202.167 1.81475 202.167 ± 1.81 

7th 
196.4 197.3 198.22 591.92 197.307 0.91002 197.307 ± 0.91 

9th 
185.13 182.325 183.26 550.715 183.572 1.42824 183.26 ± 1.43 

To calculate standard deviation, standard deviation is the square root of the variance.  

Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 1.3706. This calculation can be applied to the 

other samples in the same manner.   

 



95 | P a g e  
 
 

Table 22: Result analysis of CDV for FHPO & FHPOR using UV-Visible spectrometer. 

FHPO trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 3.1604 3.0884 3.283 9.5318 3.17727 0.09839 3.1773 ± 0.0984 

  

< 2.25% 

  

  

  

3rd 3.2332 3.3708 3.4031 10.0071 3.3357 0.09022 3.3357 ± 0.0902 

5th 3.421 3.315 3.6126 10.3486 3.44953 0.15084 3.44953 ± 0.1508 

7th 4.1538 4.2945 3.6418 12.0901 4.03003 0.3435 4.0300 ± 0.3435 

9th 3.111 3.1051 3.6821 9.8982 3.2994 0.33144 3.2994 ± 0.3314 

FHPOR trial-1 trial-2 trial-3 Sum Mean SD Mean ± SD Standard 

1st 0.2867 0.2865 0.2866 0.8598 0.2866 0.0001 0.2866 ± 0.0001 

  

< 2.25% 

  

  

  

3rd 0.3942 0.394 0.3943 1.1825 0.39417 0.00015 0.39417 ± 0.0002 

5th 0.483 0.4832 0.4832 1.4494 0.48313 0.00012 0.48313 ± 0.000 

7th 0.5041 0.5043 0.5042 1.5126 0.5042 1E-04 0.5042 ± 0.000 

9th 0.6424 0.6424 0.6427 1.9275 0.6425 0.00017 0.6425 ± 0.0002 

To calculate CDs value using the following equations for 1st FHPO: CDs = [
Aλ𝑠230

bc
], where c or 

concentration of sample =1mL and b or path length of cuvette =1cm, the result gives 3.1604, 

3.0884, and 3.283. To calculate standard deviation, standard deviation is the square root of the 

variance.  Variance (V)2 =
∑ (𝐱𝐢−𝐱̅)𝟐

𝐧=𝟑

𝐢=𝟏

⋂−⊥
, & SD = √(𝐯𝟐)  = 0.09839. This calculation can be 

applied to the other samples in the same manner.   
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Figure 13: Typical GC-MS total ion mass chromatograms showing the volatile chemicals found 

in the 99.8% methanolic extracts for extracted rosemary leaves at room temperature. 

 

counts Vs Mass-to-charge (m/z) 

Figure 14: MS (m/z) ratio fragment for (2R,3R,4aR,5S,8aS)-2-Hydroxy-4a,5-dimethyl-3-(prop-

1-en-2-yl) octahydronaphthalen-1(2H)-one(C15H24O2) Compound. 

 

Figure 15: Typical GC-MS total ion mass chromatograms showing the volatile chemicals found 

in FHPOR at room temperature. 
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Figure 16: Typical GC-MS total ion mass chromatograms showing the volatile chemicals found 

in FHPO at room temperature. 

Table 23: Result of heavy metals for FHPO & FHPOR using AAS spectrometer. 

Fried Hayat palm oil (FHPO) 

№ Concentration in ppm 2ppm 5ppm 10ppm Sum Mean SD Mean ± SD Standard 

1 Lead (µg/ml Pb) 0.07 0.085 0.098 0.253 0.084 0.01 
0.084 ± 0.01 0.05 

2  Iron (µg/ml Fe) 1.85 1.95 2.04 5.84 1.95 0.08 
1.95 ± 0.08 1.5 

3 Copper (µg/ml Cu) 0.14 0.15 0.158 0.448 0.15 0.007 
0.15 ± 0.007 0.1 

4 Cadmium (µg/ml Cd)  0.12 0.129 0.134 0.383 0.13 0.006 
0.13 ± 0.006 0.05 

5 Arsenic (µg/ml As)  0.55 0.65 0.75 1.95 0.65 0.082 
0.65 ± 0.082 0.01 

6 Mercury (µg/ml Hg) 0.1 0.15 0.21 0.46 0.15 0.045 
0.15 ± 0.045 0.05 

Fried Hayat palm oil with rosemary leaf powder (FHPOR) 

№ 

Concentration in 

ppm 
2ppm 5ppm 10ppm 

Sum Mean 
SD 

Mean ± SD Standa

rd 

1 Lead (µg/ml Pb) 0.04 0.047 0.056 0.143 0.048 0.007 0.048 ± 0.007 0.05 

2  Iron (µg/ml Fe)  1.1 1.2 1.4 3.7 1.23 0.125 1.23 ± 0.125 1.5 

3 Copper (µg/ml Cu) 0.067 0.09 0.14 0.297 0.099 0.031 0.099 ± 0.03 0.1 

4 Cadmium (µg/ml Cd)  0.01 0.02 0.035 0.065 0.022 0.01 0.022 ± 0.01 0.05 

5 Arsenic (µg/ml As)  0.006 0.0065 0.0067 0.0192 0.006 0.0003 0.006 ± 0.0003 0.01 

6 Mercury (µg/ml Hg) 0.01 0.011 0.013 0.034 0.011 0.001 0.011 ± 0.001 0.05 
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Figure 17: Calibration graphs for all six heavy metals analyzed by AAS. 


