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ABSTRACT 
Acrylamide is a chemical compound which is formed in 

starchy foods such as crisps, chips, bread and crisp breads when 

cooked at high temperatures. It was first discovered by Scientists 

in Sweden in 2112. The main purpose of this investigation was to 

study  the effect of  some phytochemicals and their rich sources  

such as curcumin and turmeric or  gallic acid and green tea  on 

the  reduction of acrylamide formation during frying process of 

potato chips by using some technological treatments for oil and 

also, the reduction its harmful effects on health. The biological 

effects of these phytochemicals on lipid profile were also 

investigated .The results showed that treatment with curcumin 

(1.0 and 1..:) and turmeric at different concentrations (1.0 and 

0:) had reduced the formation of acrylamide in potato chips. The 

rate of reduction increased with prolonged frying time from 21 

min to 8 hr using curcumin at 1.0: and turmeric at 0:, 

respectively. However, fried potato chips treated with gallic acid 

and green tea increased the final acrylamide value. Biological 

results indicated that acrylamide alone induced a significant 
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decrease in the activities of serum total cholesterol (TC), 

triglycerides (TG), very low density lipoprotein cholesterol 

(VLDL) and low density lipoprotein cholesterol (LDL)Also, it 

increased the activities of  serum high density lipoprotein 

cholesterol (HDL) comparing to the control group and other 

treated groups. In addition, serum total cholesterol, triglycerides, 

VLDL and LDL level activity decreased with the increase in the 

concentration of turmeric, curcumin, green tea and gallic acid. 

While, serum HDL level increased with the increase in the 

concentration of pervious treatments. Finally treatments with 

acrylamide together with curcumin or, gallic acid at 1..: showed 

the best biological treatments. 

 

INTRODUCTION 

Acrylamide (ACR), a water-soluble vinyl monomer, had many 

applications in chemical industries and laboratories. ACR can be 

produced during food processing under high temperature via the 

Maillard reaction (Tareke et al., 2002), especially during the 

processing of food containing asparagine and glucose  A wide range 

of cooked foods contain acrylamide at levels ranging from a few parts 

per billion (ppb) to the excess of 0000 ppb (Friedman and  Levin, 

2002). Acrylamide formation is affected by many factors, such as 

precursors (i.e., reducing sugar and asparagine) concentration, pH, 

water content and activity, physical state of the food, and process 

parameters, mainly represented by the heating time and temperature 

(Hedegaard  et al., 2002). Acrylamide has several harmful health 

effects including neurotoxicity, reproductive toxicity, carcinogenicity, 

genotoxicity, and mutagenicity (Erkekoglu and Baydar 2000).  

Phytochemicals are naturally occurring, non nutritive chemicals. 

They can be categorized into various groups, i.e., polyphenols, 

organosulfur compounds, carotenoids, alkaloids, and nitrogen-

containing compounds. Most phytochemicals have antioxidant activity 

and protect cells against oxidative damage and reduce the risk of 

developing certain types of cancer. They help to reduce menopausal 

symptoms and osteoporosis (Tyagi et al., 2000), exert well-evidenced 

cardioprotective, neuroprotective, chemopreventive and anti-

inflammatory properties, (Chirumbolo, 2002). 
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Gallic acid (GA; 5,4,3-triphydroxyl-benzoic acid) as a 

polyhydroxylphenolic compound is widely distributed in various plants, 

fruits and foods, where it is present either in free form or, more commonly, 

as an ingredient of tannins, namely gallotannin (Ferk et al ., 2000). Green 

tea is an important source of GA and contains up to 4.3 g/kg of fresh weight 

(Joubert et al., 2002).  Gallic acid used to prevent rancidity and spoilage in 

fats and oils; it has been used as an additive in cosmetics and foods such as 

shortening, baked goods, candy, and chewing gum (Lee, 2002). Also, some 

gallic acid esters are widely used as food additives to prevent food 

oxidation. In addition, gallic acid has biological activities such as anti-

allergic, anti-mutagenic anti-bacterial ,antifungal, anti-viral ,anti-

inflammatory , antioxidant and antitumor effects.(Jang et al.,2002 and  You 

and Park, 2000 ) 

 Green tea (Camellia sinensis) is being used for several medical 

purposes and its activities have been observed in various  

experimental models as well as catechins and gallic acid (GA) (Wu et 

al., 2000). The increasing evidence indicates that green tea has 

multiple health benefits, such as antitoxoplasmal, anticataract 

,antihypocholesterolemic, anti-trypanosomal, antinematodial and anti-

helminthic.  anticoccidial (Bin Dajem  et al ., 2000). Moreover, the anti-

stress, anticancer and antioxidants affects, antifungal, antibacterial 

anti-inflammation, anticoccidial neuroprotection and anti-obesity, 

antiviral has been reported (Hsu et al., 2000). It was also found that it 

had antidiabetic (Shokrzadeh et al., 2002) and reduced the risk of 

antigenotoxic (Gupta et al., 2002). In particular, green tea may lower 

blood pressure and thus reduce the risk of stroke and coronary heart 

disease.  ( Finkel et al., 2002 ) hepatoprotective (Salminen et al ., 

2002). 

Turmeric (Curcuma longa) has been used in Ayurvedic medicine 

for its anti-inflammatory properties. Curcuma longa is a perennial 

member of the Zingiberaceae family, and cultivated mainly in India, 

and Southeast Asia (Ammon and Wahl, 0220). Curcuma is commonly 

used as a spice, flavoring agent, food preservative, and color agent. 

The primary active ingredient of turmeric is in a group of three 

curcuminoid. Curcumin (Difeurloylmethane), the yellow pigment of 

turmeric considered as anti-oxidant, anti-microbial, anti-fungal, anti-
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viral and anti-inflammatory, anti-carcinogenic agent (Bower et al., 

2000). Recent studies, and extensive review literature has also proved 

curcumin role in enhancement of wound healing (Singh et al., 2000), 

reducing blood cholesterol (Xiao et al., 2002). 

The aim of this work was to study the effect of some 

phytochemicals and their rich sources such as curcumin and turmeric 

or gallic acid as well as green tea on the reduction of acrylamide 

formation during frying process of potato chips using different 

concentrations and reduction the harmful effects of acrylamide. Also, 

the biological effects of these phytochemicals on lipid profile were 

investigated.   

 

MATERIALS AND METHODS 

Materials 

Phytochemicals (curcumin (C20H20O2) and gallic acid 

(C2H2(OH)5COOH) were obtained from Sigma (Diesenhofen 

,Germany ). Herbs [turmeric (Curcuma longa), green tea (Camellia 

sinensis)] were purchased from local market (Harraz Company) in 

Cairo city (December, 2000). Potatoes, local variety (Spunta) were 

donated from Horticultural Research Institute, Agriculture Research 

Center, Giza, Egypt. Frying oil Helwa oil (A mixture of olein, soy 

bean and sunflower oils) were purchased from Affia International 

Corporation, Egypt).   

Acrylamide (229 pure) C5H3ON was purchased from Sigma 

(Diesenhofen, Germany). All chemical and solvents used in the 

analyses were of analytical grade and purchased from Merck, 

Darmstadt, Germany.                                      

Analytical Methods 

Determination of amino acids content of potatoes 
 Free amino acids content was determined using   ion-exchange 

chromatography following the method described by Williams (2110)  

Determination of sugars content of potatoes 

Glucose and fructose were determined enzymatically. A mixture 

of 20g of grated potato and 020ml of deionized water were 

homogenized .Solutions, 3ml Carrez l (030g of potassium 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen
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hexacyanoferrate (ll) trihydrate per liter) and 3ml Carrez ll (500g of 

zinc sulfate heptahydrate per liter) were added. The mixture was 

thoroughly shaken, the pH was adjusted to 2.0-2.3 with a few drops of 

KOH solution (4mol/L) then, foam was broken by addition of 3 µl of 

Iso-octanol, and the volume adjusted to 230ml with deionized water 

.Filtered samples were subjected to enzymatic analysis as described by 

the producer Amerin et al., (2004). 
Preparation of potato chips and technological treatments of frying 

oil 

 Potatoes were peeled, washed with water and thereafter chopped 

into uniform pieces. In order to perform each frying experiment in a 

repeatable manner, a large homogeneous batch of raw potato chips 

with similar size was prepared using home plane at the beginning of 

each series of experiments. Potato chips were immersed in one liter of 

water (00 min) until frying. To examine the phytochemicals and its 

rich source as a reduction agent for acryalmide formation during 

frying process, the additives were added to frying oil before starting 

frying process as follows;  Turmeric or green tea (0.39 and 09 for 

each) and  Gallic acid or curcumin (0.09 and 0.5% for each). Each 

additive was added separately to frying oil. The frying was performed 

in thermoelectric domestic fryers containing 0300 ml frying oil at 

020ºC to equilibrated for 3min. Potatoes chips were added to the oil 

and frying process was prolonged to 03 min. Potatoes chips cooled 

directly after frying in a stainless steel basket at room temperature. 

Fried potatoes chips were divided into two groups: a part of the batch 

was thoroughly homogenized for acrylamide analysis and the other 

used for sensory analysis. 

Prolonged frying time test 

After taking zero time sample (20 min) for determination of 

acrylamide content and sensory analysis, frying process was continued 

in different batches for each additive treatment separately for 2 hours 

to study the prolonged frying time on acrylamide formation and 

treatments on oil quality. The final batch of each treatment was 

collected for determination of acrylamide by HPLC, sensory analysis 

and   quality characteristic of oil.   
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Preparation of sample for HPLC analysis 

Preparation of samples was carried out according to the method 

described by Gokmen and Senyuva (2002). One gram of ground 

sample was weighed in to centrifuge tube with cup .The sample was 

suspended in 3 ml methanol  and extracted for 2min in a vortex mixer. 

The suspension was centrifuged at 3000rpm for 00 min. The clear 

supernatant was transferred into a centrifuge tube and treated with 

Carrez l and ll solutions (23µ/each) to precipitate the co-extractives. 

Following centrifugation at 3000 rpm for 3 min, 0.0 ml of clear 

supernatant (0.2g sample) was quantitatively transferred into a conical 

bottom glass test tube placed in a water bath at 40ºC and evaporated to 

dryness under nitrogen at psi. The remaining residue was immediately 

re-dissolved in 0ml of water by mixing in a vortex mixer for 0min.  
HPLC determination of acrylamide  

Twenty microliter of the methanol extract was filtered through a 

0.22 µl syringe filter and then injected in HPLC (Hewlett Packard 

0030), using column C02 (230x 4.2 nm, 3µ purity C02). The column 

was eluted with 209 methanol / water (v/v) with a flow rate 0ml/0 

min. The effluent was monitored by UV absorbance at 234 nm, and 

the acrylamide peak was obtained with retention time of 3.2 min 

according to the method of Gokmen and Senyuva, (2002). 

 
Determination of frying oils quality characteristics 

To estimate the effect of using acrylamide lowering agents on the 

oil quality, in both fresh and oil samples drawn at 2 hr from each 

fryers of treated and untreated oil (control) potato chips were analysed  

for their quality characteristics, changes in viscosity (CP) were 

monitored using viscometer Brookfield RVDV Spindle SC4-20 

connected to a water bath Brookfield TC300. Viscosity determination 

was carried out at 23º± 0.0ºC according to the method described by 

Howard (0220). Refractive index, peroxide value (PV) and acid value 

were determined according to A.O.A.C (2003).  
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Determination of fatty acids 

Methylation of fatty acids 

An aliquot of fatty acids, about 00mg, was dissolved in 2ml 

hexane and then 0.4ml 2N KOH in anhydrous methanol was added 

(Cossignani et al., 2003), after 5 min 5ml water was added .The 

organic layer was separated by centrifugation, it was dried over 

anhydrous sodium sulfate, then concentrated with a N2 stream to 

around 0.3ml for GC analysis of fatty acids methyl esters (FAME) as 

described below. 

Gas chromatography analysis of FAME 

Agilent 2220 series GC apparatus provided with a DB-25 

column (20mx0.52mmx0.23µm) was used. Fatty acids results after 

the previous procedures steps were transformed into their methyl 

esters and directly injected into the gas chromatography instrument. 

Relative fatty acid percentages were calculating using GC Chemstaion 

software.  

Organoleptic evaluation   

An organoleptic test was conducted by ten highly trained 

panelists. The panelists gave different scores for quality parameters 

including flavor, color, crispness and over acceptability. The 

organoleptic analysis was evaluated according to the numerical 

scoring test (Ranganna, 0222). 

Experiment biological design  

All biological experiments were done at the Research Institute of 

Ophthalmology, Medical Analysis Department, Giza, Egypt. Rats (n = 

20 rats) were housed individually in wire cages in a room maintained 

at 23 + 2
o
 C and kept under normal healthy conditions. Basal diet was 

prepared according to AIN (0225). All rats (20 rats) were fed on basal 

diet for one – week before starting the experiment for acclimatization. 

After one week period, the rats were divided into 00 groups (2 rats 

each), all groups were fed for 53 days on experimental diet as follows:  

Group (0): This group was fed on the standard diet only as a negative 

control (healthy rats) (control). Group (2): This group was fed on the 

standard diet containing 20 mg acrylamide as a positive control (AA). 

Group (5): This group was fed on the standard diet containing 20 mg 
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acrylamide and 09 curcumin (C0). Group (4): This group was fed on 

the standard diet containing 20mg acrylamide and 59 curcumin (C2). 

Group (3): This group was fed on the standard diet containing 20 mg 

acrylamide and 39 turmeric powder (T0). Group (2): This group was 

fed on standard diet containing 20mg acrylamide and 009 turmeric 

powder (T2). Group (2): This group was fed on the standard diet 

containing containing 20mg acrylamide and 09 gallic acid (GA0). 

Group (2): This group was fed on the standard diet containing 20mg 

acrylamide and 59 gallic acid (GA2). Group (2): This group was fed 

on the standard diet containing 20mg acrylamide and 39 Chinese 

green tea (G0). Group (00): This group was fed on the standard diet 

containing 20mg acrylamide and 009 Chinese green tea (G2). 

Blood sampling  
In all experimental groups, blood samples were collected after 02 

hours fasting at the end of each experiment, using the reto orbital 

method by means of micro capillary glass heparin zed tubes. Blood 

samples were collected into dry clean centrifuge tubes and left to clot 

in water bath (52
o 

C) for half an hour. The blood was centrifuged for 

00 minutes at 5000 rpm to separate the serum. Serum was carefully 

aspirated into clean cuvette tube and stored frozen at – 20
o 

C for 

analysis as described by Schermer, (0997). 

Determination of serum lipids profile 

Kits for total cholesterol, triglycerides, high density lipoprotein 

(HDL) were obtained from Biodiagnostic Company, Egypt. Total 

cholesterol was calorimetrically determined according to NIHP, 

(0222). Triglycerides were determined according to the method of 

Fassati and Prencipe, (0222). Determination of HDL was carried out 

according to the method of Lopes-Virella et al., (0222). While, VLDL 

and LDL were calculated according to the equation given by Lee and 

Nieman, (0222) as follows:  

VLDL (mg / dl) = triglycerides / 3. 

LDL (mg / dl) = (Total cholesterol – HDL) – VLDL 

 Statistical analysis 

The data were analyzed using SPSS (Statistical Package for 

Social Sciences) version, 04.0.The results are presented as Mean ± 
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S.D. One way analysis of variance (ANOVA) was used to test the 

difference between groups. Comparisons between means of groups 

were analyzed by L.S.D test with significance level 0.03, SPSS 

(2000). 

 

RESULTS AND DISCUSSION 

Free amino acids of potatoes tubers were determined and the 

results are shown in Table (0). Results revealed that asparagine and 

glutamine are the major free amino acids and were found to be 2.039 

and 2.529, respectively, followed by argnine (0.309). 

Table 0: Free amino acids content of potatoes 

 

Brierley et al., (0222) indicated that, in potato tubers, asparagine 

and glutamine are the predominant amino acids, often accounting for 

up to 209 of the total free amino acid composition.   

Five tubers from a lot of Spunta potatoes were analyzed individually. 

Reducing sugars content (glucose and fructose) varied strongly. The 

size of the five tubers varied from small and oversize and results were 

Content ( mg /011 mg ) Amino Acids 

1.00 % Argnine 

2.10 % Asparagine 

1.29 % Alanine 

1.2. % Isoleucine 

1.20 % Proline 

1.09 % Therionine 

2..9 % Glutamine 

1.08 % Glycine 

1.09 % Serine 

1.0  % Cystein 

1..8 % Valine 

1... % Phenylalanine 

1.41 % Lysine 

1.29 % Leucine 

1.09 % Methinoine 

1.04 % Histidine 

1.22 % Tyrosine 
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expressed as mg/kg. Data in Table (2) revealed that the main content 

of reducing sugar were glucose and fructose, 22.2 and 232.2 mg/Kg 

potato sample, respectively.  Dietary ACR is largely derived from heat 

– induced reactions ( Maillard reaction) between the predominantly 

amino group of the free amino acid precursor asparagine and carbonyl 

groups of glucose and fructose during heat processing (baking, frying, 

roasting and extrusion ) of plant-derived foods such as potato fries and 

cereals at temperature above 020 °C (Rayburn and Friedman  (2000) 

 

Table 2:Reducing sugars content of potatoes    

Content (mg /Kg) Reducing Sugars 

22.2 Glucose 

232.2 Fructose 

 

Results from HPLC determination of acrylamide content were 

expressed as µg/Kg of original sample weight and the obtained results 

are shown in Table (5). Results revealed that frying potato chips, 

without any additives, (control) for 20 min. were effective. When the 

frying time was increase to 2 hour, led to the reduction of acrylamide 

formation in control fried potatoes chips by - 22.239. Conflicting 

result was accordance (Gokmen and Senyuva 2002) who illuminated 

that acrylamide was decreased after prolonged frying hours, evidently 

due to the degradation /elimination of acrylamide.    

Curcumin treatments at concentrations of  0.0 , 0.5 % and  

turmeric at  concentrations of 0.39 and 09  had reduced the formation 

of acrylamide  in potato chips. Reducing acrylamide formation 

efficiency was found with addition of curcumin by rate of  0.09 and 

turmeric 09 which recorded -23.32 and -00.229, respectively. 

Moreover, the reducing efficiency increased with the prolonged time 

of frying from 20min to 2 hour to reach -22.23 and- 54.239, 

respectively. While, fried potato chips with curcumin at a 

concentration of 0.5 % and with turmeric at a concentration of 0.39 

for 20min reduced the final acrylamide content by -00.22 and - 

40.229, respectively. On the other hand, the prolonged frying of 
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potato from 20min to 2 hour decreased the reduction of acrylamide to 

- 2.05 and -50.229, respectively.  
Table .: Impact of different treatments on acrylamide formation 

Reduction% Acrylamide content  

(µg/Kg) 

Treatments  

_ 

-28.74 

2972 

0914 

Control (21min) 

(8hr) 

-20.02 

-28.80 

0991 

0910 

Curcumin 1.0:(21min) 

(8hr) 

-00.29 

-9.0. 

2.70 

2018 

Curcumin 1..: (21min) 

(8hr) 

-41.98 

-.1.87 

0080 

0847 

Turmeric 1.0: (21min)) 

(8hr) 

-00.82 

-.4.90 

2.09 

07.8 

Turmeric 0: (21min) 

(8hr) 

09..2+ 

-29.70 

4077 

2907 

Gallic acid 1.0: (21min) 

(8hr) 

92.27+ 

.0.00+ 

4..9 

.004 

Gallic acid 1..: (21min) 

(8hr)  

+09.79 

+0.2. 

.210 

2710 

Green tea 1.0: (21min) 

(8h) 

+019.90 

..92+ 

0901 

2777 

Green tea 0: (21min) 

(8h) 

Compared to potato chips without treatment (control) 

(20min): fried treated potato chips for 20min 

(2hr): fried treated potato chips for 2 hr 

 

The present results indicated that the superior reduction rate of 

acrylamide had occurred for turmeric at 0.3 % for 20 min and after 

prolonged frying time to 2 hr, followed by curcumin at 0.0 %. Nor et 

al.,  (2002) reported that Curcuma longa leaf extract, which had a 

polyphenol  content of 002.5 ± 0.2 mg/g, possessed heat-stable 

antioxidant properties and may be a good natural alternative to 

existing synthetic antioxidants in the food industry. Antioxidants such 

as phenolic compounds, flavonoids, vitamins, and phenolic extracts 

from various spices have been reported as inhibiting acrylamide 

formation (Ou et al., 2000 and Kotsiou et al., 2000). 

 Furthermore, fried potato chips with gallic acid at 0.0 and 0.59 

or green tea at 0.3 and 09 for 20min increased the final acrylamide 
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content by +32.52, + 22.22, +02.22 and +002.239, respectively. 

While, the prolonged frying of potato from 20min to 2 hour decreased 

the acrylamide content in fried potato chips to - 22.23, +50.30, + 0.25 

and 5.229). Yoshida et al., (2003) reported that the acrylamide level 

in green tea is not as high as in roasted products such as Houjicha and 

roasted cereal grains used as tea substitutes or in herb teas.  Based on 

the analytical data, it appears that steeping in boiling or hot water 

resulted in extraction of most of the acrylamide in the infusions. They 

investigated also the effect of roasting conditions on acrylamide 

accumulation in the tea products. It was found that epigallocatechin in 

the tea samples inhibited the formation of the brominated derivative.  

The effect of the previous treatments on frying oil quality 

characteristics was studied and results are present in Table (4). Data 

demonstrated the quality changes of fresh oil and samples drawn at 2 

hr from different fryers. The relative changes in viscosity, refractive 

index, acid value and peroxide value, all provided good indices of 

lipid deterioration rate of frying oils. Viscosity of frying oil is strongly 

affected by its degradation products, increasing as a result of 

formation of dimmers, trimers, polymers, epoxides, alcohols and 

hydrocarbons (Stevenson et al., 0224). 

Table 4: Quality changes in frying oils during repeated frying of 

the treated potato chips after 8 hour    

C0882/C0

981 

Peroxide 

Value 

(PV) 

Acid 

Value 

 

Refractive 

Index 

Viscosity 

cP 

Characteristics 

 

Treatments 

4.994. 0..7 1.0 0.47.7 99 Fresh oil 

4.1007 29.. 1.90 0.472. 78 Control (8 hr) 

4.0442 ..70 1.4 0.4727 80.0 Curcumin 1.0: 

4.4810 2.7 1.2 0.47.1 87 Curcumin 1..: 

4.48.4 ..0 1..8 0.4728 88.9 Turmeric 1.0: 

4.0.0. 2.9 1.29 0.4727 91 Turmeric 0: 

4..492 8.7 1.0 0.4729 94 Gallic acid 1.0: 

4..988 02.18 1.70 0.4720 97 Gallic acid 1..: 

4.0104 04.28 1.8 0.4727 92 Green tea 1.0: 

4.0294 09.7 1.92 0.4729 98 Green tea 0: 

Table (4) shows that the initial viscosity of fresh frying oil was 

22 cP at 23ºC  . The high viscosity values  of frying oil samples were 
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observed  in   the potato chips treated with Green tea 09 (22 cP) ,  

Gallic acid 0.59 and 0.09 (22  and 24 cP) , Green tea 0.39( 24 cP), 

Turmeric09 and  0.39 (20 cP and 22.2 cP) compared with frying oil 

for untreated  Potato chips  (control) (22 cP). These  results are in 

accordance with  Sánchez-Gimeno et al ., ( 2002) who suggested that 

the increase of oil viscosity was due to dimer formation which was 

attributed to polymerization and highly correlated to polar compounds 

formation. They reported that the viscosity measurements are a good 

index of oil degradation.  Acid Value indicator is usually used to 

access oil quality. Results in Table (4) revealed that, acid value and 

peroxide value increased during prolonged frying for 2 hr compared 

with fresh oil. However, the increasing rate was too small in all 

treatments compared with the control sample. Curcumin at 0.09 or 

0.59 and turmeric at 0.39 or 09 treatments showed antioxidant 

properties, since they were kept the quality of the oil after 2 hr. 

 Monitoring of changes in fatty acids composition of oils  during 

frying is an effective method to assess thermal oxidative changes in 

the oil, Linoleic (C0282), Oleic (C0280), palmitic (C0280), and Stearic 

(C0280) are the major fatty acids  presented  in the frying oil used, 

with relative proportions of 30.44, 23.32 , 00.02 and 5.229, 

respectively . During frying, the relative proportions of palmitic and 

stearic for all the evaluated samples were slightly increased in the oil, 

while the relative composition of linoleic and Oleic were slightly 

decreased during frying period. This tendency  is in accordance with 

the results reported by Irwandi et al .,(2000), who reported that the 

marked increase in C0280 proportion following frying correlated with 

the breakdown of double bonds of fatty acids with higher carbon 

numbers. The change in C0282/C0280 ratios was an effective 

parameter for assessing oxidation and quality of frying oil.  The use of 

this ratio as a quality parameter in fat and oil analysis was first 

reported by Augustine et al., (0222). Results presented in Table (4) 

showed slight decrease in C0282/C0280 ratio as a function of process 

time and treatment of potato fried in different oils, and as a result of 

changes in C0282 and C0280 content as mentioned before. However, 

commercial oil for untreated potato chips (control) had lower scores as 
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compared to other treatments. The obtained results revealed that all 

quality parameters of frying oil did not highly increased after 2hr and 

did not reach the normal recommended guidelines for frying 

parameters except for PV in some treatments. Curcuma longa leaf 

extract exhibited good antioxidant activity. The topping up of the oil 

and natural antioxidant, may explain why Curcuma longa extract 

showed better antioxidant protection in the frying experiments 

comparing to the accelerated oxidation study at similar concentrations 

of 0.29. Interaction between the polyphenol compounds and existing 

tocopherols or tocotrienols in RBD palm olein may have resulted in 

synergistic antioxidant effects. This results demonstrated the 

antioxidant properties of Curcuma longa leaves and it may be another 

potential source of natural antioxidants to be exploited in the food and 

nutraceutical industries (Nor et al., 2002). 

Sensory evaluation 

Fried potato chips treated with different treatments after 20 min 

and prolonged frying time for 2 hr, were sensorial evaluated among 

the 00 taster.  The results in Table 3 revealed that they all had a higher 

score for over all acceptability, but score for flavor, colour, crispness 

and overall acceptability in chips treated with curcumin at a 

concentration of 0.0 and 0.5 % or turmeric at a concentration of 0.3 

and 09 had higher significant different (p>0.03 ) scores as compared 

to other treatments. 
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Table 0: Sensory evaluation of fried potato chips treated with 

different treatments after 21 min and 8 hr 
Overall 

acceptability 

crispness color Flavor Treatments 

8 hr 21min 8 hr 21min 8 hr 21min 8 hr 21min 
 

Control 

8.0c± 

1..0 

9b ±   

1..... 

7.90b ±  

1.24 

8.90 c ± 

1.24 

8.2 c 

51.20 

8.2c 

51.20 
8 c± 1.42 

8.21 c ±  

1.42 

9.8a51.2

0 

9.4 a± 

1..0 

9.40a ± 1 

..9 

9..0 a ±  

1.47 

9.80 a ± 

1.24 

9.80a 

1.20 

9.0a± 

1..9 

9.40 a ± 

1..9 

Curcumin 

1.0: ( C0) 

9..0 
b51... 

9..0 ab ±  

1... 

9.7a± 

1.48 

9.9 a± 

1.40 

9.00 b 

51.40 

9.0 b 

51..9 

8.9 a±  

1..4 

9..0 a±  

1.40 

Curcumin 

1..: (C2) 

9.9a± 

1.40 

9.40 a ± 

1..9 

9.2b±   

1.9. 

8.90 b ± 

1.09 

9.0  b 

51.7. 

9.. 
b51.99 

8.. 

b±1.97 

8.9 b ±  

1.09 

Turmeric 

1.0: (T0) 

8.90b±  

1.4. 

8.90 b 

51.4. 

9.10b±   

1.49 

9.10b±  

1.49 

9.00 b 

51.92 

9.00 b 

51.92 

9.20a ± 

1.97 

9.00 
b51.97 

Turmeric 0: 

(T2) 

8.0c51 

.9049 

8.0 c ±  

1.90 

7.4c±  1 

..9 

7.0 d ±  

1.02 

8.18c±   

1.9. 

8.10c±  

1.09 

7..0d±1 

.47 

7..0 d ± 

1.47 

Gallic acid 

1.0:(GA0) 

7.90 c± 1 

.00 

7.. d ±  

1.0. 

9.70d±.4

249 

7.20 d ±  

1.97 

7.8cd± 

1.48 

8.0c ± 

1.40 

0.0f±  

1.09 
7d± 1.99 

Gallic acid 

1..:(GA2) 

9.90 d ± 

1..9 

7.10 d ± 

1.94 

0.8e± 

1.0774 

9.90 e ± 

1.47 

8. 0 c ±  

1.71 

8.8b± 

1.80 

9.0 e±  

1.41 

9..0 f±   

1.99 

Green tea 

1.0:(G0) 

0.10 e±  

1.4. 

9.00 f± 

1.71 

4.90f± 

1.09 

9.10 f± 

1.00 

7.10  e ± 

1.49 

8.20 c±  

1..0 

4.8 f± 

1.0. 

9.80 e ±   

1.92 

Green tea 

0:(G2) 

1. .199 1..020 1..408 1..924 1..817 1..799 1..9.1 1..924 LSD 

Similar small letter for each property mean there is no significant differences at P   ≥  1.10.       

 

 The effect of acrylamide alone or combined with curcumin, 

turmeric, gallic acid or green tea on serum lipids are shown in Table 2. 
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Table 9: Biological effects of phytochemicals on lipid profile 

 

Groups 

 

 

Parameters    

Group 

 (0) 

Control 

Group 

(2) 

A A 

Group 

(.) 

C0+ A A 

Group 

 (4) 

C2+ A A 

Group  

(0) 

T0+ A A 

Group 

(9) 

T2+ A A 

Group  

(7) 

GA0+A A 

Group 

 (8) 

GA2+ A A 

Group  

(9) 

G 0+ A A 

Group  

(01) 

G2+ A A L.S.D. 

Mean±SD 
Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Total cholesterol 

 (T.C mg/dl) 

80.97h 

5..100 

000 a 

5..919 

019.8c 

50.088 

99.97g 

52.182 

018.97b 

50.028 

014.9d 

54.80. 

019.47 

b5..01 

012...  

e5..100 

012.297 e 

52.2.7 

97.0 f 

50.81 
2.1009 

Triglycerides 

 (T.G mg/dl) 

90.0.h 

52.7.1 

0.8.0a 

50..18 

000...d 

50.028 

010.99 

f 5..002 

000.27b 

50.409 

017...e 

5..002 

009.99 

b5..200 

00..4 

c52.1.1 

001 d 

50.11 

99 g 

5..919 
0.8202 

HDL (mg/dl) 
40 a 

52.11 

20g 

5..11 

.0.97e 

51.712 

.9.99c 

52.180 

.1 f 

50.11 

.0.99d 

52.182 

29.97 

 f50.028 

.0d 

5..11 

.9.99 d 

52.182 

40 b 

50.11 
0.44.4 

VLDL (mg/dl) 
08..17h 

51.049 

27.92a 

51.29. 

22.297d 

51..19 

21...f 

51.7124 

2..14.bc 

51.284 

20.497e 

51.712 

2....  

b51.94. 

22.98 c 

51.419 

22.11 d 

51.211 

09.811g 

51.720 
1...90 

LDL (mg/dl) 
22..9h 

50.802 

92..8 a 

5..790 

02.87c 

52.940 

.9.99fg 

±1.712 

00.90.b 

52.078 

47.47d 

50.200 

00.497      

 b5..780 

40..21f 

54.100 

4..9. e 

51.800 

.7.72g 

51.884 
2.007. 

AA: Standard diet containing 20mg acrylamde.      C0: Curcumin 09.            C2: Curcumin 59.    T0: 

Turmeric 39.    

 T2: Turmeric 009.        GA0: Gallic acid 09.         GA2: Gallic acid 59.         G0: Green tea 39.    G2: 

Green tea 009. 

 

 Acrylamide alone induced a significant decrease in the activities 

of serum total cholesterol, triglycerides, VLDL and LDL level, and 

induced a significant increase in the activities of serum HDL 

compared with the control group and other treated groups (p < 0.03). 

It was also found that serum total cholesterol, triglycerides, VLDL and 

LDL level activity decreased with the increase in the concentration of 

turmeric, curcumin, green tea and gallic acid. While, serum HDL level 

increased with the increase in the concentration of pervious 

treatments.  

Treatments with acrylamide, and curcumin together or, gallic 

acid at concentrations 0.59 showed the best treatments. On the other 

hand data revealed that, no significant differences were observed in all 

parameters between T0 and GA0 treated groups and between T0 and 

GA2 with respect to VLDL. 

 Also there were no significant differences between C0 and G0 

treated groups were found with respect to TG and VLDL and between 
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GA2 and G0 treated groups with respect to TC. In addition, non 

significant change in HDL between T2, GA2 and G0. 

The data obtained from this study regarding the influence of 

acrylamide on serum TC, LDL and TG levels come partially in 

contradiction to those obtained by Totani et al., (2002). They 

observed a decrease in the levels of these biochemical parameters after 

trace acrylamide exposure. A possible explanation could reside in the 

different toxicodynamic mechanisms, due to the dose difference. At 

the level of exposure described by Totani et al., (2002), a decrease in 

insulin level takes place, which indirectly can lead to a decrease in TG 

levels and eventually cholesterol, the capacity of the liver to process 

circulating lipoproteins was probably not affected seriously at that 

dose, unlike the dose of 30 mg/kg/day used in this experiment, which 

leads to certain hepatic damage. Also, Teodori et al., (2000) found 

that Acrylamide intake is associated with significantly altered levels 

of total cholesterol, LDL-cholesterol, triglycerides. These results are 

also in harmony with those of Liao et al., (2005) indicated that 

curcumin lead to decreased TC, TG and LDL Also Ayoub et al., 

(2002) found that turmeric decreased LDL, TC, TG and increased 

HDL. El-Moselhy et al ., (2000) indicated that treatment with 

curcumin, rosiglitazone or their combination for 03 days reduced 

plasma levels of TC, TG, and LDL and increased HDL levels (P < 

0.000) compared with the non-treated groups. Drinking between 3 and 

00 cups of green tea per day is associated with lower plasma 

cholesterol concentrations. Kuo et al., (2003) reported that, the dietary 

inclusion of 0.39 green tea leaves increased serum HDL cholesterol 

but lowered LDL cholesterol in rats. Gallic acid (20 mg/kg bw) 

significantly decreased serum total cholesterol, triglyceride, LDL at 

the same time markedly increased plasma insulin (Nabavi et al., 

2005). 
 

http://link.springer.com/search?facet-author=%22Seyed+Mohammad+Nabavi%22
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على خفض  النباتيتتأثير بعض المركباث الكميائيه 

نسبت األكريالميد فى البطاطس المقليت وتأثيراتها 

 على صىرة دهىن الدم البيىلىجيت

 
 ناديو طو صالح* –*عادل عبد المعطى احمد*  –منير محمد  عيد* 

 مروه عبد الكريم شعير**  
 جيزة – الزراعيةالبحوث  مركز – األغذية*معهد بحوث تكنولوجيا 

المنوفيةجامعة   – المنزليكمية االقتصاد  -وعموم االطعمو التغذية**قسم   

 
يتم طيييا عمى درجات  والتي شويةالناالكريالميد مركب كميائى يتكون فى االطعمو 

, الشيبسى ,الخبز, الخبز المقرمش ىذا وقد تم  تالمقرمشامرتفعو وىذه تتضمن  حرارة
ليذا البحث  ىو دراسة  األساسي. اليدف  2002اكتشافو بواسطة عمماء فى السويد عام 

لكركم والجاليك وا نالكركيوميمثل  الغنيةومصادرىا  النباتيةتأثير بعض المركبات الكميائيو 
عمى تقميل األكريالميد خالل عممية قمى رقائق البطاطس الشيبسى  األخضر والشاي  اسيد

الضار لآلكريالميد عمى ليبدات الدم . وقد  التأثيرىذه المصادر عمى خفض  تأثيرودراسة 
% 0.0% والكركم بتركيز   0.0% و 0.0بالكركيومين بتركيز  المعاممة أنأظيرت النتائج 

انخفاض نسبة االكريالميد فى رقائق البطاطس المقمية بينما ازداد انخفاض   إلى أدت%  0, 
عممية  باستمرار% وذلك 0% والكركم بتركيز 0.0االكريالميد باستخدام الكركيومين بتركيز  

معاممة البطاطس بالجاليك اسيد  أدتساعات . عمى العكس  8 إلىدقيقو   20القمي من 
رفع  إلىدقيقو 20% لمدة0و  0.0بتركيز   األخضر% وكذلك الشاي  0.0و  0.0بتركيز 

خفض نسبتو ولكن  إلى أدتساعات  8 إلىفترة القمي  بإطالةنسبة تكوين االكريالميد و 
أظيرت  أيضا%. 0.0الكنترول ماعدا الجاليك اسيد  بعينةالنسبة مازالت مرتفعو مقارنة 

نت لمكركم والكركيومين . كما تم دراسة تأثير المعامالت كا أفضل أننتائج التقييم الحسي 
لزيت القمي وأظيرت النتائج انو لم يحدث  الجودةعمى صفات  التكنولوجيةىذه المعامالت 

ساعات ولم  8لمدة  القميحتى بعد استمرار عممية   الجودةتغير كبير فى  جميع صفات 
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لبيروكسيد . وقد أظيرت   بصفات زيت القمي فيما عدا رقم ا المتعمقةتخرج عن التوصيات 
ممجم لكل كجم من الغذاء 00باالكريالميد منفردا بتركيز المعاممة أنالنتائج البيولوجيو 

( و الدىون (TG الثالثية( والدىون (TCارتفاع الكوليسترول الكمى  إلى أدتاالساسى 
 إلى أدتبينما  ,(VLDL) الكثافة فيجدا  المنخفضة( و الدىون LDL) الكثافةالمنخفضة 

المجموعات  وباقيمجموعو الكنترول ( مقارنو بHDL) الكثافةانخفاض الدىون مرتفعة 
انخفضت بينما ارتفعت   TC  ,VLDL, LDL , TGنسب  أن أيضا. وقد لوحظ المعالجة

وزاد االنخفاض بزيادة تركيز االضافات السابقو  المعالجةالمجموعات  باقيفى HDL نسبة 
 أفضل% 0.0جو باالكريالميد مع الكركيومين او الجاليك اسيد فقد سجمت المعال وأخيرا. 

 .  ألبيولوجيوالمعامالت 


