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ABSTRACT 

 

The current study examined the gross chemical composition of raw carrot and effect of processing methods 

on flavonoids and phenolic compounds of carrot powders. In addition, investigation of antioxidant effect of raw, 

blanching and jam carrot powder in rats received deep frying oil which generated free radicals oxidants. Forty 

male albino rats weighing 100±6 g were divided into four groups, the first group received the standard diet only 

and served as normal control, the second group received standard diet containing deep frying oil and served as 

positive control, the other groups received standard diet containing deep frying oil with raw, blanching and jam 

carrot for sixty days. The obtained results revealed that raw carrots contain highest amount of flavonoids 

especially coumarin while jam carrots contain highest amount of total phenolic and colechin. Blanching carrots 

contain the lowest values of flavonoids and coumarin. The content of phenolic compounds varied according to 

the processing methods. The highest value and the lowest value of phenolic acid were appeared in jam and raw, 

respectively. The biological study showed that consumption of raw, blanching and jam carrot showed significant 

increase in body weight gain (BWG) and food intake (FI) and significant decrease in feed efficiency ratio 

(FER). Also, it showed improvement of liver function and liver lipid patterns. Moreover, it showed reduction in 

malondialdhyde (MDA) level and significant increase in superoxide dismutase (SOD), glutathione peroxidase 

(GPX) and glutathione (GSH) in rat groups which consumed diet contain deep frying oil comparing with the 

+ve control.  
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Introduction 

 

Deep frying is one of the oldest methods used for food preparation and used by the ancient Romans in 1600 

BC. It  is a fast and easy method to prepare tasty food in both domestic and industrial food preparation that 

involves plunging food into hot oil at a temperature of 160-190°C, in effect boiling in oil which acts as a heat 

transfer medium and contributes to the texture and flavour of the fried food and also destroys bacteria. It will be 

hot and crispy on the outside and cooked safely in the center. Deep fat frying is used to cook foods such as fried 

chicken, French fries, and potato chips (Gupta 2005, Andrikopoulos et al., 2002 and Ghidurus et al., 2010). 

During deep-frying, several chemical reactions occur within the frying oil due to the exposure of the oil to high 

temperatures in the presence of air and moisture. These reactions include oxidation, polymerization, hydrolysis, 

isomerization, cyclization and production of many volatile and non-volatile products and also various monomers 

and polymers (Romero et al., 2003 and Dunford 2006). The repeated heating of cooking oil will result in lipid 

peroxidation and generation of free radicals that are harmful to tissue. Oxidative stress caused by the imbalance 

of antioxidant defence system and free radical formation. These reactive species can react with biomolecules, 

causing the development of chronic diseases such as cancers and those that involve the cardiovascular systems. 

Ingestion of deep-frying oil has been reported to cause physiologic and histologic changes in tissue, increase the 

oxidative stress, and possibly lead to death (Halliwell 1989 and Garrido-Po et al., 2004).  

Considerable attention has been given to the application of natural antioxidants of vegetables, because of 

their potential nutritional and therapeutic effects. Carrot (Daucus carota L.) is belongs to family Umbelliferae 

(Apiaceae) and is cultivated throughout the world as a useful vegetable. Carrots are one of the cheapest, most 

abundant, and one of the healthiest vegetables so there is a steady increase in carrot consumption (Chantaro et 

al., 2008). Carrots can be eaten in a variety of ways.  They may be chopped and boiled, fried or steamed, juice 

and cooked in soups and stews. Regarding its nutritive value, the carrot has abundant amount of beta carotenes 

(provitamin A) which give the vegetable its characteristic colour. Natural antioxidants such as vitamin E, A, β-

carotene and vitamin C play a key role in promoting defence mechanism. Beta carotene acts as a powerful 

antioxidant and provides protection against macular degeneration (Torronen et al., 1996).  

This study was carried out to estimate the gross chemical composition of raw carrot and effect of processing 

methods on flavonoids and phenolic compounds of carrot. In addition, investigation of antioxidant effect of raw, 

blanching and jam carrot powders in rats received deep frying oil which generated free radicals oxidants.  

 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=free+radical
http://scialert.net/fulltext/?doi=ajps.2012.100.108#608466_ja
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Materials and Methods  

 

Materials:  

 

Carrot roots, one kilogram of sliced sweet potatoes and commercial food oil for ideal frying performance 

(Mazola) were obtained from local market in Riyadh. Forty male Sprague Dawley rats, weight100±6g obtained 

from Experimental Animals Centre in Medicine Collage of King Saud University in Riyadh maintained in the 

animal house under controlled conditions (12h light, temperature 22 + 1°C) and given the standard diet and 

water ad libtum.  

 

Methods: 

 

Biochemical study: 

 

Three parts of carrot samples were washed in cold water and cut into small pieces. The determination of 

moisture, protein, fat, fiber, ash and carbohydrate in fresh carrot were done according to AOAC (2000) and 

expressed as g/100 g fresh weight basis while determination of B- carotene and ascorbic acid (mg/100g fresh 

weight basis) were estimated according to Epler et al., 1993 and AOVC (1996) and expressed as g/100 g. The 

first part was lyophilized and grounded to raw carrot fine powder biological study. The second part of carrot 

roots was blanching in boiling water at 100
o
c for 10 minutes. The last part of carrot was processed to jam as 

ordinary method. The blanching and jam carrot were also lyophilized and grounded to fine powder. Phenolic 

and flvonoids were estimated in fresh raw, blanching and jam carrots using HPLC method according to Tuzen 

and Ozdemir (2003) and Harborne (1967).  

1 kg sliced sweet potatoes was frying in four litre of oil in a stain-less-steel wok at 180°C for half hour and 

cooled. The oil was heated four hours daily for eight days without any addition of new fresh oil to get deep 

frying oil as described earlier by Daniel et al., 2005 with some modification. Oxidized frying oil was added to 

basal diet in substitution of corn oil to form oxidative diet.  

Biological study: 

The experimental protocol was approved by the Animal Ethics Committee of the Animals Centre in 

Medicine Collage of King Saud University.  The standard diet prepared according to NRC (1995). It composed 

of 200 casein, 497 corn starch, 100 sucrose,20 vitamin mixture, 50mineral mixture, 100 corn oil, 3 dl- 

methionine and 30 cellulose in g/kg of diet. After adaptation period (seven days), rats were randomly assigned 

to 5 groups (8 rats each) as follows: 

Normal control group: received basal diet only. 

Positive control: received standard diet containing deep frying oil instead of 10% corn oil portion. 

Raw carrot group: received standard diet containing deep frying oil instead of 10% corn oil portion and raw 

carrot powder instead of fiber. 

Blanching carrot group: received standard diet containing deep frying oil instead of 10% corn oil portion 

and blanching carrot powder instead of fiber. 

Jam carrot group: received standard diet containing deep frying oil instead of 10% corn oil portion and jam 

carrot powder instead of fiber with also in consideration the amount of sugar in jam. 

Weekly body weights and daily food intake were measured through the experimental period (60days). At 

the end of the experiment, all the animals were scarified by cervical decapitation. Blood and liver samples for 

each rat were collected.  

 

Biochemical analysis: 

 

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were measured colori-

metrically at 340 nm in plasma according to the method described by Reitman and Frankel (1957). Alkaline 

phosphatase (ALP) and gamma glutamyle transpeptidase (γGT) activities in plasma were determined colori-

metrically at 405 nm according to the method of Kind and King (1954) and Gowenlock et al., (1988), 

respectively. Liver total cholesterol (TC), total lipid (TL), triglycerides (TG), and glycogen were determined 

according to Richmond (1973), Folch et al., (1957), Scheletter and Nussel (1975) and Rerup and Lundquist 

(1967), respectively. Liver malondialdhyde (MDA), superoxide dismutase (SOD), glutathione peroxidase 

(GPX) and glutathione (GSH) were estimated according to Ohkawa et al., (1979), Kakkar et al., (1984), Tapple 

(1978) and Ellman (1958), respectively. 

Body weight gain (BWG), food intake FI, and Feed efficiency ratio (FER) was calculated at the end of the 

experiment (Chapman et al., 1950). 
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Statistical analysis: 

 

All the obtained data were statistically analyzed by SPSS computer soft ware. The calculated occurred by 

analysis of variance ANOVA and follow up LSD test by SPSS ver.11 according to Artimage and Berry (1987). 

 

Results: 

 
Table 1: Chemical composition of raw carrot powder  

sample Moisture Protein  Fat  Ash  Fiber  Carbohydrate  B-carotene Ascorbic acid 

values 85.98 0.78 0.31 1.05 1.65 10.23 3.46 7.89 

 

Raw carrot was investigated on dry weight basis, the moisture, protein, fat, ash, fiber and carbohydrate 

values were 85.98, 0.78, 0.31, 1.05, 1.65 and 10.23 g/100, respectively. The values of B – carotene and ascorbic 

acid were 3.46 and 7.89 mg/kg, respectively. 

The results in this study were related to that obtained by Holland et al. (1991) and Sharma et al.,2012. 

Steinmetz and potter 1996 reported that Beta-carotene is the most abundant carotenoid and is found notably 

in orange colored vegetables as carrot. Moreover, D'Odorico et al., 2000, Hashimoto and Nagayama 2004  and 

Nicolle et al.,2013 reported that carrot is rich in β-carotene, ascorbic acid and tocopherol and is classified as 

vitaminized food . Β-carotene functions as a free radical-trapping agent and single oxygen quencher and has 

antimutagenic, chemopreventive, photoprotective and immunoenhancing properties. Carotenoids also act as 

free-radical scavengers and are very important for health. Carrot intake may also enhance the immune system, 

protect against stroke, high blood pressure, osteoporosis, cataracts arthritis, heart diseases, bronchial asthma and 

urinary tract infection. 

 
Table 2: Effect of processing methods on total phenolic and flavonoids compounds of carrot (mg/100g fresh weight) 

Sample 
 Variables 

Raw  Blanching  Jam   

Total phenolic  6.77 10.62 12.82 

Flavonoids  1.85 0.63 0.87 

Colechin  0.20 0.53 0.72 

Coumarin  1.65 0.10 0.15 

 

Table 2 pointed out that carrots contain considerable amount of total phenolic and flavonoids compounds in 

raw, blanching and jam carrot. It is evident from data that raw carrots contain highest amount of flavonoids 

especially coumarin while jam carrots contain highest amount of total phenolic and colechin. Blanching carrots 

contain the lowest values of flavonoids and coumarin. These results were supported by Zhang and Hamauzu 

2004 and Jasicka-Misiak et al., 2005 who reported that carrots are an excellent source of several antioxidant 

compounds such as phenolic compounds that play an important role in antioxidant properties. The other 

hydroxycinnamic derivatives such as dicaffeoylquinic acids in the extracts may exert some strong antioxidant 

activities along with chlorogenic acid. Carrots have large number of active ingredients such as volatile oils, 

steroids, tannins, flavonoids and carotene. Khwairakpam and Balwinder 2014 cited that there was a significant 

increase in the total phenolic compound of carrot cooked by different cooking method, but the total flavonoids 

compound was found to decrease in the cooked carrots. However, the proximate composition and other 

antioxidant components were found to increase by cooking irrespective of the cooking method. All the extracts 

from the differently cooked carrots were found to possess DPPH-radical scavenging activity. 

 
Table 3: Effect of processing methods on phenolic compounds of carrot (mg/100g fresh weight) 

Sample 
 Variables 

Raw  Blanching  Jam  

Phenolic acid  4.92 9.99 11.95 

Vanillin acid  - 0.23 0.28 

Gallic acid  0.13 0.22 0.62 

Protocatechuic  1.20 0.69 1.64 

p-hydroxybenzoic  - 0.33 1.12 

caffeic 1.49 0.54 2.05 

Ferulic acid - 0.30 0.33 

Cinnamic  2.10 - - 

Chlorogenic - 7.22 5.91 

P -coumaric - 0.46 - 

 

The results given in table 3 indicated that the highest value and the lowest value of phenolic compounds 

were appeared in jam (11.95 mg/100g) and raw (4.92 mg/100g) carrots, respectively. The blanching carrots 

contain 9.99 mg/100g of phenolic compounds. Five, nine and eight components of phenolic in raw, blanching 

and jam carrot, respectively were identified by using HPLC. The main group of phenolic compound was 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/#CR55
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/#CR53
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cinnamic in raw carrots (2.10mg/100g) and chlorogenic in blanching carrots (7.22 mg/100g). Vanillin acid, 

gallic acid, protocatechuic, p-hydroxybenzoic, caffeic and ferulic acid were the main components in jam carrot. 

The results showed that the content of phenolic compounds varied according to the processing methods. Leja et 

al., (1997) and Zhang and Hamauzu (2004) reported that the concentration data may vary with the extraction 

method and related to cultivars and processing conditions. These trends of our results were agreed with many 

studies which showed that major phenols in carrots include chlorogenic,caffeic, and p-hydroxybenzoic acids 

along with numerous cinnamic acid derivatives. The different carrot tissues have similar composition, but the 

individual phenolic content differs and it decreases from the exterior (peel) to the interior (Adrian et al., 1997 

and Alasalvar et al., 2005).  

 
Table 4: The mean value ± SD of BWG, FI and FER in the experimental rat groups 

Groups  

Variables  

Normal control  +ve control  Raw carrot  Blanching carrot  Jam 

B WG 95.44±7.14a 46.77±3.21c*** 85.77±6.11b* 89.61±7.01ab 90.77±9.61a 

FI 14.75±1.15a 12.33±1.11b** 14.25±1.04a 14.45±1.22a 14.55±1.31a 

FER 30.67±3.27bc 63.70±6.82a*** 36.11±4.60b 39.61±5.81b 38.77±5.60b 

Significant with control (-ve) group * P<0.05 **   P<0.01 *** P<0.001 

 abcdMean values in each raw having similar letters were not significantly different 

 

Table 4 illustrated that the body weight gain (BWG) and food intake (FI) decreased (p<0.001&0.01, 

respectively) but feed efficiency ratio (FER) increased (p<0.001) in +ve control at the end of the study. 

Consumption of raw carrot to rats which fed on basal diet with deep frying oil had significant decrease in BWG 

and non significant difference in FI and FER while consumption of blanching carrot or jam to rat groups had 

non significant difference in BWG, FI and FER compared to normal control.  

It was noticed that, there was a significant increase in BWG and FI and significant decrease in FER in rat 

groups which consumed raw, blanching and jam carrot comparing with the +ve control.  

These results were in harmony with those obtained by Yen et al., 2010 who showed that rats ingesting diets 

containing deep-frying oil had lower feed efficiency ratio resulted in increased plasma thiobarbituric acid-

reactive substances and nitric oxide contents and decreased plasma total antioxidant capacity compared with 

healthy control group. Other known effects of oxidized deep frying oil include essential fatty acid deficiency, 

nucleic acid deficiency and micronutrient malnutrition resulting in deactivation of key metabolic enzymes 

(Isong et al., 1992). General effects of free radical from thermally oxidized oil reported rang from loss of 

appetite, poor food efficiency, reduced gut absorption, growth retardation, enlarged liver, kidney and lung, fatty 

hepatic necrosis, haemolysis, calciferous myocardial lesions and even death (Abd El-Ghany, 2007).  

 Our results showed that diet supplemented with carrot improved the food consumption, body weight gain 

and food efficiency ratio in rats because of a good source of antioxidant agents, beta carotene and fiber. 

Furthermore, carrots are rich in vitamin A, Vitamin C, Vitamin K, vitamin B8, pantothenic acid, folate, 

potassium, iron, copper, and manganese (Matejkova and Petrikova 2010).  

 
Table 5: The mean value ± SD of ALT, AST, ALP and γGT in the experimental rat groups 

Groups  
Variables 

Normal control  +ve control  Raw carrot  Blanching carrot  Jam 

ALT 30.67±3.27bc 63.70±6.82a** 36.11±4.60b 39.61±5.81b 38.77±5.60b 

AST 42.15±4.07b 84.77±7.22a*** 44.66±4.30b 46.77±6.12b 45.77±5.11b 

ALP 55.77±5.27bc 98.77±9.11a*** 60.19±6.25b 58.61±5.60b 53.71±5.21b 

γGT 5.31±0.66bc 10.40±1.60a*** 6.59±0.85b 6.33±0.64b 6.11±0.55b 

Significant with control (-ve) group * P<0.05 **   P<0.01 *** P<0.001  

 abcdMean values in each raw having similar letters were not significantly different 

 

Table 5 illustrated the liver functions in the five groups. Control +ve group showed significant increase in 

ALT, AST, ALP and γGT at p<0.001compared to normal group. Consumption of raw, blanching and jam carrot 

to rat groups showed non significant changes compared with normal group but showed significant decrease 

compared with +ve control group.  

It is known that the increase of AST, ALT, ALP and γGT indicated abnormal liver functions and restoration 

of normal levels of these enzymes indicates normal functions of liver (Rashad and Moharib, 2008). Oxidative 

free radicals which generated from consumption of several time frying oil in diet play an important role in the 

pathogenesis of hepatotoxicity. The obtained results were agreed with previous studies of Owu et al., 1998 and 

Obembe et al., 2010 who cited that the levels of AST, ALT and ALP were significantly higher in oxidized oil 

fed rat group than control group. Chronic consumption of thermoxidized palm oil, with its accompanying 

hazardous free radicals, may be more injurious to liver cell integrity than fresh palm oil. 

Carrots protect hepatocytes from oxidation hence reduce hepatic injuries. Flavonoid as kaempferol and 

phenolic compounds were active therapeutic phytoconstituent for ameliorating the effect of hepatotoxic agent 

and lowering the serum level of ALT, AST and ALP (Pushpendra et al., 2012 and Simplice et al., 2012). 

http://pubs.acs.org/doi/abs/10.1021/jf00093a005
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Table 6: The mean value ± SD of liver TC, T L, TG and glycogen in the experimental rat groups 

Groups 

variables 

Normal control  +ve control  Raw carrot  Blanching carrot  Jam 

TC  3.59±0.22b 6.45±0.33a*** 3.45±0.29b 3.80±0.46b 3.77±0.24b 

T L 33.41±3.27bc 67.11±7.08a*** 34.77±4.33bc 35.66±5.14b 39.61±6.11b 

TG 4.11±0.58a 1.97±0.20b*** 3.42±0.44a 3.54±0.41a 3.66±0.33a 

Glycogen  3.98±0.36a 2.01±0.19c*** 3.24±0.31ab 3.25±0.45ab 3.54±0.24a 

Significant with control (-ve) group * P<0.05 **   P<0.01 *** P<0.001 
 abcdMean values in each raw having similar letters were not significantly different 

 

Data in table 6 demonstrated elevation in liver cholesterol (TC) and total lipids (TL) and reduction of 

triglyceride (TG) and glycogen at p<0.001 in control +ve group. Consumption of raw, blanching and jam carrot 

to rat groups showed non significant changes compared with normal group but showed significant decrease 

compared with +ve control group. 

It can be noted that feeding the rats with frying oil without any additions led in most cases to negative 

impacts related to lipid profile which may lead to increase the risk factor of atherosclerosis. Liver TG levels in 

rats fed on oxidize fried oil diet are decreased (Eder et al., 2003). Moreover, Lamboni and Perkins 1996 

recorded that liver glycogen was significantly lower in rats fed on dietary heated fats from a commercial deep-

fat frying in a commercial restaurant for 7 days.  

The improvement effects of carrot may be due to its free radical scavenger activites and the rich content of 

antioxidants such as vitamins , B-carotenoid, phytochemical constituents as polyphenols and flavenoides. 

Vitamin C in carrots acts as a regulator of catabolism of cholesterol to bile acid in guinea pigs and has been 

demonstrated to be an important factor in lipid regulation. Vitamin C supplementation which is also an 

important constituent of the antioxidant system may help in keeping lipid profile in normal limits (Afkhami and 

Shojaoddiny 2007 and Gaur and Dixit 2011). 

 
Table 7: The mean value ± SD of liver MDA, SOD, GPX and GSH in the experimental rat groups 

Groups 
variables 

Normal control  +ve control  Raw carrot  Blanching carrot  Jam 

MDAmmol/g 25.66±3.81c 60.77±8.61a*** 38.54±6.11b* 36.71±5.14b* 35.76±4.11b* 

SOD(µ/mg) 43.66±5.30a 24.41±3.20b*** 40.77±5.01a 41.27±4.96a 44.22±5.22a 

GPX(µ/mg) 65.77±6.15a 33.76±4.80c*** 55.41±5.19ab 58.71±6.41a 60.31±7.90a 

GSH(µ/mg) 10.22±1.61a 4.22±0.64c*** 7.80±0.77b* 7.99±0.88b* 8.33±1.11ab 

Significant with control (-ve) group * P<0.05 **   P<0.01 *** P<0.001  
 abcdMean values in each raw having similar letters were not significantly different 

 

Data in table 7 represented that MDA level was increased but SOD, GPX and GSH were decreased at 

p<0.001 in control +ve group. Consumption of raw and blanching carrot to rat groups showed significant 

increase in MDA at p<0.05 and non significant changes in SOD and GPX but significant decrease in GSH at 

p<0.05. Consumption of carrot jam to rat group showed significant increase in MDA at p<0.05 and non 

significant changes in SOD, GPX and GSH compared with normal group. It was noticed that, there was a 

significant decrease in MDA level and significant increase in SOD, GPX and GSH in rat groups which 

consumed raw, blanching and jam carrot comparing with the +ve control.  

It is important to promote the function of the enzymatic and nonenzymatic regulating system present in the 

body. Glutathione peroxidase, SOD and catalase are among the enzymes that play a critical role for depriving 

the cell from these ROS (Valko et al., 2006). Several authors have demonstrated the harmful effects on fats and 

oils during excessive heating. Formation of compounds such as enzyme inhibitors possesses antinutritional 

properties and accelerated loss of antioxidant vitamins. Moreover, oxidized lipids enhance peroxidation of 

membrane macromolecules (Abd El-Ghany 2007 and Yen et al., 2010). 

Daucus carota has antioxidant activity due to its free radical scavenging effect. The antioxidant activity of 

vitamin C is considered to be defence mechanism, against the harmful effect of free radicals. Phenolics exert 

some strong antioxidant activities along with chlorogenic acid. All phenolic extracts had stronger radical 

scavenging ability than pure chlorogenic acid, vitamin C and β-carotene (Zhang and Hamauzu, 2004 and Gaur 

and Dixit, 2011). 

The other hydroxycinnamic derivatives such as dicaffeoylquinic acids in the extracts may exert some strong 

antioxidant activities along with chlorogenic acid. 

 

Conclusion: 

 

Processing methods of carrot have effects on phenolic and flavonoids level. Consumption of carrot in 

different processing methods can lower undesirable effects of free radicals generated from deep frying oil 

because of antioxidant components in carrots in male rats. 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+profile
http://www.ncbi.nlm.nih.gov/pubmed?term=Shojaoddiny-Ardekani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18160753
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