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ABSTRACT 

 

 Natural antioxidants have gained great interest recently for their role in preventing the auto oxidation of fat 

containing food products. Biscuits are from the most common bakery products preferred nearly by all levels of 

consumers. In order to improve their nutritive profile and functionality, standard formulation based on wheat 

flour was substituted with oat (Avena sativa L.) flour at three levels (10%, 20% and 30%). According to sensory 

evaluation 20% was the ideal addition percentage of oat flour to the biscuits. Hence, 20% oat biscuit was 

flavored by 0.75% cinnamon (cinnamomum zeylanicum), 0.25% ginger (Zingiber officinalis), 0.25% chamomile 

(Matricaria chamomilla L.) and 0.1% marjoram (Origanum majorana L.) essential oils (EOs). Biscuits 

supplemented with essential oils were subjected to sensory studies, chemical analysis and biological evaluation 

in comparison with oat biscuit (based on wheat flour and 20 % oat). Addition of herbs (EO) gave an excellent 

antioxidant effect on kidney, liver and lipid profile of rats under oxidative stress which occurred by potassium 

bromate. Results revealed that the addition of herbs essential oils increased the total content of protein and fat. 

The treated rats groups fed on biscuit containing oat and herbs EOs recorded a significant decrease in aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), malondialdehyde 

(MDA), total bilirubin (TBil), very low density lipoprotein  (VLDLc), cholesterol (TC) and triglycride (TG) 

values. The prepared herbal oat biscuits caused a significant increase in glutathione (GSH), superoxide  

dismutase (SOD), glutathione peroxidase (GSH-px), catalase (CAT), total protein (TP) and albumin (Alb) 

values in all rat groups as compared to the positive control group fed on the basal diet with potassium bromate. 

It can be concluded that incorporation of oat and herbal oils in bakery products increases their protective 

capacity against deleterious effects of oxidative stress.  
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Introduction 

 

 Biscuits are the most consumed bakery product due to its ready to eat nature, good nutritional quality, 

affordable cost and availability in different varieties. Different nutritionally rich ingredients can be incorporated 

in most of bakery products for their diversity. Several health products have now become available. Dietary fiber 

plays a very important role in the human diet. Some researchers indicate that two-thirds of the world’s plant 

species have therapeutic value; in particular, many medicinal plants have great antioxidant effect which reduce 

the oxidative stress in cells, and are therefore useful in the treatment of many human diseases, e.g. cancer, 

cardiovascular and inflammatory diseases (Krishnaiah et al., 2011). Recent reports stated that there is an inverse 

relationship between the dietary intake of antioxidant-rich foods and the incidence of human disease (Sies, 

1993). Plants contain a variety of substances called ‘‘Phytochemicals’’ (Pratt, 1992). The phytochemical 

preparations have dual functionalities in preventing lipid oxidation and antimicrobial properties; moreover have 

tremendous potential for extending shelf life of food products (Caragay, 1992).  

 Oats (Avena sativa L.) contain large amounts of antioxidants such as vitamin E, various phenolic 

compounds and avenanthramides. The additional bioactive components of oats, such as the phenolic content and 

antioxidant compounds, may also be a great contributor to the health benefits of oat-based breakfast cereals 

(Peterson et al., 2002). Oat fiber is a rich source of β-glucans, known for their ability to lower serum cholesterol 

levels in men (Queenan et al., 2007). In recent years oat-based breakfast cereals have gained considerable 

attention due to their high content of functional ingredient β-glucan, a bioactive component, which has been 

promoted as a mean of reducing serum and plasma cholesterol levels and reducing the postprandial glycemic 

response (AbuMweis et al., 2010). Oat cereals (General Mills) had significantly higher antioxidant activity than 

fruits and vegetables (Miller et al., 2000).  

 Cinnamon (cinnamomum zeylanicum) belongs to the Lauraceae family. Cinnamon extracts exhibited a 

protective capacity against irradiation induced lipid peroxidation in liposomes and quenched hydroxyl radicals 
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and hydrogen peroxide (Murcia et al., 2004). Cross sectional clinical trial for the first time showed that drinking 

cinnamon tea decrease blood lipid peroxides and total antioxidant capacity, and increase total thiol molecules  

much more than drinking regular tea (Ranjbar et al., 2006).  The antioxidant efficiency of cinnamon powder and 

its volatile oil increased by increasing its concentrations in cookies (Mahmoud et al., 2002).  

 Ginger, the rhizome of Zingiber officinalis, one of the most widely used species of the ginger family, is a 

common condiment for various foods and beverages. Ginger has a long history of medicinal use dating back 

2500 years (Shukla and Singh, 2007). Ginger decreases lipid peroxidation, increases plasma antioxidant 

capacity and reduces renal nephropathy (Ali et al., 2007).    

 Chamomile (Matricaria chamomilla L.) is one of the most popular used medicinal plant and extensively 

consumed as a tea or tisanes. This plant was used traditionally for treatment of many ailments such as allergy 

disorders and inflammatory mediated diseases (Chandrashekhar et al., 2011). The most abundant compounds in 

the plant extract and infusion were 5-O-caffeoylquinic acid and an apigenin derivative. These bioactive 

compounds, are affected in C. nobile decoction, leading to a lower antioxidant potential and absence of 

antitumour potential (Guimarães et al., b 2013).  

 Marjoram (Origanum majorana L.) oil has strong antioxidant activity, mainly because of its high content of 

phenolic acids and flavonoids, which is useful in health supplements and food preservation (Vagi et al., 2005). 

The richness of O. majorana in phenolic and volatile active compounds known for their antimicrobial, 

antioxidant, and insecticidal activities could support its utilization in a large field of application including 

cosmetic, pharmaceutical, agro alimentary and biological defense (Sellamia et al., 2009).  

 Free radicals in the form of reactive oxygen and nitrogen species are an integral part of normal physiology. 

Oxidative stress can occur by the imbalance of the bodily antioxidant defense system and free radical formation 

leading to over-production of these reactive species. These reactive species can lead to the development of 

chronic diseases such as cancers and those that involve the cardio and cerebrovascular systems (Singh et al., 

2007). Antioxidants are often added to foods to delay the oxidation process by preventing the radical chain 

reactions of oxidation, and they terminate the reaction by inhibiting the initiation and propagation step (Rekka et 

al., 1992). 

 The goal of the present study was to examine the antioxidant activity of oat biscuits containing herbal oils 

on kidney, liver and lipid profile against oxidative stress induced by potassium bromate in rats. 

 

Materials and Methods 

 

Materials: 

 

Biscuits ingredients:  

 

 Cinnamon (cinnamomum zeylanicum), ginger (Zingiber officinale), chamomile (Matricaria recutita L.) and 

marjoram (origanum marjorana) essential oils were obtained from National Research Center, Giza, Egypt. 

 Green′s white oats (Avena sativa L.), American wheat flour (72% extraction), sunflower oil, full cream 

milk, sugar, backing powder, vanilla, salt and eggs were purchased from local market of different areas in 

Mansoura city, Egypt. 

 

Animals:  

 

 Forty male albino rats (weight of 100-120gm) were obtained from Experimental Animal House in Food 

Technology Research Institute, Agric. Res. Center, Giza, Egypt. 

 

Potassium bromate: 

 

 (KBro3) (odorless white powder), was purchased from El-Gomhoria company for chemical and drugs, 

Cairo, Egypt.    

 

Methods: 

 

Preparation of biscuits:  

 

 The oat grains were grinded well until become soft powder. Six formulas of biscuits were given in Table A; 

Wheat Flour (WF) biscuit, Oat Flour (OF) biscuit, Cinnamon Oat (CO) biscuit,  Ginger Oat (GO) biscuit, 

Chamomile Oat (ChO) biscuit and Marjoram Oat (MO) biscuit. For making biscuit, sugar, oil and salt were 

creamed together. Egg, milk, vanilla and backing powder were added to the creamed ingredients and then the 

flour was blended with a minimum of mixing. The molded biscuit dough was baked at about 230°C (El-Nemr 
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and Fahmy, 1979). Biscuits were packed in poly ethylene bags. A half of the quantity was stored at room 

temperature (25±2°C) and the other part was stored at fridge (3±1°C) at the beginning of October for six 

months.  

 
Table A: Formulas used for making biscuits (g/100 gm). 

Ingredients 

(gm) 

Biscuits 

100% Wheat 

Flour )WF) 

100% Oat Flour 

)OF) 

0.75% 

Cinnamon oil 
(CO) 

0.25% 

Ginger oil 
(GO) 

0.25% 

Chamomile oil 
(ChO) 

0.1% 

Marjoram oil 
(MO) 

Wheat flour 100 80 80 80 80 80 

Sucrose 40 40 40 40 40 40 

Sunflower oil 16 16 15.25 15.75 15.75 15.9 

Backing powder 1.6 1.6 1.6 1.6 1.6 1.6 

Vanilla 1.0 1.0 1.0 1.0 1.0 1.0 

Full cream milk 2.6 2.6 2.6 2.6 2.6 2.6 

Salt 0.36 0.36 0.36 0.36 0.36 0.36 

Egg 20 20 20 20 20 20 

Oat - 20 20 20 20 20 

Cinnamon oil - - 0.75 - - - 
Ginger oil - - - 0.25 - - 

Chamomile oil - - - - 0.25 - 
Marjoram oil - - - - - 0.1 

WF:Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat: GO: Ginger Oat; ChO:Chamomile Oat; MO: Marjoram Oat. 

 

Chemical analysis: 

 

 Moisture, crude protein and crude fat were carried out according to the methods of A.O.A.C. (1995); Ash 

contents were carried out according to the method of A.O.A.C. (2000); Carbohydrates was calculated by the 

following equation: 

Carbohydrates = 100 – (% moisture + % protein + % fat + % ash).  

 

Extraction of essential oils from herbs:  

 

 The essential oils of cinnamon, ginger, chamomile and marjoram were extracted by water distillation in a 

glass apparatus for 4 hours. The separated volatile oils were dried overnight by anhydrous sodium sulphate 

before hold in glass bottles at -20  ̊c according to Guenther (1961). 

 

Sensory evaluation of biscuits:  

 

 Sensory evaluation of biscuits were carried out to determine their sensory characteristics according to Moor 

(1970) which expressed as (10) excellent, (9) very good, (8) good, (7) medium, (6) fair, (5) poor, (4) very poor, 

(3) extremely poor. 

 

Biological evaluation:  

 

Animal feeding:  

 

 Forty male albino rats (weight of 100-120gm) were used in the present experiment which carried out in the 

animal house of Food Technology Research Institute, Agric. Res. Center, Giza, Egypt under normal healthy 

conditions for seven days and fed ad libitum on normal diet (basal diet) as shown in Table B. the animals were 

allowed free access of tap water and were fed on uniformly basal diet. 

 
Table B: Composition of basal diet: 

Ingredients g/100g diet Ingredients g/100g diet 

Corn starch 60 Cellulose 5 

Casein 20 Salt mixture 4 

Corn oil 10 Vitamins mixture 1 

According to Lane-peter and Pearson (1971). 

 

Design of biological experiments:  

 

 After feeding on basal diet for seven days (adaptation period), 5 rats (negative control) were fed on basal 

diet and tap water all over the experiment period. The other rats (35) were classified into seven treated groups, 

all the seven groups administered tap water in the first three weeks, and then they were administered freshly 
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prepared potassium bromate (KBro3) solution in glass water bottles in the drinking water for three weeks at 

concentration of 0.4 g/L according to Hooth et al., (2002). Drinking water was changed every 3-4 days. Treated 

groups were classified as follows: 

* (G1) Control-ve group: fed on the basal diet and tap water all over the experiment period. 

* (G2) control+ve group: fed on the basal diet and tap water only for three weeks. 

* (G3) Wheat Flour (WF) biscuit group: fed on the basal diet with 35% WF biscuit and tap water for three 

weeks. 

* (G4) Oat Flour (OF) biscuit group: fed on the basal diet with 35% OF biscuit and tap water for three weeks.  

* (G5) Cinnamon Oat (CO) biscuit group: fed on the basal diet with 35% CO biscuit and tap water for three 

weeks.  

* (G6) Ginger Oat (GO) biscuit group: fed on the basal diet with 35% GO biscuit and tap water for three weeks.  

* (G7) Chamomile Oat (ChO) biscuit group: fed on the basal diet with 35% ChO biscuit and tap water for three 

weeks.  

* (G8) Marjoram Oat (MO) biscuit group: fed on the basal diet with 35% MO biscuit and tap water for three 

weeks. 

 All rats groups except control-ve group administered potassium bromate (KBro3) in drinking water for 

three weeks in addition to the same previous diets. 

 

Body weight gain:  

 

 Body weights of rats were followed during the experiment. At the end of the experiment, the body weight 

gain percentage was calculated according to Abdel Azim, (2007) as follows:  

     (Final weight – initial weight) x 100 

* Body weight gain (B.W.G) % =                

                                                                          Initial weight 

 

Blood sampling:  

 

 At the end of the experimental period, the rats were fasted, anaesthetized by diethyl ether and sacrificed. 

Blood samples were collected by puncture of retro-orbital plexus of veins in the inner canthus of the eye using 

microcapillary tubes and withdrawn into dry plastic centrifuge tubes. The samples were kept at room 

temperature for 15 minutes to clot then centrifuged at 5000 rpm for 10 min. The separated serum was kept 

frozen in a refrigerator at – 18 °C till used for biochemical analysis.  

 After six weeks, rats were scarified. Liver, Kidneys and Heart were excised immediately then cleaned and 

weighted. Internal organs percentage was calculated according to Abdel Azim, (2007) as follows:  

      (weight of organ  ) x 100 

* Relative weight of organ (RW) % =          

                                                                            final body weight 

 

Biochemical analysis:  

 

1. Liver function:  

 

 For evaluation of liver function, the activities of serum aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) enzymes were chemically determined according to the method described by Bergmeyer 

et al., (1978).  

* The activities of serum alkaline phosphatase (ALP) enzyme was colorimetrically estimated according to the 

method of Roy, (1970). 

* The activity of serum total protein (TP) concentrations were chemically determined according to the method 

of Lowry et al. (1951) using Folin-phenol reagent and bovine serum as a standard.  

* Serum albumin (Alb) was determined according to the method of Fernandez et al., (1966). 

* Serum total bilirubin (TBil) was determined according to the method described by Stiehl (1982). 

 

2. Lipid profile:  

 

 For examination of lipid profile, serum total cholesterol (TC) and triglycerides (TG) were chemically 

determined using specific diagnostic kits according to the methods described by Richmond, (1973) and Jacob 

and Van-Denmark (1963), respectively. 
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 * High density lipoprotein (HDL-c) cholesterol was chemically estimated according to the method described by 

Richmond, (1973). All measurements were performed using spectrophotometer (Model T80, UV/visible, double 

beam, UK).  

* Low density lipoprotein (LDL-c) cholesterol was calculated according to the formula of Friedewald et al., 

(1972) as follows:  

LDL-c = {TC – (TG/5) – HDL-c}.  

 

3. Kidney function:  

 

 For assessment of kidney function, the concentration of blood urea nitrogen (BUN) was determined using 

BioMérieux kits according to the method of Patton and Crouch, (1977). 

* Serum uric acid (UA) was determined using the enzymatic colorimetric method as described by Fossati et al., 

(1980).  

* Serum creatinine (Cr) concentration was colorimetrically determined by the Jaffe reaction according to the 

method of Husdan and Rapoport, (1968).  

 

4. Tissue lipid peroxidation and antioxidant activity:  

 

 One gram of liver was removed immediately and washed in normal saline and 10% homogenate was 

prepared in 1.15% w/v of potassium chloride. The homogenate was centrifuged in 7000 ×g for 10 minutes at 

4°C and supernatant was used for measurement of oxidative stress by estimation of reduced glutathione (GSH) 

and determination of malondialdehyde (MDA) as well as antioxidant enzymes superoxide dismutase (SOD), 

catalase (CAT), and glutathione peroxidase (GSH-Px). 

* For determination of hepatic oxidant/ antioxidant activity, estimation of serum reduced glutathione (GSH) was 

carried out using Ellman’s reagent according to the method of Sedlak and Lindsay (1968).   

* Determination of lipid peroxidation (LPO) by product malondialdehyde (MDA) was performed using 

thiobarbituric acid reaction according to the method of to Ohkawa et al., (1979).  

* The activity of tissue antioxidant enzyme superoxide dismutase (SOD) was estimated according to the method 

described by Oyanagui, (1984).  

* Glutathione peroxidase (GSH-Px) antioxidant enzyme activity was determined according to the method of 

Paglia and Valentine (1967).  

 * The activity of antioxidant enzyme catalase (CAT) was determined according to the method of Aebi, (1984). 

 

Statistical analysis:  

 

 All the obtained data were statistically analyzed by SPSS computer soft ware by analysis of variance 

ANOVA and follow up test LSD by SPSS ver.11. 

 

Results and Discussion 

 

Effect of using oat powder on the sensory evaluation of biscuits:  

 

 Although increasing oat flour in biscuits improved the biscuit taste, odor and crust appearance, it caused a 

negative effect on the biscuits texture, color and overall acceptability. So, 20% was the ideal addition percentage 

of oat flour to the biscuits in all organoleptic parameters. Data in Table 1 show that there were significant 

differences between the control and oat biscuits (10, 20 and 30%) in taste. The highest taste value was for 30% 

oat biscuits (9.6 ± 0.54), followed by 20% oat biscuit (9.2 ± 0.44), then the control (7.8 ± 0.83). No significant 

differences were found in odor and texture between the control and oat biscuits. Biscuits at level of 30% oat 

gained the highest odor value (9.2 ± 0.83), however the highest texture value was for 20% oat biscuits which 

recorded 8.8 ± 0.83. Results also showed that there were significant differences between the control and oat 

biscuits in color, crust appearance and overall acceptability. Color values recorded 7.2 ± 0.83, 8.4 ± 0.54, 8.8 ± 

0.44 and 8.2 ± 0.83 for control, 10, 20 and 30% oat biscuits, respectively. On the other hand, crust appearance 

recorded 7.8 ± 0.83, 9.0 ± 0.70, 9.0 ± 0.70 and 9.4 ± 0.54 for the control, 10, 20 and 30% oat biscuits 

respectively. The highest overall acceptability value was for 20% oat biscuit (9.4 ± 0.54), followed by 10% oat 

biscuit (8.8 ± 0.83), 30% oat biscuits (8.4 ± 0.89) and the lowest value was for the control (7.4 ± 0.54). Finally, 

it could be observed from these results that the control recorded the lowest values in all organoleptic parameters 

as compared to oat biscuits. Also, 20% oat biscuits recorded the highest texture, color and overall acceptability, 

meanwhile the highest taste, odor and crust appearance values was for 30% oat biscuits.  
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 Sudha et al. (2007) found that incorporation of wheat and oat bran showed similar sensory characteristics at 

all levels (10-20-30-40%). At 10% incorporation, oat bran sample did not affect the quality of biscuits. Quality 

of biscuits was acceptable at 30% for oat bran.  

 Because of competition in the market and increased demand for healthy, natural and functional products, 

attempts are being made to improve biscuits’ nutritive value and functionality by modifying their nutritive 

composition. Such effects are very often achieved by increasing the ratios of wholegrain raw materials other 

than wheat or different types of dietary fibre in basic recipes with the attempt to increase biscuit’s protein 

content and quality, mineral content and availability (Tyagi et al., 2007) or increase dietary fibre content and 

improve prebiotical characteristics of the final product (Gallagher et al., 2003). 

 
Table 1: Scores of sensory evaluation of oat biscuits. 

Samples Parameters 

Taste 

(10) 

Odor 

(10) 

Texture 

(10) 

Color 

(10) 

Crust appearance 

(10) 

Overall 

acceptability 
(10) 

100% 

Wheat flour biscuits Control 

Mean 7.8c 8.2a 7.8a 7.2b 7.8b 7.4b 

SD 0.83 0.83 0.83 0.83 0.83 00.54 

10% 

Oat biscuits 

Mean 8.6bc 8.4a 8.4a 8.4a 9.0a 8.8a 

SD 0.54 0.89 0.54 0.54 0.70 0.83 

20% 

Oat biscuits 

Mean 9.2ab 8.8a 8.8a 8.8a 9.0a 9.4a 

SD 0.44 0.83 0.83 0.44 0.70 0.54 

30% 

Oat biscuits 

Mean 9.6a 9.2a 8.4a 8.2a 9.4a 8.4a 

SD 0.54 0.83 0.54 0.83 0.54 0.89 

SD: Standard Division. a, b, c, d,. . . :Different superscripts within the same column represent significant differences between the results (p ≤ 
0.05). 

 

Gross chemical composition (g/100g/ww) of prepared oat biscuits:  

 

 As shown in Table 2, moisture (g/100gm wet weight) content was 3.53, 3.45, 3.43 and 2.83% for control, 

10, 20 and 30% oat biscuits, respectively. Data shows that moisture decreased gradually by increasing the oat 

level in biscuits due to the lower content of oat flour moisture as compared to wheat flour moisture. There were 

significant differences between the control and oat biscuits in Protein content (g/100 g ww) (7.97, 8.01, 8.29 and 

8.36% for control, 10, 20 and 30% oat biscuits, respectively). These results explained that total protein increased 

by increasing the oat level in biscuits due to the higher content of protein in oat as compared to wheat flour. Ash 

content decreased significantly by increasing the oat level in biscuits due to the lower content of oat flour ash 

comparing to wheat flour ash. On the other hand, fat content increased in biscuits samples by increasing the 

level of oat flour due the higher content of oat flour fat when compared to the wheat flour. Carbohydrates 

content of biscuits recorded 72.27, 72.3, 71.86 and 72.43% for control, 10, 20 and 30% oat biscuits.  

 Previous results revealed that 20 and 30% oat biscuits are higher in protein, fat and Carbohydrates than 

control and 10% oat biscuits. Using whole grain raw materials and combining wheat flour with certain legumes 

and pseudo cereals in biscuit production, results in improved nutritional and functional properties of the final 

product (Vitali et al., 2009) as the total protein content (g/100 g dry matter) of biscuits with 16.5% oat fibre 

recorded 7.40 and fat content was 19.7 and ash content was 1.66. 

 
Table 2: Chemical composition of oat biscuits. 

Samples Moisture (%) Total protein 

(%) 

Ash 

(%) 

Fat 

(%) 

Carbohydrate 

(%) 

100% Wheat flour 

Biscuits (Control) 

3.53 a 7.97d 1.23a 15.0 72.27b 
0.21 0.20 0.023 0.01 0.26 

10% 
Oat biscuits 

3.45a 8.01c 1.13b 15.11 72.3b 
0.15 0.14 0.015 0.16 0.27 

20% 

Oat biscuits 

3.43a 8.29b 1.09b 15.33 71.86b 
0.15 0.11 0.036 0.152 0.11 

30% 

Oat biscuits 

2.83b 8.36a 0.91c 15.47 72.43a 
0.057 0.15 0.012 0.12 0.16 

L.S.D at 0.05 0.288 0.029 0.044 N.S 0.401 
SD: Standard Division. a, b, c, d,. . : Different superscripts within the same column represent significant differences between the results (p ≤ 

0.05). 

 

Gross chemical composition (g/100g/ww) of flavored oat biscuits:  

 

 The highest moisture percentage (3.8%) was for ChO Biscuit and the lowest moisture content (3.5%) was 

for CO Biscuit as shown in Table 3. Significant differences were observed between samples in protein content 

which ranged between 8.84 and 7.79. MO Biscuit gained the highest protein content (8.84%), followed by CO 

biscuit, GO biscuit, meanwhile, the lowest protein content (7.79%) was for the ChO biscuit. Data also show that 
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ash content of biscuits ranged between 0.91 for OF biscuit and 1.16 for MO biscuit. MO biscuit recorded the 

highest ash content (1.16%), followed by ChO biscuit (1.13%), however the lowest ash content (0.91%) was for 

OF biscuit. Results indicated the significant differences between control and other samples in fat content which 

ranged between 15.0% for MO biscuit. On the other hand, the Carbohydrates content ranged between 71.17% 

for CO biscuit and 72.15% for ChO biscuit.  

 From the previous data, it could be observed that the addition of herbs essential oils increase the total 

content of moisture, protein and fat. These results are in line with Corbo et al. (2009) & Nychas et al. (2003) 

who reported that Essential oils (EOs) or volatile oils are aromatic oily liquids obtained from plant materials 

(flower, bud, seeds, leaves, twig bark, herbs, wood, fruit and roots) by distillation. EOs contains a mixture of 

compounds, which includes terpenes, alcohols, acetones, phenols, acids, aldehydes, and esters and mainly used 

as food flavorings or functional components in pharmaceuticals.  

 
Table 3: Chemical composition of oat biscuits flavored by herbal essential oils. 

Samples Moisture 
(%) 

Total Protein 
(%) 

Ash 
(%) 

Fat 
(%) 

Carbohydrates (%) 

100% wheat flour 

Control (1) 

3.7e±0.07 8.01e±0.04 1.12e±0.01 15.4e±0.09 71.77bc±0.19 

20% Oat flour 

Control (2) 

3.6f ±0.02 8.38cd±0.03 0.91g±0.02 15.5ab±0.08 71.60cd±0.15 

0.75% 

Cinnamon oil 

3.5g±0.06 8.66b±0.16 1.06f±0.02 15.6a±0.10 71.17e±0.33 

0.25% 
Ginger oil 

3.7e±0.03 8.48c±0.12 1.13cde±0.02 15.4b±0.13 71.29de±0.29 

0.25% 

Chamomile oil 

3.8d±0.04 7.79f±0.05 1.12de±0.01 15.2c±0.17 72.15a±0.24 

0.1% 
Marjoram oil 

3.7e±0.03 8.84a±0.07 1.16bc±0.01 15.0d±0.11 71.29de±0.20 

Mean ± SD values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

Body weight gain of experimental rats fed on herbal oat biscuits for three weeks:  

 

 The mean values of initial body weight of all rats groups after seven days of adaptation (feeding on basal 

diet) ranged between 124 and 137 gm as shown in Table 4. At the end of experiments the body weight ranged 

between 115.66 and 179.00 gm. Data show that all rats groups recorded an increase in the body weight except 

the positive control group which recorded an obvious decrease in the body weight (-7.93%), these result agree 

with El-mehiry (2011) who reported a significant decrease in final weight, weight gain and food efficiency ratio 

(FER) in positive group which injected with potassium bromate compared to the normal group (-ve control).  It 

could be observed also that, although ChO biscuit rats group obtained the same quantity of biscuit during the 

experiment, it recorded a decrease in the body weight (-6.30%) comparing with other groups. This weight loss 

can be explained by Setchell 1998; Lee & Shibamoto and  Piersen 2003 who indicated the effect of chamomile 

phytosterols in elevation of lipid oxidation and lipid absorption control by the increase of 

hydroepiandrostandione. Benassayag et al., 2002 and Wei et al., 1998 stated that chamomile plant sterols 

stimulate lipid decomposition in rat cells and control cholesterol absorption. Therefore, rats treated with 

chamomile extract of showed weight loss. On the other hand, the highest increment in body weight gain 

(33.25%) was recorded for MO biscuit group, followed by GO biscuit group (32.73%) and OF biscuit group 

(31.99%), however WF biscuit group recorded the lowest increment in the body weight gain (10.56%). Overall, 

the body weight gain recorded high values in groups with high oxidative stress fed on biscuit contained oat only 

or oat with herbs EOs especially marjoram, ginger and cinnamon compared to the normal group (-ve control).  

 
Table 4: Body weight gain of experimental rats fed on herbal oat biscuits for 42 days: 

Body weight change 

(%) 

Change in body weight 

(gm) 

Final weight (gm) Initial weight (gm) Rats groups 

13.48b±4.45 18.33b±5.68 140.00cd±21.79 137.00 a ±6.55 G1: -ve control 

-7.93c±5.56 -11.00c±7.93 123.66cd±0.57 134.66 a ±8.50 G 2: +ve control 

10.56b±3.56 14.33b±5.50 148.00bc±14.79 133.66 a ±9.45 G 3:WF biscuit 

31.99a±14.85 43.66a±21.38 178.33a±27.30 134.66 a ±6.11 G 4: OF biscuit 

29.15a±6.12 39.33a±9.29 173.66ab±14.43 134.33 a ±6.02 G 5: CO biscuit 

32.73a±7.66 42.00a±7.93 171.33ab±11.93 129.33 a ±11.01 G 6: GO biscuit 

-6.30c±7.85 -8.33c±9.60 115.66d±10.06 124.00 a ±9.53 G 7: ChO biscuit 

33.25a±6.18 45.00a±9.16 179.00a±13.52 134.00 a ±4.58 G 8: MO biscuit 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± SD 

values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 
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Organs weight of experimental rats fed on herbal oat biscuits:  

 

 The rats groups subjected to oxidative stress and fed on biscuits contained oat or oat with herbs EOs 

recorded liver relative weight higher than that of normal control group and WF biscuit group as represented in 

Table 5. The relative weight of kidneys ranged between 1.04 in WF biscuit group and 1.29%, for both of normal 

rat group and MO biscuit group. Significant decrease in relative weight of heart were observed for CO, GO, 

ChO or MO biscuits groups comparing with the normal control group (0.48%)  which followed by the positive 

control group (0.39%). Data show that both of WF biscuit group and OF biscuit group recorded the same heart 

relative weight value (0.33%). 

 
Table 5: Organs weight of experimental rats fed on herbal oat biscuits: 

Rats groups Liver Kidneys Heart 

gm RW% gm Rw% gm Rw% 

G1: -ve control 4.59c±0.46 3.30b±0.21 1.8bc±0.25 1.29±0.07 0.65ab±0.15 0.48a±0.12 

G 2: +ve control 5.48bc±0.44 4.42a±0.37 1.33d±0.31 1.07±0.25 0.48bc±0.04 0.39ab±0.03 

G 3:WF biscuit 4.56c±0.55 3.07b±0.08 1.54cd±0.09 1.04±0.08 0.48bc±0.03 0.33b±0.04 

G 4: OF biscuit 7.13a± 1.17 3.99ab±0.09 2.21a±0.26 1.24±0.06 0.60ab±0.09 0.33b±0.01 

G 5: CO biscuit 5.77abc±1.4 3.36b±0.00 1.92ab±0.24 1.12±0.21 0.49bc±0.11 0.28b±0.05 

G 6: GO biscuit 5.18c±0.80 3.02b±0.47 2.03ab±0.12 1.18±0.07 0.55abc±0.11 0.32b±0.07 

G 7:ChO biscuit 4.44c±0.31 3.86ab±0.45 1.41d±0.06 1.23±0.12 0.38c±0.09 0.33b±0.10 

G 8: MO biscuit 6.95ab±0.71 3.91ab±0.67 2.29a±0.11 1.29±0.13 0.67a±0.02 0.38ab±0.03 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± SD 

values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

Effect of feeding herbal oat biscuits on serum aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP) enzymes:  

 

 In all liver dysfunctions, the aspartate aminotranseferase (ASt), alanine amino transeferase (ALT) and 

alkaline phosphatase (ALP) enzymes activities increase in serum as indication of liver injury. Table (6) shows 

that the AST, ALT and ALP activities of  positive control group were significantly higher than those of normal 

control group and of rats fed on WF biscuit and MO biscuit. Results indicated that the lowest AST (59.6 µ/L) 

was found in rats fed on MO biscuit whereas, it was lower than that of normal control (60.8 µ /L). On the other 

hand, the highest value of AST was found in positive control group which reached 112.7 µ /L. The lowest ALT 

value was for normal control rats (37.2 µ/L), followed by that of rats fed on MO biscuits (38.5 µ/L). The highest 

value of ALT was found in positive control group  (82.6 µ/L). Also it could be noticed that normal control rats 

had the lowest value of ALP, however the highest value was for the positive control group   (104.1 µ/L). 

 Overall, it is noticeable that all groups fed on biscuits had lower values of AST, ALT and ALP than positive 

control group. These results were in line with those obtained by Sheng et al., (2008) who stated that serum AST 

and ALT were increased in mice fed on obesity induced diet and normalized on treatment with cinnamon water 

extract. Treating animals with ginger led to an improvement in the histological liver picture with significant 

decrease in ALT and AST activity (Yassin et al., 2010). Sakr (2007) observed significant reduction in 

paracetamol-induced increase in the serum levels of ALT, AST and ALP on treatment with ginger. 

 
Table 6: Effect of feeding herbal oat biscuits on serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline 

phosphatase (ALP) enzymes.  

Groups 
 

Parameters 

AST                                                                                

(µ /L) 

ALT 

(µ /L) 

ALP 

(µ /L) 

G1: -ve control 60.8± 2.6d 37.2± 2.1d 87.5± 1.9d 

G 2: +ve control 112.7± 5.3a 82.6± 4.3a 104.1± 5.4a 

G 3:WF biscuit 87.4± 4.2b 56.2± 3.7 b 99.6± 4.3b 

G 4: OF biscuit 85.8± 4.1b 53.5± 2.6 b 95.5± 2.2b 

G 5: CO biscuit 82.2± 3.7b 50.5± 2.4 b 93.8± 2.4b 

G 6: GO biscuit 66.3± 4.6c 45.5± 3.1c 90.3± 2.1c 

G 7: ChO biscuit 63.5± 3.6c 42.4± 2.5c 89.8± 2.3c 

G 8: MO biscuit 59.6± 2.3c 38.5± 2.5c 88.3± 3.3c 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± 

SD values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

 Treatment with O. majorana alcoholic extracts and its volatile oil significantly reduced serum enzyme 

activities of AST, ALT and ALP that was elevated by lead acetate administration (El-Ashmawy et al., 2005). Co 

administration of marjoram EO to prallethrin intoxicated rats decrease ALT, AST, and ALP activity to normal 

levels. These results indicated the ability of marjoram EO to protect against prallethrin-induced hepatocyte 

injury (Mossa et al., 2013). Chamomile functions as a hepatoprotective agent due to normalization of impaired 

membrane function activity (Gupta and Misra 2006). Afify et al. (2012) showed relationship between marjoram 
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and chamomile essential oil contents and activity of enzyme glutathione-S-transferase, non specific esterase and 

alkaline phosphatase as well as inhibition of protease enzyme in T. urticae.  

 

Effect of feeding herbal oat biscuits on serum total protein (TP), albumin (Alb) and total bilirubin (TBil):  

 

 The mean scores of total protein increased significantly in all groups fed on biscuits (Figure 1) when 

compared to the positive control group (4.22 mg/dl), while the normal control group had the highest total protein 

value (7.44 mg/dl). Data show that the normal rat group had the highest albumin (Alb) value (2.92 mg/dl), 

followed by MO, ChO, GO then CO biscuits group which recorded 2.82, 2.56, 2.35 then 2.16 mg/dl, 

respectively, however the lowest Alb value was for (G3) the rats group fed on WF biscuit, followed by OF 

biscuit group, followed by positive control group (1.91 mg/dl). These results revealed that herbs EOs increased 

the albumin level in the serum Mean value of total bilirubin (TBil) decreased significantly in rats with high 

oxidative stress (G2: G8) fed on biscuit contained either oat or herbs EOs comparing to positive control group 

which recorded 1.92 mg/dl.  

 Previous results are in accordance with Abdel-Azeem et al. (2013) who found that the pretreatment with 

ginger decreased the acetaminophen-induced increase in the biochemical levels of the hepatic marker enzymes 

(AST, ALT, ALP and arginase) and total bilirubin. Meanwhile, Gupta and Misra (2006) observed that extract of 

chamomile has reversal effects on the levels of serum hepatic enzymes and serum bilirubin in paracetamol 

hepatotoxicity. 
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Fig. 1: Effect of feeding herbal oat biscuits on serum total protein (TP), albumin (Alb) and total bilirubin (TBil). 

 

Effect of feeding herbal oat biscuits on serum total cholesterol (TC) and triglycerides (TG):  

 

 Feeding on biscuits contained oat and herbs EOs decreased total cholesterol and  triglyceride levels 

significantly comparing with rats with high oxidative stress (control+ve) and WF biscuit group as shown by 

Figure 2. MO biscuit group had the lowest Total Cholesterol (TC) and Triglycerides (TG) levels followed by 

ChO, GO and CO biscuit group. Meanwhile, the highest TC and TG values were for rats with high oxidative 

stress (control+ve) followed by WF biscuit group or herbs EOs biscuit groups which recorded significant 

increase in TC and TG. 

 Results revealed that the biscuit supplemented with oat and herbs EOs reduced total cholesterol and 

triglyceride levels. These results are in line with Queenan et al. (2007) who mentioned that oat fiber is a rich 

source of b-glucans, known for their ability to lower serum cholesterol levels in men. Oat could improve 

obesity, body fat, serum parameters and liver lipid metabolism. Dose-dependently of oat reduced hepatic TG 

and cholesterol (Peng et al., 2012). AbuMweis et al. (2010) stated that oat-based breakfast cereals reduced 

serum and plasma cholesterol levels and reduced the postprandial glycemic response. Ping et al. (2010) stated 

that cinnamon essential oil caused a significant decrease in plasma C-peptide, serum triglyceride (TG) and total 

cholesterol (TC). Supplementing different concentrations of cinnamon oil in diet (especially 1000 ppm) 

decreased cholesterol levels of serum (Ciftc et al., 2010). Consumption of high dose of ginger extract revealed a 

significant reduction in the levels of cholesterol, triglycerides, phospholipids in serum and tissue of aorta (P < 

0.01) (Al-Tahtawy et al., 2011).The treatment with ginger caused a decrease in serum cholesterol, serum 
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triglyceride and blood pressure in diabetic rats (Sanjay et al., 2004). Oil extract derived from herbal plants had 

high ability in decreasing serum cholesterol level and HDL in blood (AL-Kassie, 2009). 
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Fig. 2: Effect of feeding herbal oat biscuits on serum total cholesterol (TC) and triglycerides (TG). 

 

Effect of feeding herbal oat biscuits on serum lipoprotein cholesterol:  

 

 Figure 3 show that feeding rats with high oxidative stress on biscuit contained oat and herbal EOs (G4:G8) 

increased HDL-c and decreased LDL-c levels comparing with those in case of normal control rat group (control-

ve), high oxidative stress rats group (control+ve) and WF biscuit rats group without oat. Results indicated also 

that VLDLc values increased significantly in rats with high oxidative stress (control+ve) and all groups fed on 

biscuit contained oat and herbs EOs as compared to the normal control group which recorded the lowest VLDLc 

value (15.00mg/dl). The positive control group recorded the highest VLDLc value (21.00 mg/dl). A protective 

effect could be observed by a significant decrease on VLDLc in all rats groups fed on oat and herbs EOs biscuit 

comparing with the positive control group.  

 Our results are in the same trend with Peng et al. (2012) who reported that oat lowered serum 

triacylglycerol (TG), cholesterol, and LDL-C/HDL-C elevated by high fat diet. Oat increased LDL receptor, 

being beneficial for serum lipid-lowering. Also Ping et al. (2010) reported that serum high density lipoprotein 

(HDL)-cholesterol levels were significantly increased after 35 days of cinnamon oil consumption. Reducing 

LDL and increasing HDL cholesterol is one of the beneficial effects Of Cinnamomum zeylanicumin (Shen et 

al., 2010).The beneficial effects of C. zeylanicum in animals include attenuation of diabetes associated weight 

loss, reduction of fasting blood glucose, LDL and HbA1c, increasing HDL cholesterol (Ranasinghe et al., 2012). 

Cinnamon water extract reduces serum LDL-c to normal level in diet induced obesity in mice, suggesting that it 

may be beneficial to cardiovascular disease (Sheng et al., 2008). Dietary consumption of ginger extract by 

hyperlipidemic mice significantly reduced the development of aortic atherosclerotic changes, along with an 

impressive reduction in the levels of serum VLDL and LDL cholesterol (Al-Tahtawy et al., 2011).  

 

Effect of feeding on herbal oat biscuits on blood urea nitrogen (BUN), uric acid (UA) and creatinine (Cr.) 

levels:  

 

 As shown in Table (7), blood urea nitrogen (BUN) and creatinine (Cr) levels of normal control rats and rats 

under oxidative stress which fed on oat or herbs EOs biscuit decreased compared to the positive control group. 

The lowest value of both BUN and Cr was for the normal control rat group, followed by MO biscuit group, 

however positive control group recorded the highest BUN and Cr values (56.0 mg/dl and 1.64 mg/dl, 

respectively). Results that GO biscuit group gained the lowest uric acid (UA) value followed by ChO biscuit 

group, however the highest uric acid value was for both the normal control group and CO biscuit group (1.50 

mg/dl). 
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Fig. 3: Effect of feeding herbal oat biscuits on serum high density lipoprotein (HDL-c), low density lipoprotein 

(LDL-c) and very low density lipoprotein (VLDL-c). 

 

 Ping et al. (2010) reported that consumption of cinnamon oil caused a significant decrease in blood urea 

nitrogen (BUN) levels. Shati et al. (2011) reported that there was a significant decrease in urea and creatinine 

levels in the marjoram post-treated group when compared with cadmium group. Whereas pretreatment with 

volatile oil, alcoholic and aqueous extracts of O. majorana for one month before and maintained with lead 

acetate resulted in a significant reduction in the serum levels of urea, and creatinine. The aqueous and alcoholic 

extracts of O. majorana and its volatile oil exhibited a hepato-renal protection against lead induced hepato-renal 

toxicity (El-Ashmawy et al., 2005). 

 
Table 7: Effect of feeding herbal oat biscuits on blood urea nitrogen (BUN), uric acid  (UA) and creatinine (Cr.) levels.  

Groups 
 

Parameters 

BUN                                                                                  

(mg/Dl) 

UA 

(mg/dL) 

Cr. 

(mg/Dl) 

G1: -ve control 36.3± 1.4d 1.50± 0.01a 0.75± 0.01d 

G 2: +ve control 56.0± 2.4 a 1.49± 0.06a 1.64± 0.04a 

G 3:WF biscuit 54.1± 2.6 b 1.48± 0.02a 1.63± 0.02b 

G 4: OF biscuit 52.8± 2.3 b 1.49± 0.04a 1.62± 0.02b 

G 5: CO biscuit 46.5± 2.1b 1.50± 0.01a 1.60± 0.03b 

G 6: GO biscuit 43.4± 2.5c 1.47± 0.05a 0.94± 0.02 c 

G 7: ChO biscuit 42.6± 1.8c 1.48± 0.01a 0.92± 0.01 c 

G 8: MO biscuit 39.5± 3.1c 1.49± 0.05a 0.90± 0.03 c 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± SD 
values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

Effect of feeding herbal oat biscuits on liver malondialdehyde (MDA) and reduced glutathione (GSH) contents:  

 

 There was a significant increase in GSH and a significant decrease in MDA in all rats groups fed on oat or 

herbs EOs biscuits compared to control+ve group (Table 8). Normal control rats had the lowest MDA value 

(3.65 nmol/g protein), followed by rats group with induced oxidative stress and fed on MO biscuit, then the 

other fed on ChO biscuit, GO biscuit and CO biscuit (3.83, 3.95, 4.12, and 4.50 n mol/g protein, respectively). 

Rats with induced oxidative stress (control+ve group) had the highest MDA value (6.60 nmol/g protein). It 

could be noticed that rats under oxidative stress which treated with oat biscuits or herbs EOs biscuits (G4: G8) 

showed significant decrease of MDA levels as compared to positive control group. Data also show that 

glutathione (GSH) recorded the highest value in the normal control group (8.50 µg/mg protein), where the 

lowest GSH value was for positive control group (3.60 µg/mg protein). On the other hand, there was a 

significant increase in GSH values for wheat, oat and herbs EOs biscuits groups compared to the positive 

control group. 
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 MDA level has been used as the marker for lipid peroxidation in cancer (Sabitha & Shyamaladevi 1998). 

The high level of MDA in cancerous condition could have resulted from the deterioration of antioxidant 

defense, as studied by Szatrowski and Nathan (1991). The obtained results were in harmony with Roussel et al. 

(2009) who mentioned that plasma MDA levels decreased in subjects receiving cinnamon extract and this 

decrease indicating decreased lipid peroxidation. (Moselhy and Ali, 2009). Cinnamon oil supplementation to 

diet significantly increased antioxidant enzyme activity and GSH level. The Dose of 500 ppm cinnamon oil had 

strong antioxidant activity on the internal organs (P<0.01) (Şimşek et al., 2013). Liver GSH level was increased 

in Cinnamon–treated rats (P< 0.05) (Noori et al., 2012). 

 Ginger extract may have bioactive components with antioxidant activity in scavenging free radicals such as 

superoxide anions and H2O2 as well as decreasing the MDA level due to of lipid peroxidation (Mukti et al., 

2006). Oral administration of ginger oil for one month, significantly increased glutathione and glutathione 

reductase enzymes level (P<0.001) in blood of mice and glutathione-S-transferase, glutathione peroxidase and 

superoxide dismutase enzymes in liver (Jeena et al., 2013). Meanwhile, Amin and Hamza (2006) demonstrated 

that Z .officinal increased the activities of testicular antioxidant enzymes, superoxide dismutase, glutathione, 

and catalase and reduced level of malondialdehyde. 

 Treatment with Marjoram volatile oil extracts significantly inhibited the elevated MDA level and GSH 

depletion in the rats testis, brain and liver induced by ethanol exposure (El-Ashmawy et al., 2007). The level of 

liver and kidney GSH was significantly increased in rats administered with marjoram alone when compared 

with control group given cadmium (Shati, 2011). 

 
Table 8: Effect of feeding herbal oat biscuits on liver lipid peroxide malondialdehyde (MDA) and reduced glutathione (GSH) contents. 

Groups 

 

Parameters 

MDA                                                                         

(nmol/g protein) 

GSH 

(µg/mg protein) 

G1: -ve control 3.65± 0.2d 8.50± 0.5a 

G 2: +ve control 6.60± 0.4a 3.60± 0.1d 

G 3:WF biscuit 5.80± 0.3b 4.50± 0.2b 

G 4: OF biscuit 5.60± 0.4b 4.40± 0.2b 

G 5: CO biscuit 4.50± 0.2b 4.26± 0.3b 

G 6: GO biscuit 4.12± 0.2c 5.80± 0.2c 

G 7: ChO biscuit 3.95± 0.3c 6.88± 0.1c 

G 8: MO biscuit 3.83± 0.2c 7.55± 0.3c 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± SD 

values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

Effect of feeding herbal oat biscuits on the activity of liver superoxide  dismutase (SOD); glutathione peroxidase 

(GSH-Px) and catalase (CAT) antioxidant enzymes activity:  

 

 A significant increase in mean values of SOD, GSH-px and CAT were found for groups fed on oat biscuit 

and oat herbs EOs biscuits (cinnamon, ginger, chamomile and marjoram) as compared to positive control group 

(Table 9). Data show that the levels of SOD, GSH-px and CAT for normal control rats were 18.3, 345 and 38.7 

u/mg protein, respectively, while the corresponding levels for positive control group were significantly lower 

(11.5, 295 and 19.3 u/mg protein, respectively).  

 Previous results showed a significant increase in SOD, GSH-px and CAT in all rat groups fed on the 

prepared biscuits compared to the control. Maintaining the balance between ROS and antioxidant enzymes, such 

as superoxide dismutase (SOD), catalase (CAT), and glutathione-s-transferase (GST), is, therefore, crucial and 

could be an important mechanism for preventing damage by oxidative stress. This balance has been suggested to 

have an important role in preventing pesticides toxicity (Mansour and Mossa, 2011). 

 The administration of cinnamon extract to irradiated rats significantly ameliorated the changes induced in 

liver antioxidant system; catalase, superoxide dismutase and glutathione peroxidase activities as well as reduced 

glutathione concentra- tion. The liver’s lipid peroxidation and protein oxidation indices were significantly 

decreased when compared with their equivalent values in irradiated rats Azab et al. (2011). SOD and CAT 

activities increased significantly on treatment with ethanol extract of cinnamon versus the untreated animals 

when both were given CCl4 (Moselhy and Ali, 2009). Cinnamon oil induced the SOD production in liver and 

heart tissues (Şimşek, 2013). Ciftci et al. (2010) reported that cinnamon oil (1000 ppm) reduced MDA level (P 

< 0.05) and increased GSH-Px and CAT activities (P < 0.001). 

 Ginger administration produced reduction in ALT, AST and ALP in serum and increased activities of SOD, 

GST, CAT and GSH levels in the liver (Ajith et al. 2007). Subsequent studies have also shown that ginger was 

effective in reversing lead induced reduction in the liver weight, increasing plasma SOD and CAT activity, and 

decrease LPx (Khaki & Khaki 2010). Based on data from an in vivo study by Jeyakumar et al. (1999) on rats 

given high fat diet, ginger supplementation managed to increase the concentration of SOD and catalase in the 

tissues while the level of oxidized glutathione was decreased. Oil of marjoram (O. majorana L.) has strong 
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antioxidant activity, mainly because of its high content of phenolic acids and flavonoids. Marjoram is rich in 

phenolic content (40 GAE) (Karakaya et al., 2001 & Vagi et al., 2005). 

 
Table 9: Effect of feeding herbal oat biscuits on the activity of liver superoxide  dismutase (SOD); glutathione peroxidase (GSH-Px) and 

catalase (CAT) antioxidant enzymes. 

Groups 

 

Parameters 

SOD                                                                               
(U/mg protein) 

GSH-Px                      
(U/mg protein) 

CAT 
(U/mg protein) 

G1: -ve control 18.3± 0.2a 345± 7.9a 38.7± 0.3a 

G 2: +ve control 11.5 ± 0.1d 295± 5.7d 19.3± 0.4d 

G 3:WF biscuit 12.2± 1.8b 301 ± 3.2b 21.1 ± 0.1b 

G 4: OF biscuit 13.4± 1.3b 304± 4.1b 22.4± 0.3b 

G 5: CO biscuit 13.9± 1.5b 306± 3.7b 24.1± 0.2b 

G 6: GO biscuit 15.2± 1.7c 323± 2.9c 29.8± 0.4c 

G 7: ChO biscuit 16.6± 1.1c 334± 3.8c 31.8± 0.3c 

G 8: MO biscuit 17.6± 1.3c 340± 4.6c 35.1± 0.5c 

G: Group; WF: Wheat Flour; OF: Oat Flour; CO: Cinnamon Oat; GO: Ginger Oat; ChO: Chamomile Oat; MO: Marjoram Oat; Mean ± SD 

values in each column with different superscript letters (a, b, c, d) are significant at P< 0.05. 

 

Conclusion: 

 

 With the growing interest of consumers in health-related foods, the addition of oat (Avena sativa L.) to 

wheat flour affected the sensory characteristics and chemical composition in various ways. Biscuits containing 

oat flour (20%) was highly acceptable. The addition of herbs essential oils of the four plant materials {cinnamon 

(cinnamomum zeylanicum), ginger (Zingiber officinale), chamomile (Matricaria renmcutita L.) and marjoram 

(origanum marjorana)} gave an excellent flavor and antioxidant effect on the oat biscuit. Natural antioxidants 

can play a very important role in shelf-life extending of food products containing fats and oils, such as biscuits. 

This study has shown the potential of developing new herbal oat biscuits with natural antioxidants which are 

safe and impart health benefits to the consumer. 
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