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ABSTRACT  

Parsley has been described as a "power food "of future because of its high nutritive and its 
antioxidant properties ,parsley is a good source of folic acid, vitamins A, K, C and carotenoids. 
Parsley, has a high content of phenols (1960.43mg/100gm). The radical scavenging activity (RSA) of 
parsley is also high (93.21%). Therefore, in the current study, " crackers" were  prepared by substitute 
wheat  flour by five levels of parsley powder (1, 2,3,4 and 5%) in a ddition one sample with 200 ppm 
of BHA). The prepared crackers samples were evaluated with respect to the physicochemical 
characteristics and sensory properties. The substitute with parsley was increased the total phenol, 
protein, ash and fiber contents of crackers as the amount of parsley increased. The substitute with  
parsley caused, also, an increase in zinc iron, magnesium, potassium and calcium content. The 
substitute of 5% parsley caused an increase in RSA to 50.87% compared with 14.41% for control. The 
substitute of 5% parsley caused decreased the Peroxide value  and free fatty acid value after 6 weeks 
to 0.63 and 1.25  compared with 2.2 and 12.10 (g equiv. of O2/100 g)  for control respectively. 
Substitution with 1 and 2% parsley showed the most sensory preferable crackers fortified sample. 
Therefore, parsley could be used successfully to enrich crackers, giving alternative utilization 
opportunity to producers and healthy choice. 
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Introduction 

Antioxidants are important to the food industry. Manufacturers have strived to produce high 
quality food with superior texture, color, flavor and nutritional values in the shelf life period. 
However, many foods are subject to many factors that lead to the quality deterioration. Among these 
undesirable factors, lipid auto oxidation is one of the most concerned. The need of protecting food 
against oxidative degradation has prompted the wide usage of food additives. Although there are some 
synthetic antioxidant compounds such as butylated hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA), these compounds are associated with some side effects, Ito et al., (1983).  

Many studies have been shown that the presence of natural antioxidants from various aromatic 
and medicinal plants is closely related to the reduction of chronic diseases such as DNA damage, 
mutagenesis, and carcinogenesis Reddy et al., (2003) Therefore, it has been a growing interest in 
research concerning alternative antioxidant active compounds, including plant ,plant extracts and 
essential oils that are relatively less damaging to the mammalian health and environment. Essential 
oils are known to possess multifunctional properties, besides the antibacterial, antifungal, and anti-
inflammatory activities other than their classical roles as natural food additives and/or fragrances. 
Angioni et al., (2004).  

From of antioxidant active plants Petroselinum crispum (mill.) and in some region Petroselinum 
hortence Hoffm. From the family Umbeliferae, are commonly known as parsley. The origin of parsley 
is from Mediterranean region, but today is cultivated wherever of the world. Parsley is biennial and 
glabrous. Its height is 60 to 100 cm, numerous stems grow from one root. Moreover than its widely 
use as a green vegetable and garnish. It is used for different medicinal purposes in traditional and 
folklore medicine of different countries. Various compounds from different phytochemical categories 
have been identified in Parsley. Also, different pharmacological activities have been attributed to this 
plant (Farzaei et al., 2013).  
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The unique taste of parsley means that it is commonly used in cooking as a garnish and as a tasty 
herb in many dishes. In European cooking, curly leaf parsley is often sprinkled as a garnish on many 
fish, potato and chicken dishes. It is also included in roux-based sauces on, or with, fish or gammon. 
The Italian dish, salsa Verde, contains parsley as a main ingredient, while in French cuisine, large 
amounts of parsley are mixed with garlic to make persillade. Curly leaf parsley is used as a minor 
addition in many dishes but some chefs mention that the flat leaf cultivar has a more intense flavour. 
Parsley is reported to be a good source of antioxidants, flavonoids, folic acid, vitamins A, K , C and 
carotenoids, but their possible anti-nutritive constituents have not yet been addressed Zarembski, and 
Hodgkinson, (1962). 

Also, fresh, dried, and dehydrated leaves of parsley are used as a condiment, garnish, and 
flavoring ingredient. An essential oil can be extracted from the leaves and seeds; it is used as a 
flavoring agent or fragrance in perfumes, soaps, and creams. The commercial essential oil of parsley 
is largely derived from the seed or the herb harvested at seed formation, prior to ripening, Petropoulos 
et al., (2004). Simon et al., (1984) studied the essential oils of 104 accessions from the USDA Plant 
Introduction Station and identified1, 3, 8-p-menthatriene, myristicin, b-phellandrene and myrcene as 
the principal components. Zheng, et al., (1992) found that as a major volatile aroma constituent of 
parsley essential oil, myristicin may be an effective cancer chemopreventive agent. Gazzani(1994) 
found that parsley showed weak antioxidant activity in groundnut oil under various heating 
conditions.  

Fejes et al. (1998) and Wong and Kitts, (2006) investigated the vitro antioxidant effect of various 
extracts prepared from different vegetative organs of parsley and observed that the essential oil plays 
a significant role in the scavenging effect. Parsley is a medicinal plant with various proven 
pharmacological properties including antioxidant, hepatoprotective, neuroprotective, anti-diabeic, 
analgesic, spasmolytic, immunosuppressant, anti-coagulant, anti- ulcer, laxative, estrogenic, diuretic, 
hypotensive, antibacterial and antifungal activities. Beneficial effects of Petroselinum crispum on 
gastrointestinal tract which claimed in ethnomedicine of various nations, proved via spasmolytic, 
analgesic, gastroprotective, anti secretive and laxative mechanisms in modern scientific investigations 
Farzaei et al., (2013).  

Parsley keeps your immune system strong, tones your bones and heals the nervous system, too. It 
helps flush out excess fluid from the body, thus supporting kidney function. Regular use of parsley 
can help control your blood pressure. Parsley essential oil, when massaged into the scalp, may reduce 
hair loss. Meyer et al., (2006). 

Parsley – Petroselinum crispum – is a powerhouse of nutrition, rich in vitamins B and C, β – 
carotene and zinc. It also contains absorbable forms of iron and calcium. Parsley is high in boron and 
fluorine – both bone strengtheners. It aids digestion and is a great source of chlorophyll, a detoxifier. 
New research shows that flavonoids and essential oil compounds from parsley act as powerful 
antioxidants, perhaps slowing the aging process and protecting cells. Parsley is a diuretic that purifies 
the blood and accelerates the excretion of toxins. Parsley (Petroselinum crispum), the world's most 
popular culinary herb is also known as “rock celery” and belongs to the Umbelliferae family of plants. 
Parsley, which has hypoglycemic activity, has been used as a folk remedy for diabetes Chevallier, 
(1996). 

Among snack foods, crackers remain a versatile food, which is highly consumed by a wide range 
of populations, due to their varied taste, long shelf life and relatively low cost. It serves as a proper 
vehicle to meet consumer demand for nutritious, convenient, and tasty snacks. Ahmed and  Abozed, 
(2015). 

The current study aimed to evaluate the antioxidant activity and the beneficial effect of utilizing 
the parsley  in the crackers. Also, the present study has been undertaken, to determine the nutritional 
value of the crackers manufactured by adding the parsley as a good source of nutrients that may make 
it one of the more important food additives in the future.    
 
Material and Methods 
 
Raw Materials:  

 
Wheat flour, salt, fat, baking powder and parsley were purchased from Egyptians local market. 
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Preparation of parsley powder:  
 
Parsley was washed with water then rinsed with distilled water; external moisture was wiped out 

with a dry cloth. The edible portion of the plant was separated, dried in a hot air forced oven at 50°C 
for 1 h. The dried samples were then powdered in blander and maintained in sealed packages until 
use.  

 
Preparation of Cracker samples:  

 
Crackers were prepared according to the recipe and methods of Abd-El-Rahim et al., (2003) 

using the following ingredients: 100 g wheat flour, 10 g shortening, 2g salt, 2 g baking powder. five 
samples were prepared by replacing 1%, 2%, 3%, 4% and 5% of wheat flour by  parsley  powder, in 
addition one sample was prepared by adding synthetic antioxidant (BHA 200 ppm) and one sample 
without any additive  as  control.      
 
Physical Evaluation of crackers: 

 
Five prepared samples used for the Physical evaluations Crackers were evaluated for height 

(cm), width (cm), spread ratio and spread factor. The spread ratio and Specific volume (cm' /g) were 
calculated according to Manohar and Rao, (1997) using the following equations:  

Specific volume (cm' /g) = crackers Volume (cm') / crackers weight (g) 
spread ratio = the average diameter / thickness 
 

Chemical Analysis:  
 
Parsley powder, wheat flour and crackers were analyzed for its moisture, ash, protein and fat 

according to the standard AACC, (2000) methods. Nitrogen content was estimated by the Micro-
Kjeldhal method. Carbohydrate contents are calculated by difference. Crude fiber content was 
analyzed according to AOAC, (2012).  

 
Determination of Mineral Contents: 

 
Sodium, potassium, magnesium, calcium, iron, copper, manganese and phosphorus (Na, K, Mg, 

Ca, Fe, Co, Mn, and P) of wheat, parsley powder  and crackers  were determined according to the 
methods described in AOAC, (2012). using the Perking Elmer 3300 (USA) Atomic Absorption 
Spectrophotometer .While Phosphorus(p)  content was determined according to the method of 
Taussky and Shorr(1953)  

 
Determination of Amino-acids:  

 
Amino acids content were determined according to the method as described by Moore et al. 

(1958). 
 

Determination of total phenols and  total flavonoids: 
 
The amount of total polyphenols were determined in parsley powder, wheat flour, and crackers 

using Folin-Ciocalteu reagent. The results are presented as gallic acid equivalent (mg GAE/100g) 
Singleton et al., (1999). All tests were conducted in triplicate. For the total flavonoid content (TFC), 
the method of Blasaet et al. (2006) was used. The results were expressed in mg rutin equivalents 
(RE)/100 g of sample as mean of three replicates. 
 
DPPH Radical Scavenging Activity:  

 
DPPH scavenging activity was determined using the modified method of Ohnishi et al. (1994). 

The free radical scavenging activity of food extracts were tested, indicated as bleaching of the stable 
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1,1 -diphenyl-2-picrylhydrazyl radical (DPPH) % of Scavenging effect =1- (absorbance of sample at 
517 nm / absorbance of control at 517 nm) x100 

 

Sensory evaluation of products:  
 

The sensory evaluation was carried out in order to estimate the consumer response acceptability 
of the tested crackers. Panelists evaluated the tested cracker samples with respect to appearance, 
texture, taste, odor, color, and overall acceptability attributes according to the method described by 
Ibrahim et al. (2012). 

 

Stability analysis of crackers: 
 

The lipids of ground crackers were extracted using n-hexane. Stability of crackers was followed 
periodically at intervals of 1 week during storage period (6 weeks) at ambient temperature, radical 
scavenging activity (RSA), Free fatty acid (FFA), peroxide value (PV) were determined according  to 
the methods described by Taga et al. (1984)  and AOCS, (1993). The above analysis were carried out 
in two replicates. 

 

Statistical analyses: 
 

Statistical analyses were carried out by SPSS10 program. Data were expressed as means ± SE 
and the statistical analysis was performed using one-way analysis of variance followed by Duncan's 
tests. SPSS, (2000). 

 

Results and Discussion 
 

The chemical composition (on dry weight bases) of parsley and wheat flour (72% ext.) were   
illustrated in Table (1). From these results it clear that ,parsley has a high content of total phenols and 
total flavonoid  (1960.43mg GAE/100g and 158.07 mg RE/100g) compared with wheat flour (3.60 
GAE/100 and 1.89mg RE/100g) respectively. The present results are higher than those found by 
Stankevesiciu et al., (2010) who reported  that total phenol, DPPH and total flavonoid content in 
parsley were 1247.8mg GAE, 145.44 and 119.0mg CE 100g-1 respectively. But it was lower than that 
found by  Liga and Daina, (2014) who reported the DPPH was 669.88 μmol Trolox/g DW in dried  
leaves. The variability could be due to environmental factors and collection period. Previous studies 
have indicated that the level of active compounds in plants were increased when sunlight and 
temperature increased Lim and Quah, (2007). In general, it could be stated that, Parsley is a good 
source of flavonoid, antioxidants Meyer et al., (2006). 
 
Table 1: Chemical composition (on dry weight bases) of parsley powder and wheat flour. 

Macronutrients (%) Parsley powder Wheat flour 
Protein 26.33 10.15 
Fat 4.47 0.96 
Ash 10.12 0.53 
Fiber 12.88 0.45 
Carbohydrate 46.20 87.91 
Macro minerals (mg/100g)  
Ca 1134.00 95.12 
Mg 389.00 56.02 
Na 454.00 11.32 
K 2676.00 443.25 
Mn 9.83 0.43 
Micro minerals (mg/100g)  
Fe 21.85 1.49 
Zn 5.22 1.46 
Total phenols (mg GAE/100g ) 1960.43 3.60 
Total flavonoids (mg RE/100g)  158.07 1.89 
Radical scavenging activity (%RSA) 93.21 34.17 
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Data in Table (2) present the amino acids of parsley. From this table  notice that  ,parsley  is an 
important source of amino acids; it contains the essential amino acid, "Lucien". Parsley  proteins 
which are efficient also in lysine, contained adequate levels of the other essential amino acids. leucine 
was the highest, while isoleucine and valine were in moderate amounts. Threonine and the sulphur 
containing amino acids were low. It could be say, parsley contains the essential amino acids that the 
body uses to make proteins, where Twenty percent of the calories come from protein, George 
Mateljan, (2016). 

 
Table 2: Amino acids content (g/100g) in parsley 

Amino acid g/100g 
Alanine 1.43 
Arginine 1.62 
Aspartic acid 2.34 
Cystine 0.32 
Glutamic acid 3.38 
Glycine 1.53 
Histidine 0.60 
Hydroxyproline 0.00 
Isoleucine 1.43 
Leucine 2.37 
Lysine 2.08 
Methionine 0.57 
Phenylalanine 1.53 
Proline 1.76 
Serine 1.05 
Threonine 1.22 
Tryptophan 0.33 
Tyrosine 1.05 
Valine 1.72 

 
Due to that the parsley has a high nutritional value, since it has high protein, ash and fiber 

contents in comparison with some other edible plants, it was incorporated in the present cracker 
formula. The results of chemical composition of crackers fortified with parsley are shown in Table 
(3). 

  
Table 3: Chemical composition (on dry weight bases) of the prepared cracker  

Macronutrients (%) 
 

Control 
Amount of parsley substitution (%) 

1 2 3 4 5 
Protein 9.97 10.11 10.26 10.40 10.56 10.69 
Fat 7.15 7.10 7.07 7.02 6.98 6.92 
Ash 2.21 2.28 2.35 2.43 2.52 2.59 
Fiber 3.16 3.24 3.33 3.45 3.52 3.60 
Carbohydrate 77.51 77.27 76.79 76.70 76.42 76.20 
Macrominerals mg/g  
Ca (mg/g 29.15 39.99 50.98 62.07 71.96 83.45 
Mg 12.80 16.54 19.27 24..01 27.74 31.48 
K (mg/100g) 44.65 70.72 95.94 123.17 148.39 175.61 
Mn 0.33 0.42 0.52 0.61 0.69 0.80 
Micro minerals mg/g  
Fe (mg/g) 1.35 1.55 1.76 1.95 2.16 2.35 
Zn (mg/g) 1.66 1.69 1.71 1.76 1.79 1.81 
Total phenols (mg GAE/100) 3.03 20.45 35.91 49.36 65.82 79.26 
Total Flavonoids (mg RE/100) 1.49 3.05 4.61 6.17 7.73 9.28 

 
From Table (3) it can be noticed that, the replaced wheat flour by parsley were  increased in 

protein, ash and fiber content of cracker. The increase of replaced level is directly proportional to the 
increased in protein, ash and fiber. This is mainly due to the high content of protein, ash and fiber in 
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parsley than that found in wheat flour Also, the replace of parsley, which had a high content of 
minerals, caused zinc and iron contents to be doubled. This were also due to the parsley high content 
of calcium, zinc, iron, magnesium and potassium were  increased in crackers with increase in level 
replacement. The total phenols content of the crackers was increased with increasing replacement of 
parsley. The crackers with 5% parsley had the highest percent of phenols (79.26 mg/100g) compared 
with control (3.03 mg/100g). Radical scavenging activity (%RSA) of crackers was increased by the 
addition of parsley. The addition of 5% parsley caused an increasing in radical scavenging activity 
(RSA) to 50.87% compared with 14.41% for control. This may be due to the high antioxidants in 
parsley as reported by Sahar, (2013) she stated that the total phenols, antioxidant activity and 
carotenoids in Parsley  leaves were (1031.39mg as gallic acid/100g, 40.10% and 40.00mg/ kg), 
respectively. 

The mean values of physical properties of the prepared crackers are presented in Table (4). The 
data recorded a gradual decreasment of spread ratio and specific volume (v/w) of all treatments with 
increasing of replacement levels from 1 to 5%. Spread ratio and specific volume (v/w) in crackers 
contains 5% parsley powder were (6.74% and 0.77(v/w)) compared to (8.63% and 0. 86(v/w)) for 
control respectively. 

 
Table 4: Physical properties of cracker replaced by different levels of parsley powders 

Attribute 
 

Control 
Amount of parsley substitution (%) 

1 2 3 4 5 
Weight(g) 17.4 15.94 14.77 13.59 13.33 12.26 
Volume (c) 15.00 13.60 12.50 11.20 10.40 9.50 
specific volume(v/w) 0.86 0.85 0.85 0.82 0.78 0.77 
Density(w/v) 1.16 1.17 1.18 1.21 1.28 1.29 
Diameter(mm) 30.20 30.10 30.00 30.00 29.00 29.00 
Thickness(mm) 3.50 3.50 3.50 4.00 4.20 4.30 
spread ratio% 8.63 8.60 8.57 7.50 6.90 6.74 

 
Results mentioned in Table (5) indicate that crackers with parsley powders had high sensory 

scores, in comparison with control. Also replacers wheat crackers with 1 and 2% parsley powder had 
high overall acceptability 46.6 and 43.9 2 % respectively. The unique taste of parsley means that it is 
commonly used in cooking as a garnish and as a tasty herb in many dishes, Zarembski, and 
Hodgkinson, (1962).  

 
Table 5: Sensory Evaluation of crackers replaced by different levels of parsley powders 

Attribute 
 

Control 
 
BHA 

Amount of parsley substitution (%) LSD 
 1 2 3 4 5 

Appearance 8±0.5 8±0.5 9.5±0.5 8.5±0.5 7.5±0.4 7.5±0.5 7.1±0.4 0.8 
Color 8±0.4 8±0.5 9.6±0.4 9±0.6 8±0.5 7.3±0.6 7±0.5 0.6 
Taste 8±0.5 7.6±0.3 9.5±0.4 9±0.3 8.2±0.4 7.6±0.3 7.5±0.5 0.7 
Flavor 7.5±0.4 8.5±0.2 9±0.3 8.8±0.4 8.5±0.5 8.5±0.2 7.4±0.4 0.8 

Texture 9±0.3 9±0.3 9±0.2 8.6±0.3 8.0±0.4 7.5±0.3 7.1±0.4 0.7 
Overall 

acceptability 
40.5±0.4 41.1±.2 46.6±0.3 43.9±0.4 40.2±0.5 38.4±0. 3 36.1±0.4 0.8 

 
From (Table 6) it could be noticed, the Radical scavenging activity (%RSA) was found to 

decrease during storage period in all the samples. The decrease was a moderate in crackers containing 
parsley powders. The results indicate that maximum lipid stability, at ambient temperature, was 
exhibited by the substitute of 5% parsley powder which was 23.21% compared to 2.24% for control 
and  20.40% for synthetic antioxidants – BHA, after 6 weeks.                                                       

Changes occurring in the Beroxide value PV and Free fatty acid (FFA) of the crackers variations 
during storage are given in Table 7. In general, all sample contains parsley powders showed slowed 
down rate of peroxide formation, Since PV of most  samples which contained (BHA) or natural 
antioxidants were lower than that of control sample, during. PV of lipids extracted from the control 
sample after baking (at zero time) was 0.5g equiv. of O2/100g which did not direr considerably from 
those of other variations, which ranged between 0.30 and 0.6.g equiv. of O2/100g The increase in PV 
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was observed in all the crackers samples, after 6 weeks however control crackers had the highest 
value of 2.2g equiv. of O2/100 g after 6 weeks and the PV of the other crackers samples, ranged from 
0.63 to 1.80. The values obtained are within acceptable range and lowered in samples 4 and 5 after 6 
weeks. The changes occurred in PV of crackers during storage confirmed those reported for 
antioxidant activity of crackers during storage at ambient temperature.  

 
Table 6: Radical scavenging activity (%RSA) of crackers replaced by different levels of parsley powders 

Treatments 
Radical scavenging activity (%RSA) 

Initial 2th week 4th week 6th week 
Control 14.41 4.45 3.32 2.24 
BHA 43.02 31.98 25.12 20.40 

1 23.76 20.59 18.36 15.32 
2 34.12 23.23 19.99 17.26 
3 40.03 25.31 21.92 18.11 
4 46.55 27.54 23.3 21.28 
5 50.87 32.84 28.69 23.21 

 
Table 7: Peroxide value and free fatty acid of crackers replaced by different levels of parsley powders 

Treatments 
Peroxide value (g equiv. of O2/100 g) 

Initial 2nd week 4th week 6th week 
Control 0.50 0.7 1.60 2.2 
BHA 0.40 0.52 1.02 1.01 

1 0.60 0.89 1.41 1.80 
2 0.45 0.67 1.20 1.50 
3 0.45 0.55 1.05 1.19 
4 0.41 0.59 0.75 0.84 
5 0.30 0.48 0.57 0.63 

Free fatty acid value (% of stearic acid) 
Control 5.1 7.79 10.08 12.10 
BHA 0.77 1.55 1.71 2.34 

1 0.96 1.71 1.94 2.61 
2 0.84 1.67 1.83 2.59 
3 0.79 1.63 1.76 2.45 
4 0.49 0.67 1.08 1.42 
5 0.32 0.53 0.78 1.25 

 

 
 

An increase in FFA value was observed in all the crackers samples during storage. The increase 
was considerably higher after 6 week (12.10%)  in control sample compared to other samples, (BHA 
or natural antioxidants) which were incorporated. In BHA and parsley samples, initially FFA was not 
detected, a gradual increase (up to 2.34%) was observed indicating the potency of antioxidants in 
inhibiting the formation of FFA. The FFA in samples 3, and 4 were(2.45 and 1.42% ) respectively  
comparable to 1.25% for sample 5 after  6 weeks.                                                          
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