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Abstract. The mammalian lacrimal gland secretes an aqueous solution in which different chemical 

substances are present, including proteins and carbohydrates. The histochemical investigations on 
characterization of camel lacrimal secretion are limited. This study aimed to determine the histochemical 

properties of the dromedary camel lacrimal gland. Glandular samples of twenty healthy adult camels of 

both sexes were collected at Omdurman slaughterhouse, Sudan. The camel lacrimal gland was compound 

with tubulo-acinar mixed secretory units, having serous and mucous cells. Best’s carmine reactionwas 

negative, whereas a strong positive reaction to periodic acid-Schiff's (PAS) diastase resistant was 

observed in most of the secretory units; the reactions to alcian blue (AB pH 2.5) and aldehyde fuchsin 
(AF) were strong in the glandular tubules and weak or negative in the acini. Goblet cells in the epithelium 

of the interlobular ducts were strongly PAS, AB pH2.5 and AF positive.Both acini and tubules showed 
positive reactions to acid and alkaline phosphatases especially in their apical parts. These results suggest 

that the predominant acini secretion was serous which contained mainly neutral mucopolysaccharides, 

whereas the tubules secretion was mucous thatcontained sulfated and carboxylated acid 
mucopolysaccharides. Moreover, the different staining properties of the camel lacrimal secretion reflect 

various physiological functions. 

 

Keywords:Glycoconjugates, Histochemistry,Lacrimal Gland,Dromedary. 
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1. Introduction 

The mammalian lacrimal fluid cleans and moistens the anterior part of the eyeball; 

its excess leaves the eye through the larimal puncta in the upper and lower eyelids to 

moisten the nasal mucosa. The lacrimal gland, in most domestic mammals, is 

compound tubule-alveolar in structure with clusters of secretory units (Burkittet al, 

1999; Bacha and Bacha, 2000; Ibrahim et al., 2006; Mohammadpour, 

2011;Kleckowska-Nawrot et al., 2013).  

The glandular excretory ducts open into the superior conjunctiva. Unlike 

other domestic mammals, there are no puncta lacrimalia, either in the lower, or in 

the upper eyelid of the camel. The two lacrimal ducts start blindly and open into the 

lacrimal sac, the enlarged beginning of the nasolacrimal duct. The nasolacrimal duct, 

which begins as a small osseous duct, opens into the nasal vestibule (Abdallaet al., 

1970; Ibrahim et al., 2006). 

The available histochemical studies on the lacrimal gland in domestic 

mammals show that the gland is mixed with predominant serous secretion (Sinha 

and Calhoun, 1966; Kühnel 1968a, 1968b, 1968c; Kuhnel and Scheele, 1979; 

Dellman and Browun, 1981). However, mucous cells predominate in the pig 

(Dellman and Browun, 1981) and the dog gland is described as purely mucous 

(Kühnel, 1968d; Martin et al., 1988). 

 In the camel, the lacrimal gland is reported as serous (Abdallaet al., 1970; 

Awkati and Al-Bagdadi, 1971) and seromucous (Mohammadpour, 2011). 

It could be mentioned that the review of the literature reveals little about the 

histochemistry of the lacrimal gland and its duct system in camels. This study aims 

to characterize the histochemical secretion of camel lacrimal gland, which may add 

to our knowledge about the unique structural and physiological characteristics of 

this animal in its harsh environment.  

 

2. Materials and Methods 

Lacrimal glands of fifteen healthy adult male and female camels were removed 

immediately after being slaughtered at Omdurman slaughter house, Khartoum, 

Sudan. 

For paraffin sections, small pieces of tissue were fixed in 10% formalin and 

Bouin’s fluid. The fixed specimens were dehydrated in ascending grades of ethyl 

alcohol; they were cleared in several changes of xylene, and impregnated and 

embedded in paraffin wax in accordance with the procedure of Culling (1974). 

Tissues were blocked and sections, 5-7 μm thick, were cut in a rotary microtome. 

Some sections were stained by haematoxylin and eosin (H&E) stain for general 

histology. Histochemical analysis of glandular mucopolysaccarides was conducted 

using Best’s carmine aldehyde fuchsin, periodic acid-Schiff’s (PAS) and alcian blue 

(AB pH2.5) stains as described by Culling (1974). 
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For frozen sections tissue samples were immediately cut into small pieces 

about 3-4 mm thick to ensure complete and rapid freezing in liquid nitrogen (-

170 °C). Sections 8µm thick were cut by a Slee cryostat, maintained at -20 °C, 

picked up on clean cover slips and fixed with cold acetone (0-4 °C) in Colombia jars 

in the cryostat for 30-60 minutes as described by Bancroft (1990). The acetone fixed 

specimens were processed and stained following the method described by Bancroft 

(1990) to investigate acid phosphatase and alkaline phosphatase enzymes.  

 

3. Results 

The histological and histochemical results of the camel lacrimal gland showed no 

gender differences. 

The general histology showed that the camel lacrimal gland was compound 

tubulo-acinar in structure. The secretory units were mixed, having serous acini and 

mucous tubules secretory units; the serous aciniappeared to be predominant (Fig. 1). 

The histochemical results of the camel lacrimal gland, which are summarized 

in table (1), are herewith given:  

A. Mucopolysaccharides: 

Best’s carmine (BC) 

The lacrimal gland and its duct system reacted negatively to Best’s carmine 

stain. 

Periodic Acid-Schiff's (PAS)  

Both acini and tubules were strongly PAS positive, especially in the apical 

part of the epithelium (Fig.2). A moderate reaction was observed in the, blood 

vessels and connective tissue septa. Many goblet cells in the interlobular ducts 

showed very strong PAS positive reactions; their epithelial cells appeared with weak 

PAS reaction (Fig. 3).   

PAS after Salivary Amylase Treatment 

The reaction to PAS with or without salivary amylase showed the same 

results throughout the different parts of the lacrimal apparatus. 

Aldehyde Fuchsin (AF) 

The glandular tubules and intra and interlobular ducts showed strong 

aldehyde fuchsin positive reactions, especially in the apical part of their epithelial 

layer (Fig.4). The reaction was weak or negative in the acini. A weak reaction was 

observed in the connective tissue capsule, glandular septa and blood vessels.  

Alcian Blue  

The glandular tubules were strongly positive to alcian blue pH2.5 reactions 

especially in their apical epithelium, whereas the acini and connective tissue 
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appeared with weak or negative reaction (Fig. 5). The apical epithelium and goblet 

cells of the interlobular ducts were moderately alcian blue (pH 2.5) positive; 

melanin granules were also observed in the duct epithelium (Fig. 6).  

Phosphatase Enzymes 

Acid Phosphatase (ACP) 

Many acini and tubules of the gland reacted strongly to acid phosphatase 

enzyme (Fig.7); the reaction was confined to the apical portions of the epithelial 

cells. The intensity of the reaction varied from lobule to lobule and from one 

secretory unit to another. In the ducts, glandular capsule, trabeculae, and interstitium 

the reaction was mild. 

Alkaline Phosphatase (ALP) 

Many glandular secretory units showed a strong reaction in the apical portion 

of epithelial cells (Fig. 8). Basally, the reaction was weak. The intensity of the 

reaction varied between the secretory units and even between cells of the same 

secretory unit. The duct system, capsule, septa and interstitium reacted weakly to 

alkaline phosphatase. 

 

Table (1). Some histochemical reactions in the lacrimal gland. 

Glandular tissue 
Histochemical reactions 

BC PAS AF AB (pH 2.5) ALP ACP 

Secretory units 

i.Tubules 

ii.Acini 

 

- 

- 

 

+++ 

+++ 

 

+++ 

- 

 

+++ 

± 

 

+++ 

+++ 

 

+++ 

+++ 

Interlobular ducts 

i.Goblet cells 

ii. Epithelial cells 

 

- 

- 

 

++++ 

+ 

 

+ 

+ 

 

++ 

++ 

 

+ 

+ 

 

+ 

+ 

Blood vessels - ++ + ± + + 

Connective tissue - ++ + ± + + 

Stains: (BC) = Best's, (PAS) = Periodic acid Schiff's, (AF) = Aldehyde fuchsin, (AB) = Alcian blue, 
(ALP) = Alkaline phozphatase, (ACP) = Acid phosphatase 

Intensity of reaction: (++++) = Very strong,( +++) = Strong, (++) = Moderate, (+) = Weak(±) = 

Negative to weak ( -) = Negative. 
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Fig.1: Photomicrograph of camel lacrimal gland showing predominant serous acini (A) and a few 

mucous tubules (T). Hematoxylin and eosin X100. 

Fig.2: Photomicrograph of camel lacrimal gland showing strongPAS positive reaction in the acini 

(A) and tubules(T).  Note the moderate reaction in interlobular duct(D).(PAS)X100 

Fig.3: Photomicrograph of glandular interlobular ductshowing strongPAS positive in goblet 

(G).(PAS)X100. 



Zarroug H. Ibrahim and Ali B. Abdalla 90 

 

Fig.4: Photomicrograph ofAF reaction with glandular tubules (T) and intralobular ducts (D) 
showing strong reaction; the acini (A) appear with weak or negative reaction).Aldehyde 
Fuchsin X100. 

Fig.5: Photomicrograph showing glandular tubules (T) with strong positive alcian blue (AB pH2.5) 
reaction; the acini (A) exhibit weak or negative reaction.Alcian blue (pH 2.5)X250. 

Fig.6: Photomicrograph of interlobular duct with strong AB pH2.5 reaction in goblet cells (G) 
andapical epithelium (Arrows). Note the melanin granules in the duct epithelium (Arrow 
heads). 

Fig.7: Photomicrograph oflacrimal gland showing strong acid phosphatase reaction concentrated in 
the apical epithelial cells (Arrows).  

Fig.8: Photomicrograph oflacrimal gland with strong alkaline phosphatase reaction especially in 
the apical epithelial cells (Arrows).  
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4. Discussion 

Secretory cell granules are histochemically classified into neutral or acidic 
mucosubstances according to their staining properties with PAS, AB and AF 
(Schakelford and Klapper, 1962; Culling, 1974). Most of the epithelial cells of 
secretory units and those of interlobular and excretory ducts contained neutral 
mucopolysaccharides as they stained strongly with PAS method. Staining with AB 
(pH 2.5) proved the presence of strong positive granules in some secretory cells and 
epithelial cells of interlobular and excretory ducts, indicating presence of acid 
sulfated acid mucopolysacharides. AF staining showed blue colouration in some 
epithelial cells of secretory units and duct system, which indicated a low 
concentration of carboxylated acid mucopolysaccharides. According to 
Mohammadpour, (2011) both acidic and neutral glycoproteins in the camel lacrimal 
gland with different staining patterns.Best’s carmine negative reaction together with 
the lack of change after in PAS stain after amylase digestion suggests the absence of 
glycogen in the camel lacrimal gland. It could be mentioned that these different 
staining properties of the lacrimal gland secretion shown in present study suggest 
various physiological functions. 

Previous studies on the camel lacrimal gland considered its secretion as 
serous in camel (Abdalla et al., 1970;Awkati and Al-Bagdadi, 1971). The same 
findings were reported in the roe deer (Kleckowska-Nawrot et al., 2013). 
(Schakelford and Klapper (1962) described the secretory cell as serous if it contains 
neutral glycoconjugates i.e. PAS positive and AB and AF negative.  On this basis 
the secretory units of the camel lacrimal gland in this study could be considered as 
predominantly serous. In other domestic mammals the lacrimal gland was generally 
found to be predominantly serous (Dellman and Brown, 1981). It becomes clear 
from this study that the lacrimal secretion of the gland of the camel is mixed i.e. it 
contains both serous and mucous portions. The predominant serous secretion comes 
from the secretory units; a considerable amount of mucous secretion comes from the 
goblet cells of the glandular duct system. In other domestic mammals, the surplus 
lacrimal secretion leaves the eye through the lacrimal puncta which leads to the 
nasolacrimal duct to contribute to moistening of the nasal cavity. This function is 
impossible in the camel because it lacks the lacrimal puncta (Abdallaet al., 1970; 
Awkati and Al-Bagdadi, 1971; Ibrahim et al., 2006). Therefore, the function of the 
lacrimal fluid in the camel is confined to the washing and moistening of the anterior 
part of the eyeball. This feature is probably helpful in preservation of water content 
in the camel body under its hot circumstances. 

In this study, the activity of acid and alkaline phosphatases has been detected 
in the apical portions of the secretory cells. However, Sinha and Calhoun (1966) 
claim that the alkaline phosphatase activity is strong in the vicinity of the basement 
membrane of the secretory cells of the lacrimal gland of small ruminants and the 
reaction for acid phosphatase is weak. The process of acid and alkaline phosphatases 
near the basement membrane can be explained by saying that there is an exchange of 
materials between the secretory cells and blood capillaries in the interstitial 
connective tissue. 
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ABSTRACT Chitinases are a group of enzymes capable of degrading chitin directly into low molecular 

weight-products. Chitinases have been isolated from different microorganisms, such as fungi and 
bacteria. Chitin is an insoluble natural polymer, commonly present among crustacean. Fish scales are one 

of the most common sources of chitin. A Crustacean and fish scales waste are ideal as row material for 

chitin production. Fish scales set variety of nutrition, health care, substance-in one. About 130 million 
tons of fish wastes is generated each year in the (Wekipedia, 2013). More than 80.000 (Wekipedia, 2013) 

metric tons of chitin is obtained per year from the marine waste. Chitin is closely associated with 

minerals, lipids and pigments. Chitinolytic enzymes have wide range of applications such as, preparation 

of single cell protein, preparation of pharmaceutically important chito-oligosaccharides and N-acetyl D-

glucosamine. They also play an important physiological and ecological role in ecosystems as recyclers of 

chitin by generating carbon and nitrogen sources. They are recently used as immuno-stimulants in fish 
aquaculture. In this review, the occurrence and structure of various types of chitin as well as the, sources 

of chitinases were discussed classification and their mode of action. Besides, the updated information 

about the biomedical applications of the chitinases were considered 
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Introduction 

Chitin is a linear insoluble home polymer of unbranched chains ofß-1-4-linked sugar 

(N-acetyl glucosamine, (GleNAC) residues, whereas chitosan contains glucosamine 

residues. Chitin forming linkages with glucan, protein and other 

polymers(Deshpande, 1986 )The name of "chitin" is derived from the Greek name 

word " chiton ", meaning a coat of mail, and was apparently first used by 

Bradconnot in 1811 (You, 1999). Chitinases catalyze the hydrolysis of chitin, an 

unbranched polymer of ß-1,4-N-acetyl glucosamine. In recent years, soil-born 

microorganisms that produce chitinases are considered as potential biocontrol agents 

against fungi. Chitin is the second most abundant polymer in nature, after cellulose. 

Chitin is present in insects, crustaceans and in most fungi, plants, vertebrate’s but 

prokaryocytes don’t contain chitin. Chitinases, however are synthesized by a vast 

array of organisms, including those who are not composed of chitin (Fig.1-3). 

 

 

Fig. (1): Chitinase  

EC# 3.2.1.14 

Synonyms: 1,4-β-poly-N-acetylglucosaminidase 
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Fig. (2): Chitosan  

 

 

Fig. (3) 

 

Chitinases are digestive enzymes that breakdown glycosidic bonds in chitin 

(Jolles and Muzzarelli, 1999). As chitin is a component of the cell walls of fungi and 

exo-skeletal elements of some animals (including worms and arthropods), chitinases 

are generally found in organisms that either need to reshape their own chitin or 

dissolve and digest the chitin of fungi or animals (Sami et al ., 2001). The 

chitinolytic activity was higher in the gastric tissue of marine fishes as these found 

in the gastric contents of Entmopterusspinax, Coryphaenoidesrupestris which 
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indicated that the chitinasesare produced mainly by the digestive glands (Fange et 

al., 1997 and Pandey, 2010). The chitinolytic system helps in completing the 

enzymatic hydrolysis of chitin to free N-acetyl glucosamine (GLcNAc) and this 

action is well known as synergistic and consecutive (Deshpande , 1986and Shaikh 

and Deshpande, 1993). Chitin is the second most abundant natural biopolymer and 

the main structural component of invertebrate exoskeleton and cell wall of 

filamentous fungi (Verna, 2008).Chitinases (EC 3.2.1.14) area group of enzymes 

capable of degrading chitin directly into low molecular weight-products. They have 

been isolated from different microorganisms, such as fungi and bacteria. A novel 

chitinase-producing bacterium C4 was isolated from the soil samples. Molecular 

identification showed that strain C4 should belong to the genus Sanguibacter (Tao et 

al., 2005). Chitin is an insoluble natural polymer, commonly present among 

crustacean. Fish scales are one of the most common sources of chitin. Crustacean 

and fish scales waste are ideal as row material for chitin production. Chitinase is an 

enzyme produced by variety of microorganisms, which can digest the high 

molecular weight-chitin and convert them into low molecular weight and eco-family 

products (Saranya and Tha, 2013). Macrophages can synthesizelarge amounts of 

chitotriosidase (Human chitinases) upon an appropriate stimulus, such as the 

massive lysosomallipid accumulation that occurs in macrophages of Gaucher 

patients (Hollak et al, 1994). Chitotriosidase is largely secreted as a 50-kDa active 

enzyme containing C-terminal chitin binding-domain (Renkema et al., 1997 and 

Tjoelker et al., 2000).The major difference between human chitotriosidase and the 

mouse acidic chitinase is revealed by comparison of RNA expression patterns. 

Although human chitotriosidase mRNA is mainly found in lymph nodes, bone 

marrow and lungs, the mouse acidic chitinase mRNA is predominantly found in 

stomach, sub maxillary glands and at a lower level in the lungs(Rolf et al., 

2001).Chitin is closely associated with minerals, lipids and pigments (Park and Kim, 

2010). Crustacean and fish scale waste are ideal as row material for chitin 

production. Fish scales, therefore set variety of nutrition and health care substance-

in one, which are successfully isolated from the common carp fish (Cyprinuscarpio 

L ) (Zaku et al., 2011). In nature, two major types of chitin occur, which are 

characterized by an antiparallel (α- chitin) or a parallel (ß-chitin) arrangement of N-

acetylglucosamine chains. After cellulose, chitin is the second most abundant 

polymer found in biosphere (Tharanathan and Kittur , 2003). Like cellulose, chitin is 

an abundant biopolymer that relatively resistant to degradation (Akaki and Duke, 

2005).Chitin represents 22-44 % of fungal cell walls (Muzzarelli, 1977 and 

Muzzarelli et al., 1994).Chitin is part of complex structures with other organic and 

inorganic compounds. In arthropods chitins are covalently linked to proteins and 

tanned by quinines, in fungi it is covalently linked to glucans, while in bacteria 

chitin is diversely combined according to Gram (+/-) classification. Dueto the fact 

that some individuals are allergic to crustaceans, the presumed relationship between 

allergy and the presence of chitin in crustaceans has been investigated. Fukamizo, 

2000, support the fact that chitin depresses the development of adaptive type-2 

allergic responses. Crabs, shrimp, prawn and lobster contain chitins as well as 
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chitosans of all grades. Once these compounds purified, they should not be 

considered as "crustacean derivatives" because the isolation procedures have 

removed proteins, fats and other contaminants to such an extent as to allow them to 

be classified as chemicals regardless of their origin (Muzzarelli, 2010). Degradation 

of exogenous chitin present in the cell walls of dead hyphal fragments or inthe 

exoskeleton of dead arthropods, cell wall remodeling during the fungal hyphal life 

cycle, which includes putative roles ofchitinase during hyphal growth, branching, 

hyphal fusion and autolysis, and competition and defense against other fungi or 

arthropods in the fungal habitat (Verna, 2008). An immunostimulant is a natural 

occurring compound that modulates the immune system by increasing the host's 

resistance against diseases that in most circumstances are caused by pathogens, 

polysaccharides (chitosan, chitin, lentinan, schzophyllan) and oligosaccharides were 

used as immune stimulants(Ian and Roy, 2005)..Chitin and Chitosan are 

polysaccharides forming the principle component of crustacean insect exoskeletons 

and the cell walls of certain fungi.Rainbow trout injected with chitin showed 

stimulated macrophages activities and increased resistance to V.anguillarum 

infection (Sakai et al, 1992).Yellow tail injected with chitin alone showed increased 

protection against the bacteria of Pastereulla  piscicda.Also, Kawakami et al, 

1998)showed immune stimulatory effects in brook trout injected with or immersed 

in chitosan solution.Increases were observed in the immunological parameters 

ofblood(i.e. NBT, potential kill activity, myeloperoxidase and total 

immunoglobulinsconcentration) in rainbow trout injected or immersed in 

chitsonsolution (Anderson et al., 1995). 

Aquaculture:- 

Also known as aqua farming, is the farming of aquatic organisms such as 

fish, crustaceans, molluscus and aquatic plants..Particular kinds of aquaculture 

including fish farming, shrimp farming, oyster farming, algaculture (such as 

seaweed farming) and cultivation of ornamental fish. Global crustacean production 

reached more than 1.6 million tons in 2003, worth about 9 billion US dollars (FAO, 

2009).. The other 25% is produced mainly in Latin America, where Brazil is the 

largest producer (FAO, 2009) .The global annual production of freshwater prawns in 

2003 was about 280,000 tons, of which China produced 180,000 tons followed by 

India and Thailand with 35,000 tons each. Additionally, china produced about 

370,000 tons of river crab (FAO, 2009) . Aquaculture shellfish include various 

oyster, mussel and clam species. These bivalves are filter and/or deposit feeders, 

which rely on ambient primary production rather than inputs of fish or other feed. 

As such shellfish aquaculture is generally perceived as benign or even beneficial. 

((Wikipedia-Free encyclopedia, 2013). 

Species Distribution:  

Chitinivorous organisms include bacteria like Aeromonas , Bacillus and 

Vibrio Spp. among others, which may be pathogenic or detritivorous (Xio et al ., 

2005 and Hunt et al ., 2008 ).They attack organisms. living arthropods, zooplankton 
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or fungi or they may degrade the remains of the Fungi, such as coccidiodesimmitis , 

also possesderivativechitinases related to their roleasdetritivores and also to their 

potential as arthropod pathogens. Although mammals don’t produce chitin, they 

have two functional chitinases (chitotriosidase -CHIT1and acidic mammalian 

chitinase-AM case) as well as chitinase –like proteins (such as YKL-40) that have 

high sequence similarity but lack chitinase activity.  

Sources of Chitinases 

I- Marine or Aquatic Chitinases :- 

Chitin is obtained from marine invertebrates,, shellfish , fishes , insects, fungi 

and algae.(Fange et al ., 1997 ; Gutowska et al ., 2004 ; Muzzarelli , 2010 ; Park 

and Kim , 2010 ; Zaku et al ., 2011 ; Wikipedia , 2013 and Zhang et al ., 2013 . ) . 

II-Fungal Chitinases 

Degradation of exogenous chitinases present in fungal cell walls of dead 

hyphal fragments , cell wall remodeling during lifecycle , which includes putative 

roles of chitinases during hyphal growth , branching , hyphal fusion and autolysis. 

(  Muzzarelli et al ., 1994 ; Rachel and Ilan , 1998 ; Springer , 2001 ; 

Tharanathan and Kiltur , 2003 ; Tao et al ., 2005 ; Chuan , 2006 ; Nopakarn et al ., 

2007 ; Shakhbazau and Kartel , 2008 ; Verna , 2008 ; Wikipedia , 2013 and Zhang et 

al ., 2013 ) .  

III-Microbial Chitinases (A&B): 

A-Bacterial Chitinases :-Chitinivorous organisms include bacteria like 

Aeromonas , Bacillus, Vibrio, among others, which may be pathogenic or 

detritivorous. 

(Godrich , 1975 ; Patil et al ., 2000 ; Tao et al ., 2005 ; Xiao et al ., 2005 ; 

Hunte et al ., 2008 ; Chang et al ., 2010 ;  Saranya  and Tha , 2013 ; Springer , 2013 ;  

and Wikipedia , 2013 ). 

B-Parasitic Chitinaseslike the protozoa andC-Insect Chitinases. 

(Muzzarelli et al ., 1994 ;  Rache and Ilan , 1998 ; Jolles and Muzzarelli , 

1999 ; Sami et al ., 2001 ; Nopakarn et al ., 2007 ; Park and Kim , 2010 ,Saranya and 

Tha, 2013;and Wikipedia, 2013  ). 

IV-Human Chitinases : 

(Hollak et al ., 1994 ; Renkema et al ., 1997 ; Tjoelker et al ., 2000 and Rolf et al ., 

2001 and Wikipedia , 2013 ) .  

V- Mammalian Chitinases : 

Chitinases have been isolated from stomach of certain mammals, including 

humans .Chitinases activity can also be detected in human blood and possibly 

cartilage.  
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(Rolf et al ., 2001 ; Eurich , 2009  and Wikipedia , 2013 ) . 

VI-Plant Chitinases (Including aquatic plants ): 

The proposed role of plant chitinases is a defense mechanism against chitin-

containing organisms .It has been observed that the plant chitinases inhibit the 

growth of fungal hyphae (Rachel and Ilan , 1998 ) . 

Global Production of Chitinases 

Ten percent of the global landings of aquatic products consists of organisms 

rich in chitinousmaterial (10-55 % on dry weight). About 130 million tons of fish 

wastes is generated each year in the world. More than 80,000 metric tons of chitin is 

obtained per year from the marine waste (Prameela et al ., 2010 and Wikipedia , 

2013 ) . More than 80000 metric tons of chitin are obtained per year from the marine 

waste.(Muzzarelli, 1977 and Subasinghe, 1995). 

Chitinolytic Enzymes: Mode of action, structure andclassifications:- 

 

Table (1) showing Somechinitolytic enzymes and their mode of action (Patil et al., 2000). 

Mode of Action Chitinolytic Enzymes 

Random hydrolysis of the chitin Chitinase 1,4-β-poly-N-acetylglucosaminidase EC 
3.2.1.14 

Hydrolysis of terminal non-reducing sugar Earlier classification-chitobiase EC3.2.1.29;β-D-

Acetylglucominidase EC 3.21.30 

Successive removal of sugar unit from the non-
reducing end. 

Present classification β-N-Acetylthexosaminidase 
EC3.21.52 

Successive removal of dimer sugar from the 

non-reducing end  

Chitobiohydrolase 

 

Based on amino acids sequence similarity of chitinases from various 

organisms, five classes of chitinases have been proposed. These classes can be 

grouped into two families of glycosyl hydrolases, family 18 and 19 (Henrissat, 

1993). Chitinases from classes I,II and IV are of plant origin and make up the family 

19 glycosyl hydrolases (Sahi and Monocha, 1993 and Hamel et al ., 1997).These 

chitinases share a homologous catalytic domain in addition to the signal peptide 

found in all the class I chitinases consisted of cysteine-rich region to the catalytic 

domain(Perrakis et al., 1993 ).Class II chitinases, found mainly in dicotyledons. 

Class V chitinases, also identified mainly in dicotyledons, comprise a group of 

extracellular chitinases that share 41-47 % sequence identity with class I chitinases 

in the catalytic domain and also contain cysteine-rich regions resembling chitin-

binding domains.However, class IV chitinases are smaller because of deletions in 

both domains (Collinge et al., 1993).Phylogenetic analysis of chitinases from 

classes I,II and IV suggests a large evolutionary distance between chitinases of class 
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IV and those of class I and II, suggesting a remote divergence between these plant 

and fungal in origin (Hamel et al ., 1997).Together with class V chitinases they 

make up the family 18 glycosyl hydrolases (Henrissat, 1993).Chitinases are 

expressed by plants in response to assorted environmental stimuli such as fungal 

challenge and osmotic pressure or developmental stage,such as fruit ripening 

process induced by ethylene (Yun et al., 1996 and Busam et al., 1997 ).The 

chemical structure of chitin is similar to that of cellulose with 2-acetamido-2-deoxy-

β-D-glucose (NAG) monomers attached via β linkage. Chitosan is the decathylated 

(to varying degrees) from of chitin, which unlike chitin, is soluble in acidic solutions 

(You, 1999). Chitinolytic enzymes have catalytic and substrate binding mechanisms 

different from those of lysozymes. Based on the X-ray crystals structures of 

chitinases and their complexes with substrate analogues, the catalytic mechanisms 

discussed based on the relative locations of catalytic residues to bound 

substrateanalogous. Resembling the lysozyme catalytic center, family 19 chitinases, 

family 46 chitinases, and family 23 lysozymes have two carboxyl group at either 

side of the catalytic center, which are catalytic reaction of the enzymes taking place 

through a single displacement mechanism. In family 18 chitinases, one can identify 

only one catalytic carboxylated as a proton donor, but not the second catalytic 

carboxylate whose function and location are similar to those of AsP52 in lysozyme 

(Fukamizo, 2000 ). 

Measurements of Enzyme Activity:- 

Chitinases stimulate macrophages by interacting with receptors on the 

macrophage surface that mediate the internalization of chitin particles to be 

degraded by lysozyme and N-acetyl-beta-glucosamminidase .The macrophages 

produce cytokines and other compounds that help in inflammation process , 

antibacterial , antifungal and antiviral roles did . 

There exist several methods for the estimation of chitinases activities, some 

of which are; 

1- H
3
-Chitin and Fluorogenicsubstrateused for the estimation of hydrolyzing 

endo 

andexo-chitinases, both specific soluble and insoluble substrate are available  

(Cabib, 1988 and Young, 1999). 

2- Radioactive measurements are sensitive methods and give reproducible 

results. 

3-Dye spectrometry in which soluble and insoluble-chitin substrates labeled 

with dyes  

using dye spectrometer. 

4-Late clearing assay in which acarboxy methyl-substrate soluble chitin 

covalently linked with Ramazol Brilliant Violet 5Ris suitable for screening of 

chitionlytic microorganisms and for detection of chitinase activity by plate clearing 
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assay(Hood 1991).The method is essential based on the precipitation of non-

hydrolyzed chitin by HCl. 

5-PAGE (polyacrylamide gel electrophoresis)(Trudel and Asselin, 1989) 

6-Paper Chromatography and colorimetric method can be used to follow the 

hydrolysis of chitin. 

7-MASS C
13

–NMR spectroscopy (Hydrolysis of the colloidal chitin by the 

chitinase mixture procedure by Myrotheciumverrucaria. (Rajamohanan et al ., 

1996). 

 

Biomedical Applications of ChitinolyticEnzymes 

Chitinases (EC 3.2.1.14) have an immense potential.Chitinolytic enzymes have 

wide-ranging applications such as;Preperation of pharmaceutically important 

chitooligosaccharides and N-acetyld-glucosamine.Preperation of single cell-

protein .Isolation of protoplasts from fungi and yeasts.Control of the pathogenic 

fungi.Treatment of chitinouswastes.Control of malaria transmission (Neetu et al., 

2006)Application of chitinous products in foods and pharmaceutical as well as 

processing aids has received considerable attention in recent years as exotic 

synthetic compounds are losing their appeal (You , 1999).Chitinases also play 

important physiological and ecological roles in ecosystems as recycler of chitin by 

generating carbon and nitrogen sources (Rachel and Ilan, 1998).Considered 

potential biocontrolagents against fungi and nematodes which cause diseases of 

agricultural crops (Rachel and Ilan, 1998).Fungi chitinases have physiological role 

in cell division , differentiation and nutritional role (Saranya and Tha, 

2013).Chitinase genes isolation were also promising role in protection 

plants(Saranya and Tha, 2013).Chitinases play roles in nutrition and parasitism 

(Fungi, protozoa and invertebrates). Chitinases involved in the defense mechanism 

of plants and vertebrates .Used for biological control of insect pests "Baculovirus" 

and mosquito control.Chitinase serum activity of human also described.In defense 

against fungal pathogens (Escott et al., 1996 and Aerts et al., 1996).An enzyme, 

chitotriosidase is used as a marker of Gaucher disease " lysosomal storage 

disorder(Aerts et al.,  1996).Used in food industry to remove the unwanted tannins 

and for producing gallic acid which is used as a preservative and effective in 

recovery of tannase enzyme. (Ohtakara , 1988)..Chitin used in coast-saving and 

environmentally friendly way in aquaculture, crustacean shells (e.g. shrimp-shell 

meal), which is supplemented into aquaculture as food after degradation by chemical 

method (Zhang et al., 2013).The dietary chitin supplemented at 5 % enhances the 

grass shrimp (Penaeusmondon) growth (Shiau and Yu, 1998). 

Chitinase isolated from Aeromonasveronii CD3 used as a new strategy to 

control the myxozoan disease in fish, which caused a serious damage in aquaculture, 

through its capacity to damage the shell valve of myxospores(Liu et al ., 

2011).Chitin microparticles had a beneficial effect in preventing and treating the 
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histopathological changes in the air ways of asthmatic mice.Chitin depresses the 

development of adaptive type2 allergic responses (Muzzarelli, 2010).Stomach 

chitinases have an indirect digestive role in breakdown pre exoskeletonandthehind 

gut chitobiase chitin dimmers into absorbablemonomers of NAG. High chitinase 

activities in 13 different species of marine fishes were measured in stomach and 

stomach contents, lower but significant in intestinal tissues and contents. The 

chitinolytic enzymes have the ability to breakdown chitin into nutritive monomers 

due to the relationship between fish and the enteric bacteria that release the 

extracellular chitinases. This relationship could further be defined by a proposed 

nutrients recycling idea (Magdalena, 2002 and Gutowska et al ., 2004 ).   

Conclusion  

Finally, chitinases have many beneficial biomedical applications in the fields 

of medicine, agriculture,aquaculture, environment, etc.This article highligten the 

importance of the usability of recycling one of the critical problem of disposing fish 

scales and crustacean which negatively affect the environment. These wastes can be 

benefited of in the field of pharmaceutical industry to produce chitinases, thatmight 

be used as immune stimulants for fish to enhance the immunity against many 

bacterial, viral and parasitic diseases.  
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ABSTRACT. Sensory evaluation, color parameters, mineral determination, rheological properties and 

nutritional value of Barhi date jam prepared with substituted by carrot or/and pumpkin purees at 

concentrations 25, 50 and 75% were studied. The lowest jam sample in lightness (34.86) and the highest 
in yellowness (51.71) which prepared by Barhi date 25%: carrot 75%. In addition, panelists results 

showed that the best jam sample in overall acceptability (35.7) was jam prepared with Barhi date 25% : 

carrot 75% followed by jam prepared with Barhi date 50% : pumpkin 50% (33.9). Caloric values of Barhi 
date jam samples containing carrot and pumpkin purees recorded the values ranged between 398.87 k. 

cal. for jam sample containing Barhi date 50%: pumpkin 50% to 379.17 k. cal. for the control jam 
sample. It was clearly appeared that the control jam sample had significant (P≤0.05) increase in potassium 

content (101.36 ppm) followed by 95.00 and 86.98 ppm which recorded by Barhi date 25%: pumpkin 

75% and Barhi date 50%: carrot 25%:  pumpkin 25%, respectively. Calcium content (14.25 ppm) was 
significant (P≤0.05) increase in jam sample prepared by Barhi date 50%: carrot 25%:  pumpkin 25%, 

followed by 11.68 ppm which given by Barhi date 50%: carrot 50%. The relationship between shear 

stress (τ) and shear rate (γ) for all prepared date jam samples were nonlinear, and the flow behavior index 
of all prepared date jams were less than unity indicating a non-Newtonian behavior of the samples, with a 

pseudo-plastic type. Jam prepared from Barhi date 25%: carrot 75% had higher plastic viscosity value 

being 58.43 (Pa.s) followed by 49.04 (Pa.s) which given by jam sample prepared by Barhi date 50%: 
carrot 50% at temperature (20ºC). The highest apparent viscosity was found for jam sample prepared 

from Barhi date 25%: carrot 75% followed by Barhi date 50%: carrot 50% when compared to control date 

jam and other prepared jam samples. Finally, our results indicated that jam prepared from Barhi date 
25%: carrot 75% is the best sample in color properties, texture, viscosity and sensory acceptability 

followed by jam prepared from Barhi date 50%: pumpkin 50%. 

 

Keywords: Barhi date jam, carrot, pumpkin, sensory evaluation, rheological parameters 
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INTRODUCTION 

Date palm (Phoenix dactylifera L., family Arecaceae) is the important and famous 

tree for its delicious fruits. Due to date fruit’s nutritional, distinct medicinal 

properties and economic, it is a common food source for most of people in Middle 

East and around the world (Vinson et al., 2005). Three different palm dates forms 

are used being: (i) khalal (fresh, hard ripe, coloring stage), (ii) rutab (crisp to 

succulent or ripe stage), and (iii) tamri (soft pliable, full ripe stage) (Vayalil 2012). 

They are mainly consumed as dried fruits (60%-70%) at rutab (semi-ripe) or fresh 

fruits (30%- 40%) in the tamer stages (fully ripe) with little or no processing (Ali et 

al., 2012). 

Kingdom of Saudi Arabia was the third country for date production around 

the world. The annual production in 2013 was 1.065 million ton, representing about 

12.5% of the total world production of date fruits (FAOSTAT, 2013). The  

increasing  production  of  dates  in  Kingdom of Saudi Arabia and  the  limited 

amount of processed dates enhanced  the endeavor of  incorporating dates or date 

paste in food products. 

Barhi date is a mid-season cultivar extensively cultivated in the Saudi Arabia. 

Barhi dates are different than other cultivars in which fruit are marketed and 

consumed fresh at the mature full yellow (bisir) stage as a crispy apple-like fruit due 

to low contents of soluble tannins (Botes and Zaid, 1999). At the rutab stage 

(ripening), fruit become softer and sweeter but their market value decreases. Parn et 

al., (2015) mentioned that date-based fruit bars may be expected to fulfill the 

requirements of health conscious consumers. It is anticipated that this novel food 

product will attract better market ability at the international level. 

Jams are important food products which are prepared and preserved by sugar 

at a high concentration (Kordylas, 1990). In Saudi Arabia, no date jam has been 

developed for the market.  

Banga, (1984) repoted that carrot (Daucus carota L.) is one of the most 

important vegetable crops cultivated in moderate climate regions. Carrot originates 

from the wild plants growing in south western Asia and Europe. Yellow and orange 

carrot types were derived by selection process from red carrots. Regarding to carrot 

nutritional value, it have been ranked tenth in terms among 38 other fruits and 

vegetables of their nutritional value, and seventh for their contribution to nutrition 

(Alasalvar, et al., 2005). 

Carrots, a good source of carotene, are usually used either fresh or processed 

into juices, beverages, jams, baby foods and fiber products (Lombrana and Dias, 

1985). The benefits of carotenes, including its conversion in the body into vitamin A 

and the unique biological effects of carotenes as antioxidant activity, stimulation of 

the immune response and reducing the risk of cancer (Olson, 1988 and Benoist,  

et al., 2001). 

Pumpkins, which are the different species fruits of the genus Cucurbita, are 

growing worldwide for their seeds and pulps for human nutrition, either for 

preparation of foods such as purees, jellies, jams, and syrups, or direct consumption. 
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Pumpkin pulps has huge amounts of carotenoids, which are pigments that give 

leaves, flowers, and fruits coloration that ranges from yellow to red (Oliver and 

Palou, 2000). In addition to pro-vitamin A activity of some carotenoids, such as β-

carotene, β-cryptoxanthin and α-carotene, studies have also mentioned that the 

carotenoids consumption lowers the risk of cardiovascular and degenerative 

diseases, cataracts, macular degeneration as well as certain types of carcinomas (Rao 

and Rao, 2007). 

Therefore, the aim of this study was to evaluate the effect of adding carrot 

and pumpkin purees on chemical composition, color parameters, sensory properties, 

minerals contents and rheology parameters of Barhi date jams and to extent the shelf 

life of Barhi date fruits which considers the important variety grown in Qassim 

region, Saudi Arabia.  

 

MATERIAL AND METHODS 

Materials: 

Barhi date fruits (Phoenix dactylifera L.) were brought during the summer season of 

2013 from the Agricultural and Veterinary Research Station of the College of 

Agriculture and Veterinary Medicine, Qassim University, Burydah, Saudi Arabia. 

Carrot, pumpkin and commercial grade sucrose were purchased from the local 

market, Burydah, Saudi Arabia. Food grade pectin and citric acid were purchased 

from Loba Chemie, LTD, India. 

 

Methods 

Preparation of Barhi date jams:  

After sorting, the Barhi dates were pitted and the fleshes were washed and air dried 

over eight hours before grinding. Also, carrots and pumpkin were washed, peeled 

and cut into small pieces (2 cm thick slices).  Barhi dates, carrots and pumpkins 

were first blanched separately in boiling potable water with a ratio 1:5 (w:w) for 10 

min. After cooking, Barhi dates, carrots and pumpkins were homogenized with the 

blanching water for 2- 3 min in using a food mixer obtaining Barhi dates paste, 

carrots and pumpkins purees.  

For control jam sample contained 100% Barhi dates, one kilogram of Barhi date 

paste was mixed with 500 g of sucrose sugar, gently heated in an open air with 

manually stirred until the total soluble solids (TSS) content reached 65 Brix. Then 

pectin was added (5 g/kg of Barhi date: sugar mixture) followed by the addition of 

citric acid (3 g/kg of added sugar). The heating was continued for a few minutes 

until the TSS reached about 68%. Finally, the prepared date jam was hot poured into 

clean dry glass jars with screw caps. Samples were immediately cooled to room 

temperature and stored until further analysis (Besbes et al., 2009). Samples of carrot 

and pumpkin jams were prepared by replacing 25, 50 and 75% of Barhi date paste 

with carrot or/and pumpkin purees and different amounts of sugar, citric acid and 

pectin as mentioned in Table (1). 



Mohamed G. E. Gadallah et al. 116 

Table (1): Recipe of prepared Barhi date jams and mixed with carrot and pumpkin purees. 

Ingredients / gram 

Jam samples 

Pectin Citric acid Sugar Pumpkin Carrot 
Barhi 

date 

7.5 1.5 500 0 0 1000 Control (Barhi date 100%) 

9.4 2.6 875 0 750 250 Barhi date 25%: carrot 75%  

9.4 2.6 875 750 0 250 Barhi date 25%: pumpkin 75%  

8.8 2.3 750 0 500 500 Barhi date 50%: carrot 50%  

8.8 2.3 750 500 0 500 Barhi date 50%: pumpkin 50%  

8.8 2.3 750 250 250 500 
Barhi date 50%: carrot 25%:  

pumpkin 25% 

 

Proximate chemical composition: 

Moisture, crude protein (N x 6.25), lipids (ether extract) and ash contents of 

raw materials and prepared jams were determined according to the methods of the 

AOAC (2000). Nitrogen free extract (NFE) were determined by difference. Total 

soluble solids were determined by a digital Abbe Refractometer, AOAC (2000). 

Caloric values (k. cal.) of prepared dates jams were calculated with following 

equation, caloric values = (crude protein (g) x 4) + (lipids (g) x 9) + (NFE (g) x 4). 

Color determination of prepared date jams: 

Prepared date jams color was determined using spectrophotometer (Minolta 

Color Reader CR-10, Minolta Co. Ltd., Japan) according to the method described in 

Francis (1983). Color coordinates X, Y and Z were converted to corresponding 

Hunter L*, a* and b* color coordinates according to formula given by manufacturer. 

The vertical coordinate “L” is lightness from 0 (total light absorbance and therefore 

completely black) through grey (50) to 100 (complete light reflectance); the 

horizontal coordinate “a” is greenness/redness, from -60 (green) through grey to +60 

(red);  orthogonal horizontal coordinate “b” is yellowness from -60 (blue),to +60 

(yellow) indicates for yellowness.   

Sensory evaluation of prepared date jams: 

Prepared Barhi date jam samples and its mixtures with carrot and pumpkin 

purees were coded with different numbers and submitted to sensory evaluation by 

fifteen member semi trained panelists from colleagues at College of Agriculture and 

Veterinary Medicine, Qassim University. The panelists were asked to rate each 

sensory attribute using the control Barhi date jam as the basic for evaluation. Jams 

were evaluated for appearance (10), color (10), odor (10), taste (10) and overall 

acceptability (40) according to Besbes et al., (2009). 
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Minerals determination of prepared jams: 

The mineral contents of  the prepared date jam samples, including potassium, 

calcium, ferrous, cupper and zinc, were determined using an Atomic Absorption 

Flame Emission  Spectrophotometer (Perkin-Elmer Model AA-6200 from Shimadzu 

7000, Japan) as reported by AOAC, (2000).  

Rheological properties of prepared jams:  

Rheological properties of date jam samples were determined by the 

Brookfield digital rheometer model DV-III+ (Brookfield Engineering Lab., INC., 

Middleboro, USA) at 20 °C according to method described by Hegedusic et al., 

(1995). The Brookfield small sample adapter and Sc4 -14 spindle were used. The 

data were analyzed using the Bingham plastic and Power law mathematical models, 

respectively as follows:  

These models are:             τ = τo + ηγ    and      τ = kγ
n
  

where: τ = shear stress (Pa),       τo = yield stress (Pa),      η = plastic viscosity (Pa s), 

 γ = shear rate (s
-1

), k = consistency coefficient (Pa s
n
) and n = flow behavior 

index (dimensionless). 

The apparent viscosity (Pa s) was measured at 10 rpm. 

Statistical analysis  

Data were expressed as the means ± SE. Statistical analysis was carried out 

using the PROC ANOVA followed by Duncan’s Multiple Range Test with p≤0.05 

being considered statistically significant to compare between means according to 

Snedecor and Cochran (1980). All procedures were triplicate using Statistical 

Analysis System program (SAS, 2000). 

 

RESULTS AND DISCUSSION 

Proximate chemical composition of Barhi dates, carrot and pumpkin: 

Proximate composition of Barhi date, carrot and pumpkin used in preparation of jam 

samples are determined and the results are presented in Table (2). The obtained data 

indicated that carrot had significant (P≤0.05) high in moisture content (86.77%) 

followed by Barhi date, while pumpkin sample recorded the lowest moisture content 

(10.61%). No significant difference could be observed in crude protein between 

pumpkin and carrot (7.40 and 6.80%, respectively). It could be observed that, Barhi 

date had significant (P≤0.05) low in ether extract and ash which recorded 0.14 and 

3.98%, respectively, meanwhile, the highest ash content (8.31%) was found by 

carrot sample with significant higher than other samples. For nitrogen free extract, 

Barhi date recorded the highest value (92.60%) followed by carrot and pumpkin 

which being 83.38 and 82.77%, respectively. The results are in accordance with 

Miller et al., (2002) and Habiba and Mehaia (2008). Assirey (2015) reported that the 

important date varieties grown in Saudi Arabia have a high content of sugar (71.2–

81.6%) and low concentrations of protein (1.72–4.73%) and lipids (0.12–0.72%). 

Dates were rich in sugar and fiber deserving to be used for value-added product 

formulation (Barreveld, 1993 and Besbes et al., 2009)   
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Table (2): Proximate composition (% on dry weigh basis) of Barhi dates, carrot and pumpkin. 

Nitrogen free 

extract* 
Ash 

Ether 

extract 

Crude 

protein  

(N x 6.25) 

Moisture Sample 

92.60 ± 0.56a 3.98 ± 

0.36c 0.14 ± 0.45c 3.28 ± 0.37b 22.15 ± 0.25b 
Barhi date 

83.38 ± 0.55b 8.31 ± 

0.44a 1.51 ± 0.25b 6.80 ± 0.35a 86.77 ± 0.35a 
Carrot  

82.77 ± 0.65b 6.05 ± 

0.26b 3.78 ± 0.35a 7.40 ± 0.49a 10.61 ± 0.20c 
Pumpkin  

*NFE: Calculated by differences, Data are the mean ± SE, n = 3,  

Means having the same letter within each property are not significant difference at p≥0.05. 

  

Proximate composition of prepared Barhi dates jams with carrot and pumpkin 

purees: 

Table (3) show proximate composition and caloric values of Barhi date jam 

(control sample) and jams prepared with replacing 25, 50 and 75% of date pastes by 

carrot or/and pumpkin purees. The obtained data revealed that the highest moisture 

content (25.63%) was given by jam prepared from Barhi date 25%: carrot 75% 

without significant (P≥0.05) differences with other jam samples. This result could be 

attributed to the high moisture content of used carrot.  

Crude protein of prepared date jams was lower than main sources ranged 

from 6.67% for Barhi date 50%: pumpkin 50% jam sample to 3.53% for control date 

sample. This could be explained by the addition of sugar in the formulation and the 

involvement of the proteins in Maillard reaction during heat processing. Indeed, the 

formation of volatile nitrogen-containing compounds, during the Maillard reaction, 

could cause a small reduction in the protein content (Pearson 1976). 

Data also indicated that significant (P≤0.05) increase was found in fat content 

(ether extract) 2.79% which recorded by jam prepared from Barhi date 50%: 

pumpkin 50% and the lowest fat content (0.13%) was given by control Barhi date 

sample. Replacing 75 and 50% of Barhi date paste with carrot puree resulted in 

significant (P≤0.05) increase in ash content being 5.90 and 5.67%, respectively 

compared to other jam samples and control jam which recorded the lowest ash 

content 4.03%, the higher value of ash content in used carrot could be explain this 

results. 

No significant (P≥0.05) difference was observed in nitrogen free extract 

between control jam sample and jam prepared from Barhi date 25%: pumpkin 75% 

which given 90.97 and 90.42%, respectively. On the other side, Barhi date 50%: 

carrot 50% jam sample had the lowest nitrogen free extract (86.10%) followed by 

(86.77%) for Barhi date 50%: pumpkin 50% jam sample. These results are in 

accordance with Habiba and Mehaia (2008) and Besbes et al., (2009).      

Finally, the caloric values of Barhi date jam samples containing carrot and 

pumpkin purees recorded the caloric values ranged from 379.17 k. cal. for the 
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control jam sample to 398.87 k. cal. for that containing Barhi date 50%: pumpkin 

50%.  

 

Table (3): Proximate composition (% on dry weigh basis) and caloric values (k.cal) of prepared 

Barhi dates jams with carrot and pumpkin purees.    

Caloric 

values 

Nitrogen 

free extract 
Ash 

Ether 

extract 

Crude 

protein 

(N x 6.25) 

Moisture Jam samples 

379.17±0.83
e 

90.97±0.22a 4.03±0.24c 0.13±0.01e 3.53±0.43c 25.00±0.36a

b 
Control (Barhi date 

100%) 

382.25±0.71
d 

87.52±0.94c 5.90±0.53a 0.85±0.21c

d 6.13±0.20a 25.63±0.46a Barhi date 25% :  

carrot 75%  

385.98±0.69
c 

90.42±0.35a

b 4.83±0.37b 0.58±0.09d

e 4.77±0.26b 24.83±0.52a

b 

Barhi date 25% : 

pumpkin 75%  

388.47±0.63
b 

86.10±0.49c

d 5.67±0.41a 2.23±0.30b 6.00±0.36a 25.07±0.18a

b 

Barhi date 50% :  

carrot 50%  

398.87±0.50
a 

86.77±0.70c

d 4.77±0.17b 2.79±0.12a 6.67±0.44a 24.70±0.15a

b 

Barhi date 50% :  

pumpkin 50%  

384.63±0.39
c 

88.70±0.86b 5.43±0.41a 1.27±0.21c 4.60±0.28b 24.07±0.18b Barhi date 50% : carrot 

25%:  pumpkin 25% 

Data are the mean ± SE, n = 3,  

Means having the same letter within each property are not significant difference at p≥0.05. 

 

Color attributes of prepared date jams with carrot and pumpkin: 

Color is an important characteristic for jam because it, together with texture 

and aroma, contributes to consumer preference. It depends on physicochemical 

characteristic of used materials and on operating conditions applied during cooking. 

The L*, a* and b* value for prepared jam samples are summarized in Table (4) and 

used Barhi dates, carrot and pumpkin purres are shown by Fig. (1), also prepared 

date jam samples with carrot and pumpkin are shown by Fig. (2). In general, a lower 

L* value indicate a darker jam, a* positive value is associated with jam redness, 

whereas higher b* value leads to higher jam yellowness.  

It could be noticed that no significant (P≥0.05) difference was found in L
*
 

(lightness) between control (jam prepared with Barhi date only) and jam prepared 

with Barhi date 50%: pumpkin 50% which recorded 47.31 and 47.36, respectively. 

Contrary, the lowest jam sample in lightness (34.86) and the highest one in 

yellowness (51.71) which prepared by Barhi date 25%: carrot 75% and it was the 

best jam sample in sensory properties determined by the panelists Table (5). These 

results could be attributed to high content of carotenoids in carrot which leads to 

formation a strong orange color in prepared jams. Barhi date jam (control sample) 

showed the lowest yellowness (b
*
) being 42.18 comparing to all other samples 

which contained carrot or pumpkin and these results were logically. Similar findings 
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are in accordance with Habiba and Mehaia (2008); Besbes et al., (2009); Renna, et 

al., (2013) and Kamiloglu, et al., (2015).  

 

Table (4): Color properties of prepared Barhi date jams with carrot and pumpkin purees. 

Jam samples 
Color characteristics 

L* a* b* 

Control (Barhi date 100%) 47.31 ± 0.93a 3.78 ± 0.41e 42.18 ± 1.16e 

Barhi date 25%: carrot 75%  34.86 ± 0.83d 10.77 ± 0.25c 51.71 ± 0.74a 

Barhi date 25%: pumpkin 75%  43.99 ± 0.88b 6.66 ± 0.41d 45.05 ± 0.33cd 

Barhi date 50%: carrot 50%  37.72 ± 0.59c 18.12 ± 0.49a 48.15 ± 0.71b 

Barhi date 50%: pumpkin 50%  47.36 ± 0.34a 4.17 ± 0.21e 43.18 ± 0.21de 

Barhi date 50%: carrot 25%:  

pumpkin 25% 
42.93 ± 0.82b 13.56 ± 0.34b 46.79 ± 0.53bc 

Data are the mean ± SE, n = 3,  

Means having the same letter within each property are not significant difference at p≥0.05. 

 

  

Fig. (1): Barhi date fruits, carrot and pumpkin Fig. (2): Prepared Barhi date samples.  

 

 

Sample No. 1: control jam (Barhi date 100%) 

Sample No. 2: jam prepared from Barhi date 25%: carrot 75% 

Sample No. 3: jam prepared from Barhi date 25%: pumpkin 75% 

Sample No. 4: jam prepared from Barhi date 50%: carrot 50% 

Sample No. 5: jam prepared from Barhi date 50%: pumpkin 50% 

Sample No. 6: jam prepared from Barhi date 50%: carrot 25%:  pumpkin 25% 

 

Sensory properties of prepared Barhi date jams with carrot and pumpkin: 

Sensory properties (appearance, color, odor, taste and overall acceptability) 
of Barhi date jam and those date jams prepared by substitution with different ratios 
of carrot and pumpkin purees were evaluated and analytical data are tabulated in 
Table (5). The obtained data indicated that no significant (p≥0.05) differences were 
detected between control and other samples in appearance, color, odor and taste. 
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Jam sample which containing Barhi date 25% : carrot 75% had the highest score 
from the panelists being 9.0, 8.9, 9.2 and 8.6 for appearance, color, odor and taste, 
respectively. On the other hand, control jam prepared from Barhi date fruits only 
recorded the lowest scores in appearance, color and odor which being 7.8, 8.0 and 
8.0, respectively comparing to other treatments. The same trend was observed for 
the overall acceptability; where, the jam prepared with Barhi date 25%: carrot 75% 
had significant (p≤0.05) higher score (35.7) followed by jam prepared with Barhi 
date 50% : pumpkin 50% (33.9), while the lowest overall acceptability (31.8) was 
recorded by jam prepared by Barhi date fruits (control sample), similar observations 
are in accordance with Renna, et al., (2013). These findings are in harmony with 
those obtained by Habiba and Mehaia (2008) who found that the  overall  
acceptability  scores  indicated  that  organoleptically acceptable carrot jam can be 
prepared with date paste from Sukary and Wannanah pastes replacing up to 50% and 
25% of the added sugars, respectively. Besbes et al., (2009) showed that Allig and 
Kentichi jams presented a higher overall acceptability. However, quince jam (the 
most consumed in Tunisia) and Deglet Nour jams did not show any significant 
differences. The use of dates may also be attractive to consumers as a positive 
alternative to conventional fruit in jam production. 

 

Table (5): Sensory properties of prepared Barhi date jams with carrot and pumpkin purees.    

Jam samples 

Sensory characteristics 

Appearanc

e (10) 

Color  

(10) 

Odor  

(10) 

Taste 

(10) 

Overall 

acceptability(40

) 

Control (Barhi date 100%) 7.8 ± 0.66a 8.0 ± 0.55a 8.0 ± 0.71a 8.0 ± 0.45a 31.8 ± 0.60b 

Barhi date 25%: carrot 75%  9.0 ± 0.45a 8.9 ± 0.51a 9.2 ± 0.37a 8.6 ± 0.24a 35.7 ± 0.24a 

Barhi date 25%: pumpkin 

75%  
8.2 ± 0.49a 8.4 ± 0.40a 8.6 ± 0.50a 7.8 ± 0.58a 33.0 ± 0.37b 

Barhi date 50%: carrot 50%  8.4 ± 0.51a 8.4 ± 0.24a 8.6 ± 0.37a 8.2 ± 0.49a 33.6 ± 0.24ab 

Barhi date 50%: pumpkin 

50%  
8.4 ± 0.24a 8.9 ± 0.51a 8.8 ± 0.49a 7.8 ± 0.24a 33.9 ± 0.51ab 

Barhi date 50%: carrot 25%:  

pumpkin 25% 
8.2 ± 0.37a 8.8 ± 0.49a 8.4 ± 0.51a 8.0 ± 0.55a 33.4 ± 0.37b 

Data are the mean ± SE, n = 10,  

Means having the same letter within each property are not significant difference at p≥0.05. 

 

Minerals composition of prepared Barhi date jams: 

Table (6) shows minerals content (potassium, calcium, ferrous, cupper and 
zink) of Barhi date jams and its mixtures with carrot or/and pumpkin. It was clearly 
appeared that the control sample which prepared from 100% Barhi date fruits had 
significant (P≤0.05) increase in potassium content (101.36 ppm) followed by 95.00 
and 86.98 ppm which recorded by Barhi date 25%: pumpkin 75% and Barhi date 
50%: carrot 25%:  pumpkin 25%, respectively. On the other hand, jam sample 
prepared from Barhi date 25%: carrot 75% was the lowest selected sample in 
potassium content (72.32 ppm). 
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These data could be attributed to the high content of potassium in Barhi date, 

so jam samples which contain lower amounts of date lead to contain lower amounts 

of potassium. Contrary, data showed that calcium content (14.25 ppm) was 

significant (P≤0.05) increase in jam sample prepared by Barhi date 50%: carrot 

25%:  pumpkin 25%, followed by 11.68 and 10.07 ppm which given by Barhi date 

50%: carrot 50% and Barhi date 25%: pumpkin 75%, respectively. No significant 

(P≥0.05) difference was found in ferrous, cupper and zink contents between control 

sample and all other treatments. These results are agreement with those of 

Abdelmoneim et al. (1983); Sawaya et al.  (1983) and Habiba and Mehaia (2008).  

Assirey (2015) mentioned that the predominant mineral in dates is potassium, 

Dates are nutritious and can play a major role in human nutrition and health. In 

addition, dates are an important nutritional source of minerals and free amino acids. 

 

Table (6): Mineral content of prepared Barhi date jams with carrot and pumpkin purees.    

Jam samples 
Mineral content (ppm) 

Potassium Calcium Ferrous Cupper Zinc 

Control (Barhi date 100%) 101.36±11.08a 9.55±0.35c 0.852±0.11
a 0.178±0.01a 0.129±0.01a 

Barhi date 25%: carrot 75%  72.32±8.21c 9.25±0.66c 0.557±0.02
a 0.146±0.02a 0.228±0.06a 

Barhi date 25%: pumpkin 75%  95.00±1.73ab 10.07±0.73bc 0.642±0.06
a 0.145±0.02a 0.156±0.02a 

Barhi date 50%: carrot 50%  79.00±2.09bc 11.68±0.65b 0.647±0.19
a 0.149±0.01a 0.126±0.03a 

Barhi date 50%: pumpkin 50%  76.72±4.75bc 9.43±0.52c 0.584±0.08
a 0.128±0.01a 0.132±0.01a 

Barhi date 50%: carrot 25%:  

pumpkin 25% 
86.98±6.43abc 14.25±0.04a 0.677±0.11

a 0.199±0.05a 0.190±0.02a 

Data are the mean ± SE, n = 3,  

Means having the same letter within each property are not significant difference at p≥0.05. 

 

Rheological properties of Barhi dates jam with carrot and pumpkin: 

The obtained rheological results of Barhi date jams without or with carrot and 

pumpkin are given in Table (7) and Fig. (3). It could be observed that the 

relationship between shear stress (τ) and shear rate (γ) for all date jam samples were 

nonlinear, also the flow behavior index (n) of all prepared date jams were less than 

unity indicating a non-Newtonian behavior of the samples, with a pseudo-plastic 

type.  

The obtained data showed that date jam is a pseudo-plastic with yield stress 

like many other fruit pulps and purees such as mango pulp (Bhattacharya, 1999) and 

peach and papaya purees (Guerrero and Alzamora, 1998). 
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As seen, jam prepared from Barhi date 25%: carrot 75% had higher plastic 

viscosity value being 58.43 (Pa s) followed by 49.04 (Pa s) which given by jam 

sample prepared by Barhi date 50%: carrot 50% at temperature (20ºC).  

The flow-behavior index values ranged from 0.36 which recorded by jam 

sample prepared with Barhi date 25%: carrot 75% to 0.13 which given by jam 

prepared by Barhi date 50%: pumpkin 50% at 20 ºC. The observed changes in flow 

behavior may also be attributable to changes in the colloid state of the pulp 

components (especially pectin).  In addition, consistency coefficient values ranged 

from 23.35 to 27.43 (Pa s
n
) for selected Barhi date jams with carrot and pumpkin. 

Jam sample prepared from Barhi date 25%: pumpkin 75% had the highest value of 

yield stress 233.15 (Pa) compared to control jam sample which recorded the lowest 

yield stress 197.05 (Pa).  

The differences in pectin fractions in Barhi dates, carrot and pumpkin must 

be taken into account because polymer interactions play the major role in flow 

behavior of the fruit products (Van Buren 1991). The results of apparent viscosity 

were illustrated by Fig. (3), it could be noticed that the highest apparent viscosity 

was found for jam sample prepared from Barhi date 25%: carrot 75% followed by 

Barhi date 50%: carrot 50% when compared to control date jam and other 

treatments. Finally, we suggested that addition of carrot pulp at 75% and 50% to 

date jam resulted in announced increase in product apparent viscosity and flow 

behavior index. 

 

Table (7): Rheological properties of Barhi date jams with carrot and pumpkin purees (at 20 ºC).    

Jam samples 

Rheological properties 

Plastic 

viscosity η  

(Pa.s) 

Yield stress τo  

(Pa) 

Consistency 

coefficient k 

(Pa.sn) 

Flow behavior 

index n  

Control (Barhi date 100%) 35.62 ± 2.78 197.05 ± 6.55 23.35 ± 0.76 0.25 ± 0.04 

Barhi date 25%: carrot 

75%  
58.43 ± 5.70 

198.05 ± 

13.45 
25.60 ± 1.79 0.36 ± 0.02 

Barhi date 25%: pumpkin 

75%  
34.59 ± 9.46 

233.15 ± 

46.75 
26.51 ± 5.47 0.23 ± 0.02 

Barhi date 50%: carrot 

50%  
49.04 ± 0.22 

226.10 ± 

17.30 
27.43 ± 1.91 0.29 ± 0.03 

Barhi date 50%: pumpkin 

50%  
18.03 ± 0.45 226.20 ± 4.50 24.41 ± 0.49 0.13 ± 0.00 

Barhi date 50%: carrot 

25%:  pumpkin 25% 
31.99 ± 1.04 200.75 ± 2.45 23.36 ± 0.09 0.23 ± 0.01 

Data are the mean ± SE, n = 3, 
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Fig. (3): Apparent viscosity (Pa.s) of prepared Barhi date jams with carrot and pumpkin  

Sample No. 1: control jam (Barhi date 100%) 

Sample No. 2: jam prepared from Barhi date 25%: carrot 75% 

Sample No. 3: jam prepared from Barhi date 25%: pumpkin 75% 

Sample No. 4: jam prepared from Barhi date 50%: carrot 50% 

Sample No. 5: jam prepared from Barhi date 50%: pumpkin 50% 

Sample No. 6: jam prepared from Barhi date 50%: carrot 25%:  pumpkin 25% 

 

CONCLUSION 

Results from this study clearly showed that the control jam sample which prepared 

from only Barhi date had significant increase in potassium content followed by jam 

sample prepared from Barhi date 25%: pumpkin 75%. Calcium content was 

significant increase in jam sample prepared by Barhi date 50%: carrot 25%:  

pumpkin 25% compared to control jam and other samples. Our findings confirmed 

that the flow behavior index of all prepared date jam samples were less than unity 

indicating a non-newtonian behavior, with a pseudo-plastic type. Addition of carrot 

pulp at 75% and 50% to date jams resulted in improvement of jam texture by 

increase in product apparent viscosity and flow behavior index. It could be 

concluded that the lowest jam sample in lightness and the highest one in yellowness 

which prepared by Barhi date 25%: carrot 75% and it was the best jam sample in 

sensory properties and in overall acceptability by the panelists followed by jam 

prepared from Barhi date 50%: pumpkin 50% compared to control Barhi jam and 

other samples. 
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ABSTRACT. The presence of biopolymers in meat–biopolymer mixtures could influence thermal 

characterization of the system. This article reviews different ranges of functions that biopolymers perform 

in pig meat–biopolymer mixtures for halal issues. Effect of selected biopolymers such as starch, protein 

and hydrocolloids are summarized. The results revealed that the presence of different types of 

biopolymers (starch, protein and hydrocolloid) in the pig meat - biopolymer mixtures, the mixtures 

behaved differently from when they are present individually in a single phase. This could assist in 
understanding these characteristics for halal food issue. 
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INTRODUCTION 

Halal meat authentication is a major issue in many places such as Asia, Germany, 

Switzerland, Greece, United Kingdom, Spain, France, Russia, Sweden, Italy, South 

and North America (Meza-Márquezet al., 2010) and Saudi Arabia. Numerous 

methods have been proposed for detection of Halal meat adulteration such as gas 

chromatography (GC) (Faraget al., 1983), high pressure liquid chromatography 

(HPLC) (Marikkaret al., 2005), differential scanning calorimetry (Coniet al., 1994), 

electronic nose (Che Man et al., 2005), and DNA-based methods (Aida et al., 2007). 

Several studies have been reported to investigate thermal properties of pig 

meat as well as its by products for many purposes (Chen and Hsieh, 2002; 

Doerscheret al., 2004; Voutilaet al., 2007; Dàvilaet al., 2007;.Voutila et al., 2008; 

Choi et al., 2011). Biopolymers in food systems are important because of their great 

influences on food properties and formulation (Tolstoguzov, 2003). They interact in 

several ways in food to produce various attributes that impact on quality, texture, 

and stability (Okechukwu and Rao 1998). The understanding of such properties will 

lead to improvements in the formulation of biopolymers-based foods (Turgeon et 

al., 2003). Many researchers have reported that when two or more biopolymers are 

mixed together in food systems, the mixtures behaved differently from when they 

are present individually in a single phase (Turgeon et al., 2003, de Kruif and Tuinier 

2001, Zaidulet al., 2007, Ragaee and Abdel-Aa, 2006, Marcoa and Rosell, 2007, 

Ryan and Brewer, 2007 and Wang et al., 2009). Many studies investigated thermal 

behaviours of different biopolymer food based systems such as starch-water 

interactions (Tananuwong and Reid, 2004), protein mixtures (Hendrix et al, 2000, 

BaezaandPilosof, 2002; Galani and OwusuApenten, 2000 and Li et al., 2007), starch 

- meat complexes (Jeng-Yuneet al., 2003) amylose-lipid complexes (Tufvessonet 

al., 2003) and protein- hydrocolloids interaction (Kyawet al. 2004). The impact of 

pig meat – biopolymer mixtures was not much studied. This review paper highlights 

the thermal behavours of selected studies on pig meat – biopolymer mixtures.  

Impact of starch 

Starch is recognized as an important foods biopolymer. It is not a uniform 

material but described as a compose of  two types of glucose polymers: a branched 

polymer of glucose termed amylopectin and a linear chain molecule termed amylose 

(Figure 1) A. Native starch consists normally of approximately 25% amylose and 

75% amylopectin.  The starch industry includes extraction and refining starches 

from seeds, roots and tubers, by wet grinding, sieving and drying. In food products 

starch occurs normally in combination with other biopolymers, present as 

indigenous constituents of ingredients such as cereals, fruit, vegetables and meat, or 

added as thickeners, stabilizers and gelling agents. Several studies investigated 

presence of starch in the food systems (Nayoufet al., 2003, Ravindraet al., 2004, 

Shim and Mulvaney, 2001, Verbekenet al., 2004, Yang et al., 2004 and Zaleskaet 

al., 2001). The functionality of starch may vary due to differences in botanical origin 

(Li and Yeh, 2003). It is used to improve different characteristics of meat from 
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several sources. It is used as filler in surimi and used to increase the firmness of 

products (Verrez-Bagniset al., 1993) and to enhance the strength of the gel (Kim and 

Lee, 1987). Pre-gelatinized starch is well recognized as firmness and water holding 

capacity of surimi reducer (Chung and Lee, 1991). Starch added in the chopping 

process of turkey bologna was found to be effective in reducing cooking loss and 

purge loss while not increasing product hardness (Dexter et al, 1993). Modified 

starch was used to improve the texture of low fat frankfurters (Yang et al., 1995)  

and comminuted scalded sausages (Pietrasik, 1999). 

 

 

(A) 

 

 

(B) 

 

Fig. (1). Structure of (A) amylose and (B) amylopectin 

Source: Whistler and Daniel (1985) 
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Starch added in meat emulsions resulted in forming strong heat induced 

protein network (Carballo et al., 1996). Starches added on batters were influenced 

by starch type, water-to-starch ratio, presence of other compounds (lipids), or 

processing factors (Dexter et al., 1993). When starch is heated within food system 

above the gelatinization temperature in presence of excess water, irreversible 

swelling of the granules occurs along with a concomitant changed of structural order 

but granules still maintain their identity (Hug-Itenet al., 2001). The gelatinization 

changes include granule swelling due to absorption of moisture in the amorphous 

regions of the granule, leaching of small molecular weight polymers including 

amylose, loss of the crystalline order and the consequent loss of birefringence, 

leaching of larger molecular weight polymers from the granule including fragments 

of amylopectin and, finally, starch solubilization (Sakonidouet al., 2003). 

The functions of three starches (potato, corn, and rice) on the formation of 

starch and pork ham batter composite during heating were investigated (Li and Yeh, 

2002). Starch (30%, based on weight of pork ham) was added with adjusting water 

content of f 76±2 %. The materials were mixed to form a uniform mass called 

starch/meat composite (SM composite). Thermal properties were measured by DSC 

at scanning temperature was increased from 25 to 120
o
C at 5C/min. The onset 

temperature (To), peak temperature (Tp), and heat of phase transition (AH) were 

determined. The results showed that the pork ham batter exhibited two endothermic 

peaks with Tplat 65.2
o
C and Tp2, at 78.2

o
C which fell in the range of typical 

transitions of meat (Findlay and Barbut, 1990). The first onset temperature was 

54
o
C, which concurred with the major increase in rigidity development beginning in 

the range of 50 - 58
o
C for comminuted pork (Foegeding 1988). It was noticed that 

compared to control To and Tp increased in 4-5
o
C for corn and rice starch and 1.8

o
C 

for potato starch. The values of AH for control pork ham batter, potato starch/pork, 

corn starch/ pork and rice starch/pork mixtures were 3.7 ± 0.4, 10.2 ± 0.2, 9.1 ± 0.2 

and 8.0 ± 0.5, respectively. The authors concluded that the meat protein and starch 

underwent the phase transition independently during heating. The effects of different 

types of starches on DSC thermal characteristics of starch/pork meat complexes 

were investigated in Yian-jiao-pi (traditional Chinese food). NaCl and 

NaHCO3 content were adjusted to be 1% and 0.1% (based on weight of pork ham), 

respectively, by adding a solution of NaCl (25%) and NaHCO3 (3%). The addition 

of NaCland NaHCO3 was to simulate the traditional method of making Yian-jiao-pi 

and resulted in a pH of 6.2±0.1. Starch (30%, based on the weight of pork ham) was 

added with adjustment of water content. Ten types of starches were added to the 

complexes which include potato, tapioca, waxy corn, sweet potato (TNu17), sweet 

potato (TNu57), high amylose corn, corn, rice, pea and mung bean.  The materials 

were mixed to form a uniform mass and were called the SM complex in this study. 

The gelatinization temperature and heat of gelatinization of starches in the 

complexes added with NaCl and NaHCO3 were determined using a DSC. The result 

revealed that the presence of NaCl dose To by 2.5 - 4.5
o
C and Tp by 3 - 5.3

o
C due to 

the repression on swelling of starch granules (Bello-P_erez and Paredes-L_opez, 
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1995). Except that for potato starch (only 1.4
o
C increase in To and1.7

o
C increase in 

Tp) was recorded. The heat of gelatinization was also increased, except that for rice 

with a slight decrease of 0.3 J/g. 

Impact of protein 

Proteins are known as linear polymers contain 20 different L-α- amino acids. 

They generally found as globular proteins which are aqueous solutions of acids, soluble 

in water or salts bases. They function widely in living systems exist as either and serve as 

the main animal tissues structural materials (Scope, 1994). To form fibers, generally 

fibrous proteins fully extended and associated closely with each other in parallel 

structures through hydrogen bonding. In the other hand, globular proteins fold into 

complicated spherical structures held together by a combination of hydrogen, ionic, 

hydrophobic and covalent (disulfide) bonds (Scope, 1994). Figure (2) shows the different 

protein types of structure in solution (Tornberget al., 1990). 

The physical and chemical properties of proteins depend on relative amounts 

of amino acid residues component and their placement along a chain of protein 

polymer (Gutteridge and Thornton, 2005). The ability of binding partners to induce 

conformational changes in proteins enables construction of complex networks 

enormously. 

However, in muscle foods, myofibrillar proteins are fully stretched and 

closely associated with each other in parallel structures (Iwata et al., 2000) and their 

levels greatly affect emulsion stability, texture, as well as microstructure of the 

system (Youssef and Barbut, 2010). 

 

 

Primary structure 

 

Secondary structure 

 

Tertiary structure 

 

Quaternary  

structure 

 

Fig. (2). The different types of proteins structures in solution. 

Source: Tornberget al. (1990). 

 

Thermal treatment is one of the most important factors influencing gelation 

properties of myofibrillar protein because heat is required at pH values above 5.3 for 

denaturation and unfolding of protein molecules necessary for gel formation (Sun 

and Holley, 2011). The optimal temperature for the heat-induced gelation of myosin 
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at pH 6 was 60 to 70
o
C (Ishioroshiet al., 1979). Camouet al. (1989) have proposed 

that a slow heating rate may allow more favorable protein–protein interactions to 

occur, producing a stronger, better-ordered 3-dimensional gel. Smith and O’Neill 

(1997) reported that an increased in muscle food gel strength when the heating rate 

was reduced from 5 to 1
o
C/min. it was found that when muscle food was subjected 

to a slower heating rate (0.55 ◦C/min), the texture of low- and high-fat muscle food 

possessed greater hardness, cohesiveness, springiness, and chewiness than those 

heated at 1.10 and 1.90
o
C/min, regardless of the fat level. The authors concluded 

that this was due to the fact that the gel was more fully formed. A heating rate of 

12
o
C/h produced stronger myosin gels than heating at 50

o
C/h or heating at a constant 

temperature (Foegedinget al., 1986) and the strongest gels were formed when 70
o
C 

was reached, supporting the data previously reported. This agreed with the studies 

that conducted by Xiong and Blanchard (1993). Camou and Sebranek (1991) found 

similar results using gels formed from Pale, Soft, Exudative pork meat (PSE) pork. 

Fernández-Martínet al. (2009) studied muscle food using differential scanning 

calorimetry and have found that the typical trace for muscle proteins gave three 

values main endothermic transitions at around 62.4°, 69.5 and 80.7°C. These were 

considered to be due to the thermal denaturation of myosin (first and second), 

sarcoplasmic and connective - tissue proteins (second) and actin (third) as it was 

earlier reported by Stabursvik and Martens (1980). They found that the DSC-trace 

gave an enthalpy of denaturation of 16.4 J/g, similar to literature values which 

agreed with that of the literature (Stabursviket al., 1984). 

During heat treatment of meat severe structural changes, which influence the 

textural characteristics of the end product, are taking place (Tornberg, 2005). These 

changes associated with thermal denaturation of the meat proteins that initiates 

changes in structural features of the meat matrix and a simultaneous redistribution of 

the myowater, which is reflected in loss of water (cooking loss) (Micklanderet al., 

2002). Thermal studies on meat have demonstrated three denaturation steps that 

have been ascribed to myosin denaturation (40 - 60°C), sarcoplasmic protein and 

collagen denaturation (60 – 70°C temperature) and actin denaturation (80°C) 

(Stabursvik and Martens, 1980, Stabursviket al., 1984, Bertolaet al.,1994). Bertram 

et al. (2006) studied a direct relationship between thermal denaturation of specific 

proteins/protein structures and heat - induced changes in water mobility during 

heating of pork. However, typical transition temperatures for muscle proteins were 

found at range from 43 to 67 °C for myosin and its subunits, 67 to 69 °C for 

sarcoplasmic proteins, and 71 to 83°C for actin (Smyth et al., 1996). The study 

investigated muscles longissimus dorsi  from three pigs, which were offspring of a 

Duroc/Landrace boar cross-bred with Landrace/Yorkshire sow At 24 h post-mortem 

an approximately 8 cm broad chop was cut from the anterior end of M. longissimus 

dorsi from the right side of each carcass.  The samples from each animal were 

heated to 25, 40, 45, 50, 55, 60, 65, 70 and 75 °C, respectively, for 30 min in the 

NMR probe using heated air followed by DSC measurements. The samples (0.3 - 

0.5 g) were placed into the DSC sample cells and placed in the DSC together with 
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an empty reference cell. DSC scans were recorded from 3 to 90 °C with a heating 

rate of 1 °C/min. The DSC thermograms revealed endothermic transitions at 54, 65 

and 77 °C, probably reflecting the denaturation of myosin, sarcoplasmic proteins 

together with collagen and actin, respectively. 

Non-meat proteins are added to food systems  in order to control cost, 

improve fat stabilization and bind water (Hsu and Sun, 2006). Soy proteins are 

common non-meat additives as an examples used by the meat industry (Youssef and 

Barbut, 2011). Whey proteins contain numerous disulphide bonds and proline amino 

acids (Kurt and Zorba, 2005). When they heated above 70°C, they have the ability 

of forming thermally induced gels (Langley and Green, 1989).  

This can positively affect meat products' stability and texture. Whey proteins 

are surface-active globular proteins and can be adsorbed at the fat/water interface 

where they unfold, and potentially can help stabilize the fat globules within a food 

matrix (Sun, et al., 2007). Such functional properties make whey proteins a useful 

additive in the production of meat emulsions and therefore whey is commonly used 

to improve emulsification, water binding and texture. Lin and Mei (2000) indicated 

that soy proteins can improve emulsifying capacity and stability of meat products. 

Fukushima (2004) reported that soy proteins are composed of the two major 

proteins: β- conglycinin (7S) and glycinin (11S). It has been reported that the 7S and 

11S denature around 70°C and 90°C, respectively which prevent regular soy 

proteins to undergo sufficient structural changes during common meat products 

preparation (Zhang et al., 2004).  

Impact of hydrocolloids  

Hydrocolloids or gums have are used widely in food systems as additives for 

many reasons such as food texture improvement (Armero and Collar, 1996). They 

could be able to slow down the retrogradation properties of starches (Davidouet al., 

1996), extend overall quality of products during time, increase moisture retention 

and replace gluten-substitutes as gluten-free breads formulation (Toufeiliet al., 

1994).Upon addition of nonmeat ingredients, thermal denaturation changes of meat 

proteins that occur may indicate shifts in interaction between meat proteins and 

nonmeat ingredient or the physical state (Donatus and Xiong, 2001). In biological 

systems, interactions between proteins and hydrocolloids occur widely. These 

components are added into foods in order to improve their functional properties. The 

understanding of the mechanisms involved in proteins – hydrocolloids interactions is 

an important (Stainsby, 1980). In low-fat meat products, hydrocolloids are used as 

water binders and have been reported to affect thermal transition temperatures of 

meat proteins (Shandet al., 1994). It was found that possible protein - carbohydrate 

interactions as it was investigated earlier in gelling systems of xanthan-myofibrillar 

protein (Xiong and Blanchard, 1993). Good examples of hydrocolloids that utilized 

in meat mixtures are konjac gum, flaxseed gum, carrageenan gum, curdlan gum,  

xanthan gum and locust bean gum (Tarté, 2008). Carrageenan improves texture, 

consistency, water retention, and slice ability of meat products when combined with 
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added brine in high levels (Bateret al., 1992). Carrageenan is added at quantities of 

range from 0.5 to 0.8% in order to improve syneresis control and slice ability. This 

could be possible in many regions of the world where from 8 to 12% starch is added 

to produce economical products. Earlier, it was reported that a concentration of 

1.5% kappa carrageenan in a 38% added ingredient cured pork ham,  highest cook 

yield for cook-in-bag products was exhibited Mills (1995). DeFreitaset al., 1997 

utilized ground pork and meat myofibrillar protein (MP) gels as model systems to 

study thermal transition temperatures by differential scanning calorimetry. The 

results revealed that the addition of up 2% of κ, ι, or λ carrageenan (CGN) to meat 

myofibrillar protein (MP)  caused a very slight change in thermal denaturation of the 

meat proteins. The authors noticed three transition temperatures the samples of 

ground pork, which were (59.4°C),  related to the characteristic of myosin protein,  

(67.8°C) related to characteristic of sarcoplasmic proteins and (82.4°C) related to the 

characteristic of and actin protein. This result suggested that molecular interactions 

between CGN and meat proteins did not occur  so, no major shifts in transition 

temperatures reported by the added CGN to the system. Chen et al. (2007) 

investigated thermal properties of flaxseed gum (FG) - salt-soluble pork meat 

protein mixture (SSPMP). FG in concentrations of 0% and 2% were mixed with 

SSPMP in concentration of 2%.The mixture was evaluated using differential 

scanning calorimetry (DSC) method for  thermal properties. The DSC was set at 

heating rate of 10
o
C /min. and over  a temperature range of  25 –100

o
C and the 

samples were scanned. The results showed that the DSC thermograms of the meat 

without FG gave three major peaks at temperatures of 58.4
o
C (TM1), 66.6

o
C (TM2) 

and 81.9
o
C (TM3), respectively. Transitions temperature for porcine were assigned 

earlier at 58
o
C and 66

o
C for its myosin protein and 78

o
C for its actin protein 

(Stabursviket al. 1984). In the other hand three peaks were derived from pork 

muscle which represented myosin protein at 59
o
C, sarcoplasmic proteins at 66.5

o
C 

and actin protein at 81
o
C (Quinn et al. (1980). It was observed that the addition of 

2% of FG to meat protein caused slightly increase in transition temperature of the 

system. The addition of 2% FG to the mixture of meat-salt (MS), increase the value 

of both TM1 and TM3 by 1.2
o
C and 1.6

o
C, respectively. The results indicated that 

slightly higher temperature are needed to denatured meat protein in the presence of 

FG, which explained that there might be an interaction between FG meat protein. 

The addition of FG in concentration of 2% to SSPMP caused an increase in the 

transition temperatures of TSSPMP1 and TSSPMP2 by 1.9
o
C and 5.9

o
C 2% FG, 

respectively. This result suggested that the shifts in SSPMP transition temperatures 

would be the likely indicator of interactions between polysaccharide and protein in 

the presence of FG. The authors concluded that denaturation of the meat protein 

needs slightly higher temperature in the presence of FG. Curdlan gum (CUDG) is 

recognized as a thermo-gelable bacterial polysaccharide. It forms two types of gels 

depending on its heating temperature characteristics (Harada et al., 1987). One is 

formed when its aqueous suspension is heated to a temperature of 60°C and then 

cooled below 40°C; the resulting gel is known as a low-set gel. The other type of 

gels is formed by heating the aqueous suspension to a temperature of slightly less 
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than 80°C; and gel namely a high–set gel is resulted. Funami, (1998) investigated 

the thermal properties of pork–carrageenan and pork–CUDG in concentrations of 

3% (W/W) in aqueous suspension using DSC method. A temperature range from 

5°C to 70, 75 or 80°C at a heating rate of l°C/min and held for 60 min. were used in 

the DSC device for the measurement of the mixtures. A stable baseline was not 

established at the beginning and end of each DSC measurement so, the thermal 

curves could be clearly noticed over the range of 30 to 70 or 75°C. Using this 

method, a single endotherm was observed for both suspension individually, with a 

Tp at 54.5°C for CUDG and at around 57.3°C for carrageenan during the first scan at 

each final temperature. The value of  AH1 for CUDG was found to be much smaller 

than the AH1 for carrageenan, and the AH2 value for CUDG decreased by -50 – 

60% of its AH1. At the same time the AH2 for carrageenan decreased by only 10% 

of its AH1. The ratio of AH2/AHl decreased with increasing heating temperature for 

CUDG, but it remained almost the same for carrageenan. However, gelling 

enthalpies of various concentrations of CUDG aqueous suspensions using DSC 

(Hirashimaet al. 1995).  It was observed that the ratio AH2/AHl decreased gradually 

at first heating temperature, then rapidly when heating temperatures reached around 

70°C. This result  suggesting that CUDG formed thermo–irreversible gel or heat-

stable gel above 70°C. Thermal curve for the control system showed three apparent 

transition temperatures with peaks at 48.6, 57.7 and 66.3°C, respectively. The 

shapes of the DSC curves and the Tp values for the meat/ CUDG and meat – 

carrageenan pastes were found to be almost identical compared to those of control 

system. 

 

CONCLUSION 

The present paper investigated thermal behavior of pig meat – biopolymer mixtures 

in several research works. The information provided would assist both food 

technologists and meat formulators to collect valuable data about the behavior of pig 

meat - biopolymer mixtures when they are thermally treated. An understanding of 

capabilities and limitations of pork meat - biopolymer mixtures could also give 

processors a higher probability of success for halal issues. 
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ABSTRACT. The present work was carried out to investigate the possibility of implementation of 

HACCP system during olive oil extraction using Hydraulic press method to improve the quality and 

safety of produced oil. The analysis consisted of detailed studies of oil extraction by Hydraulic press 
method, the control measures and monitoring procedures for extraction oil are suggested. The microbial 

profile of tested samples from different processing steps and swabs from worker's hands and equipments 

surface were used as criteria of sanitation practices in this work. Aerobic bacterial count, yeast & mold 

count, coliform group and spore forming bacterial counts were used to identify the contamination sources 

by potential microbial hazards presenting in the various extraction steps of oil. The obtained results 

showed that, there were different biological, chemical and physical hazards in the raw material used, at 
the same time, contamination from equipments and the lack of adequate personal hygiene practice for 

workers in the extraction plants were identified as others sources of hazards. A personal hygiene training, 

good manufacturing practices (GMPs), cleaning and sanitation procedures as well as the rearrangement of 
the layout of the extraction plant under investigation could improve quality and safety of olive oil 

extracted. HACCP system can be also used to control the safety and quality of olive oil extraction plant.  

 

Keywords: GMP - Hazard - HACCP – Hydraulic press – Hygienic practice - Quality – Olive oil - Safety. 
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INTRODUCTION 

Olive (Olea europea L.) belongs to family Oleaceae is considered as one of the 

most important fruit crops for human. Olive fruits are accepted by world health 

organization as an important source of nutrition, makes a significant contribution to 

the economy and the agriculture of olive cultivating nations. According to the 

International Olive Oil Council (IOOC) 97% of the world’s olive production occurs 

in Mediterranean countries. Nowadays, the biological and nutritional values of 

virgin olive oil and its tangible effects on human health are widely became known, 

(Alarcón de la Lastra, et al., 2001). So olive oil, which has been a staple delectable 

food in the Mediterranean area for thousands of years, has become more popular 

than ever in many countries, (Ranalli, et al., 2003). Virgin olive oil is defined as the 

oil obtained from the olive fruit through physical procedures, which including the 

following processing steps: washing, grinding, mixing, pressing, decantation, 

centrifugation or filtration, without being mixed with oils of another nature. The 

quality of virgin olive oil is directly related to the quality of the fruit from which it is 

extracted, (José and Yousfi, 2006). Olive oil extraction process is affected by 

handling operation and various practices during manufacturing which may 

sometimes cause some risks and damage that effective of the quality of extracted 

olive oil. So it was interest to follow HACCP system during extraction processes of 

olive oil to identify these risks and how they could be controlled to produce a high 

quality, healthy and safe olive oil product. Nowadays, with the progress of food 

quality and safety systems, HACCP system has become synonymous with food 

safety. It is a worldwide recognized systematic and preventive approach that 

addresses biological, chemical and physical hazards through anticipation and 

prevention rather than through inspection and testing of end-product, (Gandhi, 

2008). Essentially, HACCP is a system that identifies and monitors specific hazards 

(biological, chemical, or physical) that can adversely affect the safety of the food 

product. This hazard analysis serves as the basis for establishing critical control 

points (CCPs). CCPs identify as those points in the process that must be controlled 

to ensure the safety of the food product. Further, critical limits are established that 

document the appropriate parameters that must be met at each CCP. Monitoring and 

verification steps are included in the system, again, to ensure that potential risks are 

controlled. The hazard analysis, critical control points, critical limits, and monitoring 

and verification steps are documented in a HACCP worksheet plan. Seven principles 

have been developed which provide guidance on the development of an effective 

HACCP plan.  

So, the present work was carried out to investigate the possibility of 

implementation of HACCP system during olive oil extraction by Hydraulic press 

method to improve the quality and safety of produced oil.  
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MATERIAL AND METHODS 

Material: 

Olive fruits: 

The olive fruits (Olea Europea L.) of Picual cultivar from cultivation season of 

2010- 2011 was obtained from Marsa Matrouh governorate, Egypt, were used in 

olive oil production during investigation. 

Sampling: 

Samples were taken from the olive oil extraction process plant by Hydraulic 

press method; those including olive fruits, water, and olive paste from different steps 

during extraction process. Different samples were selected randomly, put into sterile 

plastic bags and bottles, then transported to the laboratory in the same day of 

sampling as the period between taking the samples and analysis does not exceed 24 

hours those especially for microbiological analysis,, in an insulated and refrigerated 

box. The samples from processing surfaces and hands of extraction plant workers 

were taken by swab method according to Stinson and Tiwari (1978).  

Methods: 

Olive oil extraction:  

The different steps of olive oil extraction using Hydraulic press method were 

presented in Fig. (3). The processing steps were fruits receiving, cleaning to remove 

leaves, washing fruits, crushing and olive paste malaxation. 

Microbiological analysis: 

Olive fruits and paste:  

Different samples were examined for total aerobic bacterial count, (ISO 

4833, 2003), spore forming bacterial and yeast & mold counts, (ISO 21527, 2008), 

coliform group, (ISO 4832, 2006).  

Water samples:  

Water samples from investigated extraction plant were examined for total 

aerobic bacteria count and coliform group.  

Swab samples:  

Swab samples from workers hands, utensils and equipments in the 

investigated extraction plant were tested for total aerobic bacterial count and 

coliform group.  

Different samples were aseptically removed from the plastic bags or bottles, 

then 10 g (solid sample) or 10 ml (water sample) from each was homogenized in 90 

ml of sterile diluents (0.1% peptone water) with a Stomacher for 30 Sec. Serial 

dilutions were prepared in peptone water (0.1%) and 1ml aliquots were plated in 

each specific medium and incubated at different temperatures as listed in Table (1).  
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For aerobic spore forming bacterial count, serial dilutions of different 

samples were pasteurized at 80°C for 10 min and 1 ml aliquots were plated in the 

medium as listed in Table (1). 

 

Table (1). Microbiological media and incubation conditions used for microbiological analysis.   

Microbiological analysis 
Incubation 

Time (h) Temp (oC) Growth medium 

Total aerobic colony count 48 37 Plate count agar 

Aerobic spore forming bacterial 48 37 and 55 Plate count agar 

Yeast and mold count 72 25 Potato dextrose agar 

Coliform group 24 – 48 37 Vilot red bile agar 

 

Air samples: 

Settling plates were carried out to evaluate the microbiological load of air in 

different locations through extraction olive oil processing line under investigation. 

The sterilized Petri plates (Standard size of 90 mm diameter) which contained about 

15 ml of the selective media were distributed through different locations on 

processing lines and then left to exposure to air for 15 min. After exposure, plates 

were incubated according to the appropriate procedures then, the colonies were 

counted as colony forming unit (cfu) per each area, (A.O.A.C, 2007).  

Olive oil characteristics:  

Acidity (% as oleic) and peroxide of extracted olive oil samples were 

determined according to the A.O.A.C. (1990) methods. K232 and K270 values were 

determined accourding to the methods of A.O.C.S., (1991). Polyphenols were 

determined according to the method of Gutfinger (1981). TBA value was 

determined using method of Sidwell et al., (1954). 

Listing the prerequisite programs: 

The prerequisite programs (PRPs) represent the conditions and/or the 

necessary basic activities to develop the seven principles of HACCP system during 

olive oil extraction in the olive oil extraction plant under investigation were 

evaluated according to Egyptian Standard (ES): 3393/2005. 

Application of HACCP system:  

According to the NACMCF (1988 and 1992), HACCP system was 

implemented during extraction steps of olive oil using hydraulic pressing method 

based on the following seven principles: 1) Conduct a hazard analyses. 2) Identify 

the critical control points (CCPs). 3)  Establish critical limits for preventive 

measures associated with each identified CCP. 4) Establish CCP monitoring 
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requirements.5) Establish corrective actions to be taken when monitoring indicates 

then a deviation from an established critical limit. 6)  Establish verification 

procedures. 7) Establish record-keeping and documentation procedures. The results 

were summarized with reference to CCPs and their monitoring on the HACCP 

worksheet. 

  

RESULT AND DISCUSSION 

Assessment the prerequisite programs (PRPs): 

The results of assessment of PRPs represent the conditions and/or the necessary 

basic activities to maintain a hygienic practices for different extraction steps of olive 

oil plant under investigation. In which, must be established in processing area before 

application HACCP system using recommended chick list by ES 3393/2005. The 

obtained data revealed that, location of extraction plant, walls, devices machines and 

disposals tanks were satisfactory according to the criteria listed in ES: 3393/2005. 

On the other hand, for more controlling of microbial contamination during 

extraction the following areas in the extraction plant should be physically isolated: 

olive receiving, washing, extraction and separation, storage and packaging, 

(Petrakis, 1994). In the same time, quality control practices and its device were not 

applicable where the temperature of the olive oil extraction plant was not recorded 

and the microbiological characteristics of water used were not followed periodically 

this could be one of the major contamination sources during extraction steps. At the 

same time, control measures were not applicable, so, we suggestion of simple 

HACCP system to establish some of control measures could be used for improving 

the safety of extracted oil. Also, maintenance and sanitation programs were not 

applicable where program of pest control was not applicable and there is no program 

for waste management of produced wastes during extraction process. According to 

the results of observation of personal hygiene of the workers it could be observed 

that, hygiene and sanitation practices of workers in the extraction plant were not 

enough and workers should trained more about personal hygiene especially hand 

washing. The aforementioned notices suggested as corrective actions for prerequisite 

programs should be established in the extraction plant under investigation. 

Verification of prerequisite programs of HACCP system could be evaluated by 

assessment of microbiological criteria of air and water samples and swab samples 

from workers hands and equipments used.  

The results of microbiological loads of air samples of different locations of 

the olive oil extraction plant under investigation, (A) olive fruit receiving and 

cleaning, (B) crushing, (C) malaxation, (D) pressing and (E) separation are shown in 

Fig. (1). It could be noticed that the total aerobic count of collected air samples was 

ranged from 1.81 to 1.94 log cfu/plate for hydraulic pressing plant. Where there are 

no microbial criteria of air in the food establishment, these results could be reflect 

the microbiological quality of extraction plant air where, the aerobic bacterial count 

of air samples of different locations are satisfactory.    
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Fig. (1) Total aerobic bacterial count of air samples collected 

from Hydraulic press plant

 

Water is an important factor for the olive oil extraction it was used for 

washing of olive fruits, cleaning equipments and utensils and cleaning hands 

workers. As well as, water takes place as raw material in the oil separation process. 

Results of microbiological analysis of water sample collected were presented in Fig. 

(2). It could be noticed that all collected water samples contained aerobic and 

coliform counts higher than those recommended limits of ES 1589/2005. In which 

aerobic bacterial count of water used directly in food processing did not exceed 20 

cell, beside it must be coliform free. This may be due to the water line of Hydraulic 

press is old and may have many disorders caused this contamination. This point was 

listed as major contamination sources and should be corrected by maintains the 

water line supply of extraction plant and periodic microbiological analysis of water 

used in extraction plant.    
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The microbiological analysis data of the swabs taken from workers in the 

plant are shown in Table (2). Swabs of worker's hands were tested for total aerobic 

bacterial count and coliform group as microbiological criteria for evaluating of 

personal hygiene. Result in Table (2), revealed that, total aerobic bacterial count of 

swab from worker's hands was ranged between 0.85 to 2.28 log cfu/cm
2
. On the 

other hand, coliform group did not detect in the swabs of worker's hands of feeding 

and washing steps, crushing and malaxation and pressing steps values of 0.32 and 

0.95 cfu/cm
2
, respectively. The presence of coliform group in the hands of workers 

are reflect a poor personal hygiene of workers thus could be solved by training 

program for workers about good personal hygiene during the extraction steps of 

olive oil. At the same time, the personal hygiene one of the prerequisite program 

should be established in the plant for application HACCP system.  

 

Table (2). Microbiological analysis of different swabs from hands of workers in Hydraulic press plant 

Microbiological analysis Log cfu/cm2 
 

Workers Coliform Group 
Total aerobic bacterial 

count 

<1 0.85 Worker in feeding step 

<1 1.93 Worker  in washing step 

0.32 1.88 Worker in crushing and malaxation step 

0.95 2.28 Worker in pressing step 

        <1: viable colony was not detected at detection limit < 101 cfu/ cm2 

 

Total aerobic bacterial and coliform group counts of different equipments 

used was determined, the results are presented in Table (3). It could be noticed that, 

total aerobic bacterial count of washing tank, crusher, malaxation 1, malaxation 2, 

hydraulic press and pressing stainless disk was 1.65, 1.70, 1.66, 1.88, 1.94 and 2.40 

log cfu/cm
2
, respectively. About coliform group which used as sanitation criteria, it 

could be noticed that, coliform group was not detected (detection limit < 10
1 

cfu/cm
2
) in washing tank, crusher, malaxation tank 1. On the other hand, malaxation 

tank 2, hydraulic pressure and disk contained 0.85, 2.00 and 1.74 log cfu/cm
2
, 

coliform group respectively. This microbiological load may be due to the absence of 

detailed plan for cleaning and disinfection processes for equipments and tools used, 

therefore a planned cleaning and disinfection program of equipment must be 

corrected and verification its performance periodically.  
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Table (3). Microbiological analysis of different swabs from equipments used in Hydraulic pressing plant   

Equipment  
Microbiological analysis Log cfu/cm2 

Total aerobic bacterial count Coliform Group 

Washing tank  1.65 <1 

Olive crusher  1.70 <1 

Malaxation 1  1.66 <1 

Malaxation 2  1.88 0.85 

Hydraulic pressure  1.94 2.00 

Disk  2.40 1.74 

  <1: viable colony was not detected at detection limit < 101 cfu/cm2 

 

Application of HACCP system:  

Hazard analysis: 

Typical preparation, associated hazards, and critical control point of different 

extraction steps of olive oil extracted by Hydraulic press method are illustrated in 

Fig (3). The possibilities of contamination, survival of contaminants, and growth of 

microorganisms are analyzed in process reviews. Sources of contamination are 

worker's hand, utensils, equipments and raw materials. 
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Fig. (3): Flow diagram of the olive oil extraction by Pressing method 

CCP: Critical Control Point, #: Possible contamination, *: Contamination from equipment and utensil 
surfaces and @:  Contamination by persons handling product. 

 

The microbiological analysis of different steps during olive oil extraction by 

Hydraulic press was determined, the results are presented in Table (4). The main 

extraction steps were examined for their contents of total aerobic bacterial, coliform 

group, yeast & mold and aerobic spore forming bacterial counts. From the data 

recorded in Table (4) it could be observed that, total aerobic bacterial count reduced 

from 4.76 log cfu/g for fresh olive fruits before washing to 3.89 log cfu/g after 

washing then it was reduced to 2.60 log cfu/g after crushing, which may be due to the 

events of mechanical damage of microbial cell walls during crunching process. 

Meanwhile, total bacterial counts intended to increase sharply during two malaxation 

Olive fruits receiving # CCP 

Cleaning # * CCP 

Crushing * 

Malaxation # * CCP 

Pressing # @ * CCP Liquid phase # @ * Olivepomace 

Separation by Gravity # * CCP  

 

Olive oil 

Waste water 
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steps 1 and 2, whereas, it was 4.4 and 4 73 log cfu/g, respectively.  The same trend 

was also observed for yeast & mold count, which decreased from 4.26 log cfu/g for 

olive fruits before washing to 2.95 log cfu/g for washed olive fruits, then decreased to 

2.60 log cfu/g after crushing. On the other hand, yeast & mold count was increased 

during malaxation steps 1 and 2 comparing to olive paste sample after crushing step 

where it was 2.85 log cfu/g during malaxation 1 step and 2.95 log cfu/g during 

malaxation 2. According to the results of coliform group, which was increased from 

2.18 log cfu/g for olive fruits before washing to 2.30 log cfu/g for olive fruits after 

washing, and it was slow decreased to 2.26 log cfu/g during crushing process, 

furthermore, coliform group was increased during malaxation 1 and 2 steps where it 

was 3.00 log cfu/g during malaxation 1 and 2 steps. 

 

Table (4). Microbiological analysis of different extraction steps of olive oil by Hydraulic pressing 

method 

Microbiological analysis Log cfu/g 

Extraction  steps Aerobic spore 

forming bacterial 
count 

Yeast & Mold            

count 

Coilform 

group 

Total aerobic 

bacterial count 

2.43 4.26 2.18 4.76 
Olive fruit before 

washing 

2.19 2.95 2.30 3.89 
Olive fruit after 

washing 

2.04 2.60 2.26 2.60 
Olive past during 

crushing 

2.08 2.85 3.00 4.40 
Olive paste during 

malaxation 1 

2.38 2.95 3.00 4.73 
Olive paste during 

malaxation 2 

 

The same table, revaled that, aerobic spore forming bacterial count tended to 

decreased from 2.43 log cfu/g for fresh olive fruits to 2.19 log cfu/g for olive fruits 

after washing, and decreased to 2.04 log cfu/g during crushing process. Also, 

aerobic spore forming bacterial counts was increased during malaxation 1 and 2 

steps comparing to olive paste sample after crushing step where it was 2.08 log cfu/g 

during malaxation 1 and 2.38 log cfu/g during malaxation 2, respectively. According 

to the aforementioned results it could be concluded that, washing step was very 

important in reducing the microbial load of olive fruits and could be determined as 

one of the critical control points during the processing steps of olive oil extraction 

using a hydraulic press method, beside the characteristics of water used in this step 

was a control measures should be established in this step. At the same time, 

malaxation step must be controlled as the microbial load was increased especially 
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during malaxation step where it may be one of the reasons of increasing the 

microbial load of olive past, therefore, established a good sanitation program of the 

aforementioned equipments could be used as control measures during application of 

HACCP system during extraction process. 

Identifying critical control points:  

A Critical Control Point (CCP) refers to a processing steps, or procedure in a 

food process at which an essential control measure can be applied to eliminate, 

prevent or reduce an identified food hazard to an acceptable limit, (ISO 22000-

2005). Each CCP has one or more critical limits to ensure that hazards are 

prevented, eliminated and reduced to acceptable levels. During a flow diagram’s 

checking procedure using the decision tree, (Codex 2003a), several critical control 

points of extraction flow diagram of olive oil have been set up and tabulate in Table 

(5). From the aforementioned data, it could be noted that, olive fruits receiving, 

cleaning olive fruits, malaxation, extraction of olive oil and separation of olive oil 

are detected as a CCPs. 

 

Table (5). CCP of olive oil extraction processing line 

CCP Q4 Q3 Q2 Q1 Category and identified hazard Processing step 

CCP 

 

  No No Microbiological infection (B) 1- Receiving of olive 

fruits 
  Yes Yes Suitability of olive (P&B ) 

 * Yes No  Mechanical damage (P) 

 ** Yes No Insect infection (P)  

  No No Foreign materials(P) 

 *** Yes No Pesticides residues (C) 

  
Yes Yes Enzymatic reactions (C) 

 

CCP 

  Yes Yes Water quality (B) 2-  Cleaning (leaves 

removal, washing) 

  Yes Yes 
Reuse of excessive wash water 

(B) 

  Yes Yes Washing time (B) 

  Yes Yes 
 Foreign materials (P) 

 

 

  No No Microbiological infection (B) 3- Crushing  

  
No No Foreign materials (P) 
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Continue Table (5). 
CCP Q4 Q3 Q2 Q1 Category and identified hazard Processing step 

CCP 

  Yes Yes Microbiological infection (B)  4- Malaxation  

  Yes Yes Emulsions formation (C) 

  
Yes Yes Enzymatic reactions (C) 

 

CCP 

No No No Yes Microbiological infection (B) 5-Extraction of olive 

oil by hydraulic 

pressing No Yes No Yes personal hygiene (B) 

  Yes Yes Water quality (M) 

  Yes Yes Enzymatic reactions (C) 

  
Yes Yes Emulsions formation (C) 

 

CCP 

  Yes Yes Impurities (P) 6- Separation by 

Gravity 
  Yes Yes Enzymatic reactions (C) 

  Yes Yes Oil degradation (C) 

B=Biological; C=Chemical; P=Physical Hazards 

*= Modifying (Sorting), **=Modifying (Insect control program), ***=Modifying (Safety period) 

 

Setting the critical limits for identified critical control points: 

 The critical limits must be established to guarantee that; the acceptable level 

for each hazard at each CCP is not exceeded. During CCP identification, establish 

critical limits should be measurable where it could be reasonably demonstrated that 

the threshold level has not been exceeded. Critical limits might be based upon 

factors such as: olive quality, water quality, adequate renew frequently wash water, 

good hygiene, good performance of equipment, temperature and time, good personal 

hygiene and some physicochemical properties of olive oil such as (FFA, PV, TBA, 

K232, K270 and Polyphenols). 

Establishing monitoring procedures for the critical control points: 

 Planned observations and measurements are conducted to assess whether a 

CCP is under control and produce an accurate record for a future verification process. 

Monitoring procedures during olive oil extraction plant were included, visual 

inspection of each items, microbiological and physicochemical analysis of water, 

physicochemical properties of olive oil (FFA, PV, TBA, K232, K270 and Polyphenols), 

Chemical analysis of samples, Visual inspection of wash water dirt, temperature and 

time, periodic visual inspection of equipment, correct application of the programs 

preventive cleaning and disinfection of equipment and good hygiene practices. 
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Chemical parameters of extracted olive oil:  

The results of chemical parameters of olive oil extracted by hydraulic 

pressing method are in Table (6). 

 

Table (6). Chemical properties of olive oil extracted by Hydraulic press method 

Parameters 
Extracted olive 

oil 

Egyptian 

standard * 

Codex 

standard ** 

Acidity (% as oleic) 1.46 ± 0.025 3.3 3.3 

Peroxide value (meq  peroxide 

/ kg oil) 
10.26 ± 0.157 20≥ 20  ≥  

TBA (mg Malonaldhid / kg 

oil ) 
1.86 ± 0.025 - - 

K232 2.17 ± 0.064 - 3.5 

K270 0.45 ± 0.015 0.25 0.3 

Polyphenols (as ppm gallic 

acid) 
300 ± 5 - - 

      * E S 49 (2000) 

      ** Codex (2003b)            

        ± SD 

 

The obtained results in Table (6) was showed that, acidity (free fatty acids as % 

Oleic acid) of the produced oil by hydraulic press (1.46% as oleic acid) was in the 

allowed limits of olive oils to be categorized as virgin olive oil according to the codex 

standards (Codex 2003b) in relation to acidity. The commonly used methods for 

measuring the auto-oxidation statues of oil are the formation of peroxides and 

Thiobarbituric acid (TBA) test. The first parameter gives a whole picture on the course 

of oil oxidation, whilst, the second presents the production of secondary oxidation 

products, which are responsible for off flavors of rancid oil (Basuny, 1996). In relation 

to the peroxide value of the produced oil by hydraulic press system (only olive oil was 

allowed to have peroxide value reaches to 20 because it contains desirable bio-active 

materials which interfere in determination of peroxide value). It could be noticed that 

the produced oil has high peroxide value (10.26) this means that, oil oxidation takes 

place in this oil sample. From the results shown in the table, we found the TBA (as mg 

malonaldhid / kg oil) recorded high value reached to 1.86, this means that secondary 

oxidation of the oil had been occurred. From the aforementioned results of K232 and 

K270 [K232 value measures the oxidation whereas the secondary oxidation could be 

measured by K270 (Ranalli et al., 2000), at the same time it could be noticed that 

K232 was 2.17 and K270 was 0.45. K232 did not reach to the allowed values by codex 
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standards (Codex 2003b) which stated the max value of K232 is 3.5 for olive oil to be 

categorized as virgin olive oil. But K270 was higher than the max value of standards 

(0.3). The results of peroxide value and TBA are in agreement of those of K232 and 

K270. These results indicated that oil oxidation had happened not only primary 

oxidation but also, secondary oxidation. The aforementioned data showed obviously 

that, total poly phenols (as ppm gallic acid) were 300 ppm. This may be due to the 

used extraction system (Hydraulic press) which required high amount of water to 

separate the olive oil. 

Establish a corrective action: 

 During investigation of olive oil extraction plant some specific corrective 

actions were established for each identified CCP. These corrective actions are 

performed when the monitoring procedures had been indicated that, the critical 

limits are exceeded. The corrective actions were designed to rapidly regain control 

over the CCP and prevent recurrence. Corrective action during extraction olive oil 

should include: reject unsuitable items, poor quality fruits must processed 

separately, switch point water supply, conduct training for operators, Increase 

changes wash water, visual inspection of temperature and time and correct 

preventive programs for maintenance, equipment cleaning and disinfection. 

Establish verification procedures: 

The verification procedures were established in order to check if the HACCP 

system is working as suggested HACCP plan established in the extraction olive oil 

under investigation; this could be done by establishing accurate records of the 

previous and ongoing measurements as well as the tracking of those products that 

have exceeded the critical limits. These verification procedures were including: 

develop particular specifications for the product, recording raw materials, frequency 

of changes water, preventive programs for maintenance, equipment cleaning and 

disinfection and Corrective measures. 

The different aforementioned principles of designed HACCP plan during the 

investigation of olive oil extraction plant were tabulated in Table (7). 

 

CONCLUSION 

The main sources of hazards during olive oil extraction come from environment 

handling and processing techniques. Olives might be contaminated biologically by 

microorganisms, pesticides and heavy metal. Hygiene handling and Good 

Manufacturing Practice during receiving of fresh olive fruits, washing and different 

extraction steps are very important, because many microorganisms and enzymatic 

reactions may be accrued and affected the safety and quality of extracted olive oil. 

The establishment of HACCP system as Food Safety tools in the extraction plants of 

olive oil allows controlling of different hazards affecting the safety of consumers. 

Application of HACCP system could be used for harmonizing the practices of 

different HACCP principles for controlling the different identified hazards during 
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different steps of olive oil extraction. Various microbiological methods of analysis 

and procedures have been developed to monitor the safety of olive oil at an early 

stage and during extraction steps. The PRPs implementation allowed us to master 

the likelihood of incidence of physical, chemical and microbiological hazards. The 

HACCP plan principles were established and have been enabled to monitor and 

control of identified microbiological hazards.  

 

Table (7) HACCP work sheet for Hydraulic pressing system 

Verification 

procedures 

Corrective 

action 

Monitoring 

action 

Critical 

limits 

Control 

measures 

Hazard Critical 

control 

point 

(CCP) 

*Develop 

particular 

specifications 

for the product 

*Corrective 

measures 

*Recording 

raw materials 

*Reject 

unsuitable 

items 

*Poor quality 

fruits must 

processed 

separately 

*Switch point 

water supply 

*Conduct 

training for 

operators 

*Visual 

inspection of 

each items 

*Microbiolo

gical and 

physicochem

ical analysis 

of water 

*Chemical 

analysis of 

samples 

 

*Separatio

n of 

ground of 

flight and 

health 

olives 

*Meeting 

the 

specificati

ons of 

drinking 

water 

*Adequat

e sanitary 

conditions 

*Good 

transportat

ion 

*Cleaning 

efficiency 

*Separate 

ground of 

flight and 

health olives 

*High quality 

drinking water 

*Good 

transportation 

handling 

*Microbiolog

ical infection 

*Insect 

infection 

*Suitability of 

olive 

* Mechanical 

damage 

*Pesticides 

residues 

*Heavy metal 

*Enzymatic 

reactions 

*Foreign 

materials 

 

 

Receivin

g of olive 

fruits 

 

*Frequency of 

changes water 

* Programs 

preventive 

cleaning and 

disinfection of 

equipment 

*Corrective 

measures 

*Increase 

changes wash 

water 

*Correct 

programs 

preventive 

cleaning and 

disinfection of 

equipment 

*Visual 

inspection  

of wash 

water dirt 

*Correct 

application 

of the 

programs 

preventive 

cleaning and 

disinfection 

of 

equipment 

*Adequat

e renewal 

of the 

washing 

water 

*Increase 

wash time 

*Good 

hygiene 

*Good 

performan

ce of 

equipment 

 

*Program 

effectiveness 

cleaning and 

disinfection 

*Renew 

frequently 

wash water 

*Oil loss 

*Equipment 

*Water 

quality 

*Foreign 

materials 

*Washing 

time 

*Reuse of 

excessive 

wash water 

Cleaning 

(leaves 

removal, 

washing) 
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Continue Table (7) . 

Verification 

procedures 

Corrective 

action 

Monitoring 

action 

Critical 

limits 

Control 

measures 

Hazard Critical 

control 

point 

(CCP) 

* Cleaning and 

disinfection 

programs of 

equipment 

*Visual 

inspection of  

malaxation 

temperature 

and time 

 

*Visual 

inspection of  

malaxation 

temperature 

and time 

*Correct 

programs 

preventive 

cleaning and 

disinfection of 

equipment 

* 

Malaxation 

temperature 

and time 

*Good 

performan

ce of 

equipment 

*Suitable 

conditions 

(25-30 ºC, 

45-60 

min) 

*Equipment 

(state, 

cleaning) 

*Olive past 

temperature 

and malaxation 

time (<30ºC, 

45min) 

*oil loss 

*Microbiolog

ical infection 

*Enzymatic 

reactions 

*Emulsions 

formation 

Malaxati

on 

process 

 

 

 

 

 

 

* Preventive 

programs for 

cleaning and 

disinfection of 

equipment 

* Adjusting 

water count 

and 

temperature 

*Correct 

programs 

maintenance 

preventive 

cleaning and 

disinfection of 

equipment 

* Adjusting 

water count 

and 

temperature 

*Visual 

inspection of 

time 

processing, 

water count 

and water 

temperature 

*Good 

personal 

hygiene 

*Time 

processing 

* Water 

count (1/2 

L/Kg past) 

*Water 

temperatu

re (25-28 

ºC) 

*Minimu

m oil loss 

 

*Personal 

hygiene 

*Operations 

(time, 

efficiency, oil 

loss) 

*Water 

temperature 

and water 

count 

*Equipment 

(state, 

cleaning) 

*Cleaning 

program and 

adequate 

disinfections 

*Oil loss 

*Microbiolog

ical infection 

*Personal 

hygiene 

*Enzymatic 

reactions 

*Emulsions 

formation 

*Water 

quality 

Extractio

n of olive 

oil by 

hydraulic 

pressing 

(liquid 

phase) 

* Preventive 

programs 

maintenance, 

equipment 

cleaning and 

disinfection 

*Training 

courses 

*Visual 

inspection of  

FFA, PV, 

TBA, K232, 

K270, 

Polyphenols 

*Correct 

preventive 

maintenance 

programs, 

cleaning and 

disinfection of 

equipment 

*Conduct 

training to 

operators 

*Visual 

inspection of  

FFA, PV, 

TBA, K232, 

K270, 

Polyphenols 

*Good 

hygiene 

practices 

*Periodic 

visual 

inspection of 

equipment 

*FFA, 

PV, TBA, 

K232, K270 , 

Polypheno

ls 

*Olive oil 

specificati

on 

*Good 

performan

ce of 

equipment 

*Good 

hygiene 

*Good 

handling 

practices 

*FFA, PV, 

TBA, K232, 

K270, 

Polyphenols 

*Filtration 

suitable 

amount of 

water 

*Water 

temperature 

 

*Impurities 

*Oil 

degradation 

*Microbiolog

ical infection 

*Enzymatic 

reactions 

Oil 

separatio

n 
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ABSTRACT. Pomegranate juice (PJ), Spirulina platensis extract (SP) and Echinacea purpurea Extract 

(EP) was chromatographically analyzed by High performance liquid chromatography (HPLC) for 
phenolic and flavonoid compound. Also, this extracts was determined for total phenolic content (TPC), 

total flavonoid content (TFC) and antioxidant activates in terms of scavenging DPPH free radicals. The 

TPC of (PJ) was 26.15mg gallic acid/g of extract, and TFC was 17.6 mg catechin/g of extract, while total 
phenolic content for (SP) and (EP) extracts were 0.153, 0.773mg gallic acid/ml, respectively. The total 

flavonoids content for each of them was 2.599, 8.063mg catechin/ml, respectively. Identification of 

phenolic compounds showed high amount of ellagic acid, pyrogallol, catechein, benzoic, cinnamic, 
syringic, gallic, aminobenzoic, protocatechuic, catechol, epicatechein, caffeine, P.OH.benzoic, caffeic, 

vanillic, p-Coumaric, Ferulic, α-Coumaricand Salycilic. Also, identification of the flavonoids compounds 

appeared high amount of rutin, quercitrin, Hisperidin, Quercetrin, luteolin, kampferol, narengin and 
rosmarinic. Formulated pomegranates beverage (FPB) was also investigated for antioxidant activities and 

total phenolics content. Furthermore, phagocytosis inhibition test was carried out to measure 

immunomodulatory activity of pomegranate juice, stevioside, Spirulina, echinacea and formulated 
pomegranates beverage. Immunological tests showed highly significant increase in phagocytosis of 

macrophages for Formulated pomegranate beverage (FPB). Depending on sensory evaluation, the 

formulated pomegranates beverage showed overall acceptance compared to normal pomegranate juice. 
So, it could be concluded the suitability of pomegranate juice, spirulina, echinacea and stevioside as a 

supplementation in the production of health promoting beverage. 

 

Keywords: Pomegranate juice, Echinacea, Spirulina, Stevioside, Antioxidant status, Immunomodulatory, 

Sensory evaluation. 
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INTRODUCTION 

Pomegranate fruit (Punica granatum L.) has gained commercial importance in 
recent years in the food and health industries due to better health outcomes (Fawole 
and Opara, 2013). Pomegranates have high levels of polyphenols and may be a rich 
source of compounds that had antiviral activity (Sundararajan et al., 2010). The 
antioxidant capacity of pomegranate juice is greater than other fruit juices and 
beverages (Seeram et al., 2008). This antioxidant activity has been attributed to the 
high content of phenolic compounds (Gil et al., 2000). Pomegranate is known to 
contain considerable of phenolic compounds, including anthocyanin and ellagic acid 
(Gonzalez-Molina et al., 2009). 

Pomegranate juice has important clinical implications, and it has even been 
recommended in the treatment of acquired immune deficiency syndrome (AIDS) 
due to rich concentration of diverse bioflavonoids and to their known free radical 
scavenging activity and inhibition of lipoxygenase. Furthermore, pomegranate is one 
of nine herbs included in a Japanese-patented formula for treating AIDS (Schubert, 
1999; Lee and Watson 1998). 

Echinacea purpurea was a popular herbal immunomodulator. Recent reports 
indicate that echinacea products inhibit nitric oxide production in activated 
macrophages (Zhai et al., 2009). Echinacea purpurea is a plant originally used by 
native Americans to treat respiratory infections and have long been used to aid in 
wound healing and to enhance the immune system (Lee et al., 2010).The active 
ingredients of a medicinal plant are phenolic compound that is also an important 
antioxidant (Khanavi et al., 2009; Huda-Faujan et al., 2009).  

Spirulina, filamentous blue-green microalgae have received increasing 
attention due to most promising sources of compounds with biological activity that 
could be used as functional ingredients (Pulzand Gross, 2004). Their balanced 
chemical composition (good quality proteins, balanced fatty acid profiles, vitamins, 
antioxidants and minerals) and their interesting attributes can beapplied in the 
formulation of novel food products (Spolaore et al., 2006). 

Furthermore, spirulina contains β-carotene and xanthophyll pigments, ɣ-
tocopherol and phenolic compounds, which are responsible for the antioxidant 
activities of these microalgae, as shown by several authors’ for in vitro and in vivo 
experiments (Miranda et al., 1998; Patel et al., 2006). Moreover, the benefits of 
Spirulina in building immunity and improving resistance to viral infections and 
several pre-clinical animal studies have shown good immune stimulatory effects in a 
variety of species. A hot water extract of spirulina has shown very promising effects 
on the human immune system as reported by (Blinkova et al., 2001).  

Stevioside, an abundant component of Stevia rebaudiana leaf, has become 
well-known for its intense sweetness (250–300 times sweeter than sucrose) and is 
used as a non-caloric sweetener in several countries. Based on direct observations on 
human and animals, it has been proven that stevioside had to be non-mutagenic, 
non-teratogenic and non-carcinogenic effects. Stevia has been consumed by human 
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beings for centuries without any negative effects and had approved for use as a 
sweetener by the Joint Food and Agriculture Organization / World Health 
Organization Expert Committee on Food Additives (JECFA). Also, Stevioside 
offers therapeutic benefits, having anti-hyperglycaemic, anti-hypertensive, anti-
inflammatory, anti-tumour, anti-diarrhoea, diuretic, and immunomodulatory actions, 
(Chatsudthipong & Muanprasat 2009, Anton et al. 2010 and Roberto et al. 2012). 

In this context the aim of the present work was to design a functional 
beverage combining the health-promoting properties of pomegranate juice 
incorporated with bioactive compounds from Spirulina and Echinacea extract 
sweetened with stevioside as a natural sweetener. The immunomodulatory and 
antioxidant activity effect were also studied. 

 

MATERIAL AND METHODS 

Material 

Pomegranate fruits were obtained from local market. Spirulina (Spirulina platensis) 
biomass was obtained from Algae Biotechnology Unit in National research center, 
Giza, Egypt. Echinacea purpurea leaves and flower in dried form were purchased 
from local market in Cairo, while stevioside crystalline, white powder, with 
sweetness power of 280 times as sucrose, procured from Stevia International 
Company for Agro-industry Product, in Cairo, Egypt (SICAP). Ethanol, Sodium 
carbonate, Glycerin and methanol were obtained from El-Gomhoreya Co., Cairo, 
Egypt. 2, 2-diphenyl-2-picrylhydrazyl radical (DPPH) and Folin-Ciocalteus phenol 
reagent were purchased from Sigma–Aldrich Inc. (St Louis, MO, USA). 

Preparation of fresh pomegranate juice (PJ) 

Pomegranate fruits were washed in cold tap water and drained. They were 
manually cut-up and the outer leathery skin which encloses hundreds of fleshy sacs 
was removed. The juice that is located in the sacs was manually pressed and 
extracted. The juice obtained had a deep-red color. It was stored at -18 

o
C until using 

(Maskan, 2006). 

Preparation of echinacea extract (EP) 

Echinacea (EP) powder was extract with 55% ethanol to distilled water (1:10, 
w/v) under 55°C for 3 h, after filtering the extracts was collected and stored under      

-20℃ until analyzed or the filtrate evaporated to dryness under vacuum and 
lyophilized (Ivana et al., 2009).  

Preparation of spirulina extract (SP) 

The spirulina were extracted by the method of Kajimoto and Murakami 
(1999). That is, the matter was treated with 10 volume of distilled water and boiled 
for 10min. The extracts were filtered through cheesecloth and the filtrate was used 
for the following tests.  
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Preparation of stevioside Extract (SE). 

Stevioside was prepared as freshly homogenized suspension in 1:100 (w/v) 
soluble in distilled water. The filtration by using suction filtration through filter 
papers (Toyo No. 5B), according to the method described by Sytar et al., (2012). 

Preparation of the formulated pomegranate beverage (FPB) 

formulated pomegranate beverage (FPB) prepared from pomegranate juice 
(PJ) mainly incorporated with Spirulina (SP): Echinacea (EP) extracts with ratio and 
sweetened by Stevioside (SE) according to the most appropriate concentration for 
each extract based on phagocytosis inhibition assay. 

Method of analysis 

Determination of total phenols content: 

Spectrophotometric determination of total phenols content was determined 
with the Folin-Ciocalteau method, adapted by the method of Arnous et al., (2001) as 
follow: In Eppendorf microtube, 790 µg of Milli-Q water, 10µl of sample 
appropriately diluted with MeOH, and 50µl of Folin-Ciocalteau reagent were added 
and vortexed for 1min, then 150 µl of aqueous 20% sodium carbonate were added, 
then vortexed and allowed to stand in the dark at room temperature, for 120 min. 
The absorbance was recorded at 750nm, and quantified using gallic acid as a 
standard. Results were expressed as mg per ml of gallic acid equivalents (GAE).  

Determination of total flavonoids: 

Total flavonoids (TF) content was determined by Aluminum Chloride 
Method (Chang et al., 2002) as follows; reaction mixture include 1.0 ml of extract, 
0.5 ml of aluminum chloride (1.2%) and 0.5 ml of potassium acetate (120mm) was 
incubated at room temperature for 30 min and absorbance was measured at 415nm. 
Catechin  can be used as positive control. Results were expressed as milligram 
catechin equivalents /ml fresh matter from Total content of flavonoids was 
expressed as equivalent of catechin in one gram of dry plant material.  

Evaluation of the free-radical scavenging capacity: 

In this method, the 2,2 diphenyl-1-picrylhydrazyl (DPPH) radical was used to 
measure the antioxidant activity of extracts and beverage (Lim et al.,2001) The 
percentage of antioxidant activity (AA %) of each substance was assessed by DPPH 
free radical assay. The reaction mixture consisted of adding 0.5mL of sample, 3 mL 
of absolute ethanol and 0.3 mL of DPPH radical solution 0.5 mM in ethanol. The 
changes in color (from deep violet to light yellow) were read [Absorbance (Abs)] at 
517 nm after 100 min of reaction using a UV-VIS spectrophotometer (DU 800; 
Beckman Coulter, Fullerton, CA, USA). The mixture of ethanol (3.3mL) and sample 
(0.5 mL) serve as blank. The control solution was prepared by mixing ethanol (3.5 
mL) and DPPH radical solution (0.3 mL). The scavenging activity percentage 
(AA %) was determined according to Mensor et al., (2001) as follow.  

AA% = 100 – [(Abssample – Absblank) x100/Abscontrol] 
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Identification of phenolic acids and flavonoid compounds by HPLC 

Total phenols content were determined by using HPLC (Hewlett Packard 

series 1050) according to Goupy et al., (1999).While, flavonoids content were 

determined by using HPLC system employed consisted of an HP 1090M Series II 

High-performance liquid chromatography equipped with an HP 1090 Series II diode 

array and an eight-channel electrochemical colometric array detector (EC; Esa Inc., 

USA).Method according to Mattila et al., (2000). 

Sensory evaluation of formulated pomegranate beverage (FPB) 

Ten members semi trained panelists from the staff of Food Science 

Department Ain Shams University were asked to score the formulated pomegranate 

beverage (FPB) as a functional beverage compared to a normal Fresh pomegranates 

juice for their appearance, color, odor, taste, consistency and overall acceptability 

using the individual products were scored for the intensity of the different attributes 

on a scale of 0 to 10, where; 0 = non perceptible intensity and; 10 = extremely high 

intensity according to Calin-Sanchez et al., (2012).  

Phagocytosis inhibition assay: 

As mentioned before, the pomegranate juice, green alga, Echinacea extract 

and stevioside were used to formulate pomegranate beverage, the 

immunonodulatory effects of this material and their mixture (formulated beverage) 

were studied, in vitro. The technique adapted by soliman and attia (2007) was 

followed. Briefly, Preparation of 0.1% nitroblue tetrazolium (NBT) solution labeled 

by flurescence material (if flurescence microscope will be using): 5mg NBT was 

dissolved in 2.5 ml 0.9% NaCl protected from light by wrapping tube. Then the tube 

was placed in a conical plastic centrifuge tube, shacked until dissolved (30 to 60 

unites). Then, 2.5 ml of 0.15M phosphate buffered saline was added and tube 

labeled and stored at 2o to 8oC, this may be used up to 1 week from time of 

preparation. 

Procedure:  

(1) For each culture and control, 0.1 ml of 0.1% NBT  solution was placed 

into each well, in a plastic microtiter plate; 7 wells were used, these represent  5 

types of examined material, control positive (Histamine) and Control Negative 

(Saline). 

(2) Buffy coat cell was collected after centrifugation of heparinized tubes 

with removal of plasma, and 0.1 ml of this buffy coat was then pipetted into each 

well. This procedure would increase the concentration of phagocytic cells and was 

strongly recommended, better than using whole heparinized blood. 

(3) Approximately 0.100 ml of examined materials was added to each culture 

and control wells, labeled as stimulated assay.  
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(4) With a plastic pipette mixing was recommended. Then incubation done for 60 

minutes, then blood smear was prepared by putting a drop on  a microscopic slide. 

(5) For each well of all patients a blood smear repeated and control.  

(6) One slide selected from each group and flooded with freshly filtered  

Wright's stain for 3.5 minutes, then in equal volume of Sorenson buffer for 10 

minutes more, then washed by distilled water and dried.  

(7) Each slide scored under low power for the greater concentration of 

leucocytes then, using Flurescence Microscope, and at least 50 neutrophils were 

counted, by recording both total neutrophils and the number which contain deposits 

of black formazone (reduced NBT dye). Only cells containing black material larger 

than granule, normally appearing in neutrophils, were counted.  

The results are expressed as the percent of cells found having phagocytosed, 

the normal control should have > 25% of the cells exhibiting reduction of NBT dye, 

the percentage of neutrophils abnormal in NBT if less than 25%. 

Statistical analysis: 

Data were analyzed using analysis of variance (ANOVA) followed by 

Duncan's Multiple Range Test with P ≤ 0.05 being to determine the significant 

differences in results using SAS software (SAS, 1996). 

 

RESULTS AND DISCUSSION 

Phenolic compounds content 

The phenolic components of the Spirulina (SP) and Echinacea (EP) extract was 

calculated based on calibration curves of external standards built for each of the 

analyzed compounds. The content of major phenolics detected in the formulated 

pomegranate beverage (FPB), spirulina (SP) and echinacea (EP) extracts ranged from 

the highest concentration pyrogallol, 3-OH-Tyrosol, chlorogenic, e-vanillic, 4-

aminobenzoic, catechol, epicatechein, benzoic, protocatechuic and caffeicwere the 

concentration values as follows(122828.95, 83902.91, 54662.78, 24627.05, 24621.19, 

21037, 20984.01, 9119.59, 7022.28 and 5314.69µg/100mg)respectively, as shown in 

table (1). These results are in harmony with those obtained by (Elfalleh et al., 2011 & 

Fischer et al., 2011), (Gil et al., 2000; Seeram et al., 2005; He et al., 2011). 
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Table (1). Phenolic compounds composition of Spirulina (SP) Echinacea (EP) extracts and 

formulated pomegranate beverage (FPB) extract mixtures 

Phenolic compounds 
Concentration compounds ( µg/100mg ) 

Echinacea Spirulina FPB* 

Syringic 6609.03 50373.13 2411.47 

Gallic  863.39 367.65 2557.01 

Pyrogallol 18897.24 42647.31 122828.95 

4- Aminobenzoic 90.51 731.16 24621.19 

3-OH-Tyrosol ND ND 83902.91 

Protocatechuic 662.55 3524.11 7022.28 

Catechein 810.17 3445.16 4976 

Chlorogenic 821.81 5629.91 54662.78 

Catechol 6053.86 5726.55 21037 

Epicatechein 1701.56 7978.49 20984.01 

Caffeine 1122.30 1892.20 4272.42 

P.OH.benzoic 1667.73 6144.07 8767.03 

Caffeic 218.95 7614.26 5314.69 

Vanillic 716.11 1788.39 2478.19 

p-Coumaric 5953.45 2820.65 470.04 

Ferulic 2119.76 1186.66 552.57 

Iso-ferulic 749.63 1574.00 902.61 

Reversetrol ND ND 648.13 

Ellagic 1882.25 1686.68 5045.64 

e-vanillic ND ND 24627.05 

α-Coumaric 187.92 368.51 267.33 

Benzoic 3494.72 7563.84 9119.59 

Salycilic 1754.42 2565.67 3598.64 

p-coumaric ND ND 60.01 

Coumarin 235.65 269.71 96.92 

3,4,5Methoxy Cinnamic 98.65 305.15 295.49 

Cinnamic 15.65 39.59 2756.10 

*formulated pomegranates beverage (FPB): pomegranate juice (PJ) 85%, stevioside (SE) 5%, Spirulina 
(SP) 4% & echinacea (EP) 6%) 

ND: Not Detect 
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Flavonoids compounds content 

The data in table (2) showed flavonoids contents which were relatively high 

inpomegranate, spirulina and echinacea extract. it contained relatively high amount 

of narengin, quercetrin, hisperidin, rutin, quercetin and rosmarinic were the 

concentration values as follows (472721.50, 319744.32, 288382.98, 191591.81, 

136421.11 and 119626.87 µg/100mg ) respectively.These results are in parallel with 

those of (Gonzalez-Molina et al., 2009). 

 

Table (2). Flavonoids compounds composition of Spirulina (SP), Echinacea (EC) extracts and 

formulated pomegranate beverage (FPB) extract mixtures. 

Concentration (µg/100mg) Flavonoids compounds 

FPB Spirulina Echinacea 

472721.50 2188.65 951.14 Narengin 

191591.81 2455.66 2651.50 Rutin 

288382.98 13288.09 4671.89 Hisperidin 

119626.87 673.05 700.10 Rosmarinic 

319744.32 821.20 2875.07 Quercetrin 

136421.11 213.59 83.33 Quercetin 

112.18 1910.86 595.75 Luteolin 

895.89 95.49 99.01 Narenginin 

2520.79 248.73 243.97 Kampferol 

2512.94 487.67 60.11 Hispertin 

275.12 116.57 5.56 Apegnin 

1514.65 135.92 2.05 7-Hydroxy flavon 

*formulated pomegranates beverage (FPB): pomegranate juice (PJ) 85%: stevioside (SE) 5%: spirulina 

(SP) 4%: echinacea (EP) 6% 

 

Phagocytosis inhibition assay:  

Pomegranate juice, spirulina, echinacea, stevioside extracts and formulated 

pomegranate beverage (FPB) was tested against phagocytic function Table (3). 

Phagocytosis is the first step in the response of macrophages to invading 

microorganisms. The results showed that each tested material could enhance the 

ability of uptake of neutral read by macrophages compared with positive control 

(histamine). Furthermore, pomegranate juice, stevioside, spirulina, Echinacea and 

formulated pomegranate beverage (FPB). These results indicated that the 
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incorporated pomegranate with spirulina, Echinacea and stevioside could activate 

innate immune response and may be considered as a supplementary therapy. A 

highly significant difference was observed for the FPB. 

 

Table (3). Immunomodulatory effect of pomegranate extracts, Stevioside (ST) Spirulina (SP), 

Echinacea (EC) and formulated Pomegranate beverage (FPB) extract mixtures on 

phagocytic response of macrophages 

Treatment groups 

 

Phagocytosis Percentage 

Negative control (saline) 44± 1.26a 

Positive  control (Histamine) 16± 0.23f 

Stevioside 40± 0.12b 

Echinacea 40± 0.51b 

Spirulina 41± 0.16c 

 Pomegranate juice 38± 0.12d 

Formulated pomegranate beverage(FPB ) 43± 0.34a 

Means with the same letter are not significantly different P<0.05. 

 

Total phenolic content, total flavonoids and scavenging activity of stevioside 

(ST) Spirulina (SP), Echinacea (EC) and formulated pomegranate beverage 

(FPB): 

The data presented in table (4) show that pomegranate extract was 

characterized by high content of total phenols 2.15 mg/ml and had a great free 

radical scavenging activity 92.95%. These results are in agreement with those 

obtained by (Panichayupakaranant et al., 2010; Amani et al., 2014). Also, it could 

be noticed that the formulated pomegranate beverage (FPB) is a good source of total 

phenolics content 2.294 mg/ml and had a high free radical scavenging activity 

94.54% due to incorporation of formulated pomegranate beverage (FPB). Also, (SP) 

extract of and (EP) Total phenolic compounds for both of them (0.153, 0.773 mg / 

ml) mg of gallic acid equivalents (GAE)/ml of extract respectively. The total 

flavonoid each of them (2.599, 8.063 mg / ml) mg of catechin equivalent to the 

extract respectively. These results are in parallel with those of Davey et al. (2000) 

and Elena et al. (2009). Therefore, this beverage increases health benefits by 

increasing antioxidant properties as reported by Reza et al. (2014).The same trend 

was found in antioxidant activity no significant between pomegranate extracts (PJ) 

and formulated pomegranate beverage (FPB) extract mixtures. While found to 

significant between the other stevioside (ST), spirulina (SP) and echinacea (EC) 

extract compared to pomegranate extracts (PJ) and formulated pomegranate 

beverage (FPB) extract mixtures. 
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Pomegranate fruit has taken a great attention for its health benefits in the last years, 

numerous studies on the antioxidant activity have shown that pomegranate juice 

contains a higher level of antioxidant that most of the other fruit juices and 

beverages Seeram et al., (2008). 

 

Table (4). The total phenolic, total flavonoids and antioxidant activity of pomegranate extracts (PJ), 

stevioside (ST), spirulina (SP), echinacea (EC) and formulated pomegranate beverage 

(FPB) extract mixtures 

Extract and 

Beverage  

T. Phenolics  

mg gallic acid/ml  

T. Flavonoid  

mg catechin/ml  

Antioxidant  

activity %  

PJ  2.15 ± 0.15b 1.76 ± 0.45d 92.95 ± 0.44a   

EP  0.773 ± 0.22c   8.063 ± 0.25a 69.02 ± 0.24c 

SP  0.153 ± 0.34d 2.599 ± 0.09b 71.09 ± 0.28b 

SE  ND  ND 67.14 ± 0.32d 

FPB 2.294 ± 0.64a 2.084 ± 0.55c 94.54 ± 0.18a 

Mean values in the same column within each parameter bearing the same superscript do not differ 

significantly (P ≤ 0.05), ND: Not Detect. 

 

Sensory evaluation of formulate pomegranate beverage 

Data presented in Table (5) revealed that no significant differences were 

noticed between the pomegranate juices and formulate pomegranate beverage in 

appearance, color, odors and consistency, while the other parameters including taste 

and overall acceptability showed a significant decrease in the mean values of 

pomegranate juice (PJ) compared to fresh formulate pomegranate beverage. The 

differences in the sensory parameters could be attributed to the different raw 

materials and components of the two juices.  

 

Table (5). Sensory evaluation of formulated pomegranate beverage 

 Appearance Color Taste Odors Consistency 
Overall 

Acceptability 

PJ 8.1 ± 0.05a 8.0 ± 0.43a 7.7 ± 0.45c 8.3 ± 0.18a 8.5 ± 0.15a 41.0 ± 0.26d 

FPB 8.7 ± 0.11a 8.5 ± 0.21a 9.9 ± 0.41a 8.6 ± 0.52a 8.7 ± 0.19a 45.8 ± 0.11a 

n=10, Mean values in the same column within each parameter bearing the same superscript do not differ 

significantly (P ≤ 0.05). 

PJ: pomegranate juice (100 %) 

FPB: pomegranate juice (PJ) 85%: stevioside (SE) 5%: spirulina (SP) 4%: echinacea (EP) 6% 
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CONCLUSION 

Based on the above results, it could be concluded that pomegranate beverage 

incorporated with spirulina and Echinacea extract sweetened by stevioside exhibited 

a potential source for antioxidant and phytochemical act as immunomodulation 

effect. They can be incorporated in pomegranate to enhance their flavor and 

introduced health promoting beverage.  
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ABSTRACT. The aim of the present study is to provide an updated checklist of members of the family 
Chenopodiaceae in Qassim region, Saudi Arabia, a family that has been observed to be well adapted and 

successfully dominate many parts of this region. A total number of 38 species belonging to 15 genera 

were encountered in the area. This checklist comprises 28 wild species, 9 weeds of cultivation and one 
introduced species. This list includes species recently collected from the area in addition to specimens 

previously deposited at Regional Herbaria. The genus Salsola with 9 species was found to be the most 

dominant genus in the family in the area, followed by the genus Chenopodium with 5 species. It is hoped 
that this checklist will be updated continuously in an attempt to contribute to biodiversity assessment and 

setting strategic plans for land management, especially in arid and semiarid regions. 
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INTRODUCTION 

Qassim region is considered as the main agricultural region in Saudi Arabia, and is 

located in the central part of the Saharo-Arabian floristic region (Al-Nafie, 2008). It 

is situated between latitudes 24° 25' – 27° 15' North and longitudes 41° 30' – 45° 41' 

East, and is bounded by Hail region in the North and Northwest, Al Madina region 

in the West, and Riyadh region in the South and East. The climate of the Qassim 

region is characterized by very hot dry summers and mild to cool winters. (Prince 

Naïf bin Abdul-Aziz International Airport, Qassim, Saudi Arabia-meteorological 

Airport Station number 40405) indicated that the climate in Qassim region has a 

mean monthly rainfall of 11.4 mm. Rain may also occur in the spring and its rainfall 

is very rare, and normally non-existent. Mean monthly air temperature 25.1°C, but 

winters are much cooler than summer. Mean monthly air temperature is 34 °C and 

15 °C, in summer and winter seasons, respectively (Alharbi & Gomaa, 2014). 

Floristic explorations and taxonomic studies can provide efficient and 

convenient information about the nomenclature, distribution, ecology, utility of 

various plant species, and thus about an ecosystem (Subramanyam & Nayar, 1974). 

Studies on the flora and fauna of any region are considered prerequisite for 

biodiversity assessment and setting strategic plans for land management, especially 

in arid and semi-arid regions. 

Family Chenopodiaceae comprises about 102 genera and 1400 species of 

worldwide distribution, but commonly in xerophytic and saline habitats. To adapt to 

such environments, plants of Chenopodiaceae are mostly succulents, halophytes or 

xerophytes, with well developed or much reduced leaves (Perveen & Qaiser, 2012). 

Family Chenopodiaceae is represented in the main Flora of the kingdom of Saudi 

Arabia by 73 species belonging to 23 genera (Chaudhary, 1999). While Al- Turki 

(1997) documented 29 species belonging to 14 genera in the Qassim region. 

Chenopodiaceae plants, commonly known as ‘Goosefoot’ family, are mostly grow 

as weed and some are food plants like spinach, chard, beets, sugar beet and quinoa. 

The family was placed in the order Caryophyllales by Cronquist (1981), Takhtajan 

(1969) and Dahlgren (1975). Hutchinson (1959) and Thorne (1968, 1992) included 

the family in the order Chenopodiales, Ulbrich (1934) in the order Centrospermae 

and Bentham & Hooker (1880) in the series Curvembryeae. The APG (Angiosperm 

phylogeny group) system (1998), the APG II (2003) and APG III (2009) have 

included the chenopods in the family Amaranthaceae on the basis of evidence from 

molecular phylogenies (Paul, 2012). 

The present study is designed to document the members of the family 

Chenopodiaceae in the Qassim region, Saudi Arabia, a family that has been 

observed to be well adapted and successfully dominate many parts of this region - 

especially at the prominent sebkhas - in order to provide pre-requisite data for 

biodiversity assessment and setting plans for land management in this semi-arid 

region. 
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MATERIAL AND METHODS 

The present checklist constitute plant material recently collected via several field 

surveys conducted by the authors within the study area, voucher specimens 

deposited at King Suad University Herbarium (KSU), and chenopds recorded from 

the literature to inhabit Qassim region (Al Turki 1997; Chaudhary 1999). 

Several field surveys were conducted in Qassim region, Saudi Arabia, in the 

period from September 2012 to January 2015, covering different seasons and 

various ecological habitats within the study area to collect members of the family 

Chenopodiaceae. The visited sites include: Buraydah, Uqlat As Suqur, Al 

Awshazayah, Unayzah, Nabhaniyah, Badaiai, Qiba, Melaida, Al Maznab, Shehiya 

and Rahiaya. 

The collected plant material was pressed, dried using blotting papers at room 

temperature, and was identified with the use of available literature, and further 

compared with authenticated specimens at the herbarium of Botany and 

Microbiology department, King Saud University, Riyadh (KSU). Voucher 

specimens were deposited at the Faculty of Science and Arts at Al-Rass, Faculty of 

Agriculture and Veterinary Medicine (University of Qassim), and partly at the 

herbarium of Botany and Microbiology department, King Saud University, Riyadh 

(KSU). 

The collected plant specimens were identified according to Chaudhary (1999) 

and Boulos (1999), and were confirmed by comparison with authenticated 

specimens at the herbarium of Botany and Microbiology department, King Saud 

University, Riyadh (KSU).  

 

RESULTS 

A total of 38 species belonging to 15 genera of the family Chenopodiaceae were 

reported to exist in Qassim region. The present checklist comprises about 28 wild 

species, 9 weeds of cultivation, and one species (introduced) an escaped weed in 

alfalfa fields (Atriplex suberecta). A list of these plants is presented in Table 1. The 

genera and the representative species in each genus were arranged alphabetically. 

Vernacular names (in brackets), source of the voucher specimen and/or number of 

herbarium specimen for each species were also included.  
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Table (1). 

Species list  Reference and/ or Voucher Specimen 

No. 

1- Agathophora 

 A. alopecuroides (Del.) Fenzl ex Bunge 

(Humaidal)  

Al- Turki (1997) 

2- Agriophyllum 

 A. minus Fischer & C. Meyer ex Ledeb. 

 

J. Thomas 1190/ 1993, Qassim 160 km for 

Riyadh (KSU Herbarium).  

3- Anabasis 

 A. lachnantha Aellen & Rech. 
(Ujrum;Ujayriman; Hurdh; Ghaslah)  

Al- Turki (1997); 

El Ghazali et al. 2/36, Awashajiya (Fac. of 

Sc. & Arts at AlRass Herbarium) 

A. setifera Moq. (Sha'aran; Sha'ar) 

 

Al- Turki (1997); 

El Ghazali et al. 18/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

4- Atriplex 

 A. dimorphostegia Kar. & Kir (Rughaylah) 

 

Al- Turki (1997); 

El Ghazali et al. 108/ 32, Badai (Fac. of Sc. 

& Arts at AlRass Herbarium) 

A. leucoclada Boiss. (Rughal) 

 

Al- Turki (1997); 

El Ghazali et al. 8/36, widespread (Fac. of 

Sc. & Arts- AlRass) 

A. suberecta Verd.  

 

El Ghazali et al. 104/32, Badai (Fac. of Sc. 

& Arts at AlRass Herbarium);  

M Al-Saweed, 22195/2013, Al-Ghat, 

Qassim (KSU Herbarium). 

5- Bassia 

 B. arabica (Boiss.) Maire & Weiller.  Al- Turki (1997).  

B. eriophora (Schrader) Asch. in Schweinf. 

 

Al- Turki (1997); 

El Ghazali et al. 113/32, widespread (Fac. 

of Sc. & Arts at AlRass Herbarium) 

B. muricata (L.) Asch. in Schweinf. (Dhinnaban; 
Hartabeel; Haytham)  

Al- Turki (1997); 

El Ghazali et al. 109/32, widespread (Fac. 

of Sc. & Arts at AlRass Herbarium) 
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Continue Table (1). 

6- Beta 

 B. vulgaris L. subsp. maritima (L.) Arcang. (Salq 
Barri).  

Al- Turki (1997); 

El Ghazali et al. 33/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

7- Chenopodium 

 C. acerifolium Andrz. (Zorbeih).  Chaudhary (1999), Al- Turki (1997) 

C. album L. (Zorbaih) 

 

Al- Turki (1997); 

El Ghazali et al. widespread (Fac. of Sc. & 

Arts at AlRass Herbarium) 

C. ambrosioides L. 

 

El Ghazali et al. 30/36, widespread (Fac. of 
Sc. & Arts at AlRass Herbarium) 

C. glaucum L. (Ghubaira; Zorbaih)  El Ghazali et al. widespread (Fac. of Sc. & 

Arts at AlRass Herbarium) 

C. murale L. (Zorbaih) 

 

Al- Turki (1997); 

El Ghazali et al. 31/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

8- Cornulaca 

 C. aucheri Moq.  Al- Turki (1997) 

C. monacantha Del. (Huwaydhan; Ha'adh) Fig. 

1B 

 

Al- Turki (1997); 

El Ghazali et al. 11/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

9- Halothamnus 

 H. bottae Jaub. & Spach. (Tahama; Hamadal 

Arnab; Tihyan).   

Al- Turki (1997); 

El Ghazali et al. 7/36, Melaida (Fac. of Sc. 

& Arts at AlRass Herbarium) 

H. iraqensis Botsch. (Tahama; Qadqad) Fig. 1A 

 

Al- Turki (1997); 

El Ghazali et al. 1/36, Awashajiya (Fac. of 

Sc. & Arts at AlRass Herbarium) 

H. lancifolius (Boiss.) Kothe-Heinrich 

 

Migahid A., 12814 /1976 (KSU 
Herbarium), Buraidah, (as Aellenia 

lancifolia (Boiss.) Ulbr.) 
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Continue Table (1). 

10- Haloxylon 

 H. salicornicum (moq.) Bunge ex Boiss. (Rimth) 
Fig. 1C 

 

Al- Turki (1997); 

El Ghazali et al. 12/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

H. persicum Bunge ex Boiss. (Ghada) Fig. 1D El Ghazali et al. 13/36, Badai (Fac. of Sc. 
& Arts at AlRass Herbarium) 

11- Salicornia 

 S. europaea L.  

 

Al- Turki (1997); 

El Ghazali et al. 4/36, Awashajiya (Fac. of 
Sc. & Arts at AlRass Herbarium) 

12- Salsola 

 S. arabica Botsch. 

 

El Ghazali et al. 24/36, Melaida (Fac. of 

Sc. & Arts at AlRass Herbarium) 

S. cyclophylla Baker (Ara'ad) Fig. 2C 

  

Al- Turki (1997); 

El Ghazali et al. 21/36, Al rass (Fac. of Sc. 

& Arts at AlRass Herbarium) 

S. drummondii Ulb. 

 

El Ghazali et al. 27/36, Melaida (Fac. of 
Sc. & Arts at AlRass Herbarium) 

S. imbricata Forssk. (Khareet; Harm) Fig. 2B 

 

Al- Turki (1997); 

El Ghazali et al. 19/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

S. incanescens C. Meyer in Eichw.   

 

Al- Turki (1997) (as S. volkensii Schweinf. 

& Asch.)  

S. jordanicola Eig.  Al- Turki (1997)  

S. schwenifurthii Solm-Laub. (Hamth) Fig. 3B 

 

Al- Turki (1997); 

El Ghazali et al. 26/36, Melaida (Fac. of 

Sc. & Arts at AlRass Herbarium) 

S. spinescens Moq. (Ara'ad; Jerram).  Al- Turki (1997) 

S. villosa Schults in Roem & Schultes (Rautha) 
Fig. 2D 

 

Al- Turki (1997); 

El Ghazali et al. 9/36, Melaida (Fac. of Sc. 

& Arts at AlRass Herbarium) 
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Continue Table (1). 

13- Seidlitzia  

 S. rosmarinus Bunge ex Boiss. (Shinan; Ushnan; 
Duwwayd) Fig. 2A  

Al- Turki (1997); 

El Ghazali et al. 14/36, widespread (Fac. of 

Sc. & Arts at AlRass Herbarium) 

14- Suaeda 

 S. aegyptiaca (Hasselq.) Zoh. (Mulleih; Suwwad; 
Hatlas; Qulman; Khareiza) Fig. 3A  

Al- Turki (1997); 

El Ghazali et al. 28/36, Bekaria (Fac. of Sc. 

& Arts at AlRass Herbarium) 

S. fruticosa Forssk. ex J.F. Gmelin.  El Ghazali et al. 25/36, Melaida (Fac. of 
Sc. & Arts at AlRass Herbarium) 

S. vermiculata Forssk. ex J.F. Gmelin in L. 

(Swwad; Tahma) Fig. 3C  

Al- Turki (1997); 

El Ghazali et al. 16/36, widespread (Fac. of 
Sc. & Arts at AlRass Herbarium) 

15- Traganum 

 T. nudatum Del. (Dhumran)  Al- Turki (1997) 

 

DISCUSSION 

A total number of 38 species belonging to 15 genera of the family Chenopodiaceae 

were encountered in the Qassim region, Saudi Arabia.  

Al-Turki (1997) reported 29 species belonging to 14 genera, 25 species 

belonging to 13 genera were already deposited at the Herbarium of Botany and 

Microbiology Department, King Saud University, Riyadh (KSU), while 28 species 

belonging to 12 genera were collected by the authors of this study. Nine species were 

reported by El Ghazali & El Soqeer (2013) as weeds of cultivation in the study area. 

One species, Salsola volkensii Schweinf. & Asch., which is reported by both 

Chaudhary (1999) and Al- Turki (1997), is now considered as a synonym for S. 

incanescens C. Meyer in Eichw., a species which is reported by Chaudhary (1999) 

but not mentioned by Al- Turki (1997).  
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Fig.(1). A: Halothamnus iraqensis, B: Cornulaca monacantha, C: Haloxylon salicornicum, D: 

Haloxylon persicum. 

 

Floristic studies usually provide useful data for setting strategic plans for land 

management, especially in arid and semi-arid regions. Such regions are 

characterized by low and erratic rainfall, high evapo-transpiration, shallow soils with 



A Checklist to the Family Chenopodiaceae in Qassim Region, Saudi Arabia 185 

low water holding capacity and low soil fertility (Mwamburi & Musyoki, 2010). 

Thus, the ecosystem can easily be affected by mismanagement. These plants play a 

vital role in providing fodder to livestock, fuel wood for the inhabitants, and 

maintaining the land from degradation.  

The realized dominance of members of the family Chenopodiaceae in such 

semi-arid region might be attributed to the ecological adaptations of these species. 

As mentioned by Perveen & Qaiser (2012), members of this family are mostly 

succulents, halophytes or xerophytes, with well developed or much reduced leaves. 

It is recommended that more eco-taxonomical studies to be conducted in the 

area, to nominate the dominant communities and species and to investigate the 

characters and adaptations that helped them to succeed in such an ecosystem.    

 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the generous financial support provided by the 

Deanship of Scientific Research, Qassim University. Thanks are also due to the staff 

of the herbarium of Botany and Microbiology department, King Saud University, 

Riyadh (KSU), for their cooperation. 

 

REFERENCES 

Alharbi, A.B. and Gomaa, F.A. (2014). Physio-chemical properties of airborne 

particles collected from some locations in Qassim region. Life Science 

Journal, 11(9): 1031. 

Al-Nafie, A.H. (2008). Phytogeography of Saudi Arabia. Saudi Journal of 

Biological Sciences, 15(1): 159- 176.  

Al-Turki, T.A. (1997). A preliminary checklist of the flora of Qassim, Saudi 

Arabia. Fedd. Rep. 108(3-4): 259-280. 

APG; Angiosperm Phylogeny Group (1998). An ordinal classification for the 

families of flowering plants. Ann. Missouri Bot. Gard. 85:514-533. 

APG II (2003). An update of the Angiosperm phylogeny group classification for the 

orders and families of flowering plants. Bot. J. Linn. Soc. 141: 399 – 436. 

APG III (2009). An update of the Angiosperm phylogeny Group classification for 

the orders and families of flowering plants. Bot. J. Linn. Soc. 161(2): 105 – 

121. 

Bentham, G. and Hooker, J.D. (1880). Genera Plantarum. 3: 43 – 78. L. Reeve & 

Co., Williams & Norgate, London. 

Boulos, L. (1999). Flora of Egypt, Al Hadara Publishing, Cairo, 1: 92-129. 



Wail E. Abdalla et al. 186 

Chaudhary S.A. (1999). Flora of the Kingdom of Saudi Arabia. Ministry of 

Agriculture and Water, Riyadh, Saudi Arabia, 1: 157-233. 

Cronquist, A. (1981). An integrated system of classification of flowering plants. 

Columbia University Press, New York. 

Dahlgren, R.A. (1975). A system of classification of the Angiosperms to be used to 

demonstrate the distribution of characters. Bot. Notiser, 128: 119 – 147. 

El Ghazali, G.E.B. and Al-Soqeer, A.A. (2013). A Checklist of the weed Flora of 

Qassim Region, Saudi Arabia. Australian Journal of Basic and Applied 

Sciences, 7(2): 900-905. 

Hutchinson, J. (1959). The families of flowering plants. ed. 2, vol. I & II. Oxford 

University Press, UK. 

Mwamburi, A. and Musyoki, J. (2010). Improving tree survival in the dry lands of 

Kenya: A guide for farmers and tree growers in the dry lands. Kenya Forestry 

Research Institute (KEFRI)  Information Bulletin, 2: 11. 

Paul, T.K. (2012). A synopsis of the family Chenopodiaceae in India. Pleione, 6(2): 

273- 297. 

Perveen, A. and Qasier, M. (2012). Pollen flora of Pakistan- LXX: 

Chenopodiaceae. Pak. J. Bot, 44(4): 1325- 1333. 

Subramanyam, K. and Nayar, M.P. (1974). Plant taxonomy – its past role and 

future lines of action in India. Bull. Bot. Surv. India 13:147. 

Takhtajan, A. (1969). Flowering Plants – Origin & Dispersal. Oliver & Boyd. 

Edinburge. 

Thorne, R. (1968). Synopsis of a putatively phylogenetic classification of the 

flowering plants. Aliso, 6(4): 57 – 66. 

Thorne, R. (1992). Classification and geography of the flowering plants. Botanical 

Rev., 66: 441 – 647. 

Ulbrich, E. (1934). Chenopodiaceae. In: Engler and Prantl., Die. Nat. Pflanzenfam., 

16c: 377 – 584. Duncker & Humbolt, Berlin. 

 



Journal of Agricultural and Veterinary Sciences 

Qassim University, Vol. 8, No. 2, pp. 187-200 (July 2015/Ramadan 1436H)

187 

Effect of Mother Bulb Size and Planting Space on Seed Production of Onion 

(Allium cepa, L.) Cultivar Giza 6 Mohassan 

 

El-Damarany, A.M.1, El-Shaikh, K.A.A.1, Obiadalla-Ali, H.A.1,2,  

and Abdel-Kader, M.M.1 

1Horticulture Department, Faculty of Agriculture, Sohag University, Sohag 82786, Egypt. 

2Plant Production and Protection Department, College of Agriculture and Veterinary Medicine, Qassim 

University, P. O. 6622, 51452. Buryadh, Kingdom of Saudi Arabia 

 

( Received 22 /4/2015; accepted 22/6/2015) 

 

ABSTRACT. This study was carried out at the experimental farm of Agriculture Faculty, Sohag 

University during two successive seasons, 2010/2011 and 2011/2012, to investigate the effect of plant 

spacing and bulb size on seed production of onion cultivar Giza 6 Mohassan. Three different plant 
spacing (30cm, 40cm and 50 cm) and three bulb size (3:4.5cm, 4.5 >: 6cm and 6 >: 7.5cm) were used in 

this study. The planting distance between rows was 50 cm. The new Duncan’s multiple range tests 

showed that the mother bulb size factor had significant effect on all traits. Moreover, planting space 

significantly affected seed yield parameters except days to sprout. The maximum seed yield per 

feddanwas recorded withthe large bulb size and the medium planting space.Seed yield per plant and per 

feddanwereinfluenced by days to sprout, plant height, number of leaves per plant, number of stalks per 
plant, days to flowering, flower stalks height and weight of seeds per umbel. This study is useful for plant 

breeders and all those interested in the field of onion seed production and application of such 

investigations may be encourage other researchers to produce seeds in other cultivars. 
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INTRODUCTION 

Onion (Allium cepa, L.) is one of the most important vegetable crops in the world 

for the various aspects of economic, health and food. The earliest record comes from 

Egypt where onion appear as carvings on pyramid walls and in tombs from the third 

and fourth dynasties (2700 BC) (Tackholm and Drar, 1954). Onion’s name derived 

from "Onia" which probably ranked to a city built in 1703 B.C. near the Gulf of 

Suez (Dawar et al., 2007). It is widely used to increase taste of different type of 

food and considered as a rich source of carbohydrates, proteins and vitamin C 

besides minerals like phosphorus and calcium (Jaggi, 2005) and prevents stomach 

carcinoma (Dorant et al., 1996). These pharmacological effects of onion can be 

ascribed both organosulfur compounds which are responsible for the typical odor 

and flavor and flavonoids (Kato et al., 1983; Deschner et al., 1991). 

In Egypt, onion is considered one of the major sources for hard currency, due 

to the early availability for foreign markets as well as its higher quality compared to 

other onion due to high nutritional value and pungency. The annual onion 

production in Egypt was 2304 thousand (MT) represent 484 $ million as income in 

2011 compared to 1486 thousand (MT) represent income of $ 312 million in 2007 

according to FAO (2011). Sohag Governorate produced 331 thousand tons 

represented 15% from the total production as mentioned by the yearly book of 

economics and statistics of the Ministry of Agriculture (2011). 

Agricultural production and productivity are influenced by several factors. 

Seed is one of the vital input factors which significantly helps in enhancing the 

productivity of crops. The seed production of onion is very difficult phenomena as it 

is produced in two phases. In first phase, the bulb production is required, while 

under second phase the seed production takes place from the bulbs. 

Giza 6 Mohassan onion cultivar is a high yielding and popular in Sohag 

Governorate. It is yellow skinned having flat bulbs. It has got excellent keeping 

quality, early exportation and dehydration process. It is consider the best cultivar 

inUpper Egypt according to Ministry of Agriculture (2011). 

Bulb-to-seed method is appropriate for onion seed production (Rahim et al., 

1982). Bulb size is one of the most important factors affectingonion seed production 

(Nehra et al., 1988; Abedin, et al., 1999; Karim et al., 1999; Mirshekari and 

Mobasher 2006; Khodadadi, 2009; Asaduzzaman et al., 2012 and Khodadadi, 

2012). As well as, plant spacing isthe key factor in producing qualitativeonion seeds 

(Barakauskienzi et al., 2002; Mirshekari and Mobasher, 2006; Elhag and 

Osman 2013). The interaction between bulb size and plant spacing was studied by 

many investigators (Lial et al., 1987; Ali et al., 1998; Balochet al., 1998; Navab et 

al., 1998; Singh and Sachan, 1999a, b)  

The target of onion production can not be achieved due to theacute crisis of 

onion seeds. Improved seed contributes substantially to enhance crop yield as high 

as 30% (Shaikh et al., 2002). 
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Due to the lack of adequate information on different aspects of seed 

production, such as proper size of mother bulbs, the growers are reluctant to seed 

production. Bulb size and plant spacing are the key factors in producing onion seeds 

of high quality (Mirshekari and Mobasher, 2006). However, the information on 

bulb size and plant spacing of the cultivar Giza 6 Mohassan is limitedin respect of 

seed production. Therefore, the present study was conducted to investigate the 

effects of bulb size and plant spacing on seed production of onion cultivar Giza 6 

Mohassan under Sohag conditions.  

 

MATERIALAND METHODS 

Location: 

The present study was conducted during the during two successive seasons 

of2010/2011 and 2011/2012 at the experimental farm of Agriculture Faculty, Sohag 

University, Sohag, Egypt where the soil is newly reclaimed. Physical and chemical 

properties of used soil are shown in Table (1). 

 

Table (1): Soil characterization of the experimental site 
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0 - 25 0.21 7.35 2.51 11.27 29.70 23.12 47.1
8 

SCL 0.199 8.3 374 

25 - 45 0.15 7.73 0.09 52.15 3.19 6.00 90.8
1 

S 0.053 19.5 178 

45 - 65 0.19 7.90 0.40 55.49 2.90 7.18 89.9
2 

S 0.004 19.9 144 

65 - 80 0.20 7.85 0.31 22.50 2.60 7.22 90.1
8 

S 0.004 6.5 102 

SCL= Sandy Clay Loam, S= Sand, NaHCO3-P= NaHCO3-P extractable-P. 

 

Experimental details: 

Giza 6 Mohassan Onion cultivar was used in this study. Three onion bulb 

size (S1= 3:4.5cm, S2= 4.5 >: 6cm and S3= 6>: 7.5cm) and three planting spaces (P1= 
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30cm, P2= 40cm and P3= 50cm) were used in this study. The treatments were 

arranged as a split-plot in randomized complete-blocks (RCB) design with three 

replicates. The three onion bulb size were arranged in the main plots and three 

planting space were assigned in the sub-plots. 

Each experimental unit was 6.3 m
2
 consisted of three ridges 70 cm apart and 

3 m length. Bulbs were planted on 10 November in both seasons. Recommended 

cultural procedures other than the applied treatments were followed. The mature 

umbels were harvested in the morning with a small portion of flowering stalk 

between 15 and 25 April in both seasons, when 15-20% of the fruits exposed black 

seeds.  

Data collection: 

Days to sprouting: measured by registeringthe number of days from planting 

until 50 % of bulbs having sprout. Plant height (cm) and number of leaves per plant 

wererecorded from 5 randomly sampled plants per plot at 90 days from planting. 

Number of stalks per plantand flower stalks height (cm) wererecorded from 5 

randomly sampled plants per plot at 140 days from planting. Days to flowering 

wasmeasured by registeringthe number of days from planting until 50% of the plants 

havingthe first opened flower. Umbels diameter (cm) was measured using Vernier 

Caliper after 140 days from planting. Weight of seeds per umbel(g) was recorded 

from 5 randomly selected plants after the completion of flowering. One thousand 

seeds were counted from each plot then weighed with electric balance in gram up to 

two decimal units. Seed yield per plant (g) was recorded after harvest from 5 

randomly sampled plants per plot. Seed yield per feddan (kg, feddan is equal 4200 

square meters, which is approximately equal to 0.42 of a hectare) was measured 

after harvest by converting the respective seed yield per plot. Weight of 1000 seeds 

(g)was recorededafter harvestby anelectric balance. For the determination of 

germination (%) percentage three dishes of 50 seeds were cultivated per treatment. 

The dishes were closed and placed in the germinator at the temperature 20◦C. 

Germination percentage was calculated according to the following equation: 

 

Germination (%) Number of germinated seeds × 100 

Number of cultivatedseeds 

 

Statistical analysis 

Data obtained during the two seasons of the study were statistically analyzed 

and treatments means were compared using the Duncan’s multiple range tests 

(Gomez and Gomez, 1984). 
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RESULTS AND DISCUSSION 

Effect of mother bulb Size 

Different sizes of onion mother bulb showed significant effect on growth and yield 
components (Table 2, 3 and 4). The maximum days to sprouting (9.92), the highest 
plant height (87.83cm), number of leaves per plant (81.72) and number of stalks per 
plant (7.44) were produced by large mother bulb, which was significantly higher 
than the medium and small sized bulb (Table 2). The maximum days to flowering 
(122.8A), flower stalk height (97.51cm), umbel diameter (8.28cm) and weight of 
seeds per umbel (3.65g)were obtained from the large mother bulb, which was 
significantly higher than the medium and small sized bulb (Table 3). Similar trend 
was found in Seed yield per plant (27.38 g), seed yield per feddan (409.0 kg), weight 
of 1000 seed (4.31 g)and germination percentage (87.45%) were obtained from large 
mother bulb, which wassignificantly different from the two other sizes of mother 
bulb (Table 4). The superiority of large bulbs may be related to itshigher food 
reserves. These results are in harmony with those reported by Nanendra and 
Ahmed (2005), Khan et al., (2005) and Maria and Roman (2009). 

Whereas, the minimum effect of mother bulb size on days to sprouting, plant 
height, number of leaves per plant, number of stalks per plant, days to flowering, 
flower stalk height, umbel diameter, weight of seeds per umbel, seed yield per 
plant,seed yield per feddan, weight of 1000 seed andgermination percentage (6.92, 
74.26cm, 59.79, 4.67, 112.4, 80.36cm, 4.90cm, 2.69g, 12.84g, 197.9kg, 3.96g, 
85.11%, respectively) were found withsmall mother bulbs.  

Effect of planting space 

No significant effect was found for planting spaces on days to sprouting 
(Table 2). While using different planting spaces had significant affect on plant 
height, number of leaves per plant, number of stalks per plant, days to flowering, 
flower stalk height, umbel diameter, weight of seeds per umbel, seed yield per 
plant,seed yield per feddan,weight of 1000 seed andgermination percentage (Table 
2, 3 and 4). The significant variation in plant height (83.91cm) was obtained from 
the widest space, and the lowest plant height (78.42cm) was observed from the bulbs 
spaced with the closest space.Also, the maximum number of leaves per plant (77.98) 
was recorded by planting bulbs at 50cm (P3), while the lowest value (68.48) 
produced by the closest space. The highest values for number of stalks per plant, 
days to flowering, flower stalk height, umbel diameter, weight of seeds per umbel, 
seed yield/plant,weight of 1000 seed andgermination percentage (6.73, 118.7, 
92.96cm,7.52cm, 3.56g, 24.4g, 4.26g and 87.33% respectively) were obtained from 
mother bulbs planted at the widest space, which were significantly different from the 
two other planting spaces (Table 2, 3 and 4). 

On the contrary, the closest space gave the maximum value for seed yield per 
feddan (322.8 kg) trait whereas the minimum seed yield per feddan (292.1 kg) 
obtained from planting the bulbs at the widest space. Plants of the widest spacing 
produced more green leaf probably due to the less competition onnutrients, light, 
space, and moisture. Later on, these leaves accumulated photosynthate and 
ultimately encouraged producing more number of flowering stalk,Singh and 

Sachan (1999a, b). 
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On the other hand, planting onion bulbs at 30cm (P1) significantly decreased 
all growth and yield parameters including plant height, number of leaves per plant, 
number of stalks per plant, days to flowering, flower stalk height, umbel diameter, 
weight of seeds per umbel, seed yield per plant,weight of 1000 seed and 
germinationpercentage. Except seed yield per feddan, which was the opposite of 
that, as well as daysto sprouting parameter was not affected by using different 
planting spaces. 

Interaction effect of bulb size and spacing 

Significant variations from the interaction effect of bulb size and planting 
spacing was observed on both vegetative growth and yield component 
parameters(Table 2, 3 and 4). Interaction between (S3× P3) gave the maximum days 
to sprouting (10.03), whereas the earliest sprouting (6.76) was registered when the 
smallest bulbs wereplanted at widest space.The interaction between the largest bulb 
size (S3) and thewidest planting distance (P3) gave the tallest plants (92.61cm) which 
were significantly higher than the other interactions. On the contrary, the shortest 
plants (74.11cm) were obtained from the interaction between the smallest bulbs 
andthe closest planting space (Table 2). These results could be attributed to the 
effect ofnarrow spacing on the reduction of light intensity which encouraged IAA 
synthesis (El-Khayat and Zaghloul, 1999). The increase in IAA concentration in 
stem tissues caused cell enlargement and hence plant height(Uggla et al., 1998). 
These results are in harmony with those reported by Dharmendra et al., (2001) and 
Dawar et al., (2007).The highest number of leaves per plant (92.67) and number of 
stalks per plant (8.42) were obtainedfromthe largest bulb size (S3) widest planting 
distance (P3), which were significantly higher than the other interactions, while, the 
lowest values (59.52 and 4.65 respectively) were recorded from the interaction 
between the smallest bulbs with the closest planting space (Table 2).  

The maximum period for flowering (123.0 days) was recorded from the 
interaction (S3 × P3);the largest bulbs with the widest planting space which 
wassignificantly higher than the other interactions. The longest flower stalks 
(102.5cm) was observed on plants developed from the interaction (S3 × P3), while 
(S1 × P1) gave the shortest (79.50cm) flower stalks (Table 3). The present results are 
in agreement with those found by Thapa et al., (2004).The maximum umbel 
diameter (9.73 cm) was obtained from plants emerged from the large size bulbs and 
thewidestspace (Table 3), while, the lowest values were recorded from the 
interaction (S1×P1). The same result was reported by Asaduzzaman et al., 
(2012).The combination between the two studied factors indicated that the 
interactions significantly affected yield components.The highest weight of seeds 
perumbel, seed yield per plant, weight of 1000 seeds and the germination percentage 
(4.14g, 34.38g, 4.52g and 88.90%, respectively) were obtain from the largest bulb 
size with the widest planting distance (Table 3 and 4) which were significantly 
higher than the other interactions. The heaviest weight of seed yield per feddan 
(427.2 kg) was obtained from the interaction (S3 × P2);the largest bulb size with the 
medium planting space (Table 4 and Figure 1). 
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Table (2). Effect of bulb size, planting space and their interaction on days to sprouting, plant 

height, number of leaves per plant and number of stalks per plant of onion cultivar Giza 

6 Mohassan in both growing seasons 

 

Treatments 

Days to  

Sprouting 

Plant height  

(cm) 

Number of  

leaves/plant 

Number of stalks  

/plant 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

B
u

lb
 s

iz
e
s 

S1 6.96 c 6.92 c 74.97 c 74.26 c 61.30 c 59.79  c 4.67 c 4.86 c 

S2 8.41 b 8.55 b 83.10 b 83.20  b 75.88 b 74.19  b 6.41 b 6.20 b 

S3 9.86 a 9.92 a 87.13 a 87.83 a 81.72 a 80.87 a 7.44 a 7.42 a 

P
la

n
ti

n
g

 p
a
c
e
s 

P1 8.41 a 8.56  a 78.97 c 78.42 c 68.48 c 67.02 c 5.49 c 5.47 c 

P2 8.41 a 8.37 a 82.53 b 82.96 b 72.43 b 71.56 b 6.39 b 6.33 b 

P3 8.42 a 8.47 a 83.88 a 83.91 a 77.98 a 76.27 a 6.73 a 6.67 a 

B
u

lb
 s

iz
e
s 

*
P

la
n

ti
n

g
 s

p
a

c
e
s 

S1*P1 7.00 c 7.12 c 74.94 e 74.11 e 60.72 e 59.52 f 4.65 g 4.65 g 

S1*P2 7.12 c 6.88 c 74.52 e 74.16 e 61.47 e 60.05 f 4.71 fg 5.03 f 

S1*P3 6.76 c 6.76 c 75.44 e 74.53 e 61.72 e 59.80 f 4.92 f 4.90 fg  

S2*P1 8.45 b 8.55 b 80.45 d 80.48 d 72.13 d 71.12 e 5.74 e 5.64 e 

S2*P2 8.33 b 8.45 b 83.92 c 84.51 c 75.93 c 73.50 d 6.65 c 6.14 d 

S2*P3 8.45 b 8.65 b 84.92 c 84.59 c 79.57 b 77.95 c 6.85 c 6.82 c 

S3*P1 9.77 a 10.00 a 80.97 d 80.67 d 72.60 d 70.42 e 6.08 d 6.14 d 

S3*P2 9.75 a 9.78 a 89.17 b 90.22 b 79.90 b 81.12 b 7.82 b 7.82 b 

S3*P3 10.03 a 9.98 a 91.27 a 92.61 a 92.67 a 91.07 a 8.42 a 8.30 a 

Means followed by different letter are significantly different at 5% level of significance. 
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Table (3). Effect of bulb size, planting space and their interaction on days to flowering, flower stalk 

height, umbel diameter and weight of seeds per umbel of onion cultivar Giza 6 Mohassan 

in both growing seasons 

 

Treatments 
Days to  

Flowering 

Flower stalk height  

(cm) 

Umbel diameter 

(cm) 

Weight of 

seeds/umbel  

(g) 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

B
u

lb
 s

iz
e
s 

S1 113.9 c 112.4 c 80.36 c 4.92 c 4.92 c 4.90 c 2.69 c 2.70 c 

S2 118.3 b 115.8 b 89.66 b 7.20 b 7.20 b 7.17 b 3.31 b 3.44 b 

S3 122.8 a 121.3 a 97.09 a 8.28 a 8.28 a 8.14 a 3.63 a 3.65 a 

P
la

n
ti

n
g

 s
p

a
c
e
s P1 117.9 b 116.2 a 85.57 c 6.08 c 6.08 c 6.08 c 2.91 c 2.99 c 

P2 
118.4 

ab 
116.5 a 89.14 b 6.80 b 6.80 b 6.64 b 3.21 b 3.23 b 

P3 118.7 a 116.8 a 92.39 a 7.52 a 7.52 a 7.48 a 3.52 a 3.56 a 

B
u

lb
 s

iz
e
s 

*
P

la
n

ti
n

g
 s

p
a

c
e
s 

S1*P1 113.3 d 112.3 c 79.50 f 4.90 f 4.90 f 4.86 e 2.54 f 2.56 f 

S1*P2 114.3 d 112.3 c 80.97 f 4.93 f 4.93 f 4.90 e 2.63 f 2.64 f 

S1*P3 114.0 d 112.7 c 80.60 f 4.93 f 4.93 f 4.93 e 2.91 e 2.90 e 

S2*P1 117.7 c 115.7 b 84.33 e 6.23 e 6.23 e 6.33 d 3.02 de 3.25 d 

S2*P2 118.3 

bc 
116.0 b 90.57 d 7.47 c 7.47 c 7.23 c 3.35 c 3.43 c 

S2*P3 119.0 b 115.7 b 94.07 bc 7.90 b 7.90 b 7.93 b 3.56 b 3.64 b 

S3*P1 122.7 a 120.7 a 92.87 c 7.13 d 7.13 d 7.06 c 3.16 d 3.18 d 

S3*P2 122.7 a 121.3 a 95.90 b 8.00 b 8.00 b 7.80 b 3.64 b 3.61 b 

S3*P3 123.0a 122.0 a 102.50 a 9.73 a 9.73 a 9.57 a 4.07 a 4.14 a 

Means followed by different letter are significantly different at 5% level of significance. 
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Table (4).  Effect of bulb size, planting space and their interaction on seed yield per plant, seed yield 

per feddan, weight of 1000 seeds and germination percentage of onion cultivar Giza 6 

Mohassan in both growing seasons 

 

Treatments 

Seed yield/plant  

(g) 

Seed yield/feddan* 

(kg) 

Weight of 1000 seed 

(g) 

Germination  

(%) 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

2010/ 

2011 

2011/ 

2012 

B
u

lb
 s

iz
e
s 

S1 12.84 c 13.13 c 197.9 c 202.5 c 3.96 b 3.99 c 85.11 c 85.56 c 

S2 21.35 b 21.42 b 324.8 b 327.0 b 4.26 a 4.27 b 86.44 b 86.48 b 

S3 27.35 a 27.38 a 408.1 a 409.0 a 4.29 a 4.31 a 87.37 a 87.45 a 

P
la

n
ti

n
g

 s
p

a
c
e
s 

P1 16.14 c 16.59 c 322.8 a 331.8 a 4.07 c 4.09 c 84.85 b 85.15 b 

P2 21.07 b 20.89 b 315.9 a 313.3 b 4.18 b 4.22 b 86.96 a 87.00 a 

P3 24.34 a 24.45 a 292.1 b 293.4 c 4.25 a 4.26 a 87.11 a 87.33 a 

B
u

lb
 s

iz
e
s 

*
P

la
n

ti
n

g
 s

p
a

c
e
s 

S1*P1 11.81 h 11.90 i 236.3 e 237.9 f 3.97 d 3.99 gh 84.67 de 85.33 c 

S1*P2 12.39 h 13.29 h 185.8 f 199.3 g 3.92 e 4.01 g 85.33 cd 85.33 c 

S1*P3 14.32 g 14.20 g 171.8 f 170.4 h 3.99 d 3.98 h 85.33 cd 86.00 c 

S2*P1 17.34 f 18.33 f 346.8 c 366.6 c 4.23 c 4.24 e 85.56 c 85.56 c 

S2*P2 22.33 d 21.08 d 334.8 c 316.2 d 4.26 c 4.27 d 86.78 b 86.78 b 

S2*P3 24.39 c 24.84 c 292.7 d 298.1 e 4.29 c 4.30 c 87.00 b 87.11 b 

S3*P1 19.26 e 19.54 e 385.3 b 390.8 b 4.01 d 4.03 f 84.33 e 84.56 d 

S3*P2 28.48 b 28.29 b 427.2 a 424.3 a 4.37 b 4.39 b 88.78 a 88.89 a 

S3*P3 34.31 a 34.38 a 411.7 a 411.8 a 4.50 a 4.52 a 89.00 a 88.90 a 

*Feddan is 4200 m2, approximately 0.42 ha. 

Means followed by different letter are significantly different at 5% level of significance. 
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Figure (1):Interaction effect of bulb size and plant spacing on seed yield per feddan (kg) of onion 

cultivar Giza 6 Mohassan in both growing seasons 

 

Correlation between traits 

Relationships between 10 characters related to seed production of onion 

cultivar Giza 6 Mohassan are presented in Table (5). Seed yield per plant and per 

feddanwereinfluenced by days to sprout, plant height , number of leaves/plant, 

number of stalks per plant, days to flowering, flower stalks height and weight of 

seeds per umbel. Correlation between each of these two traits with days to Sprout, 

plant height, number of leaves per plant, number of stalks per plant, days to 

flowering, flower stalks height and weight of seeds per umbel were (0.804 and 

0.935), (0.973 and 0.830), (0.986 and 0.822), (0.986 and 0.807), (0.833 and 0.904), 

(0.964 and 0.804) and(0.967 and 0.752), respectively. They were  highly significant 

(P< 0.01).  

Many researchers found one or more correlations between onion traits(Sidhu 

et al. 1996; Bolandnazar 1998; Mohanty, 2000; Aklilu et al., 2001; Sultana et 

al., 2007 and Rafieipour et al., 2011). 
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Table (5). Phenotypic correlation coefficients among 10 traits of Giza 6 Mohassan onion cultivars 

sown during 2010/2011 and 2011/2012 seasons 

Characte

rs* 

1 2 3 4 5 6   7 8 9 10 

1 - 
0.829

** 
0.830

** 
0.822

** 
0.922

** 
0.857

** 
0.218

** 
0.786

** 
0.804

** 
0.935

** 

2  - 
0.977

** 

0.971

** 

0.852

** 

0.953

** 

0.380

** 

0.946

** 

0.973

** 

0.830

** 

3   - 
0.968

** 

0.831

** 

0.976

** 

0.387

** 

0.969

** 

0.986

** 

0.822

** 

4    - 
0.864

** 
0.941

** 
0.359

** 
0.925

** 
0.986

** 
0.807

** 

5     - 
0.838

** 

0.370

** 

0.775

** 

0.833

** 

0.904

** 

6      - 
0.399

** 

0.962

** 

0.964

** 

0.804

** 

7       - 0.413 0.416 0.249 

8        - 
0.967

** 

0.752

** 

9         - 
0.780

** 

10          - 

* 1= Days to Sprout, 2=Plant Height, 3= Number of leaves/plant, 4= Number of stalks/plant, 5= Days to 

flowering, 6= Flower stalks height (cm), 7= Umbels diameter(cm), 8= Weight of seeds umbel (g), 9= 

Seed yield/plant (g), and 10= Seedyield/feddan (kg). 

* = Correlation is significant at the 0.05 level, ** = Correlation is significant at the 0.01 level 

 

CONCLUSION 

From the data presented in this study, it could be concluded that the 

combination between medium planting space (40 cm) and the large mother bulb size 

(6 >: 7.5 cm) give the highest seed yield perfeddan fromGiza 6 Mohassan onion 

cultivar under such conditions.Seed yield per plant and per feddan were significantly 

correlated with days to sprout, plant height, number of leaves per plant, number of 

stalks per plant, days to flowering, flower stalks height and weight of seeds per 

umbel. 
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ABSTRACT. The work aimed to investigate plant propagation efficiency of hydroponic/soilless culture 

system compared to traditional/soil culture system, and the possibility of its application in the production 
of different ornamental plants. For the comparison, cuttings of the most important ficus species, F. 

penjamina and F. Hawaii, were cultivated under the two systems in two separated experiments. Three 

effective factors including plant species, cutting type and growth regulators type were studied under the 
two culture systems. Terminal and intermediate cuttings of both ficus species were cultivated 

hydroponically in water or traditionally in an equal mixture of sand and peat moss. Both media were 

supplemented with 50 ppm of (IAA), 3-indole acetic acid, (IBA), indole-3-butyric acid or (NAA), 1-
naphthyl acetic acid solutions besides control treatment without any growth regulator. To investigate the 

application of hydroponic system in the production of different plant genera, cuttings of Schefflera and 

Ficus were cultivated under hydroponic system feeding by 50 ppm of IAA, IBA, NAA or water for 
control treatment. The studied factors had important roles in the propagation of plants via cuttings under 

the two culture systems. F. penjamina responded better than F. hawaii. Terminal cuttings were better 

under traditional system but intermediate cuttings were better under hydroponic system. Treatment of 
cuttings by growth regulators was essential under both systems, and IAA was the best one. A difference 

was also found between the two studied culture systems where traditional system was better for survival 

of cuttings however, hydroponic system was better for rooting and growth of cuttings. The application of 
hydroponic system on scheffelera proved the importance of plant type factor. The reported work showed 

the differences between the two culture systems, and the possibility of their application for the production 

of different plants. The obtained results could be of great importance for the production of plants at 
commercial scale by any culture system.  
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INTRODUCTION 

Soil is not a proper medium for pot plants because of drainage and aeration 

problems. Hydroponic systems include all systems that deliver the nutrients in a 

liquid form. Depending on the growth media of roots, the hydroponic system may be 

liquid where roots are hanging into nutrient solution, or aggregate where roots grow 

into an inert medium such as sand, gravel or other media then irrigated with a 

complete nutrient solution. The hydroponic system may be open where nutrient 

solution is distributed from a reservoir then drained, or closed where the nutrient 

solution is collected and reused. Production of plants under hydroponic system has 

many advantages including the possibility of production on non-arable land, the 

isolation of plants from pests and diseases, the control of nutrients and pH, the 

efficient use of water and nutrients and the ease of transplanting. Hydroponic 

systems can also produce herbs of high quality and roots free of environmental 

toxins such as heavy metals in soils (Hayden, 2006).  

Hydroponic production of medicinal crops provided opportunities for 

improving quality, purity, consistency, bioactivity, and biomass production on a 

commercial scale. The comparison of biomass data of aeroponic vs. soilless culture 

or field grown production of various medicinal crops including Arctium lappa, 

Urtica dioica and Anemopsis californica proved that hydroponic systems can be 

used to produce very clean, high-quality herb and root crops for the natural products 

industry (Hayden, 2006). The potential of soilless growing media for raising roselle 

(Hibiscus sabdariffa) seedlings was studied and found to be possible (Navindra et 

al., 2011). To reduce peat consumption, the effect of different soilless growing 

media including perlite, composted tree bark, composted tea wastes and rice husks 

were studied on Ficus benjamina as commercially grown ornamental plant 

(Abouzari et al., 2012). The water culture was suggested as a simple and efficient 

rooting method worthy of practical application for rooting woody cuttings. The 

water culture of 30 plant species showed that 20 gave almost equal percentages of 

rooting in water and in sand. Some species also rooted more rapidly in water and 

developed more vigorous roots than in sand (Komissarov, 1968). Cuttings of Ficus 

benjamina as woody plant and Chrysanthemum x morifolium as herbaceous plant 

were rooted and responded similarly under aero-hydroponic systems. Cuttings of 

stirred water constantly rooted and formed more roots than of unstirred water. 

Maximum rooting occurred in misted sections suspended in the aero-hydroponics 

chambers (Soffer and Burger, 1988). 

Ornamental plants are usually produced in soil or in pots which is costly and 

cause many soil related problems as above described. Stem cutting is the most 

frequent method used for vegetative propagation of many plant species from 

herbaceous to woody plants. Ficus is one of the most economically important 

ornamental trees mainly propagated by cuttings. F. benjamina and F. hawaii  are the 

most important species of Ficus genus for their multiple uses as ornamental, indoor, 

garden and roadside trees (Wanger et al., 1999; Hadia et al., 2008). It was found 

that cuttings of micropropagated stock plants of Ficus benjamina are more efficient 
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than cuttings of traditionally propagated stock plants (Kristiansen, 1991). Success 

of propagation via stem cuttings is usually affected by many factors including the 

status of mother plant or cutting source, type of culture medium, type of cutting, 

rooting hormones and environmental conditions. Growth hormones and rooting 

media were found to be effective factors for rooting of many plant species 

(Akinyele, 2010). In our previous work, we studied the effect of factors influencing 

production of plants via stem cuttings under traditional system. Our study included 

culture media, cutting type, growth regulators, plant type and concentration of 

growth regulator (Hassanein, 2013). However, no reference was available on the 

comparison of propagation systems or the effect of those factors under hydroponic 

system. The present work aimed to compare efficiency of traditional and hydroponic 

systems in the production of plant species via stem cuttings. Effective factors as 

plant genus, plant species, cutting type, growth regulators were studied under the 

two systems.   

 

MATERIALS AND METHODS 

Establishment of study  

This study was conducted under plastic house conditions at the Floriculture 

Experimental Farm, College of Agriculture and Veterinary Medicine, Qassim 

University,  Saudi Arabia during 2013 and 2014. Three separated experiments were 

carried out to achieve the aims of the study. Two experiments were performed on 

two Ficus species at the same time on the same factors to compare between the 

propagation systems; traditional and hydroponic systems. The third experiment was 

achieved to investigate the application of hydroponic system on other plant genera.    

Comparison of propagation systems on Ficus 

Two separated experiments were carried out at the same time to compare 

between hydroponic/soilless culture and traditional/soil culture systems. To study 

the propagation efficiency of the studied systems on the production of plants via 

cuttings, three factors were studied.  The first factor was plant species where 

experiments were effectuated on two of the most economically important ficus 

species, Ficus penjamina and Ficus hawaii. The second factor was cutting type 

where, cuttings were taken from shoot tips (terminal) or shoot center (intermediate) 

of mother plants grown under plastic house conditions. Cuttings were of 10 cm long 

and contain 4-5 buds for both cutting types and both species. All leaves, except the 

terminal leaf, were separated from both cutting types before planting. Cuttings were 

planted traditionally in pots of 30 cm diameter filled with an equal mixture of sand 

and peat moss for traditional/soil culture system or in bored water tubes for 

hydroponic system (Fig.1). Traditionally cultivated cuttings were irrigated similarly 

when needed. The third factor was growth regulator where cuttings were dipped in 

50 ppm of (IAA), 3-indole acetic acid (FULKA), (IBA), indole-3-butyric acid 

(WINLAB) or (NAA), 1-naphthyl acetic acid (Riedel-de Haen) solutions for 30 min 
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or water for control treatment before traditional cultivation. For cuttings cultivated 

under hydroponic system, the system was fed by 50 ppm of IAA, IBA or NAA 

solutions or water for control treatment.  

Application of hydroponic system on different genera   

A separated experiment was carried out to investigate the application of 

hydroponic system on different plant genera. The system was applied on Ficus 

penjamina and Schefflera arboricola as previously described. Terminal cuttings of both 

species were prepared and planted in bored water tubes as above mentioned. Cuttings 

were fed by water (control) or 50 ppm of IAA, IBA or NAA solutions (Fig. 2).  

Experimental design and data analysis 

The first two experiments were arranged in a split-split plot design with three 

factors and the third experiment were arranged in a split plot design with two 

factors. Fifty cuttings were cultivated in four replicates per treatment for all 

experiments.  By the end of each experiment, one month after cultivation, viability 

percentage recorded as the percent of cuttings still alive or green of cultivated 

cuttings, rooting percentage calculated as the percent of rooted cuttings of cultivated 

cuttings or of viable cuttings, and growth percentage recorded as the percent of 

cuttings developing new leaves of the cultivated cuttings were collected from all 

studied treatments in all experiments. All data were subjected to analysis of variance 

(ANOVA) to determine significant differences followed by the comparison of 

means at significant level of 5% using Excel 2010.  

 

RESULTS AND DISCUSSION 

Effect of plant species  

Data presented in Table (1) show results on the production of two ficus species, F. 

penjamina and F. hawaii, via cuttings under traditional/soil and hydroponic/soilless 

culture systems. Generally, plant species significantly affected viability, rooting and 

growth percentages of cuttings under both culture systems. Ficus penjamina showed 

significantly better results compared to F. hawaii under the two studied systems. 

The interaction between ficus species and cutting type also showed significant 

differences. Under traditional culture system, the studied species gave similar 

rooting and growth percentages but cuttings of F. penjamina showed significantly 

higher viability percentages. Under hydroponic culture system, intermediate cuttings 

of both species responded similarly but terminal cuttings of F. penjamina showed 

significantly better survival, rooting and growth percentages compared to that of F. 

Hawaii. Significant differences were also found in the response of ficus species to 

growth regulators under the two culture systems (Table 1). The favorable effect of 

plant species factor on germination and growth was previously proved (Hassanein, 

2010). Plant species was also found to be an effective factor significantly 

influencing traditional production and growth of ficus species via stem cuttings 

(Hassanein, 2013).  
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Effect of cutting type 

Results on the effect of cutting type on the production of ficus under 

traditional and hydroponic system are shown in Table (1). Generally, terminal 

cuttings showed significantly higher rooting and growth percentages under 

traditional culture system. However, intermediate cuttings showed higher rooting 

percentage under hydroponic culture system. This result can be related to the higher 

tolerance of intermediate cutting to water. The interaction between cutting type and 

plant species was mentioned above. Terminal cuttings gave higher rooting and 

growth percentages for both ficus species under traditional culture system. Under 

hydroponic culture system, terminal cuttings were better with F. penjamina but 

intermediate cuttings were better with F. Hawaii. The interaction of cutting type 

with growth regulators also showed significant effect (Table 1). The higher rooting 

capacity of intermediate cuttings may be resulted from their higher nutrition and 

humidity content. Intermediate cutting is the type widely used for the propagation of 

woody plants (Kristiansen, 1991). However, the growth speed caused by the 

presence of apical buds in terminal cuttings may explain their better growth. These 

results were also in harmony with our findings with traditionally cultivated cuttings 

of ficus and chrysanthemum (Hassanein, 2013).  

Effect of growth regulators type 

Effects of growth regulators type on the propagation efficiency of two ficus 

species under traditional and hydroponic culture systems are illustrated in Table (1). 

The general effect of growth regulator was significant. The treatment of cuttings 

with growth regulators, regardless their type, gave significantly higher viability 

percentage under traditional culture system and significantly higher rooting and 

growth percentage under hydroponic system when compared to control. Indole 

acetic acid (IAA) was the best growth regulator under both culture systems. Similar 

favorable effects were obtained (IBA). However, the lowest results were recorded 

on cuttings treated by naphthyl acetic acid (NAA). The interaction of growth 

regulators with cutting type or plant species was also significant (Table 1). The role 

of growth regulators on production of plants via cuttings was previously reported on 

many plant species  (Akinyele, 2010). The obtained results are also in harmony with 

those previously obtained in our previous work effectuated in pots (Hassanein, 

2013).  The superior effect of IAA may relate to its type as natural growth hormone 

produced by plants. 

Comparison of propagation systems  

The production of two ficus species via cuttings under traditional/soil and 

hydroponic/soilless culture systems as affected by cutting type and growth regulator 

is shown in Table (1) and Figure (1). Results proved the possibility of production 

such species under any system. However, many differences were found between the 

two culture systems. Viability of cuttings under traditional system was higher 

(meanly 92.2 %) than that of hydroponic system (meanly 43.1 %). However, rooting 

percentage was higher under hydroponic system, 33.8 % as average, compared to 
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that of traditional system, 6.6 % as average. Cuttings also grew better under 

hydroponic culture system. Under traditional system, the best results were obtained 

when terminal  cuttings were treated by IAA for both species where 20-25% of 

cuttings rooted and developed new leaves. Under hydroponic system, the best results 

were obtained when intermediate cuttings of both species were treated IAA where 

80 – 100 % of cuttings rooted and 40 – 50 % developed new leaves. Similar good 

results could be obtained from the terminal cuttings of F. penjamina. These results 

are in harmony with those obtained by Komissarov (1968) where some species 

rooted more rapidly and developed more vigorous roots in water compared to sand. 

Results showed a difference between the two culture systems. A difference was 

previously found between aeroponic, soilless and field production of various 

medicinal crops (Hayden, 2006). 

Application of hydroponic system 

Application of hydroponic system for the production of ficus and scheffelera 

via cuttings is shown in Table (2) and Figure (2). Response of ficus cuttings was 

better than the response of scheffelera. The maximum rooting percentage was 

obtained with  IAA. Under the best conditions, 50 % of ficus cuttings rooted versus 

only 10 % of schefflera cuttings. The comparison between the response of ficus and 

schefflera to similar factors showed the effectiveness of plant type factor. This result 

can be explained by the nature of ficus as woody tree and schefflera as soft shrub. 

The higher tolerance of ficus cuttings may also be another cause of this difference. 

We also previously reported on the difference between herbaceous and woody plants 

under traditional culture system (Hassanein, 2013). 

 

CONCLUSION 

It can be concluded that several factors have important roles in the propagation of 

plants via cuttings under traditional/soil and hydroponic/soilless culture systems. 

Concerning plant species, F. penjamina responded better than F. hawaii. Terminal 

cuttings were better under traditional system but intermediate cuttings were better 

under hydroponic system. Treatment of cuttings by growth regulators was found to 

be essential under both systems, and IAA was the best one. A great difference was 

found between the two studied culture systems. Traditional system was better for 

survival of cuttings where hydroponic system was better for rooting and growth of 

cuttings. The application of hydroponic system on scheffelera showed different 

responses which proved the importance of plant type factor. The reported work 

showed the differences between the two culture systems and proved the possibility 

of their application for the production of different plants. The obtained results could 

be of great importance for the production of plants at commercial scale by any 

culture system depending on available facilities.  

 

 



Comparison of Plant Propagation Efficiency Under Hydroponic/Soilless … 

 

207 

REFERENCES 

Abouzari, A.; Rouhi, S.; Eslami, A. and Kaviani, B. (2012). Comparison of the 

effect of different soilless growing media on some growth characteristics of 

benjamin tree (Ficus benjamina). Int. J. oF Agric. & Biol., 14(6): 985–988. 

Akinyele, A.O. (2010). Effects of growth hormones, rooting media and leaf size on 

juvenile stem cuttings of Buchholzia coriacea, Engler. Ann. For. Res., 53(2): 

127-133. 

Hadia, H.A.; El-Mokadem, H.E. and El-Tayeb, H.F. (2008). Phylogenetic 

relationship of four Ficus species using random amplified polymorphic DNA 

(RAPD) and inter-simple sequence repeat (ISSR) markers. Journal of 

Applied Sciences Research, 4(5): 507-514. 

Hassanein, A.M.A. (2010). Improving seed germination and seedling growth of 

some economically important trees by seed treatments and growing media. 

Journal of Horticultural Sciences & Ornamental Plants, 2(1): 24-31. 

Hassanein, A.M.A. (2013). Factors influencing plant propagation efficiency via 

stem cuttings. Journal of Horticultural Sciences & Ornamental Plants, 5(3): 

171-176. 

Hayden, A. L. (2006). Aeroponic and hydroponic systems for medicinal herb, 

rhizome, and root crops. Hortscience, 41(3) 16-18. 

Navindra, B.; Gianjeet, D. and Joyce, G-S. (2011). Influence of soilless growing 

media, pot size and sieved media on the production of Hibiscus Sabdariffa L. 

seedlings. AJAE, 2(5):147-154.  

Komissarov, D.A. (1968). Biological basis for the propagation of woody plants by 

cutting. Israel Program for Scientific Translations. Jerusalem, 34-38. 

Kristiansen, K. (1991). Post-propagation growth of cuttings from in vitro and in 

vivo propagated stock plants of Ficus benjamina. Scientia Horticulturae, 46: 

315-322.  

Soffer, H. and Burger, D.W. (1988). Effects of dissolved oxygen concentrations in 

aero-hydroponics on the formation and growth of adventitious roots. J. Amer. 

Soc. Hort. Sci., 113(2):218-221. 

Wagner, W.L.; Herbst, D.R. and Sohmer, S.H. (1999). Manual of the flowering 

plants of Hawaii. Bishop Museum Special Publication 83, University of 

Hawaii and Bishop Museum Press, Honolulu, HI. 

  



Anber M. A. Hassanein 

 

208 

TABLES 

Table (1) Production of ficus species from cuttings as affected by cutting and growth regulators 

types under two culture systems one month after cultivation 

Ficus specie Cutting type 

Growth 

regulato

r 

Traditional system Hydroponic system 

Viabilit

y % 

Rooting

 % 

Growth 

% 

Viabilit

y % 

Rootin

g % 

Growth 

% 

F. penjamina 

Terminal 

Control 100.0 a 10.0 cd 10.0 cd 60.0 c 0.0 e 0.0 e 

NAA 100.0 a 15.0 bc 15.0 bc 60.0 c 20.0 d 20.0 d 

IAA 100.0 a 25.0 a 25.0 a 60.0 c 60.0 c 40.0 bc 

IBA 100.0 a 15.0 b 15.0 b 80.0 b 80.0 b 80.0 a 

Intermediate 

Control 100.0 a 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 

NAA 100.0 a 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 

IAA 100.0 a 0.0 e 0.0 e 80.0 b 80.0 b 0.0 e 

IBA 100.0 a 0.0 e 0.0 e 100.0 a 100.0 a 40.0 bc 

F. Hawaii 

Terminal 

Control 65.0 e 5.0 de 5.0 de 50.0 c 0.0 e 20.0 d 

NAA 90.0 bc 10.0 cd 10.0 cd 0.0 e 0.0 e 0.0 e 

IAA 100.0 a 20.0 ab 20.0 ab 0.0 e 0.0 e 0.0 e 

IBA 95.0 ab 5.0 de 5.0 de 0.0 e 0.0 e 0.0 e 

Intermediate 

Control 65.0 e 0.0 e 0.0 e 10.0 d 10.0 de 0.0 e 

NAA 75.0 d 0.0 e 0.0 e 80.0 b 80.0 b 30.0 cd 

IAA 100.0 a 0.0 e 0.0 e 100.0 a 100.0 a 50.0 b 

IBA 85.0 c 0.0 e 0.0 e 10.0 d 10.0 de 0.0 e 

F. penjamina --- --- 100.0 a 8.1 a 8.1 a 55.0 a 42.5 a 25.0 a 

F. Hawaii --- --- 84.4 b 5.0 b 5.0 b 31.3 b 25.0 b 12.5 b 

--- Terminal --- 93.8 a 13.1 a 13.1 a 38.8 a 20.0 b 22.5 a 

--- Intermediate --- 90.6 a 0.0 b 0.0 b 47.5 a 47.5 a 15.0 a 

--- --- Control 82.5 c 3.8 b 3.8 b 30.0 c 2.5 c 5.0 c 

--- --- NAA 91.3 b 6.3 ab 6.3 ab 35.0 bc 25.0 b 12.5 b 

--- --- IAA 100.0 a 11.3 a 11.3 a 60.0 a 60.0 a 27.5 a 

--- --- IBA 95.0 ab 5.0 ab 5.0 ab 47.5 ab 47.5 a 30.0 a 
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Continue Table (1)  

Ficus specie Cutting type 

Growth 

regulato

r 

Traditional system Hydroponic system 

Viabilit

y % 

Rooting

 % 

Growth 

% 

Viabilit

y % 

Rootin

g % 

Growth 

% 

F. penjamina Terminal --- 100.0 a 16.3 a 16.3 a 65.0 a 40.0 a 40.0 a 

F. penjamina Intermediate --- 100.0 a 0.0 b 0.0 b 45.0 b 45.0 a 10.0 bc 

F. Hawaii Terminal --- 87.5 b 10.0 a 10.0 a 12.5 c 0.0 b 5.0 c 

F. Hawaii Intermediate --- 81.3 b 0.0 b 0.0 b 50.0 b 50.0 a 20.0 b 

F. penjamina --- Control 100.0 a 5.0 ab 5.0 ab 30.0 d 0.0 d 0.0 c 

F. penjamina --- NAA 100.0 a 7.5 ab 7.5 ab 30.0 d 10.0 d 10.0 de 

F. penjamina --- IAA 100.0 a 12.5 a 12.5 a 70.0 b 70.0 b 30.0 b 

F. penjamina --- IBA 100.0 a 7.5 ab 7.5 ab 90.0 a 90.0 a 60.0 a 

F. Hawaii --- Control 65.0 c 2.5 b 2.5 b 30.0 d 5.0 d 10.0 de 

F. Hawaii --- NAA 82.5 b 5.0 ab 5.0 ab 40.0 cd 40.0 c 15.0 cd 

F. Hawaii --- IAA 100.0 a 10.0 ab 10.0 ab 50.0 c 50.0 c 25.0 bc 

F. Hawaii --- IBA 90.0 ab 2.5 b 2.5 b 5.0 e 5.0 d 0.0 e 

--- Terminal Control 82.5 bc 7.5 bc 7.5 bc 55.0 b 0.0 e 10.0 e 

--- Terminal NAA 95.0 ab 12.5 b 12.5 b 30.0 d 10.0 e 10.0 e 

--- Terminal IAA 100.0 a 22.5 a 22.5 a 30.0 d 30.0 d 30.0 b 

--- Terminal IBA 97.5 a 10.0 b 10.0 b 40.0 c 40.0 c 40.0 a 

--- Intermediate Control 82.5 c 0.0 c 0.0 c 5.0 e 5.0 ef 0.0 c 

--- Intermediate NAA 87.5 bc 0.0 c 0.0 c 40.0 c 40.0 c 15.0 de 

--- Intermediate IAA 100.0 a 0.0 c 0.0 c 90.0 a 90.0 a 25.0 bc 

--- Intermediate IBA 92.5 ab 0.0 c 0.0 c 55.0 b 55.0 b 20.0 cd 

Percentages were calculated from the cultivated cuttings (50 cuttings per treatment). Means with similar 

letter at the same column and partition are not significantly different at α = 0.05.  
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Table (2). Production of ficus and schefflera under hydroponic system using terminal cuttings one 

month after cultivation 

Plant genus Growth 

regulator 

Viability of 

cultivated 

cuttings % 

Rooting of 

cultivated 

cuttings % 

Rooting of viable 
cuttings % 

Ficus --- 50.0 a 27.5 a 53.8 a 

Schefflera --- 51.3 a 6.9 b 13.4 b 

--- Control 60.0 a 10.0 b 30.0 a 

--- NAA 37.5 b 15.0 b 37.5 a 

--- IAA 65.0 a 25.0 a 30.0 a 

--- IBA 65.0 a 10.0 b 15.0 b 

Ficus 

Control 20.0 f 10.0 cd 50.0 b 

NAA 40.0 e 30.0 b 75.0 a 

IAA 80.0 b 50.0 a 60.0 ab 

IBA 60.0 cd 20.0 bc 30.0 c 

Schefflera 

Control 100.0 a 10.0 cd 10.0 d 

NAA 35.0 ef 0.0 d 0.0 d 

IAA 50.0 de 0.0 d 0.0 d 

IBA 70.0 bc 0.0 d 0.0 d 

Percentages were calculated from the cultivated cuttings (50 cuttings per treatment). Means with similar 

letter at the same column and partition are not significantly different at α = 0.05.  
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FIGURES 

 

 

Fig. (1). Production of two ficus species under traditional (A) and hydroponic (B) culture systems. 
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Fig. (2).: Production of shefflera and ficus under hydroponic culture system using terminal cuttings.  
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