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Abstract  

 

Abstract  

Plastic materials are the typical example of the anti-nature pollutants that daily human need 

remains unavoidable at all levels, which abolishes any attempt to exclude them or eradicate their 

use, and leads to think out the box to substitute them cleverly with natural innovative alternatives. 

This work targeted the confection of biodegradable intelligent starch films, becoming pH-sensitive 

through addition of beetroot betalains to unveil food alteration. The batalains extracted was formed 

mostly by betacyanins moieties. The combination of starch with betalains gave more thicknes, 

density and humidity to the films. Also, these films were more permeable to water vapor passage 

and had a higher transparency but nearly an even water solubility to control films, against a lesser 

surface wettable. Moreover, the colored films had narrowly an increased degradation time of three 

days. Betalains release into food simulants indicated their matching with aqueous low-fat foods. The 

issued smart pH-sensor patches were seemingly very effective in pointing out, in real time, the 

spoilage of stored chicken at different temperature conditions, through color-shifting (red to dark 

purple) as a result of monitoring the emission of ammonia vapor. 

 

Keywords: Betalains, smart, packaging, patch, pH-reponse. 



Résumé  

 

Résumé  

Les matières plastiques sont l'exemple type des polluants anti-nature que les besoins 

quotidiens de l'homme rendent inévitables à tous les niveaux, ce qui abolit toute tentative de les 

exclure ou d'éradiquer leur utilisation, et conduit à réfléchir à les remplacer astucieusement par des 

alternatives naturelles innovantes. Ce travail a porté sur la confection de films d'amidon intelligents 

biodégradables, devenant sensibles au pH grâce à l'ajout de bétalaïnes de betterave pour dévoiler 

l'altération des aliments. Les bétalaïnes extraites étaient principalement formées par des 

bétacyanines. La combinaison de l'amidon et des bétalaïnes a permis d'augmenter l'épaisseur, la 

densité et l'humidité des films. De plus, ces films étaient plus perméables au passage de la vapeur 

d'eau et avaient plus de transparence, contre une hydro-solubilité presque égale à celle des films 

contrôles et une surface moins mouillable. De plus, les films colorés avaient un temps de 

dégradation de trois jours à peine plus long. La libération des bétalaïnes dans les simulants 

d'aliments a indiqué leur compatibilité avec les aliments aqueux à faible teneur en matières grasses. 

Les patchs intelligents pH-sensibles étaient très efficaces pour signaler, en temps réel, la 

détérioration du poulet stocké dans différentes conditions de température, grâce au changement de 

couleur (du rouge au violet foncé) résultant de la surveillance de l'émission de vapeur 

d'ammoniaque. 

 

Mots clés: Bétalaïnes, intelligent, emballage, patch, pH-sensible. 

 

 

 

 

 

 

 



 ملخص

 

 ملخص

لإنسان للطبيعة التي تجعلها الاحتياجات اليومية ل ةلملوثاذج االنم للأسف احدالبلاستيك يمثل 
 ما يدفعنا، استخدامها، مدا يلغي أي محاولة لاستبعادها أو القضاء على على جميع المستويات حتمية

قابلة  ويةذكية نش لفة. ركز هذا العمل على صنع أغوعاجلةأخرى طبيعية مبتكرة  ئلبدايجاد لإ
ين الشمندر للكشف عن تلف ، تصبح حساسة لدرجة الحموضة من خلال إضافة بيتالاللتحلل

 ينوالبيتالا النشا بين الجمع دىأ .ين المستخرج بشكل رئيسي من البيتاسيانينتشكل البيتالايالطعام. 
، شفافيةر ثاء وأكالم بخارل نفاذاً  أكثر جعلها إلى بالإضافة ،الأغشية ورطوبة وكثافة سماكة زيادةالى 
لأفلام ان ا النتائجبينت سطح أقل قابلية للبلل. و التحكم  غشيةلأمشابهة  ئيةما يةذوبانتميزها بمع 

ين في البيتالا ( مقارنة بالشواهد، كما اشارت تجربة تحررثلاثة أيام)أطول قليلًا  تتحلل في وقتالملونة 
ت هذه الافلام الملونة انبا في الأخير،محاكيات الطعام إلى توافقها مع الأطعمة المائية قليلة الدسم. 

في الوقت الدجاج المخزن تحت ظروف درجات حرارة مختلفة  لفت عن كشففي ال كبيرةة  يفعالعن 
 .نبعاث خاار الأمونيالا تبعاإلى الأرجواني الداكن(  )من الأحمر االفعلي، وذلك بفضل تغير لونه

 

 .الحموضةلدرجة  حساس، ملصق، ين، ذكي، تغليفبيتالا الكلمات المفتاحية: 
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Introduction 

Plastic packaging consumption is increasingly accompanied by serious and negative 

environmental problems.  Currently, the existing waste and recycling infrastructure cannot keep up 

with the growing volume of end-of-life plastic used especially in consumer (end) products 

including, in particular, single-use plastic packaging, bags and bottles, all of which are most 

commonly found in global waste streams (Beaumont et al., 2019; Bergmann et al., 2019; 

Carpenter and Wolverton, 2017; Wright and Kelly, 2017; Jambeck et al., 2015; Marsh and 

Bugusu, 2007). Single-use plastic packaging has a short lifespan and it is then, typically, discarded 

carelessly by consumers (Hahladakis and Iacovidou, 2018; Mutha et al., 2006). 

       Interest in the use of active and intelligent packaging systems for meat and meat 

products has increased in recent years. Active packaging refers to the incorporation of additives into 

packaging systems with the aim of maintaining or extending meat product quality and shelf-life. 

Active packaging systems include oxygen scavengers, carbon dioxide scavengers and emitters, 

moisture control agents and antimicrobial packaging technologies. Meanwhile, intelligent packaging 

systems are those monitoring the condition of packaged foods to give information regarding the 

quality of the packaged food during transport and storage. Recognition of the benefits of active and 

intelligent packaging technologies by the food industry, development of economically viable 

packaging systems and increased consumer acceptance is necessary for commercial realization of 

these packaging technologies (Kerry, O’Grady and Hogan, 2006) 

The smart packaging films have attracted consumer’s interest since they facilitate their life 

due to their attribute of food quality of freshness detection especially during their storage for long 

term. In particular, there is a focus on the creation of active packaging materials from natural 

polymer ingredients, especially plant-based ones. The film matrix is typically constructed from film-

forming food components, such as proteins, polysaccharides and lipids (Bao et al., 2022). 

Starch is the most popular plant polysaccharides, which has been widely used for the 

development of edible coating films because of its abundance, cost-effectiveness, and excellent 

film-forming abilities. Starch-based films have good optical, organoleptic and gas barrier properties, 

however, they have poor mechanical properties (Rahul Thakur et al., 2019). 
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Natural food  additives as pigments; such as antioxidants and antimicrobials, are often 

directly added to foods to reduce their spoilage due to oxidation reactions or microbial infection 

(Kumar et al. 2015). Betalains are water soluble nitrogen phyto-pigments accumulated in flowers, 

fruits and vegetables.These pH-Sensing pigments could be split into red-violet betacyanins and 

yellow betaxanthin. Recognized for being safe, nontoxic and harmless natural colorants with high 

antioxidant capacities, they have been employed in food and pharmaceutical industries for decades. 

Whereas, their utility as indicators for tracking spoilage and deterioration of packed food knew an 

unprecedented thrust (Stintzing and Reinhold, 2004; Lee et al.2002; Escibano et al.1998). 

       This study aims to make an original intelligent film/packaging material endowed with 

pH-responsive ability, by adding a betalains rich-extract obtained from local beetroot legumes on a 

starch matrix-based. The designed film will undergo a variety of physicochemical, mechanical and 

optical tests targeting its broad characterization. Thereafter, the above-mentioned film will be 

examined for its competence as pH-monitoring patch on stored food. 
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Materials and methods 
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I.1. Objectives  

- Extraction and characterization of beetroot betalains. 

- Preparation and description of the starch/betalains intelligent film. 

- Assessment of the applicability of the preformed film as a pH-sensible patch on food 

packaging. 

I.2. Materials  

I.2.1. Raw material 

 The beetroots used in this study were purchased from the local market of the Wilaya of 

Tissemsilt in February 2023, than cold-conserved until their use.  The starch powder was bought 

from a local grocery in the same period. 

I.2. Laboratory material   

Table 1 : Material and chemicals used   

Instrument Chemicals Glassware 

- Analytical balance 

- Desiccator 

- Magnetic stirrer 

- Micrometer  

- Oven 

- PH meter (HANNA instruments) 

- Refrigerator 

- Rotavapor (Bushi R_200) 

- Stick blender  

- Stirrer 

- Vacuum filter (KNF) 

- Water bath 

- Spectrophotometer UV-VIS 

(JENWAY 7305)  

- Acetic acid (CH3COOH) 

- Ammonia (NH4OH)    

- Ascorbic acid (C6H8O6) 

- Calcium chloride (CaCl2) 

- Citric acid (C6H8O7) 

- Distilled water  

- Ethanol (C2H6O) 

- Glycerol (C3H8O3) 

- Hydrochloric acid (HCl)  

- Potassium chloride (KCl)  

- Sodium hydroxide (NaOH) 

- Cuvette   

- Adjustable micropipette 

- Airtight bags 

- Beakers 

- Erlenmeyer flasks 

- Filter paper 

- Magnetic bars 

- Measuring flask  

- Spatula 

- Test tubes 

- Watch glass  
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I.3. Experimental protocol   

The diagram below schematizes the entire methodology followed in this study in which each 

step was replicated three times:  

 

Figure 1: Diagram of the experimental process 

 

Beetroot 

Betalains 

- Cutting and mixing 

- Filtration 

- Starch (5g) 

- Distilled water (100 ml) 

- Glycerol (1.6 ml) 

- Drying 

 
Films  

Colored film Control film 

Characterization 

• Thickness and density  

• Moisture content and water solubility 

• Angle of contact  

• Water vapor permeability (WVP) 

• Light transmission and transparency 

• Biodegradability  
 

Practicability 

Betalains release  

 Packaging test  

-Ammonia sensitivity  

-Patch test 
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I.3.1. Betalains  

I.3.1.1. Extraction  

According to Sigwela et al. (2021) with some modifications, 100 g of peeled beetroot was 

grated and added by 100 ml of distilled water. After that, the solution was mixed using a blender 

then filtered in double time through cotton cloth and filter paper consequently. 1 g of ascorbic acid 

as preservation additive was put to the filtered mixture.  

I.3.1.2. Spectrophotometric quantitation   

The stock solution of betalains was diluted to 1/10 before measuring its absorbance at 480nm 

for betaxanthin and 538 nm for betacyanin. Betalain content was calculated as follow (Zin et al., 

2021).  

BC (mg / L) =  
                  

     
  

Where:  

A: Absorbance, DF: Dilution factor and l: Optical path length (1cm). 

For the quantification of betacyanins and betaxanthantins; the molecular weight (MW) and the 

molar extinction coefficient (ε) are respectively: 

 For betanin (MW=550 g/mol; ε= 60,000 L/mol.cm; λ=538 nm) 

 For indaxanthin (MW = 308 g / mol; ε = 48,000 L / mol.cm; λ = 480 nm).  

I.3.1.3. pH-response  

2 drops of betalains extract were poured into 12 tubes containing 7 ml of buffer solutions 

expanding from pH 1 to 12. HCl/Kcl buffer was prepared to get pH=1 while citrate-phosphate 

(Na2HPO4) solution was adjusted to pH= 2 – 8. The pH range (9-12) was attained by mixing NaOH 

(0.1M) in appropriate proportion the previous citrate-phosphate pH=8 buffer. Photos of color 

alteration in the tubes were taken after 5 minutes of stabilization (Rawdkuen et al., 2020) 
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I.3.2. Films 

I.3.2.1. Formulation   

Based on the modified method published by Araujo-Farro et al. (2010), 5g of starch was 

dissolved and stirred for 10 min in 100 ml of distilled water including 20 ml of beetroot betalains. 

Right after, the filmogenic solution was heated at 95 C°/20 min in water bath until gelatinization, 

and glycerol was added to the mixture as a plasticizer at 40% (w/w) based on starch weight. A final 

magnetic stirring was applied for 3 min before pouring the mixture into anti-adhesive mold at a 

proportion of 0.16mL/cm
2
. The films were left for 24 h at 25 C° to dryness, then peeled and cooled 

in a silica-gel desiccator for 24h until their stabilization. Ultimately, formed films were stored in 

sealed food containers until their use. The film shaped without betalains extract, in the same 

conditions, represents the uncolored control.   

I.3.2.2. Characterization  

I.3.2.2.1. Thickness and density   

The thickness of films was determined by a digital comparator in 10 different points of each 

film (Gheribi et al., 2018). 

Density (d) was calculated by reporting the weight (m) on the volume of film bands of 2 cm² 

(s) with a known thickness (e) as follows (Li et al., 2020) 

  
 

   
 

 

I.3.2.2.2. Humidity content and water solubility 

Humidity content of films was evaluated according the method of (Jouki et al., 2013). 

1cm×1cm size films fragments were weighed (mi) then dried for 24 h at 90 ºC, before being 

weighed again (mf ).  

Humidity was calculated following the equation (Gheribi et al., 2018): 
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Afterwards, water solubility of films was performed by dipping, 1 cm² priorly dried 

(90°C/24h) films pieces (mi), in 50 ml distilled water for 30 min. The remaining undissolved parts of 

films were redried and reweighed (mf) (Jouki et al., 2013). The equation of hydrosolubility was 

given by (Gheribi et al. 2018):  

   
     

  
      

I.3.2.2.3. Contact angle  

A droplet (4 µL) of distilled water was deposited on the film’s surface. The angle formed 

between the baseline of the droplet and the tangent line at the contact point was provided by image 

software J. (Joonas, 2021 64-bit Java 8) (Gheribi et al., 2018).  

I.3.2.2.4. Water Vapor Permeability (WVP) 

The film was placed upon a crucible containing CaCl2 and the total weight was noted. To 

know the weight gain, the crucible placed in food container including 500 ml of distilled water at 

room temperature was weighed for 6 h at one hour intervals. Water vapor permeability is calculated 

using equation (Zhang et al., 2016; Gonzalez et al., 2019).   

    
    

 
 
 

   
 

Where: 

WVTR: water vapor transmission rate (g.s
−1

), or the slope of the regression linear weight gain = 

f (time), calculated by drawing the final weight minus the initial weight of sample (Wf - W0) as 

a function of time (t); e: the average film thickness (m); A: the transfer area (m
2
),  

∆pv:  the difference in water vapor pressure between cacl2 atmosphere and the room 

atmosphere (2337 pa) 

I.3.2.2.5. Light transmission rate and film transparency 

The film’s transparency was measured by placing film strips (0.5cm x 4.0cm) in quartz cell 

at 600 nm. It was calculated as cited by (Gonzalez et al., 2019): 

              
    

 
 
         

 
 

A600 and T600: absorbance and transmittance at 600 nm, respectively; S: film thickness. 
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I.3.2.2.6. Release of betalains in food simulants 

Colorful film pieces of (2cm×2cm) were immerged in 25 ml of different food simulants 

(water, 25%, 50% and 95% ethanol solutions). Thus, absorbance of 2 ml of each solution was 

measured at 480 and 538 nm within a time of (30, 60, 90, 120, 180 and 240 min) (Alizadeh-Sani et 

al., 2021). 

I.3.2.2.7. Biodegradability test 

3cm×3cm films with a defined weight were put at approximately 6 cm from the surface of 

plastic cups full of horticultural soil daily watered; the evolvement of weight loss was surveilled 

each 3 days counting from first 24 h (mi), and ended at the 15
th

 day. (Shanmathy et al., 2021). 

I.3.2.3. Activity of films  

I.3.2.3.1. Ammonia sensitivity test  

Square film parts (3cm×3cm) were hanged at 1 cm from the free surface of ammonia 

solution (8 mM, 80 mL). The color change of the samples was photographed every 5 min for 30 min 

(Alizadeh-Sani et al., 2021). The R, G, and B values of the film were measured using the Pixie 

program for Windows, and the sensitivity of the film to volatile ammonia vapor was calculated as 

follows: 

    ( )   
(     )  (     )  (     )

         
      

Where:  

SRGB: Sensitivity Red Green Bleu 

Ri, Gi, Bi and Rf, Gf, Bf were the initial and final values of the red, green, and blue values. 

I.3.2.3.2. Smart patch efficiency test 

Sample films having dimensions (1cm×2 cm) were stuck at the interior face of packaging 

box transparent lids, covering 50 g of ground chicken. The boxes were stored discriminately at room 

temperature (25°C) or at refrigerator (4°C) for 72h, with taking pictures of the film change 

periodically (every 6 h) (Qin et al., 2020). 
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II.1. Betalains 

II.1.1. Betalains concentration 

The spectral method was used routinely to quantify the betalains content in plants, by 

exploiting the wavelengths 538 and 480nm to measure betacyanins and betaxanthins, respectively 

(Zin et al.2021).   

Table 2: Betalains content in beetroot extract 

 Betacyanins Betaxanthins 

Content (mg/L extract) 119.16 ±0.59 43.63±0.26 

Content (mg/g beetroot) 0.11 ±0.007 0.043±0.004 

The results showed supremacy of betacyanins over betaxanthin, expressed as percentages of 

73.22% versus 26.80%, in accordance with the predominance of the first class up to 75-95% of red 

pigment extracted from beetroot as stipulated by the work of (Von Elbe et al. 1972).  

Otherwise, these results had a similar weighting of the ratio betacyanin/betaxanthin but were 

lower than those of Sawicki et al. (2016) for the same vegetable (10.26-17.15mg betacyanin/g; 

7.20-17mg betaxanthin/g). However, the opposite result contradicted those of the current study with 

(16.33 mg betacyanins/g against 30.78 mg betaxanthins/g ) (Georgiev et al. 2010). According to 

Sawicki et al. (2016) explained that these differences in betalains content and proportions were 

dependent to the part of root, its own fingerprint and the extraction conditions. 

II.1.2. Betalains pH-response  

The pH plays a highly significant role on beetroot pigment color degradation, which could 

utilized as an indication of acidic, neutral or basic state of the ambiance (Mohamed Arif et al., 

2021). The figure 02 showed that the color modification range was divided to three main shades; 

red-pink for the acidic pH array 1 to 6, purple for the neutral to basic range 7 to 10 and orange-

yellow for the intensively basic interval 11 to 13.  

 Speaking of the shift from red to purple color, translating the passage from acidic to neutral 

slightly alkaline pH, (Nemzer et al. 2011) correlated this effect to betacyanins expressing 

primordially, in an imposing way, their color to the solution. The betacyanins are conjugated by 
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cyclo-dihydroxyphenylanine (cyclo-dopa) which corresponded to the color from red to violet 

(Izabela et al 2021). 

 

Figure 2: pH-response of beetroot betalains 

On the other side, the fluctuation from purple to orange-yellow in the pH field 11 to 13, 

affirmed the dominantly expression of betaxanthins; conjugated by amino acids or amines (Kay et 

al. 1993). 

 

Figure 3: Relation between the biochemical structure and the apparent color of betalains.  

 

II.2. Smart films 

II.2.1. Characterization of smart films 

The figure 04 showed the colored and uncolored films. The last was smoother and more 

homogeneous, easier to peel and required a lesser time to dry as well. So, the presence of betalains 

increased the adhesiveness of starch films and made the step of immediate desiccator stabilization 

mandatory. Likewise, it has been noticed the clear effect of these beetroot pigments on gaining 

elasticity of films (Esra Tekin et al., 2022) . 
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Figure 4: The colored and uncolored films         

 

The table 03, illustrates the physicochemical properties of betalains colored films and 

uncolored films: 

Table 3: Physicochemical properties of colored and uncolored films 

Films 

                   Properties     

 Colored Uncolored 

Thickness (mm) 7.70.0  ±0.002 0.066 ±0.002 

Density (g/ml) 0.19 ±0.007 0.15 ±0.007 

Humidity (%) 16 ±1.41 10 ±0.70 

Water solubility (%) 38.14 ±0.6 37.14 ±0.27 

Contact angle (º) 74.44 ±0.14 70.80 ±0.39 

Water vapor permeability (WVP) 
 

(g·m
-1

·s
-1

·Pa
-1

) 

 
3..5 x10

-9 
±7.500 x10

-9
 

 
4.06 x10

-9
 ±7..35 x10

-9 

Light Transmission rate and 

transparency (%) 

 
11.8 ±0.33 

 
              4.63 ±0.13 
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II. 2.2.  Thickness and density  

The thickness is a crucial parameter that affects biological, physical and mechanical 

characteristics of the film (Ajansson et al., 2004). 

The results disclosed that the colored film was thicker than the uncolored one with rates of 

0.0784±0.002mm compared to 0.0662±0.002mm, respectively. Therefore, it could be suggested an 

increase of the thickness of films due to the addition of betalains pigments. According to Gutierrez 

et al. (2015), adding other ingredients to the base matrix will relatively raise the thickness of the 

film. 

Also, the starch type had a genuine impact on the film thickness. As a comparison, the 

starch/betalains or only starch films viewed in this work, were thicker than films of potato starch 

(0.055mm) tested by Dandan Li et al. (2022), but thinner than those of cassava starch (0.103 mm) 

and rice starch (0.145 mm) analyzed by Zuzanna et al. (2021) . 

In this context, Luan Ramos da Silva et al. (2022) saw the concentration of additives, the 

starch mass and its concentration as direct influencers on film thickness. The higher concentration 

you have the thickener film you obtain. Also, the thickness of the starch based film increased with 

the increase of amylose content (Wang et al., 2007). 

   

Figure 5: Measurement of colored and uncolored film thickness. 

           Besides, the density of the colored film was also higher than the density of uncolored one 

with a gap of 0.04 g/ml. These results are significantly consensual with the work of Jessica et al. 

(2018), in which authors related the addition of natural pigment extract to the increase of 

chitosan/starch film density.  
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II.2.3. Humidity content and water solubility  

This test was carried out to evaluate the weight loss percentage according to water waste of 

films during the drying (Galus et al., 2016). According to Chiou et al. (2009), the test of humidity 

gauged the mechanical properties of the film.  

From table 03, the humidity of betalains films was higher than control films (16±1.41% vs 

10±0.70%), which is in agreement with the results of Paul et al. (2016), showing 13.10±2.10% 

starch film with betalains against 8.3±1.7% for starch films without them. 

These researchers explained that with a possible interaction between beetroot extract and 

starch film matrix leading to an increase its moisture. In addition, moisture was the property the 

most touched by plasticizers, for that glycerol. The films containing 33% glycerol have a lower 

moisture absorption capacity compared to the films with higher glycerol content (Ewelina Basiak et 

al, 2018). 

As it concerns water solubility, this trait give information about the integrity of films in 

aqueous environment. A higher solubility indicated a lower resistance of water (Granasambandan 

et al.1997; Handa A et al 1999). The uncolored film was bit more hydro-soluble than betalains film 

with a slight difference of 1.0±0.33%.    

The addition of different plasticizers shows improvement in water resistance; film plasticized 

with glycerol had the lowest water absorption property (Abdurrahman et al., 2022). 

II. 2.4. Contact angle  

This test is a measure of the water’s ability to wet the surface of the film, the shape of the 

drop on the surface depends on the angle of contact. For that, the contact angle is a very important 

parameter for measuring the wettability or surface hydrophobicity (Qin et al.2019). The 

hydrophobicity of films depended on their contact angle; the higher angle found, the most 

hydrophobic will be the film (jouki et al. 2013). 
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Figure 6: Water droplet appearance on A) Betalain film, B) Control film. 

           As it is shown in table 04, the colored film showed a higher angle equal to 74.44±0.14°, 

overtaking the uncolored film with a result up to 70±0.39°. The starch film was more hydrophobic 

when it was pigmented by betalains. 

        The same observation was made by Carlos et al. (2022) for cassava starch film with beetroots 

and cassava starch films only (13.6° and 2.6°, respectively). The microparticles of betalains rich-

extract decreased the spread ability of water droplet and its contact with the surface as a result; thus 

it increased its hydrophobicity. This effect could be associated to the change of structure because of 

the interaction of beetroot pigment with the starch surface (Carlos et al., 2022).    

II. 2.5.Water vapor permeability 

This test measured the quantity of water diffusion through the film and it is related to the 

thickness and moisture of the film (Cazon et al., 2022). Water vapor permeability determines the 

amount of the permeating of water in the film matrix, but also the suitable polymeric film for each 

kind of food; thus, the WVP should be as low as possible (Patriciab et al., 2022).  

Herein, the colored film was more permeating to water than the uncolored one with a small 

difference in results (1.17x10
-9

±0.111x10
-9

 g·m
-1

·s
-1

·Pa
-1

). This result could be ascribed to the 

presence of many hydroxyl groups hydroxyl groups and their position of attachment or H−donating 

groups, and glycosylation. These groups lead to the formation of hydrogen bonds responsible for 

this hydrophilicity of Betalains (Fathordoobady et al., 2016).  
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II.2.6. Light transmission rate and film transparency 

The transparency defines the transmittance passed through the film at certain wavelength and 

it’s proportional to it (Ligot et al., 2015). Paradoxically, betalain films were more transparent than 

control (11.8±0.33 against 4.63±0.13%). In the opposite, corn starch films added with other 

ingredients like chitosan was had more opacity than control. Chitosan worked as a coating and 

covered light passage (Guttierez et al., 2017).  

It is possible to suggest a fluctuating effect of the ingredient co-mixed with the starch on the 

opacity/transparency outcome. A similar conclusion was cited by( halis and Hassouni, 2021) using 

polyphenolic extract on natural film. The difference of structure between ingredients and the 

interaction between them can lead to variable actions on light transmittance through films 

(Gorgieva et Kokol, 2011). 

II.2.7.Release of betalains    

              A release pigment test aimed to evaluate the entire interactions between them and film 

matrix by conducting the rate of pigment in each food simulant (Alizadah et al., 2020). Figure 7 

represented the betacyanin and betaxanthin liberation in each food simulant. 

       

 Figure 07 : Release of (A) betacyanins and (B) betaxanthins from the colored film in different 

food simulants 

The both classes were denoted by a higher rate of release in the solution 10% ethanol and 

water, followed orderly by 50 and 95% ethanol solutions. Overall, the first hour of contact with the 
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four solutions met the summit release of pigments. The water-soluble nature of nitrogen beetroot 

dyes named betalains explained this behavior. Alizadeh et al. (2020) shaded the light on the direct 

link between pigment release from films and their nature besides the nature the simulant food type. 

It is plausible to propose probably a better solubilization of beetroot betalains in aqueous 

low-fat foods.   

II.2.8. Biodegradability test  

Biodegradability studies the film breakdown ability in the environment caused by the 

activity of soil (Martucci et al., 2009). the table 04 represents the weight mass loss of colored and 

uncolored films during 15 days of soil burying. It is logical to say that uncolored films degraded 

quicker than control films, taking into consideration the respective time taken by each type to be 

totally vanished (12 and 15 days).  

According to Jaranillo et al. (2016), test of biodegradability counting the daily watering, 

imitated the degradation caused by soil bacterial microflora. The degradation of starch film can be 

related to the presence of hydrolysable and oxidizable groups of polymeric chains which facilitated 

their assimilation by microorganism (Warscheid et al., 2000).  

The presence of betalains may slowdown this phenomenon regarding their antimicrobial 

activity. In both cases, the two films are alike in the matter of being environment friendly.  

Table 4.Weight loss of colored and uncolored films (biodegradability test) 

Days 

Weight loss percentage (%) 

Control film Colored film 

3 20±0.70 6.84±0.10 

6 30.76±0.16 21.42±0.40 

9 41.66±0.23 32.23±0.54 

12 100  39.39±0.42 

15 / 100 
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II.3.Activity of films  

II.3.1. Ammonia sensitivity test 

             This test aimed to identify the response of starch/betalain films to volatile ammonia vapor 

assigned to food nitrogen compounds degradation. The changing of film color is an indicator for the 

consumability of food, since it marked its freshness loss status due to ammonia vapor emitted during 

the spoilage phase. Color change equaled food expiration using digital camera coupled with RGB 

colour analysis (Wells et al 2019). 

Figure 08 represents the curve of film sensitivity to ammonia vapor monitored by color 

changing. At the end of 30 min, the film turned from red to dark purple, simultaneously to an 

increase in sensitivity to ammonia vapor (SRGB) going from 3.51% at 5 min to 51.75% at 15 min, 

then 70.35% at 30 min. As seen previously, this color corresponded to the alkaline pH range of 7-10, 

which lead to the dominant expression of betacyanins. The FTIR analysis of the same red purple 

extract done by Shiv et al. (2012) showed that the presence of amine and carbonyl functional groups 

attributed the red purple color to the betacyanin pigments. 

Accordingly to the pH of the diluted ammonia solution, the non-reaching of high pH values, 

over 10 units, inhibit the expression of the yellow color allocated to betaxanthin dyes. Comparing to 

that, Shahab et al. (2021) explained the obtaining of purple to yellow colors in presence of ammonia 

vapor to the presence of the large pH 2-13 range where each betalain class was apparent in a specific 

part of the range.   

                                             

 

Figure 8: Sensitivity of smart film to ammonia vapor. 
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II.3.2. Smart patch efficiency test   

The freshness of chicken meat reduces with time .The main cause of chicken spoilage due to 

the activity of microorganism increasing protein degradation which automatically increase the 

volatile nitrogen and ammonia and pH concomitantly inside the packaging (Zhang et al.2021). 

The evolvement of patch color changing on the packaging of ground chicken stored at 25 or 

4°C is in the table 5. 

At 25°C, the initial clear red –pink color shifted to dark purple by the end of the 72 hours, 

parallely to the increase of pH during chicken spoilage. It is worthy to cite the consolidation of this 

result by the anterior ammonia test. This change from red to dark purple visually viewed is the result 

of betacyanin attributes modifying their color at pH array of 8-10, following the cyclo-dopa 

conjugation (Nazeeruddin et al. 2011; Nemzar et al., 2011).  

For the storage at 4°C, the film didn't show any color changing until 48 hours, where the 

clear red color turned to a darkest shade of it. This result showed that the pH of the container inner 

atmosphere remained in the acidic array. Comparing these results to the work of Carlos et al. 

(2022) on fish storage at 4°C, the Cassava starch with beetroot indicator film didn't show any results 

of changing until the 8
th

 day by turning from red to brown. This results may due to the time spoilage 

of each food material and the different process addition to the methods of packaging and film 

preparation. 



Chapter II                                                                                        Results and discussion 

19 
 

Table 05. Evolution of color change of packaging smart films. 

Time (h) Smart film color change 

Stored at room temperature 

(25°C)  

Stored in refrigerator 

(4°C)  

6h 

  

12h 

  

18h 

  

24h 

  



Chapter II                                                                                        Results and discussion 

20 
 

30h 

  

36h 

  

42h 

  

48h 

  

54h 
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60h 

 
 

66h 

 
 

72h 
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Conclusion 

           Intelligent films as packaging systems are capable of carrying out intelligent functions such 

as responding in a particular manner when there is some change in the quality, safety, or maturity of 

a packaged food, or to provide an indication of these changes. As a result, these smart packaging 

materials can play an important role in improving food quality and safety management (Alizadeh et 

al.2020; Bijik et al., 2011; Kuswandi et al., 2011).   

Recently, the role of packaging has increased beyond its basic function with changing 

consumer preferences and expectations. Now, it is also contributing towards extending the shelf life 

and acts as a quality indicator of the packed food products. The focus is also on the development of 

more and more interactive packaging systems, which are classified as active and intelligent 

packaging simultaneously (Dobrucka & Cierpiszewski, 2014). 

The conception of starch films integrated with natural betalains from the abundantly 

available beetroot attempted to achieve a non-easy technological compromise in the recent field of 

smart packaging by getting, at low-cost, a high efficient and simple pH-sensitive patch, assuring on 

the top of that a decent standard of eco-friendship. The addition of betalains dyes composed for the 

most part of betacyanins, into starch-based films made them thicker, denser and damper. As well, 

pigmented films were more transparent with a higher permeation to water vapor penetration 

regardless their very close hydrosolubility to control films. Even though, their surface in presence of 

beetroot betalains was more hydrophobic, so less wettable.  

Otherwise, betalains liberation from film matrix fitted perfectly with aqueous low-fat foods, 

and the degradation of this colored films in soil take barely three more days than their equals control 

films. The tendency of applying composite films starch/betalains as pH-sensor sticker on containers 

of ground chicken, conducted successfully to visible color shift going from clear red to dark purple 

passing by intermediate violet shades, conferring a reliable monitoring of the ammonia vapor 

emission and mirroring the progressive chicken spoilage. The occurrence of this color shift was 

simultaneous to that observed in vapor ammonia assay. 

Enhancing the whole performance an especially the mechanical resilience of the designed 

smart patch, all along with the epitomizing of a marketable prototype by overcoming its 

technological flaws, abide to be envisaged as imminent insights for a possible large scale 

production.  
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 الجصائسيت الديملساطيت الشعبيتالجمهوزيت 

 وشازة التعليم العالي و البحث العلمي

 جيظمظيلت حامعت

 

 عىوان المشسوع:

 بيتالاين الذكي لمراقبة صلاحية الدجاج المبرد المعلب/ملصق النشا

Smart starch/betalains patch for “packed 
refrigerated chicken” shelf life monitoring  

1275مشسوع لىيل شهادة مؤطظت هاشئت في اطاز اللساز الوشازي   

 صوزة العلامت التجازيت 

 

 الاطم التجازي 

TIS-PATCH  



 صلاحيت الدحاج المبرد المعلب بيتالايً الركي لمساكبت/ملصم اليشاغىىان المششوع : 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 بطاكت معلوماث:
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 التخصص:
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 والتكىولوحيا الغرائيت
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 موطاوي بدزالديً
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 الؿزائُت ومشانبت الىىغُت
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 حىافي طاهس
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:(10المظاعد )المشسف   
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والخٌىىلىحُا الػلىم  ؾاوي شهُىاص :الطالب بُىيُمُاء جعبُهُت 
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 فهسض المحتوياث

 

  المحوز الأول: جلديم المشسوع

 المحوز الثاوي: الجواهب الابتكازيت 

 الاطتراجيجي للظوق : التحليل لثالمحوز الثا

 : خطت الإهتاج والتىظيمالسابعالمحوز 

 الخطت الماليت     المحوز الخامع :
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 جلديم المشسوع :  المحوز الأول 

 بيتالاين الذكي لمراقبة صلاحية الدجاج المبرد المعلب/ملصق النشا

 

Smart starch/betalains patch for “packed refrigerated chicken” shelf 
life monitoring  

 

ش  ًمهذ شانبت الخؿُرااث الي  جدذر لم يبالخؿلُل الزً ىعمالمهظام حؿلُل مبخٌش للمىاد الؿزائُت  جعىٍ

و حؿرا لىهه  ذسحت قعاد العػام خاضت اللحىم و الذحاج،  مما ل جبػاداخل المىخج الؿزائي بذنت غً ظشٍ

نها  ًجزب اهخمام المعتهلَ لأنها حعهل حُاجه هظشا لخاضُت ايدشاف دسحت ضلاحُت وحىدة العػام ؤزىاء جخضٍ

زلَ، قالجذًش بالزيش ان هزه المىاد ًمٌنها المعاهمت في حل الٌثرا مً ل بالإضاقتوقػاُ.  بعُغبشٍل 

ت باظخػماُ البلاظدَُ، باغخباس امٍاهُت الحطىُ غليها مً مىاد ظبُػُت مخىقشة، المشاًل البُئُت المخػله

 بالخػلُب الٌلاظٍُي. مهاسهت ؾرا مٍلكت و بألُاث حذ ظهلتبإظػاس 

  فكسة المشسوع )الحل الملترح(

ش ملطو اظدشػاسي رًي نادس غلى الٌشل غلى جلل الاظػمت المدكىظت  يهذف هزا المششوع الى جعىٍ

و ىه غلى مىاد اولُت ظبُػُت مىحىدة بىقشة وبإزمان حذ مػهىلت، يما انها  غً ظشٍ حؿرا لىهه، ٌػخمذ في جٍىٍ

 نابلت للخدلل.

 الليم الملترحت

 يوفس هرا المشسوع عديد الحلول في مختلف الجواهب: 

 بدائم طبيعية قببهة نلانحلال في انطبيعة. بتٌفيزعلاج مشكم تهٌث انبيئة ببنبلاستيك  .1

 .نهمشتقبت انبتزًنية انبلاستيكية بنيف ًاعببء انتصنيع انتقهيديةتٌفيز تك .2

من طزف انمستيهك ًمسبعدتو في اختيبر  تسييم مزاقبة صلاحية الأغذية بطزيقة عمهية .3

 الاطعمة انمنبسبة.

 تطٌيز شعبة انتعهيب انغذائي ببستعمبل ىذه انتقنيبت انحديثة. .4

 نهمصنعين ًانببعة.تسييم تطبيق مفيٌو انمزاقبة انذاتية  .5

 انتتبع نمصبنح مزاقبة اننٌعية مع اضفبء عبمم انشفبفية.  -منح خبصيتي انتدخم انمسبق  .6
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 فسيم العمل .1

و الػمل ظالبي  الماظتا   م المخخططخرن في البُىيُمُاء الخعبُهُت،  2ًضم قشٍ ؾاوي شهُىاص وغاًذ مشٍ

المخخطظ في الخؿزًت والصحت  -ؤ–جدذ جإظرا الاظخار الشئِس   د. مىظاوي بذس الذًً، اظخار مداضش 

ٌىىلىحُا الضساغُت والخٌىىلىحُا الؿزائُت واظخارًً معاغذًً، حىافي ظاهش ظالب ديخىساه في جخطظ الخ

 . غلىم العبُػت والحُاةالمخخطظ في  -ب–اظخار مداضش  نمى الػُذذيخىس الالؿزائُت ومشانبت الىىغُت و 

 المشسوع  أهداف .0

جطيُؼ ملطهاث ريُت جٍىن غلى الجهت الذاخلُت لبلاظدَُ غلب حكظ الاظػمت "اللحىم والذواحً 

الىاجج غً جلل هزه الاظػمت مما ًذُ  pHبالخطىص"، جخمرز بالهذسة غلى اظدشػاس حؿرا دسحت الحمىضت 

ؤششش االمكخا(  غلى غذم ضلاحُتها. جخم غملُت الخػشف هزه مً خلاُ ملاحظت لىن الملطو زم مهاسهخه مؼ الم

 المشاقو له والزي ًمًٌ مً اجخار الهشاس بشان اظتهلاى الؿزاء مً غذمه.

ًمًٌ هزا المششوع بالخالي مً اظدثماس المىخىحاث الىباجُت المدلُت، حيى الملهاة منها غلى شٍل هكاًاث 

    ، بشٍل زىسي ومبخٌش، مؼ مىح الهُمت المضاقت المشحىة وجىقرا مدخمل لمىاضب شؿل.    

 :حدول شمني لتحليم المشسوع  .3

هزا المششوع هى مدل بدث معخمش لؿاًت العاغت ويهذف الى الحطىُ غلى بشاءة اختااع يمشحلت اولُت 

هه غلى  نبل الاهعلام في غملُت الخحجُم ودساظت العىم مً احل الىنىف غلى نابلُت اهخاحه الطىاعي وحعىٍ

 معخىي واظؼ. 

 ظاغت باغخباس: 48ملطو هى  27 الضمً المهذس للحطىُ غلى

   طاعتين. الضمً المهذس لاظخخلاص لتا واحذ مً المعخخلظ الملىن العبُعياالبِخالاًرن  -

 دنُهت. 35جدضرا العائل المٍىن للكُلم الزًي  الضمً المهذس  -

 ظاغت. 24ججكُل الكُلم في الهىاء العلو  الضمً المهذس  -

 ظاغت واحذة.لاظخهشاس الكُلم  الضمً المهذس  -

 دنُهت. 22الضمً المهذس لدشٌُل الملطهاث المعدشػشة  -
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 ت المحوز الثاوي: الجواهب الابتكازي

عرا:  ًمخلَ هزا المششوع الػذًذ مً الجىاهب المبخٌشة الهابلت للخجعُذ بشٍل مباشش وَ

قخح مجاُ حذًذ في مُذان الخػلُب والخؿلُل خالو للثاوة ومىاضب الشؿل وماهح للهُمت المضاقت  -

 في مُذان الطىاغت الضساغُت الؿزائُت. 

الاهعلام في اظخػماُ اللاضهاث الزيُت، الؿرا مىحىد جماما في الىنذ الحالي في العىم الىظن ،   -

هت مػتاف بها في مجاُ حػ لُم ووظم الاظػمت الى حاهب بعانت المػلىماث وحػمُم الػمل بها يعشٍ

 المكشوضت ظابها مً ظشف العلعاث المػىُت.

الاظخػاهت بهزا الىىع مً العشم الحذًثت والجذ بعُعت المػخمذة غلى مهاسهت الالىان في الٌشل غً  -

، مً الاظػمت الخالكت ، مما ًمًٌ حمُؼ قئاث وششائح المجخمؼ، بما قيها الاظكاُ ومدذودي المعخىي 

 جدذًذ ضلاحُت المػلباث بشٍل دنُو مما ًجىب الدعمماث الجماغُت.

ذ مً المىخىحاث قهغاالحلُب ومشخهاجه، الخضش    - ش هزه الخهىُت لا لدشمل المضٍ ًمًٌ جعىٍ

 والكىايه، المىاد المدىلت ، بل لخخػذي رلَ الى باقي المجالاث حيى الطىاغُت منها. 

 يجي للظوق التحليل الاطتراجالمحوز الثالث: 

  :ماًليجم جدذًذ العىم ضىء جدلُل غلى 

اًث والمطا العىم المعتهذف -  الخاضت بخؿلُل وحػلُببما قيها الطؿراة والمخىظعت، ؼ و: الشش

 عاصحت المبادة، يما ًمًٌ ان حشمل صبائً خىاص حعب العلب. الالذحاج واللحىم 

ل الاؾزًت بشٍل غام الهذف الاظاس   لهزا المىخج، بدُث ًٍىن  - الهعاع المعتهذف: ٌػخبا نعاع جدىٍ

جُا لبهُت الشػب يشػبت الحلُب  الاهعلام مً شػبت اللحىم والذواحً لُخىظؼ بػذها جذسٍ

ش المىخج.   ومشخهاجه جماشُا وجعىٍ

-  ُ و: جماشُا والهعاع المعتهذف، قان المىخج ٌعىم ظى ادة في الاهخاج  ونذ الدعىٍ العىت مؼ امٍاهُت صٍ

م، قطل الطُل... .    خلاُ مىاظم الزسوة اسمضان الٌشٍ

المرزاهُت: ظٍُىن ظػش المىخىج حذ مػهىُ وفي مخىاوُ المؤشظعاث المعتهلٌت ولً ًمثل الا جٍلكت  -

 اضاقُت بعُعت في الثمً الاحمالي للخػلُب.  

في العىم  ًلُا غخباسه قٌشة حذًذة و مبخٌشةاج بهزا المىخى لىحذ قئت مىاقعت جن : لا ى المىاقع -

 .الجضائشي ولا جىحذ له ؤي مىخجاث مشابهت غلى المعخىي الىظن 
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ذ اظتااجُجُت المىخج: ظىف  - هُت لمعخػمليها مؼ صبائنهم لإضكائها المضٍ جمىح هزه الملطهاث اقضلُت حعىٍ

خ الطلاحُت لٍل الكئاث بالاغخماد غلى مهاسهت  مً الشكاقُت لمىخجاتها مؼ ظهىلت الخػشف غلى جاسٍ

  .   الالىان ببعاظت

ادة هامش الشبح  -  الدعػرا: ظُػخمذ العػش غلى اظاط الخٍلكت الثابخت والمخؿراة للملطو مؼ صٍ

التاوٍج: ًمًٌ الاغخماد بشٍل اولي غلى الاجطاُ المباشش مؼ المؤشظعاث لإنىاغها بكػالُت المىخج، يما  -

خىاضل الاحخماعي الي  حػخبا مً برن العشم الجذ مؤشزشة في الاغلان ًمًٌ الاظدىجاد بمىطاث ال

 والىضىُ لأيبا نذس مً المعتهلٌرن.

ذ، ظهىلت الخىضِب... ، قان  - الخىصَؼ: هظشا لعبُػت المىخج اوصن حذ خكُل، غذم الحاحت للخباً

 غملُت الخىصَؼ ظخٍىن في المخىاوُ ولً جدخاج مشيباث زهُلت او خاضت.

 خطت الإهتاج والتىظيم ع :المحوز الساب

 حشخمل الخعت الخىظُمُت للاهخاج غلى الىهاط المدعلعلت الخالُت:

ت اظخعجالُت  -  الحطىُ غلى بشاءة الاختااع يإولىٍ

ش وجدعرن الملطو الزًي بخصحُح الاخعاء الخهىُت الممًٌ وحىدها والبدث غً بذائل ايثا  - جعىٍ

 يكاءة 

 الحطىُ غلى مدل ًمثل مهشا مً احل بذاًت غملُت الاهخاج غلى المعخىي الخجاسي  -

 الحطىُ غلى آلت ضىاغُت لهشط الشمىذس واظخخلاص مشيض البِخالاًرن    -

ً الكُلم  - ج الهابل لخٍىٍ  الحطىُ غلى آلت ضىاغُت لخدضرا المضٍ

ؼ وجراة  - الحطىُ غلى الكُلم الحطىُ غلى ضِىُاث ؾرا لاضهت مؼ هظام ججكُل هىائي لدعشَ

 الجاهض

ت الاهخاج الى ؾاًت جىقرا مخاصن لها -  جىقرا ممىهرن للمىاد الاولُت بشٍل دائم ًضمً اظخمشاسٍ
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 PLAN FINANCIERالخطت الماليت     المحوز الخامع: 

 مؼ الاخز بالحعبان الاغباء الخالُت:

لتا مً المعخخلظ الملىن  3ظُمىح ، غلما ان ًل يـ دًىاس حضائشي  62يـ مً الشمىذس الاحمش 1زمً  -

بُت  المشيض.  2م1.875، بما ٌػادُ 2م0.625ُ ًمىح 1، قان  2ظم/مل0.16باظخػماُ الطُؿت الخجشٍ

  شمىذسيـ 1ُ ا3لٍل 

 32لتا مً المعخخلظ الملىن المشيض جدخاج  3، دًىاس حضائشي  482يـ مً حمض الاظٍىسبَُ  1زمً  -

  .دًىاس حضائشي  14.4ؽ مً حمض الاظٍىسبَُ مهذسة ب 

لتا مً المعخخلظ الملىن المشيض  3، مؼ الاخز بػرن الاغخباس ان  دًىاس حضائشي  222يـ مً اليشا  1زمً  -

 .    دًىاس حضائشي  32ؽ قهغ مً اليشا بعػش  152حعتهلَ 

لتا مً المعخخلظ الملىن المشيض  3، باحدعاب ان  دًىاس حضائشي  682يـ مً الؿلِعراوُ  1زمً  -

 . دًىاس حضائشي  40.8ؽ بعػش   62جدخاج 

 2م1.875لٍل   دًىاس حضائشي  662، ؤي  دًىاس حضائشي 353 مً الىسم الهابل للطو  2م1زمً  -

ل  - دًىاس  12.5ظاغاث اظتهلاى بما ٌعاوي  3ُ الى قُلم نهائي ٌػادُ 3زمً العانت المعتهلٌت لخدىٍ

 لُىم  ا/دًىاس حضائشي 100 امػذُ  حضائشي 

 : دًىاس حضائشي  162الاحمالي  العػشًطبح 

 3cm x 4cm =12cm2ًل ملطو ٌعخػمل نعؼ قُلم بإبػاد  -

-  ً   12cm2وحذة راث  1562الكُلم المشٍل الٌلي ٌعمح بخٍىٍ

 ديىاز حصائسي   0.1  وبالتالي فان الثمً الملدز للملصم المظتشعس الواحد هو

   

 المحوز الظادض : الىموذج الاولي التجسيبي 

ب  لملطو الاظدشػاسي مً مشبؼ وسقي مضاغل  ظم ًدىي  X  2ظم 2ًخٍىن الىمىرج الخجشٍ

الكُلم البِخالاًن  اليشىي بشٍل بُن  مداط بالعبهخرن الىسنُخرن مً الاغلى والاظكل، مؼ حهت وسنُت 

نابلت للطو جثبذ الملطو غلى الجهت الذاخلُت لؿلاف الخػلُب. ًجب ؤن ًدخىي المشبؼ غلى قخدت 
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وظعُت جٌشل الكُلم الزًي للػُان، مداط بذائشة لىهُت ظمٌُت معبىغت غلى الجهت الظاهشة للعبهت 

ت.        الىسنُت الػلىٍ

م، قان الذائشة °4باغخباس ان الػمش الاقتااض   للذحاج العاصج المباد المػلب هى زلار اًام في دسحت حشاسة 

 ء بالىان مخخلكت: الى زلار احضاظدىهعم المكخاحُت المدُعت بالكُلم 

ظاصج" fresh ، ًعبؼ بجاهبه ًلمت " الجضء الاوُ بلىن الكُلم الىظش  الؿرا معخػمل االىسدي  -

 .للذلالت غلى جىاحذه بالكتاة المثلى للاظتهلاى

، ًعبؼ بجاهبه ًلمت " الجضء الثاوي بلىن الكُلم ازىاء بذاًت الخػكً الؿزائي االبىكعجي الكاجح  -

ت للاظتهلاىeat nowاظتهلَ الآن   ." للذلالت غلى جىاحذه بالكتاة الضشوسٍ

قاظذ ، ًعبؼ بجاهبه ًلمت " الجضء الثالث بلىن الكُلم في نهاًت ضلاحُت المىخج االبىكعجي الذايً  -

inedibleًجب الخخلظ مىه قىسا. ." للذلالت غلى غذم ضلاحُخه للاظتهلاى 



 : هموذج العمل التجازي 10الملحم زكم 

 

 

 

 


