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ABSTRACT 
The aim of this study is to utilize of rice by-products by attempting produce a high value-added 
compounds. In the present work, cellulose was successfully isolated from rice straw and was 
chemically converted to hydroxyl propyl cellulose (HPC). At the same time, starch (s) was extracted 
from broken rice, then incorporated them into an edible film matrix by different ratios S/HPC: 4:1, 
3.5:1.5, 3:2 and 2.5:2.5 and evaluate its properties physically, mechanically and microbiologically, 
afterwards these films used practically for coating different samples from apple slices, strawberry 
fruits and potato scrips to extend its shelf-life when stored at 4oC. Samples quality was evaluated by 
measuring weight loss, visible decay, microbiological quality and sensory evaluation. Also a varied 
concentration 0.5, 1.0, 1.5 and 2.0% of rosemary extract were studied as antimicrobial agent after 
adding in the formula of S/HPC edible film structure. Firstly, about S/HPC characterization, results 
revealed that, the presence of high HPC contents up to 40% (C-treated) had an excellent effect on the 
mechanical properties of S/HPC membrane which increased the percentage elongation at break (%E) 
and enhance the lightness, while decreased somewhat the tensile strength (TS) and WVP rate 
proportionally to the HPC content in the blend. No significant difference was exhibited among films 
containing 50% HPC in the blend. A maximum zone of inhibition against E. coli (7.0 cm), S. aureus 
(10.0 cm) and B. subtilis (11.0 cm) were obtained with C-treated films incorporated with 2.0% 
rosemary extract. Secondly, about coated samples, results revealed that C-treated had a significant 
effect on reducing the weight loss and percentage of infected samples during the storage period if 
compared with uncoated samples. Moreover,  C-treated with 2.0% rosemary extract exhibited clear 
antimicrobial activity against TMAB, Coliforms, E-coli 0157:H7, S.aureus and Yeasts & Molds in all 
samples during the storage period. Regarding, sensory evaluation, more acceptance was observed up 
to 28 days storage at 4oC for coated apple & potato and up to 21 days for strawberry fruits. With more 
recently studies to provide and economically boost from rice by-products and maximizing the benefit 
of it, which represent 50% of the harvest, this study can added the ability for production of active food 
packaging with good characterization beside a little cost and permit finding economically boost for 
production nations. 
 
Keywords: Broken rice, rice straw, food packaging, hydroxyl propyl cellulose, starch, composite 

edible film. 
 
Introduction 
 

Rice is the second main foods consumed by humans after wheat in the world. It is a great staple 
carbohydrate sources. Approximately 680 million tons of rice is grown yearly around the world (Sanchez 
et al., 2018).  

Several wastes and by-products are generated in cultivating the rice depending on the strain of 
rice and technique utilized up to 45% of the yield is lost in the preparing process due to the discarding 
of the rice straw, husk, bran layer and moreover the broken rice (Lins-comb, 2006). 

The milling process is important because it improves the nutritional, cook time and sensory 
characteristics of rice (Dhankhar, 2014).  

Being able to utilize these byproducts in alternative industries would, therefore, improve the 
yield and sustainability or rice production which has a 2-fold contribution to food sustainability. 
Firstly, bioactive compounds and nutrients contained in by-products such as rice bran and husk can be 
extracted, providing use in food products, as well as generate indirect income (Iriondo et al., 2018).  
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On milling, Oryza glaberrima, commonly known as African rice produces around 50% whole 
rice, then approximately 16% broken rice, 20% husk, 14% wan and meal. Very small broken rice is 
called brewer's rice, mainly used for livestock feeding or for pet food industry (Aaron et al., 2019). 

Broken rice production was about 67.34 million tons, considering world rice production in 
2016 of 481 million tons (U.S. Dep. Of Agri. Service). This quantity justifies the need to add value to 
this by-product through the development of new products.  

Regarding, Egypt, the government cultivates 1.7 million fadan of rice produces 5.0 million tons 
of rice besides 5.0 million tons rice straw was generated (FAOS STAT, 2019). 

A lack of researches to evaluate the straw and broken rice constituents potential as food 
products source is observed.  

Lose cellulose 35%, hemicellulose 40% and lignin 10.2% are the major constituent of rice 
straw while starch is the major constituent of broken rice about 90% of the dry matter (Bambang and 
Nita, 2017).  

One alternative that must growing up is production of edible films using its components. Edible 
films and properties of several polysaccharide materials such as starch and cellulose, and its 
derivatives have recently been reviewed by Victor et al., (2011). 

Cellulose is composed of repeating D-glucose units, and its solubility can be increased by 
treating cellulose with alkali to swell the structure, followed by reaction with chloroacetic acid, 
methyl chloride or propylene oxide, to yield carboxy methyl cellulose, methyl cellulose, hydroxy 
propyl cellulose or hydroxy propyl methyl cellulose. These compound's film possess good film-
forming characteristic; films are generally odorless and tasteless, flexible and are of moderate 
strength, transparent, resistance to oil and fats, water-soluble, moderate to moisture and oxygen 
transmission (Krumel and Lindsay, 1976). 

On the other hand, starch is a polymeric carbohydrate composed of anhydroglucose units. They 
have been used to produce biodegradable films to partially or entirely replace plastic polymers 
because of its low cost, renew ability and its good mechanical properties. Starch alone does not form 
films with adequate mechanical properties (high percentage of elongation, tensile, and flexural 
strength) unless it is blending with other materials in a combination for best results (Fakhouri et al., 
2015). 

In general, due to their hydrophilic nature, polysaccharide films (starch, cellulose) show excellent 
mechanical and structural properties by different percentages, but they have a poor barrier capacity against 
moisture transfer. This problem is not found in lipids due to their hydrophobic properties, especially those 
with high melting points such as bees-wax and carnauba wax (Morillon et al., 2002). Therefore, 
polysaccharides and lipids can be used in combination with each other by means of the formation of an 
emulsion or through lamination with an hydrocolloid film lipid layer to form composite films (Jimenez et 
al., 2010). 

The aim of this work was: 1. To maximize the benefit of rice waste and by-products by production 
of active composite edible films based on blends of rice straw cellulose & broken rice starch, and enhance 
them with lipid layer and microbiological agent. 2. To evaluate the properties of these films physically, 
mechanically and microbiologically. 3. and finally, application these films for packing some vegetable and 
fruit samples in order to provide protection and extending its shelf-life and evaluate the sample quality 
during the storage at 4oC. 
 
Material and Methods 
 

Broken rice and rice straw were obtained from rice mill situated in Monofia governorate, 
Egypt. The fruits and vegetables were obtained from a local supplier.  

 
1. Chemicals and reagents:  

All solvents and chemicals were of analytical grade and obtained from Sinopharm Chemical 
Reagent Co. Ltd. (Shanghai, China). All reagent were obtained from Sigma Aldrish (Milwaukee, Wl, 
USA). 

 
 
 



Curr. Sci. Int., 9(4): 547-556, 2020 
EISSN: 2706-7920   ISSN: 2077-4435                                                   DOI: 10.36632/csi/2020.9.4.48 

549 

2. Microbial strains:  
Bacterial cultures of E-coli 0157:H7, Staphylococcus aureus and B. Subtilis were obtained 

from the laboratory of microbiology, Botany Dep. Faculty of Sci., Mansoura Univ. The strains were 
maintained on agar slants at 4oC and activated at 37oC for 24 h on nutrient agar before any 
susceptibility test.  

 
3. Isolation of cellulose from rice straw and production hydroxy propyl cellulose (HPC):  

 One kg of rice straw was treated with double amount of 4% NaOH solution (1:2) at 90oC for 
24 h. Then cellulose was separated by precipitate and filtration, followed by boiled with 10% (v/v) 
propylene oxide ratio 1:12 for 1 h to yield hydroxy propyl cellulose (HPC). HPC was dried in oven at 
40oC for 24 h and ground in mortar to get small and uniform particle size (Celebioglu et al., 2012). 
 
4. Extraction of starch from broken rice:  

One kg of broken rice was treated with 5-fold amount of 0.3% NaOH solution (1:5) at 50oC for 
24 h, then the water drained-off, and the starch granules were crushed and washed with water to get 
rid of all insoluble substances and the suspension product was filtrated and then dried in oven at 35oC 
for 24 h, followed by grounding and sifting to pass only a fine substances through a sieve (Aquino et 
al., 2015). 

 
5. Preparation of starch / HPC solutions:  

In order to obtain edible films, four percent of mixed starch/HPC at different rations: 4:1 (80 wt% of 
starch and 20% of HPC), 3.5:1.5, 3:2 and 2.5:2.5 respectively. Each sample was mixed with 100 ml 
distilled water, polyvinyl alcohol (1.25% w/v) was added as crosslink and 2 ml glycerol (40% w/v) also 
added as a plasticizer and 10% citric acid w/w at room temperature (as acidulant). The resulting solutions 
were mixed with 170 mg of bees wax. This suspension was transferred to a water bath at 90oC for 30 min. 
and agitated by a laboratory magnetic stirrer (500 rpm), followed by cooling at 40oC. If any insoluble 
remained, they were separated by vacuum filtration. The final solutions were homogenized again for 30 
min. after the addition of 0.5, 1.0, 1.5, 2.0 and 2.5% concentrated extract of rosemary (as antimicrobial 
agent) to each solution. The final solution was sonicated about 1 h in order to remove air bubbles or 
dissolved air.  

 
6. Methods:  
6.1. Application of edible coatings:  

In this study, samples of apple slices, whole strawberry fruits, and potato crisps were taken for 
application and these stages of coating are followed in Food Tech. Res. Institute Lab.: 

1- Preparation of coating solutions.  
2- Dipping of samples in solutions for 2-3 min. 
3- Shaking of samples for 5 min. for removing the excessive solution. 
4- Drying of samples in 10 – 15oC for 4 hours.  
5- Packaging in polyethylene pouches and storage of packs at 4oC for 28 days.  

The treatments were replicated twice for reliable results. Microbial examination, sensory 
properties (texture, brightness, flavor and over all acceptability) and statistical analysis were 
determined after 1, 7, 14, 21 and 28 days of storage at 4oC for the favorable treatment samples.  

  
6.2. Weight loss:  

Moisture evaporation can be detected with weight loss, it was monitored for 28 days at 4oC as a 
measurable quality attribute of coating. For all kind of coated products, every 7 days, three replicates 
of a sample of 10 units was weighed regularly to determine weight loss.  

 
6.3. Control of decay:  

The samples were examined regularly to detect mould and regarded as infected if a visible 
lesion was observed. Results were expressed as percentage of samples infected.  
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6.4. Microbiological analysis of coated samples (Apple, strawberry, potato): 
At each sampling interval, duplicate cases from each product were aseptically opened and a 

long portion was homogenized for 150 sec. in sterile stomacher bags containing 90 ml peptone water 
(1% w/v peptone). Serial dilutions were then made. Total mesophylic aerobic bacteria counts 
(TMAB) of samples were enumerated using Plate Count Agar, method proposed by Downes and Ito 
(2001) was used to enumerated total coliforms. Hi Crome Agar is a selective medium for E. coli 
0157:H7, Baird Parker agar + egg yolk tellurite emulsion (BPA: Merck) for Staphylococcus aureus 
(Holbrook and Anderson, 1980). Plate count technique FDA (1995) for Yeasts and Moulds counts. 

  
6.5. Sensory properties:  

The sensory panel consisted of eight experienced personnel of the department. The panelists were 
familiarized with apple slices, strawberry fruits and potato crisps samples during the storage and were 
asked to evaluate the samples for flavor, brightness, texture and general acceptance. The analysis was 
performed in the Food Engineering Res. Lab., under white fluorescent lights according to the 
specifications of the International Standards Organization, Iso DP 6638. Samples were given scores out of 
five points, where one represents the most liked (Macfie and Bratchell, 1989). 
 
7. Characterization of edible films:  
7.1. Film thickness:  

Film thickness was measured using a Mitutoyo micrometer (model MDC-25M, MFG/Japan). 
The final value represented the average of 10 random measurements taken at different parts of the 
film. 

  
7.2. Opacity:  

The opacity of the edible film was determined using a Hunterlab colorimeter (Colorquest II, 
FairFax, USA). The determinations were carried out in triplicate after calibration of the colorimeter 
with a standard white background and a standard black background. The values for opacity were 
calculated according to the following equations:  

Op = OpB/Opw x 100  
Where Op = opacity of the film (%), OpB = opacity of the film against a black background, Opw 

= opacity against white background.  
 

7.3. Water vapor permeability:  
Water vapor permeability (WVP) of edible films was measured according to a modified ASTM 

/ E96 standard test method (Espinel Villacres et al., 2014). The film samples were fixed in aluminum 
cells containing solid calcium chloride (relative humidity near to 0.01% at 25oC), and sealed with 
paraffin to ensure water migrating only through the exposed area of the film. The permeation cells 
were placed in desiccators kept at 25oC and 75% relative humidity. The amount of water vapor 
migrating through the film was determined indirectly by the gain in mass of the calcium chloride, 
which was evaluated every 24h.  

 
7.4. Mechanical properties:  

The tensile strength (TS) and elongation at break were determined using a TA-XT2 Texture 
Analyzer (SMS, Surrey, UK) which operated according to the ASTM standard method D882-83, with 
minor modifications (Jridi et al., 2013). 

 
7.5. Determination of antimicrobial activities:  

Antimicrobial activity of the C-treated film was examined for their inhibitory effect on the growth 
of E.coli 0157:H7, S. aureus and B. subtilis at varied concentration of rosemary concentrated extract (0.5, 
1.0, 1.5 and 2.0%). Test microorganisms were aseptically inoculated in 20 ml of tryptone soya media 
broth. (TSB) and subsequently incubated at 37oC for 16 h. Each cultured broth was centrifuged at 2000 
rpm for 10 min. and the cell pellets were suspended in 100 ml of sterile TSB and diluted 10 times with 
sterile distilled water. 20 ml of diluted broth (106-107 cFu/ml) was taken into 100 ml conical flask 
containing 100 mg of film sample and subsequently incubated at 37oC for 16h under mild shaking. The 
same diluted broth without film sample was used as the control. The cell viability of each microorganism 
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was calculated by counting bacteria colonies on the plates at 0, 4, 8, 12 and 20 h. Antimicrobial tests were 
performed in triplicate with individually prepared films (Shanker et al., 2015). 

 
Statistical analysis:  

All data were subjected to analysis of variance, Duncan's multiple range tests at (P<0.05) level 
to compare between means. The analysis was carried out using the PRO ANOVA procedure of SAS 
Program (1996). 
 
Results and Discussion  
 
1. Weight loss:  

Results given in Table (1) showed that all samples lost weight during storage; however, the 
rates of weight loss determined from the slope values were significantly greater for uncoated samples 
than that of coated one: (P < 0.05). At the end of storage, the control samples lost 7.5, 9.8 and 6.9% of 
the total weight for apple slices, strawberry fruits and potato crisps respectively. There was also a 
slight difference (P > 0.05) the percentage of weight loss within the coated samples, being the least 
weight loss for films of 40% and / or 50% HPC. The lossing percentages were 5.4, 5.0 and 4.0% of 
total weight after 28 days storage at 4oC in apple, strawberry and potato samples respectively. 
 
Table 1: Weight loss% of product samples as a function of storage time at 4oC. 

Treatment  
Weight loss % 

Storage periods per days 
7 14 21 28 

Apple slices 

Control 3.9 5.7 6.4 7.5 
A 3.7 5.0 5.8 6.3 
B 3.6 4.5 5.2 5.8 
C 3.5 4.3 4.9 5.4 
D 3.5 4.3 4.9 5.4 

Strawberry 

Control 5.0 7.0 8.5 9.8 
A 4.2 5.5 6.6 7.2 
B 3.6 4.7 5.4 5.9 
C 3.2 3.9 4.5 5.0 
D 3.1 3.9 4.4 5.0 

Potato crisps 

Control 3.6 4.5 5.7 6.9 
A 3.3 4.0 4.6 5.2 
B 3.0 3.7 4.3 4.6 
C 2.8 3.3 3.7 4.0 
D 2.8 3.4 3.7 4.0 

A: Film of 80% starch & 20% hemicellulose.  B: Film of 75% starch & 25% hemicellulose.  C: Film of 66.6 starch & 

33.4% hemicellulose. D: Film of 50% starch & 50% hemicellulose. 
 
2. Effect of coating films on decay:  

Also decay percentage in coated samples were decreased obviously during storage. A 
comparison of the decay of control samples and their coated ones (Table 2) indicated that C-treated 
and / or D-treated inhibited the decay percentage by more than 64% (at least) as compared to that of 
control samples of both apple slices, strawberry and potato crisps. It can be deduces that increasing 
the percentage of HPC up to 40% in edible film solutions provide a good water vapor barrier. Kaster 
and Fennema (1986) demonstrate that certain polysaccharides, such as cellulose derivatives, applied 
in the form of high moisture gelatinous coating, can retard moisture loss from coated foods by 
functioning as sacrificing agents rather than moisture barriers and because its lowest hydrophilic.  
 
 
 
 
 
 



Curr. Sci. Int., 9(4): 547-556, 2020 
EISSN: 2706-7920   ISSN: 2077-4435                                                   DOI: 10.36632/csi/2020.9.4.48 

552 

Table 2: Percentage of infected samples of different treatments during storage at 4oC for 28 days. 

Treatment  
Infected samples % 

Storage periods per days 
7 14 21 28 

Apple slices 

Control 1.0 1.5 4.0 10.5 
A -- -- 3.5 7.5 
B -- -- 2.0 6.0 
C -- -- 1.5 3.5 
D -- -- 1.0 3.5 

Strawberry 

Control 3.5 11.5 21.0 37.5 
A 2.0 6.5 13.0 20.0 
B 1.5 4.0 8.5 16.0 
C -- 2.5 6.0 10.5 
D -- 1.5 5.5 10.0 

Potato crisps 

Control 1.5 4.0 8.5 14.0 
A -- -- 4.0 8.5 
B -- -- 3.5 6.5 
C -- -- 2.5 5.0 
D -- -- 2.5 5.0 

 
3. Characterization of Starch / HPC films:  

A composite film of edible coating was prepared with a blend of polysaccharides; rice starch 
and straw's cellulose and lipids; bees wax. It is considered with the aim of taking advantage of the 
properties of each compound and the synergy between them.  

The consistency of these bioplastics were visually homogeneous and easily detached from the 
petri dishes.   

Analyzing the data presented in Table (3), it can be observed that the thickness of the films was 
between 0.049 and 0.084 mm with little difference among the films. The thickness of all biofilms 
decreased by the increasing of HPC percentage in the composite film. This result is surprising in light 
of the fact that polymer chain of cellulose more tight than that of starch chain (Victor et al., 2011). 
 
Table 3: Thickness, tensile strength (TS), elongation at break (E %) and water vapor permeability 

(WVP) of Starch/HPC films. 

Films Ratio 
Thickness  

(mm) 
TS  

(MPa) 
E  

(%) 
WVP x 10-9  
(gm/m2 PaS) 

S/HC 

4:1 0.084 99.69 + 2.43 12.35 + 0.12 7.28 + 0.14 
3.5:1.5 0.068 92.05 + 2.30 17.44 + 0.36 5.93 + 0.38 

3:2 0.053 84.75 + 1.50 23.06 + 0.24 4.32 + 0.29 
2.5:2.5 0.049 82.25 + 1.37 26.18 + 0.30 7.27 + 0.08 

 S/HC: Starch: Hemicellulose 

 
Values was given as mean + standard deviation and any two means in the same column 

followed by the same letter were not significantly different (P>0.05) 
Results shows that films possess more flexible (E%) by increasing HPC percentage in the 

blending membrane if compared with starch. In contrast, TS decreased by increase the percentage of 
HPC in the blend solution of the film. It might be because cellulose derivatives less strength than that 
of starch (Liu et al., 2016). 

WVP is the most extensively studied property of edible films mainly because of the importance 
of the water in deteriorative reactions and low WVP values are preferable. Table (3) shows that WVP 
of starch/HPC films decreased with the increase in cellulose concentration. When more HPC is 
present in the formulations lesser amounts of water may be observed by the films considering, its 
hydrophilic nature was smaller than that of starch hydrophilic nature (Onoja et al., 2019). It can 
observed that no significant difference (P>0.05) was exhibited among films containing 40 and/or 50% 
HPC about their effect on WVP parameter which was 4.32 and 4.27 respectively. 

The effect of different concentration of starch and HPC in the formula of film solution on the 
optical properties are shown in Table (4). Hunter a value did not change significantly, whereas Hunter 
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L and b values of the film was affected by starch:HPC ratio in the blending membrane due to their 
different linear structures of them. With increasing HPC concentration, Hunter L value increased from 
66.06 to 76.14 and b value decreased from 42.18 to 33.17. In addition the opacity of the Starch/HPC 
film decreased when HPC increased in the formula of the film was increased. It may be because 
cellulose structure more linear than starch structure and renders the films more transparent. 
 
Table 4: Optical properties of starch-based films containing various concentration of HPC. 
Hemicellulose (%) L A B Opacity 

20 66.06 + 0.10 -6.17 + 0.09 42.18 + 0.25 1.41 + 0.11 
30 71.27 + 0.04 -5.33 + 0.16 38.34 + 0.17 1.30 + 0.02 
40 75.15 + 0.14 -4.25 + 0.03 34.49 + 0.11 1.19 + 0.08 
50 76.34 + 0.20 -4.01 + 0.22 33.17 + 0.34 1.12 + 0.22 

Values are given as mean + standard deviation and any two means in the same column followed by the same letter 
were not significantly different (P > 0.05). 

 
Concisely, in this study, Starch/HPC film inhibited a good physical and barrier properties. 

Increasing HPC content up to 40% in the formula of the composite film was adequate and effectively 
improved the E%, WVP, and optical properties of the film, but decrease somewhat TS (Young's 
modulus). 
 
4. Antimicrobial activity of different concentration of rosemary in film solutions:  

In the present study, the antimicrobial effect of the different concentrations of rosemary extract 
was studied on three diverse bacteria (Table 5). The diameter of inhibition zones indicated that 
samples of 2.0 and 2.5% rosemary extract had the strongly effect than the samples of other 
concentrations, which inhibited species of bacteria including E-coli 157:H7 (7.0 cm), S. aureus (10 
cm) and B. subtilis (11.0 cm). in this study, B. subtilis was found to be more sensitive than E. coli 
157:H7 and S. aureus. Also results shows that no significant change between the effect of 2.0 and 
2.5% rosemary concentration as antibacterial agent in the edible coating membrane, therefore, 2.0% 
concentration was more suitable. The last finding was in agreement with Aboul Enien et al., (2016), 
who revealed that rosemary extract has the best antibacterial activity which contain much 
phytochemical components like polyphenols and tannin compounds, therefore, incorporated it in food 
packaging as antimicrobial agent can be of great significance.  
 
Table 5: Antimicrobial activity of C-treated film at four serial concentration of rosemary 

antimicrobial agent.  
Pathogenic 
strains 

Diameter of Inhibition zone (cm) 
0.5% 1.0% 1.5% 2.0% 2.5% 

E.coli 0157: H7 2.40 + 0.10 4.26 + 0.09 5.75 + 0.09 7.68 + 0.02 7.92 + 0.13 
S. aureus 6.46 + 0.28 7.95 + 0.25 9.12 + 0.15 10.30 + 0.11 10.59 + 0.09 
B. Subtilis 8.87 + 0.15 9.05 + 0.02 10.41 + 0.16 11.55 + 0.07 11.66 + 0.01 
P values is statistically highly significant at the 0.001 level.  

 
5. Effect of C-treated film with 2.0% rosemary on samples shelf-life:  

The antimicrobial activity of 2.0% rosemary-containing Starch/HPC films of apple slices, 
strawberry fruits and potato scrips samples were analyzed by the total mesophilic aerobic bacteria, 
total TMAB coliforms, E. coli 0157:H7, S. aureus and Yeast & Molds  during 28 days of storage at 
4oC. The result obtained was compared with the small uncoated samples (Table 6). Results exhibited 
clear antimicrobial activity against all the microbial flora studied. It has been found that the numbers 
of TMAB and Y&M counts at the end of storage (28 days at 4oC) increased in uncoated samples five 
& nine-folds respectively than that of coated ones. Also there are lowest increase in total coliform, E-
coli 0.157:H7 and S. aureus counts in the latter samples. Briefly, rosemary is considered one of the 
favorable and active antimicrobial agents for adding to edible coating membrane for maintaining the 
safety and extending the shelf-life of packaged food.  
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Table 6: Effect of C-treated edible film incorporated with 2.0% antimicrobial agent (rosemary) on the 
shelf life of samples. 

Samples 
Storage 
per days 

Microbial flora 
TMAB(*)  
CFux102 

Total coliforms 
CFu/g 

E.coli 0.157:H7 
CFu/g 

S. aureus 
CFu/g 

Yeast & molds  
CFu/g x102 

Apple slices 

0 
A 7.6 2 ND* 2 1.2 
B 7.6 2 ND 2 1.2 

14 
A 304 5 ND 15 14 
B 94 4 ND 3 2.6 

28 
A 900 12 ND 29 28 
B 181 9 ND 5 3.0 

Strawberry 

0 
A 98 5 1 17 13.2 
B 98 5 ND 17 13.2 

14 
A 440 11 4 45 97.0 
B 168 7 1 31 18.8 

28 
A 1188 21 7 80 227.0 
B 127 11 2 55 25.2 

Potato scrips 

0 
A 64 3 ND 8 3.2 
B 64 3 ND 8 3.2 

14 
A 155 8 ND 44 46 
B 102 4 ND 19 5.7 

28 
A 707 15 ND 70 11 
B 140 8 ND 38 12.2 

(*) TMAB: total mesophilic aerobic bacteria.   
ND: not detected in 10 gm.    A: uncoated samples.   B: coated samples. 

 
6. Sensory evaluation results:   

Changes in sensory analysis scores of apple, strawberry and potato samples during storage for 
28 days at 4oC are presented in Table (7). Samples were evaluated in terms of flavor, brightness, 
texture and general acceptance. As seen in Table (7), no significant changes reported in flavor, texture 
and brightness scores of samples up to 14 days and then the scores were decreased significantly 
(P<0.05) afterwards. At the end of storage period, the lowest acceptance scores were obtained for 
strawberry fruit samples only, while the higher acceptance scores were obtained for apple and potato 
samples, which at the end of 28 days storage period, received six points out of nine.  
 
Table 7: Mean of the attributes in the sensory evaluation for the shelf-life of  

C-treated (with 2.0% rosemary apple slices, strawberry fruits and potato scrips samples 
during 28 days of storage at 4oC. 

Parameters Samples 
Storage time at 4oC 

1 day 7 days 14 days 21 days 28 days 

Flavor 
Apple 8.7a 8.4a 7.9a 7.1a 6.3a 
Strawberry 8.8b 8.5b 7.8b 6.6b 4.3b 
Potato 8.5a 8.2a 7.8a 7.0a 6.2a 

Brightness 
Apple 8.8a 8.2a 7.9a 7.3a 6.5a 
Strawberry 8.2b 8.0b 7.4b 6.7b 5.5b 
Potato 8.9a 8.4a 7.9a 7.2a 6.4a 

Texture  
Apple 7.9ab 7.6a 7.4a 7.1a 6.9a 
Strawberry 7.7c 7.4c 7.0b 5.8b 3.8b 
Potato 7.9a 7.5a 7.3a 7.0a 6.8a 

General 
acceptance 

Apple 7.8a 7.6a 7.2a 6.9a 6.5a 
Strawberry 7.5c 7.3c 6.9b 5.6b 4.5b 
Potato 7.8ab 7.5a 7.1a 6.8a 6.4a 

Scores for the global appearance, flavor, brightness, texture and general acceptance.  1: disliked extremely; 2: disliked 
very much; 3: disliked moderately; 4: disliked slightly; 5: liked/disliked; 6: liked slightly; 7: liked moderately; 8: liked 
very much; 9: liked extremely.  
Means with different letters for the same parameter in the same column are significantly different (P<0.05), according 
to ANOVA and the Tukey's test.  
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This evidenced that 2.0% of rosemary concentration in the emulsion of the edible casing membrane 
was more active as antimicrobial agent. Also, adding bees-wax in the emulsion-based films lowered 
significantly O2 and water vapor permeability by forming a stable layers on the surface of samples. 
The smaller the lipid globules and the more homogeneously distributed, the lower O2 & water vapor 
permeability (Fakhouri et al., 2015).  

From the results of the sensory evaluation, we can concluded that C-treated film, which 
incorporated with bees-wax and 2.0% rosemary extended the shelf-life of the samples studied up to 28 
days at 4oC for apple slices and potato scrips and up to 21 days for strawberry fruit samples. This in 
an important result because it means that the Starch/HPC composite formula can be used to cover 
whole fruits and/or fruit slices and scrips since its acceptability is perceptible by the consumers up to 
3-4 weeks storage at 4oC. 
 

Conclusion  
The current investigation aimed to take the advantage of the properties of cellulose which 

successfully isolated from rice straw and starch which extracted from broken rice. This approach 
enables one to utilize the distinct functional characteristics of each class of film former. Addition 40% 
HPC to the starch-based emulsion composite film and introduced it with bees-wax layer showed a 
beneficial effect on its mechanical and structural properties and reduced weight loss and number of 
infected of coated samples during 4 weeks of storage at 4oC. Also it maintained the visual quality and 
enhanced the oxygen permeability.  

The films presented a potential antimicrobial ability by the incorporation of 2.0% rosemary 
during 28 days storage of samples at 4oC. The sensory evaluation of the coated samples showed that 
Starch/HPC composite films formula at ratio 3: 2 (Starch: HPC) with 2% rosemary as antimicrobial 
agent maintained the consumer acceptance up to 28 days storage at 4oC for apple and potato samples 
and up to 21 day for strawberry fruit samples.  
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