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ABSTRACT 

This study was aimed to investigate the coating of nanoparticles to minimizing harmful of  

chemical fungicide in fruit industrial sector. The Effects of coating fruit surface with different 

concentrations of Nano-silver  on the development of mycelium growth of, Penicillium 

digitatum and Aspergillus niger during storage were estimated. Coated treatments with silver 

recorded fully reduction of the fungal growth (100%,) on surface of  fruit  with concentration 

of 50 ppm and 100 ppm as compared with uncoated samples and fungicide. Also, the 

treatment with 100ppm of silver showed a significant decrease in weight loss compared with 

uncoated fruit. Application of nanotechnology can be an important way to replacing  chemical 

fungicides in agricultural sector  in future with regard controlling fungal  post-harvest rot in 

stored  fresh fruit. 
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 خليل وآخرون                                                         1673-1668:(6(50: 2019-مجلة العلوم الزراعية العراقية 

الفطرياتطلاء ثمار البرتقال بجسيمات الفضة النانوية لتقليل التلوث البيئي الناجم عن مبيدات   
 رنا ابراهيم خليل1                       3عائشة مهنا محمد            2غسان فارس عطية

1كلية الهندسة, جامعة سامراء, سامراء, العراق  
2كلية التربية , جامعة سامراء, سامراء, العراق  

3كلية التربية ابن الهيثم, جامعة بغداد, بغداد, العراق  

  المستخلص
هدفت الدراسة الحالية الى استخدام  تقنية طلاء الجسيمات النانوية لسطح ثمار البرتقال  لتقليل الاثر الضار لمبيدات الفطريات 

الفضة على نمو -الكيميائية في قطاع صناعة الفواكه. تم تقدير تأثيرات طلاء سطح الفاكهة بتركيزات مختلفة من النانو
Penicillium digitatum and Aspergillus niger  أثناء التخزين. سجلت المعالجات المطلية بالفضة انخفاضًا تامًا في

جزء في المليون مقارنة بالعينات غير المطلية  100جزء في المليون و  50٪( على سطح الفاكهة بتركيز 100نمو الفطريات )
ضة انخفاض كبير في فقدان الوزن مقارنة مع جزء في المليون من الف 100ومبيدات الفطريات. أيضا ، أظهرت المعاملة مع 

الفواكه غير المطلية. يمكن أن يكون تطبيق تقنية النانو وسيلة مهمة لاستبدال مبيدات الفطريات الكيميائية في القطاع الزراعي 
 في المستقبل فيما يتعلق بالسيطرة على الفطريات بعد الحصاد في الفواكه الطازجة المخزنة.

نانو الفضة, البدائل المحتملة, الكيمياويات المصنعة, ثمار البرتقال حيه: كلمات مفتا      
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INRODUCTION 

Nanoparticles a successful and active tool for 

evolving and working according to the 

requirements of technological and can 

increasing advantages of sciences in different 

sectors (11). Moreover, can be using this 

material for more uses with some modified 

and without introducing too much interference 

depending on purpose of using to simplify 

their applications in many sector  such as 

agriculture, biological and medicine science 

(6). Using Nanoparticles materials as an 

emerging technology and a novel 

antimicrobials method, with the growing idea 

of using more effective methods, cheaper and 

easier and safer for humans and the 

environment. One of the  potential applications 

of  Nanoparticles are to food packaging and 

management of plant diseases. The unique 

physical and chemical properties of these 

materials increases activity of microbial 

through destroy fungi and bacteria without 

toxicity effect on the near tissue (19 , 27). 

Using of nano-technology as alternative to 

chemical pesticides in controlling on pathogen 

such as fungi and bacteria had become a 

necessary requirement to replace it. After 

recorded negative impact by widely using for 

such as those chemicals on  human, animals 

and environment (4 , 12 ). Nanoparticles such 

as silver are known to attack a wide types and 

difference of microbial, microorganisms effect 

of nano-silver on bioprocesses, functions and 

structure and membranes of cell and inhibit 

ATP production (14 , 23).  Nano- silver have a 

multiple modes of inhibitory infection agnist 

different  various plant pathogens in a 

relatively safer way (13 , 22) . Until now 

limited reported has studied and provided 

activity of coating nano-silver in controlling 

post-harvest rot under storage condition .The 

objective  of current study to evolution of 

using silver nanoparticles as the alternative of 

fungicide to controlling on rot fungi and 

increase shelf life orange fresh fruit. 

MATERIALS AND METHODS 

AgNPs solution preparation 

AgNPs, WA-CV-WA13B (CV) were used in 

this experiment. Four concentration of AgNPs 

of stock solution prepared ranged between 100 

to 12.5 by diluted with distilled water. The 

solutions  stored at 4℃ until use in the  next 

step . 

Fruit ccollection 

Citrus fruit (orange) of medium size and in 

good physical conditions such as being; 

damage, insect and disease free, were 

purchased from local market in Samarra city, 

Iraq. They were brought  and kept under cool 

condition in laboratory, then had used on the 

next day for the experiment 

Preparation of fruits  

Stored fruits(orange)washed by water, air-

dried , after that  sterilized using alcohol 

(ethanol 70% ) and left until dried. The fruits  

were then  randomly divided into six groups  

(Four for nano-treatment + two controls). 

Fruits were wounded at a (5mm/depth) and 

(1.mm / diameter) using clean and sterilized 

needle. Then, the wounded fruit inoculated by 

spraying with the prepared suspension of fungi 

spores . The treated fruit was left for an hour 

after spraying to stabilize the spores on the 

wound. After that, the coated and sprayed 

fruits were packaged in box carton  

(40x40x30cm) and incubated under room 

condition (25ºC±2 and 65-75 % RH) for 21 

days. Then the formation of fungal rot and 

shelf life for fruit were recorded. The 

experiment repeated with three replicate trials 

of five fruits per replicate were carried out 

using the Completely Randomized Design 

(RBD). 

Fungal decay 

The Fungal decay of stored fruit was evaluated 

after 21 days under the storage conditions. The 

percentage of infection was determined using 

the scale of 1-5 (25) as explained  in table.1. 

Table1. Percentage of infection fungal decay 

index 

Loss Shelf  Life Fruit  

The percentage of loss shelf life  fruit 

calculated after 21 days from stored employing 

the following equation  (12). 
  W L % = W.L before storage-W L after storage  ×100 

                                    W L before storage        

Percentage infection                         Remarks 

0 Clean 

1-5 Trace 

5-15 Slight 

15-30 Moderate 

>30 High 
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Data collection and Analysis  

Data was collected and analysed using analysis 

of variance (ANOVA). Duncan’s Multiple 

range test (P ≤ 0.05) used  to determined 

significant difference between means  values. 

Analysis of variance (ANOVA) which were 

per-formed using SPSS version 23-2016 

(SPSS Inc, Chicage,USA). 

RESULT AND DISCUSSION   

Fungal decay index 

The effect of friut coating with different 

treatments  of Silver (100 to12.5 ppm) on the 

development of mycelium growth of, P. 

digitatum and A. niger (colony diameter/cms) 

on the orange fruit surface during storage for 

21 days at 25
o
C±2 and 65-75% RH is shows in 

Table 2. The rate of growth inhibition in 

coated friut with different concentration of  

silver recorded increases percentage  as 

compared with uncoated fruit. The results 

showed decline  of the  fungal decay index by 

P.digitatum and A.represented by 6.6% and 

11.1% at a concentration of 12.5ppm 

respectively, while the uncoated fruits had a 

percentage of growth of, 81.1% and 91.1% 

respectively.  At concentration of 25 ppm, no 

growth observed for P. digitatum while for A. 

niger we observed a growth of 2.2% only. 

Nevertheless, no growth observed for both 

fungi at 50, 75 and 100 ppm of Silver. While 

coating the fruits with 12.5ppm or fungicide 

showed approximately same result. The decay 

index rate of growth for Green mold and  

Black rot was, 6.66  and 11.10  respectively. 

Also, there was no statistical difference (P ≤ 

0.05) between  25, 50 and 100 ppm treatments. 

The three dilution exhibited significant 

decrease in disease severity trace degree to 

completely inhibition of infections (0%), while 

with 12.5ppm  and fungicide the recorded was, 

6.66 and 11.10 decay index for P. digitatum 

and A. niger respective.results of this study 

coincide with the previous studies using 

nanoparticles as antimicrobial components 

such as titanium dioxide, zinc oxide and 

magnesium oxide and can be employed a safer 

method in food packaging. Also cheaper and 

safer than from chemical  fungicide (9, 10, 

24).  In finding  of (21) finding that, used 

Nano-particle and nanomaterial technology in 

synthesis chemical and biological pesticides  

led to higher efficiency compared with 

conventional pesticides.  Probably due to some 

of the properties of nanostructures such as, 

small-sized, low toxicity, high mobility, higher 

surface area and higher solubility. Also, the 

findings of  (2 , 18) are in agreement with our 

result that, Nano silver increased inhibition 

growth  of  fungi that isolated from fresh fruit.    

Fruits shelf life 

The effect of different concentration of 

coatings and period storage  on weight loss 

presented in Table.3 and Fig.1. Both storage 

period and type of coating material showed a 

significant impact on percentage of weight loss 

for coated fruit with  recorded low  percentage 

of  weight  in coated fruit  oranges  compared 

with  uncoated fruit. The high percentage of  

weight loss recorded after four week from 

storage with mean value ranged between 4.9 to 

6 % . While short time storage (7  days) had 

low percentage were  there were 2.9 to 5%  

compared with uncoated fruit that recorded 

high loss of weight reached to 10.3 and 18.76 

for first week and fourth week sequentially. 

Regarding effect of concentration on weight 

loss, the mean weight loss at 100ppm, 50ppm, 

25ppm and 12.5ppm were 3.8%, 3.9%, 5.42%, 

and 5.5% respectively ,while  uncoated  fruits 

were 13.66%  after four weeks of storage. 

Results from Table.3 using nano-silver with 

concentration 100ppm shows a significant 

decrease in weight loss compared with 

uncoated fruit and other treatment 

Table2. Effect of coating fruit with different 

concentrations of Silver (12.5 to 100 ppm) 

on the development of mycelium growth 

Penicillium digitatum and Aspergillus 

niger(colony diameter/cms) on the orange 

surface during storage for 21 days at 

25
o
C±2 and 65-75% RH 

Treatments 

(ppm) 

Penicillium 

digitatum 

Aspergilius 

Niger 

**Infection 

12.5 6.66 
b
 11.10 

c
 Slight 

25 0 
a
 2.22 

b
 Trace 

50 0 
a
 0 a Trace 

1000 0
a
 0 

a
 Trace 

Water 86.66 
 c
 91.10 

d
 High 

Fungicides 6.66 
 b

 11.10 
c
 Slight 
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Table.3 Effect of coating fruit using nano-

silver solution on weight loss  (%) that 

storage at 25±2
o
C and 65- 75 % RH for four 

weeks(28S) days 

* Alphabets different in the same columns shows 

significant difference at (P≤0.05) between 

concentrations  and average was  calculated from 

three replicates.  

Figure 1. Effect of fruit coating using nano 

silver on weight loss  (%) at 25±2oC and 65- 

75 % RH, storage period for 28 days). 

Active coating  using  nano-silver may be 

helped to improve and modify the atmosphere 

around the fruits, thereby educated or  

preventing levels  of O2 and CO2 through 

surface of coated  fruit which impact on 

respiration metabolism with possibility of 

produce off-flavour (19, 20 , 21). Current  

results were showed a rise in weight loss 

ranged  from 5.7 %- 6% at 25 and 12.5 ppm 

concentration respectably. Our findings are in 

agreement with the  finding of both, (22 , 23) 

in that, the coating of fruit by some materials 

such as chitosan, crude leave plant extract of 

apple and papaya did not influence percentage 

of weight of stored fruits. The effect was 

inhibition of fruit decay percentage. Also the 

results of this study coincide  with the finding 

of (24 , 25 ) that, applied materalis of  nano-

packaging improving  quality of  fresh fruit 

and vegetables through modify storage 

condition  as compared with traditional 

packaging. Nevertheless, the study of (26 and 

27),reported that, Nano encapsulation of active 

compounds used in edible coating have had  

controlled the rates of many factors such as 

humidity and temperature or critical conditions 

and thus, enhancing their stability and 

viability.  The result of this study confirmed 

the with finding of (28) in that, the Nano-

emulsions and Nanoparticles improved 

properties of barrier and increase the 

functionality of coating and allow for more 

efficient control of coating properties with 

better distribution and homogeneity on the 

coated fruit skin. The application of coating 

nano-materials enhances the quality of fresh 

fruits by decrements of fungal decay index and 

increase the lengthen of fruit shelf life as an 

alternative to the commercial fungicide 
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