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ABSTRACT 
 
Coated paper was prepared for wheat flour package to protect it from (Tribolium 
confusum) insect infestation. Neem was extracted from neem tree leaves 
(Azadirachta indica), and the neem extract/alginate coated paper was prepared. 
Three concentrations of neem extract 5, 10 and 20% (w/v), alginate of 6% (w/v) 
and blends of neem extract/alginate solutions were prepared and used as paper 
coatings with different coating film thicknesses. Wheat flour was stored in the 
prepared coated paper up to 90 days. The results showed that neem extract 
solutions have very low viscosities, which affected negatively on paper porosity 
and tensile strength. Blending of neem extract with alginate improved all coated 
paper mechanical properties (tensile strength, stretching percentage of tensile 
energy absorption, bursting strength and tensile and binding stiffness). The 
maximum percent of reduction in progeny (78.78%) was obtained in paper 
package coated with the blend N3/A (20% neem extract and 6% alginate) at 
higher coating film thickness of 50 µm and at 90 days of storage time. 
 
Key words: Coated paper, mechanical properties, neem extract/ alginate, insect 
infestation, Wheat Flour, paper packages 

 
 
 
INTRODUCTION 
 
Paper has several advantages over plastics, such as 
degradability, low cost and permeability (Rudra et al., 
2013). It is a biodegradable material with versatile 
applications in packaging and printing. It can also be 
utilized for agricultural and food purposes. Generally, 
paper is coated with non-degradable polymer to provide 
barrier properties (Sothornvit, 2009). An increasing 
attention has been paid to the development biodegradable 
packaging materials due to the environmental waste 
problems caused by non-biodegradable packaging 
materials (Youssef et al., 2013). 

Natural polymers or biopolymer coatings on paper 
packaging materials can serve as barriers in many food 
packaging applications. Polysaccharides, such as starch, 
alginates, carrageenan, and chitosan, are excellent gas, 
aroma, and lipid barriers in paper coating. Alginates are 

generally used in sizing and/or coating paper to produce 
surface uniformity. Moreover, they act as efficient vehicle 
for incorporating various additives (Khwaldia, et al., 2010). 
Such biodegradable coatings have the potential to replace 
current synthetic paper coatings, such as polyethylene, 
polyvinyl alcohol, rubber latex, and fluorocarbon in food 
packaging applications (Han and Krochta, 2001). 
Plasticizer is required in biopolymer coatings to overcome 
the brittleness of coating film, to accomplish enough 
flexibility of coatings.(Khwaldia, 2013). 

The knowledge of rheological properties of blends is 
necessary for a successful product formulation and 
engineering scale up (Bhandari, et al., 2002). The 
rheological behavior of paper coatings is an important 
property for paper runnability. Undesired rheological 
behavior  can  easily  affect  negatively the coating machine  
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runnability (Laine, 2015). 

Storage in its overall meaning covers some complex and 
critical functions. It provides for the physical safety of food 
grains for longer periods and prevents quality losses of the 
grain including its nutritional value (Kabbashi and Hassan, 
2014). Insects cause a lot of damage to stored grains and 
flour, where the prevailing climates create conditions 
favorable to insect multiplication (Lal, 1990). Some adult 
insects of stored products can pass through holes less than 
1 mm in diameter and their larvae can enter through even 
smaller holes (Cline and Highland, 1981).  

Plant materials have been used as insect repellant for 
stored grains. Medicinal plant extracts are utilized as bio-
pesticides in pest management programs and in 
optimizing food security (Sagheer et al. 2014). The Indian 
neem plant is the most well-known example and its 
various parts, namely, leaves, crushed seeds, powdered 
fruits, oil, have been used to protect stored grain from 
insect infestation (Rajashekar et al., 2012). The scientific 
name of neem is (Azadirachta indica) and belongs to the 
family 'Meliaceae'. Neem compounds belong to a general 
class of natural products called tri-terpenoid limonoid 
(Dubhashi et al., 2013). Due to the problems related with 
the indiscriminate use of artificially made insecticides, 
many scientists have focused on the search for active 
naturally occurring essential plant products. The botanical 
insecticides are safe for environment, as well as human 
health (Sagheer et al., 2013). 

The aim of the current study was to prepare coated 
paper package to protect wheat flour from insect 
infestation. Neem extract solution was selected as paper 
coating because it is environmental friendly material and 
as insect repellent to prevent insect from penetrating or 
invading flour paper packages. Alginate was used for paper 
coating to control viscosity and as carrier for neem extract. 
The rheological properties of neem extract, alginate and 
neem extract /alginate blend solutions and their effect on 
coated paper physical and mechanical properties were 
studied. This study extended to explore the effect of neem 
extract solution, at various storage periods against 
different concentrations of neem extract and 
neem/alginate blends, on population build-up of the insect, 
Tribolium confusum. 
 
 
MATERIALS AND METHODS 
 
Neem leaves were collected from the naturally grown 
plants at Agriculture research center, Giza, Egypt. T. 
confusum insect, known as flour beetle, was obtained from 
Plant Protection Research Institute (PPRI), Giza, Egypt. It is 
a common pest insect known for attacking and infesting 
stored wheat flour and grain. Alginate was supplied by 
Qualikems Fine Chem PVT Ltd, glycerol was from Alnasr 
Company for chemicals, Egypt, and Wheat flour(72%) was 
obtained from local market. Paper sample of 80 g/m2 was 
selected to be coated in this study. 

Procedure 
 
Preparation of neem extract and its blend with alginate 
 
Neem leaves were washed and dried on laboratory 
benches at room temperature (25-30°C) for about 5 days 
and after they were completely dried, they were grained. 
Different concentrations of neem extract/water 5, 10 and 
20% (w/v), these samples named N1, N2 and N3, were 
prepared.  

A solution of 6% alginate (w/v), sample A, was prepared 
by mixing 6 g alginate with 100 ml distilled water. The 
prepared alginate was blended with the three prepared 
concentrations of neem extract (1:1), N1/A, N2/A and 
N3/A,  using glycerol (1%) as plasticizer.  
 
 
Rheological measurement of neem extract and neem 
extract  /alginate blends 
 
The rheological properties of the prepared neem extract 
and its blends with alginate were studied to investigate 
their flow behavior, which is an important factor for 
coating runnability. 

Rheology measurements were carried out using 
Brookfield Digital Rheometer, model HA DVIII Ultra 
(Brookfield Engineering Laboratories INC.) at shear rate of 
9.3-93 s-1. The prepared coatings were placed in a small 
sample adapter; the SC4-21 spindle was selected for the 
samples measurements. A thermostatic water bath 
provided with the instrument was used to regulate the 
sample temperature. The rheological parameters were 
measured at room temperature of 30°C for all studied 
samples. 
 
 
Preparation of coated paper  
 
Paper samples were cut to overall dimensions of 20 × 30 
cm2 and were conditioned and coated with the blends 
(coatings) at temperature of 23 ± 1oC and humidity of 50 ± 
2% RH according to ISO 187. The prepared coatings were 
applied to the paper with an automatic bar coater (model 
K 101, R&K-Print Coat Instruments Ltd., UK,). Three wire-
wound coating bars were chosen, which apply wet film 
thicknesses of 6, 24 and 50 µm. The coated paper samples 
were left overnight to dry at room temperature and then 
characterized. Bags of the coated paper were made for 
flour storage. 
 
 
Storage of wheat flour  
 
Wheat flour was stored at (-18°C) for 7 days to ensure that 
it is not infested. 100 g of infestation free wheat flour were 
packed in treated paper bags with 20 insects for each 
sample and the bags were closed tightly. The samples were  
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Figure 1: Effect of shear rate on apparent viscosity of Alginate, Neem extract and 
its blend with Alginate at different concentrations. 

 
 
stored for 90 days at room temperature. Absolute data for 
adult population build up inside the bags at 15, 30, 45, 60, 
75 and 90 days, % of reduction in progeny, was 
determined. The percentage of insect reduction in stored 
flour in treaded paper packages was calculated according 
to the following equation (Abd EL-Salam, 2005 ;Yankanchi 
and Gadache, 2010): 
 

                                                                                                  (2) 
 
Where,  
NAEC: No. of adults emergence in control sample. 
NAET : No. of adults emergence in treated samples. 
 
 
Characterization of coated paper 
 
The properties of coated paper were evaluated using 
standard tests for physical and mechanical properties. 
Porosity was measured in ml/min by the roughness tester 
(Bendtsen; model K531, Messmer Buchel) according to ISO 
5636-3 standard (1992). Grammage of paper was 
determined using Kern digital balance, Kern & Sons GmbH, 
Germany, according to ISO 536 (2012). Paper thickness 
was measured with a 0-25 mm thickness gauge with an 
accuracy of 0.001 mm (Dial thickness gauge No. 293-805, 
Mitutoyo Co. Ltd., Japan). Tensile strength in KN/m, 
stretching % and tensile energy absorption (TEA) in J/m2 
were measured using Tensile Test machine, T-series; 
model H5KT, Tinius Olsen Ltd, at 1KN according to ISO 
1924-2 standard (2008). Burst strength was measured in 
KPa on burst tester; model BT-10 TlS Techlab Systems, 
reporting ISO 2758 (2001). The tensile stiffness, mN.m, can 
be calculated according to the following equations (Morsy 
and El-Shebiny, 2004; Levlin, 2000): 

                                                                                  (3) 
 
Where F, tensile force, b width of the test piece, Δl length 
increase of the test piece, and l0 original length of the test 
piece  
The bending stiffness, mN.m, was calculated by the 
equation: 
 

                                                                                     (4) 
 
Where, E is modulus of elasticity, h is the thickness of the 
sample. 
Statistical analysis 
 
The obtained data were subjected to the proper statistical 
analysis using the MSTAT statistical software. The mean 
values were compared using LSD method at 5% level. The 
data were tabulated and statistically analyzed using 
factorial analyses according to the completely randomized 
design (Snedecor and Cochran, 1989). 
 
 
RESULTS AND DISCUSSION 
 
Rheology of the prepared coatings 
 
Figure 1 shows that neem extract, alginate and 
neem/alginate blends exhibited non-Newtonian 
pseudoplastic behavior, whereas apparent viscosity 
decreases with increasing shear rate for all studied 
samples. The results showed that neem extract with 
different concentrations (5, 10, 20%) had very low 
viscosity    as   compared   with   alginate  and neem extract  
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Table 1: The parameters of power law equation k (consistency index) and n (flow 
behavior index). 

  

Sample K N 

Alginate 6% (A) 54.85 0.39 

Neem extract 5% (N1) 0.16 0.72 

Neem extract 10% (N2) 1.01 0.30 

Neem extract 20% (N3) 2.65 0.10 

Neem extract 5% + Alginate 6% (N1/A) 92.80 0.17 

Neem extract 10% + Alginate 6%(N2/A) 415.84 0.57 

Neem extract 20% + Alginate 6%(N3/A) 254.85 0.33 

 
 

 
 

Figure 2: Porosity, mL/min, of uncoated paper and paper coated with alginate, 
Neem and Neem/alginate blends at different wet coating film thickness 6, 24 
and 50 µm. 

 
 
 
/alginate blends, which had higher viscosities. The results 
can be fitted well to the following equation 
(Triantafillopoulos, 1988):  
 

                                                                                      (5) 
 
Where, µ is the apparent viscosity of the sample, Pa.s, k is 
the consistency index, γ is the shear rate sec-1 and n is the 
flow behavior index. 

Table (1) shows the parameters of power law equation 
‘k’ (consistency index) and ‘n’ (flow behavior index). The 
results show that alginate had higher consistency index 
than neem extract, while ‘k’ increased as the concentration 
of neem extract was increased and that the neem extract 
/alginate blends did not give a good trend. Flow behavior 
index ‘n’ decreased with increasing neem extract 
concentration  while ‘n’ did  not  give a good trend with the  

blends.  
 
 
Physical properties of coated paper 
Porosity of coated paper 
 
Figure 2 shows the effect of alginate, Neem extract and 
Neem extract /alginate blends on the porosity of coated 
paper. Alginate coating dramatically decreased the 
porosity of coated paper, the percentage of decrease 
reached to 92.2, 99.6 and 100.0% by applying the coating 
film thicknesses of 6, 24 and 50 µm, respectively. Alginate 
filled the pores between cellulose fibers in the surface, 
especially at high coat thickness. There was no significant 
change in paper porosity upon using neem only as paper 
coating, while neem extract /alginate blends caused 
significant decrease in porosity of coated paper. The 
decrease in percentage reached to 100, 99.3, 99.3% at film 
thickness of 50 µm, for the samples N1/A, N2/A, N3/ 
respectively. Neem extract solutions had very low viscosity  

 

 

 

 

Figure 2. Porosity, mL/min, of uncoated paper and paper coated with alginate, Neem and Neem/alginate 

blends at different wet coating film thickness 6, 24 and 50 µm. 

µ = 𝜅𝛾𝑛−1  
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Figure 3: Coating weight of uncoated paper and paper coated with alginate, Neem 
extract and Neem extract /alginate blends at different wet coating film thickness 6, 
24 and 50 µm. 

 
 

 
 

Figure 4: Thickness of uncoated paper and paper coated with alginate, Neem 
extract and Neem extract /alginate blends at different wet coating film thickness 6, 
24 and 50 µm. 

 
 
as shown in Figure 1, the solvent easily penetrates the 
pores between cellulose fibers, while alginate had the 
highest viscosity and Neem extract / alginate blends had 
intermediate ones. In applying coating color and 
controlling the coat weight, the amount of penetrating 
water is dependent on the viscosity of the water phase 
(Pylkkö, 2000).  
 
 
Coating weight  
 
Figure 3 shows that for all samples, the coating weight 
increased as the coating thicknesses were increased. 
Samples coated with alginate gave the maximum coating 
weight. This could be due to high viscosity of alginate 
solution. At the same coating film thickness, samples 
coated with neem only showed lower values than that 

coated with both alginate or neem extract / alginate 
blends. Coating weight increased as the % of neem extract 
was increased. Thus the presence of alginate, which has 
the highest viscosity, caused increase in coating weight.  
 
 
Thickness of coated paper 
 
Thickness of all coated paper samples showed higher 
values than uncoated one, as shown in Figure 4. The 
thickness of the coated paper increased as the thickness of 
coating film was increased. The maximum increase was 
obtained in the case of N1/A coated sample (5% neem 
extract plus 6% alginate blend)- the percentage of increase 
reached to 7.84 % at coating film thickness of 50 µm. The 
thickness of coated paper decreased as the concentration 
of    neem  extract in the neem extract /alginate blends was  

 

 

 

 

 

Figure 3. Coating weight of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 

 

 

 

Figure 4. Thickness of uncoated paper and paper coated with alginate, Neem extract and Neem extract 

/alginate blends at different wet coating film thickness 6, 24 and 50 µm. 
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Figure 5: Tensile strength of uncoated paper and paper coated with alginate, 
Neem extract and Neem extract /alginate blends at different wet coating film 
thickness 6, 24 and 50 µm. 

 

 
increased at the same coating thickness. 
The water retention of the coating color defines the speed 
of the water penetration into the base paper. The fiber 
roughening increases as the contact time, water retention 
of the coating color and the coating amount increased. 
During fiber roughening, the water penetrates first into the 
voids between fibers and then into the pores of the fiber 
wall. The fiber swells and the thickness of the sheet 
increases (Pylkk  ِ , 2000).  
 
 
Mechanical properties of coated paper 
 
Tensile strength 
 
Figure 5 shows that no significant change in tensile 
strength TS of the coated paper using alginate (sample A) 
at any coating film thickness when compared with 
uncoated paper. The percentage of changes were -3.4, 2.2, 
and 3.2 at coating film thickness of 6, 24 and 50 µm, 
respectively. TS of paper coated with neem extracts 
(samples N1, N2, and N3) was not affected at film 
thickness of 6 and 24 µm. The decrease in TS became 
significant at coating film thickness of 50 µm, the decrease 
percentage reached to 9.5-10.5%. This can be due to 
swelling of cellulose fiber by solvent penetration, since 
neem extract solutions have very low viscosity. The 
coating materials remain in the cellulose structure of 
paper and interfere with fiber-to- fiber interaction causing 
a reduction of interaction force between the fibers, 
resulting in decreased tensile strength of coated paper 
(Han and Krochta, 2001; Rhim et al., 2006). Blending of 
neem extract with alginate improved the TS of the coated 
paper at low neem extract concentration  (sample N1/A) 
at film thickness of 24 and 50 µm, the increase percentage 
reached 6.7 for both. No significant difference was 
observed between TS of uncoated paper and paper coated 

with neem extract /alginate blends (samples N2/A and 
N3/A) at any coating film thickness.  
 
 
Stretching % 
 
Stretching is the maximum elongation of a strip in a tensile 
test at rupture and is a measure of elasticity expressed as a 
percentage increase as compared with the original length. 

Figure 6 shows that the stretching % of all coated paper 
increased as compared to uncoated paper. The percentage 
of increase in the alginate coating reached 27.0, 35.7 and 
38.9% at coating film thicknesses of 6, 24 and 50 µm, 
respectively. Stretching % increased as the neem extract 
concentration was increased. The maximum percentage of 
increase was obtained at coating film thickness of 50 µm, it 
reached 35.7% at neem extract concentration of 5%.  

Blending of neem extract with alginate improved 
stretching % than the cases of neem or alginate alone. The 
highest percentage of increase reached 47.6% for the 
sample N1/A (5% Neem extract + 6% alginate) at high 
coating thickness (50 µm). The increase in stretching % 
was probably caused by a stress relaxation in the base 
paper, when it was exposed to water in the coating 
solution (Khwaldia et al, 2014).  
 
 
Tensile energy absorption (TEA) 
 
The tensile energy absorption, TEA, which is especially 
important for bag paper, can be determined in the tensile 
strength test according to (ISO 1924-2, 2008). The TEA 
value represents the non-elastic portion of the 
deformation energy and thus the portion of dissipated 
energy which should be high in the case of bag paper 
(Holik, 2006). Figure 7 shows that all coated paper show 
TEA   values   higher than uncoated one. Alginate increased  

 

 

Figure 5. Tensile strength of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 



Academia Journal of Agricultural Research; Morsy et al.      113 
 
 
 

 
 

Figure 6: Stretching % of uncoated paper and paper coated with alginate, Neem 
extract and Neem extract /alginate blends at different wet coating film thickness 
6, 24 and 50 µm. 

 
 
 

 
 

Figure 7: Tensile energy absorption (TEA, J/m2) of uncoated paper and paper 
coated with alginate, Neem extract and Neem extract /alginate blends at different 
wet coating film thickness 6, 24 and 50 µm. 

 
 
TEA by 18.3, 25.0 and 40.8% for the applied coatings of 6, 
24 and 50 µm thickness, respectively. Coating film 
thickness or neem extract concentration had no 
pronounced effect on TEA of the coated paper. Paper 
coated with blends of neem extract /alginate showed 
better results. TEA increased as the coating thickness was 
increased, while it decreased as neem extract 
concentration in the blends was increased. The maximum 
TEA was obtained in the case of neem extract /alginate 
(N1/A) at coating film thickness of 50 µm. The percentage 
of increase reached 66%. Packaging papers should 
normally be tough. In a tensile test, the elongation and 
tensile energy absorption values are therefore more 

important than the actual tensile strength (Kainulainen 
and S  ِ derhjelm, 2000). 
 
 
Burst strength 
 
Bursting strength is the maximum pressure that the paper 
can resist without breaking with pressure applied 
perpendicular to the plane of the test piece. Figure 8 shows 
that the bursting strength of paper coated with alginate 
and neem extract /alginate blends (samples A, N1/A, N2/A 
and N3/A) increased as compared with the uncoated one, 
the maximum increase was obtained upon coating of paper  

 

 

Figure 6. Stretching % of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 

 

 

Figure7. Tensile energy absorption (TEA, J/m
2
) of uncoated paper and paper coated with alginate, Neem 

extract and Neem extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 
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Figure 8: Burst strength of uncoated paper and paper coated with alginate, Neem 
extract and Neem extract /alginate blends at different wet coating film thickness 6, 
24 and 50 µm. 

 
 
 

 
 

Figure 9: Tensile stiffness of uncoated paper and paper coated with alginate, Neem extract 
and Neem extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 

 
 
with alginate. The increase percentage reached 17.24, 
23.12 and 24.26% at the coating film thicknesses of 6, 24 
and 50 µm, respectively. While neem extract 
concentration, represented by the samples N1, N2 and N3, 
and coating thickness had no significant effect.  
 
 
Tensile and bending stiffness 
 
Stiffness is defined as the resistance to bending caused by 
an externally applied force. Stiffness is important for 
papers used in packaging. However, too stiff paper tends to 
crack upon folding. Tensile Stiffness of all coated paper 
samples significantly decreased when compared with the 

uncoated paper (Figure 9). It was decreased as the coating 
thickness was for all samples. The percentage of 
decreasing in the case of alginate coating reached to -
22.51, -25.0 and -33% at coating film thicknesses 6, 24 and 
50 µm, respectively. The tensile stiffness decreased as 
Neem concentration was increased. At lower coating 
thickness (6 µm), the percentage decrease reached to -
17.87, -18.28 and -23.87% for neem extract concentrations 
of 5, 10 and 20 % respectively.  The decreasing percentage 
upon coating with neem extract /alginate blends, at 
coating thickness 6 µm,  reached to  -17.91, -21.41 and -
22.16% (N1/A, N2/A and N3/A, respectively).  The tensile 
stiffness was not affected by neem extract concentration at 
the   same   film    thickness. Figure 10 shows that the same  

 

 

Figure 8. Burst strength of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 

 

 

Figure 9. Tensile stiffness of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 
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Figure 10: Bending stiffness of uncoated paper and paper coated with alginate, Neem 
extract and Neem extract /alginate blends at different wet coating film thickness 6, 24 
and 50 µm. 

 
 
trend was obtained when the bending stiffness was 
calculated. 
 
Anti-insect activity 
 
Reduction Percent in progeny 
 

Insect and fungal infestation of food commodities is a 
common problem due to some agricultural practices that 
lead to fungal contamination. These spoilage agents lead to 
the deterioration of the food commodities manifested by 
loss of weight nutritional value (Anon, 1989). 

 Table (2) shows the effect of different treatments of 
coated paper on reduction Percent in progeny, The results 
indicated that treated paper samples had great effect on 
insect reduction percent in progeny, at coating film 
thicknesses 6 µm there was significant effect (p < 0.05). 
The highest reduction percent in progeny was shown in 
packages treated with 20% neem extract /alginate at all 
storage time reduction percent in progeny were 66.11, % 
at after 90 days  and packages treated with 20% neem 
extract only for 15 days (50%). The lowest reduction 
percent in progeny (10%) was sample treated with 
alginate only.  

At  coating film thicknesses 24 µm there was significant 
effect (p< 0.05), the highest reduction percent in progeny 
was shown in packages treated with 20% neem extract 
/alginate for all storage time, the lowest reduction percent 
in progeny was sample treated with alginate only 
(11.39%) at 90 days. The same results were obtained in 
coating film thicknesses 50 µm, this may be due to that the 
odor of neem extract was capable of increase reduction 
percent of progeny insects (Mohanty et al (2000); El-
Mahruky (2017)). 

The maximum reduction percent in progeny reached to 
78.78 for the sample N3/A (20% neem extract and 6% 
alginate) at 90 storing days.  

 
 
CONCLUSION 
 

Paper has versatile applications in packaging. It has 
several advantages over plastics because it is an 
environmental friendly material. In this study, paper was 
selected to form paper package to protect flour from insect 
infestation using neem extract and blends of neem extract 
with alginate as paper coatings. Neem extract coated paper 
was prepared to study the efficiency of neem extract 
solution, as insect repellent, to prevent the insect T. 
confusum from penetrating or attacking packed wheat 
flour.  A. indica of neem tree was evaluated in this study for 
its anti-insect activity. Neem extract solutions had very low 
viscosities. Penetration of solvent led to swelling of 
cellulose fiber, causing a reduction of interaction force 
between the fibers, which had negative effect on the 
coated paper porosity and tensile strength. Alginate is 
used as co-binder to modify the rheological properties and 
consequently the runnability of coating colors. Alginate 
here is also used in paper coating as carrier for neem 
extract. Blending of neem extract with alginate improved 
the tensile properties of all coated paper. Tensile strength 
improved at high film thicknesses (24 and 50 µm). Alginate 
only gave the best results of bursting strength, the neem 
extract /alginate blends improved bursting strength more 
than Neem extract only. Stiffness properties of all coated 
paper samples decreased as compared with uncoated 
paper. Alginate was more effective, Stiffness properties 
improved  by blending neem extract with alginate.  

 

 

Figure 10. Bending stiffness of uncoated paper and paper coated with alginate, Neem extract and Neem 

extract /alginate blends at different wet coating film thickness 6, 24 and 50 µm. 
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Table 2: Effect of different treatments of coated paper on reduction percent in progeny insect at different thicknesses. 
 

Sample 15 day 30 day 45 day 60 day 75 day 90 day 

Bar = Thickness=5 µm 

A 11.82±1.29 d 11.87±0.88f 10.45±0.64e 11.79±1.51f 11.87±0.88 g 10.00g 

N1 37.27 ±1.29 c 43.75e 36.82±0.64d 37.50±0.50e 37.19 ±0.44f 33.61±0.39f 

N2 43.64±2.57 b 50.00c 43.64±2.57c 42.86±2.02d 40.94±0.44e 36.11e 

N3 50.00±1.29 a 53.12±0.88b 49.09b 50.00c 43.44±0.44d 39.17±0.39d 

N1/A 33.64±3.80c 44.37±0.88e 45.91±0.64c 51.79±0.50c 48.75c 44.72±0.39c 

N2/A 37.27±1.29c 48.12±0.88d 51.82±1.29b 55.36±0.50b 51.87b 47.50±0.39b 

N3/A 46.36±1.29ab 60.00a 59.09a 60.36±0.50 a 61.87±0.88a 66.11±0.79a 

LSD 4.87 1.58 2.75 2.43 1.31 0.99 

 

Bar = Thickness=24 µm 

A 13.64±1.29e 13.12±0.88e 13.18±0. 64e 12.50±0.50f 12.19±0.44g 11.39±0.39f 

N1 36.36d 48.12±0.88d 48.64±0.64d 45.71e 44.06±0.44f 38.61±0.39e 

N2 41.82±2.57c 51.87±0.88c 54.55±1.29c 51.79±0.50d 47.19±0.44e 39.17±0.39e 

N3 48.18±1.29b 56.87±0.88b 56.82±1.93bc 50.36±1.51d 49.69±0.44d 44.72±0.39d 

N1/A 36.36d 50.62±0.88c 57.27±1.29bc 57.14c 53.44±0.44c 47.50±0.39c 

N2/A 43.64c 58.75±1.76b 58.64±0.64b 61.07±0.51b 59.06±0.44b 50.28±0.39b 

N3/A 53.64±1.29a 63.12±0.88a 63.18±1.93a 64.64±0.50a 64.06±0.44a 69.72±0.39a 

LSD 3.04 2.49 3.09 1.63 1.04 0.93 

 

Bar = Thickness=50 µm 

A 11.82±1.29d 11.87±0.88e 11.36±0.64f 11.79±1.51g 11.56±0.44f 10.56±0.79f 

N1 37.27±1.29c 51.87±0.88d 55.91±0.64e 51.07±0.51f 50.31±0.44e 36.94±1.96 e 

N2 46.36±1.29b 55.62±0.88c 57.73±0.64d 53.21±0.50e 52.81±0.44d 41.39±0.39d 

N3 55.45±1.29a 63.12±0.88b 59.09c 56.79±0.50d 56.56±0.44c 44.72±0.39c 

N1/A 40.00c 51.25±1.77d 58.64±0.64cd 59.29c 56.25c 55.28±0.39b 

N2/A 44.55±1.29b 63.12±0.88b 63.64b 64.64±0.50b 62.81±0.44b 55.83±0.39b 

N3/A 56.36±2.57a 65.62±0.88a 67.73±0.64a 68.93±0.51a 69.06±0.44a 78.06±0.39a 

LSD 3.45 2.50 1.28 1.69 0.99 2.046 
 

 

 
The effect of insect infestation on percent of reduction in 

progeny during storage at different coating types and 
thicknesses was studied. The % insect reduction in 
progeny increased in the treated paper packages. Alginate 
had little effect. All results were improved as the neem 
extract concentration, storage time and coating film 
thickness were increased. The maximum percent of 
reduction in progeny (78.78%) was obtained in paper 
package coated with the blend N3/A (20% neem extract 
and 6% alginate) at higher coating film thickness of 50 µm 
and at 90 days of storage time. 
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