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Abstract

Keywords

Button mushrooms and asparagus have a very short shelf life after harvesting and are sensitive to 
mechanical damage, browning, moisture loss and chlorophyll degradation. An edible coating based on 
rice bran protein (RBP) was tested in order to determine the shelf-life extension period of mushroom 

-
ity, polyphenol oxidase activity and peroxidase activity of mushrooms and asparagus were studied. 
Also, microbiological analysis of the coated samples was studied. The results revealed that, weight 

Also, RBP coating maintain the pH values for samples during storage compared to control. Ascorbic 
acid decreased during storage for both coated and uncoated while, the uncoated samples decreased 

showed also that RBP coating with bacteria, molds and yeasts of mushroom and asparagus samples 
compared to control. 
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Introduction
Mushrooms are used not only as food but also as func-

tional food and med icines due to high content of proteins 

bioactive compound (1). Mushrooms have a very short shelf 
life after harvesting of about 3-5 days at 1- 4 C ºand 70 – 
75% relative humidity (2).Thus, it is important to extend the 
shelf life of fresh mushrooms, while preserving their qual-
ity, is desirable to export and import grocery companies (3). 
Serious problems contribute to the postharvest deteriora-
tion of mushroom such as browning, moisture loss, soften-
ing, high respiration rate and microbial attack (4). From the 
point of view of post-harvest physiology, special protection 
techniques are washing them with citric acid, ethylene di-
aminetetraacetic acid (EDTA), hydrogen peroxide, and so-
dium hypochlorite or using ultrasound and high-pressure 
argon, pulsed light or using coatings required maintaining 
their quality and freshness (1). 

As one of the important fresh vegetables, green aspara-
gus ( .) is becoming increasingly pop-

nutritional value and the high economic value in terms of 
export in recent years. Anthocyanins are one of the impor-
tant groups of phenolic compounds, presenting in fruits and 
vegetables. They contribute to the characteristic color and 
have been linked to antihyperglycemic, anticancer, and anti-

of less than 5 days at ambient temperatures, mainly due to 
its high respiratory rate after harvesting (5). During storage, 
asparagus undergoes undesirable physiological and compo-
sitional changes such as moisture loss, chlorophyll degrada-

(5, 6) that lead to a deterioration of 
the overall quality of the vegetable. 

In recent years, the increasing consumption of fresh 
produce worldwide has led to the necessity for alternative 

are non-toxic, environmentally and economically friendly, 
and which do not threaten human health. Edible coatings ap-
plied as a thin layer on the product’s surface are biodegrad-

and are environmentally and economically friendly. In this 
respect, edible coating materials are promising treatments 
for extending the commercial storage life of fresh fruit and 
vegetables (7). 

Edible coatings are traditionally used to enhance post-
harvest food appearance and preservation, as edible coatings 
provide products with sheen and make them more attractive 
to consumers (8). Moreover, they maintain the phytochemi-
cal (antioxidants, phenolics, and color) and physicochemical 

(weight loss, respiration rate, and ethylene production) prop-
erties for a longer period, and some edible coatings act as a 
natural antimicrobial and antifungal compound in many veg-
etables such as mushroom and asparagus (9). Edible coatings 
generally act as a barrier to gas exchange properties and thus 
prolong the storage life of fruit and vegetables (10 and 11). 

with various purposes, such as: control the respiration rate, 
retard moisture loss and color variation, improve texture and 

growth of micro-organisms (12). Thus, the development of 

high quality and safe food, as well as from environmental 
concerns with the disposal of non-renewable materials. It is 
also an opportunity to create a new market of raw materials 
for packaging. Proteins of plant origin are more often used 

-
ity and lower cost (13, 14). The byproducts from the cereal 
agro-industrial processing may be a source of protein that 

An example is rice bran, resulting from the processing of the 
grain, which proteins were extracted to produce bio-based 

13, 15).

with good physical, mechanical and exposure to light prop-
erties. Deamidation process improves protein structure, sol-
ubility and increase the strength of hydrogen bonds between 
protein polymers, hence production of rice bran protein 

properties and crystalline structure. That can be widely used 
-

tion process can be applied on another protein material from 
food and agricultural manufacturing residues to increase 
their use as distinctive edible coating.   

to extend shelf life of Mushroom and Asparagus Also, study 
the changes of some properties during storage.

Materials and Methods

Materials
Agricus  bisporus) and green aspara-

gus spears ( )  were harvested from a 
commercial farm in adi El-Natrun City, El- Beheira Gov-
ernorate, Egypt. Samples were transported to the laboratory 
at 4 Cº. Mushrooms and asparagus with homogeneous color 
and size and free of injuries were selected. Rice bran protein 
extracted from rice bran ( Giza 178 variety)   was obtained 
from Rice Research Center at Sakha, Agricultural Research 
Center, Egypt during 2021Season. 
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All solvents and chemicals such as glycerol, peptone, 
plate dextrose agar and plate count agar were in analytical 
grade and purchased from El- Gomhoria Co. for Chemicals 
and Drugs, Tanta, Egypt.

Methods

Sample preparation

Agricus  bisporus) and green aspara-
gus spears ( ) of uniform size and free 
of physical damage, absence of external injuries and fungal 
infection were chosen and washed with tap water directly 
before dipping.    

Extracted, freeze-dried rice bran protein at concentra-
tion1, 2 and 3% were used. RBP samples were dissolved in 

-
ed at 40% level and pH was adjusted to 8. Citric and ascor-
bic acids were added as antibrownning and antimicrobial 
agents at 1% w/v. The solutions were heated under constant 

were allowed to cool down to room temperature.

Mushroom and asparagus were immersed in a 0.1 % 
NaClO solution for 1 min for surface-sterilization and air-
dried at room temperature for 30 min. Then, the mushrooms 
and asparagus dipped for 1 min into rice bran protein solu-
tions at levels 1, 2, 3 % (w/v). After coating, the mushrooms 
and asparagus were left to dry at ambient temperature. All 
coated samples were placed into macroperforated polypro-

 and 70 – 75% RH. Samples were 
stored for 14 and 17 days for mushrooms and asparagus; 
respectively. Sample withdrawn every 2 days for physical, 
chemical and microbial properties.

Physical determination

Weight loss 

weight, as reported by Han et al., (16).

Firmness

-
suring the compression force of the samples using a texture 

(17).

TSS was measured in the juice pressed from the sample 

Made in Poland) method at room temperature according to 
the methods outlined in the AOAC (18 ).   

Chemical properties

Moisture content

Moisture content was determined according to the meth-
ods of (18).the samples moisture content ( approximately 
2gm) was determined by measuring the weight loss of sam-
ples before and after drying in laboratory oven at 105 Cº 
until constant weight. 

O– F O×100

O f was 

its weight after drying.

Measurement of pH

was used to measure pH the extracted juices as the methods 
described by (18). 

Total titratable acidity of juices was determined accord-
ing to the method of (18).The (TTA) was expressed as per-
centage of malic acid in mushroom; while expressed as per-
centage of galic acid in asparagus.

Ascorbic acid contents

2, 6 dichloro-phenolindophenol titrimetric method was 
used to determine ascorbic acid in juices as described in 
(18). The results were expressed in milligrams ascorbic acid 
per 100 ml of vegetables juice. 

Chlorophyll content

Chlorophyll content in the asparagus was determined ac-
cording to the methods described by (19) with slight modi-

extracted in 10 mL % (v/v) ethanol (95%) and centrifuged 
at 6000 rpm for 15 min at 4 ºC. The supernatant was used to 

-
tion was performed spectrophotometrically using a spectro-
photometer (Varian, Melbourne, VIC, Australia)  at 665 and 
649 nm, and the chlorophyll content was expressed as chlo-

calculation of chlorophyll amount was described by (20).

Oxidative Browning

Browning
A colorimeter (CR 300; Minolta, Japan)  was 

used to measure L, a, and b values of the middle 
part of the A. bisporus cap. The browning index 
was calculated according to (21) the following 
Equations:

X
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Polyphenol Oxidase

(pH 6.8) using 10 g of each sample; then, 0.5 mL of catechol 

The sample was immediately analyzed at an absorbance 
of 420 nm. Also, absorbance was measured after 2 min. 
The change in absorbance per minute is 0.01 as a polyphe-
nol oxidase activity unit (U) and the result is expressed in  
U kg-1 22).

Polyphenol oxidase activity =  

 V = Total volume of enzyme solution (mL).
 Vs = volume taken during determination (mL). 
T = reaction time (min). 
m = fresh weight of sample (kg).    
Peroxidase enzyme (POD) activity
POD enzyme activity was determined using the methods 

reported by (23). 

Total viable bacteria counts:

Total viable bacteria counts per one of sample were de-
termined using standard techniques on nutrient agar medi-

um. Incubation was carried out for 48 hrs, at 320C according 
to (24).

Mold and yeast counts

Mold and yeast counts were determined by plating one 
-

trose agar medium. Triplicate plates were incubated at 250C 
for 5 days (25).

Results and discussion

The weight loss is indicator for vegetables dehydration 
process due to transpiration and involves water transfer 
from the cell to surrounding atmosphere, thus representing 

-
ity (26).

Data presented -
-

tein (1, 2 and 3%) on weight loss of mushroom and aspara-
gus during cold storage for 14 and 17 days, respectively.

-
creased during storage of both uncoated and coated samples. 

for 14 days

RH for 14 days

for 17 days

levels of RBP edible coating of rice bran protein stored at 
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cold storage compared to uncoated samples. Coatings are 
-

ture loss and therefore retarding dehydration and vegetables 
shriveling (27). 

The increase in physiological weight loss of fresh mush-
room and asparagus during storage period may be due to the 
loss of moisture content. 

It is showed from Figures (1 and 2) that, coated sam-
ples with 3% RBP were found to be the best among all of 
the used coating levels, which reduced the weight loss of 
mushroom and asparagus to 13.5% and 6.52% after 14 and 
17 days; respectively compared to uncoated samples 8.53% 
for mushroom and 13.80% for asparagus stored for 5 and 7 
days; respectively.      

Firmness

for both uncoated and coated samples. All coated samples 
-

nance compared to control.
Firmness measurements of coated and uncoated samples 

are showed in Figures (3 and 4). Uncoated mushroom lost 

-
ed samples arranged between 16 to 20 % and 13 to 14 % for 
mushroom and asparagus after the same period of cold stor-

while  uncoated samples were removed  after 5 and 7 days 
for mushroom and asparagus; respectively  because it were 
spoiled. The results showed similarity to (29) and (30). Ac-
cording to (30), vegetables softening are attributed to the 
degradation of cell wall components, mainly pectin, due to 

The edible coatings showed a good result with respect to the 
-

ing might be slowed down metabolism and prolonged the 
 (31). 

Total soluble solid (TSS) 

Data in Figures (5 and 6) shown total soluble solid (TSS) 
of pressed juices from uncoated and coated mushroom and 
asparagus during cold storage. The results indicated that 

-
creased in all samples as a function of storage time. This 
increase might be due the weight loss during storage espe-
cially moisture loss.

TSS of uncoated mushroom and asparagus samples were 

explained by decreasing of moisture content of coated sam-
ples compared to uncoated samples.

TSS increased during the storage time (Figures 5 and 6)
from 9.61 to 12.54% during storage from zero to 5 days for 
mushroom, while increasing from 13.29 to 34.88% during 
storage from zero to 7 days; respectively for control aspara-
gus samples (uncoated samples). TSS of samples coated with 
RBP coating was more than that of control. So, mushroom 
and asparagus coated with 3% RBP coated can be freshly 
stored for 14 and 17 days with high juiciness.

TSS increases during storage and ripening of fruits and 
vegetables. This could be attributed mainly to the break-
down of polysaccharides components into simple sugars 
during ripening along with a proportional increase in TSS, 
but further hydrolysis could decrease the TSS during storage 
and it is caused by a decline in the amount. The results ob-
tained are agreement with investigations by  (32) and (33). 
The coated samples showed a lesser increase in TSS than 
the uncoated samples. This could be due to the reason that 
coating reduces the production of ethylene and the rate of 
respiration (34) and reduces the rate synthesis and utiliza-
tion of metabolites, delaying nutrient decomposition and as 
a result, a lower TSS values in coated samples were there 
as compared to non-coated samples (35). The increment of 
total soluble solids at the time of storage period is natural 
as sugar the basic constituent of the TSS is used in respira-
tion process for metabolic activities of the fresh fruits and 
vegetables (36).

Chemical properties 

Moisture contents

Figures (7 and 8) show the changes in moisture contents 
of coated and uncoated mushroom and asparagus during 
cold storage. Moisture content of mushroom and asparagus 

uncoated and coated samples. 

and prevent weight loss during storage. It may be due to 
-

ture loss.  The results revealed that uncoated samples can be 
stored for 5 days and 7 days for mushroom and asparagus; 
respectively. From the aforementioned results 3% RBP was 

-
meability until day 14th for mushroom  and 17th  for aspara-
gus followed  by 2% and 1%; respectively. The semi perme-
able barrier provided by edible coatings is aimed to extend 
shelf life by reducing moisture and solutes migration, gas 
exchange, respiration and oxidative reaction rates, as well 
as suppress physiological disorders on fresh vegetables (37 
and 38).  
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pH and total titratable acidity (TTA) values

The results are shown in Figures (9 and 11) for mush-
room and Figures (10 and 12) for asparagus revealed that 
pH values of uncoated samples increased as function of stor-
age time. The increase of pH values of coated samples was 
lower compared to uncoated samples. Increase of pH values 
(decrease of acidity) demonstrates maturation development 
(31). The coating treatments delayed maturation process. It 

respiration rate; therefore they delay the utilization of or-
ganic acids as substrates for enzymatic reactions (39).

-
tween coated samples during storage period, while pH in-
creased in uncoated sample with increasing storage period. 

Figure ( 11 ) show the total titratable acidity (TTA, ex-
pressed as % of malic acid ) of both uncoated and coated 

-

Fig (5): Total soluble solid (TSS) of juices from  mushroom 

75% RH for 14 days

RH for 14 days 

Fig (7): Moisture content of mushroom coated with RBP 

Fig (6): Total soluble solid (TSS) of juices from asparagus 

75% RH for 17 days

for 17 days

Fig (8): Moisture content of asparagus coated with RBP edible 
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and other treated samples during cold storage from zero 
to 14th.

Results presented in Figures (10 and 12) showed both 
pH and total titratable acidity values of pressed juices from 
asparagus samples. 
were found among coated samples during storage period; 
while pH increased in uncoated sample with increasing stor-
age period for asparagus samples. Figure (12) show the total 
titratable acidity of both uncoated and coated samples. TTA 

found in pH among all of the coated samples during storage 
from zero to 17th.

(40) found that the decrease in titratable acidity and the 
slight increase in pH of coated samples for mushroom and 
asparagus  might be  due to the  delay in maturation process 
and  the  metabolic activity within the tissue. 

Since organic acid are substrates for enzymatic reaction 
of respiration, a reduction in the acidity and increase in pH 
values are expected of uncoated samples. Coatings reduce 
the respiration rate; therefore delay the utilization of organic 
acids. These results are in agreement of the results of (41).

The coating acts as a semi- permeable membrane against 
respiration, which reduces the rate of respiration and further 
reduces the consumption of organic acid acids; therefore, the 
titratable acidity decreased (42). 

The low change of pH due to the edible coating form-
ing a semipermeable membrane on the surface of fruits and 

i.e., the 
endogenous CO2 and O2 concentration, thus retarding the 
ripening process. 

(43)
concentration of SPI (Soy Protein Isolate) and that of HPMC 
(Hydroxypropyl methylcellulose). According to this study 

with the increased edible coating concentration the pH is 
lowered in pears. (44) found that pH of control pears sam-

P<0.05) as compared to coated 
samples with alginate and carrageenan 0.5% during storage. 
(45) found similar results in chitosan- Aloe vera coated cu-
cumbers and cornstarch and carboxy-methylcellulose coated 
cucumbers, respectively. (46) also reported the similar result 
with guar based edible coating in cucumber decreased the 
pH as compared to uncoated cucumber. Titratable acidity re-
tention was reported by (47), using strawberry fruits coated 

 the strawberry respiration 
rate by means of an edible coating could explain the delay in 
the use of organic acid in the enzymatic reactions of respira-
tion, (48).

It should be noticed from Figures (13 and 14) that ascor-
bic acid contents in both coated and uncoated mushroom 

Ascorbic acid losses of coated samples were lower than that 
of uncoated samples during storage. It may be due to add-
ing of ascorbic and citric acids in to coating solutions which 
plays important role as antioxidants and role of coating in 
reduction of oxygen permeability. (49) mentioned that the 
decrease of oxygen passes through the edible coating de-
crease the rate of oxidation of ascorbic acid.

Coating process maintains about  15.36 to  17.74 mg/ 
100g  of total ascorbic acid after 5 days of cold storage for 
mushroom, while the remained of ascorbic acid of control 
after 5 days was about 5.04 mg/ 100g.  After 14 days of cold 
storage, ascorbic acid was 7.16 – 11.50mg / 100 g; while 
control sample was spoilage after 5 days. As for asparagus, 
ascorbic acid recorded about 173.95 to 180.97 mg/100g 
for coated samples; while it recorded 100.77 mg/100g for 
uncoated samples during storage to 7 days. After 17 days, 
ascorbic acid reached about 120.66 – 142.12 mg/100g as af-

days.  17 days.
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fected by coating process, but control sample spoiled after 7 
days only of storage. 

From the previous results, it found that 3% RBP coated 
samples were the best in maintenance V.C in mushroom and 
asparagus. The edible coating acts as a covering layer that 
prevents the autoxidation process, and maintained of ascor-
bic acid content (9). 

between coated and uncoated asparagus in total chlorophyll 
content.

chlorophyll content with time during storage (Figure 15). 
-

est chlorophyll content. Coating process maintains about 
73.17 to 78.51 mg/ 100g of total chlorophyll after 7 days of 
cold storage; while total chlorophyll of control after 7 days 
was about 58.98 mg/ 100g.  After 17 days of storage, total 
chlorophyll was 61.05 to 69.36 mg / 100 g, while control 
spoiled after 7 days. 

 From the previous results, with asparagus coated 3% 

content among all of others levels during cold storage. 

This decrease of chlorophyll content could be attributed 
to gradual increase of destruction by chlorophyll degrading 
peroxidase activity and also transformation chloroplasts to 
chromoplasts by chlorophyllase activity (50).

The reduction of chlorophyll loss of asparagus during 
storage using RBP coating may be attributed to reducing of 
respiration rate, resulted in lower activity of chlorophylls 
and consequence reduced color changes (51).

The color of the button mushroom is an important pa-
rameter, since color relates directly to the perception of qual-
ity and acceptability by the consumer (52).

Figure (16   ) shows of the color parameters (L, a, b, 
and BI) for coated and control mushrooms. 

The L values decreases, and and BI increased with 
storage time for coated and control mushrooms. From the 

p -
tween two groups, being the coated mushrooms those with 

-
ing in agreement with a study realized by (53), where the L 
values of mushrooms coated with 1% , 2% and 3% rice bran 

p
at 5 ºC after 14 days of storage.

Fig (13): Ascorbic acid contents (mg/100g) of mushroom 

for 14 days.

Fig (14): Ascorbic acid contents (mg/100g) of asparagus 

for 17 days

for 17 days.
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During storage, low changes of color were shown of 
coated mushrooms compared to control. The browning in-
dex at the end of storage increased from 15.0 to 55.76, from 
15.0 to 34.63,from 15.0 to 30.06 and from  15 to 26.46   for 
control and coated mushrooms at 1 , 2 and 3% RBP; respec-
tively. Samples coated with 3% RBP was the best reducing 
browning index for mushroom  at the end of storage period, 
while control spoiled  after 5 days of storage.

Protein coatings probably delay browning by prevent-
ing the oxidative process. An important factor implied in the 
inhibition of the oxidative browning is that the coating by 

 
of mushroom 

PPO is the major contributor for the browning of fresh 

phenolics, resulting in the formation of brown-colored sub-
stances. Figure (17) show the PPO activity during storage, 
which increases for both coated and uncoated samples. Sig-

p
and control, being the coated mushrooms is best.

were found between uncoated and coated samples. 
PPO activity increases from 23.67 to 40.15U/g fresh 

weight for samples coated with   3% RBP, from 23.67 to 
49.60U/g fresh weight for coated with 2% and from 23.67 
to 66.44 for coated with 1% RBP, while PPO control mush-
rooms increase from 23.67 to 100.53 after 5 days increased 
from 23.67 to 190.93 U/g fresh weight at the end of stor-
age. On the other hand PPO activity increased from 23.67 
to 80.57, from 23.67 to 89.63 and 23.67 to 100.98 u/g for 
samples coated with RBP at 1,2 and 3% respectively Gener-
ally, 3% RBP coated samples had the best in maintenance 
PPO activity  in mushroom.

It may also be observed that the PPO activity increased 
more on control than that of coated mushrooms. The rapid 
increase of PPO activity possibly accelerate the oxidation of 
polyphenols presents on the mushrooms. However, on coated 
mushrooms the coating seems inhibit the PPO immediately 

can be explained by the fact that the coating (that contain an 
inhibitor of the enzyme tyrosinase, cinnamic acid) inhibited 
the PPO, reducing drastically its activity. 

In addition, and as stated before, the RBP coating forms 
a protect barrier on the surface of the fresh produce, reduc-
ing supply of O2 which can help reducing the PPO activity. 

Han (16) found that protein and peptides in rice bran 
-

ing with chelating on copper at active site of PPO, also it has 
reported that RBP contains anti-oxidative peptides and sul-
fur amino acids and thus these peptides might be the cause 
of browning inhibitor.

-
gus:

Figure (18) indicated that peroxidase (POD) activity of 
asparagus spears increased along storage period; these re-
sults are compatible with (54) on asparagus. The increasing 
of POD activity is caused delaying senescence. (54) found 
that POD enzyme cause catalyzes of corruption H2O2, this 
causes senescence of product. So, POD enzyme destroys 
pigments of chlorophyll and is considered an indication of 
senescence and intense stress.

activity of peroxidase compared with control; however as-

lowest e of peroxidase activity, followed by 2% CMC then 
1% CMC, while the highest peroxidase activity was ob-
tained from control.

RH for 14 days
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Total bacterial counts  

levels 1, 2 and 3% on total bacterial count of mushroom and 

1ºC and 70 – 75%.

in total bacterial count between coated and uncoated sam-
ples. The same Figure illustrated that, total bacterial count 

-
-

fective in reducing total bacteria count compared to control. 
(55). 

It should be observed also from Figures that, total bacteria 
count decreased gradually with the increase of RBP levels 
comparing to control. However  ,samples coating with RBP  
level 3% was the best among all of the coated  samples re-
ducing levels of total bacterial count to 2.33 and 2.65 ( Log 
CFU/g) for mushroom and asparagus; respectively at the 
end of storage period. These results agreed with those re-
ported by (56).

of RBP at levels 1, 2 and 3% on mold and yeast counts of 
mushroom and asparagus during storage for mushroom and 

found in molds and yeasts count between coated and un-
coated samples. The results revealed that molds and yeasts 

in agreement with investigations by (56).
It should be observed also that mold and yeast decreased 

gradually with increasing of RBP levels comparing to con-
trol. Samples coated with 3% RBP was the best coating in 
reducing levels of mold and yeast to 2.35 (CFU/ g) for mush-
room  and 2.65 (CFU/ g)  for asparagus at the end of storage 

mushroom and 7days for asparagus.
(57) showed higher microbial counts with uncoated 

sample whereas all coated samples showed low total micro-

75% RH for 14 days.

for 14 days.

75% RH for 17 days.

for 17 days
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bial counts. Also, (45) showed that during the storage coat-
ing decreased aerobic yeast and mold count for cucumber 
compared with control. Moreover, (14) mentioned that ed-

in reducing psychrophilic counts as compared to uncoated 
apple pieces.

Conclusion
Regarding of this work it can be concluded that the de-

veloped coating improved the quality of mushrooms and 
asparagus. The application of the coating showed to pro-
long the shelf life of mushrooms and asparagus, decreasing 
weight loss, reducing changes in color, titratable acidity, pH 

-
tive as a barrier in the reduction of weight loss during stor-

process and improved the appearance of the coated mush-
rooms and asparagus when compared with the uncoated. 

The color is related to the age of the mushrooms and it 
has been used as an indicator to quantify the shelf life. The 

mushrooms and asparagus as well as the action of polyphe-
nol oxidase (PPO) in browning for mushroom and peroxi-
dase activity in degradation of chlorophyll for asparagus. 

Rice bran protein (RBP) coating at level 3% was more ef-
fectively to increase shelf – life of mushroom and asparagus 
to 14 and 17 days; respectively. Also, protect these samples 
from microbial contamination compared to control. Also, 
some physical and chemical properties for coated samples 
were bitter than that of control. So, 3% RBP coating could 
be recommendation to maintain of mushroom and asparagus 
quality during storage for 14 and 17 days at 5 ºC.

These results suggest that the edible coating used in this 
work may be a promising method of maintaining the qual-
ity of the button mushrooms and asparagus that can be used 
to increase shelf-life during refrigerated storage. The use of 
this coating may have commercial importance, since it is 
necessary small amounts of the active compounds to obtain 
positive results.
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Introduction
Given that global demands for maize increases each year, 

the science has to address that challenge. One of the ways 
to do so is to introduce into production the seeding material 
that would be more productive, i.e. that would lead to higher 
and stable yields of satisfactory quality. People are creating 

A shift to hybrid maize breeding and production has en-

and seed production, thus making maize seed production be-

 al. 
Hybrid maize seed production is also important from the 

growing areas so that we could maintain and increase our 
competitiveness on the world market. The quality and prof-
itability of maize seed production will be ensured by good 
production management. Seeds must meet high genetic, 
physical and phyto-sanitary standards (MAC ROBERT & 

Detasseling, apart from soil preparations, sowing and re-
moving atypical plants, is one of the key stages in the overall 

result. Unless detasseling is well and timely done, one will 
not get results they want, which is quality and genetically 

Detasseling has become a common method in produc-
tion of maize seed. Detasseling either conducted manually 
or with equipment, always raise a question how much the 
yields decrease when one or more leaves are removed with 
the tassel. The aim of the research was to determine which 
method of detasseling in production of maize hybrid seed 

with equipment, from the aspect of seed yield per unit area.

Materials and Methods

Suanito, the product of the German seed company Saaten 
Union and MAS 26K, the product of the French seed com-
pany Maisadour Semences. Both hybrids are early vegeta-
tion (Suanito FAO group 230, MAS 26K FAO group 300). 

Poljoprivreda“ from Senta, in 2014, 2015 and 2016 in a ran-
domised block design with three repetitions and two variants 
of detasseling (manual and with equipment). The size of a 

basic plot was 1,000 m2 (100 x 10 m). The soil type was 
chernozem on a loess terrace of a mildly alkaline reaction, 
with 2.5 % humus in the plough layer, fairly equipped with 
easily accessible phosphorus and well equipped with potas-
sium. The preceding crop in all three years was barley, and 
a standard maize cropping practice in the Republic of Ser-

scheme. “Mother plants” were sown in four rows, with 70 
cm spacing between the rows of and at 55 cm distance from 
“father plants”. “Father” plants were sown in three rows, 
with 15 cm spacing between the rows (Figure 1). Sowing 
was done with machinery in the second half of April. The 
plants were sown in the depth of 5 cm. Detasseling was con-
ducted in the period from late June to early July. The de-
tasseling was done with a high clearance “Frema” machine, 
type “Aiglon” and manually. After detasseling, three control 
were done in which the rest of the tassels were manually re-
moved. “Fathers” were removed in early August. The plants 
were harvested at the moment when the grains contained 
35% moisture, at the end of August, after which the seed 
yield was determined. 

The data were statistically analysed by using the analy-
sis of variance, with MSTAT - C software, Michigan State 
University, Version 1. The year, hybrid and the method of 
detasseling were taken as factors in the analysis. The results 
are shown as a three-year average.

Results and Discussions
Based on the trifactorial variance analysis, very sig-

seed were determined, depending on the tested hybrids, the 
-

es were established for interactions: year x hybrid, year x 
-

ferences were established for interaction years x hybrid x 
treatment (Table 1). 

The seed yield per unit area in this three-year research 
amounted to 3.64 t/ha, regardless of the hybrids and the 

Figure1. Seed production of maize
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method of detasseling. In the three-year average, when ob-
served the hybrids and detasseling, the yield of “Suanito“ 
was 2.88 t/ha and the yield of “MAS 26K“ was 4.41 t/ha. 

and 2).
Observed by year, it was shown that the highest seed 

yield was achieved in 2015 (3.81 t/ha), and then in 2014 
(3.47 t/ha), while the lowest yield was achieved in 2016 

-
ence between the years, which often occurs in the agro-eco-
logical conditions of the Republic of Serbia (Tables 1 and 
2) (Graphs 1 and 2). The manual detasseling resulted in the 

seed yield of 3.94 t/ha, while the detasseling with equipment 

(Graphs 1 and 2).

years and the hybrids, between the year and the method of 
detasseling as well as between the hybrid and the method of 

-
tween the year, the hybrid and the method of detasselling 
(Table 1). 

detasseling but also on hybrids. The highest seed yield was 

Table 1. Analysis of variance for grain yield of maize seed

Source Df Sum of Squares Mean Squares
F

Value
Repetition 2 0.002 0.001 0.70

2 2.850 1.425 1330.46 **
Hybrid (H) 1 19.010 19.010 17750.06 **

2 0.134 0.067 62.33 **
Treatment(T) 1 2.970 2.970 2773.10 **

2 0.022 0.011 10.36 **
HxT 1 4.416 1.416 1322.27 **

2 0.008 0.004 3.94 *
Error 22 0.024 0.001
Total 35

Table 2.

Method of 
detasseling

Hybrid (H)

(T) Suanito MAS 26K
2014 Manual 2.83 4.68 3.76

Equipment 2.65 3.71 3.18 3.47
2.74 4.20

2015 Manual 3.11 5.15 4.13
Equipment 2.92 4.08 3.50 3.81

3.01 4.61
2016 Manual 2.55 4.21 3.38

Equipment 2.39 3.34 2.86 3.12
2.47 3.78 T X

Manual 2.97 4.91 3.94
TH X Equipment 2.78 3.90 3.34 3.64
HX 2.88 4.41

H T HT
LSD  0.05 0.082 0.027 0.040 0.038 0.031 0.038 0.053

0.01 0.095 0.036 0.048 0.051 0.042 0.051 0.073
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Graph 1. Grain yield of seed maize by year, hybrid and method of detasseling

Graph 2. Interaction between the years (y) and the methods of detasseling (T)
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-
cantly lower yield when it was done mechanically.

leaf area and it is expressed as a decrease in absolute grain 

were removed with the tassel, yield decreased an average 
of 22–31%, while when plants were cut above the main ear, 

-
-

ly reduced, while in some others the yield was reduced at 

12% when the second leaf is removed, 16% for the third 
-

ferences in a yield reduction grow with the increase in the 
number of removed leaves.

Removing the second, third and fourth leaf with the tas-
sel decreases the average yield of seven inbred lines by 11.7, 
21.8 and 27.9%, while the average decrease in four individual 
crossings was 7.1, 8.6 and 19.4% when compared to the de-

A loss of a certain amount of the leaf area was coupled 
with detasseling, whether manual or mechanised. Studies 

-

depending on the properties of the studied maize lines. Thus, 

leaf removal were found among inbred lines and among 

amount of decrease in leaf area per plant.

Conclusions
In three-year research, the maize seed yield of 3.64 t/ha 

per unit area was recorded, regardless on the tested hybrids 
and methods of detasseling. The researchers recorded the 
seed yield of 2.88 t/ha in “Suanito” and 4.41 t/ha in “MAS 

The highest seed yield was recorded in 2015 (3.81 t/ha) 
and then in 2014 (3.47 t/ha) while the lowest yield was re-
corded in 2016 (3.12 t/ha). The analysis shows a highly sig-

was conducted. 
Manual detasseling resulted in the seed yield of 3.94 t/

lower yield of 3.34 t/ha.

A highly significant interaction was found between 
the years and the hybrids, between the year and the 
method of detasseling as well as between the hybrid 
and the method of detasseling, whereas there was a sig-
nificant difference between the year, the hybrid and the 
method of detasselling.
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