
 

 

 

INTRODUCTION 

 

Kinnow mandarin (Citrus nobilis Lour. × Citrus deliciosa 

Tenora.) was released in the USA in 1935, exported to 

Pakistan during 1943-44 and planted at Punjab Agriculture 

and Research Institute Lyallpur, (now University of 

Agriculture, Faisalabad) climate of Pakistan has been proven 

best for its excellent production, with better fruit quality 

(Khalid et al., 2013). 

In 2014-2015, Pakistan exported more than 350 thousand 

tonnes of Kinnow fruit with a value of some US$ 284 million 

(Anonymous, 2014; TDAP, 2015). Due to improper 

postharvest facilities, postharvest losses of citrus fruits are in 

the range of 23-38% and sometimes may reach up to 40% 

(FAO, 2006). Similarly, high losses can occur on ‘Kinnow’ in 

Pakistan and in some production areas they may reach upto 

45% of total production (Ahmed et al., 2015). 

The application of wax emulsion is employed to control the 

weight loss from fruit (especially citrus) and to maintain its 

appearance and natural gloss (Alam and Paul, 2001). Waxing 

of citrus is also used to replace natural waxes on the fruit 

surface that are removed during washing after harvesting. 

Natural waxes are preferred such as sugar cane wax, carnauba 

wax, shellac and various resins. The most commonly used 

waxes in Pakistan are shellac and polyethylene based wax 

coating emulsions (Bajwa and Anjum, 2007). Wax coatings 

with lower molecular weight also exhibit antifungal activities 

in comparison of commercial fungicide (TBZ) to control the 

blue and green mould incidence in Murcott tangor (Chein et 

al., 2007). Initial formation of citrus wax was based on 

paraffin wax and combination of different waxes like, bees 

wax or caranauba wax can also be used (Baldwin et al., 1999). 

 Paraffin wax is categorized under lipid based waxes which 

are used as protective layer obtained derived from the fraction 

of crude petroleum and consists of a mixture of solid 

hydrocarbon resulting from ethylene catalytic polymerization 

(Bourtoom, 2008). Sharine wax is carnauba wax which is 

derived from the leaves of carnauba palm mostly contains 

aliphatic esters, diesters and fatty acid alcohols and they have 

been successfully used to maintain the postharvest quality of 

citrus fruits (Ahmad et al., 1979; Hoa et al., 2002; Shahid and 

Abbasi, 2011). Volatile compounds like benzaldehyde not 

only comprise aroma component of flavor but they also play 

an important role in plant pathogen interaction. They are 

naturally produced in fruits and exhibit antifungal activities 

(Wilson et al., 1987; Caccioni et al., 1995) by suppressing the 

growth of fungi and inhibiting spore germination (Barkai-

Golan, 2001).  

Commercial waxes used in food industry are usually 

expensive so, there is need to introduce inexpensive and 

effective wax sources even at the farmer level for local 

markets. For this purpose Sharine and paraffin wax were 

studied (as both are being used at commercial level) in 

comparison of PHRC wax and benzaldehyde fruit coatings  
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‘Kinnow’ mandarin is an important citrus cultivar, which ranks first among all the fruit crops in Pakistan. Being a non-

climacteric fruit, it has low shelflife even in cold storage, may lose its quality because of some physiochemical changes. Wax 

coating has been proved as an important strategy to maintain the fruit quality under storage. The present study was planned to 

compare the different types of waxes which include commercial waxes used by the traders and lab. prepared coatings (PHRC 

wax and benzaldehyde coating) by the scientists of AARI and UAF, respectively. The results revealed that sharine and paraffin 

wax exhibited minimum fruit rot (2%) with lower weight loss (11.87%) after 90 days of storage and PHRC wax performed 

statistically at par to commercial waxes regarding weight loss (12%) and fruit rot (3%). The minimum changes in juice weight, 

TSS/TA ratio, peel/pulp ratio, ascorbic acid and sugar contents were recorded in coated fruits except benzaldehyde coating. 

Wax coatings also maintained higher levels of total phenolics (240.7 mg GAE 100g-1), antioxidant (63.4%) and enzyme 

activities of catalase (17.6), peroxidase (0.71), and superoxide dismutase (137.6 U mg-1 protein) during storage. It is concluded 

that PHRC wax can be recommended for long term storage of citrus fruits as it performed almost at par to commercial waxes 

and maintained the fruit quality as well as bioactive juice components.  
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because  they were prepared locally and previously no 

research work is reported regarding their effects on fruit 

quality of Kinnow mandarin. 

 

MATERIALS AND METHODS 

 

Experimental Material: The fruit of Kinnow mandarin 

(Citrus nobilis Lour. × Citrus deliciosa Tenora.) was 

harvested from Sq. 9, Institute of Horticultural Sciences, 

University of Agriculture, Faisalabad, Pakistan. After 

harvesting, washing and drying, the fruits were transported to 

the lab of Post-Harvest Research Centre, AARI, Faisalabad. 

The fruits were dipped in wax solutions for 5 minutes and wax 

layer was coated thoroughly on all sides of fruit. The 

treatments used were control, Sharine (3%), Paraffin (3%), 

PHRC wax (3%) and Benzaldehyde (2%). 

After wax coatings, the fruits were dried with air drier. The 

fruits were then placed in cold chambers at 5°C for 90 days. 

Each treatment had 4 replications and experimental unit 

contained 10 fruits. All the physical, physiological and 

biochemical parameters described in Exp. 1 were analyzed 

after every 15 days up to 3 months of storage. 

Physical and physiological characteristics: Fruit Rot data 

were recorded during entire storage period using following 

formula. 

 
Fruits samples were weighed before storage and after every 

10 days interval till the end of storage. The difference between 

initial and final fruit weight was considered as total weight 

loss during that storage interval. The calculations were made 

in terms of percentage on fresh weight basis. The physical 

fruit parameters were calculated by using following formula. 

 

 

 
Physiochemical characteristics of juice:    

(a) Total soluble solids (°Brix): A digital refractometer was 

used to measure total soluble solids concentration (TSS) of 

fruit juice and expressed as oBrix at room temperature. 

(b) Titratable acidity (TA): The TA of fruit juice was 

determined by method given by Hortwitz (1960). 10 ml of 

juice was taken in 100 ml conical flask, diluted up to 50 ml 

with distilled water and titrated against 0.1 N NaOH, using 2-

3 drops of phenolphthalein as an indicator till pink colour end 

point was achieved. To determine TA calculations were made 

according to the formula: 

 

SSC: TA ratio was calculated in each sample by dividing the 

percentages of SSC with the corresponding percentages of the 

TA. 

(c) Ascorbic acid: Ascorbic acid contents of juice were 

determined following the described by AOAC (1990). Ten ml 

of juice was taken in a 100 ml volumetric flask and volume 

was made by adding 0.4% oxalic acid solution. Out of this, 5 

ml filtrated aliquot was taken, and titrated against 2, 6-

dicholorophenolindophenol dye, to light pink color end point 

(persisted for at least 15 seconds). Ascorbic acid was 

calculated by using formula given below 

 
(d) Sugar contents: Sugars in juices were estimated as 

described by Hortwitz (1960). 10 ml juice was taken in 250 

ml volumetric flask in which 100 ml distilled water, 25 ml 

lead acetate solution (25%) and 10 ml potassium oxalate 

(20%) solution was added. Then the volume was made with 

distilled water and was filtered. The filtrate was used for the 

estimation of the different forms of sugars and the values were 

calculated using formula. 

Total sugars (%) =25×(X/Z) 

Reducing sugars % = 6.25 × (X/Y) 

Non-reducing sugars (%) = 0.95× (total sugars% - reducing 

sugars %) 

(e) Total phenolics and total antioxidants: Total Phenolics 

(mg GAE 100g-1) the results were recorded using 

spectrophotometer at wavelength of 765 nm and 517 nm 

respectively (Ainsworth and Gillespie, 2007). 

(f) Enzymes assay: Frozen juice was used to estimate the 

enzymatic activities of POD, CAT an SOD after 

homogenization using phosphate buffer. The enzyme extracts 

were prepared and readings were recorded at 

spectrophotometer at specific wavelengths. The enzyme 

activity was expressed in Unit mg protein-1 (Liu et al., 2011). 

Statistical analysis: The experiment was carried out under 

Completely Randomized Design (CRD) along with factorial 

arrangements. The data recorded were analyzed using 

Analysis of Variance technique with the help of computer run 

statistical program 8.1 and least significant difference (LSD) 

was used to compare the treatment means (Steel et al., 1997). 

 

RESULTS 

 

Physical and physiological characteristics: 

Fruit rot (%): Fruit rot (%) was recorded on daily basis 

observations and maximum fruit rot (20%) was observed in 

control fruits after 90 days followed by the fruits of 

benzaldehyde coating (12), PHRC wax (3), Sharine and 

Paraffin wax (2) respectively (Figure 1a). Control fruits had 

higher incidence of fruit rot (%) after 30 days while treated 

fruits had maximum decay during 75-90 days which depicted 

that wax coating maintained their efficacy up to 75 days to 

control the fruit rot. Both commercial waxes (Sharine and 

 

Fruit Rot %    =     Spoiled fruits × 100 

                               Total fruits   

 

 

Weight loss %  =  Initial fruit weight-final fruit weight × 100                                                     

                    Initial fruit weight     

 

 

Peel weight %   =   Average peel weight × 100                                                           

    Average fruit weight 

 

 

 Juice weight %  =  Average juice weight × 100                                                     

      Average fruit weight                                   

 

 

TA % =    0.1 N NaOH× 0.0064 ×100 

      ml juice used 

 

 

Ascorbic acid (mg100 ml-1 =  1×R1×V×100 

                                      R×W×V1 
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Paraffin) performed at par to PHRC wax and effectively 

minimized the fruit rot percentage in stored fruits. However; 

benzaldehyde coating could not achieve better results to 

minimize the fruit decay during storage.  

 

 
Figure 1. Effect of different wax types on fruit rot and 

weight loss (%) during storage. 

 

Weight loss (%): Minimum weight loss (11.87%) was found 

in fruits those were treated with ‘Paraffin’ (11.86%) followed 

by ‘PHRC’ wax, ‘Sharine’ and benzaldehyde coatings with 

the weight loss 12.47, 13.68 and 20.52% respectively 

whereas; maximum loss in weight (35.10%) was recorded in 

untreated fruits after 90 days of storage (Figure 1b). ‘Paraffin’ 

and ‘PHRC’ wax performed almost at par to control the 

weight loss in stored fruits. Overall results suggest that weight 

loss increased with the increase in storage period, however; 

control fruits had maximum weight loss during storage due to 

higher metabolic activities.   

Peel weight (g): All types of wax coating performed well to 

maintain peel weight during storage, Maximum peel weight 

(42.5) was recorded in the fruits those were treated with 

PHRC wax followed by the fruits coated with Paraffin (41.9), 

Sharine (38.33), benzaldehyde (28.82) and control (27.83) 

respectively after 90 days of storage (Figure 2a). Fruits treated 

with Paraffin wax retained maximum peel weight from 0-60 

days while PHRC and Sharine wax performed at par to 

minimize weight loss from fruit peel by avoiding direct 

exposure of fruit skin to environment. In contrast, control 

fruits had a rapid decline in peel weight during 15-90 days. 

 

 
Figure 2. Effect of different wax types on peel weight, 

juice weight (%) and peel: pulp ratio during 

storage. 

 

Juice weight (%): It was observed that juice weight of fruit in 

all the treatments was also decreased with increased storage 

time however; decrease rate was minimized after wax 
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coatings. Wax coated fruits had minimum decline during 

initial 45 days of storage while a rapid loss in juice weight 

was recorded during 60-90 days. Maximum juice weight 

(42.87) was observed in fruits those were treated with Sharine 

wax followed by the fruits coated with Paraffin (40.11), 

PHRC (38), protector (54.21) and control (32.29) respectively 

after 90 days of storage (Fig. 2b). During entire storage, 

Paraffin and PHRC wax performed at par to minimize the 

weight loss (%) from the juice. 

Peel pulp ratio: Peel: pulp ratio is an important factor to 

determine the water loss in mandarin during storage. After 90 

days, maximum peel and pulp ratio (1.51) was recorded in the 

fruits coated with Paraffin wax followed by PHRC, Sharine, 

benzaldehyde and control in which ratio was calculated as 

(1.49), (1.44), (1.40)  and (1.3) respectively (Fig. 2c). Coated 

fruits had non-significant changes during initial 15 days while 

control fruits had rapid decline during 15-90 days of storage. 

Bio-chemical characteristics: 

Total soluble solids (°Brix): Soluble solid contents in 

Kinnow juice were increased with the advanced storage 

however; this increase rate was minimized by the application 

of skin coatings. After 90 days, maximum TSS (13.23) was 

recorded in control fruits followed by protector (12.9), PHRC 

wax (11.9), Paraffin (11.2) and Sharine (11.1) respectively 

(Figure 3a). A rapid increase in fruit TSS was observed after 

60 days of storage however; wax coated fruits exhibited 

maximum increase during 75-90 days of storage.  

Titratable acidity (%): Higher titratable acidity was found in 

‘PHRC’ wax (1.23) followed by ‘Sharine’ (1.19%), ‘Foema’ 

(1.18) and ‘protector’ (1.1) after 90 days of storage. Control 

fruits had lower acidity (0.78%) than all other treatments at 

the end of storage. A clear decline in titratable acidity in 

stored fruits was observed with the increase in storage period 

(Figure 3b). 

TSS/ Acid ratio: All the treatments with wax coatings had 

minor changes in TSS: TA ratio of Kinnow juice during initial 

15 days while control and benzaldehyde coated fruits had 

sharp increase in ratio from 15-90 days of storage. After 90 

days, maximum ratio (13.50) was observed in control fruits 

followed by benzaldehyde (10.93), Paraffin (9.49), Sharine 

(9.32) and PHRC wax (9.26). PHRC wax performed 

statistically at par to both commercial waxes to maintain the 

TSS/TA ratio in optimum range (Figure 3c).  

Sugar contents (%): A positive correlation was recorded 

between sugar contents and storage period and all the three 

wax types (Sharine Paraffin and PHRC) performed at par to 

each other and maintained the sugar contents of juice. Control 

fruits had a rapid increase in total sugars after 60 days while 

the fruits treated with PHRC wax showed a considerable 

increase during 45-60 days of storage. Interaction between 

treatments and storage exhibited that Paraffin and PHRC wax 

performed at par to each other during entire storage  

 
Figure 3. Effect of different wax types on TSS, TA and 

TSS: TA ratio during storage. 

 

After 90 days, maximum total sugars (19) were observed in 

control fruits followed while minimum (13.5) were observed 

in fruits treated with Sharine wax (Figure 4a, 4b). 

In contrast of total and reducing sugars, non-reducing sugars 

were decreased with the advanced storage and after 90 days, 

maximum (7.2) was observed in the fruits coated with 

Paraffin wax while control fruits exhibited minimum (6) 

contents of non-reducing sugars. Control fruits had a clear 

decline after 45 days however; maximum decline in coated 

fruits was observed during last 30 days of storage (Figure 4c).  

Ascorbic acid (mg 100 g-1): It was observed that maximum 

vit.C contents were recorded in fruits treated with Sharine 

wax followed by the fruits of PHRC wax (55.99), Paraffin 
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wax (54.57) benzaldehyde coating (42.9) and control (26.98) 

after 90 days respectively (Figure 5a). Vit.C contents were 

increased in all the treatments during 0-60 days depending 

upon the treatment applied.  However; control fruits had 

gradual decrease after 30 days while wax coated fruits had 

higher rates of decline during 75-90 days. Highest value of 

vit.C contents (72.78) was recorded in the fruits coated with 

Paraffin wax after 60 days of storage which depicts an 

increase in ascorbic acid during storage, while control fruits 

had minimum (44.72) when analyzed at the same day. 

Moreover; Paraffin and PHRC wax performed statistically at 

par to maintain maximum ascorbic acid contents during entire 

storage. 

 

 
Figure 4. Effect of different wax types on total, reducing 

and non-reducing sugars (%) during storage. 

 

 
Figure 5. Effect of different wax types on vit. C, total 

phenolic contents and fruit during storage. 

 

Total phenolic contents (mg GAE 100 g-1): Paraffin wax 

maintained maximum level (240.78) of TPC up to 90 days 

followed by the fruits of Sharine (239.69), PHRC wax 

(230.62), benzaldehyde coating (200.83) and control (140.16) 

respectively (Figure 5b). A significant increase in total 

phenolic contents was recorded in all the wax coated fruits 

from 0-60 days depending upon the treatment applied. A 

slight increase was also observed in control fruits but it was 

declined after 30 days of storage however; maximum decline 

in coated fruits was observed during 75-90 days. Maximum 

TPC (270.55) were recorded in the fruits coated with paraffin 
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wax after 60 days while they were minimum (232.1) in 

control fruits at the same day.  

Total antioxidants (% inhibition): Maximum antioxidant 

activity (63.46) was recorded in Sharine wax, while; 

minimum was exhibited by the fruits of control (31.73) at the 

end of storage. All the three wax coatings (commercial and 

local) performed at par to maintain maximum total 

antioxidant activity in stored fruits (Figure 5c). Like ascorbic 

acid and total phenolic contents, antioxidant activity of fruit 

was also increased in all the treatments from 0-60 days but 

decreased gradually up to 90 days. PHRC wax and both types 

of commercial waxes coatings were equally helpful to retain 

antioxidant activities for maximum time period. 

 
Figure 6. Effect of different wax types on catalase, 

peroxidase and superoxide dismutase activities 

in fruit during storage. 

Catalase (U mg-1 protein): Catalase (CAT) activity increased 

with the increased storage in all the treatments, but also 

decreased after 30-45 days depending upon the treatment. 

Maximum CAT activity (17.64) was recorded in fruits treated 

with Paraffin wax followed by the fruits of Sharine, (12.58), 

PHRC (15.26), benzaldehyde coating (12.58) and control 

(9.97) respectively after 90 days (Figure 6a). Interaction 

effect exhibited highest CAT activity (25.46) in the fruits 

coated with PHRC wax after 30 days of storage while it was 

minimum (19.11) in the fruits coated with benzaldehyde 

solution at the same day. Sharine and PHRC wax performed 

at par to maintain the CAT activity during entire storage. 

Peroxidase (U mg-1 protein): Maximum peroxidase (POD) 

activity was recorded in fruits coated with Paraffin (0.71) 

while control fruits exhibited minimum (0.66) at the end of 

storage (Figure 6b). Significant interaction between 

treatments and storage time exhibited highest activity (0.76) 

in PHRC coated fruits after 60 days of storage while control 

fruits had minimum (0.71) when analyzed at the same day. 

Superoxide dismutase (U mg-1 protein): A significant 

increase in superoxide dismutase (SOD) activity was 

observed under low temperature, however; wax coatings 

maintained higher levels upto 90 days by keeping their 

influence in comparison of benzaldehyde coating and control 

fruits. Paraffin coated fruits exhibited maximum SOD activity 

(137.62) followed by the fruits of Sharine (135.15), PHRC 

wax (131.00), benzaldehyde (82.65) and control (55.15) after 

90 days (Figure 6c). Maximum SOD activity (153.87) was 

observed in fruits treated with Paraffin wax after 60 days 

while the control fruits had only (90.15) SOD at the same day. 

 

DISCUSSION  
 

Edible coatings in fruits and vegetables are used for many 

purposes particularly to improve the fruit appearance, skin 

texture and to minimize the water loss from the fruit surface. 

In citrus, wax coatings are used to improve skin gloss, to 

reduce skin shriveling during storage and to replace the 

natural waxes that are removed during harvesting and 

postharvest handling (Baldwin, 1994; Chein et al., 2007).  

Citrus fruits face serious problems of postharvest decay 

during storage which is mostly caused by fungal pathogens. 

Penicillium digitatum and penicillium italicum are important 

wound pathogens of citrus which cause green and blue mold 

in citrus respectively. Lower incidence of fruit decay in wax 

coated fruits may be due to formation of a protective layer on 

fruit skin because fungal spores enter the fruit through skin 

and waxing creates a barrier against fungal and bacterial 

pathogens into the skin. It also creates a hydrophobic layer on 

fruit surface which restricts the growth and development of 

fungi because usually their spores are produced in water 

loving environment. Some wax coatings i.e., chitosan also 

exhibit antifungal properties itself and directly inhibit the 

attack of fungal pathogens during storage (Lam and Deip, 
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2003; NARI, 2004; Bourtoom, 2008). Our findings are also 

supported by the previous studies where it has been reported 

that different types of wax coatings effectively minimized the 

fruit rot and fungal decay during storage of citrus fruits (Lam 

and Deip, 2003; Hagenmaier and Shaw, 2002; Shahid, 2007). 

In present study, increasing trend in weight loss of fruit from 

peel, pulp and juice was observed among all the treatments 

however; all the wax coatings including PHRC wax 

effectively minimized the weight loss (%) during storage. 

Weight loss in fruits and vegetables is associated with water 

loss through transpiration and respiration during storage. 

Water loss from the citrus fruits during storage is the 

physiological loss which declines the fruit quality of citrus 

making it unacceptable for consumer. Respiration and 

transpiration process continue during the storage of 

horticultural crops leading to reduce moisture contents of fruit 

and ultimately deteriorate the fruit quality. Water loss from 

the fruit peel, pulp and juice adversely affects the fruit weight 

and appearance by causing wilting, shriveling and fruit 

softening. Moreover; many physiological and rind disorders 

of citrus are also related to water loss from the fruit (Greirson 

et al., 2006; Palou et al., 2015). After waxing of citrus fruits, 

a thin film tightly adheres the fruit skin and the pores of 

cuticle are blocked which decreases the rate of respiration and 

transpiration, ultimately leads to reduce the water loss from 

fruit surface (NARI, 2004; Shahid, 2007; Palou et al., 2015). 

These results are in agreement with Shahid (2007) and Avina 

et al. (2007) who reported that wax coatings significantly 

reduce the weight loss from the citrus and tomato 

respectively.  

Application of different types of wax coatings effectively 

maintained the levels of fruit TSS, total sugars and reducing 

sugars in comparison of control and protector treatment. 

Increase in fruit TSS and sugars mostly occurs due to higher 

rate of physiological changes in fruit, more water loss and 

higher rates of respiration and transpiration during fruit 

storage. It has been reported that many processes including 

glycolytic cycles and Kreb’s cycle take place during storage 

and cause the sugar variation during storage (Taiz and Zeiger, 

2003). Sugar contents during storage usually increase due to 

hydrolysis of starch into sugars within the fruit moreover; 

most of the physicochemical changes are also correlated with 

fruit senescence, and respiration rate. Sugar contents of juice 

also increase with the fluctuation in water contents as the 

sugars increase with the increase in water loss from the fruit 

(Hassan et al., 2014). Wax coatings slow down the respiration 

rate and metabolic activities that ultimately slow down the 

physicochemical changes including sugar level of juice. 

Previous studies confirm that wax coatings slow down the 

physiochemical changes as well as other metabolic activities 

within the fruit during storage (Boylston et al., 2002). Our 

results regarding total soluble solids and sugars are in 

association with Shahid and Abbasi (2011) who reported that 

wax coated fruits had minimum change in TSS, total sugars, 

reducing sugars and non-reducing sugars in sweet orange 

cultivar blood red. 

Wax coated fruits showed higher levels of acidity after 

storage as compared to control fruits which may be due to 

lower metabolic activities within the fruit. A rapid decline in 

titratable acidity of control fruits is caused by the conversion 

of acids into sugars within the fruit while; wax coated fruits 

exhibit lower changes due to slow metabolic activities during 

storage resulting in higher acid contents (Bajwa, 2007). Citrus 

fruits contain different organic acids and they are minimized 

during storage because fruits use them as energy source 

(Hassan et al., 2014). The level of TSS: TA ratio was 

increased among all the treatments however; this increase was 

more in control fruits which may be due to the higher decline 

rate of acidity and increase of sugars during the storage. 

Higher TSS/Acid ratios adversely affect the fruit taste as the 

mandarin and citrus fruits are liked by their lower TSS/Acid 

ratio during storage (Arpaia and Kader, 2012). These results 

are in line with Shahid and Abbasi (2011) who reported that 

TSS: TA ratio in citrus fruits is minimally affected after 

different types of wax coatings in comparison of control.  

Ascorbic acid is an important part of antioxidant family which 

is water soluble vitamin and is rapidly oxidized by the effect 

of temperature, light and ascorbic acid oxidase enzymes. 

Being an important part of citrus fruit juice which is also 

considered as quality indicator during storage of citrus fruits 

(Rapisarda et al., 2008; Silva et al., 2013). Results from 

present study indicated that wax coated fruits had higher 

levels of Vit.C after 90 days in comparison of control which 

may be due to effect of low temperature on metabolism 

control and lower activities of ascorbic acid degrading 

enzymes. These results are supported by previous studies 

where it has been reported that Vit. C contents and acidity 

decrease during the storage of citrus fruits but wax coatings 

maintain their levels under cold storage (Bajwa and Anjum, 

2007) 

In this study, a slight increase in total phenolics was observed 

during initial storage followed by decline till the end of 

storage. Control fruits had maximum decline in total 

phenolics during entire storage in comparison of wax coated 

fruits. Citrus fruits contain a considerable amount of 

phytochemicals which are very active in plant defense system 

and protect the plants against stress and pathogen attack. 

These phenolic compounds induce resistance against 

Penicillium in citrus fruits and under certain favorable 

conditions including low temperature storage, the 

concentration of plant phytochemicals might be enhanced 

(Zobel, 1997). Increase in phenolic contents during initial 

days may be in association with low temperature as it affects 

the initiation of different phenolic compounds and water loss 

during storage may also cause variation in phenolic contents 

of juice (Silva et al., 2013). Decrease in phenolics after a 

defined time period might be due to decrease in antioxidant 

activity and this degradation is the sign of lower internal 
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resistance of fruits against pathogen attack. These results are 

supported by Machado et al. (2014) who reported a slight 

increase in phenolic contents during initial storage followed 

by a continuous decrease after the application of different 

coating types on pineapple fruit. 

Higher activities of antioxidants were recorded in the wax 

coated fruits after 90 days as compared to control and 

benzaldehyde coating. Citrus fruits contain flavonoids which 

also exhibit antioxidant activity and they may be involved to 

change the status of total antioxidants within the fruits during 

storage (Bocco et al., 1998). The initial increase in 

antioxidant enzymatic activity may be due to environmental 

stress provided in the form of low temperature as it increases 

the level of reactive oxygen species (ROS) at the transcript, 

protein and activity level which ultimately alters the cellular 

homeostasis (Suzuki and Mittler, 2006). Moreover; vit.C 

contents may also affect the antioxidant activity of fruits 

being an important part of their family (Du et al., 2009). In 

our study, lower antioxidant activity of non coated fruits 

expressed their low resistance against disease attack and 

metabolic changes during storage.  

Wax coatings effectively maintained the higher activities of 

antioxidant enzymes as compared to control and 

benzaldehyde coating. Enzymatic phytochemicals (SOD, 

CAT and POD) are very important because they are activate 

the plant defense system against various biotic and a biotic 

stress. SOD is a ubiquitous defensive enzyme which protects 

from the superoxide damage to anaerobic organisms. CAT 

and POD also help to scavenge free radicals which can 

damage the cells under stress. Initial increase in antioxidant 

enzymes activities may be due to low temperature exposure 

and wax coatings which results in accumulation of H2O2 (a 

signal of oxidative stress). Accumulation of H2O2 increases 

the peroxide scavenging system during cold storage and 

activates the plant defense system. Wax coatings in fruits may 

cause the production of free redicals which activate the fruit 

internal defence system by increasing the activities of 

antioxidant enzymes (Erkan et al., 2008; Shafique et al., 

2011; Maharaj, 2015).  

Conclusion: PHRC wax effectively minimized the fruit decay 

during 90 days storage and performed statistically at par to 

maintain the fruit TSS, sugars, acidity, total phenolics, 

antioxidants, CAT, POD and SOD activities after storage. 

Consequently, it can be recommended that PHRC wax can 

successfully replace the commercial waxes as it performed 

almost equal to commercial waxes. It will be very cost 

effective as it has about 50% lower price than commercial 

waxes. 
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Abstract
Aim: Fruit processing and consumption yield a significant amount of by-products as waste, which can be used as potential 
nutrient suppliers for livestock. “Kinnow” (Citrus nobilis Lour x Citrus deliciosa Tenora) is one of the most important citrus 
fruit crops of North Indian States. Its residues are rich in carbohydrates but poor in protein and account for approximately 
55-60% of the raw weight of the fruit. Present study assessed the chemical composition and anti-oxidative activity of 
Kinnow mandarin fruit waste (KMW) and scrutinized the impact of dietary incorporation of variable levels of KMW on 
in vitro dry matter digestibility (IVDMD).

Materials and Methods: Sun dried and ground KMW was analyzed for proximate composition, fibre fractions and calcium 
and phosphorus content. Antioxidant potential of KMW as total phenolic count and 1-diphenyl-2-picrylhydrazyl (DPPH) 
scavenging activity was assayed in an alcoholic extract of KMW. The effect of inclusion of KMW at variable levels (0-40%) 
in the isonitrogenous concentrate mixtures on in vitro degradability of composite feed (concentrate mixture:Wheat straw; 
40:60) was also carried out.

Results: KMW after sun-drying contained 92.05% dry matter. The crude protein content of 7.60% indicates it being marginal 
in protein content, whereas nitrogen free extract content of 73.69% suggests that it is primarily a carbonaceous feedstuff. 
This observation was also supported by low neutral detergent fiber and acid detergent fiber content of 26.35% and 19.50%, 
respectively. High calcium content (0.92%) vis-à-vis low phosphorus content (0.08%), resulted in wide Ca:P ratio (11.5) 
in KMW. High anti-oxidative potential of KMW is indicated by total phenolic content values of 17.1±1.04 mg gallic acid 
equivalents/g and DPPH free radicle scavenging activity 96.2 μg/ml (effective concentration 50). Mean IVDMD% of all the 
composite rations was found to be comparable (p>0.05) irrespective of the level of KMW inclusion, indicating no negative 
effect of KMW inclusion on in vitro nutrient utilization.

Conclusion: KMW is a carbonaceous feedstuff and may be incorporated in ruminant ration up to the level of 40% (w/w 
basis) without affecting in vitro degradability.

Keywords: antioxidant, in vitro dry matter digestibility, Kinnow mandarin waste, unconventional feedstuff.

Introduction

Fruit production and consumption has seen tre-
mendous growth in last few years. The area under 
fruit cultivation in India is 6.98 million hectares 
with a total production of 81.28 million tonnes [1]. 
Processing and consumption of fruits yield a signif-
icant amount of by-products as waste. It has been 
demonstrated that these fruit by-products can be 
potential nutrient suppliers especially energy for 
livestock [2]. These are available free of cost, are 
rich in micro-nutrients and can positively affect 
livestock health due to their high anti-oxidative 
activity. Livestock feeding regimen based on these 
by-products also offers two important advantages; 

it helps in diminishing dependence of livestock on 
grains and eliminates the need for costly waste man-
agement programs [3].

Citrus fruits are principally consumed by 
humans as fresh fruit or processed juice. After juice 
is extracted from the fruit, there remains a residue 
comprised of peel (flavedo and albedo), pulp (juice 
sac residue), rag (membranes and cores) and seeds. 
These components, either individually or in various 
combinations, are available for utilization as ruminant 
feedstuffs [4].

“Kinnow,” a hybrid between King and willow 
mandarins (Citrus nobilis Lour x Citrus deliciosa 
Tenora) is one of the most important citrus fruit crops 
in North Indian States [5]. Jammu and Kashmir pro-
duces 20,810 MT of citrus fruit [1], majority of which 
is produced in Jammu division and out of which a con-
siderable share is that of Kinnow mandarins. Kinnow 

Copyright: The authors. This article is an open access article licensed 
under the terms of the Creative Commons Attributin License (http://
creative commons.org/licenses/by/2.0) which permits unrestricted 
use, distribution and reproduction in any medium, provided the 
work is properly cited.
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residues are rich in carbohydrates but poor in protein 
and account for approximately 55-60% of the weight 
of the raw fruit [6].

Present study was conducted to assess the chemi-
cal composition and anti-oxidative activity of Kinnow 
mandarin fruit waste (KMW) and to scrutinize the 
impact of dietary incorporation of variable levels of 
KMW on in vitro dry matter digestibility (IVDMD).
Materials and Methods
Study material

KMW was collected from local juice vendors 
of Jammu city and nearby areas in the evening. 
Immediately after collection in plastic buckets, 
KMW was brought to the laboratory and sun dried by 
spreading out on polythene sheets and was frequently 
turned around to ensure quick and uniform drying. 
After about 16 h of sun-drying, waste was pulverized 
through a laboratory grinder to form a coarse powder.
Procedures

Proximate analysis and calcium and phospho-
rus content estimation of pulverized KMW sample 
was done as per [7], whereas fiber fractions (neutral 
detergent fiber [NDF] and acid detergent fiber [ADF]) 
were analyzed as per [8].

Antioxidant potential of KMW was assayed in 
an alcoholic extract of KMW. Extract was prepared by 
refluxing 10 g of dried and ground KMW with 100 ml 
of 70% ethanol at 72°C for 121 min. The extract was 
filtered through Whatman No.4 filter paper and was 
re-dissolved in the appropriate amount of 70% ethanol 
to get the final concentration of 5.0 mg/ml.

Total phenolic content (TPC) in the prepared 
KMW extract was determined using the Folin–
Ciocalteu reagent [9]. Result was expressed as mil-
ligram gallic acid equivalents per gram fresh weight 
(mg GAE/g). The ability of KMW extract to scavenge 
the 1-diphenyl-2-picrylhydrazyl (DPPH) (2,2-diphe-
nyl-1-picryl-hydrazylhydrate) free radical was 
measured [10]. DPPH solution (40 mg/L) was pre-
pared by dissolving DPPH in 100% methanol. KMW 
extract was then added to 3 ml of the DPPH solution, 
and the absorbance was determined at 515 nm after 
10, 30, 60, and 120 min.

The effect of inclusion of KMW at variable 
levels (0-40%) in the isonitrogenous concentrate 
mixtures on in vitro degradability of composite feed 
(concentrate mixture:Wheat straw; 40:60) was carried 
out [11]. Ingredient composition of different iso-ni-
trogenous concentrate mixtures formulated for in 
vitro study along with the percent in vitro IVDMD is 
detailed in Table-1.
Statistical analysis

Statistical analysis of the data generated was 
performed using a personal computer. Generalized 
linear model analysis of variance for data generated 
by in vitro trial and one-way analysis of variance for 
chemical composition data was conducted [12].

Results

The proximate composition and fiber fractions 
of KMW used in this study are shown in Table-2.

KMW after sun-drying contained 92.05% dry 
matter (DM). On DM basis, KMW contained 7.60% 
crude protein (CP) and 73.69% nitrogen free extract 
(NFE) along with NDF and ADF content of 26.35% 
and 19.50%, respectively.

The TPC was found to be 17.1±1.04 mg GAE/g 
of KMW, whereas the DPPH free radicle scavenging 
activity of KMW was determined as median effective 
concentration 50 and was found to be 96.2 μg/ml.

In vitro DM digestibility of composite diet con-
taining variable levels of KMW in iso-nitrogenous 
concentrate mixtures are shown in Table-1. The mean 
IVDMD% of all the composite rations was found 
to be comparable (p>0.05) irrespective of the level 
of KMW inclusion. The percent IVDMD of ration 
containing 40% KMW (w/w) in concentrate mixture 

Table-1: In vitro dry matter digestibility of composite 
ration comprising of variable levels of KMW.

Iso-nitrogenous rations containing 
variable levels of KMW1

IVDMD 
(%)

Ration 1 (KMW 0%, Maize 29.5%, WB 
29.5%, MOC 38%, MM 2%, Salt 1%)

52.99±2.66

Ration 2 (KMW 10%, Maize 24.0%, WB 
24.0%, MOC 39%, MM 2%, Salt 1%)

52.74±2.66

Ration 3 (KMW 15%, Maize 21.0%, WB 
21.0%, MOC 40%, MM 2%, Salt 1%)

52.96±1.70

Ration 4 (KMW 20%, Maize 18.0%, WB 
18.0%, MOC 41%, MM 2%, Salt 1%)

52.66±1.99

Ration 5 (KMW 25%, Maize 15.5%, WB 
15.5%, MOC 41%, MM 2%, Salt 1%)

51.44±2.14

Ration 6 (KMW 30%, Maize 13.0%, WB 
13.0%, MOC 41%, MM 2%, Salt 1%)

54.24±2.69

Ration 7 (KMW-35%, Maize 10.0%, WB 
10.0%, MOC 42%, MM 2%, Salt 1%)

53.96±2.72

Ration 8 (KMW-40%, Maize 7.0%, WB 
7.0%, MOC 43%, MM 2%, Salt 1%)

50.37±3.52

1All rations were incubated in rumen liquor along with 
wheat straw in 40:60 proportion. KMW=Kinnow mandarin 
waste; WB=Wheat bran, MOC=Mustard oil cake, 
MM=Mineral mixture

Table-2: Chemical composition of KMW.

Attribute Percentage*

Moisture 92.05±3.71
OM 95.77±3.94
CP 7.60±0.07
EE 3.57±0.01
CF 10.92±0.46
Total ash 4.23±0.37
AIA 0.50±0.01
NFE 73.69±1.34
NDF 26.35±2.68
ADF 19.50±2.01
Calcium 0.92±0.01
Phosphorus 0.08±0.001

*All values except moisture are expressed on DM basis. 
DM=Dry matter, OM=Organic matter, CP=Crude protein, 
EE=Ether extract, CF=Crude fibre, AIA=Acid insoluble ash, 
NFE=Nitrogen free extract, NDF=Neutral detergent fiber, 
ADF=Acid detergent fiber, KMW=Kinnow mandarin waste
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was 50.37±3.52, which was similar (p>0.05) to that 
(52.99±2.66) of the ration having conventional con-
centrate (0% KMW).
Discussion

High moisture content of citrus waste has always 
restricted their use as feedstuff [4]. Moisture content 
of <10% achieved after sun-drying for 16 h in this 
study indicate that this method and duration is suffi-
cient to dry KMW for further processing and storage, 
although frequent turning is essential to achieve this 
level of drying.

The CP content of 7.60% indicate it being mar-
ginal in protein content, whereas NFE content of 
73.69% suggests that it is primarily a carbonaceous 
feedstuff and based on the composition, it can be con-
sidered as a replacement candidate for starchy feed-
stuffs used in conventional ration. This observation 
was also supported by low NDF and ADF content. 
High calcium content (0.92%) vis-à-vis low phospho-
rus content (0.08%), resulted in wide Ca:P ratio (11.5) 
in KMW. This finding is similar to the observations 
from other citrus fruit wastes [4]. This wide calcium: 
Phosphorus ratio needs to be corrected by using phos-
phorus supplements while formulating the practical 
rations.

The chemical composition analytical data rel-
evant to animal nutrition and pertaining to KMW is 
scanty in the referred literature. The proximate com-
position and fiber fractions values of KMW obtained 
in this study are in agreement with the values avail-
able for waste of other citrus fruits [13,14]. A com-
parative analysis with the cellulose (8.8%), hemicel-
lulose (4.4%), lignin (3.7%), protein (12.2%) and ash 
(5.9%) content of dried Kinnow pulp [15] indicate that 
Kinnow pulp is having less ADF and NDF content and 
more crude protein and ash content as compared to 
Kinnow peel.

TPC values found in the present study are sim-
ilar to the values previously reported for Kinnow 
peels [16]. Phenolics or polyphenols have received 
considerable attention for their physiological function, 
including antioxidant, anti-mutagenic and anti-tumour 
activities. These are believed to account for a major 
portion of the antioxidant activity in many plants. 
A linear correlation between phenolic content and 
antioxidant ability in fruits and vegetables has been 
demonstrated [17], however in contrast, it has also 
been reported that Kinnow peel extract with lower 
TPC in comparison to extracts from litchi and grape 
residues exhibited higher free scavenging ability [16]. 
The TPC content of KMW was found to be higher 
than that reported for edible portions of other com-
mon fruits [18]. Similar observation was reported by 
Khalid et al. [19].

DPPH is a free radical, stable at room tempera-
ture, which produces a violet solution in ethanol. It is 
reduced in the presence of an antioxidant molecule, 
giving rise to uncoloured ethanol solutions. The use 

of DPPH provides an easy and rapid way to evaluate 
antioxidants [20]. The DPPH free radicle scavenging 
activity of KMW estimated in the present study indi-
cate higher antioxidant activity than other common 
fruit residues like grape and litchi residues [16] and 
pomegranate peel [21].

The comparable mean IVDMD% of all the com-
posite rations irrespective of the level of KMW indi-
cate that KMW inclusion does not hamper the nutrient 
degradability and its utilization is similar to that of 
other carbonaceous feedstuffs (maize and wheat bran 
[WB]). Similar observations were reported [22,23] 
in studies on in vitro fermentation of another citrus 
pulp. It has been suggested that supplementation of 
forages with citrus fruit waste that are rich in pectin 
or highly degradable NDF usually has a less negative 
effect on the rumen environment, and thus on cellu-
lolytic activity, than supplementation with starch-or 
sugar-rich feeds [4,24]. When citrus fruit waste sub-
stitutes for starchy feeds, DM digestibility remains 
unaffected [25,26]. This is in agreement with the 
findings of the present study, where the isonitroge-
nous concentrate mixtures tested for IVDMD were 
prepared mainly by replacement of maize and WB 
(starchy feedstuffs) from the conventional concentrate 
by KMW.

It is quite possible that even higher levels of 
KMW inclusion in concentrate mixture would not 
have impacted IVDMD values of composite ration; 
however, formulating a balanced diet in terms of calo-
rie protein ratio would have become increasingly dif-
ficult with increasing levels of KMW.
Conclusion

KMW seems to be an ideal energy supplement 
for ruminants besides providing beneficial effects over 
the health as evident by high anti-oxidative potential. 
As per the results of present study, 40% inclusion level 
of KMW in concentrate mixture seems to be appropri-
ate under in vitro trial; however, in vivo feeding trials 
are required to validate the in vitro results.
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ABSTRACT 

Sweet orange(Citrus sinensis(L) Osbeck) farmers in Ashanti Region of Ghana are being 

challenged with citrus pre-harvest fruit drop. This has compelled some farmers to abandon their 
citrus farms or cut down citrus trees to cultivate other crops.  The objective of this study was to 
assess farmers’ perception on the causes of citrus pre-harvest fruit drop and their agronomic 

practices in three major citrus growing areas namely Adansi North, Ahafo Ano South districts and 
Bekwai Municipal. Semi-structured questionnaires were administered to 60 citrus farmers using 
snow-ball sampling technique. All the farmers assessed were aware of citrus fruit pre-harvest 

drop. They generally, however, had poor agronomic practices especially in fertilization, pruning 
and control of the pests and diseases. Forty percent (40 %) of the citrus farmers indicated that 
the dropping of fruits occurs in both major and minor seasons before harvesting.  Ninety-five 

percent (95 %) indicated that fruit flies contributed to the causes of citrus pre-harvest fruit drop by 
piercing the fruits, laying eggs causing to the fruit to rot and drop. One-third (33.4 %)of farmers 
did not control the fruit flies whilst 28.3 % combined bait application and pheromone trap, 28.3 % 

sprayed insecticides only and 10 % combined pheromone trap and insecticides.  Majority of 
farmers (83.3 %) had perception that ‘citrus black spot’ disease was one of the causes of citrus 
pre-harvest fruit drop. They indicated that symptoms were seen only on the matured fruits and it 

forces the fruits to ripe and drop before harvest. About one-half of the farmers indicated that 
nothing was done to control the disease. However, 21.6 % sprayed fungicide and insecticide 
mixtures to reduce citrus black spot disease and citrus pre-harvest fruit drop and 23.4 % used 

either fungicides or insecticides. 

Keywords: pre-harvest fruit drop, perception, demography, Agronomic 

INTRODUCTION 

Citrus farmers in recent years are being challenged 

with citrus pre-harvest fruit drop aside high cost of 
production, disease infections, insect pest infestation, 
post-harvest losses and marketing difficulties. 

Though, there is natural physiological drop at the fruit 
set, June drop or middle development and 
senescence (pre-harvest) stages.There is, however a 

noticeable pre-harvest fruit drop that is alarming and 
which lead to loss of produce and revenue among 
farmers.  Florida, California, Thailand, Brazil, Ghana 

and many other tropical countries as well as sub-
tropical and temperate regions of the world are 
affected with this citrus pre-harvest fruit drop. For 

instance, Davies and Syvertsen (2015) reported that 
pre-harvest fruit drop leading to fruit losses is worth 

over 150 million dollars yearly. Citrus farmers in 
Ghana especially those in Ashanti region are being 
challenged with this phenomenon. To this effect, 

some farmers are abandoning their farms, cutting 
down citrus trees to cultivate other crops such as 
cocoa.  It is suspected that citrus pre-harvest 

(mature) fruit drop is caused by imbalances in soil-
plant nutrition, insect pest infestation and disease 
infections (Davies, 2002). Ashraf et al., (2012) in 

Pakistan conducted a study on causes of yield losses 
of citrus (kinnow) and attributed it mainly to the lack 
of appropriate nutrient management for citrus 

orchards.  EMQAP-MOFA, (2013) in Ghana also 
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reported that insects; Bactrocera invadens and 

Ceratitis capitata cause substantial losses in fruits 
and vegetables including citrus (Citrus sinensis). In 
addition, citrus pre-harvest fruit drop has been linked 

to disease infection where citrus black spot has been 
estimated to be 71% in Ghana (Brentu et al., 2012) 
and up to 80% fruit loss in untreated groves in 

Australia and South America (Calavan, 1960). In 
spite of policy makers’ attention on agricultural 
divers ificat ion and commerc ial izat ion of 

hort icultural c rops such as c it rus  and 
pineapple,  citrus pre-harvest fruit drop has become 
one of the major problems in citrus production.  This 

study reports on farmers’ perception on the causes of 
citrus pre-harvest drop and their agronomic practices 

to possibly control it in the three major citrus growing 

areas in Ashanti region of Ghana. 

MATERIALS AND METHODS 

Study Area: The study was conducted in three major 

citrus growing areas; Ahafo Ano South, Bekwai 
Municipal and Adansi North districts in the Ashanti 
Region. These areas fall within moist semi-deciduous 

agro-ecological zone noted for cultivation of citrus, 
cocoa and other horticultural crops such as, tomato, 
garden egg, pepper and okra. Adansi North district is 

located on Longitude -1.52 W and latitude 6.28 N; 
Bekwai Municipal is located on 6.45 N and longitude 
of -1.58 W and also Ahafo Ano South is located on 

longitude-1.96 W and  latitude 6.92 N 
(http://gha.geonamebase.com/node).  

 

Fig. 1: Map of Ashanti Region showing the major citrus growing districts for the study (arrows pointing 

to the districts visited) 

Study Design and Structure: Semi-structured 
questionnaire (open and close ended) was used to 

assess citrus farmers’ perceptions on citrus pre-
harvest fruit drop.After refining the questionnaire with 
pre-test, data were collected from the selected 

respondents by visiting communities where citrus 
farmers are. Comments with valid and reliable 
information that contributed to the objective of the 

work were noted. 

Data collection procedure: Based on the comments 
of the ten (10) respondents at the pre-test, necessary 

minor changes were made on items on the 

questionnaires. The respondents were approached 
individually either in their farms or homes. The 

purpose of the research was explained after 
establishing initial rapport with the respondents and 
they were requested to volunteer for the study. Data 

were collected using face-to-face interview, from 
September to October, 2015, using English or 
appropriate local languages. Each interview lasted on 

average, 15 mins.  

Sampling Size and Sampling Procedure : Snow ball 
sampling technique was used to obtain citrus farmers 

in all the three major growing areas. The 
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communities that were chosen from each district 

were selected based on the availability of commercial 
citrus producers (Badii et al., 2012). The 
questionnaire was administered to sixty (60) citrus 

farmers with 24 farmers in Adansi North, 18 in 
Bekwai Municipal and 17 in Ahafo Ano South, (about 
20-30 % of citrus farmers’ based organisation in the 

respective areas). 

Data Analysis: Statistical analysis was performed 

using the Statistical Package for Social Scientists 
(SPSS version 20).Data were analyzed using 
appropriate statistical procedures for descriptive 

analysis. 

RESULTS  

Table 1: Demography of Farmers 

Statement                                                                                   Respondents (%) 

Sex  

a) Male  
b) female  

Total 

 

 

 

80  
20 
100 

Level of education  

i. No formal education  
ii. Primary  
iii. JHS/Middle school  

iv. Secondary  
v.  Tertiary  

Total 

  

26.7  
15.0  
36.7  

13.3  
  8.0 
100  

Citrus farming experience  

a. 1 – 5 years  
b. 6 – 10 years  
c. 11 – 15 years  

d. 16 – 20 years  
e. Above 20 years  

Total 

 

 

 

10.0  
51.7  
21.7  

10.0  
  6.7  
100 

 

Table 2: Farmers’ Routine Agronomic Practices 

  

Frequency of weed control  

a) Once a year  
b) Twice a year  
c) Three times a year  

d) Not at all  
Total 

 

 

 

  6.7  
56.7  
30.0  

  6.7  
100 

Pruning  

a) Yes  
b) No  

Total 

 

 

 

65.0  
35.0  
100  

Fertilizer application  

a) Yes  
b) No  

Total 

 

 

 

33.3  
66.7  
100 
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Table 3: Farmers’ Perception on the Causes of Pre-harvest Citrus fruit drop 

 Statement  Respondents (%) 

Knowledge on pre-harvest fruit drop  
a) Yes 
b) No 

Total 

 
 

 
100.0 
 0.0 

100 

Period pre-harvest fruit drop mostly occurs 
a. Aug/September-Dec/January (major) 
b. March/April - May/June (minor) 

c. Both Major and Minor  
d. August – November 
e. Don’t Know 

Total 

 
 

 
20.0 
10.0 

40.0 
26.7 
  3.3 

100 

Fruit flies cause pre-harvest fruit drop  

a. Yes 
b. No 

Total 

  

95.0 
  5.0 
100 

What attracts fruit flies 

a. Dry season/favourable season 
b. Scent from flowers and scent/orange colour of mature fruits  
c. Fruit fly infestation from previous year’s dropped fruits  

d. Inappropriate farm management 
e. Don’t know 

Total 

 

 

 

13.3 
40.0 
10.0 

  5.0 
31.7 
100 

Damage caused on the fruits 

a. pierce the fruits and lay eggs 
b. don’t know 

Total 

 

 
 

 

88.3 
11.7 
100 

Citrus black spot disease causes pre-harvest fruit drop  

a) Yes 
b) No 
c) No response 

Total 

 

 

 

83.3 
11.7 
  5.0 

100 

 
Table 4: Control Measures of the Perceived Causes of Citrus Pre -harvest Fruit Drop by Farmers  

Statement  Respondents(%) 
 

Control of fruit flies  
a) Bait application and use of pheromone trap 

b) Use of pheromone trap and insecticides 
c) Spray insecticides 
d) No control 

Total  

 
 

 
28.3 

10.0 
28.3 
33.4 

100 

Control of disease(s)  

a. Insecticides  
b. Fungicides 
c. Both insecticides and fungicides (mix them) 

d. No control 
Total 

 

 

 

11.7 
11.7 
21.6 

55.0 
100 
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When chemicals are sprayed to control disease(s) 
a. When black spot symptoms are seen 

b. Flowering and fruit developing stages  
c. No response 

Total 

  
25.0 

16.7 
58.3 
100 

 

Demography of farmers: Most farmers were males 
(80 %) and had JHS (Junior High School) or Middle 

School certificate (36.7 %) education. A lot of them 
had a considerable number of citrus farming 
experiences (10 – 15 years) (Table 1). 

Farmers’ Routine Agronomic Practices: More than 
half of the farmers (56.7 %) indicated that they 
control weeds in their orchards twice (by the use of 

weedicides and mechanical) in a year followed by 30 
% of them clearing or controlling weeds three times 
(weedicides and two weeding regimes) a year. Two-

thirds (65 %) of farmers said they prune their orange 
trees and 5 % gave no response and the remaining 
indicated that they do not prune their orchards. 

Farmers were asked if they had fertilized their citrus 
farms since the trees started bearing fruits; two-thirds 
(66.7 %) responded no and one-third (33.3 %) 

indicated that they do fertilize (Table 2). 

Farmers’ Perception on the Causes of Pre -
Harvest Fruit Drop of Citrus: Farmers’ perception 

on causes of pre-harvest fruit drop was assessed and 
all the farmers that were interviewed indicated that 
they know of citrus pre-harvest fruit drop. In addition, 

about one-third (40 %) indicated that the dropping of 
matured fruits occur in both major and minor seasons 
before the maturity index will be favourable for 

harvesting and consumption, thus Aug/September-
Dec/January (major season) and March/April - 
May/June (minor season)(Table 3). This was followed 

by 26.7 % of farmers who were of the view that it 
occurs in between August and November. Only 3.3 % 
of the farmers said they did not know when the pre-

harvest drop occurs. 

Almost all the farmers (95 %) indicated that fruit flies 
contribute to the causes of the fruit drop. Some were 

of the view that scent or orange colour of mature 
fruits (40 %) attracts this insect pest and 31.7 % said 
they do not know what attracts the fruit flies.  

Farmers’ knowledge on the damage caused on the 
fruits by the fruit flies was also assessed and 88.3 % 
indicated that they pierce the fruits and lay eggs 

whiles 11.7 % said they did not know the damage the 
fruit flies cause. In addition, most of the farmers (83.3 
%) had perception that citrus black spot disease is 

one of the causes of citrus pre-harvest fruit drop. 

Control Measures of the Perceived Causes of 
Citrus Pre-Harvest Drop by Farmers Citrus farmers 

indicated that fruit flies contribute to the causes of 
citrus pre-harvest drop and 33.4 % reported that 
nothing has been done to control the fruit flies. Some 

of the farmers indicated they controlled fruit flies by 
combining bait application and pheromone trap (28.3 
%) and used insecticides (28.3 %). The agronomic 

practice(s) farmers undertake to control the ‘black 
spot’ disease they suspect to cause pre-harvest fruit 
drop was assessed and 55 % indicated that they 

have not yet done anything to control the disease. 
Whilst 21.6 % of the people mix both fungicides and 
insecticides to spray as their control measure,11.7 % 

used fungicides only to control the citrus black spot 
disease. On when the chemicals are applied, 58 % 
gave no response as 55 % have already indicated 

that nothing has been done to control the citrus black 
spot disease. Some (25 %) of the citrus farmers said 
that they spray the chemical(s) when the black spot 

symptoms are seen whilst 16.7 % said the chemicals 
are sprayed during the flowering and fruit developing 
stages before maturing stage. 

DISCUSSION 

Farmers’ Demographic and Agronomic Practices: 
Most farmers did not have high school or tertiary 
education and this could affect their attitude for 

change especially when they are to adapt to certain 
cultural practices. Even the percentage of those with 
non-formal educational is quite high (26.7 %). 

Coupled with a 11-15 years of farming experience, it 
might need an on-farm practices which could be quite 
close to the farmers which could possibly influence 

some of them for the necessary change. 

Citrus pre-harvest fruit drop has, on a larger scale 
increased the cost of production, minimize profit and 

has compelled some citrus farmers to abandon their 
farms or cut down their citrus orchard to cultivate 
cocoa and other crops. It was realized that most of 

the farmers (86.7 %) controlled weeds in their 
orchards twice or three times a year. It is very 
relevant that most farmers control weeds regularly in 

their sweet orange orchards.  Since weeds compete 
with citrus trees for nutrients, water and light 
penetration which tend to have effect on yield and 

fruit quality (Davies and Albrigo, 2006; UC-IPM, 
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2016).  Although, two-thirds (65 %) of farmers 

reported that they prune their orange trees, however, 
they categorically indicated that only dead parts are 
removed when weeding without considering 

overgrown parts that can affect sunlight interception, 
alternate bearing and following a routine method of 
pruning citrus (Kelly and Wright, 2010).Generally, 

farmers made it clear that they do not know the 
importance of pruning such as ensuring the efficient 
water use and increase the conversion of available 

plant nutrients to the citrus tree. Appropriate pruning 
program also helps in controlling pests and diseases 
in citrus orchard(Khalid et al., 2013). This suggests 

that there may be adequate or high moisture within 
the canopy that may favour insects and pathogen 
survival to cause damage to the crop. Khalid et al. 

(2013) reported that in a crowded orchard, disease 
and pests can spread quickly. When citrus plant is 
not pruned appropriately or at all and the plant is 

stressed (biotic or abiotic) the plant will shed off some 
leaves and fruits as natural defensive or survival 
mechanism (Zekri and Obreza, 2015).  

Citrus fruits are known to remove large amounts of N, 
P, K in addition to other nutrients in a season since 
citrus is known to be a heavy feeder. They are 

necessary for basic physiological functions such as 
formation of sugars and starch, cell division and 
growth, and neutralization of organic acids (Zekri and 
Obreza, 2015). Two-thirds (66.7 %) of farmers 

indicated that they do not fertilize their orchards and 
one-third (33.3 %) indicated that they do fertilize their 
orchards. Majority of them do not fertilize because 

there is perception (according to them) that if they 
fertilize their citrus farms, it may reduce the life span 
of their farms or reduce the shelf life of the harvested 

fruits. In addition, the cost involved in purchasing 
fertilizer and its application is expensive. This implies 
that in a situation where there is insufficient nutrients 

in the soil, there can be delayed maturity, reduced 
quality of fruits, shedding of leaves and fruits as well 
as decrease  in disease resistance (Osman, 2012). 

Deficiency of P for instance appear first on older 
leaves, which lose their deep green colour then 
leaves and fruit shed prematurely before normal 

harvesting time (Zekri and Obreza, 2015). 
Adequately nourished citrus trees grow stronger and 
have better tolerance to pests and stresses more 

consistently than when deficient (Zekri, 2011) in 
nutrients. 

Farmers’ Perception on the Causes of Pre -

Harvest Drop of Citrus: Farmers’ perception on pre-
harvest fruit drop was assessed and all the farmers 

had knowledge on citrus fruit pre-harvest drop. This 

suggests that probably citrus pre-harvest fruit drop is 
severe in their various orchards which confirm what 
NPCS Board of consultants and Engineers, (2009) 

reported that citrus pre-harvest drop is a common 
problem. One-third of the citrus farmers indicated that 
the dropping of matured fruits occur in both major 

and minor seasons before the maturity index will be 
favourable for harvesting, thus Aug/September to 
Dec/January (major) and March/April - May/June 

(minor).  This agrees with the maturity period of 
sweet orange varieties such as late valencia and red 
blood in the tropics as reported by (Appiahet al., 

2009). Moreover, some of the farmers (26.7 %) were 
of the view that it occurs in between August and 
November. This period fits the early maturing 

varieties (Adjei, Personal Communication, April 10, 
2016)of valencia and red blood oranges. 

Almost all the farmers (95 %) indicated that fruit flies 

contribute to the causes of citrus fruit pre-harvest 
drop. Their opinion agrees with Badii et al., (2012) 
who reported that farmers are mostly aware of the 

presence and economic importance of fruit flies. 
Some farmers are of the view that dry 
season/favourable season attracts the fruit flies. It 

has been asserted that Ceratitis capitata (med fly) for 
instance which is one of the fruit flies in Ghana 
(Appiahet al., 2009) has over 300 hosts and so 
probably during dry season, in their search of feed 

the evergreen nature of citrus trees (being one of 
their host) attracts them to the orchards (Knowledge 
Master, 2016),to cause havoc to the fruits. Others are 

of the view that scent from flowers and scent or 
orange colour of mature fruits (40 %) attracts this 
insect pest to the citrus farms. The orange colour 

attracts fruit flies to maturing citrus fruit orchard 
(Osekere, Personal Communication, March 9, 2015). 
In addition, Appiah et al.(2009) reported the two 

peaks of adult fruit fly in Ghana and their abundance 
fall within the major (September) and minor (April) 
harvesting seasons during the mature stages of 

sweet orange varieties. These dates correspond with 
the period when most citrus fruits ripe. Meanwhile 
31.7 % indicated that they did not know what attracts 

the fruit flies which imply that no agronomic practice 
is undertaken to prevent the flies from reaching their 
threshold since they are not aware of what attracts 

them.  Farmers’ knowledge on the damage caused 
on the fruits by the fruit flies was assessed and 88.3 
% indicated that they pierce the fruits (ripe or 

unriped) and lay eggs (Department of Agriculture and 
Food, 2016). This means that a lot of farmers are 
conversant with direct damage symptoms on host 

https://www.agric.wa.gov.au/fruit/mediterranean-fruit-fly
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fruits as well as their economic impact (Baadi et al., 

2012). This awareness could have come through 
contact with extension officers. The awareness of 
what attracts the fruit flies and damage on the fruits 

notify them on when to undertake the recommended 
control measures in addition to sanitation in their 
farms if they were prepared.  

Also, majority of farmers (83.3 %) had the perception 
that disease is one of the causes of citrus pre-harvest 
fruit drop. They indicated that, when ‘black spot’ 

symptoms are seen on the matured fruits, it forces 
the fruits to ripe. According to them, the force ripened 
fruits may fully develop the orange colour though but 

may not have developed the consumable taste. They 
are of the view that when the black spot disease 
occurs on a tree, the yield will be high in the first year 

of occurrence then severe die back follows in the 
second year and by the fourth year, the tree will be 
on the path of dying. It has been stated that citrus 

trees that are of low vigour (nutritionally stressed) are 
more susceptible to citrus black spot disease 
(Meurant, 2012) or increases the chances of CBS 

infection. Symptom expression on mature fruit is 
hastened by rising temperatures, high light intensity 
and drought stress and low tree vigour(Ripoll et al., 

2014). 

Control Measures of the Perceived Causes of 
Citrus Pre-Harvest Drop by Farmers: Some of the 
farmers (33.4 %) reported that nothing has been 

done to control the fruit flies. This implies that the 
farmers are either not aware or not accessible to 
recommended fruit fly control strategies such as 

pheromone trap, bait application, soil inoculation and 
biological control (Baadi et al., 2012; EMQAP-MOFA, 
2013).Some of the farmers indicated that they 

combine bait application and pheromone trap (28.3 
%) in their orchards and they claimed both are very 
effective. In addition, other citrus farmers (10 %) 

combine pheromone trap and insecticides as well as 
28.3 % using spraying insecticides only. Some 
farmers claimed that the recommended insecticides 

to control fruit flies are not known. This assertion 
affirms Baadi et al. (2012)report that 72 % of farmers 
apply chemicals that are not recommended for the 

control of fruit flies. Again, the agronomic practice(s) 
farmers undertake to control the ‘citrus back spot’ 
disease they suspect to cause pre-harvest fruit drop 

was assessed and 55 % indicated that they have not 
yet done anything to control the disease. Though, 
farmers are aware that ‘citrus black spot’ disease 

forces the fruits to develop the orange colour whiles 
not matured for market or consumption and drop 

before harvesting.  Some of the farmers claimed the 

cost of chemicals to spray to control the disease is 
expensive and decreases their returns. Those who 
tried to control citrus black spots mix both fungicides 

and insecticides to spray as their control measure to 
reduce citrus black spot disease and such practices 
may not result to reasonable efficacy level. Nault et 

al. (2011) reported that mixing fungicides and 
insecticides in a tank is efficient because it saves 
time and fuel by pulling the sprayer through the field 

one time instead of twice. But this tank mixing 
practice may reduce the performance or efficacy of 
either of the chemicals. Frequent application of 

fungicides and insecticides mix could aggravate or 
intensify resistance development. 

Furthermore, the farmers who use fungicides only to 

control the disease are 11.7 % of citrus farmers. 
Farmers complained that they do not get or know the 
recommended chemical or fungicides to purchase 

and use. Others who know of the recommended 
fungicides, like mancozeb do not get the chemical at 
appropriate time to use. Though, Strobilurins is 

recommended in rotation or combination with other 
fungicides such as mancozeb or copper to control 
CBS (Schutte et al., 2003; Miles et al., 2004), most 

farmers may not be aware.  

On when the chemicals are applied or sprayed, 58 % 
gave no response and 55 % indicated that nothing 
has been done to control the citrus black spot 

disease. Some (25 %) of the citrus farmers said that 
they spray the chemical(s) when the black spot 
symptoms are seen. As these farmers have indicated 

that they do not know the recommended fungicides to 
use, it may imply that the farmers (25 %) who spray 
the chemicals when symptoms are seen do not know 

either they spray curative or preventive fungicides. 
Other group of citrus farmers said that chemicals are 
sprayed during the flowering and fruit developing 

stages before maturing stage (16.7 %). This group of 
farmers is likely to yield better results if the 
recommended fungicides and cultural practices are 

done appropriately. This is because the fruit remains 
susceptible to infection from fruit set up to 5-6 months 
later, (Truter et al., 2004) and so spraying mancozeb 

for instance will serve as a preventive measure to 
minimize the citrus black spot infection in the orchard. 

CONCLUSION  

Almost all the farmers interviewed indicated that fruit 
flies contribute to the causes of citrus fruit pre-harvest 
drop. They are of the view that scent from flowers 

and scent or orange colour of mature fruits (40 %) 
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attracts this insect pest to the citrus farms. Though, 

33.4 %reported that nothing has been done to control 
the fruit flies, others (28.3 %) combine bait 
application and pheromone trap in their orchards. 

Moreover, majority of farmers (83.3 %) have 
perception that ‘citrus black spot’ disease is one of 
the causes of citrus pre-harvest fruit drop. They 

indicated that the black spot symptoms are seen on 
fruits when the fruits mature, and forces the fruits to 
ripe. Most of the farmers did not have proper 

agronomic practices (i.e fertilization, pruning etc)For 
instance, about55 % indicated that nothing is done to 
control the disease and about 21.6 %claim to control 

citrus black spots by mixing both fungicides and 
insecticides. 
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