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Abstract 

China is the leading country in the loquat (Eriobotrya japonica L.) production followed by Spain and Japan. 

In Pakistan it is mainly cultivated in two provinces i.e. Khyber Pakhtunkhwa and Punjab. Present study is aimed 

to standardize bagging techniques for loquat fruit to enhance quality. Five treatments such as control 

(unbagged), magazine paper bags, zip locked perforated plastic bags, Chinese paper bags and butter paper bags 

were used with three replications. Data were recorded for various parameters, including fruit firmness, fruit 

color, fruit size, fruit and seed weight, ascorbic acid (mg/100g), titratable acidity (%), TSS (°Brix), and reducing 

and non-reducing sugars. All treatments showed a significant effect on the differences in the evaluated 

parameters. It was observed that fruit size, fruit weight and ascorbic acid were enhanced when using magazine 

paper bags (MPB), while fruit firmness, total soluble solids and skin color showed better results in loquat fruits 

wrapped with zip-locked perforated plastic bags (ZLPPB) compared to the control (unwrapped fruit). Among 

the bagging treatments, it was revealed that titratable acidity was highest in butter paper bags. RCBD was used 

for this study. All the readings were subjected to ANOVA and LSD Test (Least Significant Difference Test) for 

comparison at a 95% level of confidence. In conclusion, fruit bagging at the early developmental stage of fruit 

in loquat plants with zip-locked perforated plastic bags (ZLPPB) and magazine paper bags (MPB) can be a good 

choice to enhace the quality of loquat fruit. 
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Introduction 

Loquat (Eriobotrya japonica L.) is a member of 

family Rosaceae, subfamily Maloideae. It was 

originated in China and then spread to the other 

countries of world (Zheng, 2007; Huang et al., 2007). 

Loquat is mainly grown in China, Japan, Pakistan, 

India, Brazil, Mauritius Island, Madagascar, United 

States, Australia and the Mediterranean countries 

(Vilanova et al., 2001; Li et al., 2007). World 

production of loquat is 549220 tons while area is 

131260 hectares (Lin, 2007; Lin et al., 2007). In 

Pakistan it is considered as a minor fruit and grown 

only on 1678 hectares with the 13159 tons production 

(Akhtar, 2009). More than 98 % loquat grown in 

Punjab and KPK Province (MINFAL, 2009). It is 

cultivated in Punjab province at Murree foot hills 

(Chatter,Tret), Taxila, Kalar Kahar, Wah, 

Hassanabdal and Chakwal while in KPK loquat is 

being grown in Peshawar, Mardan and Harripur 

(Hussain, 2009). Loquat have malic acid, sucrose, 

laevulose and lower quantity of tartaric acid, succinic 

acid, minerals (P & Ca), vitamins (A, B & C), and 

various sugars (Karadeniz, 2002). It contains high 

concentration of carotenoids; fruit 1and tender leaves 

these may be used for the treatment of diseases. The 

leaves as well as kernel contain amygdaline, which is 

also called as anti-cancer vitamin (Tierra, 2005. Fruit 

bagging is a common technique in many fruits, used 

for protection of fruits from bird’s attack, sun scard, 

hailstorm, frost, pests and diseases. Moreover, it 

changes the micro-environment of fruit during 

development, which applied numerous effects on 

quality and growth of many fruits (Li et al., 2008; Son 
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and Lee, 2008; Guzman, 2004).  Fruit bunch bagging 

saved the bunch from decreasing temperature such as 

in India (Gopalkrishna and Deo, 1960) and Australlia 

(Berril, 1956). According to Chillet and Jannoyer 

(1996), small climatic changes of fruit bunch favored 

and modify by fruit bunch bagging. Weight of fruit 

bunch enhanced by 18-23 percent while increasing the 

quality of fruit in Sri Lankan climate (Anon, 1995). In 

apple and Asian pear it is used for the making of 

unblemished and good quality fruit (Huang et al., 

2007). Bagging of fruits encourages fruit 

pigmentation (Jia et al., 2005; Hu et al., 2001; Byers 

and Carbaugh, 1995) and reduces physical injury 

(Byers and Carbaugh, 1995). On the other hand, 

different types of bags have many physicochemical 

features for example heat conductance, vapor 

permeability, light transmittance and subsequently 

create differential effects on quality and 

microenvironment of fruits (Niu et al., 2003; Son and 

Lee, 2008). Many reports showed that bagging on 

fruits reduce total soluble solids (Huang et al., 2007). 

Bagging is effective for inhibition of diseases, insect 

pest, sunburn, fruit cracking, fruit shrinkage and 

lowers the fruit drop (Wu et al., 2004; Ping et al., 

2005) and also effective for growing better quality 

perfect fruits (Kitagawa et al., 1992). Presently a 

research work is designed with the objectives to 

identify economical and suitable fruit bunch bagging 

techniques to get high value fruit. It is accepted that 

identification of suitable fruit bagging techniques will 

help to harvest fruit of high demand with better 

earnings. 

Materials and Methods 

The research work was carried out at Tret Fruit 

Research Station, Murree Hills, District Rawalpindi 

(Punjab), Pakistan. Loquat (Eriobotrya japonica L.) 

trees with the age of 20-25 years were selected for this 

study. Fruits were bagged two month before 

harvesting and firmly tied with rope to avoid entrance 

of water and insects. Standard cultural practices were 

applied to the entire experimental study. The detail of 

the treatments is as follows.T1: Control (unbagged), 

T2: Magazine paper bags (MPB) of 12 inch x 9 inch 

size with hole (2.5 inch x 1 inch) at the bottom of 

right side, T3: Zip locked perforated plastic bags 

(ZLPPB) of 12 x 8 inches with four lines of pores 

(0.45mm) length wise,T4: Chinese paper bags (CPB) 

of 12 x 9 inches with hole size 2.5 x 1inches at the 

right side of bottom, T5: Butter paper bags (BPB) of 

12 x 8 inche with hole (2.5 inch x 1 inch) at the 

bottom of right side. Chinese paper bag (CPB) and 

butter paper bags (BPB) were imported from china 

while Magazine paper bags (MPB) and Zip locked 

perforated plastic bags (ZLPPB) were acquired from 

the local market. For assessment of loquat fruit 

quality and analysis, fruits were harvested and shifted 

to postharvest Lab of Department of Horticulture, 

PMAS- Arid Agriculture University, Rawalpindi 

during 2011-12. 

Physical quality parameters: After harvesting, 

loquat fruits were shifted to post-harvest laboratory 

for physical parameters. Fruit size was measured by 

using Vernier caliper. The color of loquat fruit skin 

was measured with a chromometer CR-400 (Konica 

Minolta Sensing, Inc., Japan). The fruit color changes 

L*, a* and b* were measured from the blush side and 

non-blush sides. Firmness of fruit was recorded by 

using penetrometer. 

Chemical quality parameters: The fruits from each 

treatment used for firmness test then juice was 

extracted from each lot by using juicer. The extracted 

juice was used for analysis of treatable acidity, total 

soluble solids and Sugars. 

Titratable Acidity: The extracted loquat juice (10ml) 

mixed with 40 ml distilled water.. Two to five drops 

of phenolphthalein were added in the juice. A 10 ml 

aliquot was taken in a titration flask and then titrated 

against 0.1 N NaOH till permanent light pink color 

appears. Three readings were recorded from each 

replication of a treatment and acidity percentage as 

malic acid was calculated by using the following 

formula; 
% Titratable acidity =N/10 NaOH used x 0.0064 x 100  
  (Volume of aliquot taken) 

Total Soluble Solids (°Brix): Total soluble solids 

(TSS) measured according to AOAC (1990) using 

hand refractometer at room temperature. The drop of 

extracted juice placed on absolutely dry refractometer 

prism and readings recorded in °Brix.  

Reducing Sugars: Reducing sugars of juice estimated 

by the method described by Horwitz (1960).  Ten ml 

juice sample was taken in 250 ml volumetric flasks to 

which 100 ml distilled water, 25 ml lead acetate 

solution and 10 ml potassium oxalate was added. 

Volume was made up with distilled water and filtered. 

In a conical flask, 10 ml of Fehling’s solution was 

taken and boiled after adding some distilled water. 

Sample aliquot then be taken in a burette and let to 

run drop wise into the conical flask containing the 

Fehling’s solution. While titrating, slow boiling was 

continued. On appearance of brick red color 2 to 3 

drops of methyl blue were added and titration 

continued till again brick red color appears. Reading 

of sample aliquot used was noted and percent 

reducing sugars were calculated as below: 

Reducing sugars (%) = 6.25 (X / Y) 

Where:   

X = ml of standard sugar solution used against 10 ml 

Fehling’s solution 

Y = ml of sample aliquot used against 10 ml Fehling’s 

solution. 

Non- Reducing Sugars: Non-reducing sugars 

calculated by the following formula. 

Non-reducing sugars (%) = [Total sugars (%) – 

Reducing sugars (%)] x 0.95 

Statistical Analysis: RCBD was used for this study. 

The all readings were subjected to ANOVA and LSD 

Test (Least Significant Difference Test) for 
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comparison at 95 % level of confidence as recommended by Chase and Bown (1997). 

Results and Discussions 

Firmness (N): All the bagging treatments show 

highly significant results for fruit firmness against 

unbagged or control treatment. The current results 

fully supported the results of Ding et al. (1998) he 

found that different types of bagging had major effect 

in fruits such as increase in firmness of fruit. Firmness 

in fruits bagged with zip locked perforated plastic 

bags was higher when compared with control and 

other bagging treatments. With increasing shelf life of 

polyethylene bagged fruit had greater decline in 

firmness (Jia et al., 2005). Whereas bagging with 

various techniques may have exerted differential 

sound effects on chemical composition of fruit (Wang 

et al., 2007). It is indicated that fruit firmness was 

found highest in zip locked perforated plastic bags 

(T3) 2.66 and lowest fruit firmness of 0.94 in control. 

Basically firmness is related with fruit texture which 

reduces with ripening. A fruit may transform its 

quality through maturation, particularly at the stage of 

ripening when it may be converted into soft form and 

enhance the quality of fruit.  

Skin Color of fruits: Color of fruit surface is one of 

the most key factors to observe the fruit maturity. It is 

major indication for marketable quality of fruit 

(Studman, 1994). The analysis of color is commonly 

an essential characteristic which determining the The 

The effectiveness of postharvest treatments of variety 

(McGuire, 1992). Durgac et al. (2006) were observed 

that with the ripening of fruit, reduction in moisture 

loss reduces (L*) value. It was evident that fruit 

skinlightness (L*) value in loquat fruit was higher 

with (T3) Zip locked perforated plastic bags (53.77). 

Similar work is done by Xu et al. (2010) who 

observed that bagging enhanced the L* value (fruit 

skin lightness) which were greater in bagged fruit than 

in unbagged or control fruits of Ninghaibai and Baiyu 

loquat varities. Low light is recognized to enhance the 

humiliation of chlorophyll and retards synthesis of 

carotenoids in fruit peel. Highest fruit skin blush color 

(a*) value (10.28) was found zip locked perforated 

plastic bags (T3) while fruit skin blush color (a*) 

value (4.74) was noticed in magazine paper bags (T2). 

It was observed that control treatment had highest 

fruit skin ground color (b*) value (28.48). 

Significantly lower fruit skin ground color (b*) value 

(11.91) prevailed in fruits of magazine paper bags 

treatment (T2). The effects were common among zip 

locked perforated plastic bags (T3), butter paper bags 

(T5) and Chinese paper bags (T4) with fruit skin color 

(b*) values of 23.53, 20.55 and 15.46 respectively. 

Table1. Effect of different bagging types on firmness and color of loquat fruit. 

Bagging Material 

 

Fruit firmness 

Newton (N) 

      Fruit color 

L* a* b* 

T1 Control 

(Unbagged) 
0.94±0.03d 40.87±1.15e 8.54±0.26b 28.48±0.67a 

T2 MPB 3.0±0.09c 44.86±1.05d 4.74±0.38d 11.91±0.28 e 

T3 ZLPPB 2.66±0.06 a 53.77±0.99 a 10.28±0.30a 23.53±0.82b 

T4 CPB 1.53±0.15c 47.61±0.51 c 6.69±0.70c 15.46±0.81d 

T5 BPB 2.40±0.06 b 50.71±0.63 b 6.01±0.53cd 20.55±0.79c 

Those means which are followed by similar alphabets are not much different from one another at 0.05 Prob. Value 

(LSD). ± = Std E.  

 

Fruit size: Pearson and Robertson (1953) found that 

variations in fruit size are observed in initial growth 

by the degree of cell division. Size of the cell may 

also affect fruit size during different seasons. It 

showed that all the treatments had more fruit size 

relative to control. The maximum fruit size 32.48 mm 

was recorded in magazine paper bags (T2) followed 

by 29.83 mm in zip locked perforated plastic bags 

(T3). While fruit wrapped with Chinese paper bags 

(T4) and butter paper bags (T5) showed same effects 

with values of 26.42 mm and 25.04 mm respectively. 

The present findings are alike with the findings of Xu 

et al. (2010) that size and weight of the different fruits 

like pomegranate (Hussain et al., 1994) and banana 

(Hasan et al., 2001) and apple are affected by bagging 

(Arakawa et al., 1994). 

Fruit weight: Fruit weight is very important factor 

related to yield. The highest significant fruit weight 

was found in magazine paper bags (T2) followed by 

Chinese paper bags (T4), zip locked perforated plastic 

bags (T3) and butter paper bags (T5) with values 26.69 

g, 24.18 g, 20.46 g and 18.48 g respectively. 

Unbagged or control (T1) recorded the lowest fruit 

weight 13.82 g.  The weight of loquat increased when 

it is cover with different bagging materials (Xu et al., 

2010), these results support the current findings that 

weight increase as compared with control. Current 

findings are also supported by the results of Chillet 

and Jannoyer (1996) that fruit weight was 

considerably high in fruits of bunches with covers 

compared to bunch with no covers. 

Seed weight: The maximum average seed weight of 

loquat fruit (3.48 g) was recorded in control treatment 

followed by (3.01 g) butter paper bags (T5), (2.59 g) 

Chinese paper bags (T4) and (2.04 g) zip locked 

perforated plastic bags (T3) respectively. While 
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minimum average seed weight of loquat fruit (1.84 g) 

was recorded in magazine paper bags (T2). The pulp 

of loquat is white to light yellow to orange and peel is 

smoothing to slightly downy and light yellow to 

orange (Nawaf et al., 2008). 

Ascorbic acid (mg/100g):.Ascorbic acid contents as 

influenced by different bagging treatments showed 

that maximum ascorbic acid contents noted in 

magazine paper bags (T2) 2.66 mg/100g while the 

minimum ascorbic acid contents noted in unbagged or 

control treatment (T2) 2.09 mg/100g. Similar work is 

done by Xu et al. (2010) found that various type of 

bagging material increase the carotenoid and vitamin 

C contents as compared to unbagged or control 

treatment. 

Table2. Effect of different bagging materialon fruit weight, seed weight and Ascorbic acid of loquat fruit.          

Bagging Material 

 

Fruit size 

(mm) 

Fruit weight 

(g) 

Seed weight 

(g) 

Ascorbic acid 

(mg/100g) 

Control (unbagged) 22.07± 0.41d 13.8 ±0.44e 3.73±0.24a 2.09±0.04d 

T2: MPB 32.48±0.78a 26.69±0.29a 1.84±0.08 d 2.68±0.04 a 

T3:ZLPPB 29.83±0.40 b 20.46±0.62c 2.04± 0.11cd 2.49±0.02b 

T4:CPB 26.42±0.49c 24.18±0.30b 2.59±0.20 bc 2.37±0.06bc 

T5:BPB 25.04±0.41c 18.48 ±0.83d 3.01±0.33 ab 2.25± 0.06 cd 

Those means which are followed by similar alphabets are not much different from one another at 0.05 Prob. Value (LSD). ± 

= Std E. 

Titratable acidity: Titrable acidity is the amount of 

organic acids existing in fruits. Titratable acidity is 

directly connected to amount of acid present in fruit 

(Kays, 1997). Acidity is often used as indication of 

maturity. Increasing in levels of acidity on 1st day of 

in immature fruit might be due to fermentation of 

sugars resulting in production of acids (Bhattacharya, 

2004). Bagging treatments revealed that titratable 

acidity was maximum in Butter paper bag (T5) with 

0.29 percent reading compared to control with the 

value of 0.19%. Kim et al. (2003) also found that 

titrable acidity tended to increase by bagging 

treatments with yellow paper of low light 

transmittance. Whereas in the chemical composition 

of fruit, bagging with various bagging material have 

differential effects (Wang et al., 2007). Jia et al. 

(2005) indicated that in common titratable acidity was 

not affected by bagging. According to results reported 

by Reyes and Pauli (1995) titratable acidity is a role 

of fruit age rather than stage of ripening and this 

quality parameter is maintained during ripening. 

These results are also similar with Bashir et al. (2003) 

who found that in guava titratable acidity is improved 

up to a climacteric peak and decrease thereafter 

similar kinds of observations were found during 

ripening. Other findings also investigated that use of 

polyethylene bags minimizes decreases in organic 

acids (Ding et al., 1997). 

Total soluble solids (oBrix): Bagging data affected 

by various treatments revealed that the maximum 

values for TSS (Total soluble solids) 16.04 oBrix was 

observed in zip locked perforated plastic bags (T3) as 

compared to minimum value 7.04 oBrix was found in 

unbagged or controlled fruit treatment (T1). While 

fruit treated with Chinese paper bags (T4) and butter  

 

 

 

 

paper bags (T5) showed same effects with values of 

10.00 oBrix and 9.67 oBrix respectively. The present 

research work also interprets that there was a slight 

and gradual increase in the total soluble solids with 

the passage of time but bagging did not show any 

remarkable increase in the TSS contents. These results 

are in line with Hofman (1997) who found that in 

general TSS was not generally affected by bagging.  

Reducing Sugars: The results of different bagging 

treatments reducing sugar contents indicated that 

highest reducing sugar contents (1.83 percent) was 

noted in zip locked perforated plastic bags (T3) in 

comparison with lowest reducing sugar contents (1.26 

percent) observed by unbagged or control treatment 

(T3). Current results are fully supported by the 

findings of Xu et al. (2010) who found that sugar 

components were supposed to be significant ensuring 

features of fresh fruit. However, various bagging 

techniques which can cause various effects on the 

compositions of soluble sugars such as 

Padmavathamma and Hulamani (2009) satated that 

total sugars differ extensively with bag color, whereas 

Yang et al. (1996) found that that bagging tended to 

lower the sugar components, whereas the sugar 

components were non significantly suffered by bag 

type. 

Non Reducing sugars: Studied have shown that 

bagging develop an environment that uaually lowers 

components of sugars (Niu et al., 2003). The data 

showed that maximum non reducing sugar content 

were found in zip locked perforated plastic bags (T3) 

with 16.07 percent value while lowest was observed 

in the butter paper bags (T5) with value of 8.91 

percent followed by magazine paper bags (T2), 

chinese paper bags (T4) and unbagged or control (T1) 

with values of 13.83 percent, 11.51 percent and 11.13 

percent respectively

. 
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Table 3. Effect of different bagging material on TA, TSS, RS and non-RS of loquat fruit. 

Bagging Material Titrateable 

Acidity  (%) 

Total Soluble 

Solids(%) 

Reducing 

Sugar(%) 

Non-Reducing 

Sugar(%) 

T1Control (unbagged) 0.19 ± 0.00c 7.04±0.59 d 1.26±0.15c 11.13±0.77c 

T2: MPB 0.14±0.01d 13.03±1.01b 1.62±0.04ab 13.83±0.33b 

T3:ZLPPB 0.24±0.01b 16.04±0.90 a 1.83±0.07a 16.07±0.62 a 

T4:CPB 0.25±0.01ab 10.00±0.33 c 1.40±0.07 bc 11.51±0.73c 

T5:BPB 0.29±0.01a 9.67±0.55c 1.20±0.01c 8.91±0.56d 

Those means which are followed by similar alphabets are not much different from one another at 0.05 Prob. 

Value (LSD). ± = Std E.  

 

Conclusion  

It is concluded that fruit bagging at early 

developmental stage of fruit in loquat plant with zip 

locked perforated plastic bag (ZLPPB) and magazine 

paper bag (MPB) can be good choice to enhance the 

quality of fruit. Utilizing bagging techniques not only 

facilitates the production of premium-quality loquat 

fruit but also offers a viable means to increase profits 

for loquat growers, particularly advocating this 

practice for those engaged in organic fruit cultivation. 
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