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Abstract 
A study was conducted to investigate the effect of drying methods on various qualities and shelf-life of 

dry pork balls treated with phytoingredients (viz. Amla, Carrot, Round lemon, Mint, and Pomegranate). 

The temperature maintained for Oven-drying was 60°C while for solar drying temperature was 

maintained between 55-60°C. For both the drying methods there were control and treatment groups 

which were further packaged by aerobic and vaccum packaging method. In the treatment groups 

phytoingredients were added along with cured meat, spices and condiments whereas phytoingredients 

and other non-meat ingredients were absent in control group. The products were kept at room 

temperature and changes were observed during storage up to six months. Due to addition of 

phytoingredients there were certain changes in the proximate composition of the dry products. TBARS 

values of the samples were affected due to antioxidant contents of the phytoingredients. The solar-dried 

samples had higher acceptability level than the oven-dried samples. The results were attributed to the 

various changes that occurred during the drying process. Solar-drying could be applied to produce 

hygienic pork products under hot and humid climatic environment over mechanical drying. 

 

Keywords: Dry meat balls, phytoingredients, oven-drying solar-drying, storage periods 

 

Introduction 

Preservation methods of meat mainly include use of low or high temperatures, reduction of 

water contents (activity) or adoption of chemical preservatives. Among the many preservation 

methods, dehydration or drying is probably one of the earliest and most effective methods 

developed (Hotchkiss, Potter; 1995) [9]. Open air sun-drying process which involves exposing 

pieces of meat to open air and sunlight has a lot of disadvantages over oven-drying; as such 

meat pieces can be exposed to dust, rain, insects which contribute to non-acceptability of the 

meat. Drying in the open air is a common phenomenon in developing countries and the effects 

need to be examined.  

The most common form of chemical deterioration of meat is oxidative rancidity. Lipid 

oxidation can have negative effects on quality of meat and meat products causing changes in 

sensory attributes (colour, texture, odour and flavour) and nutritional quality (Decker et al., 

1996; Rababah et al., 2004) [5, 16]. To reduce lipid oxidation antioxidants are used in meat and 

meat products. The antioxidants can be synthetic or natural origin (Attmann et al, 1986; 

Powell et al, 1986) [4, 15]. But the demand for natural antioxidants, especially of plant origin has 

been increased in the recent years due to the growing concern among consumers about these 

synthetic antioxidants because of their potential toxicological effects (Juntachote et al., 2006; 

Naveena et al., 2008; Gonzalez et al., 2008) [10, 12, 8]. The addition of antioxidants during 

packing of dried meat in the manner that eliminates oxygen and moisture prevent mould and 

fungus growth (Forrest et al., 1975) [7]. 

Among the conventional meats, pork is the most popular in the tribal societies of North 

Eastern Region (NER) of India. Diet atlas of the people of North Eastern Region (NER) when 

looked into indicates that more than 90% of the indigenous people are non-vegetarian against 

the national average of 70% and pig is considered as an animal of choice because of natural 

attraction of our local tribal people towards the avocation of pig rearing. Pork is consumed not 

only as a source of diet in NER but also occupies places in various religious and social 

festivals.  
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NER has the highest pig population in the country and thus 

pork consumption is also one of the highest.  

Considering the disadvantages of conventional drying 

methods and perennial deficiency of electrical energy in the 

NER, it would be worthwhile if some alternative methods of 

drying be evolved and practiced in rural areas for drying of 

meat/ pork. The abundant untapped solar energy can 

efficiently and purposefully be used among the energy 

deficient rural areas of the region. This work was therefore 

designed to evaluate the effects of phytoingredients on certain 

physico-chemical properties of meat balls (pork) dried by 

oven-drying and solar-drying methods in order to recommend 

the better method of drying for adoption by the people of 

NER with regards to hygienic production of dry meat 

products. 

 

Materials and Methods 

Sample preparation 

 Fresh cuts of pork were collected just after slaughter from 

nearby local market (Beltola market, Guwahati). After 

separation of fat and skin, deboning of lean meat was done 

manually maintaining hygienic condition in the laboratory. 

After mincing, minced meat was mixed thoroughly with 

sodium chloride (2 per cent), sodium nitrite (0.02 per cent) 

and kept at refrigerated temperature (4+1°C) for 24 hours to 

accomplish the process of curing. After curing meat emulsion 

was prepared with addition of non meat ingredients which 

includes phytoingredients viz. Amla (Emblica officinalis), 

Carrot (Daucus carota), Round lemon (Citrus limon), Mint 

(Mentha sachalinnsis), and Pomegranate (Punica granatum) 

in 1:3.5:1:1:3.5 ratio and spices (onion, garlic and ginger 

paste, black pepper, and cumin, coriander powder, cinnamon, 

clove and paprika). Ice cubes were also added. From the meat 

emulsion meat balls were prepared manually. 

 

Drying 

After preparation of the meat balls they were placed in solar 

dryer as well as mechanical dryer. The identities of each 

group were maintained and their weights were recorded. The 

temperature maintained in the mechanical dryer was 60°C but 

the temperature in solar dryer was maintained between 55-

60°C (due to fluctuation of temperature in the solar dryer). 

The time required to dry the meat balls were 40-45 hours in 

the solar dryer whereas in mechanical dryer the time required 

was 36-38 hours. Along with the treated samples one control 

sample was also prepared without addition of antioxidative 

property possessing phytoingredients. 

 

Packaging 

The products were packed in food grade HDPE packaging 

material and were kept in room temperature by maintaining 

their identity. The samples were assessed at intervals to 

determine the quality parameters. 

 

Proximate Composition 

The Moisture, Crude Protein (CP), Ether Extract (EE) and 

Total Ash (TA) of the products of the control and the treated 

groups were estimated as per the standard procedure laid 

down by the AOAC, 1970 [3]. 

 

Measurement of Water activity 

Water activity of the control as well as treated groups was 

measured by a water activity meter of Aqua Lab (Dew point 

water activity meter 4TE). 

Thiobarbituric Acid Reactive Substance (TBARS) value 

The TBARS value was determined as per the method of Witte 

et al. (1970) [20]. 

 

Sensory Evaluation of the rehydrated pork cubes 

Ready to eat dry meat products were subjected to evaluation 

for organoleptic qualities by serving the products to a 7-

member panel of semi trained judges of different age group 

and sexes. Dried meat balls were rehydrated according to the 

method of Ranganna, 1986 [17] for consumption. 

 

Statistical analysis 

A minimum of five batches of the products were prepared for 

the proposed study. The data obtained from the above study 

were analysed statistically by a software SAS (SAS 9.3 

software). 

 

Results and Discussions 

Proximate Composition of Meat Balls 

The results pertaining to proximate composition of dry pork 

balls are presented in Table: 1, 2, 3 and 4. 

There is a significantly (p<0.01) increasing trend in moisture 

content from 0 to 180 days in all the samples during storage 

period kept in aerobic packaging method. But in vacuum 

packaged products no significant differences were observed. 

The study showed that the moisture content remain unaffected 

by the drying methods but during storage moisture content 

was found to be higher in mechanically dried products. The 

vacuum packaging interfered in moisture exchange from the 

environment and therefore, better product quality could be 

obtained because in aerobic packaging as storage period 

increased moisture content was also increasing. Due to use 

phytoingredients the products (treatment group) contained 

more moisture due to their high moisture content which might 

have added to the total moisture content of the products. 

The dry products have a tendency to absorb moisture from the 

atmosphere. There are structural and cellular changes in the 

dry products due to disruption of dry products making space 

for water molecule to absorb. This increase in moisture may 

be as a result of variation of the storage temperature and 

relative humidity. These findings are supported by the works 

of Ajiboye et al., 2011 [1], who reported that during storage of 

dry meat moisture content increased significantly.  
There is a decreasing trend in percent of protein in all the 
products as the storage period of products increased in meat 
balls kept in aerobic packaging. But in vacuum packaged 
products no significant differences were observed. The 
control group contained more protein than that of treated 
groups due to absence of non meat ingredients. The non meat 
ingredients which contains the phytoingredients containing 
lower amount of protein, so might have added to lower 
protein content than that of control group. The overall protein 
percent was significantly lower in all the stored samples. 
The moisture might influence the protein percentage. This is 

in agreement with the findings of Ockerman (1985) [13] who 

reported that as the moisture content of meat increased, 

protein and dry matter contents decreased reciprocally. 

Another reason might be due to breakdown of protein during 

storage of the products due to enzymatic action of microbes. 

This study is supported by the findings of Akhter et al. (2009) 

[2] who also observed decrease in protein content during 

storage of meat dried by sun and oven drying. 
There are no effects on the fat contents of the products due to 
drying methods could be seen. There were significant 
differences (p<0.01) between the control and treatment 
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groups in all the drying methods which might be due to the 
presence of non meat ingredients in the treatment groups 
because the phytoingredients contains a minor amount of fat. 
The fat content is higher in the control groups than treated 
groups due to absence of non meat ingredients. There was a 
significantly decreasing trend observed in the control and 
treatment groups in the storage period from 0 to 180 days in 
both solar and mechanically dried products kept in aerobic 
packaging which might be due to slight lipolysis that occurred 
in aerobic packaged products. But in vacuum packaged 
products no significant differences were observed. As meat 
ages the fat deteriorates through microbial attack and tissue 
enzyme activity which causes the development of free fatty 
acid and oxidation of unsaturated fatty acids. Free Fatty Acid 
values in meat progressively increases with storage time 
(Pearson, 1968) [14]. This study is supported by the findings of 
Akhter et al., 2009 [2] who also observed decrease in fat 
content during storage of meat dried by sun and oven drying.  
 Within the solar and mechanical drying systems, there are no 
significant differences in ash content. However, differences 
were observed between the control and treated groups. The 
percentage of ash were higher in treated groups which might 
be due to use of phytoingredients used i.e. certain 
phytoingredients namely amla, lemon (gulnemu), mint, carrot 
and pomegranate have contained good amount minerals (Fe in 
amla is 1.2g; Ca in lemon is 17.1mg along with presence of 
Fe, Mg, P, K, Na, Zn, Cu, Mn, Se; Mint contains small 
amount of K, Mg, Ca, P, Fe; Ca content in carrot is 42.2mg, P 
is 44.8mg, K is 410mg, Na is 88.3mg followed by small 
amounts of Fe, Zn, Cu, Mn, Se; Pomegrante contains a good 
amount of Cu, K, Mn, P, lower levels of Mg, Fe, Ca, Zn, Se) 
and this might be the reason of higher ash content in treated 
groups. In vacuum packaging, the changes in ash content in 
the dry products during storage showed minor changes than in 
aerobic packaging. This study may be supported by the 
findings of Akhter et al., 2009 [2] who also observed 
decreasing trend in ash content during storage. Similar studies 
were also observed by Faleye and Fagbohun, 2012 [6]. 
The results pertaining to water activity of dry meat balls are 
presented in Table: 5. The mean values of aw of all the treated 
and control groups increased significantly during the storage 
period in both the packaging and drying methods. There is 
significant difference (p<0.01) between control and treated 
groups in aerobic packaging. However, no significant 
differences between the control and treated groups in vacuum 
packaging and during the storage period were observed. The 
treatment groups showed high water activity than control 
groups might be due to higher moisture content. The increase 
in aw might be due to increase in moisture content during 
storage of meat since moisture content is used to determine aw 

and vice versa. The higher aw in treatment groups also might 
be due to higher moisture content than control groups. The 
results of water activity of the dried products showed no 
effect of drying methods on water activity. Due to addition of 
phytoingredients significantly affected the water activity of 
the products. Vacuum packaging method resulted in lower 
water activity of the products. 
The results pertaining to TBARS value of dry pork balls are 

presented in Table: 6. The mean TBARS value in all the 

samples indicated an increasing trend during the storage 

period in both the drying methods. There were significant 

differences between the control and treated groups in aerobic 

packaging. But in vacuum packaging no significant 

differences were found.  
The increasing trend of TBARS values might be due to 
lipolysis occurred in the samples during the increased storage 
period. The values were higher in control samples than the 
treated groups which might be due to the use of 
phytoingredients in the treated groups which are rich source 
of antioxidants. It indicates that the antioxidants might have 
counteracted lipolysis in the treated groups. In aerobic 
packaging the products come in contact with moisture along 
with air and as a result oxidation occurs during storage. This 
disadvantage can be suppressed by the exclusion of oxygen or 
by the addition of antioxidants. During vacuum packaging 
due to exclusion of air or oxygen, rancidity could be 
prevented. Due to use of phytoingredients containing 
antioxidants is valuable in intercepting free radical in order to 
decrease rancidification. Due to presence of some of the 
spices and condiments such as pepper, clove, garlic etc. 
containing antimicrobial activity can prevent the products 
from spoilage. Similar findings were reported by Kim et al. 
(2014) [11] who recorded increase in TBARS values during 
storage period of dry cured pork and vacuum packaging was 
not sufficient enough to prevent oxidative changes. Rohlik et 
al. (2013) [18] reported that due to addition of natural 
antioxidants the TBARS value reduced.  

 

Sensory Evaluation of Rehydrated Meat Balls 

The sensory scores of rehydrated Products (Pork balls) are 

presented in Table 7. 
The sensory evaluation studies reveal that the overall 
acceptability was higher in solar dried treatment groups 
followed by mechanically dried treatment groups. The 
treatment groups were more preferred by the consumers than 
the control groups in both the drying methods. No significant 
differences were among the drying methods were found. 
Similar studies were found by Ryoba et al. (2013) [19] who 
found that cured solar dried products were more acceptable.  

 
Table 1: Effects of drying and packaging methods proximate composition of meat balls treated with phytoingredients during storage (mean±se) 

Moisture (%) 
 

Storage 

period (days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 10.15 ±0.11A 10.15 ±0.11 10.66 ±0.08A 10.66 ±0.08 10.10±0.05A 10.10±0.05 10.30±0.04A 10.30±0.04 

30 11.01 ±0.22B 10.17 ±0.11 11.03 ±0.16B 10.70 ±0.08 11.17±0.12B 10.14 ±0.06 11.67±0.07B 10.34 ±0.03 

60 11.63 ±0.15C 10.21 ±0.10 11.67 ±0.15C 10.74 ±0.08 11.82±0.15C 10.19 ±0.05 12.14±0.14C 10.39 ±0.03 

90 12.30 ±0.06D 10.26 ±0.10 12.23 ±0.09D 10.79 ±0.08 12.27±0.12D 10.23 ±0.04 12.65±0.06D 10.44 ± 0.03 

120 12.71 ±0.06E 10.30 ±0.09 12.65 ±0.10E 10.83 ±0.08 12.75±0.06E 10.27 ±0.04 12.94±0.07E 10.47 ±0.03 

150 13.08 ±0.04F 10.35 ±0.09 12.99 ±0.08F 10.87 ±0.08 13.05±0.04F 10.32 ±0.05 13.31±0.09F 10.52 ±0.02 

180 13.47 ±0.03G 10.39 ±0.09 13.40 ±0.06G 10.91 ±0.08 13.54±0.08G 10.35 ±0.05 13.59±0.04G 10.56 ±0.03 

Mean having different superscript in the column (capital letter) differ significantly (P<0.01). 

SE=Standard Error, n=5 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 1975 ~ 

Table 2: Effects of drying and packaging methods proximate composition of meat balls treated with phytoingredients during storage (mean±se) 

Crude Protein (%) 
 

Storage 

period 

(days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 
Vacuum Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 a54.31 ±0.10A 54.31 ±0.10 b53.08 ±0.24A 53.08 ±0.24 a54.76±0.42A 54.76±0.42 b53.14±0.21A 53.14±0.21 

30 a53.39 ±0.13B 54.28 ±0.10 b52.27 ±0.29B 53.05 ±0.23 a53.63±0.26AB 54.52 ±0.26 b52.92±0.25B 53.10 ±0.20 

60 a52.66 ±0.10C 54.22 ±0.10 b51.56 ±0.21C 53.00 ±0.23 a52.94±0.27BC 54.46 ±0.27 b52.40±0.20BC 53.06 ±0.20 

90 a51.96 ±0.13D 54.16 ±0.11 b50.93 ±0.22CD 52.94 ±0.22 a51.25±0.36CD 54.41±0.27 b51.83±0.19CD 53.00 ±0.21 

120 a50.42 ±0.18DE 54.11 ±0.11 b50.60 ±0.15D 52.87 ±0.32 a50.96±0.41CD 54.36 ±0.28 b51.23±0.21DE 52.94 ±0.20 

150 a49.90 ±0.22E 53.87 ±0.24 b49.89 ±0.23E 52.84 ±0.22 a50.35 ±0.43D 54.30 ±0.27 b50.80 ±0.26E 52.86 ±0.21 

180 a48.58 ±0.36F 53.77 ±0.11 b48.58 ±0.24F 52.79 ±0.22 a48.01 ±0.55E 54.25 ±0.27 b48.67 ±0.36F 52.78 ±0.11 

Mean having different superscript in the column (capital letter) differ significantly (P<0.01). 

Mean having different subscript in the row (small letter, aerobic packaging) differ significantly  

SE=Standard Error, n=5 
 
Table 3: Effects of drying and packaging methods proximate composition of meat balls treated with phytoingredients during storage (mean±se) 

Ether extract (%) 
 

Storage 

period 

(days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 
Vacuum Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 a25.50 ±0.05A 25.50 ±0.05 b24.47 ±0.22A 24.47 ±0.22 a25.28 ±0.09A 25.28 ±0.09 b24.56 ±0.21A 24.56 ±0.21 

30 a24.96 ±0.05B 25.46 ±0.05 b24.02 ±0.19AB 24.45 ±0.21 a24.73 ±0.13B 25.26 ±0.09 b23.99 ±0.19B 24.54 ±0.22 

60 a24.51 ±0.05BC 25.42 ±0.04 b23.70 ±0.18B 24.42 ±0.21 a24.27±0.13BC 25.22 ±0.09 b23.52±0.16BC 24.51 ±0.22 

90 a24.11 ±0.06CD 25.37 ±0.04 b23.40 ±0.19BC 24.38 ±0.21 a23.92 ±0.13C 25.17 ±0.09 b23.00 ±0.12CD 24.47 ±0.22 

120 a23.65 ±0.09DE 25.32 ±0.04 b22.93 ±0.18C 24.34 ±0.21 a23.36 ±0.04D 25.12 ±0.09 b22.87 ±0.16D 24.43 ±0.22 

150 a23.29 ±0.17E 25.28 ±0.04 b22.83±0.19C 24.30 ±0.21 a23.12 ±0.19D 25.11 ±0.39 b22.63 ±0.16D 24.40 ±0.21 

180 a22.72 ±0.41F 25.26 ±0.07 b22.59 ±0.24D 24.27 ±0.21 a22.65 ±0.27E 25.05 ±0.10 b22.42 ±0.21E 24.38 ±0.24 

Mean having different superscript in the column (capital letter) differ significantly (P<0.01). 

Mean having different subscript in the row (small letter, aerobic packaging) differ significantly  

SE=Standard Error, n=5 

 
Table 4: Effects of drying and packaging methods proximate composition of meat balls treated with phytoingredients during storage (mean±se) 

Total Ash (%) 
 

Storage 

period (days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 a5.74 ±0.12A 5.74 ±0.12 b5.82 ±0.12A 5.82 ±0.12 c5.53 ± 0.04A 5.53 ± 0.04 d5.94 ±0.07A 5.94 ±0.07 

30 a5.82 ±0.12A 5.75 ±0.12 b5.87 ±0.11A 5.84 ±0.11 c5.58 ±0.04AB 5.55 ±0.03 d5.97 ±0.07A 5.96 ±0.07 

60 a5.91 ±0.10AB 5.80 ±0.11 b5.97 ±0.09AB 5.86 ±0.11 c5.70±0.03ABC 5.58 ±0.03 d6.05 ±0.08AB 5.97 ± 0.08 

90 a6.00 ±0.10AB 5.82 ±0.11 b6.07 ±0.08ABC 5.88 ±0.10 c5.84±0.08BCD 5.61 ±0.02 d6.13±0.09ABC 5.99 ±0.08 

120 a6.22 ±0.10B 5.83 ±0.11 b6.22 ±0.08BC 5.90 ±0.10 c5.91±0.11CDE 5.63 ±0.02 d6.16 ±0.12ABC 6.00 ±0.08 

150 a6.21 ±0.13B 5.85 ±0.11 b6.26 ±0.10BC 5.92 ±0.09 c6.07 ±0.12DE 5.66 ±0.03 d6.29 ±0.11BC 6.01 ±0.09 

180 a6.29 ±0.14B 5.87 ±0.11 b6.33 ±0.10C 5.94 ±0.09 c6.15 ±0.14E 5.67 ±0.03 d6.39 ±0.12C 6.03 ±0.09 

Mean having different superscript in the column (capital letter) differ significantly (P<0.01). 

Mean having different subscript in the row (small letter=Aerobic packaging) differ significantly (P<0.01)  

SE=Standard Error, n=5 

 
Table 5: Effect of drying and packaging methods Water activity (aw) of meat balls treated with phytoingredients during storage (mean±se) 

 

Storage 

period 

(days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 A0.60±0.0024b 0.60±0.0024 A0.63±0.0008a 0.63±0.0008 A0.61±0.0020b 0.61±0.0020 A0.62±0.0022a 0.62±0.0022 

15 B0.62±0.0027b 0.63±0.0008 A
B0.63±0.0004a 0.60±0.0021 B0.62± 0.0028b 0.62±0.0022a AB0.63±0.0013a 0.61±0.0020 

30 C0.63±0.0018b 0.63±0.0010 B0.64±0.0024a 0.60±0.0021 C0.63±0.0024b 0.62±0.0022a BC0.64±0.0020a 0.61±0.0020 

45 D0.64± 0.0020b 0.63±0.0010 C0.65±0.0023a 0.61±0.0021 D0.64±0.0033b 0.62±0.0022a CD0.65±0.0030a 0.61±0.0020 

60 E0.65±0.0016b 0.63± 0.0010 D0.67±0.0033a 0.61±0.0021 E0.65±0.0019b 0.63±0.0022a DE0.67±0.0042a 0.61±0.0020 

75 EF0.66±0.0016b 0.63±0.0010 E0.68±0.0047a 0.61±0.0020 F0.66±0.0015b 0.63±0.0023a E0.68±0.0047a 0.61±0.0020 

90 F0.67±0.0027b 0.63±0.0010 F0.69±0.0035a 0.61±0.0020 G0.68±0.0041b 0.63±0.0023a F0.69±0.0077a 0.61±0.0020 
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105 G0.68±0.0049b 0.63±0.0009 G0.70±0.0049a 0.61±0.0020 H0.69±0.0036b 0.63±0.0023a G0.71±0.0052a 0.61±0.0021 

120 H0.69±0.0055b 0.63±0.0010 G0.71±0.0041a 0.61±0.0020 I0.70±0.0062b 0.63±0.0023a G0.72±0.0058a 0.61±0.0021 

135 I0.70±0.0055b 0.64±0.0009 H0.72±0.0047a 0.61±0.0020 J0.72±0.0060b 0.63±0.0023a H0.73±0.0072a 0.61±0.0021 

150 J0.72±0.0028b 0.64±0.0009 H0.73±0.0035a 0.61±0.0020 K0.73±0.0046b 0.63±0.0023a HI0.74±0.0080a 0.61±0.0021 

165 K0.73±0.0025b 0.64±0.0008 I0.75±0.0034a 0.61±0.0020 L0.75±0.0036b 0.63±0.0023a IJ0.75±0.0060a 0.61±0.0021 

180 L0.75±0.0026b 0.64±0.0008 J0.76±0.0037a 0.61±0.0021 L0.76±0.0036b 0.63±0.0023a J0.77±0.0033a 0.61±0.0021 

Mean having different superscript in the column (capital letter) differ significantly (P<0.01). 

Mean having different superscript in the row (small letter=Aerobic packaging) differ significantly (P<0.01)  

SE=Standard Error, n=5 

 
Table 6: Effect of drying and packaging methods TBARS value (malonaldehyde mg/kg) of meat balls treated with phytoingredients during 

storage (mean±se) 
 

Storage 

period 

(days) 

Drying methods 

Solar Dried Mechanically Dried 

Control (A) Treatment (B) Control (C) Treatment (D) 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

Aerobic 

Packaging 

Vacuum 

Packaging 

0 A0.150±0.007a 0.150±0.007 A0.108±0.004b 0.108±0.004 A0.162±0.003a 0.162±0.003 A0.108±0.003b 0.108±0.003 

15 B0.202±0.008a 0.166±0.008a B0.130±0.006b 0.148±0.006b B0.206±0.008a 0.164± 0.002a B0.128±0.003b 0.116±0.002c 

30 C0.262±0.008a 0.170±0.008a C0.154±0.005b 0.158±0.006a C0.248±0.009a 0.182±0.003a C0.150±0.003b 0.126±0.002b 

45 D0.326±0.009a 0.186±0.008a D0.180±0.006c 0.162±0.007a D0.292±0.013b 0.198±0.002a D0.172±0.003c 0.136±0.002b 

60 E0.384±0.010a 0.200±0.007a E0.210±0.006b 0.178±0.008a E0.354±0.016a 0.208±0.004a E0.200±0.006b 0.146±0.002b 

75 F0.448±0.008a 0.216±0.008a F0.238±0.004c 0.180±0.008a F0.404±0.016b 0.226±0.005a F0.222±0.003c 0.150±0.003b 

90 G0.506±0.006a 0.222±0.006a G0.268±0.005c 0.182±0.008a G0.452±0.015b 0.242±0.004a G0.252±0.007c 0.162±0.002b 

105 H0.564±0.007a 0.234±0.007a H0.298±0.005c 0.190±0.007a H0.498±0.014b 0.250±0.005a H0.280±0.010c 0.166±0.004b 

120 I0.614±0.008a 0.246±0.015a I0.320±0.005c 0.200±0.007a I0.552±0.014b 0.266±0.006a I0.310±0.010c 0.174±0.005b 

135 J0.672±0.009a 0.258±0.005a J0.346±0.008c 0.202±0.008a J0.602±0.011b 0.282±0.005a J0.334±0.010c 0.184±0.006b 

150 K0.718±0.009a 0.272±0.003a K0.366±0.011c 0.216±0.007a K0.648±0.015b 0.300±0.004a K0.358±0.009c 0.194±0.005b 

165 L0.764±0.008a 0.288±0.003a L0.394±0.009c 0.218±0.005a L0.688±0.012b 0.308±0.003a L0.382±0.010c 0.206±0.005b 

180 M0.780±0.007a 0.302±0.003a M0.420±0.006c 0.220±0.006b M0.720±0.011b 0.310±0.004a M0.408±0.008c 0.218±0.005c 

Means having same superscript in the row (small letter, aerobic packaging) do not differ significantly (P<0.01)  

Means having same superscript in the column (capital letter) do not differ significantly (P<0.01)  

SE=Standard Error, n=5 
 
Table 7: Sensory Evaluations of Rehydrated Products (Pork Balls) (A= Solar Dried Control, B= Solar Dried treatment, C= Mechanically dried 

Control, D= Mechanically Dried Treatment) 
 

Treatment Group 
Mean±SE 

Appearence Flavour Juiciness Tenderness Overall acceptability 

A 5.836 ± 0.171A 5.968 ± 0.190A 5.150 ± 0.049A 5.212 ± 0.043A 5.542 ± 0.190AB 

B 6.300 ± 0.233A 6.200 ± 0.201A 5.440 ± 0.100B 5.320 ± 0.089A 5.815 ± 0.109C 

C 5.794 ± 0.207A 5.780 ± 0.200A 5.128 ± 0.067A 5.044 ± 0.091A 5.437 ± 0.246D 

D 6.136 ± 0.257A 6.144 ± 0.205A 5.222 ± 0.086AB 5.284 ± 0.108A 5.670 ± 0.127AC 

Means with the same superscript column wise (capital letter, meat balls) differ significantly (P<0.01) 

SE= Standard Error, n=5 

 

Conclusion 

Dry pork products (meat balls) with stable physico-chemical 

graphics can be produced by using a solar dryer under 

hygienic conditions. Antioxidant rich phytoingredients had 

shown added advantage in producing a dry pork product. 

Vacuum packaging method resulted in better quality products 

than aerobic packaging. Solar dried products had similar 

qualities like mechanically dried products, therefore, it can be 

recommended over oven dried products with in energy 

deficient areas where surplus meat can be preserved 

hygienically. 
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