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Impact of storage on                biochemical characterization of commercial fruit beverages


The study was performed to evaluate the impact of storage time on safety and hygienic quality of commercial fruit beverage on the basis of market survey. Three most popular brands and three least popular brands of fruit beverages like squash and syrup were selected and stored for nine months at room temperature. The samples were subjected to chemical analysis for food colour, preservative (SO2), heavy metals (Pb and Cd), pectin and microbial analysis for bacteria, fungus, yeast and E. coli at bimonthly interval. Lead content in all the beverages and synthetic permitted food colours like sunset yellow 136.5 ppm in squash A and tartazine 133.2 ppm in squash B and 310.9 ppm in Syrup F was found which exceeded the permissible limit. Preservative (SO,) and cadmium content remained within the acceptable limit. Total bacterial and fungal count increased sharply with the advancement of storage particularly from 7° month onwards. Duration of storage had no effect on the colour and heavy metal content of the beverages.Key words: Food colour, Fruit beverage, Heavy metals, Microbial analysis.
ABSTRACT



INTRODUCTION
Due to changing life styles, rapid urbanization and increased number ofworking women, the use ofconvenience foods, fast foods, ready to use foods and processed foods has increased in recent decades. Food processing industry has been termed as “sun-rise industry” and several efforts have been made in the last few years to give a big trust to this sector. Several processed foods from huits like fruit juices and fruit beverages are becoming popular due to their pleasing flavor, taste, and nutritional characteristics.A large number of new brands of fruit juice based beverages have appeared in the market selling their products in glass, plastic, tetrapack and brick pack containers (Hussain et al., 1993). Packing and handling of products passes through several stages and may attract different forms of contamination if proper measures and rules were not followed.
In India among the various fruit-based beverages, Ready-To-Serve (RTS) beverages ranks first followed by squash and syrup. Squash and syrups are non-alcoholic concentrated beverage that is usually fruit-flavoured and made from huit juice, water and sugar or a sugar substitute. Squash must be mixed with a certain amount of water or carbonated water before drinking. They are fat-free, nutrient- dense beverages rich in vitamins, minerals and naturally occurring phytonutrients that contribute to good health (Franke et al., 2005). They also promote detoxification in the human body (Deanna and Jeffrey, 2007).
 

In spite of the potential benefits offered by fruit juices, concerns over their safety and quality have been raised.The beverages should be adequate not only in terms of quantity but also of good quality, free from microbial and chemical contamination. A wide range of biological, chemical and physical agents may contaminate food at different stages of the food chain. The extraneous matters that contaminate foods are in the form of pesticides, heavy metals, manmade chemicals existing as pollutants in environment and the pathogenic microorganisms with their toxic metabolites. A large part of the quality characteristics of the fresh fruits under-go remarkable changes during the processing and storage for several months leading to undesirable quality changes due to the influence of temperature, time, oxygen content, light exposure and packaging material before consumption (Mannay and Shadaksharaswany, 2005; Landon, 2007; Averbeck and
Schieberle, 2010).
Although, foods regulating agencies and quality control teams routinely perform a range of compositional analyses on carbonated beverages post-production to ensure that products safety and that the product meet quality and/or legal specifications, yet a number of beverages brands available in daily market never follows the Food and Drug Administration (FDA), World Health Organization (WHO), FAO or other national and regional (BSI and FPO) specifications, though it is mandatory. Due to unavailability of valid data on the extent to which these commercial fruit


beverages are either mislabeled, adulterated or of inferior quality (Dosumu et al., 2009).
The study aims at determining the effect of storage time on quality of some common beverages along with the microbial contain and other necessary quality parameters in different brands of fruit squash and fruit syrup available in the Indian market. The study also emphasizes on attracting attention of regulatory authorities and helps the un-informed consumers to make a healthful choice.
MATERIALS AND METHODS
During the study periods a market survey was conducted in the various supermarkets and bakeries of Thrissur town of Kerala, India to prepare a list of beverages available in the market. From the list different brands of beverages were identified and three most popular and three less popular brands were selected for the study. Three different latest batches (samples) of each selected beverages were collected and stored for a period of nine months at room temperature that ranged from 25°C to 38°C during the storage period. Fruit beverages selected for study were categorized as follows:
I. Beverages of most popular brands: i) Orange squash (Squash A), ii) Pineapple squash (Squash B) and iii) Pineapple syrup (Syrup C)
II. Beverages of least popular brands: i) Lemon squash (Squash D), ii) Orange squash (Squash E) and iii) Pineapple syrup (Syrup F).
The samples were subjected to chemical analysis for permitted food colours, preservatives and heavy metal contamination in triplicate at bimonthly intervals. The synthetic colours added to the beverages were identified by paper chromatography method and quantified by UV spectrophotometer (ICMR, 1990).
Pectin content: Pectin substances present in fruit juices were determined as calcium pectate following Ranganna (1986). 25 ml of fruit juice was precipitated with four volumes of acidified alcohol (5ml HCL/lit). The solutions were then centrifuged and the precipitates were washed with 75% alcohol. The ppt. was then collected, washed, dried and 
titration method following Ranganna (1986). Approximately 10 mL of sample was diluted with 100 mL of distilled water and 3-4 drops of phenolphthalein indicator were added. Acids in the persimmon were titrated with 0.1N NaOH. The percentage of malic acid was calculated according to the following expression:
% Acidity= (titre vol. ^ normality of NaOH ^ vol. made up
^ eq.wt. of acid / (aliquot of sample • vol. of sample • 1000)
· 100.
Heavy metal content in form of Lead (Pb) and cadmium (Cd) contents were estimated by using Atomic Absorption Spectrophotometer for which standard solutions of different concentrations were prepared and the absorbance of the solutions were measured. A calibration curve was prepared from these values.
Microbial quality was estimated in triplicate using standard protocols at bimonthly intervals. Appropriate dilution of the samples were estimated for the viable counts of total bacteria using Nutrient Agar media, total fungi using Potato Dextrose Agar media (PDA) (Hi Media, India), yeast through Sabouraud’s Dextrose Agar (SDA) and E. coliby ECD media. Inoculated plates were incubated at requisite time- temperature combinations under suitable growth conditions (Agarwal and Hasija, 1986; FAO, 1979). Results were statistically analyzed by CRD.
RESULTS AND DISCUSSION
All the samples were subjected to chemical analysis in triplicate and the data on colours, preservatives and contaminants present in different fruit beverages are presented in Table 1. Then the squash and syrup samples were subjected to storage studies at bimonthly interval up to 9° month.
Food colours: All the fruit beverages contained permitted synthetic food colours. Two colours detected were sunset yellow and tartrazine. Jannalagadda et al. (2004) also observed these two colours as the widely used permitted colours in ready to eat foods. In case of most popular beverages of reputed companies, the quantity of sunset
yellow was 136.5 ppm in squash A and tartazine was 133.2
measured gravimetrically. The amount was expressed as %.   ppm in squash B, which exceeded the permissible limit of Sulphur dioxide (SO2) content: Sulphur dioxide (SO2) as       100 ppm as prescribed by FPO for fruit beverages. In syrup preservative in different fruit juices were determined by       C, tartazine (22 7 ppm) was found but the quantity was within
Table 1: Initial contaminants and pectin content of the fruit beverages
	[bookmark: _Hlk163986213]Fruit beverages
	Colours
Sunset yellow(ppm) Tetrazine(ppm)
	Preservative
(SO,) (ppm)
	Heavy metals
Lead (ppm)	Cadmium(ppm)
	Pectin
(mg/100ml)

	Squash A
	136.50
	0
	256.00
	2.93
	0.15
	0.966

	Squash B
	0
	133.20
	202.67
	5.37
	0.16
	0.970

	Syrup C
	0
	22.90
	204.00
	3.93
	0.15
	0.895

	Squash D
	0
	28.60
	172.80
	2.97
	0.15
	1.012

	Squash E
	42.30
	0
	230.40
	2.77
	0.15
	0.775

	Syrup F
	74.30
	310.90
	198.40
	3.77
	0.15
	1.000

	CD(0.05)
	4.97
	7.89
	14.66
	0.76
	0.07
	0.21



the permissible limit. In case of least popular beverages,	storage. The loss of Sulphur dioxide during the storage may sunset yellow present in squash E (42.3 ppm) and tartazine	be partially due to diffiision and oxidation (Ingram, 1949).

present in squash D (28.6ppm) were within the permissible limit. Syrup F contained both of the colour i.e. Sunset yellow (74.3 ppm) and tartazine (310.9ppm) which was much higher than the permissible limit. Interestingly it was observed that irrespective of company’s reputation fifty percent of the beverages contained much higher concentration of synthetic colours beyond permissible limit. Any illegal colour was not detected in any of the beverages. There was no change in colour content of the beverages during storage.
Pectin: The pectin which acts as emulsifying and stabilizing agentwas observed in fruit beverages varied from 0.97
%(squash A and B) and 0.90 % in syrup C in most popular beverages (Fig. 1). The pectin content of least popular beverages varied from 1.01 % in squash D, 0.78 %t in squash E and 1 per cent in syrup F, which gradually decreased during storage. Mango beverages from four varieties of mango were analyzed by Kaushik and Nath, (1991) and a decrease in pectin content was reported during storage. Chahal and Saini (1999) also found a loss of pectin during storage at room temperature and at refrigerated temperature in watermelon juice.
Sulphur dioxide (SO2): The sulphur dioxide content as preservative was found to be within the permissible limit of FPO in all the beverages. Highest sulphur dioxide content was observed in squash A (256 ppm) followed by squash E (230.4 ppm) and syrup C (204 ppm). During storage period a decrease in the sulphur dioxide contentwas observed in all the beverages (Fig. 2). In most popular beverages a range of 50 to 76 per cent decrease whereas in least popular beverages a range of 33 to 61 per cent decrease in sulphur dioxide content was observed at the end of the 9° month. The finding was supported by Alex et al. (2003) in processed litchi juice and by Kaushik and Nath (1991) in mango beverages during
[image: ]
Fig-1. Effect of storage on pectin content of fruit beverages

Heavy metals (Pb and Cd): The lead content of most popular beverages was detected to be 5.37 ppm (squash B) followed by 3.93 ppm (syrup C) and 2.93 ppm (squash A). In case of least popular beverages the highest level was detected in syrup F (3.77 ppm) followed by squash D (2.97 ppm) and squash E (2.77 ppm). Lead content observed in all the beverages irrespective of their brands was higher than the maximum permissible level of 2.5 ppm prescribed by PFA (NIN, 2004). The lead content noted in the beverages may be due to the use of lead pipes in the processing plant, which is used to supply water to the plant. Similar result of lead contamination was reported by Kim (2004) in different wine samples on Korean markets.
The cadmium content of most popular beverages was found to be 0.16 ppm in squash B followed by 0.15 ppm in syrup C as well as in squash A whereas cadmium content was observed to be 0.15 ppm in all the least popular beverages. The cadmium content in the leverages was far below the maximum permissible level of1.5 ppm prescribed by PFA (NIN, 2004). However, the cadmium content observed might be due to the contaminated soil where the fruit plant has grown and the contaminated water used for processing (Moore and Ramamoorthy, 1984). No change had been observed in lead and cadmium content throughout the storage period.
Microbiological quality: Initial total bacterial count of the beverages varied from 0.11 • 10‘cfu ml 1 (syrup C) to 1.77
^ 10‘cfu ml '(syrup F) whereas fungal count varied from
0.11 • 10'cfu ml ' (squash A, E and syrup C) to 0.33 • l0 3cfu ml’ (squash B and syrup F). Microbial count detected at the beginning,which increased sharply with the advancement of storage particularly from 7t' month onwards (Table 2). Bacterial count increased as higher as 14.66 ^ 10‘cfu ml’ in squash E and fungal count reached a peak of 87.89 X 10'cfu
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Fig-2: Effect of storage on Sulphur dioxide content of fruit
beverages

TABLE 2: Effect of storage periods on bacterial and fungal population of fruit beverages
	Fruit
beverages
	Bacteria (x 10-6 cfu ml-1)
Storage periods in months
	Fungal (x 10-3 cfu ml-1)
Storage periods in months

	
	First
	Third
	Fifth
	Seventh
	Ninth
	First
	Third
	Fifth
	Seventh
	Ninth

	Squash A1
	0.33(0.92) c
	1(1.09) bc
	3.66(1.51) bc
	3.66(1.51) bc
	5(1.60) b
	0(0.81) d
	0(0.81) d
	1(1.09) d
	6.66(1.75) cd
	86.66(3.65) ab

	Squash A2
	1(1.03) bc
	0.66(1.02) bc
	2(1.30) bc
	2.33(1.36) bc
	32(2.64) a
	0.33(0.92) d
	1(1.09) d
	1.66(1.25) d
	3(1.45) d
	89.33(3.65) a

	Squash A3
	0.66(1.02) bc
	0.33(0.92) c
	1.33(1.48) bc
	2(1.32) bc
	2.66(1.40) bc
	0(0.81) d
	0(0.81) d
	1(1.09) d
	19.3(2.44) bc
	77.66(3.69) a

	Mean
	0.66
	0.66
	2.33
	2.66
	13.22
	0.11
	0.33
	1.22
	9.65
	84.55

	Squash B1
	3.33(1.48) bcd
	6(1.75) b
	7(1.82) ab
	7.66(1.86) ab
	12.66(2.16) a
	0.66(0.98) gh
	0.66(0.98) gh
	2(1.30) fg
	52.66(3.25) b
	119.66(4.19) a

	Squash B2
	0(0.81) g
	1(1.09) defg
	2(1.28) cdef
	4.33(1.59) bc
	8.33(1.89) ab
	0(0.81) h
	0.66(0.98) gh
	2(1.30) fg
	9.66(1.96) de
	15(2.25) cd

	Squash B3
	0.33(0.92) fg
	0.66(0.98) efg
	1.33(1.13) defg
	2.33(1.33) cde
	8.33(1.87) ab
	0.33(0.92) gh
	0.33(0.92) gh
	2.33(1.35) fg
	4.66(1.60) ef
	23(2.57) c

	Mean
	1.22
	2.55
	3.44
	4.77
	9.77
	0.33
	0.55
	2.11
	22.32
	52.55

	Syrup C1
	0(0.81) e
	1.66(1.17) bcde
	3.66(1.47) bcd
	4.66(1.58) bc
	5(1.64) b
	0(0.81) d
	0(0.81) d
	1.66(1.25) d
	7.66(1.80) cd
	86.66(3.30) ab

	Syrup C2
	0.33(0.92) de
	0.66(1.03) cde
	2.33(1.36) bcde
	3.33(1.49) bcd
	30.66(2.59) a
	0.33(0.92) d
	1(1.09) d
	1.33(1.15) d
	4(1.55) cd
	84.33(3.51) a

	Syrup C3
	0(0.81) e
	0.66(1.02) cde
	1.33(1.19) bcde
	2(1.30) bcde
	2(1.30) bcde
	0(0.81) d
	0(0.81) d
	1.33(1.15) d
	18.33(2.39) bc
	73.66(3.64) a

	Mean
	0.11
	0.99
	2.44
	3.33
	12.55
	0.11
	0.33
	1.44
	9.99
	81.55

	Squash D1
	1.66(1.19) de
	5.66(1.72) bc
	5.66(1.68) bc
	7(1.82) ab
	15.33(2.29) a
	0.33(0.92) fg
	0.66(0.98) fg
	2.33(1.34) def
	53.66(3.26) b
	110.66(4.18) a

	Squash D2
	0.33(0.98) e
	1.33(1.13) de
	1.66(1.19) de
	4.33(1.59) bcd
	8(1.88) ab
	0(0.81) g
	1(1.09) efg
	2(1.30) defg
	7(1.75) d
	14.66(2.23) c

	Squash D3
	0(0.81) e
	0.66(0.98) e
	1.33(1.13) de
	1.66(1.25) cde
	6.66(1.75) b
	0.33(0.92) fg
	0.33(0.92) fg
	2(1.30) defg
	3.66(1.53) de
	23.66(2.60) c

	Mean
	0.66
	2.55
	2.77
	4.33
	9.99
	0.22
	0.66
	2.11
	21.44
	49

	Squash E1
	1(1.09) cde
	1.66(1.25) bcde
	4(1.49) bcd
	5.33(1.62) bc
	7.66(1.78) b
	0.33(0.92) c
	0.66(0.98) c
	2(1.30) c
	5.66(1.68) c
	88(3.45) a

	Squash E2
	0(0.81) e
	0.66(1.02) cde
	2(1.30) bcde
	2.33(1.34) bcde
	32.33(2.61) a
	0(0.81) c
	0.33(0.92) c
	1(1.09) c
	3(1.43) c
	94.33(3.76) a

	Squash E3
	0.33(0.92) de
	1(1.13) bcde
	1.33(1.19) bcde
	2(1.30) bcde
	4(1.53) bcd
	0(0.81) c
	0(0.81) c
	1.66(1.20) c
	21(2.51) b
	81.33(3.74) a

	Mean
	0.44
	1.11
	2.44
	3.22
	14.66
	0.11
	0.33
	1.55
	9.89
	87.89

	Syrup F1
	4.3(1.56) bcde
	7(1.77) abc
	8.66(1.92) ab
	9.33(1.95) ab
	14(2.23) a
	0.66(0.98) efg
	1(1.09) efg
	2.33(1.34) def
	51.66(3.23) b
	119.66(4.19) a

	Syrup F2
	1(1.09) def
	2(1.23) cdef
	2.66(1.37)cde
	4.66(1.62)bcd
	9.33(1.92) ab
	0(0.81) g
	1(1.09) efg
	2.66(1.41) de
	13(2.15) c
	13.66(2.21) c

	Syrup F3
	0(0.81) f
	0.66(1.02) ef
	1(1.09) def
	2(1.30) cdef
	5.66(1.64) bc
	0.33(0.92) fg
	0.33(0.92) fg
	2.33(1.34) def
	6(1.70) d
	23.66(2.59) c

	Mean
	1.77
	3.22
	4.11
	5.33
	9.66
	0.33
	0.78
	2.44
	23.55
	52.33


Values with even alphabets do not differ significantly. Figures in parentheses are transformed values (Power transformation) (x + 0.5)^0.3









ml ' in squash E in the 9°month of storage. A similar trend permissible limit but preservative i.e. SO2concentration was of finding was reported by Goyle and Ojha (1998) in the    observed   within   the   permissible   limit   in all   the orange juice in storage condition,	beverages. Heavy metals are one of the primary sources of

Yeast was not detected in any of the beverages throughout the storage period. This may be due to the antimicrobial property of sulphur dioxide added to the beverages. Similarly, Thakur et al. (2000) also indicated no yeast count in kinnow juice concentrate stored with the addition of sulphur dioxide. E. coli count was also not observed in any of the beverage sample throughout the storage period. This also may be due to the use of sterilized and purified water in the processing plant.
CONCLUSION
All the fruit beverages contained permitted synthetic food colours. Two colours detected were sunset yellow and tartrazine. As colour is the foremost eye-catching element of the beverages, manufacturers using colouring agents like Sunset yellow and Tartrazine has been quite common as reported from several studies (Tripathi et al., 2007; Sahar et al., 2012; Mgaya-Kilima ct al., 2014). Two most popular beverages i.e. Squash A and Squash B and one least popular beverage i.e. Syrup F contains much higher than the
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