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Abstract — This study aimed to determine the effect of different packaging materials on physicochemical properties and anthocyanins 

content of red cabbage-roselle blended drink during 6-month storage. The pasteurised blended drink was hot-filled into three different 

packaging materials: glass bottle, beverage can, and polypropylene (PP) bottle, then stored in a dark place at ambient temperature (29 

± 2 °C). Packaging materials and storage time were found to affect physicochemical properties significantly and anthocyanins content 

of red cabbage-roselle blended drink packed in a glass bottle, can, and PP bottle during storage. Results show that pH, total soluble 

solids, colour L* (lightness), and b* (yellowness) of red cabbage-roselle blended drink increase significantly (p<0.05) during storage at 

the ambient temperature, whereas titratable acidity, colour a* (redness) and total anthocyanins content decrease significantly 

irrespective to packaging materials used. Blended drink packed in glass bottles significantly (p<0.05) has the highest red colour retention 

and anthocyanins content, followed by blended drink stored in cans and PP bottles. Hence, glass bottles should be preferred as the most 

appropriate packaging material to store the blended drink, followed by cans and PP bottles as glass bottles provide better anthocyanins 

stability for a red cabbage-roselle blended drink. 
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I. INTRODUCTION 

 

Red cabbage and roselle possess health-promoting 

compounds, including phytochemicals, which are secondary 

metabolites, and natural antioxidants such as anthocyanins 

[1,2]. Red Cabbage (Brassica oleracea) is a herbaceous, 

biennial, and dicotyledonous flowering plant. Red cabbage is 

red or purple and is usually eaten as coleslaw, salad, and drink 

[3]. The main anthocyanins in red cabbage are cyanidin, 

which occurs as cyanidin 3-sophoroside-5-glucoside and 

cyanidin 3,5-diglucoside acylated with sinapic, ferulic, 

malonic, and p-coumaric acids [4]. Roselle (Hibiscus 

sabdariffa) belongs to Malvaceae’s family and is mainly 

cultivated in tropical and subtropical nations such as 

Indonesia and Malaysia [5, 6]. There are two main 

anthocyanins in the roselle calyx, specifically delphinidin-3-

saubioside and cyanidin-3-sambubioside, besides two minor 

anthocyanins, delphinidin-3-glucoside and cyanidin-3-
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glucoside [7, 8]. Roselle calyces have been used in various 

food products, including syrup, drinks, jams, sweet pickles, 

tea, and food colourants [9-11]. 

Blending the juices is one of the best ways to improve a 

beverage’s nutritional quality as it usually offers a better 

quality juice nutritionally and organoleptically. Juice blends 

can be made from various fruits and vegetables to combine all 

the essential nutrients. Furthermore, blending various fruit 

and vegetable juices enhances storage stability and hinders 

microbial activity in juice. A previous study done by Chauhan 

et al. [12] noticed that juice blends that contained sugarcane 

(55%), lemon (2.58%) and ginger (2.0%) juices received the 

highest sensory score. Moreover, the blended juices can be 

stored for more than six months at ambient temperature (18 

°C to 30 °C) with insignificant variations in composition and 

flavour. Similarly, Bhardwaj and Mukherjee [13] observed 

the kinnow (87%), pomegranate (10%), and ginger (3%) juice 

blends packed in glass bottles along with processing 

temperature (75 °C for 15 minutes) and potassium meta-

bisulphite (750 ppm) exhibited better physicochemical 

properties and sensory characteristics in term of total soluble 

solids, acidity, ascorbic acid, total sugars, limonin, flavour, 

colour and bitterness during six months of storage at ambient 

condition (28 ± 4 °C). Thirukkumar et al. [14] reported 

blending the noni juice (80%) with amla juice (20%) 

improved the sensory qualities and preserved the highest level 

of ascorbic acid and total antioxidant activity during six-

month of storage at chill (4 ± 1 ºC) and ambient (32 ± 2 ºC) 

conditions.  

Amongst the most crucial quality attributes of an 

anthocyanin-rich product is its anthocyanin content’s stability 

during processing and storage. Anthocyanins, on the other 

hand, are unsteady and easily destroyed during processing and 

storage. Many factors influence anthocyanin stability, which 

includes pH, processing and storage temperatures, light, the 

anthocyanins’ chemical characteristics (acylation or 

glucosylation), enzymes, ingredient interactions, and co-

pigmentation [15, 16]. In addition, the monomeric 

anthocyanins degradation, polymerisation of anthocyanins, 

and brown colour formation result from the colour 

degradation of juice containing anthocyanins [17, 18]. 

Packaging materials also play a key role in preserving 

juice’s pigment stability. Packaging is an essential part of the 

food processing industry because packaging protects products 

from chemical and physical damage while also delivering 

information on product characteristics, nutritional facts, and 

ingredients [19]. Numerous packaging materials such as 

polypropylene (PP) bottles, cans, and glass bottles are the 

popular packaging materials used for fruit juice in Malaysia. 

Each packaging material will affect the stability of 

anthocyanin of juice differently. Thus, this study aimed to 

investigate the influences of packaging materials on the 

anthocyanin and physicochemical properties of red cabbage-

roselle blended drink during six months of storage. 

 

 

 

 

 

 

 

II. THE MATERIAL AND METHOD 

 

A. Materials 

 

 Red cabbage was bought from a local vendor in Kompleks 

Pasar Borong Seri Kembangan in Selangor, Malaysia, and 

dried roselle calyxes from MARDI Kuala Terengganu 

(Terengganu, Malaysia). Honey was obtained from Trigona 

Bee (Serdang, Selangor, Malaysia). The solvents and 

chemicals were supplied by Merck, which were of analytical 

grade (Darmstadt, Germany). 

 

B. Methods 

 

1) Roselle and Red Cabbage Extraction: The roselle was 

extracted using the method described by Chumsri et al. [20]. 

Dried roselle calyxes were soaked in filtered tap water at a 

1:10 ratio and boiled in a stainless-steel pot for 30 minutes at 

an extraction temperature of 50 °C. A muslin cloth was used 

to remove the roselle extract. A juice extractor (Model #28, 

Santos, France) was used to extract red cabbage juice, which 

was later filtered through a muslin cloth. The roselle and red 

cabbage juice extracts were maintained frozen at -18 °C, in 

high-density polyethene (HDPE) bottles before the blended 

drink preparation. 

 

2) Preparation of Red Cabbage-Roselle Blended Drink: The 

blended drink was prepared according to Nur Farah Hani et 

al. [21], by mixing and pasteurising the extracts with other 

ingredients, namely honey, sugar, Arabic gum, citric acid, 

water, and sodium benzoate at pasteurisation temperature of 

70.01 °C and 284.07 s of pasteurisation time (Table 1). The 

pasteurised blended drink was then hot-filled at a temperature 

above 65 °C into three different packaging materials, namely 

glass bottle (250 ml), beverage can (250 ml), and 

polypropylene (PP) (250 ml) bottle. The packaging materials 

were then quickly cooled to ambient temperature by 

submerging the bottles in the iced water (8 ± 2 °C). Finally, 

the bottles were stored in a dark place at ambient temperature 

(29 ± 2 °C) for evaluation. For up to six months, three samples 

of each packaging material were removed for monthly 

analysis. According to Phimolsiripol and Suppakul [22], food 

products that have received a thermal treatment and or 

remained in specific conditions are considered highly stable 

food and have a medium to long shelf life. So, the red 

cabbage-roselle blended drink was regarded as a highly stable 

food. Therefore, measurements are made weekly or monthly 

to determine shelf life.  

 
Table 1: Formulation of Red Cabbage-Roselle Blended drink 

 

Ingredients % 

Red cabbage: roselle extracts (40:10) 70.00 

Water 23.40 

Honey 1.00  

Sucrose 5.00 

Arabic gum 0.50 

Citric acid 0.10 

Sodium benzoate 0.03 
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3) Determination of Total Soluble Solids, pH and titratable 

acidity: Total soluble solids (TSS) was determined using a 

pocket refractometer (Atago, Tokyo, Japan) on a scale of 0 –

53 °Brix. A pH meter was used to determine the pH of the 

samples (FE20, Mettler Toledo, Switzerland). Titratable 

acidity was determined by titrating 20 mL samples with 0.1 

M NaOH till pH 8.1, the titratable acidity was calculated, and 

the results were expressed as milliequivalent/litre (mEq/L). 

 

4) Determination of Colour Intensity: The colour intensity of 

the blended drink samples’ was measured by placing 40 ml 

samples within a 20 mm glass cell and analysed using Chroma 

Meter Minolta CR-400/410 (Konica Minolta Sensing Inc., 

Osaka, Japan) based on the L* a* b* colour system. L* 

denotes lightness on a 0 – 100 scale from black to white while 

a* and b* denote the hues, which represent two colour axes 

with a* denoting redness (+) or greenness (–) and b* denoting 

yellowness (+) or blueness (–). The instrument was calibrated 

with a white tile as described by the manufacturer. 

 

5) Determination of Total Anthocyanin Contents: The total 

anthocyanin content was determined by the pH-differential 

method described by Guisti and Wrolstad [23], using 

potassium chloride buffer (pH 1.0) and sodium acetate buffer 

(pH 4.5). The mixed drink samples were diluted with buffer 

(pH 1.0) to obtain an absorbance reading of less than 1.0 at 

520 nm. The dilution strength for the diluted sample should 

be the same for both pH 1 and pH 4.5. Absorbance was 

recorded using a UV-Vis spectrophotometer (Perkin Elmer, 

United Kingdom) at 520 nm and 700 nm against water as a 

blank. Before taking measurements, the measured samples 

should be clear and free of haze or sediments. The 

concentration of anthocyanin pigment was estimated and 

represented as cyanidin-3-glucoside equivalents as follows: 

 

  

 

 

 

where A = (A520 – A700) pH 1.0 – (A520 – A700) pH 4.5; MW 

(molecular weight) = 449.2 g/mol for cyanidin-3-glucoside 

(cyd-3-glu); DF = dilution factor; 1 = pathlength in cm; ε 

(molar absorptivity) = 26,900 molar extinction coefficients; 

in L×mol\=×cm-1, for cyd-3-glu; and 103 = factor conversion 

from g to mg.  

 

6) Statistical Analysis: All analyses were done in triplicate. 

Experimental data were subjected to the analysis of variance 

(ANOVA), and The Least Significant Difference (LSD) was 

applied to determine the significance of variations between 

means at p ≤ 0.05 using SAS software (Ver. 9.4., SAS 

Institute, Cary, NC, USA).  

 

 

III. RESULTS AND DISCUSSIONS 

 

A. Effect of Packaging Materials and Time of Storage on 

Total Soluble Solids 

 

 The amount of total solids dissolved in water is measured 

by the total soluble solids content [24]. Soluble solids are 

made up of sugars and acids and small amounts of dissolved 

vitamins, fructans, proteins, pigments, phenolics, and 

minerals [25, 26]. Total soluble solids content for red 

cabbage-roselle blended drink stored in glass bottles, can, and 

PP plastic bottles ranged from 11.02 to 11.32 °Brix during the 

six months of storage (Table 2). According to Kamarul Zaman 

et al. [27], fruit juice’s total solids content is specifically 

correlated to sugar and acids because juice with a low pH is 

comparatively rich in organic acids, leading to low total 

soluble solids content and vice versa. The results show that 

the total soluble solids content of the blended drink increases 

during the storage period. Generally, the total soluble solids 

content increase is significant (p<0.05) with storage time 

regardless of the packaging material used. This increment 

could be attributed to the hydrolysis of polysaccharides like 

pectin, cellulose, and starch into simple sugars 

(monosaccharides), a rise in juice concentration triggered by 

dehydration, and the breakdown of pectic properties in juice 

to soluble solids [28, 29]. Bhardwaj and Nandal [30] found 

that the total soluble solids content of Kinnow juice was 

directly associated with storage duration. The rise in total 

soluble solids was higher at ambient conditions caused by the 

high solubilisation rate or hydrolysis of acid into sugars. 

Similarly, the increase in total soluble solids content 

throughout the storage period was also noticed in roselle-

mango juice blends stored for six months [31], mango-sea 

buckthorn blended juice stored for 90 days [32], and Kinnow 

juice stored for six months [13]. 

It was evident that red cabbage-roselle blended drink 

packed in glass bottles significantly had the slightest chance 

of TSS value compared to other blended drinks. The TSS 

value of blended drinks packed in glass bottles, cans, and PP 

bottles increased by 1.45%, 2.63 % and 2.36 %, respectively, 

throughout the 6-month storage period (Table 2). It may be 

due to its inert nature and impermeable odours and vapours 

that can prevent certain reactions compared to cans and PP 

bottles [33]. 

 
Table 2: Total Soluble Solids (TSS) of Red Cabbage-Roselle 

Blended drinks in Different Packaging Materials 

 

Storage 

time 

(month) 

TSS (º brix) 

Glass bottle  Can  PP bottle  

0 11.02±0.04Ad 11.03±0.05Ad 11.02±0.04Ad 

1 11.03±0.05Bcd 11.10±0.00Ac 11.00±0.05Cd 

2 11.07±0.05Bbc 11.12±0.04Ac 11.00±0.00Cd 

3 11.08±0.04Bbc 11.13±0.0Ac 11.00±0.00Cd 

4 11.10±0.00Bb 11.15±0.05Ac 11.10±0.00Bc 

5 11.17±0.05Ba 11.22±0.04Ab 11.22±0.04Ab 

6 11.18±0.04Ba 11.32±0.04Aa 11.28±0.04Aa 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 
 

 

B. Effect of Packaging Materials and Time of Storage on pH 

 

 Table 3 presents the pH value of red cabbage-roselle 

blended drink stored in three types of packaging materials 

(glass bottle, can, and PP bottle) ranging from 3.58 to 3.79 

Anthocyanin pigment (mg/L) = A x MW x DF x 103 

                                                                ε x 1  ,
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during six months of storage at ambient temperature. It can be 

seen the pH value of the blended drinks increased gradually 

throughout the storage period. There was no significant 

difference in the pH of the drinks after 0 months of storage 

due to packaging materials or storage time. However, the pH 

of the blended drinks increased significantly (p<0.05) 

beginning from the first month of storage for every packaging 

material. The increasing pH value trend was observed with a 

prolonged storage duration of every single packaging 

material.  
 The increment in pH value is followed by the decline in 

the titratable acidity of juice throughout the storage as they 

are inversely proportional to each other [8]. Similar findings 

were also reported in mango juice stored for eight weeks [35]; 

orange drink stored for seven weeks [19]; cashew apple juice 

stored for four months [36]; and roselle-mango juice blends 

stored for six months [31]. As mentioned above, findings also 

stated that the increasing trend of pH value is observed during 

storage regardless of packaging materials used. Furthermore, 

Mgaya-Kilima et al. [31] found that the pH value for roselle-

mango juice blends was influenced by storage time and 

storage temperature.  

 The increment in pH value may be due to acid hydrolysis 

of some polysaccharides such as starch, cellulose, and pectin 

into disaccharides and monosaccharides, which are 

accountable for the increase in sweetness and decrease in 

sourness [28]. According to Mahadevan et al. [37], three 

water-soluble polysaccharides have been identified from the 

roselle calyx, which comprises arabinans and 

arabinogalactans. Moreover, red cabbage contains 15.48 % 

dietary fibre and 9.98 % cellulose, as reported by Komolka et 

al. [38], while roselle calyx contains 33.9 % dietary fibre as 

the largest component in the plant [39]. Dietary fibres include 

cellulose, pectins, gums, oligosaccharides, hemicelluloses, 

and several lignified substances, which are indigestible plant 

polysaccharides [40]. 

 
Table 3: pH of Red Cabbage-Roselle Blended drinks in Different 

Packaging Materials For 6 Months Storage 

 

Storage 

time 

(month) 

pH 

Glass bottle Can PP bottle 

0 3.59±0.01Ag 3.58±0.01Ag 3.58±0.01Ag 

1 3.64±0.01Af 3.65±0.00Af 3.63±0.01Bf 

2 3.68±0.01Ae 3.67±0.01Ae 3.66±0.01Be 

3 3.71±0.01Ad 3.71±0.01Ad 3.67±0.01Bd 

4 3.72±0.01Ac 3.72±0.01Ac 3.70±0.01Bc 

5 3.75±0.01Ab 3.74±0.01Bb 3.72±0.00Cb 

6 3.79±0.01Aa 3.76±0.01Ba 3.76±0.01Ba 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 
 

 

C. Effect of Packaging Materials and Time of Storage on 

Titratable Acidity 

 

 Titratable acidity is a measure of the product’s shelf life 

and protector against the attack of microorganisms. Titratable 

acidity value of red cabbage-roselle blended drink stored in a 

glass bottle, can, and PP bottle ranged from 67.43 mEq/L to 

57.28 mEq/L for six months of storage (Table 4). Table 4 

shows that red cabbage-roselle blended drink shows a similar 

declining trend of titratable acidity value irrespective of 

packaging materials. The titratable acidity value gradually 

decreased during storage, probably due to converting acids 

into sugar and salt by invertase enzymes [34]. Mgaya-Kilima 

et al. [8] reported that titratable acidity value in roselle-mango 

juice blends in various packaging materials was significantly 

decreased during six months of storage. Besides that, 

Bhardwaj and Nandal [30] stated a decline in Kinnow juice’s 

acidity as a prolonged storage period. Several factors 

influence the changes in the acidity of the beverages, such as 

storage temperature, storage period, and packaging materials 

[41]. 

 
Table 4: Titratable Acidity (mEq/L) of Red Cabbage-Roselle 

Blended drinks in Different Packaging Materials 

 

Storage 

time 

(month) 

Titratable Acidity (mEq/L) 

Glass bottle  Can  PP bottle  

0 65.43±0.31Ba 65.27±0.20Ba 67.43±0.40Aa 

1 63.33±0.14Bb 64.13±0.83Bb 66.93±1.58Aab 

2 63.10±0.36Bb 63.38±0.78Bb 66.00±0.65Ab 

3 63.02±0.72Bb 63.32±0.79Ab 63.13±0.20Ac 

4 62.27±1.45Ab 62.85±0.95Ab 62.42±0.20Ac 

5 60.43±0.47Ac 59.80±0.66Ac 60.02±0.43Ad 

6 57.28±0.18Bd 58.17±0.40Ad 57.92±0.28Ae 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 
 

D. Effect of Packaging Materials and Time of Storage on 

Colour  

 

 Colour is an essential characteristic of food as consumers 

perceive colour as a preference of acceptability [27]. 
Lightness (L*) for red cabbage-roselle blended drink stored in 

various packaging materials ranged from 22.13 to 27.87 after 

storage for six months at ambient temperature (Table 5). The 

L* value increased with the storage period, indicating that the 

blended drinks were lighter in colour during storage.  
 

Table 5: Colour L* of Red Cabbage-Roselle Blended drinks in 

Different Packaging Materials 

 

Storage 

time 

(month) 

 Colour L*  

Glass bottle  Can  PP bottle  

0 22.16±0.05Af 22.15±0.07Af 22.13±0.02Af 

1 22.05±0.12Af 21.98±0.01Ag 21.97±0.10Ag 

2 22.76±0.03Ae 22.62±0.10Be 22.83±0.09Ae 

3 23.11±0.13Bd 22.87±0.04Cd 23.97±0.10Ad 

4 25.49±0.32Bc 25.92±0.05Ac 25.81±0.15Ac 

5 25.87±0.09Cb 26.98±0.22Bb 26.68±0.13Ab 

6 26.90±0.05Ca 27.15±0.03Ba 27.87±0.14Aa 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 

 



MJoSHT Vol. 8, No. 1 (2022)   5 

A similar trend of increased L* value (lightness) during 

storage was also observed in maqui berry juice stored for 70 

days [42], coloured model juices made from anthocyanin-rich 

fruit and vegetable extracts (eggplant peel, strawberry, grape, 

bilberry, red raspberry, and plum peel) stored for 17 weeks 

[43] and sour cherry cloudy juices stored for 180 days [44]. 

Previous studies by Amperawati et al. [45] stated that the 

increment in L* values during storage might be linked to the 

establishment of translucent extracts due to colour 

disappearance. 

For six months of storage at ambient temperature, the 

redness (a*) of red cabbage-roselle blended drink stored in 

cans, glasses, and PP bottles varied from 8.43 to 3.67 (Table 

6). The anthocyanins in red cabbage and roselle extract 

contributed to the red colour of the blended drink. The a* 

value decreased with longer storage duration regardless of the 

packaging material used. It can be seen that the blended drink 

stored in glass bottles significantly had the highest a* value, 

while blended drink in PP bottles had the lowest a* value after 

six months of storage. The red colour degradation can be 

visually observed in the blended drink packed in different 

packaging materials. It was proven by the similar decreasing 

trend of a* values during six months of storage. The previous 

study by Amperawati et al. [45] explained that the decrease in 

a* value (redness) could be associated with anthocyanin’s 

degradation. When cloudy, sour cherry juices were stored for 

180 days, there was a rise in lightness (L* value) and a loss in 

redness (a* value) [44]. The colour of anthocyanins depends 

on the pH of the red cabbage-roselle blended drink, as pH is 

among the significant factors that affect the pigment colour 

variations and stability. The pH of red cabbage-roselle 

blended drink during six months of storage in different 

packaging materials ranged between 3.58 and 3.79 (Table 3). 

Anthocyanin is more stable in acidic (low pH) conditions than 

in neutral or alkaline (high pH) conditions [46]. Generally, 

anthocyanins occur in the structure of four species in 

equilibrium depending on the pH, namely flavylium cation, 

quinoidal base, carbinol or pseudobase, and chalcone in 

aqueous solutions. The flavylium cation (red colour) is the 

dominant species at pH 1 and is responsible for purple and 

red. At pH values between 2 and 4, the quinoidal blue is the 

dominant species. Two colourless species, a carbinol 

pseudobase and a chalcone, can be noticed at pH levels 

between 5 and 6. Anthocyanins are degraded based on their 

substituent groups at pH values higher than 7. 

 
Table 6: Colour a* of Red Cabbage-Roselle Blended drinks in 

Different Packaging Materials 
 

Storage 

time 

(month) 

Colour a*  

Glass bottle  Can  PP bottle  

0 8.45±0.06Aa 8.43±0.05Aa 8.48±0.13Aa 

1 6.81±0.03Ab 6.13±0.21Bb 6.16±0.06Bb 

2 5.71±0.13Ac 5.16±0.18Bc 4.64±0.11Cc 

3 5.41±0.13Ad 4.92±0.15Bd  4.02±0.05Cd 

4 5.28±0.13Ae 4.86±0.19Bd  3.98±0.14Cde 

5 5.28±0.13Ae 4.81±0.09Bd 3.88±0.04Ce 

6 5.17±0.08Ae 4.81±0.17Bd 3.67±0.03Cf 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 

Yellowness (b*) for red cabbage-roselle blended drink 

stored in different packaging materials ranged from 0.05 to 

3.22 after storage for six months (Table 7). The b* value of 

the blended drink increased significantly (p<0.05) in all 

packaging materials. Blended drinks stored in PP bottles 

showed the highest b* value, while blended drinks stored in 

glass bottles had the lowest b* value after six months of 

storage. Pilando et al. [47] define that the increase of L* and 

b* values are due to anthocyanin loss. It has a strong inversely 

correlation of L* and b* values with total anthocyanins 

content. All samples of red cabbage-roselle blended drinks 

stored in different packaging materials had decreased total 

anthocyanin content, and the colours noticeably changed and 

receded along with longer storage time. This was due to the 

instability of anthocyanin in blended drinks. Furthermore, the 

increased L* value could be linked to the establishment of 

translucent extracts due to colour fading. The decreased 

values of a* may be due to the depletion of monomeric 

anthocyanin. In contrast, changes in b* values, on the other 

hand, would be linked to the emergence of yellow chalcone 

species. 

 
Table 7: Colour b* of Red Cabbage-Roselle Blended drinks in 

Different Packaging Materials 

 

Storage 

time 

(month) 

Colour b* 

Glass bottle  Can  PP bottle  

0 0.05±0.02Ag 0.05±0.02Af 0.06±0.02Ag 

1 0.50±0.02Cf 0.71±0.03Be 0.87±0.02Af 

2 0.70±0.11Ce 0.98±0.07Bd 1.76±0.01Ae 

3 0.82±0.05Cd 0.94±0.10Bd 1.84±0.03Ad 

4 1.19±0.02Bc 1.26±0.07Bc 2.46±0.14Ac 

5 1.20±0.08Cb 1.39±0.03Bb 2.85±0.03Ab 

6 1.68±0.10Ca 1.94±0.04Ba 3.22±0.02Aa 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 
 

 

E. Effect of Packaging Materials and Time of Storage on 

Total Anthocyanins Content  

 

 Table 8 shows the total anthocyanins content of red 

cabbage-roselle blended drink in three types of packaging 

materials over six months of storage at ambient temperature. 

The total anthocyanin content of red cabbage-roselle blended 

drink at 0 months was similar to other studies [21]. The 

anthocyanin degradation was significant (p<0.05) during 

storage, regardless of the packaging materials used. The total 

anthocyanin content of the packed blended drink declined 

significantly after the first month, as shown in the table. More 

than half of the total anthocyanins content in every blended 

drink was lost after one month of storage in various packaging 

materials. The blended drink in PP bottles significantly 

showed the lowest reading of total anthocyanin content at 

96.88 mg cyd-3-glu/L. 

In contrast, the highest reading of total anthocyanin 

content was observed in glass bottles (132.10 mg cyd-3-

glu/L). At 2-month storage, the total anthocyanin content of 

blended drinks in glass bottles, cans, and PP bottles decreased 

by 67 %, 64 %, and 66 %, respectively, compared to the 
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blended drinks at 0-month storage, but did not have any 

significant difference between packaging materials. At 3-

month storage, the total anthocyanin content of blended 

drinks in glass bottles, cans, and PP bottles decreased by 72 

%, 73 %, and 85 %, respectively. The blended drink stored in 

cans significantly showed the lowest total anthocyanin 

content value among all packaging materials used. There were 

significant differences (p<0.05) for all blended drinks stored 

in different packaging materials for 4-, 5- and 6-month storage 

as the blended drink stored in glass-bottled recorded the 

highest total anthocyanin content remaining, followed by 

blended drinks stored in cans and PP bottles for the same 

period of storage.  

The characteristics of the packaging materials used may 

have enlightened this observation. As mentioned before, 

several factors affect the stability of anthocyanins, such as 

light and oxygen. Among the three types of packaging 

materials, PP bottles are neither oxygen- nor light-proof. 

According to Ramos et al. [48], the variable permeability of 

plastic to light, gases (oxygen), and vapours are its significant 

drawbacks. Therefore, the total anthocyanin content values of 

blended drinks in PP bottles were the lowest compared to 

those packed in cans and glass bottles. Although cans are light 

and airtight, the decrease in total anthocyanin content in 

canned blended drinks may be due to the reaction of the cans’ 

coating and the compound inside the blended drinks [49]. On 

the other hand, after six months of storage, the blended drink 

stored in the glass bottle showed the highest total anthocyanin 

content value. According to Franco and Falqué [50], glass is 

impermeable to oxygen and vapours and inert to chemical, 

biological, and physical effects. Furthermore, Pérez-Vicente 

et al. [51] discovered that during the storage of pomegranate 

juice, the types of glass (green or transparent) did not affect 

anthocyanin diminishment. 

 
Table 8: Total Anthocyanins Content (mg cyd-3-glu/ L) of Red 

Cabbage-Roselle Blended drinks in Different Packaging Materials 

 

Storage 

time 

(month) 

Total Anthocyanins Content (mg cyd-3-glu/ L) 

Glass bottle  Can  PP bottle  

0 
263.40 ± 

1.67Aa 
262.66±0.87Aa 

262.17 ± 

1.04Aa 

1 
132.10 ± 

3.60Ab 
113.20±3.96Bb 96.88 ± 0.71Cb 

2 87.75±16.60Ac 94.54±23.17Ac 88.21±18.55Ab 

3 74.38±2.21Ad 71.80±7.35Ad 40.42±0.49Bc 

4 55.60±0.87Ae 49.27±1.93Be 21.09±1.31Cd 

5 48.29±0.96Ae 39.85±0.85Bef 14.38±0.17Ce 

6 34.36±1.83Af 30.50±0.17Bf 10.44±1.42Ce 

Notes: Means in the same row with the same upper-case letters are 

not significantly different at p>0.05; Means in the same column with 

the same superscript lower-case letters are not significantly different 

at p>0.05. 
 

 

IV. CONCLUSIONS 

 

 Packaging materials and storage time significantly affect 

the physicochemical and anthocyanins stability of blended 

drinks stored in glass bottles, cans, and PP bottles during six 

months of storage. Acid hydrolysis of some polysaccharides 

into simple sugars (monosaccharides) justifies the increase in 

sweetness and decrease in sourness for pH, titratable acidity. 

Therefore, total soluble solids values during storage at 

ambient temperature, irrespective of packaging materials 

used. Meanwhile, the increase of colour L* (lightness) and b* 

(yellowness) values along with the decrease of colour a* 

(redness) value in the red cabbage-roselle blended drink are 

associated with colour fading and loss of total anthocyanin 

content. Concerning packaging materials, blended drink 

packed in glass bottles has the highest retention of red colour 

and anthocyanins content, followed by blended drink stored 

in cans and PP bottles. As a result, glass bottles should be 

recommended as the ideal packaging materials for storing the 

blended drink, followed by cans and PP bottles, as glass 

bottles provide greater anthocyanin protection. Future studies 

can investigate the effect of various storage temperatures of 

red cabbage-roselle blended drink on physicochemical 

properties and anthocyanin content.  
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