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Abstract: The present study was conducted on optimization and hypocholesterolemic activity of pomegranate beverage with the 
incorporation of quinoa extract in order to assess the biochemical and sensory evaluation of pomegranate beverage with the incorporation of 
quinoa extract. Eight treatments were formulated at different concentrations of pomegranate juice (80, 85 and 90%) and quinoa extract (10, 15 
and 20%) by altering the sugar level (15 and 18  brix) and compared with control (100% pomegranate juice). Among the eight different o

treatments, there was no significant difference was observed for sensory quality Significantly maximum total phenols (463.33 mg GAE/100 
mL), DPPH radical scavenging activity (98.05%), potassium (718.83 mg/100 mL), phosphorous (201.58 mg/100 mL), calcium (194 mg/100 
mL), magnesium (66.80 mg/100 mL), iron (3.26 mg/100 mL) and zinc (0.43 mg/100 mL)  were identified in T  (80% Pomegranate juice + 20% 4

quinoa extract + Sugar 15º Brix). 
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Pomegranate ( L.) is a fruit-bearing Punica granatum 

shrub in the family 'Lythraceae'. The edible part of the fruit 

(arils-pulp bearing seeds) contains considerable amounts of 

acids, sugars, vitamins (A, C and E), polysaccharides, 

polyphenols and important minerals (Vardin and Fenercioglu 

2003). Punicalagin has anti-inflammatory, anti-cancer and 

anti-atherosclerotic effects, according to studies. 

Pomegranate polyphenols are capable of limiting the body's 

reaction to reactive oxygen species (ROS) (Aloqbi et al 

2016). 

 Chenopodium quinoa WildQuinoa ( .) is a crop used by 

pre-Columbian cultures in South America for centuries. It is 

one of the most nutritious grains used as human food. In 

recent years, research into nutritional strategies aiming to 

prevent excess energy intake has increased in response to 

rising levels of obesity and obesity-related diseases. Drug 

treatments or supplements of bioactive molecules are 

ineffective or exhibit adverse side effects, focus has shifted 

towards natural dietary components with potential impact 

upon appetite and satiety. Synergetic effect of pomegranate 

beverage with the incorporation of quinoa extract may be 

beneficial to improve the health. With this background, the 

present study was conducted on optimization and to assess 

the biochemical and sensory evaluation of pomegranate 

beverage with the incorporation of quinoa extract. 

MATERIAL AND METHODS

The present investigation was undertaken at College of 

Horticulture, Bagalkot, Karnataka, India. The pomegranate 

fruits (cv. Bhagwa) were procured from Bellary district and 

were sorted, graded and washed thoroughly in running water 

and cut into halves with the help of sharp stainless steel knife. 

Fruits were placed in the hand operated pomegranate juice 

extractor and pressed to obtain juice. After extraction, juice 

was allowed to settle down and subsequently it was strained 

through clean muslin cloth to get a clear juice extract. Quinoa 

seeds were procured from Department of Vegetable 

Science, College of Horticulture, Bagalkot. Extract of quinoa 

was obtained by the procedure as presented in Figure 1. The 

extracted juice of pomegranate and quinoa were used as per 

treatments (Table 1) and sucrose was added to maintain 

TSS. Quinoa extract was added wherever needed in all the 

treatments at different percentages (except T  and T ). The 1 5

prepared beverage was filled in clean, sterilized bottles and 

sealed with caps and stored at 4  C. Experiment was o

conducted in three replications for sensory and biochemical 

analysis.

Sensory evaluation: The sensory evaluation of developed 

pomegranate beverage by incorporation of quinoa extract 

was evaluated by a panel of semi trained judges (n=10) on a 

nine point hedonic scale using sensory score sheet. 



Biochemical parameters: At room temperature, total 

soluble solids content of pomegranate beverage 

incorporated with quinoa extract was measured using a hand 

refractometer (Erma, Japan) in °Brix. The titratable acidity of 

pomegranate beverage incorporated with quinoa extract was 

estimated by the titration method. A known quantity of sample 

(5 mL) was taken and titrated against standard 0.1N NaOH 

using phenolphthalein indicator (Srivastava and 

Sanjeevkumar 1998). pH of the pomegranate beverage 

incorporated with quinoa extract was determined by using pH 

meter. To calibrate the instrument, standard buffer solutions 

of pH 4.0, 7.0 and 9.2 were used (Jackson 1969). The brix to 

acid ratio was estimated using the formula by taking the ratio 

of total soluble solids to titratable acidity. 

L*, a* b*, and  colour values: The colour of the pomegranate 

beverage incorporated with quinoa extract was assessed 

using a Hunter Lab colorimeter with a 45 mm (diameter) 

measurement tube. These three colour readings per sample 

were recorded using the , and  lightness (white-L*, a* b*

black), red-green and yellow-blue scales, respectively.

Phenols, DPPH free radical scavenging activity and 

tannin: For the determination of total phenols, methanol 

extracts (80 %) of pomegranate beverage incorporated with 

quinoa extract, folin-ciocalteu reagent method was followed 

using gallic acid as a standard (Madaan et al 2011). The 

ability of pomegranate beverage incorporated with quinoa 

extract to scavenge the stable 2, 2'-diphenyl-2-picrylhydrazyl 

(DPPH) free radical was assessed according to the method 

of Eghdami and Asli (2010). Tannin content of pomegranate 

beverage incorporated with quinoa extract was estimated by 

vanillin hydrochloride method using tannic acid as a standard 

(Sadasivam and Manickam 2015).

Minerals estimation: Potassium content in juice samples 

were estimated by using flame photometric method. Feed the 

di-acid or tri-acid digested sample to the flame photometer 

through a capillary tube and record reading (Jackson 

1973).The phosphorous content present in the di-acid or tri-

acid digested pomegranate beverage incorporated with 

quinoa extract reacts with vanadium and molybdenum in 

vanodomolybdate reagents to form 12 fold heteropoly 

phosphor-vanadomolybdate complex (Arora et al 2002). The 

filtrate after wet digestion by di-acid mixture was used for iron 

and zinc estimation by "Micro-wave plasma atomic emission 

spectrometer" instrument from Agilent Technologies. 

Calcium and magnesium was determined by complexo-

metric titration method involving standard EDTA (Piper 1966).

The data was analyzed as applicable to completely 

randomized design (CRD). Statistical analyses of 

experiments were performed using Web Agri Stat Package 

(WASP) Version 2 (Jangam and Thali 2010). 
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Fig. 1. Method of preparation of quinoa extract

T1 100 % Pomegranate juice + Sugar (15  Brix) (Control-I)0

T2 90 % Pomegranate juice + 10% quinoa extract + Sugar (15  Brix)0

T3 85% Pomegranate juice + 15% quinoa extract+ Sugar (15  Brix)0

T4 80% Pomegranate juice + 20% quinoa extract + Sugar (15  Brix)0

T5 100 % Pomegranate juice + Sugar (18  Brix) (Control-II)0

T6 90 % Pomegranate juice + 10% quinoa extract + Sugar (18  Brix)0

T7 85% Pomegranate juice + 15% quinoa extract+ Sugar (18  Brix)0

T8 80% Pomegranate juice + 20% quinoa extract + Sugar (18  Brix)0

Table 1. Treatments details of the experiment
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RESULTS AND DISCUSSION

Sensory evaluation: Colour is the most important factor in 

determining consumer preference (Table 2). The maximum 

score was in control II T  (100 % pomegranate juice + sugar 5

18 1 º Brix: 8.42) which was on par with control I T (100 % 

pomegranate juice + sugar º Brix: 8.39). The control 15

sample got the highest score because of its natural bright red 

colour and the quinoa extract incorporated sample scored 

less upon concentration however, they did not vary 

significantly. Incorporation of quinoa extract (10, 15%and 

20%) to the pomegranate beverage did not vary consistency 

significantly. The addition of quinoa extracts does not change 

the taste and flavored pomegranate beverage significantly. 

Overall acceptability of pomegranate beverage incorporated 

with quinoa extract does not make any significant change. 

The overall acceptability of pomegranate beverage by 

incorporation of quinoa extract recorded highest score in T1 

which was at par with T (100 % Pomegranate juice + 5 Sugar 

Treatments TSS (°B) pH TA (%) Brix: Acid Colour values

L* a* b*

T1 15.04 3.54 0.85 17.81 15.72 26.47 1.05

T2 15.16 3.58 0.77 19.75 18.90 24.85 1.28

T3 15.14 3.62 0.70 21.37 21.05 23.53 1.78

T4 15.15 3.64 0.65 23.07 24.40 21.82 2.07

T5 18.10 3.58 0.83 21.87 16.31 26.14 1.16

T6 18.15 3.60 0.74 24.74 19.00 24.08 1.35

T7 18.18 3.63 0.69 26.32 21.53 23.14 1.83

T8 18.20 3.66 0.63 28.84 24.69 21.27 2.19

Mean 16.64 3.60 0.73 22.97 20.20 23.91 1.59

CD (p=0.01) 0.17 0.03 0.05 1.43 1.49 1.28 0.18

Table 3. Effect of incorporation of quinoa extract on total soluble solids, pH, titratable acidity, brix to acid ratio and colour values 
in pomegranate beverage

See Table 1 for treatment detail

Treatments Colour and appearance Consistency Taste Flavour Overall acceptability

T1 8.39 8.05 7.89 8.22 8.14

T2 8.25 7.80 8.03 7.91 7.99

T3 8.08 7.80 7.78 7.89 7.88

T4 7.86 7.78 7.64 7.61 7.73

T5 8.42 7.83 7.89 8.11 8.07

T6 8.20 7.83 7.89 7.89 7.96

T7 8.11 8.05 7.83 7.89 7.98

T8 7.91 7.89 8.17 7.94 7.98

Mean 8.15 7.88 7.89 7.93 7.96

CD (p=0.01) NS NS NS NS NS

Table 2. Sensory evaluation of pomegranate beverage by incorporation of quinoa extract

See Table 1 for treatment detail

18 : 8.07). º Brix Based on the above sensory information with 

all the quality parameters, there was no significant difference 

between the control and quinoa extract incorporated 

pomegranate beverage. It indicates that quinoa extract can 

be used for substitution of pomegranate beverage.

Biochemical parameters: There was a significant 

difference in TSS between the treatments (Table 3). The four 

treatments (T , T , T  and T ) were maintained TSS of º Brix 1 2 3 4 15

and (T , T  and T ) º Brix. The maximum TSS (18.20 Brix) 6 7 8  18 0 

content was in the treatment T  (80% Pomegranate juice  15 8 +

% quinoa extract+ º Brix) and minimum (15.04 ºBrix) Sugar 15

was  in T  (80 % Pomegranate juice + 20% quinoa extract+ 4

Sugar º Brix). The pH in T  was highest (3.66) and the 15 8

lowest 3.54 was in control I. As the per cent incorporation of 

quinoa extract increased in the treatments, the pH also 

increased proportionately both in 15  brix and 18  brix. This o o

may be due to more pH value of quinoa extract than 

pomegranate juice. Bianchi et al. (2015) also reported that 
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100 per cent quinoa extract has a pH of 6.35. Acid gives the 

characteristic sourness to the product. Effect of quinoa 

extract on the titratable acidity of pomegranate beverages 

ranged between 0.63 and 0.85 per cent. Both in sugar º 15

Brix and º Brix, titratable acidity decreased as the 18

concentration of quinoa extract increased. This may be due 

to less acidity and more pH value of quinoa extract. The 

negative association with pH and acidity was observed. Islam 

et al (2014) also inferred that acidity and pH are inversely 

proportional to each other, as pH increases the concentration 

of hydrogen ion decreases. The maximum pH  sample has 

minimum titratable acidity. Brix to acid ratio is often an 

indicator of acceptability than either sugar or acid alone 

(Jayasena and Cameron 2008) Among the different . 

treatments, T recorded significantly highest value for Brix to 8 

acid ratio (28.84).

L*, a* b*, and  colour values: The Significant difference was 

recorded among the different treatments concerning the * L

value of pomegranate beverage by incorporation of quinoa 

extract (Table 3).  * value was increased by incorporation of L

quinoa extract both in sugar 15º Brix and 18º Brix and ranged 

between 15.72 to 24.69. There was a decreased trend in  a*

value of pomegranate beverage by incorporation of quinoa 

extract both in sugar 15º Brix and 18º Brix. Numerically, the 

highest  value was recorded in control I T (Brix: 26.47). a* 1 

There were difference related to the  among the different b*

treatments in pomegranate beverage by incorporation of 

quinoa extract. Significantly, the highest  value (2.19) was b*

in T . The reduction of the redness value of beverages occur 8

due to the natural pigment content of the quinoa, especially 

because has high phenolic components (Demir and Bilgicli 

2021). The results are in line with Bhalerao et al (2020), 

where pomegranate juice was blended with different 

concentrations of muskmelon and amla juice, and found that, 

the decrease in the concentration of pomegranate juice 

increases the *, * values and decreases * values. l b a

Gonzalez-Molina et al (2009) reported that an increase in the 

concentration of lemon juice (25, 50 and 75%) reduced * a

values and increased the * values. Anthocyanins are b

responsible for the red colour of pomegranate juice. 

Anthocyanin is pH-dependent (the red flavylium is stable at 

low pH) and as the pH changes, the colour of the juice also 

changes (Choi et al 2002). The lighter colours of 

pomegranate beverage with quinoa extract were due to the 

higher pH which inhibits the coloured flavylium form of 

anthocyanins. 

Phenols, DPPH free radical scavenging activity and 

tannin: The total phenol content of pomegranate beverages 

incorporated with quinoa extract ranged between 431.67 and 

463.33 mg GAE/100 mL. The total phenol of pomegranate 

beverage has shown an increasing trend as the percentage 

of quinoa extract increased both in 15  brix and 18 brix o o

beverages (Fig. 2). Compared to control II T  (100% 5

Pomegranate juice + Sugar 18º Brix) there was increased in 

31.66 mg GAE/100 mL of total phenols in T . The quinoa 4

extract (20%) incorporated pomegranate beverage showed 

higher phenolic content because, quinoa is the major source 

of phenolic acids ., vanillic (523.92 gg ), coumaric (275 viz μ −1

μ μ−1 −1g g ), 3, 4-Dihydroxybenzoic acid (275 g g ), p-

hydroxybenzoic acid (97 g g ), gallic acid (320 g g ) and μ μ−1 −1

caffic acid (6.31 g g ) (Tang and Rong 2017). The results μ −1

are in conformity with the findings of Demir and Kilinc (2017) 

who observed that the phenol content was increased 

significantly by the substitution of quinoa flour in cookies and 

also utilization of quinoa flour in gluten-free pasta formulation 

at a 30 per cent ratio increased the total phenol content 

compared to control (Demir and Bilgicli  2021).

Appropriate diets that include fruits, vegetables, whole 

grains and  may contribute to good health due pseudo cereals

to rich source of anti-oxidants. Among these foods, cereals 

and pseudo cereals play an important role (Shela et al 2008, 

Calderelli et al 2016). The antioxidant activity of 

pomegranate beverages by incorporation of quinoa extract 

ranged between 95.38 and 98.05 per cent . Control II  (Table 4)

T  showed 2.67 per cent less antioxidant activity than the 5

treatment T . The antioxidant activity of fruits and vegetables 4 

largely depends upon an abundance of individual 

antioxidants or the combined effect of antioxidants like 

phenolic compounds, ascorbic acid and anthocyanins (Rai et 

al 2011). Quinoa extract incorporated pomegranate 
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Fig. 2. Effect of incorporation of quinoa extract on total 
phenols antioxidant activity and tannin content in 
pomegranate beverage
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beverages exhibited maximum antioxidant activity because 

quinoa contain compounds like polyphenols, phytosterols 

and flavonoids with possible nutraceutical benefits (Abugoch 

James 2009). In the same way, the addition of quinoa flour 

increases antioxidant activity in the bread as reported by 

Ballester-Sanchez et al (2019) and remarkable improvement 

in scavenging capacity was observed with increasing 

addition of quinoa flour  1.38-fold increase in DPPH i.e.

radical scavenging capacity in wheat bread (Xu et al 2019). 

The total tannin content of pomegranate beverages by 

incorporation of quinoa extract showed a significant 

difference between the treatments   between  (Fig. 2) and

65.64 mg TAE/100 mL and 87.44 mg TAE/100 mL Treatment 

T  (80 % pomegranate juice + Sugar 15º Brix +20% quinoa 8

extract) showed 21.80 mg TAE/100 mL less tannin content 

than the control I T  (100% pomegranate juice + ugar 15º 1 p s

Brix). Pomegranate is also a rich source of hydrolyzable 

tannins. Upon adding different concentrations of quinoa 

extract to pomegranate juice, the tannin content of 

pomegranate beverage decreases with an increase in the 

percentage of quinoa extract.  quinoa seeds contain a The

less amount of tannins and adequate processing further 

reduce its content (Filho et al 2017). Same trend was 

observed in the Deepika and Panja (2017) where enrichment 

of aonla pulp with fruit pulp of mango, papaya, and jackfruit 

reduced the tannin content of the resultant fruit bars 

compared to that from pure aonla pulp, which is an indication 

in the reduction of astringency. 

Minerals: Significant differences were observed among the 

treatments for potassium, phosphorous, calcium, 

magnesium, iron and zinc contents in pomegranate 

beverages incorporated with quinoa extract Table 4 . The ( )

highest amount of potassium (718.83 mg/100 mL), 

phosphorous (201.58 mg/100 mL), calcium (194 mg/100 

mL), magnesium (66.80 mg/100 mL) content was  in T (80% 4 

p + Sugar 15omegranate juice  20 % quinoa extract+ º Brix) 

and lowest amount of potassium (638.17 mg/100 mL), 

phosphorous (145.64 mg/100 mL), calcium (159.33 mg/100 

mL), magnesium (43.60 mg/100 mL) content was in control II 

T  (100% pomegranate juice + ugar 18º Brix). Highest 5 p s

content of minerals in quinoa incorporated pomegranate 

beverage may be due to quinoa is abundant in minerals such 

as calcium, iron, phosphorus, zinc and potassium and are 

reported to have more concentrations than most grain crops. 

Iron, calcium, and phosphorus levels are higher in quinoa 

than those of maize and barley (Arneja et al 2015). The 

present study is supported by Demir and Bilgicli (2021) where 

quinoa flours were replaced with rice: corn semolina blend at 

different (0–30%) ratios in gluten-free pasta formulation.  The

significant increment was observed in calcium, iron, 

potassium, magnesium, phosphorous and zinc content of the 

gluten-free pasta in addition to quinoa flour. Demir and Kilinc 

(2017)  observed that the potassium, magnesium, also

calcium, iron and zinc contents were increased as the 

concentration level of quinoa flour increased in the 

preparation of cookies.

CONCLUSION

Quinoa extract incorporated pomegranate beverage with 

combination of 80 % pomegranate juice + 20% quinoa 

extract+ ugar (15º Brix)had highest antioxidant activity, total s

phenols, total flavonoids and also addition of quinoa extract 

to pomegranate juice increased the mineral content such as 

potassium, phosphorous, calcium, magnesium, iron and 

zinc.

REFERENCES
Abugoch James LE 2009. Quinoa ( a Willd.) Chenopodium quino

composition, chemistry, nutritional, and functional properties. 
Advances in Food and Nutrition Research 58(1): 1-31.

Aloqbi A, Omar U, Yousr M, Grace M, Lila MA and Howell N 2016. 

Treatments Potassium
(mg/100 mL)

Phosphorous
(mg/100 mL)

Calcium
(mg/100 mL)

Magnesium
(mg/100 mL)

Iron
(mg/100 mL)

Zinc
(mg/100 mL)

T1 638.33 146.04 160.00 44.00 2.86 0.26

T2 683.83 173.42 175.33 55.20 3.06 0.32

T3 697.33 187.31 187.33 60.80 3.16 0.37

T4 718.83 201.58 194.00 66.80 3.26 0.43

T5 638.17 145.64 159.33 43.60 2.85 0.26

T6 683.67 173.02 174.67 54.80 3.05 0.31

T7 697.17 186.91 186.67 60.40 3.15 0.36

T8 718.67 201.19 193.00 66.60 3.25 0.42

Mean 684.50 176.89 178.79 56.53 3.08 0.34

CD (p=0.01) 3.23 1.42 5.31 2.01 0.01 0.02

Table 4. Effect of incorporation of quinoa extract on mineral contents in pomegranate beverage

See Table 1 for treatment detail

1810 G. Bhuvaneshwari et al



Antioxidant activity of pomegranate juice and punicalagin. 
Natural Science 8 (6): 235-246.

Arneja I, Tanwar B and Chauhan A 2015. Nutritional composition and 
health benefits of golden grain of 21  century, Quinoa st

( willd.): A review. Chenopodium quinoa Pakistan Journal of 
Nutrition 14 (12): 1034-1040.

Arora A, Sairam RK and Srivastava GC, 2002. Oxidative stress and 
antioxidative system in plants.  : 1227-1238.Current Science 82

Ballester-Sanchez J, Gil JV, Haros CM and Fernandez-Espinar M T 
2019. Effect of incorporating white, red or black quinoa flours on 
free and bound polyphenol content, antioxidant activity and 
colour of bread.  (2): 185-191.Plant Foods for Human Nutrition 74

Bhalerao P, Mahale SA, Dhar R and Chakraborty S 2020. Optimizing 
the formulation for a pomegranate-amla-muskmelon based 
mixed fruit beverage using sensory analysis and evaluating its 
thermal stability. (1): 109907.LWT 133

Bianchi F, Rossi EA, Gomes RG and Sivieri K 2015. Potentially 
synbiotic fermented beverage with aqueous extracts of quinoa 
(  Willd) and soy. Chenopodium Quinoa Food Science and 
Technology International 21 (6): 403-415.

Calderelli VAS, de Marta TB, Jesui VV, Graciette M, Antonio MM F, 
Carlo GR and Anna L 2016. Use of sourdough made with quinoa 
( ) flour and autochthonous selected lactic Chenopodium Quinoa
acid bacteria for enhancing the nutritional, textural and sensory 
features of white bread. (1): 1-13.Journal of Cereal Science 37

Choi MH, Kim GH and Lee HS 2002. Effects of ascorbic acid 
retention on juice color and pigment stability blood orange (In 
Citrus Sinensis Food ) juice during refrigerated storage. 
Research International 35(1): 753-759.

Deepika D and Panja P 2017. Enrichment on quality of aonla 
(  G.) fruit bars by blending. Emblica Officinalis Journal of Applied 
and Natural Science 9(1): 162-166.

Demir B and Bilgicli N 2021. Utilization of quinoa flour (Chenopodium 
Quinoa Willd.) in gluten-free pasta formulation: Effects on 
nutritional and sensory properties. Food Science and 
Technology International 27 (3): 242-250.

Demir MK and Kilinc M 2017. Utilization of quinoa flour in cookie 
production.  (6): 14-18.Journal of International Food Science 24

Eghdami A and Asli DE 2010. Determination of antioxidant capacity 
of pomegranate juice by using 2, 2-Diphenyl-1-Picrylhydrazyl. 
Journal of Organic Chemistry 1 : 30-33.

Filho AMM, Pirozi MR, Borges JTDS, Pinheiro Sant'Ana HM, Chaves 
JBP and Coimbra JSDR 2017. Quinoa: Nutritional, functional, 
and antinutritional aspects. Critical reviews in Food Science and 
Nutrition 57 (8): 1618-1630.

Gonzalez-Molina E, Moreno DA and García-Viguera C 2009. A new 

drink rich in healthy bioactives combining lemon and 
pomegranate juices.  (4): 1364-1372.Food Chemistry 115

Islam MA, Ahmad I, Ahmed S and Sarker A 2014, Biochemical 
composition and shelf life study of mixed fruit juice from orange 
and pineapple. Journal of Environmental Sciences and Natural  
Resources 7 (1): .227-232.

Jackson ML 1969.  Soil Chemical Analysis-Advanced Course
(Edition 2), Prentice Hall of India Pvt. Ltd, New Delhi 

Jackson M L 1973. . Prentice Hall of India Pvt. Soil Chemical Analysis
Ltd, New Delhi.

Jangam AK and Thali P 2010. ICAR Research Complex, Goa, Old 
Goa, Goa (India), pp. 402-403.

Jayasena V and Cameron I 2008. Brix/acid ratio as a predictor of 
consumer acceptability of crimson seedless table grapes. 
Journal of Food Quality 31 (6): 736-750.

Madaan R, Bansal G, Kumar S and Sharma A 2011, Estimation of 
total phenols and flavonoids in extracts of  roots Actaea Spicata
and antioxidant activity studies. Indian Journal of  
Pharmaceutical Sciences 73 (6): 666-668.

Piper CS 1966. . Hans publishers, Bombay. p Soil And Plant Analysis
368.

Rai DR, Chadha S, Kaur MP, Jaiswal P and Patil RT 2011. 
Biochemical, microbiological and physiological changes in 
Jamun (  L.) kept for long term storage under Syzyium Cumini
modified atmosphere packaging. Journal of Food Science and 
Technology 48 (3): 357-365. 

Sadasivam S and Manickam A 2015. New Biochemical Methods, 
Age International Publishers limited,  205-2073:

Shela G, Lojek A, Ciz M, Pawelzik E, Delgado LE, Medina OJ and 
Goshev I 2008. Comparison of composition and antioxidant 
capacity of some cereals and Pseudocereals. International 
Journal of Food Science and Technology 43(1): 629-637.

Srivastava RP and Sanjeevkumar 1998. Fruit and Vegetable 
Preservation Principles and Practices. International Book 
Distributing co., Lucknow; 64-98

Tang Y and Rong T 2017. Phytochemicals in quinoa and amaranth 
grains and their antioxidant, anti-inflammatory and potential 
health beneficial of effects: A review. Molecular Nutrition and 
Food Research 61(1): 1-16.

Vardin H and Fenercioglu H 2003. Study on the development of 
pomegranate juice processing technology: Clarification of 
pomegranate juice. : 300-303. Nahrung 42

Xu X, Luo Z, Yang Q, Xiao Z and Lu X 2019. Effect of quinoa flour 
on baking performance, antioxidant properties and digestibility 
of wheat bread. (1): 87-95.Food Chemistry 294

Received 13 September, 2023; Accepted 01 November, 2023

1811Commercial Palm Oil Mill Effluent Based Biogas Plant


