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ABSTRACT: Colour is one of the important parameters for the 

acceptability of many food products. Therefore, a study was 

carried out to investigate the effect of milk coagulation with fruit 

juice acidulants (lemon and amla) on the instrumental colour 

values and sensory qualities of paneer (Indian soft cheese type). 

The paneer was prepared per standard methods, and paneer 

curry was prepared using commercial masala as labelled 

instructions. Raw materials and paneer were analysed for 

instrumental colour and expressed as *L, *a and *b values. 

First, sensory evaluation was conducted by blinding the type of 

acidulant used for raw and curried paneer and then disclosing 

the kind of acidulant used for raw paneer. We found that the 

fruit juice acidulants affected both instrumental colour values 

and sensory qualities of paneer. The sensory scores were 

highest for paneer coagulated with citric acid, followed by 

lemon and amla extracts. However, disclosing the type of 

acidulant used increased sensory scores for amla paneer while 

the scores for lemon paneer slightly decreased. Moreover, 

currying increased sensory scores of the amla paneer. 

Therefore, lemon and amla juice have potential in 

manufacturing paneer with high acceptability despite the colour 

imparted from the fruits. 
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 INTRODUCTION 

Colour and flavour are essential sensory characteristics which play an important role in the 

selection, consumption, satiation, and ingestion of food (Dias et al., 2012). It affects 

consumer judgement of other sensory characteristics such as flavour, sweetness, and 

saltiness. In addition, it is an important predictor of nonsensory quality attributes such as 

moisture content, over-processing, and pigment content (Clydesdale, 1994). Therefore, colour 

is the most important parameter for the acceptability of a product, especially for the new 

products, as consumers relate it to a characteristic of the product perception, including safety 

and quality (Juyal et al., 2015; MacDougall 2002). The colour of the food may result in both 

physical and psychological reactions, thus why unattractive foods are rarely tested despite the 

good aroma and nutritional quality (Crepaldi, 2006; Clydesdale, 1994). At some points, 

instrumental colour analysis can be used as a rapid test for estimating the food compounds 

such as chlorophyll, anthocyanin and carotenoid content (Meléndez‐Martínez et al., 2005) 

that contribute to a specific colour of the most plant produce. Therefore, the food industry is 

now frequently seeking to develop many foods and beverages to create functional and 

speciality products by adding or substituting some ingredients, which may directly affect 

such particular food's nutritional and sensory qualities. Consumer demand for such functional 

products increases daily (Shori and Baba 2013). However, adjusting the sensory perceptions, 

including the colour and flavour of the products, are the greatest challenge in new product 

development. 

Paneer is a type of unripened cheese popular in India. It is prepared by coagulating heated 

milk with citric acid (Aneja et al., 2002). Generally, the production of high-quality cheese 

requires thorough control of parameters, including colour, appearance and flavour (Leiva and 

Figueroa, 2010). Several types and recipes of paneer with altered colour and flavour 

components have been studied (Kanchan, 2013; Verma, 2013; Kaur and Bajwa; 2003; Bajwa 

et al., 2005). However, studies on the effect of fruit acidulants and their impact on colour and 

sensory qualities were not studied. Therefore, this study investigated the impact of fruit juice 

acidulants, lemon (Citrus limon L) and amla (Emblica officinalis), on the instrumental colour 

values and sensory attributes of raw and curried paneer. 

 

MATERIAL AND METHODS 

Preparation of raw materials 

Standardised milk, citric acid, lemon and amla were procured from the local markets of 

Ludhiana, Punjab, India. First, sound lemon and amla fruits were washed with potable water 

and dried. Then, lemon was cut and manually squeezed to obtain juice, while amla was 

grated with a hand grater and pressed using mesh. Finally, the juices were filtered using a 

muslin cloth and heated to 75°C before coagulating milk for paneer manufacture. 

Preparation of paneer 

Paneer was prepared as per standard procedure given by De (2015). First, milk was heated to 

85°C for 5 min, allowed to cool and coagulated at 72°C using 2 per cent citric acid solution or 

fruit juices till clear whey was separated. After that, the coagulum was strained, pressed, 

cooled, packaged and stored in a refrigerator for further analysis. 
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Preparation of curried paneer 

Paneer curry was prepared using a commercially available spice mix (Bhuna masala). First, 

the masala was mixed with 150 ml of water and boiled for two minutes. Then, the cubes of 

paneer (1x1x1cm) were mixed with boiled masala and then boiled for two minutes. 

Instrumental colour measurement  

The colour values of the raw materials and paneer were measured using a Minolta 

Chromameter CR400 colourimeter (Konica Minolta, Inc., Marunouchi, Japan) and expressed 

as *L, *a and *b values. The *L measured brightness, varying from 100 for perfect white to 0 

for black. The chromaticity dimensions (*a and *b) gave an understandable designation of 

colour, i.e. the value *a measured redness when positive, grey when zero and green when 

negative. The value *b measured yellowness when positive, grey when zero, and blueness 

when negative. 

Sensory evaluation 

Sensory analysis of raw (blind and disclosed samples) and curried paneer was performed by a 

panel of 10  judges using the nine-point hedonic scale (from 1= Dislike extremely to 9=Like 

extremely) (Larmond 1977). The sensory evaluation was conducted first by blinding the type 

of acidulant used, then disclosing for raw paneer, and blinded for curried paneer. The 

sensory attributes analysed were colour, flavour, texture, mouthfeel and overall acceptability.  

Statistical analysis 

The data were analysed for analysis of variance using the SPSS® 16.1 software package and 

were presented as mean ± standard deviation, and the mean differences were compared using 

the Least Significant Difference (LSD) test at a 95 per cent confidence interval. 

 

RESULTS AND DISCUSSION 

Instrumental colour values of the raw materials and paneer 

The results on the colour values of the raw materials are presented in Table 1. Milk had the 

highest *L value (88.57), followed by amla (64.60) and lemon (47.60). The *a values were 

highest in amla (0.90), followed by milk (-3.72)  and lemon (-6.52). Similarly, the *b values 

were highest in amla (22.93), followed by milk (19.73)  and lemon (8.70). Heating the fruit 

extracts resulted in changes in the colour values. The *L values for fresh and heated lemon 

extracts were similar, whereas amla extract differed significantly (p<0.05) after heating. After 

heating fresh lemon extract, its *a values (greenness) were not altered, whereas the redness of 

amla juice increased, but the change was non-significant. Also, all the extracts' *b values 

(yellowness) significantly increased after heating. 

However, Nagpal (2012) reported that the *L, *a and *b values for fresh amla extract were 

77.16, -0.86 and 16.96, respectively. Similar observations for colour values of milk were 

reported by Giangiacomo and Messina (1988); the *L, *a, and *b values of milk were 88.2, -

4.35, and 5.40, respectively. On the other hand, Chugh et al. (2014) found respective values 

of 64.50, -3.92 and 0.15 for skimmed milk. The polyphenol contents of the fruits and grasses 
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impact the colour of the plant extract (Patel and Goyal 2012; Shi et al. 2010; Economos and 

Clay 1998). Therefore, variation in the colour of milk and milk products is normally high due 

to variation in composition, particularly pigments (Jenness 1985; Urgu et al., 2019). The 

yellow colour of milk is associated with fat and carotenoids, particularly β-carotene (Urgu et 

al., 2019; Połtorak et al., 2015). 

The results on the effect of acidulants on the colour values of paneer are presented in Table 2. 

The *L values were highest in paneer from citric acid (86.49), followed by lemon (86.11) and 

amla (78.92). The *a values were highest in paneer from amla (2.00), followed by citric acid 

(-0.08)  and lemon (-0.36). The *b values were highest in paneer from lemon (15.66), 

followed by citric acid (13.28) and amla (10.77). The *L value of citric acid and lemon were 

statistically similar, but both differed with amla. That implied that the paneer coagulated with 

citric acid was more whitish than lemon and amla fruit acidulants (Plate 1). Similarly, 

Shrivastava et al. (2013) reported 87.55, -1.35 and 8.36 for *L, *a and *b values, 

respectively, for the paneer coagulated with citric acid. The highest *a value of amla paneer 

indicated high retention of the red pigments tannins, as reported in our previous study 

(Ahmed and Bajwa, 2019). The highest *b values in paneer from lemon suggested higher 

retention of yellow pigments, possibly fat and β-carotene, than in citric acid and amla. 

 

Table 1. Instrumental colour values of milk and fruit extracts 

Parameter Fresh Milk 

Fresh 

lemon 

extract 

Heated 

lemon 

extract 

Fresh amla 

extract 
Heated amla 

extract 

L (± 

lightness/darkness) 

88.57± 

0.170 

47.60a± 

0.461 

47.90a± 

0.301 

64.60x± 1.12 59.37y± 0.02 

a  (± 

redness/greenness) 

-3.72± 1.19 -6.52a± 

0.057 

-6.50a± 

0.021 

0.90x± 0.036 1.01x± 0.11 

b (± yellowness/ 

blueness) 

19.73± 

0.035 

8.70a± 0.280 9.76b± 0.095 22.93x± 0.177 23.96y± 0.10 

Values in a row with different superscripts (a and b for lemon, x and y for amla) differed 

significantly at p<0.05  

 

Table 2. Effect of acidulants on instrumental colour values of paneer 

Type of acidulant L * a* b* 

Citric 86.49a ± 0.97 -0.08a ± 0.10 13.28a ± 0.44 

Lemon 86.11a ± 0.37 -0.36a ± 0.15 15.66b ± 0.70 

Amla 78.92b ± 0.35 2.00b ± 0.17 10.77c ± 0.25 

Values in a row with different superscripts differed significantly at p<0.05  
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Effect of acidulants on sensory scores of paneer 

The effect of acidulants on the sensory scores of paneer is presented in Table 3. For the raw-

blinded paneer, the colour score was highest in paneer from citric acid (8.25), followed by 

lemon (8.18) and amla (6.62) acidulants. Interestingly, disclosing the type of acidulant caused 

the change in the sensory scores of raw paneer from lemon and amla. The sensory score for 

lemon significantly decreased, whereas for amla increased. However, the curried paneer from 

amla scored highest, followed by citric acid and lemon. The strange colour of amla paneer 

influenced the sensory scores of raw-blinded paneer for body and texture, mouthfeel, flavour, 

and overall acceptability. 

Nevertheless, disclosing the type of acidulant significantly increased the sensory scores of all 

the parameters of amla paneer. On the other hand, the opposite was true for amla from the 

lemon extract. Similarly, (Dias et al., 2012) found that the limes flavour negatively 

influenced jellies' acceptance compared to the other flavours. 

The lowest score of amla paneer might be due to the light reddish/brownish colour imparted 

by phenolic compounds, especially tannins found in abundance in amla extract (Ahmed and 

Bajwa, 2019). The colour of the paneer from amla made the panel curious to know the reason 

behind the colour. On the other hand, the increase in sensory scores of the raw paneer from 

amla might be due to its health benefits which are well known in  India (Shi et al. 2010, Patel 

and Goyal 2012). For example, Amla has been used in Ayurvedic medicine to reduce 

common colds and alleviate asthma (Allemullah 1995). 

Table 3. Effect of acidulant on sensory scores of paneer 

 Type of paneer 

Acidulants Raw blind Raw disclosed  Curried  

Colour 

Citric acid  8.25a ±0.46 8.43a  ±0.49 8.12a  ±0.64 

Lemon  8.18a  ±0.75 6.87b ±1.64 7.87a  ±0.87 

Amla  6.62a  ±1.06 8.06b  ±0.67 8.50b  ±0.59 

Body and texture 

Citric acid  7.87a ±0.83 8.50a  ±0.75 8.18a  ±0.65 

Lemon  7.75a±0.75 7.50a  ±0.92 7.75a  ±0.88 

Amla  6.87a  ±0.79 8.12b  ±0.69 8.37b  ±0.58 

Mouthfeel 

Citric acid  8.00a ±0.75 8.25a  ±0.70 7.87a  ±0.83 

Lemon  7.62a  ±0.58 7.43a  ±0.72 7.87a  ±0.99 

Amla  7.50a  ±0.96 8.25b  ±0.53 8.04b  ±0.85 

Flavour 

Citric acid  8.00a ±0.75 8.06a  ±0.77 7.87a  ±0.79 

Lemon  7.87a  ±0.79 7.37a  ±0.74 7.68a  ±0.99 

Amla  6.93a  ±1.03 7.87b  ±0.69 8.00b  ±0.53 

Overall acceptability 

Citric acid  8.11a  ±0.51 8.37a  ±0.49 7.96a  ±0.70 

Lemon  7.91a  ±0.87 7.37b  ±0.98 7.76a  ±0.86 

Amla  7.10a  ±1.00 8.08b  ±0.64 8.21b  ±0.52 

The values with different superscripts in a row differed significantly at p<0.05 

https://www.scielo.br/pdf/cta/v32n2/aop_4935.pdf
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Generally, the paneer from amla had the highest sensory scores for all the sensory 

parameters. However, the sensory scores for the paneer from citric acid were not affected 

whether it was blinded, disclosed or curried. Kanchan (2013) and Verma (2013) observed 

increased sensory scores of paneer added with chickpeas and masala, respectively. Nalkar et 

al. (2009) reported a score of 7.8 for the colour/ appearance of fried paneer prepared from 

cow milk using 2 per cent citric acid. Therefore, the colour of the masala positively affected 

the eye appeal of the paneer. 

 

 

Plate 1. Raw paneer (left) and curried paneer  (right) 

 

 CONCLUSION 

Milk coagulation using lemon and amla extracts affected the paneer's colour and sensory 

attributes. The use of fruit acidulants resulted in low acceptability of paneer from amla 

extract, but disclosing the type of acidulant significantly increased the sensory scores. In 

addition, the well-known health benefits of amla fruit could influence the acceptability of the 

amla paneer. Moreover, currying the paneer increased the sensory scores of the paneer. 

Therefore, both lemon and amla juice have potential in manufacturing paneer with high 

acceptability irrespective of the colour imparted from the fruits. 
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