
 

~ 1161 ~ 

The Pharma Innovation Journal 2021; 10(7): 1161-1164 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277- 7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.23 

TPI 2021; 10(7): 1161-1164 

© 2021 TPI 

www.thepharmajournal.com  

Received: 18-04-2021 

Accepted: 29-06-2021 

 

Pintu Choudhary 

Computational Modelling and 

Nanoscale Processing Unit 

Indian Institute of Food 

Processing Technology Ministry 

of Food Processing Industries, 

Government of India, 

Thanjavur, Tamil Nadu, India 

 

Sayantani Dutta 

Computational Modelling and 

Nanoscale Processing Unit 

Indian Institute of Food 

Processing Technology Ministry 

of Food Processing Industries, 

Government of India, 

Thanjavur, Tamil Nadu, India 

 

JA Moses 

Computational Modelling and 

Nanoscale Processing Unit 

Indian Institute of Food 

Processing Technology Ministry 

of Food Processing Industries, 

Government of India, 

Thanjavur, Tamil Nadu, India 

 

C Anandharamakrishnan 

Computational Modelling and 

Nanoscale Processing Unit 

Indian Institute of Food 

Processing Technology Ministry 

of Food Processing Industries, 

Government of India, 

Thanjavur, Tamil Nadu, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

C Anandharamakrishnan 

Computational Modelling and 

Nanoscale Processing Unit 

Indian Institute of Food 

Processing Technology Ministry 

of Food Processing Industries, 

Government of India, 

Thanjavur, Tamil Nadu, India 

 

 

 

 

 

 

 

 

 
 

 

Fortification of Indian curd with chia oil Nanoliposome 

as source of α-linolenic acid 

 
Pintu Choudhary, Sayantani Dutta, JA Moses and C 

Anandharamakrishnan 

 
Abstract 
Chia oil is a rich source of α-linolenic acid (ALA). ALA is well known for its several therapeutic 

potentials; however it is prone to oxidative degradation. Therefore, this study was conducted to 

encapsulate chia oil in nanoliposome. Chia oil nanoliposome was successfully encapsulated in 

nanoliposomes with encapsulation efficiency of 88.31%. This chia oil nanoliposome was incorporated in 

curd and the physiochemical properties of fortified curd were evaluated. No significant difference in pH, 

acidity, colour and flow behaviour of control curd and fortified curd were observed. The syneresis of 

control curd and fortified curd were significantly different. The saturated fatty acid of fortified curd was 

decreased however unsaturated fatty acid content increased. The ALA content of fortified curd was 

increased from 2.17% to 5.95%. Thus the fortified curd can be used for the supplementation of ALA in 

different age group of consumers. 
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1. Introduction 

α-linolenic acid (ALA) is an essential ω-3 polyunsaturated fatty acids obtained from various 

plant sources. Numerous investigations have showed the health benefits of omega-3 fatty acids 

(Zimet & Livney, 2009) [28]. Among all vegetable oil sources, chia seed oil contains around 

68% ALA, and flax seed contains about 57%, which also have antioxidants, minerals and 

vitamins (Campos et al., 2014) [21]. Chia seed oil also contains ω-6 linolenic acid, myricetin, 

quercetin, kaempferol and caffeic acid (Mohd et al., 2012). However, it is prone to oxidative 

degradation which leads to the production of secondary metabolites which is responsible for 

off-flavors and odors. Controlling this degradation is a challenge for unsaturated fatty acids.  
Milk and milk products are commonly consumed by different age groups due to its nutritive 
value (Upadhyay et al., 2014) [24]. Indian curd is similar product to yogurt popular in Indian 
subcontinent (Rathi et al., 2015). Curd is prepared by fermenting milk with help of misophilic 
lactic acid bacteria such as Lactococcus lactis ssp. Lactis, Lactococcus lactis ssp. Diacetylactis 
and Lactococcus lactis ssp. Cremoris. Curd possesses various therapeutic potentials such as 
anticancer, it enhances appetite and vitality, testament of disorders such as diarrhoea, 
dyspepsia and other intestinal disorders, and good for lactose intolerant people (Agarwal and 
Bhasin 2002) [1]. In India, about 9% of milk production is used for the production of curd.  
Recently, nanoliposome based encapsulation technique used for encapsulation of various food 

bioactives (Munin & Edwards, 2011) [18]. The vesicular particles are able to encapsulate water-

soluble, lipid-soluble and amphiphilic materials. In our earlier publication nanoliposomal 

encapsulation of chia oil has been studied with 88.31% efficiency (Choudhary et al., 2021) [4, 

5]. The objectives of the current investigation are to fortify Indian curd with chia oil 

nanoliposomes and study the physiochemical properties of the fortified curd. 

 

2. Materials and Methods  

2.1 Materials 
Cold extracted chia oil (CO), and curd sample were purchased from local market of Thanjavur 

local market based in Tamil Nadu. Soy lecithin and Tween 80 were procured from Himedia, 

India. All chemicals used in this work were of AR grade. 

 

2.2 Preparation and estimation of encapsulation efficiency of CO nanoliposome 

CO nanoliposomes were prepared using the method described by Choudhary et al., (2021a) [4, 

5].  
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Briefly, CO was dissolved in lipid phase of 

phosphatidylcholine and Tween 80. To obtain thin film of 

lipid phase, ethanol was evaporated using a gentle stream of 

N2 gas then the film was rehydrated with 20 mL of phosphate 

buffer saline (0.01 M, pH 7.2). Probe sonication (Labman 

PRO 650) using 6 mm probe with 70% amplitude at 20 kHz 

for 30 min (3 min sonication, 2 min interval for 6 times) was 

done to reduce size and lamellarity. After preparation of 

liposome, the unentrapped CO was separated using dialysis 

technique. The nanoliposome was stored in amber screw 

capped vials, in an inert atmosphere at 4 °C in dark for further 

application. The encapsulation efficiency was recorded by 

UV-Vis spectrophotometer (multimode microplate reader, 

SpectraMax iD3, Molecular Devices, US) (Viriyaroj, et al., 

2009). 

 

2.3 Fortification of curd with nanoliposomes  

Indian curd was fortified by the addition of 15 ml of CO 

nanoliposomes into 100 g of Indian curd (3% fat; 4% protein), 

and kept in glass container at 4 ºC for further analysis (Fig. 1). 

Control sample is curd without nanoliposomes.  

 

 
 

Fig 1: Chia oil nanoliposome fortified curd 

 

2.4 Physiochemical properties of fortified curd sample  

2.4.1 Titratable acidy and pH  
AOAC official method 942.15 (AOAC, 2000) was used for 

the determination the acidity. Titratable acidity was measured 

in terms of g of lactic acid/100 g product. For the 

determination of titratable acidity 10 g of curd sample was 

mixed with 10 mL of hot distilled water and titrated with 0.1 

N NaOH using 0.5% phenolphthalein indicator. pH of control 

curd and fortified curd were recorded by digital pH meter (PC 

700, Eutech Instrument, Singapore). 

 

% 𝐿𝑎𝑐𝑡𝑖𝑐 𝑎𝑐𝑖𝑑 (𝑤 𝑣⁄ ) =
9 ×𝑉1 ×𝑁

𝑉2 
  (1) 

 

Where, 

V1 is the titre value of NaOH (mL),  

N is the normality of NaOH and  

V2 is the volume (mL) of milk used for titration. 

 

2.4.2 Syneresis  

Syneresis is shrinkage of gel due to expulsion of whey/liquid 

that reduces the capability of gel to hold the available liquid 

phase. It occurs in curd when the casein particles rearrange 

themselves in such way that they start losing the whey 

without any without application of any eternal force (Serra et 

al. 2009). To evaluate syneresis, 20 g of curd was centrifuged 

at 500 rpm for 5 minutes. The separated liquid was collected 

and measured using measuring cylinder. Syneresis percentage 

was calculated using equation given below (Ghorbanzade et 

al., 2016) [6].  

 

 
 

2.4.3 Colour value  

Colour (L*, a*, b*) of nanoliposome incorporated curd was 

measured using Hunter colour lab (Model: D25 Optical 

sensor; Hunter Associate Laboratory, Reston, VA) and results 

were presented in L* (Lightness), a*(redness) and b* 

(yellowness) values. 

 

2.4.4 Flow behaviours  

Flow behaviour of control and fortified curd samples were 

examined by procedure used by Choudhary et al. (2021b) [4, 5] 

for curd sample during fermentation. Briefly, 25 mL of 

sample was taken in a cuvette. A rheometer (Modular 

Compact Rheometer Anton Paar, MCR 52, Austria) with 

concentric cylinder probe (ST24-20 2V/2V-30) assembly was 

used to measure the viscosity of curd sample. During the 

measurement the temperature of the samples was maintained 

at 25 °C. Fifty shear-stress/shear-rate data points were 

obtained from the analysis, at one point per 2 s, during the 

shearing of the sample from 0.01 s-1 up to 100 s-1 shear rate 

within the experiment time of 100 s. The whole process of 

sample preparation was repeated twice, while all viscosity 

investigations were performed on duplicate samples. 

 

2.5 GC-MS analysis of fatty acid profile of curd samples 

Fat from CO nanoliposome and both the curd samples were 

extracted using chloroform-methanol (2:1, v/v). The extracted 

sample was converted in fatty acid methyl ester (FAME) 

(AOCS, 2007). Fatty acid profile was analyzed using gas 

chromatography mass spectroscopy (GC-MS) technique (436-

GC Bruker, Livingston, UK). GC-MS analysis was done with 

a 2 μL split mode (10:1) sample volume using capillary 

column (5% Diphenyl / 95% Dimethyl polysiloxane, 30m x 

0.25mm ID x 0.25µm). The inlet temperature was maintained 

at 280 ºC. The analysis oven temperature was programmed as 

follows: 50 ºC for 1 min, 25 ºC/min to 175 ºC, and 4 ºC/min 

to 230 ºC, remaining at 230 ºC for 5 min, with total run time 

of 26 min for each cycle (Rasti et al., 2012) [20]. 

 

2.6 Statistical Analysis 

Duncan’s multiple range tests with p value<0.05 was 

performed with IBM SPSS V20 (IBM, USA) to verify the 

significant difference of the data. All experiments were 

conducted in triplicate and the data are expressed as means ± 

SD of three independent experimental runs. 

 

3. Result and Discussions 

3.1. Chia oil nanoliposomes  

CO nanoliposome, as stated in our previous publication, 

showed 88.31±0.64% encapsulation efficiency, with spherical 

shape geometry and average particle size of 49.25 nm with 

moderate repulsion among them and good polydispersity. The 

nanoliposomes also showed sustained release of chia oil at 

simulated gastric condition and intestinal condition 

(Choudhary et al., 2021) [4, 5]. 

 

3.2. Physicochemical properties of CO fortified curd  

3.2.1. Acidity, pH, and colour  

The acidity of control curd and fortified curd were found to be 
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0.77±0.01% and 0.73±0.02%, respectively; whereas pH of 

control and fortified curd were 4.38±0.07 and 4.65±0.09, 

respectively (Table 1). There was no significant difference 

between acidity and pH of control and nanoliposome fortified 

curd. The study conducted by Goyal et al., (2016) [7] for 

fortification of curd with encapsulated flaxseed oil was also 

reported no significant change in pH and acidity. Veena et al. 

(2014) also reported no significant change in acidity and pH 

of flaxseed oil emulsion fortified curd. The increase in pH 

was also reported for the flaxseed powder fortified yogurt 

sample by Marand et al., (2020) [30]. Colour of curd is related 

visual appearance which is very import for judging the quality 

of curd. There was no significant difference between colour 

values of control curd and fortified curd. Liutkevicius et al. 

(2010) [13] also reported no significant difference in colour of 

control and polyunsaturated omega-3 fatty acids fortified 

curd.  

 
Table 1: pH and acidity of control and chia oil nanoliposome 

fortified curd 
 

Characteristics 
Product 

Control curd Fortified curd 

pH 4.38±0.07a 4.65±0.09a 

Titratable acidity (% lactic acid ) 0.77±0.01a 0.73±0.02a 

Syneresis (%) 14.77±0.25a 20.03±0.93b 

Color 

L* 91.07±0.07a 90.90±.07a 

a* -1.85±0.41a -1.50±0.07a 

b* 13.31±0.28a 13.26±0.01a 

*Different letters in a row indicate significant difference at p≤0.05 

 

3.2.2. Flow behaviour  

Flow behaviour is an important quality parameter which 

influence the acceptability of curd. The flow behaviour of 

control curd sample was similar to that of the fortified curd as 

presented in Figure 2. The maximum apparent viscosity of 

control and fortified curd were 57.5 and 50.9 Pa.S at 2.14 

shear rate. Slight decrease in initial viscosity may be due to 

reduction in solid content after addition of nanoliposomes. 

Control and fortified curd showed shear thinning behaviour. 

With increasing shear rate the apparent viscosity of control 

and fortified curd increased, which became constant after 

reaching certain shear rate. This is owing to the breakdown of 

curd’s gel structure with increases and achieve equilibrium 

after particular shear rate. This behaviour was also reported 

by Choudhary et al. (2021b) [4, 5] for control curd and curd 

prepared with ultrasound treated milk. 

 

 
 

Fig 2: Flow behaviour of control Indian curd and chia oil 

nanoliposome fortified curd 

 

3.2.3. Syneresis 

Syneresis is an important physical parameter to evaluate the 

quality of curd. The change in syneresis after fortification was 

evaluated. The syneresis of control and fortified curd were A 

significant change in syneresis was observed between control 

and fortified curd (Table 1), probably owing to the additional 

liquid medium through nanoliposome suspension. Goyal et al. 

(2016) [7] also reported significant change in syneresis of 

encapsulated flaxseed oil fortified curd (Goyal et al., 2016) [7]. 

The resulted reported by Ghorbanzade et al., (2016) [6] for 

omega-3 fatty acid fortified also observed significant changes 

in syneresis. Syneresis is also influenced by various factors 

such total solid, fat content, protein content and nature of 

protein present in the sample (Farnsworth et al., 2006) [29]. 

 

3.3 Fatty acid profile 

The fatty profile presented in Table 2 showed that saturated 

fatty acid content of control and fortified curd were 94.52% 

and 85.92%, respectively; whereas monounsaturated fatty 

acid was 1.37% and 4.16%, respectively. The increase in 

unsaturated fatty acids probably was contributed by CO 

nanoliposomes. In fortified curd decanoic acid, lauric acid, 

myristic acid, palmitic acid and stearic acid decreased, 

however unsaturated fatty acids such as oleic acid, linoleic 

acid and α-linolenic acid increased. Marand et al. has also 

reported a decrease in saturated fatty acid and increase in 

unsaturated fatty acid content in flaxseed powder enriched 

yogurt (Marand et al., 2020) [30]. The increase in α-linolenic 

content for encapsulated flaxseed oil fortified curd was also 

reported by Goyal et al., (2016) [7].  

 
Table 2: Fatty acid profile of control and chia oil nanoliposome 

fortified curd 
 

Fatty acids Control Fortified curd 

Decanoic acid 4.05a 3.30b 

Lauric acid 5.26a 4.40 

Myristic acid 15.24a 14.20a 

Palmitic acid 42.20a 40.90a 

Palmitoleic acid 0.27a 2.71b 

Stearic acid 10.08a 3.48b 

Oleic acid 19.34a 21.8a 

Linoleic acid 1.90a 3.58b 

Linolenic acid 2.17a 5.95b 

*Different letters in a row indicate significant difference at p≤0.05 

 

4. Conclusions  

Chia oil was successfully encapsulated in nanoliposome with 

encapsulation efficiency of 88.31±0.64%. The nanoliposome 

fortified curd showed no significant change in pH, acidity, 

colour and flow behaviour from the control curd. However, 

the syneresis of fortified curd were significantly increased. 

Fatty acid profile of fortified curd was improved significantly 

along with α-linolenic acid content that enhanced from 2.17% 

to 5.95%. This formulation can be used for the 

supplementation of α-linolenic acid.  
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