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A B S T R A C T

Background: Dairy products like ice cream, yogurt and buttermilk are consumed widely due to their rich taste but
these products lack anthocyanins, which are polyphenol and exhibit great antioxidant activity in both in vivo and
in vitro studies. Therefore, adding a natural source of these antioxidants to the commonly consumed dairy product
will be beneficial to the masses. Among all the sources, black carrots are the extraordinary and cheapest source of
anthocyanins, which are commonly consumed as a natural fermented drink. In this study, an attempt has been
made to examine the feasibility of black carrot concentrate as an ingredient into dairy products.
Methodology: Ice cream, yogurt and buttermilk were prepared by incorporating black carrot concentrate at 2.5,
5.0, 7.5 and 10% level and were subjected to sensory analysis. The most acceptable products with 7.5% black
carrot concentrate were analyzed for minerals, polyphenols and antioxidant activity. Effects of storage on
physicochemical, microbial and sensory attributes of black carrot concentrate incorporated dairy products were
further analyzed.
Results: Sensory analysis revealed that black carrot concentrate could be used up to 7.5% as an ingredient into
dairy product with high acceptability. Significant improvement in mineral content (Mg and Fe), polyphenols and
antioxidant activity were reported in black carrot concentrate added dairy products. Developed dairy products
exhibited an excellent amount of 24.52–113.27 mg/100g anthocyanins. Flavonoids increased by 14.52–34.62
times and Folin-Ciocalteu reducing capacity increased by 26.39–35.87 times in experimental dairy products. The
storage study revealed that ice cream could be stored for more than 60 days, yogurt up to 5 days and buttermilk
up to 10 days with excellent stability attributes.
Conclusion: Incorporation of black carrot concentrate at the level of 7.5% resulted in high acceptability and
exceptional nutraceutical property of dairy products. Incorporation of black carrot concentrate into dairy products
would enhance the nutraceutical properties and mineral content of food, which could be highly significant in
preventing hidden hunger and oxidative stress-induced disorders in developing countries.
1. Introduction

Antioxidants are widely used in the food industry as synthetic food
additives to enhance the stability of fats by preventing their oxidative
deterioration. Lately, there has been a growing interest in natural anti-
oxidants and their impact on health and disease prevention. India is
witnessing an accelerated rise in the prevalence of oxidative stress-
induced diseases like hypertension, diabetes, CVD and cancer (Uttara
et al., 2009). Free radicals are generated due to various physiological
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conditions which have a hostile effect on the intestinal epithelium cells.
Free radical damage to biological molecules such as lipids, proteins and
nucleic acids is considered to be linked to a variety of degenerative dis-
eases that are the leading causes of disability and death in India. Their
contribution to the burden of disease is expected to increase over the next
25 years (Patel et al., 2011).

A great number of fruits and vegetables, spices and medicinal plants
contain bioactive components demonstrating free radical scavenging
activity. Bioactive compounds especially polyphenols are said to have a
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major role in the reduction of oxidative stress. Polyphenols are regarded
as secondary metabolites, which does not demonstrate any specific
metabolic properties in plant cells (Xiao et al., 2015), but are essential for
the nutritional and sensory characteristics of plant foods. Epidemiolog-
ical and nutrition studies have shown that polyphenols have a significant
role in the prevention of oxidative stress-induced diseases such as dia-
betes, cancer and heart diseases (Pandey and Grover 2020; Costa et al.,
2017; Pandey and Rizvi 2009). Polyphenols have been exhibited to show
a wide range of physiological benefits as free radical scavenging activity,
anti-inflammatory, anti-tumor and anti-diabetic characteristics (Xiao
et al., 2014; Xiao et al., 2014a). Lately, there has been a growing focus on
novel antioxidants originated from natural sources. Fruits and vegetables
are gaining wide attention pertaining to their richness in different cate-
gories of polyphenols (Nabavi et al., 2013).

Black carrot is a common Indian root vegetable, which can be easily
cultivated during the winter season. This crop is a tremendous source of
anthocyanin pigments and is extremely high in polyphenols. It has
depicted exceptionally great antioxidant potential in both in-vitro and in-
vivo studies (Narayan and Vankataraman 2000; Karakaya et al., 2001;
Kaur and Kapoor 2002; Glei et al., 2003; Ravindra and Narayan 2003;
Uyan et al., 2004). Punjab Agricultural University (PAU), Ludhiana has
developed India's second black carrot variety ‘Punjab Black Beauty’ for
the benefits of farmers, which also promises to address the needs of a
huge malnourished section of the Indian population. Black carrots are
considered to be the cheapest source of anthocyanin as this crop is
available at a very low price (8–15 Rs/kg) in India. Black carrots are
grossly underutilized and do not receive much consumer acceptance as a
vegetable despite having the obvious advantages as a source of natural
food colourant, natural antioxidant and rich mineral content. Despite
having numerous health benefits, not enough research work is being
done to promote the utilization of black carrots in the food sector.

Dairy products are an integral part of the human diet throughout the
globe. It posses an abundant amount of nutrients such as proteins, cal-
cium and vitamins. India is one of the leading producer and consumer of
dairy products in the world. Fruit fortified dairy products are already in
the market and are highly accepted by consumers. Dairy products can be
effectively used as food carriers for natural colourant derived from black
carrot polyphenols and anthocyanins. Keeping in mind the wide avail-
ability of dairy products in the Indian population, this study was un-
dertaken to develop polyphenols enriched dairy products such as ice
cream, yogurt and buttermilk using black carrot concentrate. The addi-
tion of black carrot concentrate as a natural food additive will not only
enhance the polyphenol content in the diet but will also help to improve
the utilization of black carrots.

2. Materials and methods

Punjab Agricultural University, Ludhiana has developed India's sec-
ond black carrot variety ‘Punjab Black Beauty’ as a solution for pre-
venting hidden hunger and oxidative stress-induced disorders in
developing countries like India. Black carrot concentrate of ‘Punjab black
beauty’ variety was obtained from Pun-juice Punjab Agro factory,
Hoshiarpur, Punjab. The other ingredients used for product development
were obtained from the local market of Ludhiana, Punjab.

2.1. Preparation of dairy products

Three dairy products namely ice cream, yogurt and buttermilk were
developed for this study by using black carrot concentrate as an ingre-
dient. The ice creamwas developed by the method of Hashim and Shamsi
(2016). Ingredient used were fresh whole milk (250 ml), whipped cream
(200 g), sugar, (70 g), skim milk powder (30 g) and cornflour (15 g). The
ice cream samples were prepared in triplicate. Milk was boiled in a
non-stick pan. Corn flour was mixed in two tablespoons of water and then
added to the boiling milk. It was stirred continuously for two to three
minutes. Then sugar and milk powder was incorporated and mixed
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properly to avoid the development of lumps. The mixture was then
transferred from a muslin cloth into the container and froze in a deep
freezer for 2 h. The cream was added in order to achieve its fat content to
5%. The preparedmixture was divided into four equal batches. One batch
was treated as control and the experimental batches were prepared by
substituting cream added mixture with pasteurized black carrot
concentrate at different levels (0, 5.0, 7.5 and 10%). The ice cream was
collected and then filled in small cups and stored at -20 �C till analyzed.

Yogurt was developed with the method described by De (2006).
Yogurt culture NCDC 144 (L. delbrukii subspbulgaricus and S. thermophiles,
1:1) was procured from NDRI, Karnal. Milk was preheated to 35–40 �C,
filtered to remove extraneous matter. Skim milk powder was added to
milk to adjust the solids-not-fat content to approximately 12–15 %. This
mixture was preheated to 60 �C and homogenized. The contents and
black carrot concentrate was pasteurized to 90 �C for 30 min, after that
the temperature was brought down to 43–44 �C. The mixture was then
inoculated with 2% bulk starter and stirred briefly to ensure proper
mixing. Themix was filled into packages taking care that the temperature
does not fall below 41 �C during the filling operation. It was made sure
that the time interval between inoculation and filling do not exceed 45
min. The packages were incubated without further agitation at 42 �C for
about 4–5 h, till a titrable acidity of 0.75 % was reached. Then it was
placed under refrigeration to cool to 5–7 �C. The black carrot concentrate
enriched yogurt samples were processed similarly as control however,
pasteurized black carrot concentrate at the selected percentage (0%,
5.0%, 7.5 and 10%) was added prior to the addition of culture to these
samples.

For the preparation of buttermilk, double toned milk was purchased
from Verka Dairy, Ludhiana, Punjab, India and stored at 4 �C. A bacterial
culture NCDC 144 (L. delbrukii subspbulgaricus and S. thermophiles, 1:1)
was procured from NDRI, Karnal and stored at -18 �C until used. The milk
was constituted of 1.5% fat and 9.0% SNF. The milk was heated to 42 �C
followed by inoculation with culture. The culture was thoroughly mixed
into the milk. The inoculated milk was then shifted to the pre-sterilized
beakers with lids of 1-litre capacity. The yogurt samples were incu-
bated at 42 �C in an incubator for 7 h for proper fermentation. After the
desired curd setting, the curd was subjected to agitation for 90 s at
10,000 rpm using a blending machine (CelloBlend-N-Mix300, India).
Finally, pasteurized cold water was added and thoroughly homogenized.
Black carrot concentrate incorporated buttermilk sample treatments
were processed in the same fashion as control except the step involving
the addition of pasteurized black carrot concentrate at a selected per-
centage (0%, 5.0%, 7.5 and 10%) prior to the addition of culture
(Figure 1).
2.2. Sensory analysis

A panel of 10 trainedmembers was formedwhowere between the age
group 22–55 years, and medically fit to perform sensory analysis.
Informed consent was obtained from all the panel members before
evaluation. The panel members were selected from the Department of
Food and Nutrition, Punjab Agricultural University, Ludhiana. The
formulated treatments were evaluated fresh as well as during storage for
sensory attributes using 9 point hedonic scale (Larmond, 1970)
(Annexure I, II and III).
2.3. Determination of physicochemical properties

Formulated products were assessed for total soluble solids (TSS),
titratable acidity and pH. TSS content was determined by using a hand
refractometer (Erma, Japan) with scale ranging from 0 to 32o Brix. The
observations were expressed as oBrix at 20 �C. The titratable acidity was
determined according to the method of (Ranganna 1997). The pH was
evaluated with the help of a digital pH meter.



Figure 1. Representation of dairy products developed by incorporating black carrot concentrate; Ice cream prepared by incorporating black carrot concentrate (A);
Yogurt prepared by incorporating black carrot concentrate (B); Buttermilk prepared by incorporating black carrot concentrate (C). Control- Standard product; 5%-
product developed by incorporating 5 % black carrot concentrate; 7.5%- product developed by incorporating 7.5 % black carrot concentrate; 10%- product developed
by incorporating 10% black carrot concentrate.
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2.4. Determination of minerals

Developed products were assessed for mineral content viz. magne-
sium, zinc and iron (Piper 1950).

2.5. Determination of anthocyanins, flavonoids content and Folin-
Ciocalteu reducing capacity

Total anthocyanin content of the samples was estimated by the
method of Rabino et al. (1977). A fresh sample of 1 g was taken and
3

crushed finely. 10 ml of 1% methanolic HCl (w/v) was added and it
was kept overnight at 4 �C. The next day, sample extracts were filtered
and absorbance was taken at 530 and 657 nm. The total anthocyanin
content of the sample extract was calculated using the formula A530 –

0.33 A657. This formula is used to correct for the contribution of
chlorophyll and its degradation products in acid solution to the
absorbance of extracts at 530 nm (Mancinelli et al. 1975). The total
anthocyanin content was expressed as cyanidin 3-glucoside (Cyd
3-glu) mg/100g of the fresh sample weight. The estimation of total
flavonoids was done by the assay described by Zhishen et al. (1999)
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and results were expressed as catechin equivalents (CE)/100g of fresh
sample.

Folin-Ciocalteu reducing capacity was analysed using Folin-Ciocalteu
assay by the method of Swain and Hillis (1959). The Folin-Ciocalteu (FC)
assay is an electron transfer based assay that represents the reducing
capacity of a sample. It is usually expressed as total phenols of the extract
in the literature (Keskin-�Sa�si�c et al., 2012; ; Marques et al., 2012; Vizzotto
et al., 2006). Repeatable studies have reported that Folin-Ciocalteu assay
is not exclusive to phenols as it can react with ascorbic acid, sodium
bisulphite, reducing sugars, metals and reducing amino acids. As a result,
this could deviate from the actual value of total phenolic content (Chen
et al., 2015). Considering the reaction of Folin-Ciocalteu reagent with
non-phenolic substances present in the sample that can reduce the
Folin-Ciocalteu reagent, this assay has been denominated as ‘Folin-Cio-
calteu reducing capacity’. This reaction takes place in the aqueous me-
dium thus it determines the reducing capacity of water-soluble
constituents in the sample (Granato et al., 2016).

In brief, 1 g of sample taken and it was refluxed with 80%methanol in
a round bottom flask for 2 h and The extract was filtered and the residue
was refluxed further for an additional 1 h. The extract was collected and
total volume was made to 100 ml with 80% methanol. A sample extract
of 0.5 ml was taken in a test tube and 0.5 ml of distilled water was added
to it. Further, 5 ml of FC reagent was added and this solution was kept at
rest for 5 min. 1 ml of saturated solution of sodium carbonate was added
and the solution was stirred properly and kept at rest in a dark place for
60 min. The absorbance of the sample was measured at 725 nm using
spectronic- 20 spectrophotometer. A standard curve was plotted against
Gallic acid as standard. Folin-Ciocalteu reducing capacity was calculated
as mg gallic acid equivalent (mg GAE/100g) of fresh sample.
2.6. Determination of total antioxidant activity

The chemical diversity of biological antioxidants makes it challenging
to separate and measure individual oxidants from the food matrix.
Therefore measurement of total antioxidant activity directly from food
extract offers a viable alternative. In this study, two in vitro antioxidant
assays namely ferric reducing antioxidant power (FRAP), 2,2-azinobis (3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) were performed by the
methods described by Benzie and Strain (1999) and Miller and
Rice-Evans (1997) respectively. In both assays, Trolox was used as a
standard and the results were represented as μmol Trolox equivalent (TE)
per gram fresh weight of the sample.
2.7. Storage stability

Experimental samples with 7.5% black carrot concentrate were
analyzed to study the effect of storage on product stability and quality
attributes. Ice cream samples were stored in 50 ml airtight plastic cups at
-20 �C for 60 days. The samples were analyzed for total solids (AOAC
2010), pH, acidity, total plate count (TPC), yeast and mould count (YMC)
and sensory attributes at an interval of 15 days. Yogurt and buttermilk
samples were stored for 15 days at 4 �C in airtight plastic containers and
glass bottles respectively and were evaluated for pH, acidity and TPC,
YMC and sensory characteristics at a regular interval of 5 days. Total
Table 1. Physicochemical, Polyphenolic content and antioxidant activity of black car

TSS (0Brix) Acidity
(mg/100 g)

Total Flavonoids
(mg CE/100 g)

Anthocyanin
(mg/100 g)

Fresh Black carrot Roots 8.00 � 0.10 0.25 � 0.01 82.73 � 1.62 233.32 � 11

Black carrot concentrate 40.02 � 2.70 1.29 � 0.12 2314.22 � 73.16 1682.66 � 3

Data are mean � SD (n ¼ 3).
FRAP (ferric reducing antioxidant power).
ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid).
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Plate Count (TPC) and yeast and mould count (YMC) were evaluated as
per the method described by David and Frankhausar (2015).
2.8. Statistical analysis

The results were expressed as mean � standard deviation. Data were
analyzed by Kruskal Wallis H-test for sensory analysis and student's t-test
to analyze the difference between control and acceptable formulated
experimental sample with 7.5% black carrot concentrate incorporation.
Effect of storage on quality attributes of dairy products was analyzed by
ANOVA (Analysis of variance), comparing average interval using the
SPSS software, version 18.0 (Stats oft Inc. USA).

3. Results and discussion

3.1. Analysis of black carrot concentrate

Physicochemical, polyphenols, reducing capacity and total antioxi-
dant activity of black carrot concentrate are presented in Table 1. The
flavonoids, anthocyanins, Folin-Ciocalteu reducing capacity and total
antioxidant activity of black carrot concentrate were exceptionally high
as compared to the fresh black carrot. Flavonoids content in concentrate
increased by 28 times with an excellent concentration of 1682.66 mg/
100g of anthocyanin. Analysis of Folin-Ciocalteu reducing capacity and
total antioxidant capacity confirmed exceptionally high reducing ca-
pacity and antioxidant activity of black carrot concentrate.
3.2. Sensory evaluation

The hedonic test was used to assess the degree of liking of dairy
products developed by using different levels of black carrot concentrate.
The incorporation of black carrot concentrate imparted reddish-purple
colour to the ice cream which was liked very much by the panellists.
Ice cream with 7.5% black carrot concentrate showed the highest liking
scores for its appearance and colour, which reduced significantly at 10%
level. The texture, flavour, taste and overall acceptability of ice cream
with black carrot concentrate at substitution levels of 0–7.5% depicted
the highest liking score (Table 2).

Sensory evaluation of yogurt samples showed that appearance and
colour were acceptable up to 7.5 % black carrot concentrate incorpora-
tion, as the level was increased to 10% the liking scores decreased
significantly (Table 3). The liking scores for other parameters viz., con-
sistency, flavour, taste and overall acceptability established the same
observations. The flavour and taste of black carrot concentrate became
more prominent and peculiar at the 10% level which further affected all
the sensory parameters. Therefore, yogurt sample with 7.5% black carrot
concentrate was found as the best acceptable sample for further analysis.

The liking scores of all the experimental samples of buttermilk for
sensory parameters viz., appearance, colour, consistency, flavour and
taste were at par with control and showed high acceptability (Table 4).
However, the overall acceptability of 10% black carrot concentrate was
found to be the lowest. Therefore, buttermilk sample with 7.5% black
carrot concentrate was selected and stored at refrigerated temperature (4
�C) in airtight glass bottles for further analysis.
rot concentrate.

s Folin-Ciocalteu reducing
capacity (mg GAE/100 g)

Total antioxidant capacity

ABTS assay (μmolTE/g) FRAP assay (μmolTE/g)

.14 283.53 � 5.50 21.79 � 1.03 12.28 � 0.41

5.69 8571.90 � 25.64 31.33 � 1.26 23.32 � 0.87



Table 2. Sensory analysis of black carrot concentrate incorporated ice cream.

Ice cream Appearance Colour Texture Flavour Taste Overall acceptability

Control 8.50 8.30 8.20 8.10 8.00 8.10

Experimental 5.0% 8.30 8.10 8.25 8.00 8.05 8.20

7.5% 8.50 8.45 8.30 8.01 8.20 8.25

10.0% 8.35 8.00 8.10 7.80 7.70 7.50

χ2 value (Kruskal–Wallis test) 12.29* 10.10* 1.23 NS 9.52* 11.73* 9.71*

** Significant at 1% level of significance (p < 0.01) *Significant at 5% level of significance (p < 0.05), NS - Non-significant, Control – Product developed with standard
recipe, Experimental-product developed by incorporating black carrot concentrate at different levels into standard recipe.
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The sensory evaluation results pointed out that incorporation of black
carrot concentrate in dairy products up to 7.5% gives the best overall
acceptability. However, dairy products containing 10% black carrot
concentrate were rated comparatively lower, which might be due to an
excessive amount of polyphenolic compounds, which can negatively
affect the sensory attributes of food (Drewnowski and Gomez- Carneros,
2000). The change in product colour was quite evident as represented in
Figure 1. The initial colour of the products incorporated with 5% black
carrot concentrate was reddish-purple, which became darker as the
concentration increased. Experimental dairy products with 7.5% black
carrot concentrate were analysed further along with control.
Table 3. Sensory analysis of black carrot concentrate incorporated yogurt.

Yogurt Appearance Colour

Control 8.50 8.50

Experimental 5.0% 8.10 8.20

7.5% 8.00 7.80

10.0% 6.50 6.60

χ2 value (Kruskal–Wallis test) 18.06* 20.47**

** Significant at 1% level of significance (p < 0.01) *Significant at 5% level of signific
recipe, Experimental-product developed by incorporating black carrot concentrate at

Table 4. Sensory analysis of black carrot concentrate incorporated buttermilk.

Buttermilk Appearance Colour

Control 8.00 8.20

Experimental 5.0 % 8.20 8.40

7.5% 8.25 8.35

10.0% 8.00 8.05

χ2 value (Kruskal–Wallis test) 1.11 NS 0.63NS

** Significant at 1% level of significance (p < 0.01) *Significant at 5% level of signific
recipe, Experimental-product developed by incorporating black carrot concentrate at

Table 5. Physicochemical characteristics of black carrot concentrate incorporated da

Products TSS (0brix)

Ice cream Control 25.38 � 0.3

Experimental (7.5%) 26.86 � 0.5

t-value 4.18*

Yogurt Control 8.11 � 0.30

Experimental (7.5%) 10.30 � 0.7

t-value 4.98**

Buttermilk Control 1.60 � 0.07

Experimental (7.5%) 2.50 � 0.10

t-value 12.77**

** Significant at 1% level of significance (p < 0.01), *Significant at 5% level of signific
recipe, Experimental- Product developed by incorporating 7.5% black carrot concent
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3.3. Physicochemical properties

Physicochemical properties of ice cream, yogurt and buttermilk with
7.5% black carrot concentrate are presented in Table 5. A significant
increase in TSS (oBrix) was observed in all the experimental dairy
products having 7.5% black carrot concentrate. This might be due to the
higher TSS of black carrot concentrate (40 oBrix). The addition of black
carrot concentrate (7.5%) caused a significant increase in the acidity of
the ice cream sample. This increase in acidity might be attributed to the
acidity of black carrot concentrate. The results were in accordance with
Kaur (2014) who reported that incorporation of ginger juice significantly
Consistency Flavour Taste Overall acceptability

8.50 8.20 8.15 8.20

8.10 7.85 8.05 8.00

8.00 7.80 7.85 7.80

6.50 6.40 6.65 6.50

14.02** 12.85** 12.54** 15.42**

ance (p < 0.05), NS - Non-significant, Control – Product developed with standard
different levels into standard recipe.

Consistency Flavour Taste Overall acceptability

8.30 8.05 8.50 8.10

8.25 8.10 8.30 8.20

8.35 8.20 8.50 8.40

8.15 7.80 8.10 7.80

1.60NS 5.60NS 1.31NS 8.58*

ance (p < 0.05), NS - Non-significant, Control – Product developed with standard
different levels into standard recipe.

iry products.

Acidity (% Lactic Acid) pH

4 0.16 � 0.00 6.60 � 0.10

1 0.23 � 0.01 6.41 � 0.09

7.56** 2.43NS

0.61 � 0.03 4.13 � 0.02

0 0.51 � 0.05 4.52 � 0.19

2.97* 3.54*

0.62 � 0.01 4.83 � 0.01

0.58 � 0.01 4.96 � 0.01

4.90** 14.70**

ance (p < 0.05), NS - Non significant, Control – Product developed with standard
rate into the standard recipe.



P. Pandey et al. Heliyon 7 (2021) e06880
(p< 0.01) increased the titratable acidity and decreased pH in ice cream.
Hwang et al. (2009) also reported similar results in grape wine lees
incorporated ice cream. With respect to yogurt and buttermilk samples,
incorporation of black carrot concentrate (7.5%) showed significantly
higher pH value and lower acidity than control. Higher pH and acidity
could be due to the higher lactic acid content of the control. Mudgil and
Barak (2016) who developed functional buttermilk by soluble fibre
fortification also observed similar results.
3.4. Mineral content

The incorporation of black carrot concentrate into dairy products
resulted in a significant increase in magnesium and iron content, how-
ever, zinc content was not affected (Figure 2). Mg content was found to
be increased by 32% in ice cream, 57.9% in yogurt and 61.5% in
buttermilk, whereas iron content increased from 1.4 times in ice cream to
6.5 times in buttermilk. The higher values of these estimated minerals in
experimental buttermilk might be attributed to the higher content of
respective minerals in black carrot (Nicolle et al., 2004). These results
suggested that black carrot concentrate could also be considered a good
source of iron, which might help in combating anaemia, one of the
biggest malnutrition problems of India. However, further study is
required to assess their bioavailability. The promotion of such indigenous
vegetables in diet might help alleviate food insecurity and malnutrition
in developing countries (Kamga et al., 2013).
3.5. Anthocyanins, flavonoids content and Folin-Ciocalteu reducing
capacity

The major bioactive compound in black carrot is polyphenols and
anthocyanins, which is well known for its colouring properties and strong
antioxidant activity (Algarra et al., 2014; Akhtar et al., 2017; Pandey and
Grover 2020). The total anthocyanin content of black carrot concentrate
was 1682.66 mg/100g and as expected the anthocyanins were detected
only in dairy products containing black carrot concentrate (Table 6). The
anthocyanin content of experimental dairy products ranged from 24.52
to 113.27 mg/100g. In recent years, the use of polyphenolic compounds
such as anthocyanins has been extensively studied for their inhibitive
Figure 2. Mineral content of black carrot concentrate incorporated dairy products. Ic
by incorporating black carrot concentrate (B); Buttermilk prepared by incorporating
developed by incorporating 7.5% black carrot concentrate into the standard recipe. V
means (n ¼ 3).
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effect in various chronic and degenerative diseases (Vauzour et al.,
2010). The pharmacological effect of anthocyanins compounds has been
associated with their molecular structure. The suppressive effect of an-
thocyanins on oxidative stress-induced diseases and inhibition of in-
flammatory pathways have been established in several studies (Jur�anek
and Bezek 2005; Zweier et al., 1987). The strength of the antioxidant
potential of anthocyanins depends on the total number of free hydroxyl
group around the pyrone ring and the high number of hydroxyl groups
dissipated throughout its molecular structure (Heymes et al., 2003).
Therefore, the incorporation of anthocyanin-rich black carrot concen-
trate in dairy products can result in additional health benefits. The fla-
vonoids content of developed dairy products were also analyzed and
results are shown in Table 6. The control samples represented a negli-
gible amount of flavonoids, whereas experimental samples represented
excellent content. This infers that dairy products possessed some
amounts of polyphenols that are possibly derived from the milk. O'Con-
nell and Fox (2001) reported ‘phenolic compounds can be found in milk
from animal feed, amino acid catabolism, and/or from the environment.’
Polyphenols may also increase during the heating of milk due to Mail-
lard's reaction. The flavonoids content of black carrot concentrate was
reported to be 2314.22 mg CE/100g (Table 1). A comparison of the
estimated content of polyphenols in dairy products and expected values
suggested that some degradation might have occurred during processing.
However, despite the loss of polyphenols after processing, all experi-
mental dairy products containing black carrot concentrate showed
significantly higher concentrations of phenols when compared with the
control. The Folin-Ciocalteu reducing capacity of products showed a
similar pattern as total flavonoid content. The reducing capacity
increased significantly by 26–35 times upon incorporation of black carrot
concentrate at 7.5% level. The black carrot polyphenols are reported to
possess better stability in comparison to other fruit polyphenols (Day
et al., 2009). This feature offers black carrot as one of the most recom-
mended natural sources of bioactive compounds such as anthocyanins.
3.6. Total antioxidant capacity

Total antioxidant capacity is a unique parameter that measures the
strength of a sample to quench free radicals. The antioxidant activity of
e cream prepared by incorporating black carrot concentrate (A); Yogurt prepared
black carrot concentrate (C). Control- Standard product; Experimental- Product
alues are expressed on fresh weight basis. Bars represent standard deviation of
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dairy products was greatly improved by the incorporation of black carrot
concentrate. The total antioxidant capacity of all the experimental dairy
products was significantly higher in comparison to control. The increase
in antioxidant capacity was observed to be 7–8 times in ABTS assay 8–13
times in FRAP assay with the addition of black carrot concentrate at 7.5%
into dairy products. High concentrations of polyphenols, flavonoids and
anthocyanins in black carrot are the main contributors to their high
antioxidant capacity. In addition, black carrot anthocyanins are more
acylated which confers higher antioxidant activity than other monomeric
anthocyanins (Kammerer et al., 2004). The results were in accordance
with Cam et al. (2013) who reported an increase in total antioxidant
capacity with the addition of pomegranate peel phenolics and pome-
granate seed oil in ice cream. Improvement in the antioxidant activity of
the experimental sample might be attributed to the incorporation of
polyphenols including anthocyanins, which had been proved to have
high antioxidant properties (Grassmann et al., 2007). These results are in
agreement with Prior et al. (1998) who demonstrated a linear relation-
ship between antioxidant activity and total phenolic content. Both in
vitro assays viz. ABTS and FRAP used for the analysis of the total anti-
oxidant capacity of developed dairy products were found to be equally
simple, economical and consistent. Presently, ABTS assay is the preferred
method for analyzing the antioxidant capacity of anthocyanins contain-
ing samples, as the radical produced in this method has a maximum
absorption at a wavelength of 734 nm, therefore it reduces the chances of
interference of anthocyanins which absorb between the wavelength of
460–550 nm (Kuskoski et al., 2006). Prior et al. (2005) and Van den Berg
et al. (1999) concluded that the antioxidant capacity assay can not truly
reflect the “total antioxidant capacity” of phenolic products but it can be
used to provide a ranking order of antioxidants.
3.7. Storage stability

Results in Table 7 shows the effect of storage on different quality
attributes of experimental dairy products incorporated with 7.5% black
carrot concentrate. A non-significant change in total solids, a significant
increase in acidity and a decrease in pH was observed in ice cream during
storage. The increase in acidity during storage might be due to the for-
mation of lactic acid by lactic acid bacteria (Murtaza et al., 2004). Bajwa
et al. (2003) also reported a decrease of 2.71% in pH value during 40
days of storage in ice cream containing strawberry pulp. During the
storage period of 60 days, the total plate count of ice cream decreased
significantly from 3.33 to 1.82 log10 cfu/g. The reduction in the total
plate count (TPC) was due to the destruction of bacteria at low temper-
atures. The TPC values for the ice cream samples were within the
Table 6. Polyphenols content and antioxidant activity of black carrot concentrate inc

Products Anthocyanin
(mg/100g)

Total Flavonoids
(mg CE/100g)

Ice cream Control ND 4.02 � 0.96

Experimental 98.09 � 11.31 139.21 � 12.33

t-value 15.02** 18.93**

Yogurt Control ND 10.36 � 0.93

Experimental 113.27 � 10.41 165.91 � 18.39

t-value 18.85** 14.63**

Buttermilk Control ND 2.23 � 0.44

Experimental 24.52 � 2.41 32.39 � 2.56

t-value 17.62** 20.11**

Data are mean � SD (n ¼ 3).
** Significant at 1% level of significance (p < 0.01), *Significant at 5% level of signific
recipe, Experimental- Product developed by incorporating 7.5% black carrot concent
ND: Not detectible.
FRAP (Ferric reducing antioxidant power).
ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid).
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acceptable levels as per ISI specifications i.e. 250 log10 cfu/ml maximum
(De 2006). This might be attributed to the formation of ice crystals which
disrupts the cell membrane of microbes resulting in a decrease in mi-
crobial load (Davidson et al., 2000). Black carrot concentrate also had a
high antioxidant capacity, which prevents oxidation of fat thus increases
the shelf life of the product. Goraya (2013) also reported a decline in TPC
of ice cream with amla products during the storage period of 60 days.
Yeasts and moulds were not detected throughout the 2 months of the
storage study, however, a gradual decrease in overall acceptability scores
of all the ice cream samples (8.25–7.89) was reported. However, scores
were found to be in a highly acceptable range throughout the period.

For fermented dairy products, pH and acidity are key quality defining
parameters as they determine their organoleptic properties, shelf-life
quality and microbial safety. The pH values of the yogurt sample
declined significantly from 4.52 to 3.73 after the 15th day of storage. The
acidity values gradually increased from 0.51 to 0.61% during the storage
in black carrot concentrate added yogurt after 15 days of storage. Beal
et al. (2001) observed an increased production of lactic acid and galac-
tose in the first 2 weeks due to increased microbial metabolic activity
with lactose utilization by lactic acid bacteria. There was a significant
reduction in TPC in yogurt sample due to a lower pH and higher acidic
processing conditions during storage. A decline in the number of lacto-
bacilli bacteria was also reported in fruit yogurt during storage by Can-
ganella et al. (1998) and Vahedi et al. (2008). The probiotic bacteria
must reach the intestine in an active state and in adequate quantities i.e.
6-7 log10 cfu/g of product in order to exert health benefits. The black
carrot concentrate enriched yogurts maintained recommended probiotic
quantity up to ten days of storage period at 4 �C. Yeast and mould counts
were not identified over the storage period of yogurt sample. The overall
acceptability scores of the yogurt samples declined significantly after 5
days of storage. Thus, best acceptability up to 5 days could be considered
for yogurt. The decline in overall acceptability might be attributed to the
increased acidity of yogurt during storage.

The acidity of buttermilk sample increased significantly till the 15th
day of storage. The results were in line with Patel et al. (2017) who
observed a rise in acidity of buttermilk samples during storage at
refrigerated condition. pH values of buttermilk showed a gradual decline
during the storage at 4 �C. Rao (2003) also reported a decrease in pH of
buttermilk samples from an initial value of 4.14 to 4.11 on the 12th day of
storage. During storage of buttermilk, a significant rise in the TPC value
was reported up to the 15th day from 4.16 to 4.36 log10 cfu/g. A steady
rise in TPC was also observed by Patel et al. (2017) during storage of
buttermilk supplemented withMoringa. Yeast and mould counts were not
identified in the experimental buttermilk sample throughout the storage
orporated dairy products.

Folin-Ciocalteu reducing
capacity (mg GAE/100g)

Total antioxidant capacity

ABTS (μmolTE/g) FRAP (μmol TE/g)

14.32 � 1.32 3.01 � 0.03 1.01 � 0.02

513.63 � 57.15 24.64 � 0.49 13.48 � 0.34

15.13** 76.61** 63.98**

19.36 � 1.03 3.53 � 0.02 1.57 � 0.02

544.30 � 61.99 25.31 � 0.33 13.94 � 0.33

14.67** 115.76** 65.81**

4.44 � 0.86 2.08 � 0.07 0.83 � 0.04

117.19 � 11.26 15.11 � 0.1 7.03 � 0.14

17.29** 184.16** 74.34**

ance (p < 0.05), NS - Non significant, Control – Product developed with standard
rate into the standard recipe.



Table 7. Effect of storage on physicochemical, microbial and sensory attributes of black carrot concentrate incorporated dairy products.

Storage period (days) Total solids (%) pH Acidity (%Lactic Acid) TPC (log10 cfu/g) YMC (log10 cfu/g) Overall acceptability

Ice cream

0 31.77 � 0.93a 6.41 � 0.001a 0.230 � 0.002d 3.33 � 0.03a ND 8.25 � 0.05a

15 31.98 � 0.53a 6.40 � 0.001a 0.233 � 0.001d 3.15 � 0.02b ND 8.20 � 0.02a

30 32.13 � 0.43a 6.39 � 0.001b 0.238 � 0.002c 3.03 � 0.01c ND 8.01 � 0.01b

45 32.24 � 0.35a 6.38 � 0.005bc 0.245 � 0.001b 2.01 � 0.01d ND 7.95 � 0.05bc

60 32.56 � 0.3a 6.37 � 0.002bc 0.250 � 0.001a 1.82 � 0.01e ND 7.89 � 0.03c

pH Acidity (%) TPC (log10 cfu/g) YMC (log10 cfu/g) Overall acceptability

Yogurt

0 4.52 � 0.06a 0.51 � 0.01a 8.90 � 0.01a ND 7.80 � 0.05a

5 4.10 � 0.02b 0.53 � 0.01a 7.75 � 0.02b ND 7.65 � 0.06b

10 3.85 � 0.06c 0.57 � 0.01b 6.60 � 0.04c ND 6.80 � 0.10c

15 3.73 � 0.05d 0.61 � 0.00b 3.83 � 0.02d ND 6.30 � 0.05d

Buttermilk

0 4.96 � 0.02d 0.30 � 0.01b 4.16 � 0.01d ND 8.40 � 0.05a

5 4.38 � 0.01c 0.33 � 0.01b 4.25 � 0.02c ND 8.20 � 0.01b

10 4.01 � 0.01b 0.39 � 0.01a 4.35 � 0.01b ND 7.30 � 0.02c

15 3.84 � 0.01a 0.42 � 0.01a 4.39 � 0.01a ND 6.80 � 0.05d

Value are mean � SD, Value in columns followed by different superscript differ significantly at 5 % level.
ND-Not Detectable.
Ice cream, Yogurt and Buttermilk sample contain 7.5% black carrot concentrate.
TPC: Total Plate count.
YMC: Yeast and mould count.
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period. A decrease in scores for overall acceptability of the buttermilk
samples was observed throughout the storage period, which dropped
significantly after 10 days of storage (7.30). The decline in overall
acceptability was attributed to the increased acidity of buttermilk during
storage. Thus, it can be concluded that 7.5 % black carrot concentrate
enriched buttermilk can be well accepted up to 10 days of storage at 4 �C
temperature.

4. Conclusion

In this study, black carrot concentrate enriched dairy products were
developed and analysed for sensory attributes, physicochemical charac-
teristics, polyphenols and antioxidant capacity and storage stability. The
results showed that black carrot concentrate at the level of 7.5% could be
used in the development of acceptable dairy products. The incorporation
of black carrot concentrate markedly increased the total anthocyanin,
total phenols, total flavonoids, antioxidant activity, magnesium and iron
content of dairy products without significantly affecting their sensory
attributes. We may also infer that the ‘Punjab Black Beauty’ variety of
Indian black carrot can be meritoriously incorporated into dairy products
to exhibit higher bioactive compounds, antioxidant activity and mineral
content.
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