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Blue pea flower (Clitoria ternatea L.) is known as the source of
anthocyanin and has potential as a natural blue dye. The present
study aimed to determine the effect of additional blue pea flower
(BPFE) to yogurt from various types of milk. The study used dried
blue pea flowers, extracted with water in 3:1 (g.L™) ratio, at the
extraction condition of 60 "C and 45 minutes. The fermentation
was processed by adding BPFE to (A) liquid skim milk, (B) ultra-high
temperature (UHT) milk, (C) pasteurized milk, (D) UHT milk with
skim powder, and (E) pasteurized milk with skim powder. Then, the
yogurt starter was added to all milk samples, evenly mixed and
incubated for 24 hours at 37 °C. The fermentation of all five
different milk to make plain yogurt also processed with same
method without addition of BPFE. The antioxidant activity and
color intensity of yogurt are evaluated to investigate the effect of
BPFE in yogurt. The result showed that the plain yogurt without the
addition of BPFE has antioxidant activity and increases with the
addition of BPFE. Skim milk BPFE yogurt has the highest
antioxidant activity (437.04 ppm) with the values of L*, a*, b* was
37.35; 2.02; -1.32, respectively. Antioxidant activity of the other
BPFE yogurt, which was added with skim milk, also increased. The
BPFE yogurt made from skim milk or added skim milk had higher
antioxidant activity than the other types of milk.

INTRODUCTION

delbrueckii ssp. bulgaricus and Lactobacillus
salivarius ssp. thermophilus (Yildiz & Bakirci,

Yogurt is very popular fermented milk
products using lactic acid bacteria (LAB), which
has been industrialized since 1919 (Aryana &
Olson, 2017). During the fermentation
process, LAB produces lactic acid through
lactose fermentation, decreases the pH, and
produces various both volatile and non-volatile
compounds, to exopolysaccharides that affect
the quality and the texture of yogurt (Nagaoka,
2018). Yogurt is produced with a complex
process of milk transformation. The presence
of flavor of yogurt is influenced by several
factors, such as starter cultures, source of milk,
and the additives used (Chen et al., 2017).

The most common types of microbes used
in the production of yogurt are Lactobacillus
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2019). In the fermentation process, these two
microorganisms can grow individually in milk.
When used as a mixed culture, these two
bacteria are symbiotic interaction called proto-
cooperation, where L. bulgaricus is reported to
produce amino acids and short peptides which
stimulate the growth of S. thermophilus. At the
same time, S. thermophilus produces formic
acid, which supports the growth of L. bulgaricus
(Sieuwerts, de Bok, Hugenholtz, & van
Hylckama Vlieg, 2008).

Yogurt is known as a source of probiotics.
The primary role of probiotics, in general, is to
optimize digestion metabolism through the
repair mechanism of microbiota populations in
the digestive tract. At least 15 types of health
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problems that are generally studied have
proven the health effects of probiotics
(McFarland, 2015). Over time, yogurt product
innovation has evolved, producing a variety of
yogurt products. Various changes and product
differentiations continue to be made to add
value to the health of yogurt, one of which is by
adding blue pea flower extracts (Singh et al.,
2017; Ezzudin & Rabeta, 2018; Anuyahong,
Chusak, & Adisakwattana, 2020).

Blue pea flower (Clitoria ternatea L.) is
known as the source of anthocyanin, and it has
potential as a natural blue colorant that grows
wild in Asia region (Zakaria, Okello, Howes,
Birch-Machin, & Bowman, 2018; Rashid et al.,
2020), including Indonesia. Besides, previous
studies result that the extract of anthocyanin
from blue pea flowers is more stable. The main
compound in the form of delphinidin glucoside
(Escher, Wen, Zhang, Rosso, & Granato, 2020b;
Azima, Noriham, & Manshoor, 2017; Pham et
al., 2020). The anthocyanin mixture that is
responsible for the blue color of the blue bean
flower is delphinidin glycosides (Chu, Wilkin, &
Lemos, 2016).

Food and beverage sometimes do
suddenly change the color of there, as a result
of changing consumer preferences/interests
(Spence, 2019). Anthocyanins contained in
blue pea flowers also have the potential to
become natural dyes in food. However, the
color of anthocyanin is strongly influenced by
pH; changes in pH will change the color of the
blue pea flower (Lakshan, Jayanath,
Abeysekera, & Abeysekera, 2019). At neutral
pH, the color is blue, and the lower pH is
purple. Anthocyanins in blue pea flowers have
been used in beverage, bread, rice, and other
products (Pasukamonset et al., 2018;
Anuyahong et al., 2020; Rashid et al., 2020). It
also can be used as an antimicrobial compound
for food spoilage (Chusak, Thilavech, Henry, &
Adisakwattana, 2018; Zingare, Zingare, Dubey,
& Ansari, 2013; Dhanasekaran et al., 2019).
From the description, this study aims to find
out the effect of addition BPFE to various type
of milk on the antioxidant activity and color
intensity of yogurt.

MATERIALS

Blue pea flower powder purchased from
Hasil Bumiku, Yogyakarta, Indonesia. The
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Lactobacillus bulgaricus (LB) and Streptococcus
thermophilus (ST) strains were obtained from
the Faculty of Agricultural Technology,
Universitas Gadjah Mada, Indonesia. All
processed milk and skim powder materials
were purchase from local supermarket.
The chemicals purchased from Chem-Mix
Pratama, Indonesia, including BHT (butylated
hydroxytoluene), DPPH  (2,2-diphenyl-1-
picrylhidrazyl), methanol, and aquadest, all in
analytical grade.

Blue Pea Flower Extract

Powdered blue pea flower were extracted
into water using waterbath with the ratio
ofpowder and water was 3:1 (g.L?), the
temperature of 60 °C, and time of 45 minutes
according to the method of Lakshan et al,
(2019). Extracts were filtered with a filter
paper before added to the milk for BPFE yogurt
production.

Yogurt Fermentation

The study was designed with five different
treatments ingredients, namely liquid skim
milk, pasteurized milk, pasteurized milk added
by skim powder, UHT milk, and UHT milk
added by skim powder. The addition of BPFE to
all milk samples was carried out before the
fermentation process. The amount of BPFE
added to milk was 10% (v/v) of the milk
volume.

The primary starter obtained from
Universitas Gadjah Mada was grown in MRS
(de Man, Ragosa, Sharpe) media at 37 °C for 24
hours before used. Yogurts were made by
addition of LB and ST starter bacteria mixture
with the ratio of 1:1 into (A) liquid skim milk,
(B) UHT milk, (C) pasteurized milk, (D) UHT
milk with the addition of skim powder, (E)
pasteurized milk with the addition of skim
powder. Fermentation was carried out at 37 °C
for 24 hours.

Analysis Methods

DPPH Antioxidant Levels.
was tested for 2,2-diphenyl-1-picrylhidrazyl
(DPPH) antioxidant levels. DPPH radical
scavenging activity was tested by 3.9 mL DPPH
solution (DPPH concentration in ethanol 0.004
g.mL™) mixed with 0.1 mL sample. The mixture
was incubated for 30 minutes in a dark room.
After that, the samples have recorded the
absorbance at a wavelength of 515 nm (Cirillo

The yogurt
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& Lemna, 2012). Antioxidant activity was
calculated using a standard linear equation
with the butylated hydroxytoluene (BHT) as a
standard curve.

Color Intensity. BPFE yogurt samples were

transferred to a 1-cm path length quartz cell
and read for L, a, b, values using a CR-400
chroma meter according to method by Zhang et
al. (2019). The colored yogurt samples were
read in triplicate and compared to each other
for color intensity.

Data Analysis

Data of DPPH antioxidant levels and color
were analyzed desctiptively using ANOVA with
a significance level of 5% to determine the
effect of differences in the treatment of the
addition of blue pea flower extract to yogurt.
Analysis continued with Duncan test to see a
significant difference. All data are processed
using SPSS 16.

RESULT AND DISCUSSION

Color Intensity

The results of the study about the effect of
addition of blue pea flower extract on yogurt’s
color are shown in Table 1. The brightness or
lightness indicated by the L* value in samples.
Based on Table 1, BPFE yogurt from skim milk
(37.35) is the lowest compared to yogurt made
from other types of milk. The highest L* value
(55.93) showed by BPFE yogurt made from
pasteurized milk with skim milk. The red-green
level showed as a* value. BPFE yogurt made
from UHT milk has the highest a* value (5.58)
means that it showed the reddest intensity.
The lowest a* value was BPFE yogurt made
from skim milk (2.02) meaningless red
intensity. The b* value indicates yellow-blue,
with a negative value means blue color. The
most significant blue color is BPFE yogurt from
UHT milk (-6.72), while the less intensity of b*
value showed by BPFE yogurt from pasteurized
milk (-0.08).

Blue pea flowers have blue color in the
neutral pH and purple colors when exposed to
acid so that it has the potential as an attractive
food coloring (Azima et al., 2018; Chu et al,,
2016; Rashid et al., 2020; Chusak et al., 2018).
The purple color in blue pea flower is known to
be anthocyanin, which is one of the
antioxidants (Zakaria et al.,, 2018; Gras,
Nemetz, Carle, & Schweiggert, 2017; Li et al.,
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2020). Blue pea flower contain coloring agent
with high stability of anthocyanin in the
refrigerated condition (Pham et al., 2020). The
color degradation and declining effect of
anthocyanin-based natural colorant remained
constant in refrigerated storage (Anuyahong et
al., 2020). The stability of BPFE anthocyanin
and their color is mainly influenced by the pH
of the product (Escher et al., 2020b).

Table 1. The L¥, a*, b* value of BPFE yogurt

. Color intensit
Type of milk T 2 y =
Skim milk 37.35=% 2.02+ -1.32%
1.042 0.372 0.24b
Pasteurized 41.04=% 251% -0.08%
milk 0.192b 0.312 0.19b
. 4253+ 558+ -6.72%
UHT milk 1745 0.04¢ 0.112
Eilsiewuirt'ﬁed 5593+ | 473+ | -534+
. 1.29¢ 0.11° 0.692
skim powder
\LAJ:E :‘k'i'ri 5373+ | 414+ | 283+
0.16¢ 0.16° 0.21b
powder

a< Different letters represent statistical differences in
the color parameter in yogurts with different types of
milk (p< 0.05)

The extract of anthocyanin provided a
bright intense purple color to yogurt (Wallace
& Giusti, 2008). The similar result showed in
the study of BPFE anthocyanin by Escher et al,,
(2020b) which exhibit a variation of color
between red and green with pH change from
2.25 t010.20. The purple-blue color was clearly
showed in pH range of 3.21-6.14. These
findings suggest that BPFE is appropriate for
yogurt colorant which is considered as low
pH beverages and stored on refrigerated
temperature. The purple color of BPFE yogurt
in this study verify a color stability of
anthocyanins in acidic medium. The addition
of BPFE to yogurt also expected to increase the
antioxidant activity of colored yogurt
compared to plain yogurt without BPFE.

Antioxidant Activity

Yogurt is fermented milk that has a sour
taste due to a decrease in pH. The decline in pH
occurs along with the formation of lactic acid as
a result of the activity of lactic acid bacteria
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(Aryana & Olson, 2017). The lactic acid bacteria
used in this study were Lactobacillus bulgaricus
and Streptococcus thermophilus.

Table 2. The L*, a*, b* value of BPFE yogurt

. DPPH (ppm)

Type of milk Plain yogurt BPFE yogurt
Skim milk 2633%1.014 437.04+1.524
Pasteurized 7031024 | 69.36+2.68°
milk
UHT milk 5.24x0.122 106.33+5.77°
Pasteurized
milk with skim | 12.03%x1.39 91.15%4.70°
powder
UHT milkewith |2 0049 21¢ | 1520340210
skim powder

ad Different letters represent statistical differences in
DPPH Scavenging Antioxidant Activity in yogurts
with different types of milk (p< 0.05)

The data on Table 2. showed the influence
of BPFE addition to antioxidant activity of
yogurt in five different types of milk. Based on
Table 2, yogurt from UHT milk has an
antioxidant activity of 5.24 ppm. After added
with the BPFE, antioxidant activity has
increased to 106.33 ppm. The BPFE yogurt
made from UHT milk with skim powder
increased to 152.03 ppm compared to the plain
yogurt (17.04) of the same types of milk. This
trend also occurred in yogurt from pasteurized
milk (7.03 ppm) and pasteurized yogurt with
skim powder (12.03 ppm) compared to the
BPFE yogurt made from pasteurized milk
(69.36 ppm) and BPFE yogurt from pasteurized
milk with skim powder (91.15 ppm). In the
yogurt from skimmed milk without the
addition of BPFE, the antioxidant activity was
26.33 ppm, higher than plain yogurt made
from other types of milk. Likewise, with the
results of yogurt from skim milk with BPFE
addition, antioxidant activity was 437.04 ppm
was higher than BPFE yogurt made from other
types of milk.

The total antioxidant content of processed
milk is mainly due to casein. The differences
in UHT treatments, milk composition,
melanoidin contents also can be significant
influence antioxidant activity of processed milk
(Zulueta et al., 2009). The other antioxidants
present in milk can be lipid-soluble antioxidant
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such as carotenoids, retinol, and a-tocopherol.
Another source of antioxidant is ascorbic acid
and Vitamin E as a water-soluble antioxidant in
milk (Khan et al, 2019). These findings
explained the DPPH radical scavenging activity
in plain yogurt without the addition of BPFE.
The dissimilarity in antioxidant activity of all
plain yogurt samples might be influenced by
diverse content of lipid-soluble antioxidant in
each processed milk-based yogurt. Tavakoli,
Habibi Najafi, & Mohebbi (2019) also
confirmed that the molecular changes during
milk fermentation resulting in different
compounds with antioxidant activity such as
peptides, free amino acids and fatty acids. The
presence of probiotics also proven to enhance
the antioxidant activity of yogurts (Donkor,
Henriksson, Singh, Vasiljevic, & Shah, 2007).

Yogurt production with the addition of
BPFE increase the antioxidant activity of all
samples. Similar studies describe that the
antioxidant activity can be improved by
incorporating natural extracts into yogurt
(Wallace & Giusti, 2008; Zhang et al., 2019;
Anuyahonget al., 2020; Hussein, Awad, El-
Sayed, & Ibrahim, 2020) and other food
products, such as juices (Lakshan et al., 2019),
cakes and bakery (Pasukamonset et al., 2018;
Rashid et al., 2020). The addition of natural
anthocyanin extract into yogurt has been the
subject of many studies. Whole dried seedless
Berberisboliviana berries ground rich in
anthocyanin addition to yogurt achieved
bright, stable, and acceptable color with
phenolic stability (Wallace & Giusti, 2008).
Yogurt with Moringa oleifera extract addition
exerts positive health benefits and enhanced
antioxidant properties (Zhang et al., 2019).
Likewise, the addition of riceberry rice (Oryza
sativa L.) extract increased the content of
anthocyanin and antioxidant activity of yogurt
without losing bacterial viability (Anuyahong
et al., 2020).

The increased antioxidant activity of BPFE
yogurt caused by the anthocyanin pigments,
phenolic content, and flavonoids of BPFE.
Groups of anthocyanin pigment found
in Clitoria ternatea including delphinidin
(Azima et al., 2017) and ternatin (Escher et al.,
2020b). While the groups of phenolic
compounds includes epigallocatechin-3-gallate
and kaempferol (Escher et al., 2020b). The
flavonoids groups in Clitoria ternatea includes
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quercetin, procyanidin (Escher et al., 2020a),
myricetin (Singh et al., 2017), and the other
seven types of flavonoid compounds found by
Ponnusamy, Gnanaraj, & Antonisamy (2014).

CONCLUSIONS

The addition of BPFE can increase
antioxidant activity in yogurt made from skim
milk, UHT milk, and pasteurized milk, as well
as the processed milk added with skim powder.
Adding BPFE to yogurt made from UHT milk
and pasteurized milk decrease the value of L*,
a*, and b* (towards purple). Further research
needs to be done to look at the organoleptic
properties of BPFE yogurt.
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