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In the present study, we propose a novel field-scale analytical tool for rapid screening of microbiological quality
in raw milk using aqueous extracts of plant materials, i.e. flowers (e.g. Hibiscus rosa-sinensis L. and Clitoria ter-
natea), taproots (e.g. Beta vulgaris) and pricklypears (e.g. Opuntia dillenii). For each plant extract, the colour
changes in raw milk were evaluated between 4.5 and 6.5 pH against the resazurin dye as a control. The plant
anthocyanin content in each extract was analyzed by the differential pH method using a spectrophotometer. The
Hibiscus rosa-sinensis flower extract was opted to further test since it had a pH-sensitive colour change (6.5;
maroon to 6.2; light-pink) compared to other plant extracts, which did not indicate a noticeable colour variation
with pH. Anthocyanin content of the Hibiscus extract was 0.59 g/mL. The novel method showed high linearity
(R? = 0.95), 100% accuracy and greater repeatability with an intermediate level of precision. The limit of
quantification and detection was 0.46 and 0.15 g/mL, respectively. In conclusion, we demonstrated the potential
in using water extract of Hibiscus rosa-sinensis L. flowers as an alternative to the resazurin dye reduction method

for rapid and accurate microbiological quality control for raw milk procurement in remote areas.

1. Introduction

Many countries have adopted numerous milk quality regulations and
standards that must be used in raw milk procurement (More, 2009). In
most cases, among the small-scale dairy farmers, on-farm chilling of the
raw milk is practically limited and thus, milk is kept at ambient tem-
perature until it reached the regional chilling centres or pickup by the
tank driver or milk collector. The time from milking to chilling may vary
due to several practical reasons and because of this, microbial quality of
the raw milk might be affected, since milk is perishable and often sub-
jected to microbial quality deterioration, if not chilled immediately after
milking (Muhammad et al., 2018). A study by De Silva, Kanugala, and
Weerakkody (2016) reported, 20% of raw milk is discarded at chilling
centres due to spoilage in every month in Sri Lanka, alarming the need
for improved quality control in the dairy supply chain. Dairy processors,
however, demand high-quality raw milk, often characterized by lower
counts in somatic cells and viable microbes (More, 2009; Murphy,
Martin, Barbano, & Wiedmann, 2016). Besides these quality control
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requirements imposed by the producers, dairy farmers are receiving
incentives for supplying high-quality raw milk, determined based on the
limits of somatic cells and the bacterial count in the raw milk (Murphy
et al., 2016). Hence, the microbiological content of raw milk is an
important economical aspect for subsistent dairy farms, which often
lacks the control or required knowledge for preliminary evaluation.
Processing plants regularly monitor the quality and safety of incoming
raw milk using platform tests to secure the safety and processability of
raw milk (Murphy et al., 2016). One of the main platform tests used to
identify the microbial quality of milk is resazurin dye reduction method
and it has been long used to identify the microbial content of milk
(Hudman & Sargentini, 2013; Muliro, Shalo, & Kutima, 2013). Resa-
zurin dye is purple, non-toxic, oxidation-reduction indicators that
convert into pink (resorufin) when subjected to oxidative-reduction re-
action (Hudman & Sargentini, 2013). However, several problems are
associated with this method and mainly the high-cost which limits the
access of this technique at field-level and milk chilling centres. Thus,
creating a necessity for seeking alternative and cost-effective control

E-mail addresses: janakvid@pdn.ac.lk (J.K. Vidanarachchi), Hasi.tvp@slu.se (H. Priyashantha).

https://doi.org/10.1016/j.1lwt.2021.111221

Received 30 December 2020; Received in revised form 17 February 2021; Accepted 27 February 2021

Available online 2 March 2021

0023-6438/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:janakvid@pdn.ac.lk
mailto:Hasi.tvp@slu.se
www.sciencedirect.com/science/journal/00236438
https://www.elsevier.com/locate/lwt
https://doi.org/10.1016/j.lwt.2021.111221
https://doi.org/10.1016/j.lwt.2021.111221
https://doi.org/10.1016/j.lwt.2021.111221
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lwt.2021.111221&domain=pdf
http://creativecommons.org/licenses/by/4.0/

R. Madushan et al.

techniques that can be easily accessible in raw milk collection centres or
small-scale dairy farmers.

Raw milk is an excellent medium for various microbial communities
and provides a favourable physiochemical environment for harbouring a
wide range of microbial consortiums (Garnier, Valence, & Mounier,
2017; Oliveira, Favarin, Luchese, & Mclntosh, 2015; Perera, Muna-
singhe, & Marapana, 2019; Sowmya, 2017). The growth of microbiota in
raw milk has great concerns regarding the safety and quality of the milk
intended for consumption or processing (Li et al., 2018). This also leads
to deterioration of the raw milk quality (e.g. reduction of pH, production
of extracellular lipases and proteases) and eventually impacting the final
processed product quality (Huck, Hammond, Murphy, Woodcock, &
Boor, 2007; Schornsteiner, Mann, Bereuter, Wagner, & Schmitz-Esser,
2014; Lu et al., 2013; Knight-Jones, Hang’ombe, Songe, Sinkala, &
Grace, 2016). The growth of microbiota in raw milk eventually leads to
limit the shelf-life of milk, if not handled properly. It has shown if milk is
not chilled immediately after milking (e.g. delayed up to 72 h) will
reduce the milk pH and lactose content (Muhammad et al., 2018), which
could have a serious impact on milk processing characteristics. These
changes in physicochemical properties are suggested to associated with
the growth of bacteria in milk.

Anthocyanins are natural compounds that belong to the group of
natural pigments (flavonoids) possed predominantly by higher plants (e.
g. fruits, vegetables and flowers) although some are identified in lower
plants (e.g. mosses and ferns) (Martin, Navas, Jiménez-Moreno, &
Asuero, 2017). The diversity of anthocyanins are mainly influenced by
its number and position of hydroxyl and methoxy groups on the basic
skeleton (Miguel, 2011). The colour of the anthocyanins is
pH-dependent and (Cisowska, Wojnicz, & Hendrich, 2011; Dangles &
Fenger, 2018; Ibrahim, Muhammad, & Salleh, 2011; Miguel, 2011) it
also influences the chemistry and stability of anthocyanins (Martin et al.,
2017). Thus, changes in the colour of anthocyanins could serve as a
complementary pH indicator to identify different pH levels in different
aqueous media. Anthocyanins are water-soluble, mainly because of its
sugar molecules (Gallik, 2011) and thus provide the potentials for using
in aqueous media such as milk. Currently, anthocyanins are used in the
food, pharmaceutical, cosmetic and textile industries due to their anti-
oxidant activity, detoxifying, anti-proliferation, induction of apoptosis,
anti-inflammatory activity and its anti-angiogenic activity (Cisowska
et al., 2011; Dangles & Fenger, 2018; Hayat & Jacob, 2019; Miguel,
2011).

However, the use of plant anthocyanin to assess the microbial quality
of milk has not received attention. Therefore, this study hypothesised
the anthocyanin content of the natural plant extract can be used to
determine the microbial quality of raw milk instead of the commonly
practised resazurin dye reduction method. Thus, we aimed to identify a
suitable, reliable, easy and commonly available natural plant source (in
Sri Lanka) to obtain anthocyanin and develop it as an indicator for
variation in pH to replace the resazurin dye reduction method in field-
level microbiological quality determination of raw milk.

2. Materials and methods
2.1. Sample preparation

2.1.1. Milk samples

The experiment was conducted using a series of bovine raw milk
samples which were collected from the University Dairy Farm, Univer-
sity of Peradeniya, Sri Lanka. After milking, samples were kept chilled
(4-5 °C) until used for the analysis (within 3 h milk samples were used
for the analysis). Milk samples (pH 6.5) were adjusted to defined pH
values (6.5, 6.2, 6.1, 6.0,5.9, 5.8, 5.7, 5.6, 5.5, and 4.5) using acetic acid
(0.05 M).

2.1.2. Natural plant extracts
Four different natural plant extracts were collected to determine the
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anthocyanins content in respective plant materials (Fig. 1). The plant
extracts used in this experiment were; (a) bloomed and fresh hibiscus
flower petals (Hibiscus rosa-sinensis) without any visible quality defects;
(b) bloomed and fresh butterfly pea flower (Clitoria ternatea) petals
without any visible quality defects; (b) washed and peeled taproot of
beetroot (Beta vulgaris); (d) ripened, cleaned and peeled cactus prick-
lypears (Opuntia dillenii). All the plant materials were thoroughly
cleaned using cold distilled water and cut into small pieces and then
mixed with 50 mL of distilled water. The weight of plant materials were
changed (1-8 g) depending on the required final concentrations (e.g.
0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14, 0.16 g/mL). The mixture was
homogenized using a polytron homogenizer at 0.044xg (50 rpm) for 5
min and filtered using a cheesecloth to obtain the plant extract without
coarse particles. The pH of the fresh aqueous extracts was; 6.0 (Hibiscus
rosa-sinensis flowers), 7.6 (Clitoria ternatea flowers), 7.5 (Beta vulgaris
taproots) and 4.0 (Opuntia dillenii pricklypears).

2.2. Preliminary method development

An equivalent amount (1 mL) of each plant extract was added into
10 mL of milk in a sterilized test tube, for all the milk samples with
varying pH levels as described in section 2.1.1 Subsequently, the milk
samples were heated in a water bath at 37 °C and colour changes were
observed after 10 min and 1-h intervals. The same procedure was per-
formed for the four natural extracts at each pH level to identify the most
suitable natural plant extract and the appropriate concentration to
distinguish a noticeable colour change.

2.3. The control colourant test vs. novel plant colourant test

The resazurin dye reduction method was performed as a positive
control to compare with the plant colourants. A standard resazurin so-
lution was prepared by dissolving a resazurin tablet (Chemical Formula-
C12HgNNaOy4; Molecular Weight- 251.17 g/mol) (VWR CHEMICALS®,
UK) in 50 mL of sterilized distilled water. Then, 1 mL of resazurin so-
lution was added quickly to the test tube pre-filled with 10 mL of milk.
Subsequently, milk samples were heated in a water bath at 37 °C and
colour changes were observed after 10 min and 1 h. From the results of
preliminary studies (section 2.2), Hibiscus rosa-sinensis was opted as the
best natural plant extract due to visible colour changes with varying pH
levels. Hence, it was used as the potential candidate for developing a
novel indicative plant extract in subsequent studies.

2.4. pH value and microbiological analysis

The pH of the milk samples was determined using a Hanna micro-
processor pH meter (HannaNorden AB, Kungsbacka, Sweden). The mi-
crobial count of the same milk samples was analyzed using the Total
Viable Plate Count (TVPC) method. A dilution series was developed
from each milk sample using aqueous peptone solution (HIMEDIA,
India) and nutrient agar was used for enumeration of viable counts using
the spread plate technique (Jayarathna et al., 2020). The total viable
microbial count was expressed as log colony formation unit per millilitre
of the sample (log CFU/mL) (Hudman & Sargentini, 2013).

2.5. Determination of anthocyanin concentration

The total anthocyanin concentration of the natural extract of Hibiscus
rosa-sinensis was calculated using equation (1) according to the pH dif-
ferential method using a spectrophotometer (GENESYS®, G10s UV-Vis,
Thermo Fisher Scientific, United States) at pH 1.0 and pH 4.5 (Gallik,
2011). In brief, the anthocyanin concentration of Hibiscus rosa-sinensis
was measured using the anthocyanin standard curve [X-axis: concen-
tration (g/mL); Y-axis: absorbance (520 nm)], which was developed
using a commercial anthocyanin standard (Biopurify Phytochemicals
Ltd., Chengdu, China).
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Fig. 1. Plant materials (a) Hibiscus rosa-sinensis flowers (b) Clitoria ternatea flowers (c) Beta vulgaris taproorts and (d) Opuntia dillenii pricklypears. Their aqueous

extractions are marked with an asterisk with the pH of the extraction, respectively.

The absorbance of the Anthocyanin = Absorbance at pH 1.0 — Absorbance at
pH 4.5 @

2.6. Preparation of the colour chart

A colour chart was prepared for rapid determination of milk pH and
corresponding microbiological quality for outdoor uses. First, the colour
of the natural plant extract was identified by observing the absorbance
of the extract using a spectrophotometer (GENESYS®, G10s UV-Vis,
Thermo Fisher Scientific, United State). Then, the colour chart for the
proposed novel method was developed using a Lovibond Comparator
(Lovibond®, 2000 MK.11, United Kingdom). Afterwards, a range of
colours (from light to dark colours) was prepared into a colour chart by
comparing colour containing test tubes (i.e. test tubes filled with milk in
different pH levels and natural plant extract) with different colour
ranges using Lovibond Comparator.

2.7. Method validation

The analytical method was validated for linearity, precision,
repeatability, accuracy, the limit of quantification (LOQ) and limit of
detection (LOD) in accordance with International Conference on Har-
monisation (ICH) guidelines and Eurachem guide (Magnusson &
Ornemark, 2014; ICH Harmonised Tripartite Guideline, 2005).

2.7.1. Linearity

The calibration curve developed by plotting the absorbance versus
concentration of Hibiscus rosa-sinensis flower water extract was used to
evaluate the linearity. The linearity of the proposed model was judged
by examining the correlation coefficient (R2) of the linear regression
(Matos et al., 2015; Shabir, 2003).

2.7.2. Precision

The precision of the method was evaluated using both repeatability
and intermediate precision (Ravisankar, Naga Navya, Pravallika, &
Navya, 2015).

2.7.2.1. Repeatability. The repeatability of the novel method was
determined using the Relative Standard Deviation (RSD) (Peris-Vicente,

Esteve-Romero, & Carda-Broch, 2015). The RSD was calculated using
both pH and absorbance using three individual samples of Hibiscus
rosa-sinensis flower water extract within a day (intraday). As described
in Ravisankar et al. (2015), repeatability was analyzed using the same
laboratory conditions and the same analyst over a short period.

2.7.2.2. Intermediate precision. The intermediate precision of the pro-
posed method was calculated as RSD with triplicates over five consec-
utive days (interday). RSD was computed using pH and absorbance of
the Hibiscus rosa-sinensis flower water extract that performed during
different days, different analysts and using different instruments (e.g.
different spectrophotometers and pH meters in different laboratories)
(Belouafa et al., 2017; Ravisankar et al., 2015).

2.7.3. Accuracy

Accuracy was considered as the closeness between the calculated
values from the treatment and the true values of the experiment (Rav-
isankar et al., 2015). As previously described by Chauhan, Mittu, and
Chauhan (2015), the accuracy of the proposed method was evaluated by
obtaining the difference between the true values of pH and absorbance
versus the calculated means of the pH and absorbance of the Hibiscus
rosa-sinensis flower water extract.

2.7.4. Limit of quantification (LoQ)

LoQ was computed using the Standard Deviation (SD) of the absor-
bance of the Hibiscus rosa-sinensis flower water extract and the slope (S)
of the calibration curve using equation (2) (Ravisankar et al., 2015).

LoQ = 10 (SD/S) (2)

SD= Standard Deviation
S= Slope of the calibration curve

2.7.5. Limit of detection (LoD)

LoD was calculated using the Standard Deviation (SD) of the absor-
bance of the Hibiscus rosa-sinensis flower water extract and the slope of
the calibration curve using equation (3), as previously described by
Chauhan et al. (2015).

LoD = 3.3 (SD/S) 3

SD= Standard Deviation
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S= Slope of the calibration curve

2.8. Statistical analysis

Statistical analysis was carried out using one-way ANOVA using
PROC ANOVA with Complete Randomized Design (CRD) using three
replicates. Mean separation was accomplished through the Least Sig-
nificant Difference (LSD) method (p < 0.05). Data were analyzed using
SAS® 9.1 statistical computer package (SAS Institute Inc., Cary NC,
USA).

3. Results and discussions

3.1. Relationship between total viable plate counts (TVPC) and the pH of
the raw milk

We evaluated the relationship between the pH and viable microbial
counts in milk during the spoilage to assess the possibility of using pH as
an indicator for the microbiological quality in milk (Fig. 2). The TVPC of
raw milk increased when the pH of raw milk decreased. This is mainly
due to bacterial growth resulting in spoilage of raw milk, which will
eventually reduce the pH of the milk as a result of lactic acid production
by lactic acid bacteria (Lu et al., 2013; Perera, Munasinghe, & Mar-
apana, 2019). Thus, as expected, the results revealed that the pH of the
milk is inversely proportional to the TVPC of the milk. Therefore, un-
derstanding the pH of the sample would enable us to predict or speculate
the total viable microbial counts of the milk, which will be used in the
proposed model.

3.2. Determination of suitable plant extract and concentration

Unrevealing the relationship of microbial counts and pH of milk
samples, we further investigated the use of plant extract as an indicator
to detect changes in the pH of aqueous media. During the preliminary
study, we studied the variation in colours with varying pH levels using
aqueous extracts of plant materials (Fig. 3). At around 6.5 pH, varying
plant aqueous extracts observed to contain a range of colours (e.g. dark
pink colour for Hibiscus rosa-sinensis flower, light blue colour for Clitoria
ternatea flower, light pink colour for Beta vulgaris tap roots and dark pink
colour for Opuntia dillenii pricklypears). Studying their varying con-
centrations, it was found that Hibiscus rosa-sinensis flower water extract
(0.16 g/mL) had a dark pink colour. Depending on the pH of the

Visual colour change 4.5

Log CFU/mL
»
T

6.5 6.0 5.5 5.0 4.5 4.0

pH

Fig. 2. Relationship between total viable plate counts (colony forming units:
CFU/mL) and the pH of the raw milk.
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medium, the aqueous extract of Hibiscus rosa-sinensis flowers showed a
marked variation in colour. At extremely low pH (pH < 2), Hibiscus rosa-
sinensis flower water extract appeared orange, while at moderately low
pH (pH = 4.5) it was pink. At neutral pH, it was dark pink and exhibited
a dark green colour at extremely alkaline pH (pH > 11). This variation in
colours is mainly due to pH dependency of anthocyanin’s charge since
anthocyanin pigments are predominantly positively charged (flavylium
cation) on the C-ring of the molecule (Gallik, 2011). Further, if C-ring
carries the positive charge, the molecule is pigmented. On the other
hand, if the C-ring is hydrated, the positive charge is neutralized and
then pigmentation is recessive (Gallik, 2011).

Having observed the pH dependency of the colours in anthocyanin
pigment in aqueous media, we further investigated their possible colour
changes in raw milk (Fig. 4). An interesting colour change was observed
for Hibiscus rosa-sinensis flower water extract, when pH changed from
6.5 to 6.2, demonstrating the possibility of further improving this to
detect pH changes in the milk. However, we observed, no noticeable
colour changes in Clitoria ternatea flower water extract, Beta vulgaris tap
roots water extract and Opuntia dillenii pears water extract in milk
varying with pH values. Thus, potentially disqualifying those extracts to
use as an indicator for pH changes. Ruiz-Gutiérrez, Amaya-Guerra,
Quintero-Ramos, Pérez-Carrillo, & Meléndez-Pizarro, 2017 revealed
that cactus and beetroot mostly contain betacyanins as natural plant
pigment. Betacyanins are more stable to pH and temperature as
described by Singh & Singh (2014). Thus, low pH sensitivity in cactus
and beetroot may due to the betacyanin which consists naturally in
those plants. Due to the betacyanin, both cactus and beetroot have a
good potential to be used as a natural food colourant in the food pro-
cessing industry, but not as an indicator for detecting changes in pH.
Furthermore, butterfly pea and Hibiscus extract contains a high amount
of anthocyanins (Pachpore & Punjabi, 2017) and thus we expected both
colours to be sensitive to changes in pH. These changes, however, are
visible at aqueous media for both flower extracts (Fig. 3), but no visible
changes were observed in milk for butterfly pea (Fig. 4). Due to the
sensitivity in colour with changing pH in aqueous media, butterfly pea
extract has been used as a natural dye in the food industry as well as an
indicator of acid-base titrations (Saptarini, Suryasaputra, & Nurmalia,
2015). Despite Hibiscus rosa-sinensis flower water extract, other three
plant extracts did not show a clear colour variation in different pH
conditions when milk was used as a medium. Hence, it could be argued
that Hibiscus rosa-sinensis flower water extract is more sensitive to small
pH changes in milk when compared to the other three plant extracts,
demonstrating the possibilities of utilizing it for detecting pH changes.

Because of Hibiscus rosa-sinensis flowers’ water extract’s ability to
distinguish the differences between pH 6.2 and pH 6.5 in milk, we
compared it with the current standardized test for detecting the milk
with varying pH, i.e. resazurin dye reduction test. The aqueous solution
of Hibiscus rosa-sinensis flowers was dark maroon colour (Fig. 5d) and
then, once it introduced to fresh milk, the colour changed to maroon
colour at 6.5 pH (Fig. 5e) and light pink colour at pH 6.2 (Fig. 5f).
Resazurin dye [dark blue colour (Fig. 5a) at aqueous media] also change
its colour in the same pH range, where it changed from bluish colour
(Fig. 5b) to pinkish colour (Fig. 5¢), when the milk pH changed from 6.5
to 6.2, respectively. Thus, verifying the potential use of the aqueous
extract of Hibiscus rosa-sinensis flowers. Furthermore, the colour of hi-
biscus has reported depending on the medium of extraction, e.g. in
methanol a dark brown colour, in ethanol a light red colour and 5%
acetic acid a dark red colour was obtained (Hayat & Jacob, 2019).

As we demonstrated earlier, pH of the milk samples is inversely
correlated with viable microbial counts (section 3.1), we used pH de-
pendency of anthocyanins to indirectly determine the viable microbial
count of the milk samples using aqueous extract of Hibiscus rosa-sinensis
flowers. Similar to the present study, [brahim et al. (2011) also have
reported, anthocyanin molecules change their colour depending on the
pH of the medium. When pH increases, thermodynamic and kinetic
competition occurs between the hydration reaction of the flavyium
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pH range

—

uy

Plant extract

Fig. 3. Colour changes of the plant water extracts with respective to the pH change from acidic (1.0 pH) to alkaline (11 pH) conditions, (A) Hibiscus rosa-sinensis
flower water extract, (B) Clitoria ternatea flower water extract, (C) Beta vulgaris tap roots water extract and (D) Opuntia dillenii pricklypears water extract. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 4. Colour changes in water extracts of plant materials, when added into milk with varying pH levels. (A) Hibiscus rosa-sinensis flower water extract, (B) Clitoria
ternatea flower water extract, (C) Beta vulgaris tap roots water extract and (D) Opuntia dillenii pricklypears water extract. (For interpretation of the references to colour

in this figure legend, the reader is referred to the Web version of this article.)

cation. In low pH, yellow retro-chalcones produce and when pH in-
creases and converts to the quinonoidal bases by further deprotonation
which is more stable quinonid anion (Ibrahim et al., 2011). According to
Draaiyer, Dugdill, Bennett, and Mounsey (2009), the same principle is
applied by the resazurin dye reduction method. As the microbial load in
milk increases, the amount of oxygen present in the milk decreases and
an oxidation-reduction reaction occurs. Also, the colour of the resazurin

dye changes with the oxidation-reduction reactions that occur in milk
due to microbial activities. Overall, it can be argued that the aqueous
extract of Hibiscus rosa-sinensis flowers has the potential to replace
resazurin dye to visually examine the pH difference and thereby predict
the corresponding microbial quality of raw milk.
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Novel Indicator Test

Fig. 5. Comparison of colour changes in milk when resazurin dye (Left) or Hibiscus rosa-sinensis flower water extract (Right) is added into milk. (a) Resazurin dye
aqueous solution of dark blue colour, change into (b) blue colour at pH 6.5 in fresh milk and (c) pink colour at pH 6.2 in spoiled milk. In the novel indicator method
using (d) dark maroon colour Hibiscus rosa-sinensis flower water extract change into, () maroon colour at pH 6.5 in fresh milk and (f) light pink at pH 6.2 in spoiled
milk. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

3.3. Development of a novel colour chart for rapid colour identification

Since, novel plant indicator also can be used to evaluate the pH and
indirectly determine the microbiological quality of the milk, in parallel
to the resazurin dye reduction test, we aimed to develop a colour chart
for rapid identification of changes in pH. This will facilitate convenient
usability and user-friendliness in outstation milk quality determinations.
In the new method, the colour change from maroon to light pink was
observed within 15 min whereas, in resazurin dye reduction method
blue colour changed into pink within 10 min. According to the resazurin
colour chart, at pH 6.2 milk has to be rejected (Draaiyer et al., 2009).

The minimum required viable microbial counts for identification of
the colour change in milk for both resazurin and the new method (water
extract from hibiscus flowers) was 6.3 log CFU/mL (Fig. 2). According to
the novel colour chart (Fig. 6B), milk has to be rejected at number three
(3) position when the colour of the milk change into light pink.

A

6 Excellent - Blue

5 Very good - Light blue

4 Good - Purple

3 Fair - Purple pink

2 Poor - Light pink

1 Bad-Pink

0 Very bad - White

Similarly, milk has to be rejected at number one (1) position when the
colour of milk change into pink by comparing the colour of the milk
samples (after adding resazurin dye) and the resazurin colour chart
(Draaiyer et al., 2009). The same principle is followed when using the
novel colour chart to determine the microbiological quality of raw milk.

3.4. Analysis of anthocyanin content of the Hibiscus rosa-sinensis flower
water extract

The concentration of anthocyanin in the extracts was determined
using a spectrophotometer according to a pH differential method. This
was preferred due to its simplicity and low cost, providing very accurate
data which was analyzed in the specific absorbance band (520 nm-560
nm) (Martin et al., 2017; Viskelis, Anisimoviene, Rubinskiene, Jankov-
ska, & Sasnauska, 2010). In the current study, the anthocyanin con-
centration of the Hibiscus extract was 0.59 g/mL which was calculated

B

5 Very good - Maroon

4 Good - Light red

3 Bad - Light Pink

2 Very bad - Pink

1 Extremely bad - Dark pink

Fig. 6. Colour charts for identification of microbial quality of milk, (A) Color chart of the resazurin dye reduction method (milk reject at number 1- Bad condition
when milk turn in to pink colour), (B) Novel colour chart using Hibiscus rosa-sinensis flower water extract (milk reject at number 3- Bad condition when colour change
into light pink). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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using the pH differential method using equation (4).
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coefficient of greater than 0.9 (>0.9) is generally considered as evidence
of acceptable fit of the data to the regression line (Peris-Vicente et al.,
2015; Shabir, 2003). Moreover, a high value of the correlation coeffi-

The absorbance of the anthocyanin = Absorbance at pH 1.0 — Absorbance at pH 4.5

=297 — 0.75
=222
According to the anthocyanin standard curve (Fig. 6):

Y = 3.765*X — 0.004118
~2.22+0.004118
3.765
X = 059 g/ mL

3.5. Method validation

The validation of an analytical method demonstrates the scientific
soundness of the measurement or characterization (Chauhan et al.,
2015). Furthermore, the key objective of method validation is to
demonstrate the suitability for its intended use and therefore, the pur-
posed method was validated to use in further applications (i.e. field level
or as a rapid and low-cost platform test in small-scale milk chilling
centres). Upon validation, this can be used as a reliable analytical
method in routine analysis of raw milk procurement.

3.5.1. Linearity

As shown in Fig. 7, the proposed predictive method showed a very
high correlation coefficient (R2 = 0.95) between absorbance and con-
centration. The linearity of the regression line can be evaluated using
correlation coefficient (Boqué, Maroto, Riu, & Rius, 2002), of which
0.95 for the present study. According to the Ravisankar et al. (2015), the
linearity of a method demonstrates the accuracy of the calibration curve
of response vs. concentration, e.g. if R? value close to one (1) indicates
adequate linearity, whereas a R? close to zero (0) indicates the total
absence of proportionality (Peris-Vicente et al., 2015). A correlation

0.6-

R? = (0.9983

=
a
I

Absorbance (520nm)
o
|

()]

cient is normally sufficient to evaluate the linearity of the method
(Boqué et al., 2002).

3.5.2. Precision

As reported in Matos et al. (2015), precision was evaluated to
identify variability due to random errors which occurred unavoidably
during the analysis, e.g. analysis time, reagents, glassware, and during
sample preparation etc. Hence, precision was examined in terms of
repeatability and intermediate precision in the present study.

3.5.2.1. Repeatability. The RSD of both pH and absorbance was, 0.27%
and 0.15%, respectively in the present study and 0.38% and 0.75% in
resazurin dye reduction method, respectively (Table 1). As stipulated by
Paithankar (2013), repeatability is the precision under the same oper-
ating conditions over a short interval of time. It involves the repeated
determination of the same sample and also named intra-assay precision
(Belouafa et al., 2017). The repeatability is expressed in terms of stan-
dard deviation and is generally dependent on analyte concentration
(Belouafa et al., 2017). Moreover, in method validation, repeatability is
evaluated by calculating the variability of the results which was ob-
tained during the analytical method (Belouafa et al., 2017). The

Y =3.765"X - 0.004118

0.0 .
0.00 0.05

T 1
0.10 0.15

Concentration (g/mL)

Fig. 7. Anthocyanin standard curve used for determination of anthocyanin concentration in the Hibiscus rosa-sinensis flower water extract.
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Table 1
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Repeatability (intraday) and intermediate precision (interday) analysis of the novel method validation and control method.

Variables Novel method (Hibiscus rosa-sinensis flower water extract) Control method (Resazurin Dye Reduction method)
pH RSD* Absorbance (520 nm) RSD? pH RSD? Absorbance (520 nm) RSD?
Intraday (n = 3)
Sample 1 5.88 + 0.02 0.65 + 0.00 7.74 + 0.03 1.34 + 0.01
Sample 2 5.90 + 0.01 0.27 0.65 + 0.00 0.15 7.73 £ 0.03 0.38 1.36 + 0.01 0.75
Sample 3 5.90 + 0.01 0.65 + 0.00 7.72 £ 0.03 1.36 + 0.00
Interday (n = 3)
Day 1 5.88 + 0.03 0.65 + 0.00 7.74 £ 0.03 1.34 +0.01
Day 2 5.89 £ 0.02 0.65 + 0.00 7.73 £ 0.03 1.36 + 0.01
Day 3 5.89 + 0.02 0.28 0.65 + 0.00 0.18 7.72 + 0.03 0.36 1.36 + 0.00 0.76
Day 4 5.90 + 0.01 0.65 + 0.00 7.74 £ 0.03 1.36 + 0.01
Day 5 5.88 + 0.02 0.65 + 0.00 7.73 £ 0.03 1.35 + 0.01

2 Relative Standard Deviation (RSD) = (Standard Deviation/Mean) x 100 (samples are in triplicates).

observed data in the present study have also confirmed the findings of
Shabir (2003) who delineated that, in precision criteria for an assay
method is that the RSD will be < 2%. Therefore, the novel method shows
a high level of repeatability.

3.5.2.2. Intermediate precision and accuracy. In the current study, the
intermediate precision was 0.28% for pH and 0.18% for absorbance and
0.36% for pH and 0.76% for absorbance in the control method (Table 1).
Intermediate precision is expressed within laboratory variations:
different days, different analysts and different equipment (Belouafa
etal., 2017; Paithankar, 2013). Literature suggested that the most useful
and essential method to identify precision for a laboratory was inter-
mediate precision because it gives an overall idea of the variability that
the laboratory can expect as well as it is an essential component of the
uncertainty of the results (Boqué et al., 2002). According to Shabir
(2003), precision criteria for intermediate precision would be < 2%.
Similarly, intermediate precision of this method shows acceptable
values which are less than two per cent (2%). Therefore, this method
shows very high precision according to the repeatability and interme-
diate precision.

According to the computed data, the accuracy showed 100% re-
covery in both pH and absorbance in the current study and control
method (data not shown). The accuracy of an analytical method de-
scribes the closeness of the determined value obtained by the method to
the nominal concentration of the analyte (Belouafa et al., 2017; EMEA,
2006). Accuracy can be determined using recovery studies and
measured by comparison to a reference standard, recovery of the analyte
spiked into a blank spike and standard addition of the analyte (Rav-
isankar et al., 2015). In the current study, the reference standard was
used to analyze the accuracy. As specified by Shabir (2003), the accu-
racy criteria for an assay method could be considered as the mean re-
covery of 100 + 2% at each concentration. Therefore, results revealed
that the novel method shows the maximum level of accuracy.

3.5.3. Limit of quantification

In the proposed novel method, LoQ value was 0.46 g/mL. LoQ can be
defined as the lowest concentration of an analyte in a sample which can
be quantified reliably, with acceptable accuracy and precision (Boqué
et al., 2002; EMEA, 2006). Further, LoQ can be used as a performance
characteristic which shows the ability of an analytical method to
quantify and analyze easily (Boqué et al., 2002). LoQ was calculated
using the standard deviation (0.10) and the slope (2.26) of the plotted
linearity curve using equation (2). Thus, the lowest quantifiable Hibiscus
rosa-sinensis flower water extract concentration was 0.46 g/mL to
analyze raw milk microbial quality.

3.5.4. Limit of detection

LoD is the lowest concentration of a substance in a sample that can be
detected reliably according to a given analytical method (Boqué et al.,
2002; Shabir, 2003). In the present study, LoD value for the novel

method was 0.15 g/mL, which implied that lowest detectable concen-
tration of the Hibiscus rosa-sinensis flower water extract was 0.15 g/mL,
to determine the microbiological quality of raw milk. Furthermore,
Boqué et al. (2002) described that the concentration of the analyte in the
material which used to analyze is higher than that in the blank sample.
Literature suggested that LoD can be determined by visual evaluation,
signal to noise ratio and standard deviation and the slope of the linearity
graph (Chauhan et al., 2015; Ravisankar et al., 2015).

4. Conclusions

The water extract of Hibiscus rosa-sinensis L. flowers contains
anthocyanin (0.59 g/mL), which is very sensitive to minute changes in
pH compared to other plant sources of anthocyanin used in the current
study. Due to the linear and inverse relationship between pH and viable
microbial counts, the pH-sensitive colour changes of Hibiscus rosa-
sinensis L. can be used to visually distinguish milk with varying pH and
correlate with respective microbial counts to rapidly determine the milk
quality. The proposed method resulted in acceptable model perfor-
mances for testing the microbial quality of milk using water extract of
Hibiscus rosa-sinensis L. flowers. Accordingly, the minimum viable mi-
crobial counts in milk for observing a colour change was 6.3 log CFU/
mL. Overall results of the present study revealed the potential for using
aqueous extract of Hibiscus rosa-sinensis L. flowers as an alternative to
resazurin dye reduction method in microbial quality determination of
raw milk at field-level for rapid screening of milk at milk collection
centres. This because, proposed novel analytical tool is a valuable time-
and cost-saving strategy that can be used in milk quality determination
in rural areas, if properly conducted and intelligently interpreted.
However, this should be supplemented with further laboratory quality
analyses to determine the results of the filed test. Future studies are
recommended to develop a user-friendly application of the water extract
of Hibiscus rosa-sinensis L. flowers, e.g. water-soluble tablet (similar to
resazurin tablets), after freeze-drying of the anthocyanin extract. This
will enable the transferring of knowledge generated from this study into
a rapid and convenient field-level routine to assess the routine micro-
biological quality of milk.
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