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Abstract

An attempt has been made to conserve the nutrition of butterfly pea by modifying the

production process. In this paper, butterfly pea syrup was prepared through ultrasound
assisted extraction (UAE) of butterfly pea flower using water at ultrasound frequency of
40kHz and initial temperature of 50°C for 30 min. Extraction was modified by addition of
sugar and citric acid. Before separation of extract, butterfly pea mixture was adjusted to
contain 181,25 g sugar and 2.875 g citric acid per L water. The extract was then concentrated

by vacuum evaporation at 50°C for 2-6 h. The concentrated extracts were stored at 6°C and
30°C for 4 weeks. Each experiment was run triplicate and the effect of each treatment on
the anthocyanin concentration was measured using UV-Vis Spectrophotometer. Results
indicated that presence of citric acid and sugar during extraction affect extraction and shelf
life of butterfly pea extract. The presence of citric acid and sugar in anthocyanin extracts
also prolongs their shelf life.
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1. Introduction

Butterfly pea (Clitoria ternatea) is a perennial herbaceous plant which is easy to cultivate

and capable of increasing soil fertility [1]. Commercially, butterfly peas have been sold
dried, powdered, concentrated, and encapsulated powdered. The extract has many health
benefits, easy to process, and stable when kept at low temperature without preservatives |
[1],12],[3],[4], [5], [6]]. Among various extraction methods and solvents, a promising one is
water extraction at 50-60°C by UAE [7,8]. In one study, UAE was found to be capable of
producing 246.46% higher anthocyanin yield compared to conventional extraction. The
same study also concluded that the optimal condition for UAE by response surface method

was at 50°C for 150 min extraction time and ratio of liquid-to-solid of 15 mL/g [9]. Further
study on UAE of butterfly pea under the previous optimal condition revealed that UAE also
increased the extracted total phenolics, flavanoids, and antioxidant activities compared to

conventional extraction. Furthermore, UAE did not appear to affect the functional group of
bioactive compounds structure [10]. Another optimization study found that optimal UAE

could be achieved at 40°C for 40 min extraction time and ratio of 10 mL distilled water/mg
butterfly pea [11]. While varying optimal conditions were implied under different studies,
many suggested that the extraction should be carried out at moderate temperatures.

Aside from the extract, butterfly pea is also consumed as tea and processed into syrup.
Butterfly pea syrup (BPS) is produced traditionally by boiling butterfly pea flowers with
water and sugar till the syrup forms. This method is believed to be ineffective in preserving
the nutritional value of butterfly pea due to many of its heat sensitive components decaying

during the boiling. A milder method could produce BPS with better nutritional value.
Therefore, this paper aimed to assess the feasibility of BPS creation by UAE and vacuum
evaporation at lower temperature and evaluate the stability of its anthocyanin content.

2. Methodology
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2.1. Butterfly pea preparation

Butterfly pea flower was washed with water, left to dry in refrigerator for one day, then
stored in a closed glass container at 6°C. About 80-200 g (12 g dry base) flowers were
mixed with 800 mL 50°C water then blended using a commercial blender (Phillips
HR2056/03, 280 Watt) for 30 s to produce butterfly pea slurry. Afterwards, the slurry was
added with: nothing, 145 g sugar, 2.3 g citric acid, or 145 g sugar and 2.3 g citric acid.

2.2. Butterfly pea extraction

The butterfly pea slurry was extracted in ultrasonic bath at 40kHz and initial temperature of
50°C for 30 min. After extraction, slurry composition was adjusted to contain 145 g sugar
and 2.3 g citric acid (per 800 mL). The extract was separated using a commercial cloth filter.

2.3. Extract concentration

Butterfly pea extract (BPE) was split into 4 batches, each containing 200 mL filtrate. Each
batch was condensed by using rotary vacuum evaporator at 50°C for 0, 2, 4, or 6 h. The
condensed BPE was analyzed and stored in dark glass bottle, half in a fridge (6°C) and half at
room temperature (30°C). Each experiment was run triplicate, and BPE was analyzed for its
anthocyanin content every week for 4 weeks.

2.4. Anthocyanin content analysis

Anthocyanin content analysis follows the procedure by Ref. [12]. First, dilution factor was
determined by diluting sample in KCI buffer (pH 1.0) till absorbance at A4« is within linear
reading range of spectrophotometer. Sample must be less than 20% of total volume.
Spectrophotometer was zeroed by using distilled water at A2 and 700 nm. Two samples
were prepared based on the dilution factor, one with KCI buffer (pH 1.0) and the other with
natrium acetate buffer (pH 4.5). These dilutions were left to equilibrate for 15 min.
Absorbance of each solution was measured at A5 and 700 nm against a blank cell filled
with distilled water. The monomeric anthocyanin pigment concentration was calculated by
using the following formula:

[(,\W—Am)pH 10— (hmas—Ar00) g 4,5] x MW x DF x 1000

exl

o (%) -

L

MW is molecular weight of predominant anthocyanin in sample, DF is dilution factor, ¢ is
the molar absorptivity of the anthocyanin. The formula is based on a pathlength of 1 cm,
which is equal to the cuvette width. To compare between literature, anthocyanin
concentration in this paper is expressed as cyanidin-3-glucoside (MW=449.2 and £=26,900).
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2.5. Water content analysis

Petri dish was heated at 105°C for 3 h, then placed in desiccator till cooled down. The dish
was weighted (wq) then £3 g sample was added, then reweighted (w,). The sample was
dried in oven at 105°C for 3 h, then placed in desiccator till cooled and weighted (w3). Water
content was calculated by formula:

wo—wWs
Wa—wy x 100

2.6. Anthocyanin yield calculation

Anthocyanin yield of the butterfly pea is calculated as follow:

Yield (%) = &

Wyf

Cis anthocyanin concentration in mg/L, V. is concentrate volume after vacuum evaporation

in L, and wyyis the estimated mass of dry butterfly pea flower in 200 mL filtrate (3 g).

3. Results and discussion

3.1. Effect of sugar and citric acid on anthocyanin yield

Initial water content analysis revealed that fresh butterfly pea contains 84-90% water. Due
to the possibility of interference of sugar and/or citric acid in anthocyanin analysis using
spectrophotometer UV-Vis, samples of BPE was first prepared by UAE with water at 40kHz
and initial temperature of 50°C for 30 min. BPE was split into three samples: one as pure
extract, one added with sugar to concentration of 181.25 g/L, and one added with sugar to
concentration of 181.25 g/L and citric acid to concentration of 2.875 g/L. All samples were
analyzed for its Ajax. It was found that addition of sugar and/or citric acid did not change
Amax Value (all A 2x=549 nm) although the absorbance reading decreased. The value of Ay
agree well with literature [3,13]. The decrease is within acceptable range and indicates that
all samples must be adjusted to contain similar sugar and citric acid concentration to avoid
bias during measurement of anthocyanin concentration. The effect of additives during
extraction and treatment of evaporation on anthocyanin concentration and yield is in Fig. 1,
while the ANOVA on anthocyanin yield is in Table 1.
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Fig. 1. The effect of sugar and citric acid on anthocyanin yield.

Table 1. ANOVA for the effect of additives during extraction, duration of evaporation, and the

interaction on anthocyanin yield.

Source Sum of Squares  Degree of freedom Mean of Squares F p-value

All 0.1967 47

Additives 0.0638 3 0.0213 25.5841 1.2400E-08
tevaporation ~ 0.0881 3 0.0294 35.3423  2.8445E-10
Interaction  0.0182 9 0.0020 24343  3.0922E-02
Error 0.0266 32 0.0008

In Fig. 1, anthocyanin concentration (white fill) increases with longer evaporation. This
increase is expected as water evaporates, and anthocyanin accumulates. However, the
treatment of evaporation consistently reduced anthocyanin yield as in Fig. 1 (gray fill) and
further confirmed in the ANOVA result in Table 1. This phenomenon is because thermal
treatment during evaporation promotes anthocyanin degradation [3,5,14,15].

In Table 1, the significance of interaction implies that there are distinct trends in yield
reductions among each extraction treatment. Without evaporation (0 h evaporation
duration), anthocyanin concentrations and yields of BPE extracted using various additives
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have only deviated slightly from each other with presence of citric acid producing slightly
higher anthocyanin yield. This effect is likely due to the pH alteration, in which
anthocyanins in butterfly pea shift to flavylium cation form which is very soluble in water |
16]. Interestingly, BPEs with addition of citric acid during extraction seems to impede
anthocyanin reduction during evaporation despite all sample being equalized at the end of
extraction as observed in Fig. 1. A possible reason for this phenomenon is that presence of
citric acid may assist or hinder the extraction of certain extractives in butterfly pea flower
which may stabilize or destabilize anthocyanin. However, a more thorough study is required
to verify this verdict. In this study, the anthocyanin extraction yield is 0.396-0.583 mg/g.
The yield is lower than most literature but in similar order of magnitude [9,11,17,18]. The
difference is likely due to differences in extraction conditions such as solvent to dry mass
ratio.

3.2. Anthocyanin degradation of BPE

Anthocyanin degradation of BPE was studied across various factors: presence of additives
during extraction, duration of evaporation, and storage temperature. The changes in

anthocyanin concentration of BPE are in Fig. 2. The degradation was modelled using zero,
and first order kinetics expressed in Equations (1), (2)) as they are most common models for
anthocyanin degradation.

Co-C=kt (1)

In CAO -In CA=kt (2)
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Fig. 2. Changes in anthocyanin concentration of BPE extracted using: (a) water, (b) sugar
solution, (c) citric acid solution, and (d) mix of sugar and citric acid solution.

The degradation constants (k) for each kinetic model for each factor were estimated by
linear regression using R software. The summary of R? values for each kinetic model is in
Table 2. Based on the R? values, zero order model provides the best fit for the data. The
model fits better for more data sets (having higher R?) and has higher consistency (lower
variance). This finding agrees with [14], although many literatures found first order kinetics
more appropriate [3,19,20]. The different fit in kinetic models is likely due to presence of
sugar and citric acid during the storage of BPE, whence both substances were found to affect
stability of anthocyanins [5,15].

Table 2. Summary of R? values for each kinetic model.

Model order Count of best fits R|[2]

Average Variance Min Max

0 54 0.96727 0.0008 0.8393 0.9998
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Model order Count of best fits R[2]
Average Variance Min Max
1 0.96586 0.0009 0.8307 0.9990

The estimated k values of both models were compared between each factor. The values were
analyzed using ANOVA and the results are in Table 3. ANOVA results suggest that only
presence of additives and storage temperature have significant effect on the degradation

kinetics for both models, while evaporation duration has negligible effect on degradation.

The effect of storage temperature on anthocyanin degradation has been widely confirmed
with higher temperatures generally correspond to faster degradation [3,5,14,16,20],
although an anomalous behavior was also observed [20]. For evaporation, while the process

itself reduces anthocyanin yield, there is no reason for the treatment to have lasting effect

which could alter anthocyanin degradation.

Table 3. ANOVA for k values across various factors.

Zero order model

Source Sum of Squares Degree of freedom Mean of Squares F p-value
All 3.3749 95

Additives  0.4655 3 0.1552 9.0928  2.63E-05
tevaporation ~ 0.0834 3 0.0278 1.6295 0.188291
Tstorage 1.3245 1 1.3245 77.6208 1.01E-13
Error 1.5016 88 0.0171

First order model

Source Sum of Squares Degree of freedom Mean of Squares F p-value
All 0.0540 95

Additives  0.0049 3 0.0016 5.6728  0.001341
tevaporation ~ 0.0012 3 0.0004 13782  0.254713
Tstorage 0.0224 1 0.0224 77.3187  1.09E-13
Error 0.0255 88 0.0003




Values of k for each model are averaged across insignificant factors and tabulated in Table 4.
In Table 4, degradation constants for BPE extracted using water and sugar solution share a
close value for each model and storage temperature. This suggests that addition of sugar
during extraction has minimal effect on the process itself, and the resulting BPE closely
resembles each other. However, addition of citric acid during extraction leads to faster
degradation of BPE for each model and storage temperature, with addition of sugar to the
citric acid solution seems to slightly decrease the degradation rate. Since samples were
equalized at the end of extraction, this suggests that citric acid and sugar are not the main
source of this accelerated degradation. This result contradicts the positive effect of citric
acid during initial treatments, in which samples extracted with addition of citric acid
preserved greater yield than those without. It is also notable that anthocyanin degradation
for BPE aided with citric acid had a higher increase in degradation rate at 6°C than at 30°C
as evidenced by the leap in the k values. Another point worth mentioning is the combined
effect of sugar and citric acid on extraction, which decreases anthocyanin yield and
anthocyanin degradation. Based on these two observations, it is probable that additional
extractives from extraction aided by citric acid produce fast decaying intermediates which
may act as catalyst for anthocyanin degradation. However, there is still no report on this
remark and the investigation of this phenomena is beyond the scope of this study. The k
values obtained in this study are also lower than other literatures. For comparison, the k
values for first order model from various literatures were 0.0136/d (0.095/w) at 4°C [3],
0.0247/d (0.173/w) at 25°C [3] 0.0248/d (0.174/w) at 27°C [19], 0.0012/min (12/w) at 28°C |
14], and 0.06/d (0.420/w) at 30°C [20]. For zero order model, the k value was 0.1219
mg/L-min (1228 mg/L-w) at 28°C [14].

Table 4. Anthocyanin degradation constants.

Additives  Torage (°C)

6 30

0t order (mg/L-w) 1st order (w™1) 0'h order (mg/L-w) 1st order (w™1)
‘' 0.2681+0.0103 0.0287+0.0001 0.5758x0.0272 0.0663+0.0003
S 0.2563+0.0056 0.0294+0.0001 0.5331+0.0075 0.0666+0.0003
C 0.4929+0.0177 0.0547x0.0002 0.6573£0.0117 0.0756x0.0001

A 0.3435%0.0332 0.0426+0.0007 0.5343+0.0233 0.0690+0.0006




4. Conclusions

This work confirms the high importance of environmental sciences in different fields as
shown in a lot of papers published before [[21], [22], [23]]. Anthocyanin from butterfly peas
were successfully extracted using ultrasound assisted extraction. Among the extraction
additives tested in this study, citric acid was found to increase extraction yield and preserve
anthocyanin during evaporation. Sugar alone did not affect extraction and evaporation,
however when mixed with citric acid, it decreased the efficacy of citric acid. Kinetics study
on anthocyanin degradation revealed that modification on extraction of anthocyanin could
affect its degradation, however the mechanism by which this process affected degradation
is still unclear. Addition of sugar and citric acid to BPE could also prolong the shelf life of
anthocyanin. It is suggested that preparation of BPS using UAE should be administered with
water alone, followed by addition of sugar and citric acid afterwards. Further study should
also be proceeded to affirm the effect of sugar and citric acid on BPE yield during vacuum
evaporation.
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