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Butterfly pea flower (Clitoriaternatea) is a perennial twinning herbaceous plant with numerous biological 
activities such as antioxidant, antidiabetic, and hepatoprotective properties. It could be processed into 
juice as a health drink. The objective of this research was to evaluate the influence of hyperbaric storage 
100 (as control), 150, 200, 250, 300 MPa at ambient temperature (28 ± 2 °C) for 2, 4, 6 months on the 
physicochemical, microbial and organoleptic properties of butterfly pea flower juice. Results showed that 
turbidity increased significantly while pectin methylesterase activity strongly decreased while during 
hyperbaric storage at pressure over 200 MPa. At pressure below 200 MPa, the pectin methylesterase 
activity and turbidity were nearly stable. The total phenolic, ascorbic acid content decreased slightly 
during 6 months of storage. Meanwhile the total plate count of the butterfly pea flower juice was strongly 
decreased under hyperbaric storage. Overall acceptance of butterfly pea flower juice were maintained 
by hyperbaric storage. Hyperbaric storage involved considerable energy saving compared to 
conventional refrigeration. 

Keywords: Butterfly pea flower juice, hyperbaric storage, turbidity, pectin methylesterase, total phenolic, ascorbic acid, 
total plat count, overall acceptance 

 
INTRODUCTION 

Butterfly pea flower (Clitoriaternatea) was an 
axillary, solitary, or twin flower of a perennial 
climbing plant. It had unique dark blue petals with 
a yellow mark. It was highly valued by different 
phytochemical components such as tannins, 
phlobatannin, carbohydrates, saponins, 
triterpenoids, phenols, flavanoids, flavonol 
glycosides, proteins, alkaloids, antharaquinone, 
anthocyanins, cardiac glycosides, stigmast- 4-
ene-3,6-dione, volatile oils and steroids (Al-Snafi, 
2016a; Nadzirah et al. 2018). Anthocyanins in 
butterfly pea flower were water-soluble 
macromolecular substances mainly delphinidin-
glucosides responsible for orange, red, or blue-
violet color (Tantituvanont et al. 2008; Nyi et al. 
2015). Anthocyanins in butterfly pea flower are 
more stable at low temperatures, and the flowers 
were purplish red in acidic environments and blue 

in an alkaline environment (Tantituvanont et al. 
2008).  They were susceptible to pH, ambient 
temperature, light, oxidation and enzymes 
(Mohamed and Taha, 2011). The blue-violet 
flowers of butterfly peas had good free radical 
scavenging activity and antioxidant (Rabeta and 
An, 2013). Different pharmacological effects 
including antioxidant, hypolipidemic, anticancer, 
anti-inflammatory, analgesic, antipyretic, 
antidiabetic, CNS, antimicrobial, gastro-intestinal 
antiparasitic, insecticidal were presented 
(Kamkaen and Wilkinson, 2009; Meda et al. 2013; 
Al-Snafi, 2016b; Archna et al. 2018). The 
antioxidation capacity of the total phenolic 
substances from butterfly pea was valuable for 
preserving flavor, colour, vitamin in foodstuffs. Its 
flowers were suitable as a raw material for natural 
beauty care products (Li et al. 2018). Butterfly pea 
flower extract incorporated beverage had 
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functional properties (Suraweera et al. 2019). 
Hyperbaric storage was also known as high 

O2 atmosphere storage and supper atmospheric 
O2 storage. Hyperbaric storage was not the same 
with high-pressure processing. In high-pressure 
processing, product was treated at high pressure 
(300–700 MPa) in short time (< 10 min). In 
hyperbaric storage, product was kept under 
moderate pressure (<100 MPa) in a long period of 
weeks or months to avoid food decomposition. 
Energy consumption was very low, mostly at the 
beginning and compression without additional 
energy to maintain during preservation (Otero, 
2019). Hyperbaric storage had been 
demonstrated to be more efficient than 
conventional refrigeration for storage of fruit juice, 
milk, meat, fast-food (Duart et al. 2015; 
Fernandes et al. 2015; Moreira et al. 2015a; 
Moreira et al. 2015b; Duarte et al. 2017; Freitas et 
al. 2016; Fernandes et al.2019). Hyperbaric 
storage was presented as a novel and 
environmentally friendly technique for fruit juice 
preservation. Objective of our study the effect of 
hyperbaric storage in different pressures at 
ambient temperature for 6 months on the 
physicochemical, microbial and organoleptic 
properties of butterfly pea flower juice. 
 
MATERIALS AND METHODS 

2.1 Material 
Butterfly pea flowers were collected in 

SocTrang province, Vietnam. They were washed 
under tap water to remove foreign matters. They 
were ground finely by a grinder. The juice 
obtained from centrifugator at 4000 rpm in 5 
minutes. The supernatant was subsequently 
filtered through a 0.05 mm pore diameter sieve 
and preserved under hyperbaric storage. 

2.2 Researching method 
Experiments were carried out in a pilot-plant 

hyperbaric storage system in different pressures 
(100, 150, 200, 250, 300 MPa) at ambient 
temperature (28 ± 2 °C) for 2, 4, 6 months. The 
treated samples were taken to evaluate the 
physicochemical, microbial and organoleptic 
properties of butterfly pea flower juice. 

2.3 Physicochemical, microbial and 
organoleptic evaluation 

Turbidity (NTU) was measured by 
turbidimeter. It was expressed in nephelometric 
turbidity units. Residual pectin methylesterase 
(nmol/s) was assayed by potentiometric 

procedure described by Gonzalez and Rosso 
(2011). Total phenolic content (mg GAE/100g) 
was measured by Folin–Ciocalteu method  
(Abdullakasim et al. 2007). Ascorbic acid 
(mg/100g) was determined by using a 2,6-
dichlorophenol indophenol visual titration method. 
Microbial load (cfu/ml) was evaluated by 3M-
Petrifilm. Overall acceptance (sensory score) was 
asssessed by a group of panelists using 9 point-
Hedonic scale. 

2.4 Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean ± standard deviation. 
Statistical analysis was performed by the 
Statgraphics Centurion version XVI. 

 
RESULTSAND DISCUSSION 

3.1 Turbidity 
The term of hyperbaric storage was used for 

environments with an O2 concentration in the 
atmosphere of greater than that at atmospheric 
pressure which was about 21 kPa (160 mm Hg). 
Goyette et al. (2011) defined hyperbaric treatment 
as consisting of exposing fruit or vegetable to 
compressed air in a range lower than 10 
atmospheres. Ahmed and Ramaswamy (2006) 
and Baba and Ikeda (2003) also defined 
hyperbaric treatment and stated that it’s different 
from high pressure treatment used in processing 
foods where pressures of between 400 and 1,200 
MPa are used. Pectin, a major component of 
vegetable juice turbidity, played an important role 
in juice destabilization: in the presence of the 
active pectin methylesterase, pectin formed 
calcium pectate complexes and caused the 
precipitation of cloud particles (Croak S. 
andCorredig, 2006). In our research, turbidity of 
butterfly pea flower juice was maintained by 
hyperbaric pressure at pressure below 200 MPA. 
Over 200 MPa, turbidity increased significantly 
(table 1). Pinto et al. (2016) proved that 
hyperbaric storage at 100 MPa produced a 
significant decrease in the cloudiness of 
watermelon juice, most likely due to the pressure-
enhanced activity of pectinases that reduced 
serum viscosity. Viscosity drops were likely to be 
responsible for cloudiness losses. 
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Table 1.Turbidity (NTU) of butterfly pea flower juice by hyperbaric storage (MPa) 
 

Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 173±0b 176±3b 181±2b 213±1ab 274±2a 

2 190±1b 199±0b 202±3b 249±0ab 304±1a 

4 203±3b 206±1b 211±0b 283±2ab 356±3a 

6 221±2b 229±2b 236±2b 301±1ab 398±2a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

3.2 Pectin methylesterase 
The function of pectin methylesterase was to 

demethoxylate the galacturonic chain to generate 
low methoxylation content pectin. Pectin 
methylesterase operated in the pectin catalyzing 
the C-O bond hydrolysis of the methoxyl-ester 
groups forming methanol and converting pectin 
into pectate. During the pectate formation, there 
was a decrease in pH (Gonzalez and Rosso, 
2011). In our research, pectin methylesterase 
activity significantly decreased during hyperbaric 
storage at pressure over 200 MPa. At pressure 
below 200 MPa, the pectin methylesterase activity 
was nearly stable. The longer the storage was, 
the lower the residual pectin methylesterase 
activity recorded (table 2). Our results were similar 
to other findings on strawberry, watermelon juice 
(Pinto et al. 2016; Bermejo-Prada et al. 2016). 
They reported that pressure enhanced 
pectinemethylesterase catalytic activity in 
strawberry juice. After two days of storage, pectin 
demethoxylation occurred significantly faster at 
200 MPa than at atmospheric pressure or at 50 
MPa. 

3.3 Total phenolic content 
In our research, total phenolic content was 

maintained during hyperbaric storage from 100 to 
200 MPa However at higher pressure, the total 
phenolic content decreased slightly during 6 
months of storage (table 3). Liplap et al. (2013b) 
studied the effect of hyperbaric treatments on 
major hydrophilic and lipophilic antioxidants and 
antioxidant activity in tomato fruit. They proved 
that ascorbic acid and total phenolic contents 
increased as time progressed but generally were 
not affected by hyperbaric pressure treatment. 
Pinto et al. (2016) reported that the total phenolics 
in watermelon juice degraded more quickly at 50–
100 MPa than at atmospheric pressure. Inestroza-
Lizardo et al. (2019) verified the effect of 
hyberbaric storage on the antioxidant enzymes 
and bioactive components of tomato. They 
concluded that there was an everage increase of 

total phenolics 33%. 

3.4 Ascorbic acid 
In our research, ascorbic acid retention was 

maintained during hyperbaric storage from 100 to 
200 MPa However at higher pressure, the 
ascorbic acid content decreased slightly during 6 
months of storage (table 4). The decrease in 
vitamin C content in strawberry purée, and guava 
purée during storage after pressure treatment of 
400 to 600 MPa for 15 to 30 minutes was much 
lower than loss of vitamin C content in non-
pressure treated purée (Sancho et al. 1999). Cao 
(2005) found that hypobaric storage significantly 
retained vitamin C content of jujube. Li et al. 
(2006) proved that hypobaric storage delayed the 
vitamin C degradation in asparagus. Fresh-cut 
broccoli florets stored in hyperbaric storage. 
Ascorbic acid content was successfully 
maintained at 0.3 MPa for 14 days (Liamnimitr et 
al. 2018). Inestroza-Lizardo et al. (2019) verified 
the effect of hyberbaric storage on the antioxidant 
enzymes and bioactive components of tomato. 
They concluded that there was an everage 
increase of ascorbic acid 27%. 

3.5 Microbial load 
In our research, the total plate count (cfu/ml) 

of the butterfly pea flower juice was strongly 
decreased under hyperbaric storage (table 5). 
Growth and proliferation of microorganism were 
strictly hamperd under hyperbaric storage to 
prolong stability of strawberry, watermelon juices 
over those treated by conventional freezing 
(Segovia-Bravo et al. 2012; Pinto et al. 
2016;Lemos et al. 2017; Pinto et al. 2017). Low 
pressures (<50 MPa) were not enough to 
inactivate mesophilic microorganisms, but strongly 
affect cellular functions such as motility, substrate 
transport, nutrient uptake, cell division and growth. 
When pressure increased, DNA replication, 
translation, and transcription could be slightly 
affected, and at 100–200 MPa and higher, 
microbial viability can be significantly reduced 
through multi-target inactivation mechanisms 
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(Bartlett, 2002; Abe, 2007; Mota et al. 2013). 
 

 
 

Table 2:Pectin methylesterase (nmol/s) of butterfly pea flower juice by hyperbaric storage (MPa) 
 

Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 56.42±1.13a 55.71±1.27a 55.09±1.46a 32.47±1.21ab 19.55±1.24b 

2 42.63±1.28a 42.03±1.19a 41.77±1.24a 20.34±1.12ab 11.30±1.13b 

4 35.79±1.15a 35.11±1.12a 34.98±1.19a 9.87±1.35b 5.14±0.07c 

6 21.84±1.34a 21.13±1.21a 20.79±1.16a 3.71±1.19b 0.68±0.06c 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 3: Total phenolic content (mg GAE/100 ml) of butterfly pea flower juice by hyperbaric 

storage (MPa) 
Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 87.90±1.04a 87.42±1.21a 87.19±0.65a 82.23±0.72ab 79.50±0.61b 

2 86.28±1.12a 86.13±1.02a 86.02±0.43a 80.67±0.81ab 73.96±0.54b 

4 84.43±0.97a 84.27±0.85a 84.10±0.84a 77.53±1.12ab 70.24±0.72b 

6 82.64±0.75a 82.49±0.71a 82.36±1.03a 71.40±0.94ab 63.39±0.84b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 4: Vitamin C content (mg/100 ml) of butterfly pea flower juice by hyperbaric storage (MPa) 

 
Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 20.31±0.21a 20.14±0.19a 20.03±0.08a 16.19±0.15ab 12.35±0.09b 

2 19.40±0.17a 19.17±0.14a 19.01±0.12a 15.42±0.06ab 11.78±0.03b 

4 18.79±0.13a 18.53±0.09a 18.12±0.17a 13.75±0.13ab 10.42±0.12b 

6 17.25±0.24a 17.08±0.16a 16.80±0.11a 10.69±0.14ab 9.34±0.08b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 5: Aerobic plate count (cfu/g) load of butterfly pea flower juice by hyperbaric storage (MPa) 

 
Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 4.11x102c 3.90x102bc 3.76x102b 3.14x102ab 3.03x102a 

2 3.83x102c 3.41x102bc 3.07x102b 2.84x102ab 2.46x102a 

4 3.36x102c 3.01x102bc 2.79x102b 2.23x102ab 1.95x102a 

6 2.91x102c 2.59x102bc 2.02x102b 1.75x102ab 1.17x102a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 6:Overall acceptance of butterfly pea flower juice by hyperbaric storage (MPa) 

 
Storage 
(Months) 

Hyperbaric pressure (MPa) 

100 150 200 250 300 

0 8.31±0.04b 8.53±0.02ab 8.92±0.02a 8.81±0.03a 8.67±0.00ab 

2 8.25±0.03b 8.42±0.00ab 8.79±0.01a 8.66±0.01a 8.54±0.01ab 

4 8.16±0.01b 8.30±0.03ab 8.65±0.04a 8.47±0.02a 8.39±0.3ab 

6 8.09±0.05b 8.18±0.01ab 8.42±0.05a 8.31±0.03a 8.25±0.02ab 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%)
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Depending on pressure applied, hyperbaric 
storage could not only retard microbial growth and 
proliferation but also demolish microbial cell 
structure leading to severe inactivation (Bermejo-
Prada et al. 2016). Ludikhuyze et al. (2002) and 
Yordanov and Angelova (2010) proved that 
vegetative cells were inactivated at about 300 
MPa at ambient temperature, while spore 
inactivation required 600 MPa or more in 
combination with a temperature of 60 to 70°C. 
Gram-positive bacteria were more resistant to 
pressure than gram-negative bacteria, fungi and 
yeasts and Enterococcus hirae was more 
resistant to high pressure treatment than Listeria 
monocytogenes and Aeromonashydrophila. The 
most resistant were bacterial spores (Fonberg-
Broczek et al., 2005). Liplapet al. (2014) showed 
that bacterial growth was affected by hyperbaric 
pressure at 20°C at 100, 200, 400, 625, and 850 
kPa. As hyperbaric pressure increased, the 
bacterial growth significantly decreased, but the 
effect varied with species of bacteria. The 
maximum growth at 850 kPa was reduced by 56% 
for Pseudomonas cichorii, by 43% for 
Pectobacteriumcarotovorum and by 71% for 
Pseudomonas marginalis. San Martin et al. (2002) 
reported inhibitory effects of hyperbaric pressure 
on the growth of several microorganisms but very 
high pressure were required to kill or inactivate 
their growth. Liplap et al. (2013a) exposed lettuce 
at 20°C to pressures ranging from 100 to 850 kPa 
for 5 days and found that the development of 
decay was delayed under hyperbaric pressure, 
especially at 850 kPa, in comparison with those 
under atmospheric pressure. They considered the 
mode of action of hyperbaric pressure on the 
growth of microorganisms could be due to the 
direct impact of elevated pressure itself on the 
microorganisms as had been demonstrated on 
infections in strawberry juice (Segovia-Bravo et al. 
2012). Another explanation could be that the 
elevated O2 caused toxicity to bacteria, yeasts 
and moulds or the enhancement of the host 
pathogen defence compound synthesis, induced 
by mild stress. This latter effect of stress has been 
demonstrated for on tomatoes (Lu et al. 2010). 

3.6 Overall acceptance 
In our research, the overall acceptance of the 

butterfly pea flower juice was not significant 
difference during hyperbaric storage compared to 
the juice before storage (table 6). It implied that 
hyperbaric storage could maintain sensory quality 
of butterfly pea flower juice for 6 months without 
any degradation of consumer perception. Our 

results were similar to findings on watermelon 
juice and pershable food (Lemos et al., 2017; 
Bermejo-Prada et al. 2017). Luscher et al. (2005) 
used 250 MPa during freeze processing at -27°C 
on potato (Solanumtuberosum) and found that 
after thawing there was a considerable 
improvement in terms of texture, colour and visual 
appearance compared to freezing at atmospheric 
pressure. Pressures greater than 100 MPa may 
be above the threshold for irreversible tissue 
damage, thus causing substantial injuries 
(Goyette et al. 2012). 

 

CONCLUSION 
Hyperbaric storage would be a potential 

alternative for storage of butterfly pea flower juice. 
It could represent an important breakthrough for 
food preservation in terms of refrigerant 
elimination, energy saving, and environmental 
protection. Hyperbaric storage could be efficiently 
applied at 200 MPa in 2 months under ambient 
temperature for the preservation of butterfly pea 
flower juice. By this application, the 
physicochemical, microbial and organoleptic 
attributes of this instant drink could be achieved. 
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