Castillo-lsrael et al Food Production, Processing
Food Production, Processing and Nutrition (2023) 5:33

https://doi.org/10.1186/543014-023-00144-1 and Nutrition

: : e ®
Vitamin C levels of selected Philippine i

indigenous berries as affected by fruit maturity
and processing treatment

Katherine AnnT. Castillo-Israel"?’, Lloyd Earl L. Flandez', Arvin Paul P Tuafo?, Kristel June D. Sartagoda* and
Ma. Carisse M. Compendio”

Abstract

The Philippines as a tropical country is home to several indigenous berries that offer enough supply of health-
promoting bioactive compounds like vitamin C. Vitamin Cis an important micronutrient in the human diet that is
usually supplied by fruits and vegetables. The amount of this vitamin in different products varies depending on the
species, variety, maturity, processing, and other conditions. In this study, the vitamin C contents of selected Philippine
indigenous berries such as bignay and lipote were evaluated as affected by fruit maturity and processing treatment.
Fruits of two bignay (Antidesma bunius (Linn.) Spreng), varieties,'Common’and ‘Kalabaw/, as well as of lipote (Syzygium
polycephaloides (C. B. Rob.) Merr), at three maturity stages (unripe, half-ripe, and fully ripe) were acquired in Laguna,
Philippines. Samples were subjected to two processing treatments: blanched (90 £ 5 °C, 2 minutes) and steamed
(105+5°C, 5minutes), while control samples did not undergo processing treatment. The flesh and seeds were sepa-
rated, lyophilized, extracted, and subjected to quantification of vitamin C using reversed-phase high performance
liquid chromatography. Results showed that the vitamin C levels of both fruits were significantly affected by maturity,
processing, and their interaction (P <.05). In general, a concomitant increase in vitamin C content was noted as fruit
maturity progressed for both flesh and seeds (0.3 to 1.7-fold increase). Lipote seeds on the other hand, had decreased
vitamin C content as maturity progresses (0.6-fold decrease). Moreover, blanching the fruits resulted in the highest
retention of vitamin C in the fruit samples (247% at most). The general findings of this study indicated that the utiliza-
tion of these indigenous berries for future functional product development must be accompanied by the blanching
- as a pretreatment process, of the fully ripe fruits to attain enhanced vitamin C contents.
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Introduction

The global momentum gained by functional foods is sub-
stantially evident (Marti et al. 2009). The interest is paral-
lel with the increasing cost of healthcare, the desire for
a higher quality of life, and the overwhelming scientific
evidence emphasizing the link between diet and health
(Hasler 2000; Rincén-Leén 2003). Functional foods are
natural or processed foods that impart positive health
effects beyond their conventional nutritive value. These
foods contain biologically active components, which, at
defined levels, have clinically proven and documented
benefits to health for the prevention, management, or
treatment of chronic diseases. These bioactive com-
pounds may act as antioxidants, cardioprotective, and
chemo-preventive substances, which help address dis-
eases, including cancer, obesity, and concomitant pathol-
ogies (Martirosyan & Singh 2015).

Bignay (Antidesma bunius (Linn.) Spreng), and lipote
(Syzygium polycephaloides (C.B. Rob.) Merr.) are wild,
fruit-bearing trees native to the Philippines. Bignay is
a member of the family Phyllanthaceae (Butkhup &
Samappito 2008), while lipote belongs to Myrtaceae
(Janick & Paull 2008). The size of a single bignay fruit is
around 1cm, whereas a lipote fruit is about three times
that size. Fruits of bignay are initially green and even-
tually turn dark purple or black as they ripen. On the
other hand, the fruits of lipote are initially small and
whitish pink and they turn dark purple upon full matu-
rity. The ripe fruits of both plants are eaten fresh or pro-
cessed. The fruits are usually used to make jam or jelly
while the juice from the fully ripened berries can provide
a refreshing drink and can also be made as an excellent
wine. Fruit preserves and pickles may also be created

from these berries. Moreover, its application can also be
exploited in the baking industry and in the production
of brandy and syrups (DA-BAR, Department of agricul-
ture — bureau of agricultural research 2012; Lim 2012;
Barcelo et al. 2016; ERDB, Ecosystems Research and
Development Bureau 2017). Bignay and lipote have been
utilized in folk medicine to treat multiple diseases (Islam
et al. 2018; Micor et al. 2005). Khoo et al. (2017), among
others, indicated that dark-colored fruits are naturally
high in antioxidants.

Vitamin C, also known as ascorbic acid, is one of the
essential bioactive compounds in the human diet. Fruits
such as currants (black, red, and white), grapefruits, hon-
eyberries or haskap berries, kiwis, lemons, mandarins,
papayas, oranges, and strawberries have exceptionally
high levels of this water-soluble vitamin (Giannakourou
& Taoukis 2021; Grobelna et al. 2020; Sapei & Hwa 2014).
According to the Commission Regulation (EU) 432/2012
( 2012), there are several permitted health claims con-
cerning vitamin C. One of which is its fundamental
role in the biosynthesis of collagen for the normal func-
tion of blood vessels, bones, gums, cartilage, teeth, and
skin. Other contributions of vitamin C to human health
include enhanced iron absorption, preservation of vita-
min E, and its participation in the normal functioning of
the immune and nervous systems. Different studies have
also shown that vitamin C preserves the levels of high-
density lipoproteins and reduces the content of total cho-
lesterol, low-density lipoproteins, platelet aggregation,
and fibrinogen in the plasma. Research also provides
scientific proof that vitamin C enhances the bioactiv-
ity of nitric oxide, a known potent vasodilator, that
helps widen the blood vessels, thereby increasing blood
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flow and decreasing blood pressure (Dludla et al. 2022;
Domitrovi¢ 2016; Hillstrom et al. 2003; Juraschek
et al. 2012). Moreover, vitamin C is an excellent antioxi-
dant that helps ameliorate the negative impact of oxida-
tive stress, a condition resulting from an imbalance of
reactive oxygen species (ROS; e.g. superoxides, perox-
ides, radicals, etc.) levels relative to intrinsic antioxidant
defense systems (Savini et al. 2013). It acts by donating
or receiving a supplementary electron that terminates
the chain of oxidative reaction (Halliwell, 2007). Based
on those mentioned properties, vitamin C has been rec-
ognized as an effective agent for the prevention of car-
diovascular and neurodegenerative diseases, certain
types of cancer, atherosclerosis, and diabetes (Chambial
et al. 2013; Moser & Chun 2016). Furthermore, ascorbic
acid is considered the primary indicator of quality during
the processing and storage stages. Generally, the reten-
tion of ascorbic acid translates to the retention of other
bioactive compounds. Nevertheless, owing to the reduc-
ing and antioxidative properties of ascorbic acid, it is
commonly used in the food industry for preventing the
enzymatic browning of horticultural crops and for the
curing of meats (Giannakourou & Taoukis 2021).

As food innovators and manufacturers continue to
invest in adding a health criterion in their products, there
have been numerous efforts to boost ascorbic acid reten-
tion in functional foods even after processing and stor-
age. According to Lee and Kader (2000), the content of
vitamin C in fruits and other horticultural crops can be
influenced by various factors like species, variety, matu-
rity, and processing methods. Ascorbic acid may be
higher or lower during the peak of maturity, depending
on the fruit type (Brandéo et al. 2011; Sapei & Hwa 2014).
Common processing methods, such as blanching and
steaming also affect vitamin C content (Rickman et al.,
2007). Blanching is a type of mild heat treatment popu-
larly used to inactivate enzymes in fruits before storage
or further processing (Huang et al. 2016). Steaming is a
cooking method that uses steam by continuous boiling of
water until it vaporizes (Lafarga et al. 2018).

Most of the studies on the vitamin C content of big-
nay are limited to using fresh, ripe fruits. For instance,
Khomdra et al. (2017) found that the ascorbic acid con-
tent of an Indian bignay cultivar was 7.80mg/100g fresh
weight. Castillo-Israel et al. (2020) assessed the effects of
maturity and processing on the antioxidant properties of
bignay ‘Common; but excluding its vitamin C content.
The blanched bignay seeds and flesh generally had higher
antioxidant activity than steamed and unprocessed sam-
ples. The seeds and flesh of fully ripe fruits had generally
higher antioxidant levels and antioxidant activities rela-
tive to unripe and half-ripe samples. Studies on lipote are
even more scant and limited to plants under the same
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genus. For example, Nunes et al. (2016) reported that lyo-
philized samples of Malay Apple (Syzygium malaccense)
had 171.14+1.61 mg AA/100g, while Ayyanar and Sub-
ash-Babu (2012) found that Jambolan (Syzygium cumini
(L.) Skeels) had 5.70-18.00mg AA/100g. The vitamin C
content of bignay and lipote as affected by maturity and
processing has not been quantified yet. Therefore, this
study aimed to determine the influence of maturity stages
and processing techniques (specifically blanching and
steaming) on the vitamin C content of the selected Phil-
ippine indigenous berries. The industrial use of bignay
and lipote can be expanded as this study laid down some
basis for these fruits to be used as functional food ingre-
dients. For example, different products may be derived
from these berries like spray-dried and freeze-dried juice
extracts for instant beverages and freeze-dried pulp pow-
der for immediate healthy snacks. It can also be incor-
porated into a known commercial product (e.g. juices
and purees) for possible enhanced bioactive content
(Grobelna et al. 2019b). Information on the degradation
of vitamin C brought about by processing is relevant in
development of processing methods for functional foods
which will be developed out of these fruits in the future.
The potency of the final product is the most important
attribute of a functional food, and this study has shown
trends in vitamin C levels when subjected to various heat
treatments.

Materials and methods

Chemicals

All chemicals used in this study were HPLC grade or
analytical grade. HPLC water and acetonitrile were sup-
plied by Duksan Pure Chemicals Co., Ltd. (South Korea).
Phosphoric acid (H;PO,) and sodium hydroxide (NaOH)
were purchased from RCI Labscan (Bangkok, Thailand).
L-ascorbic acid was procured from Sigma-Aldrich Cor-
poration (Singapore), ethylenediaminetetraacetic acid
(EDTA) was obtained from ].T. Baker® (New Jersey,
USA), sulfuric acid (H,SO,) was acquired from Macron
Fine Chemicals”™ (New Jersey, USA), and metaphos-
phoric acid (MPA) was purchased from Merck (Darm-
stadt, Germany).

Sample preparation

Bignay (Antidesma bunius (Linn.) Spreng), varieties,
‘Common’ and ‘Kalabaw;, and lipote (Syzygium polyceph-
aloides (C. B. Rob.) Merr) fruits were harvested in the
province of Laguna, Philippines. The identity of the plant
materials was validated by a curator from the Botani-
cal Herbarium, Museum of Natural History, University
of the Philippines, Los Bafos. The collected fruits were
washed and cleaned with tap water and divided into
three maturity stages according to their size and color.
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Each maturity stage was subdivided into three groups.
The first group was blanched in a water bath at 90+5°C
for 2minutes, the second group was steamed through a
one-layer stainless-steel food steamer at 105+5°C for
5minutes, and the last group was left unprocessed. The
seeds and the flesh with the skin were manually separated
and were lyophilized using a freeze-dryer. The lyophi-
lized samples were pulverized using a DV Tech® grinder
Model 525 (Madrid, Spain), and the resulting fine powder
was sieved through 10-mm mesh sieves, then stored in a
clean, dry, and airtight container away from direct light at
room temperature until further use.

Vitamin C extraction

The extracting solution used was based on the method
described by Franke et al. (2004) with some modifica-
tions. About 167 mg of the powdered freeze-dried sam-
ples were extracted with 5mL of the extracted solution
containing 3% MPA, 0.15M H,SO,, and 1mM EDTA
for 60minutes at 4°C, in the dark. The supernatants
were collected and transferred to an amber glass bottle
and stored at 4°C before subjecting to chromatographic
analysis.

Vitamin C analysis via HPLC

All standard solutions and sample extracts were filtered
using a 0.22-pm PVDF syringe filter. Exactly 500 uL of
the filtered standards and samples were placed in 1.5mL
HPLC vials, and sample injection volume was set at 10
uL. Analysis of vitamin C was performed using Shimadzu
Prominence HPLC (Tokyo, Japan) equipped with an
LC-20AD pump with DGU-20A5R degasser, Sil-20AHT
UFLC autosampler, and SPD-M20A diode array detec-
tor. Separation was carried out using an Inertsil ODS-3
(250mm x 4.5 mm x 5 pm) reverse-phase C18 column pro-
tected with an Inertsil ODS-3 (4.0mm x 10mm x 5pum)
guard column. The entire chromatographic analysis was
maintained at 25°C using a CTO-10ASVP column oven
and isocratic elution was conducted using 88:12 (v/v)
acetonitrile:water (at pH2.50, acidified with H;PO,) at a
flow rate of 1 mL/min. Vitamin C detection was carried
out at 254nm using an M20A diode array detector. Chro-
matograms were obtained and analyte peaks were ana-
lyzed using the LabSolution software and all analyses were
done in triplicate.

Method validation

Magnusson and Ornemark (2014) mentioned various
parameters that need to be established to validate an ana-
lytical method for its intended purpose. These include
linearity, accuracy, precision, LOD, LOQ, and robust-
ness. Linearity was defined by identifying the coefficient
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of determination (R2) from the established calibration
graph (plot of concentration versus peak area) of the
series of ascorbic acid standard solutions (25-800 ug/mL).
The accuracy was assessed through the standard addi-
tion method wherein samples were spiked with 50 pg/mL
and 100 pug/mL ascorbic acid standard and calculating the
percent recovery (% recovery=recovered amount*100/
injected amount) of the standard in the mixture. Precision
was evaluated by determining the percent relative stand-
ard deviation (%RSD) of the analytical readings (retention
time and peak area) of six ascorbic acid standard solutions
from the same batch. The limit of detection (LOD) and
limit of quantitation (LOQ) were obtained by multiplying
the ratio of the standard deviation of the y-intercepts and
the slope of the established calibration graph by 3.3 and
10, respectively. Robustness was assessed by computing
the percent RSD of the experimental values upon varying
the pH of the mobile phase (pH2.5+0.5), and the temper-
ature (25°C=£5°C) of the chromatographic analysis.

Statistical analysis

The experiment was laid out in a completely randomized
design (CRD) with results presented as mean=+SD of
triplicate determinations. Two-way ANOVA was used to
evaluate the influence of the maturity stages and process-
ing treatments on the vitamin C content of the flesh and
seed of the berry samples, followed by Tukey’s Honest
Significant Difference (HSD) test for mean comparisons.
Data analysis was carried out using Minitab 18.0 for Win-
dows at 95% significance level.

Results and discussion

Extraction and HPLC analysis of vitamin C in Philippine
indigenous berries

Minimal degradation and maximum recovery of vitamin
C from bignay and lipote fruits were attained using a high
sample-to-solvent ratio (1:30w/v), protecting the extrac-
tion medium from light, working at low temperature
(~4°C), and utilizing vitamin C-preserving chemicals
such as MPA, EDTA, and sulfuric acid. Increasing the
sample-to-solvent ratio creates a higher concentration
gradient and induces mass transfer between the analyte
and solvent while conducting the process devoid of light
and at a low temperature reduces the possible oxidation
of vitamin C (Durdun et al. 2016; Lee & Kader 2000).
Similar observations were also noted by Kalisz and Kiel-
iszek (2021) in their study wherein the vitamin C con-
tent of their berry sample was found most stable in a
refrigerated condition (4°C) and away from direct light
contact. Moreover, the vitamin C extraction process in
the presence of MPA, EDTA, and sulfuric acid provides
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additional stability and protection of the analyte against
various degrading agents (Nelis et al. 1997).

The chosen HPLC parameters offered appreciable
results in terms of the overall chromatographic charac-
teristics (peak’s sensitivity, shape, and area) of vitamin
C which eluted at around 2.477 minutes. A typical chro-
matogram of the standard ascorbic acid measured at
254 nm is shown in Fig. 1, along with the representative
chromatograms of bignay and lipote sample extracts.
Based on the extracted chromatograms, the detected
peak of the samples corresponds to the peak of the
standard ascorbic acid, thereby confirming the identity
of vitamin C in the samples.

Method validation

The HPLC method used here for the quantification of
vitamin C in Philippine indigenous berries was vali-
dated by determining accuracy (recovery), precision,
recovery, linearity, limit of detection (LOD), limit of
quantitation (LOQ), and robustness. A good linearity
(R? value=0.9995) was achieved within the concen-
tration range (25-800pg/mL). A high average recov-
ery (103.81%) was noted and low percent RSD values
(below 1%) were obtained from the repeatability test
of the retention time and peak area of the standard
ascorbic acid indicating high precision. LOD and LOQ
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were 3.840 and 11.635 pg/mL, respectively, implying a
high sensitivity of the method. The low variability (RSD
below 5%) among the data points obtained upon vary-
ing the pH of the mobile phase (3.177% RSD) and the
temperature of the chromatographic analysis (0.932%
RSD) demonstrated the capacity of the present analyti-
cal procedure to remain unaffected by small changes
in the method parameters indicating an appreciable
robustness. Overall, the obtained R% % RSD, % recov-
ery, LOD, and LOQ values indicated a linear, precise,
accurate, sensitive, and robust HPLC method for the
quantitative determination of vitamin C in bignay and
lipote berries.

Effect of fruit maturity and processing treatment

on vitamin Clevels

An increase in vitamin C levels of the berry samples was
observed as fruit maturity progressed (Fig. 2). The vita-
min C content of fully ripe bignay ‘common’ and ‘kala-
baw; and lipote flesh increased by 1.7-, 1.0-, and 0.3-fold,
respectively, compared to their unripe counterparts.
Moreover, processing the samples generally enhanced
the retention of vitamin C. Blanching and steaming of
bignay (cv. ‘Common’ and ‘Kalabaw’) fruit flesh slightly
increased the vitamin C content by 1-38%, while pre-
treatment of lipote fruit flesh greatly enhanced the
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Fig. 1 Representative HPLC chromatograms (A= 254 nm) of a standard ascorbic acid, extracts of b bignay ‘Common; ¢ bignay 'kalabaw’ and d
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yield of vitamin C by 247 and 121% for blanching and
steaming, respectively. Vitamin C levels of bignay and
lipote seeds were significantly affected by fruit maturity
and processing treatment (Fig. 3). Apart from bignay
‘Kalabaw’ seeds, the interaction between the two vari-
ables was also found to be significant (P <0.05). It was
observed that as the fruit matures, the vitamin C con-
tent in bignay (‘Common’ and ‘Kalabaw’) seeds increased
while a decline in lipote seed vitamin C levels was noted
(Fig. 3). Fully ripe bignay ‘Common’ and ‘Kalabaw’ seeds
increased by 0.9- and 0.3-fold, respectively, compared
to their unripe equivalents. In contrast, about 0.6-fold
decrease in vitamin C levels of lipote seeds were noted
in relation to maturity progression. In addition, except
for the unprocessed lipote seeds, the blanching treat-
ment generally enhanced the retention of vitamin C in
the berry samples. A general increase of about 38, 5, and
108% in the vitamin C levels of blanched bignay ‘Com-
mon, bignay, ‘Kalabaw, and lipote seeds was observed,
respectively. On the other hand, the steaming procedure
slightly decreased the vitamin C level in bignay (‘Com-
mon’ and ‘Kalabaw’) seeds and moderately enhanced it
in the half-ripe and fully ripe lipote seeds. A decrease of
about 4 and 0.3% and an increase of around 104% were
observed, respectively, for the steamed berry samples.
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Fruit maturity is one of the major factors that affect the
chemical composition of fruits (Lee & Kader 2000). In the
present study, it was observed that the amount of vitamin
C in the Philippine indigenous berries mainly increased
with maturity. Also, apart from the lipote seeds, the rest
of the fully ripe berry samples generally exhibited the
highest vitamin C content compared to other maturity
stages. The study of Valsikové-Frey et al. (2017) reported
similar findings wherein an increase of about 134% in
the vitamin C levels of tomato fruits were observed upon
full maturation. Badejo et al. (2012) also reported that a
2-fold increase in ascorbic acid content was noted for fully
ripe micro-tom fruits. Other similar findings by Barata-
Soares et al. (2004) in papayas, Martinez et al. (2005) in
red peppers, Cruz-Rus et al. (2010) on grapes, and Pad-
manabhan (2016) on strawberries revealed a positive cor-
relation between vitamin C content and maturity of the
fruits. In the case of lipote seeds, a similar trend was also
reported in the study of Liang et al. (2017) on sweet cher-
ries with decreasing ascorbic acid content in relation to
maturity progression. Despite the observed decrease in
ascorbic acid content per unit fresh weight, the ascorbic
acid content per fruit was reported to generally increase
upon maturity. Since the ascorbic acid content per fruit
was obtained by the product of the average fruit weight
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and the concentration of ascorbic acid based on fresh
weight, the increase in size and weight of sweet cherries
during maturity may be the reason for the overall increase
in the ascorbic acid content per fruit (Liang et al. 2017).
The lipote fruit also exhibits the same characteristics
upon maturity as sweet cherries, thus it is possible that
the ascorbic acid contents of the half-ripe and fully ripe
fruits may be greater than the ascorbic acid content of the
unripe fruit when measured on a per fruit basis.
According to Atkinson et al. (2015), the vitamin C con-
tent of most fruits is generally low during the early stages
of fruit maturity because the fruit is still in the process
of cell development. As the fruit proceeds towards physi-
ological maturity, the ascorbic acid content increases
due to the rise of the concentration of free sugars (Mel-
lidou et al.,, 2012). Monosaccharides such as mannose
and galactose are important precursors in the biosyn-
thesis of ascorbic acid in plants. These sugars are also
derived from glucose through various isomerization and
activation steps (Cruz-Rus et al. 2010). Another physi-
ological manifestation associated with fruit maturity is
cell wall degradation (Waldron et al. 2003). Fenech et al.
(2019) reported that the degradation of cell wall pectin
can provide an abundant substrate for the biosynthesis

of ascorbic acid. The common biosynthetic pathway of
ascorbic acid in plants under L-galactose and D-galactu-
ronate pathways. The latter includes degradation of cell
wall pectin to galacturonate, conversion of galacturonate
to galactonate, and oxidation to galactono-1,4-lactone,
towards ascorbic acid. On the other hand, L-galactose
pathway involves the conversion of mannose to galac-
tose, oxidation of galactose to galactono-1,4-lactone,
and further oxidation to ascorbic acid. The last step of
ascorbic acid biosynthesis is the oxidation of L-galac-
tono-1,4-lactone to L-ascorbic acid catalyzed by L-galac-
tono-1,4-lactone dehydrogenase (GalLDH). Enzymatic
studies indicate that it is an important regulatory step for
L-ascorbic acid biosynthesis (Valpuesta & Botella 2004).
The study of Pateraki (2004) revealed that the ripening-
associated increases in GalLDH mRNA levels were
accompanied by subsequent increases in ascorbic acid
content in melons. This suggests a positive correlation
between ripening and ascorbic acid content in fruits.
In addition, fruit ripening is a developmental process
wherein several oxidative reactions occur, and various
reactive oxygen species (ROS) accumulate (Jimenez et al.,
2002). To balance the excess ROS, the plant’s mechanism
is to increase the levels of antioxidants such as ascorbic
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acid (Meitha et al. 2020). Fruit ripening is also highly
associated with ethylene, the “ripening hormone”. Ascor-
bic acid is necessary as a cofactor for 1-aminocyclopro-
pane-1-carboxylic acid oxidase (ACCO) in the final step
of ethylene biosynthesis. This condition may explain the
increased ascorbic acid content in mature fruits.

Processing treatment is another factor that also affects
the composition and quality of fruits (Lee & Kader 2000).
It is imperative to select suitable processing techniques
to preserve the bioactive compounds and to produce
products that have high nutritional content (Grobelna
et al. 2019a). In the current study, the results obtained
were variable, especially in the seeds of the berry sam-
ples. The amount of vitamin C retained in the berry
samples generally increased upon subjecting to thermal
processing treatment, especially blanching. These were
mainly noted on the fruit flesh of the berry samples.
Except for the unprocessed lipote seeds, the blanched
berries showed the highest retention of vitamin C. More-
over, apart from the bignay (‘Common’ and ‘Kalabaw’)
seeds and the unprocessed lipote seeds, steamed berry
samples also had enhanced retention of the said bioac-
tive compound. The increase in vitamin C retained upon
blanching of the fruits of Philippine berries studied here
was consistent with the findings of Jeevitha et al. (2014),
wherein they reported that blanched peppers had greater
vitamin C retention than their unblanched counterparts.
High retention of vitamin C was also found in dried
mango after the blanching treatment (Guiamba et al,
2018). In the case of steaming, Popova (2019) reported
that about 70% of the ascorbic acid in potato and cauli-
flower was retained after the processing treatment, and
he further suggested that steaming is a suitable pretreat-
ment for vitamin C retention.

Heat treatments like blanching and steaming are said
to improve the levels of bioactive compounds in plant
foods by enhancing the membrane permeability of the
cell matrix and through thermal inactivation or reduc-
tion of enzymes associated with the degradation of
these components (Castillo-Israel et al. 2020). In the
case of vitamin C, heat treatment inhibits the activity of
ascorbic acid oxidase (AAO), the main enzyme respon-
sible for the oxidation of ascorbic acid (Xanthakis
et al. 2018). Lee et al. (2017) further pointed out that
to prevent more degradation and to retain much higher
vitamin C during the heat treatment procedure, the
plant material must be thermally processed at a high
temperature over a short time (HTST). This was high-
lighted because Guiamba et al. (2018) mentioned that
heat treatment at a low temperature over a longer time
(LTST) resulted in a slower inactivation of the AAO
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enzyme, thus leaving a higher chance of ascorbic acid
oxidation in the samples. The study of Wawire et al.
(2011) revealed that heating at temperatures above
90°C for short times (HTST) resulted in complete inac-
tivation of AAO, thereby providing a protective effect
for ascorbic acid against enzyme-catalyzed oxidation.
These findings coincide with the current processing
treatments wherein the blanching procedure (90+5°C
for 2minutes) generally provided greater vitamin C
retention in the sample than the steaming process
(105 £5°C for 5 minutes).

Conclusion

Berries are rich in health-promoting compounds such as
vitamin C. In order for these plant materials to be incor-
porated into various products in the future, it is impor-
tant to evaluate the factors (e.g. maturity and processing)
that provide the highest vitamin C retention in the sam-
ples. Based on the present study, the vitamin C content
of bignay ‘Common; bignay ‘Kalabaw; and lipote fruits
are significantly affected by fruit maturity and processing
treatments (blanching and steaming). In general, the fully
ripe bignay and lipote fruits studied here yielded the high-
est amount of vitamin C. Moreover, subsequent thermal
processing treatments, especially blanching (90+5°C for
2 minutes), generally enhanced the retention and amount
of vitamin C in the said berry samples. Future functional
food development initiatives (e.g. spray-dried and freeze-
dried juice extracts for instant beverages and freeze-dried
pulp powder for immediate healthy snacks) involving
these Philippine indigenous berries may take advantage
of blanching the fully ripe fruits in order for the products
to have improved amounts of vitamin C that may be ben-
eficial to consumers.

Acknowledgements

The authors acknowledge the Department of Science and Technology-
Philippine Council for Health Research and Development (DOST-PCHRD) for
funding this research under the BERRYPINOY Program.

Authors’ contributions

KATCI conceptualized the research, obtained project funding, supervised
the experiments, edited the manuscript. LELF optimized the protocol,
analyzed the samples and data, and was the major contributor in writing the
manuscript. APPT supervised the experiments, edited the manuscript. KJDS
conducted experiments and contributed to manuscript writing. MCMC con-
ducted experiments and contributed to manuscript writing. All authors read
and approved the manuscript.

Funding

The authors express their gratitude to the Department of Science and Tech-
nology - Philippine Council for Health Research and Development (DOST-
PCHRD) for the research funds under the BERRYPINOY Program.

Availability of data and materials
Not applicable.



Castillo-Israel et al. Food Production, Processing and Nutrition

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Institute of Food Science and Technology, College of Agriculture and Food
Science, University of the Philippines Los Bafios, College, 4031 Laguna, Philip-
pines. 2UPLB Natural Products Development Program, University of the Philip-
pines Los Barios, College, 4031 Laguna, Philippines. *Institute of Chemistry,
College of Arts and Sciences, University of the Philippines Los Bafos, College,
4031 Laguna, Philippines. “Grain Quality and Nutrition Center, International
Rice Research Institute, College, 4031 Laguna, Philippines. 5School of Technol-
ogy, University of the Philippines Visayas, Miag-ao, 5023 lloilo City, Philippines.

Received: 30 August 2022 Accepted: 16 February 2023
Published online: 03 July 2023

References

Atkinson RG, Brummell DA, Burdon JN, Patterson KJ and Schaffer R. (2015).
Fruit growth, ripening, and post-harvest physiology. Plants in action,
https.//www.asps.org.au/wp-content/uploads/Chapter-11-Fruit-
growth-ripening-and-post-harvest-physiology.

Ayyanar, M., & Subash-Babu, P. (2012). Syzygium cumini (L) Skeels: A review
of its phytochemical constituents and traditional uses. Asian Pacific
Journal of Tropical Biomedicine, 2(3), 240-246.

Badejo, A. A, Wada, K., Gao, Y., Maruta, T,, Sawa, Y., Shigeoka, S., & Ishi-
kawa, T. (2012). Translocation and the alternative D-galacturonate
pathway contribute to increasing the ascorbate level in ripening
tomato fruits together with the D-mannose/L-galactose pathway.
Journal of Experimental Botany, 63(1), 229-239. https://doi.org/10.
1093/jxb/err275.

Barata-Soares, A. D, Gomez, M. L. P. A, De Mesquita, C. H., & Lajolo, F. (2004).
Ascorbic acid biosynthesis: A precursor study on plants. Brazilian
Journal of Plant Physiology, 16(3), 147-154. https://doi.org/10.1590/
$1677-04202004000300004.

Barcelo, J. M., Nullar, A. R. M., Caranto, J. K. P, Gatchallan, A, & Aquino,

1. (2016). Antioxidant and antimutagenic activities of ripe Bignay
(Antidesma bunius) crude fruit extract. Philippine e-Journal for Applied
Research and Development, 6, 32-43.

Brandao, T.S. D. O, Sena, A. R. D,, Teshima, E., David, J. M., & Assis, S. A. (2011).

Changes in enzymes, phenolic compounds, tannins, and vitamin Cin
various stages of jambolan (Syzygium cumini Lamark) development.
Food Science and Technology, 31, 849-855.

Butkhup, L., & Samappito, S. (2008). Analysis of anthocyanin, flavonoids, and
phenolic acids in tropical bignay berries. International Journal of Fruit
Science, 8(1-2), 15-34.

Castillo-Israel, K. A. T, Sartagoda, K. J. D, llano, M. C. R, Flandez, L. E. L.,
Compendio, M. C. M., & Morales, D. B. (2020). Antioxidant properties
of Philippine bignay (Antidesma bunius (Linn.) Spreng cv.’'Common’)
flesh and seeds as affected by fruit maturity and heat treatment. Food
Research, 4(6), 1980-1987.

Chambial, S., Dwivedi, S., Shukla, K. K., John, P. J,, & Sharma, P. (2013).
Vitamin C in disease prevention and cure: An overview. Indian Journal
of Clinical Biochemistry, 28(4), 314-328. https://doi.org/10.1007/
$12291-013-0375-3.

Commission Regulation (EU) (2012). No 432/2012 of 16 May 2012 establishing
a list of permitted health claims made on foods, other than those refer-
ring to the reduction of disease risk and to children’s development and
health. Official Journal of the European Union, 136, 1-40.

(2023) 5:33

Page 9 of 10

Cruz-Rus, E, Botella, M. A, Valpuesta, V., & Gomez-Jimenez, M. C. (2010). Analy-
sis of genes involved in L-ascorbic acid biosynthesis during growth and
ripening of grape berries. Journal of Plant Physiology, 167(9), 739-748.

DA-BAR, Department of agriculture — bureau of agricultural research (2012).
Promoting less known Pinoy fruits. BAR Research and Development Digest.,
14(4), 1-32 ISSN 1655-3934.

Dludla, PV, Nkambule, B. B, Nyambuya, T. M., Ziqubu, K., Mabhida, S. E.,, Mxinwa,
V, ... Tiano, L. (2022). Vitamin C intake potentially lowers total cholesterol
to improve endothelial function in diabetic patients at increased risk of
cardiovascular disease: A systematic review of randomized controlled trials.
Frontiers in Nutrition, 9, 1011002. https://doi.org/10.3389/fnut.2022.1011002.

Domitrovi¢, R. (2016). Vitamin C in disease prevention and therapy. Biochem
Med (Zagreb)., 16(2), 107-125. https://doi.org/10.11613/BM.2006.011.

Durdun, C, Papuc, C,, Nicorescu, V., Gajaila, I, Goran, G,, Petcu, C,, & Stefan, G.
(2016). The influence of solid-to-solvent ratio and extraction method on
total phenolic content, flavonoid content, and antioxidant properties
of some ethanolic plant extracts. Revista de Chimie -Bucharest- Original
Edition, 67,1922-1927.

ERDB, Ecosystems Research and Development Bureau (2017). Lipote (Syzigium
polycephaloides (C.B. Rob.) Merr.). Research Information Series on Ecosys-
tems (RISE), ERDB, College 4031, Laguna., 29(2), 1-16.

Fenech, M., Amaya, |, Valpuesta, V,, & Botella, M. A. (2019). Vitamin C content
in fruits: Biosynthesis and regulation. Frontiers in Plant Science, 9, 2006.
https://doi.org/10.3389/fpls.2018.02006.

Franke, A. A, Custer, L. J, Arakaki, C,, & Murphy, S. P. (2004). Vitamin C and flavo-
noid levels of fruits and vegetables consumed in Hawaii. Journal of Food
Composition and Analysis, 17, 1-35.

Giannakourou, M. C, & Taoukis, P. S. (2021). Effect of alternative preservation
steps and storage on vitamin C stability in fruit and vegetable products:
Critical review and kinetic modelling approaches. Foods, 2021(10), 2630.
https://doi.org/10.3390/foods10112630.

Grobelna, A, Kalisz, S., Kieliszek, M., & Giurgiulescu, L. (2020). Blue honeysuckle
berry (Lonicera caerulea L.), as raw material, is particularly predisposed
to the production of functional foods. Carpathian Journal of Food Science
and Technology, 2020, 12(3), 144-155.

Grobelna, A, Kalisz, S., Kieliszek, M., & Kieliszek, M. (2019a). Effect of processing
methods and storage time on the content of bioactive compounds in
blue honeysuckle berry purees. Agronomy, 9(12), 860.

Grobelna, A, Kalisz, S., Kieliszek, M., & Kieliszek, M. (2019b). The effect of the
addition of blue honeysuckle berry juice to apple juice on the selected
quality characteristics, anthocyanin stability, and antioxidant properties.
Biomolecules, 9(11), 744.

Guiamba, I. 1. R, Ahrné, L, & Svanberg, U. (2018). Enhancing the retention of
B-carotene and vitamin C in dried mango using alternative blanching
processes. African Journal of Food Science, 12(7), 165-174. https://doi.org/
10.5897/AJFS2017.1645.

Halliwell, B. (2007). Dietary polyphenols: Good, bad, or indifferent for your
health?, Cardiovascular Research, Volume 73, Issue 2, Pages 341-347,
https://doi.org/10.1016/j.cardiores.2006.10.004.

Hasler, C. M. (2000). The changing face of functional foods. Journal of the Ameri-
can College of Nutrition, 19(sup5), 4995-506S.

Hillstrom, R. J,, Yacapin-Ammons, A. K, & Lynch, S. M. (2003). Vitamin C
inhibits lipid oxidation in human HDL. The Journal of Nutrition., 133(10),
3047-3051. https://doi.org/10.1093/jn/133.10.3047.

Huang, Y, Xiao, D., Burton-Freeman, B. M., & Edirisinghe, I. (2016). Chemical
changes of bioactive phytochemicals during thermal processing. Refer-
ence Module in Food Science. https://doi.org/10.1016/b978-0-08-100596-5.
03055-9.

Islam, M. S, Ahammed, M. S., Sukorno, F. I, Koly, S. F, Biswas, M., & Hossain, S.
(2018). A review on phytochemical and pharmacological potentials of
Antidesma bunius. Journal of Analytical and Pharmaceutical Research, 7(5),
602-604.

Janick, J., & Paull, R. (2008). The encyclopedia of fruits and nuts, (pp. 364-365).
UK: CABI International.

Jeevitha, G. C, Anto, A, Chakkaravarthi, A, & Hebbar, H. U. (2014). Application
of electromagnetic radiations and superheated steam for enzyme inac-
tivation in green bell pepper. Journal of Food Processing and Preservation.
https://doi.org/10.1111/jfpp.12288.


https://www.asps.org.au/wp-content/uploads/Chapter-11-Fruit-growth-ripening-and-post-harvest-physiology
https://www.asps.org.au/wp-content/uploads/Chapter-11-Fruit-growth-ripening-and-post-harvest-physiology
https://doi.org/10.1093/jxb/err275
https://doi.org/10.1093/jxb/err275
https://doi.org/10.1590/s1677-04202004000300004
https://doi.org/10.1590/s1677-04202004000300004
https://doi.org/10.1007/s12291-013-0375-3
https://doi.org/10.1007/s12291-013-0375-3
https://doi.org/10.3389/fnut.2022.1011002
https://doi.org/10.11613/BM.2006.011
https://doi.org/10.3389/fpls.2018.02006
https://doi.org/10.3390/foods10112630
https://doi.org/10.5897/AJFS2017.1645
https://doi.org/10.5897/AJFS2017.1645
https://doi.org/10.1016/j.cardiores.2006.10.004
https://doi.org/10.1093/jn/133.10.3047
https://doi.org/10.1016/b978-0-08-100596-5.03055-9
https://doi.org/10.1016/b978-0-08-100596-5.03055-9
https://doi.org/10.1111/jfpp.12288

Castillo-Israel et al. Food Production, Processing and Nutrition

Jimenez, A, Creissen, G,, Kular, B,, Firmin, J., Robinson, S., Verhoeyen, M., Mul-
lineaux, P. (2002). Changes in oxidative processes and components of the
antioxidant system during tomato fruit ripening. Planta 214, 751-758.
https://doi.org/10.1007/5004250100667.

Juraschek, S. P, Guallar, E., Appel, L. J, & Miller 3rd,, E. R. (2012). Effects of
vitamin C supplementation on blood pressure: A meta-analysis of rand-
omized controlled trials. The American Journal of Clinical Nutrition, 95(5),
1079-1088. https://doi.org/10.3945/ajcn.111.027995.

Kalisz, S., & Kieliszek, M. (2021). Influence of storage conditions on selected
quality characteristics of blue honeysuckle berry juice. Agrochimica., 65,
25-37. https://doi.org/10.12871/00021857202112.

Khomdra, S., Arambam, S., Barthakur, S., & Hebbar, H. U. (2017). Biochemical,
nutritional profiling and optimization of an efficient nucleic acid isolation
protocol from recalcitrant tissue of wild edible fruit Antidesma bunius L.
Spreng. International Journal of Current Microbiology and Applied Sciences,
6(4), 253-264.

Khoo, H.E, Azlan, A, Tang, S. T, & Lim, S. M. (2017). Anthocyanidins and antho-
cyanins: Colored pigments as food, pharmaceutical ingredients, and the
potential health benefits. Food and Nutrition Research, 61(1), 1361779.

Lafarga, T, Bobo, G, Vifas, I, Zudaire, L., Simé, J,, & Aguilé-Aguayo, I. (2018).
Steaming and sous-vide: Effects on antioxidant activity, vitamin C, and
total phenolic content of Brassica vegetables. International Journal of
Gastronomy and Food Science, 13, 134-139.

Lee, S, Choi,Y, Jeong, H. S, Lee, J, & Sung, J. (2017). Effect of different cook-
ing methods on the content of vitamins and true retention in selected
vegetables. Food Science and Biotechnology, 27(2), 333-342.

Lee, S. K, &Kader, A. A. (2000). Preharvest and postharvest factors influencing
vitamin C content of horticultural crops. Postharvest Biology and Technol-
ogy, 20, 207-220.

Liang, D, Zhu, T, Ni, Z, Lin, L, Tang, Y., Wang, Z, ... Xia, H. (2017). Ascorbic acid
metabolism during sweet cherry (Prunus avium) fruit development. Public
Library of Science ONE, 12(2),e0172818.

Lim, T. K. (2012). Antidesma bunius. Edible Medicinal and Non-Medicinal Plants,
(op. 220-224).

Magnusson B, and Ornemark U. (2014). Eurachem guide: The fitness for
purpose of analytical methods — A laboratory guide to method validation
and related topics, (2nd ed). ISBN 978-91-87461-59-0.

Marti, N., Mena, P, Canovas, J. A, Micol, V., & Saura, D. (2009). Vitamin C and the
role of citrus juices as functional food. Natural Product Communications,
4(5), 1934578X0900400.

Martinez, S., Lopez, M., Gonzélez-Raurich, M., & Bernardo-Alvarez, A. (2005). The
effects of ripening stage and processing systems on vitamin C content in
sweet peppers (Capsicum annuum L.). International Journal of Food Sciences
and Nutrition, 56(1), 45-51. https://doi.org/10.1080/09637480500081936.

Martirosyan, D., & Singh, J. (2015). A new definition of functional food by FFC:
What makes a new definition unique. Functional Foods in Health and
Disease, 5(6), 209-223. https://doi.org/10.31989/ffhd.v5i6.183.

Meitha, K., Pramesti, Y., & Suhandono, S. (2020). Reactive oxygen species and
antioxidants in postharvest vegetables and fruits. International Journal of
Food Science, 1-11. https://doi.org/10.1155/2020/8817778.

Mellidou, I, Keulemans, J,, Kanellis, AK. and Davey, M\W. (2012). Regulation
of fruit ascorbic acid concentrations during ripening in high and low
vitamin C tomato cultivars. BMC Plant Biol 12, 239. https://doi.org/10.
1186/1471-2229-12-239.

Micor, J. R. L, Deocaris, C. C,, & Mojica, E. R. E. (2005). Biological activity of big-
nay [Antidesma bunius (L.) Spreng] crude extract in Artemia salina. Journal
of Medical Sciences, 5, 195-198.

Moser, M. A, & Chun, O. K. (2016). Vitamin C and heart health: A review based
on findings from epidemiologic studies. International Journal of Molecular
Sciences, 17(8), 1328. https://doi.org/10.3390/ijms17081328.

Nelis, H. J, De Leenheer, A. P, Merchie, G, Lavens, P, & Sorgeloo, P. (1997).
Liquid chromatographic determination of vitamin ¢ in aquatic organisms.
Journal of Chromatographic Science, 35,337-341.

Nunes, P.C, Aquino, J. D. S, Rockenbach, I. I, & Stamford, T. L. M. (2016).
Physicochemical characterization, bioactive compounds and antioxidant
activity of malay apple [Syzygium malaccense (L) Merr. & L.M. Perryl. Public
Library of Science ONE, 11(6), e0158134.

Padmanabhan, P. (2016). Encyclopedia of food and health || strawberries,
193-198. https://doi.org/10.1016/b978-0-12-384947-2.00667-x.

Pateraki, |. (2004). Molecular characterization and expression studies during
melon fruit development and ripening of L-galactono-1,4-lactone

(2023) 5:33

Page 10 of 10

dehydrogenase. Journal of Experimental Botany, 55(403), 1623-1633.
https://doi.org/10.1093/jxb/erh186.

Popova, A.T. (2019). The effect of heating on the vitamin C content of selected
vegetables. World Journal of Advanced Research and Reviews, 03(03),
027-032. https://doi.org/10.30574/wjarr.2019.3.3.0073.

Rickman, J.C, Barrett, D.M. and Bruhn, C.M. (2007), Nutritional comparison of
fresh, frozen and canned fruits and vegetables. Part 1. Vitamins C and B
and phenolic compounds. J. Sci. Food Agric.,, 87: 930-944. https://doi.org/
10.1002/jsfa.2825.

Rincon-Ledn, F. (2003). Functional foods. Encyclopedia of Food Sciences and
Nutrition, (pp. 2827-2832).

Sapei, L, & Hwa, L. (2014). Study on the kinetics of vitamin ¢ degradation in
fresh strawberry juices. Procedia Chemistry, 9, 62-68.

Savini, I, Catani, M., Evangelista, D., Gasperi, V., & Avigliano, L. (2013). Obesity-
associated oxidative stress: Strategies finalized to improve redox state.
International Journal of Molecular Sciences, 14(5), 10497-10538.

Valpuesta, V., & Botella, M. A. (2004). Biosynthesis of L-ascorbic acid in plants:
New pathways for an old antioxidant. Trends in Plant Science, 9(12),
573-577. https://doi.org/10.1016/j.tplants.2004.10.002.

Valsikova-Frey, M., Komar, P, & Rehus, M. (2017). The effect of varieties and
degree of ripeness to vitamin C content in tomato fruits. Acta Horticultu-
rae et Regiotecturae, 20(2), 44-48. https://doi.org/10.1515/ahr-2017-0010.

Waldron, K. W, Parker, M. L, & Smith, A. C. (2003). Plant cell walls and food qual-
ity. Comprehensive Reviews in Food Science and Food Safety, 2, 128-146.

Wawire, M., Oey, I, Mathooko, F, Njoroge, C, Shitanda, D., & Hendrickx, M.

(2011). Thermal stability of ascorbic acid and ascorbic acid oxidase in
African cowpea leaves (Vigna unguiculata) of different maturities. Journal
of Agricultural and Food Chemistry, 59(5), 83—-1774. https://doi.org/10.
1021/jf103469n.

Xanthakis, E.,, Gogou, E., Taoukis, P, & Ahrné, L. (2018). Effect of microwave-
assisted blanching on the ascorbic acid oxidase inactivation and vitamin
C degradation in frozen mangoes. Innovative Food Science and Emerging
Technologies, 48, 248-257.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s004250100667
https://doi.org/10.3945/ajcn.111.027995
https://doi.org/10.12871/00021857202112
https://doi.org/10.1080/09637480500081936
https://doi.org/10.31989/ffhd.v5i6.183
https://doi.org/10.1155/2020/8817778
https://doi.org/10.1186/1471-2229-12-239
https://doi.org/10.1186/1471-2229-12-239
https://doi.org/10.3390/ijms17081328
https://doi.org/10.1016/b978-0-12-384947-2.00667-x
https://doi.org/10.1093/jxb/erh186
https://doi.org/10.30574/wjarr.2019.3.3.0073
https://doi.org/10.1002/jsfa.2825
https://doi.org/10.1002/jsfa.2825
https://doi.org/10.1016/j.tplants.2004.10.002
https://doi.org/10.1515/ahr-2017-0010
https://doi.org/10.1021/jf103469n
https://doi.org/10.1021/jf103469n

	Vitamin C levels of selected Philippine indigenous berries as affected by fruit maturity and processing treatment
	Abstract 
	Introduction
	Materials and methods
	Chemicals
	Sample preparation
	Vitamin C extraction
	Vitamin C analysis via HPLC
	Method validation

	Statistical analysis

	Results and discussion
	Extraction and HPLC analysis of vitamin C in Philippine indigenous berries
	Method validation

	Effect of fruit maturity and processing treatment on vitamin C levels

	Conclusion
	Acknowledgements
	References


