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The spontaneous fermentation was carried out on Carica papaya leaf
(CPL) in view of its potential improvement on antioxidant functionality
and cultivation of lactic acid bacteria. The effect of the spontaneous
fermentation on the total phenolic content and antioxidant activity of
CPL, as well as biodiversity profiling were evaluated in this study. Total
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%" 25 1 O Unfermente phenolic content and antioxidant capacity of the fermented CPL were
< 31.14 mg GAE g' and 405.8 mM TE g respectively, higher than the
%’D 20 A unfermented CPL (5.71 mg GAE/g and 130.5 mM TE g) respectively.
£ B Fermented Microbial community was predominantly lactic acid bacteria (LAB) and
= 15 (day 90) yeasts, both populated at 104 to 108 CFU/mL during most part of the
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= revealed Lactobacillus plantarum (Lb. plantarum) as the sole dominant
E bacterial species. More diverse yeasts community was detected by
5 1 PCR-DGGE where succession of Zygosaccharomyces, Saccharomyces,
Candida and Aspergillus genera were detected along fermentation
0 ) fime. Spontaneous fermentation successfully enhanced the fotal
phenolic content and antioxidant capacity of the CPL. The culfivation of
450 - lactic acid bacteria was indicated by the presence of Lb. plantarum,
(B) whereas the disappearance of Enferobacteriaceae confered a safe
— 400 ~ s consumption of the fermented CPL.
S350 A O Unfermented
[ Keywords: Spontaneous fermentation, Carica papaya leaf, total
; 300 A . red phenolic content, antioxidant, lactic acid bacteria
ermente
£ 250 - (day 90)
2 00 Abstrak
Qo

Kaedah penapaian spontan telah dijalankan ke atas daun Carica
papaya (CPL) kerana potensi kaedah ini dalam meningkatkan fungsi
antioksida dan pengkulturan bakteria laktik asid (LAB). Kesan
penapaian sponfan ke atas CPL yang diukur dari sudut jumlah
kandungan fenolik, aktiviti antioksida serta pemprofilan kepelbagaian
biologi di dalam ekosistem penapaian telah dijalankan dalam kajian ini.
Jumlah kandungan fenolik dan akfiviti antfioksida dalam CPL yang
ditapai adalah msing-masing 31.14 mg GAE g' and 405.8 mM TE g,
iqitu lebih tinggi daripada CPL yang fidak ditapai, icitu masing-masing
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pada 5.71 mg GAE/g dan 130.5 mM TE g'. Komuniti mikrobiologi
didominasi oleh spesis LAB dan yis di mana populasi kedua-duanya
pada 104 to 108 CFU/mL sepanjang tempoh penapaian. Spesis
Enterobacteriaceae hanya muncul di awal proses penapaian tetapi
kemudiannya menghilang. Keputusan PCR-DGGE menunjukkan hanya
spesis bakteria Lactobacillus plantarum yang hadir semasa proses
penapaian manakala kepelbagaian spesis yis ditonjolkan melalui
kehadiran Zygosaccharomyces, Saccharomyces, Candida dan
Aspergillus. Kesimpulannya, kaedah penapaian spontan telah berjaya
meningkatkan jumlah kandungan fenolik dan aktiviti antioksida CPL.
Pengkulturan bakteria laktik asid pula dibukfikan melalui kehadiran
spesis  Lactobacillus  plantarum, manakala  ketiadaan  spesis
Enterobacteriaceae memastikan keselamatan pengambilan CPL yang
ditapai.
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Kata kunci: Penapaian spontan, daun Carica papaya, jumlah
kandungan fenolik, antioksida, bakteria laktik asid
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1.0 INTRODUCTION

The medicinal properties of Carica papaya leaf
(CPL) in forklore medicine to treat wound, burn,
infection and fever [1] are well known. Recent
evidences asserted the therapeutic properties of CPL
in treating myriad illnesses; diabetes, cancer,
autoimmune disorder, inflammation [2] and dengue
[3]. Despite these properties, the bioactive
compounds of CPL which consist of polyphenols such
as saponin, tannins ferulic acid, caffeic acid, rutin,
quercetin, protocatechuic acid, quercetin and
kaempferol are not easily absorbed at the digestive
fracts in their native form [4, 5]. Only a finy fraction of
polyphenols, mostly dimeric and monomeric
structures, are directly absorbed at the small
intestine, whereas most polyphenols (90-95%) are
digested by gut microbiota [6].

The benefit of fermentatfion in enhancing the
medicinal functionality of plant materials by digesting
the polymeric polyphenols into lower molecular
weight has been demonstrated by fermented
papaya (Immun’'Age®)[7, 8] and other phenolic-rich
plants [?, 10]. Moreover, the technique is also known
for enrichment of essential amino acids, vitamins,
minerals as well as promoting the growth of
beneficial microorganisms such as lactic acid
bacteria (LAB) which promotes healthy effect such
as immunomodulation and inhibition of pathogen
[11]. Apart from papaya fruit, fermentation on other
parts of the Carica papaya plant such as its root or
leaf is nonexistence. In view of the benefit of
fermentation in  enhancing the functionality of
fermented materials as well as diverse species,
geography, cultivars and the farming practice of the
CPL, spontaneous fermentation technique is a
preferred choice to allow the complex ‘wild strain’ to
colonise the materials and performs diverse
metabolic functions and products in which available
starter culture may in deficient at [12]. Spontaneous

fermentation has been applied on Spider flower
(Gynandropsis gynandra) [13], leek [14], carrot juice
[15], garlic [16] and Cornelian cherry [17] to enhance
the bioactivities or cultivating the probiotic element
of the respective material.

In this study, the changes of phenolic confent,
anfioxidant activity and biodiversity changes during
spontaneous fermentation of CPL were investigated.

2.0 METHODOLOGY
2.1 Fermentation

CPL was purchased from a farm in Banting, Selangor,
Malaysia. The leaf was processed instantly after
harvesting fo maintain its original characteristics. The
fresh CPL was washed to remove physical dirf,
shredded into smaller pieces using kitchen blender
and loaded atf 10 %w/v into a 60 L food grade, high
density polyethylene barrel. Ten %w/v of unrefined
sugar was added as supplement, followed by distilled
water to add to 50 L working volume. The
fermentation was carried out in anaerobic condition
for 100 days at room temperature. Fifteen milliliters
(15 mL) of liquid samples were collected at day 0, 2,
5,10, 20, 40, 60, 75, 0 and 100. The pH of the samples
were instantly measured in duplicate (Mettler-Toledo)
and later proceeded to chemical and
microbiological analyses.

2.2 Sample Extraction

The exiract from fermentation broth was prepared
according to Curiel et al. [?9]. The CPL suspension
collected at day 0 (fresh CPL), day 40 and day 90
were cenfrifuged at 10,000 g for 20 minutes and 5 °C
tfo remove solid debris. Then, the supernatant was
collected and dried by rotary evaporator at 30 °C for
45 minutfes to remove water content and later re-
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suspended with 80% of methanol (MeOH) (R&M) at
1:1 (v/v) to yield methanolic extract (ME). The ME was
purged with nitrogen for 30 minutes, followed by re-
centrifugation (4,600g) for 20 minutes to remove the
residue. Finally, the supernatant was collected and
purged with nifrogen for 45 minutes.

2.3 Total Phenolic Content (TPC)

Extraction of fotal phenolic content (TPC) was
carried out according to Madaan ef al. [18] and
Curiel et al. [9] with some modifications. For the
construction of gallic acid equivalent (GAE) standard
curve, 10 mg of gallic acid (Sigma-Aldrich) was
dissolved in 100 mL of 50% MeOH to yield (100 pg/mlL)
of stock solution and further diluted into 0, 6.25, 12.5,
25 and 50 ug/mL of working solutions. One mililitre of
each working solution was added info 10 mL of
distiled water. Then 1.5 mL of Follin & Ciocalteu’s
(Sigma-Aldrich) reagent was added into each
working solution and incubated at room temperature
for five minutes, followed by addition of four milliliter
of 20% w/v Na2COs (Sigma-Aldrich). Then, distilled
water was added to bring to 25 mL volume and the
assay was left fo stand for 30 minutes at room
temperature. The absorbance value of standard
assays was measured at 765 nm using UV-vis
spectrophotometer. Gallic acid standard calibration
curve was constructed by plotting absorbance
against known concentrations of gallic acid.

For the estimation of TPC of the fermented CPL, 20
mg of dried ME was added into 10 mL of 50% MeOH.
Then, T mL of mixture was added info 10 mL of
distiled water and 1.5 mL of Follin & Ciocalteu’s
reagent followed by incubation for five minutes at
room temperature. Next, four mililitre of 20% w/v
Na2COs3 was added into the mixture followed by
addition of distilled water to bring 25 mL volume. The
assay was left for 30 minutes at room temperature
prior to absorbance reading at 765 nm. All readings
were done in triplicate.

Total phenolic content (TPC) of samples was
calculated in terms of mg gallic acid equivalent per
dry mass (dm) of ME in gram (g) of ME i.e. mg GAE g
1[19].

2.4 Antioxidant Activity

The antioxidant capacity was estimated according
to Vuong et al. [20] with some modifications. For the
construction of standard calibration curve, 10 mg of
(¥)-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid (Trolox) (Sigma-Aldrich) as anfioxidant
model, was added into 20 mL of absolute methanol
and further diluted info 0 to 800 uM of working
solutions. Meanwhile, the free radical model was
assayed by dissolving 24 mg of DPPH (Sigma-Aldrich)
in 100 mL of MeOH and stored at -20 °C until needed.
The DPPH working solution was prepared by mixing 10
ml of stock solution with 45 mL of MeOH which gave
1.1 £ 0.02 absorbance unit at 515 nm with UV-vis
specfrophotometer.

Free radical scavenging activity was assayed by
mixing 0.15 mL of each working solution of Trolox with
2.85 mL of DPPH solution. The reaction of Trolox and
DPPH was dallowed for 24 h under darkness
absorbance reading at 515 nm. Free radical
scavenging activity of ME was assayed by dissolving
20 mg of dry ME in 10 mL of methanol. Then, 0.15 mL
of sample was added into 2.85 mL of DPPH assay.
Finally, the absorbance reading at 515 nm was taken
using UV-vis specfrophotmeter after 24 h incubation
under darkness. All readings were done in duplicate.
It was expressed in terms of milimolar Trolox
equivalent (mM TE) per dry mass (dm) in gram (g) of
MEi.e. mMTE g' dm.

2.5 Microbial Plating

Exactly 0.1 mL of broth collected at day 0, 2, 5, 10, 20,
40, 60, 75, 90 and 100 was homogenized in 0.9 mL of
sterile saline-peptone water, then serially diluted into
appropriate dilution factors and cultivated onto the
following selective media in duplicate: Man Rogosa
Sharpe agar (MRS) for lactic acid bacteria (LAB),
plate count agar (PCA) for total bacteria, Dichloran
Bengal Chloramphenicol (DRBC) agar for yeasts and
MacConkey agar for Enterobacteriaceae. Each
agar solution was supplemented with L. cysteine of
0.05% w/v as reducing agent to improve the
anaerobic condition. Cultivated MRS, PCA and DRBC
media were incubated at 30 °C for 1-2 days, while
MacConkey medium was incubated at 37 °C for 1-2
days in candle jar. After incubation, the number of
viable colonies on the media plates were
enumerated.

2.6 PCR-DGGE

The total genomic DNA of the microorganisms from
each broth sample was exiracted using bead
beating method according fo protocol by
GenElute™ Soil DNA Isolation Kit (Sigma). Prior fo
DGGE, PCR amplification and purification of bacteria
and yeast were carried out.

Amplification of V3 region of 16S rRNA gene of
bacterial DNA by PCR was carried out according to
Muyzer et al. [21] and Shobaky & Montet [22] using a
set of universal primer; forward gc338f (5'-CGC CCG
CCG CGC GCG GCG GGC GGG GCG GGG GCA
CGG GGG GAC TCC TAC GGG AGG CAG CAG-3')
and reverse 518r (5'-ATT ACC GCG GCT GCT GG-3')
resulting approximately 200-250 bp DNA fragments.
Forty GC nucleotide length (underlined) was
clamped to 5' position of the forward primer to retain
partial double stranded structure of DNA fragment.
Each PCR mixture of 50 ul volume consisted of 5 ul of
DNA template, 0.5 uM of each primer, 25 pl of
REDiant 2x mastermix (1st BASE) which comprised of
reaction buffer, 0.06 U/ul of Tag DNA polymerase, 3
mM MgClz and 400 uM of each dNTPs and nuclease-
free water. Each reaction was carried out according
to Chanprasartsuk et al. [23] using a thermocycler
(Applied Biosystems Veriti) at 10 cycles of



68 Mohamad Sufian So’aib et al. / Jurnal Teknologi (Sciences & Engineering) 82:1 (2020) 65-73

denaturation at 95 °C for 1 min, followed by
touchdown annealing temperature by 1 °C from 65
°C to 55 °C after each successive cycle for 1 min and
elongation at 72 °C for 3 min. Additional 20 cycles
were carried out at 94 °C for 1 min, 55 °C for 1 min
and 72 °C for 3 min. Inifial denaturation and final
extension were carried out at 95 °C for 1 min and 72
°C for 10 min respectively. PCR products were
purified using FavorPrep PCR Purification  Kit
(FAVORGEN). About 5 pl of PCR products were
analysed on 2%(w/v) agarose gel in 1 x TAE buffer.

The amplification of D1/D2 region of 26S rDNA
gene of yeast DNA was carried out in two-step
nested PCR, according to Mills et al. [24]. The first PCR
used a set of universal yeast primer, forward NL1 and
reverse NL4 (5'-GGTCCGTGTITCAAGACGG-3')
resulting approximately 600 bp amplicons. The
reactions were carried out at denaturation at 95 °C
for 1 min, annealing at 52 °C for 45 s and extension at
72 °C for 1 min for 30 cycles. Initial denaturation and
final extension were carried out at 95 °C for 5 min
and 72 °C for 7 min respectively. The amplicons was
later purified using FavorPrep PCR Purification Kit
(FAVORGEN) prior to be used as DNA template for
reamplification using a set of GC-clamp (underlined)
NL1 forward primer (5'-
GCGGGCCGCGCGACCGCCGGGACGCGCGAGC
CGGCGGCGGGCCATATCAATAAGCGGAGGAAAA
G-3’) and reverse primer LS2
(ATTAAACAACTCGACTC) resulting approximately
200-250 bp amplicons. The reactions were carried out
according to Bae [25, 26] at denaturation at 95 °C
for 1 min, annealing at 52 °C for 2 min and extension
at 72 °C for 2 min for 30 cycles. Inifial denaturation
and final extension were carried out at 95 °C for 5
min and 72 °C for 7 min respectively. The PCR mixing
conditions and PCR product purification were similar
to bacterial analysis.

The VS20WAVE-DGGE (Cleaver Scientfific Ltd) was
used for sequence specific separation of PCR
products of both bacteria and yeast samples.
Electrophoresis was performed using 1.0 mm thick
8%(w/v) polyacrylamide gel (acrylamide-
bisacrylamide  [37.5:1]) contfaining denaturing
gradient of 30 to 60% of urea and formamide (100%
corresponds to 7 M urea and 40%(w/v) formamide),
increasing in the direction of the electrophoretic run.
Electrophoresis was performed at 130 V for 4 h at
constant temperature of 60 °C. After electrophoresis,
the gel was stained with SYBR®Safe staining dye for
30 min and the resulting DNA bands were analysed
using a gel documentation system (Bio-Rad's Gel Doc
XR+). Subsequently, selected DGGE bands were
excised using sterile razor blade and the DNA of
each band was eluted in 20-50 pl of 0.1xTE buffer
solution and overnight incubation at 4 °C [25]. Next,
for both bacterial and yeast DNA, 5 ul of eluted DNA
was re-amplified using similar  PCR conditions
described earlier using same primer sets minus the
GC-clamp of the respective forward primer.

2.7 DNA Sequencing Analysis

The PCR products from both methods were
submitted to Sanger sequencing service (1st BASE
Laboratory, Selangor, Malaysia) using the same
primers of earlier PCR amplifications. The sequence
identities were determined using BLASTn search from
National Center for Biotechnology Information (NCBI)
database (https://blast.ncbi.nim.nih.gov/Blast.cgi).

3.0 RESULTS AND DISCUSSION
3.1 TPC and Antioxidant Activity

Figures 1 (A) and (B) illustrates the changes of TPC
and DPPH scavenging capacity between
unfermented and fermented CPL exiracts. The final
exfract (from day 90 of fermentation) exhibits higher
value in both TPC and DPPH scavenging capacity i.e.
31.14 mg GAE g' dm and 405.8 mM TE g! dm of TPC
aoand DPPH scavenging activity respectively in
comparison to the fresh extract (day 0) i.e. 5.71 mg
GAE g’ dm and 130.5 mM TE g'! dm respectively.

35 4 (A)

30 A

25 4
O Unfermented

20 A
@ Fermented

day 90
15 - (day 90)

TPC (mg GAE/gtdm)

10 ~

450 - (B)

400 -

350 - OUnfermented

300 A
[ Fermented
250 (day 90)

200 -+

150 ~

Hi

100 -

DPPH scavenging (mM TE g1 dm)

50 -

0

Figure 1 Changes of fotal phenolic content (A) and
antioxidant activity (B) along fermentation time
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The favourable effect of spontaneously fermented
CPL was in accordance fo several lactic acid
fermentation of other plants, e.g. five-time higher
total phenolics of fermented Myrtus communis berries
[?] and Echinacea spp. [27] exiracts, as compared
to their respective unfermented extracts. The
fermented materials also demonstrated better
anfioxidant and antibacterial functionalities in those
stfudies. The benefit of fermentation was also
demonstrated by fermented Cactus Cladodes
(Opuntia ficus-indica L.) in terms of enhanced
anfioxidant and immune-modulation properties [10],
while sponfaneously fermented Cornelian cherry (C.
mas. L.) exhibited high TPC and anfioxidant activity
[17]. Through enzymatic action, the role of
microorganisms such as Lb. plantarum (to be
discussed in later section) during fermentation may
have caused the breakdown of glycosidic and ester
bonds of polymeric phenols into free monomers,
hence boosting the phenolic contents and
antioxidant capacity [?]. This view was coherent with
the predominance of phenolic acids and other
flavonoids in spontaneously fermented Cornelian
cherry as a result of metabolic activities during
fermentation [17] and also shared by fermented
papaya for its improved bioactivity [7]. However,
confradictory outcomes of antioxidant capacity
were reported on spontaneously fermented leek and
spider flower (Gyanandropsis gynandra), where
lower antioxidant capacity of the fermented parts as
compared to their initial materials was blamed on
the rise of certain flavonoids which negatively
impacting the electron tfransfer mechanism of DPPH,
respectively [13, 14].

3.2 Microbial Population Dynamic

Microbial population dynamics of presumptive LAB,
yeasts and Entferobacteriaceae during fermentation
is depicted in Figure 2. Presumptive number of LAB
(to be identified in later section) on MRS grew
exponentially since the initial phase of fermentation
to reach maximum (10 CFU/mL) at day 5, then
fluctuating (between 104 to 10¢ CFU/mL) towards the
end of the fermentation. Presumptive yeast in DRBC
was present throughout fermentation time, where it
reached maximum (108 CFU/mL) at day 30, then
fluctuating between 104 to 106 CFU/mL towards the
end of fermentation. Presumptive
Enterobacteriaceae, harboring potential foodborne
pathogens were only detected during first week of
fermentation and disappeared afterwards.

The initial pH was initially 9.0, then rapidly dropped
to 6.0 at day 2. The rapid acidification could be
correlated with exponential growth of presumptive
LAB observed earlier due to the accumulation of
lactic acid [28]. Afterwards, the pH drop continued,
until it reached the final value of pH 3.0 after 90 day.

10 4 (A) -7
-
t 5
6 4 L

k 'z
T4 W\ e
g 2
° 2 -
= F1
]
s0+/—— 110

0 2 5 15 45 60 75 90

Day of Fermentation
_ 10 (B) r7
E 6
Es
t FS
&0 b N 4:
2 =3
24 3
e L2
o 2
% F1
S 0 0
2 5 45 75 90 100
Day of fermentation
(Q)

10 -7
-
g F 5
% 6 , 4
E % A T
Z 4 w L3
] F2
[:1] 2
= F1
)
= 0 0

0 2 5 30 45 60 75 90 100

Day of fermentation
(D)

-10 r7
—
g F 5
w6
Z -
24 =
3 L2
L2
=’ Fo1
o
=0 1+ 0

0 2 5 15 30 45 60 75 90 100
Day of fermentation

Figure 2 Variation of viable cell counts (solid line) on various
selective medium; PCA (A), MRS (B), DRBC (C) and
MacConkey (D) selective media along fermentation time.
pH (dashed line)

The rapid growth of presumpfive LAB was also
observed during spontaneous fermentation of leek
[29], sauerkraut [11], cocoa bean [30], and carrot
juice [15]. LAB also demonstrated steady population
throughout the fermentation time in those cases. It
confers benefits to the fermented product in many
ways; suppressing the growth of spoilage, thus
prolonging the product’s shelf-life and improving the
product’s flavor. On the other hand, the population
dynamic of undesirable Enterobacteriaceae, where
they were only observable at initial phase of
fermentation agreed well with the spontaneous
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fermentation of other vegetables (carroft juice, caper
berry, leek, sauerkraut, eggplant and cucumber) [31,
32].

3.3 PCR-DGGE Fingerprinting

PCR-DGGE is a culture-independent method which
can provide a better representation  of
microorganism fingerprints of a fermentation than
fraditional plating method. Eight distinct DGGE
bands, shown in Figure 3 which represents the
microbial community throughout fermentation age,
were selected for 16S rDNA sequencing and later
compared with NCBI genbank. All selected bands
displayed 99-100% similarity with NCBI database
where they all belonged to a single Lactobacillus
genus and Lb. plantarum species as presented in
Table 1.

5 10 20 40 60 75 90 100
Fermentation time (day) = -

Figure 3 DGGE fingerprints of V3 region of 16S rDNA gene of
bacteria

Table 1 Sequencing results of selected DGGE bands in
Figure 3

Band Closest a bSimilarity
R Source

no. relative (%)
1 Lb. plantarum CP017374 99
2 Lb. plantarum KT626385 99
3 Lb. plantarum KT626385 100
4 Lb. plantarum KT626385 100
5 Lb. plantarum KT626385 100
6 Lb. plantarum KT626385 100
7 Lb. plantarum KT626385 100
8 Lb. plantarum KT626385 100

ANCBI accession no. from https://blast.ncbi.nim.nih.gov/Blast.cgi
bnumber of identical base/total length of DNA sequence

Lactic acid bacteria (LAB) is the hallmark of a
nufritious and functional fermented food [33]. Among

diverse group of LAB, Lb. plantarum species, such as
the one detected in fermented CPL, characterizes
“"generally recognized as safe” (GRAS) and qualified
presumption of safety (QPS) status of fermented food
products [34]. Implicitly, the prevalence of Lb.
plantarum sufficiently confers the safety of fermented
CPL. In addition fo its role in the safety of the
fermented product, LAB or Lb. plantarum in
particular, act as probiotics which prevent infection
in gastrointestinal  tract (by inhibiting pathogen
adhesion on the intestinal lines), possess
immunomodulation, anfioxidant, anfimicrobial,
antifungal and antimutagenic functionalities [35] as
well as treafing various chronic diseases such as
cardiovascular disease, diabetes, cancer, Alzheimer
and Parkinson [34]. The presence of Lb. plantarum in
the fermented CPL was in agreement with squerkraut
(fermented cabbage) which was produced by
spontaneous fermentation method, although the
latter reported a more diverse LAB presence such as
the ones belonging to Weisella and Leuconostoc
genera [11]. Such diverse microflora was also
ubiquitous in kimchi (Korean traditional fermented
cabbage) [36], leek [29] and spontaneously
fermented carrot juice [15]. Diverse species of LAB
(Lb. fariminis, Lb. fermentum, Lb. namurensis, Lb.
paralimentarius and Lb. plantarum) was also
reported during spontaneous fermentation of
Indonesian sayur asin (fermented mustard), where Lb.
plantarum was the most dominant [26]. The lack of
LAB diversity in the fermented CPL is a subject of
future investigation, particularly the absence of salt
addition during its fermentation, since it was a key
step during spontaneous fermentation of other
aforementioned products.

The prevalent of yeast population throughout CPL
fermentation was in accordance to spontaneous
fermentation of cocoa bean [30] and pineapple
juice [23], while differed from leek fermentation [29]
and carrot juice [15] where the growth of yeast was
only observable at initial fermentatfion. This
discrepancy was caused by different fermentation
methods between the two; cocoa bean and
pineapple juice were single-stage where the
fermented materials were mixed with natural
inoculum since the first day, whereas the
fermentation of leek was preceded by brine
fermentation of fermentation. Furthermore,
competitive interaction between bacteria and yeast
could inhibit the growth of either component [37].

The selected DGGE bands of yeast, shown in
Figure 4 revealed four genera belonging to five
species; Zygosaccharomyces rouxii, Saccharomyces
cerivisiae, Candida glabrata, Aspergillus oryzae and
Aspergillus flavus as presented in Table 2. Generally,
yeast influences the sensory quality and flavour of the
fermented food by producing vast array of aromatic,
volatile metabolites such as higher alcohols, organic
acids, esters, aldehydes, ketones, etc. [30]. For
example, Saccharomyces cerevisiae was
instrumental to chocolate flavor produced from
spontaneously fermented cocoa bean [30]. It is also
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common that Saccharomyces cerevisiae, along with
non-Saccharomyces yeasts such as Hanseniaspora,
Pichia, Candida, Clavispora, Rhodoftorula,
Saccharomycopsis,  Torulaspora,  Metschnikowia,
Issatchenkia and Geofrichum present in the
spontaneously fermented palm, pineapple and
orange juices, apple cider and mangosteen paste
[23]. Saccharomyces cerevisiae and Z. rouxii, where
both were present during spontaneous fermentation
of CPL, produced higher alcohols during
fermentation of soy sauce [38]. Candida spp. and
Saccharomyces spp. were among the prevalent
yeast species in spontaneously fermented kimchi [25]
while Aspergillus oryzae was instrumental part of koji
fermentation for good quality soy sauce [38].

0 2 5 10 20 4060 7590 100
Fermentation time (day)

Figure 4 DGGE fingerprints of D1/D2 region of 26S rDNA
gene of yeast

Table 1 Sequencing results yeast species from selected
DGGE bands in Figure 4

Band Identity aSource bSimilarity

no. (%)

1 Zygosaccharomyces LT631808 97
rouxii

2 Zygosaccharomyces  LT631808 99
rouxii

3 Saccharomyces KX428530 100
cerevisiae

4 Saccharomyces KY400198 100
cerevisiae

5 Candida glabrata KF880794 97

6 Aspergillus oryzae MH997652 97

7 Aspergillus oryzae MH997653 97

8 Aspergillus flavus MH997655 97

9 Candida glabrata KM103010 99

ANCBI accession no. from https://blast.ncbi.nim.nih.gov/Blast.cgi
Pnumber of identical base/total length of DNA sequence

4.0 CONCLUSION

Spontaneous fermentation has successfully
enhanced the TPC and antioxidant capacity of the
CPL. The process also cultivated Lb. plantarum, a

prominent LAB which may deliver probiotic
functionality. The safety of fermented CPL was
conferred by the disappearance of
Enterobacteriaceae, which only present briefly at the
initial phase of fermentation as shown by microbial
population dynamic results, and later undetected by
PCR-DGGE fingerprinting. Fermented CPL may
potentially has better sensory quality due to the
presence of diverse yeast community which
frequently present in many successful fermented
foods to overcome the unpleasant, bitter taste of
conventional CPL products. Further works are
necessary to identify the phenolic and sugar
metabolites, organic acids, alcohols etc. to elucidate
their impacts on the functionality and sensory of the
fermented CPL.

Acknowledgement

The authors gratefully acknowledge the Ministry of
Education Malaysia for funding the research through
600-IRMI/FRGS 5/3 (188/2019) grant.

References

[11  Iskandar, Y., and Mustarichie, R. 2018. Chemical
Compounds Content Determination and a
Pharmacognostic Parameter of Papaya (Carica papaya,
Linn.) Leaves Ethanol Extract. Int. J. Pharmaceuc. Res. &
Allied Sci. 7(3): 1-9.

[2]  Gheith, I., and E-mahmoudy, A. 2018. Novel and Classical
Renal Biomarkers as Evidence for the Nephroprotective
Effect of Carica Papaya Leaf. Biosci. Reports. 38: 1-11.
DOI: https://doi.org/10.1042/BSR20181187.

[3] Subenthiran, S., Tan, C. C., Cheong, K. C., Thayan, R.,
Teck, M. B., Muniandy, P. K., Afzan, A., Abdullah, N. R., and
Ismail, Z. 2013. Carica Papaya Leaves Juice Significantly
Accelerates the Rate of Increase in Platelet Count among
Patients with Dengue Fever and Dengue Haemorrhagic
Fever. J. Evidence-Based Complementary Altern. Med.: 1-
7. DOI: http://dx.doi.org/10.1155/2013/616737.

[4] Canini, A., Alesiani, D., D'Arcangelo, G., and Tagliatesta,
P. 2007. Gas Chromatography-Mass Specfrometry
Analysis of Phenolic Compounds from Carica Papaya L.
Leaf. J. Food Compos. Anal. 20(7): 584-90.

DOI: https://doi.org/10.1016/].jfca.2007.03.009.

[5]  Jafari, S., Ebrahimi, M., Meng, G. Y., Rajion, M. A., and
Jahromi, M. F. 2018. Dietary Supplementation of Papaya
(Carica Papaya L.) Leaf Affects Abundance of Butyrivibrio
Fibrisolvens and Modulates Biohydrogenation of C18
Polyunsaturated Fatty Acids in the Rumen Of Goats. Ital. J.
Anim. Sci. 17(2): 326-335.

DOI: https://doi.org/10.1080/1828051X.2017.1361796.

[6] Cardona, F. Andrés-Llacuevac, C., Tulipania, S.,
Tinahones, F. J., and Queipo-Ortunoa, M. I. 2013. Benefits
of Polyphenols on Gut Microbiota and Implications in
Human Health. J. Nufr. Biochem. 24(8): 1415-22.

DOI: https://doi.org/10.1016/].jnutbio.2013.05.001.

[71  Fujita, Y., Tsuno, H., and Nakayama, J. 2017. Fermented
Papaya Preparation Restores Age- Related Reductions in
Peripheral Blood Mononuclear Cell Cytolytic Activity in
Tube- Fed Patients. PLoS One. 12(1): 1-19.

DOI: https://doi.org/10.1371/journal.pone.0169240.

[8] Somanah, J., Putteeraj, M., Aruoma, O. I, and Bahorun, T.
2018. Discovering the Health Promoting Potential of
Fermented Papaya Preparation- Its Future Perspectives for


http://orchid.uitm.edu.my/irmis/view/boundary/application/myresearch/view_details.php?file_no=heBx3kYhM5gmi0xM0TCFBYNt9Ww7YJLcX1mqxl+uLdzLsrVwl5cwXhSSBLlw2cZ12uVAj9WnwR7d9oeI1Xf5pw==

72

191

[10]

[

2]

3]

[14]

[19]

[e]

7]

(8]

[19]

[20]

[21]

[22]

Mohamad Sufian So’aib et al. / Jurnal Teknologi (Sciences & Engineering) 82:1 (2020) 65-73

the Dietary Management of Oxidative Stress during
Diabetes. Fermentation. 83: 1-14.

DOI: https://doi.org/10.3390/fermentation4040083.

Curiel, J. A., Pinto, D., Marzani, B., Filannino, P., Farris, G. A.,
Gobbetti, M., and Rizzello, C. G. 2015. Lactic Acid
Fermentation as a Tool to Enhance the Antioxidant
Properties of Myrtus Communis Berries. Microb. Cell Fact.

14(67): 1-10.
DOI: https://doi.org/10.1186/512934-015-0250-4.
Filannino, P., Cavoski, I., Thlien, N., Vincentini, O., De

Angelis, M., Silano, M., Gobbetti, M., and Di Cagno, R.
2016. Lactic Acid Fermentafion of Cactus Cladodes
(Opuntia ficus-indica L.) Generates Flavonoid Derivatives
with Antioxidant and Anti- Inflammatory Properties. PLoS
One. 11(3): 1-22.

DOI: https://doi.org/10.1371/journal.pone.0152575.

Touret, T., Oliveira, M., and Semedo-Lemsaddek, T. 2018
Putative Probiofic Lactic Acid Bacteria Isolated from
Sauerkraut Fermentations. PLoS One. 13(%): 1-16.

DOI: https://doi.org/10.1371/journal.pone.0203501.
Capozz, V., Fragasso, M., Romaniello, R., Berbegal, C.,
Russo, P., and Spano, G. 2017. Spontaneous Food
Fermentations and Potential Risks for Human Health.
Fermentation. 3(49): 1-19.

DOI: https://doi.org/10.3390/fermentation3040049.
Bernaert, N., Wouters, D., Vuyst, L. D., De Paepe, D.,
Clercqg, H., Van Bockstaele, E., De Loose, M., and Van
Droogenbroeckb, B. 2013 Antioxidant Changes of Leek
(Allilum ampeloprasum var. porrum) during Spontaneous
Fermentation of the White Shaft and Green Leaves. J. Sci.
Food Agric. 93(9): 2146-2153.

DOI: https://doi.org/10.1016/j.fm.2012.09.016.

Muhialdin, B., Sukor, J., Ismail, R. N., Ahmad, S. W., Me, N.
C., and Meor Hussin, A. S. 2018. The Effects of
Fermentation Process on the Chemical Composition and
Biological Activity of Spider Flower (Gynandropsis
gynandra). J. Pure. Appl. Microbiol. 12(2): 497-504.

DOI: https://doi.org/10.22207/JPAM.12.2.08.

Wuyts, S., Van Beeck, W., Oerlemans, E. F. M., Weckx, S.,
Lievens, B., De Vuyst, L., Wittouck, S., Claes, I. J. J., and De
Boeck, I. 2018. Carrot Juice Fermentations as Man-Made
Microbial Ecosystems. Appl. Environ. Microbiol. 84(12): 1-
16. DOI: https://doi.org/10.1128/ AEM.00134-18.

Kimura, S., Tung, Y., Pan, M., and Su N. 2016. Black Garlic :
A Cirifical Review of lIts Production, Bioactivity, and
Application. J. Food Drug Anal. 25(1): 62-70.

DOI: https://doi.org/10.1016/].jfda.2016.11.003.
Kawa-Rygielska, J., Adamenko, K., Kucharska, A. Z., and
Pidrecki, N. 2018. Bioactive Compounds in Cornelian
Cherry Vinegars. Molecules. 23(2): 1-16.

DOI: https://doi.org/10.3390/molecules23020379.

Madaan, R., Kumar, S., Bansal, G., and Sharma, A. 2011.
Estimation of Total Phenols and Flavonoids in Exfracts of
Actaea Spicata Roots and Antioxidant Activity Studies.
Indian J. Pharm. Sci. 73(6): 666-669.

DOI: https://doi.org/10.4103/0250-474X.100242.

Rahim, M. S. A. A,, Salihon, J., Yusoff, M. M., and Damanik,
M. R. M. 2013. Antioxidative Activity and Phenols Content
in Five Tropical Lamiaceae Plants. J. Trop. Resour. Sustain.
Sci. 1(2): 49-54.

Vuong, Q. V., Hirun, S., Roach, P. D., Bowyer, M. C., Phillips,
P. A., and Scarlett, C. J. 2013. Effect of Exiraction
Conditions on Total Phenolic Compounds and Antioxidant
Activities of Carica Papaya Leaf Aqueous Extracts. J.
Herb. Med. 3(3): 104-11.

DOI: https://doi.org/10.4103/0250-474X.100242.

Muyzer, G., Dewaal, E. C., and Uitierinden, A. G. 1993.
Profiling of Complex Microbial Populations by Denaturing
Gradient Gel Electrophoresis Analysis of Polymerase Chain
Reaction-Amplified Genes Coding for 16S rRNA. Appl.
Environ. Microbiol. 695-700.

El Shobaky, A., and Montet, D. 2015. New Traceability
Strategies based on a Biological Bar Code by PCR-DGGE
using Bacterial and Yeast Communities for Determining

[23]

[24]

(23]

[2¢]

[27]

[28]

[29]

[30]

[31]

(32]

(33]

(34]

[39]

[3¢]

[37]

Farming Type Of Peach. Egypf. J. basic Appl. Sci. 2(4):
327-33.

DOI: https://doi.org/10.1016/].ejbas.2015.06.002.
Chanpraosartsuk, O. O, Prakitchaiwattana,  C.,
Sanguandeekul, R., and Fleet, G. H. 2010. Autochthonous
Yeasts Associated with Mature Pineapple Fruits, Freshly
Crushed Juice and Their Ferments; and the Chemical
Changes During Natural Fermentation. Bioresour. Technol.
101(19): 7500-7509.

DOI: https://doi.org/10.1016/j.biortech.2010.04.047.

Mills, D. A., Johannsen, E. A., and Cocolin, L. 2002. Yeast
Diversity and Persistence in Botrytis-Affected  Wine
Fermentations. Appl. Environ. Microbiol. 68(10): 4884-4893.
DOI: https://doi.org/10.1128/AEM.68.10.4884-4893.2002.
Bae, J. W. 2008. Analysis of Yeast and Archaeal Population
Dynamics in Kimchi using Denaturing Gradient Gel
Electrophoresis. Int. J. Food Microbiol. 126(1-2): 159-166.
DOI: https://doi.org/10.1016/j.ijffoodmicro.2008.05.013.
Mangunwardoyo, W., Abinawanto, Salamah, A., Sukara,
E., Sulistiani, and Dinoto, A. 2016. Diversity and Distribution
of Culturable Lactic Acid Bacterial Species in Indonesian
Sayur Asin. Iran. J. Microbiol. 8(4): 274-281.

Rizzello, C. G., Coda, R., Macias, D. S., Pinto, D., Marzani,
B., Filannino, P., Giuliani, G., Paradiso, V. M., Di Cagno, R.,
and Gobbetti, M. 2013. Lactic Acid Fermentation as a Tool
to Enhance the Functional Features of Echinacea spp.
Microb. Cell Fact. 12(1): 1-15.

DOI: https://doi.org/10.1186/1475-2859-12-44.

Ho, V.T.T., Zhao, J., and Fleet G. 2015. The Effect of Lactic
Acid Bacteria on Cocoa Bean Fermentation. Int. J. Food
Microbiol. 205: 54-67.

DOI: https://doi.org/10.1016/j.iffoodmicro.2015.03.031.
Wouters, D., Bernaert, N., Conjaerts, W., Droogenbroeck,
B. V., Loose, M. D., and De Vuyst, L. 2013. Species Diversity,
Community Dynamics, and Metabolite Kinetics of
Spontaneous Leek Fermentations. Food Microbiol. 33(2):
185-196.

DOI: https://doi.org/10.1016/j.fm.2012.09.016.

Ho, V.T.T., Zhao, J., and Fleet, G. 2014. Yeasts are Essential
for Cocoa Bean Fermentation. Inf. J. Food Microbiol. 174:
72-87.

DOI: https://doi.org/10.1016/j.iffoodmicro.2013.12.014.
Cardenas-Rodriguez, N., Orozco-lbarra, M., and Perez-
Rojas, J. M. 2008. Medicinal Properties of Mangosteen
(Garcinia mangostana). Food Chem. Toxicol. 46: 3227-
3239. DOI: https://doi.org/10.1016/j.fct.2008.07.024.

Pulido, R. P., Ben Omar, N., Abriouel, H., Lo'pez, R. L.,
Canamero, M. M., and Galvez, A. 2005. Microbiological
Study of Lactic Acid Fermentation of Caper Berries by
Molecular and Culture-Dependent Methods.  Appl.
Environ. Microbiol. 71(12): 7872-7879.

DOI: https://doi.org/10.1128/ AEM.71.12.7872-7879.2005.
Swain, M. R., Anandharaj, M., Ray, R. C., and Rani, R. P.
2014. Review Article Fermented Fruits and Vegetables of
Asia: A Potential Source of Probiotics. Biotechnology
Research International. 1-19.

DOI: http://dx.doi.org/10.1155/2014/250424.

Behera, S. S., Ray, R. C., and Zdolec, N. 2018. Lactobacillus
Plantarum with Functional Properties: An Approach to
Increase Safety and Shelf-Life of Fermented Foods.
Biomed Res. Int.: 1-18.

DOI: https://doi.org/10.1155/2018/9361614.

Ahmad, A., Salik, S., Boon, Y. W., Kofli, N. T. A. N., and
Ghazali, A. R. 2018. Mutagenicity and Anfimutagenic
Activities of Lactic Acid Bacteria (LAB) Isolated from
Fermented Durian (Tempoyak). Malaysian J. Heal. Sci. 16:
23-26. DOI: http://dx.doi.org./10.17576/JSKM-2018-04.
Jung, J. Y., Lee, S. H., and Jeon, C. O. 2014. Kimchi
Microflora: History, Current Status, and Perspectives for
Industrial Kimchi Production. Appl. Microbiol. Biotechnol.
98(6): 2385-2393.

DOI: https://doi.org/10.1007/500253-014-5513-1.

Ultee, A., Wacker, A., Kunz, D., Léwenstein, R., and Kénig,
H. 2013. Microbial Succession in Spontaneously Fermented



73 Mohamad Sufian So’aib et al. / Jurnal Teknologi (Sciences & Engineering) 82:1 (2020) 65-73

Grape Must Before, During and After Stuck Fermentation. Bacterium on the Constituent Profile of Soy Sauce during
South African J. Enol. Vitic. 34(1): 68-78. Fermentation. J. Biosci. Bioeng. 123(2): 203-208.
DOI: https://doi.org/10.21548/34-1-1082. DOLl:https://doi.org/10.1016/].jbiosc.2016.08.010.

[38] Harada, R., Yuzuki, M., Ito, K., Shiga, K., Bamba, T., and
Fukusaki, E. 2017. Influence of Yeast and Lactic Acid



