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Introduction

Abstract: Pineapple peels are a potential food waste capable of being repurposed as a
substrate for producing high-antioxidant probiotic beverages. Therefore, this study aimed
to determine the feasibility of using pineapple peels as a substrate for producing high-
antioxidant probiotic beverages through fermentation by Lactobacillus plantarum and
Lactobacillus casei. Pineapple peels juice was fermented for 48 hours and the growth of
microorganisms, reducing sugars, pH, titratable acid, polyphenol compounds, and
antioxidant activity were periodically analyzed. The results showed that after 24 hours, the
growth of L. plantarum and L. casei gradually slowed down. As fermentation time
increased, the levels of reducing sugars and the pH decreased. L. casei reached the highest
titratable acidity of 0.90% equivalent to lactic acid after 48 hours of fermentation, while L.
plantarum reached 1.21%. The percentage of radical inhibition and phenolic compound
increased between 9 and 30 hours of fermentation. The highest inhibition activity of 39%
was achieved after 30 hours of fermentation for L. casei, while for L. plantarum, it reached
55% after 9 hours. This study showed that pineapple peels could produce probiotic
beverages with high antioxidant. It was a suitable alternative for vegetarians or individuals
who were allergic to dairy products.
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and this waste is currently underutilized, leading to
environmental pollution (Roda & Lambri, 2019).
One way to address this waste problem is by

Pineapple (Ananas comosus Mill.) is a tropical fruit
with a unique flavor, taste, and multiple nutritional
benefits. It is widely cultivated in tropical regions
around the world for products such as canned pineapple
and juice, which are very popular among consumers
(Leneveu-Jenvrin et al., 2020). Pineapple is readily
available in Indonesia and has a sweet, slightly acidic
flavor, as well as rich in nutrients including vitamin A,
vitamin C, fiber, vitamin B1, and B6 (Ancos et al., 2016).
Indonesia produced 3,203,775 tons of pineapple in 2022
(BPS, 2023) and the increasing demand has resulted in
large-scale production, leading to a significant amount
of waste. Pineapple has about 60% of its weight as peels,
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processing pineapple peels to derive added value.
Pineapple peels contain many beneficial phytochemical
components  namely  carbohydrates,  vitamins,
polyphenols, and minerals, which can be used as a
source of antioxidant compounds, dietary fiber, and
nutrition for microorganisms (Cornelia & Kristyanti,
2021). Therefore, studies on the use of pineapple peels as
recyclable waste and functional foods are highly needed
(Roda & Lambri, 2019). Functional food is one of the
latest trends in the industry, affirming that food serves
as an energy source and can provide additional health
benefits. Pineapple peels are a potential source of
functional food products that are delicious and
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beneficial for human health (A.R. et al., 2023; Aparecida
Damasceno et al., 2016). The use can be optimized by
examining the composition of bioactive compounds and
exploring ways to incorporate the use into high value-
added foods.

Fermentation of pineapple peels using bacteria
such as Lactobacillus casei and Lactobacillus plantarum is
consistent with the principles of sustainable agriculture
and circular economy, which are increasingly important
in a resource-limited world. Product of fermentation
such as antioxidant can be used in various ways in the
pharmaceutical, food, and cosmetics industries
(Abdullah, 2017; Abraham et al., 2023). L. casei and L.
plantarum are known to have efficient fermentation
capabilities, as well as reduce food waste and enhance
safety by extending the shelf life. Therefore, this study
aimed to investigate the feasibility of using pineapple
peels as a substrate for growth and probiotic production.
The bioactive compounds and activity produced during
fermentation were also evaluated.

Method

Materials

Pineapple peels used in this study were obtained at
a traditional market in Salatiga, while commercial L.
plantarum and L. casei were acquired from the Integrated
Research and Testing Laboratory, Gadjah Mada
University. All the chemicals and reagents used were of
analytical grade and provided by Satya Wacana
University, Department of Chemistry. These materials
were of excellent purity (>90%), thereby requiring no
additional purification.

Sample Preparation

After separating the flesh of pineapple, peels were
subjected to bleaching at a temperature of 85°C for five
minutes, followed by a reduction to room temperature.
A total of 1000 g peels were combined with 400 g water
and crushed in a blender. Using filtration, the solid part
was separated from the liquid part, and then the liquid
part was sterilized at a temperature of 121°C for 15
minutes. The substrates for fermentation process were
enriched with 1 g yeast extract, 1.6 g NH4Cl, and 1 g
MgS04, and 0.1 g sucrose for every 30 ml juice.

Culture Preparation

L. casei and L. plantarum culture was inoculated into
MRSA and incubated at 37°C for 48 hours.
Subsequently, it was transferred to MRSB medium and
incubated for 48 hours at 37°C.

Fermentation
Pineapple peels were inoculated with culture at a
10% (v/v) ratio and subjected to incubation at 37°C for
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48 hours. Periodic sampling was used in this study and
the liquid obtained from fermentation process was used
for the assessment of many parameters, including
microbial growth, reducing sugar, pH and titratable
acid, total phenolic, and antioxidant activity.

Moisture Content

Moisture content was determined using the Ohaus
MB25 moisture analyzer. Pineapple peels were crushed
with a blender without the addition of water, then 1 g
sample was placed on an aluminum plate and heated in
the moisture analyzer.

Ash Content (Cahyanti et al., 2021)

Ash content was determined gravimetrically using
the Vulcan A-550 muffle furnace. Crushed pineapple
peels were weighed in a known mass porcelain crucible.
The crucible containing sample was heated in the muffle
furnace at 575°C for 3 hours. The ash content was
calculated using Equation (1).

weightcrycible + sample ~Welghtempty crucible
% Ash = ; = L x 100 1)
weight crycible + ash ~Weightempty crucible

Fat Content (Hasan, 2022)

Crushed sample was weighed as 10 g in a Soxhlet
thimble and hexane, used as the extraction solvent, was
placed in a fat flask. The apparatus was assembled, and
then the heating process was carried out for 15 hours.
Subsequently, the solvent was evaporated using a rotary
evaporator. Fat content was calculated using Equation

@).

weight of extracted fat

% fat = 100 @)

weight of sample used

Protein Content (Hasan, 2022)

Crude protein content was determined using the
macro Kjeldahl method. A 0.3 g sample was mixed with
0.35 g copper sulfate and 7.5 g sodium sulfate in a
Kjeldahl digestion flask. About 10 mL concentrated
sulfuric acid was added, the mixture was digested, and
a clear light blue color appeared. After cooling, the
digest was diluted to 100 mL in a volumetric flask with
30 ml distilled water. For distillation, the diluted mixture
was placed in the apparatus with 75 mL of 40% sodium
hydroxide. In a receiving flask, 20 mL of 4% boric acid
and mixed bromocresol green and methyl red indicators
were added. Distillation continued until the boric acid
solution indicated a color change. The distillate was
titrated with 0.2 N hydrochloric acid and a blank was
prepared with distilled water. The protein content was
calculated using Equation (3).

(Vs—Vp) XN HCL XAr Nx6,25
massa sampel

% protein = X 100% (3)
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Carbohydrate Content (BeMiller, 2017)
Carbohydrate content was determined using the
difference method based on Equation (4).

Carbohydrate content = 100% - (moisture content + ash
content + fat content + protein content). 4)

Chemical Composition Analysis (modified from(Zulfikar et
al., 2020))

A total of 1 g sample (mass a) was refluxed with 120
ml distilled water at 100°C for 1 hour, separated by
filtration, and subsequently dried (mass b). The dried
biomass was refluxed with 150 ml of 0.5M H>SO, for 1
hour, separated again by filtration, rinsed with distilled
water until neutral, and dried (mass c). The biomass was
soaked in 10 ml of 72% H>SO; for 4 hours, separated by
filtration, rinsed with distilled water until neutral, and
dried (mass d). The product obtained was then
pulverized (mass e). The calculation of fiber composition
was performed based on Equation (5)-(8).

Hot water soluble compound = aa;b x 100 )
Hemicellulose = ba;c x 100 (6)
Cellulose = % x 100 (7)
Lignin === x 100 ®)

Microbial Growth

The growth of L. casei was measured based on
optical density (OD), which was assessed using a UV-
Vis spectrophotometer. About 0.5 g sample was diluted
to 50 ml bacteria suspension in a volumetric flask and
the absorption was measured at a wavelength of 600 nm.

Reducing Sugar

The reducing sugar was measured based on a
previous study (Hidayat & Yunita, 2022) with
modification in the amount of sample. About 0.5 g
sample were combined with 5 ml distilled water and
thoroughly mixed until homogeneous. The liquid phase
was placed into a volumetric flask with a capacity of 10
ml, and the volume was adjusted with distilled water.
About 0.5 ml sample solution was combined with 0.5 ml
aquades and 1 ml DNSA reagent. The mixture was
boiled for 10 minutes and the volume was adjusted to 10
ml. The solution was then scanned to find the maximum
wavelength, and the absorbance was measured at this
point.

pH and Titratable Acid

The Hanna HI-9812-5 pH meter was used for the
pH measurement and titratable acid was determined
based on a previous study (Batali et al., 2021). Sample
weighing 2.5 g was combined with 25 ml distilled water
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and subsequently titrated with a 0.1 M solution of
sodium hydroxide (NaOH) until a pH of 8.2+0.1 was
reached.

Antioxidant Activity

Antioxidant activity of crude extracts was
evaluated by measuring the radical scavenging activity
(RSA) using the DPPH method based on a previous
study (Aryal et al.,, 2019) with modification on sample
preparation. In a concise manner, 0.1 mL sample,
dissolved in methanol to make 1 ml solution, was
introduced into 2 mL DPPH solution at a concentration
of 0.1 mM. The mixture was incubated in a light-
restricted environment for 30 minutes. Subsequently,
the absorbance was determined at a wavelength of
maximum absorption (Amax) of 517 nm, using an
equivalent quantity of DPPH and methanol as a
reference blank.

The percentage scavenging of DPPHe (RSA %) was
calculated using the equation:

% scavenging of DPPH e = AOA_—Al x 100 )
0

Where Ag is the absorbency of the control (solvent
without sample) and Al is the absorbency of sample.

Polyphenol Compounds

The chemical constituents in the extract of
fermented pineapple peels were analyzed using High-
Performance Liquid Chromatography (HPLC) Knauer
GmBH-Jerman Model Smart Line Series, and the
chemicals subjected to analysis included gallic acid and
catechin. High-performance liquid chromatography
(HPLC) used phosphoric acid, water, acetonitrile, and
methanol in a ratio of 14:7:3:1 as the mobile phases. The
stationary phase used was Eurosphere 100-5 C18
(250x4.6mm with pre-column) GJ95.

Result and Discussion

Proximate and Chemical Composition of Pineapple Peels

As shown in Table 1, moisture content in pineapple
peels was estimated at 86%. This was consistent with a
previous study conducted by (Kodagoda, 2017), which
reported moisture content of 87%. The results showed
that ash content was approximately 0.61%. This was
higher compared to the value obtained by (Romelle et
al., 2018), namely 0.40%. Protein content was also higher
at 5.83% compared to previous studies. According to
(Kodagoda, 2017), fat content of pineapple outer peels
was 0.66 %, while moisture content of the inner peels was
0.44%. (Christopoulos & Ouzounidou, 2021) stated that
variations in the quality and nutrition of fruits were
attributed to a complex interplay of factors including
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environmental conditions and genetic variations

(species and varieties) during cultivation.

Table 1. Proximate and chemical composition of sweet

pineapple peels
Compositions Percentage
(X£SD)
Proximate Moisture 86.32+0.35
Ash 0.61+0.00
Lipid 5.83£0.11
Protein 2.25+0.07
Carbohydrate 5.00£0.39
Chemical Water soluble compound 54.11+1.79
composition Hemicellulose 24.25+2.03
Cellulose 15.14+0.25
Lignin 3.02+0.40

Table 1 shows the chemical composition of
pineapple peels, with water-soluble compounds
constituting the largest proportion at 54.11%. This
composition was associated with the presence of polar
compounds such as phenolic (Saraswaty et al., 2017).
Based on the results, pineapple peels were found to
contain 27% hemicellulose, 15% cellulose, and 3% lignin.
This was consistent with a previous study conducted by
(S. Bhat et al., 2022), which reported values of 22%, 19%,
and 5%, respectively. The high cellulose and
hemicellulose content provide a basis for the use of
pineapple peels as a fermentation substrate.

The Growth of Microorganisms and the Reducing Sugar
Content During Fermentation

The growth profiles of L. plantarum and L. casei are
presented in Figure 1, both showing nearly identical
phase behaviors. However, the growth dynamics of L.
plantarum were slower compared to L. casei. The initial
10 hours show a lag or adaptation phase followed by a
log phase, with a slight decline before increasing again.
L. plantarum requires more time to adapt, as shown in
(Slizewska & Chlebicz-Woéjcik, 2020). The study was
carried out to observe the growth of five Lactobacillus
strains when transitioning from MRS to semi-solid
media. The results showed that L. plantarum had a
slower response towards the log phase compared to the
other strains. Similarly, in this study, the bacteria
required more time due to the transition from starter to
growth media.

As shown in Figure 1, the reduced sugar
consumption was high during the lag phase. The
availability of sugar during the fermentation process is a
crucial factor. (Irmayanti, et al., 2020) showed that
providing sufficient sucrose content in probiotic drinks
production derived from tofu waste resulted in a
noticeable rise in the concentration of L. casei.
Specifically, increasing the sucrose content from 10% to
14% led to an increase in L. casei concentration from 4.55
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x 100 to 5.45 x 10°. The reducing sugar slightly increased
before decreasing logarithmically in line with the
growth of L. plantarum. The increase was attributed to
the contribution of dissolved compounds supporting its
existence, such as the hydrolysis of cellulose into
glucose.
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Figure 1. The microbial growth and reducing sugar
concentration during fermentation (a) L. casei and (b) L.
plantarum

Dynamics of pH and Titratable Acidity During Fermentation
Figure 2 shows the dynamics of changes in pH that
occur in fermentation. The results showed a decline in
pH levels, reaching the minimum value of 3.20 after 48
hours of fermentation for L. casei and 3.10 for L.
plantarum after the same period. This was consistent
with previous studies that observed a significant decline
in pH in the initial 12-hour period, followed by a gradual
decrease resulting in a final value of 3 after 48 hours of
fermentation (Mirmohammadi et al., 2021). Lactic acid
bacteria have a high capacity to grow in a wide range of
dietary substrates, particularly those rich in sugar
content, leading to the production of acid that rapidly
reduces the pH of the surrounding medium
(Kondybayev et al., 2022). Parhi et al., (2021) provided a
more in-depth explanation regarding the various forms
of sugar that L. casei could metabolize. These bacteria
have excellent glucose metabolism while lacking the
ability to use galactose and lactose as carbon sources. In
addition, Cui et al., (2021) stated that L. plantarum could
use cellobiose, mannose, D-ribose, and L-fucose, ferment
prebiotics such as fructooligosaccharides (FOS) and
galactooligosaccharide (GOS). The acids generated
through sugar metabolism primarily include lactic acid,
along with succinic acid (non-volatile), as well as acetic
and propionic acids (volatile) (Urdaneta et al., 1995).
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Figure 2. pH and titratable acidity concentration during
fermentation (a) L. casei and (b) L. plantarum
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When fermentation extended over a longer period,
the amount of titratable acid increased accordingly. This
result was consistent with Malik et al., (2019) which used
beetroot juice as a substrate. It was found that the
titratable acid content increased from 0.22% to 0.43%
equivalent to lactic acid after 24 hours of fermentation,
and further by 0.54% after 48 hours for L. casei. In L.
plantarum, the titratable acidity increased from 0.20% to
0.51% equivalent to lactic acid after 24 hours, and further
by 0.64% equivalent to lactic acid after 48 hours. Both L.
casei and L. plantarum reached the highest titratable
acidity of 0.91% and 1.21% equivalent to lactic acid,
respectively, after 48 hours of fermentation. This value
was higher than the 0.6% equivalent to lactic acid found
in cabbage juice inoculated with L. casei (Yoon et al.,
2006). The titratable acid in fermented white and red
potato juice from the Pyeongchang area, Korea,
inoculated with L. casei had a low value of 0.20-0.25%
equivalent to lactic acid (Kim et al, 2012). For L.
plantarum, the titratable acidity was also higher than the
0.88% equivalent to lactic acid found in carrot juice
(Irmayanti, et al., 2020). The observed increase in
concentration during fermentation showed that the
substrate offered sufficient nutrients and lacked any
inhibitory substances capable of impeding the growth of
L. casei (Yoon et al., 2006). Phenolic molecules were
produced in response to the acidic environment through
the formation of hydroxy and ferulic acid. The
accumulation of phenolic compounds led to an elevation
in antioxidant content (Zubaidah et al., 2023).

The increase in acid production and the decrease in
pH occurred in harmony. According to (Bisson et al.,
2023), in general, Lactobacilli under sub-lethal
conditions can develop adaptive stress responses,
resulting in an increased ability to grow at the same
stress level. Bacteria strains are capable of developing
cross-tolerance, showing that the adaptation of cells to
mild stress conditions also enhances the tolerance to
various harsher conditions such as high temperature,
acidity, and the presence of oxygen.

Dynamics of Antioxidant Activity During Fermentation
The various stages observed during fermentation
showed the complex interaction between the release of
nutrients into  the surrounding  water-based
environment and the active microbial metabolism of
lactic acid bacteria. Both the nature and the length of the
process affected the metabolism of the microbial
community, as evidenced in this study by changes in
reducing sugar concentration, total acid, and pH. Figure
3 shows antioxidant activity as radical inhibition. In the
0 h of fermentation, the presence of antioxidant resistant
to initial heat treatment was observed even after
bleaching at 85°C for 5 minutes followed by material
sterilization. Polyphenols in pineapple peels facilitated
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the formation of complexes with bromelain, resulting in
resistance at high temperatures treatment. Jagannath &
K, (2020) provided valuable insights into the heat
resistance  of  bromelain-polyphenol  complexes
compared to free bromelain. The complexes enhanced
thermal stability, retaining the activity even after
exposure to temperatures between 25°C - 85°C.
Meanwhile, free bromelain experienced a 40% decrease
in activity under the same conditions. At temperatures
above 85°C, the activity of bromelain-polyphenol
complexes and free bromelain sharply decreased,
specifically in the range of 85°C - 95°C.

The dynamics of radical inhibition in fermentation
products by L. casei and L. plantarum were different. The
radical inhibition by L. casei decreased after a 3-hour
fermentation, followed by a gradual rise, and the
maximum level was reached after 30 hours. The results
were in line with (Jin et al., 2018) which used mango
pulp as a growth substrate for L. casei. Radical inhibition
activity decreased after 8 hours of fermentation then
slowly increased and reached a maximum value at 32
hours. On the other hand, fermentation products by L.
plantarum showed radical inhibition percentage that
increased after 3 hours. The percentage thereafter
declined at 6 hours and the maximum value was reached
after 30 hours. The results were consistent with (R. Bhat
etal., 2015) which used guava pulp as a growth substrate
for L. plantarum. Radical inhibition activity increased
after 4 hours of fermentation and then declined at 8-12
hours. The maximum value was finally reached after 16
hours.

The percentage of radical inhibition in L. plantarum
fermentation products was higher compared to L. casei.
This was attributed to the ability of L. plantarum to
produce a wide spectrum of enzymes including b-

glucosidase, p-coumaric acid decarboxylase, and
decarboxylase. =~ These  enzymes can degrade
polyphenolic compounds into simple phenolic

compounds (R. Bhat et al., 2015).
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Figure 3. The dynamics of radical inhibition during
fermentation
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Dynamics of Phenolic Content During Fermentation

Phenolic compounds and flavonoids constitute the
largest group of secondary metabolites found in plants
(Cosme et al., 2020). The main phenolic compounds and
flavonoids detected in fermentation product were gallic
acid and catechin. This result was consistent with Li et
al. (2014) that found gallic acid (31.76 mg/100 g dry
extracts), catechin (58.51 mg/100 g), epicatechin (50.00
mg/100 g), and ferulic acid (19.50 mg/100 g) as the main
polyphenols in pineapple peels.

As shown in Figure 4, the level of gallic acid and
catechin in fermentation products by L. plantarum was
higher compared to L. casei. Gallic acid is a phenolic
compound with the highest DPPH radical inhibition
capacity followed by catechin (Li et al, 2021). This
disparity in phenolic content contributed to the higher
radical inhibition observed in L. plantarum fermentation
products compared to L. casei.

The production of flavonoids and phenols occurred
during the early growth phase of L. casei and L.
plantarum. The result reinforced a previous study
showing that pineapple peels contained a high number
of polyphenolic compounds rich in antioxidant (Kumar
et al., 2021). He et al., (2022) also stated that the form of
polyphenols and flavonoids could change during
fermentation, depending on the specific strain used. In
general, fermentation can also alter the phenolic content
in sample. In which fermented jujube juice with L.
plantarum and L. casei, found an increase in total
phenols (Li et al., 2021). Report by Rivera et al., (2023)
added that the optimal fermentation time to maximize
phenolic content and antioxidant activity was 24 hours,
with a subsequent decline occurring after this point.

Phenolic Content (ug/ml)
Phenolic Content (g/ml)

0 3 6 o 24 0 48 0 3 6 o 24 30 18

Time (h})

Figure 4. Dynamics of phenolic content during fermentation
(a) L. casei and (b) L. plantarum

Conclusion

In conclusion, L. casei reached the highest titratable
acidity of 0.90% equivalent to lactic acid after 48 hours
of fermentation, while L. plantarum reached 1.21%. An
increase in the percentage of radical inhibition was
observed between 9 and 30 hours of fermentation with a
similar dynamic between phenolic compounds and
inhibition activity. The highest inhibition activity of 39%
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was achieved after 30 hours for L. casei, while for L.
plantarum, it reached 55% after 9 hours. Based on the
results, pineapple peels have great potential as a suitable
substrate for the development of probiotic beverages
characterized by high levels of antioxidant. This
innovation is a suitable alternative for vegetarians or
individuals who are allergic to dairy products.
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