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Pineapple Waste as Probiotics Candidates for Ruminants
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Abstract: The current study aims to identify the potential of lactic acid bacteria (LAB) from pineapple waste
as candidate probiotics for ruminants. LAB were isolated from the skin of ripe pineapple (Ananas comosus
L. Merr). Pineapple skin was crushed in a chopper then placed in a sealed container and stored in an
aerobic conditions for a week. LAB antimicrobial tests were conducted on four types of pathogenic bacteria
E. coli (NBRC14 and 237), Staphyfococcus aureus (NBRC13 and 267), Baciflus cereus and Staphylococcus
aureus). Bile tolerance testing was performed using 0.3% (w/v) and 0.5 (wiv) oxgall bile solution LAB grown
only in MRS medium were used as a control. Tolerance to bile salts was calculated based on the log
difference in the number of bacterial colonies growing under control versus treatment condition. The smaller
the difference, the more tolerant LAB were to bile salts. Sequence analysis was performed using DNAstar
software. Sequence alignment was analyzed by comparing the queried PCR sequences with those the NCBI
Gene Bank data base using BLAST and then kinship examined with Clustal W. Lactobacillus plantarum
isolates extracted from pineapple skin were able to live and thrive at room temperature for 6-h in storage and
with stand a 0.3% (w/v) bile salts solution while maintaining optimum growth. These LAB were also able to
inhibit the growth of pathogenic bacteria as Salmonella typhimurium, Escherichia coli, Bacillus cereus and
Staphylococcus. The result suggest that LAB extracted from pineapple skin waste including L. plantartum and

L. pentosus have the potential to be used as probictics for ruminants.
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INTRODUCTION

Pineapple waste such as the skin contains vitamin C,
flavonoids, saponins and phenols which have been
shown improve milk quality (Mardalena et a/., 2011) and
body weight gain (Mardalena, 2012) in livestock by
increasing the digestibility of feed and energy sources in
the form of volatile fatty acid (Mardalena ef al., 2014).
Aside from being a source of antioxidants, pineapple
skin waste also contains lactic acid bacteria (LAB).
Mardalena et al. (2015) found that LAB isolated from
fermented pineapple skin form yellowish-white shiny,
round colonies.

The term “probiotics” comes from the Greek word
meaning “to live”. The term was first used by Lilley and
Stillwell in 1965 and defined as a substance that was
produced by microbes that can stimulate growth of other
microbes (Sunaryanto et al., 2014). |n fact probictics are
live microbial feed additive that can improve the balance
of microbes in the digestive tract of host animals,
thereby increasing health and productivity (Fuller, 1989).
Recent trends have favored the use of natural feed
additives to manipulate fermentation in the rumen as a
replacement for additives such as antibiotics and
chemicals that are ionophore increasing (Wallace et af,,
2002; Hristov et al., 2003). Feed Additive are considered
ideal if they meet certain requirements such as not

being harmful to animals, humans, or the environment
and do not leave residues in the body of animals
products (Santoso et al,, 2013).

Salminen and Wright (2004) stated that the main
microorganisms contained in probiotics are fungi, such
as Aspergillus oryzae, Saccharomyces cerevisiae and
LAB including L. planfarum and L. acidophilus. Bacteria
can be probiotic if they can survive the stomach and
small intestine, being able to tolerant of acidic
conditions and bile salts (Tuomola et al., 2001; Sunny-
Roberts and Knoor, 2008). In addition, probiotic bacteria
as a group should also be safe or generally recognized
as safe. Results of some previous studies have
indicated that use of Saccharomyces cerevisiae as a
probiotic in  ruminants can increase productivity
(Newbold, 1995) and reduce methane emissions (Lila
et al., 2004; Mwenya ef al., 2004). Currently, there is no
information about the potential of LAB derived from
pineapple skin as probictics in ruminants. Therefore, the
present study aimed to isolate and identify LAB strains
in pineapple skin waste and test their potential use as
probiotics in ruminants.

MATERIALS AND METHODS
Lab and gram staining: LAB were isolated from the skin
of ripe pineapple (Ananas comosus L. Merr). Pineapple
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skin was crushed in a chopper then placed in a sealed
container and stored in an aerobic conditions for a week.
After, LAB isolates were sup planted in liquid the Man
Rogosa Sharp (the RMS) medium, then streaked onto
solid medium in an anaerobic jar to verify their purity.
The rejuvenated LAB isolates were grown for 24 h in
liguid MRS medium in an anaerobic jar for better growth
and incubated at room temperature. When cultures were
ready for testing LAB colonies were Gram staining
according to the method of Dwidjoseputro (1994).

LAB cultures: LAB bhacteria were grown in MRS medium
for 24 h at room temperature. A total of 1 lub of bacteria
were inoculated in 50 ml of liquid MRS medium, placed
in an anaerobic jar then incubated at room temperature
for 24 h as a sub-culture. After a sub-culture 24 h,
bacteria were cultured in 10% liquid MRS medium by
pipetting 10 ml of the sub-culture in 90 ml of fresh liquid
MRS medium and then spread by culture ages (0-8 h
in 1 h intervals). Spreading was completed by serially
diluting up to 100 ul and distributing them into petri
dishes containing solid MRS medium and incubated at
room temperature for 48 h. LAB culture production was
then calculated bacterial growth curve created (Mustopa,
2009).

LAB isolates with antimicrobial activity. LAB
antimicrobial tests were conducted on four types of
pathogenic bacteria £ cofi (NBRC14 and 237),
Staphylococcus aureus (NBRC13 and 267), Baciflus
ceretis and Staphylococcus aureus (ATCC 25923, Lab
Collection PAU IPB Begor, Indonesia). LAB cultures (3
ml) were centrifuged at 8000 rpm for 5 min at 4°C and
the supernatants used for antimicrobial testing. Bacteria
(200 ml) already rejuvenated in Nutrient Broth were
mixed with 20 ml of liguid Nutrient Pudding 40°C before
being poured into a sterile petri dish and allowed to
stand for 30 min to harden. Using sterile tweezers,
paper discs were placed ahove, sterile tweezers Nutrient
Pudding was then dropped intc 20 ml of LAB
supernatant with a micro pipette and placed into
antibiotic penicillin testing of paper as a comparison,
then incubated at 37°C anaerobically. The zone of
inhibition surrounding each colony was measured after
24 h using a ruler (Mustopa, 2009).

LAB isolate tolerance to bile salts: Bile salt tolerance is
a prerequisite for LAB colony formation and activity in
host digestive system (Havenaar et af, 1992). Bile
tolerance testing was performed using 0.3% (wfv) and
0.5 (wiv) oxgall bile solution LAB grown only in MRS
medium were used as a control. Tolerance to bile salts
was calculated based on the log difference in the
number of bacterial colonies growing under control
versus treatment condition. The smaller the difference,
the more tolerant LAB were to bile salts.
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Lab isolate identification polymerase chain reaction
{(PCR): Identification of LAB strains was completed with
PCR amplication of 165 rRNA gene amplification by
Polymerase Chain Reaction (PCR) and NCB (Basic
Local Alignment Search BLAST) analysis of DNA
sequences. http:/faww.nchi.nlm.nih.gov.

Sequence analysis was performed using DNAstar
software. Sequence alighment was analyzed by
comparing the queried PCR sequences with those the
NCBI Gene Bank data base using BLAST and then
kinship examined with Clustal W (Mustopa, 2009).

RESULTS AND DISCUSSION
Rejuvenation of LAB and gram staining: LAB isolate
rejuvenation produced pure cultures used for

experimental assays such as for Gram staining (Fig. 1).
Rejuvenation of bacteria was necessary to purify
bacteria kept in refrigeration and produced more young
bacteria. Unus (2005) showed that if bacteria are too old,
they can absorb safranin (red color) and cause Gram-
positive to be misidentified as Gram-negative.
Morphological examination revealed LAB isclates were
rod-shaped, Gram-positive, catalase-negative and dark
purple in color. Surono (2004) stated that variation in
LAB characteristics is normal, but all are Gram-positive
bacteria. Fardiaz (1992) classified of LAB and catalase-
negative, as Lactobaciflus, while spherical bacteria with
an array of short and long chains belong to the genus,
Sireptococcus. These results indicate that the LAB
isolates are potential candidate probiotics.

Culture of LAB isolates: Table 1 shows that optimal LAB
growth was obtained after being stored for up to 6 h at
room temperature but decreased drastically there after.
After 6 h in storage, the average number of LAB obtained
was 102 x 10° CFU/g. LAB isolates left at room
temperature for up to 6 h could be -5°C to avoid bacterial
death.

Figure 2 shows that LAB growth consisted of several
phases of activity. According to Urnemi (2012) HB3.3
LAB growth is comprised four phases; lag, exponential
growth, stationary growth and death. In the lag phase
(0-3 h), the bacteria will acclimatize to environmental

Table 1. Growth of lactic acid bacteria time at room temperature
--—---———--—-- Bacteria No. (CFU/g)

Incubation KLN1 KLN2 KLN3
time (h) Isolate Isolate Isolate

0 3.8x108 4.0x10° 39x 108
1 4.6x 108 5.2x10° 49x10°
2 58x 108 58x10° 58x 108
3 7.4 108 7.5x10° 7.4x10°
4 15.2x10° 16.0 x 10° 15.6x 10°
5 20.7 x 10° 20.0 x 108 204 x10°
6 101 x 10° 103 x 10° 102 x 108
7 40x 108 44 x 108 42x10°
8 29 x 10° 26 x 10° 28 x10°
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Table 2: Lactic acid bacteria antagonist test at pH 4.37 and 6

Inhibition zone diameter {cm)

el L I B L — pH 6

- Well ——--—- -—-- Clear zone -— - Well ——--—- —-- Clear zone -——
Pathogenic bacteria type 1 2 1 2 1 2 1 2
B. cereus 0.75 0.75 1.45 1.45 0.75 0.75 1.3 1.35
E. coli 0.75 075 1.45 1.45 0.75 0.75 1.3 1.3
Staphylococeus aurels 0.75 0.75 1.45 1.45 0.75 0.75 1.3 1.3
S almonella typhimurium 0.75 0.75 1.25 1.25 0.75 1.15 1.15 1.15
Table 3: Results of BLAST analysis of lactic acid bacteria isolate DNA sequences
Accesion Number BLAST result Max score Query coverage E-value Max. Identify
FJ 7493741 Lactobacillus plantarum IMAU-4 2352 99% 0.0 99%
LC 071808.1 Lactobacillus pentosus JCM-1558 2351 99% 0.0 99%
KP 889230.1 Lactobacillius plantarim
FJ-005 2351 99% 0.0 99%
KT 327853.1 Lactobacillus plantarum
S-27 2351 99% 0.0 99%

Table 4: Lactobacillus plantarum resistance to bile salts

Treatment Time incubation (h) No. of cells (CFU/mI)
MRS 0 1.5x10°¢

3 7.2x10°8
MRS+0.3 GE 0 20x10°

3 7.7x10°8
MRS+0.5 GE 0 2.8x10°

3 7.6x10°

GE: Bile salts. MRS: de Man Rogosa Sharp medium

Fig. 1: Culture of pure lactic acid bacteria isolates

conditions (pH, temperature, nutrients, etc); this phase
of bacterial growth is slow. In the exponential phase
(4-6 h) the bacteria grows very quickly. In the stationary
phase, there is neither an increase nor a decrease in
the number of bacterial cells because the growth rate is
equal to the death rate. Lastly the death phase (7-24 h)
begins when the number of dead or drying cells exceeds
that of growing cells.
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Antimicrobial potential of LAB isolates: We found that
pineapple skin LAB isclates were antagonistic toward
four types of pathogenic bacteria including Salmonelia
typhimurium (ATCC 14028), E. cofi (ATCC 25922), B.
cereus and Staphylococcus aureus (ATCC 25923) (Table
2).

LAB isolates showed large zones of inhibition reaching
between 1.15 to 1.45 cm in diameter. Zone of inhibition
results of in the present study are larger than those
reported by Yurleni ef a/. (2014), who showed that LAB
isclates from fermented durian (DFY1) had a 1-1.3 cm
zone of inhibition, while Urnemi (2012) reported that the
zone of inhibition of LAB isclates from fermented
Trinitario/hybrid cocoa varieties ranged from 27.00-32.50
mm. LAB isolates herein were found to have substantial
antimicrobial activity as shown by their large zone of
inhibition at pH 4.37 and pH 8. According to Surono
(2004) most bacteriocins produced by probiotics are
bactericidal causing loss of membrane potential.
Pelczar ef al (1993) also suggested that the
antimicrobial compounds produced by probiotics can be
used to inhibit microbial growth altogether and/or kill
microbes by damaging cell walls and membranes
leading to |lysis or inhibition of the synthesis
components.

LAB isolates identification: BLAST results showed that
LAB isolates had 99% query coverage with various
strains of L. plantarum (Table 3).

The most commonly used probiotic bacteria are
Lactobacilli because this group of bacteria possess
almost all of the necessary characteristics of a
probictics. Lactobaciili can lower the pH of the intestinal
environment by converting glucose into lactic acid,
thereby inhibiting the growth of some types of
pathogenic bacteria (Gotcheva et af, 2002). As a
potential probiotic. LAB must be able to successfully
compare with inhibit pathogenic bacteria to maintain the
balance of intestinal microflora (Gildberg et al.,, 1997).
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Fig. 2: Lactic acid bacteria culture curve

Gaggia et al. (2010) stated that LAB can be used as
probiotics to improve gut microbiota because of their
ability to produce various antimicrobial substances
including lactic acid, alcohol, carbon dioxide, diacetyl,
hydrogen peroxide, bacteriocin and other metabolites.

L. plantarum bile salt tolerance: According to
Bezkorovainy (2006), the most serious obstacle for
probictics in the intestines is bile salts and previous
studies of probictic hile salt tolerance in vifre can he
divided into two types tolerance and growth. His study
found Lactobacilli oxgall for up to 3 h and were generally
more tolerant than L. bifidobacterium. The results of L.
plantarum tolerance to bile salts are presented in Table
4 and indicate that L. plantarum isolates were quite
tolerant of both 0.3% (wfv) and 0.5% (wiv) bile salts.
However, tolerance was higher with 0.3% (w/v) bile salts.
Du Toit et al. (1998) suggested that LAB tolerance to bile
salts can be attributed to the enzyme bile salt hydrolase,
which helps hydrolyze conjugated bile salts, reducing
the toxic effects of bile on bacterial cells.

Conclusion:; Herein, we found that LAB isolates could be
left at room temperature for up to & h and still have viable
growth. LAB isolates from the pineapple skin waste
were identified as L. plfantarum. L. pfantarum was able
to withstand bile salts at a concentration of 0.3% (w/v)
and still maintain good growth. Further more, result
showed that L. planfarum LAB isolates were able to
inhibit growth of pathogenic bacteria. Including
Salmoneila typhimurium, E. colii, B. cereus and
Staphylococcus aureus. Therefore L. piantarum has the
potential to be used as a probictic in ruminants.
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