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Background: Post-weaning bacterial infections in piglets caused by resistant strains have increased dramatically. Thai
medicinal plants such as Piper retrofractum, Piper leptostachyum, Piper sarmentosum, Zingiber officinale, Plumbago indica,
Piper betle, Caesalpinia sappan, Garcinia mangostana etc have been widely used in Thai traditional medicine to treat
diarrhea. Thus, these plants were investigated antimicrobial activity against gram negative strain isolated from piglets with
diarrhea.

Objective: To investigate antimicrobial activity of Thai medicinal plants and their isolated compounds in order to develop an
alternative treatment against bacteria causing post-weaning diarrhea in piglets.

Material and Method: Antimicrobial activity of some Thai medicinal plants and their compounds were tested using disc
diffusion and broth dilution methods against bacteria associated with diarrheal disease including Escherichia coli and
Salmonella spp. The extraction was performed by maceration in 95% ethanol.

Results: The results showed that all tested strains were sensitive to P. betle extract. As well as Plumbagin compound from
Plumbago indica also showed antimicrobial activity against all microbes the same of P. betle extract with MIC between 5 to
10 mg/ml, which are different from the group of antibiotics with MIC values between 0.19-2.5 mg/ml, P. betle extracts inhibited
Escherichia coli and Salmonella spp while some antibiotics can inhibit only some types.

Conclusion: The results support the use of Thai medicinal plants for treatment of diarrhea caused by these bacteria. This
study also provides basic knowledge on antimicrobial activity against diarrheal microbe isolated from piglets. These results
lead to further development of an effective formula of Thai medicinal plants for diarrheal disease in post-weaned piglets
and other infectious diseases in the future.
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Post-weaning diarrhea (PWD) is a multi-
factorial condition characterized by frequent discharge
of watery feces that can cause a growth check, morbidity
and mortality®?. This condition is typically associated
with fecal shedding of B-hemolytic enterotoxigenic
strains of Escherichia coli (ETEC). These strains
proliferate in the small intestine after they attach to
epithelial receptors and release toxins® although it’s
recognized that seemingly healthy pigs may also shed
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small numbers of these bacteria®*.

Virulence attributes of the E. coli associated
with PWD are poorly defined and seem to be far more
complex than those of neonatal colibacillosis. Some of
these isolates produce K88 adhesin® and one or more
of three enterotoxins, a heat-labile enterotoxin (LT) and
two heat-stable enterotoxins (ST). Some produce
cytotoxins (VT) detectable by Vero cell assay®® but
the role of VT in diarrhea and its relationship to the
VT produced by edema disease strains® are unknown.
Some enterotoxigenic strains associated with the PWD
do not have known adhesion factors®?.

Thai traditional medicine used many plants to
treat diarrhea. The Thadbunchop Scripture of Thai
traditional medicine book is the lesson of the
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gastrointestinal tract system or diseases and feces
characteristic®?, This scripture composed many
remedies for diarrheal treatment. Twelve plants which
are in anti-diarrheal remedies for humans were chosen
to investigate against bacterial causing PWD which
isolated from post weaning piglets.

Hence, this study aims to investigate the
antimicrobial activity of the extracts of Thai medicinal
plants and their compounds against the bacteria in order
to develop an effective formula for an alternative
traditional plant-based treatment of bacterial infections.
As a consequence, it would prevent and slow the
emergence of resistance among the bacteria causing
diarrhea in post-weaned piglets.

Material and Method
Plant materials and extraction

Twelve Thai medicinal plants were selected
from Thai traditional remedies which used for diarrheal
treatment in the present study. They are fruits of
Piper retrofractum, Phyllanthus emblica, Terminalia
chebula and Terminalia bellirica, root of Piper
sarmentosum and Plumbago indica, stem of Piper
leptostachyum and Piper nigrum, rhizome of Zingiber
officinale, leaf of Piper betle, husk and peduncle of
Garcinia mangostana and wood of Caesalpinia
sappan. All plant materials were collected from many
parts of Thailand. They were kept and identified
voucher specimen (No. BKF) was deposited at the
Bangkok Forest Herbarium, Herbarium Department of
National Parks, Wildlife and Plant Conservation,
Thailand and A voucher specimen (No. SKP) by
Southern Center of Thai Medicinal plant at Faculty of
Pharmaceutical Science, Prince of Songkhla University,
Songkhla, Thailand. Some plant materials were
deposited at the herbarium of Prince of Songkhla
University the place of collection is shown in Table 1.
Plant materials were cleaned with water, sliced to
be small pieces and dried in a hot air oven at 50°C.
Dried plant materials were grinded to be crude powder.

Extraction method

Maceration

The crude powder of each plant was
macerated in 95% ethanol for 3 days and filtered
through a Whatman No. 1 filter paper. The residues
were continuously macerated 2 times. Crude extracts,
from 3 cycles of maceration, were combined and
concentrated by rotary evaporator followed with
vacuum drying and the 95% EtOH crude extracts were
stored at -20°C before used. This extract obtained
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the ethanolic extract and pure compounds from
SIGMAZ® is a matter of substance compared to contain
herbal extracts such as Plumbagin, Piperine, Eugenol,
Myristicin, Gingerol, Shogaol and Brazilin.

All extracts were calculated the percentage of
yield (Shown in Table 1).

Determination of antimicrobial activities

Microorganisms

Sources of infection were isolated from 32
cases of diarrheal piglets in Photharam, Ratchaburi.
The bacterial strains were Escherichia coli, Salmonella
typhi and Salmonella spp. These bacteria were identified
by Betrago Science Center Co, Ltd. the E. coli
ATCC25927 as standard microbe obtained from
Department of Medical Science, Ministry of Public
Health, Thailand.

Preparation of inoculums

Isolated colonies of bacteria were cultured
into Mueller-Hinton broth (MHB) at 37°C for 2 hours.
After that, suspension turbidity was adjusted to
0.5 McFarland standard by densitometer (GrantBio,
England).

Preparation of test disc

The ethanolic extracts of all plants were
dissolved in 1% dimethylsulphoxide (DMSO) to a final
concentration 5 mg/ml.

Antimicrobial activities

The antimicrobial activities were determined
by disc diffusion method according to NCCLS (2004)¢2
for screening and microtiter plate-based antibacterial
assay described previously®™ for determination of
minimal inhibitory concentration (MIC) of the extracts
against the bacteria. The concentration of Thai
medicinal plants was 5 mg/ml per disc.

In briefly, sterilized filter paper discs (6 mm in
diameter) were impregnated with 10 ul of the extracts.
Turbidity to 0.5 McFarland standard were diluted
with Mueller-Hinton Broth (MHB) and swabbed the
entire the Mueller-Hinton Agar (MHA) surface evenly
in three direction with sterile cotton swab, leave the
plate for 3-5 minutes. After that, place the dried paper
discs on to the lawn on the Mueller-Hinton Agar
(MHA). Plates with microorganism and test samples
were incubated at 37°C for 24 hours. Finally,
measurement of inhibition zone (clear zone) around the
disc was interpreted the susceptibility and resistance
of the microorganism to test antimicrobial activity. The

J Med Assoc Thai Vol. 99 Suppl. 4 2016



"pueyiey L ‘AIsIaAIuN BIHBUOS 10 80Ulld ‘S8ouaIdg [ealINadRLIIRYd 10 A1jnoeH 8yl 18 palisodap sem (43S "ON) Uswioads JsYonoA v = dMS
"puB[Iey L ‘UONRAISSUOD 1UR|d PUR BJIIP]IA ‘SYJed [euoneN o Juswiiedaq WwniieglsH ‘wniegsH 158104 Yoxbueg sy 1 pausodap sem (4319 'oN) uawiioads JayonoAy = 4Mg

onawanuy ‘wosjyd sonpay T0ST92902dMS 3Iv3I0VHILIONIZ
‘BAITeUILLIED ‘UOIIRINDIIO POO|Q BI0LIOId 825'8  BWozIyY /86T26T4M4d Lngeyaley Bulyy  809s0y afeutdiyo 1eqibulz (€1
Iv3IOVLIYIINOD
4Bnod andl|ay ‘eayrelp-uY ‘dAljexe 0058 uni4 TOE00Z6Y0dMS LINgeuRyOUR ] ey | -Owes '2)9Y4 eINgayo eljeulwal (21
Iv3IOVLIYIINOD
B3l LIRIp BBYLIRIC ‘BAINRXE] JOJUBWIESIL  08L°9T uni4  TOST9Z90ZdMS LINgeueyaUE ] YouUd-1yd-ows  'gxoy eau||eq erfeutwta) (TT
sploysiowsay pue T0609T8YTdMS Busepbusojyd 3v3OVNI19OVANNTd
dl3UeIPNUR ‘BUJRYIBLIOIS ‘BABUIWIRD 28T 1004 /56T26T4Md oxBueg unwensyo ‘uui ealput ofequind (01
TO6TITIVTAMS 3v30ovyIdid
90UBINIR]S PUR dAITRUIWLIRD ‘JURI0}d8dXT 6259 100y /16T26TAMg LNgeyorey nyd-eyd ‘gxoy wnsojusw.es Jadid (6
3v30ovyIdid
2132.N1P pUe 812401930X3 ‘JUBWS|S ‘SAITRUILLIED vS7'9 PedS  TOYTITIVTIMS Lngeung 1y 1-6ud ‘uur wnubiu sedid (8
TOE09TIVTAMS 3Iv30vHIdid
[e3ULIRIPNUE PUE J1UO) JUSLIRJS ‘SAIRUIULLIED 28TL uni 196T26T4M4d LNngeyaYey 11d-22Q “uur wneyonas Jadid (2
3v30VHAdId biaxe e
BAIUYRUILLIED JO JUBLLIIESI | G98'G wa1s 166T26T4Md reN Bueryd NN-UBYM-eS wnAyoelsorda] Jadid (9
dAlleUIWIED pUE IVv30Vvd3adld
yoewo)s pareo|q ‘ysiBbns ‘Aieusshp Jouswiyesl]  89E'LT  SaAes] 20979V TdMS 1ngeyaley BuenT-niyd  (yea] mojI3A) “uuiT apaq Jadid (S
dAlleUIWIED pUe IVv30Vvd3adld
yoewo)s pareo|q ‘ysiBbns ‘Aieusshp Jouswieall Ty T SaAes] 20979V TdMS 1ngeyaley oelyM-Nud (48] usal9) "uur apaq Jadid (v
an_INIp AVIOVHLAVTIAHC
pue eay.eIp ‘sjuelo1dadxa ybnod ‘Jeolyl sreubaiduwi) 092'82 1ni4 TOS09TTLOdMS Lingeyorey wod-weys-eN ‘uuiT ealjque snyuejjAyd (g
S9SeasIp |eunsalul IVIAIVISNTTO
pue BaYLIRIP J1UOIYD JO JuBWIeRIL  /80'/C [#8d  TOETLOE80AMS e[eA nyy-Buey  "uur eueisobuew eluloleS (2
TO6TE0860dMS IVSONIANNDIT
S91a0RIp puUR B30YLI023] ‘eIfeyliousw ‘21U0) poo|g 19%'8 waIs /00226T AM9 LINqeueyIURY Bue4 ‘uui] ueddes eluidjesse) (T
Jsquinu wol}
S10BAIX® JO pasn Jo uawioads pa199]10D
pasn auldIpaw [euonipeiieyl  PIRIA o ed JBYoNoA jueld aWwreu ey alWeU |ealuelog

sjue|d [euloIPaLU 1Ry JO Pasn aUIDIPaW [RUOIIPEI] IBY L PUB BIEp [edIUBIoqouyla 8yl T 8|gel

S205

J Med Assoc Thai Vol. 99 Suppl. 4 2016



zone of inhibition (clear zone) were calculated by
measuring the diameter. Ampicillin, gentamycin and
norfloxacin as positive standard control were prepared
in concentration 1 ug/mil.

The minimal inhibitory concentration
(MIC) values were determined by microdilution
assay. The ethanolic extracts for testing were dissolved
in Dimethylsulfoxide (DMSO) (Merck Millipore,
Tullagreen). After that, the samples were prepared to
be concentration 10 mg/ml. The cultures were prepared
for 24 hours. The inoculum was adjusted turbidily
equal to 0.5 McFarland standard and diluted with
sterile Mueller-Hinton Broth (MHB) at 1: 200 to give a
final concentration of 5x10° CFU/ml. Serial two-fold
dilutions of each samples were diluted. Then, added
50 ul of the inoculums into sterile 96 wells microtiter
plates. The plates were covered with a sterile plate
sealer and plastic wrap. Then they were incubated at
37°C, 24 hours. After the specified time, added 10 ul of

resazurin solution at concentration 1 mg/ml into each
well. Then, they were continuously incubated at 37°C
for 2 hours. The result was interpreted by the change
of color of resazurin. The antimicrobial testing was
performed in triplicate.

Statistical analysis

All data were carried out in triplicate. Values
of different parameters were expressed as the mean +
standard deviation. Statistical analysis was performed
using Prism Software.

Results

From disc diffusion testing showed in
Table 2, the ethanolic extracts of P. betle and C. sappan
were highly effective in antimicrobial activities against
all types of microbe; Escherichia coli and Salmonella
spp. which are isolated in diarrheal piglets, as well
as Plumbagin. Surprisingly, all antibiotic had no

Table 2. Antimicrobial activity of extracts of Antibiotics, pure compounds and single herbs by disc diffusion method

Substance Extract Gram-negative mean + SD disc diffusion (mm)
E. coli E. coli Samonellatyphi Samonella spp.
ATCC25927  (Pathogen) (Pathogen)
Antibiotics Ampicillin 20.75+0.50 NI NI NI
Gentamicin 21.25+0.50 NI 20.00+0.50 7.18+0.40
Norfloxacin 33.50+0.58 NI 29.5+0.58 20.09+0.54
Pure compounds Plumbagin 14.75+0.50 10.90+0.70  10.00+0.68 14.09+0.30
Piperine NI NI NI NI
Eugenol NI NI NI NI
Myristicin NI NI NI NI
Gingerol NI NI NI NI
Shogaol NI NI NI NI
Brazilin NI NI NI NI
Single herbs Piper retrofractum NI NI NI NI
Piper sarmentosum NI NI NI NI
Piper leptostachym NI NI NI NI
Plumbago indica NI NI NI NI
Zingiber officinale NI NI NI NI
Phyllanthus emblica NI NI NI NI
Terminalia chebula NI NI NI NI
Terminalia bellirica NI NI NI NI
Piper nigrum NI NI NI NI
Piper betle (Green leaf) 12.00+0.82 11.33+0.66  13.67+0.58 12.18+0.40
Piper betle (Yellow leaf) 13.50+0.58 12.10+0.62  13.69+0.58 11.82+0.40
Caesalpinia sappan 7.50+0.58 NI 8.09+0.30 8.09+0.30
Garcinia mangostana NI NI NI NI
Pedicle of mangosteen NI NI NI NI

NI = no inhibition
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zone against E. coli which isolated from diarrheal piglets
or pathogen. P. betle and C. sappan exhibited
higher antibacterial activity against resistant strain
E. coli pathogen than ampicillin, gentamicin and
norfloxacin. They also showed higher effective against
Salmonella pathogen and Salmonella typhi than
ampicillin. Ampicillin had no effect against two types
of Salmonella spp. but P. betle showed clear zone
8.09-13.96 mm. However, they showed less antibacterial
against two Salmonella typhi than gentamicin and
norfloxacin which produced clear zone 20.0-29.5 mm
except gantamicin which showed less antibacterial
against Salmonella pathogen than P. betle (clear zone
=7.08 and 12.18 mm and MIC >10 and 10 mg/ml,
respectively). Green leaves of P. betle showed no
significant difference antibacterial activity against all
type of gram negative bacteria from yellow leaves. Only

one pure compound plumbagin, amain compound from
Plumbago indica, showed high antibacterial activity
against all microbes in range of 10.0-14.75 mm, but
Plumbago indica had no antimicrobial activity.
However, considering from MIC values and green
leaves and yellow leaf of P. betle showed MIC less
than 10 mg/ml (Table 3) and P. betle also showed the
best antibacterial activity against all types of microbe,
the other plants showed MIC more than 10 mg/ml. In
addition, P. betle showed better activity against E. coli
pathogen than ampicillin, gentamycin and norfloxacin.
Thus P. betle should be developed as antibiotic against
E. coli and Salmonella spp. in piglets with diarrhea.

Discussion
Two Thai medicinal plant extracts showed
antibacterial activity against pathogen E. coli in piglets

Table 3. Antimicrobial activity of extracts of antibiotics, pure compounds and single herbs by minimum inhibitory

concentration method

Substance Extract Gram-negative mean + SD
minimum inhibitory concentration (mg/ml)
E. coli E. coli Samonella typhi Samonella spp.
ATCC25927  (Pathogen) (Pathogen)

Antibiotics Ampicillin 25 NI NI NI
Gentamicin >10 NI 0.31 NI
Norfloxacin >10 NI 0.19 1.20

Pure compounds Plumbagin >10 >10 10 5
Piperine NI NI NI NI
Eugenol NI NI NI NI
Myristicin NI NI NI NI
Gingerol NI NI NI NI
Shogaol NI NI NI NI
Brazilin NI NI NI NI

Single herbs Piper retrofractum NI NI NI NI
Piper sarmentosum NI NI NI NI
Piper leptostachym NI NI NI NI
Plumbago indica NI NI NI NI
Zingiber officinale NI NI NI NI
Phyllanthus emblica NI NI NI NI
Terminalia chebula NI NI NI NI
Terminalia bellirica NI NI NI NI
Piper nigrum NI NI NI NI
Piper betle (Green leaf) 10 10 10 5
Piper betle (Yellow leaf) 10 10 10 5
Caesalpinia sappan >10 >10 10 >10
Garcinia mangostana NI NI NI NI
Pedicle of mangosteen NI NI NI NI

NI = no inhibition
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P. betle (Green leaf) and P. betle (Yellow leaf) while
three antibiotics ampicillin, gentamicin and norfloxacin
used as positive control had no activity. These results
related with the previous report which found that
the hydroxychavicol isolated from the chloroform
extract of P. betle showed antibacterial activity against
E. coli human pathogen with MIC level as 0.4-1 mg/
ml®9, However, this present study of P. betle is the
first report showing the activity of P. betle against
isolated diarrheal microbe from piglets. One of report
of C. sappan barks extracted by maceration with
methanol showed antibacterial activity against human
E. Coli pathogen with inhibition zone value of 15
mm®, In contrast, its ethanolic extract of this plant
had no activity against pathogen E. coli in piglets.
However C. sappan extract activity showed against
E. coli from ATCC. By the reason, the method of
extract from solvent such as ethanol and methanol
can affect antimicrobial activity. In addition, P. betle
(Green leaf) and P. betle (Yellow leaf) also showed
antibacterial activity against pathogen Samonella spp
in piglets. Ethanolic extract of P. betle has ever
been reported on against Salmonella typhi in human
pathogen with inhibition zone value of 23 mm®® which
is higher than the results in this study that investigated
microbe from piglets. It is possible that some bacterial
are evolring resistant to antibiotics. In addition, the
plant extract or antibiotic showed better sensitivity of
antimicrobial activity in human than in piglet.
Hydroxychavicol, which is the phenolic compound®”
and isolated from P. betle was reported that it has
antibacterial property®®. However, the results of these
twelve plants and their ingredients against gram
negative bacteria, the cause of diarrhea in piglets, are
the first reported. P. betle should be developed to be
antimicrobial drug against E. coli and Salmonella
pathogen instead of antibiotics for reducing antibiotic
use which causes resistant strain bacteria.

Conclusion

The ethanolic extracts of P. betle and C.
sappan exhibited the highest antibacterial activity
against the microorganisms, which are the cause of
diarrhea in piglets such as E. coli and Samonella spp.
Hydroxychavicol, an ingredient of P. betle should
be continuously tested against E. coli and Salmonella
pathogens in piglets in using it as a marker for
developing product from these plants against these
gram negative microbes that cause diarrhea in
piglets. However, these results support the use of
Thai medicinal plants for treatment of diarrhea
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caused by these bacteria. This study also provides
basic knowledge on antibacterial activity which can
lead to formula development for diarrheal disease in
post-weaned piglets and other infectious diseases in
future.

What is already known on this topic?

Some species of medicinal plants have been
studied with some diarrhea pathogens isolated from
cases in Thailand by susceptibility tests such as agar
and broth dilution methods but reports are limited
especially the Minimal Inhibitory Concentration value
(MIC) and the relationship between the micro-
organisms as the most common cause of diarrhea in
piglets from E. coli and Salmonella spp. Most previous
studies did not include medicinal plant activity against
E. coli and Salmonella spp pathogens isolated from
piglets; thus, the aim of this study was to determine
susceptibility of the most common diarrhea casing
pathogens to Thai medicinal plant extracts.

What this study adds?

The study will gather information about
extracting some Thai medicinal plants. Data will be
obtained about treatment of diarrhea in piglets by
pathogenic E. coli and Salmonella spp which are
resistant to antibiotics. The data will help to develop
effective treatment for the disease, so that poor farmers’
costs do not escalate further, and will help keep the
pork industry profitable.
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