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ABSTRACT

This study was carried out to investigate the effet spices, pH and temperature on the survivdlgaowth of
Salmonella species isolated from stream water samples in zoink. A total of 12 water samples were drawn
from 3 different streams used in lhiala Local Goweent Area, Anambra State, and screened for tteepce of
Salmonella species using pour plate method. The isolate oddaimas characterized and identified using their
morphological and biochemical characteristics. Efffect of spices, pH and temperature on the isolee
determined by subjecting the isolate to 0.25%, %2and 2.5% of spice<Zihgiber officinale and Myristica
fragrans), different pH ranges (3-10) and different tempemas (4C, 25C and 37C). Eleven water samples out
of twelve samples drawn from the streams showedptieeence ofSalmonella species. The spices showed
pronounced activity against the organism in staxdiand non- sterilized samples of which the agtivicreased
significantly (P<0.05) as the concentration inceshsThe activity ofZingiber officinalewas significantly
(P<0.05) higher than that dyristica fragrans. The maximum growth of the isolate was signifitaifP<0.05)
observed at pH 6 and %7. No growth was observed little or no growth & 4This study has shown that the
growth of Salmonella species in zobo drink could be controlled usfimgiber officinale andMyristica fragrans
extracts at pH values other than 6, and shouldtzesbld and consumed at refrigeration tempergaie.
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INTRODUCTION

Zobo drink, a non-alcoholic local beverage, is picatl from the dried petals Bibiscus sabdariffa. It is locally
called “Zoborodo” (Hausa), “Isapa” (Yoruba) and ®bin English and is a delicacy in many parts @je¥ia.
The H. sabdariffa plant, commonly known as Roselle, while nativénidia and Malaysia is now found in many
tropical and subtropical countries of Africa, Asend the Americas (Adegunloyet al., 2006).It is a
dicotyledonous plant belonging to the subclasshichlamydea, Order Malvale and Family, Malvaceae. Zobo
drink is prepared first by boiling the dried leawdghe Roselle, followed by cooling and filtratiohhe filtrate,
which is red in colour, is sometimes sweetenedasitet with pineapple, orange or sugar and spiceditip
ginger. It is further allowed to cool and is bestved chilled Zobo is thus a drink available in mécal stores
where it is marketed in various forms and patrahibg a variety of people. Some of its nutritiveraémnts are
various amino acids, proteins, carbohydrate, vitsnand fats among other. Medicinal value of agaeodracts
from the Roselle plant has been reported to incirdehypertensive, antiseptic astringent diuratid purgative
activities remedy for cancer, abscesses, coughyridyslaxative, scurvy and fever. A 2008 Unitecht8¢
Department of Agriculture (USDA) study said consagnhibiscus tea or zobo drink lowered blood pressum
group of pre-hypertensive and mildly hypertensideillts. According to the Journal of Ethno pharmagy|
which was published May 2008, hibiscus tea imprabedkidney’s ability to filter out waste produethich are
the uric and oxalic acid, both of which can forndry stones if they accumulate to excessively hégkls
(Doughariet al., 2007).

The water used is often obtained from the localewaburces often boreholes, streams and in sones @as|

water is used for preparation. It is these cond#ithat result in the microbial contamination oé gproduct,
coupled with contamination that may result fromdiarg (Oboh and Elusiyan, 2004).
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Zobo drink is liable to microbial spoilage if nadequately stored and could act as an importantunedbr the
transmission of pathogenic microorganisms. Manyapigms can use the carbohydrate content for their
fermentation processes producing undesirable clsaingbem. The sugar used as a sweetening agelat &iso
contribute to these changes. The microorganism$ean dormant or semi-metabolic changes, but ethez of
public health significance since the microbes maypbtential pathogens or can produce toxins in feddch
can cause illness to consumers Salmonellosisviaryimportant public health hazard often resultinghigh
global mortality rate. Salmonellosis is a classiod-borne disease in relativeS@nterica serovarEnteritidis in
some ingredients, such as sweetening agents acelsspave been used for long, as food additivesdaige
distinctive flavors for foods and beverages arotimel world. However, the spices have been foundateeh
contaminants the serotypes simonella responsible for enteric fever typhi and para-typbtount for 6-20
million eases and 200,000 deaths annually, espedialthe tropics including Nigeria. (Akinyosoye d&n
Akinyele, 2000)

In general, infections caudad Salmonella causes great economic losses in both developeddeweloping
countries. For Salmonella to cause infection in tiest, it has to overcome the host immune factdnglhw
include gastric acidity, normal intestinal micro+th and local intestinal immunity. Where the orgamis able to
overcome the host factors enteric fever may reshie severity of salmonellosis, which may result@ath for
some individuals means that manufacturers nee@tiecticontamination before food is released fog.sHhere
is no regulation on the preparation of these fatelspite the wide patronage of the people. It médgd provide
decision makers with information that will help itdtiate necessary standards for these and otliigenous
drinks that have found their ways to the Nigeriaarkets. It might also help Nigerians in making degsi as to
the drinks they patronize (Kreadbal., 2000).

MATERIALSAND METHODS

Study Area: Uli is a town located between latitudes 5.47°N &@B3°N and longitudes 6.52°E and 6.87°E on
the south eastern part of Nigeria. Uli extends westd to the confluence of the rivers of AtammindaEyinja,
and across Ushamlake down to the lower Niger redillinhas rainforest vegetation with two seasotiahatic
conditions: the rainy season and the dry seasoohwhicharacterized by the harmattan between Desearid
February. Uli is characterized by double maximaadirfifall with a slight drop in either July or Augushown as
dry spell or August break. The annual total rainfalabout 1600 mm with a relative humidity of 8G&dawn
(UN-HABITAT, 2009).

Sample Collection: This was carried out using modified method of Iheukere and Umedum (2014). A total
of 12 water samples were aseptically collectedernilzed plastic containers in triplicate from 8emams used in
Uli community, Ihiala L.G.A, Anambra State. The gtla containers were thoroughly washed with detergad
soaked overnight with sodium hypochlorite solutenmd finally rinsed with distilled water three timé&ater
samples were collected by lowering the sterile tidasontainer inside the water body, 30cm deemwad to
overflow before withdrawing the water sample. Samgpling points were used and the sampling pointsewe
approximately 100m away from one another. Aftetemtion, the samples were covered and placed motec
to maintain the temperature during transportatmmldboratory analysis. All samples were analyzdthin5 h

of collection and where analyses were to be delasatiples were refrigerated at 4°C.

Isolation and I dentification of Salmonella species: Different strains of the organism used for this kvevere
isolated from boreholes and streams in Uli comnyufiihis was carried out by aseptically inoculating ml of
the water samples on Salmonella-Shigella agar ubmgour plate method and incubate at 44.5°C4dr.2
After 24 h of incubation, the grown colonies wenbaultured, characterized and identified usingableny
descriptions, microscopic and biochemical charésties (Arora and Arora, 2008).

Sources of the Spices.The spices (nutmeg and ginger) were collected fikkwoogbe Ihiala market in Ihiala
L.G.A. in Anambra state. The Nutmeg and dried @ingere collected from five (5) different marketmen

Processing of Spices: The spices were washed with distilled water andddtinder shade at room temperature at
14 days. The spices were aseptically ground usergeselectric grinder into powdered form.

Extraction and Phytochemical Analysis: A twenty gram (20g) portion of the powdered spiaes extracted by
maceration in 200ml of distilled water for 72houfi$ie resulting extracts were subsequently filteusthg
whatman the NO.1 filter paper and evaporated to@By at room temperature using electric oven %t.30he
phytochemical constituents of the spices were deterd quantitatively using the method of ITheukwuergral.
(2012).
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Effects of spices on survival and multiplication of Salmonella species: This was carried out using the
modified method of Onuorah and Adekeye (1987). éaurh spice, ten test tubes each containing 15mblod
drink were used. Six of the test tubes and theitemits were sterilized using an autoclave al@215 PSI for
15 minutes, while the remaining four were left aschased and considered non sterile. Sterile zab& oh four
test tubes were inoculated with 0.1ml of overnigldawth of Salmonella species., and 5ml of 1%spice was
added to two of the test tubes making an approxrfiaal concentration of 0.25% in zobo drink. Fimdlilitres

of distilled water was added to the remaining toveeas control. In two of the four test tubes conitey non
sterile zobo drink, 5ml of 1% spice was added wtiilled water was added to the remaining twedove as
second control. All test tubes were incubated atréemperature and 1ml were removed from eachubstat

0, 12, 24, 48 and 72 hours post inoculation anteglan Salmonella Shigella Agar Plates were intedbaat
37°C for 24 hours. The pH of the zobo drink was alssasured at intervals. The same procedure was @éed 5
spice solution which gave a final concentration 1025% and 10% spice solution which gave a final
concentration of 2.5% in zobo drink for each spice.

Effect of Temperature on Survival of Salmonella Species in Zobo Drink: This was caused out using the
modified method of Ebet al. (2013).Sixty millilitres (60ml) portion of the bo drink was dispensed each on
250ml flasks. Three flasks with their content weterilized using an autoclave at 221 15psi for 15 minutes
while the remaining three flasks were left unsiseid as purchased. Two flasks each from steriliaed
unsterilized zobo drink were inoculated with 1miromn of overnight growth culture ofalmonella species
while the remaining ones i.e. the other remaintigses of the sterilized and unsterilized zoboldvirre added
1ml of distilled water each. The flasks were indebaat 4C (refrigerator), 2% (room temperature) and &7
(incubator). At 0, 12, 24, 48 and 72 post inocolatilml portion of the zobo drink was removed freath flask
and plated on Salmonella Shigella Agar, (SSA), rated at 3%C for 24 hours.

Effect of pH on Survival and Multiplication of Salmonella Species. This was carried out using the modified
method of Ebeet al. (2013).Sixty millilitres portion of the locally ade zobo drink was dispensed each in eight
250ml flasks. Four flasks with their content weteriized using an autoclave at £21 15psi for 15 minutes
while the remaining four flasks were left unsteelil as purchased. Sterile 3N HCI was used to attjegtH of

the two sets of the locally made zobo drink (stedhd non-sterile) to pH 3, 4, 5 and 6 respectivElge
milliliter of an overnight culture oBalmonella species was inoculated into each of the eight $lasid incubated

at 25C (room temperature). One milliliter portion of tlezally made zobo drink was removed from eachkflas
at 0, 12, 24, 48 and 72 hours post inoculationtfierenumeration dsalmonella species counts on Salmonella
Shigella Agar, (SSA). Changes in pH were also deitexd. The procedures were repeated by adjustm@ith
using sterile 3N NaOH to 7, 8, 9 and 10 respedtivel

Statistical Analysis

The data generated from this study were repredease mean xStandard deviation and then charts. The
statistical analysis of data generated from protecstudy was carried out using students “t” teist98%
confidence limit.

RESULTS

The occurrence dBalmonella speciesn stream water samples is shown in Table 1.Outvefve(12) samples
collected from Aloura, Ubahudara and Atamiri streaim Uli community, lhiala Local Government Area of
Anambra State, 11(91.66%) samples were posithlesamples drawn from stream B and C were positive
Salmonella species whereas 3 samples out of the 4 samplesdram stream A were positive. Table 2 shows
the morphological characteristics &lmonella species on Salmonella Shigella Agar plagsmonella species
was further characterized using its biochemicalratteristics and fermentation of certain sugars sungar
alcohols.Salmonella speciesappeared dark on the Salmonella Shigella agarsplaitth smooth edge and raised
elevation. The isolate also reacted positive tonGtest, catalase test and coagulase test; it tbaetgative to
motility test, H2S, citrate, VP, MR and oxidasettesSalmonella speciesvas able to ferment lactose, galactose,
mannitol and maltose sugars, and was unable toefgrimositol, xylitol and sorbitol sugars.This syushowed
the phytochemical constituents dingiber officinale and Myristica fragrans in Table 3. The phytochemical
analysis ofzZingiber officinale and Myrigtica f ragrans revealed the presence of alkaloids, tanins, saponi
phenolics, steroids, glycosides and flavonoids. Bhaly showed that the spicegingiber officinale and
Myristica fragrans) were able to show significant (p<0.05) protectwithe zobo drink againstalmonella
species when compared to the positive controls.pisitive effects of spices increased significafpky0.05) as
the concentration of the spices used increasedinMam protection was seen when the concentratiothef
spices was 10%. No count was recorded at zeroo@) &nd after 24 h among the sterilized sampletepted
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with the spices. Also the number of counts recoridedeased significantly (p<0.05) as the time iasedl and
Zingiber officinale (ZO) protected the zobo drink samples agaBattonella species thaMyristica fragrans
(MF) among the sterilized samples. In non-sterdizamplesMyristica fragrans showed more protection than
ZO at their one percent (1%) concentration butpitweective effect of ZO became more pronounced thanhof

MF at their 5% and 10% concentration. The spicesegted the sterilized zobo drink than non-stedizobo
drink, and the (blank control) recorded zero growthSalmonella species after 72 h whereas non-sterilized
sample (blank control) showed significant countSalfnonella species after 72 h. The study showed that among
the sterilized samples, no growth was observed@tAt 25°C, 5 colonies were recorded after 72 h whereas at
37°C, significant colonies were recorded after 48 H @& h. No growth was recorded from sterilized (Ban
control) samples whereas significant numbers obries were recorded from sterilized (Positive amlitr
samples. Among the non-sterilized samples, no dravas recorded after Oh among the test sampleseater
significant number of colonies was recorded frorthbrn-sterilized (Blank control) and non-steriizg>ositive
control) samples. Maximum growth was observed 8€3@r both sterilized and non-sterilized sampleereas

the least growth was observed #E4The inhibitory effect at% was significant (p< 0.05) most when compared
to 25°C, 37C and positive control. The study showed that antbegsterilized samples, no growth was observed
except at pH 6 and that of positive control (inatedl sterilized samples without pH adjustment) [@=8 and

9). Similar, results were recorded for non-stegitizobo drink samples; the negative control (blahsd showed
significant growth.

Table 1: Occurrence @lmonella species in stream water wamples in Uli Community.

n=12
Stream sample Positive sample (%) Negative sample (%) Total sample (%)
A 4 (33.33) 0(0) 4(33.33)
B 4(33.33) 0(0) 4(33.33)
C 2(16.67) 2(16.67) 4(33.33)
Total 10 2 (16.67) 12(100)

n = total number of water samples A = Atammiri R/bahudara C = Aluora
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Table 2: Characteristics and IdentitySalmonella enterica ser. Typhimurium

Parameter Senterica ser. Typhimurium
Appearance on SS-agar colorless and dark at the center
Elevation raised

Edge entire

Gram reaction -

Morphology rod
Motility +
Catalase +
H,S production +
Indole -
Citrate +
VP -
MR +
Oxidase -
Lactose -
Galactose +
Inositol -
Xylitol +
Mannitol +
Dulcitol -
Sorbitol +
Maltose +

SS-Agar =Salmonella-Shigella-Agar, VP = VVoges proskauer
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Table3: Phytochemical Constituents of the Spices

Parameter Zingiber officinale Myristica fragrans (mg/100g)
(mg/ 1009))
Alkaloids 10.12 3.17
Tannins 4.38 0.64
Saponins 0.81 1.58
Phenolics 1.32 0.92
Steroids 0.02 0.04
Glycosides 1.08 0.32
Flavonoids 5.62 1.82

Table 4: Effect of spices on the Survival and Mulitiation of Salmonella Species on Sterilized Zobo Drink

Count(CFU/ml)

Spice Oh 24 h 48 h 72 h
Z0 (1%) 0 0 10 30
ZO (5%) 0 0 12 18
Z0 (10%) 0 0 0 7

MF (1%) 0 0 20 30
MF (5%) 0 0 22 25
MF (10%) 0 0 4 10
C, 0 0 0 0

C, 0 20 30 56

ZO=Zingiber officinale (Ginger), MF= Myristica fragrans (Nutmeg);%Sterilized sample

C,= Strerilized sample inoculated with the test itmla
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Table 5: Effect of spices on the survival and nplittation of Salmonella species on non-sterilized zobo drink.

Count(CFU/ml)
Spice Oh 24 h 72 h
Z0 (1%) 0 12 20 30
ZO (5%) 0 1 7 21
ZO v (10%) 0 0 3 10
MF (1%) 0 8 15 20
MF (5%) 0 3 9 23
MF (10%) 0 0 11 15
C 16 20 28 35
C, 30 41 42 47

ZO=Zingiber officinale (Ginger), MF=Myristica fragrans (Nutmeg), G= Sterilized sample
C,= Strerilized sample inoculated with the test itmla

Table 6: Effect of temperature on the survival andtiplication ofSalmonella species on sterilized zobo drink

Count(CFU/ml)
Temperature®C)
Oh 24 h 48 h 72 h

4 0 0 0 0
25 0 0 0 3
37 0 0 8 20
C 0 0 0 0
G, 0 20 25 48

C.= Sterilized sample incubated &4 G= Sterilized sample inoculated with the test is®lat
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Table 7: Effect of temperature on the survival andtiplication ofSalmonella species on non-sterilized zobo
drink

Count(CFU/ml)

Temperature’C)

Oh 24 h 48 h 72 h
4 0 0 0 0
25 0 2 6 11
37 0 10 16 26
C 10 15 18 27
C, 27 35 42 50

C,= Sterilized sample, £ Sterilized sample inoculated with the test isolat

Table 8: Effect of pH on the survival and multiglion of Salmonella species on sterilized zobo drink

Count(CFU/ml)

pH

Oh 24 h 48 h 72h
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 3 5 12
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
C, 0 0 0 0
C, 0 22 37 53

C.= Sterilized sample, £ Sterilized sample inoculated with the test isolat
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Table 9: Effect of pH on the survival and multiliiton of Salmonella species on non-sterilized zobo drink

Count(CFU/ml)

pH Oh 24 h 48 h 72 h
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 4 11
7 0 5 7 15
8 0 0 0 4
9 0 0 0 0
10 0 0 0 0
C, 0 0 0 0
C 12 17 20 25

C,= Sterilized sample, £ Sterilized sample inoculated with the test isolat

DISCUSSION

A thirst quenching beverage zoborodo popularly echlzobo can be free from microbial contamination
especially from organisms lik€almonella species, which is a gram positive, non-spore fognfacultative
anaerobic, spherical and non-motile bacterium, wperscessed and packaged under hygienic conditions.
Salmonella speciescontamination in zobo drink could possil@ythrough the processing method which usually
involves the use of hands. The organism is resptnfir staphylococcal food poisoning which appeamind
3hours after ingestion, with common symptoms likeniting, abdominal cramp, nausea and diarrheaevere
cases, symptoms like headache, muscle cramp amglend changes in blood pressure and pulse rateog@ay
(Lowy, 2000; Alo et al., 2012). This study reveatbdt eleven samples(11) out of twelve (12) streamples
collected from three(3) streams in Uli communityiala Local Government Area of Anambra state shothed
occurrence ofalmonella speciesin the streams as seen in Table 1. ThenmeeséSalmonella speciesin those
streams could be traced from the fact that peopimswash and bath in those strear@amonella specieshas
earlier been isolated from stream samples accotdifipeukwumere and Uzoh, 2014).

The phytochemical analysis @ingiberofficinale and Myristicafragrans revealed the presence of alkaloids,
tannins, saponins, phenolics, steroids, glycosates$ flavonoids. These phytochemical constituentddche
responsible for the antimicrobial activities of #wdracts (Iheukwumere and Umedum, 2013)

The spicegingiberofficinale andMyristicafragrans showed pronounced activity agaiSstmonella specie. This
could be attributed to the phytochemical constitseaf the spices. Similar conclusion was drawn by
(Iheukwumere and Umedum, 2013)Zingiberofficinaleproved to inhibit Salmonella speciesthan
Myristicafragrans at higher concentrations. This could be attributedthe potency of the phytochemical
constituents present idingiberofficinale as reported by (Iheukwumere and Umedum, 20133 lthérefore
evident thatZingiberofficinaleas a spice is recommended in the production of ziiitk due to its anti-
microbial effect orBalmonella speciefAdesokat al., 2013).

The three temperatures (4, 25 and’@7)ised in the study are temperature to which zabik ds exposed to
during refrigeration storage, at room temperatyrédwkers and during sale in hot weather when zbbik is
most popular (Ebai al., 2013). The study revealed that with zobo driebtkat refrigeration temperature, the
population of contaminatin@almonella speciesis insignificant in the zobo drink compatedhe number of
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growth observed at 26 and 37C. The number of growth observed a’G#vas dominant than that of the
growth observed at 96. The decline at’C could be due to the fact th&lmonella speciessurvives in the
temperature range of @ — 48C) as reported byAgelollati al.(2000). The growth observed at’87could be
due to the fact tha8almonella speciesgrows optimally at 3%C (Agelollotiet al., 2000)

The effect of pH was studied at pH 3, 4, 5,6 ,79,8nd 10 i.e pH 3-6 representing acidity range @id’- 10
representing alkalinity range (E#ical., 2013). It was observed th&lImonella speciesdid not survive in the
alkalinity range but survived in the acidity rarged showed significant growth at pH 6, though themal pH

of the zobo drink was ranged 3-4. This could be tdutae fact that the pH at whi@almonella speciessurvives
optimally ranges from 6-7 (Paniker, 2006). Thigdstuevealed that the pH of the zobo may inhibitdhewth of
Salmonella species, if contaminated by the organism as thésptdt conducive the organism. The consumers of
the zobo drink may consume at refrigeration tempegavhich doesn’t support the growth and multiticn of
Salmonella speciesAlso, addition of spices in conjunction with gosahitary practices may be useful providing
a good safety margin for zobo drink which might éadneen contaminated during preparation, sale amelgst
(Onuorah et al., 2000).

CONCLUSION

This study has revealed the presencé&abionella species in samples collected from atamiri, ubatrad@ead
aroura streams in Uli community, lhiala Local Goweent Area of Anambra state of whi@almonella
specieswas indicated in 91.67% of the samplesatetle This study has shown that the growtlsaifnonella
species inzobo drink could be controlled us#iggiberofficinale and Myristicafragrans extracts at pH values
other than 6, and should best be sold and consatrredrigeration temperature®@).
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