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ABSTRACT

The study was carried out in the three geopolitate of Kaduna State, comprising Makarfi (Kaduna
North) Kagarko (Kaduna South) and Igabi (Kadunat@én A total of 353 serum samples collected, were
tested VZV Immunoglobulin G (IgG) antibodies usiagcommercial 1IgG enzyme-linked immunosorbent
assay (ELISA). The overall seroprevalence rate 8a3%. Seroprevalence was 51.4% in the age group of
4-6 years, 64.7% in 7-9 years, 68.4 % in 10-12g/@ad 70.0 % in 13-15 years. The seroprevaleneefat
VZV increased with age. There was significant ielabetween the presence of VZV antibodies and(Bge

= 0.000). There was no significance difference leetwthe presence of VZV antibodies and sex (P 8)0.4
This data show that the younger age group couldoosidered as a target group for prevention program
against VZV infection.
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INTRODUCTION

Varicella Zoster Virus (VZV) is a human alphahergass that causes varicella (chickenpox) as thengary
infection and establishes latency in sensory ganylZV reactivation results in herpes zoster (skis)y During
the course of varicella and zoster, VZV infectsfadiéntiated human cells that exist within uniqusstiie
microenvironments in humans. The tropism of VZV $&m is the most obvious clinical manifestationvaVv
infection, producing the vesicular cutaneous lesitrat are associated with varicella and zosteviGA2001a).
The clinical pattern of primary VZV infection isdtily predictable, beginning with an incubation pdrbf 10—
21 days following a close exposure of a susceptitiividual to another person with varicella orsiome cases,

herpes zoster (Arvin, 2001b). Varicella often begwith a prodrome of fever, malaise, headache and

abdominal pain. These initial symptoms last abdut48 h before skin vesicles are noted and are swranon
in older children and adults (Asaerbal, 1990; Koropchalet al, 1991).

Worldwide, varicella is an endemic disease thatl#tha marked seasonal pattern in temperate aiisnahd
most temperate climates where this has been stBiamnley and Jones 2000; Sewatdal, 2002; Tobiaet
al., 1998). The exception is Singapore where seaitphals not been described from surveillance d@i ét
al., 1992). In temperate and tropical climates, thakpdisease incidence is most commonly reportetthén
cooler, drier months during winter or spring. Pdigity with inter epidemic cycles of 2-5 years issdribed
from many countries (Sewast al, 2000; Tobiast al, 1998)). In temperate climates, greater tB8f6 of
adolescents or young adults are VZV seropositivdenih tropical climates, serological studies shbigher
susceptibility among adults reflecting a higher meae of infection. Seroprevalence among adolesaant
young adults has varied widely from less than 2@9&t. Lucia (an island community in the West Injies
greater than 90% in tropical areas in Brazil ansharCalcutta, India (Lee, 1998; Qatial, 1992; Reist al,
2003). Because of its high incidence in young cbild varicella is one of the most common commuréab
diseases in child care centers and attendanceléhaztie or preschools provides the opportunityeigposure to
the varicella zoster virus (VZV) at younger ag€he objective of this study was to provide seroplence
studies of the varicella zoster virus in amongdreih in Nigeria.
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MATERIALS AND METHODS

Study Area

The study was carried out in Kaduna State, comnmgisif 23 Local Government areas. Three (3) Local
governments were randomly selected for the studgynfeach senatorial district and these include Makar
(Kaduna North) with 11 districts, Kagarko (Kadur@ugh) with 11 districts and Igabi (Kaduna Centraith 10
districts.

Study Design

This study is a cross-sectional study to deterntreprevalence of serum IgG against VZV infectiomoag

353 primary school children between ages of 4-1&y/én Kaduna State, Nigeria. Information on thiddcen

was obtained through questionnaires. By using éinepting frame of primary schools in the varioudritits of

each local government, one school was randomlyepi¢& represent each district in the local govemiraesas.
Questionnaires were given to each pupil pickedrittem letter seeking the consent of the subjguéieent was
also forwarded. Those that consented to the réqgesned the forms with their demographic datadiin.

Sample collection and analysis

Using a sterile disposable syringe, five millilgefoml) of venous blood was drawn from childrene Tiood
samples were centrifuged at 1500 rpm for two misiutera were separated and stored at -20°C wsttideThe
sera were tested for the presence of VZV IgG adiés using a commercial 19gG enzyme-linked
immunosorbent assay (ELISA) Kit manufactured by BMOSTIC AUTOMATION, INC. USA. This ELISA
uses cell-culture-derived VZV antigens for the détm of anti-VZV IgG antibodies in serum. The alismnce
was read at 450 nm using an ELISA micro titer plai@der (Sigma Diagnostic). The presence or absehce
anti-VZV-specific IgG antibodies in the test sangplevas calculated according to the manufacturer's
instructions. Results were obtained by comparimgahtibody titers with the cut off values of thesipoe and
negative controls.

Statistical Analysis

The data were analyzed using SPSS statistical gackarsion 13 for windows. The chi-square test of
association was used to determine differences eénstroprevalence rates in male and female pupits,t@
determine the rise in VZV IgG seroprevalence wigk.a

RESULTS

A total of 353 serum samples collected, were te$t8d 1gG antibodies. The overall seroprevalence rags
66.3%. Seroprevalence was 51.4% in the age grodgofears, 64.7% in 7-9 years, 68.4 % in 10-12s/aead
70.0 % in 13-15 years.

Table 1: Distribution of VZV IgG antibody in relati to age

Age group (yrs) No of samples No Positive % Positiv
4-6 37 19 51.4

7-9 85 55 64.7
10-12 114 78 68.4
13-15 117 82 70

X2 =9.02, (P = 0.000)
Chi-square analysis indicated association (P=0.b6@yeen the ages and VZV IgG antibody prevalence.

Table 2: Distribution of VZV IgG antibody in relati to sex

Sex No of Samples tested No Positive % Positive
Male 184 126 68.4
Female 169 108 63.9
Total 353 234 66.3

X2=0.48, (P > 0.05)
Chi-square analysis indicated no association (F05)®etween the sexes and VZV IgG antibody prexae
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The seroprevalence rate of VZV increased with afgble 1). There was significant relation betweea th
presence of VZV antibodies and age (P = 0.000)rd s no significance difference between the pesef
VZV antibodies and sex (P = 0.48), (Table 2).

DISCUSSION

Our results revealed that prevalence of antibotiesricella increase significantly throughout dhibod. The
seroprevalence of varicella zoster has been knowincrease with age. The older children often gedaools
or find themselves in communities often crowdedijctbrings them in contact with the virus and siugjosat
development of antibodies. Varicella is generabiynenunity acquired, and the rate of contacting intgeased
by factors that support crowding and close contaeraction such as public schools. The percentdgases
among young adults may be a cause for alarm sheelinical course of varicella is generally moegicus in
adults and the incidence of complications is higfiée rise in seroprevalence to over 65% with aae theen
widely reported in several tropical countries sastthe United Arab Emirate, (Udumahal, 2001) and India,
(Lokeshwaret al, 2000) , while 41% was reported by some investigain Singapore,(Ooét al, 1992).

Possession of protective antibodies to varicellsteroconfers immunity in adult life. However, it déso an
indication of the endemic nature of this viral ictien as there is no routine vaccine policy fomitNigeria.

Immunity is often developed in the individuals aftiee first episode of the infection and subseqespsure
to the viral agent. Some reports exist of individuaithin the adolescence age that lack protecliy@ to

varicella zoster (Migaseret al, 1997).

The studies in many temperate countries reported un@versal seropositivity by early adolescenaseisS and
American studies have reported that over 90% dfiddals in Europe and the United States acquinauimity
before adolescence (Muenckt al 1986; Wharton, 1996). (Fairley and Miller, 1996)ete was 80%
seropositivity by the age of 7 years in Spanishdcéin (Egulizet al, 1987) and 83% seroconversion by the age
of 9 years in Japanese children (Taylor-Wiedewgtaad, 1989).

In our studies, there was no association betwempmavalence with sex showing that sex differerdesot
play any significant role in the acquisition of tinéection.

The virus strive best in temperate climate and itdilected in the near 100% seroprevalence recardétese
countries. The low seroprevalence in tropical regiould therefore be attributed to the fact thghrambient
temperature and humidity in the tropics decreaség Wansmission by inactivating the virus in theaneous
lesions. It is also possible that because of higitvgdence of certain other childhood viruses irpitcal
countries, there is interference with the transiois®f varicella zoster and the age of varicellged@tion is
postponed. This view was also expressed by Wilkinsl, (1998). The tropical countries should therefore
consider the possibility of childhood vaccinatioithwaricella zoster to confer immunity and possilshprove
of the seroprevalence to the virus. Since the ritgjof VZV infections occur during the early childbd, the
best option to reduce the circulation of wild tyy2V in the population would be the immunizationyafung
children. These data are also fundamental for ewialy the suitability of establishing mass variaell
vaccination programs. Mass vaccination against \&Aduld be introduced only if very high coverage ban
assured. The impact that a mass vaccination prograong children 12-18 months of age could havehen t
epidemiological trend of the infection must be falig considered.

CONCLUSION

The finding of this study showed that VZV seropilemae increased with age in the population stutied
level of 70% in adolescence age. Significant prtpos of adolescence are still susceptible to edlec
infection. There was no association between sevaprace of VZV with sex of the subjects studied.
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ABSTRACT

Salmonellaoutbreaks from contaminated water and non animadi$ (e.g. produce) are increasingly
reported. To address the environment as a potexttise of pathogen8almonella the prevalence of
Salmonellain households engaged in livestock farming in @arKaduna State (Nigeria) was
investigated. A total of 336 environmental samptesnprising water, soil, manure and vegetable
samples were collected from thirty households Withstock while three households without livestock
were used as control. Sampling was done from M&rcBeptember 2006 covering both wet and dry
seasons. Sevesalmonellasppwere obtained: 1(0.65%) during the dry season648@28%) during the
wet seasonSalmonellaspp were detected from manure, water and vegetablg@lsamA prevalence
rate of 2.08% was obtained f8almonellasppin the study location. The rate of detection waghhr in

the wet season than in the dry season. The deteatithis pathogen from the environment represants
potential health risk factor since man is alwaysadntinuous interaction with the environment.

Keywords; Prevalenc&almonellaEnvironment, livestock.

INTRODUCTION

The potential contamination due to animal husbarapgrations and the indiscriminate disposal of a@him
wastes and effluents from livestock applied asiliegt for crop or silage production constitute an
environmental and public health risk (Yaeigal.,2004).

Adding manure to the soil has agronomic benefitsugh the addition of plant nutrients (nitrogenpgbhorus
and potassium) and organic matter (Gagliardi anth&a2002). . Despite the benefits from the usergénic
manure, there is a potential health risk from maniato the food chain as a means of pathogen tansf
Nicholson et al, (2000) in the review of issue of pathogens fieménto the food chain from manure
applications to land, states that there is a lddata on ‘typical’ levels of pathogen in animahones.

The actual number of pathogens shed is importahtlz@s has been found to be affected by a numb&aobbrs
such as animal age, diet, stress and season (Nachet al, 2000). The probability of pathogens being
available for transport at the soil surface is dikely to be influenced significantly by the dumat and
conditions of storage prior to land spreading.

Contaminated manure can contaminate the produeetljirthrough its use as a soil fertilizer or iritly
through infiltration of irrigation water or watesed to wash the produce (Doyle, 2000). Sourcesiaflial
pathogens on fresh produce at the preharvest stafigle faeces, irrigation water, inadequately costed
manure, soil, air, animals and human handling (Betlal, 2003). Salmonellosis is a disease caused by
members of the gen&almonella(Nietfeld and Kennedy, 1999). It is an importaause of diarrheal illness in
humans, causing approximately 1.4 million illnerd 800 deaths annually in the United States (Bneenal,
2000). Much of what is known about the epidemiol@gysamonellosis comes from outbreak investigations
These investigations have determined that most hunfactions result from the ingestion of foodsasfimal
origin that are contaminated witBalmonellaspecies(Meackt al,1999) beingSalmonellaof animal origin
causes an intestinal infection, characterized ligden onset of fever, myalgia, cephalagia, abdontrehps,
nausea and vomiting. There is increased risk gosxre among those who work in abattoirs, poultry
processing plants and those in contact with anandltheir products.
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This work examines the role of livestock and ittueits as point source 8almonella

STUDY AREA

The study area covered were some households emgadivestock farming in Samaru and Sabo in Sabon
Gari L.G.A and Zaria city in Zaria L.G.A of KadarState. Sabon Gari local government area igga larban
set up with a population of 246,544 people (FGN Z8§2009).The local government is situated along
longitude 8 and 9 and latitude 19and 1% on the world map and is bounded on the east bp §dB.A and on
the west by Giwa L.G.A on the north by Makarfi LAGand south by Zaria L.G.A.While, Zaria local
government area has a population of about 277,id8abitants (Population Census, 1991). It is s@datn
longitude 8 and latitude 9and it is bounded on the east by Soba L.G.A, Wwgskiwa L.G.A, north by Sabon
Gari L.G.A and on the South by Igabi L.G.A.

Livestock keeping is a common activity in most hehusids in the area ranging from poultry, cow, gsheep
and ram. The semi intensive and intensive livestoekiagement systems are common while the exteissive
rare. Most households had wells situated in thesidential area from where water for domestic &t
drinking and water for the animals is obtained. 8dmuseholds have tap, though tap water is nonhstaot
source of water, wells are the most regularly ustalvever, some households obtain water from stream
river. A total of three hundred and thirty six sdespwere analyzed. Three cluster settlements dofeclo
proximity to the University of Study (Samaru, Sal®ari and Zaria city) were randomly selected. Wittiie
cluster, households with livestock were identifiad ten households randomly selected from eacheclus
population.

SAMPLE COLLECTION

Water

Water samples were collected according to the pitwgerecommended by American Public Health Assiociat
(APHA, 1992). Water samples were collected from #wailable water sources in each household visited
comprising of water for domestic activities, dringi and watering of animals. All samples wagkected in
sterile wide-mouthed, screw-capped 250ml glasdehgtacked in ice during transportation to the tabary
(Postgraduate Laboratory, Department of Microbiglo§BU, Zaria). Samples were analyzed within sixitso
of collection. From the thirty-three householdsited a total of seventy six water samples weréectd
(thirteen water samples from Samaru, ten fromoSaid nine from Zaria city during the dry seasomrdh-
May, giving a total of thirty-two samples). A total thirty eight water samples were collected dgrine rainy
season; June- August (Ten from Sabo, twelve froma®a, sixteen from Zaria city) and six water sargffitem
households without livestock in both seasons.

Soil/M anure Samples

During the study period, a total of one hundred sexknty manure samples were collected from thedimlds
visited; eighty five were collected during the digason and eighty five during the wet season. Quhe dry
season, manure was collected from twenty stordge sihile sixty five fresh manure samples wereeobdéd.
In the wet season however, manure was collected fhirty storage sites while fifty five were frestanure
samples. A total of sixty six soil samples werllected during the study period (Ten from eachhef three
locations and three from control sites in both seal All samples were collected aseptically usatiganol-
sterilized spatula. A 100g of sample was colle@ethe designated site at five different pointsg énom the
centre and four different points, on the peripremg mixed together to obtain a representative sangaimples
were transported to the laboratory in sterile jpdasags and analysed within six hours of collection

Vegetable Samples.

Vegetables available in the study sites duringstively period and which were grown on soils wherauma
was applied as fertilizer were collected. Using 98¥tanol- sterilized scissors; vegetables werantatsterile
containers and taken to the laboratory. A totakveénty four vegetable samples were collected ctingis
fourteen from Samaru, six from Sabo and four froari& city. Analysis was done within six  hours of
collection.
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MATERIALS AND METHOD

Salmonellawas isolated from the samples using Selenite opkhtenrichment and incubation (Harvey and Price
1979).Ten mililitres of each water sample was corabiwith equal volume of sterile double strengtleiee F
broth and incubated at &7 for 24h followed by streaking for isolation @almonella-Shigellagar. Isolation
from soil and manure samples was by preenrichmieab® gram of sample in nine mililitres of peptomater
followed by enrichment in Selenite F broth and imation at 39C for 24h.The washed and cut vegetable was
preenriched in Selenite F broth and incubated &€ 3fbr 24h. After the enrichment metho&almonellavas
detected by plating oBalmonella-Shigell#SS) agar for 24h at 32. Mixed cultures were transferred to fresh
SS agar plates and streaked out to obtain puraiesloTypicalSalmonellacolonies which appear colourless
with black centers were picked and independenthfiomed by Gram staining. Isolates were storedslamts

of nutrient agar after incubation at’87for 24h .The slants were presumpt8amonellasolates.

All the presumptive isolates were subjected toesedf biochemical tests (indole, methyl red, ofrafoges
Proskeaur, triple sugar iron, motility and oxidésst.). Biochemical identification of isolates wass described
by Singleton (1997) and Farmer (1999).

Isolates suspected to I&almonellawere serologically tested usirgalmonellapolyvalent ‘O’ group A-Z
antiserum latex kit according to the instructionfs tke manufacturer (Oxoid) Basingstoke, Hampshire,
England). All isolates were streaked on blood adates and incubated at°87for 24h. Latex reagents were
brought to room temperature, one drop of the sgsixlwas dispensed onto a circle on the reactioh aad a
drop of saline was placed on the circle distantnfrthe latex. Using a loop, a portion of the colarfy
presumptiveSalmonella sppn blood agar plates was emulsified in the salirp on a portion of the circle on
the card. The test latex and the resulting smoa#pension were mixed together and spread to cdweer t
reaction area using the loop. The card was rockedl gircular motion observing for agglutination hifit one
minute. Agglutination of the test latex within omgénute was recorded as positive result.

The association between the detection of pathogewk location was assessed using chi-square test of
association and analysis of variance (ANOVA) wasduor pair wise multiple comparison of mean counts
from the three locations.

RESULTS

Analysis of questionnaire showed that the intengoanfined) and semi intensive (allowed to moveuad)
livestock management systems were predominantanstady area. Of the thirty households with livekto
visited, 16 (53.3%) practiced the intensive manag@nsystem 5 (31.3%) in Sabo, 6 (37.5%) in Samadi5a
(31.3%) in Zaria city. The remaining households(6.7%) practiced semi intensive management syséem
(42.9%) in Sabo, 4 (28.6 %) in Samaru and 4 (28.B%Zgaria city. Among the households visited, 18.8%%0)
own poultry, 8 (26.7%) own cows, 10 (33.3%) owntgaand 2 (6.7%) own sheep. On the method of manure
disposal, 19 (63.3%) dispose manure in the busbnarthe house, 5 (16.7%) dispose manure on the far
(16.7%) dispose manure near the farm and 1 (3.38ppse theirs just beside the house in heapsesionse to
domestic water source, 22 (73.3%) obtain water fregtis, 6 (20%) from tap and 2 (6.7%) obtain wdtem
river/stream. Among the households visited, onl{28.7%) had vegetable farm and use manure toifertil
them.

A total of 336 environmental samples (water, soidnure and vegetables) were analyzed to detegrédsence
of Salmonella spp Table 1 shows that 104 (30.95%) samples weleatetl from Sabo, 107 (31.85%) from
Zaria city and 125 (37.20%) from Samaru.

Sixty five isolates of Samonellaspp were obtained. Twenty three (35.38%) were preswaptor
Salmonella sppand7(30.43%) were confirme8almonella spggainstSalmonellaantiserum. Two out of 104
samples from Sabo, four out of 125 samples froméarmand one out of 107 samples from Zaria city were
positive forSalmonella spTable 1).
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TABLE 1 Samples containing pathogensin the locations studied

L ocation Sour ce of Total no of Salmonellaisolates
samples samples

Sabo Water 26 -
Soil 22 -
Manure 50 2
Vegetables 6

Sub total 104 2

Samaru Water 25 2
Soil 22 -
Manure 64 2
Vegetables 14 -

Subtotal 125 4

Zariacity Water 25 -
Soil 22 -
Manure 56 -
Vegetables 4 1

Subtotal 107 1

Overall total 336 7(2.08)

Key = Pathogen not detected from samples. |soldrequency

= No of samples containing pathege

No of samples analysed

TABLE 2 Prevalence of pathogensin environmental samples by season
Pathogens by L ocation
Season Sabo Samaru Zariacity Total I solation frequency of
pathogens (%)
Salmonella spp
D153 1 - 1 1(0.65)
W183 3 1 6 6(3.28)
Key

- = pathogen not detected from samples.

D=Dry season
W=Wet season

N=Number of samples collected
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Salmonellais reported to have a low infective dose of &bsc(Wallet al, 1994).In this study, the isolation
rate of 2.08% (7 in 336 samples) fBalmonellais therefore significant. Case control studies péradic
Salmonellainfections have implicated raw or under cookedsefjgelarocuqueet al, 1998) and to a lesser
extent, chicken (Kimurat al, 1998) as vehicles for transmission. Remarkabhlhis study (57%) of the seven
Salmonella sppere isolated from chicken manure. The isolatiorBalmonellafrom water and vegetables
treated with manure in this study supports the ntspof Anguloet al., (1997) that there are other vehicles,
including non animal foods such as fresh fruits eegetables. The presence of pathogenic bacténises and
parasites on fresh fruits and vegetables has bdensively documented (Beuchat, 1996).

The isolation frequency foBalmonella(2.08%) in this study is lower than the 13.7% asioin frequency
recorded by Kwagat. al, (1985). The lower frequency seen in this study e as a result of changes in the
incidence ofSalmonellain Zaria. Studies showed that salmonellosis demnates a marked pattern of
seasonality increasing in the warm summer monthia ather pathogens such Bscoli 0157:H7 (Slutsteet
al., 1997). This may be the reason for the isolatibGalmonellabetween the months of April and August in
this study. However, the reasons for this patteennat entirely known. It may be related to infentitrends in
animal hosts or to temperature change and warm sunmmanths.

The inability to isolate Salmonella from soil samples could be due to competition wither soil
microorganisms and adverse environmental conditidime survival in soil of pathogens originating rfro
animal manure and sewage sludge has been reviewelidholson et al, (2000) and a number of
environmental factors have been shown to influgheesurvival of micro- organisms in soil (e.g. tesrgture,
moisture content, sunlight, pH and the availabibifyorganic matter). These reviewers appear toeathat
temperature is the most significant and survivaktincreases with decreasing temperature.

Agricultural practices and livestock managementesys should be modified, close proximity of animtls
man’s immediate environment should be avoided. Appate handling of manure is necessary to control
spread of pathogens and to limit the risk of hunmé@ction. It may be necessary to hold manure kterded
periods prior to spreading on farmland, or for imsthe production of food crops, particularly fodtst are to

be consumed in the raw or minimally processed stgiplication of processes such as compositingt thgéng

or digestion which can expedite the decline of pgéms is important.
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STUDIES ON ANTIBACTERIAL ACTIVITY OF Adenium obesurfApocynaceadeSTEM-
BARK
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1Ahmadu Bello University, School of Basic and Renaé@tudies, Funtua, NigeriZDepartment of Chemistry,
Ahmadu Bello University, Zaria, Nigeri&Division of Agriculture College, Samaru, Nigeria

ABSTRACT

Antibacterial evaluation of the methanolic and pletum spirit (60-80YC extracts of the stem-bark of
adenium obesumwas carried out using agar- well diffusion methdte extracts were tested against
some selected standard gram negative bacterias#aicherichia coli ATCC 25922),Pseudomonas
aeruginosa ATCC- 25619), Salmonella typhATCC 9184), Neisseria gonorrheagdNCTC 8198),
Klebsiella pneumon(@&TCC 15380) Antimicrobial sensitivity test of the extracts @ncentration of
4x10 pg/em?® showed significant zones of inhibition against 8@ the tested organisms. The
minimum inhibitory concentration (MIC) of the extta against the listed organisms ranges from 4x10
uglem? to 4x10¢ pg/lem?® and 3x16 pglem? to 5x10@ pglem? for Crude extracts of the methanol and
petroleum spirit respectively. Phytochemical exaation of the extracts revealed the presence of
alkaloids, steroids, saponins, glycosides, anthnames, tannins and flavonoids. These findingsakve
broad spectrum activity of the plant stem-bark aots.

KEYWORDS: Gram Negative, bacterial studies, Stemkpb&denium obesum

INTRODUCTION:

The African environment is probably the least expibin terms of available untapped resources. Herba
medicine is readily available in our diverse vetieta cheap and above all carries the potentialstofducing
new templates into modern medicine.

The use of medicinal plants all over the world jated the introduction of antibiotics and other mad#rugs
into African continent (Akinyemet al,2005). Herbal medicine has been widely used amidd an integral
part of primary health care in China (Liu, 1987higpia (Desta, 1993) Argentina (Anesini and Pel&£93)
and Papau New Guinea (Niek al,1995). A significant proportion of pharmaceutigabducts in current use
are designed from plants (Cowan, 1999 and Raeikal, 2002). A large number of phytochemicals belonging
to several chemical classes have been shown toihhNatory effect on all types of micro-organisnmsvitro
(Cowan, 1999) and some plant extracts have shotivitaon both gram negative and gram positive oigan
(Nascimenteet al2000) .

The use of various plant parts in the treatmenhefsick developed into tradition which was handedn from
one generation to another over the years verballyriiten (Sofowora, 1982; Akinyanju, 1986). Foottsands
of years, medicine depended exclusively on leaflesers and barks of plants, only recently havetlsgtic
drugs come into use and in many instances, theseeplicas of chemicals identified in plants (CogwEQ73).
In orthodox medicine, a plant may be subjectedetesal chemical processes before its active ingrasgliis
extracted refined and made ready for consumptidrilewin traditional medicine, a plant is simply eatraw,
cooked or infused in water or native wine or evegppred as food (Conway, 1973).

Even before the discovery of modern antibiotics atiter chemotherapeutic agents, traditional meditias
served as man's resort when attacked by infecgeata such as bacteria and fungi (Crafton, 1983).

The effects of plant extracts on bacteria have Istedied by a very large number of researchersffarent
parts of the world. Much work has been done onremthedicinal plants in Nigeria and Africa. Nevetdss,
the increased incidence of diseases for which tienrget an effective remedy is a driving factor foore
screening programmes. Diseases like tuberculosesjmonia, typhoid fever, rheumatic fever and meitisng
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(Greenwoockt al, 1992) still pose a major challenge to modermubtberapeutic agents. It is in this context
that the stem-bark @denium obesunvas screened for antibacterial activity.

Adenium obesurbelongs to the familApocyanaceadt is a Succulent shrub or small tree, up to }&all,
sometimes with a fleshy taproot; stem swollen aehap to 1(—2) m in diameter; bark pale greyistegrgrey
or brown, smooth, with sticky, clear or white latéxanchlets glabrescent, pubescent at apex. Leavasged
spirally, clustered at the end of branchlets, semptipules minute or absent; petiole up to 4 mngjdlade
linear to obovate, 3-12(-17) cm x 0.2—-6 cm, baseate, apex acute to rounded or emarginate, esfigatly
glaucous, dull green or pale green, leathery, péipaveined with distinct or indistinct lateral wsi
(Rowley,1983).

The plantis important in traditional medicine. In the Sahelecoction from the roots, alone or in combination
with other plants, is used to treat venereal dis&as root or bark extract is used as a bath mmldad treat skin
diseases and to Kill lice, while latex is appliediecaying teeth and septic wounds. In Somaliaadecoction

as nose drops is prescribed for rhinitis. In nartheenya latex is rubbed on the head against liceppwdered
stems are applied to kill skin parasites of caraels cattle. The bark is chewed as an abortifa¢datiwinger,
2000).

MATERIALS AND METHODS

Collection and Preparation of Plant Material

The stem-bark oAdenium obesumwas collected from Samara—Zaria, Kaduna Stateigér¥. It was
confirmed and authenticated at the Herbarium ofkeartment of Biological Sciences, Ahmadu Bello
University Zaria, Nigeria where a voucher specimers deposited. The bark was air dried and ground
into powdered form using a porcelain mortar andlpek was then preserved well in polythene bad an
stored in a dessicator before subsequent expesment

Extraction

The powered stem-bark @&denium obesurfb00g) were packed into a thimble and placed esidsoxhlet
extractor and extracted exhaustively and respdygtiwéth petroleum spirit (60-80YC and methanol. The
extracts were concentratéad vacuo at 40°C using rotary evaporator, after which the crudaaets were
obtained from the solvents.

Phytochemical screening
The petroleum and methanolic extracts of the stark-bf Adenium obesumere subjected to

Preliminary phytochemical tests using standardriegles (Trease and Evans, 1989; Sofowora, 1993).

Test microorganisms

Five standard Gram-negative bacterial strains vsetected;Escherichia coli ATCC 25922),Pseudomonas
aeruginosa ATCC- 25619),Salmonella typhfATCC 9184),Neisseria gonorrhe@NCTC 8198) andKlebsiella
pneumonig ATCC 15380)The bacterial strains were maintained on nutrigiatr @nd sub-cultured every three
days. An inoculum of each bacterial strain was endpd in 5 ml of Mueller Hinton broth (MHB) and
incubated overnight at 37 °C. The overnight cukuneere diluted with Mueller Hinton broth and adggstto
give a concentration of bacterial cells equivalemta McFarland 0.5 standard prior to the bactdgating
(Samieet al, 2005).

Susceptibility testing

The agar cup diffusion method was used for thid. t&erile nutrient agar plates were flooded with
appropriately diluted microorganism, the excess aseptically drained and the surface, allowed yoadiroom
temperature. Wells were bored into the agar plas#sg a 4 mm sterile cork borer and 0.1 ml eaclthef

extracts at concentration @ x 10" ,Ug/CfT? was introduced into each well. The plates werewadd a pre-

diffusion time of 1 h at room temperature and tirmubated at 37°C for 24 h after which zones oftliition
were read to the nearest millimeter.
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Minimum inhibitory concentration [MIC]

A series of culture tubes (microdilution assaysyewvprepared all containing the same volume of nmadiu
inoculated with test microorganisms (Ferretaal 2003). The lowest concentration of sample at whie
subculture from test dilution yielded no viable angsms was recorded as minimum inhibitory concéntra
(Nazaruk and Jakoniuk, 2005). Decreasing concéotratf petroleum spirit or methanol extractsAdfenium
obesum(AO) extracts was added to the tubes usually astse dilution (two fold serial dilutions) was used
starting from highest to lowest concentrations. Quige was left without AO extracts to serve as fpasi
control and other without extract and inoculumséove as negative control. The cultures were inegbat a
temperature optimal for growth of the test organ&md a period of time sufficient for growth forlaast 10-15
generations (usually 24 hours for bacteria at &}.°The tubes were inspected visually to deterrttieegrowth
of microorganisms by the presence of turbidity @he tubes in which AO extract is present in minimum
concentration sufficient to inhibit the microbialogvth which remains clear was noted as MIC of tkieaet. In
experimental terms MIC is the concentration of &@ extracts present in the last clear tube thahéstube
having the lowest antibiotic concentration in whigrowth is not observed.

RESULTS AND DISCUSSION

Table 1: Phytochemical constituents of the stenk-b&Adenium obesum

Constituents Extra
Petroleum spirit Methanol

Alkaloids

Flavonoids _
Saponins +
Glycosides +
Anthrquinones
Tannins
Steroids
Coumarins

+ + + + +

+ 4
+
+

+/_ = presence or absence of constituent tested

Table 2: Antibacterial sensitivity tests of the deuextracts oAdenium obesur{stem-bark at Concentration
of 4x10* g/ cnt: Zone of Inhibition (mm).

Test organisms
Zone of Inhibitiomin)

Methanolic extract Petroleum spirit extract.
Escherichia colidfTCC 25922) 26 20
Pseudomonas aeruginosaTCC- 25619) - -
Salmonella typhKTCC 9184) 20 16
Neisseria gonorrhe@NCTC 8198) 27 17
Klebsiella pneumoni@TCC 15380) 22 22

- = No zone of inhibition
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Table 3. Minimum inhibitory concentrations (MICs) thhe petroleum spirit and ethanol extracts of stem-
bark Adenium obesum

Microorganism MlC{<104/,4g/cm°‘)
Petroleum spirit extract Methanol extract
Escherichia colidfTCC 25922) 4 2
Pseudomonas aeruginosaTCC- 25619) NG NG
Salmonella typhKTCC 9184) 5 3
Neisseria gonorrheé@NCTC 8198) 4 2
Klebsiella pneumon{@TCC 15380) 3 3

NG = No Growth

Preliminary phytochemical screening: The prelimjnphytochemical screening of the plant extracteatsd

the presence of alkaloids, steroids, saponinspgiges, anthraquinones, tannins and flavonoidsemethanol
extract. However, coumarins were absent in theaekti\While the petroleum spirit extract containedyo
saponins, glycosides, tannins and steroids; altsJdlavonoids, anthraquinones and coumarins wbserd
(Table 1). The methanolic crude extract containedensecondary metabolites than the petroleum spitiact
probably because of the polarity of the solvent tfragol).Methanol as more polar solvent is capalfle o
extracting both the polar and the non-polar comptmef the plant stem-bark and hence having more
metabolites in it.

Antimicrobial tests: The plant extracts have dentatsd significant antimicrobial activity againdtet
microorganisms. The two extracts (methanol andopsim spirit) are active against four out of theefi
organisms tested. The inhibition zones for methanektract, which ranges from 20-27mm, were geiheral
higher than that of petroleum spirit; with rangenfr 16-22mm (Table 2).This reveals greater antinhieio
activity of the methanolic extract compared withttbf petroleum spirit.

MIC values of the methanolic extract were smallaoile active) than that of petroleum spirit. The kesa

MIC (2 ><10“,ug/cm3) was obtained witlEscherichiacoli (ATCC 25922) and\eisseria gonorrhegdNCTC

8198). This is a good manifestation of antibactexdivity of AO extract. For the petroleum spigiktract the
MIC values for the same microorganisms was 4uticn?. The highest MIC value for the AO methanolic
extract was 3xIfug/cn? againstSalmonella typh{ATCC 9184) andKlebsiella pneumonigdATCC 15380),
while that of petroleum spirit extract is 5¥u@/cn? againstSalmonella typh{ATCC 9184).The two extracts
did not have any inhibitory effect d®seudomonas aerugino$&TCC- 25619), Table 3.

The results of this study reveal the antibacteaigivity of stem-bark of AO on the selected grangateve
bacteria. The methanolic extract seems to be nuieeaagainst the microorganisms than the petrolspirit
extract and this could be ascribed to its abilitgxtract more active principles. Although the naeittiic extract
exhibited higher activity, but generally, the plantnifested significant therapeutic potentials.sTH not
surprising because the plant contains highly aatim@pounds with antibacterial activities. There tenins
which are reported to have various physiologicdea$ like anti-irritant, antisecretolytic, antipigiistic,
antimicrobial and antiparasitic effects. Phytotlpenatically tannin-containing plants are used toattre
nonspecific diarrhoea, inflammations of mouth amaat and slightly injured skins (Westendarp, 20D@&ase
and Evans, 2000).Steroids are also there, whielingportant drugs used as hypotensives, cardiaesiegnts,
sedatives and anti-dysenteric agents (Abdul,1989ptycosides which are used as laxative and darttiiaigs
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were confirmed. Alkaloids that act as anti-malari@hti-amoebic agents, astringents were presentdulAb
1990).

Results obtained from this study could form a gbedis for selection of AO for further phytochemieaild
pharmacological investigations. The antibacterialpprties of AO can be exploited for potential depeent
of new drugs against infectious diseases causdideselected pathogens.

REFERENCES
Abdul G, 1990. Introduction to Pharmacogno¥$yEdition Ahmadu Bello University, Press Ltd, Zaria
Nigeria; p 187-197

Akinyanju, J. A. Owoyale, J. A. and Okanla, E. ©86&. Antimicrobial Activity ofAcalyphatortaextracts: The
state of medicinal plants in Nigeria. Sojowora Bd) University of Ife press, lle-Ife. Pp247 — 251.

Akinyemi, K. O., Oladapo, O. Okwara, C. E., Ibe,CC.and Fasure, K. A, 2005. Screening of Crudedeksrof
Six Medicinal Plants Used in South — West Nigerimonthodox medicine anti- methicillin
resistantStaphylococcus aurewtivity. BMC Complementary and Alternative MediciBe.6 (1 — 7).

Anesini, C and Perez, C, 1993. Screening of plas¢sl in Argentine folk medicine for antimicrobiatiaity. J.
Ethnopharmacql39 : 119 — 128

Conway .D, 1973. The Magic of Herbs. Jonathan Chpedon. p. 158.
Cowan, M. M, 1999. Plant products as antimicrob@gntsClin. Microbiol. Rev 12 (4): 564 — 582.

Crafton, J, 1983. Some principles in chemotheraplgazterial infectionBritish Medical JournalNol. 2 pp.
237 — 309

Desta, B,1993. Ethiopia Traditional Herbal DrugstRhA Antimicrobial activity of 63 medicinal plastJ.
Ethnopharmacql42 : 139 — 139.

Ferreira MJU, Ascenso JR, Valdeira L, Duarte AderdP, Freitas G, 2 0 0 3. Evaluation of antivarad
antimicrobial activities of triterpenes isolatedrfr Euphorbia segetalisiNat Prod Research,17:375-8
0.

Greenwood.D.,Richard.C.B.S.and John.F.P,1992. Médicrobiology: A Guide to microbial Infections,
Pathogenesis, Immunity, Laboratory Diagnosis andt@bLongman Group Ltd Hong Kong. Pp 203-263.

Liu, C. X (1987) Development of Chinese Medicine sBa on Pharmacology and Therapeutics.
Ethanopharmacoll9 : 119 — 123.

Nascimento, G. G. F., Locatelli, J., Freitas, Pafd Silva, G. L, 2000. Antibacterial Activity ofddt Extracts
and Phytoche-Micals on Antibiotic — Resistant Beaatéraz. J. Microbiol 31 : 247 — 256.

Nazaruk Jand P. Jakoniuk, 2005. Flavonoid commosdind antimicrobial activity dErisium rivulare(jacq)
flowers, J Ethnopharmacol, 102: 208-12.

Neuwinger, H.D, 2000. African traditional medicirgedictionary of plant use and applications. Medpha
Scientific, Stuttgart, Germany,pp: 589

Nick, A, Rali, T. and Sticher O, 1995. Biologicatr8ening of Traditional Medicinal Plants from PapNaw
GuineaJ. EthnopharmacoK9 : 147 — 156

16



Tijjani .A et al,: Continental J. Microbiology 5 (1): 12 - 17, 201

Rankin, I., Ribnicky, D. M., Komarnytsky, S., lliy., Poulev, A. Borisjuk, N., Brinker, A., MorencDb, A.,
Ripoll, C., Yakoby, N., O. Neal, J. M., Cornwell,, TPastor, I. and Fridlender, B, 2002. Plants amanéh
Health in the Twenty — First Centurjrends BiotechnolR0 (12): 522 — 531.

Rowley, G.D., 1983. The Adenium and Pachypodiundbank. Smart & Co. Ltd., Brackley, United Kingdom,
pp:95

Sofowora, A, 1982. Medicinal Plants and Traditiohtgdicine in Africa. John Wiley, Chinchester. P91

Sofowora A, 1993Medicinal plants and Traditional medicine in AfricBpectrum Books Ltd, Ibadan, Nigeria,
P 289.

Samie, A., Obi, C.L., Bessong, P.O. and Namrita2@05. Activity profiles of fourteen selected medai
plants from Venda Communities in South Africa agaififteen clinical Bacterial species. Afr. J. Bich.,
4(12):1443-1451.

Trease, G.E. and W.C. Evans, 198Barmacognosyl3" (ed). ELBS/Bailliere Tindall, London, pp: 345-6,
535-6, 772-3.

Trease GE and Evans, 20@harmacognosyl4" Edition Harcourt Publishers Limited London.
Westendarp H, 2006. Effects of tannins in animatition. DtschTierarztl Wochenscht13(7): 264-268

Received for Publication: 03/06/10
Accepted for Publication: 15/08/10

Corresponding Author

Tijjani .A,

Ahmadu Bello University, School of Basic and Rena¢&tudies, Funtua, Nigeria
Email: tjjnahmad@yahoo.com

17



© Wilolud Journals, 2011 http://www.wiloludjournal.com
) Printed in Nigeria

\/I1i111  Continental J. Microbiology 5 (1): 18 - 28, 2011 ISSN: 2141 - 4106
Q'ﬁfi&

STIMULATORY EFFECTS OF CALCIUM CARBONATE ON BUTANOIPRODUCTION BY
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ABSTRACT

Solventogenic Clostridium species are motile Gram positive anaerobic bacteised for the
fermentative production of acetone-butanol-ethd ABE). The addition of CaCgxo semi-defined P2
medium was investigated to evaluate its impact @mwth, amelioration of butanol toxicity, glucose
utilization, and ABE production by solventogen@ostridium species. TwoClostridium species
commonly used in industrial production of fermeiviatderived ABE were used in the study. Under
culture conditions of the present study, CaGdhanced growth of and total ABE production by
solventogenicClostridium species €. acetobutylicumATCC 824 andC. beijerinckii 260 produced
more than 24 and 22 g/L ABE, respectively) by 318646%. Dramatically increased growth of
solventogenicClostridium species and fermentation rate resulted in greaBf concentration and
productivity for treatments containing Cag@elative to the control with no CaG@ddition. The
addition of CaC® into P2 medium, in addition, increased butanokrahce by more than 40%
indicating that elevated levels of ABE produced $mtventogenicClostridium species may have
occurred due to enhanced tolerance of butanoleptesence of CaGO

KEYWORDS: Butanol, acetoneClostridium beijerinckii Clostridium acetobutylicum Calcium
carbonate, biofuel

INTRODUCTION

Interest in biofuel production has grown recentlyedto continuous depletion of worldwide oil depssit
awareness in greenhouse gas (GHG) emissions dewmgustion of fossil fuels, and potential impadtshis
activity on global warming. Ethanol is currentlyethmost important renewable liquid biofuel, but @sh
problems ranging from lesser energy content thesolgee, blending limitations with gasoline, potahtfor
corrosion of pipes, and inability to be transporteing existing pipeline infrastructure (Ezeji aBhschek,
2010). The acetone butanol ethanol (ABE) fermemiagirocess is of particular interest for the praiduncof
fuels and chemicals from renewable resources bedauisinol has superior attributes over other fetatim-
derived fuels, including ethanol (Ezeji and Bladgch2007). Butanol, currently manufactured with pktam
feedstock, has a lower vapor pressure than ethvamch makes it less flammable, safer to transport safer
to use in combustion engines than ethanol (Durf€82 Major challenges with ABE fermentation are
limitations such as low ABE concentration, yielt\daproductivity due to butanol toxicity to microbieells
(Ezejiet al,, 2003; 2004). Currently, butanol is not used a#oéuel because of cost. However, David Ramsey,
Environmental Energy Inc., The Ohio State Univgrsilrove an unmodified 1992 Buick 10,000 miles asro
the USA using only butanol as a fuel (Ezeji andsBlrek, 2007).

With the history of bio-butanol production by thataral solvent-producinglostridium species such as
Clostridium acetobutylicur824, andClostridium beijerinckii260, there are some clear inherent advantages in
improving and using these native clostridial systdior producing bio-butanol (Ezegt al, 2010). The ABE
concentration and productivity in a typical bat@rnientation by solventogeniClostridium species can be
increased to values between 13 to 18 g/L and 0R3@/L/h, respectively (Ezeji and Blaschek, 2008)dest
increases in ABE titer and productivity can be aehd by incorporating acetate into fermentation iomad
(Chen and Blaschek, 1999; @tial, 2009). Studies focused on butanol removal frbemfermentation broth
using distillation showed that, as the concentratibbutanol increased from 10 g/L to 40 g/L, raifmil to
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fuel used for 100% recovery of butanol decreaserhfi.5 t/t to 0.25 t/t (Philips and Humphrey, 198Bjis
suggests that significant energy savings can bieasth if the concentration of butanol in the fertiag¢ion beer
is increased.

ABE production is by biphasic fermentation processvhich acetic and butyric acid are produced iadite
microbial cells with concomitant release into thevieonment during the acidogenic phase followedréy
assimilation of the acid into the cells and coniersnto ABE (solventogenic phase) (Ezejial, 2010). It is
noteworthy that excessive accumulation of undisgedi acetic and butyric acid in the bioreactor iyABE
fermentation is detrimental to nutrient uptake by growth of solventogeni€lostridium species (Herreret
al., 1985).

The objective of this study was to examine theatftd CaCQ additionin chemically semi-defined media on
growth and ABE production by solventoge@tostridiumspecies. Although the two microorganisms used for
the study have significant differences in both geacand physiology (Nollingt al, 2001), we investigated
whether the effect of CaG® species and strain specific or non-selectivaction.

MATERIALS AND METHODS

Microorganism, culture maintenance and inoculumeelbgpment

Microorganisms used for this study wetéostridiumacetobutylicumATCC 824 andClostridium beijerinckii
260.C. acetobutylicumATCC 824 was obtained from America Type Culturdl€&ion in Manassas, Virginia,
USA, while C. beijerinckii260 was obtained from Professor David Jones. labor stocks ofC. beijerinckii
260 andC. acetobutylicurTCC 824 were routinely maintained as spore suspeasn sterile double distilled
water at 4 °CC. acetobutylicunATCC 824 spores (200 ml) was heat shocked for 19 ahi75 °C, whileC.
beijerinckii 260 was heat shocked for 3 min at 65 °C follobwgaooling on ice. The heat shocked spores were
inoculated into 10 mL anoxic pre-sterilized trypteiglucose—yeast extract (TGY) medium (Eatjal, 2003,
2004) and incubated anaerobically for 12 to 14 B5at 1 °C.C. beijerinckii260 spores may take up to 18 h
before any visible growth can be seen. This wdsvad by transferring 8 mL of actively growing awie (12—
14 h old) to 92 mL anoxic pre-sterilized tryptonkiegpse—yeast extract (TGY) medium. To create atéero
conditions and prepare anoxic medium, loosely cdppetles with sterilized TGY medium were kept iret
anaerobic chamber (Coy Laboratory Products Incn Arbor, Michigan) with modified atmosphere of 82%
N2, 15% CQ, and 3% H for 24 h to facilitate exchange of gases betwe®lY Thedium and gases in anaerobic
chamber. Cells were grown anaerobically at 35 %CGAfto 5 h during which the optical density of sedit 540
nmA attained 0.9-1.1 (pre-culture).

Effect of calcium carbonate @ostridiumspecies growth and ABE production

Various concentrations (2-10 g/L) of Cag®ere added into 250 mL Pyrex screw capped battbegining 60
g/L glucose and 1 g/L yeast extract. The mixturs wtrilized at 121 °C for 15 min. On cooling to &, the
bottles were transferred into an anaerobic charab&5 °C for 24 h for anaerobiosis. This was fokowby
addition of filter-sterilized P2 stock solutionsdaimoculation with pre-cultureQ. acetobutylicunATCC 824 or
C. beijerinckii260) as described previously (Ezejial, 2003). Samples (5 mL) were collected every Tarh
cell concentration, ABE, glucose and acid analydisless otherwise stated, all fermentations werelaoted
in triplicate with the cultures grown with no agita at 35°C, and no special measures taken toaquit.

Effect of calcium carbonate on protein expressio@lostridiumspecies

To evaluate whether addition of Cagc@to growth medium enhanced protein expressiorClostridium
speciesC. beijerinckiicells were harvested from P2 medium (control) BBdnedium plus CaCJtreatment)
fermentation and used for analysis. To eliminags lin protein concentration due to cell concerdratcontrol
and treatment cells were adjusted to same opti@lsity at 540 nm wave length using DU800
spectrophotometerC. beijerinckii cells were lysed with TissueLyser LT (Qiagen In¥alencia, CA),
centrifuged at 14,000 g for 10min and supernatant was used as crude prdiéguots of the crude protein
were loaded onto SDS gel followed by SDS-PAGE asislfpllowing standard procedure.
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Analytical procedures

Growth of C. acetobutylicumATCC 824 orC. beijerinckii 260 was estimated by measuring &aDusing a
DUB00 spectrophotometer (Beckman Coulter Inc., B&%). ABE and acid (acetic & butyric) concentraiso
were measured using a 7890A Agilent Technologies ghromatograph (Agilent Technologies Inc.,
Wilmington, DE) equipped with a flame ionizationteletor (FID) and 30 m (length) x 32(0m (internal
diameter) x 0.5Qum (HP-Innowax film) J x W 19091N-213 capillary coln. ABE productivity, or rate of
production, was calculated as total ABE producedl (lture volume) divided by fermentation time (h).
Glucose concentration was determined using a heaski and glucose-6-phosphate dehydrogenase coupled
enzymatic assay (Ezeji and Bahl, 2006). Glucoskzation rate was calculated as total glucose zgdi by
solventogenicClostridiumspecies (g/lculture volume) divided by fermentation time (hjeM was defined as
total grams of ABE produced per total grams of giecutilized.

To evaluate whether addition of Cagioto growth medium reduced the toxic effect ofdndl onClostridium
speciesC. acetobutylicun824 andC. beijerinckii260 were grown in P2 medium containing 0-20 g/tabol
and incubated in an anaerobic chamber &C%r 24 h as described above.

RESULTS AND DISCUSSION

Effect of CaCQ on growth, pH and acetic-butyric acid productigrsblventogenicClostridiumspecies

To evaluate impact of CaG®n growth of solventogeni€lostridium species, batch fermentations were
conducted with P2 medium containing different coriaions of CaC@ The growth ofC. acetobutylicumvas
enhanced in the presence of different concentraitidrCaCQ (Fig. 1) reaching average maximum cell density
of 9.31 (Table 1A) which resulted in about a 2-fldrease in growth when compared to the control.

iz

=)
o]

o

Growth (OD540) of C. acetobutylicum 824

o 12 24 36 a8 60 72
Fermentation time (h)

Figure 1: Optical density of. acetobutylicumB24 (measure of cell growth) obtained during ba#dE
fermentation in P2 medium containing different aamtcations (0-10 g/L) of CaCGOThe data represent the
averages of 3 fermentations.

Similar results were obtained with. beijerinckii260 (Table 1B) where average optical density redcdh98.
With the exception of the 2 g/L CaG®eatment, no significant difference in glucosézastion among other (4
to 10 g/L) CaCQ treatments (data not shown) was observed. Hentimapconcentration of CaGfor the
growth of solventogeni€lostridium species is 4 g/L. Because Caf€énhhanced solventogen@lostridium
species cell growth to a great extent, we deterththe effect of CaC@on the rate of glucose utilization. We
compared results obtained from fermentations coimgi no CaC®@ supplementation (control) with
fermentations containing 4 g/L CagQrable 1A and 1B). Addition of 4 g/L CaG@ fermentation medium
resulted in a glucose utilization rate of 1.2 giidmpared to the control whose values ranged fr@t®0.8
g/Lh glucose (Table 1A and 1B), a 50 — 100% incee&8BE fermentation under conditions of excess gtec
(60 g/L) is typical because excess sugar in thedetation medium is essential for maintenance bfesb
production (Jones and Woods, 1986). At the enceohéntation, however, about 10-20 g/L glucose fisite
the bioreactor due to inability @lostridiumspecies to use all substrates in the presenadatively high
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butanol concentrations (Grupe and Gottschalk, 1€8#eshi and Blaschek, 2000; Ezejial, 2007a, 2007b).
In the presence of CaGQresidual concentration of glucose in the bior@aatas zero following 48 h
fermentation byC. beijerinckii(Table 1B). Past economic analysis demonstratatcthie fermentation substrate
was one of the most important factors that infleeht¢he cost of fermentation-derived butanol proidact
(Qureshi and Blaschek, 2000).

Table 1A: Total sugar utilized, ABE produced, ABEelg and productivity obtained during batch ABE

fermentation byC. acetobutylicumATCC 824 in the presence 4 g/L Cag£®lo CaCQ was present in the
control.

Parameters (Max. values) Control Caf@atment
Acetone (g/L) 3.66 +0.44 7.62 +0.26
Ethanol (g/L) 1.30+£0.04 1.16 £0.20
Butanol (g/L) 11.43+1.00 14.78 £ 0.32
Total ABE (g/L) 16.39 + 1.45 24.01+0.73
Initial glucose (g/L) 60.17 + 0.53 59.28 + 0.83
Final glucose (g/L) 16.02 £ 1.23 1.61+0.63
Cell density (540 nm) 5.47 £0.09 9.31+0.21
Fermentation time (h) 72 48

Total glucose utilized (g) 44.15+0.71 57.68.20
Glucose utilization rate (g/Lh) 0.61+£0.01 1.2.860
ABE Yield (g/g) 0.37£0.03 0.42 +0.01
ABE Productivity (g/L/h) 0.23+£0.02 0.50 #0a

Table 1B: Total sugar utilized, ABE produced, ABEelgg and productivity obtained during batch ABE
fermentation byC. beijerinckii260 in the presence 4 g/L Ca€B®lo CaCQ was present in the control.

Parameters (Max. values) Control Caf@atment
Acetone (g/L) 5.06 +0.14 7.40 £0.33
Ethanol (g/L) 0.88 £0.04 1.39+0.04
Butanol (g/L) 11.38+0.24 13.89+0.14
Total ABE (g/L) 17.31+£0.15 22.68 £0.44
Initial glucose (g/L) 59.07+1.8 58.63 + 0.6
Final glucose (g/L) 10.6 £0.34 0

Cell density (540 nm) 4.89 £0.34 8.98 +0.31
Fermentation time (h) 60 48

Total glucose utilized (g) 48.47 £1.02 58.63+0.6
Glucose utilization rate (g/Lh) 0.81 +£0.02 1.2P.8
ABE Yield (g/g) 0.36 £0.01 0.40 £ 0.004
ABE Productivity (g/L/h) 0.29 £ 0.003 0.47 £0.01
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Complete utilization of glucose b@. beijerinckii260 (Table 1B) in batch fermentation has the paétd
improve the economics of fermentation-derived bakanoduction and effluent disposal.

o 10 20 30 40 50 60 70 80
Fermentation time (h)

Figure 2: The pH profile obtained during batch ABEmentation byC. acetobutylicun824 in P2 medium
containing different concentrations of Ca£Z@he data represent the averages 8ffermentations.

Furthermore, during growth of solventoger@c acetobutylicumlow pH < 5.5 (Fig. 2) and accumulation of
acetic-butyric acid (Fig. 3A and 3B) in the bioreacare necessary for the initiation of ABE prodowct(Ezeji

et al, 2010). As a result, the effect of Ca£@pon pH and acid production were measured. Theatdd
concentrations of total acid measured at O h fetatiem originated from P2 medium component (ammioniu
acetate) and in all fermentations, solventogengassinitiated at the fermentation time of 12 h (RgFig. 3A-

B). The pH decreased sharply following 12 h ferratoh and the subsequent decrease has no linear
relationship with total acids produced during tberse of fermentation (Fig. 2, Fig. 3A-B).

This observation agrees with previous related tsp@mdersch and Gottschalk, 1982; Behhl, 1982; Grupe
and Gottschalk, 1992) which demonstrated this patté pH and total acid fluctuation during growtli o
solventogenicClostridium species and initiation of solventogenesis. Thohoegamination of Figures 2A and
2B shows that greater concentration of acetic-ligeid was produced by fermentations with Ca@fan the
control with no CaC@ This greater concentration of acetic-butyric atiodwever, did not result in a lower pH
than the control due to modulation of dissociated andissociated acetic-butyric acid by CaCO
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Figure 3: Acetic acid (A) and butyric acid (B) prarion profiles obtained during batch ABE fermeiatiatby
C. acetobutylicunB24 in P2 medium containing different concentraiof CaC®@. The data represent the
averages of 3 fermentations.
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Poorly buffered fermentation medium will lead tocegsive accumulation of undissociated acetic argribu
acid, which is detrimental to nutrient uptake, gglbwth, and ABE production (Ezegt al, 2010). Bryant and
Blaschek (1988) reported previously an increaseffeting capacity of the fermentation medium led to
enhanced butanol production although maximum butemecentration achieved in their investigation vifls
g/L compared to 14.78 g/L butanol (Table 1A) andB23Table 1B), a 39 — 48% increase, in the presteity.
Modulation of equilibrium between dissociated amdlissociated acetic-butyric acid in fermentatiordiam,

in addition, has been thought to be vital for ogtiroutanol production by solventoger@tostridium species
(Ezejiet al, 2010). Excessive buffering will also have a riegaimpact on butanol production but maintenance
of optimal buffering condition in the bioreactorrthg ABE fermentation for optimal butanol productics
crucial.

Effect of CaCQ on butanol production, productivity and yield h&ntogenidClostridiumspecies
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Figure4: Total butanol (A) and ABE (B) production profilebtained during batch ABE
fermentation byC. acetobutylicun824 in P2 medium containing different concentratiof

Having ascertained that impact of Cafdh solventogeni€lostridiumspecies growth was not specific 0r
acetobutylicumrather exerts same effect on other solventogéfostridium speciesC. beijerinckii the ABE
production characteristics &@. acetobutylicun824 andC. beijerinckii260 grown in P2 medium containing
various concentrations (2g/L-10g/L) of Ca€®as conducted and results are presented in FigrB and
Table 1A (C. acetobutylicum824) and Table 1B Q. beijerinckii 260). Control fermentations o€.
acetobutylicumandC. beijerinckiiwithout CaCQ produced maximum butanol concentration of 11.43ag/d
11.38 g/L, respectively (Tables 1A-B). Increasing3Ty concentration in the fermentation medium resuited
enhanced butanol and total ABE productionthyacetobutylicunibut increase in butanol and ABE production
peaked at 4 g/L CaG@Fig. 4A-B). Similar results were obtained with beijerinckii(Figure 5). Hence optimal
concentration of CaC{Jor butanol production is 4 g/L.
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Figure 5: Total ABE production profile obtained ohg batch ABE fermentation b§. beijerinckii260 in P2
medium containing different concentrations of CaClhe data represent the averages 8ffermentations.

When total ABE produced by CaGQreatment was compared to respective controls obfestogenic
Clostridium species,C. acetobutylicumand C. beijerinckii achieved a 46% and 31% increase in ABE
production, respectively. ABE productivity iy. acetobutylicumand C. beijerinckii 8052 was increased by
117% and 62%, respectively (Table 1A-B). ABE yi@ldsolventogenicClostridiumspecies was increased as
well by CaCQ ranging from 11% to 13% (Table 1A-B). Incorporatiof CaCQ into fermentation medium, in
addition, resulted in a 24 h reduction in fermentatime (48 h) and more importantly in efficienilization of
glucose (Tables 1A-B).

CaCQ and total protein expression in solventogeliastridiumspecies

As part of initial efforts to unravel the moleculzasis for the dramatic increase in ABE productiod glucose
utilization by solventogenicClostridium species that is induced by Ca&;Qve inquired if there was up-
regulation of select proteins. By using Q&values, we first normalized the amount of cellshia control and
CaCQ treatment (~ 1.8 mg dry weight cells) and ensthad any increase in protein levels detected wbeld
directly attributable to increased protein synthesd not cell growth. The total crude lysates iobth from
these cells were then subjected to SDS-PAGE amsa(isieji and Blaschek, 2006). Indeed,dnbeijerinckii
grown in P2 medium with CaCQthere is a noticeable increase in the abundahs®eweral proteins; this
increase is both proportional to the amount of Ca@Cthe medium and the time of fermentation (Fiyy. 6
While it is conceivable that these up-regulatectgine might be involved in glucose uptake and aation,
such an idea will await confirmation by our futymeteomic investigations.
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Figure 6: SDS-PAGE of total proteins ©f beijerinckiicells harvested at fermentation time of 36 h (ilne)
and 48 h (line 7-12) during batch ABE fermentationP2 medium containing different concentrations of
CaCQ. Lines 1-6 are samples from P2 medium, P2 mediuth % 4, 6, 8 and 10 g/L CaGQreatments
(fermentation time, 36 h). Lines 7 to 12 &ebeijerinckii8052 cells from P2 medium, P2 medium with 2,,4, 6
8 and 10 g/L CaCg&xreatments (fermentation time, 48 h). Line M istpin ladder standard.

Table 2: Amelioration of butanol toxicity to solwegenicClostridiumspecies €. acetobutylicun824, andC.
beijerinckii 260) by CaC@ Both species had same growth characteristicsngugrowth in media
supplemented with different concentrations of batan

Griwt
Treatments
0g/L 10 g/L 12 g/L 15g/L 20 g/L
butanol butanol butanol butanol butanol
Control (P2 Medium) ++++++++ ++++ + - -
P2 Medium + 4 g/L CaC® ++++++++ +++++++ ++++ + -

+: growth; -: no growth; Number of + indicates imséty of growth.

Effect of butanol on growth of solventogei@tostridiumspecies

To evaluate performance of solventogefilostridium species when fermentation medium is supplemented
with butanol, batch fermentations were conducteth vil2 medium containing different concentrations of
butanol (0-20 g/L) or P2 medium containing 4 g/LGCy and different concentrations of butanol (0-20 g/L)
SolventogenicClostridium species grew slowly in all P2 media containing/d @aCQ except in treatment
containing 20 g/L butanol, unlike P2 medium with @aCQ whereClostridiumspecies barely grew in 12 g/L
butanol treatment (Table 2). This demonstrates that presence of CaGOn the fermentation medium
increased the threshold for butanol toxicity @ostridium species. However, growth of solventogenic
Clostridiumspecies was prematurely terminated in treatmenitming= 15 g/L butanol following 8 h of post
inoculation to the fermentation medium.
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CONCLUSION

We have shown that CaG@nhanced growth of solventogef@tostridiumspecies and butanol production. In
addition, it appears CaGQ@educed the impact of butanol toxicity to solveyoic Clostridiumspecies which
lead to greater accumulation of butanol in the fertation broth during ABE fermentation. Effect dd@3; on
solventogenicClostridium species is non-selective in action and this figdimay be applied to other
microorganisms that undergo biphasic fermentafidevated protein expressions in solventogedimstridium
species during fermentations in the presence ofGzafte associated with enhanced growth and ABE
production; the identity of these proteins andrtheéchanism of action remain to be deciphered.
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