
I 

',. . . . , . . . . 
• • . '. ' . . . ' . 
.. : ,t. \;.:. 

Taxonomic studies on Lactobacillus 
and Pediococcus isolates from fermented 

tef (Eragrostis tej) and kocho (Ensete 
ventricosum) and microbiological safety 

of the baked products 

Ayele Nigatu 

Addis Ababa University 
School of Graduate Studies 

Addis Ababa 
June, 1998. 



'. 

. . 
• 

ADDIS ABABA UNIVERSITY 

SCHOOL OF GRADUATE STUDIES 

Sys temati cs of Lactobacilllls and PediococclIs isola tes from fermented tef 
(Eragrosris te/) and koch o (Ensele ventricoslIm) and microbiological status of 
the baked products 

by 

Ayele Nigatu 

Department of Biology, Faculty of Science 

Approved by the Examining Board : 

Prof. S. Feresu 
External examiner 

Dr. Fekadu Seyene 
Internal examiner 

Prof. Mogessie Ashenafi ~~. 
Advisor 

Dr. Masresha Fetene 
~~ /~ 

Head, Department of Biology 



Addis Ababa University 
School of Graduate Studies 

Taxonomic studies on Lactobacillus and 
Pediococcus isolates from fermented tef 

(Eragrostis te!) and kocho (Ensete ventricosum) 
and 

microbiological safety of the baked products 

A ele~igatu 

2 

(A di ssertation submiued to the Department of Biology in partial fulfillment for the Ph.D. 
degree in Biology) 

Add is Ababa 
June, 1998. 



--------------------...... ~3 .. • 
-"". 

!lib .. , ~ j.e.9 "'\J ·"~b S ii . a'W<\qt> · ~ .e. Ld/U­

(\ "0 '" " V, .l-S'" <'AU- " '. """,,,, ,ro- ~ . q1l)le 'i. 
b 1l>4> ':!-." . "' h -to qt>L. " " 

(!O,'H 118 (f19 ).i·6S-66 

" ... Ilte sure and definite lIetermination (of species of 
bacteria) requires so milch lime, so much acumeno! 
eye and j udgmem, so much of perseverance am/ 
patience tllalthere is hardly anything else so 
difficult-Muell er" (From the cover page of the 1m. 
J SYSI, Bacterio/.) 

Dedicated to: 

Meseret T addesse, for your encouragement, stamina in 
shouldering all the burdens and love; Hilena, Ruth and Dawit, fo r 
your patience and love; Yeshiwork Taddesse, for your genuine 
compassion and suppon . 



4 

ACKNOWLEDGEMEN TS 

It is absolutely essential at this juncture to witness that the entire work accomplished in 

this thes is is neither an OUI put nor due to a mere effon of a single individual. Thus it would be 

fair to breathoul due thanks to all of you who in one way or the Other enabled me arrive at the 

present state of this work . 

I would however like to mention few names: 

Jvly supervisor Assoc. Prof. Garan Molin , it IS a pleasure for me to let! you that I am truly 

impressed by your stimulating encouragement, guidance. critical views. reading the thesis and 

manuscripts patiently and showing me the way to microb ial taxonomy. My co-supervisor 

Assoc. Prof. Siv Ahme, it is really nice to work with you: thanks for showing me the road to 

microbial genetics. %cn ever I remember the beginning of my study' can ' t forge! my fonner 

superv isor, Prof. Berhanu A. Gashe. who from the stan coined this project, found such 

appropriate supentisors and paved the layout of my study. f am very grateful to you for your 

unlimited encouragement to grow in microbial systematics. May I thank the suppon of Dr. 

Demissu Gemeda during the first phase of my study period and Prof. T ewodros Solomon for 

your encouragemem of my study. 

Many thanks should also go to my recent supervisor Prof. Mogessie Ashenafi, for your 

help towards finalizing my work. 

Special thanks should also go to my friends Diya Adawi. Behzad Kasravi. Asa Eneroth, 

Birgitta Sorenby. Martin Antonsson, An ita Sandberg, Jose de Cruiz. Mikel Quednau. Kristina 

Lodiate, Stalin Santacruz, Fredrik Tufesson, Wang Mei. Anders. Ingmar, Markus. Marie-Lo uis 

Johansson, Ann-Marie Lindberg, Crister and Rafal for your unlimited suppon compassion and 

kindness. It is very hard to forget the suppon of my friends Teketel Abebe, Nigussie !\'Iegersa. 

Kelemu Lemma, Kelbessa Urga, Habtamu Fufa. Tassew Dabba. Chemet Aboye. Drs. Aberra 

Geyid and Almaz Abebe, Senaiet Zewdie, Drs. Seyfu Ketema and Abebe Demiss ie. Almaz 

Negash. Gashaw Mamo, Dr. Fiseha Mekuria and Eleni for your suppon. Whenever f remember 

Friday dinner the very special "Asreson of Lund" it would be nice to acknowledge the energy I 

gOt from the delicious ch icken supplemented with your entertainment Amare Gessesse. Gi rma 



5 
Akalu. Yirgalem Yigzaw and Tigi st G ifma. Thank you so much for yOll social and scientific 

input to my work. My brothers and sisters Negash Gebre-Tsadik and Etfwork Asnake, Fekade 

Gebre-Mikael and Zewdnesh Dubale , Solomon Gehre-Mariam and Mulatua Ti lahun. Tagegn 

and Arne Almqvist. Azaria, Haregewoin and Gebre, Azeb and Rasmus Witzel. Hiruy Kidane 

and Tsehay Hai le. Mekdes. Sihi n and Dr. Tarkegn Adebo. Simegn and Tesfaye. thank you so 

much for your suppo rt during my stay in Sweden and valuable disc ussions. Due thanks to my 

sisters and brOlhers, Amsa le Zenebe. Genet Zenebe, Mulumebet Zl!nebe, Bisrat Berhanu. Nega 

Wubayehu. Efrem Gi fma. Wondwossen Taddesse, Abehe Bekele and Tamiru Kassa. It would 

even tuall y be unwise if I forget to thank my friends Genet Emeshaw and Alem. Zewdinesh. 

Ato. Teshome Teferi and Tewodaj Meaza, Almaz Asseffa. Bekelu Teka. Aberru Nurga . Alem 

Abele, Senaiet. Astawesegn and Simret and a ll those who I did not mention your names here 

fo r your encouragement and support. 

At last I should witness that the enti re work would not have been a reali ty without the 

sole support of my beloved wife Meseret Taddesse, my sister Yeshiwork Taddesse and the love 

of my child ren. Many thanks should also go to my fa ther Ato Nigatu Chernet fo r your love. 

un limited encouragement and concern throughout my life . 

I am also grateful to Mrs. Kerstin Johnson (SAREC) and Assoc. Prof. Malin Akerblom 

(I Pies. ISP) fo r enabling me print the thesis. The project was financiall y supported by 

SA REC-Sida through the School of Graduate Studies. Addis Ababa University. 



6 

ABSTRACT 

Tel dough and kocho are products of typical lactic acid food fennentations. BOIh foods are 

the main dietary sources in Ethiopia. Lactic acid bacteria (LAB) belonging to Lactobacillus. 

Pediococcus and LeuconslOc are amongst the main fermentative rnicroflora in these foods. 

Molecular taxonomic stud ies using RAPD. DNA:DNA hybridization. 16S rR.!'lA sequencing and 

API 50 CH fennentation profiles were carried out on food isolates together with type and 

reference strains of Lactobacillus and PediococclIs spec ies. The results revealed (he presence of a 

diverse range of species in ref and kocho. Lactobacillus and Pediococcus spec ies were abundan t in 

both foods while Weissella species were identified among kocho isolates. The use of R..<\PD was 

valuable for grouping lactobacilli and ped iococci isolates from kocho and lei The method enabled 

discrimination ben .... een phenotypically inseparable pediococci. Ped. acidilaclici and Ped 

penrosacell.s and among type strains of Lactobacillus species. Its use might however. be limited in 

large number of lactobacilli isolates. DNA homology and sequence data were fo und to be 

supplementary and essential fo r efficient identification o f an isolate. API 50 CH utilization 

profiles were influenced by incubation temperature in many strains of Lactobacillus species. 

Diversity and higher test vigours of isolates while utilizing different carbohydrates showed 

pertinent metabolic roles in fermenting ref dough and kocho. The inability of different pathogenic 

and spoilage bacteria to survive the fermentation processes and baking heat implied the high 

safety levels of the products. 
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CHAPTER ONE 

IN TROD UCTION 

/.1. Food FermellIaliOIlS 

Food fermentat ion. is the oldest means of biotechnology, which has been used by man for 

many thousands of years. It was one of [he methods (includ ing drying and salting) of preservation 

developed from need. As recorded history tells us, the Egyptians, Sumarians. Babylonians and 

Assyrians were skilled in producing alcoholic beverages from barley. Earl y Christian and Sanskrit 

records also cite the use of fennented dairy products. The Romans were processing fish and used 

fish sauce around AD 200 in Europe and North Africa along with fermented milk such as sweet 

and savory products (Campbell-Plan, 1987). As clearly presented by Pederson (1979). Campbell ­

Platt (1987) and Steinkraus (1994), alcoholic fermcntalion of barley to beer and grapes to wine 

represented early evidences. Babylonians brewed beer which was supposed to have been 

produced through both lactic and alcoho lic fe rmentations and exported it to Egypt around 300 

Be. 'Leavening' of sour dough. the use of 'dough starter', wine making, production of alcoholic 

beverages, and references in relation to fermcnled products were cited in many places in the holy 

bible, both in the Old Testament and the New Testament (e.g. Luke 13:21). Food femlen t3tion has 

been believed to have evolved from "natural" processes in which nutrient bioavailability and 

environmental selective pressures resulted in specific microbial species and strains by the use of 

starter cultures and possibly strain improvement. 

Femlentalion is a process by wh ich raw substrates are biochemically converted by 

activated endogenous enzymes or from actions of microorganisms into morc nutritious. energy. 

rich and acceptable products (Pederson, 1979). These significant changes involve development of 

new aroma. flavour, taste, and texture therei n increasing the sensory quality. palatability and 

acceptability of the product (Campbell· Plan. 1987; Steinkraus. 1994). Fennemed foods are knO\\l1 

to playa crucial role particularly in the daily diet of people living in tropical developing countries 

where the fennentation of cereal and root crops remarkably comributes to the chemical and 

microbiological safely of the produc ts (Cooke, e/ al .. 1987). It is also evident that sour.fenncmed 
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cereal products are able to arrest proliferation of diarrhoegenic bacteria. a serious and pnmary 

cause of infant and child mortality in the [fopics (Mensah. el oJ. 1991; Simango and Rukure. 

1992: $ vanberg. ef 01 .. 1992). Besides this, fermentation is relatively a low·energy preservation 

which increases the shelf life of products (Cooke. el 01 . . 1987). 

The process of fermentation not only improves the keeping quality and palatability bUi 

al so the digestibil ity and nutritional value of me end product (food or feed). This is by increasing 

nutrient availability and modifying or reducing antinutritional food components such as tannins. 

phytates. polypheno/s. glucosides (such as Jinamarins. lan tamarins). cellulose. hemicellulose and 

polygalacturonic and glucuronic acids (Campbell~Plat!. 1987: Steinkraus. 1994). Breakdowns of 

these compounds may result in improved bioavailability of mineral and trace elements 

(S teinkraus. 1994; Kalantzopoulos, 1997). Additional nutrients such as vitamins. amino acids and 

proteins may be synthesized during fermentation. Animal products. including dairy. meat. fi sh. 

and related substrates are fennented resulting in products of superior quality than the raw 

materials (Steinkraus, 1994). In foods of plant origin. the chemical composition and biophysical 

propenies of the raw foods differ. Roots and tubers such as potatoes. yam. cassava and enset as 

well as cereals and tree~crops, such as bread fruit. are known to possess high content of starch. 

where3S legumes and oi l seeds hav~ a higher prOiein content. Green vegetables. carrot. beet. 

tomato, olive. cucumbers. okra and forage crops for anima l feed silages are known to have a high 

moisture content; fruits contain high concentrations of reducing sugars (Nout and RomboUis. 

1992: Steinkraus. 1994; Gebre-Mariam and Schmidt. 1996). Each type of raw food substrate has 

its Own unique combination of physical Structure. chemical composition and associated natural 

microflora wh ich influence the succession of mic robial development and action of endogenous 

enzymes. However, the availability of fermentable substrale is the key faclOr for femlentation 10 

take place. Cereal grains and milled products contain only 0.5-2.5% of freel y available 

carbohydrates as mono- and di-saccharides (Becker and Hanners. 1991 ). AUlOamylolysis at 

ambient temperatures and moisture. may occur by endogenous hydrolases such as alpha- and n­
amylases (Odunfa and Adeyele. 1987). The fennentative preservation of vegetables and cereals is 

mainly as a result of the action of lactic acid bacteria (LAB) in co-operation with fermentatl vc 

yeasts. Other bacteria. such as Bacillus spp .. or filamentous fung i such as Rhi:opus and 
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Aspergillus spp. are unequi vocally essential fo r the fennentation of some legumes and oil sec:.-ds 

(Campbell -Platt. 1987). 

1. 2. Lactic Acid Bacter ia (LA B) 

The name Lactic Acid Bacteria (lAB) re fers to a functional group and nOt a taxonomic 

one. LAB comprise a diverse group of Gram-positive, non-spore-fonning cocci. cocco-bacilli or 

rods wh ich are generall y non-pathogenic to man and animals. In most cases they are anaerobic. 

microaerophilic or aero-toleram in their oxygen demands. They are generally catalase- and 

oxidase-negative although some may produce pseudocatalase when grown at low sugar 

concentrations. Most LAB grow between lOoC and 45°C although there may. in some cases. be 

gro\-,/lh at lower or higher temperature ranges. They are chemo-organotrophic and grow in 

complex media. They need fermentable carbohydrales for growth and produce lactic acid as a 

sole. or main product from the energy-yielding fermentation of sugars. Accordingly they may be 

grouped as homo fermentative those mainly producing lactate from glucose or heterofennentative 

those that produce lactate. CO2 and ethanol (Kandler and Weiss. 1986). Homofermenters are 

fu rther divided into obligate homofermenters and facultative heterofermenters based on their end 

products from hexoses. Facultalive hetcrofermenters utili ze hexoses and produce almost entirely 

lactic acid via the Embden-Meyerhof-Pamas (EMP) route. The obl igale heterofemlenters instead 

ferment hexoses using the phosphogluconate pathway and produce lactate. ethanol (acetic acid) 

and CO, (Wood and Holzapfe l, 1995). 

The homo lactic fermentation follows the EMP pathway of glycolysis. The enzyme 

aldo lase plays a pi votal ro le in the EM P metaboi!c route. The heterolactic fermentation instead 

fo ll ows two routes where o ne is li mited to bifidobacteria. which are not LAB. hence called the 

Bifidus pathway and the other the 6-phospho-gluconate pathway that is common to LAB. Both of 

these later pathways are also called the phosphoketolase or heterofcnnentati ve pathways and the 

enzyme phosphoketolase plays a key role (sec Figure I). Glucose. fruc tose and sucrose are the 

primary substrates in plant material that are femlented by LAB. Pentoses. citric acid and malic 

acid are also present in most plant material though in small quantit ies and can also be fermented 
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by LAB. Mannitol is usually fonned during heterolaclic fermentation by the reduc tion of fructose 

and serves for heterofennenters to dominate later. Free pentoses are not nonnally available in 

intact plants but are liberated after harvest as a result of hydrolysis of hemicellulose. Hexose 

metabo lism is presented in Figures I. 

Glucosc-<5P 

~ 
6P-Gluconate 

Xylt~O~ p + CO, 

X),lt~5P 
t 

Acetyl.P + Triosc-3P 

I'--.-~~ 
Pyruvate 

~ Ac.cutc 
wcutc 

(Etlunol) 

• 
~ 
• -• • • , 
• 
• 
~ 

• 

6P·QUCOnAtc pathway 

Erytbrose-4P + Acetyl-? 

~ 
Heptose-P 

+ 
PcnlOse-P 

-t 
Tnose-3P + Accty[.P' 

~ADP 
ATP 

Pyru\13tc 

~ 
Lactate A_", 

(If daolactic lumentation) 

Triose-3P 

~ADP 
~ATP 

Pyruvate 

uCl:lte 

Glycolysis 

(Homolactic f t:rmO/ tal ion) 

Figure 1. Hexose fermen tation in lactic acid bacteria (Adapted/ rom Kandler, /98J). 

Most LAB frequently isolated from ferment ing plant materials are either obligate or 

facultative heteroferrnenters hence they make use ofrheir phosphoketolase for the dissimilarion of 
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pentoses. On the other hand, the strictly homofennemative lactobacilli are rarely isolated from 

plant fennentations because they lack this enzyme (DaescheJ, et al.. 1987). Heterofennemative 

LAB ferment pe:ntoses via the pentose phosphate pathway where equimolar amounts of laclate 

and acetate are produced through catalysis by phosphoketolase (F igure 2). 

O-Arnb inose 

8 
O-RibuJose 

~G'UCOS0 
" /GluCOSe-6P 

6P-D-Gluconate Accl.:lte 

~1U=.~b~'· <O~I~-5=P:,,-___ }--;;;,-;-_'-+ D-Ribulose-5P t / ADP 

_ M 4 r ~D 

Q:x YIOS~D_.X .~Y~IU:lo:s:e=1 °:1:L---=O_-X:;Y~IU~I O=S=e-=s=:,-P}:'Ph~OSPP!.h"O~~!!!2~Ot<l =_<., AcetyJ-P 

XyJilOl-5P ])H 3 • - TriT<e-3 P 
I (~ADP 

L-RibUt~ose-sp .. Arabitol-SP T A TI> 

2 DN JPTS Py",/"a<e 
L-lUbu osc 

Ii bitol Lacr. <e 

PTS 

X itol 

Q Arabinos0 

nle enzymes in volved include:l . L-Arabinose ketol-isomerase: 2. A TP:L-ribulose j-phosphofral1sjerase: 
1, L-ribulose j -phosphate 4-epimerase: 4. D-riblllose j -phosphate J-epimerase: 5. D-ribose 5-phosphate 
ketol-isomerase: 6. A TP:D-ribose j-plrospholrafls/erase: 7. A TP:D-ribulose j -phosphotrans/erase: 8. D­
arabi"ose kelol-isomerase; 9. D-xylose kelol-isomerase: 10. ATP:D-xyllliose j -phosphorransjerase; I I . 
D-xylulose 5-phosphate D-glyceraldehyde J-phosphale lyase: DH. dehydrogenase. 
Figure 2_ Pentose mel:lbolism in lactic acid bacteri a (Adapted/rom Kaltdler, 1983). 

A variety of other carbohydrates and sugar alcohols are also metabolized by LAB as 

energy sources. Previously these fermentation properties were used as a basis for LAB taxonomy 

(Kand ler 



15 
and Weiss, 1986). Nevertheless, apart from the genuine LAB, other taxa were also found to 

follow such metabolic routes. The lenn lactic ac id bacteria still refers to a functional group and 

not a taxonomic one. Recently the deli neation and assignment of taxa has thus been shifted from 

metabolic relat ionships and now is based on phylogenetic, hence those related taxa producing 

lactic acid are excluded from the group (Wood and Holzapfel, 1995). According to this recent 

taxonomic rearrangement based on 16S and 235 rRNA sequence data, the Gram-positive bacteria 

are known to have two lines of descent (Figure 3); those with a DNA base composition less than 

50 mol% guan ine plus cytosine (G+C) [ann the so-called Clostridium branch, while those with 

G+C mol% higher than 50% belong to the Actinomycetes branch. The typical LAB such as 

Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and Streptococcus rhermophilus, have a 

G+C content below 50 mol% and hence belong to the Clostridium branch (Schleifer and Ludwig, 

1995). Due to its higher G+C moJ%, the genus Bijidobacferium. which was originally regarded as 

a member of the LAB, is assigned into the Actinomycetes branch. 

, 

HighG+C 

, , , , 

LowG+C 

, -- - -- ... 

Lacrococcus 

EschericJria coli 

Figure 3. Phylogenetic relationships of Gram-positive bacteria based on 165 rRl~A sequence 

similarities (Modified/rom Schleifer and Ludwig, 1995). 
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True lactic acid bacteria belong to the following genera: Lactobacillus, LaC1OCOCCUS, 

Leuconostoc. Oenococcus. PediocOCClIs, Streptococcus. Tetragenococcus, Vagococcus and 

WeisseI/o. LAB are distributed in various habitats and are thus frequently found in foods (dmry 

products, fermented meat, sourdough, fermented vegetables. silage, beverages), on plants. in 

sewage and in the genital. intestinal and respiratory tracts o f man and animals (Marklinder and 

Lanner, 1992; Hammes and Vogel. 1995). LAB associated to food and feed are very important 

and responsible fo r the desirable changes in the final products. 

1.3. Ta.xollomy of Lactic Acid Bacteria 

Bacterial systematics is the scientific study of organismai diversity and interrelationships 

with an eventual goal of characteri zing and arranging them in an orderly manner (Ludwig and 

Schleifer, 1995). Taxonomy is empirically understood as a synonym of systematics or 

biosystematics and traditionally consists of the fol lowing components. 

(i) Classification: the orderl y arrangement o f defined taxonomic units (e.g. species) into groups 

(e.g. genus) on the basis of relationships; 

(ii) No menclature: the labe ling of units defined in (i) according to the International Code of 

Nomenclature of Bacteria (Lapage, el ai.. 1975) ; 

(ii i) Identification: the process of determining whether an organism belongs to one of the un its 

defi ned in (i) and labe!led in (ii); and 

(iv) Phylogeny and population genetics: Vandamme. el al. ( 1996) furthe r moved on addition of 

phylogeny and population genetics for a complete definition of modem biosyslematics. 

If a bacterial classification has to renecr the natural relalionships be[ween bacteria. then 

various methods are needed to confirm the presence and extent of relatedness. As a result 

extensive information is util ized describing various features o f an organism. Comparison o f 

organismal characteristics serves to affiliate the organi sm \\~th a group \\~th which it shares 

common properties. The detenn ination o f at least pan of the most typical properties would thus be 

essential in order to evoke rel iable identification. 

Previously classification was based on phenotypic express ion and therefore it did not 
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reflect phylogeny. Thus it was difficult to draw up phylogenetic trees because bacteria being 

unicellu lar did not have any fossil records. The breakthrough was then the application of 16S 

r NA analysis, and as a result there were major re visions in the classification of most prokaryotic 

taxa (Woese, 1987). The information obtained during classification is used to define prokaryotes 

into their basic taxonomic units, i.e., the species (Schleifer and Stackebrandt. 1983. Starr. er af .. 

\986). The different methods are thus used to confinn the presence and extent of relatedness. i.e .. 

identification. 

Different types of information may be used fo r th is purpose but as a group they should all 

serve to identify, classify and characterize the iso late. The major phenotypic and genetic methods 

employed for the taxonomy of lactic acid bacteria are brieny described below. 

1.3. 1. Phenotypic methods: 

Phenorypic methods include all procedures that do nOt make use of DNA or RJ'iA. These 

could be categorized as follows. 

1.3.1.1. Common phenotypic a na lyses: 

Phenotypic traits include those common features such as morphological, physiological and 

biochemical properties used in any laboratory for identification and association of an isolate to a 

given taxon. Morphological featu res could be cell shape; endospore fonnation: presence or 

absence of flagella and inclusion bodies; Gram 's reaction and colour. fonn and dimension o f 

colonies. Properties of physiological and biochemical traits are quantified from data on growth at 

different temperatures. pH values. concentrations of salt, atmospheric cond itions as well as 

growth patterns in the presence of substances like antibiotics: possession and activity of different 

enzymes; and assimilation and production o f specific compounds. Historically data on these 

properties served as the basis for LAB taxonomy before the use of chemotaxonomy and the recent 

advent of nucleic acid-based phylogenetic analyses (Axelsson. 1993; Schleifer and Ludwig. 

1995). Phenorypic traits were, however, be effectively used in standardized procedures to get 

reproducible results. Based on these properties LAB were characterized phenotypically as Gram-
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positive. catalase- and ox idase-negative. non-spore-forming, COCCI. cocco-bacilli or rods. LAB 

need fermentable carbohydrates fo r growth and femlem glucose 10 produce mamly l:leuc acid 

(homofennentatives) or in addition COz. ethanol and/or acetic acid (heterofennentall\es) 

(Axelsson, 1993). This definition has however been found ambiguous since mher genern 

lUlIeiated to the true lactic acid bacteria could also display similar characteristics (Holzapfel and 

Wood, 1995; Schleifer and Ludwig, 1995) and is therefore inexhaustive fo r LAB identification. 

1.3.1.2 . Automated Systems: 

Commercial kits containing dehydrated substrates such as API 20 and API 50 CI-I 

fermentation systems have been used fo r a long time for many genera including LAB. These kits 

contain carbohydrates. polyols and glucosides whose assimi lability could be detected by the 

change in colour after incubation fo r I, 2 and 7 days. The API Strips are not strictly automated 

systems as they could ei ther be read by eye or be automated. 

1.3.1.3. Cell wa ll composition: 

The distribution of the different teichoic acid and murein types in lac tobacill i is well 

reviewed by Harrunes and Vogel (1995). Cell wall composition is a useful taxonomic character in 

Gram-positive bacteria as it is spec ific to a genus or a spec ies (Schleifer and Kandler. 1972) but 

the analys is is time consuming. Despite this cumbersome anal ysis, lactobacill i could be grouped 

using ce ll wall composition as follows (see details in section 1.3.4.): 

Homoferrnentative and heteroferrnen t3ti ve lactobacilli from the LaclObaciJllls defbrueckii 

group (Groups Aa and Sa, respectively) are known to possess the Lys-D-Asp-type. The obligate 

heteroferrnematives belonging to the Leuconostoc group (group Cc) all have the Lys 

(monoamino, monocarbonyl) amino ac id type (Lys-L-Ser-L-Ala1 or Lys-L-Ala1) (Dellaglio. el af . 

1995). Representati ves from Lb. casei-Pediococcus group (homoferrncnlative (AbJ, facultatively 

heteroferrnentative [Bb], and obl igate ly heterofennentati ve rCb]) have either the Lys-D-Asp type 

or the diam inopimelic-direct type (Vandamme. ef af.. 1996). However. some exceptions have 

been found such as, Lb. jermenfUm and Lb. vaginalis. where lysine is replaced by the chemically 
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similar ornithine (Om-D-Asp type) ; the Lys-Ala type is found in Lb_ sanjranclsco and likewise 

the Om-D-Asp type in Lb. ponfis (Vogel , e/ 01 .• 1994; Vandamme. el 01., 1996). Furthennore, 

Simpson and Taguchi (1995) have elaborated the distinct cell wall composition of pediococcl 

stressing their possession of interpeptide bridges of the L-Lys-L-Asp type between alanine and 

lys ine residues. In addition they are known to conwin D-Asp linkages between positions three and 

four of the two peptide bridges. [n Ped urinae-equii however. like in Aerococcus wridans, the 

presence of only one type of peptidoglycan polypeptide without any imerpeplide bridge has been 

demonstrated. In these organisms therefore the D-Ala carboxyl residue was found to bind to tht: 

amino group of the adjacent L-Lys. In all pediococci, however. teichoic acids were not found in 

the cell wall s (Garvie, 1986). 

1.3. 1.4. W hole-cell protei n a na lysis: 

This method is be ing utilized as a rigorous procedure fo r resolving uncenainties In 

identification between different LAB as it panicularly helps distinguishjng strains a! the species 

and subspecies levels (Van den Berg, et 01., 1993 ; Descheemaeker. et 01.. 1994: Patarata. et 01.. 

1994; Tsakalidou. et 01. , 1994: Oevriese, et al., 1995). The method has been employed for 

lactococci (Descheemaeker, el al.. 1994). vagococci (Pot, el 01. . 1994). lactobacilli (Du Plessis and 

Dicks, el 01.. 1995; Dicks, e( al..1987). Lb. acidophilus (POL ef 01.. 1993) and LeuconoslOc spp. 

(Barreau and Wagner. 1990; Dicks and Van Vuuren. 1990; Villani. el al .. !997).1t was also used 

for examining relatedness of heterofennentative lactobacill i (Dicks. el al.. 1987) and to 

differentiate subspecies of Lb. curvalllS and Lb. sake (Torriani. e( al .. 1996). Recently Tsakalidou. 

e( 01. (1997) have employed SDS-PAGE for a taxonomic slUdy of unidentified WeisseI/o species. 

With the creation of the database for all studied LAB species. the use of the SOS-PAGE method 

has been found productive and sensitive (pot. eUII., 1993; Vandamme. el 01.. 1996). 

1.3. 1.5. Lactate dehyd rogenase: 

The electrophoretic mobility of lactate dehydrogenases (LDH) in lactic acid bacteria has 

been studied originally using starch gels (Gasser, 1970) and later on with SDS·PAGE (Hense l. e( 
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at. 1977}. The method had clearly distinguished spec ies such as Lb acidophilus. Lb crlspams. 

Lb gal/inarum, Lb. gassed and Lb. johnsonii which were indistinguishable by other phenotypIc 

tests (Fuj isawa, el al., 1992). NAO-dependem O-LDH panems have also been used for 

Leuconostoc species (Dicks and Van Vuuren, \990). It has been used in combinalion \~1th 

quamil<uive immunological techniques as a phylogenetic marker along with other enzymes such 

as fructose-I , 6-biphosphate aldolase. malic enzymes and glyceraldehyde-3-phosphate 

dehydrogenase (London and Kline, 1973). 

1.3.2. Genomic methods: 

Genomic infonnation is generated from the nucleic acids (DNA and R.t\lA) of the bacterial 

cell. Various methods are available amongst which those in common use are mentioned below: 

1.3.2.1 . Moles per cent G+C: 

This is one classical genotypic method employed in taxonomic studies of almost all 

bacteria (Johnson. 1986). Generally the moles percent G+C does not exceed 3% within a well 

defined spec ies and 10% within a well defined genus. The overall moles percent G-C ratio is 24· 

76% across all bacteria (Ludwig and Schleifer. 1995). 

As a general rule the DNA base composition of LAB is less than 50 mol% GTC: but in the 

ge nus Lactobacillus. because of the apparently higher genetic diversity of the different species. 

there is a variation between 32 to 54 mol% (Hammes and Vogel. \995). The highest value was 

recorded fo r Lb. pOn/is (53-55 mol% G+C) followed by Lb. fermenwm (52-54 mol % G-C) and 

Lb. sharpae (53 mol% G+C) and the minimum for Lb. mali (32 ·34 mol% G+C) (Vogel. el (II . 

1994; Hammes and Vogel , (995). This span is actually about twice as large as tha! nonnally 

accepted for a well defined genus (Schleifer and Stackebrandt. 1983). This is the major reason for 

the strong need to reorganize the genus into small groups (Hammes and Vogel. 1995: Schleifer 

and Ludwig, 1995). 
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1.3.2.2. DNA-DNA reassociation s tudies : 
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This procedure relies on the detennination of the degree of hybridization between 

hcteroduplexes and the decrease in the thennal stability of the hybrid. Stackebrandt and Goebel 

( 1994) have explicitly explained the greater value of DNA reassociatio n as the best applicable 

procedure at the present time. They funher emphasized the very reason why DNA reassociation is 

used as a gold standard fo r species delineation based on data generated from several studies 

showing strong agreement between DNA relatedness and chemotaxonomic, genomic. serological 

and numerical phenetic simi larity. The species is microbiologically defined in the polyphasic 

approach as it would generally indude strains " ... approximately 70% or greater DNA· DNA 

relatedness and with 5°C or less /). T m .. and "PhenO[ypic characteristics should agree with thi s 

defini tion ..... (Stackebrandt and Goebel, 1994). 

Various protocols are available fo r hybridization studies each \1vith its own peculiarity. 

Those previously in common use were the hydroxyapatite method. the optical renaturation rates 

method and the S I nuclease method. These methods have been. however. found to be time­

consuming and need large quantities of DNA. As a result new. rapid procedures requiring less 

DNA and lime are being devised (Vandamme. et 01., 1996). 

DNA-DNA hybridization has been applied to the Lactobacillus and PediococCliS species 

(Dellaglio, el al .• 1973 ; Dellaglio. el al .. 1975 ; Back. 1978a,b; Dellaglio, el a/.. 1981 ; Johansson. 

ef al.. 1995c; Hamad, el at., 1997). Mauguin and Novel (1994) have efficiently used data from the 

slot-blot hybridization fo r clear separation of phenotypica!ly indistinguishable LAB isolates from 

sea food. The major constraint in using such hybridization results for assigning an isolate is there 

might be cross hybridization and it is sometimes difficult to quantify the degree of hybridization. 

A reverse dot blot procedure has also been developed fo r rapid and simultaneous direct 

identification of LAB in fennented foods (Ehnnann. el al., 1994). This method has proved to be 

or major significance in describing new spec ies and deciding the extent of relationships between 

related species and strains (Curk, el 01., 1996: Weise. et at., 1996). Despite the use or these new 

methods. ho\' .. ever, evidence is still strong that no other method including 165 rRJ'\JA sequence 

analysis should replace DNA reassociation ror the delineation or speties and measurement of 

interspecific relationships (5tackebrandt and Goebel (1994) .. 
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The use of the ribosomal RNA (rR.!'lA) for ta.'l:onomic purposes in bacteria is an important 

tool for phylogenetic decisions. This is because of its apparent uni versality in all bactena. 

functional constancy and possession of both highly conserved and more variable domains (Olsen. 

et al., 1991; Cotlins, et aI. , 1993; Olsen and Woese, 1993: ludwig and Schleifer. 1995: 

Vandamme. e/ al.. 1996). Consequently. at prescnt there is a general consensus to use it 

extensively as the best molecular chronometer or phylogenetic marker. As a result the 16S rRl'lA 

and, to a lesser extent, the 23S rRi\fAs are utili zed. Both of these macromolecules have been 

found to fulfi ll the necessary prerequisites of an ideal phylogenetic marker molecule. I.e .. 

universal distribution, structural and func tional conservation and sufficient size (Ludwig and 

Schleifer, 1995; Schleifer, ef of., 1995). Indirect comparisons using hybridizations or rR..t\lA 

cataloging of RNase TI-resistant oligonucleotides of 16S rRNA have also been utilized (Collins. 

el al., 1993). 

The gradual emergence of sequencing possibilities has brought about the availability of 

databases first for the 5S rRJ A and later on for the l6S rRNA. Today the use of direct sequencing 

of partial or tOlal 16S rR..t\fA molecules is possible by em ploying PCR procedures along with 

appropriate primers. Sequencing of 165 rRJ\lA by reverse transcriptase has been considered as the 

most rapid and powerful technique for elucidating the natural relationships of microorganisms as 

it gives long stretches of sequence (ca. 95% of the total sequence), that enable prec ise 

determination of phylogenetic relationships (Wallbanks. el al. . 1990). These sequence data. 

therefore, serve as a backbone for modem microbial phylogenetic taxonomy as they retain larger 

conserved elements which are likely to possess a wealth of information that would lead to more 

reliable identification/classification (Vandamme, ef al .. 1996). 

Martinez-Murcia and Coll ins (1990) used 165 rR.NA reverse lransc ri ptase sequences for 

phylogenetic analysis of the genus Lellconosfoc. Later on such sequence analyses were employed 

for evaluation of similarities and description of new genera and species of LAB (Collins. ef 01. 

1991 ; Col lins and Wall banks, 1992; Collins. el 01.. 1993: Ludwig and Schleifer. 1995: Schleifer 

and Ludwig. 1995; Mori, el 01.. 1997). Recently Mora. el af. (1997) employed sequence data 

together with D-LDI-I gene-targeted multiplex peR anlaysis for rapid and accurate di scriminat ion 



of Ped. acidilaclid and Ped. penlOsaceus. 
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The use o f 16S rRNA sequences has split the various genera of lactic acid bacteria and 

evoked the establishment of new genera such as Alopobiwn. Carnobacterium, Oenococcus. 

TerragenocOCCllS, Vagococcus and WeisseI/o (Coilins, el 01 .. 1991; Collins and Wall banks. 1992: 

Collins, el al. . 1993). The morphologically distinct genera Lactobacillus. Leuconostoc and 

Pediococcus. however. presumably became phylogenetically intermixed based on phylogenetic 

data from thei r 16S R.N'A sequences. [n a similar fashion there is no good correlat ion between the 

physiologically-based subdivi sion of lactobacilli and their phylogenetic relatedness (Colli ns. el 

aI. , 1991; Schleifer and Ludwig, (995 ). As a result. Collins. el al.. ( 1991) proposed the 

subdivision of Lactobacillus and related genera into three phylogenetic groups, and Hanunes and 

Vogel ( 1995) have very well reconciled these groupings with three corresponding physiological 

grouplOgs. 

Ribotypin g: 

In this procedure complex DNA patterns generated by restriction enzyme digestion are 

blotted onto a membrane and hybridized with a labeled probe which enables us to visualize the 

hybridized fragments. There are different protocols of ri botyping but in common they use rRNA 

as a probe. There might also be variations in the labelling technique and sequences used as well as 

utili ty of 165 or 235 rRl\lA or both, with or without the spacer region. or conserved 

Oligonucleotide portion of the rRNA (Bingen. et af., 1994). Johansson. el a1. ( 1995a) have used 

ribotyping for Lb. plantarum and recommended it for species recognition but nO( for strain typing 

within thi s taxon. 

1.3.2.4. DNA-based typing meth ods: 

Numerous nucleic acid~ based techniques have been developed in the last few years that 

enabled categorization of related strains of a given species into subgroups. These include 

restrictio n endonuclease analysis, restriction fragment length polymorphism. plasmid DNA 

analys is, ribotyping, randomly ampl ified polymorphic DNA and other peR-based DNA typing 
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(a) Restriction Endonuclease Analysis (REA): 

The use of restriction endonucleases for cutting pure DNA into different fragments of 

varying length has been used as an imponant tool for species and subspecies differemialion. Stahl. 

et af. (1990).and Stahl and Molin (1994) have employed it for species allocation in lactobacilli 

and analysis of Lb. rewer; strains. respectively. The procedure previously employed. although 

coupled with computerized numerical analysis, was time-consuming. Johansson. et at. (1995b) 

changed the protocol and as a result, the method can now be performed in a relatively shorter 

time. The method is reproducible and can be employed to di scriminate between similar strains of 

the same species, to group strains with a species, and to allocate strains to a related Lactobacillus 

spec ies. However, the produced bands are too many and the patterns are not that easy to imerpret 

(Johansson. 1995). Quednau, et 01. (1998) have also used REA for separation of Enterococcus 

faecium strains and have found it a powerful method fo r typing strains in this species. 

(b) Restriction Fragment Length Polymorphism (RFLP): 

The procedure employs restriction endonucleases to cut pure DNA into fragments of 

varying sizes which are then resolved by agarose ge l electrophoresis. Developed bands are then 

blotted on membrane fi lters and hybridized to rONA labeled probes. RFLPs of rONA from 

Lactobacillus species were studied by Stahl. el 01. ( 1994) for Lb. r el/ler; and that of the 16S rRNA 

gene of chromosomal DNA by Johansson. el al. (1995a) for Lb. plalllarwn. Complex fragments 

are, however, difficult to compare. 

(c) Plasmid DNA analysis: 

Plasmids are common in LAB (Ahrne and Molin 1991; Kumar, et af.. 1994: Curk. el al . 

1996; Davidson, el aI. , 1996; Langella. el al., \996) and most phenotypic traits such as 

carbohydrate fennentation are plasmid-mediated (Ahme, et al .. 1989). Plasmids in LAB are more 

or less stable where they are found uni fonn1y in most species. 
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Plasmid profiling has been found to be a good method for classifying lactobacllh but is 

only useful for those strains that carry the plasm ids. For example plasmids are less frequently 

isolated from most imestinal lactobacilli. lactobacilli from other sources and pediococci 

(Davidson, et ai., 1996), It is possible to use RFLPs of plasm ids and because of the reduced 

number of DNA fragment bands for comparison RFLPs of pJasmids are more dependable and 

have a bener discriminatory power than other nucleic ac id-based methods (Vandamme. et 01 .. 

1996). Today the procedure has become an effective disc riminatory DNA-based tYPing method 

when combined with either the pulsed-field gel electrophoresis or the low frequency restriction 

fragment anal ys is technique (Gordi llo, el (Ji. , 1993; Johansson. 1995; Tenover, et 01 .. ! 995). 

(d) Randomly Amplified Polymorphic DNA (RA PD) and other Pe R-based 

DNA typing meth ods: 

These are methods of universal utility. simple and fas t Arbitrary primers with shon 

sequences varying from 5 to 20 base oligonucleotides have been used in different studies (Welsh 

and McClelland. 1990; Williams, el al .. 1990: Caleno-Anolles, el al., 199 1). The use of RAPD 

with 9-mer primers has proved advantageous in lactobacilli (Johansson, el 01.. 1995c). Du Plessis 

and Dicks (1995) and Van Reenen and Dicks (1996) have successfully employed IO-mer primers 

while Hamad. el 01. (1997) have used 21 -mer oligonucleotide primers. all fo r the differentiation of 

Lactobacillus species. RA.PD-PCR was also effectively used to separate strains within the 

subspecies of Lb. curvatus and Lb. sake (Torriani. et ai., 1996). Genomic DNA. tRNA and rRl\JA 

have been util ized as primers in different stud ies (Welsh and McClelland. 1990). 

Other studies have applied PCR-based DNA typing procedures together with RE A. This 

has resulted in the development of the ampl ified-rONA restriction analysis (ARDR.A ) procedure 

(Gurtler, e/ 01.. 1991 ; Jayaro. e/ 01 .. 199 1) thus making use of the rR!'JA genes that are highly 

conserved. Very recently this ARDRA (PCR) procedure was employed fo r typing in Leuconostoc 

species (Villani. e/ ai. , 1997). A new se lecti ve am plification procedure for restriction fragments 

using a combination of restriction enzyme methods and PCR products has become another 

powerful tool fo r simultaneous use fo r the identification and typing of LAB. One of the methods 



26 
which makes use of only fragments that completel y match the primer sequence to be amplified IS 

temled amplified fragment length polymorphism (AFLP) (Huys. et al . 1996). Furthennore. It ""as 

also proposed that the tR.t\IA gene profile could also be used in the low-molecular-weight RNA 

profi ling method (Hone, 1988). In this method both the 5S rRNA and the total tll'iA pool arc 

used and the fonner fingerprints help discriminate among the major eubacleriai groups. \vhercas 

the lRi'\fA fraction reveals more specific taxonomic infonnation (Hofle. 1988: \990). 

1.3.3. The Polyphasic Approach: 

The taxonomy of lactic acid bacteria has remained volatile for a long time. The original 

group whose definition was based on their production of lact ic acid during food and feed 

rennentation. has now been re-classified using current methods. On the basis of chemola\;onomic 

and genomic studies, the LAB now only include members of the genera LaclobacliJlls. 

Lactoeocclls, Leuconostoc, Oenocoecus. Pediococcus. StrepIOCOCCltS, Tefragellococclls. 

Vagococcus and Weissella (S ti les and Holzapfel. 1997). The major genera of LAB found in mOSt 

fe rmented foods are Lactobacillus, LaCfococclls. LeliconoslOc. Oenococclls, Pediococclls. 

S freptococcus thermophilus and Weissella. Oenococf.:us is important in wine fe rmentations. As a 

consC!quence of using these phylogenetiC data based on rRNA homology between the dIfferent 

species belonging to the major genera Lactobacillus. Pediococc/ls. Leuconostoc. StreplOcoccuS 

thermophilus and Weissella. shifts and additions have been made (Wood and Holzapfel, 1995: 

Stiles and Holzapfel , 1997). 

Polyphasic approach in bacterial taxonomy is the use of multiple taxonomic methods 

(both phenotypic and genotypic) fo r the proper classification. description of taxa or assignment of 

a new isolate into a new group. The tenn polyphasic ULtOnomy was first coined by Colwell (1970) 

and later adopted by Murray, et al. (1990) an approach well elaborated by Vandamme. el (II 

(1996). The later group of authors has funher extended the concept to polyphasic classification 

and poly phasic identification which. in both cases, could be used with the same context as it is 

used for the delineation of taxa at all leve ls. 

The recent strategy to bacterial taxonomy, panicularly at the species level. is thus based on the 

coherent use of multiple data generated using the different methods. which has proven to give a 
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stable system (Stackebrandt and Goebel, 1994), However, several taxonomic studies on LAB 

have reached at an unequivocal conclusion using such a polyphasic strategy with some of the 

methods producing different classifications (Collins , ef 01., 1993; Pot, el 01 .• 1993; Dicks, 1995; 

Du Plessis and Dicks, 1995; Dicks, el a/., 1996; Van Reenen and Dicks, 1996; Villani. ef ai, 

1997). Meanwhile continued etTon to funher clarify the status and relationships of isolates and the 

different taxa, various methods have been developed and their sensitivities refined. These 

different methods and cellular components in common use fo r microbial taxonomy are grouped 

according to ulcir basis and are schematically presen ted in Figure 4 below. 
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Figure 4. Phenotypic and genotypic mel hods and cellular components employed in bacterial 

13xonomy (Adapted/roln Va lldamme. et al., J996j.(Abbreviatiolls Of/! as uSl!.d in tltl!. texl). 
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And it has now become vivid that the use of phenotypic procedures alone has long 

shadowed uncertainties leading to wrong affiliation of an isolate . With the advent of genetic 

markers for use in taxonomy this has later been resolved, but still the identity of an isolate could 

not be clearly known by making use of a single genetic method alone. This arises because of the 

varying levels of sensiti vities each method possesses in revealing relationships and differences 10 

the ta'(onomic hierarchy. Some of the methods are sensiti ve at the species and sub-species levels. 

while others at species and genus levels and some others from species to family levels. Thus the 

resolving potential of all types of information differs across all methods. The diverse methods and 

thei r inherent sensitivities are depicted in Figure 5. 

Strain Species Genus Familiy Nlethod 

.REA of chromosomal DNA 

.Amplifed DNA (AFLP, RAPD. ARDRA) 

. Whole cell protein electrophoresis profiles 

.DNA :DNA hybridizations 

.%G+C 

.(DNA·peR 

.Chemota"(onomic markers (polyamines, quinones) 

.Cellular fatty acid profiles (FAME) 

.Cell wall structure 

;~i§§i§§~:'PhenotYPiC (Classical. AP I. Biolog) .rRl\lA sequences 
.DNA probes 
.DNA sequences 

Figu re 5. Resolving power of different meth ods used III b:lcteri '1J taxonomy (Modified f rolll 

Va ndamme, et al., 1996). (A bbreviations are us used in tIle te:t:t). 

If several of the methods are used the results are sometimes equivocal (i.e. inconclusive). 

Therefore, one has to choose the right combination o f tests for thi s purpose . For instance DNA· 

DNA hybridizations could be used for sifting reference strains for rR.NA sequencing and could 
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agam al to see tOler- and intra-speci fic relatedness that could not at all be quantified by the rRi\;A 

sequence analysis (Dykes and von Holy. 1994; Vandamme, et al. 1996). But there is variation 

even between the hybridization procedures used in different laboratories. Since no single method 

has been found to be effective and complete in lactic acid bacterial taxonomy several methods 

which complemen t one another are now used. It has therefore become imponant to reevaluate 

phenotypic information together with phylogenetic dam used fo r the identification and description 

of different LAB taxa (Collins, et aI. , 1989; Vogel, e{ aI. , 1994; Dicks. er aI., 1995; Du Plessis and 

Dicks, 1995; Ferrero, el aI. , 1996; Van Reenen and Dicks, 1996). 

1.3.4. Tire Genus Lactobacillus: 

The genus Lactobacillus was first coined by Beijerinck in 1901 and later described by 

Orla·Jensen in 1919 (Kandler and Weiss, 1986: Axelsson, 1993; Hanunes and Vogel. 1995; 

Schleifer and Ludwig, 1995). Its description is still based on physiological and morphological 

traits as these data serve as important preliminary identification features. Cells of lactobacilli vary 

from long and slender, sometimes bent, rods to short and often coryneform coccobacilli (Kandler 

and Weiss, 19R6). Lactobacilli are Gram-posi ti ve aero· tolerant or anaerobic, aciduric or 

acidophilic, asporogenous organisms that often form chains. Most are non·motile and if present 

motility is by means of peritrichous flagella (e.g. Lb. agilis) (Kandler and Weiss. 1986). 

Nutritionally they are chemo·organotrophic and mostly fastidious since they need rich media and 

require fermentable carbohydrates as source of energy. Therefore. lactobacilli are known to 

inhabit nutritionally rich habitats where carbohydrate-containing substrates are in excess such as 

the mucosal surfaces of man and animals, oral cavity and fermenting or spoiling food (Axelsson. 

1993; Hammes and Vogel. 1995 ; Stiles and Holzapfel, 1997), 

They have a strictly fennentati ve metaboli sm. The homofermentative lactobacilli are 

known to produce more than 85% lactate while the hetcrofermentatives, in addition. produce 

acetate, ethanol and carbon dioxide (Axelsson. 1993). They lack heme-dependent activities 

because they do not synthesize porphyrinoids. Some strains of few species may perhaps use 

porphyrinoids from the environment and show catalase activity, nitrate reduction or even have 

cytochromes. Consequently, pseudo-catalase has been observed in strains of Lb. mali (Hammes 

\ 
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and Voge l, 1995). Increased amounts of acetate might be produced in the presence of oxygen 3o~ 
other oxidants at the expense of lactate or ethanol whereby an extra mole of A TP is gained via the 

acetate kinase reaction. As a result, variations in the metabolic end products may happen. In 

addit ion to glucose, several other compounds such as citrate. malate. tartarate. quinolate. mtrme. 

nitrite, etc., may be used as energy sources by building up a proton motive force or electron 

acceptors. 

Currentl y the genus Lactobacillus consists of morc than 60 species based on 165 rRJ'\IA 

phylogenetic relatedness and that these are not yet stable since there is still re-shuming of the 

already known species and discovery of new species (S tiles and Holzapfel , 1997). 

G rou ping of lactobacilli 

The currently recognized species of the genus Lacfobacilllls and their grouping are 

presented in Tables I and 2. The list covers lactobacilli which appeared in the approved list and 

which are validly published and is based on the latest grouping provided by Hammes and Vogel 

(1995), Vandamme, el al. (1996) and Stiles and Holzapfel (1997) with incorporation from various 

sources of recently appearing taxa in val id publications where. in all cases. authentic data both 

from phylogenetic and sugar metabolism were utilizcd coherently. The genus Lactobacillus can 

be divided on the basis of sugar fermentation which can be ei ther hexose or pentase femlentation 

or both as well as phylogenetic data. Based on the sugar fennentation patterns. Lacfobacillus and 

related genera have been recently categorized into the following three groups (see Hammes and 

Vogel, 1995; Stiles and Holzapfel, 1997): 

- C roup A:Obligately Homofermentative. Almost exclusively (>85%) ferment hexoses to 

lactic acid via the Embden-Meyerhof-Pamas (EMP) pathway. The organisms have fructose·1.6-

bisphosphate-aldolase but lack phosphoketola.se; thus (hey do not tennent both gluconate and 

pentoses. This category includes 18 speties of Lactobacillus and four species of Pediococcus. 

- G roup B:Facultatively Heterofermentative. Ferment hexoses almost exclusively to lactic acid 

by the EMP pathway. They possess both aldolase and phosphoketolase and (hus can fenncnt 

pentoses (and often gluconate). The phosphogluconate pathway is known to be repressed in the 
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presence of glucose. In this group were placed 19 Laclobacillus and one Pediococcus species. 

_ C roup C: Obligately Hetcrofe rrncntativc. Fennent hexoses via the phosphogluconate path\\'8~ 

yielding equimolar amounts of lactate, ethanol (acetic acid) and COl' Pemoses may also be 

fermented by this pathway. This group is comprised of 18 species of Lactobacillus. one species of 

Pediococcus. all species of WeisseI/o and of LeuconoslOc as well as Oenococcus oem. 

Members of the genus Lactobacillus have also been divided into three groups based on 

phylogenetic data as follows (Kandler and Weiss, 1986; Collins, el al .. 199 1) (see Table 2): 

- Group a:Lactobacillus delbrueckii group. Encompasses 14 species of Lactobacillus. 

_ Group b:Lb. casei-PediococCllS group. Includes 41 Lactobacillus and six Pediococcus species. 

_ Group c:Lellconostoc group. A group which contains one species of Lactobacillus. eight 

Weissella. eight Leuconostoc and Oenococcus oeni. 

When the sugar based and the phylogenetic groupings are combined. the resulting groups 

are designated with two letters (a higher and lower case). For example " Aa " is meant to define a 

species as belonging to the obligately homo fermentative lactobacilli affiliated to the Lb. 

defbrueckii group, " 8b" a facultatively heterofennentative species affil iated to the Lb. case;­

Pediococcus phylogenetic group, and so fonh. 

Alt of these taxonomic revisions and rearrangements are results of extensive studies on 

rRNA sequencing or DNA-DNA hybridizations (Kandler and Weiss, 1986: Collins. ef al.. 1991: 

Hammes and Vogel, 1995; Schleifer and Ludwig, 1995; Vandamme. ef al., 1996). FurthemlOre. 

whole cel! protein profiles (Dicks, 1995; Du Plessis and Dicks. 1995) have also helped to resolve 

several confusions in LAB taxonomy. The relevance of using phenotypic and genetic data in 

consensus has. therefore, been demonstrated in Table 2 below where both have interphases 

although genetic data is more profound. As a result of thi s fac t, thus. the three phylogenetic 

groups fell into the three different sugar fermentation (metabolic) categories. 



-------------------------------------------------------------------------------------
T ::I lJle 1. Cllrrtn ll i.~ 1 of r~cogllizcd LaCIOb(lcillllS species 

----------------------------------------- ---------------------------------- -------Ora_IIhm Sour('c of isoill tion G roup ' Mol -/. Cot e 
----------------------------------------------------------------------------------
l .oci obaclllUJ ncclOlof~NmJ 
Lh ocidophifl4 
Lh agitis 
Lb. alim~"/(Jrjl4 
Lb amylophiflls 
Lb am)'lo.'Orus 
l.b (lrlto,~ 

Lb. (lViarius slIbsp. arajJillOJus 
Lb m'iar/us subsp. (lV/arius 
Lb bif~rme,,/otlS 

Lb. br~1s 

Lb buc"nul 
Lb cas~lsubsp. QIQClosus 

Lb crud subsp. case; 
Lb. crud subsp. ps~udopfontorum 
Lb. cas~1 subsp. lolo-ON 
Lb collinojd~ 

Lb cO/}'niformis sub5p. coryniformis 
Lb. corYTl iformls subsp. lorqU~1U 
Lb. crispo/us 

Lb. C"tWI/us subsp. C"r\'Qlus~ 
Lb. ClltWIlUS subsp. melibiOJIIJ~ 
Lb. de/bruedJi subsp. bufgoricIIS 
Lb. de/brutckii subsp. delbrucckii 
Lb. rklbrueckli subsp. louis 
Lb. /ar'Ciminis 
Lb. /crml!n/llm 

Lb. /rllclivorolU 

l.b. jrllc/OJus 
Lb. gall/nt/rum 
Lb. 8(J.Js~ri 
Lb graminis 
Lb. hamSler/ 
l.b helvelleus 

Lb hi/gard;; 

Fenn('rlled vineg"r broth 
Intestinnl trAct o f mAn &. nnilnllls, lurmAIl mouth, vAgill:l 
MUll icipal sewage, hllbitll t ullknown 
Marinated fish, meat prooucts. sourdough 
Swine wllstc-com fenllentations 
Canle wMle·com fennental ions 

Chicken duodenum 
Chick('n &. duck nlimenlnry IrAet, faec('s 
Spoiled Edam & Gouda chees('s 
Milk, chuse, sauerkf3l1t, si lage, sourdough, cow dung, 
intestines of humllns &. nits 
Milk, cheese, fennenting plant malerial , human mOlllh 
Dairy prod\lclS, sourdough, cow dung, Silage. human 
inICSlin(' . mouth &. vagina, sewage 

Cider 
Silage, cow dung, dairy bam air, selVage 

Iluman raeces. vaginR. buccal cavi ties, crops & caeca o r 
chicken, in pati('nts with Plrmlenl pleurisy, leucorrhoca 
and urinary Inlct inf('c tion 
Cow dung, milk, si lage. sauerkf3UI, sourdough, meat 

Yoghurt . cheese 
Plant material fe nnented lit 40·50°C 
Milk, cheese, yeas t &. grnin mash 
Fennenled dry SAusages, sourdough 
Yeas t, milk producls, sourdough, rennenling plant material. 
manure, sewage, human mouth, faeces 
Vinegar preserves, salad dressings, spoiled sake, 
dessert wines, aperit irs 
Flowers 
Chicken intestine 
Mouth, intest ine, raeces, vagina 
Grass si lal!,e 

Intestine or rals &. mice 
Sour milk, cheese 
Cal ifornia table wines 

D, 35·36.5 
A, 34·37 
Db 43-44 
Db 36·37 
A, 44 ·46 
A, 40·41 

Ab 39·43 
Ab 39·43 
Db 4S 
Cb 44·47 

Cb 44-46 
Db 45-47 

Db 45-47 
Db 4547 
Bb 4547 
Cb 46 
bb 4' 
Db 4l 
A, 35-38 

Db 42-44 
Db 42-44 
A, 49·5 1 
A, 49-5 1 
A, 49-5 1 
Ab 34-36 
Cb 52·54 

Cb 38-41 

Co 4' 
A, 36-37 
A, 33·35 
Db 41 ·43 

B, 33-35 
A, 38·40 
Cb 39·4 1 
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l.b homohiodl/j Spoiled si'lke Db 3S·]8 Lb intestirKJlis Intest ine or ralS & lIlice Bb 3)·)5 Lb jerucnil i luman vaginal dischnrgc & blood clot A, 35-37 Lb johnsonii Faeces of chicken, mice. ca lves & pigs A, 33-35 I.b. It.ejir Keli r groins. drink kc li r Cb 4 1-42 Lb. lceJiranoJodens Kefir gra ins A, 34-35 Lb. J:ejirgrnnu",- Kefi r gra ins A, 34 .3-38.6 Lb. mali Fresh npplcj uice. cider. wine must Ab 32-34 Lb. rna/efermentam Beer Cb 41 -42 u,. mllr inllS Digestive !r<le t o f mice and r:lts Db 43-44 Lb. oris l-iulIl fl n sa li va Cb 49-5 1 Lb IXlnis Long fermen ted rye sOlmJough Cb 4 8-48 .3 Lb porabl/chnerl "!uman saliva , cheese, cOll t am i n ~lcd brewery yeasts Cb 44 
Lb par-oensel subsp. paracasei Dairy products, sewage, silage. humans & cl inical sources Db 45-4 7 
Lb. par-acrue; subsp. tolerOtIS Dairy prod ucts Db 45-47 Lb. paro*.efir · Kefir grains Cb 41 .4-42 Lb. paToplontoTum " Beer, human faeces Db 44 Lb. ~ntosw Com silage Bb 46-4 7 Lb. p lantaTum Sourdough, silage. s3uerkr:lut. cow dung. human mouth, Db 44-46 

intest inal tract, stools, sewage, dairy products 
Lb potrtis Rye sourdough Cb .53·.5.5 Lb TeuteTi Faeces o r humans & an imals. rrOIl1 meal, sourdough Cb 40-42 Lb. Thamnosus Dairy products. sewage, humans & c linica l sources Db 4 .5-47 Lb. Tuminis Bovine rumen. scwage Ab 44 -47 Lb. sake subsp. caTnOS IlS Sake, sauerkraut, fcmlented plant material, meat products, Db 42-44 

sourdough, herbage. silage. vacuum packed meat 
Lb. salre subsp. sake 

Bb 4 2-44 Lb. sali" orius subsp. sa/icinillS Mouth & intestine o f man & hamster Ab 34-36 Lb. salivorlus subsp. salivariw 
" " Ab 34-36 Lb. san francisco Wheat & rye sourdough Cb 36-38 Lb. shaTpae Munic ipal sewage Ab 53 Lb. s lIebiclIs Stored apple, pcar mashcs Cb 40 Lb. "accinosleTclls Cow dung Cb 36 Lb. vagi"olis Vagina o f a patient with trichomonias is. sorghum dough Cb 38·41 Lb. zeaed 
Corn sleep liquor Bb 48 -49 -------------------------------------------------------------------------------------

(Compiled rrom Kllndler lind Weiss, 1986; Collins, t l (11. , 1991 ) lIlImmu And Vogel, 1995; VandAmme, et a/. , 1996) . 
• Phylogenetic: grouping is bll5cd on 168 rRNA sequence dahl simila rities (Collins, cl al., 1990). 
' New species. 

' LactobQcilfus lcac WI! proposed by Dicks, ct a/., ( 1996) And ru rlh ersl udied by Mori , cl al. ( 1997); il is relAted to 
Ih e Lb. crud group. . 
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------------------------------------------------------------------------------------------------
Tnble 2. G rouping ortncloba c.iIIi and ,"elated ta xll based on their physiologic and phylogenetic affili:Hiolis 

---------------------------------------------------------------------------------------------
Species in (cnncnlalion grOllp 

Phylogeneti c grOllj} -------------------------------------------------------------------
A (Ob1ig:1Ic1y hOlllo (c nn c l1l llli\'C) IJ (Fa cull :ltivcl y hc tc rorc rm cnlali "c) C(Ohli galel y hclc rorc nn cnt :loIi n :) 

---------------------------------------------------------------------------------------------
• (Uo. J, Uw .. «ltii Er .. "p) Lb • • d""pIo Ulfs. I.b • • "')·' op" ilu • . I.b. " "')" '".'''''' ' 

Lb. ~".,.. • . I.b. 1I~'b~u ~dtii .ub.p b"" ".io.l . 
• " b.p. tldb"ue, j; .nd 'lfcrL •. 1.11. K" lIi" ,.. "",. 
Lb. '.IJ "'~ Lb. "d¥nicu • • 1.11. ju .. ~"j;. 
Lb.j"",,.,m;,·. LA /trfir"''''f''CI·~''' . I.b. It .. fi" '"'''''''' 

II (Lb. e.u ;. /'elli_oc.., E" OUr) Lb. ". i",j" • • " b, p . • n,g;n'UII' and ".,'", j" •. Lb. f<,~c;"'j" il . 
l.b. ",,,'i. /.h . ... ",itli •. l.b . • "/i ••• ,,,. Jllb~ p. . " /ici" j,,. 
and ,./" • • ,,0. Lb. ,Io,,'1''' ~' /'eJjoeoulIJ 11""''''"11'' 
Pet/.. tlccn"';n. •• Pet/.. , ,,.,.. .. ,,,, . 

~ (l.t uC" .. O,'OC Er oup) 

l.b. " cntHo/",,,,, • . Lb. """" ten 

Lb " tilis. 1.11. "Ii",e",,,,;,, •. f.b. bif,. .... cnlnr ... 
f.b. c", ri. Lb. c"'"J·" if", ... u J"h~ p. c"'"J'nif"''"u 
_n,I ''''''' t''', 1.11. cll'",,' ''. ",b, p. CII,..."(U • • " d 
,"dibiDJUJ. l.b. l ' '''"'''u. l.b. Ioo'" 'tloiadoii.. Lb. 
inlal"'"fu. l.b. ",,,, in .... Lb. p","/"sci l ub.p. 
p .. ,,,c,,..,; . nd 1" IL'd,," Lb. p/tIllOlu • . Lb.. 

1"""'.""". Lb. 1''''''1'''''''.''''''' Lb. , 10 .,..",,...,. 
1.11 , . /I,. , ,,b.p e","".". ""II'd /l C. Lb. IC"'" 
pted . .. eldi/"eliel, Pted. Inopl" .III' 

"r'" p''''",,,cr,u . l.b. II,,,,u , Lb. blte""",i. 
Lb. c"lIi" oM"" Lb. f~ ... c"rr.,". I.b 

f , ueli.,,, .. , .. , f..lt Ioil,.,Ji~ l.b /l tftr. l.b. 
... .. fifrr ... L" ' . ... , l.b . .. m. 1.b. p.,,,bueJ," ut. 
Lb. pa"U, Lb. p"''''if''' I..b.. pa,.ru , Lb. 
reu/ten. Lb. '''"f", ,,ruea, Lb. uu bicoo , Lb. 
""ecin",' o CUJ, Lb . •• ,"'''& 

Lb./ , ur:t""" . II~ t;""fi"" (l.h. c''''fUJlu ), 
11'. (l.b.) .",du cLn. , 11'. (Lb) ""ltH" t,,""' I. 
II~ {Lb.} Io il, ,,, d;i.. W; (l.b.) It""dl.,ri. II~ {Lb.} 
", in" , . W: (l.b.) "cllcn;u. ,,~ (LL'~) 

p., .... ucn/"'oillu. LltN .. . ... dib ••• u ... , 
l.ell . • ~,OfIin" ... , u u. I"ctu , L., ... 
... , ... ,,,/u,,illu , 1.e". pulltI" ... ur",."."itfu , 
I.e ... e",,. ,,.u .... I.e,,-,tIM,, ... , Ltu. f" fJIU:. 
O~"ococ,,' "t", 

Oth~r 'at;l " b_t;UU· Lb. Cllte""fo , ,"u. Lb .• itlll""o, Lb. rotr."."l. A'''p"bj" ... ",itt",.",". A'''p"b'''''' rUnae. A'"p obi" ," .. Ii. C.rn"b"CI." ,,,," di'·~'tr.e, ... C pucicoln. t.-.ct"cOCUJ /"CliJ 

------------------------------------------------------------------------------------------------
I ... '({trW' "'''''''' Lb. p . ''''({'' and I.b. o.jz" " "c ."fte not iod,,,:I«I in 16S . RNA Kqllmce anal)">, .. 
' Specie in thd poop are rIO longer mcrnbo:n or the , .... IlJ Loctoboc,I/"J. 

Ifob. ' ''1'''''£ was dc:I<:ri boed 10 have. DNA bue oomf'O"ition or j9 mol% o-e, . ,,_IlIe o ll",idf, thuange r ... the g~nu~ LnCl"bQd lJ"l . 
(!lased 011 Vantiall1l11e. et al., 1996 a nd S tiles and 1J 0Iz:lprcl , 1997). 
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1.3.5. The genlls PediocOCCllS: 

The name Pediococcus was first used for sarcina-like lactic acid producing organisms 

causing spoilage of beer("beer sickness"} by Balcke in 1884 (pederson, 1 949), The genus "<15 

described by Claussen in 1903 (Garvie. 1986). The ability of the different species of Pediococcus to 

bring about desirable fennentation products was not. however. recognized until 1926 when 

Henneberg associated them with those fennentations carried by LaclObacillus and Streptococcus 

(Pederson, 1949). Cens of pediococci occur in pairs or tetrads. single cells are rare and chams are 

never formed at al l. Division is in two perpendicular directions in a single plane and this is why 

cell s OCcur in tetrads (Simpson. 1994), They are non-motile. facultative anaerobes which tolerate 

oxygen. They grow optimally between 25-40°C (Garvie, 1986). Previously all pediococci were 

presumed to be homofennentative, producing lactate from glucose and no gas. but recently it was 

shown that one species is facultatively and anOlher obligately heterofermentative (Stiles and 

Holzapfel, 1997). Members of this genus have mol% G+C range of 35--42. Previously spet ies of 

pediococci were separated by their tolerance to temperature, pH and saiL The former basis of their 

classificat ion was totally phenotypic which was later changed when 165 rR..!"JA and 0 1 A:DI A 

reassociation data was available (Back, 1978 a,b; Dellaglio. er af.. 1981 ; Garvie. 1986: Collins. er 

01., 1991 ). 

Pediococci are non-pathogenic to plants and animals, but have been extensively studied 

because they are important in food fennenta tions where they spoil beverages bu t can also be used 

as protect ive cultures because of their ability to produce bacteriocins (Simpson and Taguchi. 1995). 

Most spec ies are ubiquitous contaminants in breweries. some being associated with malt and beer, 

and in other products such as wine and cider they produce diaceryl and acetoin causing ofT-flavours. 

Pediococcus damnoslls is knOVJTl to be resistant to hop acids. They are also found in carbonated soft 

dri nks but have so far not been associated with spoilage. They are however common and desirable 

in fennen ting foods like soya sauce and rni so, cheese. meat and fish products (Simpson and 

Taguchi, 1995). 

The genus currently consists of six species. The validl y published specIes mclude. 

Pediococcus acidilaclici. Ped. dal1U1osus, Ped. dexfrinicus, Ped parvulus. Ped pefllosacells and 



36 

Ped inopinofUS. 'Ped urinoe-equU: was proposed to be moved for Its rather strong affiliation Wlth 

Aerococcus. Consequently, this species has. then. been renamed as Aerococcus UTlnLlf! (Collins. tt 

ai, 1992; Collins, et al., 1993). Simpson and Taguch, (1995) and Sules and Holzapfel (1997) h.-e 

also stressed this clearly distant relation of this species with pediococci. In this thesIs the SIX Species 

of Pediococcus will be regarded as the recognized and valid ly published members of the genus 

while the Ped. urinae-equii will be considered as an ex-member of the taxon. 

Pediococci belong to the phylogenetic group Lb casei-Pediococcus (Coll ins. el of (1990. 

199 1. 1992). It is very difficult to distinguish these species phenotypically (Garvie. 1986; 

Tanasupawat. et ai. , 1993). As a result. molecular genetic studies have been employed such as the 

16S rR..t'JA sequencing and the use of multiplex PCR analysis using rRJ'lA probes (Mora. el oJ. 

1997). Schleifer and Ludwig (1995) have poimed out the intermixing of pediococci wim 

lactobacilli as shown by Collins, el al. ( 1991 ) where Pediococcus as a genus has been 

undifferentiated from the lactobacilli . As a consequence of the unusuall y high levels of sequence 

homologies. however. it was even hard to di scriminate between species like Ped acidilacflci and 

Ped penrosaceus where they shared 98.3% 16S rRJ'lA base sequences. 

Ped. dex/rinicus had clustered with lactobacilli while the other four pediococci made their own 

distinct clade (Collins, e/ aI., 1991 ; Tanasupawat. el aJ.. 1993: Mora. el aI., 1997). Ped inopmallis 

was very close to the clade while Ped. dextriniclls showed a closer relationship with lactobacilli 

(Collins, eI aI., 1991). The taxonomy of Pediococc/ls species has. therefore, still remained unclear. 

The eco logical, physiological and phylogenetic relationships of these organi sms are mentioned in 

Table 3. 
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-----------------------------------------------------------------------------
T ab le 3. P henotypic and phylogenetic affili a tion of the species of Pediococcus 

-----------------------------------------------------
Sp~CiC5 O rigina l source or Isola tion C r oup M ol% c-c 
------------------ -----------------------------------
Pedlococcw acidilactlci F~nnenting plant material, Silage, malt. Ob 38-44 

dry leaves, salami 
Pediococcus damnosus Brewer's yeast & products. fermenting Ab 37·42 

won, beer 
Ped/Ococcus dextrmicus Silage. brewer's spent grains. beer Ab 40-4 1 

Pediococcus inapinotus Sauerkraut. beer. hops. wine. fermented Ab 39·40 
beans 

Pediococc lls parvullls Sauerkraut. fermented vegelablesibeans. Ab 405·41 6 
beer, cider, wine 

Pediococcus pentosaceus Various plant materials. malt. hops Cb 35-39 
Aerococcus unnaeO Horse urine. rabbi t dung, phak-gard-dong 

(Thai pickled vegetables) Aerococcus 396-39.7 

-- ------- ----- ----------------- ---- ----- --- ---- ----- --------
IlFormerly PedlococcUJ urmae .... qulI (After Collinj. et uJ" 1991: Simpson and Taguchi. 1995: and Stiles and Uotupftl. 199;). 

1.3. 6. Th e genus Weissel/a: 

The genus Weissella was named after the German microbiologist Norben Weiss. lVeissella 

is a newly organized genus of the lactic acid bacleria proposed by Collins, f![ al. ( 1993) and validly 

published in 1994 (Stiles and Holzapfel. 1997). Cells are generally short rods with rounded to 

tapered ends or coccoid and occur singly, in pairs or in short chains. Other descri ptions of LAB al so 

hold true for this taxon. The genus consists of organisms with complex nutritional requirements and 

which are acidoduric nature growing at 15°C (Shah and Jelen, 1990). With the exception of some 

strains of Weissella confusa (formerly Lactobacillus con/usus) they do not grow at 45°C. Their 

guanine plus cytosine content of ON A ranges between 37-47 mol%. 

Initially thi s taxon was described to retain Leuconostoc pllramesenteroides based on the 

165 rR.!\IA phylogenetic distinctness of the species for the need to separate it from other 

leuconostocs. Later on it further absorbed di vergent Lactobacillus species as wel l. Currently It 

comprises W. con/lisa (Lb. con/usus). IV. halotolerans (Lb. halololerans). IV. kandler; (Lb 

ktmdleri), IV. minor (Lb. minor), IV. paramesenteroides. IV. viridescens (Lb viridescens) and IV 

hellenica (Collins, el al., 1993 ; Vandamme. et 01.. 1996). Stiles and Holzapfel (1995) ha\oe also 
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considered Lb. hilgardii as it has been already moved to this genus and renamed It IV htlgardll 

Consequently, this genus included the previous heterofermematlve lactobacilli of unusual 

interpeptide bridges in the peptidoglycan. Morphological and physlologicaJ features of Weissella do 

not directly favour this grouping which now contains both species producing D( -)- and DL.lactate 

(Collins, el al .. 1993; Vandamme, el al., 1996). 

1.4. The Role of LAB ill Food Ferm entations 

Most LAB, with the exception of Lb amylovorus. some strains of Lb plcmfarum and 

pediococci, are not able to hydrolyze starch. Ability to generate fermentable carbohydrate is a vital 

precondi tion to initiate lactic acid fermentations in food of plant origin. It is lherefore conunon 

practice to add malted cereal flour to raw nour to initiate and encourage development of lactic acid 

bacteria in such fermentations (Back, 1978a; Nout and Rombouts. 1992: Johansson. 1995: Gobbeui 

and Corseni, 1997) 

Natural fermentation, takes place by the interaction of a mixed culture. In the natural 

succession of cereal fermentation fo r instance, microorganisms other than LAB. like me 

Enterobacteriaceae, Bacillus spp. and fermentative yeasts initiate me production of reducing sugars 

fo r the LAB (0 follow (Pederson, 1979; Daeschel. el o/., 1987). Fresh vegetables have fructose. 

glucose and saccharose as major sugars, totally ca. I A %. depending upon me level of maturity 

(NOUl and Rombouts, 1992). In vegetables the sugar content is suffic ient enough to promote LAB 

fermentation processes. Fermentable sugars are made available to the associated microflora due to 

physical disruption of cellular structures as in shredding of leafy vegetables. chopping of roolS and 

tubers, mi ll ing of cereal grains coupled with, in some cases, salting to avail the sap from cells and 

the matrix. Legumes, oi l seeds and sugary fruits may be soaked or crushed since such processes 

also promote availability of fem1enting matter. Other substances such as lignocellulosics, pectins 

and organic acids could also serve as carbon sources for organisms like Bacillus spp. In many 

cases, however, pectolysis is undesirable in foods as it causes them to loss firmness (Daeschel. ef 

ai, 1987). 
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Regarding nitrogen sources, most plant malenals possess organic nitrogen "hleh promotes 

femlcntation. BUI the availability of nitrogen might be limited by the presence of protem- or alpha­

arnino-compiexing substances such as phytic acid. tannins and phenolic compounds out and 

RomboulS, 1992). 

Mineral bioavailability IS an importam fac tor fo r microbial development. A vanety of 

mineral ions, such as Ca2
' , Fe2

-, K', Mgl ., Mn2- , Na' , p l. and Zn2- are known to regulate microbial 

proliferation. Each one of them is known to be involved in specific functions in the microbial cell. 

For examp le , Mn (I I) is an essential component of the defense system against endogenous O
2 

in 

plant associated Lactobacillus. Pediococclis and Leuconostoc species (Archibald. 1986; Daesche1. 

el al.. 1987). Zn1
* stimulmes a·amino N·assimi lat ion (Nout and Rombouts. 1992). Nalural 

femlentation of cereal baners invo lves the action of grai n phytases along with the generatIon of 

organic acids and some fi.complex viuunins and it is supposed to have some potential to improve 

nati ve zinc availability. Fermentation as a whole is perhaps known to increase bioavailability of 

both zinc and iron (Agte, et 01., 1997). Antinutritional factors. such as phytic acid not only affect 

nitrogen availability but also che late mineral ions thus minimize the bioavai lability of the minerals 

to the microflora . LAB fermentations reduce such amimurients as ph}1ate and tannins in the 

fennented products as shown in tef dough fennentation (Urga. el of., I 997a). Some laclObaciIJi. 

such as Lb. amyfovorus have been found to produce phytases (S reeramu la. et al .. 1996). Studies by 

Urga. el af. (1997a,b) have revealed the effect of natural LAB fermentation in reduc ing the level of 

antinutrients, such as phytates, tannins and trypsin inhibitor, simultaneous ly improving the 

availability of proteins and free amino acids. 

Foods contain aerobic and anaerobic epiphytic flora amongst which species of Bacillus. 

Flavobacterium. Pseudomonas and moulds are stricll y aerobic. Enterobacteriaceae. lactic acid 

bacteria and yeasts are facultative anaerobes. In a mixed micro flo ra. succession and dominance is 

dependent on microbial properties such as energy metabolism. lag ti me. ma.xi mum specIfic gro\\1h 

rate and adherence or penetration capacity into substrate. Physico.chemical properties of the food. 

such as pH and water activity are also important. Besides these. plant materials and fruIts have 

antimicrobial constituents but LAB. particularl y hetcrofermentative lactobacilli such as Lb 
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collionides and Lb. brevis, are known to hydrolyze such compounds as chlorogemc aCid to caffeic 

and quinic acids both of which are stimulatory for their growth ( lead. 1994)_ In most natural 

fermentations of plant foods w1thOUt pre-heat treatment epiphytic microflora Wlll initiate and direct 

the fermentation. In natural cereal fermcntalions members of the family Enterobacterloceae (such 

as species of Enter-abaeter, Klebsiella) proliferate during the earl y periods of Fermentation at neutral 

pH values. However, their growth is hailed when the pH is reduced to abom 5.5 due to their mixed 

acid fermentation products such as acetic acid, fonnic acid and CO2_ Thus the acid-tolerant LAB 

will take over as they will be favoured by the availabil ity of fermentable substrates. the reduced pH 

and the anaerobiosis so created. They in tum will further produce various products and make the 

microenvironment hostile for other microorganisms. 

Obligate homofennentative species such as Lb. acidophifus. Ped dextnmcus. Ped 

damnosus and Ped parvulus are known to produce lactic acid from all assimilable carbohydrates. 

Obl igate heterofermemative LAB on the other hand such as Lb. brevis. W con/usa. Lb ferm enrum, 

Leuconostoc dextranicum and Leu. mesemeroides produce many products other than lactic acid. 

These products include acetic acid. formic acid. butyric acid. diaceryl, H20 2• COl and alcohol 

(Axelsson, 1993; Berggren, 1996). Facultative hcterofemlcntcrs such os Lb plantarum. Lb case;. 

Lb. pentosus and Ped acidilaclici fennent glucose in to different products including acetic acid, 

ethanol and CO2, Therefore, the heterofermentative LAB contribute mostly to the aroma 

development and leavening of fermented products wh ile the homofermentatives mainly improve 

the taste by lowering the pH thus making them sour which may desired in some non-leavened 

products. 

Most epiphytic yeasts common in foods, such as Aerobasidium. Cryptococcils. 

Rhodo(orulla and Sporobolomyces spp. do not ferment sugars. Instead they have pectolytic 

properties as a means of extracting carbon from the food. Oxidati ve yeasts then degrade the 

produced organic acids thereby increasing the pH. This allow's growth of spoi lage-causing. acid-

sensitive organisms out and Rombouts. 1992). 

The commensal relationship between fermentative yeasts and LAB in most cereal lactic 

acid fermented foods has been found to generate paramount benefits for the fastidious LAB 
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(Lonner, 1988: NOllt, 1991 ; Salovaara. 1993; Gobbetti and CO""tu. 1997). Another commensal 

assoc iation is found in sour dough between mahose· fennentmg lactobacilli such as Lb 

san francisco (Ga bberti and Corsetti, 1997), and maltose non-fennenting yeasts. The lactobacilli 

fe nnent maltose make simpler sugars avai lable to the yeast and in return the lactobacilli art 

stimulated by yeast peprides ( ugihara. 1985). Furthennore. Lb san francisco has been found to 

have a positive impact on yeast leavening and CO2 generation (Gobbeui. ef at .• 1995). Lactobacilli 

and pediococci are common in dough preparations such as in tef (Gashe, \985; Nigatu. 1992) and 

in most instances the latter are maltose fennen tative (Garvie. 1986). 

The composition and action of lhe lactic acid microflora may differ from food to food or In 

di ffe rent geographical settings. evenheiess, their main task is to ferment the food together with 

the other microorganisms in the mixed culture so that the resultant fermented product becomes 

more energy-rich. acceptable and well ripened or palatable. Lb. sanfrancisco. Lb. reUfen and Lb 

fe rmemum are unique among the lactobaci lli because they phosphorylate mahose (Vogel. el ai .. 

1994). The enzyme maltose phosphorylase may be regarded as a key enzyme for the predommance 

of lactobacil li during sourdough fermentation. Another pertinent attribute of Lab in the ecological 

interaction with other fe rmentative flora in lactic acid fe rmentations is their possession of a vast 

array of proteases and peplidases whic h help in fl avour deve lopment and supply of low molecular 

weight nitrogen metabo lites (Collar, el ai., 1992). 

In traditional LAB-fermented foods it IS very common to use controlled natural 

fennentation processes. This is usually achieved by using inocula from a previous batch of the 

product (back-slopping) . By so doi ng the inocula wi ll have been naturall y selected during the 

fermentation. Environmental fac tors such as partial or total anaerobiosis. temperature and water 

ac tivity are then adjusted in order to obtai n the des ired product. This practice is well developed in 

rye and wheat sourdough (LBnner, 1988). lactic acid fermentations of cereal-legume mixtures 

(Nout, 199 J), sorghum dough for kisra (Hamad. el ai .. 1997) and Ie! dough for in;era and in en.rel 

fe rmentations (Gashe , 1985, I 987). This back-slopping practi ce or the use of undefined mixed 

slarter is a common technique both in temperate and tropical regions (Steinkraus. 1994). The 

process encourages the dominance of LAB and leads to the desi red pattern o f fermentation. The 
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practice is used both in animal- and plant-based foods such as curdled milk or yoghun production. 

and the sourdough process. The process sometimes fails if the ponion used fo r back-slopping IS 

kept for a long time as this allows for the inactivation of desi red organisms or groups of organisms. 

or death of the LAB due to shortage of nutrients or accumulation of toxic metabolites and waste, 

change in composition, and mutation of the LAB. Cold keeping could hel p reduce some of these 

effects but is not affordable in tropical cl imates. As a result in most uncontrolled naruml 

fennentation processes the desired products may not always be satisfactory or in some cases are nOt 

reproducible. The use of pure cu lture fennentalion where single or defined mi xed cultures are 

added to raw substrates to achieve dominance over endogenous epiphytic micro flora is. therefore. 

an alternative. Such a practice is common in silages and in vegemble fennentations li ke cabbage. 

carrots, cassava and okra l out and Rombouts. 1992). Mixed starter cultures consisting of LAB 

and fennentative yeasts are usually recommended as they assimilate all available carbohydrates 

(Daeschel, et al .. 1987). 

The fennentative preservarion is a result of microbial metabolites produced during the process 

including shon·chain organic acids (SCF A). diaceryl. H10 2• CO2, ethanol and bactericidal peptides 

such as bacteriocins and competitive dominance: by the: LAB. TIle dominance occurs as a result of 

the low pH. anaerobic conditions and accumulated metabolites. In such circumstances the LAB are 

able to use the accumulated metabolites which might be toxic to Olher mic roorganisms and are nOI 

affec ted by the acidity. Later on, however, oxidative yeasts may take over as observed in over· 

fennented fe/ flour in the liquid accumulated on top of the dough causing spoilage (Gashe. 1985: 

Nigatu and Gashe, 1994b). It is therefore. it would be essential to avoid excessive femlenlation and 

by not letting spoilage flora ox idize the fennentation acids. This can be achieved by creating 

anaerobic conditions during the preparation of substrates for lactic acid fennentation such as using 

covered tanks or pits, thus allowing for the predominance of LAB. These conditions when created 

at room temperature would also raise the internal temperature so that metaool ic activi ties and acid 

production might be enhanced. 

Although anaerobiosis inhi bits potential spoilage flora (bacteria. oxidative yeasts and 

moulds), complete absence of O2 is not always desirable as some facultative anaerobes might need 
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oxygen fo r bener metabolism. In some fe rmentations, aeration may speed up the process and 

improve the product (Vahvaselka. elol .. 1990). Addition of salt. reduction ofw3Ier activity and nsc 

in fe rmemation temperature to the mesophilic range have been shown to accelerate the rotc of 

ac idification (Tanasupawat and Komagata. 1995). 

1.5. Ecology of LA B al/d Their Appliclltiol/s 

Lactic acid bacteria are widely utilized to produce fe rmented foods and contribute to navour 

deve lopment and preservation of quality of the food. Thei r importance is assoc iated with their safe 

metabolic activities while growing in foods in which they selectively assimilate available sugar for 

the production of organic acids and other metabolites. Thei r presence and desired use in fermemed 

foods coupled with their use without hannful effects shows their natural acceptance as GRAS 

(Generally Recognized As Safe) by the human body (Aguirre and Coll ins, 1993). In this metabolic 

re lationship, thus. LAB essentially provide a protective function to the safety of the food against 

growth and dominance by pathogenic and spoilage micronora. They achieve this through 

production oflarge quantities of inhibitory substances and specific peptide antibiotics which help in 

the preservation of food (Holzapfel . et ot., \995; Stiles. 1996). 

LAB are known to be ubiqui tous in most environments. They are common in mi lk and 

dairy products, in fermented foods from meats, vegetables. cereals, frui ts, on intact and rotting 

vegetable materials, silage , intestinal and urogenital tracts and mucous membranes of man and 

ani mals (Mikelsaar and Maunder, 1993; Salovaara, 1993). This co lonization of such diverse 

habitats and particularly the positive associations they have with animals and humans has dra\\1l the 

attention of researchers since the tum of the century. Although the e.xact mechanisms are not clear. 

many ecological benefits the LAB endow to the host are well documented (Gorbach. 1990; Fuller. 

1992; Wood and Holzapfel, 1995; Salminen, e l oJ., 1996). Their distribution is primaril) 

determined by concentrations of carbohydrate, protein breakdown products. vi tamins and low 

oxygen tension. In addition to their saccharolytic properties. LAB are equipped with proteol)'tic 

enzymes which are particularly important in cereal nour dough femlentations where they interact 



.. 
with yeasts (Gobbeui and Corseni . 1997). Lactococci are apparently the mOst useful starter 

organi sms for cheese production. and proteolysis is the most important process 10 cheese 

maturation (Gobbeni, et al., 1995; Kunji , et al .. 1996). Consequently , there has been more Inlerest 

and more data generated on lactococci proteolysis than on lactobacilli . Lactococc i have also been 

studied more extensively and elaborately lhan any other LAB (Law and Haandnkrnan. 1997). 

Lactobacillus acidophilllS, Lb. helvelicus. Lb. case; and Lb delbrueckii subsp. bulgarKus are 

perhaps the major lactobac illi of significance in milk fe rmentation and as a result more knowledge 

has been accumulated regarding their proteolys is. Lactic acid bacteria from plant sources are 

thought to be less proteolytic (Daeschel , el al .. 1987). but avai lable data. however. indicate the ir 

critical proteolytic importance in cereal fermentations. Their presence is essential for ac idification 

and proteolys is. good texture, flavour and shelf-life of wheat sourdough breads (Gobbetti and 

Corsetti. 1997). Their role in tef fermentation has al so been suggested from their predominance in 

the fe rmented dough and the resulting nutritional improvement of the fermented product when 

compared with that o f the raw substrate (Nigatu . 1992: Vrga. el al .. 1997a). Studies have revealed 

that increased proteolysis during sourdough femlentation is stimulatory fo r the growth of yeasts. 

This helps sustain the commensal relationship between the yeasts and the LAB in the sour dough 

(Martinez-Anya. el aI., 1990). Free amino acids contribute di rectly or serve as precursors for 

flavour deve lopment during wheat sourdough fermentation and baking. The proteolysis of gluten is 

also believed to influence texture and staling of wheat bread. About a third o f proteolysis in 

sourdough is as a result of proteases from the flour with LAB contributing the rest of the 

proteolysis activity of the fermentati on process (Collar, el af.. 1992; Gobbetti. el al . 1994: Gobbetti 

and Corsetti, 1997). Change in volati le fatty acids composition impart desired flavours during the 

fe rme ntation and baking of lef dough. In all cases LAB are responsible for the partial or entire 

production o f organoleptic properties of such fermented produc ts and fo r the preservation of II vast 

array of foods (Holzapfel , el al .. 1995). Some representati ve lactic acid- fe rmented products from 

di ffe rent geographical regions of the world are shown in Table 4. Besides their uses in foods. LAB 

such as Lb. delbrueckii and Lb. helveticlls are industriall y uti lized for lactic acid production \\ hile 

Leu. mesemeroides is used for dextran production and L. lactis subsp. laclis fo r nisin production. 
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------------------------------------------------------------------------------
Tab le .... Some co mmon lactic acid rcrrnented roods !l nd the major LAB laxa invo lved 

--------------------------------------------------------------------------------------
FoodlProduct Raw ingredienlJ Tuonrran 
-------------------------------------------------------------------------------- -- --Da ir y prod ucts: 
ACldophllus milk 
Bulganan butter mIlk 
RIpened cheeses 
Kefi r 

KumiSS 
Tactte 
Yogurt 
Ergo 
II1Iu 
Meat and fi sh pr odu cts: 
Dry sausages 
Seml-dry sausages 
Buroung dalag 
Izushl 
Pla .. sam 
Som·fak 
Nham 
Plant products: 
Kcnkey 
Ogi 
Olives 
G,,, 
Bulla 
Koeho 

Milk 
Milk 
Milk 
Mil k 

Mare's milk 
Milk 
Milk 
Milk 
Milk 

Pork. Beef 
Beef 
Fish. Rice 
Fish. Rice. Vegetables 
Fish 
Fish 
Pork. Beef 

Com 
Com 
Green olives 
Cassava 
Ense! 
Ensel 

Lb ocldophllus 
Lb dtlbrutd(ll subsp bulgam:ws 
lactobaCillus, WCtOl:OCCUS 
Lb fujir. Lb fujirona/aCltflS. Lb dtlbnltck.1I subsp bwlgar/cus 
I..b COStl. Lb aCIdophilus 
Lb dtlbrueckli subsp b"lgar/cus. other lactobatilli 
LaClOCOCcuS lac/IS 
S/ /he,moph,lus. Lb bulgar/cUI 
wctobaCIllus. wctococcus ({ other LAB 
lactobacillus. WC/OCOCCU3 ({ othe, LAB 

PedlOCOCcus. Lb plan/arum. Lb b,tvlS 
Prd,ococcus 
uu mtsen/frOldtl. Lb plantarum 
wClobaclllus 
UJcloboclllus. Ptd,ocaccus 
wCtobacilius. Ptd,Ol:OI:cus 
Loctobaclllus. Ptd,ocOl:cus 

wctobaclllus 
Lb planla, um, L lacllS 
Lb. planta,um. PtdlOCOI:cus. Lb b,tvlS. u u meJtflltro,dtJ 
Lb planlarum. LtuConOOIOI:. LaclOI:OI:cus 
Lac/obaclllus. Ped,Ol:OCcus. LtuconrutOl: 
Laciobacillus. Pedu)Coccus. Ll!uconootoc 

Picklcs Cucumber PediOCOCCus. Lb plOfllarum 
Sauerkraut Cabbage Leu. ml!!JefllerOldes. Lb plafllarum 
Soy sauce Soy beans Lb de/brueckl/. Pediococcus 
Bread s. beverages li nd others: 
San francIsco sourdough Wheat Lb sanfranclSco 
Sourdough Rye Lb. pomls 
Sour Pumpernickel Wheat nour Leu. meseflleroldes 
Idh Wheat nour Leu mesentero,des 
lnJera Tel. Wheat. Barley. Sorghum LOCiobaCIllus. Ptdiococcus. uuconru/OC 
Kisru Sorghum Lb vag",allJ. Lb he/veIICuS. 1... lacllJ. Lb formtmum. Lb rtuter, 
Siljo Beans. chickpeas. saffio\\ cr. 

Ginger. Garlic lActobacIllus. w ctococcus 
Wine Grupes lhnococcus /Hili 

Sake Rice Lb sou 
Borde Com wc/oboelflus & other LAB 
Sharnna Barley wClObacdlus other LAB 
Tella Barley, maize. sorghum. 

millets. wheat 

----- -------------------------------
w ctobaClllus &: OIher LAB 

------------------------------------------
(Co mpiled from Cam pbell-Platt, 1987: Aguirre and Collins. 1993; Tanllsupawat and Koma g!l t!l . I99S; Il!im ad. 

et al., 1997; Zewdie, et aI., 1995; Palidar and Pnjapa ti, 199i: :lIld Nig:llu. unpublished d!l l!l). 
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1. 5. 1. Alltagollistic Properties of LAB Agaillst Pathogells: 

LAB are known to produce various primary and secondary metabolites during the process 

of fennentation. These include low molecular mass compounds such as organic acids. alcohols. 

CO., diaceryl, H20 } and bacteriocins. Most of these substances have a broad spectrn of 

antimic robial activities and their production depends on the composition of the environment (food 

matrix), pH, temperature and redox potential, presence of competing organisms (Helander. el at, 

1997). The presence of more than one of them sometimes has additive effects. The non-peptide 

inhibitors such as H20 ., diacetyl, organic acids are major preservative components in LAB­

fennented foods. Amongst the peptide/protein inhibitors (bacteriocins) it is only ni sin which has 

been in use as a commercial food-grade preservative since the 1950's (Davidson and Hoover. 1993). 

New preservatives from LAB such as reuterin and bioprofit have also been developed recently 

(Helander. el 01., 1997). Some of the different antimicrobial products from LAB in common use 

and those deve loped recently are shown in Table 5. 

---------------------------------------------------------------- --------------
Table 5. Primary and secondary metabolites produced by LAB and thei r common targets 

------------------------------------------------------------------
J\letabolite Producer organisms Target orga nisms 

-- ----------------------------------------------------------------
Acids: 

Lactic acid All LAB 
Acetic acid Heterofermentative LAB 

Alco hols Heterofermentative LAB 
Carbon diox ide Heterofermentative LAB 
Oiacetyl Lactococcus spp. 

Hydrogen peroxide All LAB 
Reu terin Lactobacillus feuleri 

Benzoic acid, Laclobacillus plan/arum 
mevalonic acid lactone, 
mel hylhydantoi n 
Biop rofit® Lactobacillus rhamnasus 

All microorganisms 
All microorganisms: pH..dependent 
All microorganisms 
Most microorganisms: pH-dependent 
Yeasts, Gram-negative bacteria 
>200 ppm, Gram·positive 
bacteria >300 ppm (butter flavour: 2-4) 
All microorganisms 
Broad spectrum: Gram-positive and 
Gram-negative bacteria, fungi 
Gram-negative bacteria, fungi 

Nisin LacfOCQCCUS lacfis subsp. /ocIlJ 

Broad spectrum: fungi, yeasts, 
helerofennentative LAB, Bacdlus spp 
(Gram-positive bactena) 
Gram-positive bactena (LA B, 
Streptococci. bacilli and clostridia 

--------------------------------------------- ---------------------------------
(Modified rrom Ilelander , 1'1 at, 1997), 

• 
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As sho\vn in Table 5, Helander, et 01. (1997) have identified the inhibitory compounds 

produced by Lb. plantarum E76 as a mixture of low molecular mass compounds among ""hlCh 

were benzoic acid, mevalonic acid lactone and methylhydantoin all in low conccml1l1ions but 

exerting strong effects due to their synergistic action . In situ production of such metabolites In the 

food matrix is an advantage to the consumer for the fe rmented product will be safe from pathogens 

and have a better shelf-life (NouI, 1994). Nevenheless. there is yet not much progress on the 

commercial use of these metabo lites. In general , bacteriocins have a limited inh ibition spectrum 

and are usually spec ies-spec ific in their action. Thus, recent views seem to fOCus on the synergistic 

use of several metabo lites instead of a single bacteriocin (Helander, et 01 .. 1997). With respect to 

the production of bacteriocins, the genera Laclococcus. Lacfobacillus. Leuconosloc and 

Pediococcus are amongst those extensively stud ied. Lactobacillus. Leuconostoc and Pediococcus 

are very often isolated from LAB-femlented plant foods. They are also known to produce 

antimicrobial substances of low molecular mass components which have caught research attention 

revealing potential application in the food industry (Davidson and Hoover, 1993: Helander, el af. 

1997). Organic acids. such as lactic and acetic acids. are well known to be antimicrobial in nature 

and thei r inhibitory effect in fermented food products has been explicitly shown (Adams and Hall. 

1988). 

As we look into traditional LAB-fermented foods. the fac t that the foods arrest the survival 

and growth of pathogens is more related to the in silll action of LAB. Such inhi bition has been 

demonstrated in fermented corn nour (S irnango and Rukure, 1992), cereal gruels (Svanberg. ef al. 

1992; Lorri and Svanberg, 1994; Kingamkono, ef ai" 1995) and in tel dough and kocho 

fennentations (Nigaru and Gashe, 1994a,b). Nevertheless very little is known on the mechanism of 

the combined actions of the inhibitory substances elaborated by LAB (H elander, et 01 , 1997). 

Defined starter culture may be intentionally added into food or feed or preconditions may 

alternative ly be set for them to develop and dominate. Some studies have shown that 

homo fe rmentative LAB are more inhibitory to col ifonns than heterofermentati ves (Adanls and 

Hall , 1988). It seems, however, an advantage to employ mixed cultures in order to make use of a 

wider range of metabolites since their combined actions tend to impose better effects on spoi lage 
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and pathogenic microflora (Helander, el al., 1997). 

1.5.2. LAB as Probiotics: 

Lactic ac id bacteria are essential components of the animal microetology. For instance, 

humans are known to harbour a nonnal microflora population of 101l·lO t ~ cells on body surfaces 

and organs (a number which exceeds the total number of body cells). The microflora is vaned and 

is composed of over 500 different species (Mikelsaar and Maander, 1993). The gastroi ntestinal (Gf) 

and the genital tracts and the skin microbial ecosystems harbour the highest population of 

mic roflora in humans. Research has focused on the analysis of the role of most microbial genera 

and species in these varied mic rohabitats. In the GI tract alone, for instance, a kilo of micro flora 

consists of over 400 species out of which members of the genera Lactobacillus and Bifidobacterium 

are known to play a benefic ial role (Gibson and Roberfroid. 1995). 

In a recent study Tannock (1997) has investi gated the pattern of faecal lactobacill i and 

bifidobacteria on ten healthy human subjects and showed that each human had their unique 

collection of strains. Nevertheless, despite this variation there is an overall need for the LAB to be 

an essential component of the GI system. 

The faecal lactobacilli CowH from humans is nommlly betWeen 101_ tO tO cfulg (Gibson and 

Roberfroid. 1995; Mital and Garg, 1995). However. the faecal count is just an approxi mate value as 

there are masking reasons besides the non culturability of most inhabitants of the GI tract in 

synthetic media. In most cases the consensus on the lactoflora of the human GI tract shows the 

prevalence of various spec ies, subspecies and biotypes of homo- and hetero-fennentative LAB. The 

most frequent lactobacill i found include Lb. aCidophilus-like. Lb. salivarillS. Lb. paracasei. Lb 

rhamnoSIIS. Lb. reuteri. Lb. pfantarum, Lb. jermentllln and Lb. brevis in various combinations 

(Mikelsaar and Maandar, 1993; Molin, el at.. 1993; Ahme, et al .. 1998). Lactobacilli are also the 

predominant flora isolated from the vagina of healthy women with a population range of 101_10' 

cfulml (Mikelsaar and Miiandar, 1993). 

LAB are apparently suppl ied to the alimentary tract from the non-heated lactic-fermented 

foods consumed. In cases where the intestinal lactobacilli are diminished it was found essential. 

the refore. to maintain thei r prevalence by external intentional supply of the LAB as probiotics. Live 
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LAB have been used as probiotics both in humans and animals. Foods intenlionally supplemented 

with such live LAB for human gut reconditioning are termed functional foods and their claimed 

benefits include reduction of cholesterol or prevention of its synthesis in the human body (Gilli land. 

1989; Ebringer, et af., 1995), antitumor and immunostimulatory effects (Ebringer. er 01. 1995: 

Milal and Garg, 1995; Patidar and Prajapati, 1997), neutral ization of enterotoxins and competitive 

inhibition of pathogens (Milal and Garg, 1995: Helander. et al.. 1997; Kalantzopoulos. 1997: 

Tannock. 1997) are sought. 

The probiotic concept was initially founded on the fermentative properties of the LAB as 

observed by Metchnikoff in early 1900 where he curiously asked " . .If a lactic fe rmentat ion 

prevented the putrefaction of milk, would it not have the same effect in the digestive tract if 

appropriate microorganisms were used?" (Tannock, 1997). As a result nowadays. though extensive 

data is still required, a wide number of LAB amongst which lactobacilli. bifidobacteria and 

Streptococcus thermophilus are the major organisms used in most probiotic preparations (Fuller. 

1992 ; Milal and Garg, 1995; Salminen. et af .. 1996: Kalantzopoulos. 1997: Tannock. 1997). Table 

6 presents the most commonly utilized probiotic strains of LAB for humans and animals. 

-- -------------------------------- -------------- ------------------------------
Table 6. Probiotic LAB and bifidobacteria commonly supplemen ted into foods :lnd feeds. 
-------------------- -- --------------------------------------------

For humans For farm animals 

-------------------- ----------------------------------------------
Lactobacilllls acidophillls 
Lb. casei Shirota strain 
Lb. delbrueckii subsp. blilgariclis 
Lb.johnsonii 
Lb. plamarum 
Lb. reuleri 
Lb. rhamnosus 
Bifidobacterillm adolescenlis 
Bf bifidllm, Bf breve 
Bf IOllgum. Bf illJalllis 
Streptococcus thermophilus 

Lb. acidophillls 
Lb. case; 
Lb. delbnleckii subsp. bulgariclIs 
Lb. plamarwlI 
Lb. rellter; 
8f bifidum 
£Il/erococcus Jaec ;1111/ 

St. thermophilils 
PediococclIs pelllosaceus 

(Co mpiled from Molin. 1995: Salminen. el al •• 1996 and Tannock. 199;). 

The LAB used as probiotics are predominantly lactobacilli and as they are ecologically 
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more related to mucosal surfaces and the intestinal epithelium of warm blooded animals (Table 6). 

Among the major benefits they endow to the gut are : thei r contribution to the control of pathogens 

in the gut by competition for nutrients and adhesion, production of inhibitory metaboli tes. serving 

as barriers preventing bacterial translocation into the circulatory system and other organs, 

immunostimulation and immunomodulation and supply of SCFA (Short Chain Fatty Acids) for 

epi thelial ce!Js in the colon. Sullivan. et 01., (J 988) demonstrated the in vitro inhibition of 

C10slridium botulinum by intestinal microOora isolated from infants while Nousiainen and ettiUt 

(1993) showed inhibition of Helicobacter (Campylobacter) pylori by LAB. The preventive 

potential of intestinal lactobacilli against such serious bacterial pathogens as Helicobacter pylori, III 

vivo, has also been demonstrated (Kabir, et al., 1997). 

Nousiainen and Setala ( 1993) have also further documented evidence supponing the strong 

antagonistic properties of LAB on harmful gut bacteria in piglets, pigs. calves and gnotobiotic 

mice. They have shown the Suppression of coli forms and the neutral ization of their to.xios as direct 

effects rendered by the LAB although the exact mechanism of inh ibition is nm clearly kno\.l.Tl. The 

authors have also monitored the beneficial shifts in microbial or host metabolism by feeding LAB 

prob iotics mainly Lb. acidophilus and Lb. delbrueckii subsp. bulgaricliS to humans and animals. 

The associated benefits observed include decreased serum cholesterol. fo rmat ion of inhibitory bile 

acids, decreased amine production, decreased production of carcinogenic N compounds, 

avai lability of hydrolytic enzymes and increased activiey of brush-border enzymes. Other authors 

have demonstrated the improvement of gaslrointestinal health when Lb. plantarum and Lb_ 

rhamnosus were added to an oauneal-based diet including the commercial product Proviva 

(Johansson, et aI. , 1993; Molin, 1995). Consequently. intestinal strains of lactobacilli have got 

priority in most human probiotic preparations and are used as therapeutic agents in disturbed gut 

microecology. Apan from this, data confinning accumulation of aOlicarcinogenic metabolites in 

fermented foods points to the need fo r more studies on the potemial use of lactobacill i to reduce or 

eliminate procarc inogens or carcinogens in the alimentary canal (Milal and Garg, 1995). This has. 

in tum, added value to lactobacilli for use as human probiotics (Mi tal and Garg, 1995: 

Kalantzopoulos, 1997). In animals this growth promotion by cOOirolling pathogens is of prime 
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imponance (fannock, 1997), 

Concerns have been raised on whether it is safe to use LAB as problOIICS. Aguirre and 

Collins (1993) have indicated a possible association of LAB with human clinical while some 

repons consider LAB as oPportunistic pathogens. Emerococci, leuconostocs and lactococci have 

been assoc iated with infections but lactobacilli and pediococci have been rarely incnminaled 

(Aguirre and Collins, [993). Enterococci have been found to be of great cl inical significance 10 

relation to plasmid-mediated antibiotic resistance (Quednau. 1998). This has. therefore. casted 

doubt on the use of LAB or as human probiotics. Reassessment of the clinical significance of LAB 
is thus imponant. 

},6. Status and Features of Lactic Acid Fermellted Foods ill Ethiopia 

Traditional fermented foods are commonly eaten in Ethiopia where the main source of the 

daily diet is based on household food production. Nutritional diversity is one imponam means by 

which a society sustainably uses the energy flow. In Ethiopia plant foods such as cereals, legumes. 

roots and tubers, oi l seeds, fruits and vegetables make a major contribUlion to the dietary needs of 

the human population. Animal products, to a lesser extent are al so included in the daily diet These 

include dairy products, poultry, eggs, meat and meat products. Fish consumption is. by and large, 

limited to areas where they are available. The use of tradi tional fermentation as a means of food 

processing and preservation is an old household practice practiced in all agro-ecological zones. In 

rural Ethiopia, traditional beverages including tella supplement the daily diet. Soaking seeds for 

malt, for softening and for producing sprouts is a common practice. In this way dry chick peas. faba 

beans, peas, maize seeds are rehydrated. Fermenting cereal flours prepared from raw or roasted 

cereals and/or grains mixed with ground dry malt, gesho and roasted and ground barley, \I,-heat. 

sorghum, maize or millets are an essential pan of the household tella. derekot and korefie brewing 

technologies (Sahle and Gashe, 1991). Flour from cereals and grains is also used in making local 

spi rits. Dough is mainJy fermented for injera and aflebabero from cereals such as wheat or barley, 

lef, sorghum or composite flour from these. Altematively dabo and ambasha may also be made 

from wheat Fermentation of legume flour is not very common except in the production of a side 
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dish called siljo. Siy'o is very cOmmonly ealen during the fasting season amongst the Onhodox 

Christians. It is prepared from legumes such as chick peas or faba beans made mto flour and 

fe rmented together with safflower extracts, crushed mustard seeds. garlic, bishop's weed, SpiCes like 

rue and ginger and table salt so as to develop a strongly acidic side dish served uncooked usually 

with legume sauce or stew (Mehan and Ashenafi , 1995; Zewdie. el al., 1995). Fennemed lo\~­
alcohol beverages like borde and shamila, which are made from barley and maize flours. 

respectively, constitute the main breakfast meal in southern Ethiopia and even in some towns and 

cities including the central highlands (Ashenafi and IVlehari. 1995). Amongst the rOOI crops £nsel 

(Ensele venlricosum) is fennented mainly to produce bulla and kocho. Whereas fruits such as 

grapes may be fennented for wine. Honey is used as a substrate in lej production. a famous 

traditional fermented alcoholic beverage, honey wine. 

Fennented milk and milk products and burter are produced in almost every household 

owning milking cows, particularly in rural Ethiopia (Ashenafi , 1990; Urga. el a/.. 1992: Beyene, el 

al., 1998). Fennented milk is also produced as a small-scale household product in cities. 

Fennentation basically serves as a major means for keeping large amoums of milk produced m 

areas where people own large herds or during the fasting seasons when consumption of dairy 

products is abstained from or reduced . 

Traditionally milk containers are smoked with o lea (Olea africana) splinters together with 

the leaves . Raw milk is added every day to the containers and allowed to undergo natura l 

fermentation at ambient temperature. The coagulated (curdled) milk called ergo and ilifU with their 

characteristic aromas and flavours are commonly ealen alone, as pan of the meal or might also be 

churned for butler production (Urga, ef aI., 1992). Ethiopian cheese, ayib. is another peculiar 

product produced by boiling arera (defatted milk) after churning at a high temperature (Ashenafi. 

1990; Ashenafi, 1992). Aroma, flavour and taste are developed by keeping the cheese in smoked 

containers. into which fresh leaves of koserel or kessie and aromatic herbs are added. This process 

impans the typical aroma characteristics of these spicy plants. The ayib is kept under aIrtight 

conditions at room temperature. Taste improves as the pH is lowered and additional desirable 

flavour and aroma compounds are developed later on. wi thin a couple of days to weeks. apparently 
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from coupled lactic acid femlentation and proteolysis. A difTerem procedure rna) be follo""M 

where ayib is still used as a substrate bur a variery of spices. including hot pepper, arc added and 

fe rmentation is carried out for months to years to produce a peculiar dehydrated. delicious product 

called melala which probably undergoes ripening by moulds. This product is perhaps typical to 
Gojjam. 

Based on available data and personal observations. lactic acid fermented foods are qUlle 

ric h, deep rooted to the cultural practices and well distributed in almost all parts of in Ethiopia. 

l'vlould-fermented foods are not common and have not been recorded as desirable. Therefore, most 

Ethiopian fermented foods and non-alcohol ic beverages are either primarily or usuaJly blended \\l th 

lactic ac id fermentation while alcoholic fermencalion is emploYed fo r producing alcoholic 

beverages. These two fermemation systems seemingly constitute the major methods of producing 

fermented foods and beverages tX>lh in the rural and urban senings. 

1.7. Tel Dough FermelltatiOfl 

In/era is one of the major foods in Ethiopia. It COntri butes the largest share in the daily meal 

In most parts of the country. In/era is nomlally prepared from cereals like tef. wheat. barley. 

sorghum, maize and millets or a composite flour from them. However, injera from tef is the mOSl 

preferred. Tef (Eragroslis Ie/) is a seasonal cereal of fine grains from the grass fam ily. Poaceae. 

used for food only in Ethiopia. It grows in the altitude ranges between sea level up to 2800 meters 

abo ve sea level (Ketema, 1991). The nutritional composi tion of lef flour is usually improved 

through fe rmencation into dough so that the resultan t injera produced by baking has beller 

nutriti onal quality (Nigatu, 1992; Urga, el al., 1 997a). Thus lei dough fermentation serves to gel an 

improved food product. 

Injera is a wide, flat bread baked from partially or well fermented dough. In making the 

dough, lei flour is thoroughly mixed with sufficient quant ity of water and \~ith Irsho (a leflo!"er 

barter from previous dough) and then allowed to fennent al room temperalure ( 18-21 0c). The steps 

and inherent events during the fennentation process are schemalically presented in Figure 6. The 

procedures followed in different regions are variable. For instance. in Gojjam and Gonder regions. 
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It is very common to use hal water during mixing of flour "'Ith water They mix the fermented 

dough with cold water after the first dough nsing and then bake It dirtttl y. In other C3SCS. lnste3d of 

boiling portion of the dOUgh for the thin paste abSll . it is customary to add hot water and rnl.,( the 

dough before baking in order to facilitate the secondary dough nsing. Therefore. there IS no 

standard procedure universally followed in i"lera making. Panially fermented l"lera (for less than 

24 hours), ajlegna, has a pH of about 5.5 and is particularl y preferred fo r its less acidi ty by people 

wi th irritated bowel due to gastritis. A full y fermemed Ie! dough is that usually left to fe rmem for 

48·96 hours or even longer (Gifawossen and Besrat. 1982; Gashe. 1985; Nig:nu, 1992). Dunng the 

process of tel dough fermemation, a number of biochemical transformations OCcur besides the 

sequential and successive drops in pH from near-neutral (pH 6.7) to below pH 4.0 (Gashe. el 01. 

1982; Gashe, 1985; Urneta and Faulks. 1989; Nigatu. 1992; Urga. er al. 1997a). The nature and 

role of irsho have been described by Ashenafi (1994). Species of bacteria belonging to different 

genera are involved along with yeasts. actinomycetes and moulds (Gashe. el al . 1982; Gifa\\ossen 

and Besrat, 1982; Gashe, 1985; Nigatu, 1992; Nigatu and Gashc. 1997). The bacteria are imfX)nant 

in the primary fermentation periods while the yeasts are responsible for the secondary dough nSlng 

The panem of tel dough fermentalion is a typical lactic acid fe rmentation that resembles the 

sourdough process (Ulnner, 1988). In lei LAB belonging to the genera Lactobacillus. Pediococcus. 

Leuconostoc and Enterococcus have been frequently isolated (Gashc. ef 01 .• 1982: Gashe. 1985; 

Nigam. 1992; Nigatu and Gashe, I 994b). Phenotypic taxonomy by Gashe (1985) showed the 

aciduric heteroferrnenters Lb. piantarllm. Lb. brevis. Lb. fermentum and Ped cerevisiae (?ed 

pentosaceus) to be the predominant LAB at lower pH values. The identity and role of Bacillus 

species from these two foods have been described by Nigatu and Gashe (1997). The moulds and 

yeasts were found to develop later and act as spoilage organisms (Gi fawossen and Besral. 1982: 

Gashe, 1985; Nigatu, 1992) . 
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I. B. Kocho Fermentation 
Emer (Ensete ventricosum) is a perennial , banana tree-li ke. large, starchy plant Wllh a 

diameter of the trunk sometimes reaching about 2.5 mete~ and 6- meters in height. As far as 

available data 

indicate, the eme' plant is culti vated for food onl y in Ethiopia. Eme! is mainly grown fo r food in 

South 

and South-western Ethiopia, namely in Sidamo, Southern and Western Shoa. Kaffa, Garno-Gora, 

1l1ubabor, Wollega and parts of Arsi. Besides it being a very im portant carbohydrate source in the 

daily diet in fe rmented and non-fermented forms, ensel contributes to the main economy of the 

tamily fo r its fiber which is made into ropes, mats and sacks is al so used for making utensils, roofs 

and construction of houses. According to Brandt (1993), coset might have been used as a food crop 

probably fo r the last 4000 years. Cultivation of ensel is widespread in the southern regions wi thin 

the ahitudinal range of 1400 to 3100 m above sea level. It performs very well in the middle land, 

woyna 

dega, where the temperarure is fairly optimum for its growth. Ensel is apparently drought- resistant 

and highly productive with minimum labour input ensuring food security in limes of crop fa ilure 

and hence its value in the household ranks very high (Pij ls, el aI. , 1995). The ensel plant matures 

and reac hes harvest in 6·8 years from the time of planting depend ing upon the variety used. There 

are over 70 cultivars (or land races) some of which are used fo r various purposes of dietary and 

nutritional therapy in communities where they are selecti vely grown and maintained. However. the 

main purpose of cultivating enset is for food and for extraction of its fibre. 

A mature ensel plant is processed as follows. The pseudostem is pulverized, the corm 

decorticated and pounded into pulp. In due course the fi bre is removed. The remaining scrapping, 

the pulp and the iJUler corm are all kneaded together, ro lled into balls and kept in an underground 

silo lined with fresh, clean enset leaves for a period of 15 days to few months (Nigatu. el ai , 

unpublished data). Kocho and bulla are twO major fermented products from eme,. Kocho is 

produced from the fermentation of the whole mashed mass whereas bulla is femlemed from the 

residual soluble starch oozing out from the ruptured tissues. The duration of fe rmentation depends 
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on environmental temperature and the needs of the household. A completely fermented Iwcho has a 

pH of about 4.2 (Nigatu, 1992). In cases of urgent food needs of me family however. it is \oer) 

common to boil the fresh pseudostem (Pseudocorm) called amlcho for immediate consumption at 

home, but in other times the ense! plant is fermented in underground pits for years "here 

fermentation serves both as a means of processing and preservation (storage). That is why the enser 

plant is considered as a food security plant and hence is named workie (" my gold"). 

The process of ensel fermentation is schematically presented in Figure 7. The steps and 

names for the different components and processes are slightly variable in the different ensel 

growing regions. The flow chan depicted in Figure 7 is adopted from a procedure followed during 

traditional ensel processing in Sidama area. Shigido is a "starter" material traditionally used to 

inoculate a ponion of amicho (pseudoconn). This then anaerobically as well as aerobically 

decomposes due to the action of both autolytic and elaborated enzymes from the associated 

micro flora. It develops into a soft mucilaginous mass, called gamancho, in about a week time. 

Dessa is the fresh scrapped mass including other enset parts prepared fo r fermentation. When 

mashed gamancho is added to it is called abicho, which is a mass ready for the main course of 

fennentation. When this material is anaerobil:ally digested for a few weeks there is a remarkable 

drop in pH from about 6.13 to around 4.7. This gives rise to a mass with dough-like consistency 

locally tenned Wassa. which is funher fermented to produce the final product kocho. Was.'iG and 

kocho are interchangeably used as synonyms for the partially- or entirely-fermented prodllct. Bill/a 

has a relatively brighter colour; it is a dehydrated starch and the yield is very small as compared 

with the bulk of kocho produced from the same plant. 
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Figure 7. Flow chart showing th e steps in etlset processing :llId rermentation ror kocho and bulla a t 
ISoC, 1S00 meters above sea level (NiIlUU. UmtUI . lId Urga , FermU llil lion slUdies on E " Stf.1 Alfl . · \\ Olldo, 

Sidlil mo. Elhiop ia , 199J. unpublished du a), (pH values arc me3lls (or j flUef cuilivan. ArodlSame IS a localllatTlt (or b;iJ,;ed 
kacna bread in Sidama arca).(- Bulla is fermented kepI beside of ... -auo and ItS pH also drops 10 nround" 0). 
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Kocho is mainly baked into bread locally called in di ffe rent names (for instance in idama area Il lS 

called aradisame) or il may as well be made into many different products as descnbed by Urga. tl 

al. (1993). BII/la is an expensive product mainly made into porridge and gruel, .... hJch is ... ery 

commonly eaten in to\.VllS and cities as a favourite breakfast meal. It is in particular served for 

mothers who have JUSt given birth fo r its presumed healing effetts fo r the wear and tear dunng 

labour. 

1.9. Why the present study? 

As has been stated in the previous sections. injera from lei dough and aradisame from 

kocho are commonly eaten by many people in Ethiopia. The processes of fennentation and the 

fe rmented lef dough and kocho have also been found capable of arresting the survi val and growth of 

spoi lage and pathogenic bacteria (Girma. el al.. 1989; Nigaru and Gashe. I 994a.b). Pathogens 

might however be introduced before baking via water used as diluent or the food handler. The 

consistency of the dough ready fo r baking is not also uniform as a result of dilution with water. The 

waler added fo r dilution might thus reduce the antimicrobial effeci of the dough. In addition, the 

effec t of baking temperature on the antimic robial effect of the fermentation products in these two 

foods and the fate of pathogens if introduced duri ng fermentation, before or after baking is not 

documented. It is also clear that sufficient amount of heat may not be appl ied during baking of both 

injera and aradisame in households where fire wood may be limiting. In aradisame the heat may 

not penetrate well into the center of the loaf so that in many cases the center is white mass. We have 

also come across different types of food products baked from kocho even with sli ght heat-treatment 

as short as for I minute (Urga, el al., 1993). Thus it is essential to see the fa le of pathogens at a 

temperature gradient of as low as 45°C and then at 61 °C and 80 0c. The lowest temperature may 

simulate least heat treaUTIent while the rest two slightly bener baking situations. 

Regard ing identification of LaclObacillus and Pediococcus isolates from ref and kocho. previous 

phenotypic studies have shown the prevalence of some species (Gashe, 19 5; 19 7). Thus It has 

been found peninent to use both phenotypic and genetic data fo r such purposes. Randomly 
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Amplified Polymorphic D A CRAPO) has been found appropriate and fast m difTerentulung 

LactObacillus isolates. And thus it was supposed that this procedure might be appropnate If used 

fo r tel and kocho isolates belonging to Lactobacillus and Pediococcus and related taxa. 

API 50 CH fermentation results are used for taxonomic purposes in lactobacilli. The usual 

recommended incubation temperature fo r lactobacilli is both 30° and 37°C. Assessment of 

metabo lic profiles using this method fo r taxonomic purposes in type strains of Lactobacillus and 

related taxa has, however, shovm inconsistency benveen 30 and 37°C of incubation. The 

disagreement in the fermentation profiles has thus caused misidentification (misplacemem) of the 

known species. This has therefore caused suspicion in that there migh t be suitable temperature fo r a 

given species. As a result, we have found it essential to reevaluate the appropriate temperature of 

incubation for a specific species in Lactobacillus and related taxa. The results of the assessment 

would also serve as a ground for the use of API 50 CH fermentation system as a reliable tool fo r 

identification of lactobacilli isolates from tef dough and kocho. 
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1.10. Aims of the presel/t study 

1.10. 1. General; 

The current research is aimed at identifying Lactobacillus and Pediococcus species 

frequently isolated from fermented kocho ~d tef dough using reliable and reproducible methods 

such as molecular genetic techniques. It was also found essential to see the fale of some pathogenic 

and spoi lage microflora of both non·sporc forming and spore fonning, Gram-positive and Gram­

negative nature including epiphyt ic contaminants as affected by femlentalion and the baking heat. 

1.10.2. Specific: 

I. Determine the effect of heat treatment on the antimicrobial properties of primary and 

secondary metabolites elaborated during the fermentation processes in lei dough and in 

kocho and assess the fa le of pathogens during baking of lef dough and kocho to i,yera and 

aradisame, respecti vely. 

2. Employ RAPD analyses and use developed band patterns for grouping and identi fication of 

Lactobacillus and Pediococcus isolates from kocho and fermented lef dough into known 

species. 

3. Assess the suitability of numerical analyses of RAPD electrophoretic profi les as a 

discriminatory tool for type and reference strains within the genus Lactobacillus. 

4. Veri fy the genetic identity of lactobac ill i and pediococci isolates using multiple molecular 

methods: RAPD and/or DNA-DNA hybridization and 16S rRJ'IA sequencing. respectively. 

5. Assess metabolic profiles of food isolates of lactobacilli and pediococci using the API 50 

CH system. 

6. Evaluate numerical analyses of API 50 CH fennentation data as an identification tool fo r 

lactobaci lli and pediococci isolates from traditional fermented foods and see its agreement 

and complementarity with genetic tools ofta.xonomy. 

7. Evaluate the consistency of API 50 CH fermentation profiles of type and re fe rence strams 

of Lactobacillus species as affected by incubation temperature. 30°C vis-a-VIs 37°e. 



• 

L 

CHAPTER TWO 

MATERIALS AND METHODS 

2. J. Food samples, sampling and samplinc sites 

2.1.1. Tcr 

For the study on the effect of baking hcat on the antimicrobial properties of ref dough. 

kocho, injera and aradisame and fate of test organisms. lef grain was purchased from an open air 

market in Addis Ababa and ground using a local nour mill . f or the taxonomic studies isolations. 

one hundred different ref flour samples collected from 25 households in Addis Ababa at [\"0 

months intervals for a period of eight to ten subsequent months making sure a new batch of ref 

seeds was used to prepare the flour fo r each sample. This was done in order to randomize samples 

to be representatives of fe/grown in different regions whjch is suppl ied to markers in Addis Ababa. 

In each case about 200 g of lef flour was collected in a new plastic bag. The bag was sealed and 

stored at room temperature in boxes in a dry condition un til used. From the sample lots 100 g 

ponions were then made into dough. well mixed with lap water (without addition of staner) in the 

laboratory at the Addis Ababa University, Ethiopia. and later at Lund University, S\~eden . 

Femlemarion was carried out in 600 ml glass beakers following previously described procedures 

(Gashe, 1985; Nigatu, 1992) and incubated at room temperature (I S-2l °C) for 7'2 hours. The 

fennentation process followed and sampling points of lei dough employed in the study are shown 

in the following flow chan. 
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2.1.2. Kocho 

In the challenge study menlioned in section 2.2.2, Jwcho was bought from rtt4uI sellers In 

Addis Ababa. For the taxonomic study isolations, 125 fermented kocho samples were purchased 

from markets in Arsi, Sidamo, Gamo-Gofa, outhem Shoa, Western Shoa. Kaffa and lIIubabor 

regions. Samples of250-500 g were obtained from five different producer-sellers in 25 markets. 

Each sample represented a separate geographical locality. The ori gin of the sample was recorded In 

all cases to avo id multiple sampling from a single locali ty. Samples were sealed airtight. labelled. 

stored in cold and transported to Addis Ababa for further microbiological analyses and pH 

measurement. 

2.2. Tire effect of bakillg Ir eat Oil tire alllimicrobial properties of tef dOl/gh, 

koeho, injera, aradisame and/ate o/pathogens and contaminallts 

2.2 .1. Test bacteria and culture media 

The test bacteria used in the study were clinical iso lates obtained from patients presenting 

samples to the public health laboratory, Ethiopian Health and Nutrition Research Institute 

(EHNRl), Addis Ababa. These included Bacilllls cereus, Klebsiella spp .. Pselldomonas aerugmosa. 

Salmonella spp., Shigella spp. and Staphylococcus aurells. Their purity and identity were checked 

usi ng standard tests. The rest of the test nora comprised of epiphytic spore· forming bacterial 

contaminants, yeasts and moulds indigenous to the food samples. To minimize the interference 

effects on the population of the indigenous bacterial contaminants in the foods on the survival 

studies of the clinical isolates, the initial microbial load of each food was determined. 

The test bacteria were maintained in utrient broth (Oxoid, CM I). Tests for antimicrobial 

inhibition were carried out in an assay broth (AB) described by Nigam and Gashe (1994a.b). After 

assaying the survivors were selectively isolated from the AB using Egg-yolk agar (Oxoid. R 47) 

for Bacillus cereus; Mannitol salt agar (Oxoid, CM 85) fo r Staphylococcus aureus; Pseudomonas 

isolation agar (Difco) for Pseudomonas llerugiflosa; Salmonella-Shigella agar (Oxoid. eM 99) for 

Salmonella and Shigella spp. and MacConkey agar (Oxoid, CM 115) fo r Klebsiella spp. Yeasts and 
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mou lds were harvested using POtato Dextrose Agar (Oxoid, CM 139). 

2.2.2. Preparation of extracts, heat treatment and assaying 

a. Fate oj difJerelll pathogens ill differellt COIICl!lUraliollS oj extracts healed at 45°, 61° and 

Boac 

Clear supernatant liquids were obtained by centrifugation from 30 h fermenting lei dough or 

from fennented kocho; the later was diluted with one·half its volume of sterile water (2: I. 

kocho:water), Supernatants of both tel dough and kocho were co ll ected aseptically in sterile 

contai ners and heat treated at 45°,61° or 80°C for 5 min which were later supplemented into 5 ml 

Assay Broth (AB) to give graded concentrations. 

b. Fate of the differeltl patltogens ill different COllcelllraliollS of e;(/ructs of illjeru 

alld aradisame: 

One hundred gram samples from fermented lei dough (30 h) or /wcllo were baked at 100°C 

for 3-5 min in a sterile screw·capped flask and cooled to room temperature. Ponions of the baked 

foods were broken into small pieces, soaked in an equal volume of sterile disti lled water for 5 min 

and then mashed aseptically. The mixture was centrifuged and dear supernatant transferred into 

sterile containers fo r later use in the assay. For comparison purposes, home made injera was also 

used and extract produced in the same way. 

c. Survival of 'lte test bacteria inocula led illlo tel flour ami kocllO: 

Inco tubes containing graded volumes of e.'(tracts (20· 120 j..lllmi or 100·600 ).11/5 ml assay 

broth) were inoculated with 3·4x Ilf cfulml broth of 24 h cultures of each of the test bacteria and 

incubated at 32°C for 24 h. Survival and gro\\1h of the test organisms after fermentation was 

detennined specrrophotomemcally at 00 540 nm. 

d. Survival of ,lte (est organisms and indigenous flora 10 bllking heat: 

The survival of the inoculated bacteria and also the epiphytic flora subjected to bakmg heat 
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was monitored as fol lows:3-4x I cr cfulg dry wt of food of 24 hr culture of each of the test bactena 

were inocula ted into lei flour-water or Icocho-water mi xture and allowed to ferment at room 

temperature for 30 h. The doughs were then baked in sterile screw-capped flasks ill 100°C fo r 5 min 

and cooled to room temperature. Twenty-five gram al iquolS from each baked food "ere dIluted 

wi th 225 ml sterile 0. 1 % peptone water dil uent and then I ml pon ion from each of the dilute foods 

were plated onto an appropriate selective medium for the respective test organism. For B cereus. 

Ps. aeruginosa, S aureus, yeasts and moulds, incubation was carried al ]2°C while for KlebSIella. 

Salmonella and Shigella spp. at 37°C. In all cases incubation was performed fo r 2-3 days. 

e. Determination of the populations of indigenous yeasTs, moulds alld Bacillus 

cereus in tef dough, kocho, injera and aradisame: 

The populations of yeasts. moulds and Bacillus cereus in lei dough (30 h). Icocho 

(immediately after purchase) and iniera and aradisame were dete rm ined by plating from serially 

diluted portions o f the doughs or baked foods in sterile diluent peplOne. The lei dough at 30 h of 

fe rmentation was selected as it is the earliest possible ti me of baking in cases when completely 

fermented dough is nO( needed, or when a partially fermented one 'ajlegna' is required. The other 

underlying reason for selecting this time point is that thi s is the optimum period o f lei dough 

femlen ta tion found out in our previous studies containing the max imum and strong antimicrobial 

potency with high nutrient content (Nigatu and Gashe, I 994a,b). The differences in populations 

between tel flour and iniera and raw kocho as purchased and aradisame (lcocho bread) served to 

determ ine changes in the bacterial , yeast and mould flora as affected by fe rmentation and/or baking 

heat. Mean values of four food samples in tripli cate experi ments were recorded. 

2.3. Taxonomic studies 

Isolatioll 0/ Lactobacillus and PediococCllS species Irom tel doug" amI kocllO: 

Throughout all ta.xonomic studies mentioned in the thesis, 25 g (ml) al iquot from fennented 
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Ie! dough (48 h, pH 4.3) Or fermented Icocho (wassa) (PH 4.2) were diluted \ \1th 225 ml of 0.1'1, 

sterile peptone water which were further serially diluted for proper population samplmg One ml 

sample from appropriate dilUlion was pour-plated Onto Rogosa agar and incubated anaerobically 

us ing a SBL GasPak Anaerobic system (GasPak, Anaerobic system. Becton Dickinson 

Microbiological Systems, Cockeysville. Maryland, USA) at 30°C for 24-72 h. From developed 

individual co lonies, 6-8 representatives were picked and subcultured in Lactobacillus carrying 

med ium, LCM (Efthymiou and Hansen, 1962) supplemented with 2% glucose. All Gram-positive. 

catalase-negative rods, cocco-bacilli and cocci were presumptivel y taken as LAB. Those isolates 

possessing the fo rmer two cell shapes were taken as Lactobacillus and those of the laner with cells 

existing in pairs or in tetrads as Pediococcus species. Further microscopic observations were 

coupled with successive transfers of individual colonies on LeM broth. LCM agar. MRS broth and 

MRS agar 6-9 times to ensure puri ty of strains. Purity of the cultures was confirmed by microscopy 

by looking fo r a homogenous morphology of ce lls from each culture. Several hundreds of different 

isolates were obtained out of which four hundred. i.e.. two hundred isolates each from 

Lactobacillus and Pediococcus, were selected for further t<l'<onomic studies. 

Type alld reference straills used ill the study: 

Lactobacilli: Type and reference strains of 56 validly publ ished species of Lactobacillus 

obtained from different culture collection centres were compared wi th 196 food isolates based on 

thei r RAP D band panems. Later on 22 of the type and reference strains and three type strains of 

three species of WeisseI/o were further studied. In the study on the use of RAPD for Lactobacillus 

type, 41 type and reference strains were used. Whereas in the API 50 CH fermentation study, +4 

LactobaCillus, one Atopobium and three WeisseI/o strains were studied . The strains used are listed 

in Table 13. Species identities and purities were regu larly checked. 

Pediococci: The seven validly published species of Pediococcus were represented by their 

type strains and compared with 202 food isolates were compared. The type stmins used \~ ere 

Pediococcus acidilactici CCUG 3223 5T
, Ped. damllOsus CCUG 3225 I T. Ped dextnn/cus CCUG 

18834T, Ped. inopinatus CCUG 384961
, Ped. parvulus C UG 28439

T
• Ped. penrosaceus CCUG 
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3220S
T 

and Ped. urinae.equii CCUG 28094 T. All of these type strains were obtamed from tm 
Culture Collection University of Gothenburg, CCUG. weden. The strains were sub-cuhured 

twice in LCM broth and then subjected to PCR anal ysis together with the field Slrtllns. 

For convenience Ped urinae-equii " 'as included and treated as a Pediococcus although It has been 

reclassified as an Aerococcus species. 

TlL'(oilOmic met/rods employed: 

Both phenotypic and nucleic acid·based tests were util ized. Growth characteristics. such as 

abi lity to grow on Rogosa agar, LCM and MRS; colony and cellular morphologies. cell 

arrangement, colony characteristics, Gram's and catalase reactions served for preliminary screening 

of the LAB. DNA-based genetic procedures were used for tracing relatedness within and between 

isolates and type strains using numerical analyses supplemented with statistical softwares. For this 

purpose then the random amplified polymorphic Dj A fingerprints served for grouping while 

D A: DNA reassociation results helped to confirm relatedness. Subsequent phenotypic tests based 

on carbohydrate fermentation and production of acid were all used for characterization purposes. 

Furthermore, those Pediococcus isolates which did not show relatedness to known species \~; th 

RAPD were compared with the type strains based on their 16S rRNA sequences. 

2.3.1. Genomic identification 

2.3.1.1. Randomly Amplified Polymorphic DNA (RAPD) 

RAPD was used for disc rimination and grouping of type strains and food isolates of 

lactobaci lli and pediococci . This nucleic acid·bascd detection method employs comparison of the 

electrophoreses fragments of polymorphic DNA randomly amplified using shon oligonucleotides 

of 9-mer bases as described by Johansson. el al. (199Sc) . 

Preparatioll oj crude cell e.wract: 

Overnight cultures grown in LCM at JO°C in eppendorf tubes were centrifuged at 14,000 g 

fo r 5 min and washed nvlce with I ml sterile double distilled water ( AQ). Into each rube "ere 

added 0.25 ml SAQ and about 8 sterile glass beads (0.2 mm diameter). Cells were disintegrnted b) 
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thorough cold shaking for 30-45 min at 4°C using an Eppendorf Mixer (Model 5-H2. Eppc:ndorf. 

Hamburg, Gennany). The lubes were then centrifuged fo r 5 min and clear supernatants "ere 

transferred into steri le eppendorf tubes and kept at 

-20°C until used . 

peR Processing: 

Into a reaction tube were added 34.5 ~ l SAQ, 5 ~I of lOx PCR reaction buffer (Boehringer 

Mrumheim Scandinavia, Bromma, Sweden), I ~I each from the dNTPs (Perkin Elmer, Branchburg, 

NJ, USA), 5 ~l Primer 73 (a 9-mer with a base sequence of 5'-ACGCGCCCT-3', Symbicon AB, 

Umea. Sweden), 1 ~I of crude genomic DNA (crude ce ll extract) and 0.5 ~l of Taq polymerase 

(Boehringer Mannheim Scandinavia, Bromma. Sweden). The buffer already contained MgCI!. The 

reaction mixture -was overlaid with mineral oi l 10 avo id evaporation while running the PCR steps 

and effect thennal conduction. The amplification was done in a Perkin Elmer Cetus DNA lhennal 

cycler (Model 480, Perkin Elmer, orwalk, USA). The cycles followed in the PCR had the 

temperature profile: 94°C, 45s; 30°C, 120s; 72°e, 60s fo r four cycles fo llowed by 94°C. 5s; 36°C, 

305; 72°e, 305 for 26 cycles; the extension step was increased by I s fo r every new cyclc. The peR 

amplification reaction was tenninated at 75°C for 10 min after which samples were cooled to .Joe. 

Gel electrophoresis alld photogrrlphy: 

Submerged horizontal slab gels with 1.5% agarose (Type IlI :High EEO, Sigma. St. Louis, 

USA) in TB buffer (89 mM boric acid, 23 mM HlO" 2.5 mM EDTA, pH 8.3) as described by 

Johansson, et ai, (1995), were prepared. Twenty ~I aliquot from each sample was mixed with 5 ~I 

of dye; 3 ~ I DNA molecular weight marker VI (Boehringer Mannheim Scandinavia. Bromma. 

Sweden) was added to 5 ~I dye plus 17 ~I distilled water. The molecular weight marker mixture 

was loaded on the gel along with the samples serving as a standard and electrophoresis was run at 

100 V For 2.5 h in a TB electrophoresis buffer without cooling. In all cases fresh buffer "'as used 

fo r every gel electrophoresis run. Gels were stained in dilute ethidium bromide (0.2 ~g ml'l) for 5 

min and [hen washed in distilled water for 5 min . Deweued gels were visualized, at 302 nm on a 
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UV transill uminator board ( P Inc .. San Gabriel, CA, U A) and photographed ""1th a PolaroId 

camera loaded with po laroid fi lm (polaroid. umber 665, Polaroid Corporation. Cambndge. MA. 

U.S. A.) and developed as recommended by the manufacturer. 

Numerica l Analyses 

Image preparation, comparisoll alld alia lyses: 

Developed bands on the photo or negative were scanned with a flatbed scanner (UMAX 

UC630 Max Co lor) at a resolution o r 200 dots per inch. The length of each lane finally tracked " 'as 

the length corresponding to the length of the lane for DNA molecular weight marker VI. All 

scanning, tracking, normalization, compari son and analyses of gel images were carried out using 

GelCompar Version 4.0 program (Applied Maths, Konrijk, Belgium). The percentage similanty 

was based on the compared zones, i.e., bands within the length of the DNA moletular weight 

marker (0. 154 and 2.1 76 kbp). Similarity matrix and cluster anal ysis of the matrix of similarity 

values were calculated using the Pearson product moment correlation coefficient (r) WIth the 

unweighted pai r group method using arithmetic averages (UPGM <\) clustering algorithm. Resultant 

dendrograms were produced and major clusters de fined at a 45% similarity (relatedness) value as a 

cut-o ff point for a single cluster. 

Reprodu.cibility of th e RAPD procedure: 

To test fo r reproducibili ty of the RAPD procedure, cell Iysates were prepared in dup licate 

and in some cases in tripl icate from pure cul tures of the type and reference strains and few field 

isolates and were then ampl ified independently following the same procedure. Gels were run. 

scanned and analyzed using the same statistical software . 

2.3.1. 2. DNA :DNA Hybridizatioll 

Pure DNA was prepared from Lb. plafllarum ATCC 1-4917T following the procedure of 

StAhl and Molin ( 1994) as modi fied by Johansson. el al. (1995b). In preparing crude chromosomal 

DNA from the iso lates and the negative control, Lb. reUler; DSM 200 16
f

. washed pellelS of 
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overnight cultures were lysed fo llowing the procedure described in the RAPD study In the pre­

hybridization step, chromosomal D! A obtained from the isolates was blotted on poslu\ocl) charged 

nylon membrane (Boehringer Mannheim, GmbH, Mannhclm. Gennany) on a slot-b lot npparnlUS 

(SlotBlot, Model PR648, Hoefer Scientific Instruments. San Francisco. CA. USA). Hybridization 

was performed with a vertically-rolling hybridizer (Hybridizer HB-20. Tethne Cambndge Ltd. 

UK) using DIG-labelled hybridization procedure described by Johansson. ef at (1995b). Images 

were deve loped on a Kodak X-amatic fi lm in an X-ray developer and cassene (Kodak. Eastman. 

Rochester, NY, USA) as recommended by the manufac turers. Results obtained on the X-ray film 

were then visually compared against the intensity of the pure homologous DNA for the type strain . 

2.3. 1.3. 16S rRNA sequellcillg 

The same procedure of preparing crude ceillysates as used in the RAPD study was used on 

type strains and isolates of Pediococcus. Two different primers. primer 593 and 621 B. \ ... ere used 

The sequences and characteristics of these primers were described by Pettersson (1997). The 

procedure used for agarose gel electrophoresis and photography in the RAPD study was followed 

to produce gel pictures of the 16S rR.!'JA PCR products. A direct solid-phase DNA sequencing 

procedure described by Penersson (1997) was employed ror a partial sequence or the 165 rR.NA 

samples from on about 1500 nucleotides was generated and compared with available data. In this 

study all of the seven type strains of Pediococclis species together with 15 representati ve food 

iso lates from the major RAPD clusters described in Figure 17 were subjected to genomic sequence 

analyses and their resultant stretches were compared. 

2.3.2. Phenotypic studies us ing API 50 Carbo hydrate fe rmentat ion 

Preparation oj cultures alltl assayillg j or carbo/rydrflle metabolism: 

Overnight cultures of Lactobacillus or Pediococcus isolates or type strains grown in 10 ml 

MRS broth at 30°C were washed twice with sterile physiological saline (O.CJOIo sodium chlonde) and 

the pellets were resuspended in API SO CHL medium (API systems. BioMereux. SA. France) by 

vortex mixing. Using sterile pasteur pipettes homogenized suspensions of the cel ls in the medIUm. 
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were transferred into each of the 50 wells on the API 50 CH strips. All wells \\ere o\edrud "1th 

sterile paraffin oil (Merck, Dannstadt. Germany) to effect anaerobiOSIS. Stnps \\ere mOistened and 

covered as recommended by the manufacturer and incubated at 30°e. Changes in colour from 

violet to yellow were monitored after I, 2, and 7 days. Results of each of the 49 strips "ere graded 

from 0-5. with "5" s[anding for complete change to yellow and "0" for no change at all. The first 

strip served as a control well. Esculine hydro lysis (revealed by change to darker or black colour) 

was represented by a pos itive sign (+) while a negative sign (_) was designated for no change. 

Evaluation of API 50 CH fermefttalio ft profiles: 

Those grades of fermentation resu lts ranging from 3-5 were interpreted as positive (+) 

whereas zero, I and 2 were redefined as negative (-) for computer analysis. the data was scored as 

"one" for positive and "zero" for negative for all strips. Percentages of positive results on the 

profiles recorded fo r the 49 carbohydrates were calculated and test vigor values generated: values 

below 20% were taken as low. The fermentation panems were evaluated for relationships 

(similarities and differences) berween the type and field strains employing cluster analyses and 

dendrograms produced. These fermentalion patterns were also used to characterize the metabolic 

properties of the organism. The fermentat ion profiles of type and reference strains of Lactobacillus 

and related genera, in particular those related to food and the human microenvironrnents. were 

evaluated for thei r panems of API 50 carbohydrate utilization when incubated at 30°C and 37°C. 

Data analyses: 

Key characteristics of carbohydrate metabolism from the Bergey's manual (Kandler and 

Weiss. 1986) and Hammes and Vogel (1995) were used for comparison of each strain for its 

differential physio logical traits with records for type strains. Consislency and discripancy of test 

scores based on the relationships between the results obtained in the twO incubation temperatures 

were evaluated. In orde r to check the reproducibility of the results. Lb_ plamarum and Lb 

salivarills subsp. salivarills [ype strains were checked in duplicate at both temperatures . 
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RESULTS 

3. 1. The effect of bakillg !teat 011 the allfilllicrobial properties of tef 

dough, kocllO, illjera, aradisallle amI fate of pathogells alld 

cOlltaminants 
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Fermented Ief dough or kocho (wassa) contains a wide spectrum of aerobic, facultative and 

anaerobic bacteria, yeasts and moulds. The predominant microflora in bOlh foods. however, belong 

to the lactic acid bacteria (LAB) followed by Bacillus spp., yeasts and moulds. The LAB belong to 

the genera Lactobacillus, Pediococcus, Leucol/ostoc and Streptococcus (Table 7). Members of the 

fami ly Enterobacteriaceae were scanty in !wello but were isolated in higher numbers from lef 

dough. 

Table 7. Population of LAB and related organisms in Ie/ flour and spontaneously 
fe rmenting 30 h dough. 

Food pH 
item 

Flour 6.3 
Dough 4.7 

*Microbialload (cfulg dry wt of flour or fennenled lef dough) 
Enlh. Lh. Pelt LelL Eme. Hac. Y & M T ol. counl 

8.2xlOt 2.2xlOl 6.8x101 l.5 xlO I < 10 < \0 6.J x102 

1.9x\07 3.0x108 6.Sx l08 J.4x 108 4.3x106 6xl04 6xl07 
8.hlOl 
3.7x\08 

• A verage values of 4 food samples in ] determinations are prestnted. 
£rub_ =£nlerobaCieriaceae; Lb. ""Lactobacillus, Ped - Pedioc«cus. U II -LellconoslOC, Enlc -Enterococcus. 
Bac =Bacilllls; Y & M=YeastS and moulds. 

Heat-treated extracts from fennented lef dough (30 h) showed inhibitory activities agamst 

both to Gram-negative and Gram-positive bacteria including sporefonncrs, the effects being much 

more pronounced with increasing temperatures of heat trealment (Figs.8a- c). The extract heal-
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treated at 80°C inhibited Ps. aeruginosa much more severely than extracts heaHreated at 45°C or 

61 °C. A similar trend of antagonism was observed on B. cereus for extracts heated at 800C v. ht"re 

like Ps. aeruginosa total inactivation of vegetative cells was achieved at SOOI. extract volume In 

broth. pH did not appear to be the only inhibiting factor as the pH of this proponion of extrnct. wuh 

the greatest efficacy (80ae treated), was above 4.3 while extrncts heated at 61 °e and 45°C the other 

two had oH values 4.1 -3.65. resoectivelv. 
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Inhibitory properties of kocho extracts also showed similar panems of Increasmg efficacy m 

their antimicrobial activities as the temperature of heat treatment was raised. This was despite the 

observations that the final pH values for all of the three extracts treated at the three different 

temperatures were above 4.8. Kocho extracts were more inhibitory than lef dough extrncts as kocho 

extracts heat-treated at 61 ° and sooe inactivated all o f the test bacteria Immediately at io"er 

proportions to the assay broth (at less than 31 and 20%, heat treated at 61 ° and 80°C. respetu\-cJy ) 

than tef dough extracts treated at similar temperatures (Figs. 8a-8e). 

Baking temperature (at 1 DOQe fo r 5 min) killed most of the test organisms except the spores 

of 8. cereus, yeasts and moulds which survived the heat and appeared in the baked products of both 

foods (Table 8). Generally in Ie/dough the yeasts and moulds were less affetted than bactenal cells. 

by the same amount of heat. In kocho. however, moulds were more affected than the bactena or the 

yeasts. 

Ta ble 8. Population of the test organisms after baking of tef dough or kocllO. 

"Estimated number of organisms (c fu/dry WI of femlented Ie/dough or /coello) 

Food item 

Te/ dough 
Kocllo 

Bacillus cereus 

0.5 .'( 10 1 

l.5xl OJ 

Yeasts 

JxlO) 
1.7x 1 03 

• Each value is a mean of 4 food samples In 3 experiments. 

Moulds 

1.5 x I 02 

7.5x10I 

Total Count 

3.2x I 03 
3.2x103 

No colony fonning units developed trom culture tubes inoculated wlIh Kle/)lIella spp . 
Salmonella spp .. Shigella spp .. Ps. aerugmosa and Staph. aurew after challenge. 
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Different concentrations of aqueous extracts from injera or inhi bi ted the gro\vth of all of 

the six test bacteria from as low as 10 J •. d/ml of extract in broth (Figs. lOa & I Db). The fall In pH as 

the result of increasing the volume of injera extract in proportion with the broth was very sharp 

(i. e. , from pH 6.21 to 3.77) whereas in aradisame it was gende with the drop in pH from 5.8-4.7. 

The effects exerted by the later food were, however. much more dramatic as it caused complete 

inhibition of growth of all test bacteria right a~er addi tion of 40 !J.I of the extracts/ml of broth. The 

effects of the extracts from both foods were higher and more severe on Ps. aeruginosa than on B 

cereus. 

3.2. RAPD for discrimillatioll of PediococcllS pentosacells ami Ped. 
acidilactici ami for straill typillg ill pediococci 

Agarose gel electrophoresis band profiles of the crude DNA extracts from the type strains of 

Pediococcus are shown in Figure 11. 

Band patterns developed for a type or a field strain used in dupli cate experiments were 

stable and consistently the same. Each of the seven species showed dist inct bands of differing 
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molecular weights reveal'ng 'fi D fi ' . I a speC! Ie I A mgerpnnt for each species. Most ofthc: bands 

developed lay between 0.1 and 3.0 kilobases, kb. The number of bands per Species vaned between 

two and 12 (Figure 11 ), 
1 2 3 4 5 

40 50 60 70 80 
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Figure 12. Dendrogram shoWIng clustering panerns ot"type strams 0 1 redlOCQCCUS Species usmg 
the GelCompar program. 

The Pearson product moment correlation coefficient (r) with UPGMA clustering aJgonthm 

produced the best association and enabled us to define the relatedness at a higher percentage by 

comparison with the Ward's method of duster analysis (data not shown). As a result we have got 

clear differences between the different Pediococclls species and were also able 10 define c!ustenng 
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levels for the fie ld isolates with the known strains. The degree of relatedness between the se ... en 

type strains of pediococci was above 89% 51 and individual values of similanues have betn 

calculated in a matrix (data nOt shown), This similarity was very high and lhe maJClmum relatedness 

was observed betv.,'een the pairs Ped acidilaclici and Ped inopinalus. and Ped damnosus and Ped 

dextrinicus in each case the similarity being 96%. 

Another observation was the superior advanlage of using a photo negative over the posItive. 

The clarity of the bands also enables visual comparison of banding. 

3.3. Identificatioll ofpediococci frolll kocfl o alld lef 

peR a mplificatio n products and statisti ca l a na lyses 

Agarose gel electrophoresis of Pediococcus strains resu lted in clear bands which in most 

cases were located within the range of the 11 fragments of the DNA molecul ar weIght marker 

The band profiles of the tvoe strains and isolates are depicted in Fi2ure 13. 
I 2 3 4 5 6 8 9 10 I I 12 13 14 15 16 17 18 19 2021 22 23 24 

Figu re 13. RAPD Agarose gel electrophoreSIS band I with ethldlum bromide ot type Slnuns and rOO<! I 
of Pediococcus species from fermented te/dough and kocho. Lanes 1,8. 15 and 24 were fOf" the refc:rc:nce DNA 
molecular weight marker VI. The other lanes represented Ped. penl osoceus CCUG 32205 ' (lane 2). Ped 

(I 'd 4) Ped oc,'dilactici CCUG 32235' (lane 5) Ped ocld,facIIC, (lanes 6 and 7), Ped penlosaceus anes J an • . . . ' . I CCUG 
' CCUG ',84961 (lane 9) Ped. inopinafus (lane 10). unIdentified 1.$Olau~ (lane II ), Ped porvu us 

mopmOIUS, , (I 16) P d do nosIU (lane 28439' (lane 12), Ped parvufus (lanes 13 and 14), Ped dtlmnosus CCUG ~225 .1 ~ne , e m 
17) P d d " CCUG 188341 (lane 18) Ped dextrln/cllS (lane 19). unidentified t.$Oiale (lane 20), Ped ur"'oc­

, e . exlrlmcus. 710 II 13 14 17 192023 equii CCUG 28094'.([ane 21), Ped urinoe-equii (lanes 22 and 23). Lanes 3, 4, 6" . , . . , • . 
and 24 were food isolates. 
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Most of the bands had molecular weight rnnges of 154·2176 base pairs. bp. Companson 
r­

of the developed bands gave clear relationships between isolates and type Strams at vanoWi 

similarity levels. Food isolates most closely related to the type strains have grouped together 

reveal ing high degrees of relatedness . 

Compari ~o n of the band profiles uSing UPGMA clustering analysis had better and 

definite results as compared to the Ward's method panicularly in delineating the outlier groups 
( 

from the clustering iso lates . 

Sim ilArity (Y.) 

" ' " ! " 

(9 s u'o/lUl 

(~ lltn'lJnsJ 
(S stnllnsl 
(l .. trnlnsJ 
('II stn'lJns) 

"_=~===========:= (I Pcd.. InopINI(u~ (5 " traln l ll'Idudlt"'J I)'PC ~n ccue; w " II g fled. dexU1n lCU$ (l "'J'IIlns Indudlng typo WlIln OCUG '~'I 'P«I. dtun()()SUS (2 $ttlIlns Indoo~ type wain case l::2S1 I 

I'ed. utf~l(~ . tralnJ Indud:nq Iype wain ~ ~'I 
. - . ' r food . solates with type strams of 

FiCJ urc 14. Simplified dendrogram showing cl ustering patterns 0 . 1 iii ' ( ) d UPGMA 
... . ' p od uct moment corre lation coe IClent r an j 

Pediococcus specIes uSing the earson pr . Cl I 2.4. 5. 6 and 1 were: straggler 
clusterin g a lgorith m with the GelCompar version 4.0 program . usters. 

groups. 
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Table 9. C lustering and distribution of food iso lates from It! and kocho In lhe different spetlel of 

Pediococcus. 

· C luster Species I Source Num ber of Dis tribu tion 
affili a tctl of iso l:u es 
isola tes 

Tef Koclw 
dough 

1(9%) Unidentified Tef/Kocho 9 7 2 
2(41%) Unidentified Tef 1; 15 -
3(44%) Ped parvllius Tef/Kocho 36 34 2 
4(48%) Unidentified Tef 4 4 -
; (;2%) Unidentified Tef ; ; -
6(41 %) Unidentified Tef/Kocho , 

2 1 > 
7(78%) Unidentified Kocho 9 - 9 
8(38%) Ped inopinalus Tef/Kocho 4 ) 1 
9(32%) Ped. dexlriniclls Tef 2 2 -

Ped. damnosus Kocho 1 - 1 
10(42%) Ped penrosaceus Tef/Kocho 91 47 44 
11 (44%) Ped acidiiaclici Tef/Kocho 21 20 1 
12(39%) Ped urinae-equii Tef/Kocho 2 - 2 

• Percentages In parenthesIs show the cUI-ofT valuc at which that specific cluster "as defi ned Clustering 
was based on RAPD band panem clusters calculatcd using the Pearson prod uct mornenl correlallon 
coe ffi cient ( r) and UPGMA method in the GelCornpar version 4.0 program. 
Type strains used in the study and thcir sources were Pediococcus acid/lacl'c, CCUG 31:23ST. Ped 
damnoslls CCUG 3225[T, Ped. dexlr;n;cus CCUG 188J4T. Ped. mopmalus CCUG 38496T. Ped 
parll ll/IIS CCUG 28439T, Ped. pelltosacells CCUG 3220ST and Ped. urllloe-eqllll CCUG 28094T 

., No iso late belonged 10 the category. 

Figure 14 shows the overall trend of clustering between the type strains and food Isolates 

Table 9 summarizes the clustering pattern, distribution and source of ped iococc i u~d in the 

study. At 12% similarity value using the Pearson product moment correlation coefficient (r) and 

the UPGMA method, all isolates and type strains fonned (wo big clusters . Major clusters " ere 

defined at 40% similarity giving rise to clearly separated species except Ped dex/"nlcus and 

Ped. damnoslIs which aggregated together even at higher percemages. As 11 result 12 clusters 

were established where the type strai ns belonged to six of them and the rema ining SIX clusters 

comprised unidentified iso lates. A description of the composition of the different clusters 
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fo llows. 

Cluster I. This was a group consisting of nine unidemlfied isolates (sc .. 'cn from It I and t'ltO from 

kocho) which only showed a low relatedness « 10010) to the rest oflhe clusters. 

Cluster 2. Is defined at 41 % similarity level , and consisted of 15 Ie strainS. This was the l3Jgesl 

cluster of unidentified isolates. 

Cluster 3. Ped. parvufus cluster: Strains in this cluster showed overaJ l simi larity at 44' /0 and the 

cluster was composed of 37 strains including the type strain. This was the second dommant 

cluster accommodating about 23% of the identified iso lates and comprised 34 isolates from tel 

and two from kocho. 

Cluster 4. Defined at 48% similarity value , this stragg ler cluster comained four strains all 

iso lated from lei 

Cluster 5. This cluster of five unidentified fe/isolates was established at 52% similanty le\ el. 

Cluster 6. Defined at 41 % similarity level this straggler cluster consisted of 1'.\0 tel and one 

kocho isolates forming the smallest group of unidentified strains. 

Cluster 7. Defined at 78% similarity value, this cluster was composed of nine closely related 

kocho iso lates forming a homogenous straggler group. 

Cluster 8. Ped. inopinalus cluster: At 38% similarity level, four isolates (three from lel and one 

from kocho) clustered with the type strain . 

Clusler 9. Ped. dexlrinicusl Ped. damnoslls cl uster: Defined at 42% similarity level , thiS cluster 

consisted of two isolates and the two type strains. The refisolale was related to Ped dextrln/CIIS 

while the kocho iso late was closely related to Ped. damnosus. 

Clus ter 10. Ped. pentosaceus cluster: Defined at 42% cut-off value. this cluster contained 91 

isolates and the type strain. Forty-seven of the strains were isolated from tef and 44 from kocho. 

This cluster had relatively homogenous sub-clusters each with high degree of relatedness. ThiS 

was the largest group of identified strains. 

Cluster 11. Ped. acidilaclici cluster: With an overall 44% similarity level. this cluster consisted 

2 1 strains (20 from ref and one from koclla) which clustered with the type stra in. 

Cluster 12. Ped. urinae-equii cluster: When de fined at 40010. this cluster had tw O relau:d kocho 
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strams. 

As a resu lt o f this numerical analysis of clustering, therefore, the follo\l,'mg 0\ emil pattern \4 

observed: 156 ped iococci iso lates {77%} we re identified ,""hile 46 Isolates (23',) mllilmed 

unaffi liated. Iso lates related to Ped. pellfosaceus were found to be the mOSI abundant follo,""ed b) 

those related to Ped parvu/us and Ped acidilaclici a relatively small number of Isolates 

belonged to the rest of the species. An almost equal number o f isolates from the t\\O foods \\ere 

related to Ped pentosaceus while only those isolates from tef \\ ere re lated to Ped pan-u/us. Ped 

acidilaCfici, Ped. urinae-equii and Ped. inopinarus. Sixty-seven percent of the identified strtllflS 

had been isolated from tef wit h the remain ing 33% comi ng from Icocho Of the 139 tel isolates. 

105 (76%) clustered with fi ve type strains, while 36 (24%) remained unidentified. \\-hile 51 

(82%) the 63 isolates from kocho. clustered with six of the type strains. Most of the Isolates from 

le/{ IOl) belonged to Ped. penlOsaceus. Ped parvll/us and Ped acidiJaclici. ,""hile the rest were 

members of mi nor species. From kocho iso lates. 44 (86%) were re lated to Ped pentosaceus. 

maki ng it the s ingle dominant species. Ped. damnosus. Ped. dexlrimcus. Ped inopmOlus and 

Ped. urinae-equii were represented to a minor extent . 

Ca rbohydrate fermentation 

Table 10 shows the femlentalion profiles of the representative strains from the RAPD 

clusters presented in Figure 16. The highest test vigour (abi lity to assimilate many substrates) 

recorded was 71 % and the mi nimum 33% bOlh of wh ich were from isolates belonging 10 the Ped 

pentosaceus cluster. These resul ts show peculiarities o f tile iso lates in thi s species . 
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T ab lc 10, A PI SO e ll fCl'IlI cnl a l ion ()I'o fi les of PediococcIIs ly pc sl r'ai ns and food iso lal cs, 

S ubs l ra le S t fa inl l sola Ie 
I 2 , • , • 7 ' 00 III II 6) 96 '" ,.7 4·17 .' ." 17 )) J9 m 21 ,. ' <6 J62 " "" ., '" " • • S. ,. • • b b ,. to 9b 7b 8b b 'b )b b b Ob b Ib b 'b 

G lyce: rol · · · · · · · , · · · , • , · · · · · · · · · · · · · · · · , 

I"A ~.lJ inoJC · · , , , , · • · , · · · • • · · , • • • • • · • · · • • • 
l{ ilJ OJe · · • • , • · • • • • • • • • • • • • , • • • • • , • • , , 
I)-X ylo,e · · · , , , · · · , · · · • · · · · • · · · - - - - - - - -
R h l mnose - - , - - , - • - - - - - • • - - , - - • • • - • - · • • • 
" b no llo l - - • - - , - • - • - - - - - - - - · - - - - - - - • - • 
So~bi lo l - - • - - , - • - • - - - - - - - - - - - - - - - - · - · -
o-D- I\hnn o, idr - · , - - • - • - • - - - - - - - - - - - - - - · - - - - -
0-" 10 -G luc:o, idc • • • · • - - - - - - - - - - - - - - - - - - - · - - - - -
NA -G rU (05~ rn ine • • • • • • - , • • • • • • • • • • • • • • • • • • , • , • 
LJlc: losr - • • • + + - • • , , ,- • , , • • • • + • • , , + • • + • • 
M c: lilJ iose - - • • , , · + - + - - • - - - + - + + - + - • - - • • - • 
S llc:c: h ll~osr + + • • + + + • - + - - - + - - - - · · - -, - - • - + • - + 
Inu linr - - - - - - - - - - - - · - - - - - - - - + - - • - - - - + 
"ldui losc - - • - - + - + - • - - - + - - - - - - · - - - - - - - - -
[)- R ~ mn 05C - - + • , · - , - + - - - - - - - - - - - + - - - - - + - + 
Amid on - + - - - - - - - - - - - - - - - - - - - - - - - - - · - -
p -Genliobiose , + + + - + • + • + , , + + + + • + + + + + + + + + + + + • 
1) -Tu r lloo5c - - + - -, + - - - + - - - - - - - - - - - - - - - - - + - -
D-TlIgalosc - - - - - • - , + + + + + + • + + + + + • + + + + + + • • + 
D-A~lI h i l o r - - + - - - - - - - - - - - - - - - - - + - - - - - + - -
G lu eOnllie - + + + - + - + - + - - - + + - - + + - - + - - + - - + - + 

Tesl ,' igour (./. ) , , 5 • 3 5 2 5 , 5 3 J ] • J J , , • , , • J 7 • J J 5 3 " , 7 7 3 3 5 7 5 , 7 J 5 7 7 9 , 5 9 I 7 7 9 7 I 3 J 7 I 7 

Ery!!"irol. O, Arabinose:. I.-Xylose. Adoni.o!. 1J·~ I C l h }" I -D · X )"l os idc . L- Sorbosc. Dulicilol. Inositol . Glycogenc. Xylilo1. O·Ly.~osc . D-Fucosc. I.-Fucose. L_Arabitol. and 2-K·GIlIeonale wcrc 
not fcnllerned by any on·c of the Iype sua ius or the food iw lates. All iw lates and Iype stra ins fcnncntcd V-Fructose. V-Gillcosc. O-Mmmosc. Esculinc. Mallose and Trehalose E~ccpl Ped 
/H'''',,1115 CCUG 28439'. all t}jlC strains and i~olates ass; ,"ilmcd Al11 ygda li11e. Arburine. Galactose. Salk inc, and Cellobiose On l)" I'ed dexlr;nk " J CCUG 18834' h)" d.ol)·1.cd starch and stra in 
2283 assimilated 5-k-glu CC'lna tc Ttl(: first 1· 7 Sl r ail1~ wcrc !'ed ;nOIJlII IJI1/5 CCliG ]8.196'. r cd dCXlrmiC/l5 C(UG 18834 (. I'ed tlr;nae·eq"" CCUG 28094'. {'cd IHm1Wace"5 (CUG 32205' . 
Ped pan'"I"$ ("Cue; 2M-l19T

• I'ed aerddacl,er ccue; 3l235' ~"d I'ed <1""'''05''5 CCliG 32251 '. rCSJlCcli~c1y 

, ~ )' , ...--. ;. " 

• 
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16S rRNA sequence data 

Results of the 16S rRNA products for 10 represemalive Isolates, from Clusters I and '1 

(Figure 14), revealed that all of them had high levels of sequence slmilanlles with Ped 

pentosaceus . The isolates fo rmed two groups where in the first group three of them ..... ere "'cry 

closely related to each other (group A) and in the second six isol3lcs showed close rese mblance 

(group B). Group A differed from group B in nucleotide position 298 where Thymme was 

replaced by Cytosine and in pos ition 1299 where Guanine was replaced by Adenine, One Isolate 

fro m group A was different from all other isolates at position 230 in having Cytosme Instead of 

Thymine. The remaining one isolate was intermediate between the two groups and Cytosme In 

posi tion 298 and Adenine in position 1299 (data not shown). 

3.4. Identification of lactobacilli from kocllO alld tef 

Numer-ical analyses and cluner-in g 

Amongst 56 type and reference strains of LactobaciIJlls and Weissella species employed 

those which were closely related to fie ld strains are li sted in Table I I. The Table shows the 

number of food isolates related to each type and reference strain. Figures 15 and 16 show band 

patterns of some type and reference strains together wi th some un identifi ed food isolates. 

RA.PD clustering analysis of the 220 strains gave 14 distinct clusters and other small ones 

when defined at 65% using UPGMA. This cut·off value was used because clearl y defined the 

Lactobacillus plan/arum cluster with known reference strains. Consequentl y. the following 

major clusters were observed (see also Annex). 

Cluster 1. This cluster is composed of 31 interrelated kocho isolales. More than one-half of the 

iso lates in this cluster were very short-to·very long rods, occurring singly or as chai ns and 

aggregates. This was the only single cluster accommodating a larger proportion of the isolates 

Cluster 2. Lb. brevis: One lefiso late clustered with the type strain at 74% similarity level. 
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Cluster 1. Lb. graminis: Which was defined at 67%, two kocho isolates along ",th the type su:un 

made this group. The isolates were coccobacillary~to-very long rods, occumng singi). In pair'S and 

in chains. 

Cluster 4. Lb. acelOfolerans: Two kocho isolates formed this small cluster together wah the type 

strain at 67% similarity val ue, were shon-Io-Iong rods occurring in chains. 

Cluster 5. Weissella minor: Defined at 70010 similarity level. contained 19 kocho isolates and the 

type strain. The isolates were shan-la-long rods, existing singly, in pairs or in chai ns. 

Cluster 6. W con/usa: One kocho isolalC made up or very shon-iO-very long rods, occurring singly 

or in pairs, together with the type strain formed th is small cluster. 

Cluster 7. Lb. casei subsp. to/erans: Three homogenous lcocho isolates and the type strain formed 

this cluster at 70% similarity value. They were short-to-long rods appearing in single. in pairs or In 

aggregates. 

Cluster 8. (Mostl y Lb. planrarum): This cluster was composed of eight isolates (six from Iwcho 

and two from te/) . At 63%, all of these isolates were related to Lb. suebicus Most of the Isolates 

were short-to-Iong rods, existing singly, in pai rs or in chains. 

Cluster 9. Lb. planrarum: Two lei isolates, two reference and the type strain clustered at 67% 

similarity level. The isolates were short-to-Iong rods. existing singly, in pairs or in chams. 

Cluster 10. (Lb. planlarum): Composed of 16 kocho isolates unaffi liated to anyone of the type 

strains, this cluster contained seven iso lates which hybridized wi th Lb. plamarum very well . Four 

of them had similar API 50 CH fermentation profiles wi th this type strain. The isolates \~ere short­

to-long rods, existing singly, in pairs or in chains. 

Cluster 11. (Lb. plan/arum): Five lef isolates, short-to-long rods. existi ng singly, in pairs or to 

chains, were included together with the type strain of Lb. amylovows. 

Cluster 12. (Lb. plan/arum): Four te! and one kocho isolates were related to the type strain of Lb 

homohiochi at and above 66% simi larity. The isolates had very short-to-long rods existing in smgle. 

in pairs or in chains. 

Cluster 13. Lb. VQCcinOSlercus: The cluster was defined at 68% similarity accommodalmg (\\0 

kocho isolates. short-ta-very long rods appearing singly or in pairs. and the type stram. 
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Clus ter 14. W. kandleri: Defined at 73% similanty value, thiS cluster contalned five tugh]) related 

kocho iso lates and the type strain The isolates were medium.to-Iong rods. exisung In pans and In 

chains. 

T able I I. Type and reference strai ns of Lactobacillus and IVcissella spec ies and food 

iso la tes used in the RAPD study and their distribut ion in the different clus ters at 65-/0 

similarity leve l. 

RAPD Afli li:ll cd isobles 
Cl us ter Type and reference strains Tola l Source 

tefdough kocho 
I Unidentified ) I · ) I 
2 Lb. brevis CCUG 30670 I I · 
) Lb. graminis CCUG 32238 J 2 · 1 
4 Lb. acelo/a/crans CCUG 32229 2 · 2 
5 Weissella minor CCUG 30668 19 · 19 
6 IV. c01ljl.lsaCCUG 30 11 3 I · I 
7 Lb. case; subsp. lo/crans DSM 2258 I ) · ) 

8 Unidentified 8 2 6 
9 Lb planrarumATCC 14917 I 2 2 · 

Lb plonrorum DSM 9843 
Lb. plan/arum DSM 6595 

10 Unidentified 16 · 16 
II Lb. amylovorus DSM 20531 L 5 5 · 
12 Lb. homohiochi eeUG 32247 5 4 I 

IJ Lb. vaccin051ercus CeUG 30723 L ] · ] 

14 IV. kandleri CeUG 32237 5 · 5 
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Fi~urc. 15. RAPD band proliles or represellla fl ve I>pc strains Jnd lidd l,olale ... LJnes ~.II d 
... 11\)\\ ba nds o fche reference 0\1,-\ molecula r \\c ighr Inil rkcr \'1 Tile lllhcl"> \\ere '- ·'.lr,111r 1111 

-(I"'9 o 'T ' l \J -,) ,u (I anl! ~ ). Lb. (1111) Im'/}/'us t 1.1I1C:. ..j :md j). I.h ul/l~ /,11 ,Ir I.' II .... \ I :0 1 IJUl' II 

'/ "Illella kUlld/er/ (lanes 13. 1.1 and 16). /I kU/1dll!rt CCL'G J~~i - I ,1;Jlll' 5)! Itr I I ( II 
(I,lIlel - ).u1Hdetlllfiedl(x~h(l1:lIes(lane,3.8·11.IS:mdI9J 1,111<: ~-, s- ,-I )'i 

\'l!re I'Hld 1:.,11;110.::;. 

Figu re 16. RAPD band pauerns of some type and reference m:lIn) 01 1.."-,, b,,~ ,jill \pccle~ and Iu.>d 
I~ol;ltes used In the study. Lanes I. 9 ,11 and 1.1 repre~enl bands for the reICrence 0 '" A molc:,u I;u \\t'ljhl m 
VI The rest Janes were Lb fermemu", AlCCI-l93l f (lane 2). Lh pfanl<.lfUm AleC IJql~T(lane 61. Lh pi. " 
(lane 7). Lb eusel subsp. easel AlCC 33J (lane 8). Lb homohuxlll CCUG ,\~:.I- (13ne III Lb acdOlQ/. r 
CCUG 32219r (lane I}). Lb farctm lnlS (lane 15). Lb I/teh,cuj (lane In l.h f'<u,d·"~hn.;rl Cl'LG ):!1f)l 'i 

Lh web/ellS CCUG 32233 T (lane 19). Lb pdf()4<.lIt!I subsp paral.'<Llt!1 "CFB I ~ I '!Jne 11). Lh t,I{t\ If'" 
I.l/nwl/I,l CCCG 31.J53 T (Ianl! 2j ) and Unidentified toad I\Olal(\( 13nt:\ 3·~. 10 I~ 1.1 In ':0.11" 1111 I 

-,10,12. tJ .16.20 and2! were food Isolalc:s 
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From the RAPD clustering other type and reference str.Uru mcludmg Lb lare/mlntS CCLG 

30671 T, Lb case; subsp. case; ATCC 334. Lb parabuchnerl CeUG 32261T. Lh CQj~1 su~p 

pseudoplantarum DSM 20008T, Lb jensem; DSM 20557T, Lb formemum ATCC 1 ~931 T Lb 

pentosus A Tee 8041 T, Lb mur fnlls CeUG 20452T, Lb rhamnasus CeUG 21 452T Lb sueblcus 

CeVG 32233T, Lb. paraplanrarum CeUG 35983T, Lb paracasel subsp. paracasel NCFB 151T 

Lb. salivarius subsp. salivarius CeUG 3 1453T, Lb alimenrorlus 0 M 20249T, Lb johmonll 

CeVG 30725T shoed less than 65% similarity to the isolates. The remainder orthe isolates fonned 

small dusters with nvo or three members which did not include a type strain . 

DNA: DNA Hybridization study 

The results of the DNA:DNA reassociation study are presented in Table 12. All of the 

isolates from the Lb. plan/arum RAPD clusters, hybridized with the rype: stram. Tv. enty Isolates 

and a negative control type strain. Lb. reuter; DSM 20016T. which showed distant re lationship to 

the Lb. plomarum cluster in the RAPD dendrogram did not hybridize with the urget type stram Lb 

plamorum ATCC 14917T. 

Isolates related to Lb. plantarum were concentrated around clusters 8. 9. 10. I I Il1ld 12 as 

supported by both DNA: DNA reassociation data and their API 50 CH fennentation profi les. The 

DNA homology data thus resolved the uncertainties crealed in the RAPD results in the fo llov.mg 

clusters. One of the kocho iso lates from cluster 8 had an API 50 CI-I profile similar to that of Lb 

plantarum and three kocho and one lef isolme showed very high DNA :D A homologies with Lb 

plomarum. The DNA:DNA reassociation data also confirmed the close relatedness of isolates to 

Lb. plantarum than Lb. suebicus. Dl A:DNA reassociation dam was further used to confinn the 

high homology between one isolate in cluster 9 and seven isolates from cluster 10 and the type 

strain of Lb. plantarum. In cluster 11 four isolates had higher DNA:DNA homologies and 1\\0 of 

these fu rther retained sim ilar API 50 CH fermentation patterns with Lb plantarum In cluster 12. 

two of the fef strains had high degree of relatedness to Lb. planfarum as re\ ealed both by 

D A:DNA reassociation and one strain by its API 50 CH fe rmentation properties 



Ta ble 12. DNA:DNA hybridization of type trains and field i olal 
Lactobacillus plait/arum ATCC 1~91 7T. 

RAPO Speciul Str.inl Ruellon 
cluSfer Isolate Sou rce 

!l.\I'O Sp«M.JI 
wilh Lb. clUl ltr I.s.late 
pfIJII IIH'U,1 

probt 

8 22a Kocho • -- Lb rrule.n 
8 48a Kocho - -- lOlb 
8 52a Kocho ... l 4270 
8 485b T,' • l 2380 
9 Lb. plamarum ATCC 14917T • l 2580 
9 163b T,' ... -- Hla 
10 372a Kocho • -- H6a 
10 384a Kocho - l 146a 
10 433a Kocho • -- 476b 
10 489a Kocho - -- 176a 
10 497a Kocho • l 487a 
10 517a Kocho ... l 79. 
10 521a Kocho • l 490. 
II 430b T,' - 1 227a 
II 478b r.r - -- IS<;. 
II 480b T,' - 8 391a 
II 490b T,' ... l 4 17a 
12 2b T,' ... -- 127a 

-- 486b T,' • 6 216a 

-- 484b T,' - -- 555a 
-- 488b T,' - 1 235a 

-- tJOa 

Ca rbohyd rate fermentation profiles 

89 

wilh 08 prob from 

~tr1l 1-' RUC:II •• 
Sour(t "lI.U 

plllJlI/UIIM 

probe 

DSM20016 -
T,' -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
T,' -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -
Kocho -

AP( 50 CH fermentation patterns of the tested iso lates demonstrated thai all isolates fenncnted 
galactose, D-glucose, D-fructose and maltose while none of them assimi lated erythntol. xylose. 
p-methyl xy loside, xylitol, D-fucose and 2-K-gluconatc . Ten isolates readily hydrolyzed starch 
and five isolates metabolized glycerol and two OIhers glycogene. Many isolates fennented 
gluconate. Except IWO isolates, all the rest have metabolized arabinose and/or nbose (fable 13). 
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T :11J1c 11 .• co ntinll ed ~ - - -, ~ - - -- ~--

Substrntc· Strain/ Isolate 
21 1a "Jj • .... 'h "". "IQ~ .Q,. ~Ola nl. H91 , .. , 471b <BOb "Ub '''b ' &6b .'" .... b 

0 1 eClol - • - - · - • · · - • · · • · 
D·"I .. bi~sc · - · - - · · · · - - - - - - - -
L·Ar.bmOR • - • • - - • · • • - - • • • - • 
Ribose • • • • • • • • • • - • • • + • • 
D·X lose - - - - - - - - - - - · • - • - + 
O-M IlO"ose • • • • • • • • • - • • - • • • + 
Rhamnose - • · - • + - · - - - - - • + · · 
Mannito l + • • - • • • • - • · • - • + • • 
Scxbitol • - - · - - - - · - - - - • • - + 
a ·D· fo. ' annoside - - · - - - - · - · - - · • + - · 
(I ·MD·Glucoside • - - - - - · - - · - - - - + - · 
NA·Q lucO$a/lline + • • • • • • • • - • + • + + + + 
Alii dahllc + + • • • • • • • - + • • • + • • 
ArbUlinc: + • + • • • • • • - • + - + + • • 
Esculine: • • .- ; • • • • • - • + - .. • • • 
Sal icin.: • • + + • • • • • - • • • • + + • 
Cellobiose + • • • • • • • • - + + • + • • + 
Lactose + • • • • + • • • + - + • • + + • 
Melib iose • • • + + + • • • + - • • + + + • 
Saccharose + • • - • + + • + + · + - · · • • 
Trehalose • • • • • • • • • - • • • + • + + 
t-klczilose • - • - - - • - + + · · - + + · + 
D-Raffillose + • + - + .- • • + • - • - + • + • 
p·Gcntiobiosc + + -. • • + • • + - + + + + + + + 
D·Tunmose • - · - · • - • - - - + + + + + + 
D-Tagalosc: • - + + + • + - • · - - - -. + - -
D-Arnbil01 - + - - • • - - - - - - - - - - -
Glueonal!: + + -. + • + • + + - - + - + + + + 
5-K-Glucohatc • - • - - - • - • • · - - - - - + 

None: o fl he i50lalc:s fC lIOu:mcd 1;' ), lluIIOI, O·Arabin05c. L-Xylo5c, Adonitol. (I -Melh) '-D-X)' losidc, 6-Mclll)' I-I) ·Xylos idc. l-Sorbosc . Glycoilcnc, D-Lyxosc, D-Fucose, L· 
!"ueese. I.·Arabitol, 2 ·K -Glucon~lc and X)'lilol 
Only isolale 21 Sa fermented dulicilol . Inositol. Inuhne and IIm)don 
1111 or Ihe isolalcs assimilatcd GalaCIOSC' . I) ·GLucose. I)·r lIClOse. DI>hrm(lSc lind Mah(\SC' 

/~~ ... ~ .. , , 
~ ~ , -_. • .i f .- ? ;;y • -- # -~' r-, , r 

• , • -
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3.5. RAPD for distinction of Lactobacillus type straills 

Agarose gel electrophoresis resullS of the 45 type and reference strainS of 

Lactobacillus showed a distinct band pattern for each one of the strains_ The number of 

bands obtained for the strains ranged from 2-10 and the molecular weight fragments were 

relying between 154.2 1'76 bp. 

Figures 17 and 18 show the band patterns developed fo r representlltive type strams m 

relation to the DNA molecular weight marker. Further analyses of the eXlent of relatedness 

and differences between these profiles we[c carried out using the statistical software and 

revealed the clear distinctness of each type strain as shown in Figure 19. At 72°/. similarity 

level, all strains were clearly discriminated . The three Lb planrarum strains were clustered 

together at 72% (Figure 20) . 

Figure 17. Agarose geJ showing RAPD electrophoresis produci DNA fragments of cype a~d reference: Slralns 
of Lactobacillus and Weissella species. Lanes I, 10, 18 and 26 represenl the molecular weight marker VI (154-
2176 bp); lane 2, Lb. fruclivorans CCUG 3226O f

; lane 3. Lh. pellrQSus ATeC 804 1 t, la~e 4, Lb larelmlnu 
Ce UG 30671T: lane 5, Lb. parabuchneri CCUG n261 J

; lane 6, Lb ma/~ CCUG 32228 .. lane 7, Lb sa/t'VUflus 
subsp. salivarius eeUG 31453T; Jane 8. th. acetala/erans CCUG 31229 . lane 9, Lb :~.w ~bsp eOS6' 
ATee 334 ' lane 1 [ Lb parap/antorum CCUG 35983' ; lane 12, Lb. Slieb.cus CCUG J~2J3 . lane D. Lh 
Intestina/is'CCUG 3'OTi7'; lane 14. Lb. anima/is NCFB 2425T

, Jane 1;, Lb rellte" DSM 20016', lane 16;2Lf' 
agilis DSM 20509'; lane 17. Lb. delbrueckii subsp. lactis OSM 200n , Ias:e 19. Lb mllrlnUS CCUG 204 • 
lane 20 Lb rhamnosus CCUG 21452'; lane 21, W. !andler; CCUG 32237 , lanc22. Lb br~u CCUG 
306701:. la~e 23 . Lb. oris NCFB 2160T; lane 24 , Lb. grammis CCUG 32238 ', and lane 25, Lh parocose, 

subsp. paracaseiNCFB 151'. 
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Figul'c 18. RAPD electrophoresis band p3nerns oflype and reference Slrains of LUCroh..l1.:tllu.\ :md 
Welsse/la species. Lanes I. 10. 17 and 24 represent the molecular \\clghl m:u~er VI (I jol.:; 1 -0 bpI. 
lane 2. Lb. kefirollofaciens CCUG 32248T, lane J. Lb. gossen DS~ I ::!O::-l]T, lane.t, Lb 
(lcidopill/us CCUG 59l7T; lane 5. Lb. I'ogllla/is CCUG J 145:!T. lane 6. Lb cor)nt/orIllIJ CCLIG 
30666T: lane 7, Lb. sake CCUG 3050 I T. lane 8, Lb bl/o.!rmemons CCUG 3:!:!3.J T 13111: Q /I 

COllfllsa CCUG 30 I 13T; lane 1 !. Lb. :eae OSI\-I 2017ST. lane 11. Lb johmonll CCLG JOnS1 

lane 13. Lb. case; subsp. pseudoplollforulII OSI"1 20aOST; lane 14, Lb 11l1lylovorus 0$\1 20531 T 
lanc 15. W. millor CCUG 3066ST; la ne 16. Lb. ClirvalUS CCUG J0669T, lane 18, Lbflolllorllfll 
DS M 9843 : lane 19, Lb. plamarum DSM 6595 ; lane 20. Lb. planfllrum A TCC 14917 . Inne 2\. Lb 
paracasei subsp. loleralls CCUG 34829T; lane 22. Lb amylophdus CCUG 30 137T. and Inne 23. 
Lb.!ermel/(wl/ ATCC 14931 T. 
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LA pcUOSIJJ "TCC~II 
fA / n.u:tiW(WU ccue J2260 T 

JA parlJbudtnai CCUC )2261 ' 
LA farc:iminis COle J067\' 
LA mali CCUC Jll2S I 
LA SQ/j,urW.s iu b1P. ",rli ... ,ri."IJ CClJC 31411 ' 
Lb. 4CdotulC'cuu CCtlC 32129' 
Lb. caui , ub. p. arui A TCC JJ..I 
Lb. sucbicJ.s CClJC J2lJ) I 
Lb. parapilznJ::TVm CCUG 35983 ' 
Lb. WnZi.tWliS CCUC J0727' 
U. ccryrU/ onnis cctI(; 30666' 
fA sl1kc ecue JOSOI ' 
fA ~ lublp paT«uJd NCFD lSI ' 
LA ~ CCUC J2lJ8' 
lA :1ttJCri DSM llP ..... J' 
/..JJ. kcf v aM/acims CC1JG l U .-Sf 

Lb. bi/umcNatU ccue J2~' 
W COli/ usa ccue )O IU ' 
Lb. toU DSM 20178' 
Lb.~rW CCUGJ01251 

Lb. atn),lo.'{}r llS DS~I l0S3I ' 
Lb. ellSei lu b,p. pJOltWpfanllUlUn DSM 2 
1...b. curwlfll.1 ccue J0669' 
w. m1rw, ecue J0668 ' 
Lb. / C77I1cllllUrl A Tee 1493 I ' 

.-- Lb. pbmiarum DSM 9843 
Lb. plJJnJtu lUrl DS~I 659S 
I.b. pWnllU lUrI ATee 14917' 
lA ~ ccue 20 .. 152 ' 
fA agili.r DSM 2050'} ' 
LA rlllVfIltOSILf CCUC 2U S2' 
W. Jumtilcri ecue 32137 ' 
Lb. bmu ccue 30670' 
Lb. .. q:inafu ccue ) 1452 I 
L/J. /J-ci doph i/us ccue 5917 ' 
Lb. am) o{opJoioo CCUG JOU7' 
Lb. ~ lub'Jl IoIawu CCUC J48'2') , 
LA arWndis NCFB UlS t 
Lb. fndciDSM 2001 6

1 

LA (Iris NCfB 21 60' 

Fig ure 19. Dendrogram showing normalized agarose gel electrophoresis products for rype and 
reference strains of lActobacillus species developed on a photo and negati ve analyzed uSing the 
GclCompar version 4,0 program with the Pearson product momen t correlation coefficlenl (r) and the 

UPGMA algorithm. 
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3.6. Effect of illcubatiOIl temperature Oil A PI 50 Cflm erabo/ic 
profiles of Lactobacillus species alld related taxa 
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The li st of Lactobacillus, Aropobillm and Weissella strains employed In this stud}' 

along wi th their habitats and metabolic affil iations are presented in Table 14. 

Ten Lactobacillus and one Aropohillm species fe remnted the same numbers and types 

of carbohydrates at 30°C and 37°C (Table \5). Eight of these strains were 

heterofermentative while two had a homofermentative pathway and all the lactobacilli. 

except Lb. amylophilus, belonged to the Lb. casei-PediococclIs phylogenetic group of 

Collins, et af. (1991 ). 

Table 16 shows a list of 24 plant- and food-associated LoclobaciJ/us and three 

Weissella strains with their fermentation properties. There was a change in the numbers and 

types of carbohydrates they fe rmented as the incubation temperature was ahered. Most 

metabolized more substrates at 30°C than at 37°C. Lactobacillus male/ermenrans failed to 

fe rment any of the 49 substrates at 37°C but fermented seven carbohydrates at 30°C. Table 

17 compares II intestinal or animal associated species of Lactobacillus and the effect of 

incubation at the two different tempera(Ures on altering their membolic pauems. As shown 

in the table, most of species have less numbers of carbohydrates fermented at 30°C than at 

37°C. 

As described in Table 16, the loss or shift of metabol ic profi le expressed as change in 

the number and types of carbohydrates fermented with the temperature of incubation from 

30°C to 37°e was highest fo r Lb. delbrueckii subsp. delbrueckii ( II sugars), followed by Lb 

acelOtolerans (9 sugars), Lb. helvetfcus (8 sugars), Lb sake and Lb male/ermentalls (7 

sugars each). Lb. collinoides (6 sugars) and Lb. porabuchneri and Lb delbrlleclcil subsp_ 

bulgaricus (4 sugars each). ine of the strains had a change of one carbohydrate. The 

variations affected 21 of the strains by altering the differential trait retorded fo r the type 

strain while fi ve were not affected at all. Nineteen strai ns maitained their differential traitS 

at JOoe while II others preferred 37°C. Seven strains did not show temperature preference 
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still maintaining their di stinct traits although their pauems .... ere altered. 

Amongst the animal-associated strains Lb_ }eraemi sho"ed the highest number of 

differently fermented substrate (7 sugars) while in decreasing order Lb OrtS (6 sugars). Lb 

infeslinalis (5 sugars), Lb. johnsonii and Lb. cTispatus (4 sugars each) a.lso shov. ed 

differences in substrate fermentation at the two temperatures. The least effect was obser. ed 

in Lb. mali. The results obtained from dupl icate experiments for type strains of Lb 

p ian/arum and Lb. salivariliS subsp. safivarillS from were consistent. 
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T ll b lc 14. S Cl"!li ll S of Litcf(}b(fcill/l~~ a nd rela ted lac tic :Ic id bac lc l"i a u sed ill t he s tud y . 

Sl~clo S CI'IIin I hihillll I'h).5iOI $ lIcdu S train I hibi l li l 

~ro ll fla 

-f l(>f..-J./II/n "It" CCUGj iI1 6' lIurn:1Il mouth 0 110 'Jb mlesl,,,,,//.J CeUG 30721' M unne G IT 
Lh IKC/(',clicrtms CCUG 32229' Plant Fil e Lh je/lSt' lI lI Dsr ... , 20557' 1I1IIlIon \'agma 
U. QCldor/II/lls A rCCS917' Ammal 0 110 Lb )01111$01111 CCUG 30725' Chicken, Pigs 
I.h {Jl{d,s DSr-,·\ 20509' Unkno"Il. Sewage File I.b /1/afcjcrmclI/o/ls CeUG 32206' Beer 
Ut amylopJ,II"s CeUG 30 137' I'lanl 0 110 Lh mall CeUG 30141' AppkJuice 
Lb (lm}I()\~llS DSM 2053 1' Plant 0 110 Lb 111111"//1115 DSM 20.152' Munne G IT 
Lh ammo/IS NCFU 2425' Animal File I.b oris NCFU 2 160' ti llman saliva 
Lb b.jcrmCIII(JIU CeUG 32234' Cheese File Lh 1wrllhuclmcri CCUG 32261 ' Hum an saliva. Cheese 
fA brews DSM 30670 ' Animal Ol-Ie Lb. fWrtlC(ISCI subsjl. porocasci NC FO 151' Dai ry. llulllans. Plants 
f.b . CasCI subsp casc; ATCC 334 Animal. Plaut File Lb IWI"acasei subsp. foferans CCUG 30669' Diliry. humans. Plants 
I.h. easel subsp Ioicrtllls CCUG 25599' Animal, PlilllI File Lb IWrlllJ/(mtarlllll CCUG 35983' Beer. Ilumans 
Lb_ colllllouics CCUG 32229' Cider OHe Lb. IJeIllO.fIIS CCUG 34829' Silage 
Lh corymfor""s CCUG ]0666' Silage.Cow dung FHe I. b IJlallf(l1"l1ll1 ATCC 8014 I-Iuman. Sourdough 
Lb CrtSI)(HIIS DSM 20584 ' Animal Olle Lb. plamaru", ATCC 14917' I-Iuman. Plant 
Lb C/ln'OIllS CCUG 30669' Cow dUllg. Planl Hie Lb "Iol//orum DSM 9843 Sourdough 
Lh delhrll(!ck/l subsp. b"lgal"ic /is DSM 200811 Y ogurl. Cheese FI-lc Lb. "CIlfCri DSM 20016' Animal. Sou rdough 
Lb. delbrllcckii subsp. dclbrllcckii ATCC 9649 I'l il nl 0 110 Lb. rh(IIIIIIOS/lS CCUG 2 1452' Animal. Milk, Scwilgc 
Lb fal"c llllillis CCUG 3067 1' Plant. Sausages 0 110 Lb. sake CCUG 30501' Sake beef. Plants 
Lb fermelltllm ATCC 149]1' An imill. I'l ilnt OHe Lb .. m/iT·orills subsp. sa/iT'ariIlS DSM 20555' 1 [uman moulh 
Lb. ji'uc livorallS DSM 32260' Planl Ol-Ie Lb. saliT,orius subsp. salillariliS CCUG 3 1453' Ilullliln mouth. GIl' 
Lb. gasser; CCUG 32238' Animill 0 110 Lb. ,mebic /lS CCUG 32233f Apple 
Lb. gramiflis DSM 20243' GfilSS si lilge FHc Lb. vagil,alis CCUG 3 1452 1 Il ullliln vilginil 
Lb. !tefl 'el iclls ATCC 15009r Milk , Cheese 0 110 We;s.~ella COI1/IiSOh CCUG 30 11 3' Plants. Milk 
Lb. hilgordii CCUG 30140f Winc Olle II'. kondlerib CCUG 32237' Plants 

II' lIIillOl i ) CCUG 3066&1 Milk sludgc 

(I Fenllclltatioll groups arc bilscd on II mll lll CS and Vogc l (1995). Vandammc, et a/. ( 1996) and Stilcs and Holzapfel (1997). FI-Ic, fa cultati vely 
heleroferlllcniat ivc; 01 Ie, Obi igalcly hcterofcnll cnt:lt ive: 0 110. Oblig.llcl y hOlllofcrtllClllativc . h Prcviously specics of Laclobacifll/s . 

, ~ .. -., .. ~ -- , I • 
-- -• 

, / .. .. -" -- ... ~ .. "\;"' ~ .. r ~~ 

Phpiol 
j!roll lJo 

!-lie 
0 110 
0 11 0 
Olle 
0 110 
Flic 
0 1 Ie 
Olle 
File 
Hie 
Hie 
Fl-Ie 
File 
Hie 
File 
FHe 
OHe 
Fil e 
0 1-10 
OHo 
OHe 
Ol lc 
OHc 
O l-l c 
OHc 
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Table 15. Type strains of La~/obacifJus 2nd rel:lIed organis fII ho" ing 
sa lli e API SO C R fermentation profil e$ when incub:ued a t JOo and 370C. 

S pecies train G roupll Nu m~r o ( 

( II rboh) d roues 
rerm cnl td 

A10pobilll1l uli CCUG ] 11161 Alopoblum 18 
Lb. amy /ophilus CCUG 30 137T Au 7 
Lb. casei subsp. casei ATeC 334 Bb 22 
Lb. Jermentum ATeC 149J JT Cb 10 
Lb. graminis CCUG 32238T Bb IS 
Lb. hilgardii CCUG 30140T Cb 9 
Lb. paracasei subsp. (o/erans CCUG 30669T Bb 6 
Lb. paraplamarum CCUG 3S983T Bb 20 
Lb. pelllOSUS CCUG 34829 T Bb 24 
Lb. rhanmosus CCUG 21452T Bb 27 
Lb. vaginafis CCUG31452T Cb 10 

aGrouping based on Col lins. el al. (199 [). Aa. physiologically an Obl igate hClcrofe nnCnlcr and 
phylogenelically affiliated to the Lb. delbrueclcii group; Ab. physiologically an obligate 
heterofe rmenter and phylogenetically affiliated to the Lb. casel-Pediococcus group: Bb. 
phys io logica lly 

a fac ultative heterofermenter and phylogenetically re lated to the Lb casel-Pediococcus group ~ 

Cb. physiologically an obli gate heterofermenter and phylogenetically re lated to the LeucoflOJloc 
group. 
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I ablt 16. 'I ) I~ II nd n~rtrtn(t s lrllOlII.5 :t~S()(' I II ' ('''' "Ith 11 11I"1 ~ lI ml foods :lIId Ub iqUit o us tuclobflci/lllf , ,,cciu be t'" UII plan!" lind a ninl lis a nd r c: blcd 
o raa nl!ms .... IIh tllrrtrtnl 1\1'15-0 e ll rtrmrnl :llion "ro ril l'~ "ht ll III ('Ub:lI('d :_1 JOOC a nd 37°C. 

l ou ol no. or 
( II OJ 
fe l III t n!C'd a . 

51KC:1U S IrlOin G I O"I,II JO~( J1"( V", ro;o b , Trt'nd(." I) i rrertllily rcrnlcnlcd 3ub}I •• !,,1l SUIla b le 
111)0 Itmp· C 

Lb DCt lOlolr rrJlU CCOG]2229 1 II. " 19 , Loss Rlb,Gal, A/I.! OM ,Am)' ,Cel,McI,Su,Ml1.GnlC: " Lb og"u OSM20mT Ub " " 
, Add Rha.Amd JO U. a .. )'I_I<J OSM 20SJ ' -' HI> " 17 , Add A/I.'IIXi,A m)' " tb bf/tr_rrlCIIU CCUG 122J<I" C. " ' 0 'A~ OA d JO Ih ", ... ·u DSM l0670T Cb " " , Rc:p lltCc LX,5u JO 

Ut truro $ub<p IoItrt' l1J A1 CC2SS99 lib " 17 , Add A,h.I\'h: I,Gnle. Rib JO U I NJlllltOidu CCUG J22291' A. 17 " 6 Loss Gal.Man.NAG,Lac,Mcl,Gntc JO 
Ut tOl')'ttiform" CCUG 3(1666" lib , '0 , Add ""1111 Ilo,b 
Lb CWVOI", CCUG 30669 1 Ilb 16 '" 

, Loss DRar,DArl J7 
Lb thlbrv«kJi subsp bulga"l~us DSM 2008 IT Ao 7 " 

, Add Gal,Glu,Man,Mal 30 
Lb thlbrvut .. subsp JeIbr-uu 411 ATCC % 49 A. I" " " eo" LAra,R lb,DXyl.GaI.Rha, lno.NAG,Esc,Mal.Tre.LFuc J7 
U, /orcllJlil1lS CCUG 3067 1T Cb 17 " 

, eo~ Amy, DTur JO Lb jrwllO'(}I/'QIU CCUG 32260T Ao 6 6 , Replace MIlc.Man JO Lb MI''f'fI~IIS ATCC I $OO9T Cb 16 , • eo" DXyl.Rlm. P,,-I:\Il .Alb.Esc,LFuc.Gllle.$KG J7 
Lb tmJlt/t"lJItll/{IIIS CCUG 32206'1' Ilb 7 NOl>e 7 eo" All JO Lb pa,.lIbue}"..,.,.. CCUG 32261T Cb I] I] , Replace Man.Lae.Gcn,DTul Both Lb f"CJI'ocQsti subsp porOCQst; NCI' U I$ IT Ilb " '0 , eo~ Amy JO J..b planta,.u," ATCC 801'1 Ilb 17 16 Loss RO, Ilo" I.b pIOlI(a,.u," ATCC 1'19 1i f Ilb lS ,,' Loss 'b, Oa th I.b planta,.u," DSM 98-1) Bb ,. " Loss DRar Ilo,b I.b ,.tult"; DSM 2oo1 6T Cb , , , Rtplace Gal.Man JO Lb St.tr CCUG 30$0 1T Ilb ' 0 I] 7 Lo" Rha, All\y .E~.Sal,Cc1 .Tre.Glg 30 Lb sutbicus CCUG 32233T Cb " 

, , l<m BMDX.Gal J7 WtlSs~lIn Co-rfUSl' CCUG 30113T Co ,,' " Add Gnle 30 II' kaml/u; CCUG 32237T Co 9 • eo" Gal 30 W minOT" CCUG 30668T CO " " Loss DAral 
IlGrouping sallie as indicated in Tablc 2. Ua. phys iolog lcl.lly II facultali ve hclcrofcllllcllicr ~nd phylugenctically affiliated 10 Ihe I.b delbnH!t;kil gToulI; Db, physiologically II 
facullatil'e hclcrofcrmelllcr and phy logcllel ie~lly relmed IU the 1.(I('I ()h(lc "'II .~ ctlsd-I'edw('occ ils giOllP: Ce. physiologically an nb li gale heterofennenlcr and phylogenetieally 
rdnted 10 lhe i .l) IICOnOSloc gl"oul'.bVari ilbi lily. nllmber of carbohydrates lhe simi II shirts pi'Hem 10 or not to degr~de dlle 10 Ihe change ill the incllbmiOIl lemperature. c Addo Able 
10 ei.tnbolizc ildditional carbohydrale; Loss. Unablc to calaUoli/,.\: I I specific cmbohydrillc ucgrndeu ilt 30°C; Iteplace. Shirt to metab-oli zc another earb-ohydrate in 
licu.dAhbreviatiolrs for carbohydrates: Gly.Glycelo l: DA ra.D· Arnbinosc. LAril.L-Arnbi nose; Itih.Ribose; DXyI.D-Xylose: LXyl.L. Xylose: BMDX ,BMlhyl.D.Xyloside. 
Gal.GalncIOSC. FlU. Fructose: Mne.Mannose, Sbe.Sorbose; rthn.Rhimm{)sc; Ino. lnosito l. /I.·lan. Mannito l; AMDM ,A-Melhy l-D-Manlloside, NAG.N. Acelylglucosamine; Amy. 
A,uygdnl mc. Arb.Ad.lUlin . Esc,Escu lin ; Cel.Ce liobiose. M ill . /l. l i l h o~c . 1 ae, l.iu,; lose. /l. lel. Mclibiosc. S;d .SaliclI1c; SOI.Sorbi lo l. Su.Suerose: Tre.Treha lose. Inn, Inul in; 
/l.l ld.1eh:zitose; DRaf.R affinose; Alnu.Stilrch. Glg.G lycogen . XII .Xylltol. (jen.Gent iobiose. DTur.D-Turanosc; DLp: .D· Lyxose; DTag.D-Tagatose. DFuc. D. Fucosc. DArI.D­
Arabrtol. Gnte.G luconate. 2KG.2-Kctogluconale; $KG. 5-Kclogluconnte dSuilah1e temperature. temperature al "hieh Ihe dislillc\lve metaboliC propcMlcs are relamed 
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T :I h ie I 7. T ype U lid ,'(' fe re nce s l r a ins o f lA'cloIHlcill ll~' s pecie.. .. f rOIl! in les l i II ;11/:111 ; ili a I origi II a IllI I lid r \':1 ria hi e pa ll e r ns o f A I' j SO e ll 
(l' n ll c nl :Ili on p ro ri lc.s bc lw cC ll incuba tio n tt' lI1l)(' I'a lu rcs 37°C :u ul 30oe. 

T ol al no. o f 

e li Os 
fcnnc nt cd al 

S peci es S imi .. C rou"b J Ooe J 7°C V :.,' ;:I TI'c lIIl (/ I)i rrcn.~ntly fennent cd subs t ra te€' 
bi l i l y 

tb acidoph jf/ls CCUG 59 17
' 

Ao I ) I ) 2 
I~b ollimalis (I NCFB 2425T IJb 12 14 2 
lib crispows DSM 20584T Ao 15 15 4 
Lb. gasser; DSM 20243T Ao 2 5 3 
Lb i llfesl illolis CCUG 30nir IJb 8 9 5 
Lb jenseni; DS M 20557T An 20 15 7 
Lb. jolmsOl1i; CCUG 3072ST An 5 7 4 
Lb. llloli CCUG 32228T Ab I ) 14 I 
Lb. I/Il1r; III(S DSM 204 52T Bb 2 1 18 3 
Lb. oris NeFO 2 160T Cb 17 20 6 
Lb .. \·"li lll/r i IiS subsp. salil'(lr i liS CCUG 3 1453T Ab 14 16 2 

a Included in Lb. /III/r i ll/IS based on its genetic similarity (Va ndamme, e l a l . , 1996). 
b Grouping based on Coll ins. €I ,,/. (199 1); same as in Table 16. 

Replace Mb,Lac,McI 
Add Rib.Esc 
Replace Amy, Dlta f.Gl g,Gcn 
Add Arn y.Gcl1 .DTag 
Add ,Rcplacc Gal ,A my ,Esc, Lac, Mcl 
Loss. Replace LAra,Man,Sor,AMDG.Lac,Mcl ,Amd 
Add .Replace NAG.Cc I. Ma l,Gcn 
Add Mal 
L<>ss Dxy l,BMD X. OArl 
Add,Replace 13M DX,DRaf,Gen, OT lIr . Darl.G nle 
Loss Rib,OTur 

S ui t ab le 
Ic mpod 

)0 
)7 
)7 
)7 
30 
37 
37 
30 
37 
30 
130lh 

c Variabi lity. number of carboh ydrates the strain showed altered metabo lic responsc to by the change in the incubation temperature, 
dAdd, Able to cataboli ze addi tional carboh ydrate; Loss. Unable 10 cataboli ze a specifi c carbohydrate degraded at 30°C; Replaee. Shift to metabolize another 
carbohydrate in lieu. 
eAbbrevialions to carbohydrates:G ly,Glycerol; DAra.D-Arabinose; LA ra.L-Arabinose; Rib,Ribose; DX yl.D-Xylose; LX yI.L-Xylose; I3 MDX. BM elhyl·D­
Xy loside; Gal .Galactose ; FrIJ,FrucWsc; Mne.Matl llose ; S"I.Salic ine; Sbe.Sorbose ; Su.Sllcrose; Rha,Rhal11 nose:1no. lnositol ; Man, 
Mannito l ;Sor ,Sorbitol;A MDM .A-Methyl-DMannoside:NAG.N-Acetylg lucosam inc; Amy, Amygdaline; Arb,Arbut in ; Esc,Escu lin; Cel.Cellobiose: 
Mal.M altose: Lac. Lactose: Mel .Meli biose; Tre,Trehalose; Inn .lnulin ; MI ~ ,Mclez itose ; DRaf, Raffinose: Amd.Starch: Glg,Glycogen; Xlt ,Xylitol: 
Gen.Gentiobiose: D'I'ur.D·Turanose: DLyx .D- Lyxose; DTag, D-Tagatose; DFuc. D-Fucose; DArI. D-Arabito!: Gnte,Glucol1 ate: 2KG.2-Ketogluconate; 
5 KG,S· Kctogluconate. 
fS uitabl e tcmperature , temperature at which the distin ctive metabolic properties arc retained_ 
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CHAPTER FOUR 

DISCUSSION 

4.1. The effect of bakillg heat 011 the alllimicrobial properties of tef 

dough, kOc/IO, illjera, aradisame alld fate of pathogell al/d 

cOlltamillallts 

Contamination of lef seeds or flour or later on while preparing dough usmg wmer 

containing such pathogens and spoilage organisms or of kocho from various sourtes dunng or 

after fermentation is inevitable and unavoidable. The overall microbial spectrum and load 10 lei 

flour and erue/ is wide and very high before the initiation of fermentation Iligaru. 1992: 

Nigam, unpublished data). However. the diversity and populations were reduced by the 

fe rmentation processes giving rise to the predominance of LAB. However. Bacillus pp., 

yeasts and moulds were also abundant at lower pH values (Nigatu and Gashe, 1997). The 

effect of fermentation on spoilage and disease-causi ng bacteria of asporogenous and spore­

bearing, gram-positive and gram-negative nature in these two fermented foods has been 

previously investigated (Nigaru and Gashe, 1994a,b) while the effect of baking heat was not 

clear. 

In the current srudy the effect of heat treatment on the antimicrobial prope:I1ies of these 

foods was evaluated by monilOring the fate of bacteria, epi phytic yeasts and moulds "hen 

introduced in extracts of these foods. The resul ts showed that heat treatment promoted the 

inhi bitory effects of the aqueous extracts from both foods against the test organisms and the 

impact was highest at 80°e. This effec t was very strong from extracts of kocho on both Ps 

aeruginosa and B. cereus where growth was totally arrested and survival prevented nght from 

lower concentrations in supernatants heat-treated at 61 °e and 80
0 e. This occurred although the 
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pH was still high (up to 6.00). The effects of lef dough extracts .... cre rather rnoda<lte tb 

compared to those of Iwcho. Pseudomonas aeruginosQ was mOrt affected than B CI!T~UJ . 

where the supernatant heat-treated at 80°C caused a severe effect and grOYoth was totally halted 

at 50% extract:broth ralio survival. 

Baking heat reduced the popula1ions of surviving bacteria. )C3SlS and moulds 10 both 

foods lowering the total count in the final baked product from the levels obser.ed In the 

doughs by 5 log units in injero and by 3 log units in aradisame (compare Tables 7 and 8). The 

population of B. cereus was reduced likewise by more than 3 log units in !n;tro and by I log 

unit in kocho and in all cases these levels were far below the infective dose level for U1JS 

organism (5xI0' cfulg of food)( Doyle, 1989) . 

Further looking into the antimicrobial effects of injera and aradisame. addition of 

increased volumes of extracts from injera reduced the pH of the broth substantially IlI1d thus 

affected all of the test organisms. Most affected were Ps. aeruginosa and Salmonella spp. than 

the rest but their population levels all decreased around pH 3.8 where the volume of extrnct In 

broth was 40%. In aradisame extracts the effects were much amplified that although the pH 

drop was not so sharp as caused by in/era, the trend was towards inactivating almost al l of the 

test organisms uni fo rmly. Survival was nearly tomll y halted at about pH 4.7 where the extract 

concentration approached 40% by volume. The epiphytic yeasts and moulds were also affected 

by the baking heat but not entirely eliminated. 

From this study, therefore, it was noti ced that irrespettive of the points of 

contamination during the preparation of in/era and kocho bread. the multiple effects of 

fe rmentation and baking heat would destroy viable asporogenous pathogenic bactena. Thus 

baking is complementary to the process of femlentation. Regarding the safety le\els of the 

baked products, most afthe micraflora were inactivated or reduced to a very low level by the 

baking heal. In/era and aradisame also appeared self protective against the proliferatIOn of 

asporogenous pathogenic and spoilage bacteria. but still contained sport.formmg bactenll. 

yeasts and moulds. The actual baking temperatures for both foods are, higher than those used 

. . . bak' . "0 'IS m'lnimized or prevented. the products 
In thiS study, therefore, If post· 'mg contamma I n 
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appear to be microbiologicall y safe. However, funher studies on aflatoxlOs arc reqUired before 

we are assured of the safety of kocho. 

4. 2. RAPD f or discrimillatioll of PediococcllS pelllosacells alld 

Ped acidilactici alld for straill typillg ill pediococci 

The genus Pediococcus is so homogenous that species delineation remained difficult 

by mere phenotypic parameters (Garvie, 1986). Even with the use of genetic methods. such as 

16S rRNA sequence data, were used, species such as Ped. acidilacrici and Ped pemosaceus 

show a sequence homolgy of 98.3% (Collins. el of., 1990). This percent homologies IS above 

the 97% for a well defined species (Slackebrandt and Goebel. 1994). uch a procedure. thus. 

could not reveal all the interspecific differences in thi s genus. As a consequence. more 

sensitive methods like DNA:DNA hybridization have been suggested (Back. I 978a.b; 

Dellagi io, el of. , 1981 ; Tanasupawat, et of., 1993) which are however. nOt rapid and applicable 

in most laboratories. 

In this study, the RAPD procedure devd opt:d for Lb. plan/arum using a 9-mcr primer 

was employed (Johansson, el 01., J995c) to differentiate the species of Pediococclts The 

results revealed distinct bands that enabled easy discrimination between the ta-ca. The different 

species had pecul iar bands of certain molecular weight which in most cases were specific 10 n 

stram. 

As a result, Ped acidilactici and Ped penlosaceus were clearly differentiated from one 

another. 

Numerical analyses of the gel images in the GelCompar progrnm using the Pearson prod t 

moment correlation coefficient (r) and UPGMA clustering algorithm clarified the degree of 

similarity and extent of relatedness between the type strains as shown in Figure II 

The results could also be used to compare band panems of field isolates with Iype or 

reference strains and thus group relmed isolates together as ShO\\l1 in section 3 4 The 
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procedure has been found simple, rapid fo r grouping of isoialC'S, applicable fo r a1l Species of 

pediococci and panicularly useful [0 differentiate between strains of Ped penlOSaCtUJ and Ped 

acidilactici. 

4.3. Identification o!pediococci!rom koclto al/d Ie! 

Pediococci are common in femlent ing plan! materials such as fermenting vegetables 

and leaves, silage (Dellaglio, el ai. , 1981 ; Simpson and Taguchi. 1995) and legumes such as 

soya beans and cereals in the form of flour (Salovaara 1993) as well as fo r fermenting meal 

They have been previously identified as the major fermentat ive LAB in /cocho and lef dough 

(Gashe 1985, 1987; Nigatu and Gashe 1994a,b) and thei r metabol ic contribution towards 

acceptable and wholesome products should be of paramount importance. It has also been 

shown that pediococci isolates from fennented kocho and lef dough have In V/fro and In Sllfi 

antagonistic effects against different spoi lage and pathogenic bacteria I igaru and Goshe 

1994a,b) . 

Based on phenotypic criteria Gashe (1985. 1987) reported the occurrence of Ped 

penlosaceus both in Ie/and kocho . In the current study the numerical analysts resuils of the 

RAPD band profiles revealed the prevalence of this taxon and also all of the other known 

species. The numerical analyses of both RAPD and API 50 CH profiles were also supporti ve 

of each other. The 16S rRNA sequence analyses also confinned that majority of the isolates 

belonged to this species. From this pattern therefore, the results of genetic identification 

agree \vith the phenotypic assignment of iso lates from these two foods in that in both foods 

Ped penlosaceus appears the major taxon. 

This study showed the presence of most species of this taxon in these t\\O foods. lef 

providing a relatively bener microenvironment as implied by itS accommodallon of higher 

populations from the diverse species as opposed to that of kocho \\ hich was predommated 

by a single species. The dominant species in bOlh lef dough and kocho was Ped penlosoceus 

and sim ilar observations have been reported by Gashe (1985: 1987). There \\ere also II lot of 
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Ped acidilactici and Ped. parvulus from tef wh",le P.d " urmae-equlI isolates "Crt re meted 
to kocho. 

Earlier reports (Garvie 1986) indicated that most pediococci species are limited to 

distinct habitats because species like Ped. pentosaceus. Ped ac,dliacllCl and Ped umwt­

equii were known to have been restricted to microenvironmems where pentoses were plcnt) 

In this study it was observed that many isolates from both foods \~ ere affiliated to Ped 

penlosaceus implying its abundance. Only two isolates representing Ped urmoe-equll 

originated from kocho . 

Concerning the ecological relationships of pediococci, in fermenting tef dough and 

kocho. mOSt contributory to the desired properties of the products should be from those 

species which are more abundant. Thus in lef Ped penroslIcells, Ped parvulus and Ped. 

acidifaclici appear very abundant. Probably the rapid acidification of the dough in a da) or 

two migh t also have some relationships particularly with a ta.xon such as Ped acidilac/lC/ In 

kocho it takes longer for the pH to decrease and the mOSt important changes seem to be 

amylolysis and other activities. Most other pediococci with the exception of Ped 

penlOsaceus might not be that important since other genera, such as Lacfobacillus, also 

predominate (Nigatu, et al. unpublished data). Nevertheless, pediococci might have a 

prominent role regarding flavour, aroma development and safety in both foods although their 

popUlation could be reduced at later stages of fermentation at lower pH values. This could 

also be related with the broad metabolic profiles of our pediococci isolates. The metabolism 

of maltose could be of important ecological attribute for the predominance of lactobacilli In 

such foods. The higher test vigours observed might also be pivotal to the succession of 

pediococci in ref and kocho. 

Pediococcus penrosaceus, Ped. acidilactici and Ped inopinllws are commonly found 

in fermenting vegetables while. The fi rst two species are also used for the fermentation of 

vegetables, meats and as nonstarter bacteria in cheese ripening (Garvie 19 6; Impson and 

Taguchi , 1995). The predominance of Ped. penlOsaceus amongst the total number of Isolates 
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in this study (58%) may be attn'buted to th b" f ' e U Iquny 0 thiS SpeclCS m fermenting plant-

based acidic products where fermentable sugars are available The lo"cr pH values In both 

foods might as well favour its proliferation more than Ped acidtlucllcl v.tlich is lnov.l1 10 

thrive best in acidic microenvironments (Garvie 19 6). The less occurrence of P~d 

dextrinicus and Ped. damnoslIs could also be related to the ir preference to higher pH \alues 

than as in the fermented lefor koeha. Ped urinae-equii, an alkallphihc species, might have 

been introduced in to lef by animals used for tram pling of tei seeds (Gashe 1985) and In 

kocho by its exposure to litter and drainage during the fe rmemation and storage processes In 

the back yard. 

The presence of these diverse species in kocho and Ie/dough could be responsible for 

the prolonged shelf life and safety against food associated pathogens since pe:diococci are 

well known for production of inhibitory substances and thereby creating hostile 

microenvironmems to aerobic bacteria (Nigatu and Gashe 199-4a.b: Simpson and Tnguch!. 

1995), 

In the present study we have not been able to assign 46 isolates into an) one of the 

known Pediococcus species using RAPD. An appareOl problem with Ihe taxonomy of 

ped iococc i observed in this study was the close relationship of the polymorphic DNA 

panerns of the type strains Ped. damnosus CCUGJ225 I T and Ped. dexlrinicus CCUG I 83 -4 T 

than anyone of the field iso lates. The very high sequence homology shared within the 

different species as well observed in between Ped. acidilactici and Ped. penlosacelLs (98.3 ) 

(Collins et af. 1990) is a usual difficulty to delineate a species in pediococci. This close 

relatedness was also encountered from the hi gher 16 rRt'JA sequence similari ties even 

between those isolates di scriminated using RAPD. The RAPD procedure was ho\\ever. 

disc rimi native in most of the species as we have observed its differentiation potentltd 

coupled with the statistical software UPGMA as applied to the GeiCompar version 4 O. a 

far the data generated in this study support the appropriateness nnd use of RAPD as a 

relevant and rapid genetic grouping and identification too l for pediococci at the species 

level. Other complementary procedures should be used with RAPDs to gel concJusl\'c 
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identification. 

Moreover the presence o(un"d (fi d P d' , I en I Ie e IOCOCCUJ Isolates With relau\el) different 

RAPD-pattems from the type strains of known species. though the methods of corre lauon 

and associat ion used were very sensitive, suggests the need for thorough study and 

description from such tropical tradi tional fennented foods. 

4.4. Identification of lactobacilli from kocilO and tef 

Previous studies on lactobacilli isolates from fermented lef and kocho have shovm their 

abundance at lower pH values and thei r contribution to the desired charactensllc fermentation 

properties of the t\vo indigenous lactic acid fermented foods. Gashe (19 5, 1987) 

phenotypically identified lactobacilli isolates from lei and kocho thereby shoWIng the 

predominance of Lb. planrarum, Lb. fermenlllm and Lb brevis in lei and Lb coryn/form1s 

subsp. coryniformis followed by Lb. plamarum in kocho. 

In the current study, clustering analysis of the RAPD genetic fingerprints from eac h of 

the food isolates along with known type and reference stmins resulted in grouping of the 

iso lates around the genetically closely related type stmin of LactobocilJus and WelSsellu 

species (Table 12). As a result 87 isolates were grouped in 14 clusters, II of which Included 

type strains. Eight clusters contained 38 isolates clearly identified based on the agreement of 

the API 50 CH profi les, RAPD band pattern relationships and DNA'D A homologies. 

Accordingly, those isolates from clusters 8, 9, 10, II and 12 were found more related to Lb 

planrarum although in the RAPD clustering the interference of Lb slIeb,cus. Lb am)/o\'Of'US 

and Lb. homohiochi masked the clear relalcdness of the isolates 10 this species. The RAPD 

clustering has tightly grouped 31 isolates in cluster I. but unaffiliated 10 an)' one of the t)PC 

strains. The DNA:DNA homology data for tWO of the isolates from thIS cluster ho\lted 

re latedness to Lb. plan/arllm. However, this cluster appeared to be dlslMti) related to thIS 
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species. 

Isolates related to W. minor were also tightly related and SC\ cn or the 19 membtn 'An"C 

entirely WlIelated to Lb. planrarum based on their 0 1 A DNA re35SOCUI110n results One o( 

these isolates, of course, had a relaled AP I pattern to Lb plan/arum (d.na not sho"n, The 

phenotypic traits could thus be similar, but as long as there is no genctJc rel:uedrle$$ bctvoecn 

the members of this cluster with Lb. p ianrarllltl then this cluster could be laken 3$ a clearl) 

defined group containing only isolates belonging to W. minor. A similar. but clear, clustenng 

was apparent for cluster 14 where all member isolates were disti nct and close to IV kond/en 

On the other hand, unaffiliated clusters from distantly related groups to Lb plomarum 

contai ned genetically unrelated isolates !O this species as revealed by both the RAPD and 

DNA DNA hybridization results. 

Consequently then, using this strategy of groupi ng unknown lactobacilli iseliu!'s "Ith 

RA PD, and later evaluate the API 50 CH fennentation patterns of representat ... 'e Isolates 

fro m each cluster and eventually confirming with DNA:DNA hybridization or more specific 

genetic tool has been found efficient to assess the suitabil ity of the RAPD procedure Thus 

from this study it was observed that RAPD could serve group isolates re lated to Lb 

plantarum. Weissella minor. W. con/usa. W. kandieri and Lb. ~·accinoslercus. Ho\\ever. the 

mismatch between those isolates related to Lb. pial/tarum with Lb slleblcus. Lb 

amylovorliS. Lb. homohiochi and Lb. paraplanwrum should be treated carefully wilh more 

specific methods. Thus in using diverse and large number of field isolates. RAPD could not 

be taken as a single method of identification in most Lactobacillus species. 

Regarding species composition of the known isolates Weissella species appeared 10 

have been restricted to kocho and most wert identifi ed as If' minor and If' ktmdltn Isolates 

related to Lb. plantar"m, as identified by th~ three methods. wert from both foods Then. It 

seems that Weissella species might have had prominent roles in kocho \\-hile Lb plantarum 

being essential in both foods. 

Comparison of the spectra of species in igerinn gi and the \\edlsh urdough 

(Johansson, el ai, I 995a) with lef and kocho revealed that the prevalence of \\lder spectrwn of 
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lactobacill i in the later two foods (Tables 1 J). The fennentatlon profiles of the lSOWCS In the 

laner two foods have also apparently displayed the presence of Slr.l.tns possc:s.slng "'100 ana), 

of metabo lic activi ties and also shown by the higher tCSt vigor values (ma.'(Imwn ot 6)',.) 

which could again be indicative of their important role in the fennentalJon of thc!JC rno 

traditional acidic foods. 

Apart from these Lactobacillus and Weissel/a species. in another study It has been "ell 

demonstrated that different species of pediococci have been isolated from both foods (Nigalu. 

el af., 1998). All of the lactobacilli and the pediococci tested igatu. e/ 01. unpublished data) 

have assimilated maltose and majority of them utilized both pentoses and he.'<~s . uch 

heterofennentative traits appear particularly important in fennenting foods such lIS lei dough 

and kocho for the desired organoleptic properties. Of 35 lactobacilli isolates from kocho. (~~. 

were capable of uti lizing starch. out of which 21 % used hydrolyzed starch as their sole source 

of carbon. Amongst the lei isolates only two of the seven strains (ca. 290/0) sloy,.ly degraded 

starch whereas the rest did not at all. Therefore. the occurrence of such amyloi)tlc str.URS 

might be an advantage for the utilization of the starch in kocho. In ConU'3St 10 lef dough 

Therefore, it appears that this trait endows more chance for lactobacilli towards compelltl\oe 

dominance in kocho over other saccharolytic and amylolytic organisms so to cause rapid 

acidi fication and proliferate in the later stages of femlenlnlion. Besides this. lactobaCilli Isolates 

from both foods. mainly from kocho. substantially hydrolyzed starch. 

Apparentl y, all tested isolates assimilated maltose. The Ildvanlage of maltoSt 

assimilation in Lb, san francisco was well reviewed by Gobbcui and Corsetti (1997) and 

showed that it is a key property particularly for the dominance of lactobacilli In sourdough 

This peculiar property of possessing maltose phosphorylase was found unique to Lb 

san francisco, Lb. reuteri and Lb. jermenwm amongst the lactobacilli (Vogel. tl 01 1(94). TIus 

inherent trait of most of our isolates to phosphorylate maltose would. therdore. be: of 

ecological advantage for the essential succession of lactobacilli In the doughs Md might 

. . I r I .r and kocho The 0\ crull test '180"" or the contribute to the safety and nutnllOna a5pt."'ClS 0 eJ . 
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tested isolates were also high implying their wider enzym ,. and .L. 
a Ie aclt!VIUCS Importance tn ''Il10 

fennentation of the two foods. 

Regarding the discriminatory potential of the RAPD procedW"e. IlS "1:'11 sho14l1 10 the 

band profi les fo r the type and reference strains and food isolates (Figures 15 and 16). each of 

the strains had well amplified distinct bands which makes it identifiable Ilnd also relAted to 

some strain possessing similar patterns. Apparently we have found It simple and 'itt') 

convenient to first group isolates using this RAPD procedure, then charactenze rtprescnlall\C 

strains from each cluster based on metabolic profiles and later on confirm the taxonomic 

identity with hybridization or other specific genetic methods. This strategy of groupmg field 

isolates along with type strains using RAPD as a basis for further selection Ilnd defimtlon of a 

taxon or taxa, could be of remarkable benefit because it is rapid and efTecti\e 

Moreover, from this srudy we have noticed mal the use of RAPD for ropid 

grouping of a large nwnber of isolates facilitates idenlification in LActobacillus specIes. lbc 

RA PD procedure employed has also proven its suitability and consistenc) as we used It 

repeatedly for the same strains from different cultures in different experimentS and obtained ~ 

same result. Nevertheless, RAPD might not be a regorous method to use as II Single 

identification procedure particularly with large numbers of field isolates because of the 

poss ible ambiguities where some of the Lactobacillus spp. might be misallocated. Therefore. 

the use of polyphasic evaluation including sensiti ve genetic procedures remains crucial for 

precise identification of new isolates. 

4.5. RAPD for distinction of Lactobacilllls type stN/illS 

In this study it was demonstrated that RAPD is capable of distinguishing bel"een the 

type strains of a large proportion of the recognized Laclobociflus species. The use of a 

broad-range molecular weight marker has been found helpful 10 accommodate de\elopcd 

bands from all of the strains_ 
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Earlier studies have shown the application of RAPO to dlscnmUl311: bcllol.ttn 

different strains and species of Lactobacillus (Du Plessis and Ole 995 L ____ _ . I • Jo,~_n . ., aI 

1995c; Van Reenen and Dicks, 1996; Hamad, et 01, 1997). 10 all of these studlCS rei u\c1)" 

fewer numbers of spec ies have been compared . 

Kandler and Weiss (1986) have mentioned the difficulty of rehabl) dlfferentl8ung 

between strains of the groups, Lb. acidophillls. Lb. gosse" and Lb amylovorUJ. Lb 

delbrueckii and Lb. jensenii; and Lb. jermenrllm and Lb reuter; by simple phYSIOlogl al 

tests and thus it was essential to perfoml DNA:D A hybridization or slmi illr geneuc 

analyses. In this study we demonstrate the clear distinction between the type stmms 10 all of 

these three groups. Van Reenen and Dicks (1996) have also shown previously the 

discriminability of Lb. plan/arum, Lb. casei, Lb. paracasei, Lb sake and Lb pentosus using 

RAPD and simi lar to but right at lower similarity values. An interesting observation from 

this study was therefore, the clear separation of all lype strains nght at lower le\-els of 

similarity. The higher leve l of clustering of all of the Lb. plantarum strains also explains that 

this association was based on genetic relatedness. Basically the degree of relatedness has 

much to do with the number of bands of same molecular weight \~hich related slr-nns shllre 

in commo n. The three species of Weissetla included still showed more relatedness to the 

lactobacilli than to each other. This is to be expected as most of the Welssella species 

originally belonged to the genus LaclObacillus (Collins. e ( al .. 1993). The subspecies of Lb 

casei also clustered separately appeared to share more common bands wi th strams of other 

species than amongst themselves. From this point of view then it appe:lfS very Important fo r 

this RAPD procedure to be able to separate distinct species and related stroms at vanoWi 

levels of simi larities. The use of UPGMA coupled with the Pearson product moment 

correlation coefficient (r) in the GelCompar version 4.0 program has further demonstrated 

the efficie nt use of this RAPD procedure fo r distinction of Lactobacillus species As II has 

. r P d· spec ies by igatu. it 01 (199 ). thiS also been utilized for discrimination a e 10COCCIIS 

method could be used as a rapid , efficient and reproducible genetic tool fo r groUplOg and 
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identification between the many species of Locfobactllus_ met usc of pure and uthenll~ 

culture and consistency of the procedure, however. remains mdlspcruable for reprociUClblllt) 

and prec ision. Furthermore, the use of more strains from each specie "Quid be of 

paramount importance to furthe r elucidate the identification and groupmg capacll) of the 

procedure . Moreover, as the inclusion of field strains can muddle the discnmu1J,uon bcl\1.een 

spec ies due to variations in bimd pauems and random similanlles occumng WIthin and 

between field and type strains. 

4.6. Effect ofincubatioll temperature Oil API 50 CH metabolic 
profiles of Lactobacillus species alld related taxa 

Phenotypic identification in Lactobacillus is usually carried out based on carbohydmte 

fennentation patterns of an isolate as compared to those of type stIams. uch a method has 

been in use since the beginning of microbiology and still remains indispensable Consequent!) 

common estabUshed trends of the uaits for a given species are presented In the Bergey's 

manual and other related literature (Kandler and Weiss, 1986). The results of carboh)'drate 

fennentation might be inconsistent in some strains for various reasons amongst ""hleh 

temperature of incubation could be one important factor. Therefore. the enrboh)drate 

util ization patterns of 49 lactobacilli type and reference strains falling within 43 lActobacillus. 

one Atopobium and three Weissella species were evaluated. Two Icmpemlures of incubation 

(30QC and 37QC) were used to see if there was consistency in the fermentation patterns of the 

49 carbohydrates, heterosides and polyaicohols in the API 50 CH system by the bactena. 

Amongst the studied lactobacilli and strai ns of related ta."<a regarding their habitats. 

34 were knowll to be associated \\~th plants and foods or ubiquitous and 13 to animals. 

Those strains belonging to AlOpobium uli. Lb. amylophilus, Lb. coryniforml5. Lb gromtnu. 

Lb. hilgardii, Lb. paracasei subsp. tolerans. Lb. penlOSus. Lb vagmalis and Lb rhamnosUJ 

had unaltered patterns despite the change in the incubat ion tem penuure from 30°C to 37°C. 

All of the strains except Aropobium uli. Lb. rhall/nosus and Lb \'agmalis arc related to plant 
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habitats. The rest 36 strains were affetted by th h 
e c ange 10 Incubation temperatUt'C This 

demonstrated the presence of a strong intra-strain n t boh d bo uc uatlon 10 car ) nue meu hsm 
patterns in Lactobacillus species due to thennal e~ec,s Th nil· WId III . ese UctuallOns "Crt a.so 0 

to be higher in obligately homofermentative (OHo) species such as Lb d~Jbruukll subsp 

delbrueckii and Lb. jensenii than any of the other species. The subspecies of Lb delbrueckll 

vary in thei r degree of difference in carbohydrate metabolism and temperature preference 

For example Lb. casei subsp. casei and Lb. case; subsp. loierans differ in that the former IS 

not affected by the change in the temperature of incubation while the later fermented man) 

carbohydrates at 37°C than at 30°C implying that these subspecIes ha\C different 

mechanisms for adaptations. On the other hand. the variation was mlmmum In the 

heterofermentalive spec ies. An exception from the obligately hctcrofennentatl\c group was 

Lb. malefermentans which showed a typical metabolic restriction to 30°C and failure to 

utilize anyone of the sugars at )70c. This revealed its strong adaptation to the lo"cr 

temperature, The overall trend in the plant and food associated species sho\~cd bettcr abdlt> 

to utili ze more substrates at 30°C than at }j°C. There was a marked differencc observed In 

between plant and animal associated species with regard to temperature preferencc Most of 

the strains from the plant species (21 strains) were metabolized beller at 30°C while most 

animal-associated strains (seven strains) metabol ized more sugars at )7°C. 

Further analysis of the suitable temperature which enabled retention of mlL'(lmum 

spectrum of distinctive metabolic features of a spec ies showed no general trend and It \\-as 

rathe r strain specific. In general however, 19 strains had consisteOl rcsults at 30°C and II 

were strictly preferential to 37°C while the remaining four were equally vigourous \\-,thout 

marked deviation at both temperatures although in all cases there \~ere shifts 10 the t)'pcs and 

h t Therefore the o\'crnll obscr-.atlon numbers of substrates fennented at eae tempera ure. . 

leads to avoidance of general ization for plant or animal associated Slnll ns though maJont) of 

b" t tend to favour 30°C "hlle 10 ContnlSt the plant-assoc iated and those of u tqUIlous na ure 
. . d . k t ... 7°C Then Il seems rather cssenua.l to most of the animal-asSOCiated species ten to sue 0.) . 
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follow a specific incubation temperature particularly fo r those smuos ha\tng \hov.n 

variations. Nevertheless, for those with stable panems (Table 15) and those "'1m chanam 

profiles but not affecting their typical key metabolic trailS (Tables 16 and 17) mulu 

obtained from anyone of the two temperalures could be dependable. 

Another interesting observation was that except two species. all the 15 stmln$ sho .... tng 

preference to 30°C were heterofennemers. Conversely 6 of the 11 simms fa .. ounng 370C 

were homofennemers while three of the four strains not drastically affected by the change In 

the temperature were all heterofermentati ve species (Tables 16 and 17). From this fact then 

it appears that a heterofermentative type of metabolism seems to have a lov.er tempc:nllurt 

optima fo r effective regulation and expression of enzymes. In contrast agam higher 

temperature might narrow spectrum of enzymatic activity and hence limit an orgnnism to 11 

homo fermentative metabolic profile which also appears to unfavour heterofennentation It 

therefore seems very likely that in food· and plant-associated laclObacilii maximum arm) of 

metabolic expression might be possible or accelerated al 30°C than al 37°C. nd the re\-erse 

might be true fo r those of intestinal and/or animal-origin. In line with this. strams With stable 

patterns would likely have enzymes aClive al wider lemperalUre ranges and might also have 

tolerance to stress . 

Ahrne and Molin (1991 ) have shown that metabolism of raffinose is changed due to 

spontaneous mutations in Lb. planfarum A TCC80 14. As a result they concluded that the 

mutant phenomenon could hinder the use of carbohydrate fermentation profiles for 

Lactobacillus identification. However, concerning application of API 50 CH fermentation 

profi les has generally been found to be an appropriate. reproducible and reliable taxonomic 

method for those species of Lactobacillus with stable patterns. Such organisms could be 

drawn from two sources, namely those whose patterns are nOI affected by the change m 

temperature (Table 15) and those with few or lower levels of aiter.ltlons where the changes 

. h h I 'sl,'e ermenlation n.'luem for the specie do not cause marked difference In I e c arac en ,..-

(Kandler and Weiss, 1986; Hammes and Vogel. 1995) (Table 16). Ther<for<. Lb 

amylophilus. Lb. case; subsp. case;. Lb. jermetlfllm. Lb gram/fils. Lb htlgcJl'JI/ Lb 
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paracasei subsp. lo/erans, Lb. paraplantarum, Lb rhamnosU!/. Lb ~11I0SUJ and Lb 

vagina/is (Table 15) arc not afTectedby temperature change. \\'bl le Lb co'}niformu Lb 

parabuchneri, Lb. plantarum, Lb. salivarius subsp. salivQrlUJ and HI mmor had a ... ery 10\10 

level of variation which did not affect their differential charaClenstlcs as outhned In 1M 

Bergey ' s manual (Kandler and Weiss, ' ?86) and presemed by Hammes and Vogel (1995) . 

Thus it would seem logical to include them with the 'first group. Ho"e .. er. In aillhe rest of 

the stud ied species it appears highly unlikely to get reliable resuhs since the differences am 

high. 

As outlined by Kandler and Weiss ( 1986), all animal -associated lactobacilli (the 

homofennenters according to their grouping) do nOt characteristically fennent gluconate. 

melezitose , ribose and xylose but only do the faculta tive heterofermemers. Contrary to thiS 

however, in our stdy, assimilation of these compounds was observed In plant IlSSOCt3ted 

species due to the effect of temperature. Such a diffemece. therefo re. is In disagreement With 

the de fin itive properly outlined in the Bergey's manual fo r a particular spetles. From thiS 

(hen it could be inferred that majority of the plant related species and some of the tlmm31 

associated ones need to be compared at 30°C and most intestinal strains at 37°C. Moreo ... er. 

it appears very essential to stick to a temperature optimum fo r a particular species . 
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CONCLUSIO S 
From the different studies compi led in this thesiS the (01l0'W10g Ideas ~nt gentr:W!d 

The doughs and freshly baked products of kocho and lei " Crt capable of 1n.1ctl\ IUna 
asporogenous pathogenic and spoilage bacteria and were considered to be mlcroblologlcall) 

safe. However, strict care needs to be taken at the pre- and post-baking stages 

The isolation of diverse strains of Lactobacilll/S, PediococcUJ and Weustlla Spec ies 

from fennented kocho and tef dough has good implications thai these foods might possess 

valuable inherent properties found in LAB fennented foods. The wide metabolic performance 

of the isolates, such as metabolism of mahose and starch. contri bute to the predom1ll3nce of 

lactobacilli and eventual production of desired aroma. texture, flavour and preservau\ e5 of the 

products. 

The use of RAPD coupled with the GelCompar program has been found qUilt: M:lpful 

in screening large numbers of field isolates for relatedness although inherent short comlOgs. 

such as inability to differentiate between closely related speties of Loclobactllus. need to be 

recti fied by supplementing with other sensiti ve genetic tools like DNA.DNA hybndlZ3t1On 

The use of DNA:DNA hybridization remained essentially cruc ial for ultimate Identification of 

an isolate. The use of 16S rRNA sequence data in Pediococcus speties had less relevance 10 

delineati ng species as a result of the unavoidable hi gh leve ls of interspeci fic sequence 

homologies. 

API 50 CH fermentation profiles are a reliable method for the evaluation of metabolic 

perfonnance of an isolate in both Lactobacillus and Pediococcus. However. the fennentatlon 

profi les were dependent on the temperature used. There \\ere variations 10 profiles " hen the 

type strains of a lot of the Loctobacillus species were tested at 30°C and 37°C. 

~t~ ___________________ ~ 
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