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1. Introduction 
 
The beneficial health effects of fermented milk have been recognised for many years.  
The study of beneficial bacteria lead the 1908 Nobel Prize Winner, Ellie Metchnikoff, 
to start drinking fermented milk and yogurt. Metchnikoff claimed to have experienced 
improved health and well-being. 
 
He studied the phenomenon in a large number of people in Bulgaria living to be over 
100 years old, and he attributed their health and longevity to a micro-organism in the 
widely eaten Bulgarian yogurt (Metchnikoff 1907). Metchnikoff named this micro-
organism after the Bulgarians - Lactobacillus delbrueckii subsp bulgaricus. 
 
Lactobacillus bulgaricus is just one of the many species of micro-organisms that have 
been shown to be beneficial to health. Micro-organisms considered to be beneficial to 
the human body include examples from the genera Lactobacillus, Streptococcus, 
Bifidobacterium, and Saccharomyces.  
 
Specific organisms include: Lactobacillus bulgaricus, L. acidophilus, L. casei, L. 
rueteri, Streptococcus lactis, S. citrovorus, Bifidobacterium bifidium, Saccharomyces 
boulardii and many others. 
 
Metchnikoff was the first to recognize the problems caused by the "die-off" of friendly 
bacteria in the intestines and the first doctor of modern medicine to recognize the 
disorder we now call Dysbiosis (irregular and abnormal intestinal flora). 
 
Whilst it is now well accepted that the bacterial population of the lower gut does play 
an important role in maintaining health in an individual, there is still debate about 
which organisms are the most beneficial and usually it is a mixed flora of organisms 
(and some 400 species have been identified) that are considered the most beneficial. 
However, amongst the most important species are the Lactobacilli sp. A balanced 
flora of gut organisms helps to protect the gut against pathogenic organisms, 
regulates bowel function and provides the means for the manufacture of a range of 
essential nutrients (certain B vitamins and vitamin K). More speculative claims, but 
with increasing evidence to support them, suggest that a balanced gut flora can be 
helpful as regards arthritis, colitis and a number of other inflammatory diseases as 
well as boosting the immune system.  
 
Along with the Lactobacilli, the Bifidobacteria genus are considered important for 
health and often the term lactic acid bacteria (LAB) products is used to describe 
products that contain these two common groups of organisms. However there are 
other species such as certain Streptococci that are also used commercially for 
fermented food products. The Genus of the bacteria is important but worldwide the 
species used varies greatly and different species are claimed to have different 
beneficial effects. In the UK the main bacteria used to produce yoghurt are 
Lactobacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus delbrueckii and 
Streptococcus thermophilus. 
 
As stated above, the normal manner in which the Probiotic organisms are delivered 
to the gut is via a fermented milk product. However, there are many people who do 
not like fermented milk products, some who are allergic to milk, some who are 
lactose intolerant (but the fermentation process does significantly reduce the level of 
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lactose) and thus other methods of supplying these beneficial organisms are slowly 
being explored.  
 
Functional foods (i.e. foods that have some beneficial function in addition to their 
normal nutritional benefit) that help to improve the gut flora are one of the fastest 
growing sectors of the total functional food market. Some preliminary work has been 
done to explore the potential for fortifying fruit and vegetable matrices with probiotics, 
especially the Lactobacilli organisms. 
 
 
2. Definitions 
 
2.1. Probiotics 
 
The term probiotic, is derived from the Greek language meaning 'for life', and was 
first used by Lilly and Stillwell in 1965 to describe 'substances secreted by one micro-
organism which stimulates the growth of another' and consequently was contrasted 
with the term antibiotic. 
 
The following modern definition is the closest one to the definition given by Havenaar 
and Huis In’t Veld in 1992 who defined probiotics as: 'A preparation of or a product 
containing viable, defined micro-organisms in sufficient numbers, which alter the 
microflora (by implantation or colonization) in a compartment of the host and by that 
exert beneficial health effects in this host'. 
 
 
2.2. Prebiotics 
 
The term prebiotic was introduced by Gibson and Roberfroid (1995) who defined 
prebiotics as non-digestible food ingredient(s) that beneficially affect the host by 
selectively stimulating the growth and/or activity of one, or a limited number, of 
bacteria in the colon'.  
 
This definition more or less overlaps with the definition of dietary fibre, with the 
exception of its selectivity for certain species. 
 
 
3. Project Brief 
 
The aims of this project are four-fold and are outlined as follows: 

·  to undertake a literature survey on the claimed health benefits of probiotics 
·  to review the non-milk based probiotic products available 
·  to undertake a literature survey on novel methods of probiotic delivery 
·  to undertake some laboratory based research to investigate the potential use 

of fruit and vegetables to act as carriers for lactobacilli in their role as probiotic 
foods. 

 
 Included in this would be an investigation into the most suitable species, the 
best methods for incorporating the selected micro-organisms into the fruit/veg 
matrix as well as determining the shelf-life of the product with respect to organism 
viability, storage and packaging of the product. 
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4. Outcome and potential further Benefits 
 
The project described will provide some preliminary findings to allow the concept to 
be evaluated for further study with the potential to lead to a possible research degree 
qualification. 
 
If successful the plan will be to involve an appropriate food company. The potential is 
high to develop a novel class of probiotic foods that are non-dairy based and along 
with the fruit and vegetable content, will provide a healthy and organoleptically 
pleasing functional food 
 
 
5. Project Findings 
 
5.1. Probiotics - an overview of their beneficial e ffects 
 
The development of probiotics during the past decade has signalled a significant shift 
in the food industry towards the development of functional foods.  
 
The term probiotic defined by an Expert Committee as ‘Living micro-organisms which 
upon ingestion in sufficient numbers exert health benefits beyond inherent general 
nutrition’ (Guarner and Schaafsma 1998), is broader than the definition of Havenaar 
and Huis In’t Veld (1992) since such a definition does not necessitate changes in 
intestinal microflora or supposed ‘colonisation’ or temporary colonisation of the 
human gastro-intestinal tract since the probiotic organism can exert its effects locally 
or during transient passage through the gastro-intestinal system. This definition, 
however, still sets the proviso that the micro-organisms must be alive, not 
pasteurised or otherwise inactivated. Although explicit numbers are not mentioned in 
the definition, it is usually thought that at least 109 colony forming units per day need 
to be ingested. 
 
To appreciate how probiotics work, it is necessary to understand a little about the 
physiology and microbiology of the gastro-intestinal tract and the digestive process. 
The digestive process begins as soon as food enters the mouth. When food enters 
the stomach, the micro-organisms present in the gastro-intestinal tract have the 
potential to act in a favourable, detrimental or neutral way. Microbes in the small and 
large intestine complete the digestion process. Certain non-pathogenic intestinal 
microbes are known to produce vitamins and their metabolism is non-putrefactive. 
Their presence indicates a normal healthy intestinal microflora. The metabolic end 
products of their growth are organic acids e.g. lactic and acetic acids that have a 
propensity to lower the pH of the intestinal contents, creating unsuitable conditions 
for more harmful and potentially pathogenic bacteria.  
 
Probiotics may also influence other protective functions of the intestinal mucosa e.g. 
the synthesis and secretion of antibacterial peptides such as mucins. The gastro-
intestinal tract also serves as a large mucosal surface bridging the gap between 
‘inside the body’ and ‘outside the body’ and along this mucosal interface, micro-
organisms and foreign antigens passing through or colonising the gastro-intestinal 
tract interact with important components of the immune system. This interaction 
serves to stimulate the immune system for optimal functionality. Normal microbial 
inhabitants of the gastro-intestinal tract also reinforce this barrier function of the 
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intestinal lining, which decreases the passage of bacteria or antigens from the 
intestine into the blood stream. This particular function has been suggested to 
decrease infections and possible allergic reactions to food antigens. Figure 1 shows 
a representation of the various functional activities of probiotics. 
 
 
Figure 1:  Schematic representation of the functional activities and health benefits of 
probiotics 
 

 
Ref: Parvez et al. (2006) Probiotics and their fermented food products are beneficial for health.  
 Journal of Applied Microbiology; 100, 1171–1185 

 
 
5.2. Health benefits of probiotics 
 
The table in Appendix I shows the micro-organisms commonly used as probiotics 
together with their documented health benefits in human clinical trials. 
 
5.2.1. Modulation of intestinal microflora 
 
The idea of probiotics has always been to modify the composition of the normal 
intestinal microflora from a potentially harmful and damaging composition to a 
microflora that would be beneficial for the host, e.g. this could mean a reduction in 
the number of coliforms and Clostridia and an increase in Lactobacilli and/or 
Bifidobacteria.  
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Probiotics surviving transit through the gastro-intestinal tract are more likely to cause 
an increase in faecal levels of those particular organisms, especially when initial 
levels were low. Due to competition for mucosal adhesion sites and nutrients, and 
possibly the production of antimicrobial substances, levels of certain less desirable 
genera can decrease. It is understandable that avoiding colonisation by pathogens 
and reducing the risk for over growth of potential pathogenic bacteria is beneficial to 
the host, however, in some cases too much emphasis is placed on this change in 
microflora composition without considering actual health benefits.  
 
A simple change in intestinal microflora composition is not a suitable biomarker to 
suggest a potential health benefit of a given probiotic strain, and consequently for 
some health effects, like immune modulation, it may not be necessary to obtain a 
measurable change in intestinal microflora composition. 
 
 
5.2.2. Immune modulation by probiotics 
 
In the absence of the intestinal microflora, antigen transport is increased which 
indicates that the gut microflora is an important component of the intestinal defence 
barrier. In affecting the development of gut-associated lymphoid tissue at an early 
age the gut microflora directs the regulation of systemic and local immune 
responsiveness, including hypo-responsiveness to antigens derived from micro-
organisms and food.  
 
Experimental animals lacking interleukin-10 or transforming growth factor-�  generate 
a mucosal inflammatory response to the resident gut microflora (Groux and Powrie 
1999). In several gut-related inflammatory conditions the healthy host-microbe 
interaction is disturbed and inflammation is accompanied by an imbalance in the 
intestinal microflora such that an immune response may be induced by the resident 
bacteria (Isolauri 1999). Normalisation of the properties of unbalanced native 
microflora by specific strains of healthy gut microflora constitutes the underlying 
principle of probiotic therapy.  
 
The success of probiotic therapy manifests itself in normalisation of the increased 
intestinal permeability and altered gut micro-ecology, improvement of the intestine’s 
immunological barrier functions and an improvement of the intestinal inflammatory 
response.  
 
 
5.2.3. Probiotics and allergies/eczema 
 
The prevalence of atopic allergic diseases has been gradually increasing in Western 
societies over the last few years. Although research is primarily concerned with how 
probiotics might modulate allergic reaction, they may also exert a beneficial effect by 
improving mucosal barrier function and microbial stimulation of the immune system 
(MacFarlane and Cummings 2002). Probiotic bacteria are important in down-
regulating inflammation associated with hypersensitivity reactions in patients with 
atopic eczema and food allergy (Majamaa and Isolauri 1997; Isolauri et al. 2000; 
McFarland 2000; Murch 2001; Isolauri 2004; Pohjavuori et al. 2004). 
 



 
 
 
 
 

 
 
Page�

  

 

The regulatory role of probiotics in allergic disease was first shown in a 
demonstration of the suppressive effect on lymphocyte proliferation and interleukin-4 
(IL-4) generation in vitro (Sütas et al. 1996).  
 
Subsequently the immuno-inflammatory responses to dietary antigens in allergic 
individuals were shown to be alleviated by probiotics, this in part being attributable to 
enhanced production of anti-inflammatory cytokines, e.g. interleukin-10 (IL-10) (Pessi 
et al. 2000) and transforming growth factor-�  (TGF-� ) (Haller et al. 2000), and partly 
due to control of allergic inflammation in the gut (Majamaa & Isolauri 1997). The 
mucosal dysfunction caused by inflammation, characterised by the altered rate, route 
and mode of antigen presentation, is stabilised by probiotics (Isolauri 2001).  
 
The preventive potential of probiotics in atopic disease has been demonstrated in a 
double-blind, placebo-controlled study (Kalliomäki et al. 2001). Probiotics 
administered pre- and post-natally for 6 months to children at high risk of atopic 
diseases reduced the occurrence of atopic eczema to half compared with infants 
receiving the placebo. 
 
 
5.2.4. Probiotics and treatment of diseases of the gastric and intestinal tract 
 
Probiotics have traditionally been used to treat disease related to the gastro-intestinal 
tract, although other diseases have also been suggested to be relieved by the use of 
probiotics. 
 
 
5.2.5. Alleviation of lactose intolerance 
 
Lactose intolerance, or more correctly lactose maldigestion, is caused by reduced 
production of � -galactosidase. In those individuals showing this error in metabolism, 
consumption of lactose leads to increased osmotic load in the small intestine 
resulting in the secretion of fluids which leads to loose stools (Launiala 1968). The 
associated abdominal pain linked to the consumption of lactose by lactose 
maldigesting individuals is not understood although it does not appear to solely relate 
to the production of gasses from the fermentation of lactose by the intestinal 
microflora (Lasser et al. 1975).  
 
Fermented milk products have been shown to be tolerated by lactose maldigesters 
when compared with unfermented milk products. This may be explained by the 
presence of � -galactosidase in the bacteria fermenting the milk or by the reduction of 
lactose below a critical level. Upon ingestion, the bacteria are lysed by bile in the 
small intestine; consequently the enzyme is released and degrades the lactose. 
Additionally because of the more viscous nature of fermented milks, compared with 
plain milk, gastro-caecal transit time is increased which further aids digestion of 
lactose (Vesa et al. 2000). However, this beneficial effect is usually coupled with 
products fermented with L. delbrueckii subsp. bulgaricus and S. thermophilus.  
 
To what extend probiotics contribute to the relief of lactose intolerance symptoms is 
uncertain, since some probiotics such as L. rhamnosus GG are unable to ferment 
lactose. 
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5.2.6. Probiotics and acute gastro-enteritis 
 
Acute gastro-enteritis may either be chemical, bacterial or viral in origin. Rotavirus, 
one of the most common causes of acute childhood diarrhoea, invades and 
replicates in the differentiated absorptive columnar cells of the small intestinal 
epithelium. This results in partial disruption of the intestinal mucosa causing a loss of 
microvilli, a decrease in the villus/crypt ratio and an increased intestinal permeability 
(Salim et al. 1990).  
 
Several studies have shown that selected probiotics, for example L. rhamnosus GG, 
L. reuteri, L. casei subsp Shirota and B. lactis Bb12, may shorten the duration of 
rotavirus diarrhoea by up to 1 day (Kaila et al. 1992; Saavedra et al. 1994; 
Shornikova et al. 1997). It is thought that the production of rotavirus specific IgA is 
enhanced in response to treatment with certain probiotics (Kaila et al. 1992), the 
permeability of the intestinal mucosa is reduced (Isolauri et al. 1993) and the 
composition of the intestinal microflora normalised.  
 
Antibiotic associate diarrhoea (AAD) is mainly caused by an overgrowth of 
Clostridium difficile. Probiotics in particular, Saccharomyces cerevisiae (boulardii), 
have been shown to reduce the risk for AAD (Surawicz et al. 1989).  
 
Other probiotics such as Lactobacillus rhamnosus GG, L. acidophilus and 
Enterococcus faecium SF68 have been shown to prevent or treat AAD (Gismondo et 
al. 1999).  
 
 
5.2.7. Probiotics and irritable bowel syndrome  
Probiotics show evidence of a direct effect in the treatment of inflammatory and 
functional bowel disorders. In one of the commonest functional bowel disorders, 
irritable bowel syndrome, L. plantarum 299v and DSM 9843 strains have been shown 
to reduce abdominal pain, bloating, flatulence, and constipation in clinical trials 
(Motta et al. 1991; Steidler et al. 2000; MacFarlane and Cummings 2002).  
 
It has also been shown that Saccharomyces cerevisiae (boulardii) decreased 
diarrhoea in irritable bowel syndrome, but was not effective in alleviating other 
symptoms of the syndrome (Marteau et al. 2001).  
 
As previously stated, normal gut physiology is moulded by the interaction between 
the intestinal microflora and the host’s gastro-intestinal tissues, including motility, 
absorption, secretion and intestinal permeability (Verdu and Collins 2004). 
 
 
5.2.8. Probiotics and inflammatory bowel disease  
 
Inflammatory bowel disease (IBD) is clinically characterised by two overlapping 
phenotypes, Crohn’s disease (CD) and ulcerative colitis (UC), which predominantly 
affect the colon (UC and CD) and/or the distal small intestine (CD).  
 
The aetiology of the disease is not completely understood, but a genetic 
predisposition and the normal intestinal microflora are thought to play an important 
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role. Modifying the composition and activity of the normal microflora through the use 
of probiotics may therefore positively improve the symptoms of the disease.  
 
 
5.2.9. Probiotics and constipation 
 
Constipation is a major digestive complaint especially among the institutionalised 
elderly. Constipated individuals have been shown to have a modified faecal 
microflora with reduced levels of Bifidobacteria, Bacteroides and, in particular, 
reduced levels of Clostridia. Probiotics have been suggested to relieve constipation 
(Goldin 1998; Lee et al. 1999).  
 
A review of current literature however, does not substantiate this claim. This may 
relate to the causes of constipation for example: physical inactivity, low-fibre diets 
(which may in turn have an effect on gut microflora), insufficient liquid intake and 
some drugs. The altered microflora composition is more likely to be a consequence 
rather than the cause of constipation; therefore, correcting the microflora composition 
may not always be of help in this condition. 
 
 
5.2.10. Alleviation of Inflammation/arthritis using  probiotics 
 
Probiotics exhibit direct effects locally in the gastro-intestinal tract which includes 
modulation of resident bacterial colonies and vitamin production. There are also 
indirect effects exerted at sites outside the gastro-intestinal tract e.g. the joints, lungs, 
and skin. Indirect effects most likely result from an impact on immunity, via changes 
in inflammatory mediators such as cytokines.  
 
The potential of probiotics to control allergic inflammation at an early age was 
assessed in randomized double-blind placebo-controlled studies. The results offer 
the first conclusive clinical demonstration of specific probiotic strains modifying the 
changes related to allergic inflammation. The data further indicate that probiotics may 
counteract inflammatory responses beyond the intestinal environment. The combined 
effects of these probiotic strains should guide infants through the weaning period, 
when sensitization to newly encountered antigens is initiated (Vanderhoof 2000). 
 
 
5.2.11. Probiotics and Helicobacter pylori  
 
There is some preliminary evidence that probiotic bacteria may inhibit the gastric 
colonization and activity of H. pylori, which is associated with gastritis, peptic ulcers 
and gastric cancer. 
 
Research has shown that Lactobacillus salivarius which is capable of producing high 
amounts of lactic acid can inhibit the growth of H. pylori in vitro. It was found that the 
higher the level of lactic acid production by Lactobacillus, the more potent was the 
effect on reducing H. pylori’s urease activity. 
 
By comparing L. acidophilus, L. casei and L. salivarius, it was shown that L. 
acidophilus specifically was unable to suppress H. pylori in vivo, possibly due to a 
lower level of lactic acid production resulting from poor colonization and growth in the 
stomach (Bazzoli et al. 1992).  
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5.2.12. Probiotics and Colorectal cancer 
 
The aetiology of colorectal cancer is diverse and diet has clearly been indicated to be 
involved (Greenwald et al. 2001). Diets, especially high in meat and fat or low in fibre, 
have been shown to cause changes in the composition of the intestinal microflora, 
with increasing levels of Bacteroides and Clostridia and decreased levels of 
Bifidobacterium sp (Benno et al. 1991).  
This change in microfloral composition is associated with an increase in faecal 
enzyme activity, � -glucuronidase, azoreductase, urease, nitroreductase and 
glycocholic acid reductase. These enzymes convert pro-carcinogens into 
carcinogens and may thus contribute to an increased risk for colorectal cancer. 
 
The consumption of selected Lactobacilli has been shown to reduce faecal enzyme 
activity; however, whether this also reduces the actual risk for colorectal cancer 
remains to be proven. Most, but not all, epidemiological studies suggest that regular 
consumption of fermented dairy products is related to a lowering of the risk for certain 
types of cancer (Hirayama and Rafter 2000). Some positive effects of probiotic lactic 
acid bacteria on the risk for colorectal cancer can, therefore, be anticipated although 
definite proof remains yet to be presented. 
 
 
5.2.13. Potential toxicity problems? 
 
A recent report (the Daily Telegraph January 25th 2008) describes the death of 24 
patients taking part in a trial procedure to treat acute pancreatitis with probiotics. 
Researchers at the University Medical Centre in Utrecht (Netherlands) disclosed that 
24 people had died between 2004 and 2007 during a study on whether probiotics 
affected inflammation of the pancreas in 296 people. The study was carried out 
across 15 hospitals. Whilst 24 people died in the study group only 9 people from the 
control group (Probiotic free) died. Currently the cause of the deaths is not known but 
three possible potentials have been identified: the use of probiotics on intensive-care 
patients, the administration of probiotics through nasal feeding tubes or using the 
friendly bacteria in the acute phase of a disease. 
 
The significance of theses findings are not known and they may have no significance 
as regards the present report (considering the use of probiotics in food and as a 
preventative approach rather than treatment in acute illness) but the outcomes of the 
study once elaborated need to be considered. 
 
 
5.3. Non-milk based probiotic products 
 
Ever since the deliberate introduction of live lactic acid bacteria into milk to produce a 
sour milk product (a yogurt) called la Lactobacilline has the incorporation of probiotic 
bacteria in foods been focussed on milk based products. 
 
Even though many traditional lactic acid fermented foods, besides milk-based ones, 
are available they are rarely considered as carriers for probiotic bacteria. Examples 
of non-milk based food containing high concentrations of lactobacilli are brined 
olives, salted gherkins, and sauerkraut - i.e. lactic acid fermented plant materials. 
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5.3.1. Fermented cereal products 
 
Some cereal-based lactic acid fermented products are available without heat 
treatment after fermentation and these include Togwa a Tanzanian beverage made 
from sorghum or maize and consumed by young children. It has been shown that the 
consumption of Togwa decrease the occurrence of entero-pathogens in rectal swabs 
and improves the barrier function of the intestinal mucosa in children between the 
ages of 6 and 25 months with acute diarrhoea (Willumsen et al. 1997)  
 
A new probiotic functional food was launched in Sweden in 1994 which does not 
contain milk or milk constituents as the active component is a lactic acid fermented 
oatmeal gruel originally developed for nasogastric feeding (Molin et al. 1991). 5% of 
the oatmeal gruel is mixed with fruit drink e.g. rose-hip, strawberry, blueberry, 
blackcurrant or tropical fruit. The active micro-organism used in this product is 
Lactobacillus plantarum 299v/L as the organism is highly resistant to the low pH of 
the fruit drink and can be stored in a refrigerator for over 1 month without loss of 
viability. The production of lactic acid fermented oatmeal using Lactobacillus 
plantarum 299v is outlined in Appendix II. 
 
5.3.2. Fermented meat products 
 
UV induced Lactobacillus gasseri mutants that are resistant to sodium chloride and 
sodium nitrite are being used as starter cultures for the preparation of probiotic meat 
products, and, since this organism is predominantly found in the human intestinal 
tract it may be an appropriate probiotic starter culture for meat fermentations. 
(Arihara and Itoh 2000) 
 
Papamanoli et al. (2003) isolated lactic acid bacterial strains from fermented 
sausages, which may be used as starter cultures for the preparation of meat 
fermentations. However, they found that traditionally prepared sausages with long 
ripening time have better sensory qualities than when prepared with UV induced 
mutant strains. Following fermentation they isolated the culture strains and found that 
90% belonged to the Lactobacillus genus. 
 
 
5.3.3 Dried cell-free fermented milk products. 
 
The claimed health benefits of fermented functional foods are exerted either directly 
through ingested live micro-organisms (i.e. probiotics) or indirectly as a result of 
microbial metabolites produced during the fermentation process. There are now 
several reports emerging concerning the immuno-modulating effects of the cell free 
fraction of fermented milks (Vinderola, 2007). This approach may have benefits and 
the spray dried metabolites could be added as dry powders to food matrixes whose 
chemical composition or technological process of manufacture would threaten the 
viability of probiotic bacteria. This approach is worthy of more detailed investigation 
and development. 
 
 
5.3.4. Poi a potential new synbiotic from a Polynes ian traditional food. 
 
The term synbiotic is used when a product contains both probiotics and prebiotics. 
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Many cultures have non-dairy foods and beverages which contain micro-organisms 
that potentially serve as probiotics e.g. Taro (Colocasia esculenta L.) is a tuber 
belonging to the Araceae family which originated in Asia and is now found primarily in 
tropical and subtropical regions. Historically it has been a major dietary staple in the 
islands of the Pacific, especially Hawaii, New Zealand, and Indonesia.  
 
Poi is the starchy paste of taro tuber and chiefly provides carbohydrates as well as 
other nutrients such as thiamine, riboflavin, and niacin. Poi is made by cooking, 
crushing, and pounding the taro tuber into a paste by adding water. The amount of 
water added determines the thickness of the poi which is then strained through a 
cloth. Yeast and lactic acid bacteria occurring naturally on the plants surface ferment 
the mixture which in due course leads to “sour” poi (approximately 3 or more days).  
 
The fermentation of fresh poi is similar to that occurring in the preparation of yogurt 
and sauerkraut. The acid production in poi changes the pH from 6.3 to 4.5 within 24 
hours and eventually reaches its lowest pH on the fourth or fifth day of fermentation. 
As early as 1933, Allen and Allen recognized that the souring was the result of acid 
producing bacteria such as Lactobacillus and Streptococcus.  
 
 
5.3.5. Kefir 
 
Kefir is a cultured, enzyme-rich food filled with micro-organisms that help balance the 
internal microflora. More nutritious and therapeutic than yogurt, it supplies complete 
protein, essential minerals, and valuable B vitamins. The beneficial yeast and 
bacteria in the kefir culture consume most of the lactose thereby making it suitable 
for individuals with lactose intolerance. 
 
The regular use of kefir can help alleviate intestinal disorders, promote bowel 
movement, reduce flatulence and create a healthier digestive system. Additionally, its 
cleansing effect on the whole body suggests that it helps to establish a balanced 
inner ecosystem for optimum health. 
 
 
5.3.6. Ogi 
 
Ogi is an example of a traditional fermented food made from either maize millet or 
sorghum. The principal micro-organisms involved in the fermentation of ogi are 
thought to be Lactobacillus plantarum, Candidia krusei and Debaromyces hansenii 
(Odunfa and Adeleye 1985). Modifications to the processing of ogi have been made 
in an attempt to enhance its nutritional qualities, however, with little success in most 
cases.. One successful improvement is the manufacture of soy-ogi because the 
addition of soy considerably improves the protein content and nutritive value. 
 
 
5.4. Novel methods of delivery of probiotics 
 
As previously stated probiotic bacteria for human nutrition usually belong to the lactic 
acid bacteria or Bifidobacteria groups and currently industrial probiotic foods mainly 
belong to dairy products but lactose intolerance and cholesterol content are the two 
main drawbacks related to their consumption; consequently some technological 
advances have been made especially with regard to modifying the structural 
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characteristics of fruit and vegetable matrices which usually includes some form of 
vacuum impregnation (Chiralt et al. 1999, Fito and Pastor 1994, Fito and Chiralt 
2000, Fito et al. 2001), micro-encapsulation or nano-proteins. 
 
 
5.4.1. Vacuum impregnation 
 
Betoret et al. (2003) undertook a study to combine the beneficial effects of probiotics 
with fruit and vegetables using the process of vacuum impregnation (Figure 2). 
 
They found that by using the vacuum impregnation technique with an impregnation 
liquid inoculated with Saccharomyces cerevisiae and Lactobacillus subsp rhamnosus 
it was possible to introduce viable microbial cells into the structural matrix of fruit 
tissue particularly fresh apple tissue. A combination of vacuum impregnation and air 
drying successfully produced dehydrated apple with a microbial count of 
approximately 106 or 107 c.f.u/g a level which compares favourably the average 
results normally found in commercial probiotic dairy products. 
 
Figure 2: Schematic representation showing the production of probiotic-enriched fruit 
products using vacuum impregnation. 
 
 

 
Ref: Betoret et al. (2003) Development of probiotic-enriched dried fruits by vacuum impregnation. Journal of Food 
Engineering; 56, 273-277. 

 
 
5.4.2. Micro-encapsulation of probiotics 
 
Several methods of micro-encapsulation of probiotic bacteria have been reported e.g. 
phase separation, emulsion, extrusion, and spray drying, however, none of these 
methods has resulted in large numbers of viable shelf-stable probiotic bacterial cells. 
The equipment currently available in the SHU laboratories is unable to generate large 
quantities of uniformly sized micro or nano particles. 
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Fermented and non-fermented dairy, cereals, meat and sous-vide materials as well 
as prepared home meal solutions may become food vehicles using micro-
encapsulation as a means of protecting probiotic bacteria and delivering them in 
sufficiently large quantities to consumers. 
 
Co-encapsulation to enable multi-delivery of pre- and probiotics may be developed in 
the future; however, this will require more research into more complex nutritional 
matrices. 
 
The currently reported food vehicles for the delivery of encapsulated probiotic 
bacteria are yogurt, cheese, ice cream and mayonnaise, however, further studies 
need to be undertaken on the application of probiotic micro-encapsulation in other 
food systems. Typical encapsulants currently in use include alginate, chitosan, � -
carrageenan and gelatin. 
 
 
5.4.3. Milk protein nano-tubes as a vehicle for pro biotic delivery 
 
Partial hydrolysis of the milk protein � -lactalbumin using a Bacillus licheniformis 
protease results in building blocks which under appropriate conditions will self-
assemble into micrometre long stiff hollow nano-tubes which have the potential to be 
used as novel delivery systems and/or novel ingredients with specific functionality. 
 
The diagram below (Figures 3a and 3b) shows a schematic representation of the 
self-assembly of partially hydrolysed � -lactalbumin into nano-tubes. 
 
Using compounds such as glutaraldehyde or transglutaminase it is possible to cross-
link the � -lactalbumin nano-tubes which consequently leads to increased stability 
 
Figure 3:  (a) Self assembly of partially hydrolysed � -lactalbumin into nano-tubes in 
the presence of Ca2+ ions. (b) Transmission electron micrograph of a negatively 
stained � -lactalbumin nano-tube. 
 
 

 
Ref:  Graveland-Bikker et al. (2006) Unique milk protein based nano-tubes: Food and nanotechnology meet. Trends 
in Food Science and Technology; 17, 196-203. 
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6.0. The potential use of fruit and vegetables to a ct as carriers for probiotic 
bacteria in their role as probiotic foods. 
 
The intercellular spaces (not the wall pores) in porous fruits and vegetables may play 
an important role with respect to micro-organism penetration. Intercellular spaces are 
common in parenchymatous tissue and have been estimated to be 20-25% of the 
total volume of apple, 15% in peach and 35-37% in mushroom. Mature cells of apple 
parenchyma tissue may be 50-500 µm in diameter with interconnecting air spaces 
ranging from 210 to 350 µm across, consequently these spaces are large enough to 
accommodate bacterial cells (size range 0.1 to 5.0 µm). 
 
Two apple varieties (Granny Smith and Red Delicious) were used for all the 
experimental procedures undertaken in this report. 
 
Lactobacillus starter cultures were grown to a cell density of 1.38 x108 cells/mL in 
MRS (deMan, Rugosa, Sharpe) broth (Oxoid CM359). 
 
The apples were aseptically quartered, de-cored and thinly sliced to give pieces of 
apple approximately 5mm thick. The apple slices were aseptically transferred to 
sterile Erlenmeyer flasks and covered with the lactobacillus starter culture. Vacuum 
was applied and maintained for 10 minutes using a venturi pump.  
 
After 10 minutes normal atmospheric pressure was restored leaving the apple slices 
under the liquid for a further 10 min period. The apple slices were then washed twice 
with sterile quarter strength Ringers solution to remove surface Lactobacilli before 10 
g samples were aseptically transferred to a stomacher bag to which was added 90 
mL of sterile Ringers solution before being stomached for 2.5 min at 300 rpm. 1 mL 
of this 10-1 dilution was serially decimally diluted in sterile Ringers solution to a final 
dilution of 10-7. 
 
0.1 mL (5 drops) of each dilution was aseptically transferred into the centre of a pre-
poured MRS agar plate (Oxoid CM361) and aseptically spread over the surface to 
produce individual countable colonies. The plates were incubated at 30° C for 96 hr 
and the colonies counted to determine the incorporation of Lactobacillus spp into the 
apple slices. 
 
The results of these trials (Table 1) show there has been a limited incorporation of 
the Lactobacilli into the intercellular spaces of the apple slices  
 
Table 1:  Incorporation of Lactobacillus sp into apple slices 
 

Apple sample number of organisms / g of 
apple tissue 

% incorporation into apple 
slice 

   
Granny Smith 6.1 x 105 0.4 

   
Red Delicious 9.6 x 105 0.7 

 
The results in Table 1 show a considerable difference between the % incorporation of 
the Lactobacillus spp and apple variety used - it would appear that the less dense 
dessert apple (Red Delicious) incorporated more of the lactobacilli than did the 
Granny Smith; however, this level of incorporation would be insufficient to provide a 
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beneficial dose of probiotic bacteria as the number of organisms /g of tissue would 
need to be of the order of 109.  
 
A further reason for poor incorporation of the Lactobacillus into the apple slices may 
be due to a lack of buffering within the intercellular spaces of the apple tissue which 
could have an effect on the survival of the micro-organism - this problem may be 
overcome by pelleting the starter culture in a centrifuge followed by resuspension of 
the bacterial pellet in apple juice to the same cell density as the starter culture prior to 
use. 
 
 
7.0. Conclusions and Summary. 
 
The limited success of these trials was attributable, in the main; to a lack of suitable 
basic equipment within the University's laboratories for example significantly higher 
numbers of micro-organisms in the starter culture (1010) would have been possible 
had there been an orbital incubator available to provide aeration to the cultures 
during incubation. 
 
Higher % incorporation rates of probiotic bacteria could have been achieved had a 
suitable vacuum pump been available; this would also have enabled more trials to be 
undertaken at different pressures so that the optimum pressure for each apple tissue 
could have been determined. 
 
Further problems were encountered with the original strains of probiotic bacteria 
used consequently time had to be taken to isolate fresh strains of bacteria from live 
shop bought probiotic yogurts. 
 
Incubation problem could have been avoided had convection incubators been 
available earlier in the project instead of fan assisted ones as these are not ideal for 
microbiological work.  
 
There were, however, some positive, albeit limited, outcomes from this project which 
provide the groundwork for further development which could potentially lead to the 
use of fruit slices as novel delivery methods for probiotics. 
 
Further investigation would be necessary with a view to determining:  

·  the shelf-life of any vacuum impregnated fruit slices 
·  the organoleptic qualities of this type of probiotic product. 

 
It would appear from the detailed literature search undertaken for this project that the 
claimed health benefits of probiotics are substantiated by researched scientific and 
medical evidence despite recent negative publicity in the press. 
 
 
8.0. Potential applications 
 
The work undertaken to date suggests there is potential in taking this work forward, 
however, at the current time there is limited scope for approaching a commercial 
company. My recommendation is that further work in this area would provide an ideal 
base for a research student following which it should be possible to take it to industry. 
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Appendix I 
 

Micro-organisms used as probiotics together with their documented health benefits in 
human clinical trials. 
 

 
 
Ref: Ouwehand et al. (2002) Probiotics: an overview of beneficial effects. Antonie van Leeuwenhok; 82: 279-289 



 
 
 
 
 

 
 
Page���  

 

Appendix II 
 
 
The production of lactic acid fermented oatmeal originally intended for nasogastric 
feeding but now used as an active ingredient of a probiotic food product using the 
fermentation of Lactobacillus plantarum 299v/L 
 
 

 
 
Ref:  Molin G. (2001) Probiotics in foods not containing milk or milk constituents with special reference to 
Lactobacillus plantarum 299v. Am J Clin Nutr 73 (Suppl) 380S-385S 
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Appendix III 
 
 
Lactic acid bacteria and their application in vario us fermented foods 
 
Food product  Origin    LAB culture 
 
Shoyu    Indonesia   Lactobacillus sp. 
Sour bread   France,   Lb. sanfrancisco, Lb. brevis 
Sour cream   Worldwide   Lc. lactis ssp. cremoris 
Sour pumpernickel  North Africa   Lc. mesenteroides 
Soy sauce   Southeast Asia  Lb. delbrueckii ssp. delbruckii 
Sweet dough   France,   Lb. brevis, Lb. plantarum, Lb.  
      fermentus, Lc. lactis ssp.   
      cremoris, 
   Western Europe  Lc. mesenteroides ssp. cremoris 
Taette    Netherlands   Lc. lactis ssp. lactis var. taette 
Tempeh   Indonesia   Lactobacillus sp. 
Uji    Japan    Lb. plantarum, L. lactis ssp. lactis 
Villi    Finland   Lc. lactis ssp. cremoris, Lc.   
      diacetylactis 
Wine    North America,  Lb. plantarum, Lb. hilgardii, P.  
      damnosus, Lc. mesenteroides, 
   Europe   Lc. oenos 
Yakult    Japan    Lb. casei 
Yogurt    Asia, Balkans   Lb. delbrueckii ssp. bulgaricus,  
      S. thermophilus 
 
 
 
 
 


