View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CiteSeerX

YJ International Journal of Fermented Foods: v.1 n.1 p.15-32. December, 2012

Research Paper

Production of organic acids, titratable
acidity and pH-development during
fer mentation of cereal flours

Peter Sahlin and Baboo M. Nair”

Department of Applied Nutrition and Food Chemistry, Center for Chemistry and
Chemical Engineering, Lund Institute of Technology, Lund University,
PO. Box 124, SE, Lund, Sweden.

Received: 27" March 2012  Accepted: 16" November 2012

ABSTRACT

Following the household method of fermentation used in making the Ethiopian
bread injera, fermentation of aflour/water slurry was carried out. The fermentation
experiments were done at temperatures of 25 and 35 °C with whole grain wheat
flour, whole grain tef (Eragrostis tef) flour and commercia bakery flour of 70%
extraction rate. The slurry was made by mixing 300 g flour and 600 ml water.
Backslopping was done by adding a portion of the slurry which was fermented in
a previous batch as a starter (0.1%, 1.0%, and 10%) to the next batch to be
fermented. During the fermentation, samples were taken at definite intervals of
3, 6,9, 12, 18, 24, 48 and 84 hours respectively and kept frozen until they were
used for analysis. The pH and titratable acidity were recorded and the organic
acidswere determined by HPL C using an Aminex® HPX-87H column, The growth
of lactic acid bacteriaincluding the typing of species/strains was also determined.
Samplesof thefermenting slurry weretaken for analysisand thefinal concentration
of lactic acid was found to be approximately 1 g per 100 g. A higher amount of
inoculum gave a quicker lowering of pH, and also a lower initial pH. A smaller
inoculum amount showed a delayed start in the lowering of pH. A higher
temperature increased the production rate of lactic acid.

The dominant (100% at 25°C) species of the final sample of fermented tef slurry
was found to be Lactobacillus plantarum.

Commercia bakery flour showed a comparatively low buffering capacity, less
than 0,1 g lactic acid/100 g was needed to reduce pH to <5. Tef, a cereal with
very small seeds contributing a larger portion of outer parts of the seeds in the
flour, had the highest buffering capacity. In the region pH 6 to 4, approximately
double the amount of lactic acid was required in comparison to the commercial
bakery flour in order to attain the same pH. This indicates that at the same pH-
level, afermented food item made of tef, and also of whole grain wheat, probably
has a higher food safety than afood item made of commercial bakery flour. Thus,
the use of whole grain flour improves not only the nutritional quality, but also the
food safety of afermented food, whichis of importance under household conditions
of low-income countries.

At normal injera fermentation (tef, 1% backslopping at 25°C) it took 12 h to
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reach apH of 4 that could be regarded safe with respect to the prevention of the
growth of pathogenic organisms.

Thefermentation step ininjeraproduction, dueto the prolonged (>48 h) processing
at a pH <4, should give the product a high food safety regarding pathogenic
microorganisms usually encountered in foods.

Keyword: Lactic acid, Farmentation, Lactobacillus plantarum

Introduction

Fermentation isused all over the world for processing and preservation of various
foods. During thelast few years, fermentation of foods has been afocus of discussion
due not only to its probiotic effects but also to the food safety aspects. Diarrhoeal
diseases are an important cause of infant mortality along with respiratory infections
(Motarjemi et al., 1993). In many countries of Africa, fermented gruel based on
various cereal floursisused for feeding infants. Water isasource of contamination
mainly in the poor income societies. Lactic acid fermentation, when it is properly
done, could be used for preventing the growth of enteropathogenic bacteriato a
significant level. The production of organic acids, mainly lactic acid, reduces the
pH, and asaconsegquence at thefinal stages of the fermentation, pathogenic bacteria
arereported not to surviveinthefermented food (FDA, 1992). Fermented foods do
exhibit similar effect in the intestinal tract of the body, after consumption of the
food. Lactic acid fermented gruel fed to young children has been shown to
significantly reduce the number of enteropathogenic bacteriain faecal swabs of the
children (Kingamkono et al., 1999). A comparison of the prevalence of diarrhoea
among the children of two villages with different feeding patterns, showed that the
children of thevillage which used lactic acid fermented gruel had alower prevalence
of diarrhoeaamong them compared to the children of the village which used non-
fermented gruel, (Lorri & Svanberg, 1994). In addition to the effect of lactic acid
and pH on the growth of enteropathogenic organisms, many other positive effects
of fermentati on have a so been found by variousauthors. Fermented foods containing
lactic acid was reported to give low glycemic index compared to non fermented
foods (Liljeberg et al., 1995). Low glycemic index isfavourable for better feeling
of satiety and low insulin requirement, not only for non insulin dependent diabetics
but also for normal healthy individuals. The overall nutritional value of raw materials
could beimproved by production of certain vitamins (Shahani, 1983) and essential
amino acids (Hesseltine & Wang, 1980) during fermentation. Reduction of the
antinutritional substanceslike phytic acid and polyphenolsin cereals and legumes
(Khetarpaul & Chauhan, 1991), production of immunosupressive compounds and
antibioticslikenicin used aspreservatives (Gould, 1995) are a so found in connection
with food fermentation. Reduction and in some cases complete inactivation of
cancerogenic substances like aflatoxin (Ogunsanwo et al., 1989), and other toxic
substances like R-ODAP (Yu Haey Kuo et al., 1995), by various microorganisms
have also been reported.
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Fermentation is also an environment friendly, energy effective process of food
preservation which can be used in a sustainable manner especially in low income
societies. Therefore a thorough knowledge of the different factors governing the
processinrelationto food safety, nutritive value and sensory propertiesare extremely
valuablein optimisation of the processin household level aswell asinanindustrial
scale.

The processing conditions applied in fermenting food under household conditions
varies from one part of the world to the other to agreat extend regarding the water
to solids ratio, type of microbial flora present or added, the type of raw material
used and thetype of finished product expected. Very often aspontaneousfermentation
utilising the microflora present on the raw materails is used for initiating
fermentation. Sometimesakind of starter, whichisapreviously fermented product,
isused not only to initiate the fermentation but also to keep auniform quality from
one day to another. In addition to cereals, fish, meat, dairy products, fruits and
vegetablesare a so fermented either alone or in combinations. Sometimes fermented
foods are given some characteristic sensory properties by addition of spices,
condimentsand salts.

The present study dealswith the changesthat are taking place during fermentation
of slurries made of cereal flour and water. Thisisacommon method for producing
fermented food not only for adults but also for infantsin many African countries. A
common Ethiopian food item called “injera’, acircular, flat, spongy, pancakelike,
bread that is made of fermented slurry of the flour of the cereal tef (Egragrostistef)
was chosen asamodel for our investigation. Tef isamajor cereal in Ethiopiahaving
very small grains, cultivated on more than 50% of Ethiopia’stotal cereal areain
1980 (L ost crops of Africa, 1996). A recipe taken from an Amharic cookbook was
scaled 1/10 to make alaboratory scale. Injerais produced by mixing approximately
one part of flour with two parts of water and adding astarter taken from the previous
fermentation (backslopping). This gives a rather thick slurry, which after a few
hours settling getsathin protective top layer of transparent liquid. Theslurry isleft
to ferment for two to three days. The fermented slurry is poured on ahot panto a
thin layer and heated from below till it isready for eating. Before cooking asmall
portion of the slurry is mixed with water and cooked to a paste and added back and
mixed well to give the slurry the necessary consistency. The fermented dlurry is
also cooked to agruel for use as a breakfast food item.

The objectives of the present experiment wasto follow the changesin the production
of organic acids, development of pH, amount of titratable acidity. Fermentation
was carried out with bakery wheat flour, whole grain wheat flour and tef flour, at
temperature 25°C and 35°C and different amounts of starter for initiating the
fermentation process.

Materials and methods
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Materials

Commercial quality wheat flour of 70% extraction rate designated as
“bagerivetemjol” was obtained from the industrial flour mill Skanemdllan AB,
Sweden. Wholegrainwheat of the variety Kosack waskindly provided by the seed
company Svalév/Weibulls AB, Svalév, Sweden. Tef grains (Eragrostis tef) of the
DZ-01-196 variety was bought from the Bio-Diversity Institute of the Federal
Government of Ethiopia, AddisAbaba, Ethiopia.

L actate standard 40 mg/dl (ref no. 826-10) was obtained from Sigma. Organic acid
analysis standard with 0,8 pmol sodium oxalate, 4,0 pumol sodium citrate, 8,0 pmol
sodium malate, 20,0 pmol sodium succinate, 20 pmol sodium formate and 20,0
pmol sodium acetate, was obtained from Bio-Rad (no. 125-0586). All other
chemicals used were of analytical grade.

M ethods

Sample preparation for fermentation

To obtain the flour from tef and whole wheat, the grains were cleaned by rinsing
three times in distilled water, dried in a ventilated oven at 50°C and milled in a
Tecator Cyclotec mill using al-mm sieve. Theflour was stored in a closed plastic
container at 4°C until it was used for further experiments.

Fermentation

Fermentation was performed in aslurry made with 300 g of flour mixed with 600 ml
of 40°C warm water ina 1-| beaker. To get ahomogenous mixture, 250 ml of water
wasfirst added to the flour and mixed, then two subsequent portions of 75 ml water
was added with mixingin between. Finally, the remaining 200 ml was added together
with the inoculum and thoroughly mixed. The beaker was placed in awater bath
with a constant temperature of 25°C or 35°C and the fermentation was carried out
without stirring, in accordance with the usual household practise.

Three different amountswere used, 1 g (»0,1%), 10 g (»1%) and 100 g (»10%) for
backslopping. The fermentation was started without inoculum as a spontaneous
fermentation, and then backslopping was performed at 84-h intervals. Three
consecutive backsl oppings were made before the microbial florawas adapted and
the system was considered to be consistent (Nout et al., 1989) to allow samples
being taken for analysis. Theinoculum was taken from the previous batch after the
liquid top layer above the sediment had been decanted.

Sampling

Samples were withdrawn at the beginning of fermentation and after every 3, 6, 9,
12, 18, 24, 48 and 84 hours respectively. Using asyringe-like sampling device, 10
ml of the sample was taken at level 1 cm above the bottom surface of the beaker.
The samples were quickly frozen by placing each of them in a plastic container
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directly on arefrigerated shelf of afreezer. The frozen sampleswerekept at -18°C
till they were used for further analysis.

For testing which type of lactic acid bacteria was present in the tef fermentation,
samples were taken at the end of the fermentation process. These samples were
kept refrigerated at 4°C till they were used for further analysis.

Sample preparation for analysis

Thefrozen samplewasthawed to room temperature, and approximately 1to2 gin
duplicateswere weighed into a centrifuge tubeto which 200 l of formicacid (12,1
mg/ml) was added as internal standard together with 7 ml of distilled water. The
content was homogenised and placed in a water bath of 65°C for 5 minutes to
prevent thelactic acid bacteriafrom continuing the fermentation process during the
analyses.

The centrifuge tube with its contents was cooled to room temperaturein anice bath,
neutralised to pH 7 with 0,1 M sodium hydroxide, and water was added to adjust
the volume to 10 ml. The tube was then placed in an ultrasonic bath for 5 min to
facilitate the extraction of the organic acids, and then centrifuged at 4000 rpm.
(Johansson et al., 1995) The supernatant in the centrifuge tube wasfiltered through
a 45-um filter (Millipore HAWP 02500) and 20 pl of the filtrate was injected in
the HPL C column.

Measurement of pH

The pH was measured using an Orion expandable ion analyzer EA 920 and an
Orion Sure-Flow Ross pH-€electrode. The electrode was carefully immersed into
and removed from the beaker, not to disturb the fermentation more than necessary.
Measurements of pH were made at the same timeinterval's as the sampling.

Analysis of organic acids

Organic acids were analysed using an HPL C-apparatus consisting of a Pharmacia
Pump P-3500, an Aminex® HPX-87H column from Bio-Rad Laboratories and a
Pharmacia Liquid Chromatography Controller LCC 500. As the mobile phase
0,005 M sulphuric acid was used at aflow rate of 0,6 ml/min. The column was kept
immersed in awater bath kept at 35°C. For detection a Varian 2550 UV-detector at
410 nm set at range 0,16 was used. Recordings were made on a Pharmacia Two-
channel Recorder REC-482 and on the L CC 500. Formic acid was used asinternal
standard and it did not interfere with the separation of other acids. Standard curves
for lactic acid were plotted using peak height and peak areagiven by the LCC 500,
and peak height was chosen to be used asit showed the best correlation. All analysis
was done in duplicates.

Titratable acidity
The titratable acidity was measured by titrating a mixture of 3 g of sample and
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27 ml of distilled water to pH 8.5 using 0.1 M sodium hydroxide solution
(Kingamkono et al., 1994). Theresult was expressed as g | actic acid/100 g sample,
and plotted against the results from HPL C-analysis. The trendline for the plot was
established using Microsoft Excel.

Microbiological assay for typing the flora in the fermented slurry

For the microbiological assay, samples were taken from fermented slurry of tef
after 84 hours of fermentation. The sampleswere diluted ten times by volumewith
isotonic saline solution.

To determine the number of lactic acid bacteriathe sampleswere plated on Rogosa
agar (Difco, Detroit, Michigan, USA) and incubated at 37°C for 48 h under anaerobic
conditions (BBL Gas Pak Anaerobic System, Becton Dickinson Microbiology
Systems, Cockeysville, Maryland, USA). Colonieswere randomly picked, purified
and stored in freezing buffer (Ahrnéet al., 1989). From each of these samplesfive
isolateswere drawn for identification and subtyping.

I dentification and subtyping of Lactobacillus plantarum was done by Randomly
Amplied Polymorphic DNA (RAPD) according to the method described by
Johansson et a, (Johansson et al., 1995) and by API 50 CH (API System, Montalieu,
Vercieu, France).

Results
Organic acids

Figure 1a shows the chromatogram with separation of the standard organic acids
which may befound infermenting organic material. In Figure 1b the chromatogram
of standard lactic acid with internal standard formic acid is shown. The response
for lactic acid was linear between the values corresponding to 0,06 and 0,96 g/
100 g with an R? value of 0,9999. Formic acid used asinternal standard separated
well from the other acids and under normal circumstances it is not likely to be
present in fermenting cereals. Figure 1c-f shows the separation of organic acids
from nonfermented samples and fully fermented samples of commercial bakery
flour (bagerivetemjol) and tef. The detection level at the used instrumental setup
was found to be equivalent to 0.01 g lactic acid/100 g sample and 0,005 g acetic
acid/100 g sample. Only the amount of lactic acid was quantified and presented
since no peaks that could be attributed to other acids were found.

Final concentration of lactic acid

The total amount of lactic acid at the end of the fermentation was for tef slurry
fermented at 25°C approximately 1,0 g per 100 g (Figure 2). At the higher
temperature, 35°C, the amount was slightly lower. The whole grain wheat flour
slurry had a different pattern, where at 25°C the final amount was 0,6-0,8 g per
100 g while at 35°C it was 1,0-1,2 g per 100 g (Figure 3). For bagerivetemjdl the
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Figure 1: HPLC-charts: 8) standard acids, b) lactic acid standard, c) nonfermented bagerivetemjdl,
d) nonfermented tef, €) fermented bagerivetemjdl, f) fermented tef
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Figure 2. Lactic acid content in fermenting tef slurry
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Figure 3: Lactic acid content in fermenting whole wheat slurry
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Figure 4: Lactic acid content in fermenting bagerivetemjol slurry

pattern was similar, but not as accentuated, and the final amounts were all below
0,9 g per 100 g (Figure4). Although thelactic acid amountswere not high, the pH
reached using bagerivetemjdl wasthe lowest.

Lactic acid production rate

The production rate of lactic acid was higher at higher temperature in all cases.
Theresults show adifferencein buffering capacity for the different raw materials.
For bagerivetem]6l agreat portion of the outer parts of the grain are removed. In
thiscase, only 70% of the grain areretained in the milling process of bagerivetemjol.
The production rate of lactic acid in the bagerivetemj6l slurry was lower that in
the other dlurries, but the change in pH was about the same (Figure 5).

The production rate of lactic acid was also influenced by the amount of inoculum.
At 35°C, theinitial production rate (just after the lag phase) was higher with 1%
backsl opping than with 10% backslopping. This can be seenin Figure 2, Figure 3
and Figure 4, where the curves for 1% backslopping closesin on, and after about
12 hours passes, the 10% backslopping curves.

I noculum amount for backslopping

Totest theimportance of the amount of inoculum in the fermentation, three different
amounts were used in the experiments. The original recipe’s ladle was estimated
to contain 100 g, which gave 10 g as normal inoculum for the 900-g |aboratory
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Figure 5. Lactic acid production and pH-development at 25°C, 1% backslopping, using tef,
whole grain wheat and bagerivetemjol.

scale slurry (approx. 1%). This amount was 10-folded and divided by 10, giving
1 gand 100 g respectively asthe other assay inoculum amounts.

A higher amount of inoculum gave a quicker lowering of the pH, Figure 6 and
Figure 7. This can be explained by the fact that the number of bacteria put into the
slurry was higher, giving ahigher lactic acid production. In addition, theinitial pH
was lower since the amount of inoculum put into the slurry was considerable. A
10% inoculum into the slurry can also be considered as a 10-folded dilution of the
inoculum. This could theoretically mean a rising of the pH in the inoculum
(approximately 3,5) with one unit (to approximately 4,5). In practise, the rising of
the pH was higher. The bagerivetemj6l fermentation started at pH 4,8 while the
flour of whole wheat and tef started at pH 5,4. At 35°C the 10% inoculum slurry
had ashort lag phase, while at 25°C the acid production started almost immediately.

A low inoculum (0,1%) gave alonger lag phase, and almost no changeininitia pH
compared to aslurry without inoculum.

Temperatur e dependence
All assays were made at two different temperatures: 25°C and 35°C.

Higher temperature raised the production rate of lactic acid. It also had an impact
on the lactic acid bacteriain that the strains found were somewhat different.
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With ahighinoculum, the temperature difference was not very important; the high
starting number of lactic acid bacteriacompensated for differencesin temperature.

Inwholegrainwheat flour, therewasaclear difference between thetwo temperatures
used, the higher temperature giving higher concentrations of lactic acid. For tef the
final difference was opposite, the final concentrations of lactic acid was higher at
the lower temperature, but here the difference was much smaller.

I nfluence of raw material

Figure8. Lactic acid content (total and undissociated) and pH-development at 25°C,
1% backslopping, using tef (T), whole grain wheat (W) and bagerivetemjol (B) At
25°C and 1% backslopping the difference between the pH-development of the
fermentations was very small (Figure 5), but the lactic acid production was very
different with lowest production in bakery flour slurry and highest productionin tef
slurry. The food safety depends on the amount of undissociated lactic acid in the
dlurry. In Figure 8 it is shown that the concentration of undissociated lactic acid is
rising much slower than the total amount. The pH has to go down to 4 before the
concentration of undissociated lactic acid startsto rise significantly.
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Figure 8: Lactic acid content (total and undissociated) and pH-development at 25°C, 1%
backslopping, using tef (T), whole grain wheat (W) and bagerivetemjdl (B).
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Titratable acidity
Table 1. Titratable acidity compared to HPL C-determination of lactic acid
Theamounts of lactic acid derived from titrations corresponded to the valuesfound

using HPL C according to theresultsin Table 1. Titratable acidity gave higher values
for lactic acid than HPL C-determination.

Table 1: Titratable acidity compared to HPLC-determination of lactic acid in slurry of
bagerivetemjdl (B), whole wheat flour (W) and tef (T).

Cereal flour, Temperature

backslopping 25°C 35°C
amount

Slope Zero R? Slope Zero R?

B, 0,1% 1,1643 0,0574 0,9911 1,3160 0,0608  0,9877
B, 1% 1,1493 0,0772 0,9934 1,2357 0,0736  0,9956
B, 10% 1,1414 0,0669 0,9976 1,2267 0,0673 0,999
W, 0,1% 1,5619 0,0742 0,9842 1,2228 0,1039  0,9939
W, 1% 1,5317 0,1184 0,9835 1,1836 0,1209  0,9781
W, 10% 1,4097 0,1443 0,9859 1,2410 0,1489  0,9912
T, 0,1% 1,5301 0,0751 0,9838 1,5531 0,1190  0,9917
T, 1% 1,5439 0,0923 0,9927 1,4981 0,0976  0,9811
T, 10% 1,6212 0,0027 0,9698 1,5582 0,1083  0,9470

Relation pH —lactic acid

A combination of al theresultsregarding the relation between pH and lactic acid
for the different raw materials (at al temperatures and back-slopping amounts) is
givenin Figure 9. Thediagram showsthat it was much easier to lower the pH inthe
bagerivetemjdl, and that tef flour was moreresisting to changesin pH. At 25°C and
with 1% back-slopping (normal injeraproduction) the development of pH wasvery
similar for the three different raw materials (Figure 5), although the lactic acid
amounts were different with a much higher end concentration of lactic acid in the
tef slurry.

Lactic acid bacteria at the final stage

The dominant species in the tef fermentation was Lactobacillus plantarum at a
final level of approximately 108 cfu/g (Table 2). At 25°C only L. plantarum was
found, of two different strains (1 and 2). Using the low amount of inoculum only
20% of thelactic acid bacteriabelonged to strain 1, with normal inoculum amount
40% belonged to strain 1, and with high inoculum amount only strain 1 was present.
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Table 2. Lactobacilli count in final fermented tef slurry, cfu/g.

Backslopping amount

Temperature 0,1% 1% 10%
25°C 2,2:108 2,6:10° 2,6-108
35°C 1,7-108 1,0-108 3,4-108

At the higher temperature (35°C), L. plantarumwas al so the dominant species, but
other Lactobacillus species were also present. Low inoculum amount contained
40% L. plantarum strain 1. Three other strains were present, two were obligate
homofermentative lactobacilli strain 4 and strain 5, while strain 6 seems to be an
obligate heterofermentative lactobacilli. Normal amount of inoculum contained 80%
of L. plantarum, 20% strain 1, 40% strain 2 and 20% strain 8. Additionally strain
7 was found that resembles strain 6 but not being completely identical. At high
inoculum 40% of theisolates contained L plantarum (20% strain 1, 20% strain 2).
Therest of the isolates contained obligate homofermentative lactobacilli of three
different strains (strain 3, 4 and 5) that resemble each other genetically but have
different phenotypes. These results are compiled in Table 3.
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Table 3. Lactobacilli found in fermented tef slurry

Temperature

25°C 35°C
Bacteria 0,1% 1% 10% 0,1% 1% 10%
Lactobacillus 1 X XX XXXXX XX X X
plantarum  Strain 2 XXXX XXX XX X
Strain Strain 8 X
Obligate Strain 3 X
homo- Strain 4 X X
fermentative Strain 5 X X
Obligate Strain 6 X
hetero-f Strain7 X
ermentative
Discussion

Lactic acid fermentation isawell-established method of treating foods. It isused as
ahousehold practisein many areas of theworld. For most fermentations somekind
of starter cultureisused. Thiscan bevery simple, like using the same container as
always, with its microbial flora on the inside walls. It can be made by using
commercially produced starter culture specified for the fermentation. It can also be
using aportion from the former fermentation made — backsl opping.

Nout (1989) has shown that after afew backsl oppingsthe system can be considered
stable. Inthistrial, three consecutive backsl oppings were made before the system
was considered stable. The starting fermentation had a slow devel opment as could
be expected, while the second fermentation was very quick having active bacteria
that hasjust entered thefinal static zone. Thethird fermentation was closeto normal
backslopping fermentation, and from the forth fermentation the behaviour was
consistent.

Ariseinthe production rate of lactic acid will securethefood safety quicker, which
isdesirable under circumstancesthat other factorslike taste and functional properties
of thefinal food a so will be considered.

The circumstancesinfluence the devel opment of the bacteriainthe slurry. Inoculum
amount, temperature and raw material influence the types of bacteriafound in the
fermentation.

Two different temperatures

The temperatures 25°C and 35°C were chosen for the experiments. The lower
temperature was chosen sincethisisthe temperature mainly foundin Ethiopia. The
high altitude at most parts of the country givesthis comparatively low temperature
for a tropical country, and it is also fairly stable around the year. The higher
temperature was chosen, asit is atemperature that often can be found in tropical
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countries during the hot time of the year.
The pH dropped quicker at the higher temperature.

At 25 C Lactobacillus plantarumwasthe only speciesfound inthetef fermentation,
while at the higher temperature other |actobacilli was also found. This indicates
that the end product might be different, so even though a higher temperature can
give abetter food safety, the food item might not be exactly the expected.

I noculum amount

A highinoculum amount givesafaster entry to the safe areawhere pathogenic bacteria
can not survive. However, the high inoculum also changes the strains involved, and
thus the changes on the product provoked by the bacteriawill not be the same.

The optimum inoculum amount for fermentation needs to be established using
sensoric criteria. The results of this study can be used to estimate the food safety
during the process. A higher inoculum amount will makethe entry into the safe area
come quicker, but since the lactic acid bacteria strainsinvolved changes, the final
product will not be the same.

L actic acid content

Thelactic acid productionrate at 35 °C was higher with the normal inoculum amount
than with a high inoculum amount. This could be explained by the fact that these
bacteria is continously in an acid environment, while the bacteria in a normal
inoculum getsrefreshed for every backslopping.

The content of lactic acid at acertain pH isvery much dependent ontheraw material.

Buffering effect

Due to buffering agents in the flours, the pH will rise more than expected at the
backd opping. Thedifferent raw materialshad different buffering capacity, indicating
that they contained different amounts of buffering agents. The bagerivetemjdl had
the lowest buffering capacity, while tef had the highest buffering capacity. An
explanation to this can be that the outer parts of the grains contains compounds
reacting as buffering agents. Tef hasvery small seedswhich givesahigh portion of
outer parts, while in bagerivetemjol the outer parts of the grain has been removed.
Thedifferencein buffering capacity isso big that to reach pH 4 you need morethan
the double amount of lactic acid in tef flour than in bagerivetem;jol.

With less buffering agents alow pH will be reached with less acid produced, and
thelow pH will then hindering the lactic acid bacteriato continue the production of
lactic acid.

Ariseinthe production rate of lactic acid will securethefood safety quicker, which
isdesirable under circumstancesthat other factorslike taste and functional properties
of thefinal food a so will be considered.
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Effect of lactic acid on pathogenic organisms

Lactic acid inhibits many pathogenic bacteria, and the undissociated form of the
acid is considered to be the active component (Robinson & Samona, 1992). The
amount of undissociated | actic acid depends on both the concentration of lactic acid
and thepH. The pKaof lacticacid is 3,86, giving that at pH=4,8 only 10% while at
pH=3,86 half of thelactic acid isin the undissociated form (Figure 10). In contrast
tothelactateion, the uncharged undissociated form of lactic acid can penetrate the
cell membrane of the bacteria. The cytoplasm of the bacteriahasamuch higher pH
than the surrounding, which provokes the dissociation of the lactic acid molecule
inside the bacteria, thusliberating H*. Thiswill lower the pH of the cytoplasm. The
amount of undissociated lactic acid passing through the cell membrane will at a
point near pH 4 beto high for the mechanismsin the cell dealing with theregulation
of pH in the cytoplasm. The pH inside the bacteriawill drop and eventually cause
the destruction of the pathogen.

Yool tokal lactic acid

Undissociated lactic acid

=)

T T T
1 2 3 1

pH

[N
(=%

Figure 10: Portion undissociated lactic acid at different pH.

Atthe“normal” injerafermentation (tef 25°C 1%), it took twelve hours beforethe
lactic acid content reached alevel that gave some safety to the product, and another
twelve hoursto reach highlevelsof lactic acid (Figure 8). Therefore, thefirst twelve
to twentyfour hoursisthe vulnerable period of the fermentation, where aninfection
by pathogenic bacteria can harm the safety of the product.

Regarding pathogenic bacteria, thefinal product in thistype of fermentation, having
itsnormal sourness, can be considered asasafe product (FDA 1992). No pathogens
should be ableto withstand the environment in the sour slurry for the length of time
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involvedinthe process. If the vulnerable period isto be shortened, asolution could
betoincreasetheinoculum amount. But thiswill probably a so changethe properties
of the product.
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