











To confirm the effect of temperature on the growth rate, two other ferngentati
batches were set up; first one at 27 °C and the second one at 42 °C (Figure 7). The
expectation was to observe intermediate growth rates; between 24 and 32 °C for 27 °C
and between 32 and 47 °C for 42 °C.

Though the yogurt maker showed a good growth pattern at 47 °C, the
confirmation batch fermentation temperature of 42 °C does not show a growth with a
steep exponential phase. However, at 27 °C the expected “sigmoid shaped gr@awvth” wa
obtained. Growth rates were calculated using Figure 8 and the correspaoaitiy rgite
constants (k) are included in Table 5 with a comparison of the growth ratesrat othe
fermentation temperatures.

Figure 6: The growth dfactobacillus plantarum at selected intermediate fermentation
temperatures
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Figure 7: Growth rate determinationlafplantarum at intermediate temperatures
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Table 5: The specific growth ratesladctobacillus plantarum at selected fermentation
temperatures

Temperature Temperature

-1 2
o < k() R
24 297 0.391 _ 0.935
27 300 0516  0.867
32 305 0.502  0.964
42 315 0.351 _ 0.937
47 320 0.414  0.982

The Arrhenius activation energy Ea calculated by Figure 8 slopes emlat
switch in value and direction. For the warmer temperature range (32-47 °C) vidadc
is 13.2 kdmot, while at the cooler temperature range (24-32 °C), thvalBe is -20.72
kJmol™.

Activation energy of a microorganism reveals the temperature selydibivihe

growth rate of that microorganism (Andset al, 2004). At colder temperaturegtBkes
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a negative value while it is positive at higher temperatures. The negativeals that
the growth occurs well using the available substrate well. PosijiweeBns that the
growth is retarding. The integrated effect of colder and warmer tetapesaan be used
to calculate the optimum theoretical growth temperature of the exgar{iigure 9).
The intersecting times cross at 30 °C, which is within the optimal gromiberature
range ofL. plantarum. Figure 3.8 confirms the difference between a biological system
and a chemical system. Our experiment obtained the highest grow tiagte
temperature of 27 °C (k=0.51"h The graphical calculation of optimal growth
temperature is 30 °C. This calculation fits well to the experimentajmlési De Angelis
et al (2004), who demonstrated the heat shock responseglaitarum considering the
optimum growth temperature as 30 °C.

Figure 8: Effect of temperature on probiotic fermentation. A- warm teryereange:
32-47 °C, B- cold temperature range: 24-32 °C.
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Figure 9: Graphical illustration of the optimum growth temperatutepbéntarum
during probiotic fermentation
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Viability Analysisduring the Refrigeration Stor age of Praobiotic Fermented Oatmeal
Batches

Viability of L. plantarumin the oatmeal-coconut water mixture was monitored to
measure the probiotic potential of the substrates. Three batches of tstroecdvnut
water - oatmeal were used to determine the survival of the probiotics duriggnagfon
storage (Table 6). Each batch contained one P and one PP. The probiotic cells were
enumerated soon after the inoculation. The initial probiotic population increasedein mor
than 1 log after the first eight days in the refrigeration storage. The pegiopulation
for each batch was10’ CFU/g at the end of 49 day refrigeration storage (Table 6).

The corresponding p values for statistical analysis of factors influerfeng t

viable count, show that the addition prebiotics and refrigeration storage timén&ley
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significant effects with p<0.05. Refrigeration storage, makes signiftitiatences in
viable counts (p<0.05) between the P and PP. The differences of least square means
points out the significance of each factor throughout the repeated analysisodditi
prebiotics does not show a significant difference till day 14 and afterwardsotéh
retardation in inulin added samples is significant with p < 0.05.

According to the findings of Charalampopousbsl, under natural conditions
using 16 CFU/ml of viable probiotic cells with cereals gives enough space for the
growth of probiotic strains preventing the growth of undesired microorganistns i
cereal matrix (2002). This probiotic strength increases the product safe.iRgltbese
findings, the viability was monitored until the probiotic cell count reaché€CEQ/g in
this study.

Table 6: The average of probiotic log counts (h=3) of oatmeal-coconut watet matri
during refrigeration storage (4 °C)

Time Log CFU/g (P) LogCFU/g
(Days) (PP)

0 7.06+ 0.27 6.99 + 0.27
0.42 8.55+0.11 8.09+£0.16
7 9.12 +0.01 9.01+0.11
14 8.89 +0.02 8.75+0.04
21 8.37£0.22 7.97 +£0.15
28 8.01+0.15 7.46 £0.03
35 7.75+£0.15 7.05 £ 0.08
42 7.54 +0.10 6.66 + 0.07
49 7.23£0.02 6.41 £ 0.06

Different studies have been done on the inulin consumptidn fiygnatarum
strains. The results are controversial. Both growth enhancing effectscavith getarding

effects have been observédplanatarum No 14 has shown that inulin supports the
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growth inin-vitro studies. Also the growth of the same strain was higher when mice were
fed with an inulin diet. This evidences that inulin supports the in-vivo growth of
planatarum nol14 in the mouse gut (Takemwaal, 2010). Ond.. planatarum strain

isolated from white cheese did not ferment inulin at all but was able to ferment
fructooligosaccharides (FOS) and galactooligosaccharides (GO&pi©eaet al,

2009). In 2009, Kaluet al screened 20. planarum andL. rhamnosus strains for the
fermentability of inulin by culturing the strains on 2 % inulin added MRS agarofQ@
strains 2].. plantarum strains utilized inulin.

L. plantarum can also utilize the prebiotics substrates present in oatmeal. In a
study conducted to investigate the consumption of oat bran components such as xylo-
oligosaccharides, only. plantarumwas able to proliferate, when compared to
Lactococcus lactis andL. rhamnosus (Kontulaet al, 1998). According to the studies by
Molin, L. plantarum 299v fermented oatmeal gruel with fruit juices has increased the
carboxylic acid (SCFA) concentration of the feces in healthy individuals (200%)haki
been increased SCFA concentration in lumen, which is beneficial for the status of
mucosa.

pH changes of Oatmeal-Coconut Water Matrix.

The oatmeal does not contain any sugars. Sucrose addition to the oatmeal mash
decreases the fermentation time and pH and added carbohydrates hadebgttte
counts (Angelowt al, 2006). However in our study, the added sugar of coconut water did

not drop the pH of the medium less than 4.5 (Table 7).
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In this study storage influences in the changes of pH significart.@p). The
differences of least square means confirms that the final pH of product gratéset
effect due to prebiotics is not significant in determining the pH of the produaiOfp
Under both fermentation conditions, final pH values are significantly differemt fine
initial pH with p <0.05.

Table 7: The changes of average pH values (h=3) of oatmeal-coconut wiaibedonang
refrigeration storage (4 °C)

(E';;; pHoOfP pHOfPP pHof C

0 5.78"° 5.7% 5.7%
0.42 533, 519, 6.0%
7 523 508 6.22
14 518 504 6.23
21 520.  50% 6.2%
28 52lc 508 6.25,
35 522 502 6.1%
42 545 515 6.215
49 543, 512 6.24

# Results for all treatments are summarized by messted at two different times during refrigeration
storage
® Means within a given column with the same letrerrot statistically different from each other(.05)

pH of the food matrix is considered as a critical factor that determinesatik st
of probiotics during storage (Champagne and Gardner, 2005). Due to the metabolism of
the LAB the medium becomes more acidic and thus the pH of the medium decreases. Th
probiotics should be able to survive under such acidic environments and the cultures
should be functional during storage. The bacteria in higher acidic condition are more
tenacious and last longer during the shelf life of the product. “Over actdit@r post

— production acidification” is due to a further drop of pH of the product after
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fermentation and during refrigerated storage (Lourens-Hattingh arai;jI2001). But
this can be prevented by good manufacturing practices to control the growth of the
cultures and using cultures with reduced acidification effect (Lourensaglatind
Viljoen, 2001).

According to Giruackt al in 1991, the optimum pH fdr. plantarum is 6.0, and
the bacterium grows at 3.4-8.8 range of pH. In determining the viability, ha\pky
above 4.0 during the storage for a fermented beverage is recommended (&hgklov
2006; Guptat al, 2010). Although there are not clear regulations about the pH of
fermented functional foods, in most countries yogurt should have a pH below 4.5.

The pH of the medium is one of the intrinsic factors that determines the microbial
growth. pH values beyond the growth pH range may retard the bacterial ghamtyirg
the intracellular pH. During fermentation, high acidity may denature titeips
including the enzymes and hence, changes of cell membrane permeabifty, DN
replication, ATP synthesis, RNA synthesis etc. may be affected. Fotigrats
analysis, at all fermentation temperatures pH did not reach a growtindgiwatiue. The
oatmeal - coconut water mix does not contain much sugar and there is not added sugar
during preparation. According to Yomgal (2009), the sugar content of fresh young
coconut/ green coconut water is around 2.61g/100g. The commercial coconut water used
in our experiments contains 11.43g sugars/150 ml of coconut water.

Production of acidic metabolites drops the final pH. Addition of prebiotics did not
significantly influence the final pH of the product, when compared to the inflidribe

storage time (p>0.05).
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The acidity was expressed as mg (lactic acid) / g (product) (Figure 10)

Figure 10: The changes of acidity for fermentation with the effect bigires
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Oatmeal itself contains calcium carbonate (CgCG(3 a source of calcium. CagO
is used to increase the pH of soil and microbial growth media. The food matrghitysli
acidic after the microbial fermentation. Lactic acid, which is a weak argal
produced during bacterial fermentation dissociates incompletely resultifig These
Hydrogen ionsreact with CG* and form HC@ ions and the calcium salt of the weak
acid is made.

R-COOH +CaC@ — 3 R-COO-Ca + HC®

It is assumed that under refrigeration temperatures, fermentation does not
progress and weak organic acids formed during the fermentation get neutralized,

increasing the pH of the medium (Table 7).
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Viscosity Analysis

Rheological parameter are good indicators of texture and important for consumer
acceptance. According to findings of Martenssoal in 2000, the EPS production by
some LAB strains is dependent on fermentation time and temperature. Thetyistosi
the novel food matrix was monitored to observe the production of ERSpbgntarum.
The rheological analysis of the product shows the curve of the shear sti@ssashplot
begins at the origin of the plot and concaves upwardly. Therefore the increment of shear
rate is not proportional to the increment of the shear stress showing a nambdewt
fluid with a pseudoplastic/shear thinning behavior. The shear thinning behavior was
observed both on production date and on the expiration date (Figure 11).

The flow behavior index (n) that should be <1 for a shear thinning fluid was
observed on both analysis days (Table 8). The apparent viscosity was edlatiedch
shear rate, and the plot apparent viscosity vs. shear rate shows that the appasstyt vis

decreases with the increasing shearing rate.
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Figure 11: The plots of average shear stress vs. average shéar tfatee oatmeal-
coconut water matrices on the production date (Day 0) and on expiration date (Day 49)
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Table 8: The changes of the flow index behavior (n) of oatmeal-coconut watter m

during the shelf lifé

Flow index Flow index

Sample behavior (n) on behavio_r (r_1) on
the production  the expiration
date date

C 0.47 +0.01° 0.46 + 0.04

P 0.46 £ 0.02 0.50 = 0.0Q

PP 0.46 £ 0.04 0.51 £0.03

? Results for all treatments are summarized by meatadard deviation tested on production date and

expiration date

® Means within a given row with the same letter roestatistically different from each other=0.05)

As the figure 12 shows, addition of prebiotics or storage time does not contribute

significantly on changes of apparent viscosity (p > 0.05).

71



Figure 12: The plots of changes of apparent viscosity with the rising rsttedor the
production date and expiration date
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Previous studies have shownplantarum is an exopolysaccharide (EPS)
producing probiotic (Talloet al, 2003). As suggested by Martenssbal in 2000, the
EPS production can be monitored by viscosity measurements. In a previous study of
fermenting an oat based nondairy milk substitute with 9 mesophilic LAB stesnked
in 3.6-5.1 final pH. As the proteins in oat do not possess a tendency of coagulating at this
pH range, viscosity measurements are appropriate to identify the EPS fgnodddtte

ideal pH for EPS production is 6.2 (de Vugsal, 1998). In this study the samples
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containing the active probiotics (P and PP) always had a pH lower than 6.2. However, it
was always higher than pH 5.0. Hence, the protein coagulation cannot be expected and
the viscosity changes in P could be due to EPS productiarplantarum. But the data
does not provide a significant change of apparent viscosity, which was expected to be due
to EPS production.

B glucan of oats adds some viscous nature after dissolving in water. Commercial
oatmeal contains guar gum, which improves the stability of the product lBnpnes
moisture. Guar gum also has a shear thinning/pseudoplastic behavior. But,ahefeffe
these components is not strong enough to change the apparent viscosity of the all

treatments significantly (p > 0.05).
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CONCLUSIONS

STUDY |

In conclusion, our study shows that the manufacturer claim on the label is not
always accurate. In this study all the products tested reported good yidodiigh plate
counting. Though all products did not meet manufacturer claim, still the products had
acceptable counts (in the range of 6-8 log CFU/ml or CFU/g). However, ouriobject
was testing the accuracy of manufacturers’ claims. Out of the products elatimeon
the label, only fermented coconut water (FCW) maintained the claimed v@abiée c
during the refrigeration storage. Nevertheless, the highest deactivatiamasalso
observed in fermented coconut water.

Though plate counting is time consuming, it always gave acceptable counts
compared to flowcytometry. Flowcytometry results are highly dependenaiomst
which was not efficient in this study with Live/Dead test kit. The cell suspemngth
food particles may be interfering the actual counts. Plate counts takereaditfesent
times through the shelf life of each product, express that mint chocolate bar &E€B)
fruit juice with pomegranate and blackberry flavor (FJPB) have more stable coents
refrigeration storage. Therefore, according to the study chocolate anditrest are the
best matrices for carrying probiotics.

The pH change during the storage time is not significant for all testeapecobi

products.
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STUDY 11

For fermentation, the optimum temperature from literature, 27 °C was used and
the exponential growth was observed from 2-10h period. Fermentation at the optimum
growth temperature of starter culture gives better results regardibility. The growth
rate analysis studies prove the theoretical optimum temperaturglahtarum (Lp 115-
400B) is 30 °C, which falls in optimum temperature range. Adding some preboties t
probiotic containing matrix adds symbiotic qualities for the food matrix. In thadysthe
minimum documented effective dose of inulin was used (1g). At the end of evaluation
time there was not a significant difference in CFU/g betweendetations with or
without inulin. This would be due to two reasons. Either this strain of probiotics does not
ferment the prebiotic inulin or the used dose is insufficient to induce a positivehgrowt
Though adding inulin was not effective towards the cell count over the time it may
increase the gut health due to the bifidogenic activity. Under the prevailing oosditi
inulin is not effective for the improvement of growthLofplantarum (Lp 115-400B) in
the used food matrix.

In all trials, the inoculum size was 7 log CFU/g of probiotics to the novelxnatr
The first sample was taken soon after the inoculation. Therefore, undersgigces
conditions, the viability of the cells may be unharmed.

pH of the product was higher than the critical 4.5 value and the storage time had a
significant influence on changes of the pH. Addition of prebiotics did not significantly

lower the pH.
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The novel food matrix had a pseudoplastic rheological behavior. Though an
enhanced viscosity was expected at the end of the storage due to microbial
exopolysaccharide production, the apparent viscosity changes were notang@ifithe
end of storage for any treatment.

Our studies demonstrate that the viability_oplantarum (Lp 115-400B) in
coconut water was improved by adding oatmeal. This would be an ideal home-made

probiotic product for the regular consumption of probiotics for general public.
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