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MANUFACTURE OF A FUNCTIONAL FERMENTED
BEVERAGE CONTAINING CEREAL EXTRACTS

[47]

Zeinab, L Sadek'; Kawther El-Shafei'; B.A. Effat' and O.M. Sharaf’
ABSTRACT

Growth and viability of five probiotic strains (Lactobacillus gasseri, Lactoba-
cillus reuteri, Lactobacillus rhamnosus, Lactobacillus acidophilus and Bifidobacte-
rium bifidum) was studied as into barley, wheat and maize extracts. In the barley
extract, all strains attained the highest population (8.30-10.55 log, cfu ml™, de-
pending on the strain), but slightly lower (7.75-9.90 logse ¢fu mI™) in the wheat and
maize extracts, especially with L. reuteri, L. acidophilus and B. bifidum. Three
cereal-based probiotic beverages were manufactured. Growth and viability of pro-
biotic bacteria were determined in the products during refrigeration. Organoleptic
properties were also tested immediately after processing. The pH values slightly de-
creased during refrigeration. The numbers of probiotic bacteria showed no marked
change in the resulting beverages during refrigeration for 15 days. Although the re-
duction noticed in the probiotics population, its level after 15 days of storage was
greater than 107 cfu ml”. The functicnal fermented beverage made with L. gasseri
showed the highest score in barley extract followed by that made with L. rhamnosus
with wheat extract. Finally, this approach would be the starting point for developing
novel functional fermented beverages as economical and nutritious staples for chil-
dren and adults.
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‘INTRODUCTION soy yoghurt, dairy desserts, cheese, ice-

cream, bread and chocolate (DeVuyst,

The functional food research has
moved progressively towards the devel-
opment of dietary supplementation, intro-
ducing the concept of probiotics, which
may affect gut microbial composition and
activities (Ziemer and Gibson, 1998).
New applications of probiotic microcr-
ganisms in foeds have been introduced
into the market or are still in the devel-
opmeni phase, such as frozen yoghurt.

2000). In the dairy industry, a farge vari-
ety of wmilk formulations have been used
as delivery vehicles of probiotic lactic
acid bacteria (Scheinbach, 1998). Also,
probiotic-containing baby foods or con-
fectionery formulations have been devel-
oped by adding the strains as additives
(Saarela et af 2000).

In recent years, cereals have been in-
vestigated regarding their potentia; use in
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develuping functional foods. Cereals are
grown over 73% of the total world har-
vesied arca and contribute over 60% of
the world food production providing
dictary fibre, proteins, energy, minerals,
and vitamins required for human health
(Charalampopoulos ef al 2002a). Cere-
als are suitable substrates for lactic acid
bacteria growth, which has led to the
commercialization of cereal-based probi-
otic products (Charalampopoulos ef al
2003). Several technological aspects have
1o be considered in the design of such a
novei food fermentation process, such as
the composition and processing of the
raw material, the growth capacity and
productivity of the starter culture and the
stability of the final product during stor-
age {Charalampopoulos ef al 2002).
Addizonally, cereals can be used as
sources of nom-digestible carbohydrates
that besides promoting several beneficial
physioiogical effects can aiso selectively
stimulaie the growth of lactobacilli and
bifidobacteria present in the coion and
acts as prebiotics (Charalampopoulos et
al 202a). Cereals contain water-soluble
fibre, such as P-glucan and arabinoxylan,
oligesacchandes, such as galacto-and
fructo-oligosaccharides and  resistant
starch, which have been suggested to ful-
fill the prebiotic concept (Severson,
1998). However, information concerning
the cffects of cereal composition on the
growth of probiotic microorganisms is
limited. Charalampepoulos ef al (2002)
reporied that malt medium supported the
growth of Lactobacillus plantarum,
Laciobacilius  fermentum, Lactobacillus
reuter:  and Lactobacillus  acidophilus
more than barley and wheat media.

in the present study, the effect of each
of barcly, wheat and maize exiractson
the viability of potentially probiotic L.

gasseri, L. reuteri, L. rhamnosus, L
acidophilus and B. bifidum strains was
investigated. The main objective was
aimed to achieve a novel functional fer-
mented beverage based on cereals extract.

MATERIAL AND METHQODS

A. Materials
I. Bacterial strains

The microorganisms used in this
study were as follows: Lactobacillus gas-
seri B-14168, Lactobacillus rhamnosus
B-445 and Lactobacillus reuteri B-14171.
These strains were provided by Northern
Regional Research Laboratory, Hlinois,
USA (NRRL). Lactobacillus acidophilus
and Bifidobacterium bifidum were ob-
tained from Chr. Hansen's Lab,
Denmark Al strains had previously been
shown to possess properties required of a
probiotic microorganisms including bile
salt tolerance, tolerance to low-pH values
and antagonistic activity (Amin ef al
2002). In addition, Streprococcus ther-
mophilus was obtained from Chr. Han-
son's Lab and used as starter in bever-
ages.

IL Cereals

Barley, wheat and maize grains were
purchased from the local market in Giza
governorate.

II1. Milk

Raw buffaloes milk was obtained
from the Animal Production Research
Institute, Agriculture Research Center,
Ministry of Agriculture, Cairo,
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B. Experimental
I. Cereal-based fermentation media

The following method (as; describied
by Charalampopoulos < al 2002) was
used to prepare thc fermentation media.
The grains were ground in a Laboratory
Falling Number hammer miil with a sieve
of size 0.5 mm A sample (50g)of the
flour obtained was mixed with 450 ml tap
water. The resulting ¢xtract was ceniri-
fuged (6000g) for 30 min at room tem-
perature. The starch-free supernatant fluid
was collected and immediately sterilized
at 121°C for 45 min Sedimentation of
solids was observed after sterilization
The extraction and sterilization proce-
dures were repeated four times, Probiotic
strains (L. gasseri, L. rhamnosus, L. reu-
teri, L acidophilus and B. bifidum) were
inoculated into the resulting cereal ex-
tracts at 2% (v/v} in 300 ml screw-capped
bottles. In ail cases, the initial bacterial
concentration was approximately 107 cfu
_ml". Fermentation processes were per-
formed at 37°C with no pH control and
no agitation. MRS broth (Oxocid) was
used as a control medium for the same
probiotic strains. Sarmnples were collecied
at intervals of 3h dunng the first 12h of
the fermentation process, then at intervals
of 6-12h during the next 36h All fer-
mentations were performed in duplicate.
extract

II. Fermented milk-cereal

manufacture

Fresh buffalo’s whele milk was sub-
jected to thermal treatment at 90°C dur-
ing 10 min, and cooled to 45°C. Milk was
divided into three equal portions. Each
portion was mixed with sterilized extract
of barely, wheat or maize prepared as

described previousiy at level 4394 milk
and 30% cercal extract. Then, each mix-
ture was divided into four equai paris and
poured into 500-ml Erlenmeycr flasks.
Starters were added as follows:

1. S thermophilus + L. gasseri

S. thermophilus + L. reuteri

S. thermophilus + L. rhamnoyies

S. thermophilus + L. acidophitus + B.
bifidum

Rl

Streptococcus  thermophilus was
added at the level of 0.5%, while all pro-
biotic strains were added at an inoculum
level of 1% (v/v). Each inoculaicd mix-
ture was incubated at42°C untii pH 4.3
was reached, Then ecach fermenied
mixture of milk and cereal extract was
divided into three portions.

II1, Functional cereal beverages manu-
facture

The functional cereal beverages, cach
of three replicates, were manufactured on
a laboratory scale by mixing 75% fer-
mented mixture of milk and cereal cxtract
and 5% sucrosc with;

a) 20% strawberry juice, flavering
agents, ascorbic acid and Arabic gum.

b) 20% apple juice, flavoring agents,
ascorbic acid and Arabic gum

¢) 0.02% vanilla flavor, flavoning agents,
ascorbic acid and Arabic gum -

A magnetic stister did the mixing at
10°C and at 300 rpm for 15 min The
prepared beverages were  packed 1o
sterilized bottles and stored at refrigerator
for 15 days. Beverages samples were
taken at 0, 7 and 15 days of storage and
analvzed for probiotic bacteria viability
and pH values. Organoleplic properties
were done immediately after processing.
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C. Mzthods
Bacterial enumeration

Fennemation samples were decimally
diluted in sierile quarter-strength Ringer’s
solution, and appropniate dilutions were
pour-zlated. Plate counts on MRS agar
(Oxo1dy were performed to determine the
growh of L. gasseri, L. rhemnosus and L.
reufer:  Lactobacillus  acidophilus was
determinad cn lactobacillus sclective agar
plus 7% oxgall (LBSO) (Gilliland and
Walkor, 1990). Enumeration of B. bifi-
dum s7a3 done according to Blanchette
al (1396) uring modified MRS agar (Ox-
oid) tepnlemented with 0.05% L. cys-
reine-finl tMerck, Germaiy). All plates
were insubated at 37°C for 48 hunder
anaero¢ conditions. Colony-forming
anits vore counted (cfu mi) and the re-
sulis expressed as their log; values.

pH measurement

pH values were measured using a
digiial pH meter model Hanna HT4817 at
TroOm T mperature.

Sensorv evaluation

~1i samples were evaluated according
to  Ahmed ef af (1992) for flavor (40
poirts,. appearance (40 points) and col-
our (3U points) by ten panelists of the
expericnced staff members of Dairy Sci-
ence  Department, National Research
Cenue,

RESULTS AND DISCUSSION

Viabii'ty of probiotic bacteria in bar-
Iy, wheat and maize media

Figure (l-ab,c,d) demonstrates the
gvaluation of L. gassers, L. reuteri, L.

rihamnosys, L. acidophilus and B. bifidum
during 48 h in barley, wheat, maize and
MRS (control) media. In the control ex-
periments, MRS media without cereal
extracts, L. gasseri cell population de-
creased 0.39 log,o cycle, while L. reuteri,
L. rhamnosus, L. acidophilus and B. bifi-
dum showed a (.23,0.11, 1.25and 0.34
logip cycles reduction in their cell popu-
lation, respectively (Fig. 1-a).

An exponential growth phase of 6-9 h
was observed for L. gasseri, L. rhamno-
sus, L. acidophilus and B. bifidum, while
L. reuteri grew exponentially until 12 h
of fermentation in control and all cereal
extract media. The viable cell densities of
L. gasseri, L. rewteri and L. rhamnosus
declined shightly during 12-48 h of fer-
mentation, however, the cell popuiation
of L. acidophilus and B. bifidum declined
quite rapidiv. Since al! fermentations
were performed under no pH control, the
organic acids formed wvia the metabolic
pathways decreased the pH of media
(Charalampopoulos et al 2002).

In barely medium, L. gasseri exhib-
ited a higher maximun growth rate and
population density than L. reuteri (Fig. 1-
b}, L. rhamnosus, L. acidophilus and B.
bifidum reached the highest population
densities (9.90, 8.30 and 10.55 loge
cfumt”, respectively) after 6-9 h of fer-
mentation. At the end of the exponential
phase (9 and 12 h), pH values dropped
from 345 to 4.03, 3.90, 3.85 3.93and
4.1 for L. gasseri, L reuteri L rhamno-
sus, L. acidophilys and B bifidum, re-
speciively, In general, the barely medium
supported well the growth of B. bifidum,
L. rhamncsus L. gasseri and L. reutevi,
which showed increases in their cell
populations of 3.38, 2.39,1.91 and 1.57
log;o cfu ml”, respectively, at the end of
the exponential phase (9 and 12 h). This
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Fig. 1. Viability of probiotic bacteria in (a) MRS, (b) Barley, (c) Wheat and (d) Maize
media

could be attributed to the simultaneous 1999), usually exhibiting poor growth in
presence of considerable amounts of  synthetic media without the addition of
menosaccharides (glucose and fructose)  large amounts of supplements, such as
and disaccharides {maltose and sucrose)  yeast extract and peptone (Taillandier ef
in the barely medium (Charalampo- af 1996 and Eili et al 1999), Since ail
poulos er al 2002a). Regarding L. aci-  experiments were performed under un-
dophifus, the small increase in cell popu-  controlied conditions, the accumulation
lations (1.05 log; cfu ml™") could be ex-  of lactic and acetic acids produced via the
plained by the possible absence of spe-  metabolic pathways progressively de-
cific nutrients in the malt medium, such  creases the pH of the medium, These or-
as free amino acids, B-vitamins or miner-  ganic acids can inhibit microbial growth
als. This species has complex growth  in their undissociated form, dissociated
requiremnents (Gomes and Maleata,  form or indirectly by the protons (H") that

Annals Agric. Sci. 48(2), 2003
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arc rcleased in the medium (Passos et al
1993). L. acidophilus entered directly into
the decline phase, presumably due to
its inability to withstand the low pH of
the medium (3.93) at the end of the expo-
nential phase. Similar results were re-
perted by Charalampopoulos et al
(2002).

Lactobacillus gasseri, L. rhamnosus
and B. bifidum attained high cell popula-
tions growing in wheat medium (Fig. 1-
c). However, L. reuteri and L. acidophi-
fus did not grow well. The increase in
their cell population was 1.31 and 0.82
log.., cfuml’, respectively. At the end of
the ecxponential phase, pH values de-
creased from 565 to 4.60, 4.46, 452,
3.84 and 4.14 for L. gasseri, L. reuteri, L.
rhamnosus, L. acldophifus and B. bifi-
dum, respectively,

In the maize medium, the five lactic
acid bacteria strains displayed similar
growth pattems to those observed in
wheat medium except B. bifidum (Fig. 1-
dy. The growth of L. reuteri, L. aci-
dophilus and ‘B. bifidum was mhibited,
leading to an increase in cell population
of only 1.12, 0.90 and 1.21 logyo cfu ml™.
At the end of the exponential phase, pH
values dropped from 35.46 to 4.25, 4.14,
410, 3.78 and 4.16 for L. gasseri, L.
reuteri, L rhamnosus, L. acidophilus and
B. bifidum, respectively.

The similar fermeniation pattems ob-
senved in wheat and maize media for all
the strains tested could be attributed to
the low total fermentable sugar and the
low f{ree amino nitrogen concentration

(Charalampopoulos ef al 2002). Inac-

cordance with existing reports (Salo-
vaara and Valjkka, 1987 and Bvochora
et al 1999), the concentrations of these
constituents were significantly lower than
those in maik medium. Interestingly, the

microbial growth ceased at higher pH
values than those observed for malt fer-
mentations, which suggests that the
growth-limiting factor was not only pH
but that deficiency in nutrients also con-
iributed to growth lLimitation. A defi-
ciency in specific vitamins or minerals
could contribute to growth limitation but
wheat and maize contain significant
amounts of these nutrients (Palmer,
1989). Therefore, the poor growth of L.
reuteri (1.31 and 1.12 log,q cfu mi! in-
crease in wheat and maize, respectively),
L. acidophifi: 10.82 and 0.90 log cfu m!”
increase 1n wheal and maize, respec-
tively) and B 2ifidum (1.21 log, cfu ml”
increase in maize) could be attributed to
the low concentrauons of sugar (mainly
glucose and fructose) and free amino ni-
trogen (Charalampopeulos et al 2002a).
These observations are in good agreement
with the literature (Marklinder and
Laénner, 1992). In the case of L. gasseri
and L. rhamrosus, the final cell counts
were lower when compared with barley
fermentation. However, these cell popu-
lations, ranging between 7 and 8 log cfu
ml™, still erhance the potentially probi-
otic activitics of these strains, The in-
crease in the cell population of L. gasseri
and L rhamnosus suggests that these
strains are less fastidious than L. reuteri,
L. acidophilus and B. bifidum strains,
being able to grow under nutrient-limiting
conditions.

Functional fermented beverages con-
taining cereals extracts

1. Changes in pH values

Functional fermented beverages at
zero time had pH values ranged from

Annals Agric. Sci., 48(2), 2003
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448 to 529 (Fig 2-a, 3-a and 4-a), The
differences between initial pH values of
the products could be related to the con-
ditions of manipulation dunng probiotic
beverages manufacture, which allowed a
litle post-acidification (Qliveira et al
2002).

pH decreased noticeably (0.12 to 0.38
pH units) during the first week of storage
(Fig. 2-a, 3-a and 4-3). Oliveira et al
(2002) found similar results for lactic
beverages contairung probiotic cultures,
and Ibrahim er «f (2002) for flavoured
whey beverages. Therefore, pH slightly
decreased (less than 0.7 pH units) and
could be considered stable. Similar re-
sults were reported by Oliveira et al
(2002) and Wang et al (2002).

2. Viability of probiotic bacteria

Figures (2-b, 3-b and 4-b) show the
viability of probiotic bacteria in func-
tional fermented barley, wheat and maize
beverages, respectively. Data in Fig. (2-b)
indicate that the counts of L. gasseri, L.
reyteri and L. rhamnosus in functional
fermented barley beverage exhibited ex-
cellent increase during the first 7 days
and then slightly decrease till the end of
storage period as compared with L. aci-
dophilus and B. bificm. Qur results are
in line with Oliveira et o (2002) who
reported that unti! 14 days of storage of
fermented lactic beverage, counts of L.
rhamnosus and L. acidophilus remained
stable, also, storage time affected the
counts of lactobacilli only after 21 days at
4°C. This decrease was more pronounced
in the case of L. acidophilus than in the
case of L. rhamnosus. Results in Fig. (3-
b) demonstrate that viability of all probi-
otic bacteria in fermented beverage con-
taining wheat were similar. The hughest

increase in viable count was observed in
fermented beverage containing L. gasseri
and L. rhamnosus, On the other hand,
from Fig. (4-b), itis clear that fermented
beverage prepared with maize using L.
gasseri had gained the highest counts for
probiotic bacteria.

Qur study shows that barley, wheat
and maize beverages can be fermented
with L. gasseri, L. rhamnosus, L. reuteri,
L. acidophilus and B. bifidum and still
have higher numbers of viable organisms
after 15 days of storage. Wang ef al
(2002) studied viability of Bifidobacteria
and L. acidophilus in cultured soy milk
drinks during storage at 5°C. Their study
indicated that no marked changes in
numbers of both bacteria were obscrved
during 10 days of storage at 5°C. Also,
Usman and Hosono (1999) studied sur-
vival of L. gasseri in unfermented milks,
They found that L. gasseri decreased after
14 days of storage at 4°C, however, vi-
able cells were still at 10® cfu/ml after 28
days of storage.

Although viability of probiotic bacte-
ria decreased during storage, it was ob-
served that the products contained 8.7
logq cfu ml’ of probiotic, in average.
after 15 days of storage. These counts are
higher than 10" cf/ml, which is the level
suggested by some authors to have health
promoting effect (Vinderola & Rein-
heimer, 1999 and Wang et al 2602).

3. Sensory evaluation

Table (1) shows the averages of sen-
sory attnbutes colour, appearance and
flavours of functional fermented bever-
ages after processing (fresh). Functional
fermented beverages present a homoge-
necus appearance after mixing. Accord-
ing to the panelists, beverage preparcd
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Table 1. Sensory evaluation of functional fermented milk beverages WllL (Lﬁ
ferent probiotic bacteria and cereal extracts

Probiotic Starter Colour  Appearance  Flavour Total
(20) (40) (40} (100)
Functional Fermented Milk/Barley Beverage
U7, gasseri 20 37 39 9
L. reuteri 17 31 32 80
L. rhamnosus 17 25 24 86
i L. acidophilus + B. bifidum 16 32 34 82
Functional Fermented Milk/Wheat Beverage
L. gasseri 16 32 38 86
L. reuteri 17 32 32 81
L. rhamnosus 18 35 37 %0
L _acidophilus + B. bifidum 17 30 35 32
Functicnal Fermented Milk/Maize Beverage
U 1. gasseri 18 34 37 89
] L. reuteri 17 31 32 80
f L. rhamnosus 17 30 36 83
| L. acidophilus + B. bifidum 18 31 33 34

with barley and apple juice fermented
with S, thermophilus and L. gasseri
received a higher average for appearance
(37) followed by that manufactired with
wheat and strawberry juice and fermented
with S thermophilus and L. rhamnosus
and the beverage made with maize and
vanilla flavor fermented with S, thermo-
philus and L. gasseri, although with no
sharp differences between them. Onthe
other hand, there were clear differences
between  other beverages (Table, 1).
Analyzing colour, the panelists found
great  differences between apple barley
beverage fermented with 5. thermophilus
and L. gasseri and that prepared with

wheat and strawberry juice fermented
with S thermophilus and L. rhamnosus,
being first beverage the most acceptable.
In relation to taste, there were inferior
differences between beverage contained
maize and vanilla, which fermented with
S. thermophilus and [ gasseri and the
other one tha: contained wheat and -
strawberry juice and fermenied with S
thermophilus and L. rhamnosus, being the
former one, which received higher scores
for this attribute (Table, 1). The tradi-
tional foods made from grains usually
lack flavor and aroma (Chavan and Ka-
dam, 1989) Lactic acid fermentation
improves the sensorial value, which is

Annals Agric. Sci, 48(2), 2003
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very much dependent on the amount of
the end product. Consequently, the orga-
noleptic properties of cerecal-based and
dairy fermented foods preduced by lactic
acid fermentation are very much depend-
ent on the amounts of organic acids pro-
duced. In general, the main differences
between the treatments were in their fla-
VOT SCOTIng.

CONCLUSION

Fermented milk beverages containing
barley or wheat extracts as fermented
with S. thermophilus and L. gasseri or L.
rhamnosus can be considered as func-
tional foods. In addition, presence of ce-
real extracts would obviously provide not
only good environment for the probiotic
lactic acid bacteria in the human gut, but
also provide potentially prebiotic and
highly nutrition compounds.
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