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Yogurt-like Product from Fermented Maize
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Abstract

Fermented starchy foods and beverages play an important role in the diet of many countries. Maize is used
as the main raw material and considered as non-allergenic food. This study focussed on the selection of
lactic starter and fermentation conditions in order to control product quality. Six single lactic acid bacteria
were inoculated in maize suspension (20% dry matter content). The cell density varied between 10° and
10’CFU.mL"", the fermentation temperature ranged from 26 to 42°C during 18h. Different biochemical and
sensorial characteristics were evaluated. The results showed that Lactobacillus plantarum NCDN4 is the
most suitable strain for production of yogurt-like beverage. The used cell density was 10CFU.mL-" and
fermentation occurred at 32°C for 12h. Final obtained product was biochemically comparable to popular
drinking yogurt with pH 4.23+0.03, titratable acidity 2.83 +0.03 (g lactic acid.L™") with desirable taste, texture
and aroma.
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Tém tat

San phédm Ién men tir tinh b6t déng vai tro quan trong trong dinh dwdng hang ngay ctia nhiéu quéc gia. Ngbé
duworc coi la nguon nguyén liéu thic phdm an toan khéng gay di tng. Nghién ctru nay nham Iwra chon chudng
khéi déng va diéu kién 1én men phu hop dé san xuét dé udng thanh tring tir dich ngé nép. Sau ching vi
khuén lactic duoc cdy vao dich ngé (20% chét khé) véi: mét do cép gidng 105-10"CFU.mL-", nhiét dé Ién
men 26-42°C trong thoi gian téi da 18h. Céc méu duwoc phén tich céc tinh chét héa ly va cdm quan. Két qua
cho théy ching Lactobacillus plantarum NCDN4 c6 kha nang lén men t6t nhét trong diéu kién 32°C trong
12h & méat do 105CFU.mL-". Sdn phadm thu duoc c¢é tinh chat cdm quan tét, pH 4.23+0.03, axit téng 2.83

+0.03 (g axit lactic.L™).

T khéa: stva chua khong stva, ngd 1&n men, vi khuan lactic

1. Introduction

Fermented cereal foods are widely consumed
worldwide, especially in South America, Central
Africa and West Africa countries [1]. The main used
grains as raw materials are maize, sorghum and
millet. These products are consumed in the form of
cooked porridge, beverage (diluted with ice and/or
sugar addition) and often in the form of yogurt [2].
Ogi and Mawe are the most popular starchy products
in Africa are obtained by fermentation of a
suspension of wet-milled cereal. Traditional
production process includes: washing and soaking
cereal kernels (24 hours), wet-milling, water mixing
and fermentation (48-72h) [3].

Lactic fermentation plays an important role in
the production of the above products. The action of
lactic acid bacteria during fermentation is associated
with the development of the aroma, taste and texture
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of the final product, but also with the maintenance of
good food safety due to produced antibiotics, and
organic acids [4]. Fermentation also reduces the toxin
in the product such as cyanide in cassava. It also
boosts the nutritional value of the product by
reducing antinutritional compounds such as phytate,
increasing the solubility of certain minerals such as
iron. The latest research by Gullon et al. (2015) [1] on
the effectiveness of using Akpan (the drink product
from Ogi) to human intestinal microflora
demonstrated that Akpan was metabolized after 44 h
of fermentation, exerting a prebiotic effect, similar
with the observation for fructooligosaccharides[1].
The lactic bacteria often in these traditional products
belong to the genus Lactobacillus, Streptococcus and
Leuconostoc [5]. Despite the fact that starch is the
major component of cereal substrate, a few
amylolytic strain was reported in Mawe and Ogi
products [5].

Research studies on lactic fermented cereal
foods are so limited and focused towards its basic
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description, as well as to its sensory quality and
nutritional attributes [3].

In Vietnam, study on cereal products such as
maize has been developed by many research groups,
but the segment of beverage products, especially
lactic fermented beverages from starchy sources, has
not yet been focussed. According to modern rhythms,
consumers require more convenient, natural and safe
products. Instead of using chemical-based additives,
the market demand of organic/bio-based food
products increases rapidly. Maize is considered like a
non-allergenic food. It is suitable for lactose
maldigestion on diet or protein allergenic people.
These fermented cereal beverages contain less sugar
low fat, as well as free of cholesterol and saturated
fats. The fermentation and cooking process increase
the flavour and the ability of carbohydrate
metabolism.

As presented in the overview, there was a
limited  quantity of  publications  reported
systematically the production of maize yoghurt-like
product using starter and fermentation control.
Therefore, this study focussed on the selection of
lactic starter and on fermentation process control to
create a desired flavour and taste for the product. In
addition, research on lactic fermented beverages from
maize also provides new directions for the cereal
processing, especially maize, which helps diversify
the application of this familiar crop.

2. Materials and Methods
2.1. Maize and lactic bacteria

Waxy maize (Zea mays var. ceratina) was
directly purchased from farmer in Son Duong district,
Tuyen Quang province, Vietnam. Dried maize (water
content 13.92+0.12%, 100kg totally) was stocked in
dry place for all the experiments. The biochemical
compositions of waxy maize (in % dry basis) were as
follow: carbohydrate (71.06+0.05), total protein
(9.62+0.03), lipid (5.38%0.09), fibre (3.09+0.04) and
ash (1.92+0.01).

The used microorganisms include six single
probiotics strains supplied by different institutes:
Lactobacillus rhamnosus GG, L. casei 334, L. casei
BL23, L. brevis 105135, (University of Burgundy,
Dijon — France); L. plantarum NCDN4 (Institute of
Food Industry - Vietnam); L. acidophilus VAST
(Vietnam Academy of Science and Technology).

2.2. Preparation
fermentation

of maize suspension for

The maize kernels were soaked in boiling water
and kept at 30°C during 18h. The ratio of maize/water
was 1/2. And then the drained grains were wet-milled
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with ratio 1/3 of grains/water. The obtained
suspension was filtered by N°120 sieve before
liquefied by enzyme (Spezyme Xtra - Genencor USA
— 0.02%w/w) during 1h at 70°C then 5 minutes at
95°C for enzyme inactivation and sterilization. The
maize suspension was added by sucrose to reach 20%
dry matter content and its compositions (in % dry
basis) were as follow: carbohydrate (77.70+0.05),
total protein (8.70+0.02), lipid (1.20+0.03), fibre
(3.10+0.02) and ash (1.70£0.01).

2.3. Preparation of inoculum and fermentation

Lactic acid bacteria were grown on MRS broth
at 37°C for overnight and then centrifuged at 10,000g
for 5 min. The pellet was washed two times with
NaCl 9%o then resuspended in NaCl 9%o at
appropriate concentration before inoculating. In order
to select the starter the most adapted for fermentation
of starchy substrate, six lactic acid bacterial strains
were inoculated at 10°CFU.mL"'. The fermentation
was conducted during 18h at 37°C. The best strain
was selected based on following: (i) acceleration of
metabolic activities (acidification and pH decrease)
and (ii) formation of the desired sensory
characteristics.

Once the starter was selected, the different
fermentation conditions were examined. Cell density
of starter varied between 10° and 10’CFU.mL7;
fermentation temperature and time were changed
from 26 to 42°C and from 6h to 18h, respectively.
After fermentation, the suspension was sterilised at
95°C during 15 minutes then cooled down to 20°C
for the final product and assessment.

2.4. Physical, biochemical, microbiological and
sensory analysis

Dry matter content was determined using the
AACC Method 44-15A [6]. Titratable acidity was
determined by neutralization with 0.1MNaOH until a
pH of 8.5 was obtained; results were expressed as
lactic acid equivalent (ImL NaOH 0.1M=0.009g
lactic acid) [7]. Starch and reducing sugar (as glucose
equivalent) were quantified by Graxianop method [8].
Total protein, lipid were determined by Kjeldahl and
Soxhlet methods, respectively [8]. The cell
concentration was assessed by absorbance at 600 nm
[7]. After fermentation, cooking and cooling to 20°C,
the products (identified by unique three-digit codes
each) were evaluated for maize odour, sour and sweet
tastes, texture (viscosity) and overall liking by 30
panellists using nine-point hedonic scales, where
9=extremely like and 1=extremely dislike [9].

2.5 Statistical analysis

The means and standard deviations were
determined for all the measurements from at least
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three replicates. The significant difference of mean
values was assessed with one-way analysis of
variance (ANOVA) followed by Duncan’s test using
SPSS software at a significance level of p < 0.05.

3. Results and discussion
3.1. Starter selection

Starters were added in maize suspension at
10°CFU.mL" and 37°C. pH, acidity (in lactic acid
equivalent) then were determined after 6, 12 and 18 h
of fermentation and sensorial characteristics to
describe for final product.

Fig. 1 presented the evolution of suspension pH
as a function of fermentation time and bacteria
strains. As expected, the pH decreased during
fermentation. In the first 6h, the pH decreased slowly,
however, the chute was clearly observed between 6h
and 12h before reached steady phase. These first
corresponded to adaptation phase of lactic bacteria,
after that due to the increase of biomass, the pH
downed and organic acids were produced massively
before appearance of cell inhibition by accumulation
of produced acids. Considering the velocity of pH
decrease, six starters can be divided into two distinct
groups, one cause the rapid chute of pH and another
less fast. Four strains can be added into the first
group: L. casei 334, L. casei BL23, L. acidophillus
VAST and L. plantarum NCDN4 which made pH fall
from 6.60 to 4.25-4.33 during 12h. For the same
period, two strains: L. brevis 105135 and L.
rhamnosus GG reduced pH only to 4.93-5.15. After
18h fermentation, the difference of pH of maize
suspension between six strains became negligible; the
final pH reached the same range about 4.00. The
results of titratable acidity (lactic acid equivalent)
strengthened these observations for pH evolution.
Parallel to pH decrease, during the fermentation, the
acid content in maize suspension raised and reached
finally at 18h about 3.32-3.41g.L"!. There was only
one strain, L. brevis105135 which presented less
effective for acid production (<3g.L"! at 18h). After
12h of fermentation, considering the produced acid
content, the lactic bacteria would be divided into two
groups like those presented above. The first group (L.
casei 334, L. casei BL23, L. acidophillus VAST and
L. plantarum NCDN4) had capacity to produce nearly
3g.L! (2.77-2.97) acid while the second group
produced only 2 g.L'! (2.00-2.06).

The use of starter cultures of lactic acid bacteria
during fermentation must take into account the
criteria for improvement of process and product
quality through firstly an acceleration of the
metabolic activities (here is acidification). Based on
the Fig. 1, after 12 hours of fermentation, there were
four strains (L. casei 334, L. casei BL23, L.
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acidophillus VAST and L. plantarum NCDN4) that
met this criterion (rapid decrease of pH and high acid
production). However, the sensorial characteristics of
product were very important factors that determined
qualities of products, so the five sensorial
characteristics: sweetness, sourness, maize odour,
fermented odour (mainly undesirable odour) and
viscosity (texture) of product were examined and the
results were presented in Fig. 2. Regarding this Fig.,
the texture of six products had no significant
difference. This observation was confirmed by
viscosity measurement. The product viscosities had
the same value of about 20mPa.s although the L.
brevis strain has capacity to produce extracellular
polysaccharides. This number corresponds to most of
quotidian  drinking  yogurts. The sweetness
characteristic presented with no significant difference
between six products. In this case, it was necessary to
focus on two main characteristics which are maize
odour and fermented odour.
7
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Fig. 1. pH of maize suspension as a function of
fermentation time
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Fig. 2. Sensorial analysis of yogurt-like product
fermented by different lactic strains

The final product, as expected, must retain the
natural odour of raw material (maize) and exhibit at
minimal undesirable odours due to fermentation. The
L. plantarum NCDN4 perfectly answered these two
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criteria (the solid line in Fig. 2). It possessed the high
level of maize odour (6 points comparing to 4 for the
others) and very low intensity of undesirable
fermented odours (2 points comparing to 6 for the
others). The fermented beverage product with L.
plantarum NCDN4 had the harmony of sweetness
and sourness, moderate viscosity and especially
retained the natural aroma of waxy maize. In some
previous publications, some others lactic bacteria
were isolated from traditional products with
spontaneous fermentation such as L. brevis, L.
acidophilus or used for starter culture L. casei [1].
However L. plantarum is found and used the most for
cereal fermented products [4,7].

Considering the criteria for starter selection
presented above (i) acceleration of metabolic
activities (acidification and pH decrease) and (ii)
formation of the desired organoleptic characteristics,
the L.plantarum NCDN4 strain presented as the most
suitable for production of non-dairy yogurt-like
beverage from maize and therefore was selected for
next experiments.

3.2. Determination
conditions

suitable

of

fermentation

3.2.1. Cell density of starter

The starter L. plantarum NCDN4 was
inoculated at 10°, 10° and 10’CFU.ml!. The
fermentation was conducted in 18h at 32°C. The
evolution of pH and titratable acidity were shown in
Fig. 3. The pH of suspension decreased over time but
can be divided into three phase explained in section
3.1. The final pH reached around 4 and the acid
content (lactic acid equivalent) was 3.2g.L”! in
average. At the lowest cell density of inoculum, the
fermentation started slower than those of higher cell
densities. At 12 h of fermentation, pH was 4.4+0.06
and lactic acid content was 2.66+0.04 gL' At
10°CFU.ml", after 12h, the pH decreased faster, from
6.65 to 4.20, the acid content was 2.81g.L'!. At the
highest cell density, the pH of fermented suspension
fall under 4.00 after only 12h of fermentation.

In addition, the sensorial analysis was carried
out; it was found that at 10°CFU.ml"! the product had
slightly sourness but high intensity of sweetness, lack
of taste harmony due to low microbial density and
slow fermentation. In contrast, the 10’CFU.ml"!
density provoked the fermentation too fast; therefore
the obtained product was assessed with great sourness
and less sweetness. The fermentation rapidly
converted sugar into organic acids and degraded the
sweetness-sourness harmony of product and caused a
small extend of spicy taste. With 10°CFU.ml"! of
lactic bacteria, the final product had a harmony of
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sweetness and sourness, slightly maize flavour and
fermented aroma.

The biochemical analysis of several popular
products (drinking yogurts) in Vietnamese market
demonstrated that the pH and titratable acidity varied
from 4.14 to 4.43 and from 2.17 to 2.93g.L’!
respectively (unpublished data). In the literature,
Akissoé et al. (2015) [3] studied the acceptance of
European and African consumer on Akpan product
(made from fermented white maize and sorghum)
showed that the most accepted one had pH 4.0-4.2
and total acidity (lactic acid equivalent) of 0.23-
0.26%. According to these observations, the cell
density of starter inoculated in maize suspension was
chosen at 10°CFU.ml! for the best quality of cereal
fermented beverage.
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-&-Acidity-10°CFU/ml -8-Acidity-10°CFU/ml -4+ Acidity-10’CFU/ml
Fig. 3. Impact of cell density of starter on pH and
acidity of fermented suspensions

3.2.2. Fermentation time and temperature

In order to determine the shortest fermentation
time for suitable quality of product, various
biochemical and sensorial characteristics of
fermented product were evaluated at 6h, 12h and 18h
of fermentation at 32°C with 10°CFU.ml"! of
inoculum. After 6h of fermentation, the pH decreased
from 6.65 to 5.79+0.03, the acid content increased by
1.16g.L! to 1.40+0.03. These values are not enough
for starchy fermented products which need more acid
and lower pH to inhibit pathogenic microorganism.
Considering the criteria in the previous chapter, the
duration of fermentation can be fixed at 12h whereas
the pH and acidity were respectively 4.23+0.03 and
2.83+0.03g.L"! (lactic acid equivalent). This condition
provided the product a good taste and odour, a
suitable pH and acidity for beverage conservation and
consumption. Beyond this time of fermentation, pH
continued to decrease (to 3.88+0.05, acid content
3.42+0.04g. L' at 18h). The prolongation of
fermentation time caused product taste too acidic.
The beverage lost sweetness, natural maize aroma
and had important undesirable odours. Thus, 12 hours
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of fermentation was chosen as duration of

fermentation of maize suspension. Comparing the

African traditional process to produce starchy

fermented beverages, it shortened from 2 to 6 folds of

fermentation time [2].
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Fig. 4. Impact of fermentation temperature on pH and
acidity of fermented suspensions

After selection of cell density of starter and
fermentation time, it is necessary to determine the
fermentation temperature. Results for different
fermentation temperature at 26, 32, 37 and 42°C were
presented in Fig. 4. Although the L. plantarum
NCDN4 strain is mesophilic, the experience was still
carried out at 26°C in order to avoid the undesirable
odours due to a fast fermentation. However, the
obtained results showed that the fermentation
occurred very slowly. After 12h of fermentation the
pH was only 6.13#0.16 and acidity was
0.78+0.05g.L"!. These results were far from expected
criteria. In addition, the sensorial characteristics were
not satisfactory. For 32°C which is in the optimum
range of temperature for L. plantarum NCDN4. The
pH decreased faster those at 26°C. After 12h pH
reached 4.2 and acid content was 2.88g.L"'. The
obtained product had a good sensory evaluation for
taste, texture and aroma. When the fermentation
temperature raised to 37 and to 42°C, the bacteria
activities decelerated as results of obtained pH was
higher and acidity was lower than those at 32°C. This
observation can be explained by the out of optimum
temperature of L. plantarumm NCDN4 so the pH and
acidity at 37 and 42°C were respectively 4.83%0.15
and 5.16+0.20; 2.10+0.11 and 1.89+0.09. That is the
reason why these temperatures were not suitable for
fermentation of maize suspension by L. plantarum
NCDN4. These results were strengthened by different
studies in literature. Gullon et al. 2015 [1] used L.
casei CNCM-I 4592 for Akpan production, the
fermentation was realised at 35°C. Agati et al. 1998
[10] produced Ogi (mainly fermented maize) by L.
fermentum through the fermentation at 30°C. For
conclusion, the most reasonable fermentation
conditions were 32°C during 12h.
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4. Conclusion

This study has determined L. plantarum
NCDN#4 as the lactic bacteria in order to produce the
yogurt-like beverage from waxy maize. The maize
suspension was fermented with cell density of
10°CFU.mL"! during 12h at 32°C. Final product was
biochemically comparable to popular drinking
yogurts with pH 4.23%0.03, titratable acidity 2.83
+0.03 (g lactic acid.L™"), desirable taste and texture.

Acknowledgments

We acknowledge the financial support provided
by Hanoi University of Science and Technology
(project number T2016-PC-029).
References

[1]. B. Gullén, M. Pereira, C. Mestres, J. Hounhouigan, D.
Pallet, J.L. Alonso, and M. Pintado, Assessment of
prebiotic potential of Akpan-yoghurt-like product and
effects on the human intestinal microbiota. Journal of
Functional Foods, 19, Part A(2015). 545-553.

[2].C. Sacca, L. Adinsi, V. Anihouvi, N. Akissoe, G.

Dalode, C. Mestres, A. Jacobs, N. Dlamini, D. Pallet,

and D.J. Hounhouigan, Production, consumption, and

quality attributes of Akpan - a yoghurt-like cereal

product from West Africa. Food Chain, 2(2) (2012).

207-220.

N.H. Akissoé, C. Sacca, A.-L. Declemy, A. Bechoff,

V.B. Anihouvi, G. Dalodé, D. Pallet, G. Fliedel, C.

Mestres, J.D. Hounhouigan, and K.I. Tomlins, Cross-

cultural acceptance of a traditional yoghurt-like product

made from fermented cereal. Journal of the Science of

Food and Agriculture, 95(9) (2015). 1876-1884.

A.A. Yao, M. Egounlety, L.P. Kouame, and P. Thonart,

Les bactéries lactiques dans les aliments ou boissons

amylacés et fermentés de 1’Afrique de 1’Ouest : leur

utilisation actuelle. Annales de médecine vétérinaire,

153(1) (2009). 54-65.

[5].M.L. Johansson, A. Sanni, C. Lonner, and G. Molin,
Phenotypically based taxonomy using API S0CH of
lactobacilli from Nigerian ogi, and the occurrence of
starch fermenting strains. International Journal of Food
Microbiology, 25(2) (1995). 159-168.

[6]. AACC, 44-15A. Moisture-Air Oven Methods. (1981).

[7].C. Mestres, T.C. Nguyen, L. Adinsi, J. Hounhouigan,
G. Fliedel, and G. Loiseau, The interaction between
starch hydrolysis and acidification kinetic determines
the quality of a malted and fermented sorghum
beverage. Journal of Cereal Science, 63(2015). 8-13.

[8]. T.-M. Le, T.H. Nguyen, T.T. Pham, T.H. Nguyen, and
T.L.C. Le, Analysis technics in fermentation
engineering. (2007): Science and Technics Publishing
House. 331.

[3].

[4].

[9]1.D.T. Ha, Evaluation sensorielle des denrées
alimentaires. (2001): Agence Universitaire de la
Francophonie.

[10]. V. Agati, J.P. Guyot, J. Morlon-Guyot, P. Talamond,
and D.J. Hounhouigan, Isolation and characterization of
new amylolytic strains of Lactobacillus fermentum
from fermented maize doughs (mawe and ogi) from
Benin. Journal of Applied Microbiology, 85(3) (1998).
512-520.



