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SUMMARY

The objective of this work was to develop an infant food product based on yogurt,
cereals and soybean. The experimental conditions to obtain the yogurt using milk and
liofilized microorganisms, were: incubation period, 5 hours, a temperature of 41 *
190C and innoculum concentration, 39/o.

Two protein mixtures were prepared: 1) corn-yogurt, with a protein supply rela-
tion of 65/350/0, and 2) wheat-soy-yogurt with a protein supply relation of 20/60/
200/o, respectively. The mixtures were fermented during 24 hours at 370C and
spray-dried thereafter.

Artificial flavors, sugar and maltodextrins were added to the final product, in
order to develop and instant purée. The protein content of the product was 119/o,
with a net protein utilization (NPU) of 800/0 in relation to casein. Banana was the
most acceptable flavor.

‘This type of product represents an alternative to preserve milk in developing
countries, obtaining a suitable baby food product.

INTRODUCTION

Cow’s milk is a valuable and widely used product in infant feeding. In
many rural areas of the developing countries, however, it is not evenly and
sufficiently available. even though its production is abundant in certain
seasons. Lack of adequate conservation and transportation facilities
partially explains this situation. A sizable part of the produced milk spoils,
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and is consequently wasted (1-3). The development of means for prolong-
ing the useful life of milk applicable in rural areas of developing countries
could result in both economical and nutritional benefits, saving the re-
source, and making it available for infant feeding.

Among the methods for milk preservation, fermentation is effective
and simple enough to be carried out at the household level. Yogurt and
similar products combined with cereals have been used in the Middie
East to provide infant foods with a good amino acid balance; in that
region of the world, dishes combining yogurt and high extraction or
parboiled wheat flour are very popular (4-7), suggesting that mixtures of
this kind could serve the purpose previously stated. For some years, our
group has been working along these lines, developing mixtures of fermen-
ted milk and cereals at laboratory level, and testing them in rural areas
of our country (8, 9).

The purposes of the present study were: 1) to determine the most
favorable processing conditions at pilot level for the preparation of
yogurt, and of fermented mixtures with cereals; and 2) starting from a
fermented mixture based on yogurt and cereals, to develop a product for
infant feeding. This product should be accepted by at least 700/0 of the
members of a panel, and have the following composition per 100 g:
protein content not less than 10 g, with-a NPU not less than 709/0, no
more than 10 g fat and 4 g crude fiber, respectively; a moisture content
not greater than 7 g, and 1.1 to 1.25 of lactic acid.

MATERIAL AND METHODS
Experimental Development

Preparation of yogurt — The most adequate conditions for the pre-
paration of the yogurt were established according to the procedure
illustrated in Figure 1.

Design of protein mixes — This was carried out by linear program-
ming designed in our Institute, which optimizes the chemical score and
minimizes ingredient costs. The best mixtures were: a) yogurt, 20°/o,
wheat, 60°/o, and deffated soybean flour, 20°/0; and b) yogurt, 659/o,
and corn, 359/o.

Fermentation of the mixtures — The selected mixtures were fer-
mented at 379C for a period of 24 hours, according to Figure 2, and
dehydrated by spray-drying.

Procedure control — This was executed along the preparation of
yogurt and of the fermented mixtures by means of the determination of
acidity increase (as pH and as percentage of lactic acid). The raw ma-
terials, as well as the finished product, were controlled through proximal
and microbiological analyses, evaluation of the protein quality, shelf life,
and sensory characteristics.

Formulation of the infant food — Sugar, maltodextrins, artificial
flavors and water were added in different amounts to the fermented mix-
ture, selecting those which rendered the best results.

The selection was done by determination of the viscosity of the for-
mulation, using a commercial product of 65,000 cps as reference, and
employing sensory panels at laboratory level.
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Evaluation — The raw materials and the final product were evaluated
by proximal and microbiological analyses and by sensory and biological
tests.

Raw Materials

The raw materials selected were: 1) powdered skim milk; 2) defat-
ted soy flour; 3) wheat flour; 4) uncooked milled corn; 5) lactic cultures
(Streptococcus  thermophilus and Lactobacillus pylgaricus) from
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Cuamex, S.A., 6) two different maltodextrins (maltrin 10 y maltrin 30)
from Glucosa, S.A.; and 7) eleven artificial flavors from Firmenich, S. A,

Methods of Analysis

Proximal — Humidity, using ovens (10); protein by the Kjeldahl
method (11); ether extract, by the continuous extraction method (12);
ashes, by incineration (13), and crude fiber by the acid and alkaline
hydrolysis procedure (14).

Physical and chemical — The analyses were carried out as follows:
temperature, with a Taylor thermometer (-10 to 110°C); acidity, as a
percentage of lactic acid (15); pH using a Beckman Zeromatic Potentio-
meter (16); viscosity of the mixture when rehydrated in the form of
“baby purée””, by means of a Brookfield RVF viscosimeter at 20°C,
with a No. 6. spin and at a 2 rpm speed (a commercial baby cereal was
used as reference); and granulometry, by means of screens.

Microbiological — Total bacterial count was determined by using
DIFCO plate agar culture medium (17); determination of fungi and yeasts
on plate, with an agar-potato-dextrose culture medium (PDA) added with
109/0 tartaric acid (17); presumptive coliform test count, by dilution in
Durham trochar tubes with a lauril-sulphate-triptose culture (LST) (17);
and determination of the most probable coliform number, in Durham
tubes (17). :

Protein quality evaluation — A quantitative amino acid analysis of
the mixture was performed by the Stein and Moore method (18) using
a model 116 Beckman automatic analyzer. Determination of tryptophan
was done using the technique of Spies and Chambers (19). Protein
efficiency ratio (PER) was determined according to the Campbell method
(20), and net protein utilization (NPU) as established by the Miller pro-
cedure (21).

Sensory Evaltation of the Product

Laboratory level — A panel test was carried out with a total of 30 non-
trained judges. Preference tests (22) were undertaken for the purpose of
selecting the most acceptable type and concentration of artificial flavors.

Community level — Evaluation at this level was carried out in a rural
community (Santiago Texcaliacac) located 60 km Southwest of Mexico
City. The panel was integrated by 160 persons: 40 panel members were
children from four months to one year of age, and the rest were school-
age children and mothers who offered the product to their four-month
- 1 year-old babies. The product (25 g) was packed in plastic bags and
handed to the mothers with instructions for its preparation. Then, it
was tested, and a graphical facial questionnaire of acceptability was ap-
plied immediately after (21). A good-quality product was considered
when 709/0 of the panelists accepted it in three levels: moderately,
much, or extremely acceptable.

RESULTS AND DISCUSSION

Corn and wheat were selected on the basis of price and availability.
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In order to reach 20-300/0 of protein content in the basic mixture, defat-
ted soybean flour was employed; the main protein sources in the mixture
were soybean and milk.

The bacteriological control performed on the raw material gave
results which satisfied the standards established by the Mexican Health
Authorities.

Since the fungi counts were high in corn, wheat and soy flours (500
col/g), these were autoclaved for 10 minutes at 100-1209C and 10 Ib/in2
pressure.

Yogurt preparation — The selection of the most adequate proportion
of the cultures (Lactobacillus/streptococcus)was done by microscopic
observation of the samples, reaching the proposed acidity.

Table 1 shows the Lactobacillus bulgaricus/Streptococcus thermophilus
relation at different stages of the fermentation process, as well as the
changes in acidity and pH. With a 3%/0 inoculation, an optimum relation
of 5/2 was obtained. This dilution was selected for tests at pilot level.

In order to reduce fermentation’s cost and time, once the percentage
of inoculum was selected, a “starter” culture —which reduces adaptation
times and accelerates growth— was obtained through sequential cultures.
In all the phases, a 39/0 concentration of the culture was used; a tempera-
ture of 40-450C was mantained until an acidity of 1.10 g lactic acid/100
ml was obtained. ‘

The behavior followed by the lactic cultures in the different activation
phases is summarized in Figure 3. In general, the adaptation period of
the microorganisms is reduced timewise, while growth is accelerated.
Thus, during the “activation” phase, adaptation lasts four hr and growth
lasts 11 hr, while for development of the starter culture, adaptation

TABLE 1

RELATION OF THE LACTIC CULTURE AND THE RESULTS OF pH AND
ACIDITY DURING PREPARATION OF THE YOGURT

Lactobacillus/Streptococcus Acidity
Inoculum ratio pH (g lactic/100g)
Basal culture 1- 1 4.5 13
1 10. 4 4.4 13
2 4. 3 4.2 1.2
3 5- 2 4.3 1.1
4 6- 3 4.3 11
5 3-1 4.0 1.2
6 4- 1 4.0 1.1
7 6- 2 4.0 1.2
8 8- 1 3.9 1.2
9 2- 5 3.9 1.2
10 1-10 3.9 1.2
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takes less than 30 minutes and growth takes only three-and-a-half hours.
Using this starter for the yogurt preparation, adaptation is no longer
needed, and growth proceeds until optimum acidity (1.10; pH 4.6) is
reached at two-and-a-half hours. Yogurt was then prepared according to
the selected procedure, using skim milk rehydrated to 1490/o solids,
sterilized in autoclave (10 1b/in2 pressure, 1100C, 5 minutes) and cooled
to 400C before adding the starter. The yogurt obtained presented good
consistency, acidity and aroma. Briefly, the most favorable conditions for
preparing yogurt at pilot plant level were: a 40 - 10C temperature, a
2-1/2 hr period, and a 39/0 concentration of the starter culture.

Fermentation of the mixtures — Composition of the selected mixtures
is presented in Table 2. These mixtures were prepared and fermented
according to Figure 2. Fermentation was stopped after 24 hr when 29/o
acidity —which is recommended for these mixtures— was reached. In
comparison with the mixtures fermented at the laboratory and domestic
levels, a reduction in fermentation time, from five days to 24 hours, was
achieved. Once fermentation of the mixture was concluded, water was
added until the temperature (379C) decreased to 2009C. The mix was then
passed through a colloidal mill to uniform particle size, and then de-
hydrated with a spray drier, obtaining a brownish pink powder with a
slightly acid taste and an aroma very much like that of malted wheat.

Formulation of the baby food — Up to 50 g of sucrose were added
to 100 g of the fermented mixture, so as to provide enough sweetness,
and counterbalance its acid taste; for optimal viscosity, 0.8 g of
maltodextrin per 100 g of solids was needed. Water (130 and 100 ml for
mixtures a and b respectively) was added for appropriate consistency.
Banana was the preferred flavor. It wasinitially supposed that acid flavors
such as orange and pineapple would be the most liked, since the basic
mixture has an acid tdste and these flavors could contribute to reinforce
it, disguising the bitter of soybean flavor. Nevertheless, panelists pre-
ferred those flavors traditionaly employed in the preparation of baby
foods, sush as apple, banana and vanilla. It was established that a concen-
tration of 0.3 g of these flavors per 100 g of the formulation, was ade-
quate. The formulations of the baby food are detailed in Table 3.

Evaluation — Composition of the yogurt and of the fermented mix-
tures is presented in Table 4. The microbiological analysis proved that
the mixtures reached adequate sanitary conditions for human consump-
tion.

The PER and NPU obtained with the two mixtures and plain yogurt
are given in Table 5. The values of yogurt were similar to those obtained
for casein; both mixtures showed a similar protein quality, equivalent to
90 and 809/0 of a PER and NPU of casein’s, respectively. These values
are satisfactory and compare favorably with those found in other studies
(9, 23). The sensory evaluation of the products developed from the two
mixtures at laboratory level revealed good acceptability in both cases,
with slightly better results for the product based on yogurt-wheat-soy-
bean. Considering these results and its calculated amino acid composition,
the product prepared from the yogurt-wheat-soybean mixture was selec-
ted for the acceptability tests at community level. The results of this test
are summarized in Figure 4, which demonstrates that the product was



TABLE 2

COMPOSITION OF THE SELECTED MIXTURES

(100 g mixture)
Amount Total Crude Ether Amino acids as /o of FAO/OMS 73*
Ingredients needed protein protein extract CHO Lysine Meth. + Cys. Tryptophan Energy
(2) (©/o) (8 (@ (8 (kcal)

Wheat 48.3 20.0
Soybean 36.6 60.0 25.4 3.0 56.6 113.0 93 137.2 355
Yogurt 15.2 20.0
Com 71.2 35.0

13.1 3.9 4.4 85.2 113 122.2 385
Yogurt 28.8 65.0

* FAO/OMS 73: Lysine 4.8; Methionine + Cystine 3.5; Tryptophan 1.0 g/16 g N.
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TABLE 3

FINAL FORMULATION OF THE FERMENTED MIXTURES FOR
PREPARATION OF THE BABY FOOD

(g/100 g)
Mixture Amount of Water Sugar Malto- Banana
based on mixture dextrins* flavoring
Yogurt-wheat-
soybean 35.6 46.4 17.8 0.30 0.10
Yogurt-com 34.5 50.0 13.5 1.75 0.25
*  Maltodextrins (Maltrin 10).
TABLE 4
COMPOSITION OF THE YOGURT FERMENTED MIXTURES
(2/100 g)
Product Humidity Ashes Crude Ether Crude Carbohydrates
protein extract fiber
Yogurt 88.0 0.7 3.2 34 0 4.7
Fermented mixture
based on yogurt,
wheat and soybean 5.1 3.8 27.8 3.1 1.8 58.4
Fermented mixture
based on yogurt
and com 4.2 2.2 10.6 3.1 1.9 78.0

well accepted by 750/0 of the population. Needless to state, it was quite
stimulating to observe the good acceptance of the product by the babies
included in the study.

A 100 g portion of the baby purée prepated from 25 g of the dry
product and water, provides 10 g of protein and 206 kcal. Thece per-
centages represent 50 and 230/o, respectively of the Mexican protein and
energy recommended allowances (24) for the 4 - 11 months-old-age

roup.
& 111)1 conclusion, the developed product allows extension of the milk
resources, making available a baby food with appropriate nutritional and
acceptability characteristics.
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TABLE 5

NET PROTEIN UTILIZATION (NPU) AND PROTEIN EFFICIENCY RATIO
(PER) OF THE FERMENTED MIXTURES

Diets PER SD PER as Ofo of NPU SD NPU as 9/o of
casein’s PER casein’s NPU

Casein 2.62 £0.73 100.0 59.8+ 49 100.0

Yogurt, wheat

and soybean 2.35 +0.60 89.7 517+ 45 81.3

Yogurt -corn 2.41 +0.74 91.2 47052 78.6

Yogurt 2.75 +0.25 104.0 614+ 171 103.0
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RESUMEN

DESARROLLO DE UN PRODUCTO INSTANTANEO PARA
ALIMENTACION INFANTIL, CON BASE EN YOGURT, CEREALES Y SOYA

El objetivo de este trabajo fue obtener un producto de alto valor nutritivo parala
alimentacion infantil, con base en yogurt, cereales y soya. Las condiciones 6ptimas
de elaboracion de yogurt, a partir de leche descremada en polvo y cepas de microor-
ganismos liofilizados, fueron: un periodo de incubacién de 5 horas a 41t 10C, y una
concentracion de inoculo de 30/o. Se prepararon dos mezclas proteinicas: 1) maiz-
yogurt, con una relacion de aporte proteinico de 65/359/0 y, 2) trigo-soya-yogurt,
con una relacion de aporte proteinico de 20/60/200/0, respectivamente. Las mezclas
se fermentaron por 24 horas a 370C y posteriormente se secaron por aspersion.

El producto final se adiciono de saborizantes, aziicar y maltodextrinas, con miras
a formular una base para la preparacion de ‘una papilla “instantdnea”. El aporte pro-
teinico de la papilla era de 11 g/100 g, con una utilizacion neta de proteinas del 809/o
en relacion a la caseina. En cuanto a sabores, el de-platano fue el mas aceptado. El
desarrollo de este tipo de productos presenta una alternativa para la conservacion de
un valioso recurso, la leche.

BIBLIOGRAPHY

1. Eckles, H. & P. Macy. Milk and Milk Products. New York, N. Y., McGraw Hill

Co., 1951.

. Industnas Lictea (México) 21(4): 8-10, 1982.

3. Ortegdn, J. A., L. F. Pérez-Fernandez & C. Arzola. Efectos del medio ambiente
sobre la cantldad de composicion de la leche en el trépico mexicano. Rev. Tecnol.
Aliment. (Mex), 12(2): 47-55, 1977.

4. Al Nouri, F., F. Duirschaeruer & J. M. De Man. The use of Kuskuk. Canadian
Institute of Food Science and Technology Journal, 7(3): 228-229, 1974.

5. William, H. A. Nutrition in the Near East d. Am. Dietet Assoc., 30: 753-756,
1954.

6. Frankul, W. & P. L. Pellet. The nutritive value of Kuskuk. An Iraqui fermented
milk wheat product. Nutrition Society Proceedings, 18(2): 36-37, 1959.

7. Van Veen, A. G., D. C. Graham & K. H. Steinkraus. Fermented milk wheat
combinations. Trop. Geogr. Med., 21: 47-52, 1969.

8. Cafiizo, M. E. Elaboracion de un Producto Seco a Base de Leche Fermentada y
Maiz, y su Adaptacién a Nivel Casero. Tesis Profesional. Universidad de Mi-
choacan, México, 1977.

9. Sierra, A. Conservacion de Leche Elaborando un Producto Seco a Base de Yogurt
y Mezcla de Cereales, y su Adaptacion a Nivel Casero. Tesis Profesional. Univer-
sidad de Michoacdn, México, 1978.

10. Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 7.003, 12th. ed. Washlngton,D C., The Association, 1975.

11. Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 2.049, p. 14, 12th. ed. Washington, D. C., The Association, 1975.

12. Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 7.045, p.135, 12th. ed. Washington, D.C., The Association, 1975.

13. Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 14.006, p.222,12th.ed. Washington, D.C., The Association, 1975.

N



864

14.

15.
16.

17.

18.
19.

20.

21.

22.

23,

24,

ARCHIVOS LATINOAMERICANOS DE NUTRICION

Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 7.054, p. 135, 12th. ed. Washington, D. C., The Association,
1975.

Kosikowski, F. Cheese and Fermented Milk Foods. 2nd. ed. Ithaca, N. Y. 1977.
Association of Official Analytical Chemists. Official Methods of Analysis of the
AOAC. Method 16.023, p. 254 12th. ed. Washington, D. C., The Association,
1975.

Secretaria de Salud. Técnicas para el Muestreo y Andlisis Microbiologico de Ali-
mentos. Meéxico, D. F., Direccidn General de Investigacidn de Salud Piblica,
1975.

Moore, S. & W. H. Stein. Chromatography of amino acids on sulfonated po-
lystyrene resins. J. Biol, Chem., 192: 663-681, 1951,

Spies, J. R. & D. C. Chambers. Chemical determination of tryptophan in proteins,
Analytical Chem., 21(10): 1249, 1949.

Campbell, J. A. Method for determination of PER and NPU In: Evaluation of
Protein Quality. Washington, D. C., National Academy of Sciences-National
Research Council, 1963 (Publication 1100).

Miller, D. S. A procedure for determination of NPU using rat’s body N technique.
In: Evaluation of Protein Quality. Washington, D. C., National Academy of
Sciences-National Research Council, 1963 (Publication 1100).

Amerine, M., R. Pangborn & E. Roessler. Principles of Sensory Evaluation of
Food. New York, N. Y., Academic Press, 1965.

Sadek, G. M,, S. A. Z. Mahnoud, L. El-Matteleb & M. R. Zawahry. Chemical com-
position of Egyptian Kiskn. Indian J. Dairy Sci., 11: 67-75, 1974.

Bourges, R. H., A, Chdvez & P. Arroyo. Recomendaciones de Nutrimentos parala
Poblacion Mexicana. 2a. ed. México, D. F., INNSZ, 1977. (Pub. L-17).





