
424 Paulo C. Coradi et al.

R. Bras. Eng. Agríc. Ambiental, v.15, n.4, p.424–431, 2011.

1 DEA/UFV. CEP 36570-000. Viçosa, MG. Fone: (31) 3899-2732. E-mail: paulocoradi@yahoo.com.br; alacerda@ufv.br; evandro@ufv.br

Quality of raw materials from different regions
of Minas Gerais State utilized in ration industry

Paulo C. Coradi1, Adílio F. Lacerda Filho1 & Evandro C. Melo1

ABSTRACT
The present work aimed at evaluating the quality of raw materials destined for animal feed production, as
well as the quality of corn produced in different areas of the Minas Gerais State. The study was conducted
in a feed mill for poultry, with production capacity of 1,000 t d-1. Samples of corn, soybean, flours, animal
meals, and feed, during the year of 2008 were collected for analysis of moisture, acidity, peroxides, crude
protein, ethereal extract, and physical classification of the corn for “type”. The collection of samples,
physical-chemical analysis and classification of corn according to “type” were performed at the Industrial
Laboratory and at the Department of Agricultural Engineering of Federal University of Viçosa. It was
concluded that: raw materials meet the minimum demands of quality (with regards to physical-chemical
and nutritional aspects); the corn grains and some by-products present high indexes of moisture and are
subject to microbiological contamination during storage; the corn produced in the different areas of
Minas Gerais State can be classified as “type 1” for commercialization.
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Qualidade de matérias-primas das diferentes regiões
do estado Minas Gerais usadas na indústria de ração

RESUMO
Objetivou-se, com este trabalho, avaliar a qualidade das matérias-primas destinadas à indústria de ração
e às rações processadas, além da qualidade do milho produzido nas diferentes regiões do estado de
Minas de Gerais. O estudo foi conduzido em uma indústria de ração para aves, com capacidade de
produção de 1,000 t d-1. Para as análises de teor de água, acidez, peróxidos, proteína bruta, extrato
etéreo e classificação física do milho por “tipo” amostras de: milho, soja, farinhas de origem animal,
farelos e rações, foram coletados durante o ano de 2008. A coleta de amostras, as análises físico-
químicas e a classificação do milho por “tipo”, foram realizadas no laboratório da indústria e no
Departamento de Engenharia Agrícola da Universidade Federal de Viçosa (UFV). Concluiu-se que as
matérias-primas atendem às exigências mínimas de qualidade quanto aos aspectos físico-químicos e
nutricionais; os grãos de milho e alguns subprodutos apresentam índices de teor de água elevados e está
sujeita a contaminação microbiológica, durante armazenamento; o milho produzido nas diferentes
regiões do estado de Minas Gerais pode ser enquadrado no “tipo 1”, para comercialização.
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INTRODUCTION

Market differs worldwide in quality requirements for end
product. However, it is possible to observe that importing
countries are increasingly adopting preventive measures with
regards to the quality of the products in the market. These
countries justify their  increased standards based on
environmental issues, health and food safety concerns, and
on international standards (Figueira et al., 2003).

The international standards are concerned with quality for
animal ration and ingredients, protein composition and amino
acids, fatty acids, minerals, vitamins and digestive energy of
components and feed, related to the manufacturing processes.
Among the ingredients for feed formulation for poultry, maize is
the main raw material (60-80% by mass). It is an important energy
source. The importance of maize in nutrition is related to its
nutritional properties (high starch content, protein, oils and
vitamins), which make it one of the basic components of diet in
humans and domestic animals (Figueira et al., 2003). Based on
its use in ration manufacturing, maize is one of the most popular
cereals produced, but its consumption is related to the demand
of pork and poultry meat. In 2008, the world production of maize
was approximately 700 million tons, and Brazil participated with
7.1% of the total. It is characterized as the third largest producer,
after the United States and China. The achievement of high
quality grains depends on several factors, such as species and
variety characteristics, edaphoclimatic conditions during its
development, harvest time and procedure, drying methods, and
storage practices (Chowdhury & Buchele, 1978). During harvest,
the losses are the subject of many studies. Chowdhury &
Buchele (1978) observed an increase in grain losses in harvest
when it is carried out with lower water content; however, Silva
(1997) concluded that the mechanical damage on the seed quality
and maize grains should increase with the use of higher water
content during harvest. Water content is one of the most
influential factors on mechanical damage of the variety and
maturation stage observed during harvest. Chowdhury &
Buchele (1978) affirmed that the grains in mechanical harvesting
are subject to mechanical impact, which may cause broken
kernels, and falls, mainly when the water content of the grains
are above 22% (w.b.).

Infections caused by fungi of the species Fusarium,
Aspergillus, Penicillium, Cladosporium, Cephalosporium and
Stenocarpella (Pinto, 2003) are the main causes of burnt grains,
causing losses and reduction in quality (Elias et al., 2008). In
addition, burnt grains are a risk to animal health, and can be
contaminated by mycotoxins, causing economic losses for
farmers by lowering the quality of the product (Munkvold et al.,
1997). According to Brasil (1996) to have a quality product in the
market requires that the maize has water content up to maximum
of 14% (w.b.), impurities up to 1% of the sieve, with 3 mm sieves
or up to 3% in sieve of 5 mm, and a maximum of 6% of burnt
grains. The presence of insects, fungi, toxins, seed toxicity, and
pesticide residues must be avoided. The by-products such as
rice meal, wheat and soybean, meat meal, bone, feathers, viscera,
fats are also commonly used in feed formulation. Besides, the
microingredients make the physico-chemical analysis important
to evaluate the product’s preservation (Keshavars & Austic,
2004; Rostagno et al., 2005). Therefore, the present work aimed

to evaluate the quality of raw materials in the Minas Gerais state
intended for the ration industry, as well as the quality of the
maize produced in different regions of the state.

MATERIAL AND METHODS

The work was conducted in a pellet feed industry for poultry.
The sampling and physical-chemical analysis of raw material
properties and feed and corn classification was carried out in
the Industry Laboratory and at the Department of Agricultural
Engineering of the Federal University of Viçosa (UFV).

Collection and data analysis
Verification of the raw material quality and feed production

was carried out by sampling and physical-chemical analysis
during the period of one year. The monthly average, standard
deviation, and the variation coefficient for each product were
calculated based on results obtained. The results were
presented in graphics and compared with the quality standards
set. The physical sampling and classification by “type” were
held for maize, and for all suppliers of the regions of the Minas
Gerais State. The minimum, maximum, and average data, the
standard deviation and the variation coefficient were obtained.
The maize quality was compared to other regions of the Minas
Gerais state in accordance with the classification standards
(Brasil, 1996).

Sampling system
The sampling of corn, sorghum, soybean, integrated

extruded soybean, corn germ, rice bran, wheat and soybean
meal, meat meal, bone meal, feathers meal, viscera and viscera
oils was carried out in the receiving stage, before weighing
and unloading. Feed samples were collected in dispatch silos,
before the loading of bulk carrier trucks.

The bran sampling was performed in accordance with the
instructions contained in AOAC (1990). Samples of 1 kg were
removed for each 1,000 kg of product. Samples of 15 kg of
meals were collected for every 100 t. In viscera oils, samples of
5 kg were collected for every 100 t, and in feed, samples of 45
kg for every 100 t were collected. All the samples were
homogenized, reduced, and packed in three routes with weights
of 1 kg each, duly identified for analysis and certified according
to the methodology described by AOAC (1990). For soybean,
maize, and sorghum grains, sampling was performed in different
points of the transport vehicle, and the number of points
collected was established according to the vehicle size. For
each sample 3 kg of product was removed. A sampling officer
mechanical compound was used for the sampling process. The
Decree nº. 262 of November 23, 1983 (Brasil, 1983) was used as
reference for soybean grains, the Ordinance nº. 268 of August
22, 1984 (Brasil, 1984), for grain sorghum, and the Decree nº.
845 of November 8 (Brasil, 1996), for maize grains.

Analysis of properties analysis of raw materials and feed
The products, by-products, and feed sampled were

submitted to physical-chemical analysis. For soybean grains
and extruded, integrated soybeans, corn germ, rice bran, wheat
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bran and soybean meal analyses were carried out for water
content, crude protein, ethereal extract, and total fiber. Analyses
for water content, acidy index and peroxides were carried out
for meat meal, bone meal, feather meal, viscera meal, viscera
oils, and feed. The water content in the corn grains, soybean,
and sorghum were determined by official incubator method,
using 105 ± 2 ºC, during 24 h, with three replications, according
to the recommendations contained in rules for seed analysis
(Brasil, 1996). In products and by-products of animal origin
and feed, the method described by AOAC (1990) was used.
The same was done for the analyses of acidity, peroxides, total
fiber, crude protein, and ethereal extract.

Corn classification by type
To analyze the physical quality of corn, sample

homogenization and the weighing of 250 g were performed.
This sample of work was passed in a sieve for the corn
classification, with holes of 5 mm in diameter. Corn classification
was performed according to the criteria described in the
Administrative Rule nº. 11, of April 12, 1996, drawn up by the
Ministry of Agriculture and Livestock Supply (Brasil, 1996).
Products that exceeded the tolerance ceilings for defects
established for Type 3 were framed as “below standard”.
Products in bad conservation status, with aspect of molds or
fermentation, mixed with castor bean seed or other which might
adversely affect the use of the product, or presented a strange
odor were disqualified.

RESULTS AND DISCUSSION

Table 1 presents the relative frequency of the samples of
nonstandard products. Figure 1A presents the average values
of water content (p > 0.05) for flour of animal origin used in
feed formulation. In these products, moisture below 9% was
observed, a limit considered tolerable by AOAC (1990). Higher
water contents could be a source for microbial growth, mainly
of the Salmonellas species, causing deterioration to the
products and also increasing the process of fat degradation.
The Salmonella bacteria are frequently found in nature and, in
addition to poultry, can infect human-beings, insects, fish,
reptiles and mammals, causing a disease called salmonellosis.
It may cause clinical or subclinical infection in poultry, which
may remain as a reservoir and source of infection for human-
beings (Bellaver & Zanotto, 2004).

The observed values of humidity, which are exceedingly
low (mainly for meat meal and bone meal), may be related to
high temperature during processing, causing reduction in
availability of nutrients for animals (Bellaver & Zanotto, 2004).
Vegetable meals, soybean, sorghum and corn grains showed
water content levels (Figures 1B, 1C and 1E), which were below
the limit recommended (Burris, 1980; Elias et al., 2008; Faroni et
al., 2009) for the preservation of products during storage. While
for integrated and extruded soybean (Figure 1D), significant
variations (p > 0.05) in water content were observed. The
microbiological contamination of the products is linked directly
with the environmental and product conditions. According to
some authors (Moreno et al., 2006), water content levels above
11% (w.b.) generally increase the development of

Total number of samples: a = 27, b = 68, c = 24, d = 32, e = 21, f = 24, g = 38, h = 35, i = 53,
j = 24, l = 24, m = 24, n = 24, o = 24, p = 32, q = 32, r = 32
*According to the Table 2

Table 1. Relative frequency of products sampled below
the standards quality of water content (WC), crude protein
(CP), ethereal extract (EE), crude fiber (CF), acidity, and
peroxides during 2008, according to the Figures 1, 2, 3,
4, and 5

Frequency (%) 
 WCo CP EE CF 

    
Products 

(%) 
Acidity 

(mgNaOHg-1) 
Peroxides 
(meqkg-1) 

       Corn germa 00.0* 11.1 00.0 07.4 - - 
Corn grainsb 64.7* 67.4 12.3 66.1 - - 
Sorg. grainsc 00.0* 25.5 02.1 85.6 - - 
Soyb. grainsd 23.7* 38.9 26.4 10.7 - - 
Extr. soybeane 18.4* 26.6 22.2 08.3 - - 
Des. soybeanf 55.8* 57.1 12.5 06.8 - - 
Rice brang 00.0* 04.8 52.6 18.4 - - 
Wheat branh 00.0* 05.5 23.7 16.5 - - 
Soybean meali 14.7* 05.3 06.4 03.7 - - 
Viscera mealj 00.0* - - - 0.0 00.0 
Feathers meall 13.7* - - - 0.0 05.4 
Meat mealm 00.0* - - - 0.0 00.0 
Bone mealn 00.0* - - - 0.0 00.0 
Viscera oilo - - - - 0.0 00.0 
Initial feedp 15.3* - - - 0.0 02.5 
Growth feedq 12.5* - - - 0.0 00.0 
Final feedr 12.9* - - - 2.1 68.7 

 

microorganisms for some products. Insects and fungi are
among the main microorganism contaminants in storage. The
fungi of Aspergillus flavus and parasiticus species are found
in stored grains and develop easily with substrate moisture
above 14% (w.b.), water activity higher than 0.70, optimal
temperature for growth between 35 and 38 ºC, minimum between
8 and 15 ºC and maximum, between 40 and 45 ºC (Regitano-
D’Arce et al., 1994; Rupollo et al., 2006).

The presence of fungi may encourage mycotoxin production
in stored products. Aflatoxins are secondary metabolites,
produced by some fungi strains of the genus Aspergillus,
mainly the A. flavus and A. parasiticus species, which develop
naturally in foodstuffs, and have been frequently found in
corn, groundnut, bean, rice and wheat, cotton seed, grain
sorghum, spices, feed, and fruits (Elias et al., 2008). The factors
affecting the magnitude of toxicity in human-beings or animals
that consume food or feed contaminated with mycotoxins are:
the species, mechanism, action, and metabolism. Mycotoxins
are generally carcinogenic and, when observed in excess, they
are usually attacking the liver, kidneys, intestine, and lungs of
animals and humans (Hussein & Brasel, 2001).

Acidity index and peroxides
The formation of acidity and peroxides in animal products,

oils, and animal feed occurs because of the presence of free
fatty acids, which are formed by hydrolyzed fats present in the
products. The lipase enzymes released by lipolytic bacteria
hydrolize fats cause rancidity.

Therefore, acidity is often associated with bacterial
contamination of the product, and may be accelerated by other
factors resulting from oxidation, such as humidity, temperature,
and oxygen (Bellaver & Zanotto, 2004; Rostagno et al., 2005).
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In the products assessed, the average values of acidity and
peroxides (p > 0.05) obtained in animal meal, oils and feed during
the evaluation period are presented in Figures 2A and 2B. In
general, the acidity of the products assessed was less than 3.5
mg NaOH g-1, the value recommended by Rostagno et al. (2005).
The peroxide index was above 10 meq kg-1 for the final feed.
The high peroxide indexes in feed may have been due to the
inadequate processing and storage of some by-products mainly
used in the manufacture of viscera meal, meat meal, feather
meal, bone meal, and viscera oils. The presence of peroxides
leads to more free radicals, acetones, aldehydes, and alcohols,
thus increasing toxicity. Animals which ingest such meal may
be affected by muscular dystrophy, diatheses, necrosis, etc.
(Rostagno et al., 2005).

Figure 1. Water content for animal meal (A), meals
and soybeans (B), grains of sorghum and corn germ
(C), integrated and extruded soybean (D), industrialized
feed (E)
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Figure 2. Acidity index for meals, oils and feed (A),
peroxides index to meal, oils and feed (B)

Crude protein, ethereal extract and crude fiber
The nutritional quality (protein, extract ethereal and crude

fiber) of the raw material from Minas Gerais State was
characterized and compared with the standards recommended
by Rostagno et al. (2005) in Figures 3, 4, and 5. The analysis
demonstrated that the products assessed comply with the
standards required for use as ingredients in ration formulation.
The nutritional values of the raw materials may vary according
to the processing methods, climatic conditions and season,
among other factors. The variety of raw materials offered for
the minimum cost of formulation should be adequate for
chickens. Limits for the formulation shall be imposed on
ingredients that cause problems when used in excess.
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Figure 3. Crude protein - CP content in different meals

A.

C.

D.

7

9

11

13

Corn germ Corn grains
Sorghum grains Corn germ (S)
Corn grains (S) Sorghum grains (S)

A.

33

38

43

48

Extrused soybean Extrused soybean (S)

B.

33

38

43

48

Soybean grains Soybean grains (S)

12

15

18

1 2 3 4 5 6 7 8 9 10 11 12
Time (months)

Rice bran Rice bran (S)
Wheat bran Wheat bran (S)

D.

B.

A.

D.

B.

6

9

12

15

Corn germ Corn germ (S)
Rice bran Rice bran (S)

18
21
24
27
30

Extrused soybean Extrused soybean (S)

B.

 

1
2
3
4
5
6

EE
 (%

)

Corn grains Corn grains (S)

C.

1
2
3
4

1 2 3 4 5 6 7 8 9 10 11 12
Time (months)

Soybean grains Soybean grains (S)
Soybean meal Soybean meal (S)

Figure 4. Ethereal extract - EE % in different meals

subsequent depreciation of carcasses. The addition of soybean
meal or soybean oil to a diet has beneficial effects, because it
improves the digestibility of saturated fat (Rostagno et al., 2005).
In general, the sorghum varieties presented higher contents of
crude protein than corn (8.8 to 15%), although it is less digestive.

Wheat bran presents good protein concentration (15.52%
in accordance with Rostagno et al. (2005). However, its addition
to the diet of poultry is limited by high fiber concentration
(9.66% in accordance with Rostagno et al., 2005). Feed
formulated with economically low cost ingredients are generally
of low digestibility and palatability. In such cases the extract
ethereal levels, crude fiber content, and high mineral are reduced
(Roque et al., 2006). The contrary occurs when good quality
ingredients are used (Roque et al., 2006). Crude fiber is important
to maintain intestinal health, but the inclusion of vegetable
meals in excess may raise the crude fiber level above the
recommended levels and compromise the digestion and
absorption of organic matter and energy in many species,
including dogs (Earle et al., 1998).

Proteins are important ingredients and which perform several
functions in the body, such as building and maintaining tissues,
hormones, and enzymes, acting as a secondary energy source,
transporting and storing fats and minerals, participating in the
production of sperm and eggs and transporting oxygen (Costa
et al., 2004). Feed consumption is not necessarily controlled
by feed protein level. An increase in feed consumption occurs
with low crude protein, and if the protein level is exaggeratedly
high or low, the fowl will best consume at an intermediate level
(Keshavars et al., 2004; Costa et al., 2004). High levels of crude
protein in feed increase the heat burden that is being dissipated,
which may compromise the poultry’s performance, while a
reduction in protein levels results in decreasing the heat
production and helping the poultry to maintain its energy
balance in conditions of high temperatures (Morris, 2004).

Soybean meal with low protein may contain high levels of
potassium which may lead to diarrhea, bad quality, and
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Fibers work only in the fecal cake and maintenance of transit
in the gastrointestinal tract, promoting an increase in bowel
movements, dilution of energy and a decrease in the digestibility
of nutrients. Roque et al. (2006) reports that, with fiber current
classification, the idea of energy dilution and decreasing
digestibility of nutrients is not totally wrong, since an excess
of undigestible fiber could cause such effects. At the meantime,
soluble physiological fibers result in several benefits, such as
modulation of gastrointestinal motility, increase in mass, volume
and consistency of feces and reduction of diarrhea by
increasing water absorption (Roque et al., 2006).

Corn classification by type in the different regions of Minas
Gerais State

Table 2 presents the relative frequency of the samples of
nonstandard products while the Figure 6 (A, B, C and D) present
the physical analyses of water content, strange matter,
impurities and fragments, damaged, burned, moldy grains and
sprouted kernels, for the corn grains produced in different
regions of Minas Gerais State. The mean water content levels
(Figure 3B) for all regions varied between 14 and 19% (w.b.),
which is above the pattern of corn classification (Brasil, 1996).
To meet the transport logistics and the production system of
the feed mill, it is important to have a good system for receiving,
drying and storing products. It was observed that corn from
distant regions comes with lower water content levels, while
for the corn grains of closer proximity, almost all the drying is

carried out in the facility itself. The high water content levels
for the products analyzed may mean contamination by fungi.
Dilkin et al. (2000) found contamination in 23.6, 57.1 and 14.3%
of Aspergillus sp., Fusarium sp. and Penicillium sp.,
respectively, in five newly-harvested corn hybrid grains, with
18% of water content in Santa Maria, Rio Grande do Sul State.
On the other hand, corn harvested with water content lower
than 18% tends to lose dry mass in the field, which is necessary
for breathing (Dilkin et al., 2000).
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Table 2. Relative frequency of corn sampled below of the
standards of physical classification during 2008 to
according with the Figure 6

Frequency2 (%) 
 Regions1 

WC SMIF D BMSG 
     Zona da Mataa 77.3 0.0 0.0 0.0 

Triângulo Mineirob 64.4 0.0 0.0 0.0 
Southern and Southwestern Minasc 62.7 0.0 0.0 0.0 
Western Minasd 53.1 0.0 0.0 0.0 
Northwestern Minase 48.6 0.0 0.0 0.0 
Belo Horizonte Metropolitan areaf 68.2 0.0 0.0 0.0 
Campo das Vertentesg 78.9 0.0 0.0 0.0 

 1 Number of corn suppliers per region of the Minas Gerais State: a (71), b (23), c (49), d (7), e (16),
f (6), g (39). Total number of samples: a = 213, b = 69, c = 147, d = 21, e = 48, f = 18, g = 117
2 WC - Water content; SMIF - Strange matter; impurities and fragments; D - Damaged; BMSG -
Burnt moldy and sprouted grains

Furthermore, the grains may suffer major injuries during
threshing, causing broken endosperm and scarifi pericarp, or
even the rupture of the endosperm, exposing its content to
fungi and insects. This negatively affects the potentiality of
storage with the reduction in the specific mass and mycotoxin
formation (Radünz et al., 2006). Santin et al. (2004), evaluating
the effect of maize harvest delay related to burnt grains and
pathogenic fungi, found that the extended permanence of maize
cobs in the plant, after physiological maturity, influenced the
reduction of the incidence of Fusarium moniliforme, following
the reduction of water content in the grains.

On the other hand, the authors observed that there was an
increased incidence of F. graminearum and of Aspergillus and
Penicillium, when the grains were collected with lower water
content. All regions analyzed showed low rates of strange matter,
impurities, and fragments (Figure 6B). The lowest results were
observed in the Zona da Mata region, and the highest, in the
Northwestern Minas region. It was also observed that the
damaged indexes (Figure 6C) in the Zona da Mata region showed
lower values, while in the Belo Horizonte metropolitan region,
Western Minas, and Northwestern Minas, the indexes were higher.
Figure 6D presents the percentage of burnt, moldy, and sprouted
grains for the different regions analyzed. In general, all regions
were characterized by average indexes below 3%, which means
type 1, according to the requirements of the official corn
classification (Brasil, 1996). However, the low burnt, moldy, and
sprouted grains indexes do not meet the quality demands of the
feed industry. The burned grains are reflexes mainly by fungi
present in the field. This means that there is a possibility for
mycotoxin production, such as aflatoxins, zearalenone,
fumonisins, T-2 toxins, and others, which could impair the quality
of the feed produced (Nesci et al., 2003; Kumar et al., 2008).
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2. Corn grains and certain products of different regions of
the Minas Gerais State reach the feed industry with high water
content and are subject to microbiological contamination
during storage, according to the quality standards established
by the Decree nº. 11, of April 12, 1996.

3. The corn produced in different regions of Minas Gerais
State, although presenting low quality to be used in feed
industry may be ranked as “type 1” for marketing.
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