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1. Abstract

Corn and soybean meal are the main sources of energy and andsmawine
diets. Although there are other sources of nutrients, corn and soybednwitie
maintain the same importance for several years because jhetynat the production
systems are working on their basis. Therefore, animal prodbhegesto explore these
ingredients the best they can, since external markets have dexatark cloud to
Brazilian swine and poultry production chains due to the million®md exported, in
the last decade.

Corn, soybeans and any other grain are very susceptible toeclonalienges,
water stress, soll fertility, and insect and fungi attackid&ss there are differences in
the genetic potential of seeds and the consequences of harvestipgoeesking the
grains. All these factors affect the final quality of graamsl it happens in a different
way for each batch. Therefore, the reduction in animal productios ststs with the
detection of quality differences between batches of corn and soybean meal.

The objective of this paper is to discuss some of the aspects oblcant
improve nutritional quality of corn and soybean for swine.

2. Introduction

The feed industry is one of the largest and most dynamic segnuént
Agriculture. The evolution of this industry in the American contineat Wnked to
increased production of poultry, pigs and cattle. These sectorser@goiie than 90% of
feed produced. The expectation is for continuous growth in the coming, yeathe
domestic per capita meat and egg consumption is growing in develapingies. At
the same time, there is a strong tendency to increase npeatseix the coming years,
especially for Asian countries.

The development of quality concepts in production and the focus on customer
satisfaction are already internalized in most companies, undeyetredty of falling
outside the market. In the case of grain producers in Brazil, dtkifelustry is the
largest end customer, primarily swine and poultry productive chamseter, these
two sectors do not always manifest contentment with the graind inseanimal
nutrition. There is a constant concern about problems that occurtladtegrain is
harvested, such as insect attacks and fungi proliferation. Animatdibge
improvements lead to the selection of animals that show higtesr o& weight gain
and feed efficiency, and these have forced the use of diets witbhar nutrient
density. This demand is due not only to increased levels of nutresuged by the
animals to increase protein synthesis, but also because therenslency to occur
reducing voluntary feed intake when there is selection to bestéer@rsion animals.
This drives the nutritionist to use ingredients with higher dgmdinutrients such as
soybean oil and industrial amino acids that may or may not incteasteed and
production costs.



Due to the damage caused by the action of insects and fungi oquzdity,
geneticists sought to improve the characteristics of sanityaesidtecture of plants,
giving them better husk coverage of corn cobs and preferringohaeimi-hard grains
than soft grains. While these characteristics may be usefulimmal feed, they are not
the only ones which should be of plant breeders concern. There is a@fgap
communication in this field. From the point of view of nutritionists armtipcers of
pigs and poultry, grains are the major sources of energy and anmisof@canimals.
In addition, the nutrition value of an ingredient is not only relatedhto total
concentration of nutrients but also to the degree of digestibility ataboleabilility
of these nutrients by the animal.

There are many points that allow the improvement of grain quadityween
crop planting and the conversion of grains into meat and eggs. Howleser,is a
strong influence of climatic factors and management of the gifsstscomplicate the
final quality.

The approach to quality improvement through exploitation of the genetic
potential of grains has great potential for success, which msuyitrin improved
animal performance and increased profitability for both animdl grain producers.
New cultivars with different characteristics reach thekeiaannually, obtained either
by quantitative conventional breeding or by the use of molecular biology techniques.

Grains with different quality characteristics, meeting thecffic demands of
buyer sector, such as the feed industry, have promoted changeteiretedions. These
grains are no longer being considered just as commodities, sadyalbts, but they
became specialized ingredients with characteristics desired by pmecard producers.

Poultry, swine and grain productive chains have large areas ofeictiersand
should seek common goals to address the growing of all these sectors together.

It has been observed a great variation in the nutritional qualdgraf soybeans
and soybean meal in Brazil. Few research projects, focusingaongyrality oriented to
livestock needs, have been conducted in order to improve the nutritiotigy gtizhe
grains used in diets.

However, not all the grain that nutritionists have available is of goality. A
guestion must be asked: if we classify our final product such asaaasses, for
example, why not classify both the corn and soybean meal useddidhie animals?
With the use of NIR (near infrared reflectance spectrophotoinetigssification of
grains based on its nutritional value is not a utopia any moreuf to managers and
the ones responsible to buy grains for swine production to make Jablese¢ of this
tool. When this happens, everyone wins: grain farmers, poultry and svadecprs,
the Brazilian Agriculture and whole society.

3. Theknowledge of the nutritional value of the ingredients

In order to have greater accuracy in formulating diets for pigs,necessary to
know the composition and energy content of each used ingredient, aaswisleir
limitations. Research has been undertaken with the objective of ngpdag nutritional
values of the traditionally used ingredients in diet formulatiorsid&s enabling the
formation and training of technical personnel, the ultimate goab isptimize the
utilization of nutrients by allowing animals to reduce costs andease the
competitiveness of the production system. Corn and soybean meal beave
extensively studied and today there is a great amount of informain their
composition.



4. Chemical composition tables of ingredients

It is well recognized that the most valuable information reggrtie composition
of ingredients should be obtained locally, with the previous analysiseaihgredient
that will be used for feeding animals. However, analysis of batth of ingredient is
expensive and difficult to handle. Therefore, summarizing data iestabluseful for
nutritionists. Nutritionists usually develop nutritional programs thasetables such as
NRC (2012), FEDNA (2003), INRA (2004) and the Brazilian Tables (20@gddition
to the recommendations of the feeding and management manuals of rcaahimes,
provided by companies of genetic material.

In the past, the main problem to use the foreign tables was teeedide between
table values and the chemical composition of ingredients availaBleail. Investment
in quality control laboratories and in research institutions leckrtowledge that
provided better decisions and greater safety in feed formulation.

Currently, nutritionists have several sources of information on feéslstuf
composition to assist in the development of nutritional programis. Uip to them,
however, to identify the most appropriate to their work conditions. Talfldeed
ingredient composition have greater utility when variations in mitlevels of raw
materials are small.

5. Composition and variability of corn grain

The maize grain is formed by four physical structures, resperfsibthe variation
in chemical composition: the endosperm, germ, pericarp (husk) and ti€capgerm
concentrates most lipid fraction (oil and vitamin E). The endospernopovithere 98%
of the total grain starch is present, presents also carotenoi@mgzeaxanthin, lutein,
alpha-and beta-carotenes, and others) responsible for the color ohdgpigeentation
of egg yolk and the skin of poultry. Carbohydrates represent approkinidss of the
total dry matter of the grain. Among these, starch is the predatnif@lowed by
cellulose, hemicellulose, pentosans, dextrins and sugars. The pesiealayer of cells
that protects the grain against moisture, insects, fungi and otbeyonganisms, and the
tip cap is the connection between the grain and cob.

The nutritional composition of corn has been extensively studied oseretrs,
and their nutritional potential in animal feed is well known. From eaonomic
standpoint, corn accounts for about 70% of the cost of the diets. It nso$temportant
source of energy and its oil content and starch represent magactimn the nutritional
value of this grain and diet costs. Thus, greater importance shoudivée to the
differences in their nutritional composition, which has large tiariaespecially in oil
content, and more efforts should be done in order to adjust the energy¥ahm in
diet formulation on the basis of these variations.

The quality of a batch of corn is heterogeneous. It is affegteékeoposition of the
grain in the ear, plant location in the crop field, and other varighigls as seed genetics,
soil fertility, climate, handling, processing and storage, batckingyi among other
factors that contribute to variation in the quality and chemicalposition of the final
ingredient denominated corn.

Differences in the rate of starch digestibility for varioaw materials are known.
However, variations in digestibility trials may be due to theéheo#ology used in the
study, a fact that should not be forgotten. Anyway, the variatiotancts digestibility,
justifies the need for greater control of the composition of ratenals used in Brazil,



where very little is known about, although maize is massivelg,uskich may result in
significant economic loss.

Lima et al. (2000) analyzed 152 maize samples collected frdaretit regions of
Rio Grande do Sul (Table 1) and the authors found high variability andilamino acid
contents.

Table 1. Composition of corn hybrids collected in the 1999/2000 harvest season in RS

DM CP EE Trp Lys Met Thr

Mean (%) 86.60 9.09 3.97 0.09 0.27 0.29 0.28
Minimum value (%) 79.96 6.83 2.45 0.05 0.25 0.26 0.17
Maximum value (%) 93.91 12.33 5.29 0.14 0.28 0.31 0.40

Lima et al. (2000). DM = dry matter, CP = crude protein, EEI=Top = tryptophan,
Lys = lysine, Met = methionine, Thr = threonine.

In the state of Santa Catarina, Lima et al. (2001) found valueside protein
(CP) ranging from 8.65% to 13.80% and values of oil content between 1.{d% a
5.73%. The results obtained by Passos (2004), from a bank in 1021 maizesdaonple
different regions of Brazil, studied at Embrapa Swine and Powdtey,presented in
Table 2.

Table 2. Composition of corn hybrids collected from different locations in Brazil

Oil Crude
(%)  Protein (%) Lys (%) Met(%) Thr (%) Trp (%)

Mean (%) 4.45 10.38 0.234 0.462 0.508 0.086
Minimum value (%)  2.87 7.70 0.153 0.275 0.325 0.057
Maximum value (%) 6.02 13.07 0.315 0.650 0.692 0.115

Passos (2004).
6. Causes of variation of the nutritional compaosition maize

The assessment of the concentration of nutrients in corn starttheby
determination of dry matter content of the batch. This determinatiatnilcutes to a fair
negotiation between players and also serves as important itifmmrf@ the drying and
storage of grain. On the other hand, crude protein content is not a goodtesif
amino acid content in corn, because crude protein is calculated baghe amount of
total nitrogen analyzed in the sample. Soil nitrogen fertilipaiimcreases nitrogen
uptake by the plant, leading to an increase in nitrogen cont@oriofgrain, as well as
the crude protein content. However, this nitrogen will be storedgomninantly in the
form of ammonium and nitrate in the plant and grains, which are nat bge
monogastric animals such as swine. The use of N fertiliagrisimportant to increase
corn productivity, but does not contribute to improve the nutritional qualitiye grain.
Furthermore, the increase in protein content of grain is relatétetincrease of zein,
which has a lower biologic protein value. Since diets are foredilah the basis of
digestible amino acids and not more for crude protein, analyzes for crude pratein
are of little practical importance in the evaluation of batches and corn.

However, the oil content of corn can be used to estimate thigyewalue by
considering that 1% increase in oil content above the average conggain (about 3.5
%) provides 50 kcal of metabolizable energy increase in 1 kg afréie (Lima et al.,
2001). In general, the amount of energy released by the metalwélimts and oils is
2.25 times greater than the amount of energy released by metalmdlcarbohydrates.



Thus, increasing the oil content in corn reduces the cost of swine pordudsually,
the increase in oil content is associated with the increafieeisize of the germ or
embryo. The oil is mainly concentrated in the germ of maize.eftwe, when there is
more germ in the grain, there will be less endosperm.

7. Improving the standard quality of corn for animal feed

The improvement of the standard quality control of corn should be of constant
concern. One suggestion to improve the classification is to ircrdss number of
grades or classes in order to better discriminate differenityjaaln groups. This type
of differentiation allows to a better use of corn, directingttpequality batches for the
production of diets for young animals and sows. Corn defects and eufpens can
contribute to the reduction in its energy value.

Corn density (mass/volume) is another parameter of great impertaut it not
extensively used in practice. The higher the density, théegriee energy value of corn
and lower the cost of swine production. The density is easily detxuinand used for
many years for the marketing of winter cereals suchhesatytriticale and barley. Table
3 shows the relationship between the metabolizable energy ofediffgipes of corn
according to the density.

Table 3. Metabolizable energy for poultry matches maize at different densitie

Density Damaged True Metabolizable
kg/hl (%) Energy, kcal/kg
72 0.0 3962
71 0.3 3952
68 0.2 3900
62 0.2 3883
60 1.0 3681

In Table 4, it is presented a proposed classification for corn usingnt
parameters and densities.

Table 4. Proposition classes for corn due to defects and densitdi@Bellaver and
Gustavo J. M. M. Lima).

Type Maximum Minimum density, @) (b) (a+b)
humidity, kg/m® Damagedinsect Fragmented Total damaged
% attacked +  and broken (%)
sprouted grains (%)
(%)
1 14 722 2 3 5
2 14 697 4 5 9
3 14 671 6 7 13
4 14 632 8 10 18
5* above 14 below 632 > 8 >10 > 18

*Class 5 corresponds to corn Below Standard.
8. Correlations between the nutrientsin corn

Dorsey-Redding et al. (1991) collected 378 samples of corn hybridsvéor
years (1987 and 1988). They evaluated the correlation between the pasacnaetie



protein, oil, starch, breakage susceptibility, density, water absorpii@x, hardness
and 1000 grain weight. As it can be observed in Table 5, starch and oédpogitive
correlation greater than 0.50.

Table 5- Correlation coefficients of chemical and physical rpatars of maize
produced in the years 1987 and 1988, respectively.

EE CP CHO SB D WAR H
CP 0.16/SlI
CHO 0.58/0.48 -0.35/-0.44
SB -0.16/SI  -0.42/-0.42  Sl/SI
D 0.54/0.48 0.39/0.33 SI/-0.17  -0.15/ SI
WAR S1/-0.34 -0.29/-0.18 0.21/SI S1/-0.14 -0.30/-0.48
H 0.46/0.44 0.64/0.41 SI/-0.15 -0.23/-0.19 0.81/0.72 -0.32/-0.41
P1000 -0.36/SI SI/SI -0.31/ Sl SI/SI -0.16/SlI S1/-0.26 SI/SI

Dorsey-Redding et al. (1991).

Chemical analysis values adjusted to 15.5% moisture.

EE = Oil; CP = protein, CHO = carbohydrate, SB = suscepyiliti breakage, D =
density, WAR = water absorption ratio, H = hardness, S| = no information.

Parsons et al. (1998) evaluated the digestibility of amino acids diffierent
levels of oil (3.8%, 5.2%, 6.0%, and 8.6%) in corn. These authors observed that samples
with higher concentrations of oil (6.0% and 8.6%) had better true thidjestfor
aspartic acid, threonine, serine, glycine, proline, alanine, vaiugjine, arginine,
cysteine and isoleucine. On average, samples with higher oil cootaaiaed a 10%
difference in the values of true digestibility of amino acidsthin same experiment it
was found that the availability of lysine and true metaboleabkergy was higher in the
sample with higher oil content. By analyzing the data of chenanalysis of corn
samples, these authors found that the crude protein did not correlathevievels of
oil. However, increased levels of lysine (2.78%, 3.03%, 3.05% and 3.48%) were
increased as the concentration of oil increased. The authors sdgtiesteossibility
that the germ protein presents better digestibility for poulttso Ahey suggested that it
iIs possible that the higher oil content in the samples contributetietantreased
availability of amino acids.

In a study conducted at Embrapa Swine and Poultry (Passos et al,, ZUKY)
corn samples (Table 6), were collected in different regionBratil, in 1999. These
samples were individually homogenized and analyzed for dry matteg protkin and
oil through reflectance spectroscopy near infrared. Based onrgmdes, the samples
were classified in order of oil content and 80 samples weretedl¢o represent the
entire original population. These 80 samples were then sent for e@iemadysis of oil,
protein, crude fiber, ash and dry matter, according to methods recalatien AOAC
(1995). They were also analyzed for amino acids by hydrolysiewed by liquid
chromatography. From the results, it was found that all ctioelavalues analyzed
between nutrients were low (Table 7).

Table 6 — Near Infra Red Spectroscopy Reflectance Andlysis 1021 maize samples
collected at Embrapa Swine and Poultry

Mean SD Minimum Value Maximum Value
DM% 85.877 1.877 69.770 93.540
CP on DM% 10.534 1.328 6.591 15.886

EE on DM% 4.402 0.782 2.000 6.660




SD = standard deviation, DM = dry matter, CP = crude protein, EE = ether extract
Table 7 - Pearson correlation values between analyzed paranmetmen samples

collected at Embrapa Swine and Poultry

CP EE CF Lys Met Thr Trp Val

CP 0.40 0.08 0.05 0.51 0.43 -0.31 0.60
EE 0.40 -0.09 -0.06 0.09 0.09 -0.02 0.26
CF 0.08 -0.09 0.03 0.05 -0.12 -0.20 0.10
Lys 0.05 -0.06 0.03 0.17 0.34 -0.13 0.62
Met 0.51 0.09 0.05 0.17 0.33 -0.04 0.47
Thr 0.43 0.09 -0.12 0.34 0.33 -0.14 0.55
Trp -0.31 -0.02 -0.20 -0.13 -0.04 -0.14 -0.06
Val 0.60 0.26 0.10 0.62 0.47 0.55 -0.06

CP = crude protein, EE = ether extract, CF = crude fibeg £ylysine; Met =

methionine, Thr = threonine, Trp = tryptophan, Val = valine.

9. Formulating diets based on the variability of the nutritional composition of corn.

Based on the chemical composition of the 80 samples analyzed, lRasdos
(2004) formulated diets for pigs in phases 7-17 kg (pre-start), 1¢-86tdet), 30-70 kg
(growing), 70-100 kg live weight (finishing), gestation and lactation. foh@ulations
were done to meet the levels of ME, and digestible amino acioee Jysiethionine,
threonine and tryptophan. For gestation diets, crude fiber was alsdereds Of the 80
samples of corn, twelve were discarded during the statiatedysis because they were
considered out lier samples. To calculate the values of ME valuessi taken in
account the study of Lima et al. (2001), in which every increase dilli#othe average
composition of corn increased by about 50 kcal ME / kg. The pricessé ihgredients
were considered the ones practiced in August 18, 2003, for the stBamtaf Catarina.
Table 8 shows the mathematical models to explain the costdbroéddhe studied diet,
as a function of the animal physiological stage and the nutritional compositiomof cor

Table 8 - Models of feed prices obtained from the nutritional valtidgferent batches

of corn

R Pr>F
Model for each physiological phase
lactation = 0.16953 — 0.04409rp — 0.01998Lys — 0.001958Thr — 0.9866 <0.0001
0.0043%EE*
gestation = 0.20364 — 0.00224B — 0.00288FB?*— 0.0038XLys — 0.9987 <0.0001
0.0040GEE
finishing =0.15746 — 0.0328drp — 0.01594Lys — 0.00304Thr — 0.9771 <0.0001
0.0031&Val - 0.0040%EE*
growing = 0.17354 — 0.0129G@rp — 0.01438Lys — 0.0055¥Thr — 0.9717 <0.0001
0.0043%Val — 0.0038%EE*
start =0.20744 — 0.024%Trp — 0.0136%Lys — 0.00328Thr — 0.9775 <0.0001
0.0036%EE* — 0.00253Val
pre-start =0.56609 — 0.012°ATrp — 0.0104%Lis — 0.0034&Thr — 0.9753 <0.0001

0.0030%Val —0.00288EE*

* Nutrients that contributes with more than 87% of the coefficiemtetérmination (R2)

of the respective model
Digestible amino acid values



Trp = tryptophan, Lys = lysine, Thr = threonine, Val = valine, EEhereextract, CF =
crude fiber.

The crude protein content did not influence the price of the diet. Biets
formulated to meet digestible amino acid requirements and thésenicéd the cost of
the diet. The oil content of the grain was the parameter thathkagiost influence on
the prices of diets (87% of the coefficient of determination ofribdels), except at the
gestation phase, where the quadratic component of crude fibehaasoist influent
parameter. Thus, as the value of oil (EE) increased in the grain, the final pheedidt
was reduced. The variation obtained from the highest to the lowest ofatbe diet,
considering the production of 25 terminated pigs per sow /year, tleeedifie between
the higher cost (R$ 153.75) and lower cost (R$ 139.92), was R $ 13,83 per animal.

10. Variability of Soybean Strains

Soy is a legume cultivated in China since five thousand yeardtagas in the
early twentieth century that it started to be grown commlgrérathe United States. In
Brazil, the grain arrived with the first Japanese immigrantd908; however, the
expansion happened in the 70s, with the growing interest of the oil indarstry
international market demand (Embrapa Soja, 2006).

Until 1975, the culture was produced in Brazil with seeds and technolog
brought from the United States, where climatic conditions are diffezent from here.
Therefore, it was only produced on a commercial scale in the Sowtees, where
Americans cultivars found similar conditions (Teixeira, 2003). Frtns stage,
researchers have developed varieties adapted to cultivation enedifflatitudes, soil
and climatic conditions, which allowed planting in all regions of the country.

Currently, it is found in the market numerous varieties of sagedtained
after years of research in plant breeding. Table 9 shows the céimmpasithe soybean
and its parts, which according to Liu (1997) depends on many factdrsasuariety,
planting date, geographic location and climate.

Table 9. Composition of soy and parts of grain

Chemical Composition

Percent of (% dry matter)

grand total Protein  Carbohydrate Oil Ash
Grain 100 42 20 33 5
Cotyledon 90 43 23 29 5
Tegument 8 8.8 1 86 4.3
Hypocotyl 2 41 11 43 4.4

Adapted from Liu (1997)

Soybean grain has high nutritional value, because it contains eniffaomount
of almost all essential amino acids in its proteins (Costa Miyd, 1972). Most
cultivars of soybean have 30 to 45% protein, 15 to 25% oil, 20 to 3F86hyalrates
and nearly 5% ash (Moreira, 1999).

Paula (2007), working with 34 different soybean genotypes, evaldhted
concentrations of protein, oil, ash and carbohydrates in order to usestheultivars in
a soybean breeding program, observed that the percentage of proteih siraved a
negative correlation, which shows that selection for a particuemacter can cause a



decline in another, constituting a problem to obtain materials with dogcentrations
of oil and protein (Table 10).

Table 10. Composition of soybean cultivars (natural matter basis)

Cultivar Crude protein (%) Oil (%) Ash (%)  Carbohydrates (%)
Monarca 41.432 19.76 4.4F 23.63
Elite 41.30 18.72 5.00 23.80
CS 801 38.26 23.26 4.40 23.37
CS 02449 37.51 22.39 4.63 25.00

Means followed by different letters in the same column d{f®ex0.05). Adapted from
Paula (2007)

Sinova Coca et al. (2008) evaluated soybean meal from Argenteual, Bpain
and USA. These authors observed significant differences in apparestiliigy of dry
matter and amino acids for broilers according to the place of giodyTable 11). Itis
important to emphasize that, in this case, the observed differeecesdue to factors
others than inherent from the plant. The main reasons for differences were lcatise
conditions under which the different sources of soybeans were growrpdwet all, the
soybean meal processing. In the case of soybean meal produceémmiragnd Brazil
had higher fiber content as a function of the amount of soybean ddksl,areducing
the digestibility.

Table 11. Composition and nutrient digestibility of soybean meal prddiroen 4
different countries

Argentina Brazil .
Component Rosario llheus Paranagu&antos Spain USA
DM % 88.9 88.2 88.4 88.5  89.4 90.2
EE % 1.3 1.9 2.1 1.9 0.8 1.1
FDN % 9.7 10.8 8.2 10.8 7.6 1.0
CP % 46.1 45.5 47.2 452  50.6 48.6
Lys total % 6.01 5.87 6.09 551  5.83 6.26
Met total % 1.36 1.32 1.31 1.34  1.25 1.35
Cys total % 1.41 1.46 1.48 1.45  1.49 1.47
TIAY mag/g 6.5 5.1 4.1 5.1 2.4 1.8
AU? mg/g 0.03 0.01 0.02 0.04  0.00 0.00
IDP? 12 14 12 15 11 10
KOH* % 80.9 80.5 84.2 81.6  85.2 84.3

Coefficient of apparent ileal digestibility
DM % 75.6 75.2 76.7 768 818 823
N % 77.9 79.0" 79.2° 773 827 855
Lys % 80.9 83.5 844 778 840  85.F
Met % 84.1° 85.7" 86.8 819 863 888
Cys % 55.1° 55.5 564 569 629 658

Trypsin inhibitory activity
Ureatic activity

®Index of protein dispersion

“*KOH solubility



ab.c f1eans with different letters in the same row differ by Tutest (P< .05). Sinova
Coca et al. (2008).
11. Breeding to Improve Amino acid Composition of Soy Protein

Genetic improvement of soybean cultivars with the objective oéasing the
total protein in the seed brought doubts about to the amino acid pro$itsy iproteins.
Although research shows the amino acid profile of the protein is ara@at almost
constant, recent reports with various cultivars, showed some difésremc the
percentage of amino acids in relation to total protein.

Yaklich (2001) compared soybean lines and varieties of high protein a
concluded that although there was increase in protein content, the acdnprofile
kept a steady relationship. However, Moraes et al. (2006) analyjmedhemical
composition of two strains selected for high protein content andia stith normal
protein. The authors found that the content of amino acids differed ammamngs,st
except for the amino acids glycine, alanine, tyrosine and methionine (Table 12).

Table 12. Content s%) of protein and amino acids of defatted soybean lines UFVTN 105
and Isolinha 1 and ®) on as dry matter basis

Amino acid UFVTN 105 Isolinha 1 Isolinha 2

AAF AAP AAF AAP AAF AAP F test
Proteirt 40.68 47.78 46.56 *
Lysine 3.20 6.83 3.65 7.11 3.30 6.56 *
Methionine 0.62 1.31 0.67 1.31 0.66 1.30 Ns
% Cystine 0.48 1.03 0.50 0.97 0.54 1.06 Ns
Threonine 2.17 4.62 2.22 4.33 2.22 4.41 *
Valine 1.91 4.07 2.42 471 2.35 4.67 *
Arginine 3.45 7.37 4.14 8.08 3.77 7.48 *
Isoleucine 1.98 4.23 2.48 4.83 2.38 4.73 *
Ac. glutamic 8.59 18.34 8.58 16.73 8.76 17.4 *
Glycine 2.15 4.58 2.35 4.58 2.37 471 Ns

1 Mean values of two replicates; AAF: percentage of the amimbiadhe defatted
flour; AAP: percentage of the amino acid in the protein; ns =smgificant; * =
Significant at 5% probability, F test.
Adapted from Moraes et al. (2006)

These results show the importance of monitoring the chemical cdmoposi
raw materials that will be used in the feed. Therefore, tficgrmation will help to get
the precise formulation of animal diets to meet their requirenvgtitsut loss in animal
performance and providing best economic results in the production.

11.1. Soy Proteins

The total protein fraction of soybean and other legumes is pleemixture of
globulins (40-60%), albumin (8-20%), prolamines and glutelines. Globulins and
albumins are the main components (Bhatty, 1982) and their proportiongmwaryg
species and cultivars (Neves, 1995). In soybean, this fraction is knovasease and
metabolic proteins. The metabolic proteins include enzymes antusalygroteins, and
they are related to common cellular activities, including tmth&gis of other proteins.
The storage proteins, along with oil deposits, are formed during deaielopment.



Most of the soy proteins belong to reserve type (Muller, 1981) andbitleng to the
globulin group.

Soy protein is inferior in quality when compared to animal pmnateirelation to
the content of sulfur amino acids, which are present in this legutmaiting amounts.
Globulins contain high levels of the amino acid glutamine, asparaginargimihe, but
containing low levels of sulfur amino acids methionine and cysté8mith and
Grierson, 1982).

The proteins glycinin andg-conglycinin constitute approximately 70% of
soybean storage proteins. Generally glycinin affidconglycinin  constitute
approximately 40% and 30% of soy protein, respectively (Nielseh £989; Harada et
al. 1989).

Research has shown that fheonglycinin is more deficient in sulfur amino
acids compared to glycinin, and there are differences in the comtentsnponents
(subunits) of these proteins in soybean lines with high protein conttemt(xaklich,
2001).

Fehr et al. (2003) studied different soybean cultivars in ordevdtuage the
influence of genotype, location and environment on the protein components ofrsoybea
glycinin, B-conglicine and their relationship. Crop year and local of plantinghdtd
affect significantly protein components, but the environment has chargyeficantly
the protein components as well as the relationship glycirfircdnglycinin, which
ranged from 1.26 to 2.10, illustrating the importance of the environraenthe
composition of soybeans.

According Imsande (2001), genetic selection for soybean genotyirekigher
percentages of methionine and cysteine has been significantdfagrto the author, it
has been possible to increase up to 22% methionine and 28% cysteiadain ¢
genotypes when compared to the content of methionine plus cysteihe obrttrol
genotype (Table 13).

Table 13. Amino acid composition of soybean seeds and improved control ¢as %
protein)

Amino acid Genotype 1 Genotype 2 Genotype 3 Control
Lysine 7.19 6.27 6.06 7.14
Methionine 1.49 1.85 1.83 151
Cysteine 1.86 1.68 1.69 1.32
Threonine 4.65 3.53 3.55 4.71
Glycine 7.00 6.87 7.41 7.46

Adapted from Imsande (2001)

Krishnan (2005), in a review of the comparisons of the amino acidntaoite
storage proteins in soybean glycinin afaonglycinin, showed that the content of
sulfur amino acids methionine and cysteine, present in glycinin, isastibdly larger
than the pB-conglycinin (Table 14). Several researches have establidied the
accumulation of-subunit off-conglycinin is promoted by excess nitrogen or the sulfur
deficiency (Paek et al., 2000; Imsande, 2003). Increase in the aetiomubf -
conglycinin lowers the content of methionine and cysteine proteimydfesin which
seems to change the nutritional quality. However the content ofelysiay have
increased.

Nakasathien et al. (2000) evaluated the possibility of increasi@gptotein
concentration of soybean seeds with nitrogen supplementation. Auwgotdi the
authors, during the stage of plant development, it is possible teaserthe



concentrations of seed protein by supplementing with super-optimalemtomges. The

increase would be thf subunits with a reduction in the ratio of reserve proteins
Glycine /B-conglycinin. Paek et al. (1997) also found changes in the composition o
soybean seed proteins when they studied different forms of nitrogen supplementation.

Table 14. Amino acid composition of some of the storage proteins of aoybe
conglycinin and glycinin (% protein)

B- Conglycinin Glycinin
Amino acid a a B Gyl Gy2 Gy3 Gy4 Gy5
%
Lysine 7.2 6.2 4.8 5.0 3.9 3.9 4.8 3.7
Methionine 0.3 0.2 0.0 1.3 15 1.1 0.4 0.6
Cysteine 0.8 0.9 0.0 1.7 1.7 1.7 1.1 1.2
Threonine 2.0 1.9 2.4 4.2 3.9 3.9 3.5 3.9
Valine 4.5 4.1 5.8 4.8 5.6 5.4 6.5 7.1
Glycine 4.7 4.1 4.3 7.4 7.3 7.3 6.3 7.9

Adapted from Krishnan (2005)

Therefore, it would be desirable if the soy used as food for lmm@mtained
larger amounts of glycinin in relation faconglycinin, due to be essential amino acid
methionine. In the case of poultry nutrition, although methionine isitsielimiting
amino acid, when improved cultivars with higher content of sulfur amimnts are
compared to standard cultivars, there are not major differencesdrcbsts, due to the
negative correlation between lysine and methionine in the studiesesg¢hmost diets
are based on corn and soybean meal, these ingredients complerheotheacin this
way, deficiency of soybean meal methionine is supplied in pacbhy, and the lysine
deficiency of corn is supplied by soybean meal.

12. Soy Processing

The nutritional quality of soybeans and its co-products can beowegrwith
proper heat treatment which reduces the activity of the gwetahibitor and lectin. In
general, the magnitude of which these inhibitors can be inaaiuateheating is a
function of temperature, heating time, used pressure, humidity atidigaize. The
control of all these variables requires extreme care in dad@btain a product of
excellent nutritional value.

Neto (1992) described seven methods of processing the whole soybetamy toas
in rotating drum, toasting by wet steam, toasting by dry stegam,exploder,
micronization, wet or dry extrusion and microwave. The extrusionvisra effective
type of processing; it causes disruption of cell walls providirgtgr exposure of the
nutrients and causing gelatinization of the starch component, proteituiddioan and
shear and restructuring of expanded products. In the processingtofgoesoking is
done using a heat source. The cooking time and temperature soybeancaading to
the type of equipment used, requiring grinding of the final product.oxization is the
process where the raw soybean is subjected to indirect heating by stketamaterature
of + 165 ° C for 2 to 3 minutes. After heating, the shell is remdk@n soybean grain
which is then subjected to a milling process rolls (microromtio achieve a final
particle size + 30 microns.



13. Nutrient Composition of Soy Products

The main source of protein and amino acids in poultry and swine idiets
soybean meal. Because of its high quality protein, soybean mmeaked as a
comparative standard in the evaluation of alternative protein ingredients.

The nutritional quality of soybean products is not determined sblglyhe
amount and availability of amino acids. However, it is highly aéig@dy the processing
conditions used to obtain these products.

Tables 15 to 21 present the major soy products and their nutrittahsds
referenced in different composition tables.

Table 15. Composition of roasted whole soybean (on natural basis)

Nutrient NRC 94-98 INRA 04 Degussa 06 UFV 11
DM (%) 90.00 88.60 88.00 89.94
CP (%) 35.20 35.20 35.89 36.42
EE (%) 15.00 19.20 - 18.32
CF (%) - 5.60 - 6.03
ME Poultry kcal/kg 3300 3277/ 3373 - 3263
ME Swine kcal/kg 3660 3636/ 3923 - 3706
Total amino acids (%)
Lysine 2.22 2.18 2.17 1.96
Methionine 0.53 0.53 0.47 0.45
Met + Cys 1.08 1.10 1.00 0.87
Tryptophan 0.45 0.45 0.48 0.47
Threonine 141 1.42 1.40 1.22
Arginine 1.66 2.60 2.64 2.45
Valine 1.66 1.68 1.70 1.47
Isoleucine 1.61 1.62 1.62 1.46

'Chickens and Roosters respectively
’Growing pigs and sows, respectively

Table 16. Composition of extruded whole soybean (on natural basis)

Nutrient INRA 04 Degussa 06 UFV 11
DM (%) 88.10 88.00 89.94
CP (%) 34.80 35.79 36.42
EE (%) 17.90 - 18.32
CF (%) 5.20 - 6.03
ME Poultry kcal/kg 3349/ 3445 : 3409
ME Swine kcal/kg 3564/ 3852 - 3913
Total amino acids (%)

Lysine 2.16 2.18 2.04
Methionine 0.53 0.48 0.46
Met + Cys 1.09 1.04 0.90
Tryptophan 0.44 0.48 0.50
Threonine 1.40 1.40 1.27
Arginine 2.57 2.61 251
Valine 1.66 1.70 1.56

Isoleucine 1.61 1.60 151




‘Chickens and Roosters respectively
*Growing pigs and sows, respectively

Table 17. Composition of micronized soybean (on natural basis)

Nutrient Biast UFV 11
DM (%) 93.48 92.62
CP (%) 38.53 39.14
EE (%) 23.23 21.50
CF (%) 0.10 1.36
ME Poultry kcal/kg - 3660
ME Swine kcal/kg 4136 4330

Total Amino acids (%)

Lysine 2.31 2.26
Methionine 0.52 0.53
Met + Cys 1.05 0.97
Tryptophan - 0.47
Threonine 1.53 1.31
Arginine 2.78 2.86
Valine 1.98 1.74
Isoleucine 1.87 1.71

Informative Perdigdo

Table 18. Composition of soy protein concentrate (on natural basis)

Nutrient NRC 98 Degussa 06 UFV 11
DM (%) 90.00 88.00 90.22
CP (%) 64.00 62.55 63.07
EE (%) 3.00 - 0.45
CF (%) - - 2.77
ME Poultry kcal/kg - - 2621
ME Swine kcal/kg 3180 - 3586
Total Amino acids (%)
Lysine 5.26 3.92 3.77
Methionine 0.90 0.84 0.85
Met + Cys 1.90 1.71 1.69
Tryptophan 0.65 0.81 0.80
Threonine 3.17 2.45 2.29
Arginine 3.40 4.67 5.02
Valine 3.40 3.00 2.85
Isoleucine 3.30 2.85 2.75
Table 19. Composition of soybean meal 45% (on natural basis)
Nutrient NRC 94-98 INRA 04 Degussa 06 UFV 11
DM (%) 89.00 87.80 88.00 88.75
CP (%) 43.80 45.30 46.29 45.22
EE (%) 1.50 1.90 - 1.69
CF (%) 7.00 6.00 - 5.30
ME Poultry kcal/kg 2230 2573/ 2273 - 2254
ME Swine kcal/kg 3380 3205/ 3373 - 3154



Total Amino acid (%)

Lysine 2.83 2.78 2.81 2.57
Methionine 0.61 0.64 0.62 0.55
Met + Cys 1.41 1.31 1.30 1.13
Tryptophan 0.61 0.59 0.63 0.58
Threonine 1.73 1.77 1.81 1.57
Arginine 2.06 3.36 3.37 3.17
Valine 2.06 2.18 2.18 1.97
Isoleucine 1.99 2.09 2.07 1.92
‘Chickens and Roosters respectively
’Growing pigs and sows, respectively
Table 20. Composition of soybean meal 48% (on natural basis)
Nutrient NRC 94-98 INRA 04 Degussa 06 UFV 11
DM (%) 90.00 87.60 88.00 89.18
CP (%) 47.50 47.20 47.64 48.10
EE (%) 3.00 1.50 - 1.45
CF (%) - 3.90 - 4.19
ME Poultry kcal/kg 2240 2320/ 2368 - 2295
ME Swine kcal/kg 3500 3301/ 3421 - 3253
Total Amino acids (%)
Lysine 4.20 2.89 2.85 2.71
Methionine 0.90 0.66 0.61 0.60
Met + Cys 1.90 1.35 - 1.22
Tryptophan 0.90 0.61 0.63 0.61
Threonine 2.80 1.83 1.83 1.65
Arginine 3.40 3.50 3.46 3.26
Valine 3.40 2.28 2.22 2.08
Isoleucine 3.30 2.17 2.12 2.05
Chickens and Roosters respectively
’Growing pigs and sows, respectively
Table 21. Composition of soybean hulls (on natural basis)
Nutrient INRA 04 Degussa 06 UFV 11
DM (%) 89.40 88.00 89.13
CP (%) 12.00 13.24 13.88
EE (%) 2.20 - 3.00
CF (%) 34.20 - 32.70
ME Poultry kcal/kg - - 858
ME Swine kcal/kg 1866/ 2488 - 2207
Total Amino acids (%)
Lysine 0.71 0.83 0.54
Methionine 0.14 0.15 0.11
Met + Cys 0.33 0.36 0.19
Tryptophan 0.14 0.15 0.06
Threonine 0.43 0.47 0.24
Arginine 0.59 0.74 0.65
Valine 0.51 0.60 0.38



Isoleucine 0.44 0.50 0.34
! Growing pigs and sows, respectively

13.1. Truedigestibility coefficients

The values of true digestibility coefficients are usually foumdhie tables of
feed composition. However, due to the variation in experimental condiansal
age, genotype, and feeding level) many of these tables preffen¢rdi information,
which suggests the need to use suitable values obtained on Brearidihons to allow
expression of the maximum growth potential of the animals (T2leThe nutritional
value of a feed protein depends on the amino acid composition, the didgSiitd
availability.

Table 22. True digestibility of amino acids of roasted soybeah €Xfruded soybeans
(ES) and of soybean shelled (FS) for chickens?

Amino acids NRC 94 INRA 04 UFV 11

FS ST ES FS ST ES FS
Lysine 91.00 81.00 88.00 91.00 86.8 90.4 92.5
Methionine 92.00 82.00 86.00 91.00 86.8 89.6 92.5
Met + Cys 87.00 79.00 81.00 88.00 83.6 86.0 89.8
Tryptophan - - - - 84.9 90.3 90.9
Threonine 88.00 79.00 88.00 89.00 83.6 87.4 88.7
Arginine 92.00 85.00 91.00 92.00 91.4 93.6 93.8
Valine 91.00 77.00 86.00 91.00 84.2 88.8 90.1
Isoleucine 93.00 79.00 87.00 92.00 86.8 89.8 90.8

1Coefficient expressed in %.

The composition and classification of Brazilian soy meal atogrto the
Brazilian Compendium of Animal Nutrition (2005) is presented in Table 23.

Table 23. Composition and classification of Brazilian soy bean meairding the
crude protein.

Soy bean meal (% CP)

Composition
42 44 45 46 47 48
Dry matter, min. 87.50 87.50 87.50 87.5 87.50 87.5
Crude protein, min. 42.00 44.00 45.00 46.00 47.00 48.00
Crude fiber, max. 9.00 8.00 7.00 6.00 4.50 3.50
Mineral matter, min. 8.00 7.00 7.00 7.00 6.00 6.00
Urea activity, max. 0.20 0.15 0.15 0.15 0.15 0.15
Solubility KOH, min. 80.00 80.00 80.00 80.00 80.00 80.00

14. Conclusions.

* There is not a good reason to do analysis of crude protein in mh&e you
consider swine nutrition. Information about oil, moisture and densityheifl to



get good estimates of the energy value of corn. Determinatiracifons by
grain classification and monitoring mycotoxins will be very helpful;

* Once determined the oil content of corn in the batch, modify th@asition of
corn matrix in the formulation software, Consider that each 1%aserin the
average content of oil, above 3.5%, is equivalent to increase 50 kcal pér kg
maize;

* Improvement in the process of cleaning by separating integmalgrains from
other fractions is desired. Whole cleaned grains, very dense andoffree
mycotoxins, should be considered as premium grains and directegding
sows and piglets;

» Segregation of corn for quality should be implemented. It is very etoabif
there is a set of bins which allows segregating differergstygd corn. It is better
to have several small silos than just one big silo;

« Part of the variation in performance of the animals is causethdyack of
adjustment of the composition of ingredients;

e Currently, they are found in the market numerous varieties yifesms. The
composition of soybean grain depends on many factors such as genetics
fertilization management, geographic location and climate.

e The products from the soybean grain must be properly processed tologkain
biological value protein and digestible.

* The control of food quality allows formulating rations more effitiend
economic.
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