Revista Brasileirade Zootecnia

© 2009 Sociedade Brasileira de Zootecnia

ISSN 1516-3598 (impresso) R. Bras. Zootec., v.38, p.277-291, 2009 (supl. especial)
ISSN 1806-9290 (on-line)

www.sbz.org.br

Ruminal fermentation modification of protein and carbohydrate by means of
roasted and estimation of microbial protein synthesis

Héctor Andrade-Montemayorl# Teresa Garcia Gasca?, Jorge Kawas3

1 Facultad de Ciencias Naturales, Universidad Auténoma de Querétaro, Cuerpo Académico de Morfofisiologia Animal, Licenciatura en Medicina
Veterinaria y Zootecnial. Campus Juriquilla. Ave. De las Ciencias S/N, Juriquilla, Delegacion Santo Rosa Jauregui, Querétaro México.
CP. 76230.#Autor de Correspondencia: andrademontemayor@yahoo.com.mx.

2 Facultad de Ciencias Naturales, Universidad Auténoma de Querétaro, Cuerpo Académico de Biologia Celular, Licenciatura en Nutricién.2
Campus Juriquilla. Ave. De las Ciencias S/N, Juriquilla, Delegacién Santo Rosa Jauregui, Querétaro México. CP. 76230 Querétaro, México.

3 Centro de Investigaciones Agropecuarias. Facultad de Agronomia, Universidad Auténoma de Nuevo Ledn, Avenida Francisco Villa S/N,
Colonia Exhacienda El Canad&, Escobedo, Nuevo Leén, México. CP 66050

ABSTRACT-The animal meal prohibition as a protein source with low ruminal degradability in ruminant nutrition,
creates the need to seek alternatives, as legume seeds, however, its protein, have a high degradability, which could generate
losses of nitrogen in the rumen. Other problem in the legume seeds is the content of antinutritional factors such as protease
inhibitors, tannins, phenolic compounds, lectins and some others, could affect the digestibility. One alternative to decrease
thedegradability of the protein and / or decreasethe activity of someantinutritional factorsisthe use of different technological
treatments such as roasting. Microbial protein synthesis is dependent on the availability of nitrogen or amino acids and of
the degradable carbohydrate content, or of content of Organic Matter digestible and rumen degraded (OMDRD), and the
synchronization in rumen degradation between protein and carbohydrates. |f there are high amounts of degradable nitrogen
or if the content and rate of carbohydrates degradation in the rumen is reduced or not synchronized with the degradation of
protein, could be losses of nitrogen and / or energy in the rumen. In this paper, we analyze the characteristics of proteins and
carbohydrates from various seeds and grains, the effect of dry-roasted application on degradability behavior of seeds.
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Modificacdo da fermentacdo ruminal de proteina e carboidrato por meio da
tostagem e estimativa de sintese de proteina microbiana

RESUMO - A proibic¢éo das farinhas de origem animal como fonte de proteina com baixa degradabilidade na nutricéo de
ruminantes, criou a necessidade de buscar alternativas, como sementes de leguminosas, porém, sua proteinas tém alta
degradabilidade, podendo gerar perdas de nitrogénio no rimen. Outro problema em sementes de |eguminosas é o contetdo de
fatoresantinutricionais, como osinibidoresde proteases, taninos, compostosfendlicos, | ectinas e al guns outros, podendo af etar
a digestibilidade. Uma alternativa para diminuir a degradabilidade da proteina e/ou diminuir a atividade de alguns fatores
antinutricionais € o uso de diferentes tratamentos tecnol égicos, tal como a tostagem. A sintese de proteina microbiana é
dependente dadisponibilidade do nitrogénio e o contetido de carboidrato degradavel, ou o contetido de matériaorganicadigestivel
e degradada no rimen (MODR), e a sincronizagao da degradacdo no rimen entre proteina e carboidratos. Se existem elevadas
guantidades de nitrogénio degradavel, ou se o contetido e a taxa de degradacéo de carboidratos no rimen é reduzida ou ndo
sincronizada com a degradagéo da proteina, pode-se perder nitrogénio e/ou energia do rimen.Nestetrabal ho, foram analisadas
as caracteristicas das proteinas e carboidratos de vérias sementes e grdos, o efeito da aplicagdo da tostagem seca no
comportamento da degradabilidade das sementes.

Palavras-chave: carboidratos, degradagdo, proteina, sintese de proteina microbiana, tostagem

I ntroduction production of animal feed (SAGARPA, 2006). On the other

hand, the prohibition on the use of animal meal in animal

Searching alternative energy and protein sources in feed, dueto bovinespongiformencephal opathy, haslimited

ruminant feed hasbecomeapriority especially indeveloping the availability of protein sources with low degradability,

countries or non-producers countries of soybeans, like needed in the feeding of high production ruminants
Mexico, that produce only 4% of soybeans used in the (Andrade-Montemayor, 2005).
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There are a wide variety of regional legumes seed,
which can be an alternative source of protein and starch;
however, theuse of legumes seedin ruminantsislimited by
itshigh content of solubleand degradableprotein(Yuetal.,
2002a). Causeanimbalancebetweentheruminal degradation
of feed nutrientsand microbial protein synthesis, resulting
in loss of ruminal nitrogen. Moreover, legume seeds may
have variable content of antinutritional factors such as
| ectins, condensed tannins, phenolic compounds, protease
inhibitors, alkaloids, etc., which depends on the type of
seed and its phenological state (Yu et al., 2002a; M akkar,
2003; Kreuzer, 2004; Bhatta et al., 2007). There are various
treatmentsthat may be reducing protein degradability and
present different effects on the content and activity of
antrinutritional factors, these treatment involve
combinations of temperature, humidity and pressure, or
only increase of temperature, dry roasting has shown their
effectivenessinreducing the solubility, degradability and/
or protein degradation rate in the rumen, and modify the
degradation of carbohydratesand thecontent or activity of
certain antinutritional factors, and improve the nutritional
value of legume seeds (Brenes and Brenes, 1993; Goelema
etal. 1998; Goelemaetal., 1999, Yuetal., 1999, Yuetal., 2000,
Yuetal., 20025; Yu, 2007).

Microbial protein synthesis dependent of the
relationship between theamount of solubleand degradable
nitrogen or protein, as well asits rate of degradation, and
theamount of digestible organic matter fermented inrumen
(DOMFR) or carbon chains (CHO’s ) available to rumen
microorganisms, both sources of nitrogen and degradable
CHO’ smust beinasynchronizedway, bothinquantity and
rate of degradation, can be increase the microbial protein
synthesis (INRA, 1988, Chen and Gomes, 1992; Tamminga
etal. 1994, Andrade-Montemayor, 2004). K nowingtheimpact
of thermal treatments such as dry roasting on the
modification of protein and carbohydrates degradation,
could handle used to manipulate the behavior of each
legume seed, or grain, and stimulate the synthesis of
microbial protein.

Concept of degradedability

Ruminal digestion is a dynamic process that is
characterized by the entry of food in the rumen fluid, and
output of fluids, microorganisms and not degraded food
(Van Soest, 1994). Thefeed that the ruminant intake can be
divided into two fractions: one undegradabl e fraction and
other potentially degradabl efraction, whichisdegraded by
microorganisms to a certain speed or rate (Gonzalez et al .,
1991).

The food fraction that is hydrolyzed in the rumen to
provide energy (fermentable carbohydrates) or a peptides
mixture, amino acids and ammonia (NNP and protein) for
growth and synthesis of microbial protein, is defined as
degradablefraction. Microbial protein providesthe most of
theamino acidsthat passintointestineand contributing with
40 to 50% of the protein to ruminant (Goestch & Owens,
1984). The remaining protein fraction that reachesintestine
isthe food protein that undegraded in rumen (UDP).

Theruminal degradation of food nutrients, isinfluenced
by several factors, among them are: the characteristics of
the diet, related to the amount of potentially degradable
nutrients, the food intake level, the food residence timein
rumen, and food exposureto therumen microorganismsand
environmental conditionsintherumen, suchaspH andNH4
concentration, which dependsontheactivity and microbial
survival (@rskov, 1988).

Ruminal digestion of protein

Thefood nitrogen compounds (NPN and true protein)
are exposed to rumen microbial enzymatic activity and are
subjected to partial or total degradation. In general, the
simple nitrogen compounds and highly soluble asthenon
protein nitrogen (NPN), are degraded by rumen
microorganismsresulting in anincreasein the NH; rumen
concentration. Furthermore, theproteinsarepartly degraded
by the action of microorganisms proteolytic enzymes,
resulting in peptides and amino acids, which by the action
of peptidases and desaminase of these microorganisms,
produce ammonia, volatile fatty acids (VFA) and carbon
dioxide (Annison and Lewis, 1981; Balcells and Castrillo,
2002). The degradation of certain amino acidsisrelated to
the production of small quantities as branching AGV
isobutyric and isovaleric acid (Yan et al., 1996). Ruminal
microorganisms use ammonia, as well as some simple
peptidesand amino acidsasnutrientsfor their own growth.
When microorganisms cross the abomasum and small
intestine, cellular proteins are digested and absorbed.

Thus, the rumen microorganisms play a determining
activity in digestion and metabolism of nitrogenous
compoundsin ruminants. Bacterias are the most abundant
microorganisms in the rumen, of which 40% or more have
proteolyticactivity. Intracellular eventsinthe peptidesand
amino acids degradation by bacteriaand microbial protein
synthesis are:

- Peptides to aminoacids conversion;

- Use of free amino acids for protein synthesis;

- Amino acids catabolism to ammonia and carbon
skeletons (desamination);
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- Ammonia use for the resynthesis of aminoacids;

- Ammonia out of the cell dissemination (Broderick,
1994).

Protozoa are very active in the protein degradation,
protozoa population are fewer than rumen bacteria
population (@rskov, 1988). These microorganisms ingest
bacteria, fungi, and portions of food and bacteriasaretheir
protein source.

Protein degradation kinetic

Nitrogenfractionsinfeed, havedifferent susceptibility
and route of degradation, as has been demonstrated in
numerousstudies(Zinnetal., 1981, Haand Kennelly, 1984,
Anderson et al., 2001). Figure 1 (INRA, 1988) is shown as
depending on the type of food and degradation time, the
degradation rate different.

Protein fractions of legume seeds such as peas have a
high percentage of degradation in a short period of time,
however fishmeal or heat treated cakes, have alower levels
of degradation.

Non-structural carbohydrates degradability

Non-structural carbohydrates can be digested by the
ruminal microbial population and by the animal; because
both organi smscan produce enzymes capabl e of degrading
non-structural polysaccharides such as starch to sugars
(Hoover and Stokes, 1991). Intheruminant casesuch action
occurs primarily in the rumen by the action of ruminal
microorgani sms.

Starch and dextrin digestion is carried out initially by
theamylase action, which convertsmaltose and isomaltose,
followed by enzymatic action of maltase, phosphorylaseor
1,6-glucosidase to glucose or glucose-1 - phosphate.
Fructansinturn hashydrolyzed by enzymesthat attack the
links2-1 and 2-6 to fructose (Chesson and Forsberg, 1988).

Starch digestion from cereal grains or other
concentrated, is complete in most ruminant. However, the
degree and form of ruminal digestion of starch will be
different, depending ontheraw material, itsprocessing and
presentation (Nocek and Tamminga, 1991). These factors
havevery important consequencesinthedesignof rations,
being necessary to study these parameters. Thedegradation
of solublesugarsisalmostimmediate (Baldwinand Allison,
1983), and the starch of cerealsin most ruminant rationsis
complete (Blas et al., 1995). There are differences among
differentkindsof cereals, intheproportion of solublestarch
(hydrolyzed very quickly), fermented in the rumen and
digested in subsequent sections of the digestive system.

Starch from wheat and barley (as of cassava, bran or
gluten feed) are characterized by a faster and complete

Roasted meals
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Figure 1 - Half time degradation and degradability of protein
fractions (%) of different feeds (INRA, 1988).

fermentation in the rumen that starch of corn or sorghum
(Figure 2) (Sauvant et al., 1994). As a result, the first
providesmoreenergy availableto rumen microorganisms,
favoring the synthesis of microbial protein, but are also
can be the cause problems of ruminal acidosis.

Just as there are differences in the starch degradation
from cereal grains, other starchesfrom variousingredients
of rations for ruminants are characterized by different
degraded parameters (Table 1) (Sauvant et al., 2003), which
also can be modified by the treatments to which they are
subjected.

Heat treatment and application of moisture, can change
the starch structure, in the case of cereal starches,
increased the ruminal degradability and in some legume
seeds may decrease the starch ruminal degradation, by
modifying the degradation rate (kd), or increasing or
decreasing the soluble fraction (a) and slow degradation
fraction (b) (Yu et a., 2002a).

Thecarbohydratedegradationkineticsisvery complex,
and modern methods of assessment need a precise
knowledge of thecharacteristicscarbohydratesand proteins
degradation, of seeds and grains use in animal rations, as
well as the factors that affect them. Thus, the system of
Sniffen et al. (1992) subdivided into four fractions of
carbohydrates depending on their degradation rate:

A =very quickly rate of sugars degradation.

B1 = intermediate rate of degradation (pectins and
starches)

B2 = fibrous carbohydrates of slow degradation and
potentially degradable

C =indigestible fiber fraction.

New systems tend to increase the number of
parameters that make up their equations (Calsamiglia &
Bach, 2002), to integrate new knowledge on the
degradability of different carbohydrates fractions and

© 2009 Sociedade Brasileira de Zootecnia



280 Andrade-Montemayor et al.

Degraded starch %

a
100 —

Oat Rapid starchs

8 _— Slow starchs

Cassava gQ
Barley
peas 40
Corn 20
Sorghum
grain 0 R
0 3 6 9 12 15 18 21 24 Incubationtime

(hours)

Figura?2 - Degradationkinetic of grainsand root vegetablesstarch
(Sauvant et al., 1994).

increase the accuracy of itsestimatesonitsnutritivevalue
and performance in the rumen.

Factors affecting the ruminal degradability

Thereare many factorslinked to food, as nitrogen and
carbohydrate sources characteristics, can be considered as
elementsthat will affect therate of degradationintherumen.
Thereare other factorslinked to animalsthat influence the
nutrients rumen degradation.

Structure of the protein molecule

The three-dimensional structure of proteinsisafactor
that determinesits rumen solubility and degradability. In
general, for higher complexity and quantity of links, greater
difficulty to accessing of microbial enzymestotheprotein.
For example, ovalbumin degrades slowly because is a
cyclicproteinwhichdon’t haveamino or carboxyl terminal
groups (NRC, 1985). Proteinswith largeamounts of cross-
links such as disulfide linkages are less accessible to
proteolytic enzymes and are relatively resistant to
degradation (Van Soest, 1982, Owens and Goestch 1984,
Wallace, 1988; Balcells & Castrillo, 2002).

Solubility of protein in the rumen

Theclassification of protensinsolubleandinsoluble,
has been of great importance in ruminant feed systems
because, the soluble proteins provide more available
nitrogen to the rumen microorganisms (Wallace, 1988, Van
Soest, 1994, NRC, 2001). However, there is a clear
relationship between the solubility of proteins and their
degradability. In general, soluble proteins are more
vulnerable to proteolysisthat theinsoluble proteins, the
proteases accessibility increased if the protein is in
solution. However, some proteins can be hydrolyzed in
the solid state and being poorly soluble, asisthe zein and
casein case (NRC, 1985 and 2001), or in contrast, albumin
isasolubleprotein but very resistant toruminal degradation
(McDonald et al., 1995).

Mahadevan et al. (1980) concluded that the solubility
of aproteinisnot anindicator of susceptibility toproteolysis.
Sternand Satter (1984) analyzed of 34 different rations, and
they noted a correlation of only 0.26 between N solubility
and degradability of the proteinin vivo.

Protein and starch location and structure

The protein and starch location in the grain, affecting
its use and degradation, therefore, it isimportant to know
the parts that constitute, and composition. As shown in
Table 1, the starch degradability of the grains of different
cereals and legumes is different, because of the starch
locationand structureof starchisdifferent and characteristic
for each type of grain. Thus, their differences between the
starch degradability from cereal grains, which is high in
wheat and barley, and much lower for corn or sorghum.

One element to consider is the type of peripheral area
surrounding the endosperm where the starch. The
endosperm of agrain of corn and sorghum isformed by a
peripheral area (sub-aleurone), and a corneal and a meal
area. The peripheral area of the endosperm is extremely

Table 1 - Starch degradability of different ingredients using in ruminant feeding (Sauvant et al., 2003)

Ingredient Starch of DM % A (%) b (%)? ¢ (%/h)3 Effective degradability?
Oat 36,2 67 33 21,5 93
Corn 64 23 7 5,5 60
Corn cops 64 13 87 31 86
Corn granulate 64 39 61 4,0 64
Barley 52,2 52 48 20,5 89
Peas 44,6 46 54 9,5 79
Roasted peas 44,6 28 72 4,5 59
Extruded peas 44,6 70 30 7,4 87

1 a(%): Soluble fraction and of rapid degradation.
2(%): Slow and potential degradation fraction.
3 ¢(%/h): rate of degradation Kqg-

4 Effective degradation.
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dense and hard, and resistant to the ingress of water. The
peripheral cells have ahigh content of protein resistant to
enzymatic and physical degradation, resulting in a low
degradability (Rooney and Pflugfelder, 1986; Kotarski et
al., 1992).

The rate of ruminal degradation of the protein matrix,
determinestherateof starch hydrolysis, becausethestarch
surface, whichisincontact withtheamylases, increasesas
the matrix degrades. The vitreous nature of sorghum and
maizeisassociated withitsprotein content and continuity
of theprotein matrix. These cereal shaveal ower proportion
of soluble proteins (albuminsand globulins) and agreater
proportion of reserve proteins (prolamin and glutelin) that
are less soluble and slow degradation (Blas et al., 1995).

Starch degradability from legumesis high, due to the
starch type, itsinteraction with the protein matrix, and the
lowest rati o of amylose-amylopectin (Nocek and Tamminga,
1991, Yu et a., 2000, 2001a 2002a., Yu, 2007). Thus, the
starch degradability, can be affected by the composition
and physical form of starch, the proteins and starch
interaction, the granule size, the amylose and amylopectin
content and relation, the presence of the protein matrix, the
starch type (corneum or flour), the cellular integrity of the
starch units, anti-factors and the physical form of food or
food material (Rooney & Pflugfelder, 1986, Yu et al., 20023;
Offner et al., 2003).

Treatment of raw materials

Other factors affecting food degradability and its
componentsintherumen, asthetreatmentsthose different
ingredients suffer before and during food processing.

The treatments can be divided into physical and
chemical andtheir effectsaredependent onthetypeof food
and nutrient. But in this review only studies the effect of
temperature and especially of dry roasted treatment on
degradability of starch and protein.

Heat treatment

Heat treatments have different effects, depending on
the degradability of the nutrient, so to divide the study of
their effect of heat on starch or protein degradability.

Heat treatment effects on starch degradability

Starch iscomposed by grainsinsolublein cold water,
but with ability to absorb water and swell reversibly.
These grains are pseudo-crystals that contain crystalline
regionsand amorphousunorganized areas. Thecrystalline
area is very resistant to water infiltration, which moves
freely in the amorphous areas.

The swelling of starch is a process that results from
exposuretowater and gradual warming (55°C) of thegrain,
allowingittoabsorb upto50% of itsweightinwater. This
swelling is reversible after cooling and drying, however,
if more heat is applied (60 to 80°C), the process becomes
irreversible, leading the gelatinization that is the loss of
thecrystalline structure of thegrain. Inthe gelatinization,
the starch grains are broken completely, and often the
result of the combination of moisture, heat, pressure and
physical and mechanical forces (Wiseman, 1993).
Retrogradation is another process linked to the heat
treatment, which is the re-association of separated
molecules after the gelatinization. Hydrogen bonds
between amylose and amylopectin arerestored, however,
the starch does not return to its original form.
Retrogradation may be reversible to some extent after
heating.

During the manufacture of feed raw materials are
subjected to physical and mechanical forces arising from
the application of moisture, heat and / or pressure, which
can cause gelatinization or retrogradation. In any case,
questionsremainto beclarified, sinceit seemstheeffect of
heat treatment on starch degradation depends on several
factors such as temperature applied, treatment duration,
application with or without humidity, type of seed, etc.

Thevariability intheeffectsof temperatureand pressure
toasting on the starch, may be due to the differencein the
crystallization of starch and/or the association between
starch and protein matrix surrounding the grains. Besides
other factorsmay beinvolved astheproportion of amylose
and amylopectin, theparticlesizeand enzymeinhibitors(Yu
et a., 2002a).

Theurer et al. (1999) found that the humidity,
temperature and pressure combination, consistently
increased invitro enzymatic hydrolysisof starch and the
proportion of starch digested in the rumen of total
digestible starches. These events were probably due to
thedisruption of theprotein matrix surrounding thegrains
of starch in the endosperm and the disruption of these
grains (Yu et al., 2002a).

Among the most common treatments according to Yu
et al. (2002a) we find the following:

* Dryroasted. Thistreatmentisdonewithdry heat that
is transferred by conduction, convection and radiation.

The moisture of the grainisadjusted beforetreatment and
the temperature and time of application varies (100 to

200°C and 15 to 60 minutes).
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» Micronized. Inthisheat treatment isperformedinside
the seedsby meansof infrared rays, thetemperatureisfrom
125 to 135°C with an exposure time of 40-90 seconds.
Infrared rays cause the vibration of the molecules in the
material, resulting intheinternal heating and moistureloss.

* Toasting pressurized. Make in pressurized container
and combined heat and pressure, thetimeisvery variable.

« Extrusion. Thistreatment combines heat by friction,
pressure, humidity and breakup, followed by the expansion
of thefood. The processing timeis30to 50 seconds, and the
temperature rangesfrom 80 to 200°C.

*Treatment of expansion (expander). This is similar
than to extrusion, however, modifies the pressure with a
conehydraulic, 3800-4000 kPaof pressuresareused during
treatment. The treatment time is 5 to 15 seconds and
temperatures of 80 to 140°C.

* Granules (pellets). This processis acompression of
thefood, previously conditioned or treated, making it pass
through amatrix. Thepackaging may beby addition of water
steam, in relation to the amount of friction between food
particles, and thewall and die. Theconditioningisperformed
at atemperature of 65 to 90°C.

AsshowninFigure 3, theeffect of extruded ontherate
of starch degradation on corn and peas is different, as
observed in the case of corn extrusion that increased rate
of starch degradation, but in the pea case, the heat
treatment decreases the rate of degradation of a very
pronounced form.

Yuetal. (2002a) found that both the roasting pression
and dry roasting decreased the starch effective degradability

Peas
’c_—; 12
S
% 101
= 8. Corn Corn extruded
E Peas extruded
S 6
I ]
S 4
2 2
o 0

Figure 3 - Effect of extrutionin starch rate of degradation (%/h)
of corn and peas (Sauvant et al., 2003).

from faba beans and that this effect increases with greater
time and temperature. Thus, roasted to 130 to 150°C for 30
to 45 minutes, reduced the starch degradability.
Goelemaet al. (1998, 1999) studiedtheeffect of roasting
onprotein and starch degradability fababeans(Viciafaba),
finding that atemperature of 132°C for 3 minutesdecreases
proteinand starchin situ degradability. Theexplanationfor
this is due to the different physic-chemical properties of
starchesfrom cereal s and legumes. The effect of treatment
onthestarch al so dependson the humidity level. When the
heating is done by means of steam, depending on the
moisture content, temperature and processing time, the
gelatinization could vary, from being just a local to a
compl ete gelatinization, which would increase the starch
degradability in the rumen. However, the subsequent
cooling and drying, recrystallization may occur. The
application of heat and moisture (100 °C and ahumidity of
10-30%) for cereal s(barley and wheat) and legumes (lentils)
did not affect the structure or the physicochemical
characteristicsof thegrains (Offner et al ., 2003). However,
the starch grains were less compact after treatment. The
increase in temperature to 95°C increased the starch
viscosity from grain, but decreased in legumes starch.
These results indicate that the extent of association of
starch chainwith amorphousregion and the crystallization
degree were altered during treatment (temperature-
humidity). But thechange magnitudewasdependent onthe
starch source and moisture during the heating treatment.

Heat treatment effects on protein degradation

Usually, the main protein supplements in feed for
ruminants are derived from the flour industry, oil or
distilleries. In most cases, the products generated by these
industries are subjected to thermal or chemical processes,
which cause different effects on the quality of the protein
and ruminal degradation behavior.

Inthe case of legume seeds, oil seeds and animal meal,
useof heat or solvent treatment, hasdifferent consequences.
As an improvement in quality due to the elimination or
inhibition of antinutritional factorsand theimprovement of
the sanitary quality of the seed or meals. However, heat
treatment also causes the desnaturation of proteins by
breaking of hydrogen bridges and disulfide linkages
responsibleforitssecondary structure. Asaresult, reduces
its rumen solubility and decreases its degradation rate,
increasi ng the amount of protein without rumen degrading
and reaches the intestine intact (Guada, 1993, Van Soest,
1982). Thus,inFigure4,isobserved astherateof degradation
of the soy proteinislower whenit isheat-treated soybeans
(roasted or extruded).
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Figure 4 - Effect of extruction or dry roasted of soy bean on
degradationrateof crudeprotein CP(Yuetal., 2002a).

In feed manufacture, use different processesfor which
it applies an increase in temperature of the material;
granulation, extrusion, expander, crushing, the flakes
production, steam rolled, etc. Involve the heating of the
grain. In addition, during the trial other factors such as
moisturelevel, theamount of carbohydratessolublepresent
inthematerial, pressure and thetemperature-timetreatment
to which they are exposed, which will affect the degree of
degradability and solubility of proteins.

Exposure to heat, the food cannot only decrease the
degradability of protein in the rumen, but also decrease
their intestinal digestibility and biological value. So one of
the main effects responsible for microbial resistance to
proteolysis of heat-treated proteins is the occurrence of
Maillard reactions. These are reactions between carbonyl
groups of reducing sugarsand amino group of lysine. This
reactionisreversibleinearly stages, soif theheat treatment
is moderated, you can reduce the ruminal degradability of
the protein without affecting itsdigestibility and available
lysine content (Guada, 1993). In addition, other reactions
can lead to decreased amino acid availability in the animal,
such as condensation reactions (NRC, 1985).

Goelema et al. (1999), studied the effect of different
treatments, roasted, granul ated and expansion ontheprotein
degradability of legume seeds, noting a decrease. This
effect was due to the desnaturation and the formation of
Maillard reaction, and was dependent of temperature,
processing time and moisture. In Table 2 presents effect of
introducing the heat treatment on protein desnaturation
and degradation, the effect can go from an increase of
hydration andlossof crystallinestructureto 50°C, theloss
of secondary structure at 90°C, until the peptidization and
isopeptides formation. Is common the formation of
complexeshetweenthecell wall carbohydratesand protein,
noting an increase in the crude protein linked with neutral
detergent fiber (CP-NDF) andwith acid detergent fiber (CP-

ADF), these complexes may be similar to the Maillard
reaction (Goelema et al., 1999, Yu et al 2002a, Andrade-
Montemayor, 2005). Accordingtotheproteinclassification
Licitraetal.(1996), theB3proteinfraction correspondtothe
low rumen degradability fraction and can be undegradable
fraction, however, not clear whether these fractions can be
digestedintheintestineor not. Oneobjectiveof thethermal
treatments is reduce the ruminal protein degradability, to
avoidlossesof nitrogenintherumenandthat thistreatment
doesnot affect or alter the digestibility of foods, aswell as
the decrease in the content and activity of some
antinutritional factors, such as lectins and proteases
inhibitors, among others, in that sense, Andrade-
Montemayor (2005) and Pacheco-L 6pez and Alegria-Rios
(2008) observed a decrease in ruminal degradability of
protein from legume seeds such asLupinsangustifolium,
Vicia faba, Vicia Ervilia and Prosopis laevigata, using
dry roasting treatment, to a150°C / 45 minutes, presenting
agreater or lesser effect depending on the legume seed in
question, being thevariableformation of complexesbetween
CPand fiber fractions (CP-NDF and CP-ADF). However, in
all cases there was no effect in vivo digestibility of the
protein. On the other hand, content and activity of
antinutritional factors, Pacheco-L6pez and Alegria-Rios
(2008), noted that the roasted pods of mesquite (Prosopis
laevigata) had a decrease in the content of proteases
inhibitor factors, but anincreaseintheagglutinating activity
of lectins, and in content of condensed tannins, the latter
hasnot been clarified.Furthermore observed anincreasein
the content of CP-NDF and CP-ADF without affect protein
digestibility.

Moreover, the decrease in the protein degradability
and modify the carbohydrates degradation, has as its
objectives, prevent the loss of nitrogen and energy in the
rumen, andincrease or improvemicrobial proteinsynthesis,
so that then define some conceptsrelated to thistopic and
thefactorsthat areinvolvedintheincreaseor modification
of the synthesis.

Table 2 - Effect of heat on desnaturation and degradation of
protein (Yu et al., 2002a)

Temperature (°C) Effect of heating

50 Increasehydratation, somelossof crystallinestructure
70-80 Disulfide splitting, loss of tertiary structure
80-90 Loss of secundary structure disulfides

90-100 Intermolecular disulfides formed

100-150 Lysine and serine |oss, isopeptide formation
150-200 Peptidization and more isopeptide formation
200-250 Pyrolysis of all amino acid residues
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Microbial protein synthesis

The theoretical definition of the “microbial protein
synthesis (MPS) includes the total amount of protein of
microbial origin produced intherumen, andisexpressedin
proteingramsor N gramsper day (Van Soest, 1994). However,
inpracticeitismeasured astheamount of microbial protein
synthesized intherumenwhich flowsintothesmall intestine
of ruminants.

Efficiency of microbial protein synthesis (ESPM) is
defined asthe amount of microbial matter (expressed asdry
matter, proteinor N) per unit of energetic substratefermented
or energy produced (Broudiscou & Jouany, 1995) and
dependent ontheavailability of energy and protein, andthe
efficiency with which microorgani sms used these (Sniffen
& Robinson, 1987).

For the study of microbial proteinsynthesis, betreated
aspects related to techniques estimation (MPS), factors
that affect it, and equations for microbial synthesis
predicting, and nutritional value of microbial protein.

Microbial protein synthesis estimation

Quantifying microbial protein synthesis is the most
important aspects in ruminant protein feeding studies
(Broderick & Merchan, 1992). To estimate the amount of
microbial protein synthesized in the rumen which flows
into the small intestine of the ruminant markers are used,
in order to estimate the total microbial marker that leaves
the rumen and/or flowing to the small intestine and the
concentration of this marker in the microbial mass
(Broudiscou and Jouany, 1995).

Inin vivotechniques, to estimate the flow of microbial
protein, required of animal swith duodenal cannulasfor the
collectionof thetotal digesta, wheresamplesaretakenfrom
theduodenal flow and estimated thetotal flow through use
of one or two flow markers.

Inaddition, theother necessary componentto estimate
microbial protein synthesis consists in differentiating
microbial protein synthesized from other nitrogen
compounds flowing into the small intestine, for which
markersareused, that supposedto characterizethemicrobial
components(Stern & Hoover, 1979), and estimatedtheratio
N/microbial marker (Titgemeyer, 1997).

There are markers for differentiating the microbial
protein. The markers themselves may be constituents of
microorganisms (internal microbial markers) or chemicals
that are incorporated in experimental microbial bodies
(external markers). As internal markers exist the DAPA
(diaminopimélicoacid), aminoethyl-phosphonicacid (AEP),
D-alanine, nucleic acids (DNA and RNA) and the puric

basescontent; and asexternal markersidentifiedisotopes:
N15, P35 and S3° (Broderick & Merchen, 1992).

These methods have problems as the complexity of
procedures, their cost and the carrying out surgical
operationson animals. Existin vitroexperimental procedures,
such as continuous or semi-continuous culture systems,
which can measurethetotal synthesisthroughtheeffluent
collection, while controlling the change of the liquid and
solid fractions, without need the use of flow markers
(Calsamigliaetal., 1995). Moreover, other methodssuch as
purinederivative(PD) inurineexcretionareavery interesting
non-invasive technique to predict the flow of microbial
protein (Chenetal., 1990a). Themethodisbased onnucleic
acidsleaving therumen are of microbial origin, becausethe
foodusually usedinruminant feedislowinpurines, andthe
majority of these compounds are degraded by ruminal
fermentation. So that the puric bases (PB) of nucleic acids
reaching the duodenum are mostly of microbial origin,
being absorbed at the intestinal level.

These compounds are metabolized in the animal body
excreted derivatives (allantoin, uric acid, xanthine and
hypoxanthine) inurine. Thus, theexcretion of PD isdirectly
related to the absorption of PB, could establish predictive
equations of purines absorbed using the value of PD
excreted (Balcellset al., 1991).

Knowingthat therel ationship between N and microbial
purinesabsorbed wecan estimateintestinal flow of microbial
N or protein. This method requires the use of predictive
equationsfor each speciesbecauseof differencesin purines
metabolism, associated with thespecificactivity of xanthine
oxidase among animal species, as well as the plasma
concentration, the rate of filtration glomerular and the
contribution of endogenous derivatives purics (Chen &
Gomes, 1992, Sandoval-Castro & Herrera-Gomez, 1999).

Thus, inbovinexanthine oxidaseactivity intheintes-
tinal mucosa is high but in sheep is low, so the puric
derivativeexcreted profilediffered between species. Chen
& Gomes (1992) suggest that in sheep the total purines
excreted in urine, have a excretion range of 60-80% of
allantoin, 30-10% of uric acid and xanthine+ hypoxanthine
5-10%, whereastherangefor cattleis 80-85% of allantoin
and 20-15% uric acid, xanthineand hypoxanthinewere not
detected.

As a result, these factors have been estimated in
sheep (Elliott & Topps, 1965; Fujiharaet al., 1987; Chen et
al., 19904, b, c; Chenetal., 1997; Balcellset al., 1991; Chen
et al., 1991), cattle (Chen et al., 1990c; Verhic et al., 1990;
Gieseckeetal., 1984, 1994; Martin-Oruleetal ., 2000; Orellana
et al., 2001) and buffalo (Liang et al., 1994, IAEA, 1997,
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1998, Chen et al., 1996) derived several equationsto deter-
mine the synthesis of microbial protein.

Ingoats, these studies have been conducted primarily
inyounganimals(Lindberg, 1989, Lindberg, 1991, Fujihara
et al., 1999; Fujihara et al., 2000) that found patterns of
excretion of purine derivatives similar to sheep.

Intheurineof both speciescan befound allantoin, uric
acid, hypoxanthine and xanthine, which suggests the
existence of asimilarity inthe puric metabolism between
these two species, because the excretion of these puric
derivatives is the product of the enzymatic activity
characteristic of the both species (Stangassinger et al.,
1995).

However, in adult goats of Murciano-Granadino breed
(Belenguer et al., 2002; Mota et al., 2003; Andrade-
Montemayor et al., 2004) has found that the relationship
between the puric bases absorption and excretion pattern
of PD differs between sheep and goats, finding a greater
excretion of hypoxanthine that uric acid in goats.
Furthermore, both species had low activity of intestinal
xanthine oxidase (Chen et al., 1990b; Chen & Gomes, 1992;
Belenguer etal ., 2002). Inaddition, Motaet al . (2003) noted
that the contribution of endogenous and exogenous nucleic
acidsintheexcretion of PD inthegoat milk, whichissimilar
todairy cows. Thus, inrecent years are making significant
progressinthe understanding of digestionand metabolism
of purines, as well as the excretion of their derivatives, to
minimizeerrorsand adjust the predictiveequationsin goats.
However, they are still insufficient to obtain specific
prediction equations of this synthesisin goats, especially
knowingthat factorssuch asspecies, ageand possibly race
theanimal caninfluence (Andrade-Montemayor etal ., 2004).

Factors affecting the synthesis of microbial protein

Due to the complexity of microbial protein synthesis,
there are many factors affecting the performance of the
same (Dewhrust et al., 2000). In this line, mentioned the
contributions of energy and nitrogen intherations, asthe
most limiting factorsfor microbial protein synthesisinthe
rumen (Clark et al., 1992), although other nutrients such as
sulfur, volatile fatty acids, fatty acids of branched chain,
mineralsand vitamins, arealso very important for microbial
growth, although in smaller quantities. In the synthesis of
microbial proteinthereother factorssuch asruminal pH and
therateof renewal of theliquid and solid fractionsof rumen
content (dilution rate), these factors are related to the
complex chemistry and dynamics of ruminal half.

Energy sources

Carbohydrates are the main source of energy for

microbial protein synthesis in the rumen (Sniffen et al.,
1983). Other sources, like protein or glycerol and
triglycerides, may provide some energy. The main
differences in the carbohydrates degree and rate of
degradation depending on their type (structural or non
structural).

Inin vitro studies showed that the non-structural
carbohydrates supported the growth of rumen
microorganisms. Thus, Demeyer & Van Nevel (1986),
observed anincreasein the synthesisand the efficiency of
microbial proteinsynthesiswhenthequantity of maizewas
increased replacing the structural carbohydrate such as
cellulose.

In in vivo experiments, has found that inclusion of
moderate amounts of non-structural carbohydrates in
forage-based diets stimulates the synthesis of microbial
protein synthesisanditsefficiency (Archimedeetal., 1997).
However, there is also evidence from studiesi n vivo,which
shows how high levelsof non-structural carbohydratesin
thediet may adversely affect themicrobial proteinsynthesis
and production efficiency (Van Nevel and Demeyer, 1986).
This effect appears to be related to the inclusion of high
levels of non-structural carbohydrates in the diet, may
cause changes in the fermentation pattern by altering
microbial growth. Thus, Hagesmeister et al. (1988) studied
the influence of the concentrates proportion in diets for
ruminants on the synthesis of microbial protein, finding
that, low energy input (i.e., high proportion of roughagein
the food ration), the protein synthesized per 100 g of
digestible organic matter fermented in therumen (DOMFR)
would beonly 15to 20 g, with high levels of concentratein
therationresultinginalow pH can al sobeexpectedthat the
synthesisof microbial proteinisonly 14-18g/100g MODFR.
While getsthe highest synthesis of microbial proteinwith
intermediatelevel sof carbohydrates, which do not alter the
ruminal physiology.

As a result, depending on the type and level of
carbohydrate, thesynthesisof microbial proteinisaffected,
becausethe profileof release of energy for microbial growth
and the conditions of the ruminal environment can be
modified.

Source of protein

Ruminal microorganisms used for the synthesis of
microbial protein, different sources of nitrogen resulting
from the degradation of protein fractionsof theration, such
asammonia, amino acidsand peptides, or urearecycled. As
a result, besides of energy, other factors limiting the
synthesis of microbial protein like nitrogen contribution
(Sternetal., 19944, b). Thus, protein synthesishasincreased
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by increasing the content of degradable protein in the diet
(Erasmuset al., 1994). Thisisbecausein protein degradation
the end product isammonia, which is considered the main
source of N for microbial protein synthesis in the rumen
(Mackie & White, 1990). However, an excess of protein
degradabl e protein can cause an accumul ation of ammonia
in the rumen and nitrogen loss. So that there are some
studiesconducted by Calsamigliaet al. (1995), which show
that thereare no differencesin the synthesis, or efficiency
of microbial proteinsynthesis, when using multiplesources
of different proteindegradability, andif therationscontain
lessthan 9% degradable protein, limit microbial growth. As
aresult, thereshould bean optimal concentration of ammonia
in the rumen to maximizeyields.

Thus, there is controversy over the minimum
concentration of ammonia to maximize the efficiency of
microbial protein synthesis. Satter & Slyter (1974) suggest
an optimal valuefor the growth of microorganism 5 mg N-
NH3/100 mL in the rumen. Although this optimal
concentration, appears to be higher, when administered
easily fermentable substrates (Broudiscou and Jouany,
1995). However, there is great variability of results,
depending on many factors related to the constituents of
the rations, food handling and experimental conditions,
implying that bacterial growth depends on many other
factorsbesidesthe concentration N ammonia. For microbial
growth, are also necessary other nitrogen sources, like
amino acids and peptides, as these can be incorporated
directly into microbial protein of certain bacterial groups,
such as amylolytic bacteria (Wallace, 1988, Russell et al.,
1992;) . Other authors, such as Oldham (1988) suggest that
the amino acids of the food can be used directly, which s
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Figure5 - Influence of concentrate (%) on microbial protein
synthesis in rumen (Hagesmeister et al., 1988).

analyzethe contribution of N of ureaor N of amino acid on
microbial nitrogen production in absolute terms and in
terms of energy efficiency, and have a positive effect on
microbial growth when the substrate contains amino acids
preformed N (Figure 6).

Synchronization of energy and protein

Synchronizedinput of N degradableand carbohydrates
fermentable results in better utilization of nutrientsin the
rumenandagreater flow of microbial proteintotheduodenum
(Dewhrust et al., 2000), because the microorganism supply
of nutrients in proportion and appropriate time. Thus,
Newbold & Rust (1992) conducted aninvitr o experimentin
which the supplemented ruminal medium with urea and
glucose, simultaneously, supplying 25 mg N / g of glucose
per hour, or varyingtheflow of 0.13t048.9mgN/gglucose
over time, adjusting the administration of glucoseand urea
by the end of both treatments, the quantity supplied of
these elementswerethe same. Asaresult of thisexperiment
showed that the microbial population was higher in the
medium in which administered glucose and urea in a
synchronized form (Figure 7).

Time in hours

A classic example used to demonstrate the negative
effect of asynchrony is when we study the synthesis of
microbial proteinin silage-based rations. During thesilage
material undergoes microbial fermentation, so the non-
structural carbohydrates ferment and part of the proteinis
degraded to ammonia. As a result when you bring these
foodstotheanimals, therumen microorganismshaveahigh
rate of ammoniabut not few fermented carbohydrates that
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Figure 6 - Effect of N input from amino acid and/or urea on the
production of microbial N (g/d) (adapted from Oldham,
1988).
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Figure 7 - Effect of the sincronization of ureaand glucose administration on microbial protein productionin rumina mediuminvitro

(adapted of Newbold & Rust, 1992).

areasource of energy for their growth, and decreasing the
synthesis of microbial protein (Rooke et al., 1987).

To stimulate the synthesis of microbial protein, the
pattern of nutrient release must occur in synchrony, with
the use of recommended sources of protein and
carbohydrates readily degradable (Herrera-Saldana et al.,
1990). However, although the increases in the ration of
carbohydrate and protein degradable sources leads to an
increasein microbial protein synthesis, it should be noted
that some studies show asrationswith increasing levels of
non-structural carbohydrates may decrease microbial
protein synthesis (Feng et al., 1993). This effect is related
to high amounts of non-structural carbohydrates, asthese
can cause changes in the ruminal environment (pH and
dilution rate), causing alterations in the microbial growth
and efficiency. On the other hand, improve the degree of
synchronizationintherateof releaseof energy and nitrogen
in the rumen does not always translate into increased
microbial mass(Henningetal., 1993), itisalsoimportant that
inputs of energy, and N, are produced in a gradual and
steady. In addition, other factors related to the animal,
providedthesourceof N (e.g. simultaneouscontribution of
ammonia, amino acids and peptides) or changes in the
ruminal environment (pH, dilutionrate) can affect thetiming
of nutrient microbial protein synthesis.

Other factorsrelated to nutrient availability

There are many nutrientsin addition to carbohydrate
and nitrogen sources, which are supplied in the diet and
haveasignificant effect onthemicrobial proteinsynthesis

and the efficiency. Among these nutrients can be fats,
branched volatile fatty acids, minerals, vitamins, etc.

Fat is not efficient energy source for the rumen
microbial growth (Dewhrust et al., 2000), their addition in
moderate proportions can improve the efficiency of
synthesis(Klusmeyer etal., 1991), asfat addition appears
to reduce the number of protozoa, which decreases the
predation of bacteria in the rumen. However, when fat
intakein thediet ishigh (e.g.> 8% of theration DM), can
occur negative effects, asreductioninfiber digestion due
to a toxic effect cellulolytic microorganism, adversely
affecting the efficiency of microbial protein synthesis
(Oldick & Firkins, 2000).

Furthermore, branchedvolatilefatty acidsareimportant
for the growth of cellulolytic bacterias (Hoover, 1986),
recommendinganadditional contribution of thesameif the
presence of protein degradableinthedietislow. Thereare
other nutrients such as minerals, such as S (necessary for
methionine and cysteine microbial synthesis), P (for the
formation of microbial nucleicacids) or Mg (needed for the
activity of many microbial enzymes), to bemadeinquantities
that will not limit microbial growth (Van Soest, 1994).

Other componentsthat may affect the microbial synthesis

Thus, theinclusion of ionophore antibioticsin the diet
of ruminants, such as monensin, reduces the degradation
of the protein in the rumen (Yang &d Russell, 1993), but
clearly donot know itseffectsontheproduction of microbial
protein. Currently, other ingredients are also identified as
factors that may influence microbial fermentations and,
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therefore, the synthesisand efficiency of microbial protein
synthesis. Among these ingredients include probiotics,
such as yeasts and fungi that can improve the ruminal
environment, and using active oxygen stabilizing the pH,
stimulating microbial growth especially cellulolytic bacteria
(Williamsetal., 1991). Alsotheinclusion of variousorganic
acids such as malate, and plant extracts are being studied
inrelationtotheir effectsonrumenmicrobial activity (Caja
etal., 2003).

Conclusions

The regional legume seeds may be alternative protein
and carbohydrate sources, in the goats feeding. However,
its protein is highly degradable, which may cause loss of
nitrogen and/or energy intherumen, al so presented several
antinutritional factorsthat may affect the digestibility and
utilization of various nutrients, among these factors are
trypsininhibitors, lectins, hemoagl utinantes, alkal oidsand
tannins. Thereare several technological treatments, which
can alter the protein and carbohydrates degradability, and
cause a decrease in the content and activity of some
antinutritional factors, among these treatments, the dry-
roasted, has proved its effectiveness in reducing the
degradability protein modification and degradation of
carbohydrates, as well as the modify the content and
activity of some antinutritional factors. Knowledge, of the
shape and the effect of these treatments in changing the
behavior of the various nutrients may help to manipulate
the microbial protein synthesis, dependent on inputs of
nitrogen and carbohydrates, and synchronization in the
degradation of these, as well as increasing the passage of
food protein into the intestine.
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