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SUMMARY

The objective of this study was to evaluate 20 protein
feeds grouped in forages, vegetal by- products and
animal by-products used for ruminant diets. Protein
fractions (PF): A, non-protein nitrogen (NPN); B,
buffer-soluble protein; B,, buffer-insoluble, NDF-
soluble protein; Bz, NDF-insoluble, ADF-soluble
protein; and C, ADF-insoluble protein, were
determined for each ingredient. Protein composition
was correlated with total gas production in vitro (GP),
gas production rate (S), lag time (L), DM
disappearance (DMDIV) and residual protein (RPIV).
The completely randomised designed was analysed
using mixed proc. and Tukey contrasts. Forages
contained 18.29, 7.86, 66.00, 2.96, 4.89% of fractions
A, By, B, Bs and C, respectively. Vegetable by-
products contained 22.55, 4.55, 59.51, 8.84, 4.55% of
each fraction, in the same order. Animal by-products
contained 19.13, 4.52, 70.24, 3.74, 2.37% of each
fraction, in the same order. Vetch, wheat bran and
poultry litter had the greatest Vmax in each group.
Vmax was correlated (P<0.01) with total protein (r = -
0.45), ADF (r = 0.27) and DMDIV (r = 0.61). In
conclusion, there were differences in protein
composition and kinetics of in vitro gas production
among ingredients.

Key words: protein ingredients; protein fractions; in
vitro gas production; ruminants.
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RESUMEN

El objetivo de este estudio fue evaluar 20 ingredientes
proteinicos agrupados en forrajes, subproductos
vegetales e ingredientes de origen animal para
rumiantes. Se determinaron las fracciones de proteina
(PF): A (nitrégeno no proteinico (NPN)), B; (proteina
soluble en amortiguador), B, (proteina insoluble en
amortiguador pero soluble en detergente neutro), Bs
(proteina insoluble en detergente neutro pero soluble
en detergente &cido) y C (proteina insoluble en
detergente &cido) en cada ingrediente; esos valores se
correlacionaron con variables de produccién de gas in
vitro (GP) (volumen méaximo de gas (Vmax;mL g™),
tasa de produccion de gas (S;h™) y tiempo de retardo
(L;h)), desaparicion de MS in vitro (DMDIV) vy
proteina total residual in vitro (RPIV). El disefio fue
completamente al azar con un modelo mixto vy
comparacion de medias con la prueba de Tukey
(P<0.05). Los resultados para forrajes, subproductos
de origen vegetal y animal, y fracciones de proteina
fueron; A, B1, B2, B3 y C 18.29, 7.86, 66.00, 2.96,
4.89 %; 22.55, 4.55, 59.51, 8.84, 4.55%, 19.13, 4.52,
70.24, 3.74, 2.37%. Para Vmax , S y DMDIV: la veza,
salvado de trigo y pollinaza presentaron el valor mayor
en cada grupo. Hubo correlaciones significativas
(P<0.01) entre Vmax; y proteina total (r= -0.45), con
FDA (r= 0.27) y con DMDIV (r= 0.61). En
conclusion, los ingredientes proteinicos analizados
presentaron diferentes proporciones de FP; ademas,
hubo diferencias en las variables cinéticas de
produccion de gas In vitro entre ingredientes.

Palabras clave: ingredientes proteinicos; fracciones
de proteina; produccidn de gas in vitro; rumiantes.
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INTRODUCTION

The biological value of proteins is essential for feeding
ruminants. Rumen degradable protein (RDP) provides
nitrogen to the microorganisms for microbial protein
synthesis (VanSoest, 1994), whereas in rumen
undegraded protein and endogenous secretions provide
nitrogen compounds and amino acids to the animal
(Broderick et al., 1991, NRC 2001). The Cornell Net
Carbohydrate and Protein System (CNCPS)) described
by Sniffen et al. (1992), indicates the dynamics of
protein degradation and it is divided into five
fractions: A, Bl, B2, B3, and C. Fraction A
corresponds to non-protein nitrogen (NNP x 6.25),
fractions B;, B, and Bs; are soluble in different
solvents, and fraction C is considered unavailable. Gas
production in vitro technique describes the
fermentation kinetics of the substrate incubated with
rumen fluid; their regulation occurs with a buffer
control and minerals supplemented, optimising the
microbial activity with anaerobiosis and temperature
maintained at 39 °C (Beuvink and Spoelstra, 1992;
Getachew et al., 2004; Makkar et al., 2005); this
process is causing gas production, which is an
indicator of fermentation kinetics (Theodorou et al.,
1994; Mould et al., 2005).

Non-ruminant animal by-products can be used as
ruminant protein supplements in Mexico (SAGARPA.
Guideline NOM-060-Z00-1999). Ruminants can also
be fed poultry litter with certain restrictions
(SAGARPA. Guideline NOM-061-Z00-1999). The
objective of the present study was to identify the
proteins fractions, in vitro gas production Kinetics, dry
matter and protein disappearance of different protein
supplements typically utilised in the central region of
Mexico.

MATERIALS AND METHODS

Protein samples was collected, including a) forages
(alfalfa (Medicago sativa), betch (Vicia sativa) and
orchard grass (Dactylis glomerata)), b) vegetable by-
products and seeds (corn gluten meal, cottonseed,
canola meal, safflower paste, coconut meal, soybean
meal, malt sprouts, corn bran, wheat bran,
cottonseeds), and c¢) animal by-products (meat and
bone meal, fishmeal, feather meal, Mexican poultry
meal, imported poultry meal, blood-meal and poultry
litter). Forages samples were obtained from the
Colegio de Postgraduados Research Farm. Mexican
vegetables and animal by-products were supplied by
Malta Clayton and National Renderers Association
(NRA). Imported samples were supplied by NRA.
Dry samples were ground through a 1-mm screen and
they were stored until analysis.
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Chemical composition and partitioning protein

The dry matter, ash and crude protein contents were
analyzed according to the procedure of AOAC (2000).
Both, acid detergent fiber (ADF) and neutral detergent
fiber (NDF) were analyzed according to the procedure
of Van Soest et al. (1991; without sodium sulphite).
The NDF and ADF components were further
processed for their acid detergent insoluble N (ADIN)
and neutral detergent insoluble N (NDIN) (Licitra et
al., 1996). ADIP and NDIP were obtained in protein
values (ADIP = ADIN x 6.25; NDIP = NDIN x 6.25,
respectively). The non-protein nitrogen (NPN) was
obtained by precipitation of true protein in the filtrate
with tungstic acid (10% sodium tungstate solution) and
determined as the difference between total N and the N
content of the residue after filtration. Total soluble
protein was obtained by incubating the sample with
borate-phosphate  buffer and filtering through
Whatman (541) filter paper (Licitra et al., 1996).
Protein fractions as percentage of total protein were
determined as described Sniffen et al. (1992): A, non-
protein nitrogen; B, buffer-soluble protein; B, buffer-
insoluble, neutral detergent-soluble protein; Bz, neutral
detergent-insoluble, acid detergent-soluble protein,
and C, acid detergent-insoluble protein. PNDR was
determined from protein fractions and NDF according
to NRC (2001). Samples were analysed in duplicate
and the difference between determinations was always
less than 1%.

Gas production Kinetic, dry matter disappearance
and in vitro residual protein

Ruminal fluid of two 480 kg body weight steers was
obtained through the ruminal cannula 4 h after feeding
them a diet composed by 70% oats and 30%
commercial concentrate (12% CP and 4.2 Mcal ME).
Ruminal fluid was strained through four layers of
cheese cloth and mixed with buffer 1:9 (v/v) at 39 °C
and under oxygen-free CO, (Menke y Steingass, 1998;
Krishnamoorthy et al., 2005). In vitro incubation was
conducted as by Theodorou et al. (1994) with the
following madifications: 0.5 g DM of each ingredient
ground through a 1 mm screen were placed into 120
mL amber serum bottles with 90 mL ruminal
fluid:buffer mixture and sealed, and immediately
placed into the water bath at 39 °C. Two bottles
without substrates were used as blanks to correct for
inoculums fermentation.

At determined times of incubation a needle connected
to a pressure gauge with a scale 0-1 kg cm-2 was
inserted through the stopper, and gas pressure was
recorded from the first hour to 48 hours of incubation
time, at intervals of every two hours. The units of
pressure (kg cm-2) were transformed to volume (V =
(P + 0.0273)/0.0186)) and the cumulative gas
production was adjusted to the logistical model
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proposed by Pitt et al. (1999): Y = v/(1+exp(2-4 x S X
(t—L))), where: Y= total volume of gas produced, mL
g'DM; v=volume; s=rate of gas production, mL h™;
t=time and L=lag time. DM disappearance (DIVMS)
and total residual protein (RPIV) were determined
through mass difference between time 0 and 48 h.

Experimental design

Chemical composition, protein fractions and PNDR
data were analyzed in a complete randomized with
three replicates per ingredient in each group classified.
Fermentation in vitro was performed twice and each
assay container three replicates per substrate test and
their respective blanks. Data were analyzed as a
completely randomized block design using the
incubation as blocking criteria (repeated twice).
Statistical analyzes were performed using the Mixed
Model procedure of SAS (1999). Means were
compared with Tukey contrasts (Steel and Torrie,
1992) with significance declared at P<0.05. Pearson’s
correlation coefficients between chemical composition
and kinetics of gas production were obtained using
CORR (SAS, 1999). Correlations were considered
significant at P <0.05.

RESULTS

Table 1 shows the calculations of the chemical
constituents of the three groups of ingredients
classified as forages and by-product of vegetable and
animal. NDF, SolP, NPN, NDPI and ADIP were
similar in all groups (p>0.05). Numerically, coconut
meal had the highest NDIP (62.19) than other
ingredients; this value was reflected in high
concentration of B3 and C fractions (Table 2). Protein
fractions and rumen-undegradable protein (PNDR)
were similar between groups. B2 fractions of all
groups were the highest concentration than other
fractions, and insoluble fraction (C) had the lowest
concentration (Table 2).

V max, S, L, DMDIV and RPIV are shown in Table 3.
Average Vmax of wheat bran, corn bran and coconut
meal were 29% greater (P<0.01) than the average of
the rest vegetable by-products. Numerically, poultry
litter had the greatest V max compared with all animal
by-products, but it was similar (P>0.01) with Mexican
poultry meal. There were no differences (p>0.01) in
Vmax between wheat bran, corn bran and coconut
meal, and these three supplements were on average
29% greater (P<0.01) than the average of the rest plant
by-products. Numerically, poultry litter had the
greatest Vmax, but this was similar (P>0.01) to
Mexican poultry meal, and 72% greater than the
average of the rest of the animal by-products. Gas
production rate was similar (P>0.01) for feather meal
and blood meal, and their average was 22% lower than
the average of the rest animal by-products. Lag time
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was similar (P>0.01) for blood meal, poultry litter and
imported poultry meal, and their average was 3-fold
greater (P<0.05) than the average of the rest of the
animal by-products. Betch, wheat bran and poultry
litter had different (P<0.01) DMDIV within their
groups. Soybean meal and blood meal had different
(P<0.01) RPIV than the other ingredients in their
respective groups.

Gas production in vitro showed significant difference
(P < 0.01) in each incubation, while the Vmax was
lower in forages high in protein. There were
correlations between Vmax and DMDIV (r = 0.61) and
Vmax and efficiency per gram of DM disappeared (r =
0.57). In this study there was a low correlation
between Vmax and ADF (r=0.27). But, Vmax and
total protein (r = -0.45) had better correlation (Table
4).

DISCUSSION

The content of protein fractions and the amount in the
PNDR were in the range of values reported by other
authors, with minimal differences (NRC, 2001;
Sniffen et al., 1992; Vanzant et al., 1996, Elizalde et
al., 1999; Shannak et al., 2000). In the literature
reviewed there were no information about chicken
meal, corn bran and malt sprouts. Other authors
(Coblentz et al., 1998; Faria-Marmol et al., 2002) have
reported more NDIN of pastures (without affecting
ADIN) as compared drying feeds. However, in this
study the data variation between the types of
ingredients is high, but this did not occur between
groups. The differences should be attributed to the
technique used in the nitrogen fraction (Licitra et al.,
1996) and moadifications in chemical structure, caused
by nitrogen compounds of different molecular weight
(Shannak et al., 2000; Schwab et al., 2003).

The values of forages evaluated, are attributed to the
characteristics of the species and maturity, changing
the fibre content as mentioned by Van Soest, (1994).
Additionally, cell wall glycoproteins, tannins and
products formed by the Maillard reaction, causing a
protein ligation, limit the degradation of nitrogen
compounds (Krishnamoorthy et al., 1982; Licitra et
al., 1996 , Elizalde et al., 1999). In sequence, the
amount of soluble protein can be modified.

The differences in values between vegetable and
animal by-products were due to the characteristics of
each ingredient and chemical processes carried out in
the by-products, modifying the content of nitrogen
compounds (Calsamiglia and Stern 1995). Thermal
processing in animal-meals denatures proteins,
specifically fraction B2 becomes insoluble, and
increase the fraction B3 and C. This process causes the
Maillard reaction, producing compounds with lower
solubility (Licitra et al., 1996; Calsamiglia and Stern
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1995). Fractions B3 and C represent a small amount,
they do not possess nitrogen compounds associated
with fiber (Sniffen et al., 1992, Krishnamoorthy et al.,
1982) and is preferable to maintain low amounts by
the unavailability of this fraction (Licitra et al., 1996).

As already mentioned, gas production in vitro showed
significant difference (P < 0.01) in each incubation
time, while the Vmax was lower in forages high in
protein. Forages by-products contain more NDF
structure, compared with animal by-products. Nsahlai
et al. (1995) found a relationship between gas
production with the disappearance of NDF. However,
in this study there was a low correlation between

Vmax and ADF (r=0.27). But, Vmax and total protein
(r -0.45) had better correlation; this result was
similar with that reported by Getachew et al. (2004)
and theoretically by Wolin, (1960). Protein
fermentation produces less gas compared with
carbohydrates (Cone and Van Gelder 1999), but in this
study there was no significant correlation (P> 0.01)
between the two variables, which may be due to
protein diet is used mainly for protein synthesis and is
catabolized as an energy source only if the organisms
increase their energy requirements and nitrogen
compounds (Bach et al., 2005).

Table 1. Chemical composition of three groups of ingredients classified as forages, vegetables and animal by-

products
Ingredients NDF ADF N * 625 (% SOLP NPN* NDIP  ADIP
(% (% DM) (% 6.25 (% (%
DM) DM) TP) (% SOL CP) CP)
P)
Forages
Alfalfa (Medicago sativa) 46.42 36.22 17.28 36.20 83.21 6.08 2.03
Orchardgrass(Dactylis
glomerata) 49.94 26.12 14.02 8.77 1.23 8.74 6.24
Betch (Vicia sativa) 41.02 32.76 24.05 3349 73.87 8.73 6.40
Average 4579*  31.7° 18.45° 26.15% 52.77° 7.85%  4.89°%
Vegetable by-products
corn gluten meal 12.10 5.06 61.39 23.71  87.02 7.70 1.71
Cottonseed meal 22.22 11.00 45.04 16.47  83.48 9.32 4.66
Canola meal 38.44 17.98 38.39 69.92  96.09 2240 10.93
Safflower paste 37.4 19.00 31.06 37.40 84.93 5.64 3.16
Coconut meal 58.36 30.18 22.21 1456  78.35 62.19 14.17
Soybean meal 13.02 10.84 49.16 12,97  80.50 5.70 2.85
Malt sprouts 35.92 31.90 25.58 25.82  86.75 3.42 1.37
Corn bran 44.22 32.12 17.12 59.11  90.32 5.72 2.04
Wheat bran 56.06 40.04 14.82 8.30 30.98 8.26 2.36
Cottonseed 51.06 38.80 18.35 22.75  66.45 7.63 2.29
Average 36.88° 23.69% 32.31° 29.10* 78.49° 13.80* 4.55°
Animal by-products
Meat and bones meal 34.92 6.02 45.63 1440  20.07 11.50 3.83
Fishmeal 34.00 5.32 63.61 8.53 80.64 7.70 2.42
Feathermeal 39.60 27.86 80.57 6.80 42.47 3.91 2.61
Mexican poultry meal 34.12 9.68 60.88 15.72  84.44 7.53 1.72
Imported poultry meal 40.72 28.8 54.64 4.17 78.03 4.16 1.99
Blood meal 15.20 2.16 81.43 57.63  93.29 3.87 1.85
Poultry litter 36.80 155 25.59 58.32  92.96 4.10 2.19
Average 33.62° 13.62° 58.91° 23.65% 70.27°% 6.11* 2.37°%
SEM 7.62 6.51 9.4 12.2 15.2 7.54 4.89

® Average value in each group within column with different superscript differ (P<0.05).

NDF: neutral detergent fibre; ADF: acid detergent fibre; NPN (% CP): percentage of crude protein of the j™ feedstuff
that is non-protein nitrogen x 6.25; SOLP (% CP): percentage of the crude protein of the j" feedstuff that is soluble
protein; NDIP (%DM)= percentage of the j" feedstuff that is neutral detergent insoluble protein; ADIP (%DM)=
percentage of the j" feedstuff that is acid detergent insoluble protein. Average of duplicate determinations.
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Table 2. Protein fractions in total protein and rumen-undegradable protein of three groups of ingredients classified as
forages, vegetables and animal by-products

A Bl B2 B3 C PNDR
Forages
Alfalfa (Medicago sativa) 30.12 6.08 57.73 4.05 2.03 29.31
Orchardgrass(Dactylis glomerata) 0.00 8.77 82.49 2.50 6.24 38.39
Betch (Vicia sativa) 24.76 8.73 57.78 2.33 6.40 32.39
Average 18.29° 7.86% 66.00° 2.96% 4.89° 33.36°
Vegetable by-products
Corn gluten meal 0.00 3.71 92.59 1.99 1.71 76.84
Cottonseed meal 13.75 2.72 74.21 4.66 4.66 45.08
Canola meal 67.18 2.73 7.68 11.47 10.93 25.44
Safflower paste 31.77 5.64 56.96 2.48 3.16 26.37
Coconut meal 11.41 3.15 23.26 48.02 14.17 70.53
Soybean meal 10.48 2.49 81.33 2.85 2.85 44.82
Malt sprouts 22.40 3.42 70.76 2.05 1.37 28.20
Corn bran 53.39 5.72 35.16 3.68 2.04 20.11
Wheat bran 0.00 8.30 83.44 5.90 2.36 45.26
Cottonseeds 15.12 7.63 69.62 5.34 2.29 37.47
Average 22.55°% 4.55% 59.51° 8.84% 4552 42.01°
Animal by-products
Meat and bone meal 2.89 11.51 74.10 7.67 3.83 56.44
Fishmeal 6.88 1.65 83.77 5.29 2.42 57.76
Feathermeal 2.89 3.91 89.29 1.30 2.61 67.72
Mexican poultry meal 13.28 2.44 76.75 5.80 1.72 57.45
Imported poultry meal 9.09 4.17 82.58 2.18 1.99 63.85
Blood meal 53.76 3.87 38.50 2.02 1.85 34.67
Poultry litter 54.22 4.10 37.57 1.91 2.19 26.79
Average 20.43% 4.52° 68.93° 3.74% 2.37° 52.09°2
EEM 12.67 7.86 14.28 5.96 1.91 9.61

# Average value in each group within column with similar superscript no differ (P>0.05).

* Protein fraction content calculated as:

A (% CP)= NPN (% SOLP)*0.01*SOLP (% CP)

B1 (% CP)= SOLP (% CP) — Fraction A (%CP)

B2 (% CP) =100-Fraction A (%CP)-B1 (%CP)-B3 (%CP) C (%CP)

B3 (% CP) =NDIP (% CP) - ADIP (%CP)

C (% CP) = ADIP (%CP)

A (%CP)= percentage of crude protein in the j™ feedstuff that is non-protein nitrogen; B1 (%CP)= percentage of
crude protein in the j" feedstuff that is rapidly degraded protein; B2 (%CP)= percentage of crude protein in the j"
feedstuff that is intermediately degraded protein; B3 (%CP)= percentage of crude protein in the j" feedstuff that is
slowly degraded protein, and C (%CP)= percentage of crude protein in the j feedstuff that is bound protein. Rumen-
undegradable protein (PNDR) calculated according to Sniffen et al. (1992) and NRC (2001) PNDR = fraction B
[kp/(kd + kp)] + fraction C. Degradation rate according to Sniffen et al. (1992). Passage rate calculated according to
NRC (2001) for 4% bodymass DM intake, 50% forage, and own data on NDF.
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The differences in gas production rates are attributed
to changes in the structure and bonding of the fiber
components of forages and by-products of plant origin
(Van Soest, 1994). Fibrolytic microorganisms are
predominant with high forage (France et al. 2005), in
the present study, there was better response in the lag
phase, in the case of ingredients of animal by-products
were more dependent on the proportions of soluble
particles insoluble, degradable and non degradable
(Getachew et al., 1998). The little variation in lag
phase should be attributed to the microbial population
of rumen fluid from the donor who consumed diets
with 70:30 forage concentrate ration and, therefore, the

microbial population were probably predominant as
fibrolytic bacteria that have affinity to protein
substrates to release ammonia (Weimer, 1996). In
addition, the values of the lag phase is related to the
IVDMD and determined by the difference in protein
composition in each ingredient. However, although
some have the same origin differences were found
because their components may resist degradation,
which made the difference in gas production and
amount of substrate degraded (Groot et al., 1996).

Table 3. Gas production kinetic, dry matter disappearance and residual protein in vitro.

Vmax S L DMDIV RPIV
(mL g™*DM) (InmL h™) (h) (%DM) (%DM)
Forages
Alfalfa (Medicago sativa) 352.75 bede 10,0313 cef 0382 ° 4200 " 1510 ™
Orchardgrass(Dactylis glomerata) ~ 345.00 bedet0.0309 %0970 ° 4915 *' 1878 "
Betch (Vicia sativa) 380.08 bed 0.0362 bd 1464 ° 6385 * 1995 "
Vegetables by-products
Corn gluten meal 338.90 ceet 0.0367 de 1762 * 4615 9 7011 P
Cottonseed meal 307.43 00,0343 bede 1042 ° 3785 ™ 4748 ¢
Canola meal 395.38 ¢ 0.0341 bedef 0413 ® 5570 < 3971 ¢
Safflower paste 365.53 bede 0.0327 bedef 1,757 * 42,90 ¥ 1101 !
Coconut meal 428.50 ®0.0329 bedef 0547 ® 5035 % 3323 f
Soybean meal 398.18 ¢ 0.0335 bedef 0388 ° 6420 * 78.05 °
Malt sprouts 355.70 bede0.0339 bedef 0278 ° 57.00 "™ 1692 "
Corn bran 419.40 ¥ 0.0374 ® 1696 * 5920 2273 ¢
Wheat bran 492.33 0 0.0421 @ 1172 ° 7135 * 1262 !
Cottonseeds 263.53 o 0.0296 6 0282 ° 2710 Y 1589 M
Animal by-products
Meat and bone meal 225.98 M 0.0312 «ef 0949 ° 3975 M 3650
Fishmeal 219.30 " 0.0335 bedef 1150 ° 2395 ' 5557 °©
Feathermeal 189.38 ' 0.0286 9 0260 " 3145 M 7090 °
Mexican poultry meal 282.58 00,0348 bede 1178 ° 3150 M 4977 ¢
Imported poultry meal 261.05 ' 0.0336 bedel 2069 * 4090 "™ 4579 ¢
Bloodmeal 221.68 "o 0.0245 ¢ 3589 * 3235 % g315 @
Poultry litter 384.23 bed 0.0367 de 2195 *® 6910 * 1838 M
SEM 14.216 0.001 0.162 1.64 2.63

® Means within column with different superscript differ (p<0.01).Vmax: gas volume at 48 h incubation; S: gas
production rate; L: lag period; DMDIV: DM disappearance in vitro; RPIV: residual protein in vitro SEM: standard

error of the mean.

426



Tropical and Subtropical Agroecosystems, 14 (2011): 421-429

Table 4. Pearson correlation coefficients between chemical components and gas production volume at 48 h

Vmax EFG N*6.25 NDF ADF ISP SOLP DMDIV NPN NDIP ADIP

Vmax 1.00 0.57 -0.45 0.20 0.27 -0.12 0.15 0.61 -0.15 0.21 0.23
(<.0001) (<.0001) (0.074) (0.016) (0.294) (0.174) (<.0001) (0.196) (0.067) (0.043)

EFGR 1.00 -0.08 0.12 0.03 011  -0.02 -0.07 0.02 0.13 0.07
(0.454) (0.278) (0.769) (0.313) (0.828) (0.554) (0.833) (0.247) (0.547)

N*6.25 1.00 -0.66 -0.67 0.11 -0.24 0.37 0.16 -0.23 -0.28
(<.0001) (<.0001) (0.330) (0.034) (0.001) (0.157) (0.038) (0.011)

NDF 1.00 0.80 0.03  -0.02 -0.39 0.05 0.42 0.36
(<.0001) (0.809) (0.840) (0.0003) (0.654) (<.0001) (0.001)

ADF 1.00 0.00 -0.02 -0.28 -0.08 0.14 0.11
(0.970) (0.836) (0.013) (0.478) (0.227) (0.326)

ISP 1.00 -0.80 0.40 -0.37 0.00 -0.10
(<.0001) (0.0002) (0.001) (0.980) (0.360)

SOLP 1.00 -0.46 0.36 -0.01 0.15
(<.0001) (0.001) (0.899) (0.176)

DMDIV 1.00 -0.86 -0.18 -0.22
(<.0001) (0.119) (0.050)

NPN 1.00 0.06 0.08
(0.616)  (0.499)

NDIP 1.00 0.88
(<.0001)

ADIP 1.00

Vmax: Gas production volume at 48 h; EFG: Efficiency per gram DM; N*6.25: Crude protein; NDF: Neutral
detergent fibre; ADF: Acid detergent fibre; ISP: Insoluble crude protein; SOLP: Soluble crude protein; DMDIV: Dry
matter disappearance in vitro, NPN: Non-protein nitrogen; NDIP: neutral detergent-insoluble crude protein; ADIP:
acid detergent-insoluble crude protein. Significance is indicated in parenthesis.

CONCLUSION

In the present study were differences in the protein
fractions analyzed, due to the chemical structure of
each ingredient and processing. In the gas production
Kinetic in vitro, the maximum volume was positively
correlated with in vitro disappearance of DM and ADF
content, but negatively with crude protein content.
RPIV differences was relate to the structure of soluble
and insoluble particles of the substrate. The
concentration of dietary protein and degradation are
factors that influence organic matter disappearance
and gas production. In general, these data provide
important information to have better balancing rations
and supplements for ruminants.
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