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Abstract — Variations of the amino acid profile produced by rumen actions were established for fish
meal (FM), corn grain (CG), corn gluten feed (GF), dehydrated beet pulp (DBP), and lucerne hay (LH),
using the nylon bag technique. The effects of degradation of soluble or insoluble proteins were mea-
sured by rumen incubations at 0 h (washout value) and 16 h, respectively. Rumen incubations were
performed on four cannulated wethers and the microbial contamination of incubated residues was cor-
rected using a continuot@N-intraruminal infusion and solid associated bacteria isolates as the ref-
erence sample. The results showed that rumen degradation of both soluble and insoluble proteins pro-
duced changes in the amino acid profile, which were not uniform among feeds. Differences between
feed and insoluble protein amino acid composition were limited for FM and DBP, important for GF
and LH, and intermediate for CG. Differences between insoluble and undegraded protein amino
acid composition were also limited for FM, GF, DBP, and LH and important in CG. The results
showed that the amino acid profile in the undegraded protein and in the whole feed should be close for
FM, DBP and LH. On the contrary, in CG, important variations are expected, since both solubility and
degradability effects produced changes with the same tendency for most of the essential amino acids.
In particular, our results showed a great decrease in the lysine content of the undegraded protein,
which increases the lysine deficiency of this feed. This decrease of lysine was also evidenced in GF.

rumen degradation / amino acid profile / microbial contamination /15N

Résumé— Dégradation ruminale in situ des acides aminés de différents aliments, corrigée

par la contamination microbienne.Les variations produites par les actions ruminales sur le profil

des acides aminés de la farine de poisson (FP), du grain de mais (GM), du gluten feed de mais (GF),
de la pulpe de betterave deshydratée (PBD) et du foin de luzerne (FL) ont été déterminées par la
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méthode des sachets de nylon. Les effets de la dégradation des protéines solubles ou insolubles ont
été mesurés en incubant dans le rumen les sachets contenant I'aliment & des temps de séjour de O (valeur
de lavage) et 16 heures, respectivement. Les incubations ruminales ont été conduites sur quatre
béliers porteurs de canules du rumen. Les résultats ont été corrigés en fonction de la contamination
microbienne des résidus, moyennant l'infusion en contifdeans le rumen et I'emploi comme
référence d'un échantillon de bactéries adhérentes isolées du rumen. Les résultats montrent que la dégra-
dation ruminale tant des protéines solubles que des protéines insolubles donne lieu & des changements
du profil des acides aminés. Cependant ces changements ne sont pas uniformes parmi les aliments.
La dégradation des protéines solubles a exercée un effet limité pour FP et PBD, alors qu’elle a été
importante pour GF et FL et intermédiaire pour GM. Les effets de la dégradation des protéines inso-
lubles ont été limités pour FP, GF, PBD et FL, mais importants pour GM. Les résultats ont montré que

le profil des acides aminés des protéines non degradées est similaire a celui de la protéine d'origine
pour FP, PBD et FL. Au contraire, pour GM on peut prévoir un important changement, puisque les
variations produites par la dégradation des protéines solubles ou insolubles vont dans le méme sens
pour la plupart des acides aminés essentiels. En particulier, nos résultats montrent un fort appauvri-
sement de la teneur en lysine dans les protéines non degradées, ce qui accroit sa déficience dans
I'aliment. Cette réduction de la teneur en lysine est démontrée aussi pour GF.

dégradation ruminale / profil des acides aminés / contamination microbienné¥N

1. INTRODUCTION actions when both above conditions are pre-
sented. The most important differences of
the resistance to rumen degradation are
between soluble and insoluble proteins, since
soluble proteins are generally assumed to
be totally degraded. Therefore, the amino
acid degradation of both protein fractions
should be studied separately in order to
obtain accurate conclusions. The aim of the
present experiment was to determine the
effect of washing and rumen incubation on
the variation of the amino acid profile of
different feedstuffs using®N as a micro-
bial marker in order to correct for micro-
bial contamination of feed residues.

In order to improve modern protein eval-
uation systems for ruminants, more infor-
mation on the animal’s essential amino acic
needs is necessary. In addition, more accl
rate estimates of the essential amino acic
supplied to the animal are required. There
fore, an important step in the development o
these systems is the knowledge of the amin
acid composition of the feed undegrade
protein. However, the effects of rumen fer-
mentation on the amino acid profile of unde:
graded protein are not clear and subject t
controversy [29, 35]. In addition, available
data are scarce.

The nylon bag technique is the most usu2. MATERIALS AND METHODS
ally employed method for the study of )
amino acid degradability and the variation oi2-1- Experimental procedures
the amino acid profile after rumen fermen- . )
tation. However, obtaining reliable values Solubility and degradation of crude pro-
with this technique requires correction fort€in and individual amino acids were estab-
microbial contamination [6, 36]. Individual lished by in sacco techniques. Tested sam-
feeds are composed of a mixture of proteindles were: fish meal (FM), corn grain (CG),
which have different amino acid composi-corn gluten feed (GF), dehydrated beet pulp
tions and resistances to rumen degradatio(DBP) and lucerne hay (LH).
Therefore, the amino acid profile of the Nylon bags (pore size 4én, reference
feeds will be changed by rumen microbiall20T, Tissages Tissues Techniques, France)
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of 11 x 7 cm (inner dimensions) made byN isotopic proportionsfN/N). This last
heat-sealing (Preci-Pack P30N, Dover PacKetermination was also carried out for the
S.A., Spain) were filled with approximately bag residues.

3 g (air dry basis) of tested samples ground - \sieropial N-content of the bag residues

to pass adz fmm scrﬁgn. IrD]upIicate ba?_;, We(fas determined assuming that the isotopic
incubated for 16 h in the rumen of four , o4 ions of feed residual N were not

rumen cannulated sheep (63'_1 *0.90 I(gltered by microbial actions. The microbial
LW) receiving a mixed diet of 2:1 chopped o yripytion of DM and N-content of the

vetch-oat _hay: pellet concentrate mlxtureny|on bag residues was determined as fol-
The chemical and raw composition of thesg ), .

feeds has been previously published [27].
This diet was offered at a level of 40 g
DMRg1LWO-"5at six meals per day (every abundance in feed

4 h) to raise rumen stability. Animals WETep rirobial N% = % 100
kept in metabolism crates with free access to 15\ abundance
drinking water. All the bags were placed in in SAB 15N

the rumen just before the animals were abundance in feed
offered their first morning meal (9:00 h) and
duplicates of each tested feed were madgjicrobial DM% = Microbial N%x (%N in
on different days. After collecting the bags,esique/oN in SAB).

from the rumen, they were washed with tap . . s
water and stored frozen. Once defrosted, the 1 1€ microbial content of the individual
bags were washed three times for 5 min in mlnohgmds in the residues was calculated
turbine washing machine. Then the bag om this last value and from their concen-

were oven dried at 80 °C for 48 h, weighed'ation (on a DM basis) in SAB. THéN
and the residues were analysed for nitrogefitundance in tested feeds was determined on
he zero incubation residues because only

(N) and amino acids. The mean values ofne . S ; .
these last results were obtained for each arfi?® insoluble fraction is subjected to micro-
ial contamination.

mal prior to statistical analysis. An addi-
tional set of three bags of each tested feed
was reserved to establish the zero-timg 5 Analytical
washout value by the above-cited washing

procedure. In the tested feeds, CP (N6.25) was
Microbial contamination of the rumen estimated by the Kjeldahl procedure [1].
incubated residues was determined byitrogen and®N enrichment of the nylon
labelling rumen micro-organisms with bag residues and microbial samples were
15N by continuous intraruminal infusion analysed respectively by the Kjeldhal
of ammonium sulphate (80 mg-d?!, method and isotope-ratio mass spectrometry.
50 atoms%) from five days before the starThe mass spectrometer (VG Prism II; VS
of the incubation trial to the end of it. At Isotech, Ches., UK) was linked in series to
this moment, and before suppressing tha Dumas-style N analyser EA 1108 (Carlo
infusion, representative samples of rumerkrba Instruments, Milan, Italy). Amino acids
content were obtained just before the firsivere determined in bacteria, tested feeds
morning meal (9:00 h) for solid associatedand nylon bag residues by reverse phase
bacteria (SAB) isolation. The methodologyhigh pressure liquid chromatography after
employed in obtaining these samples igprevious hydrolysis with hydrochloric acid
described in detail by Rodriguez et al. [27](6N) under a nitrogen atmosphere and
Isolated SAB samples were lyophilisedderivatisation, according to the technique
and analysed for DM, N, amino acids, andf Jones et al. [11], but using a fluorescence

15N abundance
in residue 15N
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detector only. Proline, cystine and trypto-3. RESULTS
phan were not determined due to technical
limitations. The values of methionine were  Some characteristics of chemical com-
underevaluated since this amino acid iposition and degradation of the nitrogenous
somewhat labile when proteins are hydroleompounds of tested feeds, including the
ysed in acid in the presence of carbohydrateSP solubility (zero value), the disappear-
[24, 31]. The importance of this undereval-ance of insoluble CP after 16 h of rumen
uation for the different samples is discussethcubation, and the microbial contamina-
later. tion of feed rumen incubated residues are
recorded in Table |. These former values
were very low for FM (4.1 mg microbial
2.3. Statistical analysis NIG*N), high for CG, DBP, and LH (from
206 to 221 mg microbial §1N), and inter-

) mediate for GF (94.1 mg microbialdy?!
For each feed, the comparisons betweeR).

the individual amino acid content (expressed The amino acid proportions of the differ-
as % of the measured amino acids) in the ; Id proporti !

residues at zero time and at 16 h of incuba(gnt tested feeds are given in Table Il, together

tion were performed by analysis of variancérN ith those of SAB sar_nples <_amp_|oyed o cor-
ﬁ]seae?fzr;pg?t\zgsﬁggog]'?ﬁg gr?qsi:]gon;igge;:ta_agﬁer 16 h of rumen incubation. Mean va_l-
tern was established byt-est on the dif- ues of CP content and total analysed amino
ferences between the zero time values ana 431 gcﬂonf grl\l/ltr::llg ginssgféB slaNmE:;s evgfare
those determined for the original feed. Thi ively g ' g, resp

last test was not performed for methionine in ' o ]
vegetable feeds, since the losses produced The variations produced by washing and
during hydrolysis should have been differ-"Umen degradation at 16 h on the amino acid
ent in both sample types as a consequence pyofile of the different tested feeds are given
the disappearance of soluble carbohydrate8 Figures 1to 5.

in zero time samples. Significant effects The results obtained for FM (Fig. 1) did
were considered fd? < 0.05. All analyses not show any effects on the amino acid pro-
were performed using the statistical softfile, except for methionine, whose propor-
ware SAS v 6.12 [30]. tion increased and decreased respectively

Table I. Chemical composition and degradation characteristics of nitrogenous compounds of the

tested feeds.

Item FM CG GF DBP LH
Neutral detergent fibre (kg DM) - 142 463 491 391
Acid detergent lignin (¢g~1 DM) - 20.4 30.1 42.7 70.9
Crude protein (CP) (gg 1 DM) 657 91.2 221 110 243
Total analysed amino acids (g A% g1 N) 91.5 80.0 77.7 72.5 67.4
CP solubility (%) 30.5 15.7 35.8 17.7 43.0
Degradation of insoluble CP (o) 6.5 54.1 51.4 65.4 78.9

Microbial contamination (mg microbial-§riN) 4.1 220 94.1 221 206

FM: fish meal, CG: corn grain, GF: gluten feed, DBP: dehydrated beet pulp, LH: lucerne hay.
1Measured at 16 h of rumen incubation.
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with the process of washing and rumen incu- The significant changes in the amino acid

bation. Nevertheless, these variations wergrofile of CG induced by washing (Fig. 2)
moderate (12% and 16%, respectively). Were limited for the increases observed for

Table Il. Amino acid proportions (400 gl of analysed AA) of tested feeds and of solid associated

bacteria (SAB) of the rumen.

Item FM CG GF DBP LH SAB
Arginine 6.29 5.73 6.78 5.04 5.94 4.28
Histidine 2.55 2.53 2.06 3.25 1.69 1.32
Isoleucine 4.95 3.76 3.98 4.58 541 6.53
Leucine 8.36 14.00 10.10 7.94 9.54 7.99
Lysine 7.76 3.53 3.85 6.25 6.13 7.99
Methionine 2.87 0.92 1.53 0.71 1.15 2.20
Phenylalanine 4.63 5.53 4,98 4.89 6.30 5.62
Threonine 6.59 5.44 7.88 6.66 6.88 5.85
Valine 551 4.93 5.81 6.99 6.65 5.70
Alanine 7.10 7.77 7.18 6.36 6.65 6.15
Aspartic acid 10.50 6.65 7.98 10.80 13.40 14.30
Glutamic acid 16.20 25.20 21.40 15.40 15.50 16.40
Glycine 6.77 4.05 6.20 6.45 5.34 5.21
Serine 6.01 5.17 6.10 8.66 5.00 5.20
Tyrosine 3.94 4.81 4.21 6.03 4.39 5.30
For abbreviations see Table I.
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Figure 1. Amino acid profile (% of analysed amino acids) of fish meab(iginal fraction) and its
residues remaining after washimg ifisoluble fraction) or after sixteen hours of rumen incubation
(& non degraded fraction). Values are means + SD.
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Figure 2. Amino acid profile (% of analysed amino acids) of corn graim(iginal fraction) and its
residues remaining after washimg ifisoluble fraction) or after sixteen hours of rumen incubation
(2 non degraded fraction). Values are means + SD.
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phenylalanine, leucine, and isoleucinewere observed for aspartic acid, glutamic
(between 5 and 9%), and moderate for thacid, glycine, and serine. As a consequence
decreases recorded for arginine and serir@ insoluble protein degradation, the pro-
(15.5 and 16.8%, respectively). Converselyportion of lysine was reduced again (15.4%)
the effects of degradation of insoluble pro-and that of leucine and alanine increased
teins were very important, affecting all anal{11.6 and 9.1%, respectively).

ysed amino acids except methionine, pheny-

cially important for lysine (reduction of (9.2%) and a decrease for serine (19.9%)
84.6%) and leucine (increase of 23.4%). The only effect of rumen incubation was a

The amino acid profile of GF (Fig. 3), decrease (13.8%) for threonine.

conversely to that observed for CG, was In LH (Fig. 5), although the significant
more intensely varied by washing than byvariations due to washing affected 8 amino
rumen incubation (8 and 3 amino acids sigacids, these changes were only important
nificantly affected, respectively). Amongstfor histidine (increase of 30%), whereas they
the essential amino acids, important variawere moderate (between 12 and 16%) for
tions associated with washing were recordedrginine and aspartic acid and small (less
for histidine (an increase of 37.4%) and threthan 10%) for tyrosine, serine, alanine,
onine (a decrease of 36%), while thosdysine and glycine. On the contrary, rumen
observed for valine and lysine were low (6.5ncubation did not show any effects, except
and 5.5%, respectively). Amongst the nonfor an increase (13.9%) in the proportion of
essential amino acids, significant effectglycine.
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Figure 3. Amino acid profile (% of analysed amino acids) of corn gluten feedriginal fraction)
and its residues remaining after washimgr{soluble fraction) or after sixteen hours of rumen incu-
bation & non degraded fraction). Values are means + SD.
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Figure 4. Amino acid profile (% of analysed amino acids) of dehydrated beetpwpidinal frac-
tion) and its residues remaining after washmdr(soluble fraction) or after sixteen hours of rumen
incubation & non degraded fraction). Values are means + SD.
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Figure 5. Amino acid profile (% of analysed amino acids) of lucerne hagriginal fraction) and
its residues remaining after washimgifisoluble fraction) or after sixteen hours of rumen incubation
(22 non degraded fraction). Values are means * SD.

4. DISCUSSION determined the methionine losses after direct
hydrolysis (in similar conditions to those of
The concentrations of the total analyse(ﬁhIS e_xperlment) n rellatlo.n to the recoveries
amino acids of tested feeds were in googbtalr)ed after an oxidative pre-treatment.
agreement with the results of different fee espite the presence of a nitrogen atmo-
sphere, these losses were important, but vari-

tables [3, 7], except for that of LH, which o
was slightly lower (about 15%, as mean).able' in rich-carbohydrate feeds (mean losses

Nevertheless, these reference values onff 22-2 and 11.7% for 12 and 14 samples
represent mean values and their variabilitp! Wheat and corn, respectively), but low
is not indicated in the different tables. The/or animal protein rich feeds such as meat
proportions of the individual amino acids@nd bone meal (mean losses of 1.9% for
also agree, in general, with the values o8 samples). A moderate loss of 7% was
these tables. An exception was the low valalso observed by these authors for a fish
ues observed for methionine, especially ifneal sample. Therefore, the present results
DBP, but also in CG, LH and GF. Thefor methionine are not totally conclusive.
underevaluation of methionine concentraHowever, if constant losses of methionine
tions in DBP and CG was also evidencedre assumed, the importance of this error is
by obtaining negative disappearances at zeféduced by expressing the results as varia-
time. The values of methionine obtainedions of the amino acid profile. Since simi-
after direct hydrolysis lead to an underestilar losses could not be assumed between
mation in relation to the recoveries correthe whole and the insoluble fraction of
sponding to its oxidation with performic vegetable feeds — as a consequence of car-
acid to its sulfone [38]. Spindler et al. [32] bohydrate solubilisation — the statistical
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comparison was avoided for these feeds astal insoluble CP for this same sample [9]),
previously indicated. Another possible devi-and the moderate and opposed variations
ation in relation to the values of the feedobserved for methionine allow to infer that
tables was the high proportions of threoninghe amino acid profile of the undegraded
recorded for FM and GF. protein should be very similar to that of the

The CP content of SAB was close to thewhole feed. The results of Susmel et al. [33]

mean value given in the review of Clalrk"’.lnd Cozzi et al. [5] showed higher varia-
et al. [4] for rumen bacteria. Also, the Ioro_tlons than the present results. Nevertheless,

portions of individual amino acids are inthe level of agreement between both of these

acceptable agreement with previous resultgata sources was also low.
on this microbial population [12, 13]. The effects due to solubility observed for
CG were similar to those showed using Bur-

microbial contamination of FM was very roughs buffers by Mac Gregor et al. [15],

. . . although, the variations observed by these
low. This fact, together with the higher con-, 4, s \vere stronger than those in our

centrations of amino acids in crude proteir} ; e .
. : . . results, especially for arginine and lysine.
in FM than in SAB, showed that amino aCIOIAccording to Reiners et al. [23] albumins

\(/:v(grrgcur:zchgl)lm nmlc]rcgt)'tﬂig?gé%mggt{ﬁg and globulins (soluble proteins) and gluteins
P Y ' and zeine (insoluble proteins) represent

contrary, microbial contamination attained - .

: T ; respectively: 8, 9, 40 and 39% of total pro-
high levels in LH, DBP, and CG. High val- ;i1 ¢' - grain, which is in good agree-
ues of contamination are usually observed il . \+\vith our result of soluble CP. Pre-

fibrous feeds [2, 17, 19, 25] and also in COMYictable variations from these proportions

grain [2, 25, 34, 37]. Microbial colonisation and from the differences in the amino acid

of feed particles should be conditioned b)iéroﬁle of albumins and globulins [20] and

As previously observed [9, 16, 34], the

the content of insoluble materials resistant t luteins and zeine [21] support, in general,

(rjneagi];?dt?]telocnéllv\\//\?alﬁtbm \genge?nttzlofree}r?i,o?r{ ur present results. Thus, the more important
Yy p ’ 'differences between soluble and insoluble

g;:l ?\?giﬁ;fﬁ;%gn[zig]éggvgg\éz;’ drgﬁg' roteins were observed for leucine, methio-
feed N content [14, 26] because its dilution ine, arginine, phenylalanine, lysine and

effects on the microbial N proportion of theg_lutg_mic acid coinciding with most of the
bag residues. Both factors also justify th significant differences observed. Differences

F‘irzn the amino acid profiles of gluteins and
\ . : . .~ zeine [21] also help to explain the degrada-
a low fibre feed with an intermediate Proteinon effects observed on insoluble proteins.

content such as GF. Since differences in thﬁ\ccording to the high resistance to the

amino acid_ profile between SAB and thesedegradation of zeine [10] and to the degra-
fceoercrj(;?ir:nlToeorrr:ﬁ:r;togglbécl)lrzyt;ﬁ rL‘:’;ft:iii)ﬁfdation I.evel obser_ved at 16 h of in_cubation,
should lead to an important bias of thethe reS|duaI.prote|n should be mal_nly com-
results posed of zeine as shown by the high corre-
: lation (r = 0.933;P < 0.001) found between
The low variations observed for the aminathe present amino acid profile and that of
acid profile of FM show a high homogeneityzeine [21]. The most important variations
in the amino acid composition of the solublebetween gluteins and zeine [21] are for glu-
and insoluble proteins and are in logicatamic acid, glycine, arginine and, especially
agreement with the low degradation of itsfor leucine and lysine, which is in agree-
CP insoluble fraction (6.5% at 16 h of incu-ment with our results. The effects of degra-
bation). The low effective degradability of dation of soluble and insoluble proteins
the insoluble proteins of this feed (6.8% ofshowed, in general (for 9 amino acids), the
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same tendency. Therefore, the amino acidolubility on the amino acid profile of the
profile of undegraded protein should differundegraded protein from DBP will depend
extensively to that of corn grain. For lysine,on the possible additions of these by-prod-
usually considered as the more limitingucts. On the contrary, the results obtained
amino acid in corn, our present resultsat 16 h of incubation support the observation
showed an important reduction in the undeef Van Straalen et al. [35] that the degrada-
graded protein. This fact agrees with thdion of insoluble proteins has little effect on
revision of Rulquin [28] showing that pos- the amino acid profile of this feed.

itive effects of postrumen lysine supple-
mentation are especially important with cormy,
rich diets.

The results of LH supported observations
at were similar to those deduced for DBP:
there was a low variation of the amino acid

The effects due to the degradation of solProfile as a consequence of the degradation
uble proteins for GF were more extende®f sol_uble or insoluble proteins and, for both
and intense than in CG, which is in agreeProtein types, there was a higher influence of
ment with its higher CP solubility value the soluble protein degradation. Therefore,
(Tab. I) associated with the addition of “sol-Our present results infer that the_ amino acid
ubles” to this by-product. Amongst essentiaProfile of the undegraded protein could be
amino acids, the effects of insoluble proteirfimilar to that of whole hay, although some
degradation were only recorded for thosdncreased in histidine. Our results agree with
(lysine and leucine) that showed the moréhose of Erasmus et al. [8]. Nevertheless,
strong variation in CG. The evolution of these authors did not find any effect for his-
lysine proportions in this feed support thetidine and, on the contrary, they observed
impoverishment in this amino acid of the@n increase in the proportion of phenylala-
protein from this origin as a consequencéline, which was unaffected in the present
of rumen digestion. Our present results alsé@mple.
support the observation of Van Straalen etal. Considering that the degradation of indi-
[35] that the amino acid profile of GF is yidual amino acids should mainly depend
more affected by washing than by rumerpp the degradation of the proteins in which
incubation. they are included, the very low variation
é)bserved for the degradation of insoluble
proteins as in LH as in DBP trend to indicate
ﬁhat the amino acid composition of insoluble

roteins and/or their degradation suscepti-

Washing effects on essential amino aci
proportions of DBP were limited. The vari-
ations observed for isoleucine agree wit
data of Van Straalen et al. [35], althoug ilitv should be relativel if in feed
these authors also observed important varf2h Y SHOUIC b€ relatively unitorm in teeds
ations for other amino acids. However, thecomposed of vegetative tissues.
DBP sample employed by these authors As a consequence of the scarce available
included an important addition of molasseglata and of the discrepancy between these
and therefore, its protein solubility wasdata, Rulquin and Vérité [29] have proposed
higher than in the present sample (zero timt consider the feed amino acid profiles as a
values: 50% and 18.8% respectively). Beefirst guide to estimating the amino acid pro-
pulp is commonly added with molasses ofiles of the undegraded protein. Our present
vinasses, which had an important effectesults show that the extent of variations in
on protein solubility. Thus, Pereira [22] onthe amino acid profile differs according to
10 samples of DBP observed a range of varfeeds. Consequently, the above approach
ation of the soluble CP fraction from 7 towill not be valid for some feeds, especially
50%. Since the amino acid compositions ofor those with proteins with a high hetero-
molasses or vinasses are very different frorgeneity of amino acid composition and
that of beet pulp [18], the effects of proteinrumen degradation resistance. The use of
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the amino acid profile of insoluble proteins|11]
for this purpose should be a better approach
for feeds with an important fraction of sol-
uble proteins (such as by-products added
with “solubles”). [12]
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