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Abstract — Rumen degradation kinetics and effective degradability of individual amino acids, total
analysed amino acids (TAA) and crude protein (CP) of soybean meal were measured on four rumen-
cannulated wethers using the nylon bag technique. Microbial contamination of the incubated residues
was corrected using a continudt®sl intraruminal infusion and isolated solid associated bacteria

as a reference sample. TAA showed a lower soluble fraction (14.9 vs. BO<894)1), a similar insol-
uble-degradable fraction (79.0 vs. 79.2%) and a higher degradation rate (11.5 v8-82%

0.05) than CP. As a consequence, effective degradability was similar for TAA and CP (74.7 vs.
75.7%). Degradability values of individual amino acids varied moderately (range: £6% of TAA
degradability). Valine, isoleucine, leucine, alanine, aspartic acid and tyrosine showed significantly lower
degradability than TAA, while the opposite effect was observed for histidine, threonine and glu-
tamic acid. Degradability of individual amino acids was related to their soluble fractdh&77;

P < 0.001).

amino acids degradability / soybean meal / microbial contamination

Résumé— Dégradabilité ruminale, corrigée par la contamination microbienne, des acides

aminés du tourteau de sojales cinétiques de dégradation ruminale et la dégradabilité théorique des
acides aminés individuels, des acides aminés totaux analysés (AAT) et des matiéres azotées totales
(MAT) du tourteau de soja ont été établies par la méthode des sachets de nylon sur quatre béliers fis-
tulés dans le rumen. Les résultats ont été corrigés en fonction de la contamination microbienne des
résidus, moyennant I'infusion en continu’@d dans le rumen et I'emploi comme référence d’un
échantillon de bactéries adhérentes isolées du rumen. Les AAT ont été moins solubles que les MAT
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(14,9 vs. 20,8 %P < 0,01), pendant que la fraction insoluble potentiellement dégradable a résultée
similaire (79,0 vs. 79,2%). Au contraire, le taux de dégradation a été supérieur pour les AAT
(11,5 vs. 8,4 % 1; P < 0,05). Comme conséquence, les valeurs de la dégradabilité théorique ont été
similaires (74,7 vs. 75,7 %). La dégradabilité des acides aminés individuels a montré une variabilité
modérée (range de variation : +6 % de la dégradabilité des AAT). La valine, l'isoleucine, la leu-
cine, I'alanine, I'acide aspartique et la tyrosine ont présenté une dégradabilité significativement plus
faible que celle des AAT, pendant que I'effet contraire a été montré pour I'histidine, la thréonine et
I'acide glutamique. La dégradabilité des acides aminés individuels a été reliée avec sa fraction
soluble ¢ = 0,877 ;P < 0,001).

dégradabilité des acides aminés / tourteau de soja / contamination microbienne

1. INTRODUCTION degradation characteristics and the effec-
tive degradability of amino acids from SBM,

Current systems of protein evaluation foluS'"9 >N as a microbial marker for cor-
ruminants have described the supply of trur€cting microbial contamination of feed
protein that can be absorbed from the smafesidues.
intestine. In order to increase accuracy it
meeting the protein demands of high-pro- 2 MATERIALS AND METHODS
ductive ruminants, these systems are unde
revision, to establish food evaluation in 2.1, Animals and feeding
terms of individual amino acids [19, 28].

Therefore, an important step in the devel Nylon bag incubations were carried out
opment of these systems is the knowledge with four rumen-cannulated sheep (63.1 +
the amino acid composition of undegrade.90 kg LW) receiving a mixed diet of
feed protein, which, in fact, is scarce anc2:1 chopped vetch-oat hay: pellet concen-
subjected to controversy [28, 31]. The nylortrate mixture. The chemical and raw com-
bag technique is widely used for predictingposition of these feeds has previously been
ruminal degradability of dietary-N in rumi- published [26]. This diet was offered at 40 g
nant feeds, being recognised as the officieDM-kg1 LWO-7°in six meals per day (every
method in most of the current protein sys4 h).

tems [10]. This technique is also the mos

currently used to study amino acid degra .

dation. However, true degradation value: 2-2- Experimental procedures

are always biased by the microbial contam

ination of incubated feed residues [4, 14]. _Nylon bags (pore size 46, reference
120T, Tissages Tissues Techniques, France)

Soybean meal (SBM) is the most com-of 11 x 7 cm (inner dimensions) made by
monly utilised protein concentrate in rumi- heat-sealing were filled with approximately
nant diets. Therefore, available informatior3 g (air-dry basis) of a commercial SBM
concerning rumen degradation of theirsample ground through a 2 mm screen. The
amino acids is abundant. Most publishetbags were incubated in two incubation
results only refer to a few incubation timesseries, on different days, for periods of 2,
[5, 8, 13, 16, 20, 27, 32]. However, studie«, 8, 16 and 24 h. All the bags of each incu-
that measured degradability values are limbation series were placed simultaneously in
ited [4, 9, 30], and only that of Harstad ancthe rumen just before animals were offered
Prestlgken [9] provided full information the first meal of the morning (9:00 h). The
about degradation. The aim of the preserspecifications of the bags and incubations
experiment was to measure the in sitlare in agreement with those of the INRA
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standard method [15]. After collecting bagsdegradability D) was estimated, according
from the rumen, they were washed with tafio the method of the same authors, using
water and stored frozen. Once defrostedhe rumen particulate outflow rate X deter-
bags were washed three times for 5 min in enined in each animal for the concentrate
turbine washing machine, then the bags weliecluded in the diet labelled with ytterbium.
freeze-dried prior to DM, nitrogen (N), and Description of the method and results (mean
amino acid analysis. An additional set oft SE = 3.61 + 0.095%%) have previously
three bags was reserved for zero incubatidpeen published [26].

that involved the washing procedure without
prior rumen incubation.

Microbial contamination of the incubated

residues was determined by labelling rumi- sgM was analysed for DM, ash, CP
nal micro-organisms withN by continuous (N Kjeldahl x 6.25) and ether extract (EE)
intraruminal infusion of ammonium s_ul- [1], and neutral detergent fibre (NDF), acid
phate (80 mg M™%, 50 atoms %) starting detergent fibre (ADF) and acid detergent
five days before the start of the incubationignin (ADL) [24]. Neutral detergent insol-
trial up until the end of the trial. At this yple nitrogen (NDIN) and acid detergent
moment, representative samples of rumemsoluble nitrogen (ADIN) were performed
content were obtained for solid associate@y Kjeldhal analysis on NDF and ADF
bacteria (SAB) isolation. The methodo-residues, respectively. Nitrogen and
logy employed is described in detail byl5N enrichment of the bag residues and micro-
Rodriguez et al. [26]. Isolated SAB sam-bial samples were analysed by the Kjeldhal
ples were freeze-dried and analysed for DMmethod and mass spectrophotometry (VG
N, amino acids, and N isotopic proportionsPRISM Il, IRMS linked in series to a Dumas-
(15N/N). This last determination was alsostyle N analyser 1108 Carlo ERBA), respec-
carried out for the bag residues. Microbialively. Amino acids were determined in bac-
contribution of DM and N-content of bag teria, SBM and bag residues by high-pressure
residues was determined as follows: liguid chromatography in reverse phase after
previous derivatization, following the tech-
nique of Jones et al. [11], but using a fluo-
x100 rescence detector only. Proline, cystine and

2.3. Analytical

15\ abundance in residue —

microbial N % _15N abundance in SBM

15N abundance in SAB - tryptophan were not determined due to tech-
15\ abundance in SBM nical limitations.
microbial DM % =microbial N %x (M? o )
%N in SAB 2.4. Statistical analysis

The microbial content of individual amino . L
acids in the residues was calculated from D€gradation kinetics of CP and total and

this last value and from their concentratior"dividual amino acids were fitted using a
(on a DM basis) in SAB. Th&N abun- non-linear regression programme. Degra-
dance in SBM was deterr.nined on the ZerSlation values of each amino acid were com-

. X . d with those obtained for total analysed
incubation samples because only the insoPare . : X

SO ; . : “amino acids (TAA) using the pairédest.
't'gﬁr::;g'non is subjected to microbial con The same procedure was used to compare

] . the latter values vs. those of CP degrada-
~ The pattern of amino acid or CP¥%.25)  tjon. Finally, possible relations between
disappearance (corrected for microbial congegradation parameters were studied by cor-
tamination) with the incubation time wase|ation analysis of data. All analyses were

described for each animal using the @rskoperformed using the statistical software SAS
and McDonald model [21]. Effective y .12 [29].
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3. RESULTS fraction @+ b) was assumed to be 100% in
all animals. This restriction was also adopted

Chemical Characterisation Of the SBMln animal 2 fOI’ the remaining aminO aCidS
sample gave the following valuesKg? (except for aspartic acid, glutamic acid,
DM): OM = 928, EE = 10.4, CP = 551, isoleucine, valine, and threonine) and for
NDF = 89.2, ADF = 56.7, ADL = 9.3. The TAA.

| 0 :
ar(\)/\?grrgozr?(s)z( ,A’;noé '(\)lag\l ?gsdpég:yellg.t(?l:ﬁcleir For aspartic aci_d, the disappearance \{alue
concentration of TAA was 90 g/16 g N. Theat zer(c); incubation time was negative
amino acid proportions of SBM are show (~11.5%). Consequently, its soluble frac-

; . Nion was assumed to be 0%. The variability
in Table I, together with those of SAB sam- f this fraction between individual amino

ples. Mean values of the CP content and g cids was hi :
o gh (from O to 38.4%). Differ-
TAA concentration in SAB samples WEre o nces between amino acids for their poten-

1
g’jgl)?kg— DM and 81.8 g/16 g N, respec- tial degradable fraction were also observed,
' with values ranging from 53.7% to 88%. A
Degradation parameters and effectivanegative correlatiorr & —0.922;P < 0.001)
degradability of CP and amino acidswas observed between both fractions. There-
obtained from corrected microbial disap-fore, the extent of degradation was similar
pearance data are presented in Table lhetween amino acids. Thus all the values
Mean values of microbial contamination ofwere above 90%, except for valine (88%)
incubated residues were 1.11, 1.93, 3.81gnd aspartic acid (86.5%). Values of the
6.22, and 6.94 g bacterial DM per 100 gdegradation rates ) of amino acids showed
DM and 0.78, 1.41, 2.71, and 5.32 g bactea great variability. Indeed, the maximum
rial N per 100 g N for 2, 4, 8, 16 and 24 hyalue (17.7%1, aspartic acid) was three
respectively. Some constraints were necesimes higher than the minimum value
sary to fit degradation kinetics. Thus for CP(6%h~1, methionine). Effective degrad-
methionine, and lysine the total degradablability values of individual amino acids from
SBM presented a moderate variability, rang-
ing from —6% to +6% of the value of TAA
Table I. Amino acid proportions (g per 100 g AA) degradability (74.7%). Valine, isoleucine,
of soybean meal (SBM) and of solid associateéspartic acid, leucine, alanine, and tyrosine
bacteria (SAB) of the rumen content. showed a significant lower effective degrad-
ability than TAA, while the opposite effect

Item SBM SAB - o
was observed for threonine, histidine and
Arginine 6.72 4.28 glutamic acid. The differences of degrad-
Histidine 2.62 1.32 ability between amino acids were mainly
Isoleucine 4.55 6.53 related to differences in their soluble frac-
Leucine 7.64 7.99 tion, since there was a significant correla-
Lysine 6.44 7.99 tion between the two parameters-(0.877;
Methionine 1.10 2.20 P < 0.001).
Phenylalanine 5.13 5.62
Threonine 6.20 5.85 When rumen degradation kinetics of
Valine 4.71 570 TAA and CP were compared, TAA showed
ﬁ'a”'”t‘? " 142-554 164135 a lower P < 0.01) solubility than CP (14.9
Spartic acic : : vs. 20.8%, respectively), while there was
Glutamic acid 24.6 16.4 . . . .
GIvei no difference in the insoluble potentially
ycine 4.19 5.21 . o
Serine 5.21 5.20 degradable fraction (79.0 VS. 79.2%). On
Tyrosine 3.91 5.30 the contrary, the fractional rate of degrada-

tion was higherR < 0.05) for TAA than



Table Il. Degradation parameters and effective degradabibjyof crude protein (CP), total analysed amino acids (TAA) and individual amino acids
of soybean meal.

Item a(%) SED  b(%) SED a+b(%) SED k,%h?% SED D(%)  SED

Arginine 180  051* 816 2.07 995 2.44 9.0 0.67*  75.8 0.82

Histidine 247  028% 720 1.42* 966 153 104 052  77.6 0.32% >
Isoleucine 41 025 858 1.47*  90.0 135 131 050 711 0.31% s
Leucine 85 016" 880 169* 966 1.58 95 042¢ 719 0.51* o
Lysine 231 084  76.9 249 1000 2.70 8.4 0.66*  76.4 1.05 g
Methionine 384  1.09% 616 2.84%  100.0 2.70 6.0 0.73%  76.2 0.90 s
Phenyalanine 133 0.42* 84.3 2.49 97.6 2.30 96 0.50*  74.0 0.59 i
Threonine 365 021 537 1.93% 0.2 213 144 101 793 0.55% 5
Valine 54 019" 826 153 88.0 151*  13.8 058  70.8 0.38% =
Alanine 130  0.42* 825 1.20 955 1.42 9.7 0.28%  72.6 0.64* S
Aspartic acid 00 038 865 1.12% 865 1.49* 177 0.52% 718 0.27% @
Glutamic acid 213 020" 734 1.02* 946 085 122 026 776 0.36%* 5
Glycine 170 073 80.2 2,57 97.2 2.41 9.3 058*  73.8 0.63 B
Serine 99 132 83.6 1.84 935 105 114 047 724 0.96 3
Tyrosine 137  0.28* 81.8 1.84 955 162 101 0.40* 732 0.40* g
TAAT 149  091% 790 2.25 93.9 270 115 0.82¢ 747 0.78

cP 20.8 79.2 100.0 8.4 757

a: soluble fractionb: insoluble potentially degradable fractidg; degradation rate.
SED: standard error of the difference vs. TAR £ 0.05; **P < 0.01; ***P < 0.001.
Tvalues of SED are calculated vs. CP.

€89
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for CP (11.5 vs8.4%h™Y). Values of effec- this hypothesis was the significant increase
tive degradability were similar for both (P < 0.05) observed in the concentration of
fractions (74.7 vs75.7% for TAA and CP, amino acids between the original feed and its
respectively) as a consequence of the opp@isoluble fraction at zero time (90.0 vs.
site differences found for the soluble fractior®5.8 g/16 g N; ESD = 0.77). The similar
and for the fractional degradation rate.  potentially degradable fractiob)(obtained
for TAA and CP is in agreement with the
results of Harstad and Prestlgkken [9] and it
4. DISCUSSION shows that this fraction should be mainly
composed of true protein. The degradation
For SBM,a + b values higher than 100% rate of this fraction recorded to be higher
are often observed for CP in the literaturefor TAA than for CP seems to indicate a
when this restriction is not introduced. Infaster degradation of proteins. This effect
the present work, these limitations cannotould be associated with the nitrogenous
be derived from an insufficient incubationcompounds bound to the fibre fraction.
time, because the values of the degradatiorhese compounds will be slowly degraded
parameters and the effective degradability oind, if they were proteins, they could be
CP are close to those obtained from othetesistant to hydrolysis and therefore not
series of bags incubated together with thesgetected in the chromatography analysis.
samples and through an additional time oNevertheless, the proportion of NDIN for
48 h, which were dried at 80 °C for 48 hSBM is low, and therefore, its possible effect
and destined to further analysis [22, 25]. Ashould be limited. Furthermore, this differ-
in other works [3, 23], the microbial con- ence should be derived from the stronger
tamination of SBM residues was low. Con-fitting constraints assumed for CP than for
tamination values are affected by the treatf AA, which reduce the degradation rate
ment of the incubated feed residues, thatalues. As a consequence of the offsetting
includes freezing and subsequent washingffects observed for the solubility and the
of bags, which involves the detachment oflegradation rate, the degradability values
part of the adherent microbes [6]. The diffor CP and TAA were similar, which shows
ference between the apparent and correctdldat the degradability of true protein of SBM
CP degradability was low (75.2 vs. 75.7%should not be different to that of the total
ESD = 0.05P = 0.002), which is in agree- nitrogen compounds. The CP degradability
ment with other results [3, 18, 25]. Consevalue was somewhat higher than the mean
guently, the amino acid corrections forvalues of 62% and 65% recorded, respec-
microbial contamination are also little for tively, by Verite et al. [33] and the National
SBM. Nevertheless, the differences betweeResearch Council [17], but it is close to
SAB and SBM in terms of the proportions ofthose of Aufrere et al. [2], and England et al.
some amino acids (methionine, histidine[7].
and glutamic acid) in the proteins are impor- g gifferences recorded between amino
tant (Tab. 1), and, therefore, microbial cor-4igs for the soluble fraction as well as for
rection could have more importance. the degradation rate should be derived from
The fact that the soluble fraction observedmportant differences in the amino acid com-
for TAA (14.9%) was lower than that for position of the different SBM proteins. Nev-
CP (20.8%) can be attributed to the higheertheless, the present results show that the
solubility of the non-protein nitrogen feed most important differences should be
compounds. Thus Pérez et al. [22] observeldetween the soluble fraction and the inbte
a soluble fraction of 44.2% for the puric proteins. However, the importance of this
bases (representative of nucleic acids) aéffect on the composition of the undegraded
this same sample. Additional evidence oprotein could be reduced by this outflow
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from the rumen with the liquid phase of awith the results of Susmel et al. [30], except
part of the soluble proteins. Neverthelessfor threonine and aspartic acid. Cozzi et al.
Aufrére et al. [2] estimated that for the feed4] only studied the essential amino acids
this outflow is negligible. The insoluble pro- and recorded an apparent higher degrad-
tein fraction of SBM is basically composedability for histidine, arginine and lysine in
of two kinds of globulins: conglycinins and agreement with the present results. In the
glycinins. In this manner, the very lower same manner, the degradation of branched-
degradation rate observed for methionine ishain amino acids, lower than that of TAA
in agreement with the methionine concenshowed in this study was also observed in

tration which is 3 to 4 times higher in many works [5, 9, 13, 20, 27] carried out
glycinins than in conglycinins [12]. Glycinins with punctual incubations.

are more slowly degraded in the rumen than
conglycinins [2]. Because soybean protein
is generally deficient in sulphur amino acids,

the glycinin content of SBM becomes highly
valuable for ruminants from a nutritional
perspective.
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