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Abstract.: Accurate determination of rumi-
nal degradability is essential for evaluating
the nutritional value of forages. The in situ te-
chnique is widely used for such assessments;
however, microbial contamination (MC) can
significantly underestimate digestibility para-
meters. This study evaluated the extent of un-
derestimation caused by omitting detergent
extraction during mechanical washing of in
situ residues. Samples of four chemically dis-
tinct forages (alfalfa hay, corn stover, oat hay,
and cactus silage) were incubated in the ru-
men of two cannulated bovines for 48 hours.
After incubation, residues were mechanically
washed either with or without sodium lauryl
sulfate and analyzed for digestibility of dry
matter (DMD), organic matter (OMD), and
crude protein (CPD). The omission of de-
tergent led to underestimations of DMD and
OMD by 2.8 and 2.3 percentage units, respec-
tively, while CPD was markedly affected—up
to 17.9 percentage units in corn stover. These
findings emphasize the importance of incor-
porating detergent-based microbial correc-
tion in in situ protocols to ensure accurate
forage evaluation.
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INTRODUCTION

Ruminal degradability varies within and
among food groups; thus, its determination
is of utmost importance in food evaluation.
The in situ (in sacco) technique is the most
commonly used in the studies of digestibili-
ty. In this method, feed samples are incuba-
ted in bags with pores that allow the exchange
of liquids, the entry and exit of bacteria, and,
ideally, limit the exit of undigested particles.
During fermentation, bacteria adhere to and
penetrate the food particles to digest them; at
the end ofincubation, bacteria remain attached
to the particles and, since bacteria are cons-
tituted by organic matter and protein, their

presence constitutes a possible contamination
factor that affects food evaluations (Vanzant
et al., 1998). It has been estimated that micro-
bial contamination (MC) with markers (usu-
ally ®N) can constitute up to 28% of the dry
matter and 95% of the nitrogen of residues in
situ (Beckers et al., 1995; Vanzant et al., 1998),
but microbial contamination of residues is not
uniform among different substrates or feeds.
Others have reported that microbial contami-
nation means 6 to 7% and 60 to 70% of the dry
matter and protein of residual forage particles.
In contrast, Menezes et al. (2017) suggest that
the effect of microbial contamination may be
irrelevant to the degradability of concentrates
in high protein and low fiber. Several methods
and compounds that are effective in correc-
ting MC have been compared (Beckers et al.,
1995). However, it is not uncommon for stu-
dies to fail to report whether any correction
for MC was made (Vanzant et al., 1998).

OBJECTIVE

The objective of this trial was to determi-
ne the extent of the underestimation of forage
digestibility by the omission of detergent ex-
traction during mechanical washing of in situ
residues.

MATERIAL AND METHODS

The study was conducted at the Centro
Nacional de Investigaciones Disciplinarias en
Fisiologia y Mejoramiento Animal-INIFAP,
located in Ajuchitlan, Colén, Querétaro, Mé-
xico. Four types of forages were selected that
varied in crude protein content: alfalfa hay, 2)
corn stover, 3) oat hay, and cactus silage (Table
1). Samples of these forages were ground with
a Wiley-type laboratory mill (Thomas Scien-
tific, Swedesboro, NJ) through a 2 mm sieve.
A sample of 5 + 0.1 g was placed in in situ da-
cron bag (10 x 20 cm; Ankom Technologies
Corp, Macedon, NY), achieving a ratio of 13.5
mg of dry matter per cm” of bag surface area.
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Subsequently, the bags were heat-sealed using
a pulse sealer (American International Elec-
tric). For each type of forage, 16 bags were
used, which were divided into two runs and
two bovines with a cannula in rumen. Thus,
in each bovine, 16 bags (4 bags per type of fo-
rage) were incubated per run (block). Before
insertion in rumen, in situ bags were placed
in a 45 x 40 cm nylon bag and then immersed
in water at 37°C for 10 to 15 min. The bags
were incubated in the rumen for 48 h. Catt-
le were kept grazing in a natural pasture with
free access to water and a mineral block. In
addition, the animals received a mixture of al-
falfa hay and corn stover and another mixture
of soybean and canola meal. The guidelines
of the Mexican Official Standard (NOM-062-
700-1999) and CIOMS (1985) were obser-
ved. At the end of the incubation period, the
bags were removed from the rumen and wa-
shed without (WND) or with (WWD) sodium
lauryl sulfate (1 g detergent / g fresh residue)
in a volume of water of 40 L, using a washing
machine. The bags were then dried at 55°C for
72 h in a forced-air oven and weighed. The
samples and residues were analyzed for dry
matter (100°C; Method 967.03, AOAC, 2000),
organic matter (600°C; AOAC, 1990), and
crude protein by Kjeldahl method (Nx6.25;
Method 984.13, AOAC).

Thus, the in situ digestibility of dry matter
(DMD), organic matter (OMD), and crude
protein (CPD) was calculated as the percen-
tage of the weight of the original sample that
disappeared from the bag after the incubation
time:

Residue weight (g)

04) = -
D (%) =100+Q1 Initial sample weight (g))

A randomized complete block experimen-
tal design was used. The statistical model was
mixed and included the effects of block (fi;
run), forage (Fj), detergent extraction (t,) and
interaction (F*t), for which, PROC MIXED
of the SAS 9.4 statistical package (SAS Insti-

tute Inc., Cary, NC, 2016). The effect of the
block was considered random. Thus, the sta-
tistical model was:

y=u+ Bi+yj+7tk+ y=*tjk + &(ijk)

RESULTS AND DISCUSSION

The chemical composition of the forages
used in the trial is shown in Table 1. It can be
appreciated the chemical variability among fo-
rages. Table 2 shows that for DMD and OMD
the main effects of forage and detergent wa-
shing are significant. On the other hand, for
CPD there was interaction between the main
factors. The interaction can be explained by
the fact that the underestimation for CPD of
stubble was 17.9 percentage units (PU), com-
pared to 2.6, 7.1, and 5.1 PU for alfalfa hay, oat
hay and cactus silage, respectively. The graph
shows the effect of detergent use by box-and-
-whisker plots for DM, OM and OC digestibi-
lity by forage. Vanzant et al. (1998) point out
that only 12 of 61 reports evaluating dry mat-
ter (DM), organic matter (OM), or crude pro-
tein (CP) degradation mentioned some me-
thod to correct MC. Rodriguez and Gonzalez
(2006) evaluated the effect of MC on the effec-
tive degradability of various feeds with the use
of *N. They report that the MC of DM in fora-
ges can be between 5 to 10% of the dry matter
of the residue and 10 to 90% of the nitrogen of
the residue. MC correction increased the de-
gradability coeflicients of dry matter and feed
protein, with the underestimates being lower
for DM than for CP. The results of the present
study agree with the results of Rodriguez and
Gonzalez (2006). The underestimation of de-
gradability for CP of alfalfa hay can be up to
8.1 percentage units per MC, which contrasts
with only 2.6 percentage units reported in this
study (Table 2). Beckers et al. (1995) compa-
red different methods (chilling at 4°C for 6
h plus NaCl solution, commercial detergent,
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sodium lauryl sulfate, methyl cellulose, or no
compound) to correct for MC in the estimation
of degradability of wheat bran (dST) incubated
for 24 h in the rumen. They reported that dST
was lower if any method for correcting MC
was omitted. However, the use of one chemi-
cal compound and applying cooling, dST was
similar when MC is corrected with the marker
N. In the study by Beckers et al. (1995), MC
reduced the underestimation of degradability
by 3.3 and 7.1 percentage units for DM and CP
degradability, respectively.

CONCLUSIONS

Omitting detergent in the mechanical wa-
shing of in situ bags with residues leads to the
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Chemical component (%)
Forage Dry matter Organic matter Crude protein
(%) (% dry basis) (% dry basis)
Alfalfa hay 82.36 88.34 18.37
Corn stover 94.42 67.36 3.45
Oat hay 92.22 90.95 10.12
Cactus silage 93.06 83.34 5.73

Table 1. Chemical composition of forages.

Graph. Underestimation of digestibility of dry matter, organic matter, and
crude protein of forages when detergent extraction is omitted in the
mechanical washing of in situ residues.

(Confidence interval, a=95%)
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Dry matter Organic matter Crude protein

VR TRT ﬁ;yfa Ifa S;m St~ | Oat hay Ezztus si- l;%%ia eem |F TRT |Int
In situ digestibility of dry matter (DMD), %
WND 82.7 62.7 71.7 71.5 72.2 0.79 0.01 0.01 0.10
WWD 85.1 66.4 74.6 73.8 75.0
In situ digestibility of organic matter (OMD), %
WND 81.2 53.6 66.0 75.8 69.1 3.03 0.01 0.01 0.87
WWD 83.8 56.5 68.3 77.0 71.4
In situ digestibility of crude protein (DPC), %
WND 94.4 57.5 88.4 84.2 81.1 0.89 0.01 0.01 0.01
WWD 97.0 75.4 95.5 89.3 89.4

WND=Mechanical washing without detergent; WWD=Mechanical washing with detergent; F=-
Forage effect; TRT=Detergent effect (LSD; Int=Interaction between mechanical washing and
type of forage.

Table 2. Least square means (LSM) of in situ digestibility coefficients of forages mechanical
washed without detergent (WND) or with detergent (WWD).




