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Abstract: The objective of the current study was to compare the rumen inoculum of slaughtered
cattle with the ruminal inoculum of cannulated cattle; additionally, determine its reliability in
the in vitro analysis of ruminant feeds throughout a multivariate approach. Five male bovines
(weight 320 ± 9.4 kg; mean ± standard deviation) provided with ruminal cannula and between
five and seven bovines slaughtered in slaughterhouse were used. The evaluations were carried
out following a completely randomized design. The data obtained were subjected to different
multivariate analyzes to determine the reliability of the ruminal inoculum of animals slaughtered
in commercial slaughterhouses compared to that obtained from cannulated animals. The relative
contribution indicated that the in vitro dry matter digestibility (IVDMD, 50.75%) and in vitro neutral
detergent fiber digestibility (IVNDFD, 29.83%) analysis influence 80.13% of the results to determine
the reliability of the ruminal inoculum from slaughtered cattle. Furthermore, it was determined
that the first two principal components (IVNDFD and acetic acid production) are the ones that
influence the results by 89.87%. The grouping of diets using the Tocher optimization method and the
dendrogram shows the formation of six groups and two groups, respectively. The grouping shows
that the ruminal inoculum source was not the limiting parameter in the evaluation. Rumen inoculum
from cattle slaughtered in a commercial slaughterhouse (with unknown diet) has potential as an
alternative for the in vitro analysis of cattle feed, provided that the lignin concentration in the diet is
less than 35.5 g/kg DM.

Keywords: alternative feed; byproduct; multivariate analysis; rumen content; ruminal inoculum;
slaughter cattle; in vitro analysis

1. Introduction

The world’s human population is constantly growing; it is estimated that it will reach
8.5 billion people by the end of the year 2030 and 9.7 billion by 2050 [1]. This population
has an ancient dependence on obtaining high-quality protein in the diet, derived mainly
from ruminant animal products [2]. However, in recent decades, ruminant production
has suffered counterattacks, attributed to deforestation due to the need for more land for
grazing [3]. Furthermore, ruminant production is attacked by environmentalists, since
they are also considered the most polluting production animals due to the generation of
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methane in their digestive processes [4]. Additionally, safe food supporters attempted to
disqualify ruminant products due to their higher content of saturated and trans fatty acids,
which can be correlated with metabolic and heart diseases [5].

In this sense, ruminant producers are adopting management practices that improve
this productive chain, such as the use of intensive systems instead of grazing systems.
In this system, there is a tendency to reduce the supply of commonly used ingredients
(such as ground corn and soybean meal) because the price of these constantly increases [6]
due to the competition between the use of these ingredients in ruminants, non-ruminants,
and human feeding [7,8]. For these reasons, the use of alternative feeds (by-products and
waste) is promoted because their use reduces diet costs and offers a relevant nutritional
contribution [9–16].

However, some unconventional feeds contain antinutritional or toxic factors that
affect animal performance, such as ricin in castor bean meal [11,17]. Due to this, the
evaluation of these feeds in in vivo trials is limited. For this reason, in vitro methods can
be used, which have a high reliability and reproducibility level due to the similarity with
the ruminal environment characteristics [18,19]. Additionally, all ingredients or diets need
to be analyzed to determine their nutritional value for animals.

To mimic the rumen environment, the in vitro method uses ruminal inoculum obtained
from cannulated animals. However, the use of cannulated animals has been criticized due
to practical problems, ethical reasons, animal welfare, and the long-term maintenance
costs [18,20]. Therefore, the search for alternative inoculum is essential to reduce the use of
cannulated animals. Among the options evaluated, the rumen content of cattle slaughtered
in a commercial slaughterhouse emerges as a potential alternative [21]. Nevertheless, to
validate an alternative inoculum, it would be necessary to evaluate and process a large
number of variables, resulting in the increased cost of this method [22]. In this sense, the
multivariate analysis technique can be used to characterize or evaluate divergences from
quantitative or qualitative variables [23]. With this technique, it is possible to reduce the
number of variables and determine the variables that effectively influenced the trial to
reduce costs in similar studies.

In this context, this study aimed to determine the reliability of the ruminal inoculum
obtained from cattle slaughtered in a commercial slaughterhouse for the in vitro analysis
of alternative feeds for ruminants through multivariate analysis.

2. Materials and Methods
2.1. Location and Ethical Considerations

The experiment was conducted on the São Gonçalo dos Campos experimental farm
belonging to the Federal University of Bahia, located in the municipality of São Gonçalo dos
Campos, BA, Brazil (12◦23′57.51′′ S and 38◦52′44.66′′ W). All procedures were previously
approved by the Ethics Committee on Animal Use (CEUA) at the Federal University of
Bahia (Approval number: 17/2014).

2.2. Rumen Content Collection and Inoculum Preparation—Cannulated Animals

This trial involved five crossbreed male cattle with an approximate average body
weight of 320 ± 9.4 kg (mean ± standard deviation) and provided with ruminal cannula.
The animals were housed in 3 × 6 m individual stalls provided with individual feeders and
drinkers. Fifteen days before the beginning of collection were used to prepare the animals
(adaptation period). In this period, the animals were treated against internal and external
parasites (Ranger LA, Ivermectin 3.5%, dose 1 mL per 50 kg of body weight, Salvador,
Brazil) and adapted to a total mixed ratio diet to meet the maintenance requirements of
the animals (102.1 g/kg of crude protein (CP)/kg of dry matter (DM) and 337.48 Mcal of
digestible energy/kg DM). The forage (Tifton-85 hay-Cynodon sp.)–concentrate (ground
corn, soybean meal, urea, mineral mix) proportion used was 40:60. The animals were fed
twice a day, at 09:00 and 17:00 h.
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To collect the rumen content, the animals were led to a suitable containment area.
Thermal containers (5 L capacity) with hot water (40 ◦C) and CO2 were used to simulate the
temperature and anaerobic conditions of the ruminal environment. The cap of the cannula
was removed, and the solid (approximately 1.6 kg from 8 points including the cranial,
dorsal, ventral, and caudal part of the rumen) and liquid (approximately 1.5 L collected
with a vacuum pump) rumen content were collected directly to the same thermal container
(without water) with the continuous use of CO2. Immediately, the thermal containers were
transported to the laboratory for sample processing (20 min walking distance).

In the laboratory, the rumen content samples were strained (using 4 layers of cheese-
cloth) directly into a 500 mL graduated cylinder (40 ◦C) inside a fume hood with continuous
use of CO2. The contents were immediately poured into the preheated (40 ◦C) vessels
(400 mL/flask) of the Ankom DaisyII incubator. A 15 mL subsample was collected to verify
the pH and temperature of the ruminal inoculum.

2.3. Rumen Content Collection and Inoculum Preparation—Slaughtered Animals

To obtain this inoculum, the rumen content of five to seven cattle slaughtered in a com-
mercial slaughterhouse was collected. The origin, breed, weight, and feeding management
of the animals were unknown. After slaughter, the rumen of the animals (randomly dis-
tributed) was directed to an internal organ washing room (approximately 15 min between
animal death and rumen content collection). The rumen was opened, and the exposed
content (approximately 1.5 L) was collected immediately (maximum of 7 min between
collections). This was stored in bottles preheated at 39 ◦C, with the continuous addition of
CO2. Immediately, the thermal containers were transported to the laboratory for sample
processing (25 min driving distance). The procedure for obtaining the ruminal inoculum in
the laboratory was as described above.

2.4. Experimental Design, Diets, and In Vitro Analysis

A completely randomized design was used to compare the two sources of ruminal
inoculum. For this, sixteen diets with different ingredients (Table 1) and chemistry compo-
sitions (Table 2) were incubated. The byproducts used in the formulation of the diets were
palm kernel cake (PKC), crude glycerin (CG), licuri cake (LC), and castor bean meal (CBM).
The number that follows the name of the diet refers to the level of inclusion of the byproduct
in the respective diet. The forage–concentrate proportion of the PKC diets was 35:65, CG
diets was 50:50, LC diets was 40:60, and CBM diets was 50:50. The forage used in all diets
was Tifton-85 (Cynodon sp.) hay. This variation was used to avoid experimentation bias.

The in vitro DM (IVDMD) and in vitro neutral detergent fiber (IVNDFD) digestibility
were measured using two artificial rumens (Ankom®, DaisyII Incubator, Ankom Tech-
nológic Corp., Macedon, NY, USA), following the procedures described by Holden [24].
For this, 0.5 g of each diet (n = 3) was placed into TNT (100 g/m) bags, which were cut
and sealed (5 × 5 cm) according to Casali et al. [25]. Two bags without samples (blank
observation) were also used. Twenty-six TNT bags (24 with a sample and 2 blank) were
placed into jars (totaling 8 jars, previously heated to 40 ◦C, with the continuous addition
of CO2), totaling 104 bags/machine. Immediately, 1600 mL of buffer solution and 400 mL
of ruminal inoculum were added [20]. The incubation process was carried out at 39 ◦C
for 48 h. Subsequently, 40 mL of HCl (6N) and 8 g of pepsin (Sigma 1:10,000; dissolved in
34 mL of distilled H2O) were added and incubated for an additional 24 h. Afterwards, the
bags were washed with tap water until the water ran clean, pre-dried in forced-air ovens
(55 ◦C for 12 h), dried at 105 ◦C for 16 h, and weighed. Thereafter, the dried bags were
analyzed to determine NDF content [26]. The incubation process was repeated 10 times,
totaling 2080 bags analyzed.
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Table 1. Ingredient composition of the diet used to evaluate the reliability of the alternative inocu-
lum source.

Diet

Ingredients

Tifton-85
Hay Ground Corn Soybean

Meal By-Product Urea Mineral
Mixture

Palm kernel cake 0—PKC0 35 50.49 11.51 0.00 1.50 1.50
Palm kernel cake 7—PKC7 35 44.63 10.37 7.00 1.50 1.50

Palm kernel cake 14—PKC14 35 38.77 9.23 14.00 1.50 1.50
Palm kernel cake 21—PKC21 35 32.91 8.09 21.00 1.50 1.50

Crude glycerin 0—CG0 50 25.00 23.50 0.00 0.00 1.50
Crude glycerin 7—CG7 50 16.67 24.83 7.00 0.00 1.50

Crude glycerin 14—CG14 50 8.33 26.17 14.00 0.00 1.50
Crude glycerin 21—CG21 50 0.00 27.50 21.00 0.00 1.50

Licuri cake 0—LC0 40 49.80 8.00 0.00 1.20 1.00
Licuri cake 7—LC7 40 44.80 6.00 7.00 1.20 1.00

Licuri cake 14—LC14 40 40.80 3.00 14.00 1.20 1.00
Licuri cake 21—LC21 40 36.80 0.00 21.00 1.20 1.00

Castor bean meal 0—CBM0 50 27.24 21.26 0.00 0.00 1.50
Castor bean meal 10—CBM10 50 24.68 13.82 10.00 0.00 1.50
Castor bean meal 20—CBM20 50 22.12 6.38 20.00 0.00 1.50
Castor bean meal 30—CBM30 50 18.50 0.00 30.00 0.00 1.50

Table 2. Chemical composition of the diet used to evaluate the reliability of the alternative inocu-
lum source.

Diet
Chemical Composition (g/kg DM)

DM a Ash CP b EE c NDFap d ADF e Lignin Cellulose Hemicellulose NFC f

PKC0 895.3 43.7 159.1 12.0 355.9 141.1 14.6 126.5 214.8 429.3
PKC7 893.2 43.4 153.4 15.3 401.9 168.0 24.8 143.2 233.9 385.9

PKC14 894.8 43.2 160.5 21.5 404.0 169.2 20.7 148.6 234.7 370.9
PKC21 873.0 46.7 147.5 36.5 454.1 197.2 35.5 161.7 256.9 315.1

CG0 900.7 64.3 162.0 10.4 470.7 195.6 27.1 168.5 275.1 292.5
CG7 873.6 64.1 183.8 22.2 445.8 213.0 25.2 187.8 232.8 284.1

CG14 848.7 65.9 183.2 31.0 464.6 219.7 27.0 192.7 244.9 255.2
CG21 809.6 58.0 192.8 41.6 462.4 224.8 26.5 198.2 237.7 245.1
LC0 899.1 45.2 162.7 8.3 382.9 152.8 16.0 136.8 230.1 401.0
LC7 899.9 44.6 159.7 15.9 422.0 175.2 24.0 151.2 246.8 357.8
LC14 898.4 42.5 159.3 16.2 426.2 179.4 24.5 154.9 246.8 355.8
LC21 897.7 47.9 149.9 22.0 431.5 183.4 27.9 155.5 248.1 348.7
CBM0 899.5 59.6 173.5 9.4 476.8 199.8 22.4 177.4 277.0 280.7
CBM10 897.6 60.9 173.5 7.4 470.3 231.5 56.7 174.8 238.9 287.9
CBM20 900 62.0 175.4 6.5 526.6 260.1 77.5 182.7 266.4 229.5
CBM30 903.7 66.0 163.2 4.6 532.4 290.9 100.0 190.9 241.5 233.9

a DM, dry matter (g/kg as-fed basis); b CP, crude protein; c EE, ether extract; d NDFap, neutral detergent fiber
corrected for ash and protein; e ADF, acid detergent fiber; f NFC, non-fibrous carbohydrates.

To determine the ruminal fermentation parameters, two DaisyII Fermenter incubators
(39 ◦C) were used (Totaling 8 jars; previously heated to 40 ◦C; continuously addition of
CO2). For each jar (caps were fitted with three track taps), 10 g of sample was weighed,
and 1600 mL of buffer solution and 400 mL of ruminal inoculum were added (4 diets per
incubation and two ruminal inoculum sources). At 0, 2, 4, 6, and 8 h after the start of
incubation, a sample of 30 mL of buffered ruminal fluid was collected and stored; 10 mL
was used to determine rumen ammonia nitrogen [27], 10 mL was used to determine volatile
fatty acids [28], and 10 mL was used to determine pH and protozoa [29].
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2.5. Chemical Analysis of Ingredients and Diets

Samples of ingredients and diets were collected and stored at −20 ◦C. Afterward, the
samples were dried in a forced-air oven at a temperature of 55 ◦C for 72 h. The samples were
ground in a Wiley mill (model 0.48, Marconi, Piracicaba, Brazil) using 1 and 2 mm screens.

Samples were analyzed for dry matter (DM; 930.15), ether extract (EE; 920.39), crude
protein (CP; 976.05), and ash (942.05) following the methods of the Association of Official
Analytical Chemists [30]. Neutral detergent fiber was assayed with a heat-stable amylase
and expressed exclusive of residual ash and protein (NDFap), acid detergent fiber was
expressed exclusive of residual ash and protein (ADF), and lignin contents were estimated
according to the methods described by Van Soest et al. [26]. The cellulose and hemicellulose
fractions were estimated from the determined values of NDF, ADF, and lignin. Non-fibrous
carbohydrates (NFC) were estimated according to Hall [31] equations.

2.6. Chemical Analysis of Ingredients and Diets

To estimate the IVDMD and IVNDFD, the following formula was used:

IVDMD = 100−
[

W3

(
W1 ×W4

W2

)]
× 100; IVNDFD = 100−

[
W5

(
W1 ×W4

W2

)]
× 100; (1)

where W1 is the weight of the empty bags, W2 is the weight of the sample, W3 is the final
weight of the bag after incubation, W4 is the blank correction, and W5 is the final weight of
the bag after analyzing the NDF.

The data obtained from the variables correlated with ruminal fermentation, obtained
from the analysis of sixteen diets using two different sources of ruminal inoculum (Table 3),
were subjected to different multivariate analyzes to determine the reliability of the ruminal
inoculum of animals slaughtered in commercial slaughterhouses compared to that obtained
from cannulated animals.

Table 3. Variables correlated with in vitro ruminal fermentation using two inoculum sources.

Diet IVDMD a IVNDFD b N-NH3
c pH C2

d C3
e C2:C3

f C4
g Protozoa

Ruminal inoculum from cannulated (F) cattle animals
PKC0 F 881.3 693.1 131.3 6.60 358.9 181.0 2.05 81.8 2.67
PKC7 F 864.8 684.8 162.4 6.62 358.1 175.2 2.07 94.1 2.70

PKC14 F 839.4 634.8 137.9 6.66 378.3 194.1 2.03 84.6 3.07
PKC21 F 814.6 627.6 126.4 6.66 374.7 196.0 1.92 84.4 3.63

CG0 F 832.7 672.1 129.9 6.61 385.7 212.2 1.82 92.8 2.70
CG7 F 826.3 650.6 147.0 6.66 316.8 159.7 2.04 73.7 2.67

CG14 F 821.5 650.5 160.4 6.62 355.1 175.1 2.12 87.0 2.63
CG21 F 826.0 666.5 160.8 6.57 341.5 174.2 2.05 83.4 2.97
LC0 F 856.1 651.8 163.8 6.65 335.3 175.0 2.00 85.8 2.60
LC7 F 850.0 676.2 158.9 6.64 368.1 176.9 2.10 90.0 2.60
LC14 F 819.3 604.0 146.7 6.68 336.4 162.8 2.14 86.6 3.27
LC21 F 809.6 582.3 153.0 6.67 342.4 170.8 2.01 94.3 3.17
CBM0 F 821.7 651.6 116.6 6.61 382.5 189.2 1.88 85.4 1.73
CBM10 F 790.8 585.8 130.2 6.64 366.8 214.5 1.74 98.4 2.03
CBM20 F 759.2 578.5 152.5 6.66 371.2 186.3 2.19 87.4 2.50
CBM30 F 713.9 507.6 169.4 6.64 432.9 201.9 1.96 89.7 2.37

Ruminal inoculum from slauthered (S) cattle animals
PKC0 S 880.7 691.4 136.6 6.80 333.3 139.8 2.40 79.1 3.47
PKC7 S 828.8 600.9 135.1 6.81 360.3 180.2 2.00 80.0 3.33

PKC14 S 799.5 544.1 133.7 6.81 323.9 154.1 2.17 79.5 3.10
PKC21 S 762.7 523.3 124.0 6.82 391.5 188.1 2.15 82.4 2.70

CG0 S 834.4 675.4 111.4 6.75 366.3 161.9 2.29 85.9 2.47
CG7 S 823.6 645.2 114.1 6.75 356.5 169.8 2.15 82.1 2.57

CG14 S 831.6 670.2 104.7 6.77 351.0 171.6 2.06 87.1 2.43
CG21 S 826.3 667.1 115.9 6.72 405.9 191.0 2.16 82.9 2.33
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Table 3. Cont.

Diet IVDMD a IVNDFD b N-NH3
c pH C2

d C3
e C2:C3

f C4
g Protozoa

LC0 S 847.1 630.1 122.2 6.78 359.7 181.5 2.00 87.7 2.33
LC7 S 837.8 646.9 119.0 6.79 354.6 164.9 2.16 78.9 2.03
LC14 S 830.4 628.2 131.7 6.77 384.2 170.3 2.30 87.1 1.90
LC21 S 828.7 627.4 144.2 6.77 381.7 183.9 2.13 77.4 2.33
CBM0 S 811.9 632.3 120.4 6.89 355.5 191.6 1.99 84.0 2.33
CBM10 S 784.0 572.2 125.0 6.88 373.6 181.0 2.06 84.9 2.23
CBM20 S 743.7 551.4 141.1 6.66 397.4 164.0 2.37 85.9 2.30
CBM30 S 702.5 488.0 131.4 6.67 379.2 187.0 2.33 88.7 2.27

a IVDMD, in vitro dry matter digestibility (g/kg DM); b IVNDFD, in vitro neutral detergent fiber digestibility
(g/kg DM); c N-NH3 (mg/L), rumen ammonia nitrogen; d C2, acetic acid (ppm); e C3, propionic acid (ppm);
f C2:C3, acetic–propionic acid ratio; g C4, butyric acid (ppm).

The analysis of relative contribution within the total variation was carried out using
the Singh method [32], resulting in the discarding of variables with a contribution of less
than 1%.

From the data, a divergence analysis was carried out between the diets for quantitative
variables. The matrix obtained was based on the Euclidean distance, using the Tocher’s
optimization method considered the criterion that the average inter-group distance should
be higher than the average intra-group distance. Furthermore, the hierarchical average clus-
tering between groups was obtained using the UPGMA hierarchical method (unweighted
pair group method with arithmetic mean). From this analysis, a dendrogram was generated
with the groups with the greatest similarity. The consistency of the clusters using the
hierarchical method was verified using the cophenetic correlation coefficient (CCC) with
1000 permutations.

Principal component analysis is performed to synthesize the data obtained into a set
of variables with a smaller number of linear combinations of orthogonal variables that are
called principal components. In this way, this analysis sequentially minimizes the variation
of the data. The new condensed loadings show the relative importance (weighting) of
the original data in explaining the variation in the observed data. Furthermore, to define
the names of the principal components, the eigenvalues in each component (magnitude
of relative contribution or relative importance of the characteristics) was observed. The
multivariate statistical procedures were performed using the computer program Genes [33].
In the principal component analysis, the first components that together explained at least
80% of the total variation were selected for discussion [34].

3. Results

The relative contribution of the variables correlated with ruminal fermentation (Table 4)
indicated that the IVDMD (50.75%) and IVNDFD (29.83%) influence 80.13% of the results
to determine the viability of the ruminal inoculum from slaughtered animals for in vitro
trials of feed for cattle.

According to the principal component analysis, it was possible to find nine principal
components. Furthermore, it was possible to determine which variable had an impact on
each principal component according to the highest eigenvalue in each principal component
(Table 5).

However, it was determined that the first two principal components are the ones
that influence the results, comparing the sources of ruminal inoculum by 89.87% (Table 6).
Considering the values obtained in the set of eigenvalues, the first principal component
was named in vitro digestibility of NDF (cumulative variance of 78.90%), and the second
principal component was named acetic acid production (cumulative variance of 10.97%).

The grouping of diets via the Tocher optimization method resulted in the formation
of six groups (Table 7). Group I is the most representative, containing 68.75% of the diets
subjected to the two sources of ruminal inoculum (From cannulated animals and from
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animals slaughtered in a commercial slaughterhouse). The grouping shows that the ruminal
inoculum source was not the limiting parameter in the evaluation of the variables correlated
with ruminal fermentation.

Table 4. Relative contribution of the variables correlated with ruminal fermentation using two
ruminal inoculum sources.

Item Relative Contribution Value, %

Dry matter in vitro digestibility 2,985,701.75 50.75
Neutral detergent fiber in vitro digestibility 1,728,344.31 29.38

Acetic acid 591,935.74 10.06
Rumen ammonia nitrogen 297,033.84 5.05

Propionic acid 253,371.96 4.31
Butyric acid 26,973.00 0.46

Protozoa 204.96 0.00
Acetic:Propionic ratio 22.1488 0.00

pH 7.3423 0.00

Table 5. Eigenvalues of principal components, obtained from the analysis of the variables correlated
with ruminal fermentation with the use of two ruminal inoculum sources.

Item
Principal Component

1 2 3 4 5 6 7 8 9

IVDMD a 0.59 −0.15 −0.03 0.75 −0.26 0.02 −0.01 0 0
IVNDFD b 0.79 0.32 0.09 −0.50 0.14 −0.01 0 0 0

Ruminal ammonia
nitrogen −0.03 −0.17 0.98 0 −0.08 −0.07 −0.01 0 0

pH 0 0 0 0 0 0 −0.02 0.18 0.98
Acetic acid −0.17 0.80 0.09 0.11 −0.55 0.02 0.01 0 0

Propionic acid −0.07 0.44 0.12 0.42 0.76 −0.18 0 0.01 0
Acetic:propionic ratio 0 0 0 0 −0.01 0 0.01 0.98 −0.18

Butyric acid −0.01 0.06 0.09 0.05 0.16 0.98 0.01 0 0
Protozoa 0 −0.01 0 0.01 0 −0.01 1.00 −0.01 0.02

a IVDMD, in vitro dry matter digestibility; b IVNDFD, in vitro neutral detergent fiber digestibility.

Table 6. Principal component denomination and cumulative difference from the analysis of the
variables correlated with ruminal fermentation using two ruminal inoculum sources.

Principal
Component Item Relative

Contribution Value, %

1 In vitro neutral detergent fiber digestibility 2,985,701.75 50.75
2 Acetic acid production 1,728,344.31 29.38
3 Ruminal protein metabolism 591,935.74 10.06
4 In vitro dry matter digestibility 297,033.84 5.05
5 Propionic acid production 253,371.96 4.31
6 Butyric acid production 26,973.00 0.46
7 Protozoan population 204.96 0.00
8 Acetic:propionic ratio 22.1488 0.00
9 Ruminal Ph 7.3423 0.00

The dendrogram shows the formation of two groups in relation to the dissimilarity
of the variables correlated with ruminal fermentation obtained from the analysis of diets
subjected to sources of ruminal inoculum using the standardized mean Euclidean distance
(Figure 1). The figure indicates that the grouping was not based on the source of the
ruminal inoculum.
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Table 7. Distribution and grouping of diets (Tocher’s method) subjected to the two sources of ruminal
inoculum based on the dissimilarity of the variables correlated with ruminal fermentation.

Group Item Value, %

I

PKC7 F–LC7 F–CG14 F–LC0 F–CG21 F–LC14
F–LC21 F–PKC14 F–PKC0 F–CBM20 F–LC0 S–CG7

S–LC21 S–PKC7 S–CG14 S–CG0 S–LC7 S–LC14
S–CG21 S–CBM0 S–CBM10 S–PKC21 F

68.7500

II CBM20 S–CBM30 S–PKC21 S 9.3750
III CG0 F–CBM10 F–PKC14 F 9.3750
IV CG7 F–PKC14 S 6.2500
V PKC0 S 3.1250
VI CBM30 F 3.1250
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4. Discussion

The ruminal inoculum is essential for in vitro fermentation trials, but it also represents
the greatest source of variation in these analysis systems [18]. Cannulated cattle are gener-
ally used to obtain the ruminal inoculum, and even with this method, it is recommended
that the animals be adapted to specific diets. According to Camacho et al. [35], the rumen
microbiology of animals not adapted to diets containing concentrate and forage can be a
source of variation for the in vitro analysis of feed digestibility. To avoid sources of variation
that affect the ruminal inoculum, sampling should be similar in time and collection method
as described by Fortina et al. [21]. Using univariate analysis methods, Alba et al. [20]
concluded that the rumen inoculum of cattle in slaughterhouses with unknown data, such
as feeding, management, sex, breed, and others, can be used as a potential substitute for
rumen inoculum obtained from cannulated cattle. However, the authors found some differ-
ences, as did other authors who used other sources of ruminal inoculum [36]. Therefore,
we believe that multivariate analysis can help us find what is or are the factors that must be
taken into account when using this source of rumen inoculum.

For this reason, in the current study, sixteen nutritionally different diets were used
to evaluate the viability of ruminal inoculum from slaughtered cattle compared to rumi-
nal inoculum from cannulated cattle (inoculum commonly used in in vitro evaluation of
cattle feed). To determine the viability of this alternative ruminal inoculum, nine vari-
ables correlated with ruminal fermentation were analyzed through a multivariate analysis.
The variables correlated with the ruminal fermentation analyzed were IVDMD, IVNDFD,
rumen ammonia nitrogen, pH, protozoa content, acetate–propionate ratio, and concen-
trations of acetate, propionate, and butyrate. The statistic evaluation of these variables
was carried out using multivariate analysis methods to determine the viability of the rumi-
nal inoculum from cattle slaughtered at commercial slaughterhouse and to determine if
the limiting variable in the in vitro evaluation is the source of the ruminal inoculum or a
different variable.

According to the relative contribution [32] of the variables correlated with ruminal
fermentation, the IVDMD, IVNDFD, and acetic acid production influence 90.19% of the
determination of the viability of the source of ruminal inoculum from slaughtered cattle.
It is important to note that these variables are highly correlated with each other and
with the NDF content of the diet. The content and characteristics of NDF present in
the diet affect its digestibility and this directly influences the digestibility of DM [37,38].
Furthermore, the amount and digestibility of NDF are directly responsible for the increase
or decrease in acetate production [39,40]. In an extensive review, Foster et al. [36] observed
that even if all the variables of the animals used as a source of ruminal inoculum were
controlled, the cell wall components of the feed are the main components that could affect
the digestibility of dry matter or organic matter in in vitro studies. When equine feces were
used as an alternative inoculum source in in vitro trials, significant differences between
ruminal inoculum sources were observed for IVDMD and IVNDFD [41]. The objective of
the principal component analysis is to reduce the number of variables found in the relative
contribution method (Singh method) to a smaller number of orthogonal variables that
represent the greatest degree of variation in the study. In the current study, two variables,
represented by IVNDFD and acetate production, were found to account for the greatest
degree of variability. Therefore, it can be inferred that the fiber content of the evaluated diets
was limiting to determine the viability of the ruminal inoculum from slaughtered cattle.

To corroborate our theory, the grouping of the diets via the Tocher optimization
method and the dendrogram obtained via the hierarchical grouping between groups
method separated the diets with the highest level of lignin into different groups. It is also
possible to observe, in the dendrogram, a distance of 60% between the CBM30 S and CBM30
F samples. Therefore, the indigestibility characteristics of the fiber present in the diets were
the most responsible in determining the viability of the ruminal inoculum obtained from
slaughtered cattle.
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The quality and source of the ruminal inoculum directly influence the in vitro evalu-
ation of feed for cattle. The inoculum can be significantly affected by the feed offered to
the animals, which can result in differences in the populations of microorganisms in the
rumen [18,42–44]. This variation affects the digestibility of the nutritional components of
the diet.

Therefore, the apparent digestibility of the diet and NDF is higher when the ruminal
inoculum comes from cannulated cattle supplied with mixed feed (forage and concentrate)
compared to the inoculum from animals fed only pasture or hay [45–47].

The lignin content of the diet has a negative correlation of up to 93% with NDF
digestibility, promoted by the interaction between the carbohydrate fractions of the cell
wall and the phenolic components of lignin (coumaric and ferulic acids) [48]. Among these
components, ferulic acid has the greatest negative influence on digestibility [49].

This lignin component is found in smaller amounts in green forages and in higher
concentrations in concentrated components or in dry forages [50]. Brachiaria brizantha
grass has ferulic acid concentrations between 2.58 and 4.43 g/kg DM [51]. The concentration
of this lignin component is 13.9 g/kg DM in Tifton 85 hay [52] and 22.4 g/kg DM in corn
bran [50].

The CBM, PKC, LC, and GB diets have castor bean meal, palm kernel cake, licuri cake,
and crude glycerin as different ingredients, respectively. Licuri does not contain ferulic
acid in its composition [53], while castor bean meal and palm kernel cake have ferulic acid
as one of the main phenolic compounds in their composition [54,55].

Ferulic acid can be degraded by some ruminal microorganisms through different
mechanisms, as well as non-oxidative decarboxylation, demethylation, b-oxidation, coen-
zyme A-independent deacetylation, side-chain reduction, and direct deacetylation [49].
However, a prior adaptation of ruminal microorganisms to this compound is possible, so
its degradability is significant. As observed in Chiaravalli et al. [43] and Kilama et al. [56],
lignin is the most important component of NDF or non-degradable NDF that can affect the
digestibility of the dry matter or organic matter of foods used in feeding ruminants.

In the current experiment, the cannulated cattle were fed with diets containing concen-
trate while the diet of the slaughtered cattle was unknown. However, in the region where
the commercial slaughterhouse is located (Bahía, Brazil), more than 90% of the cattle are
managed in an extensive system [57]. In this sense, it is possible to infer that the animals
did not receive concentrate supplementation in the diet and were fed predominantly with
pasture. Therefore, it is possible to affirm that for the source of ruminal inoculum from
slaughter cattle to be viable for the in vitro study of diets with concentrates for cattle, the
donor animals must be adapted with diets with concentrates.

5. Conclusions

Rumen inoculum from cattle slaughtered in commercial slaughterhouses and fed
an unknown diet with unknown management has potential as an alternative to rumen
inoculum from cannulated cattle for the in vitro analysis of ruminant feed. However, it
is important to consider the NDF content and, mainly, the lignin content of these diets or
feeds, which must be less than 35.5 g/kg DM. If the lignin value is higher, the reliability of
use of this ruminal inoculum tends to decrease.

More studies are needed; however, it is possible to affirm that the limitation in the val-
idation of the rumen inoculum is the lignin content of the diet or feed. This can be avoided
through adapting ruminal inoculum donor animals to diets containing concentrates with
byproducts or feeds with higher concentrations of lignin.
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