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Comparison of Particle Size in the Feces of Various Herbivores
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Introduction

Herbivorous animals can be divided into
pregastric fermentors and hindgut fermentors
according to their digestive system for plant fiber.
The former can be further divided into ruminants
and non-ruminants. A forestomach allows
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greater extent of fermentation and more effective
absorption of fermentation products. Ruminant
animals regurgitate the contents of the rumen for
remastication. Particle size reduction of rumen
contents increases surface area allowing greater
exposure to microorganisms, and is thus more
convenient for thorough fermentation. It also
promotes a more rapid passage of indigestible
fiber. It is considered that rumination is a major
factor in particle size reduction of digesta in
ruminants®.

In the present study, particle size in the feces
of several herbivores, including ruminants, non-
ruminant pregastric fermentors and hindgut fer-
mentors, is compared.

Materials and Methods

The animals and rations used in this study
were the same as those reported by Okamoto®.
Feces were collected from a giraffe (Giraffa
camelopardalis), a camel (Camelus dromedarius),
a llama (Lama glama), a hippopotamus (Hippopot-
amus amphibius) and a tapir (Tapirus indicus) at
Maruyama Zoo, Sapporo; and the feces from a
cattle, a sheep and a horse were collected from
the Research Farm of Rakuno Gakuen Univer-
sity.

About 30g of fecal samples were wet sieved
using 5 sieves of different pore size ranging from
0.15 to 2.36mm. During wet sieving, a water
spray was applied for 15minutes. Particles were
removed from the sieves onto tared filter papers
which were then dried at 95C overnight and
weighed. Very small particles which passed
Coroogh he O l%em sexeen wexe caloalated by
difference.

Particulate data was expressed as a percent-
age of total dry matter. The raw data were
treated according to the following methods:
Modulus of fineness (MF) and modulus of uni-
formity (MU) were calculated as described by
ASAE?. The logarithmic normal distribution
adopted by Waldo et al.” was used to calculate
mean particle size (MPS) and its standard devia-
tion (MSD). Geometric mean diameter (GMD)
and geometric standard deviation (GSD) were
calculated by the method described by ASAE?®.

Results and Discussion

Particle size distribution in the feces as ex-
pressed by three different methods is shown in
Table 1. MF and MU indicated that particle size
in the feces from the horse and the hippopotamus
was greater than that of the others, and that
about 60% of the particles ranked as large parti-
cles. About 90% of the particles in the feces
from the llama were made up of fine particles.
Feces from the cattle, the giraffe, the sheep, the
tapir and the camel were made up of intermediate
size particles.

MPS and MSD indicated that particle size in
the feces from the hippopotamus was greatest
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Table 1 Particle size in feces for several
herbivores

MF MU MPS MSD GMD GSD
giraffe 1.98  2:2:6 309 10,5 280 13.6
cattle 2.04 316 234 60.3 290 27.6
sheep 1.86 0:3.7 380 1.9 400 2.0
camel 1.49  2:1:7 66  56.2 80  47.5
llama 0.50 0:1:9 28 4.6 60 4.3
hippopotamus  3.22  6:0:4 24130 38138 >30000 -
horse 3.59 6:0:4 7079 61.7 9000 100
tapir 1.81 2:1:7 195 20.9 200 17.0

MF: modulus of fineness, MU: modulus of uniformity.

MPS: mean particle size (zm), MSD: standard deviation of
MPS.

GMD: geometric mean diameter (gm), GSD: standard deviation
of GMD.

and showed greatest variation, followed by that
of horse feces. Camelid feces from the llama and
the camel were made up of fine particles, and
those from the ruminants, the giraffe, the cattle
and the sheep, were of intermediate size. Parti-
cle size in the feces from the tapir was pretty fine,
between that of the ruminants and the camelids.

GMD and GSD indicated similar results to
that of MPS and MSD.

Van Soest® has listed particle size index for
feces from some animal species. According to
this index, particle size for heifers and sheep feces
was greater than in our results on MPS and GMD,
while it was smaller for horse feces. These
differences may be due to the different calcula-
tion methods used. Similar results to the present
study for cattle feces were reported by Allen et
al.? using the MPS and GMD.

Despite the limited data, the present study
suggests that camelids and ruminants which rumi-
nate the contents of the rumen, excrete feces
made up of finer particles than those of non-
ruminants, except the tapir. The tapir used in
the present study excreted particles as fine as
those of the ruminants.
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