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ABSTRACT

The study was conducted in Obihiro, Japan to examine the position and rate of intestinal fermentation in
three adult ostriches (Struthio camelus) with mean liveweight of 103+4.7 kg. The ostriches were fed fresh
leaves of orchardgrass (Dactylis glomerata). At twenty five hours before the slaughter, they ingested 100 g
fresh leaves mixed with 20 g oblong strips (2mm wide and 30 mm long) of a filter paper, in which
chromium oxide was absorbed at a rate of 40 %. After the slaughter, small intestine, cecum and large intestine
were cut into 3, 2 and 7 pieces, respectively, with the same length in each organ.

Crude ash content in digesta samples was the highest in muscular stomach (90.1+1.17 %), compared with
27-51 % in other organs of glandular stomach, small intestine and cecum. The percentages of both dry matter
and organic matter were significantly higher in colon. The peak of chromium content was observed at the
final position of large intestine, suggesting passage rate of grass leaves through all digestive organs being
about 24 hours. A small peak of total content of volatile fatty acids was observed at middle part of small
intestine, suggesting the commencement of volatile fatty acid forming in small intestine. The peaks of both
total content of volatile fatty acids and acetic acid content were observed in colon, being 24.5+7.25 % and
15.5£5.75 %, respectively. Acetic acid content rapidly decreased at the following sites of large intestine,

suggesting active absorption of acetic acid in colon.
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INTRODUCT | ON (Cilliers et al. 1997: Glatz et al. 2003).

The ostrich is

The ostrich is an important animal in many livestock
industries, especially in developing countries, because of
meat and skin productions (Cooper et al. 2004). The ostrich
has a large potential to utilize the more fibrous energy

sources such as various kinds of low-quality straws or silage

polygastric herbivores and relies on its hindgut as the
primary site of fermentation and water absorption, especially
bacteria inhabit (Salih et al. 1998: Swart et al. 1993). There
are many studies on a close coupling between production and
absorption of volatile fatty acid (VFA) in the hindgut
(Musara et al. 2002: 2003). It is estimated that VFA
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production in the hindgut provides more than 57 % of
maintenance requirements (Fievez et al. 2001).

Factors influencing the successful growth of ostriches
include the provision of proper housing, adequate ventilation,
exemplary hygiene and correct dietary requirements (Cooper
2000). Feed comprises over 60% of the cost of growing
ostriches to slaughter weight (Glatz et al. 2003). To produce
quality products, it is essential to collect information on feed
utilization efficiency and nutrient requirements of ostriches
at different maturity stages (Miao et al. 2003).

This study was conducted to examine the position and rate
of intestinal fermentation in adult ostrich in order to improve

the utilization of plant resources.

Muscular stomach

Colon

Fig 2 Digested process of ingested grass leaves along digestive organs of ostrich..
1: Grass leaves, 2 In glandular st h, 3-4:In I h and
5: In small intestine.

MATERIALS AND METHODS

The experiment was conducted in Obihiro, Japan.

Ostriches
Every ostrich (Struthio camelus) was born on 9 July 2003.
They were fed chopped dry diet mostly composed of grass

leaves.

Intake of chromium oxide

For previous three days, ostriches had been fed fresh leaves
(6 kg/day) of orchardgrass (Dactylis glomerata) chopped 5
cm length. At nine of the clock on the day before the
slaughter, they were fed 100 g fresh leaves and 20 g oblong
strips (2mm wide and 30 mm long) of a filter paper, in which
chromium oxide was absorbed at a rate of 40 % solution.
Every diet offered was eaten by ostriches for two hours.
Then, 3 kg fresh leaves were given, and another 3 kg in the

evening.

Body measurement

Before the slaughter, body measurement was carried out by
ordinary methods with respect to body weight, body height,
body length, chest width and chest girth.

Collecting digesta samples

At 10-11 of the clock on September 28, three ostriches were
sacrificed to collect digesta samples within digestive tract
(Fig. 1). At first, the weight and length of digestive organs
were measured. Small intestine, cecum and large intestine
were cut into 3, 2 and 7 pieces, respectively, with the same
length in each organ. Each piece was weighed. Then, digesta
samples included in each of pieces or digestive organs were
collected and weighed (Fig. 2). All digesta samples were

kept in plastic bags and stored in a freezer.

Measurement of water and ash contents

Defrost samples of 3-20g were taken into the crucibles and
dried at 60°C for 48 hours. The moisture content was
obtained after 2 hours drought at 135°C. Then, crude ash

content was obtained after 2 hours heat treatment at 600°C.
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Measurement of chromium

Chromium contents in digesta samples were determined by
colorimetric method. Samples were added to alkaline reagent
including tri-potassium and potassium hydroxide and were
baked 800°C for 30 minutes. Then, the ash was diluted with
distilled water and chromium content in the solution was
measured its absorbance at 360 nm using spectrophotometer

(U-2001, Hitachi, Japan).

Table 1

acids were analyzed by gas chromatograph (GC-2010,
Shimadzu, Japan) equipped with a flame-ionization detector
and a capillary column (ULBON HR-52, 0.53mm i.d. X 30m
X 3.0um), using 2-ethyl-n-butyric acid as the internal

standard.

Statistical analysis

Variables of observed properties were analyzed using a

Body measurement, and weight and length of digestive organs.

A. Body measurement
Body weight (kg)
Body height (cm)
Chest width (cm) 52+0.3
Body length (cm)
Chest girth (cm)

C. Total weight of digesta samples
within all digestive tracts (kg)
Fresh matter 13.0=£0. 81
Dry matter 6.8=+0.80
Organic matter 3.2+0. 81

B. Fresh weight of digestive organs (kg)

Glandular stomach 2.9+0.34
Muscular stomach 4.3x0.27
Small intestine 2.3%+0.27
Cecum 1.2+0.14
Large intestine 10.2+0.77
Sum 20.9+1.55

D. Total length of intestine (m)

Small intestine 5.7+0.14
Cecum 1.6=x0.06
Large intestine 13.5=%0. 22
Sum 20.8=+0.30

* Figures show mean=se.

Measurement of volatile fatty acid
Aqueous extracts of digesta samples were used for

measuring volatile fatty acid concentration. Volatile fatty

RESULTS AND DISCUSSION

For 25 hours before the slaughter, ostriches had ingested
3.1+0.37 kg fresh grass leaves (0.93+0.111 kg dry matter).
The body measurements, and weight and length of digestive

organs are shown in Table 1.

Crude ash content

Crude ash content in digesta sample was the highest in
muscular stomach (90.1£1.17 %), compared with 27-51 % in
other organs of glandular stomach, small intestine and cecum,
although significantly not different (p<0.076), as shown in
Fig. 3. Along large intestine, crude ash content gradually
increased and attained the higher value (73.7+£2.69 %) at the
final position of large intestine. This increasing pattern of
crude ash content along large intestine may be due to nutrient

absorption.

Distribution pattern of dry matter and organic matter

Total amounts of dry matter and organic matter within all
digestive organs were 6.840.80 kg and 3.2+0.81 kg,
respectively. Distribution pattern of dry matter and organic

matter in digesta sample is shown in Fig. 4. The percentages

paired t-test and an analysis of variance (Snedecor and

Cochran 1967). Three ostriches were included into the

replication.

B

25

Cruse ash content in DM (%)
B

Gla Mus S1 52 S3 C1 G2 L1 L2 L3 L4 L5 L6 L7
Position along digestive organs

Fig. 3 Crude ash content of digesta samples in dry matter along digestive organs
of ostrich. Attached lines with symbols show s.e. of mean and vertical lines

show s.e.d. of the mean differences.

Gla: Glandul h, Mus: M ! h, §1-53: Small intestine from

the first third to the last third, C1-C2: Cecum from the first half to the latter
half, and L1-L7: Large intestine from the first seventh to the last seventh.

of both dry matter and organic matter were significantly
higher (p<0.001) in colon (L2 in Fig. 4), being 18.2+0.21 %
and 23.9+1.10 %, respectively. These higher values may be
caused by the enlargement of colon, providing a suitable
nutritional environment for fermentative microflora (Swart et

al. 1993).
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Fig. 4 Distribution patterns of dry matter and organic matter contents in digesta
samples along digestive organs of ostrich. The terminology is the same as Fig. 3.
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Position along digestive organs

Fig. 5 Chromium content in digesta samples along digestive organs of ostrich.
The result was ontained 25 hours after ingestion. The terminology is
the same as Fig. 3.

Chromium content

Digesta samples were obtained after 25 hours of chromium
oxide ingestion. The peak was observed at the final position
of large intestine (Fig. 5), suggesting passage rate of grass
leaves through digestive organs being about 24 hours.

Swart et al. (1993) reported that passage rate varied
considerably (21 - 76 hours) with overall mean of 40.1 hours
and was independent of liveweight. This longer term was
obtained using young ostriches with liveweight of 5 - 46 kg.
In this study, adult ostriches had 103+4.7 kg liveweight.
Therefore, it seems that passage rate may be highly

influenced by liveweight.

Volatile fatty acid content

Total content of volatile fatty acids and acetic acid content
are shown in Fig. 6. With respect to total content of volatile
fatty acids, a small peak was observed at middle part of small
intestine (S2 in Fig. 6), suggesting the commencement of
volatile fatty acid forming in small intestine. The peaks of
both total content of volatile fatty acids and acetic acid
content were observed in colon (L1 in Fig. 6), being
24.5+7.25 mmol/100 ml and 15.5+5.75 mmol/100 ml,
respectively. Rapid decrease of acetic acid content was
observed at the following sites of large intestine (3.8+2.83
mmol/100 ml at L2), showing active absorption of acetic

acid in colon.

S “ —0— Total volatile fatty acids
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Fig 6 Acetic scid and total volatile fatty acid contents in digesta samples along
digestive organs of estrich, The terminclogy is the same as Fig. 3,
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