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1
Preface

Farming with ostriches became established as a new stock-farming activity in

South Africa around 1863. Ostrich feathers were then the only commercial

product of that acitivity and fifty years later still held fourth place on

the list of exports from South Africa - after gold, diamonds and wool

(Smit, 1.963). However during the world depression of 1914 - 1945 the appeal

of ostrich feathers vanished and the industry collapsed.

Today commerci al farmi ng wi th domesti cated ostriches (Struthi 0 camel us var.

domesticus), originating from a cross (Duerden, 1910; Smit, 1963, 1984) be

tween the South African (Struthio camelus australis) and the North African

ostriches (Struthio camelus camel us), is again a rapidly expanding activity

in South Africa's Little Karoo. This is the only region in the world where

farmi ng wi th ostri ches is sti 11 encountered at a commerci al scal e, and al

though relatively small in the general stock-farming scenario, it provides a

livelihood for about 400 farmers who run some 150 000 ostriches. Feathers,

together wi th ostri ch 1eather and meat are all promi nent export products

that account for foreign exchange earnings of more than R30 million.

In terms of monetary value the ostrich industry has grown by more than 300%

over the past decade and by al most 100% in the 1ast 5 years. Thi s hi gh

growth rate is primarily due to the steadY development of the slaughter bird

industry in whi ch 1eather. meat and feathers account for more than 80% of

the entire industry's turnover. Ostrich products, however, are primar'ily

excl usive fashi on products. of wh ich more than 90% is exported. Because the

world market is relatively small, expansion prospects for the industry are

limited and sensitive to supply and demand.

To ensure the industry's continued economic well-being, ostrich research

pays particular attention to production techniques that will help to improve

efficiency and result in better product quality and profitability.

For the purpose of increased ostrich chick production, ostrich eggs are pre

sently bei ng incubated in 1arge quanti ti es (~ 200 000 eggs per annum).

However, hatching success of ostrich eg9s in incubators is considerably
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below that of natural nests,and Burger & Bertram (1981) suggested that it

may be due to high humidities (63% relative humidity) commonly used in
ostrich incubators.

Investigations were undertaken to measure incubation temperatures and humi

dities during the complete course of 41 days of natural incubation in 6

ostri ch nests. In addi ti on, the water vapor conductance of the eggs was

measured, as well as the" incubation water loss which in other species ave

rages 15% of the initial egg mass and has been proposed as an optimal condi

tion for hatching success (Ar &Rahn, 1978; Rahn 1984).

The natural incubation parameters measured duri ng these experiments were

adapted and applied to conditions of artificial incubation. This improved

the realized hatchability from 50 to 75%.

Furthermore the intensive production and finishing of slaughter birds on

complete dry meal diets under feedlot conditions is a new development which

contains exceptional possibilities for the industry (Swart & Kemm, 1985).

Economically and bi 01 ogi cally, efficient di et formul ation has accordingly

become essential for profitable slaughter bird production. The nutritional

val ue of feed constituents for ostriches is, however, still unknown and

without it effective least cost diet formulation and programming is not

possible. Present growth and finishing diets for ostriches are based on

energy values of the dietary components which have been derived from poultry

(Blair, Daghir, Morimoto, Peter &Taylor, 1983; Du Preez, Duckitt &Paulse,

1986) and pig values (Kemm & Ras, 1981; NRC, 1973; IAFMM, 1985). This

approach may, however, result in unreal estimation of the actual nutritional

value of feed constituents for ostriChes, so that quantification of their

nutritional value has consequently become necessary.

During 1985 a multi-disciplinary research programme on ostriches was initia

ted, the objective being to investigate the energy metabolism and the effi

ciency of energy utilization in growing farm ostriches. For the purpose of

these experiments all ostrich chicks were incubated in an ostrich egg incu

bator, maintained at a dry bulb temperature of 36°C and a wet bulb tempera

ture of 24,0 ± 1,0°C. These temperature settings were extrapolated from the

natural incubation parameters measured in the six naturally incubated nests

(Swart, Rahn &De Kock, 1987; Swart &Rahn, 1987).
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An important aspect of the studies on energy metabolism was to determine the

extent to which plant fibre is digested in various segments of the gastro

intestinal tract of growing ostriches and whether these birds util ize the

end products of fibre digestion, namely volatile fatty acids such as acetic

acid, efficiently.

The possible use of metabolizable energy to evaluate feedstuffs for ostri-

ches was an i ni ti al aim of thi s study. Subsequently the effect of crude

fibre or energy concentration on the digestibil ity of gross energy, energy

loss as methane, heat expenditure, and the effect on the efficiency of ME

utilization were investigated. Finally accretion patterns and the partition

of metabol izable energy during growth were studied in the young ostrich

chick.

The findings of the studies on incubation aspects (Section 1) are presented

in Chapter 2 and 3 and that of the metabolism studies (Section 2) are pre

sented in Chapters 4, 5, 6, 7 and 8 of this dissertation.
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SECTION 1
STUDIES ON INCUBATI ON

OF OSTRICH EGGS



2
Nest Microclimate and Incubation Water'Loss of Eggs of the African Ostrich

(Struthio camelus var. domesticus)

INTROOUCTION

At the present time hatching success of African Ostrich eggs in incubators

is considerably below that of wild ostriches (Bertram & Burger, 1981;

Hurxthal, 1979). Burger & Bertram (1981) suggested thatthi s may be due to

the high humidities presently used in incubators, namely, 28,S torr at

36,3·C.

Thi s study was undertaken to measure ins i x naturally incubated nests the

temperature of fertile and infertile eggs, the nest, and the ambient air as

well as the water vapor pressure of the nest and ambient air during the com

plete course of 41 days of incubation. In addition, the water vapor conduc

tance of the eggs was measured as well as the incubation water loss, which

in other speci es (n~83) averages 15% of the i ni ti al egg mass and has been

proposed as an optimal condition for hatching success (Ar & Rahn, 1980;

Rahn, 1984).

METHODS

Ostrich eggs and nests. All data were collected on the Ostrich Experimental

Farm at Oudtshoorn (300 m above sea level), Cape PrOVince, South Africa, du

ri ng October and November 1984. Domesti cated farmi ng ostri ches (Struthi 0

camel us var. domesti cus) origi nati ng from a cross (Duerden, 1910; Smit,

1963, 1984) between the South African (Struthio camelus australis) and the

North Afri can os tri ches (Struthi 0 camel us camel us) were used. Si x mono

gamous breedi ng pai rs were mated in separate natural vel d enclosures, ~

0,5 ha, and were then left undisturbed to lay their clutches of 6 - 18 eggs

and to i niti ate i ncubat ion. Three nests were shaded form the sun wi th A

frame ostrich huts thatched wi th common reed accordi ng to standard farmi ng

practices. The remaining nests were left in the open sun. Nearby
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unattended, shaded nests of other ostri ches provi ded data of ambi ent ai r

and nest air temperature. After 3 - 5 days of incubation by the male bird

(nighttime) and the female bird (daytime), all eggs were removed and

replaced with 10 experimental eggs (Fig. 2.1), namely, 4 fresh eggs of

known initial weight for measurements of incubation water loss, 2 calibrated

ostrich egg hygrometers (after Rahn, Ackerman & Paganelli, 1977), 2 fertile

and 2 infertile eggs in which the water vapor conductance was established.

By exposing some eggs to 1,5 - 3°C for 72 hours the embryos were killed.

These eggs were designated as infertile eggs.

In addition, two of the shaded nests were provided each with an infertil e

egg instrumented with thermi stars to record temperature differences within

the egg and brood patch temperature (see be10wf, as well as a hollow glass

fi bre eggshell instrumented to record nest ai r temperature and rel ative

humidity (see below).

All eggs, except the instrumented eggs, were weighed once per week during

the entire 41 day incubation period and the hygrometer eggs were replaced

with a new set. For the weekly weighing all eggs were transported from and

to the laboratory in tightly closed double plastic bags as described by

Grant (1982). All nests were located within a 200 m radius and 1500 m from

the laboratory and weather station.

This paper deal s only with the data from the instrumented eggs and measure

ments from the naturally incubating eggs. Data from the egg hygrometers

will be reported in another paper (see Chapter 3).

Incubation time. The initial clutches were removed after 3 - 5 days of

incubation and replaced with experimental eggs, four of which were fresh

eggs (see above). Incubation time was counted from the date of replacement

until hatching and averaged 41 days.

Egg mass and weight changes. Initial egg masses were obtained within 24

hours of laying and eggs were reweighed at weekly intervals throughout incu

bation using an electronic scale (Precision 3000) with a sensitivity of

0,005 g.
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Brooding ostrich

Peg

'---- Nest air, 'C
'----- Nest air, r:h."

'-------- Broad patch, 'C
'-------- Egg tap, OC
'---,,------ Egg bottom, 'C

Figure 2.1 Schematic section through ostrich nest showing instru
mented egg, hygrometer eggs, cal i brated fresh eggs. and venti 1ated

glass fiber eggshell.
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Temperature Measurements

Egg temperature. Small thermistor sensors were secured between the eggshell

and outer shell membrane at the top and bottom of fresh infertil e eggs. To

prevent such eggs from turni ng in the nest they were pegged down to the

ground of the nest cup (Fig. 2.1). The probe leads were buried and extended

30 m beyond the nest. Temperatures were recorded continuously by a battery

operated, programmed MCS micrologger (Mike Cotton Systems: Cape Town, South

Africa) and automatically put onto magnetic tape.

Brood patch temperature. A small piece of styrofoam plastic was mounted on

top of the egg to serve as i nsul ati on from the remai nder of the egg (Rahn,

Krog &Mehlum, 1983). A small thermistor sensor was then mounted on top of

the insulation to come in contact with the skin of the brood patch. The

lead from the thermistor was affixed with epoxy resin to the outside of the

eggshell (Fig. 2.1).

Nest air temperature. Thi s was recorded conti nuously us; ng a thermi stor

secured ins i de a ventil ated gl ass fibre eggshell (Fi g. 2.1l.

Ambie.nt temperature. This was recorded continuously in nearby unattended

shaded and open ,nests usi ng thermi stor sensors that were pos i ti oned in the

middle of a clutch of non-incubating eggs.

Humidity Measurements

Nest humidity. Relative humidity was recorded once every minute with an HMP

14u Vaisala humidity sensor, calibrated to 100% linear response, using elec

tronically controlled dry and wet bulb temperature settings. Hourly means

were automatically put onto magnetic tape via an MCS micrologger. Sub

sequently, absol ute humidity of the nest air was calculated from mean nest

air temperature and relative humidity values that were measured by insertion

of a thermistor and the humidity sensor into the well ventilated glass fibre

eggshell (Bertram & Burger, 1981) that was pegged down in the middle of the

cl utch of i ncubati on eggs (Fi g. 2.1l. The probe 1eads were buri ed and

extended 30 m beyond the nest.
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Ambient humidity. Absolute ambient humidity was calculated from the mean
air temperature and the relative humidity values taken from the official log
of the weather stati on located withi n 1500 m of the ostri ch nests, and is
expressed in terms of water vapor tension, torr.

Eggshell conductance. Th is was measured accordi ng to a modifi ed method of
Ar, Reeves, Greene & Rahn (1974). Fresh eggs were placed in a forced
draught La Nationale ostrich incubator (36°C) maintaining an automatically
cons tant water vapor pressure (19,7 ± 0.10 torr) by el ectroni cally control

led dry and wet bulb temperature recordings. Actual temperature and rela
tive humi di ty were conti nuously recorded 2 - 5 cm away from the egg surface
with thermi stor probes and a Vai sal a humi dity sensor and automatically put

onto magnetic tape. The mean daily mass loss of the fresh eggs was esta
blished over a seven-day incubation period and divided by the vapor gradient
to yield the eggshell conductance to water vapor expressed in mg H20.day-1.
torr-I.

These calibrated eggs were used to establish the water vapor conductance of
the naturally incubating eggs ~ situ as described by Tullet (1981) and
French &Board (1983), viz:

MH
2
0 (calibrated egg)

--------------------- =

GH a (cal ibrated egg)2 .

MH a (unknown egg)
2

GH a (unknown egg)
2

where MH
2
0 = rate of egg water loss, mg.day·1;

ductance of the eggshell, mg.d~-l.torr-l.

RESULTS

Temperatures

and GH a = water vapor con
2

Figure 2.2 shows the mean diel (24 hour: diurnal and nocturnal cycles)

brood patch, egg, nest ai r, and ambi ent ai r temperatures of a shaded nest
that contained 10 eggs incubated steadily for 41 days by the male (nocturnal

cycle) and female (diurnal cycle). Brood patch temperatures were very stea
dy with an overall mean value of 38,0±0,2°C(SO). Female brood patch
(diurnal: 09hOO-15hOO) average 37,8±O,3°C(SO) and was O,2°C below the mean
diel value (Fig. 2.3). The male brood patch (nocturnal: 21hOO-03hOO) was
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i
I

40r--------------..,

Brood patch mean_____-._---e--.--e----e----e 038.0
•••.• 0 37.2.....•...

Egg top •___--.........-- .. 036.1..--
Nest air

032.6
••

•
~.----32

38

36

Temp.
0C 34

Egg bottom

o ~1.0

o 8.4
Ambient air

Ambient air ----.....
:..~:::---- ....................__• 0 20.~

Nest air

30t-----'-~-------~
30

Temp. 25
°C 20

~5f_-------------
~5

5

Vapor
Pressure ~O

torr

6 ~3 20 27 34 41

Natural Incubation, days

Figure 2.2 Microclimate of the nest and ambient c;imate of an
ostrich breeding pair over the 41-day incubation period. Brood patch
and egg temperatures were measured with an instrumented infertile egg
(Fig. 2.1). Nest air temperature and humidity were measured inside a
ventil ated fi bergl ass eggshell (see text). Ambi ent data obtai ned
from Weather Stati on. Each val ue represents the average 3-hourlY
means of 180 minute recordings for the preceding 6 - 7 days.
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,

I,
0,2·C above the overall mean. Egg top temperatures of the infertile egg had I
an overall mean value of 37,2±0,2·C(SD), and showed a linear relationship

(r2 "0,98) with brood patch temperature (Fig. 2.2). A similar linear

response (r2 " 0,84) al so exi sted for the hourly means of separate di el

cycles as presented for the 21st day of incubation in Figure 2.4.

Egg bottom temperature remained particularly constant within diel cycles

(Fig. 2.4) but gradually increased from 31,6 to 33,3·C during the first 27

days (diel· cycles) of incubation (Fig. 2.2), whereafter it remained practi

cally constant. Linear regression analysis of the data in Figure 2.3

revealed that almost SO% (r2 " 0,49) of the variation in egg bottom tempera

ture during the diurnal cycle (female attendance) could be ascribed to

corresponding vari.ation in ambient air temperature, while it was less than

10% (r2 " 0,07) in the case of male ostrich attendance (nocturnal cycles).

Calculations for successive diel cycles confirmed an almost direct relation

ship (r2 " 0,93) between egg bottom and ambient temperature.

Mean die1 nest air temperature ranged from 3S,4 to 36,S·C and had an overall

mean value of 36,l±0,4·C(SD). Mean die1 anbient temperature was 20,lU7"C

(SO), and ranged from 18,6 to 23,I·C. [The highest ambient temperature (3

hourly means) was 42,3·C, recorded during the fourth week of the 41-day

incubation period. The lowest value was -O,S·C, recorded during the third

week of incubation].

Diurnal ambient air temperature also had a significant influence on nest air

temperature (r2 " 0,73) during female attendance. However, nocturnal

ambi ent ai r temperature had no effect (r2 " 0,01) on nest ai r temperature

during male ostrich attendance. During both female and male attendance nest

air temperature- followed egg bottom temperature (r2 " 0,72).

Humidities

Continuous records of nest vapor pressure averaged to weekly means during

the 41-day incubation period, are presented in Figures 2.2 (die1 cycle: 24

hours) and 2.3 (diurnal: 09hOO - IShOO; nocturnal: 21hOO - 03hOO). The

mean diel nest vapor pressure was 11,0±1,04(SD)torr and maintained a nearly

constant average value 2,6 torr higher than the absolute. ambient humidity.

Diurnal nest humidity (iO,O torr; Fig. 2.3) was somewhat lower and nocturnal

2.7



38

36

40 .-----:::-------d:.-----,
~ mean mean

Brood potch ., ~ 38 2... ...-~ .., 37 8 • ' ...-_.--.~~, 0 .

•..' - --.. 0 . • ~ ...• 0375
372

~
036.'5......... · 0.

Egg~

/ - "e 035.8

Nest oirTemp.
o 0C 34

32 032.3 032.6

Nestoir ~011.8
~ 010.0
~07.4~08.4
Ambient oir5

Egg bottom301-- --...,..._-1

30 /'....
Temp. 25 ~ ......... 024.8

°C 20 ~ AAmbient olr ~ 0 H.2

15r-----------------I
15

Vapor
Pressure 10

torr

~ :09hOO- ~5hOO ~ :2~hOO-03hOO

6 13 20 27 3441 6 13 20 27 34 41

Natural Incubation, days

, !\f

Fi gure 2.3 Brood patch. nest and egg temperatures recorded duri ng

female (09hOO - IShOO) and male ostrich (12hOO - 03hOO) attendance of

the same ostri ch breedi ng pai r over the 4I-day i ncubati on peri od.

Ambi ent temperature data obtai ned from unattended nests and Weather

Stati on. Ambient. hum; d; ty data obtai ned from Weather Stati on and

al so expressed in units of vapor pressure. Values are averaged

3-hourly means.
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Figure 2.4 Microclimate of the nest and ambient climate of the same

ostrich breeding pair over 24 hours of the 21st day of incubation.
,

Each value represents the mean value of 60 recordi ngs at one-mi nute

intervals during the preceding hour.
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nest humidity (11,8 torr; Fig. 2.3) somewhat higher for the diel cycle,

maintaining a 2,6 and 3,4 torr difference above the corresponding ambient

humidities, respectively. Regression analysis of the humidity data in

Figure 3.2 revealed that about 60% of the variation in nest humidity could

be ascribed to variation in ambient humidity (r2 =0,62).

Weight Loss of Eggs

The mean incubation egg water loss of 12 ostrich eggs (six nests) over six

successive weighings during the complete 41 day incubation period was

4.4±0,8(SD)g/day. Assuming this to be an average throughout incubation,

this would result over 41 days in a net loss of 180,4 g or 13,2% of the

initial egg mass of 1368,3±100,6(SD)g. However, the mean rate during the

41-day incubation period does not reflect the progressive increase of 20% in

the daily rate from 4,0 to 4,8 g (P < 0,01) during the complete incubation

period of 41 days (Fig. 2.5).

Shell Conductance

Water vapor conductance of the shell determi ned empi ri cally for 39 fres h

ostrich eggs (12 clutches) averaged 158,7±30,4(SD) mg.day-1.torr-1 , and

ranged from 114,4 to 224,3 mg.d- 1.torr-1• These eggs were used to establish

the water vapor conductance of naturally incubating eggs (n = 12) ~ situ as

described above (Tullett, 1981; French &Board, 1983) and ranged from 102,0

to 180,8 with a mean value of 146,6±23,7(SD) mg.day-1.torr-1•

DISCUSSION

Egg and Nest Temperature

Egg temperature is mai nly determi ned by brood patch temperature, cl utch

size, and the conformation of the nest. The remarkably constant temperature

regimes of the brood patch, egg, and nest temperature recorded in this study

are an expression of the parents' ability to maintain a relatively stable

body temperature under extreme ambi ent temperature condi ti ons (Crawford &

Schmidt-Nielsen, 1967; Schmidt-Nielsen, Kanwisher, Lasiewski, Cohn &

Bretz, 1969; Louw, Belonje &Coetzee, 1969; Jones, 1982). This is
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Figure 2.5 Egg water loss from 12 ostrich eggs during natural incu
bati on. The hori zontal bars represent the average val ue for the
corresponding time interval. The vertical lines represent the stan
dard error of the mean.
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supported by their hi gh degree of attentiveness, rel ative 1ack of movement

on the nest and shifting of the eggs, and the relatively slow rate at which

the 1arge eggs lose and gai n heat (Si egfri ed & Frost, 1974). The small egg

temperature difference between the diurnal (female attendance) and nocturnal

(male attendance) cycles, also reported by Siegfried & Frost (974), is most

1ikely indicative of a cyclic change in body temperature of the parent

during the diel (24 hours) cycle of each day on both hot and cool days (±

2,O°C; ,t.ouw et !l., 1969).

Assumi ng ali near temperature gradi ent between the top and the bottom egg

temperature. (Rahn et !l., 1983) allows one to calculate a temperature gra

dient of O,4°C/cm over the 12 cm distance between the top and bottom of the

instrumented egg (Fi g. 2.1). Thi s predi cts a mean central egg temperature

of 34,9°C and corresponds to the value of 35°C (average for male and female

incubation) reported by Siegfried & Frost (1974). It is, however, well

above the val ue of 32,9°C reported by Bertram & Burger (1981) and below

36,2°C recorded for birds in general (Orent, 1975). It must be noted, how

ever, that all our values were recorded in infertile eggs among a clutch of

i ncubati ng eggs.

An increase of ·O,8°C in our calculated mean central egg temperature is most

probably the result of a progressive increase in egg bottom temperature du

ring the 41 day incubation period. In its turn, ambient temperature has a

major effect on egg bottom temperature (Figs. 2.2 and 2.3). Nest air tempe

rature values for bi rds in general have been reported by Orent (1975) and

averaged 34, 2°Ct1,3 °c (SO) for 33 speci es, which is well above the overall

mean value reported in this study (32,6°C).

Nest and Ambient Humidity

The rate of water loss from the egg is equal to the product of the shell

conductance and water vapor pressure difference between the egg and the nest

air. The vapor pressure of the nest air is, therefore, an important factor

in the regulation of water loss (Rahn et !l., 1977, 1983). Measured nest

vapor pressure averaged 11,0 torr (Fig. 2.2) and was markedly lower compared

with most other ground nesting birds which have been studied (19±1,9

torr(SO); Rahn, 1984). Bertram & Burger (1981) measured 16,0 torr in
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ostrich nests.

Nest vapor pressure not only followed the gross changes in ,ambient vapor

pressure (r2 = 0,62) but was always higher (2,6 torr; Figs. 2.2, 2.3). The

difference ,(based on average values) eventually increased from 2,6 to 3,2

torr during the first 21 days of incubation" whereafter it gradually decrea

sed to 1,4 torr towards the end of the 41-day incubation-period (Fig. 2.2).

A similar pattern is seen in the data of Chattock (1925, replotted in Rahn

et ~., 1977), and the more recent studies of Grant, Pettit, Rahn, Wittow

& Paganelli, (1982) and Walsberg (1983). However, within diel cycles vapor

pressure in ostrich nests remained within close limits of the overall mean

val ue of 11,0 torr, al though mean ambi ent vapor pressure woul d sometimes

fall as low as 2 torr (Fig. 2.4).

On occasion - especially during hot spells - an incubating ostrich uses its

beak to cover its entire body with soil and scuffs its feathers into the

finely ground dusty soil of the nest cup. The result is probably an affec

tive seal isolating the incubating eggs from extreme ambient conditions.

Under such ci rcumstances thi s fi ne dust of the nest floor is in close con

tact with 25 - 40% of the egg's surface (Fig. 2.1). Similar observations

were made by Bertram &Burger (1981).

Egg Water Loss during Incubation

Egg water loss was determined from 12 eggs (2 from each nest) whose averaged

initial mass was 1368 g. They lost 180 g during 41 days of incubation, or

13,2% of their initial mass. Jarvis & Keffen (1985) and Burger & Bertram

(1981) reported fractional egg water losses of 13,5% and 15,6%, respec

tively, measured over a shorter period and calculated as the product of

daily water loss rate and an incubation period of 42 days, divided by

initial egg mass. All these values are essentially in agreement and fall

within 1 SO of the mean fractional water loss of 15,0%±2,5(SO)% for /81

species reported by Ar & Rahn (1980). On the basis of additional obser

vations that. the relative water content of the hatchling is similar to that

of the fresh egg, they suggest that this typical fractional incubation water

loss was a mandatory requirement for optimal hatching success. Very few
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studies have examined the daily water loss over the complete incubation

period. In such cases it is observed that the daily rate actively increases

with time (Drent, 1970; Grant et ~., 1982) and that these increases in

water loss rate are associated with Ii gradual increase in egg me1;.abolism and

egg temperature during the second half of incubation, which raises the water

vapor pressure in the egg and thus increases the driving vapor pressure

difference between the egg and the nest.

In our studies the egg temperature of infertile eggs was recorded and there

fore does not reflect the temperature changes of living eggs during the last

part of i ncubat i on. However, these can be estimated to increase by about

1,8°C (see below). In separate studies, to be reported elsewhere (see Chap

ter 3), estimates show that from the first week of incubation to the last,

egg temperature of fertile eggs was increased by .E! 2,3°C, sufficient to

account for the 20% increase (P < 0,0l) in the rate of water loss from 4,0

to 4,8 g. day-l (F i g. 2.5).

Nest Humidity and Water Loss

We .may now consider the nest conditions prerequisite for incubation water

loss. The rate of egg water loss is a physical phenomenon dependent on the

escape of water vapor pressure by diffusion across the pores of the shell.

It can be described as follows:

MHO=GHO{Pe-Pn)HO •••••••••••••••••••••••••••••••••••• (1)
222

where MH 0 = rate of water loss, mg.day-l, GH 0 =water vapor conductance of
the shelf {mg. day-I. torr-I), and Pe and Pn =Jater vapor pressure in the egg

and nest air, respectively (torr). Substituting into equation (1) the

values of the ostrich, where MH 0 = 4403 mg.day-l (Fig. 2.5, based on over-
2

all mean) and GH 0 = 146,6 mg.day-l.torr-1, one obtains va.por pressure
2

difference (Pe - Pn) which must have existed between egg and nest air, equal

to 30,0 torr. This value is similar ·to the average difference in water

vapor pressure for most speci es (30,° torr; Ar & Rahn, 1978). However,

Jarvis et~. (1985) su9gested P = 24,7 torr as a close approximation of

conditions found in wild ostrich nests. Since we also know the vapor

pressure of the ostrich nest, Pn = 11,0 torr (Fig. 2.2), we can add these
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two values (30,0 + 11,0) to obtain the water· vapor pressure of 41 torr which

must have exi sted in the egg, Pe • The water vapor pressure in the air

spaces of the membranes beneath the shell is essentially saturated (Rahn and

Ar, 1974), and thus one obtains from this value the average temperature of

the egg, which according to the vapor-temperature tables is 34,5'C. This

value approximates our central egg temperature of 34,9'C reported above.

By similar calculations one can arrive at the change of mean egg tempera

tures between the first 13 days of incubation and during the last 7 days of

incubation. During the first period MH
2
0 = 4010 mg.day-1 and the nest

humidity, Pn = 11.5 torr (Fig. 2.2), providing a tempe.rature estimate of

33,6'C. During the last period MH 0 = 4831 mg.day-1 and Pn = 10 torr (Fig.
. 2

2.2), providing a temperature of 35,4'C, a net increase of l,8'C. Somewhat

higher change of mean egg temperatures (2,3'C) during the incubation period

can be estimated from data using egg hygrometer values and will be reported

elsewhere (see Chapter 3).

When we look at the overall mean values of the eggs and their microclimate,

there are two important behavi oral components that emerge duri ng i ncuba

tion. First is the nearly complete nest attentiveness of both the male and

the female which by their constant brood patch temperature of 38,O'C provide

a mean central egg temperature of ca 35'C and an egg water vapor pressure of

41 torr.

The second behavioral component is the creation of a nest air humidity main

tained sl ightly above a changing ambient humidity and averaging 11 torr.

These conditions establish across the eggshell-nest air interface a (41 

11) or 30 torr water vapor gradient which combined with the fixed eggsliell

conductance of 147 mg.day-1.torr- 1 is responsible for a total water loss

equal to 13,2% of the initial egg mass, a value within the normal range of

most other birds.

REFERENCES

Ar, A., Paganelli, C.V., Reeves, R.B., Greene, D.G. & Rahn, H., 1974. The

avi an egg: water vapor conductance, shell thickness and functional

2.15



Ostri ch Struthi 0 camel us

Ph.D Thesis, University

1985. Some physical requirements

56, 42-51.

pore area. Condor 76, 153-158.

AI', A. " Rahn, H., 1978. Interdependence of gas conductance, incubation

1ength, and wei ght of the avi an !!99. In: Respi ratory Functi on in

Birds, Adults and Embryonic. J. Piiper, ed. Springer-Verlag, Berlin,

pp. 227-236.

AI', A. & Rahn, H., 1980. Water in the avi an egg: overall budget of i ncuba

tion. Am. Zool. 20, 373-384.

Bertram,' B.C.R. & Burger, A.E., 1981. Aspects of incubation in Ostriches.

Ostrich 52, 36-43.

Burger, A.E. & Bertram, B.C.R., 1981. Ostrich eggs in artificial incuba-

tors: could their hatching success be improved? S. Afr. i. Sci. 77,

188-189.

Chattock, A.P., 1925. On the physics of incubation. Phil. Trans. Roy • .soc.

London. Ser. ! 213, 397-450.

Crawford, E.C. " Schmidt-Nielsen, K., 1967. Temperature regulation and

evaporative cooling in the ostrich. Am. i. Physiol. 212(2), 347-353.

Drent, R.H., 1970. Functional aspects of incubation in the Herring GUll.

Behaviour (Suppl.) 17, 1-132.

Drent, R.H., 1975. Incubation. In: Avian Biology, D.S. Farner and J.R.

Ki.ng, eds. Academic Press, New York, Vol. 5, pp. 334-420.

Duerden, J.E., 1910. The principles of ostrich breeding. Agric. i. 37(2),
133-135.

French, N.A. &Board, R.G., 1983. Water vapor conductance of wildfowl eggs

and incubator humidity. Wildfowl 34, 144-152.

Grant, G.S., 1982. Avian incubation: Egg Temperature, Nest Humidity, and

Behavioral Thermoregulation in a Hot Environment. Ornithol. Monogr.

No. 30, Amer. Ornithol. Union, Washington, D.C., p. 1-75.

Grant, &.S., Pettit, T.N., Rahn, H., Wi ttow , G.C. & Paganelli, C.V., 19R2.

Water loss from Laysan and Bl ack-footed Al batross eggs. Physiol.

Zool. 55, 405-414.

Hurxthal, L.M., 1979. Breedi ng behavi our of the

massaicus (Neuman) in Nairobi National Park.

of Nairobi.

Jarvis, M.J:F., Keffen, R.H. &Jarvis, C.,

for ostrich egg incubation. Ostrich

2.16



Jones, J.H., 1982. PUlmonary blood flow distribution in panting ostriches.

~. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 53(6), 1411

1417.

Humi di ty in the avi an

Physiol. Zool. 50, 269-

& Paganell i, C.V., 1977.

loss during incubation.

Louw, G.N., Belonje, P.C. & Coetzee, H.J., 1969. Renal function, resoira

tion, heart rate and thermoregu-lation in the Ostrich (Struthio came

lusl. Scient. Pap. Namib. Desert Res. Stn. 42, 43-54.

Rahn, H. ,& Ar, A., 1974. The avian egg: Incubation 'time and water loss.

Condor 76, 147-152.

Rahn, H., Ackerman, R.A.

nest and egg water

283.

Rahn, H., Krog. J. & Mehlum, F., 1983. Microclimate of the nest and egg

water loss of the Ei der Somateria molissima and other waterfowl in

Spitsbergen. Polar Res. I, 171-183.

Rahn, H., 1984. Factors controlling the rate of incubation water loss in

bird eggs. In: Respiration and Metabolism of Embryonic Vertebrates.

R.S. Seymour, ed. Dr. W. Junk PUblishers, Dordrecht, DP. 271-288.

Schmidt-Nielsen, K•• Kanwisher" J •• Lasiewski, R.C •• Cohn, J.E. & Bretz,

W.L., 1969. Temperature regulation and respiration in the Ostrich.

Condor 71, 341-352.

Siegfried, W.R. &Frost. P.G.H., 1974. Egg temperature and incubation beha

viour of the Ostrich. Madoqua Sere 1(3). 63-66.

Smit. D.J.y.Z•• 1963. Ostrich farming in the Little Karoo. S. African

Dept. of Agric. Tech. Ser. 8ull. 358. Pretoria.

Smit, D.J.y.Z., 1984. Russel Thornton's ostrich expedition to the Sahara,

1911-1912. Karoo Agric. 3(3). 19-27.

TUllett, S.G., 1981. Theoretical and practical aspects of eggshell

porosity. Turkey 29, 24-28.

Walsberg, G.E., 1983. A test for regulation of nest 'humidity in two bird

species. Physiol. Zool. 56(2). 231~235.

2.17



3
Microclimate of Ostrich Nests: Measurement of Egg Temperature and Nest

Humidity using Egg Hygrometers

INTRODUCTION

In a previ ous study (Swart, Rahn & De Kock, 1987; see Chapter 2") the
changes of the microclimate of nests of the African Ostrich (Struthio
camel us) during 41 days of incubation were described. Specifically, rela
tive humidities and temperatures of the nest and ambient air were conti
nuously recorded; also recorded were the temperatures of infertile eggs, by
use of implanted thermistors. From these measurements the absolute humidity
difference between nest and ambient air was calculated as well as the water
vapor gradient between the egg and the nest air. The water vapor gradient
calculated in this manner agreed with the gradient determined from the rate
of egg water loss and the eggshell conductance.

However, these measurements required instrumented eggs which had to be
securely fixed and anchored in the nest and from which leads went to recor
ding equipment which had to be protected from the elements and well hidden
from the incubating parents. Furthermore, the placement of thermistors for
recording egg temperature is not suitable for living eggs. In this study a
method is described which allows one to obtain similar information, as well
as temperatures of living eggs, without the use of such instrumented eggs,
el ectroni c 1eads and recordi ng equi pment. It al so causes 1ess di sturbance
to the incubating parents. In this technique one adds to the existing
cl utch of eggs an egg hygrometer, and eggs in whi ch the shell conductance
has been previously measured. Once a week all eggs are weighed, and from
the mass changes one can establ ish the absol ute nest humi di ty, the water,
vapor pressure gradient between the egg and nest air, the shell conductance
of the original clutch of eggs, the rate of water loss, the saturation water
vapor pressu\e of infertile and fertile eggs, and can calculate the mean egg

temperature of the eggs in questi on.
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Placing another egg hygrometer together with a precalibrated fresh egg out

side the nesting area, allows one to establish the absolute humidity and

temperature of the ambient environment as well as the water vapor pressure

gradient between the nest air and the environment.

In thi s study we fi rst compare the resul ts obtai ned by both methods, usi ng

infertile eggs for validation of the hygrometer method, and then describe

the results obtained on fertile eggs, how their incubation temperature chan

ges with time, and how this relates to the increasing rate of water loss to

wards the end of incubation.

METHODS

General concepts. The water vapor gradient between a previously calibrated

egg placed in the nest and the nest air, (Pe - Pn), can be calculated as

foll ows (Tull ett, 1981):

(Pe - Pn) = MH 0 (calib)/GH 0 (calib) ...•••••.••.••.•••••••••.•. (l)
2 2

where MH 0 = the rate of mass loss, mg.day-1, GH 0 = shell conductance,
2 2

mg(day.torr)-l of the previously calibrated fresh egg placed in the nest,

and Pe-Pn = water vapor pressure difference between the egg and nest ai r,

torr.

The absolute humidity of nest air, Pn, is obtained from the hygrometer egg

placed in·the nest (Rahn, Ackerman &Paganelli, 1977):

Pn = MH 0 (hygr)/GH 0 (hygr) : (2)
2 2

where MH
2
0 = rate of mass increase (due to the uptake of water vapor by

silica gel inside the hygrometer egg), mg.day-1, GH
2
0 = shell conductance of

the hygrometer egg, mg(day.torr)-l, and Pn = water vapor pressure of nest

air, torr.

Egg temperature is obtained by adding the value ofPn from the hygrometer

egg to the (Pe - Pn) value from the calibrated egg to represent the satura

tion water vapor pressure of the egg (Rahn, Ackerman &Paganelli, 1977):

Pe = Pn + (Pe-Pn) •.•..•••...••....••••.•..••••..•••..•...•••... (3)

The temperature is then obtai ned from standard tabl es of saturated water

vapor.
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,

Eggshell conductance of "unknown" egg is derived from the following rela
tionship:

MH
2
0 = GH

2
0 (unkn)!(Pe-Pn) ••••••••••••...••••••••••.••••••••••• (4)

where MH
2
0 = rate of mass loss of unknown egg and (Pe - Pn) is obtained from

Eq. (1). This assumes that the egg temperatures of the unknown egg and the
calibrated egg are the same.

Nests and eggs. The general site and location of the ostrich nests were
described previously (Swart et~, 1987). Eggs from each of 6 nests which

the parents had been incubating steadily for 3 - 5 days were removed and
rep1 aced wi th 10 experimental eggs "( Fi g. 3.1), namely

(a) 4 fresh "unknown" eggs in which only the initial mass had been deter

mined. These were used to establish the daily water loss, MH 0 (see
2

Eq. 4);

(b) 2 calibrated ostrich egg hygrometers for determining the absolute nest
humidity, Pn, (see Eq. 2);

(c) " 2 fertile and 2 infertile eggs in which the shell conductance had pre
vi ous1y been estab1 i shed for measurement of the water vapor gradi ent

between the egg and nest air (Pe - Pn) (see Eq. 1). Fresh eggs were

rendered infertile by exposing them to l,S-3°C for 72 hours.

All 60 experimental eggs were weighed once a week over the entire incubation
period of 41 days. Eggs were transported from the fi.e1d to the laboratory
in tightly closed plastic bags as described by Grant, Pettit, Rahn, Whittow
&Paganelli (1982) and weighed on an electronic scale (Precisa 3000 C) with
a sensitivity of 0,005 g. Three of the nests were shaded from the sun with

A-frame ostrich huts thatched with common reeds according to standard

ostrich farm practice. The other three nests remained in the open sun.
There were no differences though, between egg data from shaded and unshaded
nests. Cal ibrated eggs and egg hygrometers were al so p1 aced in unattended
but shaded nests of other ostriches and provided information for calculation
of absolute humidity and temperature of the ambi ent envi ronment. A11 eggs
were representati ve samp1 es from a commerci al egg produci ng ostri ch flock
(20 females) and were allocated at random to the six experimental nests.
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calibrated fresh eggs and other "unknown" eggs.
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Preparation of egg hygrometers. Diffusi on hygrometers were prepared from

ostrich eggs according to the method described by Rahn et ~ (1977). Brief

ly, eg9s were emptied through a small opening in the shell, cleaned, dried,

and filled with ca 1300 g of silica gel serving as a desiccant. A special

brass sleeve and screw cap closed the opening. They were then calibrated by

exposing them in an el ectronically controlled forced-draught incubator (La

Nationale) designed for ostrich eggs, which maintained the humidity at a

water vapor pressure of 19,7 t 0,1 torr (1 torr = 1 mm Hg) and a dry bulb

temperature of 36,0 1: O,l°C. The average daily weight gain of the hygro

meters was measured over a 7-day period and when divided by the water vapor

pressure (19,7 torr) determined the egg hygrometer conductance.

In this study the hygrometer eggs were refilled with fresh oven-dried silica

gel every seven days, after removal from the nest. The ostrich egg hygro

meters were readily accepted in all nests. The average nest ai r humi di ty,

Pn, was calculated by dividing the daily mass gain over the 7-day period by

the hygrometer conductance as shown in Eq. (2).

Ambient humidity measurements, Pa, were done in the same manner by placing

hygrometers in nearby unattended nests which were shaded from the sun.

Eggshell conductance of calibrated eggs. These values were obtained in a

manner similar to the calibration of egg hygrometers, according to the modi

fied method of Ar, Paganelli, Reeves, Greene & Rahn (1974), and have been

described by Swart et .!!. (1987). Briefly, fresh eggs were placed in the

incubator at 36°C and vapor pressure of 19,7 torr, and weighed at daily

interval s. The shell conductance was determi ned by di vi di ng thei r average

mass loss by the difference between the saturation water vapor pressure at

36°C and the vapor pressure of the incubator. These cal ibrated eggs were

then placed in the attended and unattended nests.

Water vapor gradient between egg and nest air. The daily mass loss of the

precalibrated egg, MH o(calib.), when divided by the shell conductance esta-
2 .

blishes the water vapor gradient (Pe - Pn) as shown ln Eq. (1).

Assessment of egg temperature. Addi ng the water vapor di fference between
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the egg and the nest air (Pe - Pn) to the nest humidity (Pn) one obtains the
mean saturated water vapor pressure of the egg, Pe, as shown in Eq. (3), and
from standard water vapor-temperature tables, the mean egg temperature, Te,
reflecting the average temperature inside the total shell surface (Rahn et
~' 1977; Rahn, 1984). Ambi ent temperature, Ta, was assessed in the same
manner by weighing a calibrated egg placed together with an egg hygrometer
in a nearby unattended but shaded nest.

Shell conductance of "unknown- eggs. As pointed out above, 2 infertile and
2 fertile eggs were weighed and added to the nest. Their shell conductance
was determined by dividing their daily mass loss, Mil 0, by the water vapo"r

2
gradient, (Pe - Pn), established by the calibrated eggs (Eq. 4).

RESULTS

Effectiveness of Ostrich Egg Diffusion Hygrometers

Vari ous aspects of these hygrometers must be cons idered, namely, thei r
accuracy, repeated use in the field, and effective life span.

Accuracy. Egg hygrometers together with "cal ibrated" eggs were pl aced for
five days in an incubator with a temperature of 36,2 w C and an absolute
humidity of 17,6 torr. The average vapor pressure calculated from 19
hygrometers was 17,8 ± 0,03 torr. When the (Pe - Pn) values (derived by
dividing the mass loss of the "calibrated" eggs by their conductance (Eq. 1)

is added to the absolute humidity of 17,6 torr, one obtains a Pe for

calibrated eggs of 45,S ± 0,2 torr, which is equivalent to a saturation
water vapor pressure at 36,4"C. The differences for both the vapor pressure
and the temperature were negligible (P > 0,5).

Stability. Hygrometers were calibrated prior to and after repeated use in
the nest over the 41-day incubation period. As Table 3.1 indicates, they
remained remarkably constant in spite of repeated handling and exposure to
the soil of the nest.
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Table 3.1 Repeated calibrations of hygrometer eggs prior to and after

consecutive use in nests, expressed as water vapor conductances

Water vapor conductance, GH20 mg(day.torr)-l

I
II

I

Hygrometer

eggs

_N = 17

± SE

Oct.

5-9

138,0

7,93

Oct.

10-15

138,5

8,04

Dec.

3-10

138,6

7,83

SD

%

0,265
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Useful 1He span. The peri od of time an egg hygrometer can be left in the

nest depends upon the time before the hYgroscopi c agent begi ns to exert a

significant back pressure of water vapor. By exposing hygrometers to a

constant vapor pressure and recording the daily weight gains, one can show

that at a mean exposure pressure of 19,7 torr the useful life is about 12 

14 days. As pointed out previously (Rahn et~, 1977), smaller eggs have a

shorter useful life span in the nest.

Compar; son of Egg Temperatures by Hygrometry and Thennometry

Tabl e 3.2 illustrates the deri vati on of egg temperatures ina nest over a

41-day incubation period, based on the mass changes of·2 hygrometer eggs and

2 calibrated infertile eggs (column ll. The mean conductance of the 2

hygrometer· eggs was 163 mg (d.torr)-l and of the 2 infertile eggs was 181

mg (d.torr)-l (column 2). The overall mean values and SD for 6 weeks of

incubation are shown at the bottom of Table 3.2. Derivation of ambient tem

peratures was simil arly based on the mass changes of 2 hygrometers and 2

calibrated infertile eggs placed in a nearby unattended but shaded nest.

Table 3.3 compares the values for egg temperatures, nest humidity, ambient

humidity, and ambient temperature obtained in the same nest with those ob

tained by direct thermometry and relative humidity sensors as described pre

viously (Swart et~, 1987). The only significant difference between values

derived from the two methods was the overall mean absolute humidity of the

nest air which was 1,7 torr greater (P < 0,01) than obtained by egg hygro

metry. This may be due to the fact that the relative humidity and tempera

ture sensors, from which the absolute humidity value was derived, were moun

ted in a hollow but porous fibre glass eggshell, and possibly had less expo

sure ·to nest air than the hygrometer eggs. Furthermore, Pn derived from egg

hygrometers provi de an integrated mean val ue of the mi croenvi ronment sur

rounding the entire eggshell.

Egg Temperature of Fertile and Infertile Eggs

Table 3.4 shows

changes; MHO'
2

the averaged data from 4 nests. It includes the daily mass

and the precal i brated conductance val ues, GH 0' of 8 hygro
2
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Daily mass change (MH 0) and shell conductance (GH 0) of 2 egg

hygrometers and 2 i nfe
2
rtil e eggs in one nest duri ng 2each week of

incubation. From these values the nest humidity (Pn), the water

vapor gradi ent between the i nfert il e eggs and the nest humi di ty

(Pe-Pn), the saturated vapor tension of the infertile egg (Pe),

and the temperature of the i nfert il e egg (Te) are derived as

explained in the text. Mean values rounded off to significant

. decimal.

(1+2) (1+2) (3+4)

I
I

Ii

Te
·C

(6)(5 )

Pe

torr

(4 )

Pe-Pn

torr

(3 )(2)

GH
2
0 Pn

mg(d.torr)-l torr

(1 )

Calibrated

Eggs

In-Nest

Date

Table 3.2

Oct

17-23

hygrometer

i nfertil e

1921
5075

163 11,8
181 28,0 39,8 34,0

Oct

23-30

hygrometer

infertile

2270
5116

163 13,9
181 28,3 42,2 35,1

Oct/Nov

30-6

hygrometer

infertil e

2133
5280

163 13,1
181 29,2 42,3 35,1

Nov

6-13

hygrometer

infertile

1971
5578

163 12,1
181 30,8 42,9 35,3

Nov

13-20

hygrometer

i nfertil e

2104
5421

163 12,9
181 30,0 42,9 35,3

Nov

20-27

hygrometer

infertile

1986
5492

163 12,2
181 30,3 42,5 35,2

Mean

Mean

hygrometer
(SO)

infertile

(SO)

2064
(130)

5327
(206)

163 12,7
(0,8 )

181 29,4
(1,1 )

42,1
(1,2)

35,0
(0,5)
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Table 3.3 Week by week comparison of mean egg temperature, nest humidity, ambient temperature, and ambient humidity values
derived from diffusion hygrometry (x) (see Table 3.2) with those measured with recourse to thermometry and relative

humidity probes (y) in the same nest.

Egg Nest Ambient

In-Nest Temperature, ·c Humi dity, torr Temperature, ·c Humidity, torr

date Tx Ty .1 Te Px py .1 Pn Tx1 Ty2 .1 Ta Px py .1 Pa

Oct 17 -23 34,0 34,5 -0,5 11,8 10.1 +1,7 19,4 18,9 +0,5 7,1 7,5 -0,4

Oct 23-30 35,1 34.5 +0,6 13,9 12,9 +1,0 22,7 20,0 +2,7 10,3 9,9 +0,4

Oct/Noy 30-6 35,1 35,0 +0,1 13 ;1 11.0 +2,1 21,2 21,0 +0,2 8,0 7,8 +0,2

Nov 6-13 35,3 35,4 -0,1 12,1 11.0 +1,1 26.5 . 23,1 +3,4 8,0 8,2 -0,2

Nov 13-20 35,3 35,2 +0,1 12,9 10.9 +2,0 21,8 . 18,6 +3,2 9,3 8,5 +0,8

Noy 2-27 35,2 35,3 -0,1 12,2 10,0 +2,2 20,6 19,0 +1,6 8,5 8,6 -0,1

Mean ± SE 35,0 35,0 0,0 12,7 11.0 +1,7 22,0 20,1 +1,9 8,5 8,4 +0,1

(6 weeks) 0,2 0,2 0,2 0,3 0.4 0.2 1,0 0,7 0,6 0,5 0,4 0,2

1 Ambient Tx was based on mass changes of 2 hygrometer eggs and 2 calibrated infertile eggs placed in a nearby unattended
nest.

2 Ambient Ty was calculated from the official log of a nearby weather station.

w
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Table 3.4 Daily mass change (MH 0 l, shell conductance (GH 0 l, and
. 2 2

net air humidity (Pnl in 6 fertile and 6 infertile eggs of 4

ostri ch nests duri ng 5 successi ve weeks of i ncubat i on. From

these val ues the egg temperatures are derived as di scussed in

text and shown in Table 2. Values are averaged weekly means.

MH 0 GH 0 Pn (Pe-Pnl Pe Te
2 2

Calibrated

Days eggs n mg.day-1 mg(d.torrl-1 torr torr torr ·C

6-13 hygrometer 8 1832 147,9 12,4

i nfert il e 7 4369 162,1 27,0 39,6 34,0

fertil e 6 4274 151,0 28,4 41,0 34,5

13-20 hygrometer 8 2142 147,9 14,6

infertile 7 4301 162,1 26,6 41,2 34,6

fertil e 6 4217 151,0 27,5 42,5 35,1

20-27 hygrometer 8 1949 147,9 13,2

i nfertil e 7 4472 162,1 27,5 40,4 34,3

fertil e 6 4485 151,0 29,7 42,7 35,2

27-34 hygrometer 8 1781 147,9 12,1

i nfertil e 7 4774 162,1 29,4 41,5 34,7

fertil e 6 5123 151,0 33,9 45,9 36,5

34-41 hygrometer 8 2029 147,9 13,8

i nfertil e 7 4387 162,1 26,9 40,8 34,3

fertil e 6 5008 151,0 33,3 47,2 37,1
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meter eggs, 7 infertile and 6 fertile eggs, as well as the derived values of

Pn, (Pe - Pn), Pe, and egg temperature, Te.

The nest humidity, MH 0 ' (Pe - Pn), Pe, and Te of the infertile eggs

remained re1 ative1y co~stant throughout the 41-day incubation period, and

the equiva1 ent data for the fertil e eggs were simil ar to those of the

i nfertil e eggs duri ng the fi rst 20 days. However, duri ng the 1ast half

of i ncubati on the (Pe - Pn) and Pe val ues gradually increased above the

corresponding values of infertile eggs as well as the mass loss and calcula

ted temperature. The changes in Pe and Te are graphed against incubation

time for both infertile and fertile eggs in Figure 3.2.

Egg Temperature of "Unknown" Eggs

Tab1e 3.5 shows the averaged mass loss of 12 "unknown" eggs (2 each from 6

nests). Dividing this value during the first week by the average (Pe - Pn)

obtained from the preCa1ibrated fertile eggs (26,6 torr) in the same nest

established the shell conductance of the "unknown" eggs of 149,6

mg (d.torr)-l. Thereafter this value was used to calculate the (Pe - Pn)

and added to the Pn, obtained from the hygrometers, to obtain Pe and the egg

temperature, Te. It will be noted that the changes observed with time are

very similar to those of the fertile eggs in Table 3.4. The average mass

loss for these 12 eggs is shown in Figure 3.3.

DISCUSSION

Advantages of Egg Hygrometers

The transport of water vapor from the egg to the microclimate of the nest

occurs by diffusion and the rate of egg water loss is equal to the product

of the water vapor conductance and the vapor pressure difference between the

egg and nest air, or MH 0 = GH 0 (Pe - pn)H 0 (Paganelli, 1980). In order

to assess the absolute n~st air
2
humidity as ~e11 as the egg temperature, the

egg hygrometer offers great advantages over the instruments usually employed

for measurement of humi d1 ty and temperatures if for no other reason than

that the incubation act of the parents remains relatively undisturbed. It
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Figure 3.2 Changes in weekly mean egg temperatures and egg water
vapor pressure during natural incubation for 6 fertile and 7 infer
tile eggs in 4 nests. Shaded area indicates significant differences
(P< 0.05) between fertile and infertile eggs (mean AT = 2.3·C). For

details see text.
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· Table 3.5 Assessment of water vapor conductance (GH 0) and egg temperature
2

(Te) of "unknown" eggs during natural incubation in 6 ostrich
nests (12 eggs). Mean.valu~s and SE. For details see text.

Incubation (1) (2) (3) = (1+2) (4) (5) = (4+3) (6 )
Time MH2O GH20 (Pe-Pn) Pn Pe Te

days mg. day-1 mg(d.torr)-l torr torr torr ·c

0-6 3980 149,6 (26,6) 13,0 39,6 33,9
±197

6-13 4040 " 27,0 14,9 41,9 34,9
±178

13-20 4263 " 28,5 13,1 41,6 34,8
±222

20-27 4585 " 30,7 12,3 43,0 35,4
±242

27-34 4719 " 31,5 ·13,8 45,3 36,3

±246

34-41 4831 " 32,3 13,3 45,6 36,4

±245
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5000 r-

Egg Water 4600 ,...

3800 I-
rl I I I I I

o 6 . '13 20 27 34

Natural Incubation, days

I

41

Figure 3.3 Egg water loss from 12 "unknown" but live ostrich eggs

in 6 nests duri ng natural i ncubati on. Hori zonta1 bar represents the

average val ue for the correspondi ng time interval. Verti cal bars

represent standard error of the means (Swart et~, 1987).
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also provides temperature assessment of living eggs, not reliable and conti

nuously recorded by telemetry. The use of egg hygrometers and their appli

cation was first described by Rahn et 2.l, (1977) and is based upon the

pri nci pl es pi oneered by Chattock (19251. For egg diffusion hygrometers to

function it is mandatory that convection currents in no way interfere with

the transfer rate of water vapor by diffusion. Evidence that the loss of

water vapor from bird eggs is essentially independent of convection currents

has been amply demonstrated over the years (Paganell i, 1980), and more

recently Spot il a, Wei nheimer & Paganell i (1981) demonstrated in wi nd tunnel

experiments that boundary layer effects and· wind speed are of little

importance in the transfer rate of water vapor from the egg to its environ

ment, even in eggs as large as those of the ostrich. Thus the avian egg

shell becomes an ideal porous membrane for diffusion hygrometry.

Wi th conventi onalinstruments one must record the rel ative humi di ty as well

as the temperature in order to calculate the absolute humidity. Further

more, over any extended peri od these val ues must be integrated to obtai n

averages over a period of days or weeks. On the other hand, diffusion

hygrometers conti nuously integrate because the rate of transfer of water

vapor is directly proportional to the absolute humidity. Lastly, this rate

is essentially independent of temperature over the ranges encountered

(Paganelli, 1980).

The accuracy of egg hygrometers depends upon initial calibration of the

shell conductance and the accuracy with which the mass gain over a given

peri od can be measured. The stabi 1ity of the hygrometer conductance over

extended periods before and after refilling their content with sil ica gel is

shown in Table 3.1.

Temperature Gradients within the Egg

It is well known that the temperature of naturally incubating eggs is not

uniform and that a temperature difference within the egg of 2_6°C exists

between the top of the egg near the brood patch and the bottom (see Rahn et

al, 1983). In a previous study (Swart et al, 1987) the temperature at the- . --
top and bottom of the infertile ostrich egg had been measured throughout the

course of incubation as well as the brood patch temperature, nest and

ambient air, using thermistors. These are shown in Figure 3.4. Assuming a
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Figure 3.4 Composite of various measured temperatures showing the
heat gradients in an ostrich nest containing an infertile egg.
Distance scale on the left. (See also Table 4).



1i near temperature gradi ent, the center of the egg has a temperature of

35,O°C. That this value reflects an overall mean value now receives addi

ti onal support from the i ndi rect measurement described above (see al so

Table 3.2).

Egg Temperature Predictions

Comparisqns of directly and indirectly measured egg temperatures in 15

speci es wi th egg masses from 10 to 300 g showed that the measured val ues

ranged from 2,7°C higher to 1,7°C lower than the indirectly determined

temperature. The overall mean difference was zero, SD 1,2°C (Rahn, 1984).

Si nce the i ndi rectly determi ned temperature is based on the diffusi on of

water vapor, it most likely represents the mean averaged temperature exis

ting on the internal surface of the eggshell. In fertile eggs during the

last half of incubation the embryonic metabolism produces sufficient heat to

increase egg temperatures above the values in infertile eggs (Table 3.4),

and this is reflected itn the larger (Pe-Pn) and Pe values of the fertile

egg. While Pn is constant, the Pe value gradually increases during the last

half of incubation, thus increasing (Pe-Pn) and the daily water loss. A

similar pattern of increasing water loss during the last half of natural in

cubation has been described for the Herring Gull, Larus argentatus, (Drent,

1970), for the Laysan Albatross, Diomedea immutabilis, (Grant, Pettit, Rahn,

Whittow &Paganelli, 1982) and the Sooty Tern, Sterna fusca, (Brown, 1976).

In the first two species this was associated with an increasing egg

temperature measured by thermometry.

Consideration of predicted egg temperature via egg diffusion hYgrometry,

however, assumes constancy of conductance to water vapor of eggs during in

cubation. In order to detect a possible change in GH 0 of ostrich e9gs du-
Z

ring embryonic development, 10 freshly laid eggs were calibrated prior to

artificial incubation, GHZO = 147,1 * 11,96 mg(day.torr)-I. The GHZO of the

same eggs containing well developed embryos after 35 days of incubation but

which were killed prior to the measurement, was 147,7* mg(day.torr)-I, and

did not differ (P > 0,50) from the initial calibration.

Indirect assessment of egg temperature also assumes that the entire surface
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area of the egg is exposed to the mi crocl imate of the nest and ignores

contact with the brood patch, which, one might predict, would reduce the

measured shell conductance. That this, however, appears not the case was

suggested from the following observation (Rahn, 1984) which listed the rate

of water loss (MHZO), the central egg temperature measured directly (Te),

and the measured vapor pressure of the nest (Pn) for 15 different species.

Converting Te to Pe and subtracting Pn yields the (Pe-Pn) value which was

divided into the MHZO to establish independently the effective shell conduc

tance in the nest. When these val ues were compared with the directly

measured shell conductance in the laboratory, the agreement was surprisingly

good. The mean ratio of effective to measured GHZO was 1,0ItO,12 (SO), sug

gesting that the directly measured GH 0 can be used with confidence.
_ z. .

The same question, whether brood patch contact with the egg hygrometer re

duces the effective shell conductance, can be answered in the following

w~. One can compare the Pn value obtained from egg hygrometry with the Pn

value derived by subtracting (Pe - Pn) = (MH O/GH O) from Pe value obtained
Z Z

by direct thermometry. For 15 species the mean difference is 0,07t3,1 (SD)

torr. Lastly, for the same group of bi rds the di rectly and i ndi rectly ob

tained egg temperatures can be compared. This difference is 0,01 ·Ct1,2

(SO) •

Nest Humidity and Nest "V~ntilation·

To attain an optimal state of egg hydration prior to hatching the ostrich

egg loses about 13% of its initial mass (Swart et!l, 198?). This value is

within 1 SO of the average value reported for 81 species (Ar &Rahn, 1980).

As di ffus i on is the only mechani SOl of water transport from the i ncubati n9

egg to its surrounding nest microcl imate, the overall mean pressure head

available for this water loss (Pe-Pn) = 43,9 - 13,2 or 30,7 torr (Table 3.4,

Fig. 3.5). The mean value, however, does not l'eveal the increase in Pe

resulting from an increase in egg temperature of live eggs towards comple

tion of incubation, while the corresponding Pn remained practically constant

(Fig. 3.5). This, in turn, resulted in a 15% increase of (Pe - Pn), suffi

ci ent to account for the observed increase in the rate of water loss from

4,2 tot 5,0 g.day-1 over the entire incubation period (Fig. 3.5).
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Egg Water 5.1 5.0
loss 5 f- 4.3 4.5 • •4.2 I

(g. day-4) 4 ~
I I

36.5 37.1
37 l- I

. Egg Temp. 35.1 35.2 I

. (OC) 35 f- 34.5 • I
I

33 ~
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(torr) (torr)
Pe 43.9
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Pn 13.2 47
Po 8.5 .
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50 I-
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Figure 3.5 Egg water loss, egg temperature and water vapor pressure
values of the egg, Pe, (top), the nest, Pn, (middle), and ambient
atmosphere, Pa. (bottom). Values are average weekly means from 6
1i vi ng eggs in 4 nests. In set shows the mean values of the water
vapor pressures for the whole incubation period. Mean nest air and
ambient temperatures were 34.4 and 22.3°C, respectively.
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Because Pn remained relatively constant throughout incubation, the water

vapor lost from the eggs as well as from the brood patch must also leave the

nest. The final sink for water vapor molecules leaving the nest is the

ambi ent atmosphere. Water vapor is, therefore transported by diffusi on

through the pl umage and nest materi al as well as by convection when the

parent moves, turns the eggs, or stands up.

Although 'ostriches show a relative lack of movement on the nest and shifting

of eggs once the attendi ng parent has settl ed, the mal e and femal e ostrich

usually exchange incubation turns during mid-morning and early afternoon,

altering the ventilation of the nest. The absolute humidty of the nest air

followed gross changes in ambient humidity throughout the entire incubation

peri od (Fi g. 3.5), and s imil ar nest patterns have been described for

chi ckens (Chattock, 1925) , al batrosses (Grant et ~, 1982), fi nches

(Walsberg, 1983), and willow ptarmigan (Andersen &Steen, 1986).

In 1925 Chattock wrote: "During incubation the air of the nest is conti

nuously receiving water vapor and carbon dioxide from the eggs, hen, and

materials of the nest; and it is the function of ventilation, by facilita

ting their escape, to prevent the undue accumulation of these substances in

the nest ai r. The escape may occur in two ways - by convecti on, when the

two gases are carried bodily -out of the nest by air currents; and by diffu

sion, when they travel out through air which may itself be stationary.

These two processes are independent of one another." He continues: "The

most convenient way of expressing the nest ventilation is to regard the

process as one of convection only and to calculate the number of litres of

air that must pass through the nest per hour to remove the C02 (and water

vapor) as fast as it is generated."

The nest ventilation equation can be written as follows (Rahn & Dawson

1979) :

v = MH o/(Pn-Pa)p •...••....••......••....••....•....• : ....•... (5)
2 -

where V = nest ventilation, l.day-l, ~ = capacitance coefficient, which at a

nest air temperature of 34°C is equal to 0,94 mg- H20 (l.Torr)-1 (Piiper et

~., 1971), (Pn-Pal = mean water vapor pressure difference between the nest

(Pnl and the ambient atmosphere (Pal, torr, and MH 0 = rate of water loss
2
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from the brood patch and eggs, mg.d- 1• We don't know the rate of water loss

from the brood patch, but this has been calculated for the incubating Bantam

Hen by Anderson and Steen (1986). When a c1 utch of 7 eggs is incubated,

about 30% of the overall water loss re1 eased into the nest ai r is deri ved

from the brood patch, the remainder from the eggs. In our case we can cal

culate only the ventilation required to remove the water vapor released by

the eggs. SUbstituting the observed values (Fig. 3.5) into equation (5)

yields the following nest "ventilation" for each egg = 4600/(4,7 x 0,94) =

ca 1000 1.day-1. This value is of some interest for recommending specifica

tions for commercial forced-draught incubators. This. value can also be com

pared with the value of 48 1.day-1 for the chicken egg (Chattock 1925), 82

1.day-1 for the gull egg (Rahn & Dawson 1979), 67 l.day~l for the penguin

(Rahn &Hammel 1982), and 41 1.day-1 for the egg of the Eider (Rahn, Krog &
Meh1 urn, 1983).

To 'Summarize, the simultaneous values of temperature and absolute humidity

found in the egg of the i ncubati ng ostri ch are ill ustrated in Fi gure 3.6.

The curve on the left is saturation water vapor pressure at various tempera

tures equi val ent to 100% re1 ative humi dity. The other curves represent

isop1eths of relative humidity of 80, 60, 40 and 20%. Point" e " repre

sents the range of water vapor pressure of the egg during the course of in

cubation, 41,0 to 47,2 torr at their respective temperatures that varied be

tween 34,5 and 37,1 ·C. Point" n " represents the vapor pressure of the

nest air and ranged fr~n 12~4 to 14,6 torr at a mean temperature of 34,4·C,

indicating a mean relative humidity of 33,5%, much lower than the mean value

reported by Rahn (1984) for other ground nesting species (48%). Ambient

humidity, " a ", varied between 7,1 and 10,3 torr at a temperature fluctua

ting between 19,4 and 26,5·C. The vapor pressure difference between the egg

and the nest (Pe-Pn) is a function of the ratio of rate of water loss to

shell conductance (MH OIGH 0, Eq. 1). On the other hand, the vapor pressure
2 2

difference between the nest and ambi ent atmosphere, (Pn-Pa l, is a functi on

of the ratio of rate of water loss from the eggs and brood patch to the nest

"ventilation", (MH dV~; Eq. 5).
2
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Figure 3.6 Simultaneous values of temperature and absolute humidi
ties of the egg (e) of incubating ostrich, the nest (n) and the
ambient environment (a). The curves are isopleths of relative
humidity, 20 -100%. For details see text.
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In addition, rearrangement of Eq. 3 all ows one to extrapol ate from the na
tural nest situation to conditions of artificial incubation, since:

P.n = Pe - MrI
2

0/GH
2
0 ••••••••••••••••••••••••••••••••••••••••••.•• (6)

where Pn = water vapor pressure of the incubator air, torr. Pe = satura
tion vapor pressure of the egg at incubator air temperature, torr.

By sUbstitution (Eq. 6), Pn = 15,91 (or relative humidity = 36%), assuming
an incubator air temperature of 36·C. The mean values of MHZO and
GHZO determined for 60 eggs (20 ostriches), were 4507 ± 106 mg.day-1 and
157,3 ±3,8 mg(day.torr)-l, respectively.
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SECTION 2
STUDIES ON GROWTH

AND ENERGY METABOLISM
IN YOUNG OSTRICHES



4
Nutritional Ecology of the Ostrich (Struthio Camelus)*

INTRODUCTION

The ostrlch is the largest living bird and one of the most familiar because
of its unusual appearance. They are primitive flightless birds belonging to

the subclass Ratitae (Family: Struthionidae) and are distantly related to

the rheas of South Ameri ca and to the emu and cassowary of Austral i a. The

ostrich has no keel on the sternum, small wings, no 'stiff contour feathers

and no oil gl and so they get wet when exposed to rai n. However, they have

long powerful 1egs whi ch enable them to run at speeds as hi gh as 70 ki 10

metres per hour which assists in defence and escape. The feet have only two
toes (the third and fourth), the larger with a nail or claw used in defence

or aggressive displays (McLachlan &Liversidge, 1978).

The plumage of the male ostrich is black except for the white plumes on the

wi ngs and tail. It is these pl urnes which led to the numbers of ostriches

being greatly reduced in many places and later to the domestication and se
lective breeding for plumes. The plumage of the females is brown with a

pal e edgi ng to the feathers. The head, most of the neck and the 1egs are

almost naked but the eyelids have long black eyelashes. Most birds in the

southern Cape and Karoo are derived from these early ostrich farming activi

ties.

About 200 years ago this species ranged over much of Africa, Syria and Ara

bia in desert and bush regions but they are now extinct or very rare over

most of this area. They are only found in settled areas where domesticated

animal s have gone feral such as occurred in the Karoo after the sl ump in

1914 (Smit, 1963). Wild birds are still found in southern and east Africa.

In the wil d the food consi sts of succul ents, other pl ants, seeds and ber

ries. They'al so ingest hard objects such as pebbles or coarse sand which

helps in grinding and crushing its food in the gizzard (McLachlan & Liver

sidge, 1978).

* A review based on Chapter 5 and 6 which appeared in Nuclear Active 1987,

Vol. 36, pp 12-9.
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Today ostrich farming in the Little Karoo of South Africa is again a multi

million rand industry. To ensure the industry's continued economic well

bei ng, ostri ch research pays parti cu1 ar attenti on to producti on techni ques

that wi 11 he1 p to improve effi ci ency and resu1 tin better product qual i ty

and profi tabil i ty. The i ntens ive producti on and fi ni shi ng of sl aughter

birds. for skin, meat and feather production on high concentrate diets is a

new development which contains exceptional possibilities for the industry
(Swart &, Kemm, 1985).

During 1985 a multi-disciplinary research programme on ostriches was

initiated by the Animal and Dairy Science Research Institute, the objective

bei ng to investigate the energy metabo1 i sm and the effi ci ency of energy

utilization in growing farm ostriches. An important aspect of the study was

to determine the extent to which plant fibre is digested in various segments

of the gastro-intestina1 tract of ostriches and whether these birds utilize

the end products of fibre digestion, namely volatile fatty acids (VFA) such

as ace- tic acid, efficiently.

The use of radioactive isotopes made a vital contribution to this research.

MICROBIAL DIGESTION : FORESTOMACH VERSUS HINDGUT FERMENTATION

Many animals of a wide range of orders have a portion of their digestive

tract adapted to accommodate a fermentation which assists with digestion or

with the provision of a variety of nutritional benefits. Although the most

success ful 1arge animal s wi th gastro- i ntesti nal fermentati ons are the rumi

nants (cattle, sheep, goats, various antelopes) they are far outnumbered by

animals with fermentations in the hindgut (r~i7t~, insects, bi'rds, rep-,

tiles, fish, lagomorphs, horses, pigs and, of course, man). .

The failure of higher animals to develop enzymes capable of degrading cellu

lose and related plant polymers is an anomaly of evolution in vertebrates.

Cellulose is probably the most common organic compound on earth but a cellu

lase is unknbwn in any vertebrate. Hence if animals are to utilize cellu

lose they must develop a symbiotic relationship with micro~es (bacteria and

protozoa) which possess fibre-degrading enzymes within the gastro-intestinal

tract of the host animal. Development of this symbiosis with its concomi

tant microbial fermentation is the basis for the evolution of herbivores.
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The microbial population would evolve to maXlmlZe the growth of its own

numbers and the host animal to take maximal advantage of the resulti ng

anaerobic fermentation. If the host animal is to gain substantial energy

from the end-products of microbial metabolism, then the fermentation must be

anaerobic. Efficient use of microbial fermentation requires the comminution

of ingested feed to small particle size, followed by the slow passage of

digesta through the fermentation chamber{s) of the alimentary tract both of

which perynit the extensive degradation of fibre by bacteria.

The complexity of microbe-host relationships varies enormously. One of the

most complex is found in ruminants. A large population of bacteria and pro

tozoa ferment ingesta plant material in the rumen with the production of

volatile fatty acids (VFA) which are absorbed through the wall and utilized

by the host animal as a major source of energy. As a, result of the high

fermentative activity the animal receives little hexose and has a low blood

sugar level. Plant proteins and non-protein nitrogen (NPN) are degraded to

ammonia and utilized for the synthesis of microbial protein. Urea produced

from protein catabolism can be recycled via saliva and by diffusion across

the rumen wall enabl ing the ruminant to conserve nitrogen and water. When

the micro-organisms pass from the rumen into the abomasum and small intes

tine, hydrolysis of microbial protein occurs and absorption of amino acids

by the host. Vi tami ns synthes ized by the rumi nal mi cro-organi sms are al so

available for the host animal. The synthetic activity of rumen bacteria

makes the adul t ruminant completely independent ofa dietary source of B

vitamins. Undigested plant material and other residues pass to the hindgut

where they are subjected to further mi crobi al fermentati on. The rumi nal

flora is effective in degrading a wide variety of plant secondary compounds

some of which are toxic to non-ruminants.

Herbi vorous hi ndgut fermenters al so di spl ay a 1arge degree of compl exi ty.
However, with this nutritional strategy, nutrients are first exposed to the

normal process of gastric digestion and intestinal absorption prior to

microbial fermentation in the caecum and/or colon. As with aJl gut fermen

tations, microbial protein and B-vitamins are produced as well as VFA. The

VFA are readily absorbed from the caecum and colon, and· there is Some evi

dence for B-vi tami n absorption from the hi ndgut. However, most of the

microbial biosynthetic products are not utilized by the animals and even

tually are voided in the faeces. Thus many hindgut fermenters resort to co-
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prophagy (i ngestion of faeces) and caecotrophy (i ngestion of speci al faeces

of higher nutrient content) in order to use the microbial biosynthetic pro

ducts such as ami no aci ds and vi tami ns and hence improve di gesta uti 1i za-
tion. 2..c llj.e...-..... ,.j....... ,':' ,).,". ,.,-" . . '~.,r (i-"c.J.c. ..... :':If

Birds have not made as much use of fermentative fibre digestion as have mam

mals. Only about 3% of existing bird species regularly eat green plants or

buds. Research wi th poul try suggested that although bi rds coul d di gest

plant fibre this was of little nutritional value. Instead of utilizing

fibre, many avian herbivores consume large quantities of plant material but

extract only the readily digestible components. In such birds, the bulk of

the plant cell wall constituents are rapidl.y expelled without significant

microbial fermentation. Fibre digestion is significant in some birds, nota

blyin the family Tetraonidae (grouse and ptarmigan) and these birds utilize

enlarged caeca as fermentation chambers. Even in these birds the contribu

tion of fibre digestion to the total energy expenditure appears to be low

wi th 1ess than 20% of basal energy metabol i sm bei ng deri ved from thi s

source. The weight of digesta in the fermentation compartments of the gut

in the ptarmigan were lower than those found in similar sized mammalian her

bivores. It has been suggested that this is related to the weight reduction

necessary for flying.

Thus, theoretically, the birds which should be able to make most use of fer

mentative digestion are the large flightless species such as the emus and

ostriches. This is not only because the contraints associated with flying

are absent but also because in large animals it is possible to have large

fermentation chambers relative to metabolic rate (Fig. 4.1). A recent in

vestigation into the dietary energy and nitrogen requirements of the

Australian emu (Dromaius novaehollandiae) showed that they digested 35-45%

of the neutral detergent fibre (NDF) in their diets (NDF content 26-36%).

Energy from the di gesti on of NDF contri buted up to 63% of standard metabo

1ism and 50% of maintenance requirements on the highest fibre diet. This

was achieved despite the fact that the rate of passage of feed residues

through the tract was rapi d and the gastroi ntesti nal tract is simpl e in

structure with small caeca and short colon (Herd &Dawson, 1984).

Modifi cati ons in the hi ndgut of the ostri ch (Struthi 0 camel us) i ndi cated
that significant fermentative digestion occurred. However, no controlled
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Figure 4.1 Relationship between log of wet fermentation contents
and log of bodymass for African herbivores (after Van Soest, 1982).
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study had been conducted and a seri es of experiments was desi gned to study
the site and extent of fibre digestion in the gastro-intestinal tract and to
determine what contribution volatile fatty acid fermentation could make to
the metabol i zabl e energy requi rements of bi rds at three different li ve

masses. Thi s research proj ect was carri ed out under the auspi ces of the
Department of Agri cul ture and Water Supply at the Animal and Dai ry Sci ence
Research Institute, Irene and the Oudtshoorn Experimental Farm, Oudtshoorn.

ANATOMY OF THE GASTRO-INTESTINAL TRACT

The gut of most herbivorous species provide capacious regions for retention
and degradation of plant material. The extent of the degradation of plant
fibre depends on the composition of the gut microflora, its retention in the
fermentative parts of the gut and the nature of the plant cell wall. Elon

gation of the hindgut particularly the caeca has been observed in many avian

herbivores such as grouse and ptarmigan. This is in contrast to the emu
which has relatively small caeca despite the high degistibility of NOF.
Knowl edge concerni ng the anatomy of the gut is essenti al to the understan
ding of the digestive physiology of the ostrich.

I (,,',
J,e,''''

The proventriculu's or glandular stomach is a thick-walled organ lying be-,
tween the oesophagus and gizzard.. This organ has a large lumen which would

be suitable for food storage. Gastric digestion m~ commence in the proven
triculus. The gizzard (or ventriculus) is a large, thick-walled muscular
organ with a thick cornified lining. In birds weighing 45,75 kg the com
bi ned wei ght of dry matter in the proventri cul us and gi zzard was 3,2 kg.

Gastric proteolysis continues in the gizzard assisted by the highly acid en
vironment (pH 2,2) and the presence of small stones and grit which help in

the mechani cal breakdown of food. The duodenum 1eaves the p/c(ventri cul us
near the entrance from the proventriculus and has the pancreas lying between
the loops of ·the ascending and descending limbs of the duodenum. The total

length of the small intestine (duodenum, jejunum and ileum) was 5,4 m in
birds weighing 45,75 kg and contained 251 g OM.

The paired caeca branch out from the ileo-rectal junction and together
measured 129 cm in length with the right caecum generally sl ightly longer
than the 1eft ceacum. The caeca were thi n-wall ed and saccul ated taperi n9
towards their apices. The digesta contents in the caeca were fluid (8,7%
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OM) contai ni ng 357 g of fi.nely ground mater.i al. The rectum was the longest

part of the intestinal tract measuring 8,6 m in the birds weighing 45,75

kg. Even in immature birds (6,83 kg livemass) the rectum was 5,4 m in

1ength. The rectum (or colon) coul d be di vi ded into two parts. The proxi

mal part was thin-walled with a wide lumen and marked sacculations contain

ing soft faecal matter (17,1% OM). The distal portion had a thicker wall

with smaller lumen, was free of sacculations and contained firm faecal'mat

ter (29,0% OM) in the form of faecal pellets. The combined weight of diges

ta in the rectum was 16,67 kg (3,42 kg OM). The terminal part of the rectum

widened into the coprodeum of the cloaca which also receives the ureters.

The most marked difference between the emu and the ostrich was the small

caeca and short rectum of the emu. It was demonstrated that the ileum was a

major fermentation site in the emu in contrast to the ostrich which clearly

has a capaci ous hi ndgut sui tabl e for mi crobi al fermentat10n. Thus the os

tri ch has several of the characteri sti cs associ ated with hi ndgut fermenta

tion in mammalian herbivores.

RATE OF PASSAGE EXPERIMENTS USING 51CR-MARKED FEED PARTICLES

The effectiveness of fibre digestion is influenced not only by the structure

and capacity of the gastro-intestinal tract but also by the rate of passage

of digesta. The selective or prolonged retention of fibre particles in re

gi ons of the gut colonized by fermentative micro-organi sms all ows contact of

fibrolytic enzymes (cell ul ase and hemicell ul ase) wi th their substrate. The

rate of digesta transit through the gastro-intestinal tract can be estimated

by use of fluid and particulate digesta markers. Since the particulate

phase consists mainly of plant cell walls and is retained for longer than

the fluid portion this was chosen for radioactive marker experiments.

The characteristics of an ideal marker for stUdying various aspects of di

gestion can be summarized as follows:

1. it must be strictly non-absorbable

2. it must not affect or be affected by the gastro-intestinal tract or its

microbial population

3. it must be physically similar to or intimately associated with the mate-
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rial it is to mark

4. its method of estimation in digesta samples must be specific and sensi

tive and it must not interfere with other analyses.

The markers 51Cr-EDTA and 103Ru-labelled tris-(1,10-phenanthroline)- ruthe

nium chloride are routinely used to measure liquid and solid digesta flow

rates, respectively, in studies with ruminants. Radioactive markers can be

estimated by very sensitive and highly specific procedures and thus satisfy

the 1ast cri teri on preci sely. However, in common wi th most other markers

they do not fully meet some of the other criteria.

The most val uab1e measure of rate of passage is the mean retenti on time

whi ch is the average time of retenti on of all the el ements of the di gesta

(or food particles) in the gut. In the present experiments 51Cr-mordanted

samples of the diet were dosed orally to ostriches of different live

weights. Collections of excreta at 2-6 hQur intervals were then made for

3-5 days following the dose of marked feed. Radioactivity in excreta was

detennined using a Gamma counter and expressed cpm 51Cr per g dry matter.

The mean retention time (Rt) of marked particles was calculated -from the

total excretion curve from the time the marker first appeared in the excreta

using the following equation

Rt = 1 1: [~ n (t1 + t)]

N

w~ere n is 51Cr counts excreted between times t and t 1 and L represents the

sum of these counts for successive interval s until n becomes zero. N was

the total number of marker counts excreted (Pienaar, Roux &Van Zyl, 1983).

A typical cumulative excretion curve for 51Cr-marked feed particles and dry

matter is presented in Figure 4.2 for a single ostrich with 40,5 kg live

weight. The mean retention time for the particulate phase varied conside

rably within groups of birds of similar livemass ranging from 21 to 76 hours

for all groups. In the group with mean 1ivemass of 6,8 kg, mean retention

time averaged 39 hours while in the group with mean livemass 45,8 kg the va

lue was 48 hours•. This rate of passage is similar to values of 38 and 41
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hours for the sheeP and kangaroo respectively which are both foregut fermen
ters. The mean retention time in the emu was found to be very short (only
5,5 hours). The resul ts obtai ned wi th the ostri ch i n<di cate si gnifi cant
retention of feed in the gut of the ostrich. This is most likely to occur
in the hi ndgut although the proventri cul us may also be i nvol ved to a 1esser
extent. The ostriches did not exhibit an even -pattern of excretion (see
graph for OM excreti on) tendi ng to voi d more faeces in the morni ng than at
other times of the day. However, disturbances caused by removing faeces
bags may have masked further irregularities in excretion pattern.

FERMENTATION IN THE GASTRO-INTESTINAL TRACT

The major end-products of anaerobic microbial fermentation of carbohydrates
(cellulose, hemicellulose, pectins, starch and sugars) are volatile fatty
acids (VFA) mainly acetate, propionate and butyrate plus C02 and CH4' The
VFA concentration and proportions vary with diet. Since the VFA are formed
as free acids, the pH in the gut compartment varies inversely with VFA pro
duction rate. The pH normally is maintait'1ed within a range of 5,5-7,0 by
buffers secreted by the gut epithelium and in the rumen by saliva. Thus
concentrations of VFA and their molar proportions were measured as an index
of microbial fermentation in the different segments of the gastro-intestinal

tract.

The mean concentration of total volatile fatty acids was high in the gizzard
and proventriculus, 139,3 and 158,8 mM respectively. The concentration de
creased to between 65-78 mM in the small intestine and then increased again
in the hi ndgut. The mean concentrati on in the caeca was 140,7 mM and i 1'1

creased further progressing from the proximal colon to the distal colon (171
to 195 mM). This was closely related to the increase in OM (Fig. 4.3).
Quantitatively, acetate was the most important of the individual VFA and in
the proventriculus, gizzard and small intestine was the only VFA. In the
hindgut propionate and butyrate were also present together with trace
amounts of i so-butyrate,i so-val erate and val erate. The mol ar proporti ons
of propionate and butyrate were 6,3 and 2,0% respectively in the caeca and
then decreased in the colon. High molar proportions of acetate and low pro
portions of propionate are indicative of fermentation of fibre or material
high in plant cell walls.
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The concentrations of lactic acid in the different segments of the gut were

also determined. Although lactic acid may be released from the gastric

mucosa, it is also prod'uced by mi crobi al fermentati on of carbohydrates and

at lower pH bacteri a produci ng 1acti c aci d woul d be at an advantage over

those producing VFA. The results (Fig. 4.3) show a low concentration in the

proventriculus and gizzard (5,0 and 6,0 rrM respectively). However, in the

small intestine the concentration increased dramatically to 66 and 51 mM

with 95-96% present as the L-isomer. In the caeca the concentration dropped

to 7,0 rrM although the proportion of the D-isomer increased to ca 30%. In

the colon the concentration of lactic acid ranged from 19-26 mM with 35-40%

as the D-i somer. The presence of the L-i somer as the predomi nant form in

the small intestine indicates that the gastric mucosa was the source of most

of the acid while the high proportion of the D~isomer in the caeca and colon

indicates the contribution being mainly of microbial origin. If one assumes

that bacteria produce the 0- and L-forms in equimolar amounts microbial fer

mentati on woul d account for some 60-80% of the 1acti c aci d present in the

hindgut.

It is generally agreed that the concentration of volatile fatty acids within

the gut compartment is not a reliable index of their production rate. This

is because VFA concentrations are the combined result of production (i .e.

fermentati on), dil uti on, absorpti on, uti 1i zati on and passage to the lower

tract. Hence, when producti on exceeds removal (absorpti on + uti 1i zati on +
passage) VFA concentration increases. If removal exceeds production concen

trati on decl i nes. In the present experiments the VFA producti on rate was

determined 2!!. vitro by taking samples from the different segments of the

tract and i ncubati ng them under anaerobi c condi ti ons at 39'C wi thout the

addition. of substrate. Samples for VFA determination were taken after 0,

30, 60, 90 and 120 min of incubation. The zero-time rate of VFA. production

was cal cul ated from the slope of concentration agai nst incubation time.

Pooled data for all three groups is presented in Figure 4.4. As expected

there was no production of VFA in the small intestine but surprisingly the

in vitro fermentation studies with the caecal samples showed net utilization

of acetate especially. Production of acetate in the large intestine was

relatively high ranging from 26-32,5 mmol/h per 100 9 OM. The differences
in VFA production rates between the groups of ostriches were not significant

(P> 0,05) and thus not influenced by livemass.
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The net utilization of acetate in the caecal incubations can be explained in

tenns of faster utilization than production. This is IIIOSt likely to have

been for biosynthetic processes in bacterial cells since studies in the

calorimeter showed that CH4 production in whole intact ostriches was negli

gible and hence acetate oxidation was unlikely to account for acetate

dissimilation. However. methanogenesis was not measured in the in vitro

i ncubat ions.

The VFA production rates (65-81.3 mmol/l per hour) are considerably higher

than those reported for the ileum (14.0) and rectum (16.8 mmol/1 per hour)

of the emu. In general they are much higher than the values obtained from

the hindgut of mammals including sheep and wallabies. The levels are

characteri sti c of those found in the forestomach of rumi nants and some of

the ruminant-like mammals with foregut fennentation.

MICROBIAL COLONIZATION OF THE GASTRO-INTESTINAL TRACT

Almost all research on the avian gut microflora has been done using the

domestic chicken (Gallus domesticus) as experimental model. In the chicken

the two main sites of bacterial activity are the crop and caeca. Broadly

speak i ng it can be sai d that the flora of the anteri or gut from gi zzard to

tenninal ileum are composed of facultative anaerobes whereas the caeca con

tain strict anaerobes as the predominant organisms (Fuller. 1984). Thus the

i ntesti nal mi crofl ora is 1i kely to be a compl ex mi xture of many different

types of bacteria which affect the nutrition and growth of birds.

The present study provided an ideal opportunity to study microbial ecology

in the gut of ostriches in which the numbers and kinds of bacteria present

could be determined and related to environmental conditions in each of the

gut segments. Cil i ate protozoa were not present in any of the gut seg

ments. Pre1imi nary resul ts from the caeca and proximal colon showed that

viable (cultural) counts were similar to those obtained in the rumen. The

counts in the proximal colon were generally 15-40% higher than the caeca

with the exception of the lactate-utilizers and thehemicellulolytics

(Tabl e 4.1). The functional groups fermenti ng the different carbohydrate

substrates contributed a large proportion of the total culturable counts.

This is particularly interesting in the case of the lactate-utilizers which

would be able to utilize as substrate the high endogenous production of lac-
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However, the counts of cellulolytic bacteria were the exception. These

counts are many-fold (103-104) lower than ruminal counts. This could be a

result of unknown nutritional requirements for cellulolytic species in the

hindgut of the ostrich but since there is considerable overlap between this

group and the hemicellulolytics this is unlikely. In a further experiment

where a group of 5 bi rds was sacrifi ced speci fi cally for mi crobi 01 ogi cal

counts, the counts of cellulolytics confirmed the above findings. Cell 0

bi ose was i ncl uded among the di fferent substrates uti 1i zed for enumerati on

and the counts obtained were very similar to the hemicellulolytics. Counts

tate from the sma 11

concentration in the

intestine,

caeca.

resul ting in a reduction of lactate

Table 4.1 Cultural bacterial counts (no per 9 ingesta) in the hindCJut of

the ostrich (n = 2)

Functional group

of bacteria

Total culturable

Glucose utilizers

Starch hydrolyzers

Protein digesters

Lactate utilizers

Hemicellulose digesters

Cellulose digesters

Caeca

12,9x108

7,2x1()8

9,2x10B

3,3x10B

6,3x108

7,5x108

104

Segment

Colon

14,6x108

9,6x108

ll,5x10B

4,6x108

6,OxlOB

B,lx10B
105

were al so i ncl uded for the proventri cul us and termi nal ileum in the 1ater

experiment. Further work is also underway to purify, characterize and iden

tify isolates from the different functional groups.

EXPERIMENTS USING 14C-LABELLED SUBSTRATES·

The production of VFA in the gastro-intestinal tract of the ostrich does not
necessarily mean that they are able to absorb and metabolize these acids.

f
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Thus the ability of ostriches to metabolize -acetate, quantitatively the most

important VFA, was determined using 14C-labelled acetate and compared to the

utilization of 14C-labelled glucose which normally provides most of the sub

strate for oxidative metabol i sm in monogastric animal s. Although the mean

di gesti bi 1ity of NDF (cell wall consti tuents such as cell ul ose, hemi cell u

lose and lignin) for all three groups of birds was 47,2%, further exped

ments were undertaken using 14C-label1ed cellulose in order to confirm that

the products deri ved from fi bre di gesti on coul d provi de nutri ents to the

host animal.

The experiments with 14C-labe11ed substrates were carried out in the calori

meter at the Animal and Dairy Science Research Institute using the same two

ostriches (A and B) for all substrates tested. Prior to the experiments the

birds were adapted to handling and confinement in the calorimeter chambers.

At the beginning of the experiment the ostriches were dosed with a gelatin

capsule containing the 14C-labelled substrate. The amount of C02 produced

and 02 consumed was measured in the calorimeter while small samples of

chamber air were drawn through an absorption train to trap labelled 14C02 in

NaOH. The specific radioactivity of respired 14C02 was determined by liquid

scintillation counting after titrating an aliquot of the trapping solution.

Products of the oxidation of 14C-labelled acetate and glucose were detec

table in the respired C02 an hour after dosing (Fig. 4.5). In the case of

acetate peak, 14C02 occurred 3 hours after dosing while the glucose peak was

5 hours after dosing. Acetate appeared to be more rapidly metabolized than

gl ucose al though this is more likely to have occurred as a resul t of absorp

tion in the small intestine followed by oxidative metabolism in the bird.

Gl ucose may be absorbed more slowly than acetate resu1 ting in a broader

peak. Furthermore some gl ucose on reachi ng the hi ndgut coul d have been

metabo1 i zed to VFA and C02' Thus some 14C02 may have been ari sen from

microbial fermentation. Little 14C02 was released from these substrates 12

hours after admi ni strati on of the dose. In contrast the rel ease of 14C02

from 14C-1abeiled cellulose was slow continuing for as long as 28 hours

after dosing: Although it is not possible to quantitate the contribution of

these substrates to the metabolizable energy requirements of the birds at

this stage the results show that qualitatively acetate produced from hindgut

fermentati on cou1 d make an important contri buti on. The contributi on from

cellulose~~ would be considerably less although that from hemicellulose
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A compari son of methods

from the rumen. ~. Afr.

digestion would be considerable higher than from cellulose digestion based

on the digestibility of NDF (47%).

CONCLUSIONS

The research presented in thi s paper cl early shows that the ostri ch is a

uni que avi an herbivore wi th 1arge chambers in the hi ndgut speci al i zed for

fermentative digestion. The long retention time of fibrous feed in the

gastro-intestinal tract ensures that fibre is exposed to microbial digestion

for extended times allowi ng effici ent degradati on of hemi cell ul ose especi al

ly. The presence of a 1arge and compl ex anaerobic bacteri al flora in the

hindgut results in the production of volatile fatty acids, mainly acetate,

which contribute to the metabol izable energy requirements of the ostrich.

These results provide a fascinating insight into the nutritional ecology of

this primitive flightless bird allowing it to survive in the wild under arid

conditions with low intake of poor qual ity feed, and to adapt and thrive

under intensive farming conditions. These experiments also provide a scien

tific basis for the formulation of efficient growth and finishing diets

applicable to the ostrich industry in the Republic of South Africa.

The contri buti on of radi oi sotopes to the expansi on of knowl edge and under

standing in the field of nutritional physiology is vast. This is exempli

fied in the present experiments by the use of 51Cr to determine the reten

tion time of 'marked feed particles in the gastro-intestinal tract and 14C;'

labelled substrates to measure the quantitative contribution of acetate and

glucose to the total oxidative metabolism of the ostrich.
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5
Infl uence of Livemass, Rate of Passage and Site of Digestion on Energy Meta

bolism and Fibre Digestion in the Ostrich (Struthio camel us var.

domesti cus )

INTROOUCTI ON

Domestication of the African Ostrich (Struthio camel us) for commercial

farming purposes dates from 1857 - 1864 (Smit, 1963, 1984). Today ostrich

farming is a well established and important industry in the Little Karoo of

South Africa. The intensive production of ostriches to produce meat, skins

and feathers on complete dry-meal diets, based on poultry and pig nutrition

standards, under feedlot conditions is a new development which has

exceptional possibilities for the industry (Swart &Kemm, 1985).

However, . in the wil d, ostriches are herbivorous and converters of fibrous

plant material (Robinson &Seely, 1975; McLachlan &Liversidge, 1978). The

ostrich also ingests hard objects such as pebbles or coarse sand, which

assist in grinding and crushing its food in the gizzard. Research with

poul try suggested that al though bi rds coul d di gest pl ant fibre, thi s was of

little nutritional value (Thornburn & Willcox, 1965). Fibre digestion is

significant in some birds, notably in the family Tetraonidae (grouse and

ptarmigan) and these birds utilize enlarged caeca as fermentation chambers.

Even in these birds the contribution of fibre digestion to the total energy

expenditure appears to be low with less than 20% of basal energy metabolism

derived from this source (Gasaway 1976a, b).

Ostriches are primitive flightless birds belonging to the subclass Ratitae

(Family: Struthionidae) and are distantly related to the rheas of South

America and to the emu of Australia. Ostriches have modifications in the

hi ndgut such as well developed saccul ated caeca and a capacious haustrated

colon (Cho, Brown & Anderson, 1984; Bezuidenhout, 1986) which indicate

possible use of fermentative digestion of plant fibre (McLelland, 1979;
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Skadhauge, War[ji, Kamau & Maloiy, 1984; Swart, Mackie & Hayes, 1987\.

However, no controlled study had been conducted and these experiments were

designed to study the digestive strategies and capabilities of growing

ostriches as influenced by livemass, rate of passage and site of digestion.

These factors were exami ned in the os tri ch together with the di gestibil i ty

of various fibre constituents such as cell walls, hemicellulose and cellu

lose. Inaddi t i on, methods to determi ne the apparent metabol i zab1e energy

(ME) of feedstuffs for ostriches were evaluated.

METHODS

Animals. Fifteen ostrich chicks, hatched in an ostrich egg incubator main

taining an incubation temperature of 36'Cand relative humidity of 33-40%

(Swart, Rahn &De Kock, 1987; Swart &Rahn, 1987) were reared indoors from

day-old, and housed individually in sheep metabolism cages fitted with

expanded metal floors, height adjustable feeders and drinking troughs.

Overhead radiant heaters prevented minimum temperatures dropping below

23·C. The chicks were divided into three livemass groups weighing 5 ± 0,8,

15 ± 0,6 and 46 ± 2,0 kg over the period between 42 and 210 days of age.

Diet. An experimental diet (Table 5.1) was formulate~ to contain 17% crude

protei nand 11 MJ ME/kg accordi ng to poul try val ues tabul ated by Du Preez,

Duckitt & Paulse (1986). Neutral detergent fibre (NDF) content was 23%.

This was fed ad 1ibitum to all birds from day-old until they were sacrificed

between 42 and 210 days of age.

Prior to mixing, all dietary components were ground to pass a 3 mmsieve.

However, a 6 mm sieve was used in the case of the diet for· the 45 kg live

mass group. In addition small amounts of insoluble pebbles were supplied

separately.

Rate of. passage experiments using 51Cr-mordanted feed particles. A mi nute

quantity of 51Cr-labelled Na2Cr207 (4 mg/100 g diet) with a high specific

activity (10 mCi/200 mg Na2Cr207 : Atomic Energy Corporation of South Africa

Ltd, Pretoria, South Afr)cal was used to mordant the complete diet according

5.2
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Table 5.1 Composition of the experimental diet (air dry basis) fed to
ostrich chicks of different livemasses from 5 to 50 kg.

Component
Maize meal
Lucerne meal (21% crude protein)
Fi sh meal
Limestone powder
Mono-Calcium phosphate
Salt
Minerals + vitamins1

Composition:
Metabolizable energy (calculated), MJ/Kg
Poul try val ues2

Pig values3

Ruminant values4

Protein (6,25 x N), %
Fibre constituents(analysed), %
NDF (cell wall s)
Hemi cell ul ose
ADF
Cell ul ose
Lignin
Crude fibre
Calcium, %
Phosphorus, %
Moisture, %

%in diet
53,0
34,0
8,4
1,0
2,6
1,0
+

10,8
10,9
9,9
17,3

23,0
10,7
12,3

9,8
2,5

11,6

1,7
1,0

10,0

1Mineral-vitamin premix (Truka: Germiston, South Africa) added per kg mixed
diet: 10 000 IU Vito A, 2 000 IU Vito D, 15 IU Vito E, 2 mg Vito K, 2 mg
Thiamin, 8 mg Riboflavin, 4 mg Pyridoxine, 0,02 mg Vito B12' 1,5 mg Folic
acid, 0,05 mg Biotin, 10 mg Pantothenic acid, 30 mg Niacin, 250 mg
Manganese, 66 mg Zinc, 1 mg Iodine, 30 mg Iron, 11 mg Zinc Bacitracin.

2Du Preez, Duckitt &Paulse (1986)
3Kemm & Ras (1981), IAFMM (1985), Si ebri ts (pers. comm)
4NRC (1985)
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Figure 5.1 Illustration of ostrich chick with stomach girdle and

excreta collection bag.
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to the technique of Uden,' Collucci & Van Soest (1980). Since the flow of

dietary fibre alone is not representative of the flow of the complete mixed

diet, samples of the complete diet were mordanted. Furthermore it has been

shown that 1arge amounts of Cr can al ter the specifi c gravi ty and thus

modify the digestibil ity' and flow characteristics of the diet (Ehle, Bas,

Barno, Martin &Leone, 1984).

When a designated group attained its target average livemass, a pulse dose

equal to 2% of the daily feed intake of 51Cr-mordanted diet was administered

orally. Quantitative collections of excreta were made at 2 - 6 hourly

interval s duri ng the day for 3 - 6 days foll owi ng the dose of mordanted

diet. No collections were made during the night except for the group with

15 kg 1ivemass where collections continued during the night. Ostriches

normally squat during the night and only void large quantities of excreta

after first feeding in the morning.

Special excreta collection bags were constructed from plastic bags to fit

snuggly over the entire tail end of the ostriches. The bag was then taped

to a 60 - 100 mm wide stomach girdle which in turn consisted of waterproof

adhesive plaster taped around the abdomen of the ostrich (Fig. 5.1). The

open end of the excreta bag was folded back and sealed with tape that could

be opened for each collection.

Radioactivity in excreta was determined using a Gamma counter (LKB Wallac

gamma counter 12B2 : Denmark) and expressed as cpm 51Cr per g OM. The mean

retention time (Rt) of mordanted particles was calculated from the time the

marker fi rst appeared i nthe excreta as proposed by Pi enaar & Roux (1984)

using the equation reported by Graham &Williams (1962) viz:

Rt = 1 L[~n (t1 + t)] (1)

N

where n is the 51Cr counts excreted between times t and t 1, r represents

the sum of these counts for successive intervals until n becomes zero, and N

is the total 51Cr counts' excreted.
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Digestibil ity trial s - Total collection and inert indicator method. Cl ean
excreta collection bags were attached to each of the 15 ostriches. Prior to
this their tail feathers were cl ipped and brushed to prevent contamination
of excreta ~i th scal es. Subsequently 2% of the experimental di et was re
placed by 51Cr-mordanted diet and mixed homogeneously on a daily basis.
This was fed ad 1ibitum throughout the experimental period. To ensure
input-output equilibrium of 51Cr, a 7 day adaption period was allowed which
in retrospect was at least 3 times the Rt of the diet. This was followed by
a 5-daycollection period during which individual daily feed intake and
total excreta voided (faeces plus urine) were measured. Total excreta was
collected quantitatively three times daily at 08hOO, 12hOO and 18hOO, except
for the middle group where excreta collection was continued, and artificial
light supplied during the night. Daily collections were weighed, pooled and
kept refrigerated (2 ·C) in air-tight plastic containers until required for
further analyses. In addition, daily excreta collections of the 14 kg live
mass group were stored separately to study day-to-day variation in digesti
bility of OM and energy.

At the end of the coll ect i on peri od the pool ed excreta for each bird was
thoroughly blended. Approximately 2 g of each blend was then accurately
weighed into porcelain crucibles in triplicate for dry matter (OM) determi
nation. A representative sample was then freeze dried, ground to pass a 1
mm sieve and stored for· further chemical analyses.

Fibre analysis was performed on ca 5 g freeze-dried samples which had been
allowed to equilibrate with air moisture. Cell wall content or neutral
detergent fibre (NDF) was determined using a Tecator Fibretec hot extraction
apparatus after removal of starch wi th a -amyl ase (Robertson & Van Soest,
1981). Acid detergent fibre (ADF) and acid detergent lignin (ADL) were ana
ly sed accordi ng to the method of Goeri ng & Van Soest (1970). For ADF,
protein was hydrolyzed by acid pepsin treatment (Robertson & Van Soest,
1981). Hemicellulose was then calculated as the difference between NDF and
ADF. Differences between ADF and.ADL provided values for cellulose.

Gross energy (GE) val ues were determi ned by
in an adiabatic bomb calorimeter (DDS 400;

combustion of dry matter samples
Diaital Data Systems, Randburg,
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South Africa). The same analyses were performed on representative dietary

sampl es for each group.

Apparent metabolizable energy (ME) of the diet was calculated using the fol

lowing equation.

ME (MJ/kg diet) = [IE - (FE + UE)] / FI ••••••••••••••••••••••• (2)

where IE is ingested energy, (FE + UE) is energy in faeces plus urine voided

as total excreta (Fraps, Carlyle &Fudge, 1940) and FI is feed intake.

In addition the method of Hill &Anderson (1958) was used to calculate ME by

means of an inert radioactive indicator (51Cr), according to the following

equation:

indicator/g diet
ME/g diet = GE/g diet - --- • GE/g excreta •••.•• (3)

indicator/g excreta

It should be noted that the use of radioactive counts (cpm 51Cr/g OM) in the

present calculation of ME instead of actual indicator quantity (mg Cr/g DM)

coul d inval i date the gravimetric concept and requi res some verification.

The ratio of diet: excreta indicator indicates the relative proportion of

excreta ori gi nat i ng from 1 g of di et ingested. In contrast to the gravi

metric method, the use of radioactive counts is highly specific, sensitive

and repeatable provided a constant count volume is maintained and samples

have the same density. Since diet and excreta have different densities,

standards of known specific activity had to be prepared for diet and

excreta. Standards were prepared by mixing 100 g of untreated diet with 1,5

9 51Cr-mordanted diet or 100 9 of excreta with 4 g 51Cr-mordanted diet.

Radioactivity (cpm 51Cr/g OM) was determined for each standard. The count

ratio was then compared to the gravimetric ratio, 1,5/4 = 0,375 i.e. 1 

0,375 = 62,5% OM digestibility (Table 5.2). The difference between count

and gravimetric ratio was not significant (P > 0,50) and therefore the use

of radioactive counts in the present study was valid.
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Table 5.2 Comparison of gravimetric chromium and 51C~-count ratio.

Ratio
51Cr-counts 198/525 = 0,377

grav imetri c 1,5/4'0 = 0,375

difference = 0,002 (P > 0,501

Diet standard (n=5) Excreta standard (n=5)

4;0

25,0
2,103 ± 0,039

525 ± 1,0

1,5
25,0
3,359 ± 0,033

198 ± 1,8

51Cr-mordant/100 standard, g
count··vol ume, ml
count-mass, g. DM
corrected counts, cpm 51Cr/g DM
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Thus in order to determine ME using 51Cr counts, tubes for gamma counting

were weighed, filled to a constant volume with dried, ground samples of the

experimental diet or excreta of each bird respectively, and weighed again.

The triplicate tubes were then counted for 51Cr-activity and the counts thus

obtained, divided by the mass of the sample in the tube to give a corrected

value (Pienaar, Roux &Van Zyl, 1983). ME was then calculated by substitu

ting these values into Eq. 3.

Relative contribution of fore- and hindgut to energy digestion. On comple

tion of the 5-day collection period, the ostriches were sacrificed while

still in 51Cr equil ibrium. NDF, GE and cpm 51Cr/g DM were determined for

representativ.e freeze-dri ed di gesta sampl es, taken separately from each gut

segment of each ostrich. To study the rel ative disappearance of dietary

energy from the fore- and hindgut the corresponding values were accordingly

substituted into Eq. 3.

Stati st1cal analyses.

Cochran, 1969) was

groups.

RESULTS AND DISCUSSION

Rate of Passage

The t-test for groups of unequal si zes (Snedecor &

appl ied to indicate differences (P < 0,05) between

The mean retention times (Rt) of diet particles in the gastro-intestinal

tract are shown in Table 5.3 for ostriches of different livemasses. Rt

varied considerably within groups of similar livemass ranging from 21 to 76

hours for all groups, the coefficient of variation being 34,8'.1,. However,

differences between groups was not significant (P > 0,05) and the overall

mean Rt was 40,1 t 3,9 hours. This was in good agreement with data presen

ted by different authors for pigs (39 hours; Clemens, Stevens &Southworth,

1975a), hay-fed sheep (38 hours; Thewis, Francois, Debouche & Thielemans,

1976), goats (38 hours; Castle, 1956 a,b), horses (38 hours, Van der Noot,

Symons, Lydm~n & Fonnesbeck, 1967), kangaroos (41 hours; McIntosh, 1966)

and the rock hyrax (43 hours; Cl emens, 1977), but much longer than that for

several avian species like chicken (7 hours; Sklan, Dubrov, Eisner &
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Table 5.3 Rate of passage (Rt) and dry matter contents of the gastro
intestinal tract for ostriches of different livemasses

Livemass range (kg)

Measurement

~t, hours
Range
Mean

Digesta contents, g DM
Proventriculus + gizzard
Small i ntesti ne
Ceacum + colon

5-10

25,5-50,9
39,0

121,5
19,2

157,8

15-18

20,9-43,5
31,8

162,2
28,3

240,2

42-50

34,7-75,7
47,9

321,2
25,2

721,2
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Hurwitz, 1975), geese (6 hours; Clemens et~, 1975), turkeys (10 hours,

Bjornhag & Sperber, 1977) and ptarmi gan (3 hours; Gassaway, Holl eman &

White, 1975) as reviewed and calculated by Warner (1981).

Prolonged retention times of the digesta are associated with increased

absorption of water from the gut (Warner, 1981l. Thus, together with an

enlarged rectum, prolonged retention time may facilitate an important

mechani sm in ostriches to survive under conditions of water scarcity and

ari d zone herbi vory in the wil d. Probably the most important aspect is the

facilitation of conditions suitable for microbial fermentation and efficient

fibre digestion - a well documented digestive strategy in ruminants. The

observed rate of passage for ostriches was similar to other herbivores with

either foregut or hindgut. fermentation and efficient fibre digestion. In

contrast, rate of passage in the .Austral i an emu (Dromaius novaeholl andi ae),

a large ratite bird with sigificant fibre digestion (35 - 45% of NDF), was

found to be only 5,5 hours (Herd &Dawson, 1984).

A t,Ypical cumulative excretion curve for 51Cr-marked diet particles and dry

matter is presented in Figure 5.2 for an ostrich of 40,5 kg livemass. The

ostriches did not exhibit an even pattern of excretion tending to void more

faeces in the morning than at other times of the day •. Ostriches like emus

tend to squat, apparently asl eep throughout the ni ght and the fi rst faeces

is usually voided in large quantities after they rise in the morning and

especially after first feeding. This and the striking differences in

digesta and water contents among the stomachs (proventriculus and gizzard),

small i ntesti ne and hi ndgut' (Tabl e 5.3) suggested that di gesta mi ght be

retai'ned in the hi ndgut overni ght provi di ng art envi ronment sui tabl e for an

aerobi c mi crobi al fermentati on and the absorpti on of water together wi th

volatile fatty acids (Skadhauge et~, 1984). Similar to foregut fermenters

it seems that diet particles tend to be retained for further comminution in

the stomachs of the ostrich before being presented to the lower intestinal

tract. This is common amongst foregut fermenters. However the degradation

process in the stomachs of several avian species differ in that the action

is primarily a mechanical gastric grinding process (Clemens et~, 1975b;

Sklan et~, 1975; Herd & Dawson, 1984) whereas in ruminants this is due to

the combined effect of rumination and microbial digestion (Hungate, 1966).

Gastric grinding would expose larger surface area to enzymic attack. Attack

5.11



NIGHT NIGHT NIGHT NIGHT NIGHT NIGHT

DAY DAY DAY DAY DAY DAY
r--

0 r-- 100 ••• • • /'-" c
:::<

0
:;:;

Cl Ql......... ()
0 X

Ql 75Ql

~ 0

'"
....

(.) 0....
c .....
0 0

:;:;
~ 50Ql.... '-"

(.)
X r--
Ql •'-"
Ql ....> U:;:;
0 - 25III

'" -0E c

'" 0
U

0
0 20 40 60 80 100 120 140

Time after dosing (hours)

Figure 5.2 Typical cumulative excretion curve of dry matter (OM)

and counts of 51Cr attached to feed particles obtained for an ostrich

of 40,5 kg livemass. Mean retention time (Rt) of the diet was 34,7

hours.
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on the hemi cell ul ose backbone may be enhanced by exposure to the low pH in

the proventriculus and gizzard of the ostrich.

Nutrient Digestion and Energy Metabolism

Total Collection Method. Table 5.4 shows the results of fibre digestion and

metabolizable energy values obtained by means of the total collection method

for ostriches of different 1ivemass. In contrast to retention time the

digestibilities of the nutrients were suprisingly constant for animals dif

fering in 1ivemass. Only a small difference (p < 0,05) existed between 6

and 14 kg livemass (but not between 6 and 45 kg livemass) for metabolizable

energy (ME) values and digestibility of certain fibre fractions (NDF hemi

cell ul ose and cell ul ose). It shoul d be noted, however, that the mi ddl e

group had a shorter rate of passage (Table 5.3) which most likely was a

response to continuous excreta collection during nocturnal cycles for that

parti cul ar group, and not 1i vemass as such, resul ti ng in lower di gesti on

efficiency.

The overall mean ME-value of the diet on an air dry basis was 12,33 ± 0,31

MJ/kg and was somewhat under-estimated using poultry, pig or ruminant values

(see Table 5.l). Of more importance was the surprisingly high digestibili

ties obtained for NDF (47%), and particularly hemicellulose (66%) and cellu

lose (38%). The. significant digestibil ity of hemicellulose, almost twice as

high a cellulose digestibility, is apparently due to microbial digestion in

the well developed hindgut of ostriches (Skadhauge et {L, 1984; Bezuiden

hout, 1986; Swart, Mackie & Hayes, 1987). Van Gylswyk & Schwartz (1984)

showed that hemicellulose digestion in the hindgut of several vertebrates is

usually greater than that of cellulose. This has also been observed in

the hindgut of the ruminant (Ulyatt, Dell ow, Reid & Bauchop, 1975) whereas

in the rumen cell ul ose is generally di gested more effi ci ently (Beever, Da

Silva, Prescott & Armstrong, 1972; Thomson, Beever, Da Silva & Armstrong,

1972). Keys &De Barthe (1974) reported hemicellulose digestibility of 43%

in pigs consuming diets containing 50% lucerne (ostriches in present study =
66%). Si gnifi cant di gesti on of hemi cell ul ose, but not of cell ul ose, has

been observed in the gastro-intestinal tract anterior of the caecum in the

pi9 (Kass, Van Soest, Pond, Lewis & McDowell, 1980; Keys et~, 1974 as

cited by Van Gylswyk & Schwartz, 1984), and it has been suggested that

exposure of hemicellulose to acid in the stomach may modify its structure to
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Table 5.4 Nutrient digestibility of the experimental. diet fed to the
ostriches of different livemasses. Values are means ± SE

Livemass range (kg)

Measurement

Feed intake:
DM, g/day
ME, MJ/day

Digestibility, %:

DM
NDF (cell walls)*
Hemicellulose*
ADF
Cell ul ose*
Lignin

Energy Digestion:
ME, to\) /Kg*
ME, (% of GE)

5-10
(n=6 )

556,l at 21,3
7,15

74,9 ± 1,7
52,4a± 2,2
69,3 a± 1,0
35,8 ± 3,4
42,l a± 2,7
11,9 ± 5,7

12,85a± 0,2
78,9 ± 1,3

15-18
(n=5)

745,2bt 31,8
9,15

71,7 ± 0,5
43,7b± 0,6
62,7b± 0,4
26,4 t 0,8
38,2b± 0,6
4,3 ± 5,5

12,28b± 0,1
75,4 ± 0,5

42-50
(n=4 )

947,7c± 148,0
11,22

67,2 ± 1,8
45,6a,b±3,2
66,2a,b±3,8
29,3±3,2
35,l a,b±2,6
8,1±5,8

l1,84a, b±O, 3

72,7 ±2,1

a,b,c denote significance in rows (p.< 0,05)

* The lack of significance (P > 0,05) between means of group 1 and 3 was
due to larger variation between individual birds and the small sample

size of group 3.
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,

make it more degradable (Dierenfeld, Hintz, Robertson, Van Soest &Ofterdal,
1982 ).

Sibbald (198ll reported zero values for metabolizability of cellulose and

sawdust in studies with poultry. This provides a probable explanation for

the higher values of ME obtai ned in the present study compared to poul try

values. It is generally agreed that chickens (Gallus gallus domesticus) do

not digest plant fibre, and more specifically cellulose, to any significant

extent most probably due to short retention times. In fact crude fibre is

regarded as a reliable indigestible marker when used to predict feed intake

from excreta production in poultry (Almquist & Halloran, 1971; Sibbald,

1982) •

The small decrease (P < 0,05) in NDF, hemicellulose and cellulose digestion

between 6 and 14 kg livemass (Table 5.4) was related to a corresponding

decrease in transit time (Table 5.4) and not livemass as such, and could

have been due to microbial degradation of fibre fractions in the hindgut of

ostriches. The high concentration of volatile fatty acids reported by

Skadhauge et ~ (1984) and Swart, Mackie & Hayes (1987) in the 1arge caeca

and the wide haustrated proximal part of the colon of ostriches confirmed

active fermentation of carbohydrates in the hindgut.

A recent investigation into. the dietary energy requirements of the Austra

l i an emu showed that they di gested 35-45% of the NDF and 7-19% of the cell u

lose in their diets containing 26-36% NDF. This was ascribed to microbial

fermentation even though mean retention time was rapid (Herd & Dawson,

1984). In the present stUdy NDF was analysed together with a-amylase

treatment according to the method of Robertson &Van Soest (1981). Initial

ly NDF was analysed according to the original method described by Goering &
Van Soest (1970). The original method overestimated NDF digestibility by

42% (P < O,Oll in this study. This could be ascribed to a relatively high

starch content of the ostrich diet that was not present in faeces.

Furthermore,' changes in ME (MJ/kg) followed changes in cellulose digestibi

lity (Table 5.4), suggesting that the ability of ostriches to digest cellu

lose could contribute to the ME of the diet.
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Table 5.5 Oay-to-day variation of energy metabolism during the 5-day
collection period of 5 ostriches. Values are means ± so.

1Multiply by 0,90 for air-dry basis.

Oay

1

2

3

4

5

Average

SO

OM-intake

g/day

709 ± 95,5
737 t 111,7
722 t 40,3

820 ± 61,8
737 t 47,0

745
43,6

ME

MJ /g OM1

13,96 ± 0,9
13,19 ± 0,6
13,38 t 0,6
13,61 ± 0,7
13,79 ± 0,8

13,59

0,3

OM-digestibility

%

73,7 ± 5,7
68,5 ± 3,8
70,0 t 4,3
71,5 t 4,5
72,9 t 5,2

71,3

2,1
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Table 5.6 NOF-digestibility and ME as determined by 51Cr-indicator

Livemass Y-counts GE NDF1 MEl NOF-digest.
(kg) Sample (cpm 51Cr/g OM) (MJ/g OM) (g/g OM) (MJ/kg OM) (%)

5 t 0,8 diet 302 0,01809 0,2524 14,30 49,0
(n=3) excreta 1 129 0,01520 0,4810 to,28 ±1,6

15 ± 0,6 diet 431 0,01809 0,2592 13,57 42,2
(n=3) excreta 1 50~ '0,01567 0,5214 ±O,25 ±1,4

46 t 2,0 diet 661 0,01809 0,2533 13,15 44,6

(n=3) excreta 2 038 . 0,01485 0,4327 ±O,34 ±3,9

Mean 13,67 45,3

1 Multiply by 0,90 for air-dry basis.
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The day-to-day variation of ME (CV " 2,3%) and dry matter digestibility (CV

" 3,0%) was particularly small (Table 5.5). In addition the between-animal

variation was 4,5% for ME and 5,5% for OM digestibility. Thus allowing a 5%

error (0,5 MJME/kg diet) it was calculated (see Snedecor &Cochran, 1969 p.

516) that the experimental design should include 5 animals and a collection

period of 3 days to determine ME-values within 95% confidence limits.

Indicator Method. The ME and digestibility values obtained by application

of Eq. 3 (Table 5.6) was in good agreement with corresponding values· ob

tained from. total collection (Table 5.4). ME values were practically the

same, while NDF digestibility differed by only 4%. The indicator procedure

gave somewhat lower but ·less variable values than did total collection as

- also· reported by Pryor & Connor (1966) and Coates '. Sl i nger, Summers &

Bayley, (1977) in studies with poultry. Sibbald, Summers & Slinger (1960)

found the indicator method yielded more precise, but not necessarily more

accurate data. According to Blaxter, Graham & Wainman (l956) the act of

defecation may not leave the gut, or its lower part, in a standard, repeat

able state of fill so that end-period errors may be considerable.

The relative disappearance of digested nutrients between different sites of

the gastro-intestinal tract of ostriches, showed that about 88% of energy

was digested in. the foregut and 12% from the hindgut (Table 5.7). Dis

appearance of ingested energy up to, and including the distal colon pre-. -
sumably approximates digestable energy (DE) of the ·diet and was 0,95 times

the ME-value, a factor commonly used by pig nutritionists to convert DE to

ME. However the validity of DE values is based on the assumption that

digesta in the rectum-colon is not contaminated with urine or uric acid. In

contrast to most other bi rds observed so far (Skadhauge, 1981, 1982) no sign

of retrograde fl ow of uri ne into the termi nal colon was observed in the

ostrich (Skadhauge et.!l, 1984; al so this study) such as threads of uric

acid or "urine-like" composition of the contents (Skadhauge, 1968).
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colon; L2 = Mid colon; L3 = Distal colon).
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Energy disappearance

gastro-intestinal tract (proventriculus
energy . di sappeari ng in the hi ndgut

Table 5.7 Energy digested in the
to colon} and % of digested
(caecum to colon) of ostriches

8,8 ± 1,1
13,1 ± 1,1
13,8 ± 1,5

Caecum to colon
% of Prov-Colon

13,46 ± 0,12
12,91 ± 0,41

12,59 ± 0,10

Proventriculus to colon
MJ/kg

Livemass
kg

5

15

46
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Just (1982 a, b) reported rel ati ve energy di sappearance in the caecum-colon

of pigs that increased from 17% to 26% as dietary fibre increased from 4% to

6% (protein content 23,5%) and dropped to 13% when diet protein was decrea

sed by 7 percentage-uni ts. However, rel ative di sappearance of di gested

crude fibre in the hindgut remained constant (95%) with increasing dietary

fibre but decreased by 40 percentage-units when diet protein was decreased.

Just (1982 a. b) stated that "the proporti on of di gested energy di sappeari ng

in the hindgut increased with increasing content of crude fibre, because

more nutrients were transferred to this region". Just, Fernandez & Jorgen

sen (1983) clearly illustrated the significance of the fermentation pro

cesses in the hindgut of pigs as 54% to 97% of the digested fibre dis

appeared in that region.

MacRae &Armstrong (1969, cited by Van Gylswyk &Schwartz, 1984) showed that

only 9% of the total digested cellulose was degraded in the hindgut of sheep

when hay alone was fed. Incl usi on of di etary concentrates (barl ey) i n

creased relative cellulose digestibility in the hindgut to 29%. NDF and

cellulose content (Fig. 5.3) were inversely related to energy contents (MJ)

of the digesta in the foregut, and directly related to digesta energy in the

hindgut of the ostriches. This is probably indicative of a rapid removal of

the more readily "acid-sol ubl e" carbohydrates and protein from the stomachs

into the aqueous small intestine that could result in irregularities of

solid digesta movement relative to liquid digesta flow that may change from

fore- to hindgut (Warner, 1981): Sklan et~, (1975) reported similar pre

ferential retention of the particulate phase in the stomachs of poultry.

Finally, hemicellulose and cellulose digestibility in the ostrich was well

within the values reported for other known hindgut and foregut fermenters

by Van Gylswyk &Schwartz (1984).

CONCLUSIONS

The results of this study provide conclusive proof that ostriches effective

ly digest plant fibre and more specifically hemicellulose (66%) and cellu

lose (38%), that could make a positive contribution to the apparent metabo-
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1izable energy of the diet consumed, and seemed to be independent of 1ive

mass. Si nce prolonged rates of di gesta passage are generally associ ated

with increased digestion, increased fermentative microbial activity and in

creased water absorption (Warner, 1981) together with electrolyte absorption

(Skadhauge et~, 1984), the long retention time in the gastro-intestinal

tract together with advantageous pH values (see Fig. 5.3) provide an ideal

envi ronment for fermentati ve mi crofl ora especi ally in the enl arged hi ndgut

of ostriches. Furthermore, the way ostriches subject diet particles to

gastric grinding and digestion in a relatively strong acid environment (pH

1,2 - 2,1) in the proventriculus and gizzard, could playa major part in the

exposure of fibre fractions for microbial fermentation in the lower intesti

nal tract as suggested by Skadhauge et ~ (1984) and Swart, Mackie 8. Hayes

(1987).

Theoretical formulation of diets using poultry, pig or ruminant ME-values

seemed to resul t in underestimation of the ME-val ue with respect to the. ex

perimental diet for ostriches. Determination of ME-standards for ostrich

feedstuffs is consequently a prerequi site for correct di et formul ation and

also in order to study nutritional requirements of ostriches. According to

the between- and within-animal variation as well as experience gained with

the experimental procedures duri ng this study, we suggest an experimental

design with 5 ostriches, 60-90 days old, and a total collection period of 5

days allowing anadaption period of 14 days for different feedstuffs.

However, an important question remains whether energy digested and absorbed

in the hindgut, presumably liberated by microbial fermentation, is utilized

with the same efficiency compared to that absorbed in the foregut. To

answer this question microbial fermentation in the gastro-intestinal tract

of ostri ches shoul d be quanti fi ed. Furthermore, the effi ci ency of energy

utilization from different feedstuffs at different fibre levels, needs to be

quantified to evaluate ostrich ME-values as a criterion for evaluating feed

stuffs for ostrich production in future.
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6
Fermentative Digestion in the Ostrich (Struthio camelus var. domes

ticus), a large Avian Species that Utilizes Cellulose

I NTRODUCTI ON .

The African Ostrich, Struthio camel us, is a large (90 - 120 kg adult

bodymassl avian herbivore which effectively digests plant fibre, and

more specifically hemicellulose and cellulose that could make a sub

stanti al contri buti on to the apparent metabol i zabl e energy of the diet

consumed (see Chapter 5). Vertebrates are unable to synthetize the

enzymes necessary to digest plant fibre, and many herbivores, inclu

ding some birds, have overcome this deficiency by means of a symbiotic

relationship with gut microorganisms (Fuller, 1984; Hungate, 1984;

Herd & Dawson, 1984). The host animal is dependent on gut micro

organi srns for di gest i on of both cell ul ose and hemicell ul ose (pri ns,

1977). The present study was designed to investigate the production

of vola ti 1e fatty aci ds (VFA), the pri nci pal non-gaseous end-products

of microbial fermentation, in growing ostriches to assess the contri

bution of microbial digestion to the energy economy of these birds.

The extent of microbial fermentation as influenced by the structure,

capacity and contents of the gastrointestinal tract were examined to

identify major sites of microbial activ.ity and VFA energy yield. The

production of VFA in the gastrointestinal tract of the ostrich does

not necessarily mean that it is able to absorb and metabol ize these

acids. Thus, the ability of ostriches to metabolize acetate was

determi ned us i ng 14C_l abell ed acetate and then compared to the util i

zation of 14C-labelled glucose. In addition ostriches were fed 14C_

1abell ed cell ul ose and the production of 14C02 was measured in order

to confi rm that the products deri ved from fibre di gest ion coul d pro

vide nl.ltrients to the host animal.
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METHODS

Animals and housing. Thirteen ostrich chicks divided into three
groups of 6,8 ± 0,6 (n = 6l, 20,7 ± 0,6 (n = 3l and 45,8 ± 1,5 (n = 4)

kg 1ivemass were used. They were housed individually in sheep metabo

lism cages and received a dry meal diet (Table 6.1l containing 17%

crude protein and 12,33 MJ/kg metabolizable energy.

Metabolizable energy (ME) intake. Metabolism trials wer'e conducted

with the same birds immediately prior to the ..!.!! vitro experiments of

the present study, and mean daily ME intake of each 1ivemass group was

measured over a 5-day period (see Chapter 5l. As soon as the metabo

1i sm experi ments termi nated the ostri ches were sacrifi ced to co11 ect

morphometric data of the gastrointestinal tract and to continue expe

riments with ~ vitro fermentation of gastro-intestina1 digesta.

Morphometdc data collection and digesta sampling fr(JII the gastroin

testinal tract. The 13 ostriches were sacrificed in pairs on separate

days. Of the 2 ostriches sacrificed each day, one was killed at 09hOO

and the other one at 13hOO. Directly after killing the abdominal

cavity was opened and the gastrointestinal tract removed by severing

the posterior end of the oesophagus and the posterior end of the rec

tum. The digestive tract was separated by ligatures into 8 segments

(Fig. 6.1). These consisted of the proventriculus (pl, ventriculus or

gizzard (Gl, two equal segments of the small intestine (51, S2l, the

paired caeca (Cal and three segments of the colon (L1, L2, L3). After

measuring and weighing the whole segments, the total digesta contents

of the different segments were empti ed into separate contai ners and

mixed properly. Special care was taken to prevent contamination of

digesta with blood.

The emptied gut segments were washed out and weighed in order to cal

culate the total digesta content of each segment by subtraction.

In vitro experiments with digesta

Concentration of volatile fatty acids (VFA), lactic acid, NH3-N, pH,

and production rate of individual VFA. Representative digesta samples

.(~ 25 g) of each segment were accurately weighed into fermentation
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Table 6.1 Composition of the dry meal dieta fed ad libitum to the
ostrich chicks (5 - 50 kg livemass).

Component (air dry)

Mai ze
Lucerne
Fi sh meal
Limestone powder
Mono-Calcium phosphate
Salt

Composition (air dry):

Protein (6,25 x N), %
Metabolizable energy, MJ/kg
Fibre constituents, %

Cell walls (NDF)
Hemi cell ul ose
Cell ulose

Calcium, %

Phosphorus, %

a Milled to pass a 12 mm sieve.
b Determined during a 5-day metabolism

% in diet

53,0
34,0
8,4

1,0
2,6
1,0

17,3
12,33b

23,0
10,7
9,8
1,7
1,0

tri al (see Chapter 5).
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flasks, 100 ml anaerobic dil uent added, and incubated at 39·C under

. anaerobic conditions without the addition of other substrate or buf

fer. This was used to determine production rate of individual VFA by

the zero-time incubation method as ~escribed by Carrol & Hungate

(1954). To calculate VFA increments and thus production rates,

sampl es of the supernatant (9 ml) were taken after 0, 30, 60, 90 and

120 minutes (Boomker, 1983; Herd & Dawson, 1984). Fermentation in

each sample was stopped with 1 ml 5N-NaOH.

The concentration and molar proportions of individual VFA were deter

mined in 5 g samples of whole digesta, representative of each gut seg

ment. In addition, concentrations of lactic acid and NH3-N were

determined.

Analytical. VFA concentrations in the samples were determined by gas

chromatography (Carlo Erba 4200, Italy) with flame ionisation de

tector and using a 2 m glass column (3 mm internal diameter) packed

with 60/80 Carbopack C/O,3% Carbowax 20 M/O,l% H3P04' Column tempera

ture was programmed to increase from 110 to 140·C over the 16 mi nute

analysis. Pivalic acid was used as an internal standard (Czerkawski,

1976).

Q: and L-lactic acid were analysed enzymic~lly ~ccording to the method

of Gawehn & Bergmeyer (1974) with biochemitals obtained from Boeh

ringer-Mannheim (West Germany). NH3-N was determined by the phenol hy

pochlorite method (Chaney &Marbach, 1962).

The .E!!. of the total mixed digesta of each segment was measured imme

diately after collection with a portable pH meter (PHM 80 Radiometer:

Copenhagen, Denmark) while triplicate samples (ca 5 g) were taken for

dry matter (DM) determination.

Contribution of VFA production to metabolizable energy. Energy avai

lable from .!.!l vitro production rates of VFA in the hindgut of the

ostriches was calculated assuming energy of combustion (kJ/mol) for

acetate, propionate and butyrate of 874, 1535 and 2192 (Hoppe, 1984).

The mean daily ME-intake of each 1ivemass group, measured during the

5-day metabolism trial prior to sacrifice, was used when assessing the

rel ati ve contri buti on of VFA producti on in the hi ndgut to the energy

economy of the ostriches.
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Digestion experiments with 14c-labelled cellulose, -acetate and
-glucose. To confirm that the products (VFA) derived from microbial
fermentation of plant fibre could provide nutrients to the host ani
mal, the amount of 14C02 derived from ·the digestion and metabolism of

14C-labelled cellulose was investigated in two ostrich chicks. In ad
dition the ability to metabolize acetate, quantitatively the most im

portant VFA, was determined using 14C-labelled acetate and then com
pared to the utilization of 14C-labelled glucose, which normally pro
vi des most of the substrate for oxi dative metabol i sm in monogastric
animal s.

The experiments wi th 14C_l abe; 1ed substrates were carri ed out in an
open-circuit indirect calorimeter (Animal and Dairy Science Research
Insti tute : I rene, South Afri ca). Pri or to the experiments the bi rds

were adapted to handl i ng and confi nement in dummy calorimeter cham

bers. At the begi nni ng of the experiments each ostri ch was gi ven a
gelatine capsule containing 12 ,uC1[U_14cJ-labelled cellulose
(Nicotiana tobacum 34,s,uCi/mg; New England Nuclear, Boston Massa
chusetts, USA). The capsule was passed well down the oesophagus via a
polythene tube. The amount of C02 produced and 02 consumed was
continuously measured and accumul ated onto magnetic tape at 4 minute

i nterv a1s vi a a computeri zed datal ogger ( ,u MAC-4000 model DA85 :
Johannesburg, South Africa) and microcomputer (Hewlett Packard 8SA :
USA) as described by Viljoen (1985). Simultaneously, small samples of

chamber air were continuously drawn through an absorption train to
trap labelled 14C02 in 200 ml of 0,25N-NaOH. Sampling bottles con

taining trapping solution were changed every hour for 30 hours after

administration of the 14C-labelled substrate.

Allowing a 7 day period between experiments the procedure was repeated
with 125,uCi 14C-labelled acetate per bird and 250,uCi 14C_ labelled
glucose per bird. D-[U_14CJ-glucose (270 mCi/mmol) and [U_14CJ

acetate (57,9 mCi/mmol) were obtained from Amersham International, UK.

I

The specific radioactivity of C02 was determined by liquid scintilla-
tion counting after titrating 10 ml of the trapping solution against
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O,lN-HCl using bromo phenol blue as indicator.

For 14C-counts, C02 was recovered from the trapping solution after ad

di ng concentrated HCl and coll ecti ng the 1i berated C02 in Carbosorb

(Packard Instrument Co : Downers Grove, Illinois, USA). Permafluor

(Packard Instrument Co) was used as scintillant for high counting ef

ficiency (>80%).

RESULTS AND DISCUSSION

Anatomy and Morphology

The dimensions and contents of the gastro-intestinal tract of ostrich

chicks of different livemass (5 - 50 kg) are shown in Table 6.2. Com

pared to the domestic fowl the gastrointestinal tract of the ostrich

is without a crop, it has extremely well developed sacculated caeca

and unl ike other ratite birds (Cho, Brown & Anderson, 1984; Herd &

Dawson, 1984) it has an unusually long colon with a wide haustrated

proximal part. Otherwise, the anatomical structure of the intestinal

tract was rather similar when compared to that of other birds

(Clemens, Stevens &Southworth, 1975; Gasaway, 1976; Feltwell &Fox,

1978; McLelland, 1979; Herd & Dawson, 1984). A more detailed

account of the anatomy of the ostrich gut may be obtained from Swart,

Mackie & Hayes (1987). (See also Cho et!l, 1984; Skadhauge, WariH,

Kamau &Maloiy, 1984; Bezuidenhout, 1986).

The total length of intestine in proportion to body mass decreased

from 160 cm/kg at 6,8 kg livemass. to 60 cm/kg at 20,7 kg livemass,

and to 34 cm/kg at 45,8 kg livemass. The value of 21 cm/kg reported

for adult wild ostriches (l05 - 131 kg livemass, Skadhauge et !l,

1984) foll owed thi s trend and may be compared to 8 cm/kg for the emu

(Herd &Dawson, 1984), the Australian counterpart of the ostrich, and

94 cm/kg for the domestic fowl (Feltwell & Fox, 1978). Similarly the

total 1ength of the ostrich col on d~reased from 63 cm/kg (6,8 kg

livemass) to 19 em/kg (45,8 kg livemass), compared to 12 cm/kg in

adult wild ostriches (Skadhauge et!l, 1984) weighing 105 - 131 kg, 8

cm/kg for the domestic fowl (Feltwell &Fox, 1978) and 1 cm/kg for the

emu. (Herd & Dawson, 1984). Irrespective of livemass however, the
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Table 6.2 Morphometri c measurements and wet di gesta contents of the gastro-
i ntesti nal tract of ostrich chicks at different livemasses (mean values t SE).

Measurement Gut contents
length relative weight rel ati ve

Livemass 1ength weight
(kg) Gut segment (em) ( '.l,) (g) ('.l, )

6,8 t 0,6 Stomach
n = 6 proventriculus 16 t 3 1,5 340 ± 45 22,2

(5 - 9 kg) gizzard 11 t1 1,0 168 t 24 10,9
Small Intestine

proxi mal 211 oj; 8 19,4 85 t 16 5,5
di stal 211 t 8 19,4 109 ;I, 20 7,1

Caeca (paired) 101 oj; 3 9,3 159 oj; 14 10,4
Colon
proximal 196 oj; 26 18,0 481 oj; 65 31,3
middle 172 ;I, 18 15,8 116 t 3 7,6
distal 172 oj; 18 15,8 77 oj; 5 5,0

20,7 oj; 0,6 Stomach
n =3 proventriculus 19 ;I, 2 1,5 505 ;I, 24 22,5

(20 - 22 kg) gizzard 12 i: 1 1,0 125 oj; 10 5,6

Sma11 Intesti ne
proxi mal 220 oj; 16 17,8 108 oj; 22 4,8
distal 225 t 16 18,2 140 ;I, 31 6,3

Caeca (pa ired) 106 oj; 2 8,6 235 oj; 25 10,5

Colon 37,2 .

middle 193 oj; 26 15,6 166 oj; 25 7,4
di stal 193 t 26 15,6 " 127 ;I, 15 5,7

45,8 t 1,5 Stomach '-

n = 4 proventriculus 20 oj; 1 1,3 864 oj; 113 24,5

(43 - 50 kg) gizzard 12 t 1 0,8 312 ;I, 43 8,9
Small Intesti ne 3,9

distal 255 t 15 16,3 129 ;I, 40 3,7

Caeca (paired) 129 oj; 12 8,3 413 oj; 45 11,7

Colon 29,2
middle 305 oj; 15 19,5 401 oj; 55 11,4

distal 280 t 24 17,9 237 t 24 6,7
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total 1ength of the colon accounted for 52% of the enti re 1ength of

the intestinal tract and was in good agreement with that of adult wild

ostri ches (Skadhauge et 2.l, 1984). Whil e the di gesta content of the

small intestine represented only 11%, the hindgut (colon and caeca)

contained 58% of the total wet digesta contents of the entire intesti

nal tract.

Regression analysis of the data in Table 2 revealed a log-linear rela

tionship between wet fermentation contents (F) in the gastrointestinal

tract and bodymass (W) of the growi ng ostriches which coul d be des

cribed by the equation:

log F =O,431W - 0,186 (n = 13; r =0,99).

This may be compared to the interspecies relationship (Fig 6.2) de

rived for African wild herbivores including hindgut- and both ruminant

and non-rumi nant foregut-fermenters (Van Soest, 1982; Prins, Lank-

horst & Van Hoven, 1984) which had a slope of 1,03. Thus, these

authors concl uded that all African (mammal i an) herbivores are essen

tially similar in gastrointestinal capacity and because of this linear

relationship, smaller fermenters would hav€ tci balance their energy

requirements by eating more food of a higher nutritional value, in

order to attain faster fermentation rates. When compared to the adult

ostri ch (avi an herbi vore, 100 kg 1i vemass), mammal i an herbi vores have

more than twice the fermentative capacity (Fig 6.2). It is important

to note that in the growing ostrich chick, the relative capacity of

the gut (per kg livemass) decreased as body size increased (calculated

from Table 6.2), probably placing the young growing herbivore in a

more favourable position to balance its energy requirements compared

to that of the mature adul t as suggested by McBee (1977). Further

more, constancy of retention rate and nutrient digestibility have been

reported previ ously (see Chapter 5) for growi ng ostriches between 5

and 50 kg livemass.

Gastrointestinal Dry Matter (DM) and pH

The DM content and pH remained constant within segments of the intes

tinal tract (P > O,05) for different livemass groups. The mean values

are presented in Figure 6.3. The digesta contents in the caeca were
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fluid (9,1% OM) containing finely ground fibrous material. The colon
contained soft faecal matter (17,8% OM) in the wide haustrated proxi
mal part while the distal part, free of sacculations, contained firm
faecal matter (27,8% OM) in the form of pellets.

The contents of the stomach were highly acid tendi ng to be lowest in
the proventriculus (pH 1,6) and highest in the gizzard (pH 2,1) indi
cating incomplete mixing of digesta between the two stomach regions.

Gastric proteolysis most probably commences in the proventriculus
(Streicher, Naude &Oelofsen, 1985) and continues in the gizzard. The

pH in the proximal small intestine increased markedly (pH 6,9) where

after it gradually increased to 8,2 in the distal colon. The caeca::.
can be described as an independent "off-set chamber", the pH being 6,9

- a value lower than that of the anterior small intestine (pH 7,5) or
the posterior colon (pH 7,3).

Gastrointestinal VFA. Lactic Acid and NHTN,Concentrations

Concentrations of VFA and their molar proportions were measured toge
ther wi th concentrati ons of 1act ic aci d as an index of mi crobi al fer
mentati on of carbohydrates (fi bre) in the di fferent segments of the
gastroi ntesti nal tract of growi ng ostriches. In addi tion concentra
tions of NH3-N were measured as an index of microbial degradation of

protein plus urea (Wrong & Vince, 1984). The results were not in
fluenced by livemass (P > 0,05) and mean values are shown in Figure

6.4. The mean concentration of total volatile fatty acids was high in

the gizzard and proventriculus, 193,3 and 158,8 mM respectively. In

view of the highly acid environment (Fig 6.3) it is however, question

able whether this is of microbial origin and other sources are unknown
at thi s stage. The concentration decreased to between 65 - 78 mM in
the small intestine and then increased again in the hindgut. The mean
concentration in the caeca was 140 mM and increased further progres

sing from the proximal colon to the distal colon (i71 to 195 mM).
This was closely related to the increase in OM (Fig 6.3). Quantita
tively, acetate was the most important of the individual VFA's and in
the proventriculus, gizzard and small intestine was the only VFA. In
the hi ndgut, propi onate and butyrate were al so present together wi th

trace amounts of isobutyrate, iso-valerate and valerate. The molar
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proportions of propionate and butyrate were 6,3 and 2,0% respectively

in the caeca and then decreased in the colon. High' proportions of

acetate and low proportions of propionate are indicative of fermenta

tion of fibre or material high in plant cell walls (Hungate, 1984;

Pri ns et~, 1984).

The concentrati on of 1act ic aci d was low in the proventri cul us and

gifzard (5,0 and 6,0 mM respectively, Fig 6.4). However, in the small

intestine the concentration increased dramatically to 66 and 51 mM

with 95 - 96% present as the'L-isomer. In the caeca the concentration

dropped to 7,0 mM although the proportion of the D-isomer increased to

ca 30%. In the colon the concentration of lactic acid ranged from 19

- 26 mM with 35 - 40% as the D-isomer. Although lactic acid may be

secreted by the gastri c mucosa it is al so produced by mi crobi al fer

mentati on of carbohydrates and at lower pH bacteri a produci ng 1acti c

acid woul d be at an advantage over those producing VFA (Fuller,

1984). The presence of the L-i somer as the predominant form in the

small intestine indicates that the gastric mucosa was the source of

most of the acid (Hanninen, 1986), while the high proportion of the

D-isomer in the caeca and colon indicates the contribution being main

ly of mi crobi al ori gi n. If one assumes that bacteri a produce the D

and L-forms in equimolar amounts, microbial fermentation would account

for some 60 - 80% of the lactic acid present in the hindgut.

Ammonia (NH3-N) concentrations (Fig 6.4) were highest in the colon (52

- 71 mM) and lowest in the caeca (19 mM). High concentrations of am

monia are indicative of bacterial proteolytic activity, deamination of

ami no aci ds and urease activi ty. These resul ts al so i ndi cate higher

fermentative activity in the haustrated colon than in the caeca.

Thus, maintaining a pH range of 6,9 - 7,3 in the capacious hindgut

chambers the ostrich has many of the characteristics of fermentation

in mammalian herbivores (Argenzio &Stevens, 1984).
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VFA Production Rates

It is generally agreed that the concentration or mol ar proportion of

volatile fatty acids within the gut compartment is not a reliable in

dex of thei r producti on rate (Hungate, Mah & Semensen, 1961; Kay,

Engelhardt &White, 1980; Clemens, Maloiy &Sutton, 1983).

VFA concentrati ons are the compi ned resul t of product i on (fermenta

tion), dilution, absorption, utilization (microflora) and passage to

the lower tract (Hodgson & Thomas, 1975). Hence when production ex

ceeds removal (absorption and util ization and passage), VFA concentra

tion increases. If removal exceeds production, concentration de

cl ines. In the present study the VFA production rate was determined

~ vitro by taki ng sampl es from the different segments of the tract,

thus "absorption" and "passage" could play no part in the "removal" of

VFA.

The pooled data for all three groups (5 - 50 kg livemass) is presented

in Fi gure 6.5. As expected there was no production of VFA in the

small intestine but surprisingly the caecal samples showed net utili

zation of acetate. This can be explained in terms of faster utiliza

tion than production, most likely for biosynthetic processes in bac

terial cells. Microbial acetate oxidation was unlikely to account for

acetate dissimilation since studies in the calorimeter showed that CH4

production in whole intact ostriches was negligible. However, metha

nogenesis was not measured in the ~ vitro incubations.

VFA production in the large intestine was relatively high ranging from

26 - 32,S mmol/h per 100 g OM. The differences in VFA production

rates between groups of ostriches were not significant (P 0,05) and

thus not influenced by livemass.

The VFA production rates (65 - 81,3 mmol/l per hour) in the hindgut

are considerably higher than those reported for the ileum (14,0) and

rectum (16,8 mmo111 per hour) of the emu (Herd & Dawson, 1984). In

general, they are much higher than the values obtained from the hind

gut of mammals including sheep (18 mmol/l per hour; Hume, 1977),

wallabies (28 mmol/l per hour; Hume, 1977) and pigs (45 mmol/l per
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hour; Farrell & Johnson, 1970}. The levels are characteristic of

those found in the rumen of Afri can wi 1d herbi vores as coopil ed by

Prins et~, (l984) from various sources (Fig 6.6).

The mean di fference between the proportional production rates of ace

tate, propionate and butyrate in the haustrated proximal colon (83 :

10 : 7; Fig 6.5) and the molar proportions in digesta samples (92 : 5

: 3; calculated from mmol/100 g OM) suggests that preferential ab

sorption of individual VFA may occur ~ vivo in the order butyrate

propionate acetate. A simil ar trend has been found in the rabbit

(Hoover & Heitmann, 1972), koala (Cork & Hume, 1983) horse (Glinsky,

Smi th, Spi res & Oavi es, 1976) and rock ptarmi gan (Gasaway, 1976). In

both the ruminant forestomach and the equine hindgut the relative

rates of absorption of individual VFA depend on not only the concen

trati on of the aci ds in the 1umen but al so their rel ative rates of

metabolism in the gut wall (Stevens & Stettler, 1966; Argenzio,

Southworth & Stevens, 1974). Another possible explanation for the

di fference between proporti onal production rates and i ni ti al mol ar

proportions of VFA is end product inhibition of acetate production in

vitro (Cork & Hume, 1983), and also in vitro net utilization of ace

tate as observed for the caecal incubations in this study.

Furthermore changes in the in vitro production rates of acetic acid

(but not for propionic and butyric acid) were observed in the gastro

intestinal tract of ostriches killed at different times (09hOO and

13hOO) of the day (Fig 6. n. The most striking change was a marked

decrease (P O,OOl) of net available VFA (29,0 101001/100 g OM per

hour) in the distal small intestine (ileum) from 09hOO to 13hOO.

Although smaller changes (P 0,05) occurred, the production rates of

VFA in the rectum were relatively stable. Furthermore VFA production

in the caeca was not influenced by time of sampling.

Relative Contribution of VFA to Energy Economy

The mean metabol izable energy intake of the ostriches was 7150, 9150

and 11200 kJ/day for the livemass groups of 6,8 ± 0,6, 20,7 ± 0,6 and

45,8 ± 1,5 kg respectively. The VFA energy yield from the hindgut of

the ostricres (Table 6.3) was calculated using the method of All0, Oh,
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Longhurst & Connolly (1973). The values thus obtained were in good

agreement wi th that reported for the rumi nal contents of wil debeest

(Van Hoven & Boomker, 1981), waterbuck and mountai n reedbuck (Hoppe.

1984) •

nants.

Calculated as a percentage of ad lib daily ME-intake. VFA production

in the hindgut of the growing ostrich could provide 52% (7 kg live

mass) to 76% (46 kg livemass) of the daily intake of metabolizable

energy. This may be compared to the relative contribition of VFA to

energy requirements of 50% for the rock hyrax (calculated from data of

Fairall. Eloff & McNairn. 1983). 12 - 30% for the rabbit (Hoover &
Heitmann. 1972; Marty &Vernay, 1984). 9% for the koala (Cork &Hume.

1983). 8% for the porcupine (Johnson & McBee, 1967) and 4 - 9% for the

pig (Imoto &Namioka. 1978). while 60 - 70% is reported for ruminants

(Bergman, Reid. Murray. Brockway &Whitelaw. 1965). Acetate in parti

cul ar contri buted 38 - 53% of the total VFA energy supply from the

hindgut of ostriches.

Digestion Experiments with 14C-labelled Substrates

The radioactivity in C02 resulting from the metabolism of 14C-labelled

acetate. glucose and cellulose respectively, was plotted against time

(Fig 6.8). Products of the oxidation of 14C-labelled acetate and

glucose were detectable in the respired C02 an hour after dosing.

Acetate appeared to be more rapidly metabolized than glucose. although

this is more likely to have occurred as a result of absorption in the

small intestine followed by oxidative metabolism in the bird. Glucose

may be absorbed more slowly than acetate. resulting in a broader

peak. Furthermore, some gl ucose coul d have been metabol i zed to VFA

and C02 by the intestinal flora. Thus some 14C02 may have arisen from

microbial fermentation (Annison, Hill & Kenworthy, 1968; Annison.

Shrimpton & West, 1969). Li ttl e 14C02 was rel eased from these sUb~

strates 12 hours after administration of the dose. In contrast the

release of 14COz from 14C-labelled cellulose was slow, continuing for
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Table 6.3 Volatile fatty acid energy yield in kJ/day from the hindgut
of ostrich chicks at different livemasses.

Total VFA
Livemass range VFA productiona energy yi el db
(kg) (mol/day) (kJ/day)

5 - 9 3,622 3 753

20 - 22 5,408 5 604

43 - 50 8,220 8 518

a VFA production rate x digesta contents in OM

b VFA production(a) x sum of molar % calculated from .:!!l vitro total
VFA production rates of C2, C3 and C4 (1036 kJ/mol), assuming
energy of combustion for C2,C3 and C4 of 874, 1535 and 2192 kJ/mol
(after Hoppe, 1984).
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as long as 28 hours after dosing. Although it was not possible to

quanti tate the contributi on of the substrates to the metaboli zabl e

energy requirements of the birds, the results show that qualitatively

acetate produced from hi ndgut fermentati on coul d make an important

contribution. Based on digestibilities of cellulose (38%) and hemi

cellulose (66%) as reported earlier (see Chapter 5), the contribution

from cellulose ~r ~ would be considerably less than that from hemi

cell ul ose.

CONCLUSIONS

This study demonstrates conclusively that the ostrich is a unique

avian herbivore with large chambers in the hindgut specialized for

fermentative digestion as indicated by large capacity and digesta con

tents, neutral pH and high concentration of volatile fatty acids

(VFA), low lactic acid and high NH3-N. Furthermore the long retention

time of fibrous feed in the gastrointestinal tract ensures exposure of

feed particles to microbial digestion for extended times. This is

supported by the high digestibilities of cell walls (47%), hemicellu

lose (66%) and cellulose (38%) as reported previously (see Chapter 5),

as well as the net production of VFA, mainly acetate. VFA production

rates in the hindgut of the growing ostrich were typical of those re

ported for the forestomach of rumi nants and rumi nant-l ike herbi vores.

The absorption and oxidative metabolism of end products from cellulose

fermentation was conclusively demonstrated to contribute to the meta

bolizable energy requirements of the growing ostrich. In this experi

ment the theoretical energy contribution could be as high as 76% of

the metabolizable energy requirement of the growing ostrich and is in

good agreement wi th that reported for adult rumi nants above 100 kg

1 ivemass.
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7
The 'Utilization of Metabolizable Energy by Ostrich Chicks (Struthio camel us'

var. domesticus) at Two Different Concentrations of Dietary Energy and Crude

Fibre Originating from Lucerne

I NTRODUCTI ON

Ostrich production on high concentrate meal diets is a new development with

exceptional possibilities for the commercial ostrich farming industry in the

Little Karoo of South Africa (Swart &Kemm, 1985).

Efficient diet formulation has accordingly become essential for profitable os

tri ch producti on. The nutri ti onal val ue of feed constituents for ostri ches

is, however, still unknown and without it effective least cost diet formula

tion and programming is not possible. Present growth and finishing diets for

ostriches are based on nutrition standards and energy val ues of the ingre

dients which have been derived from poultry (Blair, Daghir, Morimoto, Peter

& Taylor, 1983; Du Preez, Duckitt & Paulse, 1986) and pigs (Kemm & Ras, 1981;

NRC, 1973; IAFMM, 1985). This approach may, however result in unreal estimates

of the nutritional value of feed constituents for ostriches (see Chapter 5),

so that quantifi cation of their nutriti onal val ue has consequently become

necessary.

It was shown recently that ostriches digest plant fibre effectively, and more

specifi cally cell ul ose, that coul d make a substanti al contribution to the

energy requirements of growing ostriches (see Chapter 5 and 6). The objective

of the present study was to investigate the effect of dietary energy concen

tration or crude fibre, originating from lucerne, on the digestibility of GE,

the energy loss as methane, heat expenditure, and also the effect on the effi

ciency of ME utilization.

EXPERIMENTAL

Animals and housing. Four ostrich chicks of 33,5 ± 0,9 kg initial livemass
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were used. They were individually reared and housed in flat deck-type metabo
lism cages (1,5 x 0,8 x 1,2 m high) fitted with non-skid rubber floors, height
adjustable water buckets and feeding troughs. The experiment was carried out
in the open-circuit indirect calorimeter at the Animal and Dairy Science Re
search Institute Irene, as described by Viljoen (1985). Each metabolism cage
was custom-made to fit inside both respiration chambers (A and B) of the calo
riml2ter and could easily be wheeled in and out of the chambers in order to
rotate bi rds between experiments. Pri or to the experiments thl~ hi rds were
adapted to handl i ng and confi nement in the calorimeter chambers.

Diets and treatments. Three di etary treatments differing in daily energy
supply (ME/day) and/or energy concentration (ME/kgDM),·were fed consecutively
to the 4 ostriches. The ostriches were allotted randomly in pairs while two
birds at a time were assigned to the respiration chambers A and B respective
ly.

The 3 di etary treatments were as foll ows:-

(1) Basal diet fed at 2% of livemass daily.

(2) Basal diet fed at 3% of livemass daily, i.e. treatment 1 plus
basal diet added at 1% of livemass.

(3) Basal diet, diluted with 33% lucerne meal, fed at 3% of livemass
daily, i.e. treatment 1 plus lucerne meal added at 1% of livemass.

The basal diet was formulated to contain ca 19% crude protein and 13 MJME/kgDM
(Table 7.1).

Each of the 12 trials (3 treatments, 4 ostriches) lasted 14 days consisting of
7 days adaptation in a non-functional or dummy respiration chamber and another
7 days in the functional chambers of the calorimeter. The 1ast 4 days were

utilized for calorimetric and metabolic measurements.

Digestibility and calorimetric trials
Speci al excreta bags were constructed from pl astic bags to fit snuggly over
the enti re tail end of the ostriches. The bag was taped to a 60-100 mm wide
stomach girdle which in turn consisted of waterproof adhesive plaster taped
around the abdomen of the ostrich (Fig. 7.1). The open end of the excreta bag
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Table 7.1 Percentage composition of basal and lucerne-diluted meal diets

Components

Basal di et Lucerne-diluted meal diet

Maize meal
Lucerne meal (21% Cp)
Fish meal
Limestone powder
Mono-calcium phosphate
Salt
Minerals and vitaminsa

OM nutrient content (analysed)

53,0 39,8
34,0 50,5
8,4 6,3
1,0 0,7
2,6 2,0
1,0 0,7
+ +

Protein (6,25 x N), %
Crude fibre, %
NDF, %

MEb, MJ/kg OM

19,4
13,0
25,0
13,1

19,6
17 ,0

29,1
12,2

a Mineral-vitamin premix (Truka : Germiston, South Africa) added per kg mixed
diet: 10 000 IU Vito A, 2000 IU Vito 0, 15 IU Vito E, 2 mg Vito K, 2 mg
Thiamin, 8 mg Riboflavin, 4 mg Pyridoxine, 0,02 mg Vito B12, 1,5 mg folic
acid, 0,05 mg Biotin, 10 mg Pantothenic acid, 30 mg Niacin, 250 mg
Manganese, 66 mg Zinc, 1 mg Iodine, 30 mg Iron, 11 mg Zinc Bacitracin.

b Values determined in the digestion trials (Table 7.3).
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Figure 7.1 Illustration of ostrich chick with stomach girdle and

excreta collection bag. For details see text.
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was' fol ded back and seal ed with tape that coul d be opened for each coll ec

tion. At the beginning of each collection period clean excreta collection

bags were attached to the ostrich chicks. Prior to this, their tail feathers

were washed, cl ipped and brushed to prevent contami nati on of excreta with

scales and feathers.

The total daily ration for each ostrich was accurately weighed and fed at

9hOO, whil e total excreta and orts of the precedi ng 24 hours were coll ected

quantitati'vely. Daily excreta collections of each bird were weighed, bulked

(4 days) and kept refrigerated (2°Cl in air-tight plastic containers until

required for further analyses.

Sample preparation. At the end of each collection period the pool ed excreta

of each bird was blended thoroughly. Approximately 2'g of each blend was then

accurately weighed into porcelain crucibles ,in triplicate and dried at 100°C

in a convection oven for dry matter (OM) determination. A representative sam

pl e was concomi tantly freeze-dri ed and ground (l mm si eve) for further ana

lyses. Representative dietary samples were also collected and stored for

chemical analyses.

Gas exchange and calorimet~. Immediately after feeding and collection of ex

creta each day, the ostrich chicks were confined to the respiration chambers

(09hOO) of the animal calorimeter for measurement of oxygen consumption, car

bon di oxi de production and methane production over the fo11 owi ng 24 hours as

described by Viljoen (1985). The results of measurements taken over 4 conse

cutive days were then utilized to calculate the mean daily heat expenditure

(HP) after the method of Brouwer (1958) according to the formula proposed by

Blaxter (l970). Similar to poultry, ostriches void faeces and urine together

as total excreta, and uric acid-N (Romijn & Lockhorst, 1961) instead of

urine-N, was util ized to correct the' observed val ues of 02 and C02 for the

degradation of protein. The following formula was used:

HP (kJ) = 16,1802 + 5,02C02 - 2,17CH4 - 5,99N •••••••••••••••• (1)

where 02 = oxygen consumed, l/day; C02 = carbon dioxide produced, l/day; CH4 =
methane produced, l/day; and N = uric aCid-N, g/day.

By definition the difference between ME and HP prOVided values for retained

energy (RE).
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Chemical analyses. Crude fibre (CF) was analysed according to standard AOAC
(1984) techniques. Neutral detergent fibre. (NDF) or cell wall contents was
determined using a Tecator Fibretec hot extraction apparatus after removal of
starch with LY-amylase (Robertson and Van Soest, 1981).

Gross energy (GE) was determined by combustion of samples in an adiabatic bomb
calorimeter (DDS 400: Digital Data Systems, Randburg, South Africa).Apparent
metabolizable energy (ME) of the diets was calculated using the following re
1ationship:

ME(MJ) = IE - (FE + UE) - CH4 2

where IE = ingested energy, (FE + UE) = faecal plus urinary energy voided as
total excreta (Sibbald, 1982), and CH4 = energy in methane. Daily methane
production was measured as 1/24h· and converted to CH4-energy (0,0395 MJ/l CH4;
Blaxter, 1970).

Uric acid-N was determined in samples of total excreta accordin9 to the method
of Ekman (1948).

Statistical analyses. Linear contrasts between treatment means, expressed per
kg WO,75, were calculated according to t-test procedures (Snedecor &Cochran,
1980). Fitting a linear regression equation to the data sets of treatment 1
and 2 provided estimates of the maintenance energy reqUirements (MEm) and the·
efficiency of ME-utilization (kg) for livemass gain (Bayley, 1982). The mean
metabolic mass (kg WO,75) of each ostrich chick during each of the 3 experi
ments, was estimated from livemass measured at the beginning and end (14 days)
of each experiment.

RESULTS AND DISCUSSION

Feed Intake

Despite their stress ~usceptibility and wild nature, the health of the ostrich
chicks in the metabolism and calorimetric experiments was good. Although
rati ons were not compl etely consumed the vari ati on in feed intake, expressed

Per W075 within treatments was rather small (CV < 10%). Furthermore the, ,
calculated additional DM
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Table 7.2 Origin of dry matter consumed by ostriches on the three different
dietary treatments.

OM-intake of diets, g/kgWO,75

Dietary treatment basal
ration

addi tional
basal rati on

addi ti onal
1ucerne

total
ration

(1) Basal (low level)

(2) Basal + basal
(3) Basal + lucerne

39,5 t 0,79
39,5 ± 1,51 14,7±1,42
40,5 ± 1,43

39,5tO,79
54,2±1,70

12,B±1,11 53,3±2,33
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intake on treatment 3 (added lucerne), above that of treatment 1 (low level

basal ration), consisted almost entirely of· lucerne. The increased OM intake

on treatment 2 (high level basal ration) above that of treatment 1, was only

slightly higher than the additional lucerne intake on treatment 3 (Table 7.2).

Nutrient Digestion and Energy Metabolism

The effect of i ncreasi ng ME intake and decreasing di etary energy concentrati on

on nutrient digestion and energy metabolism is presented in Table 7.3. In

creasing the intake of OM without changing energy or crude fibre concentration

of the di et (treatment 1 .YS 2), depressed crude fibre and NOF di gestibi

lities (p < O,Oll by 19,0 and 9,5% respectively. Energy metabolizability

decreased by 3,3% (p < 0,05). Increasing OM intake to the same level but at a

lower energy concentrati on (treatment 1 YS 3), however, depressed OM, crude

fibre and NOF digestibil ities by 8,6%, 23,8% and 18% (P < O,Oll respectively.

Energy metabol i zabil ity decreased by 17,9% (P < 0,01). On the other hand,

increasing the intake of crude fibre from lucerne by 30% (constant OM intake,

treatment 2 YS 3), tended to decrease crude fibre digestibil ity and decreased

NOF digestibility by 5,9% and 9,4% (P < 0,05) respectively. OM digestibility

and energy metabolizability decreased (p < 0,01) by 5,0% and 15,0% respective

ly.

Various experiments on different animal species show that the possibility

exists that high proportions of crude fibre in the diet result in faster rate

of passage (Warner, 1981). Furthermore, when energy concentrati on decreases

or as crude fi bre concentration increases, more nutri ents are 1i kely to pass

through the small intestine and a large proportion of protein and carbohy

drates are fermented to ammonia, amines and VFA in the hindgut (Holmes, Bayley

&Horney, 1973; Just, 1979; Sambrook, 1979; Low, 1980; Just, 1982a, b, c, d;

Just, . Fernandez & Jorgensen, 1982, 1983). In this respect it was recently

demonstrated that os tri ches al so are effective hi ndgut fermenters, util i zi ng

microbial fermentation to digest plant fibre (Swart, Mackie &Hayes, 1987; see

also Chapter 6 and 7). Thus, an increase in the rate of passage due to in

creasing dietary crude fibre might have been reduced the time that individual

components of digesta are retained in the small intestine and are subsequently

subjected to microbial fermentation in the hindgut of ostriches.
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Table 7.3 Digestion and metabolism data (mean ± SE) for 4 ostrich chicks fed
diets differing in daily ME supply and/or energy concentration

Treatment

Measurement

Nutrient intake, g/kgWO,75/d

OM
Crude fibre

NDF
Energy intake, MJ/kgWO,75/d

GE
ME

Nutrient digestibility, %

OM
Crude fibre

NDF

Energy metabolism

ME, % of GE
HP; MJ/kgwO,75/d

RE, MJ/kgw,75/d

1

39,5 a ± 0,79
5,l a ± 0,10

10,la ± 0,20

O,n a ± 0,02
0,53a ± 0,01

72,3a ± 1,03
46,2a ± 2,01
55,Oa ± 0,01

75,9a ± 0,92
O,504a ± 0,03
O,030a ± 0,03

2

54,2b ± 3,25
7,Ob ± 0,35

13,9b ± 0,69.

0,96b ± 0,05
O,71 b ± 0,04

69,6a ± 0,24
37,4b ± 2,50
49,8b ± 0,01

73,4b ± 0,24
O,624b ± 0,03
O,084b ± 0,02

3

53,3b ± 2,33
9,lc ± 0,40

16,Oc ± 0,70

O,94b ± 0,04
0,65c ± 0,04

66,lb ± 0,92
35,2b ± 2,22
45,lc ± 1,85

69,6c ± 0,75
O,612b ± 0,02
O,040ab± 0,03

Dietary ME content, ~U/kg OM 13,56a ± 0,08 13,llb ± 0,01 12,12c ± 0,18

ME utilization, ( ,1RE/ ,1ME) 0,311 ± 0,11 0,084 ± 0,06

a,b,c denote significance in rows (P < 0,05)
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It was previously indicated that fermentative digestion of carbohydrates (more

specifically hemicellulose and cellulose) in the capacious hindgut of ostri

ches coul d make a significant contribution to the energy requirements of the

growi ng ostri ch (see Chapter 6). However, the i nfl uence of energy ,concentra

tion of the diet on efficiency of ME utilization has not been studied in

ostriches. Several studies with pigs (Just, 1979, 1982b Just et ~ 1982,

1983; Muller & Kirchgessner, 1982) indicated that the utilization of ME de

creases with increasing crude fibre or decreasing energy concentration. This

finding also appl ies to ruminants (ARC, 1980; Meissner & Roux. 1984) but not

to poultry as it appeared from results reported by Sibbald &Morse (1984).

The ME content of lucerne as such was estimated by difference as described by

Schneider &Flatt (1975). using the ME values of diet 2 and 3 in Table 7.3.

Assuming that ME of lucerne is independent of the basal diet. a value of 8.99

MJ/kgDM was calculated.

Utilization of ME

Additional intake of basal diet (treatment ,2) increased ME-intake and RE by

0.180 MJ/kgWO•75 (34%) and 0,054 MJ/kgWO,75 (180%) respectively. The corres

ponding heat expenditure increased by 23,8% (Table 7.3). On the other hand.

addition of lucerne to the basal ration (treatment 3) increased ME-intake by

0,120 MJ/kg WO.75 (22,6%). while the corresponding heat expenditure increased

to an almost similar extent (21,4%) than ME-intake. so that the gain in RE was

only 0.01 ~~/kg wO.75 and not significant (P > 0.05). Although the variation

within treatments was large. most likely due to behavioural differences of the

ostriches under stressful experimental conditions, the efficiency of the uti

1 ization of ME from the lucerne-diluted diet (8.4%) tended to be inferior

(P < 0.10) compared to that of diet 2 (31.1%). A negative effect of crude

fibre on ME utilization would be in agreement with results of Just (1979,

1982b), Just et ~ (1982, 1983). and Muller &Kirchgessner (1982) who reported

a decrease of the efficiency of ME-utilization by 0.52-0.62% units for each

1% increase of crude fibre in balanced diets for pigs. However. Bohme,

Gadeken & Osl age (1982) reported that an i nfl uence of energy metabol i zabi 1i ty

(ME/GE) on ME~utilization can only be expected when diets with energy metabo

lizabilities below 70% are fed to pigs.

Gas exchange and uric acid-N

Results on gas exchange and uric acid-N for the calculation of heat expendi

7.10



Table 7.4 Data on gas exchange and uric acid-N for 4 ostrich chicks (mean
tSE) fed di ets differi ng in energy concentration and da i ly energy suppl y.

Values' expressed per kgWO,75/day.

Treatment (MJME/kgDM)

1 2 3
Measurement (13,56 MJ) (13,11 MJ) (12,29 MJ)

02-consumption, l/day 25,2:tl ,38 29,4t2,09 30,7t3,54

CO2-production, l/day 20,OtO,94 25,l:t2,09 26,2:1:2,95

RQ 0,79 0,85 0,85

CH4-production, l/day 0,04tO,02 0,02:1:0,01 O,OltO,OO

Uric acid-N, g/day 0,45:1:0,06 0,63±0,04 0,64±0,07
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ture and correction of ME for energy loss in methane are presented in Table

7.4. Uric acid-N was not affected by increasing dietary crude fibre

(P > 0,05). On average CH4-production amounted to only 0,1% of IE and can

therefore be neglected in the determination and appl ication of ME. Conside

ring the extensive fermentative digestion of carbohydrates in the hindgut of

ostriches (Swart, Mackie &Hayes, 1987; see also Chapter 5 &6) this result is

surprising. However the loss of energy in methane for pigs is also negligible

( < 2% of GE) and unaffected by the composition of balanced diets (Bowland,

Bickel, Pfjrter, Wenk & Schlirch 1970; Muller & Kirchgessner, 1982; Just,

1982d; Seerly & Ewan, 1983). Mull er & Kirchgessner (1982) recently reported

CH4-production in pigs amounting to 10% of energy released during cellulose

digestion. This is similar to the range found in ruminal fermentation

(Blaxter, 1967). Very low CH4-production has also been reported by Hoppe

(1984) for the dik-dik. To what extent these low methane levels are due to

dietary inhibitors (e.g. high levels of NH3), microbes (e.g. lack .of methano

genic microorganisms) or the host are still unknown.

An important reason for the effect of energy concentrati on (ME/kg DM) on the

net energy value of pig diets is the site of absorption (small intestine or

hindgut), and also the difference in chemical composition of the nutrients ab

sorbed from the small intestine and from the hindgut which in turn depends on

the chemical composition of the diets (Holmes et~, 1973; Just, 1979; Sam

brook, 1979; Low, 1980; Just, 1982 a, b, c, d; Just et~, 19B2, 19B3). As

dietary crude fibre increases and energy concentration decreases, morereadily

digestible nutrients are most likely to pass to the hindgut, which results in

a greater contri buti on from fermentative di gesti on. Si nce ostri ches are

successful hindgut fermenters (Swart, Mackie &Hayes, 1987) a large proportion

of nutrients could also be fermented by the microflora to volatile fatty acids

(see 'chapter 5 and 6), which could have a lower metabolic efficiency as com

pared to carbohydrate absorbed from the small intestine.

Maintenance energy requirements

When ME retained (Y, MJ/kgW0,75/day) was regressed against ME intake (X, MJ/

kgWO,75/day) the equation obtained (Fig. 7.2) was:

Y = O,318X - 0,141; n = 8, r2 = 0,78

The partial efficiency of utilization of ME for tissue synthesis was 0,32 and

the maintenance energy requirement (MEm) was 0,44 MJ/kgWO,75/day. The
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mai ntenance energy requi rements was in good agreement of that of 1ayi ng hens

(0,36-0,49MJ/kgWO,75/day: Chwalibog, 1982; J~hnson & Farrell, 1982; Kirch

gessner, 1982) but much lower than that of ducks and geese (0,79-0,88MJ/

kgWO,75/day: Bayley, Somers & Atkinson, 1982), quail (1, 14MJ/kgW0,75/day:

Farrell, Atmamihardja & Pym, 1982) and bUdgerigars (0,88MJ/kgwO,75/day:

Wachter-Vonnann, Schneider & Menke, 1982). The efficiency of energy retained

for gain (0,32) was much lower than that reported for all these bird species

ranging from 0,63 to 0,85. This might have been due to a lower utilization

efficiency of VFA energy as also reported in studies with rats (Eggum &

Chwa1i bog, 1982).

CONCLUSIONS

Although the variation of the calorimetric measurements was large, the supple

mentation of dietary energy at an increased concentration of crude fibre

tended to have a negative effect on the utilization of ME in growing ostri

ches. The efficiency of nutrient digestion did not only deteriorate, but also

had a marked depressive effect on energy metabolizability. Furthennore,

energy loss as methane was small and can be negl ected in the appl ication of

the ME-system to ostriches.

Basically these findings are in agreement with results reported in pigs. The

studi es described by Just (1979, 1982a, b, c, d) and Just et ~ (1983) show

that ME concentration (MJ/kg OM) accounts for 90% or more of the variation in

the efficiency of utilization of ME. Experiments with ileo-caecal cannulated

pi gs (J ust 1979, 1982c, d; Just et ~ 1983) demonstrated a rel ati onshi p be

tween energy concentrati on and site of absorpti on (i .e. small i ntesti ne or

caecum-colon), which could explain differences in the utilization of ME. When

energy concentrati on decreases due to i ncreasi ng fi bre, more nutri ents are

1ikely to be passed undigested to the hindgut where a large proportion of the

protein and carbohydrates are fermented to ammonia, amines and volatile fatty

acids, plus loss of energy in CH4' H2 and fennentation heat (Holmes et~,

1973; Just 1979, 1982b,c,d; Sambrook, 1979; Low, 1980). These fermentation

products are absorbed to a large extent, but their chemical composition dif

fers markedly from that of the nutrients absorbed from the small intestine and

this will most likely influence the efficiency of utilization of ME (Just et

~ 1982, 1983).
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The absorption and oxidative metabolism of end products (volatile fatty acids)

from carbohydrate fermentation in the hindgut' of ostriches was previously de

monstrated and it was calculated to make a substantial contribution to the

energy requirements of the growing ostrich, (Swart, Mackie &Hayes, 1987; see

al so Chapter 4-6). However, it may now be concl uded that the util i zati on

efficiency of VFA energy via microbial fermentation in the caecum-colon of the

ostrich might have had a lower value than when absorbed as carbohydrate from

the small intestine. Furthermore, increasing the crude fibre level of the

diet (decreasing energy concentration or diet density), more readily digesti

ble nutrients might be passed to the hindgut resulting in higher rates of fer

mentat i ve di gesti on in the caecum-colon wi th the probabil ity of a conse

quential decrease in energetic efficiency due to lower utilization efficiency

of VFA energy.

Fi nally the use of ME as a cri terion to eval uate feedstuffs and the formul a-

, tion of balanced diets for ostrich production requires further research before

it can be fully employed. Future research shoul d be aimed at quanti fyi ng the

influence of crude fibre on ME util ization over an extended range of dietary

energy concentrati ons. Meanwhil e, the probabil i ty of different effi ci enci es

of ME utilization for diets differing significantly in their fibre content or

energy concentration, should be considered in future ostrich feeding pro

grammes.
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8
Accretion Patterns and the Partition of

Metabolizable Energy during Growth in the Young

Ostrich (Struthio camelus var. domesticus)

I NTRODUCTI ON

The .objective of modern ostrich production is to convert feedstuffs such as

1ucerne meal and cereal grains to skin, meat and feathers in the growing

ostrich (Swart & Kemm, 1985). The success in describing the metabolizable

energy values (ME) of feeds is dependent on the efforts to relate metaboli

zabl eenergy intakes to deposi ti on of product (Bayl ey, 1982). Metabol i zabl e

energy must be either retained or dissipated as heat.

There is no quantitative information on the effect of energy intake on the

absolute and relative rates of protein and fat deposition in the growing

ostrich. This study was conducted to quantify patterns of energy intake and

the deposition of protein and fat in growing ostriches fed ad libitum on a

di et fontlul ated to contai n an adequate protei n and ME content. In thi s

paper the emphasis is on patterns of efficiency of feed util ization for

growth in ostri ches based on the use of 1ongi tudi nal rather than cross

secti onal data. The effi ci ency of convers i on of feed to animal ti ssue is

expressed as the rati 0 between output and input in energy uni ts. Its

reciprocal (input/output) is the feed conversion ratio (FCR), which is com

monly used in practice (Meissner &Roux, 1984) and is used in this paper.

EXPERIMENTAL

Animals and housing. Ostrich eggs (24) were incubated in a forced-draught

incubator (La Nationale Gascogne. Series C 2668 : Briare, France) maintained

at a dry bulb temperature of 36.0·C and wet bulb temperature 24.0 ± 1.0·C.

These temperature setti ngs were determi ned from natural i ncubati on para

meters as reported by Swart. Rahn &De Kock (1987) and Swart &Rahn (1987.

see also Chapter 2.3). The hatching percentage was 80% and the chicks

weighed 0,86 ± 0.01 kg at one day of age. All eggs were obtained frOO1 the

ostrich breedi ng flock of the Oudtshoorn Experimental Farm and·· are
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considered to be representative .of South African domesticated ostriches
(Struthio camelus var. domesticus).

The chicks were housed in flat deck-type metabolism cages, 1,6 x 1 m, fitted

with expanded metal floors, height adjustable water buckets and feeding

troughs. An overhead infrared heater fitted to each cage ensured tempera

tures above 23°C. Initially the chicks were housed together in 6 groups of

4 chicks each and were subsequently allotted to 12 pairs of approximate

equal livemass within pairs.

Experimental diet. This was initially formulated according to poultry

values (Du Preez, Minnaar& Duckitt, 1984, Du Preez, Duckitt & Paulse,

1986), to contain 17% crude protein and 11 MJME/kg (Table 8.11. Sub

sequently an ostrich ME-value of 12,33 MJ/kg was determined on successive

occasions in metabolism trials using 4 to 6 ostriches at different live

masses (see Chapter 4). This was higher than the previously suggested

requirements for growth of juvenile ostriches (Swart &Kemm, 1985) and was

higher than requirements for ostrich chicks reported by Flieg (1973) and

Gandini, Burroughs & Ebedes (1986). Protein content was, however lower than

the 24% suggested by Scott. (1978) for growing ratites. The experimental

chicks were fed ad libitum at all stages.

Procedure fOr comparative slaughter experiment

When 60 days old and 9,09 ± 0,69 kg livemass, 12 chicks, one member of each

pai r were sacrifi ced. Livemass and cumul ative feed intake measurements of

the remaining 12 individually housed chicks were recorded every 3 days at

09hOO. Six of the remaining chicks were sacrificed at 90 days of age (20,2

± 1,1 kg livemass). [The mathematical model that was used in the present

study to describe growth and body composition (see below) fs based on the

discovery that ln (body mass) and ln (cumulative feed intake) are linearly

related and that cumulative feed intake, like body mass, can be described

over time. Furthermore, use is made of the fact that chemical body consti

tuents are all' ometri cally rel ated to cumul ative energy intake so that 1i near

relationships exist in the logarithmic scale (Siebrits, 1986). A change in

the pattern of feed intake and growth rate was observed ·for the ostriches in

the present study. Consequently it was decided to slaughter a middle group·

of 6 ostriches between 20 and 24 kg 1ivemass.]· The experiment end.ed when
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Table 8.1 Composition of the experimental diet (air dry basis) fed to the

ostrich chicks from 5 to 36 kg livemass.

Component % in diet

Maize meal

Lucerne meal (21% crude protein)

Fi sh meal

Limestone powder

Mono-Calcium phosphate

Salt

Minerals + vitamins1

Composition

Metabolizable energy2, MJ/kg

Protein (6,25 x N), %

Crude fibre, %

Calcium, %

Phosphorus, %

Moisture, %

53,0.

34,0

8,4

1,0

2,6

1,0

+

10,8

17,3

11,6

1,7

1,0

10,0

It~ineral-vitamin premix (Truka: Germiston, South Africa) added per kg

mixed diet: 10 000 IU Vito A, 2 000 IU Vito 0, 15 IU Vito E, 2 mg Vito

K, 2 mg Thiamin, 8 mg Riboflavin, 4 mg Pyridoxine, 0,02 mg Vito B12,

1,5 mg Folic acid, 0,05 mg Biotin, 10 mg Pantothenic acid, 30 mg

Niacin, 250 mg Manganese, 66 mg Zinc, 1 mg Iodine, 30 mg Iron, 11 mg

Zinc Bacitracin.

2Poultry values (Du Preez et2.1, 1984; Du Preez et2.1, 1986).
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the last 6

1i vemass).

tuents.

ostriches were slaughtered at 120 days of age (30,57 ± 1,94 kg

All slau9htered birds were ana.lysed for chemical body consti-

Body composition. The identical procedure was followed for all slaughtered

birds. Warm bodymass was measured whereafter the abdominal cavity was

opened, the entire intestinal tract removed, weighed, flushed with tap water

and reweighed in order to determine empty bodymass (warm body minus gut

contents). The empty body together with the emptied intestinal tract were

then frozen in sealed plastic bags.

The entire frozen carcasses were ground separately in a carcass grinder

(Wolfking, Denmark) with a 5 mm sieve. The ground carcass was passed

through the mincer six times to ensure proper mixing as described by Viljoen

(1985), ·before a 1,5 kg sample was taken for OM determination and chemical

analyses. Dry matter content was determined by drying 300 g samples in tri

plicate at 100·C for 48 h in a forced convection drying oven.

A further 200 g sample was freeze-dried and milled through a 2 mm sieve in a

1aboratory mill together wi th three ti mes its vol ume of sol i d C02 as des

cribed by Siebr-its (1984). The ground sample mixture was left in an open

plastic bag until all dry ice had sublimated, sealed and stored at -15·C for

chemical analyses.

Chemical analyses. Protein content (N x 6,25) was determined according to

the macro kjeldahl method (AOAC, 1984). Fat content was determined by ex

traction with petroleum ether (boiling point 40-60·C) using the Tecator

soxtec method (AOAC, 1984) and drying the extract at 105·C for 30 minutes as

recommended by Harris (1970). Total energy content was determined using an

adi abatic bomb calorimeter (005400: Digital Data Systems, Randburg, South

Africa), cal ibrated with benzoic acid tablets. Ash content was determined

using standard methods.

Biometrical analyses. The allometric autoregression (AA) growth model as

described by Roux (1974, 1976) and substantiated in studies with sheep

(Meissner, 1977; Roux, Meissner &Hofmeyr, 1982), cattle (Meissner &Roux,

1984; Roux & Meissner, 1984), pigs (Roux, 1981; Roux & Kemm, 1981;

Siebrits 1979, 1984, 1986; Siebrits, Kemm, Ras &Barnes, 1986) and boergoat

(Viljoen, 1985) was employed to analyse and describe growth and
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body composition. In order to describe the "average ostrich" as applied to

the present. study the cumul ative intakes and livemasses of the 6 ostriches

in the final slaughter group were averaged and utilized in the AA-model.

Practical appl ication of the AA-model to growth data of pigs was recently

reviewed and demonstrated by Siebrits (l986). Briefly, livemass is allome

trically related to cumulative energy intake. The relationship between

cumulative energy intake with time can be described by the equation:

Xt =a'+ pt (fl-a') where

Xt = 1n (cumulative energy intake) at time t

fl = 1n (cumulative energy intake) at time to

p = the slope of the autoregression of ln (cumulative energy intake)

a' = intercept of the autoregression of ln (cumUlative energy intake}/l-p.

An autoregression of ln (cumulative ME intake) was calculated by means of

1inear regression between the ln of the mean cumulative ME intake at time

(t-ll as X, and ln (mean cumulative ME intake) at time t as y. The linear

relationship of ln (cumUlative ME intake) and ln (mass) was then used to

cal cul ate growth rate, intake and feed conversi on ratio at di fferent 1ive

masses wi thi n the experimental 1imi ts i. e. between 10 and 30 kg 1i vemass. A

graphical plot of the raw data in the latter relationship was also used to

identify different phases (or so-called break-points) in the growth curve as

indicated by a change in the slope of the linear relationship between "In

(intake) and ln (livemass) as previously observed for cattle (Roux &
Meissner, 1984), sheep (Searle, Graham & O'Callaghan, 1972), boergoat

(Viljoen, 1985), pigs (Roux & Kemm, 1981; Siebrits, 1984) and rats (Scholtz

& Roux, 1981, 1984).

Linear regressions between ln (cumulative ME-intake) and ln (body protein,

-fat, -moi sture, -ash and body energy, respectively) were al so cal cul ated

for the 24 slaughtered ostriches. Growth rates, rates of deposition and

feed intake were then calculated by differentiation as described by Siebrits

(1979, 1986). Corresponding rates of heat production were calculated as

ME-intake minus energy deposition rates.
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RESULTS

Mass Gain

Despite their somewhat wild nature and troop instinct, all ostriches adapted

well to their single-cage environments and all animals remained in good

health duri ng the experimenta] period. They gained 1ivemass at an overall

mean rate of 340 g. day-1 wi th a correspondi ng average feed convers i on rate

of 3 kg feed per kg 1ivemass gain during the 1ivemass interval, 10-30 kg.

This was well within the expected limits, in good agreement with the perfor

mance of ostrich chickens in commercial feedlots (Swart, unpublished data)

and well above rates reported by Gandini, Burroughs &Ebedes (1986).

Growth Patterns

The overall mean growth rate, however, does not reveal the dramatic change

in the growth pattern after attainment of 23 kg livemass. The alteration of

the growth pattern is recognizable as a distinct break in the slope of the

allometric log-relationship between cumulative energy intake and livemass

(Fig. 8.1), indicating a change in energy conversion rate between 23 and 24

kg livemass.

If such a break point was ignored this would lead to erroneous description

of the growth pattern and its composition (Siebrits 1984, 1986).

Growth Parameters

A separate set of growth parameters were cal cul ated accordi ng to the AA

model for each of the two growth phases, 10-23 kg (Phase I) and 24-30 kg

1ivemass (Phase 2) respectively. The growth parameters for the average

ostrich are presented in Table 8.2. The coefficients of determination (r2)

indicate that practically all of the variation in livemass can be accounted

for by correspondi ng vari ati on in feed intake for both phases. The diffe

rent sets of statistical par~neters suggest different growth patterns within

each growth phase.

Regression Equations

The regression equations describing the allometric relationships between

8.6
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Figure 8.1 Allometric log-relationship between cumulative energy
(ME) intake and livemass indicating a break-point between 23 and 24
kg livemass of the growing ostrich.
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Table 8.2 Growth parameters for the "averageostrich" determined using the
allometric model,

Growth phase

Growth model
parameters

p
a
a

b

Phase 1
(10-23 kg livemass)

0,97289
8,48214

-4,57430
1,15623
6,24244
0,9972

0,9995

Phase 2
(24-30 kg livemass)

0,91693
7,36379

-1,42647
0,69031
6,78707
0,9941

0,9982

J

p slope of autoregression
a asymptote of cumulative ME intake
a intercept of ln (livemass)-ln (cumulative ME intake) regressions
b slope of ln (livemass)-ln (cumulative ME intake) regressions
fL initial ln (cumulative ME intake) value
*r2 coefficients of determination of the ln (cumulative ME intake)

ln (livemass) regressions
**r2 coefficients of determination of the autoregressions
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Table 8.3 Regression equations describing. the relationship between ln
(cumulative ME intake) as independent variable (y) andln (body protein,·
fat, moi sture, ash and energy of the total body respectively) as dependent
variable (x) for the ostrich chick.

Groupn

Phase 1 18

Phase 2 6
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each of the different chemical body components of the total body and cumula

tive ME--intake are presented in Table 8.3. 'The r 2-value was highest for

body energy (r2 = 0,9996, Phase 2) and lowest for body fat (r2 = 0,8981,

I Phase 1). All r 2-values are in good agreement with similar values reported

" for pigs (Siebrits, 1984) and goats (Viljoen, 1985). Again, each phase had

! a different set of statistical parameters, indicating different patterns of

, body composition and the composition of growth.

i'

,
,~

The values in Table 8.2 and 8.3 were used to calculate the data presented in

Tables 8.4 to 8.6 and Figures 8.2 and 8.3.

Feed Intake, Growth and Feed Conversion Rate

The data presented in Table 8.4 shows that intake gradually increased at a

declining rate from 721 g/day (8,89 MJME/day) to 1060 g/day (13,08 MJME/day)

duri ng Phase 1 (10-23 kg 1i vemass). Over the foll owi ng one kg gai n (23-24

kg 1i vemass) intake increased markedly by more than 200 g/day and then de

creased at an accellerating rate to 946 g/day at 30 kg livemass. Within the

two growth phases, changes in growth rate closely followed changes in feed

intake. However, feed intake coul d not account for differences ingrowth

rate between phases. The average feed conversion ratio changed from 2,52 in

Phase 1 to 4,07 duri ng Phase 2. Jhi s was the resul t of an increase of 24%

i ni ntake wi th a concomi tant 23% decrease ingrowth rate. Feed convers i on

rate surpri si ngly showed a sl i ght improvement from 2,7 to 2,4 kg feed/kg

gain during Phase 1. Thereafter it deteriorated almost twofold to 4,3 kg

feed/kg gain at 30 kg livemass.

Composition of Growth

Bod,yprotein. The mean contents and rel ative composition of the empty body

of the average ostrich at different livemasses are presented in Table 8.5.

Relative to total body components (or empty bodymass), protein content (%)

was almost constant and increased from 16,3% at 10 kg livemass to 18,7% at

30 kg 1ivemass. Relative to empty bodymass gain, protein content of gain

(%) showed a small initial increase (1,3 percentage units) to reach a

maximum of 19,6% at 23 kg 1ivemass, and then remained practically constant

during the successive growth phase (Table 8.6). ,
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Table 8.5 Mean contents and relative composition of the empty body (total body components) of the average ostrich chick at
different livemasses. Percentage values denote the fraction of total body components or empty bodymass.

Growth Livemass Protein Fat Moisture Ash Energy
phase kg

kg % kg % kg % kg % MJ

1 10,00 1,44 16,31 0,47 ,5,32 6,59 74,63 0,33 3,74 55,42
11,00 1,59 16,46 0,54 5,59 7,16 74,12 0,37 3,83 61,80
12,00 1,74 16,60 0,61 5,82 7,73 73,76 0,40 3,82 68,27
13,00 1,90 16,80 0,68 6,01 8,29 73,30 0,44 3,89 74,81
14,00 2,05 16,91 0,76 6,27 8,84 72 ,94 0,47 3,88 81,43
15,00 2,20 17,00 0,84 6,49 9,39 72,57 0,51 3,94 88,12
16,00 2,36 17,16 0,92 6,69 9,93 72 ,22 0,54 3,93 94,87
17,00 2,51 17 ,24 1,00 6,87 10,47 71,91 0,58 3,98 101,69
18,00 2,67 17 ,37 1,09 7,09 11,00 71,57 0,61 3,97 108,56
19,00 2,83 17,48 1,17 7,23 11,54 71,28 0,65 4;01 '115,48
20,00 2,98 17 ,55 1,26 7,42 12,06 71,02 0,68 4,00 122,46
21,00 3,14 17,64 1,35 7,58 12,59 70,73 0,72 4,04 129,49
22,00 3,30 17,74 1,44 7,74 13,11 70,48 0,75 4,03 136,57
23,00 3,46 17,82 1,54 7,93 13,63 70,19 0,79 4,07 143,69

2 24,00 3,96 18,57 1,76 8,25 14,67 68,78 0,94 4,41 163,80
, 25,00 4,15 18,59 1,94 8,69 15,24 68,28 0,99 4,44 176,16
26,00 4,34 18,63 2,13 9,14 15,80 67,81 1,03 4,42 188,91
27,00 4,53 18,63 2,33 9,58 16,37 67,34 1,08 4,44 202,05
28,00 4,72 18,65 2,53 10,00 16,93 66,89 1,13 4,46 215,58
29,00 4,91 18,66 2,75 10,45 17,49 66,45 1,17 4,45 229,49
30,00 5,10 18,65 2,98 10,90 18,05 66,00 1,22 4,46 243,78
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Table 8.6 Mean (g.day-1) and relative accretion rates (t) of body components and body energy of the average ostrich chick at.
different livemasses. Percentage values denote deposition rates relative to that of total body components or empty bodymass.

Growth Livemass Protein Fat Moisture Ash Energy
phase kg

g.day-1 'X, g.day-1 t g. day-1 t g.day-1 'X, MJ .day-1

1 10,00 40,66 18,30 17,96 8,08 154,32 69,44 9,28 4,18 1,70
11,00 43,49 18,46 19,89 8,44 162,24 68,88 9,91 4,21 1,84
12,00 46,20 18,61 21,82 8,79 169,66 68,36 10,51. 4,23 1,97
13,00 48,80 18,75 23,73 9,12 176,63 67,87 11,09 4,26 2,09
14,00 51,30 18,88 25,63 9,43 183,18 67,41 11,65 4,29 2,21
15,00 53,70 18,99 27,52 9,73 189,37 66,97 12,18 4,31 2,33
16,00 56,01 19,10 29,39 10,02 195,22 66,56 12,69 4,33 2,45
17,00 58,23 19,19 31,24 10,30 200,74 66,17 13,18 4,34 2,56
18,00 60,37 19,28 33,08 10,57 205,98 65,79 13,65 4,36 2,67
19,00 62,43 19,37 34,90 10,83 210,94 65,43 14,11 4,38' 2,77
20,00 64,42 19,44 36,69 11,07 215,65 65,09 14,54 4,39 2,87
21,00 66,34 19,52 38,47 11,32 220,12 64,76 14,97 . 4,40 2,97
22,00 68,19 19,59 40,22 11,55 224,36 64,45 15,37 4,41 3,07
23,00 69,98 19,65 41,95 11,78 228,39 64,14 15,76 4,43 3,16

2 24,00 62,23 19,27 57,37 17,76 188,48 58,35 14,91 4,62 4,04
25,00 59,62 19,19 57,76 18,59 179,06 57,li3 14,29 4,60 3,97
26,00 56,75 19,10 57,67 19,41 169,07 56,91 13,60 4,58 3,88
27,00 53,63 19,01 57,05 . 20,23 158,52 56,20 12,86 4,56 3,76
28,00 50,26 18,92 55,88 21,04 147,45 55,51 12,05 4,54 3,60
29,00 46,64 18,82 54,12 21,84 135,86 54,82 11,19 4,52 3,42
30,00 42,80 18,72 51,75 22,64 123,79 54,15 10,27 4,49 3,21
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Energy Allocation

Body ash. This remained virtually constant at 5%, while accretion rate of

body ash averaged 4,2%.

Body fat. The relative fat content (%) of the empty body doubled to 10,9%

during the experimental period (Table 8.5) so that the fat content of gain

increased by 12,4 percentage units from 8,1 to 22,6%, exceeding that of pro

tein deposition (Table' 8.6). Similar patterns existed for other farm ani

ma1s such as different types of poultry (Du Preez, Du P1 essi s & Erasmus,

1967; Du Preez, Wessel, Stokoe & Van der Merwe, 1971), obese as well as

lean type pigs (Siebrits, 1984) and boergoats (Vi1joen, 1985).

rates decreased from 74,6% at 10 kg 1ive

Thus, accretion of body moisture was re-

Body moisture. Relative accretion

mass to 66,0% at 30 kg 1ivemass.

placed by fat accretion.

Body energy. Total energy content of the empty body increased from 5,54 MJ

to 8,13 MJ/kg of livemass over. the experimental period. Energy deposition

rates (Table 8.6) followed the same pattern as ME-intake (see Table 8.4).

Linear regression analyses of the data in Table 8.6 revealed that the total

energy content of empty body mass gain was closely related to fat deposition

rates (r2 = 0,999) across both growth phases. This was not the case with

protein deposition (r2 = 0,076). However, within phases both protein and

fat deposition were linearly related to energy accretion.

The theoretical energy values for protein (23,9 MJ/kg) and fat (39,8 MJ/kg)

suggested by Brouwer (1965) as reported by Znaniecka (1967) were used to

calculate the deposition rates of protein and fat energy. By definition

ME-i ntake mi nus energy depositi on suppl i ed the correspondi ng rates of heat

production. The results are presented graphically in Figure-8.2. ME-intake

per WO, 75 dec1 i ned whil e heat producti on rate closely foll owed the pattern

of ME-intake and accounted for 72 to 80% of ME-intake (see Fig. 8.3) during

the 10-30 kg. 1ivemass interval. On the other hand the retained energy of

1ivemass gain remained constant (O,3 MJ/W0,75/day) between 10 and 23 kg

1ivemass as a result of a decreasing protein deposition rate together with a

close but negative correlation (r = -0,98) with an increasing fat deposition

rate.

8.14



\1

0 \1
0 0 0 0

0 \1
0 0 ,~

0
0

0
Phose 2Phose 1

0 0 0 0 0 0 0
0 0 0 00 0 0 0 0 0 0

0 I;J I;J I;J I;J I;J I;J • • • •101 101 l!l l!l l!l • •• 0 0 0 0 0 0, , , , , , , , , . ,

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Livemoss (kg)

o 0 0 0
o 0 0 0

1.6vr-=---------------r----------,
1.5 _ \1

1.4
1.:3 ~

1.2
1.1 -

1
0.9 
O.B -

""0 ;;:: 0.7
§ ~ 0.6 
~ :::;- 0.5
B 3 0.4 r-
~ 0.3 ~ 0
w 0.2 Ir 0
::::;: 0.1 r- •

OL.-..l...--'----'-----'----'----l.---I._L.-..l...--'----'-----'----'--....L.L---I.--JL...-.L..-..L.-...l-...J

10 11

Figure 8.2 Metabolizable energy (ME)

all ocati on thereof to body energy ( 0
protei en ( 0 ) and heat producti on ( <>
10-30 kg livemass.

intake ( 'V
), body fat ( •

) in the growi ng

and the

). body

ostrich,

8.15



f
l-

The break-poi nt separati ng the two growth phases was i ndi cated by an i n

crease in ME-intake as al so reported for rats· and cattle by Scholtz & Roux

(1981) and Roux & Meissner (1984) respectively, together with a correspon

ding increase in heat production and energy deppsition rate. However, most

relevant and probably most important was the sudden increase in the deposi

tion rate of fat energy while the rate of energy deposition as protein

decreased, "resulting in a change-over (}f deposition rates in favour of fat

deposition .between the two phases. Although ME-intake from 24 to 30 kg

livemass averaged well below that of the first phase, energy retention rates

were well above those of the fi rst phase. Thi s can be expl ained by a

corresponding increase in mean fat deposition rate. During Phase 2 the

pattern of fat energy deposition was a decreasing one, now positively corre

lated (r; 0,995) with protein deposition which was in contrast to the

preceding phase.

Relative apportionment of ME-intake

Patterns of the relative apportionment of ME-intake to body protein, fat and

heat production is graphed against livemass in Figure 8.3. Regardless of

the break-point the partition of ME to energy in fat increased almost

linearly from 8% at 10 kg livemass to 17,6% at 30 kg livemass. The fraction

of ME allocated to heat production was inversely proportional to that of fat

deposition. On the other hand the relative deposition rate of energy in

protein increased only sl ightly (10,9-12,8%) to reach a point where the

apportionment of ME to protein and fat energy deposition was equal. This

point coincided with the breakpoint. During Phase 2 the fraction of ME

allocated to protein energy decreased from 9,4 to 8,8%, well below that of

fat deposition.

The relative apportionment of ME to total body energy increased almost

linearly from 19% to 27,5% and was more dependent on the deposition of fat

energy than that of protein energy (see Table 8.6). This is in accordance

with results obtained for pigs by Thorbek (1967) and Leroy (1965) who al so

concluded that the greater the daily fat storage the smaller the energy lost

per unit intake. Webster (1980) reported an inverse relationship between

the proportion of ME lost as heat, and efficiency of fat deposition. This

is in agreement with the results of this study.

8.16
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Finally the net energy value per kg of the diet increased from 2,4 MJ to 3,4

MJ whil e constancy of ME (12,33 MJ /kg feed) was reported previ ously (see

Chapter 5).

DISCUSSION

Feed Conversion and Energetic Efficiency

The poor feed conversion rate during the second growth phase (23-30 kg live

mass) was caused by a relatively high feed intake together with an unexpec

ted poor growth performance and high deposition rates of body fat (see Table

8.6, Fig. 8.2). Differences in growth rate might be explained by diffe

rences in feed conversion rate which in turn may be explained by differences

in the composition of growth and heat production (Hofmeyr, Kroon, Olivier &
Van Rensburg, 1974; Meissner &Pretorius, 1980; Siebrits, 1984). However,

the sudden changes observed for these variables between the success ive

growth phases (thi.s study) can not easily be explained and it is suggested,

that these sudden changes or so called breaks in the growth curve correspond

to physiological changes in the animal (Scholtz & Roux, 1981).

Energy conversion (MJME!MJ deposited; calculated from Table 8.4 and 8.6)

improved from 5,23 in Phase 1 (10 kg livemass) to 3,63 in Phase 2 (30 kg

livemass) indicating that the ostriches in fact became energetically more

efficient while feed conversion rate (Table 8.4) deteriorated. This was

caused by a shift in the composition of growth characterized by an increase

in the rel ati ve fat content per kg gain and a concomi tant decrease in heat

production rate.

Accretion Patterns of Growth

The change-over in the ratio of protein: fat deposition rate (calculated

from Table 8.6) from 2,3:1 at 10 kg livemass to a 1:1 ratio at 26 kg live

mass was of parti cul ar interest. The tendency towards equal i ty coi nci ded

with the break in the slope of the allometric log-relationship (Fig. 8.1)

between energy intake and 1i vemass. Simil ar depos.i t ion patterns exi st for

growing pigs (calculated from data of Siebrits, 1984) and for growing boer

goat does (calculated from data of Viljoen, 1985). The change-over of the

ratio of protein: fat deposition al so corresponded with a break in the al-
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lometric relationship at 30 and 20 kg livemass for pigs and goats respec

tively.

Regression analysis of the data in Table 8.6 revealed that 1,1 percentage

unit increase in percentage fat deposition contributed to a one percentage

unit decrease in moisture content of the daily empty body mass gain (r2 =

0.996) • Thus body moi sture was replaced by body fat as al so reported by

Siebrits (1984) and Viljoen (1985), and accompanied by protein deposition

(Van Es, 1982). Consequently energetic efficiency improved while feed con

version rate deteriorated.

Protein deposition is because of its relationship with water deposition the

main factor determining livemass gain (Van Es, 1982), while heat loss is

positively related to protein deposition (Bickel & Durrer, 1973; Orskov &

McDonald, 1970; Webster, 1980). Furthermore, it was indicated that the

gross efficiency of protein deposition might be somewhat higher than that of

fat deposition during the first growth phase in the present study. Thus,

the slight improvement of feed conversion rate that was observed from 10 to

23 kg livemass (Table 8.4) for the ostriches might be explained by an almost

constant protein deposition rate accompanied by an increasing rate of fat

deposition, below that of protein. Johnson &Crownover (1976) explained an

increased maintenance requirement by an increasing rate of protein synthesis

and not body composition as such. This is in accordance with results ob

tained by Pullar &Webster (1973) who showed that changes in the proportion

of energy used for protein synthesis are inevitably accompani edby changes

in the maintenance reqUirement of the growing (maturing) animal. Thus

energy cost of protei n accreti on is greater than that of fat accreti on but

is still subject to marked auto-correlation because the partitioning of

energy between fat and protein is altered during growth.

Efficiency of Energy Deposition

The theoretical energy val ues for protein and fat suggested by Brouwer

(1965) fitted the data obtained rather well. Adding the body protein and

fat energy values (calculated from Table 8.5) yielded energy values that

ranged between 96% at 10 kg and 100% at 23 kg, and between 101% at 24 kg and

99% at 30 kg livemass of body engergy contents (Table 8.5) for Phase 1 and 2

respectively.

8.19
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When compared to the relative apportionment of ME to deposited energy in
growing pigs (Thorbek, Chwalibog & Henckel, 1982), poultry (Kirchgessner,
1982; Guilluame, 1976), sheep (Bickel & Durrer, 1973) and quail (Farrell,
Atmamihardja &Pym, 1982) the ostrich values are in good agreement. However

for pigs (Hofsetter & Wenk, 1982) broiler chickens (Leclerq & Saadoun,
1982),chickens and ducklings (Farrell & Siregar, 1979) and boergoats
(Viljoen, 1985) much higher values have been reported. As Viljoen (1985)

pointed out, these differences can be explained by the continuously changing
pattern of growth composition depending on the physiological growth phase of

the animal under consideration. Furthermore, the gross efficiency of ME
util ization al so depends on differences in the energy cost of protein and

fat synthesis, as well as the ME status of the diet.

When determining responses to change in energy intake it is important to
distinguish between situations of protein adequacy and those in which it is

limiting. Dunkin &Campbell (1982) pointed out that relative apportion-ment
of ME to body protein and fat, and the efficiency of its utilization for
these purposes are materially affected by the protein status of the diet.
However, in this study it is most unlikely that the change-over in the ratio
of protein: fat deposition efficiencies can be ascribed to limiting protein
intake. Firstly the ostriches were fed ad libitum at all stages with a diet

containing 17% crude protein. Secondly protein intake must have been
adequate to maintain an increasing protein deposition rate during Phase 1
and thi rdly s imil ar patterns were al so found for growi ng pi gs (Si ebrits,
1984) and goats (Viljoen, 1985) fed ~ libitum on balanced growth diets.

Swart & Kemm (1985) previously reported deposition of excessive amounts of
subcutaneous fat in growing ostriches even when they were fed on diets high

in protein and low in energy.

Finally the net energy value of the diet increased from 2,4 MJ/kg feed to
3,4 MJ/kg feed during the experimental growth period while constancy of ME

(12,33 MJ/kg feed) was reported previously (see Chapter 5).

In concl us i on the patterns of body and growth composi ti on of the growi ng
ostrich chick agreed well with that of other growing animals. Although nor
mal growth and thus 1ivemass gain is dependent on a mandatory rate of pro
tein deposition, accompanied by water deposition, it is inevitably subject
to an increasing rate of fat storage which apparently commences at the onset
of growth. At some stage the deposition of protein and fat will approach
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equality resulting in a subsequent change-over Of the ratio of protein: fat

deposi ti on. The resul ts of thi s study provi de evi dence that these sudden

changes in body and growth composition coincided with a corresponding break

in the growth curve which in turn may correspond to physiological changes in

the animal (Scholtz &Roux, 1981; Roux &Meissner, 1984) such as the onset

of puberty and sexual maturi ty. These often correspond wi th changes in

"rates of feed intake between di fferent growth phases as previously reported

by several authors for different animal species (Meissner, Roux & Hofmeyr,

1975; Meissner, 1977; Roux & Kemm, 1981; Scholtz & Roux, 1981; Roux et

~, 1982; Roux & Meissner, 1984; Scholtz & Roux, 1984; S1ebrits, 1984;

Viljoen, 1985).

Thus, in terms of metabolic body size (W0,75) the priority for the alloca

tion of ME to the deposition of body energy in protein or in fat undergoes

change and is correlated with changes in heat production of the growing ani

mal (Fig. 8.2 and 8.3). This must inevitably alter the maintenance needs of

the growing animal that is in accordance with results of Thorbek, Chwalibog

& Henckel (1982) who deri ved that ME for mai ntenance is not rel ated to w0,75

but to a linear function thereof: a + bWO,75. Finally the gross efficiency

of the util ization of ME for the deposition of body energy changes as the

apporti onment of energy towards protei n and fat accreti on changes in the

growing animal.
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9
SYNOPSIS

A series of experiments was designed to stu~ the hatching, growth and ener

gy metabolism of ostrich chicks. The findings of the different investiga

ti ons are reported in i ndi vi dual chapters (see Index) and have been di scus

sed in detail. Only general conclusions will therefore be summarized in

this chapter.

The microclimate of the nest and the rates of egg water loss were studied at

weekly interval s throughout the 41-day incubation period in six ostrich

nests. Overall mean values were a central egg temperature of 34,9 ·C asso

ciated with saturated vapor pressure of 42 torr, a mean nest vapor pressure

of 11 torr, and an ambi ent vapor pressure of 8,4 torr. The egg water loss

increased from 4000 to 4800 m9.day-l over the incubation period, and the to

tal water loss was equal to 13,2% of the initial egg mass of 1368 g. The

mean rate of water loss (4403 mg.day-l) divided by the water vapor conduc

tance of the shell (l47 mg.day-l.torr-l) equals 30 torr, representing the

vapor pressure difference that must have existed between egg and nest air, a

value within the normal range of most other bird species (n = 83). When

this value is added to the nest vapor pressure of 11 tor, it predicts an egg

saturation vapor pressure of 41 torr, similar to that derived from the cen

tral egg temperature.

Furthermore, a method is described for determining the temperature of fer

tile and infertile eggs of the ostrich, and the absolute humidity of the

nest and ambient air during 41 days of incubation without recourse to direct

thermometry or relative humidity sensors. These values are calculated from

weekly determinations of mass changes of a diffus-ion hygrometer made from an

ostrich eggshell, and eggs in the nest, some of whose shell conductance to

water vapor had previ ously been establ i shed. Duri ng the incubati on peri od

the absolute nest humidity remained relatively constant at a mean value of

13,2 torr and was maintained 4,7 torr above the ambient humidity. The satu

ration water vapor pressure of fertile (but not of infertile) eggs gradually

increased from 41 to 47 torr because of the rise in egg temperature from

34,5 to 37,I·C at the end of-incubation. Infertile eggs remained at 35,0

·C. Because of the increase in saturation vapor- pressure of fertile eggs

during the 1astha1f of incubation, the water vapor pressure difference
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between the egg and the nest air increased. This change accounted for the
proportional change in egg water loss which increased from 4,3 to 5,0 g.d-1

at the end of 41 days. During the course of incubation the mean water vapor
pressure of the eggs ranged from 41,0 to 47,2 torr at their respective tem
peratures that varied between 34,5 and 37,1 ·C. Vapor pressure of the nest
air ranged from 12,4 to 14,6 torr at a mean temperature of 34,4 ·C, indica
ting a mean relative humidity of 33,5%, a value much lower than the mean re
ported for other ground nesting species (48%). Ambient humidity varied be
tween 7,1 and 10,3 torr at a temperature fluctuating between 19,4 and 36,5
·C. Considering conditions of artificial incubation for ostrich eggs with a
typical water loss rate and eggshell conductance of 4507 mg.d-1 and 157,3 mg
(d.torr)-1 respectively, and assuming an incubator air temperature of 36 ·C,
the humidity of the incubator air should be 15,9 torr or 36%. Appl ication
of these values in ostrich egg incubators improved the realized hatchability
from 50 to 75%.

In order to study energy metabolism in growing ostrich chicks, a series of
experiments was designed to study the digestive strategies and capabil ities
of ostri ch chi cks as infl uenced by 1i vemass, rate of passage and si te of
digestion. Together herewith the digestibility of various fibre consti

tuents such as cell walls (neutral detergent fibre), hemicellulose and cel
lulose were examined. The production of volatile fatty acids (VFA), the
pri nci pal non-gaseous end-products of mi crobi al fermentati on (fermentative
digestion), was al so investigated to assess the contribution of microbial
digestion to the energy economy of these birds. An important aspect of this
particular study was to determine whether ostriches utilize the end-products
of fibre digestion, namely VFA such as acetic acid, efficiently. These stu
dies demonstrated conclusively that the ostrich is an unique avian herbivore
with large chambers in the hindgut specialized for fermentative digestion as
indicated by large capacity and digesta contents, neutral pH and high
concentration of volatile fatty acids (VFA), low lactic acid and high
NH3-N. The long retention time of "fibrous feed (40 hours) in the
gastro-intestinal tract ensures that fibre is exposed to microbial digestion
for extended times, allowing efficient degradation of cellulose and
hemicellulose especially. This is supported by the high digestibilities of
cell walls (47%), hemicellulose (66%) and cellulose (38%). The presence of
a large and complex anaerobic bacterial flora in the hindgut resulted in the
production of volatile fatty acids, mainly acetate,the production rates
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bei ng typi ca1 of those reported for the forestomach of rumi nants and rumi

nant-like herbivores. Furthermore, the absorption and oxidative metabolism

of end-products from carbohydrate fermentation,and more specifically cell u

lose, was conclusively demonstrated to contribute up to 76% of the daily

metabol i zab1e energy intake of the growi ng ostri ch. The results of these

experiments provide a fascinating insight into the nutritional ecology of

this primitive flight'less bird aliowing it to survive in the wild under arid

condi t ions wi th low intake of poor qual i ty feed, and to adapt and thri ve

under intensive farming conditions.

The possible use of ME to evaluate feedstuffs for ostriches was an initial

a im of the metabo1i sm s tudi es. Subsequently the effect of crude fibre on

the digestibility of gross energy, energy loss as methane, heat expenditure,

and the effect on the efficiency of ME utilization were investigated. This

particular investigation indicated that the addition of dietary energy at an

increased concentrati on of crude fi bre (decreasi ng energy concentration)

might have had a depressive effect on ME-utilization in growing ostriches.

Nutrient digestibilities did not only deteriorate, but energy metabolizabi

lity also decreased. It seemed that by increasing the crude fibre level of

the diet (or decreasing energy concentration), more readily digestible

nutrients (e.g. glucose) might have been passed to the hindgut resulting in

higher rates of fermentative digestion in the caecum-colon with a consequen

tial decrease in energetic efficiency due to lower utilization efficiency of

VFA energy. Furthermore, energy loss as methane was small ( 1% of GE),

and can be neglected in the determination and application of the ME system

for ostriches. However, the use of ME as criterium to evaluate feedstuffs

and the formulation of balanced diets for ostrich production requires

further research before it can be fully elucidated. Future research should

be aimed at quantifying the influence of crude fibre on ME utilization over

extended ranges of dietary energy concentrations.

Fi nallY an experi ment was designed to study patterns of energy intake and

the deposition of protein and fat in the growing ostrich chick. The empha

sis was on patterns of efficiency of feed util ization for growth based on

the use of longitudinal rather than cross-sectional data. The patterns of

body and growth composition of the growing ostrich chick agreed well with

that of other growing animals. Although normal growth and thus livemass
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gain is dependent on a mandatory rate of protein deposition, accompanied by
water deposition, it is inevitably subject to an increasing rate of fat sto
rage which apparently commences at the onset of growth. At some stage the
deposition of protein and fat will approach equality, subsequently resulting
in a change-over of the ratio of protein: fat deposition. This was indica
ted by a break in the growth curve between 23 and 24 kg livemass of ostrich
chicks. In terms of metabolic body size (WO,7S) the priority of the alloca-. '

t i on of ME to the depos iti on of body energy in protei n or fat undergoes
change and is correl ated with changes in heat production -of the growing ani
mal. This must inevitably alter the maintenance needs of the growing ani
mal. Finally the gross efficiency of the utilization of ME for the deposi
tion of body energy changes as the apportionment of energy towards protein
and fat accretion changes in the growing animal.
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