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Aspects of digestion and in vitro fermentation in the caecum of some
East African herbivores
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Caecal digestive functions were compared in 22 species of Eust African herbivores. Comparisons
were made between ruminant pseud i and non-rumi herbivores to assess the
relative in vitro fer jon rate and compaosition of caecal from these species observed
in their natural habitat. Mcasurements were made of caecal fermentation rate, organic acid
composition, osmolality, pH and dry matter content. The data were compared by foregut
structure, feed preference and body weight of the herbivores.
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Intreduction

East African herbivores are unique both in the diversity of species represented, and in their
selective feeding habits. Their forage diet undergoes digestive fermentation, a process taking place
mainly in the enlarged forestomach of ruminants and pseudo-ruminants. or in the enlarged
caccum and colon of the other herbivores (Stevens, Argenzio & Clemens, 1979). More recently.
Demment & Van Soest (1985) and Demment & Longhurst (1987) have presented an interesting
possibility in which they offer un explanation on how the nutrition of ruminants and non-ruminant
herbivores is affected by both body size as well as the constraints imposed by gut morphology.
Even forestomach fermenters have quite a large caecum-colon relative to carnivores, which serves
to ferment the bulky food residues passing from the small intestines (Stevens, 1988). Very few
studies have hitherto been published on the role played by the caccum in digestive function of both
ruminant and non-ruminant herbivores. The caccum, like the ruminant forestomach, is viewed as
a major sitc of fermentation. The aim of the present study was to investigate caecal fermentation
and composition of caccal contents as well as the digestive physiology of many of East Africa’s
ruminant, pseudo-ruminant and non-ruminant herbivores.
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Materials and methods

Ninety-three adult animals representing 22 species of East Alrican herbivores were used in this study. All
digesta samples obtained from non-domestic species were derived from animals destroyed by the Kenya
Government during obligatory wildlife control procedures. The species were grouped according to their
principal feeding habits (Hofinann, 1973; Nowak & Paradiso. 1983) as follows: BROWSERS -6 Kirk's dik-dik
(Madoqua kirki), 8 suni (Nesotragus moschatus), 5 gerenuk (Litocranius walleri). 3 goats (Capra hircus), 4
sheep (Ovis arics), 3 bushbuck (Tragelaphus scriptus), 4 girafic (Giraffa camelopardalis), 3 rhing (Diceros
bicornis), INTERMEDIATE FEEDERS 7 Thomson’s gazelle (Gazella thomsoni), 6 Grant's gazelle (Gazella granti),
4 impala (depyceros melampus). S cland (Taurotragus oryx), 3 Alrican elephant (Loxodonta africana); and
GRAZERS—3 domestic donkey (Equus asinus), 3 zebra (Equus burchelli), 4 Zebu catile (Bos indicus). 4
hurtebeest (Alcephalus buselaphus), 4 wildebeest (Connochactes taurinus), 3 waterbuck {Kobus ellipsiprym-
nus), 5 oryx (Oryx gazella), 3 one-humped camel (Camelus dromedarius), and 3 African Cape buffalo
(Syncerus caffer).

All the animals were collected from their natural habitat in conjunction with the Department of Wildlife
Conservation and Management game animal control programmes. Ficld analysis and sample collection were
begun immediately after death of the animal and generally completed within 1 hour, Body weights of the

Is were obtaincd by weighing (small herbivores < 50 kg) with a Salter spring balance or, in the case of
larger animals { > 50 kg), the weights were taken as those reported for the average species weight (Sachs, 1967;
Hofmann, 1973). The giraffc and buffalo were not weighed but their weights were estimated using the body
girth or shoulder height formulae (Laws, Parker & Johnstone, 1975).

The abdominal cavity of each animal was opened immediately after death. Ligatures were used to tic oft the
ocsophagus at the cardia and the large bowel at the rectal-anal junction, after which the gastrointestinal tract
was then removed. The gastrointestinal tract of cach animal was further scparaled by ligatures into sclected
segments. These consisted of the reticulo-rumen, abc small i caccum and colon. The total
contents were removed from each segment, weighed, and a representative sample refrigerated for later
analysis. Additional samples werc strained through cheese cloth. the supernatant acidificd with concentrated
H.:SO, (approx. 0-5 ml per 20 m! sample), and refrigerated for later analyses of volatile fatty acids.

Dry matter content was determined by drying a portion of each sample to a constant weight in a forced-air
oven at 105 °C, Samples of whole gut contents were centrifuged and the supernatant collected for laboratory
analysis. Osmolality of the supernatant fraction was determined on a wide range laborutory osmometer.
Lactic acid concentration of cach sample was determined by the methods of Barker & Summerson (1941).
Volatile fatty acid concentrations were determined by the steam distillation method of Markham (1942).
Caecal fermentation rate was studied by measurement of rate of gas production in ritro according to methods
described for fermentation studies of rumen contents (Giesecke & Van Gylswyk, 1975; Hoppe, Qvortrup &
Woodford, 1977¢, b). All samples from each individual animal were analysed in duplicate.

Analysis of variance and Duncan’s Multiple Range Test were used to determine significant differences
(Snedecor & Cochran, 1967).

Results

The concentrations of dry matter, pll, osmolality, volatile fauy acids and in vitro fermentation
of caecal contents observed in the 22 species of East African herbivores are given in Tables I-V.
Herbivores within this study represent 17 species of ruminants (Kirk’s dik-dik, suni, gerenuk, goat,
sheep, bushbuck, giraffe, Thomson's gazclle, Grant’s gazelle. impala, eland. Zcbu cattle,
hartebeest, wildebeest, waterbuck, oryx and Cape buffalo), one pseudo-ruminant (camel) and four
specics of non-ruminants (domestic donkey. zebra, rhino and elephant). Table | gives the
composition of caecal contents obtained when these animals are grouped according 1o their
respective foregut structure (ruminant. pseudo-ruminant and non-ruminant). With the exception
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Taneel

Concentrations of dry matter. pH. osmolality. volatile fatty acids, lactic acid and in vitro fermeniation of caccal contents as
affected by the foregut structure in East African herbivores®

Fermentation rate Volatile Lactic
Foregut Dry matter Osmolality {umol-gus fauty actds acid
structure (o) pH (mOsm;kg-H:0) NTPD/g'DM h) (mmol:1) {mmol1)
Ruminant
(N=78,8=17) 159+ 0-5* 695+ 0-08* 3045 804 +3-4° 833%58 1-51 £0-24*
Pseudo-ruminant
(N=38=1) 1634220 6991038 299426 1080+ 16:7° 99-3+28-5%  1-094 105
Non-ruminanit .
(N=12.S=4) 11:341:26° 6:42+020" 330k14 178-6 +8-8¢ 1264 +15-1*  2:824061

* Valugs within a column with unlike superseripis are statistically different (P <0-05)
N = number of animals, $ = number of species
Values ure mean (£ S.E.)

of caecal osmolality, statistical differences (P <0-05) were observed among all other measured
ruminant and non-ruminant caccal parameters (Table I). Caecal dry matter content and pH were
significantly less, and fermentation rate, volatile fatty acid (VFA) and lactic acid concentrations
significantly greater in the non-ruminant when compared to ruminant species. Caccal fermen-
tation rate of the pseudo-ruminint (camel) was significantly greater than that of the ruminant, and
significantly less than that of the non-ruminant. All other parameters observed for the camel were
not statistically different from either ruminant or non-ruminant species.

When herbivores were grouped according to food preference (i.e. browsers, intermediate feeders
and grazers), irrespective of foregut structure, statistical differences were noted only for the
osmolality of caecal contents (Table IT). In this instance, the intermediate feeders had a higher
value (331 mOsm/kg-H:0) rclative to browsers and grazers (300 and 305 mOsm/kg-H,0,
respectively). However, if the species were first grouped according to ruminants (Table III) and
non-ruminants (Table IV) and then compared according to their respective food preference,

TasLe Il

Concentrations af dry matter. pH. osmolality. volatile fatty acids, lactic acid and in vitro fermentation of caecal
contents of the major feeding groups of East African herbivores®

Fermentation rate Volatile Lactic
Food Dry matter Osmolatity (ol -gas Futty acids acid
selection (%) pH (mOsmyjkg-H:0)  NTPDjg-DMA)  (mmol))  (mmol)l)
Browsers
(N=36,8=8) I58+09 6781013 300+6° 91-0+132 90-6+9-7 1:88+0-40
Intermediate
(N=255=5) 157410 6711015 3BLE? 10324154 850+11'8 2:05+047
Grazers
(N=32,8-9) 140408 701£013 30516 11094123 969+91 11164035

* Values within a column with unlike superscripts are statisticatly ditferent (P < 0:05)
N =number of animals, S =number of species
Values are mean (+5.E.)
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Taoee il

The concentrations of dry matter, PH. osmolality, volatite Satty acids, factic acid and in vitro Sermentation of
caecal contents in major feeding groups of East African ruminant herbivores®

Fermentation rate  Volatite Lactic

Food Dry matter Osmolality (pmol - gas fany acids acid
sclection (%) ptl (mOsm’kg-H,0) NTPD/g-DM:h) (mmoll)  (mmol.ly
Browsers
(N=33,S=7) 154427 699402} 294+13 7944153 796246 1-80+£0-69
Intermediate
(N=22,8=4) 162£2:0 6974019 337434 870+ 139 TE7£76 14894082
Grazers
(N=26.S=7) 155414 6-914.0-19 295413 78-2+18:3 92:3431-2 101062

* Statistical diff not d d (P> 0-05) between treatment groups

N =number of animals. § =number of species
Values are mean (+S8.E)

greater variability was observed, but only in the non-ruminant group. Ruminant animals
demonstrated no statistical difference in composition of caceal contents when compared by food
preferences (Table 111). However, statistically significant diflerences (P <005) were observed
between non-ruminant browsers, intermediate feeders and grazers for all of the caecal parameters
measured (Table 1V). Non-ruminant grazers had significant'y (P <0-05) lower caecal dry matter
content and VFA concentrations and higher caccal pH values than did the browsers or
intermediate feeders. Non-ruminant intermediate feeders had significantly lower osmotic vatues
and higher lactic acid concentrations than cither the browsers or grazers, and significantly lower
fermentation rates than browsers,

When these herbivores were compared according to their respective body weight, irrespective of
foregut structure or food preference, statistical differences were observed only for VFA
concentrations (Table V). The gencral trend suggested that herbivores with smaller body weights
had lower caecal VFA concentrations than did animals of larger body size,

TasLEIV

The dry matter, pH, osmolality, volatile futty acids, lactic acid. and in vitre formentation of caccal contents in
major feeding groups of East African non-ruminant herbivores®

Fermentation rate~ Volatile Lactic
Fcod' Dry matter Osmolality (panol-gas fatty ucids acid
sclection Vi) pH (mOsm/ kg H,0) NTPD;g:DM;h) (mmolily (mmoll)
Browsers
(N=3.5=1) 1524048 5451071 335435 180-0 +2-8° 145-2442* 2404 0-59°
Intermediate
(N=35_1) 126212 S67+061° Migar 1643 4 6-8" 1384 £2-2¢ 55040720
Grazers
(N=6.5=2) K7+15 7284015 336412 50145 111461 1695065

* Values within a column with ynlike SUPCTSCripls are statistically different (#<0-05)
N = number of animals, 5 = number of species
Valuzs ire mean (£S.E)
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TaRLEY
The effect of body weight on the drv matter. pH. osmolality. colatile fary acids, lactic acid und in vitro fermentation
of caccal contents of East African herbivores*

Fermentation rate Volatile Lactic
Weight Dry matter Osmolality {#mol-gas fatty ncids acid
group (") pH (mOsm kg-H:0) NTPD £:DM;h) {mmol;) (mmol;l)
<20 kg
(N=17.8S=3) 137413 7-03+0-19 297113 7854199 T20£11-3¢ 2024058
20-50 kg
(N=25,8=5%5 16210 693015 33+ 10 82:5+ 158 7254900 2111036
S1-100 ke
(N=4.S-1) 180424 7002036 318+24 81454378 67-8+21-5% 1.93+1-09
101-150 kg
(N=4,8=1) 15024 681+036 291 425 60-4+38-7 5361201 1'85+091
131200 kg
(N=18.8=5 128412 7054017 mx2 1170£18-2 1031 £104% 1144053
201-300 kg
(N=7.8=2) 1§5+19 700 +£0:27 299+19 1078 +£28-8 182 164° 1672083
>300 kg
(N=18,5=5) 157+£12 641018 5£13 1912192 H20£110° 21124056

® Values within a column with unlike superscripls are statistically differcnt (P <0:05)
N=number of obscrvations, S = number of species
Values are mean (£S.E.)

Discussion

Hofmann (1973) has classified the East African ruminants into three major feeding groups:
concentrate selectors (browsers) which have a diet of high nutritional value, low fibre, and high
prolein content; bulk and roughage eaters (grazers) whose diet is largely grass, often high in fibre
and low protein content; and intermediate feeders whose diet consists of grasses and browse.
Further, he examined the relationship between gur siructure and diet in several East African
herbivores. The dict of East African non-ruminant herbivores has been described by Nowak &
Paradiso (1983). A re-examination of digestive tract structure and function in several East African
herbivores needs to be evaluated in accordance with optimal digestion and chemical reactor
theories that have recently been advanced by Sibly (1981)and Penry & Jumars (1987). respectively,

The forestomach of domestic and wild ruminants has been the subject of several investigations.
Tt has been suggested that both diet (Bath & Rook, 1963; Hoppe ¢f al.. 19774) and size of the
animal (Hungate et al., 1959; Hoppe, 1977: Maloiy, Clemens & Kamau, 1982) influence reticulo-
rumen fermentation rate. Reticulo-rumen VFA concentrations were observed to decrease with the
increase in body weight and the increased consumption of grasses (Clemens & Maloiy, 19834).
Most studies have so fur been concerned with rumen physiology (Maloiy. Taylor & Clemens, 1978;
Maloiy & Clemens. 1980«, b). Furthermore. a few studics have been directed toward the study of
non-ruminant herbivores (Clemens & Maloiy. 1982, 19834). once again indicating that dict alters
the VFA composition within the stomach and large bowel. Only a limited number of studies, on
selected species. have dealt with cuecal fermentation (Hungate et al., 1959; Janis. 1976; Parra,
1978; van Hofen, 1980; Hoppe ¢f of., 1983: Demment & Van Soest. 1985),

The present data strongly suggest that fermentation in the ruminant forestomach sufficiently
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altered the ingesta so that fermentative activitics within the ruminant caccum were not affected by
food preference. While fermentation rates of rumen contents are clearly influenced by the selection
of browse, grasses or a mixture thereof (Maloiy, 1972; Hoppe et al., 1977a, b; Maloiy e1 al., 1982;
Hoppe et al., 1983), caccal fermentation rates were not different. In a similar manner, caccal pH,
lactic acid and VFA concentrations of ruminants were not influenced by diet selection. in this
study or in previous investigations (Clemens & Maloiy, 1983a; Clemens, Maloiy & Sutton, 1983).
However, a comparison of ruminants with non-ruminant species clearly demonstrates significant
differences in caecal digestion between the two groups, and suggests that, unlike ruminants, caecal
fermentation rate and digestu composition of the non-ruminants are affected by diet. Additionally,
and irrespective of dict, the caccum of non-ruminant herbivores had greater fermentation rates,
lactic acid and VFA concentrations and lower pH and dry matter contents than the caecum of
ruminants. It is postulated that these differences are apparcnt mainly because readily digestible
fibre will have been fermented in the forestomach of ruminants, thus not making it available as a
substrate for caecal fermentation, whereas it will be so available in non-ruminants.

Caccal fermentation rate and composition of the caecul contents in the non-ruminant
herbivores were influenced by diet selection, apparently the result of a less active foregut
fermentation within these species. As observed with the ruminant forestomach {Maloiy, 1972;
Hoppe et al.. 1977a, b; Maloiy et al., 1982; Hoppe et al., 1983), non-ruminant browsers generally
had higher caccal VFA and lactic acid concentrations, and lower content pH, than grazers and/or
mixed feeders. However, fermentation rates and organic acid concentrations of non-ruminant
caecal contents were less than those observed within the ruminant forestomach. The significant
effect of diet (browse vs. grass) on the non-ruminant caecal dry matter content is in direct contrast
to the effects of similar diets on the ruminant forestomach (Maloiy et al., 1982), and is at this point
uncxplained.

In the present study, we found no direct correlation between the body weight of the herbivore
and caecal fermentation activity, which also differs from previous findings on rumen fermentation
rates (Hoppe, 1977). However, an apparent relationship exists between body size and the VFA
concentrations observed within the caecum, in this case VFA concentrations were generally
greater in larger animals. Although this is the reverse of what has been observed within the
ruminant forestomach (Clemens & Maloiy, 1983a; Clemens et al., 1983), it is consistent with the
eatlier obscrvation of enhanced caecal-colon VFA absorption with an increasc in body size
(Clemens & Maloiy, 1984).

Summary

(1) Caecal fermentation rate was investigated in 22 species of East African herbivores. Non-
ruminant herbivores had significantly greater caecal fermentation rate (178 NTPD/g-DM/h),
VFA (126 mmol/l) and lactic acid (2-8 mmol/l) concentrations than did ruminanis (80 NTPD/
g-DM/h; 83 mmol/l; 1-5 mmol/l, respectively).

(2) Statistical differences were not detected for ruminant browsers, intermediate foeders and
grazers, non-ruminant browsers, however, had significantly higher caecal dry matter (15-3%),
VFA (145 mmol/l) and lower pH (5-45) than did non-ruminant grazers (8-7%), 111 mmol/l and
7-28, respectively).

(3) While diet preference (browse, graze or mixed) did not affect caccal fermentation in ruminants.
there were significant effects in non-ruminant herbivores.

(4) No cffect of body size on caccal fermentation was evident except on VFA concentrations.
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(5) It is suggested that removal of fermentable fibrous substrates in the rumen leads to a lesser or
more uniform caecal fermentation than is scen in non-ruminants.
(6) The results obtained herein are discussed in relation to the animals’ feed preference, body

weight and foregut structure and tunction.

We arc grateful to Mr D. M. Alliangana. §. Mungai and S. Wanycc for excellent technical assistance in the
field and laboratory. Ms Glenda Borcher assisted in the statistical analysis of the data. Published with the
approval of the Director, Nebraska Agricultural Experiment Station, Paper No. 9154 Journal Series.
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workers have used an equation relating inter-pulse interval (IPT) 10 body length o estimate sperm
B whale body lengths acousticaily.

5 In this paper, aspects of this technique are cxantined in some detail. In particutar, variability in
IPIs and trends in IP1 with time and depth are investigated. Most importantly. for the first time
[Pls in the vocalizations of whales of known lengths have been measured.

Variability in IPIs in the clicks of a single whaleis acceptably low though there isa tendency for

low and high values to occur in runs. “There is no clear trend for P10 alter significantly with the
whale's depth or with the lime since leaving the surface.
5 IPls are positively corrclated with body length though notas predicied by the equations used by
' previous workers. Some¢ Tikely errors in these equations are discussed A new empirically derived
relationship between 1Pl and body length has been calculated, though more data are desirable 10
obtain a more accurate and reliable cyuation.
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Introduction

Sperm whales make distinctive vocalizations, consisting of very loud wide-bandwidth clicks. for
much of the time that they arc diving. In an carly paper, Backus & Schevill (1966) noted that, in
Present address: Wildlife and Conservation Research Unit. Department of Zoology. University of Oxford. South Parks
Road. Oxford OX1 3PS
301
0952-8369,91,006301 + 14 $03-00 i 1991 The Zoological Society of London




