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Research Article

Energy Supply of the Okapi in Captivity:
Fermentation Characteristics
of Feedstuffs
Jürgen Hummel,1,2! Gunther Nogge,1 Marcus Clauss,3

Camilla Nørgaard,4 Kristina Johanson,5 Joeke Nijboer,6 and Ernst Pfeffer2

1Zoological Garden Cologne, Cologne, Germany
2Institute of Animal Science, University of Bonn, Bonn, Germany
3Division of Zoo Animals and Exotic Pets, University of Zurich, Zurich, Switzerland
4Zoo Copenhagen, Copenhagen, Denmark
5Ebeltoft Zoo, Ebeltoft, Denmark
6Rotterdam Zoo, Rotterdam, The Netherlands

A variety of feeds are used in the nutrition of browsing ruminants. During
digestion trials on okapis, feedstuffs of different facilities were sampled and the
Hohenheim gas test was used as in vitro fermentation method to quantify their
fermentative behavior. Forty-six feeds were analyzed (7, fruit and vegetable; 11,
energy concentrates and pelleted compounds; 13, forage; 9, browse leaf; 6, small
and large twig samples). Gas production of these samples was recorded after 2, 4,
6, 8, 10, 12, and 24 hr of fermentation. Browse leaf samples were additionally
analyzed with a tannin-binding agent (polyethylene-glycol) to assess limiting
effects of condensed tannins. Metabolizable energy (ME) was estimated from
24 hr gas production according to standard regressions. Vegetables and
particularly fruits were found to yield very high gas productions during the first
2 hr of fermentation, whereas unmolassed beet pulp was found to have a more
even distribution of gas production/energy release over total fermentation time.
Feeds like rolled oats or bread were evaluated to yield very high energy contents
of 414MJ ME/kg dry matter (DM). Alfalfa (Medicago sativa) hay had a
comparable fermentation pattern to fresh browse samples, characterized by a
high fermentation rate. In conclusion, energy-rich constituents for captive
ruminant diets should not include larger amounts of vegetables and especially
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SHORT COMMUNICATION

Effect of subacute ruminal acidosis on the preference of
cows for pellets containing sodium bicarbonate

J. L. Cumby1, J. C. Plaizier1, I. Kyriazakis2, and B. W. McBride1

1Department of Animal and Poultry Science, University of Guelph, Ontario, Canada N1G 2W1 and 
2Animal Biology Division, Scottish Agricultural College, Edinburgh, UK. Received 19 October 2000, 

accepted 14 December 2000.

Cumby, J. L., Plaizier, J. C., Kyriazakis, I. and McBride, B. W. 2001. Effect of subacute ruminal acidosis on the preference of
cows for pellets containing sodium bicarbonate. Can. J. Anim. Sci. 81: 149–152. Lactating cows with low rumen pH were given
a choice between two test pellets during a 3-wk experiment. Intake of test pellets containing 4% sodium bicarbonate increased over
time, but intake of control test pellets with an equal sodium content through inclusion of sodium chloride remained unaltered.
Cows could have preferred bicarbonate pellets in order to attenuate ruminal acidosis, but increased aversion to sodium chloride
cannot be excluded. 

Key words: Acidosis, diet choice, dairy cattle, sodium bicarbonate

Cumby, J. L., Plaizier, J. C., Kyriazakis, I. et McBride, B. W. 2001. L’acidose subaigüe du rumen et la préférence des vaches
pour des agglomérés renfermant du bicarbonate de soude. Can. J. Anim. Sci. 81: 149–152. On a laissé des vaches en lactation
choisir entre deux agglomérés expérimentaux lors d’un essai de trois semaines. L’ingestion d’agglomérés contenant 4 % de 
bicarbonate de soude a augmenté peu à peu tandis que l’absorption d’agglomérés renfermant une proportion identique de sodium
sous forme de chlorure de sodium est restée la même. Il se pourrait que les vaches aient préféré les agglomérés au bicarbonate pour
atténuer l’acidose du rumen, mais on ne peut exclure une plus grande aversion des animaux au chlorure de sodium.

Mots clés: Acidose, choix de la ration, bovins laitiers, bicarbonate de soude

In early lactation, milk yields rapidly increase. Thus, the
cow has an increased demand for nutrients. To meet this
demand, at calving, cows are changed from a roughage-
based diet to a diet that is higher in grain and lower in fibre.
A rapid change to a high-grain diet, with a high content of
readily fermentable carbohydrates, can result in a decrease
in ruminal pH due to the accumulation of volatile fatty acids
and lactic acid, resulting in ruminal acidosis (Underwood
1992). This condition can be acute or subacute. The suba-
cute ruminal acidosis (SARA) has been defined as a rumen
pH between 5.2 and 5.6 (Cooper and Klopfenstein 1996).
However, a ruminal pH lower than 6.2 reduced fibre diges-
tion (Casamiglia et al. 1999). The SARA can cause
decreased dry matter intake, fiber digestion, and laminitis
(Underwood 1992; Nocek 1997). 

Sodium bicarbonate is routinely added to ruminant diets
to buffer rumen pH. Phy and Provenza (1998) showed that
after excess grain feeding, sheep prefer diets containing
bicarbonate. Sheep given a choice between pellets with a
high content of rapidly fermentable carbohydrates supple-
mented with and without sodium bicarbonate will choose
the buffer-containing pellets (Cooper et al. 1996). However,
these researchers did not describe the severity or the dura-
tion of the depression in ruminal pH. Hence, animals might
be able to attenuate acidosis by selecting foods that buffer
the rumen, but a direct link between acidosis and diet selec-

tion has not yet been made. The objective of this study was
to determine if ruminal pH affects the preference of lactat-
ing dairy cows for foods containing sodium bicarbonate.

Four multiparous ruminally fistulated Holstein dairy
cows were housed in individual tie stalls at the Elora Dairy
Research Centre throughout the experiment, in accordance
with the guidelines of the Canadian Council on Animal
Care. Cows were 143, 147, 241, and 257 days in milk at the
beginning of the experiment. Cows received a total mixed
ration (TMR), grain pellets and test pellets, and had unlim-
ited access to fresh water. The TMR consisted of (as is
basis) 3.3% mixed hay, 30.6% mixed haylage, 18.1% high-
moisture corn, 34.7% corn silage, and 13.4% of lactating
cow supplement. No sodium bicarbonate was added to the
TMR. The TMR contained (DM basis) 48% DM, 17.8%
crude protein, 36.5% neutral detergent fibre, and 25.9% acid
detergent fibre. The grain pellets consisted of 50% wheat
and 50% barley. The test pellets included a bicarbonate pel-
let and a control pellet. The bicarbonate pellet was com-
posed of 38.5% wheat shorts, 38% alfalfa, 0.5% soy hulls,
9.5% beet pulp, and 4.0% sodium bicarbonate. The control
pellets were similar to the bicarbonate pellet, with the
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Abbreviations: DM, dry matter; PR, preference ratio;
SARA, subacute ruminal acidosis; TMR, total mixed ration
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EFFECTS OF LIMESTONE AND SODIUM BICARBONATE BUFFERS 
ON RUMEN MEASUREMENTS AND RATE OF 

PASSAGE IN CATTLE 

G. L. Haaland 1'2'3 and H. F. Tyrrell 1 

US Department  of Agriculture, Beltsville, MD 20705 

Summary 
Eight rumen-fistulated cattle (four Angus 

steers and four nonlactating Holstein cows) 
were fed a cracked corn-based concentrate 
(65% of dry matter)  and corn silage (35% of 
dry matter)  diet containing: (1) no buffer, 
(2) 2.5% limestone, (3) 2% sodium bicarbonate 
(NaHCO3) or (4) 1.25% limestone and 1.25% 
NaHCO3. Each diet was fed at approximately 
maintenance and-two times maintenance levels 
of intake, resulting in eight treatments in a 
Latin square design. Buffer treatments had no 
effect (P>.10) on rumen fluid pH, rumen 
ammonia N concentration,  total  volatile f a t ty  
acid (VFA) concentration or rumen buffering 
capacity between pH 7.0 and 5.5. Rate of  dis- 
appearance of solid and liquid fractions from 
the rumen was measured using Cr-labeled die- 
tary fiber and Co-EDTA, respectively. Rate of 
disappearance was not  significantly affected by 
treatments,  although liquid disappearance rate 
was 7% faster with buffer treatments than with 
the control. Fecal pH was increased (P<.01) 
approximately . 5 units by all buffer treatments.  
Increasing intake to two times maintenance 
resulted in lower rumen pH (6.03 vs 6.37), 
increased total  VFA concentration (115 vs 99 
retool/liter), increased rate of liquid disappear- 
ance from the rumen (6.6 vs 5.8%/h) and de- 
creased concentration of  Cr in the dry matter  
fraction of  the rumen contents (all P<.O1). 

( K e y  Words: Rumen, Buffer, Intake, Rate of  
Passage, Rumen pH, Buffering Capacity.) 

Ruminant Nutrition Laboratory, Animal Science 
Institute, ARS, S&E, Beltsville, MD 20705. 

z The authors gratefully acknowledge the assistance 
of R. L. Brocht, R. Spencer, F. E. Sweeney and K. 
DeCesaris for animal care; E. L. Yoder and T. B. 
Jacobs, Jr. for sampling and chemical analyses and 
P. C. Marcus for data handling. 

3 Dr. Haaland passed away suddenly on March 29, 
1982. 

Introduction 
Responses to buffers have been variable and 

unpredictable.  Buffers can be beneficial when 
diets produce an unfavorably low pH of diges- 
tive tract contents (Emerick, 1976; Mertens, 
1979), which can occur with rapidly degradable 
grain diets and fermented feeds. Diets that  do 
not  produce unfavorable digestive tract condi- 
tions would not  be expected to be improved by 
buffers. Even with this explanation, responses 
to buffers are variable and seem to indicate a 
mode of action other than or in addit ion to a 
change in pH of the digestive tract  contents. 
The inclusion of buffers in diets may increase 
the rate of disappearance of  liquid material 
from the rumen due to passage as a result of 
osmotic action (Harrison et al., 1975). Kella- 
way et al. (1978) reported that  rate of liquid 
disappearance was increased when sodium bi- 
carbonate (NaHCO3) was included in the diet, 
but  they did not  account for effects of intake 
on rate. 

The purpose of this experiment was to com- 
pare the effects of limestone and NaHCO3 in 
corn-corn silage diets fed at two levels of intake 
on rumen fluid pH, ammonia N (NH3-N), 
volatile fat ty acid (VFA) concentration,  buffer- 
ing capacity, rate of  disappearance of solid and 
liquid material from the rumen and fecal pH. 

Materials and Methods 
Eight rumen-fistulated cattle (four Angus 

steers, mean weight 500 kg, and four non- 
lactating Holstein cows, mean weight 600 kg) 
were fed four diets (table 1) at approximately 
maintenance (1 • M, .110 Meal metabolizable 
energy/body weight "75) or two times the esti- 
mated maintenance level of intake (2 x M) in 
an 8 x 8 Latin square design. Metabolizable 
energy (ME) of  the diet was calculated from 
NRC (1976). Diet dry mat ter  (DM) consisted 
of  55% cracked corn, 35% corn silage and 10% 
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THE INFLUENCE OF SODIUM BICARBONATE AND DEHYDRATED 
ALFALFA AS BUFFERS ON STEER PERFORMANCE AND 

RUMINAL CHARACTER ISTICS 1 

T. E. Stroud, J. E. Williams, D. R. Ledoux and J. A. Paterson 

University of Missouri--Columbia 2 65211 

Summary 

A 95-d feedlot trial utilizing 53 Angus and 
Angus • Hereford steers (340 kg) was conduct- 
ed to determine the effects of adding dehy- 
drated alfalfa pellets (Dehy) or a combination 
of  Dehy alfalfa pellets and 1% sodium bicarbo- 
nate (Dehy + NaHCO3) to a 76.4% cracked 
corn (CC) - 12% cottonseed hull (CSH) control 
diet on average daily gain (ADG), feed effi- 
ciency and nutrient digestion. The Dehy 
treatment resulted in greater (P<.05) ADG 
during the 77- to 95-d period compared with 
the control diet. The Dehy + NaHCO3 treat- 
ment increased (P<.05) ADG and feed effi- 
ciency for the 77- to 95-d period. The Dehy 
and Dehy + NaHCO3 treatments improved 
(P<.05) mean dry matter (DM) and neutral 
detergent fiber (NDF) digestibilities compared 
with the control diet. A metabolism trial 
utilizing three rumen-fistulated Hereford steers 
(450 kg) in a 3 • 3 Latin square design evalu- 
ated the effects of diets on ruminal pH, buffer- 
ing capacity, volatile fatty acid concentration 
and nutrient digestibility. The Dehy + NaHCO3 
treatment increased (P<.05) rumen pH on d 5, 
10 and 15 and the Dehy treatment increased 
rumen pH on d 10. The Dehy and Dehy + 
NaHCO3 treatments improved (P<.05) DM, 
NDF and N digestibilities compared with the 
control. Although Dehy and Dehy + NaHCO3 
increased ADG and nutrient digestibility, Dehy 
+ NaHCOa was associated with a further 
improvement in rumen and blood variables of 
acid-basis status. 
(Key Words: Dehydrated Alfalfa Pellets, 
Sodium Bicarbonate, Finishing Diet, Digesti- 
bility.) 

l Journal Article 9535 of the Missouri Agr. Exp. 
Sta. 

2 Dept. of Anim. Sci. 
Received November 28, 1983. 
Accepted October 14, 1984. 

Introduction 

With the increased feeding of  concentrates, 
renewed interest has been generated in the use 
of  buffers as aids in the prevention of acidotic 
conditions. Dietary buffers are used to attenu- 
ate ruminal pH and prevent acidosis (Hunt- 
ington et al., 1977). In many instances, buffers 
have improved animal performance (Nicholson 
and Cunningham, 1961). Buffer supplementa- 
tion results in a fairly consistent improvement 
in cellulose digestion (Emmanuel et al., 1970; 
Terry et al., 1970). Cheng et al. (1955), among 
others, have suggested that maintenance of  a 
rumen pH of 6.8 to 7.0 through the use of 
buffers may be responsible for the increased 
nutrient digestion often associated with the 
feeding of  buffers. 

Legumes, especially alfalfa, have been shown 
to increase ruminal pH and buffering capacity 
compared with grasses (Mertens, 1979; Van 
Soest, 1982). Ha et al. (1983) demonstrated 
that the addition of 10% alfalfa and 2% NaHCO3 
to a high concentrate diet resulted in similar 
increases in rumen pH and decreases in blood 
lactate concentration in lambs. Stroud (1983) 
demonstrated that 10% dehydrated alfalfa 
improved rumen buffering capacity below pH 5 
in steers fed a 75% concentrate diet. 

The objective of these studies was to evalu- 
ate the effects of dehydrated alfalfa pellets and 
dehydra t ed  alfalfa pellets plus NaHCO3 on 
performance, feed intake and nutrient digesti- 
bility, as well as blood and ruminal physiologi- 
cal variables in feedlot cattle. 

Experimental Procedures 
Steer Performance Trial. A 95-d feedlot trial 

with 53 Angus and Angus • Hereford steers 
(340 kg) was conducted to determine the effect 
of  supplementing a cracked corn basal diet with 
dehydrated alfalfa pellets (Dehy) and NaHCO3 
on rate and efficiency of gain, feed intake and 
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GRAZERS AND  
BROWSERS 

DATASHEET

54Suitable species
Reindeer and  
similar species

Calculated analysis
(Unless otherwise stated nutrients are expressed 
as total calculated levels)

Moisture % 10.00

Crude Fat % 5.69

Crude Protein % 12.19

Crude Fibre % 10.07

Ash % 11.01

NFE % 50.28

Acid Detergent Fibre  
(ADF) % 11.93

Neutral Detergent Fibre  
(NDF) % 28.19

Starch % 27.44

Metabolisable Energy  
(ME) MJ/Kg 9.64

Lysine % 0.53

Methionine % 0.22

Calcium % 0.69

Phosphorus % 0.68

Sodium % 1.23

Magnesium % 0.37

Copper mg/Kg 16.81

Vit. A (added as  
Retinyl Acetate) IU/g 6.09

Vit. D3 (added as  
Cholecaliferol) IU/g 1.22

Vit. E (added as  
dl-alpha-tocopherol acetate) 
 IU/Kg 63.82

For further information 
Email: info@mazurifoods.com  
Tel: +44 (0)1376 511 260  
Fax: +44 (0)1376 511 247 
www.mazuri.eu

REINDEER

Benefits

•  Small pellet size for greater acceptability.

•  Adequate levels of Vitamin E and Selenium.

•  Contains 2.5% Sodium Bicarbonate which helps 
prevent acidosis and supplies bicarbonate ions which 
are essential for cellulytic bacteria. 

Ingredients
Barley, Wheat, Wheat Feed, Grass Meal, Oat Hulls and 
Bran, Sodium Bicarbonate, Soya Bean Oil, Vitamins  
and Minerals.

(Ingredients may be subject to change due to seasonal availability)

Feeding recommendations
Designed for Ad-Lib feeding throughout the year. 
Adequate good quality hay and browse should also 
be provided. The animals will adjust food intake from 
virtually nothing during winter to about 5Kg, or more, 
per animal per day during summer and prior to the rut. 
During rut, food consumption reduces considerably and 
animals may lose some of their body condition but this 
should be regained by increased food consumption for 
the short period after the rut.

During winter and early spring the animals will eat very 
little and will dramatically lose body condition. This is 
natural and, provided the animals are healthy, with good 
deposits of back-fat at the onset of winter, there will be 
no deleterious effects.

Additional information
Modified from a formula provided by Mr Richard Knock 
at the Zoological Society of London, Whipsnade Park.

Revision 4

Code Diet Pack weight Form

853806 Reindeer Diet (P) 25Kg 4mm Pellet
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protector_zoofeed@cargill.com
www.protectorzoofeed.com

For your order: Protector Zoofeed CH-4303 Kaiseraugst
Tel. +41 61 816 16 16
Fax +41 61 816 18 00

CH-1522 Lucens 
Tel. +41 21 906 15 15
Fax +41 21 906 85 54

2015-04-24

◊ supplementary feed

◊ Form: pellet 8 mm round

◊ Delivery quantity: 25 kg paper bag 
pallets of 750kg

◊ Product number: Protector: 
Provimi Kliba:

959.60 
3699.PD.S25

◊ Balanced fiber composition, highly suitable for browsers with high contents of fermentable 
fiber from apple pomace, soybean hulls and beet pulp

◊ Protein content adapted to the needs of browsers with regard to the lower protein content of 
European alfalfa

◊ Calculated corresponding to the latest information on herbivore feeding
◊ Little cereals and thus lower in sugar and starch
◊ High levels of vitamin E and organic selenium
◊ Copper supplemented for the higher needs of cervids
◊ Biotin supplemented for horn and fur
◊ No mineral iron is substituted
◊ Linseed products for a naturally high content of omega-3-fatty acids
◊ Bicarbonate for the prevention of ruminal acidosis
◊ With an appropriate ration composition there is no need of additional supplements thanks to 

adequate vitamin- and mineral supplementation
We are happy to work with you to create an individual feeding recommendation

Suitable for: Browsing zoo herbivores, as for 
   example giraffe, okapi, roe deer, 
   moose, duiker, and intermediate 
   feeders as deer, goats etc. 

Feed number: 959.60 
   3699   

HERBIVORES

Browser

pellet 8 mm round
1 cm

TYPE OF FEED, FORM, DELIVERY QUANTITY

YOUR BENEFITS

Full-scale picture of the feed
Colours may be different from the product

2016-12-14

Major nutrients (%)

Dry matter 89
Crude protein 20.2
Crude fat 3.1
Crude fiber 20.4
Crude ash 9.9
NFE 35.4
NDF 34.7
ADF 24.7
Starch 3.6
Sugar 3.9

Energy (MJ/kg)

Gross energy 16.4
Metabolisable energy 6.4
Digestible energy 10.5
Net energy for lactation 4.2

Macrominerals (%)

Calcium 1.3
Phosphorus 0.7
Magnesium 0.3
Sodium 0.6
Potassium 1.3
Chlorine 0.3

Trace elements (mg/kg)

Iron 500
Zinc 280
Copper 33
Iodine 2
Manganese 122
Selenium 0.7
Cobalt 1.1

Vitamins (added, mg/kg)

Vitamin A (IU/KG) 10500
Vitamin D3 (IU/KG) 1500
Vitamin E 1860
Vitamin K3 0.8
Vitamin B1 11
Vitamin B2 10
Vitamin B6 7
Vitamin B12 0.04
Nicotinic acid 80
Pantothenic acid 32
Folic acid 1.4
Biotin 7
Choline 1000
Vitamin C 15

Amino acids (%)

Arginine 1.2
Lysine 1.14
Methionine 0.32
Methionine + Cystine 0.63
Tryptophan 0.28
Threonine 0.81

Ingredients
Soybean hulls (NGMO), alfalfa, soy-
bean meal (NGMO), linseed products, 
beet pulp, apple pomace, potato 
protein, wheat, cellulose, mineral 
and vitamin premix, molasses.

Remarks
◊ Given values are calculated averages 

in air-dry feed.
◊ Gross and metabolisable energy 

calculated according to Kamphues et 
al. 2009; digestible energy calculated 
acc. to NRC Horses 2007.

◊ Digestible energy calculated accord-
ing to NRC Horses 2007.

◊ Net energy for lactation calculated 
according to FMBV Art. 14 Anhang 
8.6.

◊ Nutrients are subject to natural 
variation of the raw materials and 
their production process.

Feed number: 959.20 / 959.60 
   3699   

HERBIVORES

Browser

◊ The feed is suitable for supplementing a diet based on roughage (depending on the species grass hay, alfalfa, 
browse, etc.)

◊ Always provide free access to fresh drinking water.

◊ Benchmark: 0.5-1.5% of body weight per day in addition to hay ad libitum throughout the day.

◊ Not suitable for sheep and other copper sensitive herbivores due to the addition of copper (~ 33ppm in total).

◊ Unless soaked, this feed is less suitable for equids and animals with a tendency to esophageal obstruction 
because of expanding fibers (especially beet pulp).

We are happy to work with you to create individual feeding recommendations for the respective species

Sources:
Kamphues et al. 2009, Supplemente zu Vorlesungen und Übungen in der Tierernährung, 11. Auflage, M.&H. Schaper, Hannover
Litzenich, B. A., & Ward, A. M. (September 1997). Hay and Pellet Rations: Considerations in Feeding Ungulates. Nutrition Advisory Group Handbook, Fact 
Sheet 006.
National Research Council, 2007, Nutrient Requirements of Horses, The National Academies Press, Washington DC
Schweizer Futtermittelbuchverordnung vom 26. Oktober 2011, 916.307.1, Art. 14, Anhang 8.6
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