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Disclaimer  

 
The in formation contained in this volume  is intended to help you 
provide care for your rabbit; however, this in formation is not intended 
for diagnostic purposes. A veterinary professional should be consulted 
for any diagnostic questions regarding  a particular rabbitõs health. The 
author, illustrator, contributors, and publisher are not responsible for 
the use or mi suse of any information in this book and are not liable or 
responsible to any person or group with  any loss, illness or injury 
cau sed or all eged to be caused by the information in this book.  
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Preface 
 

 
After I wrote the first edition of this book , a person who looked at the 
manuscript warned me that I was giving my pote ntial readers òtoo 
much creditó and that they were not going to understand what I wrote 
or my purpose in writing it. I am happy to report that the response from 
readers showed me that for the most par t my  readers did  appear to  
understand the gi st of the bo ok  and my reasons for writing it . Of course 
not everyone agreed with everything I wrote; that goes with the territory 
for nonfiction writers  and is not necessarily a negative . I be lieve that 
disagreement can be positive when it generates thoughtful discuss ion. 
Because one of my goals is to present information that may not be 
found on the  websites and literature of all  rabbit organizations, I even 
expected some people to attack my views quite st rongly, and a few did 
take umbrage because not all the informati on I present reflects  common 
feeding recommendations .  

Still, I was rather shocked when ñafter the second edition had 
already been out for some time ñI was flat -out libeled on the website of 
a large house rabbit organization, and by a member who admitted she  
had never seen or read the book and w as not even sure it was out yet.  I 
think I speak for most nonfiction writers when I say that I donõt mind 
people taking issue with something I write , but I would prefer to be 
quoted correctly and in context and by a pe rson who has actually read 
the work in question!  

Yet what bothered me most about the virulent attack was not the 
libelous statements, which I could easily prove were not true, but an  
accurate accusation that was made: I had, the person complained, 
changed my ideas from my first books and had a ònew stanceó on rabbit 
nutrition. Yes, I had changed my stance on some topics since my first 
books. I spent over 2,000 hours searching the scientific literature on 
rabbit diet and nutrition before I wrote the first ed ition and many more 
hours before the second. I would hope that anyone who put that 
amount of time into studying rabbit diet or any other topic would 
change at least a few of their ideas. If a person did not  change any of 
their thinking  after devoting that much time to a topic I would be 
concerned because to me it would indicate that either the person had a 
very closed mind or was so arrogant as to think he or she had all the 
answe rs before the  study began . 

Because of the amount of reading I have done in the  field I have 
been exposed to information that the majority of people involved with 
companion rabbits have not, including most vets. (Rabbit nutrition is 
an area in which the vast majority of studies and publications are done 
by biologists, not veterinaria ns.)  It is part of my purpose in wr it ing this 
book to share that information with readers so that they and their 
rabbits can benefit.  

I believe that the more information a person  has, the  better 
decisions regarding their rabbitõs care can be made . The core  of my 
philosophy regarding rabbits is that they are individuals . I understand 
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why some rabbit organizations publish guidelines regarding diet, and 
they can be a good place to start. I provide  gui delines myself. But at 
some point , whether because of enviro nment, genetics, disease, or age, 
the  guidelines will need to be modified. I hope the  information I make 
available to readers in this volume will help them make those diet 
modifications for their rabbit when they are needed.  

Let me end thi s preface as I di d that of my second edition : I ne ither 
expect nor desire every reader to agree with all the information I present  
in this book . But I hope that it may cause thoughtful readers to 
consider that there is no single right answer when it comes to r abbit 
nut riti on and health; that each rabbit is an individual and what works 
for one may not be best for another.  

 
Lucile Moore, PhD  

January  2017  
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Introduction 
 
The primary changes in this edition of Rabbit Nu triti on and Nutritional 
Healing  are in the chapters specifically about diet (chapters 6 and 10) , 
although there are minor changes and additions throughout the book. I 
have added topics to chapter six , and have rewritten chapter ten  to be 
less technical. Kathy Smith and Debby Widolf both contributed several 
excellent new pieces for this edition (found i n chapters five, six and ten ), 
and Lisa Hodgson generously allowed me to reprint another article from 
Bunny Mad!   magazine.  

When I wrote the first edition I made the decision not to interrupt 
the flow of the text with constan t references and footnotes, and  instead  
list ed references at the end of each chapter. Most readers have been 
satisfied with this compromise between technicality and readability, but 
a few have commented that they wish I had been more precise with my 
references. I wish to illustrate why I was not. Take this sentence:  

òBoth soluble and insoluble fiber affect  the microflora of the 
gut, the rate of passage of digesta, and play a role in maintaining 
the integrity of the mucosa and the mucosal immune response.ó  

If I were to put references in to the sentence it would look something 
like this:  

òBoth soluble and insoluble fiber affect the microflora of the 
gut (11, 16, 39, 42, 59) , the rate of passage of the digesta (3, 6, 9, 29, 36, 42, 67, 

95, 98) , and play a role in maintaining the integrity of the mucosa (14, 

15, 69, 72)  and the mucosal immune response. (15, 46, 72)  

 

While a very small minority of readers might actually prefer the 
second  option  above, I felt the vast majority would prefer the first . Not 
to mention that the second option would  add greatly to the length and 
expense of the book!  I believe that those who wish to find a reference to 
a particular topic will be able to make a good guess by reading the title s 
of the journal articles cited at the end of each chapter.  

In the second edit ion I explained why I respectfully disagreed with a  
reader with some science background who felt I should no t include as 
many anecdotes. The reader felt  that despite the explanation I give 
about anecd otal versus scientific evidence  too many readers would 
assume cause -effect relationships where they might not exist. After 
careful consideration I  chose to leave the anecdotes  for the following 
two reasons: 1) despite great strides in knowledge of rabbit physiology 
and medicine over recent years, rabbit health and medicine is still in its 
infancy. In my opinion, anecdotal evidence serves a particularly 
important role when a discipline is young, bringing possible  cause/  
effect relationships to the attention of research scientists.  2) Some of 
my most interesting information comes from veterinarians who give it 
under condition of anonymity because they have not done any studies 
on a particular subject but have observed certain patterns over many 
years of practice. I feel it is useful to share some of these observat ions 
with my readers.  
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There is still a misconception among many that anecdotal evidence 
is òbadó and formal scientific evidence ògood.ó Nothing could be further 
from the truth. Anecdotal evidence comes from personal observations, 
often of a possible cause/ effect relationship. Such anecdotal evidence 
can lead to questions that are then put to the test of studies based on 
the scientific method, hopefully (but not always) leading to scientific 
evidence that will support the personõs theory. Each type of evidence 
has its place, and both are valuable. It should also be noted that 
scientific evidence is not always valid or good ñit depends upon how 
well the study was designed and carried out, how well the data derived 
from the study was analyzed, and how that analy sis was applied in 
reaching the conclusions presented. However, I do agree that readers 
should be careful not to assume cause -effect relationships from 
anecdotal evidence.  

Another caution I must repeat from the first edition is that 
regarding the tables on  nutrient content in this volume: listed values 
are not firm, but are simply averages. Data on any nutrient can (and 
does) vary considerably, depending upon what soil the plant grew in, 
what part of the plant was analyzed, how old the plant was, and what 
method of analysis was used, among other factors. Repeatedly I found 
published values for the same nutrient in the same plant species that 
varied several hundredfold. Due to its very nature, nutrition is far from 
an exact science ñvalues given must be taken as relatives, not 
absolutes.  

As always, I owe thanks to those who helped make this volume 
what it is. Firstly I thank  my contributors ñKathy Smith, Debby Widolf, 
Lisa Hodgson, Christine Carter, and Elizabeth Sharp ñfor so generously 
donating their time and t alents. (Their bios are at the beginning of this 
third edition .) Secondly I owe thanks to  the person without whom the 
first edition of this book would never have come to be, and whose 
illustrations add so much to what would otherwise be a rather dry  
volume : Evonne Vey, my illustrator.  Finally, I thank  all the rabbits who 
have shared my life and from whom I have learned so much.  

 
 



Chapter 1 
 

WHAT DOES A WILD RABBIT REALLY EAT? 
 
How often do we hear a spokesperson for a rabbit organization, an 
individual ex pert, or a veterinarian expound on the merits of a 
particular diet, claiming it is closest to that of a wild rabbit? Yet the 
same claim may be made for very different rabbit diets. How can we 
know who is telling the truth? Is it really possible to mimic a wild 
rabbitõs diet when we feed our domestic rabbits? Should we even try?  

Those with knowledge of wild animal feeding habits or those who 
live in the country realize the issue of a wild rabbitõs diet is not as 
simple as some of the experts would make it ou t to be. I live where 

there are cottontail rabbits and jackrabbits (hares). While these two 
lagomorphs belong to different species than the rabbit from which our 
domestic rabbits ( Oryctolagus cuniculus) are descended, the major 
factors that affect diet are  the same. At the time of this writing, it has 
been a year of very low rainfall where I live, and the rabbits have had 
fewer annual herbaceous plants to choose from than during the 
previous year of high rainfall, when there was an abundance of 
annuals. I h ave sometimes observed jackrabbits munching on young 
prickly -pear cactus pads with soft spines in early spring of drought 
years! And even in years of normal precipitation there are few 
herbaceous plants available in the winter and both the cottontails and 
jackrabbits have much less choice of food.  

Obviously there are many variables that will affect a wild a nimalõs 
diet, including weather , temperature, time of year, and the particular 
habitat in which the animal lives. A wildlife biologist may refer to 
avail ability and palatability when talking about the food resource of a 
species. These are categories used to describe factors that a ffect what 
foods wild animals ñincluding rabbits ñwill eat.  

Availability  refers to what is there for the rabbit (or other animal) to 
eat. Availability may be affected by many factors, including rainfall, 
temperature, season of the year, the plants that are able to grow in a 
rabbitõs particular habitat, and whether the rabbit can access the plant. 
Researchers studying wild Oryctolagus  cuniculus  (the species from 
which our domestic rabbits are descended) diet in one habitat found 
that the winter diet of wild rabbits included large amounts of woody 
shrubs while in the summer it was comprised mainly of grasses. They 
also found that the ra bbitsõ diet was diverse, including cereals (grasses 
that produce grains; e.g., wheat), grass stems and leaves, forbs 
(herbaceous plants with broad leaves), acorns, and browse (tender parts 
of shrubs and trees), the proportions of which varied with rainfall  and 
season. For example, the amount of cereals in the rabbitsõ diet was 
lower in the winter than in other seasons. Altogether, the overall 
nutrient quality of the rabbitsõ winter food was lower than required for 
maintenance, and the researchers postulated  that the lower nutrient 
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content might be a factor in rabbit survival.  
The results of the above study were reflected in another where wild 

Oryctolagus diet was found to be flexible, with the rabbits switching 
foods in different seasons. In late spring and through the summer the 
rabbits of this study relied strongly on seeds. The quality of rabbitsõ 
available diet has also been found to affect the size of digestive organs.  

 In yet another study, researchers discovered that wild rabbits in a 
pine forest consu med a diet that did not change significantly from 
winter to summer, while the diet of wild rabbits in a scrubland habitat 
did change significantly between the seasons. They also found that the 
plants available to the rabbits in nearby pine forest differed from those 
available to rabbits in the scrubland throughout the year. In other 
words, wild O. cuniculus  were eating very different diets in two habitats 
that were not a long geographical distance apart.  

Palatability refers to how well an animal likes to ea t a food that is 
available. For example, if a stalk of grass and a young low -fiber broad -
leafed herbaceous plant are both available to a wild rabbit, which will it 
eat? Most often (although not always) it will be the young low -fiber 
herbaceous plant! Resea rchers have found that when given a choice, 
wild rabbits usually choose succulent low -fiber plants. Rabbits usually 
choose tender leaves over stems. This holds true for grass as well as 
forbs, and when eating grass rabbits will seek young green blades 
rath er than older grass or dried grass. They will choose cultivated 
grasses (barley, rye, wheat, corn) over wild grasses if they are available. 
Rabbits will also sometimes select flowers, seeds, and fruits, and have 
been observed to cut down long stems in orde r to reach them. When 
plant availability allows, rabbits have been found to adjust their diets to 
consume needed fiber, water, and nutrients.  

Although many may assume grass always comprises the bulk of a 
wild rabbitõs diet, in fact the percentage of a rabbitõs diet that is grass 
can vary widely and in various studies has been found to be as low as 
30% to more than 75 percent. One researcher suggested that 
overgrazing by large herbivores such as horses, deer, and sheep was a 
primary factor in the high perce ntage of grass (about 66% in this 
particular study) in wild rabbit diets. Researchers have also found that 
when rabbits do eat grass they select grasses with the lowest silica 
content, and hypothesize that some grasses have evolved high silica 
levels as a defense against predation by herbivores such as rabbits. 
Mature grasses have less nutritional value than young grasses, and 
dried grasses (hay) even less.  

When the more palatable grass and forbs are not available, rabbits 
often turn to woody shrubs, eating  the more tender parts at the tips. 
However, a decline in the availability of more nutrient -rich plants 
usually leads to a corresponding decline in health that ultimately 
results in an increase in mortality. Rabbits, with their high metabolism, 
need higher -quality forage than larger herbivores, and their health 
declines and mortality increases when forced to subsist on low -quality 
forage.  

In taste tests, rabbits have been found to respond positively to the 
sugars in starches, and they frequently choose high -starch plants to 
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eat.  In one study it was found that acorns (a relatively high -starch 
food) were an important part of the diet of a wild rabbit population year -
round.  

 Another researcher commented on the number of studies that have 
shown many populations  of wild rabbits consume high -carbohydrate 
foods and postulates that the development of a taste preference for the 
sugars in starches may be an evolutionary adaptation that helps ensure 
wild rabbits consume enough carbohydrates to meet their energy needs. 
This preferential selection of nutrient -dense  foods (nutrient -rich low -
fiber plants) when they are available may help rabbits fulfill nutritional 
requirements that high -fiber but less palatable foods do not meet. 
Animals that choose their foods for high nu trient content in this 
manner are called concentrate selectors.  

Clearly it is not that easy to determine exactly what comprises a 
wild rabbitõs diet, as there are too many factors that affect it. It would 
be very difficult indeed to mimic a wild rabbitõs diet when we feed our 
rabbits. Perhaps we should instead ask ourselves òDoes it matter what 
a wild rabbit eats and how 
closely the diet we feed our 
domestic rabbits mirrors that 
of a wild rabbit?ó  To a great 
extent I donõt think it does, 
because our domes tic rabbits 
are not wild rabbits. They lead 
very different lives, in general 
lead longer lives, and have 
different energy needs.  

Still, there a few points 
about wild rabbit diet that we 
should perhaps note:  

 
¶ A wild rabbitõs diet is often variable, and therefore our 
domestic rabbits may be able to adapt to eating different 
foods and differing amounts of those foods without suffering 
unduly negative effects. Moreover, they may need to consume 
a variety of foods to maintain optimal physical health.  
 
¶ Wild rabbi ts usually eat diets high in fiber if for no other 
reason than that in many habitats the succulent low -fiber 
foods they may prefer are not always available, and the 
rabbit digestive tract has evolved to require a certain amount 
of fiber.  
 
¶ Wild rabbits may  consume ñdepending upon habitat and 
other variables ña relatively large amount of high -
carbohydrate foods (e.g., acorns) year round. This fact points 
to the possibility  that domestic rabbits may also be able to 
consume some high -carbohydrate foods without un due 
negative effects.  
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¶ Wild rabbits require certain nutrients for body 
maintenance, just as other species do, and there is evidence 
that a diet low in these nutrients may affect survival. It may 
be extrapolated that a lack of adequate nutrition in a 
domest ic rabbitõs diet could also affect that domestic rabbitõs 
survival.  

 
In the following chapters we will explore the mysteries of rabbit 

diet ñhow the rabbit digestive system functions, what nutrients rabbits 
require, how much of those nutrients they need, an d what foods 
contain them. We will also look at what problems may arise if rabbits 
have deficiencies of those nutrients and how they can be corrected. It is 
my hope that after perusing this book readers will be able to make more 
informed decisions regardin g the feeding of their rabbits.  
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Chapter 2 
 

THE RABBIT DIGESTIVE SYSTEM 
 
Rabbits are herbivores, which are animals adapted to obtain nutrients 
directly from plant materials. Because no mamm als produce all the 
enzymes necessary to break  down the structural material o f plants (e.g. , 
cellulose), herbiv ores have large populations of micro organisms (which 
do produce such enzymes) in their guts. Some herbivores, such as 
sheep and cattle, have a specialized rumen  which house s the 
micro organisms. Others, like rabbits, rats, and horses, have enlarged 
colons a nd cecums where the micro organisms live.   These latter 
herbivores are called hindgut fermenters.  

Although rabbits, like horses, are hindgut fermenters and their 
digestive systems are often compared to equines, there are notable 
differences between them. Ra bbits have larger colons and cecums in 
relation to body size than do horses. In horses microbial fermentation 
occurs in the colon; in rabbits it occurs in the cecum. In rabbit 
digestive systems large -particle fiber is removed from the body rapidly 
and is n ot fermented; in horses large -particle fiber passes through the 
system more slowly than it does in rabbits, and is fermented. This 
means that the structural components of plants are more completely 
digested by horses: for example, the digestion of the stru ctural 
components of alfalfa hay is about 14% in rabbits and is 41% in horses.  
Yet rabbits require more energy for their body size than do horses. 
Therefore the rabbit has had to develop other ways to meet their high -
energy requirements: high voluntary fe ed intake (VFI), feeding 
frequently (up to 30 times a day), digesting and utilizing non -fibrous 
carbohydrates quickly, eliminating indigestible lignified materials 
rapidly, and moving those fibrous materials that are digestible by 
microflora to the cecum w here the nutrients are made available through 
fermentation.  

As stated in the first chapter, rabbits are selective feeders and given 
a choice will often choose to consume low -fiber, succulent, nutrient -
dense, high -sugar foods. Selecting these foods enables rabbits to meet 
the energy requirements of their high metabolic rate. However, since 
these preferred  foods are not always available, rabbits have evolved to 
extract some nutrition from more difficult -to-digest complex 
carbohydrates (e.g., pectin, hemicellu lose, cellulose) by means of the 
populations of microorganisms in their cecum. The microorganisms are 
able to break down structural plant material that the enzymes in the 
rabbit gut are unable to digest well. This adaptation enables rabbits to 
take advanta ge of and utilize energy from a wide range of plants 
including grasses, twigs, bark, shrub leaves, herbaceous plants, fruits, 
and seeds.  
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THE DIGESTIVE PROCESS 
 
Digestion in the rabbit 1 begins after food is taken into the mouth with 
the aid of a larg e tongue and mobile lips, razor -sharp incisors cutting 
the material into manageable pieces for the cheek teeth to grind. Rabbit 
teeth are different from human teeth in that they grow continuously 
and do not have a true anatomical root. Rabbit incisors may grow 2 ð3 
mm/week, and must be worn down and kept sharp through use. Rabbit 
molars and premolars grow at a slower rate but must also be worn 
down through use.  

During the mastication process, the food is moistened with saliva 
from four pairs of salivary glan ds that secrete the enzyme amylase that 
begins the digestion of starch. Because plant structural material is so 
difficult for  mammals to digest, most herbivores crush it thoroughly in 
their mouths to begin breaking the plant material down, and rabbits 
are no exception. A normal healthy adult rabbit will chew from 120 ð200 
times per minute in a side -to-side motion, concentrating first on one 
side and then the other as the food is ground with molars and 
premolars. However, a hungry rabbit may chew food less th oroughly or 
even swallow it whole.  At worst, these scenarios can potentially lead to 

                                                 
1 This explanation of digestion in the rabbit refers to that of adult rabbits. The specialized 

digestion of young rabbits will be discussed at the end of this chapter. 
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a blockage in the stomach at the pylorus and at best could lead to less 
wear of the molars and limit the nutrition the rabbitõs digestive system 
will be able to extract f rom the under -chewed food.  
Swallowed food enters the rabbitõs large, thin-walled stomach. This 

organ accounts for about 15% of the volume of the rabbitõs 
gastrointestinal (GI) tract, and is the largest for its body size of any 
monogastric (one -stomached) m ammal. The stomach has a well -
developed cardiac sphincter  at the entrance which prevents food from 
being regurgitated. In a special area of the stomach termed the fundus,  
there are specialized parietal cells which secrete acid, producing the 
conditions und er which pepsin works best, and chief cells, which 
secrete the pepsinogen that breaks down protein. Once in the stomach, 
ingested food is mixed with the hydrochloric acid, pepsinogen, and 
water, resulting in what is termed chyme . This fluid mixture (which 
normally also contains ingested hair) remains in the stomach about 3 ð6 
hours; the acid and pepsinogen continuing the process of breaking 
down the plant material that was begun in the rabbitõs mouth. Rabbitsõ 
stomachs do not completely empty, and are still half -full after not 
eating for 24 hours.  
The pH of an adult rabbitõs stomach is extremely acid, between 1-2 

(a humanõs has a pH of 2ð3). The mucous lining of the stomach, which 
is viscous and has a neutral pH, protects the stomach from the strong 
acid. It  used to be thought that the rabbitõs upper intestine was sterile 
because of this. However, recent studies have shown that some bacteria 
do inhabit the upper intestine, possibly from digesting cecotrophs (soft, 
partially - digested fecal pellets). The total  length of the small intestine is 
about 3 meters, and it is in the small intestine that readily -digestible 
materials such as sugars, starch, fats, and soluble proteins are 
extracted and absorbed, volatile fatty acids (VFAs) being the main 
substance created  from the breakdown of those compounds. Absorption 
occurs at the tips of microvilli (finger -like structures that increase the 
absorptive surface), which protrude through the mucous lining of the 
intestine. This mucous lining is extremely important, creatin g an 
environment in which the nutrients can be absorbed while acting as a 
barrier to pathogenic organisms and destructive enzymes.  

The chyme then exits through the small, muscular pylorus to the 
upper small intestine, the duodenum, where it forms an acute  angle 
near the liver. (This angle is where intestinal obstruction often occurs.) 
Bicarbonate is secreted into the duodenum, neutralizing the extremely 
acid chime that exits the stomach and creating the more alkaline 
environment preferred by other enzymes.  Although rats and horses do 
not have gall bladders, rabbits do, and the gall duct opens into the 
duodenum. The rabbit gall bladder mostly secretes biliverdin instead of 
bilirubin (secreted by most mammals), which breaks up large globules 
of fat into small er ones.  The pancreatic duct also opens into the 
duodenum, releasing amylase for digesting starch, lipase for processing 
fats, protease for converting proteins, and chymotrypsin.  

The middle section of the small intestine, termed the jejunum, is 
the larges t section. Here excess bicarbonate is absorbed and the readily 
digestible plant materials (sugars, soluble protein, and starch) continue  
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Figure 2:1. The rabbit digestive system 

 
 
to be extracted and absorbed. Aggregates of lymphoid tissue called 
Peyerõs patches are found along the walls of the jejunum and the 
second half of the ileum, and induce immune response in the mucousal 
tissues of the gut. Peyerõs patches and related intestinal lymphoid 
tissues are termed ògut-associated lymphoid tissue,ó or GALT. GALT 
tissues recognize foreign antigens in the digesta and initiate the 
immune response. When areas of lymphoid tissue are damaged, 
undamaged Peyerõs patches òreseedó the damaged areas, thus restoring 
the immune system.  

Both the duodenum and jejunum have s pecialized cells that secrete 
a polypeptide hormone called motilin, which stimulates gastrointestinal 
smooth muscle. (Motilin is released in response to fat and 
carbohydrates inhibit its release. It is not present in the cecum, but 
reappears in the colon a nd rectum.)  

The chyme takes about 10 ð20 minutes to pass through the jejunum, 
and then enters the last section of the small intestine, the ileum , which 
it passes through in about 30 ð60 minutes. The ileum ends in a thick -
walled, enlarged area that is found o nly in rabbits: the sacculus 
rotundus , which is essentially a junction for the ileum, colon, and 
cecum. The sacculus rotundus has large amounts of lymphoid tissue 
and microvilli that are shorter and thicker than those of the ileum. A 
muscular valve in the sacculus rotundus controls movement of digesta 
from the ileum and prevents it from moving backwards into the small 
intestine. (This is the second most common place for foreign body 
impaction to occur.) A weaker valve allows chyme into the cecum. It has 
been suggested the sacculus rotundus is a transitional region where 
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ingesta is prepared for the cecum. Like Peyerõs patches, the sacculus 
rotundus may also play a role in the immune response of the digestive 
system.  

The colon and cecum together constitute the  hindgut. Contractions 
of the upper (proximal) colon, which is about 35 cm long, separate 
large -particle fiber (that over 0.5 mm, including most lignified fiber) 
from small -particle fiber and non -fibrous materials. Water content of 
the ingesta increases sl ightly in the upper colon, and a loose, 
discontinuous layer of mucus encourages the growth of ògoodó bacteria, 
which produce short -chain fatty acids that are absorbed and used for 
energy.  

The fusus coli , a particularly muscular area containing few 
microvi lli, is located between the proximal (upper) and distal (lower) 
colon and regulates the contractions of the colon and controls the 
production of hard and soft feces. The large particle fiber separated in 
the upper colon is moved quickly through the center of the colon to its 
distal (lower) end by peristaltic contractions as water is removed and 
absorbed, and into the rectum where the material is formed into hard 
fecal pellets that are expelled from the anus about four hours after the 
food is eaten. Mucus in  the distal colon forms a thin layer that helps 
provide lubrication for feces. Soluble fiber and other more digestible 
materials are moved back along the colonic walls and haustra by 
antiperistaltic contractions of the colon.  

Leng suggests that since the largest fibrous components are the 
most likely to be lignified, they may be removed preferentially, 
decreasing the lignin in the cecum relative to that of the whole diet and 
that excreted in hard feces. Since phenolic compounds from lignin have 
been shown to suppress bacterial growth and reduce digestibility of 
cellulose and starch, Leng suggests that the removal of the lignified 
fiber as hard feces may help improve the efficiency of bacterial growth 
in the cecum.  

The cecum is essentially a large fermentat ion vat where 
microorganisms break down digestible fiber. The rabbitõs cecum is the 
largest, per body size, of any mammal, accounts for up to 40% of the 
volume of the rabbitõs GI tract, and has about ten times the capacity of 
the rabbitõs stomach. The thin-walled organ ends in a narrow vermiform 
appendix , unique to rabbits. The vermiform appendix contains 
lymphoid tissue and may play a role in the immune response of the 
digestive system. It also secretes bicarbonate and water that buffer the 
semi -fluid ceca l contents to a neutral pH. (Although in actuality the pH 
of the cecal contents changes from more alkaline in the morning to 
more acid in the afternoon as the populations of various 
microorganisms fluctuate.) The digesta routed to the cecum remains in 
that  organ for about four hours. It is here ñthe more neutral pH being 
favorable for growth of bacteria ñthat microorganisms produce enzymes 
to break down structural plant material, releasing volatile fatty acids  
(VFAs) in the process. These fatty acids produced  from the microbial 
breakdown of the plant carbohydrates are a major source of energy to 
the rabbit. The primary bacterial inhabitants of the cecum are those 
belonging to the genus Bacteroides , although small amounts of other 
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bacteria such as Escherichia  coli  or clostridia may be present, along 
with a few ciliated protozoa and yeasts. Antibiotics, which kill the 
beneficial microbes along with targeted microbes, can alter the balance 
of the cecal microflora and allow pathenogenic species to proliferate.  

Acetic acid (60 ð80%), butyric acid (8 ð20%), and proprionic acid (3 ð
10%) are the primary VFAs produced by cecal fermentation, and 
account for about 40% of the energy that is required for body 
maintenance by the rabbit. After the cecal mixture has fermented abou t 
four hours, during which time some of the VFAs are absorbed by the 
cecum, small amounts of the cecal contents are periodically forced into 
the colon where more VFAs and some water are absorbed by the colonic 
walls. In the fusus coli the cecal material is  formed into soft pellets. As 
the soft pellets move through the rectum toward the anus, lysozymes 
(enzymes that digest bacterial cell walls) and a mucous membrane are 
secreted by the colonic wall.  

Approximately eight hours after food was initially consumed , soft, 
mucous -covered feces called cecotrophs (or cecotropes) are expelled 
from the anus and consumed by the rabbit. This process of consuming 
fecal material is termed coprophagy, or more specifically for material 
from the cecum, cecotrophy. (Both terms a re correct.) Cecotrophs 
contain food residues, microorganisms and the products of microbial 
fermentation (including amylase), high levels of the B -vitamins and 
potassium, and twice the protein and half the fiber of hard feces. It is 
through their consumpti on that more of the nutrients from difficult -to-
digest plant materials are made available to the rabbit.  

Swallowing cecotrophs whole leaves their protective mucous 
covering intact as they enter the acidic stomach. Once in the stomach, 
the cecotrophs remain  in the area called the fundus, which has a 
higher pH than the rest of the stomach The cecotrophs stay in the 
fundus for several hours, and remain intact for about six hours. Toward 
the end of this time in the stomach the cecotrophs disintegrate and 
begin to be digested, glucose being converted to carbon dioxide and 
lactic acid. These products, along with amino acids and vitamins, are 
mostly absorbed in the small intestine. Lysozymes, which were 
incorporated into the cecotrophs in the colon, begin the break down of 
the bacterial protein in the cecotrophs while they are still in the 
stomach, and the constituent amino acids are subsequently absorbed 
in the small intestine.  

Production of the two kinds of feces is primarily governed by the 
different times the two  different fiber mixtures enter the colon. The 
composition of the hard feces reflects the rabbitõs dietñas dietary fiber 
increases so does the fiber in the hard feces. The difference in the 
nutrient absorption/excretion of the two feces phases may be 
summa rized as follows:  

¶ Hard feces phase: Water, sodium, and potassium 
absorbed in the proximal colon; water, VFAõs and electrolytes 
absorbed in distal colon.  

¶ Soft feces phase: Sodium, chloride, and VFAs are 
absorbed while potassium is excreted.  
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According to on e researcher, concentrate -fed rabbits do not need to 

consume cecotrophs as do forage -fed rabbits, since complete nutrition 
is supplied in the concentrate. Rabbits given concentrate foods may 
consume fewer cecotrophs for this reason.  

 

Urine 
Although the top ic of urine would normally be addressed in a 
discussion of the urogenital system and not the digestive system, I am 
mentioning it here because the appearance of rabbit urine may 
sometimes cause concern, especially to new rabbit owners. Rabbit urine 
normall y contains some particulates, and the color may vary from clear 
to a dark reddish color, depending upon various factors.  
Because of the rabbitsõ unique calcium metabolism, they excrete a 

large proportion of their dietary calcium in their urine, some of whi ch 
precipitates out as calcium carbonate. Along with ammonium 
magnesium phosphate crystals, this is what gives rabbit urine its 
cloudy or gritty quality. Some precipitate is normal and a sign that the 
rabbit is receiving adequate dietary calcium. Rabbits n eeding more 
calcium (e.g., growing rabbits, pregnant rabbits, lactating rabbits) may 
have clear urine, as may anorexic rabbits.  

Under certain conditions (e.g. lack of exercise, dehydration), 
calcium carbonate crystals or other precipitates may accumulate as 
bladder òsludgeó or aggregate to form uroliths. Jenkins suggests there is 
a difference between calciuria (calcium crytals in urine) and sludge, 
which Jenkins calls micro urinary calculi, or MUC, which contain 
calcium -based calculi, not just crystals. Je nkins sates that these calculi 
form in response to cystitis or other conditions, and that rabbits on 
low -calcium diets may actually have greater amounts of MUC. For a 
more in -depth discussion of calcium in rabbit diets see the calcium 
entry in Chapter Five . 

Pigmented urine in rabbits is usually caused by porphyrins. 
Porphyrins are a large class of organic compounds which are able to 
bind metals. When rabbits eat certain foods high in some plant 
porphyrins, or are on some antibiotics, the levels of porphyrin s excreted 
in their urine temporarily increase, causing the urine to turn orange -
red to reddish -brown. Some foods that may cause this change in urine 
color include acorns, alfalfa, beets, broccoli, cabbage, carrots, and 
dandelion greens. Several rabbits be ing fed the same foods may have 
differing colors of urine due to factors such as stress and hydration. For 
example, urine color may be more pronounced if the rabbit is not 
drinking adequate liquids.  

Colored rabbit urine may sometimes be caused by other 
compounds. A dark brown urine color may be caused by the presence 
of myoglobin (a protein pigment similar to hemoglobin), and blood from 
the reproductive tract or urinary tract may cause voided urine to 
appear reddish. Hematuria (blood in the urine) can be ca used by a 
variety of conditions. A veterinarian may do a dipstick test or use a 
Woodõs lamp (plant porphyrins will fluoresce, hemoglobin will not) to 
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determine whether a red coloration is from blood.  
Ketones are another aspect of urine composition affected  by 

nutrition. Ketone bodies (acetone, actoacetic acid, and beta -
hydroxybutyric acid) appear in rabbit urine when the metabolism is 
severely impaired, usually from malnutrition or starvation; that is, 
rabbits that do not eat enough or do not eat food that is high enough in 
nutrition over a period of time. Rabbits with severe dental disease and 
rabbits on hay -only diets that have impacted cecums will commonly 
have ketones in their urine. If the nutrition problem is not corrected, 
eventually more ketone bodie s may be produced than can be handled 
by the rabbitõs metabolism, eventually leading to hepatic lipidosis and 
death  

 
DIGESTIVE SYSTEM OF YOUNG RABBITS 
     

The digestive system of very young rabbits 
is critically different from that of adult 
rabbits. Nur sing rabbits depend upon the 
protein and fat in their motherõs milk and 
normally have distended stomachs filled 
with milk curd. This curd has a high pH of 
5.0ð6.5, which would encourage bacterial 
growth were it not for the presence of òmilk 
oil,ó ocanoic and decanoic fatty acids that 
are produced from an enzymatic reaction 
with the doeõs milk. These fatty acids have 

an antimicrobial action that protects the young rabbits until weaning.  
As the milk consumption of the young rabbit (kitten) decreases, its 

gast rointestinal microflora increases. Up to 14 days of age, the 
predominant bacterial genus present is usually Streptococcus , although 
some Bacterioides , Escherichia coli, Clostridium , Endosporus , and 
Acuformis  are often also present. At about 2 ð3 weeks of ag e the young 
rabbits (kittens) begin to consume their motherõs cecotrophs (this helps 
them begin to develop gut microflora), and gradually the bacteria 
involved in fermenting fibrous carbohydrates (primarily Bacterioides ) 
become dominant in the cecum as sol id foods are added to the diet 
(solid food intake begins at approximately 17 days and increases until 
weaning at approximately one month of age). The distal colon develops 
particularly rapidly, and along with the cecum provides early immune 
defense. From 3 ð9 weeks of age the kittens gradually develop the 
mature gastrointestinal tract: the cecum increases in size until it is the 
largest organ of the GI tract at about 5 ð6 weeks of age, and the stomach 
slowly develops a more acid pH until it reaches the acidic  pH of the 
adult stomach. The pancreas is not fully developed before eight weeks, 
and since pancreatic enzymes normally digest starch in the small 
intestine, dietary starch in young rabbits goes into the cecum where it 
can cause imbalances of the microflor a. 

The digestive health of rabbits at any age depends upon a delicate 
balance between the microflora and the protective mucosal tissues 
lining the gut. However, rabbit kittens are particularly vulnerable to 
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digestive problems during the time just prior to weaning through 
weaning and shortly afterwards as their immune systems, particularly 
that of the gut, develop rapidly. In one study it was found that bacterial 
fibrolytic enzymes increased by 30% ten days after weaning.  

The digestive system, especially the  cecum, continues to develop 
and come to maturity from 3 -5 weeks of age. If the kitten should receive 
any sudden  changes to its diet ñparticularly if it suddenly receives a 
high -starch diet ñpathogenic bacteria such as Clostridium  can gain 
dominance in the g ut, leading to sickness and death. High protein diets 
may also increase mortality in young rabbits, for the protein is 
incompletely digested in the intestine, allowing protein to enter the 
lower GI tract where it may cause a negative alteration in the micr oflora 
(dysbiosis). For this reason, it is suggested by many rabbit experts that 
rabbits prior to and through weaning should be given a diet that is 
consistent and composed of low -protein, low -starch, high -fiber foods 
containing high levels of pectins and xylans (hemicellulose).  
Conversely, the doeõs diet needs to have higher protein and higher 

energy content because of milk production. Therefore, it is 
recommended that rabbit kittens be prevented from eating the motherõs 
diet at weaning. Alternatively, the  doeõs diet can be changed to one low 
in protein and high in fiber about ten days prior to weaning her kits.  
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Chapter 3 
 

CARBOHYDRATES 
 
Carbohydrates (saccharides) can be one of the most difficult areas of 
rabbit nutrition to understand. Confusion may arise because common 
usage of terms varies and in some cases does not conform to the actual 
meaning of the word. For example, variations of the following statement 
appear on many rabbit websites and in many articles and books on 
rabbits: òRabbits should be fed a low -carbohydrate high -fiber diet.ó Yet 
technically this statement is contradictory, for fiber is  carbohydrate 
(Figure 3:1 ). 

Reduced to basic terms, carbohydrates  are neutral chemical 
compounds primarily composed of carbon, hydrogen, and oxygen , the H 
and O  usually in the ratio of 2:1. They occur as single molecules, short 
chains, or complex chains, and are primarily produced by green plants  
where they are found in  the cell wall and cell contents . Cell walls 
contain the polysaccharides hemicellulose and cellulose, as well as 
lignocellulose, and are about 40 -70% digestible by microflora inhabiting 
mammal digestiv e systems. Cell contents include  sugar and starch 
sacch arides as well as p rotein and other compounds. These  contents 
are about 90% digestible and provide rapidly available energy.  

In one way or another all mammalian life is dependent upon 
carbohydrates because they are one of the two main energy -giving 
compoun ds (fats being the other) that mammals break down and use to 
fuel cell function. Mammals may consume carbohydrates directly by 
eating foodstuffs such as vegetables, fruits, and grains or may consume 
them indirectly by eating the flesh of mammals whose diet  consists 
primarily of green plants. In general, herbivores must consume more 
food to meet their energy needs than do omnivores and carnivores. 
Because of their small body size and high metabolic rate, rabbits have 
relatively high energy needs even when co mpared to many other 
herbivores, especi ally the larger ones.  

 We know the simpler carbohydrates as òsugars.ó Some of the more 
complex ones are starches , gums , and cellulose . Sugars include the 
monosaccharides , which contain one carbohydrate molecule ( e.g., 
glucose, fructose, galactose), and the disaccharides  (e.g., sucrose, 
lactose, maltose), which contain two sugar molecules. The 
oligosaccharides  (e.g., raffinose, stachy ose) have chains of 3 ð10 
molecules, and the polysaccharides  (e.g., starch, pectin, cell ulose) have 
chains of more than 10 molecules. The bodies of mammals must break 
down the more complex carbohydrates before the energy can be used. 
The ability of a particular mammal to break down a certain kind of 
carbohydrate will affect the place of foods  containing that carbohydrate 
in the mammalõs diet. Carbohydrates not broken down by enzymes 
produced by the rabbit are broken down by enzymes produced by the 
microflora in the rabbits gut. The main end -products from the 
breakdown of carbohydrates are shor t-chain fatty acids  (SCFAs), also 
called volatile fatty acids  (VFAs).  
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There is an unfortunate perception among some rabbit owners that 
òcomplexó carbohydrates (especially fiber) are better for and are more 
necessary in a rabbitõs diet than the òsimpleó carbohydrates. The reality 
is that both are necessary for optimal health in a rabbit. But how 
much, and of what kind? For some of the answers to those questions 
we may look at scientific studies that have been done on the subject of 
rabbit nutrition. Much va luable information on rabbit diet has come 
from these studies and found its way into the literature on feeding show 
and pet rabbits. But there is a problem with applying the results of 
these studies too literally, because most of this research on rabbit 
nu trition was done by scientists interested in advancing knowledge for 
rabbit production, especially meat production. The vast majority of 
these studies were done on rabbits 80 days old or less, because 
production rabbits are normally  slaughtered by about th at age.  

Those who bred rabbits for show were among the first to realize that 
the available information on rabbit diet needed to be adapted to apply 
to their particular rabbits depending upon breed, age, and varying 
environmental and physical conditions. Sh ow rabbits may be kept for 
several years, and in order to win awards the rabbits must be in top 
condition. Rabbits that are obese, too thin, have poor coats, mites, bad 
teeth, or other defects are either disqualified or receive no awards. 
Proper nutrition is essential if the rabbits are to be in prime physical 
form. Years later, as rabbits became more popular as pets , those  with 
companion rabbits also became interested in discovering just what diet 
was healthiest for their rabbits  and would ma ximize the yea rs they 
would enjoy  with their pets . 

Despite the interest of these two groups, research on the subject of 
rabbit nutrition tailored to long er-lived rabbits remains rare. It is not 
that the results of studies on short -lived rabbits cannot ever be applied 
to  longer -living show or companion rabbits, but it should be done so 
with an understanding of the changes occurring in a rabbitõs digestive 
system with age, differing energy requirements for rabbits kept under 
different environmental conditions, and the spec ial nutritional 
requirements of particular breeds.  

 

MONOSACCHARIDES AND DISACCHARIDES 
Sugars of one kind or another are found in almost every food we and/or 
our rabbits eat. Glucose is present in most plant and animal tissues. 
Lactose and galactose are fou nd in milk; fructose in honey and many 
plant  materials, including grass and fruits. Sucrose, which we eat in 
the refined form of òtable sugar,ó is naturally present in fruits and 
vegetables.  

 In a rabbitõs digestive system most of the monosaccharides and 
disaccharides are digested in the stomach and small intestine, the 
disaccharides first being broken down into simple sugars by hydrolysis, 
or a breaking of the bonds holding the monosaccharide units together. 
Normally little or no undigested sugars reach th e cecum and they are 
therefore unlikely to cause imbalances in the microflora of that organ. 
(However, it is possible that when unusually large amounts are 
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consumed some sugars may reach the cecum undigested and could 
potentially cause the microflora of th e cecum to alter, resulting in 
digestive problems.) How much sugar is safe for a rabbit to ingest? As 
with most dietary issues, the answer depends partly upon the age, 
health, activity, normal diet, and breed of the rabbit. Very young rabbits 
in particular  can develop fatal digestive problems if given too much of a 
sugar they do not yet have the ability to process. Very young rabbits 
still on their motherõs milk have a high ability to digest the milk sugars, 
lactose and galactose, but little ability to dige st fructose. After they are 
weaned, the ability of rabbit kittens to digest the milk sugars decreases 
and their ability to digest fructose ñwhich would normally be entering 
their diet about this time ñincreases. The instability of the cecal 
microflora at thi s critical juncture makes young rabbits very susceptible 
to digestive problems ñloss of appetite, diarrhea, enterotoxemia, 
death ñas they transition from their motherõs milk to solid foods. High 
glucose and/or fructose may allow pathogens such as Clostridium  
spiroforme  and Escherichia coli  to proliferate and colonize the cecum. 
Toxins from these organisms, such as iota toxin, are often lethal to kits. 
Mortality rates of 14 ð20% are not uncommon after weaning.  

In a very early study done on the assimilation limi ts of various 
sugars in adult  rabbits, the researchers found the sugar tolerances of 
the rabbits they studied to be, from least tolerance to greatest: sucrose, 
levulose (fructose), glucose, maltose. Although this study is very old and 
it has to be taken in to consideration that little was understood about 
rabbit digestion at the time and that the methods were not what they 
would be today, the data collected is still worth looking at. I found the 
study particularly interesting because it is one of very few in  which 
adult rabbits were studied over a period of several months (nine), thus 
providing information on older rabbits than are usually used as 
subjects in nutrition studies. In a recent study, the effect of replacing 
varying percentages of feed ingredients  with dates (high in sugar) was 
investigated, and the researchers found that the dates had no 
deleterious effects on the rabbits.  

 In my opinion, adult  rabbits may be able to tolerate more sugar in 
their diet than some sources on rabbit diet recommend, alt hough a 
consistent high -sugar diet would undoubtedly be unhealthful. Certainly 
there is adequate science to  show that concentrate feeds (often 
sweetened with sugar beet molasses, which is  about 50% sugar, mostly 
sucrose) do not harm the flora and function of the rabbit digestive 
system. It further appears that many adult rabbits are able to tolerate 
occasional  high doses of sugar without undue harm.  

I have reasons for believing adult rabbits may be able to tolerate 
high -sugar foods occasionally. When I visi t my parentsõ house three of 
my rabbits stay in my motherõs bedroom. I usually take care to see that 
my motherõs closet door is closed while they are there, as I know my 
mother stores food on the floor of the closet. But one time several years 
ago I must h ave left it open just enough that they  could push the door 
aside, for hours later I found the three rabbits ña Holland Lop, 
American Fuzzy Lop, and Dutch ñhappily devouring a ripped -open 5 - 
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