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Due to the activity of microorganisms in
the caecum of rabbits, acetate is formed in the
result of processes of glycolysis and synthesis of
CO; and H,. In rabbits, there is peculiarity of
fermentation of caecal microorganisms in greater
butyrate production compared with propionate.
The butyrate overproduction is characteristic only
for rabbits in contrast to all herbivorous animals
(including ruminants, in which, in the rumen, it’s
produced more propionate than butyrate). The
research presented in this paper was aimed to
increase knowledge about digestion in leporids.
Therefore, it was defined the concentration of
metabolites in fermentation processes in the
caecum of rabbits and hares, and production of

metabolites in cultures caecum content. It’s
important to note that the use of the same diet was
not feasible in the present experiment because of
sporadic rabbit breedings.

Eight hares (3.3—4.5 kg of weight) lived in
their natural environment. In November, before
noon, animals were trapped with a soft net (length,
400 m) and slaughtered in the afternoon. Eight
rabbits were housed individually in cages and
slaughtered at 9:00 a.m. at the age of 11 weeks.
Samples of caecum content of rabbits and hares
were analyzed, including measurement of
concentrations of volatile fatty acids (VFA) and
ammonium, and used for the cultivation of
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microorganisms with subsequent determination
production of VFA and methane.

Rabbits and  hares, despite  their
morphological resemblance and similar type of
digestion, differ in profile of caecal fermentation
end-products. Caecal concentration of total
volatile fatty acids were higher and ammonia
concentrations was lower in rabbits than in hares
(98.9 £ 18.1 and 20.7 + 8.0 mmol/l vs 46.8 £ 14.0
and 334 + 12.5 mmol/l, respectively). Caecal
microorganisms of rabbits produced more acetate
(66.4 £ 3.3 mmol/l) and butyrate (19.5 + 3.1
mmol/l) than propionate (10.1 + 2.9 mmol/l).
Corresponding acetate, butyrate and propionate
concentrations in hares were 28.4 £ 1.8, 5.5 + 1.9
and 8.7 £ 1.0 mmol/l, respectively. This finding

was confirmed in in vitro experiment. In rabbit
caecal cultures fermentation was accompanied
with a significant methane release (15.3 £ 2.2
mmol/l). In hares only traces of methane were
produced (0.1 mmol/l). Calculations of metabolic
hydrogen  recovery suggest that reductive
acetogenesis (an alternative electron sink) exists in
caeca of both animal species. Thus, in rabbits
caecal fermentation in vitro is accompanied by
significant release of methane, while in hares it is
produced in very small quantities.

Key RABBIT, HARE,
CAECUM, FERMENTATION,
AMMONIUM, METHANE.
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MOPIBHAJIBHE BUBUEHHS IIEKAJIBHOI'O ®EPMEHTAIINHOI'O CIIEKTPY
Y IOPOCJINX JOMANIHIX KPOJIIB I TUKNUX 3AHUIIIB
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3aeosaxu AHCUMMEDILTLHOCI
MIKPOOpeanizmMie-cumOionmie y  cainii  Kuuiyi
KpOJie ayemam Ymeopioemuvcs 8HACTIO0K Npoyecie
enikonizy i cummesy 3 CO, i H, [lonosna
ocobausicmy Gepmenmayii YEKATbHUX
MIKpOOpeanizmMie 'y Kpoaie noaseac 6 Oinbuill
npooyKyii  HUMU ~ Oymupamy — NOpiGHAHO 3
nponionamom. Taxa Haonpodykyis Oymupamy
61ACMUBA MINLKU KPOISAM, HA GIOMIHY 6i0 YCix
MpAGOIOHUX MBAPUH, GKIIOYAIOYU HCVIHUX, Y PYOYi
AKUX NPOOYKYEMbCsL Olbuie NPONIOHAmMY, HIdiC
oymupamy. locniodicenns, npeocmaeneHi 6 yiil
pobomi, Oyau CApAMOBAHI HA PO3ULUPEHHS 3HAHb
wooo mpasnenHs 6 3auyenodionux. Tomy,
BUBHAYANUCS K KOHYenmpayii  memabonimie
hepmenmayitinux npoyecis y cuinit Kuuiyi Kpoie i
sauyie, max i NpooyKyis Mmemabonimig y
Kynomypax —emicmumozco cainoi  xuwku. Cnio
giOMimumu, w0 YMpumySawHs Kpoaie Ha OOHIlU
oiemi OY10 HEMONCIUBUM Y YbOMY eKCNePUMEHMI
yepes ix cnopaouune po38eo0eHHsl.

Bicim 3atiyie (macorw 3,3—4,5 ke), saxi
HCUNU 68 HPUPOOHOMY cepedosuwyi, 8 AUCMOnaodi
y nepwiti  nonoGuHi OHA Oyau  GiON0GNeHI 3a

00NnoM02010 M Kol cimku 0oexcunoro 400 m, a 6
opyeill nonoguni Owsi — 3abumi. Bicim Kponie
VMPUMYSaau iHOUGIOyanbHo 6 Kuimkax i y eiyi 11
mudicrie zabusaru o 9 pauxy. [ocniodcysanu
3PasKu BMICMUMO20 CINOI KUWKU KPOJi 1 3atiyis.
3oxkpema, 6 HUX BU3HAYANU KOHYEHMPAYIi JemKUX
arcupnux kuciom (JDKK) i amownivo, a maxooic

BUKOPUCMOBY8ANU ons Kynomusayii
MIKpOOpeanizmié 3  NOOAAbUUM — BUBHAYEHHSM
npooykyii JDKK i memany.

Bcmanosneno, wo kponi ma 3atiyi,

Hezsaxcarouu Ha ix Mmopghonoziumy cxooucicme i
nOOIOHULL  mMun  MpAeNeHHs,  GIOPIZHIAIOMbCS
CNeKmpom KiHyesux npooykmie OpoOiHHA V CAinitl
rkuwyi. Konyenmpayis 3aeanvnoco emicmy j1emrux
AHCUpHUX  Kucrom Oyau euwolo, a amiaky —
HUJICYOIO Y CHLiNI Kuwyi Kpomnie, Hidc y 3auyis
(98,9 £ 18,1 i 20,7 + 8,0 mmonv/n npomu 46,8 +
14,0 i 33,4 = 12,5 mmonv/n, 6ionosiono). Y criniu
KUuwyi  Kponie  MIKpOOp2awizMu  NPOOYKYIOmMb
oinvwe ayemamy (66,4 =+ 3,3 wmmonv/n) i
oymupamy (19,5 + 3,1 mmonw/n), Hisic nponionamy
(10,1 = 2,9 mmonv/n). Bionogioni sc konyenmpayii
ayemamy, Oymupamy [ nponioHamy 6 3alyie
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cmanosunu 28,4 + 1,8, 5,5+ 1,91 8,7+1,0 mmonw/n.
i pe3yabmamu niOmMeepoI€CY8aANUCs 8
excnepumenmax in vitro. Y cuiniti kuwyi Kposs
KYIbMYpPaibHa (HepMeHmayis cynpogooiCysanach
SHAUHUM euKuoom memany (15,3 + 2,2 mmonv/n), a
6 3alyie BUABIEHO MIAbKU CHI006l KIiIbKOCHI
memany (0,1  mmonv/n). 3a  pospaxynkamu
MemaboniuHo20  BIOHOGNECHHSL  BOOHIO  MOJICHA
npunycmumu, wo IOHOBHUI ayemozeHe3 iCHYE 8
cainitl kuwiyi 060x 6udi6 MeapuH.

Omoxce, y Kponie yekaivbHa hepmenmayis
in Vitro cynpogooicyemvcs 3HAYHUM SUBLIbHEHHSM
Memany, 8 moti uac, 5K y 3auyié i NPoOyKyEmMuvCs
8 0yHce He3HAUHIU KIIbKOCTI.

Kuarwuosi caoBa: KPOJIMK, 3A€IIb,
CJIIITA KUIIKA, OEPMEHTAILILA,
AMOHIN, METAH

CPABHUTEJIbHOE U3YYEHHUE HEKAJIBHOTI'O ®EPMEHTAIIMOHHOI'O CIIEKTPA
Y B3POCJIbBIX JOMAIIHUX KPOJIMKOB U IUKUX 3AULIEB
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brazooaps JHCUZHEOeameNbHOCU
MUKDPOOP2AHUZMOB-CUMOUOHMO8 8 CAENOl KUUKe
KPOAUKO8  ayemam  obpazyemcs — ciedcmeue

npoyeccos eauxoauza u cunmesa uz CO, u H.,.
Inasnas ocobennocmsv hepmenmayuy YeKarbHUX
MUKDPOOP2AHUZMO8 Y  KPOAUKOG  COCMOUM 8
bonvuuel npooyKyuu umu bymupama
CPABHUTNENLHO c NPONUOHATNOM. Takas
CBEPXNPOOYKYUS oymupama CBOLICMBEHHAsL
MOAbKO — KPOAUKAM, 6 Omauyue Om  6cex
MPABOSAOHBIX ICUBOTHDBIX, GKIIOYASL JHCEAUHBIX, 8
pyoye  komopwulx  npooyyupyemcs — boavuie
nponuonama, uem Oymupama. Hccrnedosanus,
npeocmasnenuvie @  dmoi  pabome,  OblLiu
Hanpasnenvl Ha pacuupenue 3HAHULL
OMHOCUMENILHO NUWesaperus 8 3aliyenod0OHbIX.
Iosmomy  ompedensiiucy Kax KOHYeHmMpayuu
Memaboaumos (epmMeHmayuoOHHbIX NPOYeccos 6
CAenoul  Kuwike KpoauKoe u 3auyes, maxk u
npooyKyuss  Memadoaumos 8 KYIbmypax
CO0EPIHCUMO20 cnenoti KUWIKU. Creoyem
OmMMemumsb, Ymo co0epIcanue KPOaUKos Ha 0OHO
OJueme  ObLIO  HEBO3MOJNCHBIM 6  DMOM
oKCnepumMenme — uU3-3a4  UX  CHOPAOUYECKO20
Pa36e0eHUsl.

Bocemv  3atiyes (secom  3,3—4,5 ke,
Komopbvle HAXoOUIUCb 8 eCmeCcmeeHHOl cpede, 8
HOs10pe 6 Nepsoll NON0GUHEe OHsL ObLIU GLLIOGIEHBL C

nomowbto Msekot cemu Onunnou 400 m, a 6
Opyeotl nonogure Ot — youmwl. Bocemb kpoauxos
Co0epaHCcanucy UHOUBUOYALbHO 6 KIemKax U 6
sospacme 11 nedenwv 6wy youmol 6 9 uacos ympa.
Hccnedosanu  obpasyvl  codepocumoco  crenoi
KUWKU KpOAUKO8 u sauyes. B wacmmnocmu, 6 Hux
ONnpeoensiiu  KOHYESHMPAayuy  J1emy4ux HCUPHbIX
kuciom (JDKK) u ammuaxa, a  makdce
UCNONB306AIU ons KYIbMueayuu
MUKPOOP2AHUIMOB C NOCACOVIOWUM ONpedeeHUeM
npooykyuu JOKK u memana.

Yemanosneno, umo kpoauxu u  3auiysl,
HecMompsi Ha ux Mopghono2uueckoe cxo0cmeo u
NOOOOHLIL  Mun  NUWEBAPEeHUsl,  OMIUYAIOMCS
CHEKmpPOM KOHEUHbIX NPOOYKMOE OpOdNCeHUsT 6
crenoi Kuuike. Konyenmpayus obuezo
COOEPIHCaHUsL NCMYHUX JHCUPHLIX KUCIOm  Oblia
suule, a aAMMUAKa HUdICe 6 Chenou Kuiuke
Kpoauxos, yem 6 3atiyes (98,9 + 18,1 u 20,7 £ 8,0
MMOIL/TL npomues 46,8 + 14,0 u
33,4 + 12,5 mmonwv/n, coomeemcmeaenno). B cienoii
KUWKe KpOoauKo8 MUKpOOP2AHU3MbL NPOOYYUPYIOM
bonvue ayemama (66,4 + 3,3 mmonv / 1) u
oymupama (19,5 + 3,1 mmonw/n), wem nponuonama
(10,1 £2,9 umonv/n). Coomeemcmeenrnvle  dice
KOHYeHmpayuu ayemama, bymupama u
nponuonama 6 sauyes oviiu 28,4 £ 1,8, 5,5+ 1,9 u
87 £ L0  mmonv/n. DOmu  pezyabmamol
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NOOMBEPAHCOANUCh 8 IKCHepuMenmax in vitro. B
cnenou Kuuike KPORUKA KVIbMYPAibHAsL
hepmenmayus  conpoeoHCOANACH 3HAYUMENbHbIM
evlopocom memana (15,3 + 2,2 mmonv/n), a &
3a1yes GuIAGNEeHbl MOJLKO CIe006ble KONUYeCmed

memana (0,1  mmonv/n). Ilo  noocuemam
Memaboauyecko20  80CCMAHOBNIEHUSL  8000POOA
MOodICHA NPeOnonoNCUMD, 4mo

680CCMAHOBUMENILHBIN AYemo2eHe3 CyWecmeyem 8
caenotl Kuuike 00eux 8u008 HCUGOMHDIX.

CredosamenvHo, y KpOIUKO8 UEKAIbHAA
Gepmenmayus  in - vitro  conpogodcoaemcs
SBHAYUMETLHBIM 0C8000JICOeHUEM Memand, mozoa
Kak 6 3auye8 OH NpOOYYUpyemcsi 6 OueHb
He3HAUUMeNbHbIX KOJIUYECmEax.

KumroueBsnie ciaoa: KPOJIUK, 3AL,

CJIEIIASI _ KMIIKA, ®EPMEHTALNA,
AMMOHNU, METAH
Introduction. Rabbits (Oryctolagus

cuniculus) and hares (Lepus europaeus) are
medium-sized herbivore animals with similar
morphological features. They are both in the
order Lagomorpha. In the natural environment
the hare’s diet is similar to the rabbit’s diet. In
both species the caecum is the primary site of
digesta retention and microbial fermentation.
Both rabbits and hares practise caecotrophagy,
1.e. produce two types of faeces, soft and hard,
and ingest only soft ones. Rabbits have been
domesticated whereas hares are free-living
animals, although some hare breeders exist in
Europe. Comparative nutritional trials with
rabbits and hares are scarce. Kuijper et al. [9]
carried out a feeding trial using rabbits and
hares fed diets with a range of fibre contents.
Dry matter digestibility was not different, but
nitrogen digestibility was lower in hares than
in rabbits, possibly because hares produced
smaller amount of soft faeces. Both the
stomach and the caecum were significantly
smaller in the hare (as a proportion of body
weight) than in rabbits: 2.53 +£0.72 % and 4.97
+ 1.49 %, respectively in the hare; 5.09 = 1.38
% and 6.79 £ 1.87 % in rabbits, respectively
[13]. Both species moderately digest the cell-
wall polysaccharides, but digestibility of
hemicellulose was significantly greater in the
rabbit: 29.7 £ 4.5 % in the hare and
39.3 + 12.5 % in the rabbit.

Caecal fermentation pattern in rabbits is
well known. Caecal microorganisms of rabbits
produce VFA in the proportion of 60-80
moles of acetate, 8-20 moles of butyrate and
3-10 moles of propionate per 100 moles of
VFA [1, 6]. Acetate is produced via glycolysis
and by means of synthesis from CO, and H,.
Production of butyrate in rabbits exceeds that
of propionate. Rabbits differ from almost all
herbivorous animals, including ruminants
which produce more propionate than butyrate
in the rumen. The present study has been
aimed at extending our knowledge on
digestive  physiology of leporids. The
concentrations of caecal metabolites were
determined in rabbits and hares, as well as
production of metabolites in cultures of caecal
contents. Although rabbit breedings exist
sporadically, the use of the same diet was not
feasible in the present experiment.

Materials and methods

Rabbits were fed ad [libitum a
commercial pelleted feed containing alfalfa
meal, wheat bran, sunflower meal and oats as
the main ingredients (tabl. 1). Eight rabbits
were housed individually in cages and
slaughtered at 9:00 a.m. at the age of 11
weeks.The caecal contents were squeezed out
and used for (i) assay of caecal metabolites,
and (i1) for inoculation of in vitro cultures. The
caecal contents were immediately frozen or
diluted 1:4 with phosphate-bicarbonate buffer
[3]. Caecal cultures were incubated in 320 ml
bottles at 39 °C for 8 h. The bottles were
flushed with CO, and hermetically closed with
rubber stoppers. The pH (about 7 initially) fell
by ca 0.7 in the course of the incubation.
Samples of the headspace gas were taken at
the end of the incubation, then bottles were
opened and the fermentation stopped by
adding HgCl,.

The caecal contents of hares were
obtained in November from eight animals
(3.3-4.5 kg of weight) living in their natural
environment near Osiek (Poland). The animals
were trapped before noon using a soft net
400 m long, transported to Wroclaw and
slaughtered in the afternoon. Samples of the
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caecal contents were taken for analyses and

protection of animals used in experimental and

used for in vitro incubations as described scientific purposes: euthanasia  with
above. intravenous injection of nembutal (18 %
All manipulations with rabbits and solution (200 mg/mL) drug dose of
hares were carried out considering 200 mg/kg).
prescriptions of European Convention about
Table 1.
Ingredients and chemical composition of rabbit diet
Ingredients % Composition G/kg
Alfalfa meal 28 Dry matter 907
Sunflower meal 19 Crude protein 169
Wheat bran 24 NDF 378
Sugar-beet pulp 4 ADF 224
Oats 13 ADL 56
Barley 7 Pectins 50
Rapeseed oil 2 Fructans 7
Vitamin supplement” 1 Starch 130
Dicalcium phosphate 0.5 Fat 45
Limestone 1 Digestible energy (MJ/kg) 10.2
Salt 0.5

Note: *Per kg supplement: vitamin A — 1 200 000 IU, vitamin D3 — 200 000 IU, vitamin E — 5 g, vitamin K3
— 0.2 g, vitamin B;—0.3 g, vitamin B, — 0.7 g, vitamin B¢ — 0.4 g, niacinamide — 5 g, Ca-pantothenate — 2 g, folic
acid — 0.17 g, biotin — 20 mg, vitamin B;; — 2 mg, choline — 60 g, lysine — 25 g, DL-methionine — 100 g

The headspace gas was analysed on a
gas chromatograph equipped with a thermal
conductivity detector. Total VFA were
estimated by titration, after steam distillation.
Their molar composition was determined on a
gas chromatograph using a column of the
Chromosorb WAW with 15 % SP 1220/1 %
H3;PO4 (Supelco). Ammonia was determined
colourimetrically with Nessler reagent in
Conway units. Metabolic hydrogen balance
was calculated according to Demeyer [4].
Other analyses were performed as described
previously [11]. The #test was used to

determine whether differences between rabbits
and hares were statistically significant.

Results and discussion

In rabbits, caecal VFA concentration
(98.9 mmol/l on average) was higher than
average value of this parameter reported in
healthy rabbits [10] and approached the upper
value of this trait reported by Garcia et al. [5].
In hares, caecal VFA concentration, molar
percentages of acetate and butyrate were lower
and molar percentage of propionate was higher

than in rabbits (P < 0.001; tabl 2).
Table 2.
Caecal volatile fatty acids in eight rabbits and eight hares (mean values + SD)
Volatile fatty acids Rabbits Hares P

Total VFA (mmol/l) 98.9 £ 18.1 46.8 + 14.0 <0.001
Acetate (mmol/I) 66.4+3.3 28.4+ 1.8 <0.001
(mol.%) 67.1+33 58.7+3.9 <0.001
Propionate (mmol/l) 10.1+£2.9 8.7+£1.0 <0.001
(mol.%) 10.2+£2.9 18.6 £2.1 <0.001
Butyrate  (mmol/l) 19.7+3.1 11.8+4.0 <0.001
(mol.%) 19.7+3.1 11.8+4.0 <0.001
Other VFA® (mmol/1) 3.0+ 1.5 5.1+09 <0.001
(mol.%) 3.0+ 1.5 10.9+2.0 <0.001

Note: *Valerate, caproate and isoacids
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Contrary to rabbits, caecal
microorganisms of hares produced more other

mmoll -~
35

acids (valerate, caproate and isoacids) and
ammonia (fig. 1).

33.4%125

20.818.0

wl
25
20
15
10
5 p
0~

Fig. 1. Concentration of ammonia (mmol/l) in the ceacum of rabbit (a) and hare (b). (mean values + SD; P=0.030)

This finding has been confirmed in in
vitro experiment (tablio 3, fig. 2). High
ammonia concentration and low VFA
concentration  suggest a  shortage of
fermentable substrate in the caecum of hares.
A noteworthy exception, however, is the
absence of methane production in hares: only
0.09-1.6 ml/l headspace gas. Methane
production represents an important hydrogen
sink in ruminants and to a lesser extent also in

adult rabbits. Alternative pathways for H,
disposal in the digestive tract are reductive
acetogenesis and reduction of sulphates.
Metabolic hydrogen recovery in rabbit and
hare caecal cultures was 50 and 55 %,
respectively. This suggests that reductive
acetogenesis (synthesis of acetate from CO,
and H,), i.e. another hydrogen sink, exists in
the caeca of both animal species. Molecular H,
was not detected on GC records.

Table 3.

Production of volatile fatty acids in cultures® of caecal contents of rabbits and hares (mean values + SD)

Volatile fatty acids Rabbits Hares P
Total VFA (mmol/l) 91.5+£9.7 113.9+9.1 <0.001
Acetate (mmol/l) 69.8£2.0 42.1+3.2 <0.001

(mol.%) 76.3+£1.2 37.0+£2.8 <0.001
Propionate (mmol/l) 5.8+£0.7 344+1.4 <0.001
(mol.%) 6.3+0.3 302+1.2 <0.001
Butyrate  (mmol/l) 152+1.3 174+1.4 0.006
(mol.%) 16.6 1.4 153+1.2 0.066
Other VFA® (mmol/l) 0.7+0.2 19.9+1.5 <0.001
(mol.%) 0.8+£0.2 17.5+1.3 <0.001

Note: *8 h — incubation; "valerate, caproate and isoacids
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mmol/l
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Fig. 2. Production of methane (mmol/l) by microorganisms in the ceacum of rabbit (a) and hare (b) during incubation
(8 hours) in vitro. (mean values + SD; P<0.001)

The presence of methanogenic bacteria
in fermentive parts of animal digestive tract
primarily depends on the anaerobiosis and the
availability of CO, and H, or formate. In
ruminants methanogenesis is the main
hydrogen sink, whereas in monogastric
animals both methanogenesis and reductive
acetogenesis  occur  together.  Factors
influencing the partitioning of H, between
methanogenesis and acetogenesis are not fully
understood. Methanogens seems to be
sensitive to bile acids which may be present in
the caecum but not in the rumen [8]. The study
of Belenguer ef al. [2] has shown that methane
formation estimated in vivo using a respiratory
chamber was lower than methane production
observed in vitro, probably due to the less
favourable environmental pH (5.85-6.17 vs
6.66—6.75). Furthermore, only some rabbits
exhibited a remarkable methane production.
Russell [12] showed that rumen methane
production was dramatically decreased at pH
below 6.3. Hackstein and van Alen [7] stressed
that the presence of methanogenesis in various

animal species was variable and not
predictable.

Conclusion

Incomplete metabolic hydrogen
recoveries  suggest that the reductive

acetogenesis exists in caeca of both rabbits and
hares. In other fermentation traits, however,
both  animal species  differ.  Caecal
microorganisms of rabbits produced more

butyrate than propionate whereas in hares
more propionate than butyrate was produced.
In rabbits the in vitro caecal fermentation was
accompanied with a significant methane
release. In hares only traces of methane were
formed.
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