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Abstract: Rumen ciliates are important components of rumen microorganisms and play an important role in

maintaining rumen microecology and supplying energy to the host animal. [Objectives] This study aims to
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clarify rumen ciliate species diversity in Holstein cows. [Methods] In this study, rumen fluid samples of five
healthy mid-lactation Chinese Holstein (Bos taurus) cows were collected. For each cow, three samples were
collected, and each sample includes 2 ml of rumen fluid which were fixed and stained with 8 ml MFS
(methyl-green-formalin-saline) solution. The density of rumen ciliates was counted by hemocytometer: The
sample was gently shaken repeatedly, and 6.5 pl of samples were immediately aspirated onto a hemocytometer
plate (size: XB.K.25) to fill the counting cell, covered with a clean coverslip for 5-10 min, and the density of
rumen ciliates was counted under a 10 x 10 microscope (NEXCOPE NE610, USA). Each sample was randomly
counted 6 times. And the means and standard deviation of the acquired data were calculated. Total genera and
percentage composition of genera of rumen ciliates were counted under light microscopy: The sample was
gently shaken repeatedly, 20 pl was pipetted onto a clean slide with coverslip and 300 rumen ciliates cells
were counted under a 10 x 40 microscope. The number of rumen ciliates of different genera was recorded.
Each sample was randomly counted 3 times. The percentage composition of genera (%) was obtained by
counting the number of each genus out of the total 300 rumen ciliates in each count and then the mean and
standard deviation were calculated; the frequency of detectable genera (%) was calculated from the frequency
of each genus in the total times of counts. We observed and described the common genera of rumen ciliates in
the rumen of Chinese Holstein (Fig. 1), aiming to understand the rumen ciliates biodiversity [Results] The
results show that the average density of ciliates in rumen fluid of Chinese Holstein was (3.2 + 3.4) x 10% ind/L,
and 13 genera of rumen ciliates were identified. Table 1 shows the results of density (x 10%ind/L) and total
genera of rumen ciliates in five Chinese Holsteins. Table 2 reveals the results of the frequency of detectable
genera (%) and percentage composition of genera (%) in five Chinese Holsteins. Of which three genera with
the highest frequency of detection were Entodinium, Eremoplastron and Diplodinium, and three genera with
the lowest frequency of detection were Elytroplastron, Metadinium and Polyplastron. In terms of the
percentage composition of genera, Entodinium was the most abundant genus in the rumen fluid of Chinese
Holstein, with an average percentage composition of 84.0% + 10.2%, while the percentage compositions of all
other genera were less than 5%. In Table 3 and Table 4, we also compared the results in the present study with
reported data on rumen ciliates of Holstein cattle. [Conclusion] Our results reveal that rumen ciliates in rumen
fluid of Chinese Holstein have rich species diversity.
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Tablel Density and total genera of rumen
ciliatesin five Holstein Cows

FRHHEE (x10° A/D)
Ciliate density (x 10% ind/L)
YA + ArfEZE Mean = SD

i i

Total genera

[CE® R

Number of cowse

1 26+23 9
2 50+4.6 12
3 3.8+25 10
4 29+3.7 13
5 1.5+1.9 10
1511 Total 32+34 13

R 2 5KATHHEAE B AR BURK A L

Table2 Frequency of detectable genera and percentage composition of generain five Holstein Cows

= K2 (%) JEALA . Percentage composition of genera (%)

Genus Frequency 1 3 4 5 53 Total
P EJ& Entodinium 100.0 93.9+0.7 89.4+£25 86.9+4.6 83.6+3.5 66.0+5.0 84.0+10.2
X )& Diplodinium 97.8 12+1.0 1.5+0.7 0.7+0.6 20+1.0 55+13 22420
HOWEJ# Eudiplodinium 57.8 03+0.3 0.1+0.2 0.0 13+04 39+1.7 1.1+1.7
fifi 1 J& Ostracodinium 86.7 12+0.6 20£1.0 0.4+05 1.5+0.8 6.7+3.0 23+27
J& & J& Metadinium 15.6 0.3+0.4 0.1+0.1 0.0 0.0 0.0 0.1£0.2
Hi-EJ@ Epidinium 48.9 0.0 03+0.3 0.0 33+14 103+ 1.8 2.8+4.1
3 J& Ophryoscolex 60.0 0.5+0.4 1.0+£0.9 1.1+13 0.9+0.5 0.0 0.7+£0.9
% EJ% Isotricha 95.6 0.7+0.6 25+1.0 45+2.1 28+14  248x09 26+18
JEE )& Dasytricha 84.4 03+04 0.9+0.8 32+1.9 13+1.4 1.6+0.7 15+1.5
5 Eremoplastron 100.0 1.7+0.8 1.4+0.6 27412 26+0.8 33+1.1 24+12
X F J& Diploplastron 44.4 0.0 0.7+0.5 0.2+0.2 04+04 0.1+0.2 03+04
% H J& Polyplastron 17.8 0.0 0.1+0.1 02+03 0.1+0.2 0.1+0.1 0.1+0.2
4 JF Elytroplastron 2.2 0.0 0.0 0.0 0.04 0.1 0.0 0.01 +0.05




334 B 9 55 S AROUR 5% [ 4 BT 3E 24980 B 41 B e A 2 R +387

B ACZ

Cp

S CP LO
SII)( 50 pm e 1 };0 i o 50 pm

n

B1 GERME TR ALKEBABRERARMN (10 x40

Fig.1 Morphology of the common genera of rumen ciliates under the light microscope (10 x 40)

a. WEE: b. WEE: c. HXERE: d WHE: e £ WEE: g LTBRK: h FELE: i FLE: j. k BHE: L ZHE: m. HH
J&; n. J5EE: o. WHIE: H7R. 50 pme

a. Entodinium; b. Diplodinium; c. Eudiplodinium; d. Ostracodinium; e, f. Epidinium; g. Ophryoscolex; h. Isotricha; i. Dasytricha; j, k.
Eremoplastron; 1. Polyplastron; m. Elytroplastron; n. Metadinium; o. Diploplastron; Bar. 50 pm.

ACZ. M£1EIX; CP. fiIll; DCZ. HeEBIX; LO. M MA. Ki%; OP. TixtsU#; SK. #H; SP. Mk

ACZ. Adoral ciliary zone; CP. Cytoproct; DCZ. Dorsal ciliary zone; LO. Lobe; MA. Macronucleus; OP. Operculum; SK. Skeletal plates; SP.
Spine
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Jadi A Rk (spine) BUEM (lobe) « KIZEW  SCWBLRHAbL ST, TER. Eimf
A, HAK 25 ~ 110 pum, 56 25~80 pm. M, b H 45X 4t (Diplodinium dentatum)
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WAEX, TanER. Ria RN h—3
M, BIALTF HAL T HAE . K 110 ~ 200 pm,
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BERE (B 1m) . BIEEMEEE, B
PANFEX . R a —BReEM, R
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B3 REWORIFAE AT EX, B RKHBE.
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A4, EFINE R (Imai et al. 1989) Fif HriH 4+
BB RAF % . E e BTE AR 4R
HPK HJEE 2 TR LLE (Selim et al. 1999)
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Table3 Comparison of present study with reported data on rumen ciliates of Holstein Cows

CEECN) W (< 10° /L) & g S5 30k
Counts of cattle (ind)  Ciliate density (x 10%ind/L)  Total genera  Total species References
H 7 Japan 125 4.0 15 48 Tto et al. 1994
FILLIF Libya 9 8.1 9 27 Selim et al. 1999
%} Egypt 7 45 10 28 Selim et al. 1996
Jin#K Canada 11 0.7 12 28 Imai et al. 1989
*H[E China 5 3.2 13 — AHFFE Present study

—. #Kit3k. —. Not recorded.
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Ao I EE AP 08 B R R S A B PR 3.2 x
10°AVL, #eth 13 BB B4 EH, 5HAMY
A (Ito et al. 1994) I8 5 £F & HPI 2 LRI
K B BRI o Tmai 5 (1989) IR FEIE 7,
B A BRI 22 R, BRIIRAT
M b3k 45 T 8 R H AR R Ak A< b
WX, HEEEIRIEART A .
32 B ERBERNRHRMARLL

SGE T CRIE A 208 1 AT B B AS
REME (£4) , GRVFRLERLE KM,
o e BTE A B R A R 100%, HHA
(Ttoetal. 1994) . #2 /% (Selim et al. 1996) .

FIELAE (Selim et al. 1999) | &K (Imai et al.
1989) i 1)y H3H 490 B 27 B SN B & G
HRERTEE 8 PEEHENER. &
EE. EEBENRHES HA (Ito et al. 1994) |
¥} (Selim et al. 1996) . JZE K (Imai et al.
1989) i i HH 2= 5% J87 Jag (R i H 248 4 SRAH 4230t
HZ (Tto et al. 1994) | #2 J (Selim et al. 1996) .
FIELTE (Selim et al. 1999) faf 4 4=kl i %
fE1ik 86% ~ 100%1) E X J& £ A O 72 A
HRAH 57%, X5 UG5 8 4Rk E e
AR HEMNEXERRI > HREGR, &
B 58 o o R A HE R R IE 100%. AT BB 1E

®4 CHREMHESEBETBRRORLEMARL (%)

Table4 Detectablefreguency and per centage composition of rumen ciliate

generain Holstein Cows around the world

HA Japan 8 K Egypt FILLTV Libya %K Canada
12 Genus (Ito et al. 1994) (Selim et al. 1996) (Selim et al. 1999) (Imai et al. 1989)
far 2 HAEL Kt ML Kt ML K L
Frequency Percentage Frequency  Percentage Frequency  Percentage Frequency  Percentage
N EJ& Entodinium 100.0 80+12.3 100.0 64.0 100.0 73.0 100.0 82.6 £6.8
EJ& Diplodinium 71.2 24+4.6 71.0 3.8 33.0 0.8 80.0 0.5+0.5
H X EJE Eudiplodinium 96.0 4.7+3.7 86.0 6.5 100.0 7.4 — —
fiff /1 J& Ostracodinium 89.6 20+1.9 71.0 3.1 100.0 2.6 90.0 1.9+ 1.7
J5BJE Metadinium 49.6 05+08 29.0 1.2 22.0 0.3 — —
A& J& Epidinium 29.6 20+53 100.0 7.5 100.0 12.0 — —
3k J& Ophryoscolex 9.6 0.1£0.3 — — — — 70.0 0.8+0.8
)8 Isotricha 83.2 1.6+£1.6 71.0 34 22.0 0.4 100.0 14+0.8
J&EJ& Dasytricha 80.8 2.8+3.1 100.0 7.9 33.0 0.6 100.0 6.8+44
HLHJE Eremoplastron — — — — — — 50.0 0.8+1.3
X H J& Diploplastron — — — — — — 40.0 0.4+0.7
% & Polyplastron 344 02403 29.0 1.4 — — 50.0 0.4+0.5
#4¥ J& Elytroplastron — — — — — — — —
F4%:EJ8 Oligoisotricha  21.6 0719 — — — — — —
Microcetus 1.6 0.1£0.4 — — — — — —
%ii 4G J& Charonina 65.6 1.0£1.5 14.0 1.1 — — 90.0 04+£15
JE 4547 )& Eodinium 79.2 20+1.7 — — 78.0 2.9 90.0 3.1+32
Enoploplastron 4.0 0.1+04 — — — — 40.0 09+2.0

B R SR (6 I B 2T B ol R B A BB AR (B = bR s NS KA e 18 1 £ B il dE

ok R E OB BRI —. RAE .

Percentage composition of genera in reports of Holsteincow rumen ciliates from Egypt and Libya are presented as means only and not as

Mean + SD; Canada study delineated the genus Eremoplastron from the genus Eudiplodinium; —. Not detected.
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BT 2N 48%, IS T HAS (Tto et al.
1994) 1] 29%, 1M 1% J& 7E 2 2 (Selim et al. 1996)
AR LT (Selim et al. 1999) [{IFRIE FhAs %
HILHE] 100%. 74, AHFFHRA H R G
B AN 2 H 8 7 AR DY AN X PR R HY 2
1A 20% ~ 50% (Imai et al. 1989, Tto et al.
1994, Selim et al. 1996, 1999) . #4H JB{LfE
AFEFA L 2% 008 EA o e YN X
(Imai et al. 1989, Ito et al. 1994, Selim et al.
1996, 1999) FHRi& 1 %iEJE (Charonina)
J5 4 4F £ )& ( Eodinium) . % £ 8
(Oligoisotricha) Microcetus J& fll Enoploplastron
JETEART T A M., X 0] §E5 AN 70 A A
AR AR,

AW TN BB AR L 84%, X5 HA
(Ito et al. 1994) FIIIEK (Imai et al. 1989)
45 AL, 12 (Selim et al. 1996) FIF|EL
I (Selim et al. 1999) fij i 4988 B 4F By
BREAB L E 64%F 73%. A 78t HiAh =
B E A BRI EARNE 5%, 5HAHIX
(Ito et al. 1994) i HrdH 4= 1 45 240 A 1BL,
TMIFIELE (Selim et al. 1999) . 2 & (Selim et al.
1996) . JNEK (Imai et al. 1989) H1[X [k iE
H, BRI BB NI AR 5% E .

25 FICREE AT, wrlrH A B o W
AEREANER. FERE. EERE. WER
M. Hrh, RABJEANERE, HE
60% ~ 90% [d]. HIAMIAFFRRY, NWEBI
AR & SR R 2 3 WiE B b A KR
H, AR A% E 2 S (Hungate 1966) .
Ak, NEBIGZIET EENAEE S, &
AR JER B AR AN B 107 A4
B, 0 TB7 1988 B P R R R ORI, FEAIK pHL
By k988 B N R R 8 A R X (Williams et
al. 1993) . FERMEEEERH E AP
wHGER, EAERE B S —A R, HiE
PR GBANEE 2004) . FAHE 5 EWERE
PRI AEAE S, B H )R & 5 Kofoid 5
(1932) #57, #R1M Dehority (2003) 5 Hungate

(1978) XPixJ&rI%l 73 =4 T ANFE =W, i
A HIF 5T BT O 5% F 1 B R 0 SRR P Rl
Eremoplastron dilobum A1 E. rostratum K& #% 194
HWEREH. fiEE. EXNEE. BHE. X
ERAGEEIENIE 5 4B R 4R 0 s
PRI RESEICF 2 MY (Imai 1988) , 15 2
T 75 77 ORI R Y 1) A [R) 5 B0 28 8 1 B i
A Ll SZ 5 o DRI AN [ 1 X ey 0 2E 258 B 4
B o AR 110 2L B 2B L ) 25 S T RS2 1
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