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Table 1- Ingredient and chemical composition of experimental diets

Ingredient

Treatment1l Treatment 2

Soybean meal
Oak nut
Barely
Wheat bran
Corn
Wheat straw

Alfalfa hay

Mineral and vitamin premix
Neutral detergent fiber (%0)

Metabolizable energy (Mcal)

Crude protein (%)

0 7
0 63
16 0
34 0
195 0
30 0
0 255
0.5 0.5
37.24 17.88
2500 2500
11 11
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Table 2- Nutrient disappearance (%) by rumen bacteria in sheep and goat fed with experimental diets (Animal
and treatment effect)

Incubation time (hour)

24 48 72
Animal Treatment Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent

fiber fiber fiber fiber fiber fiber

Goat Control 17.232 13.56% 13.47% 20.92* 18.85% 17.19% 31.522 30.117 27.59°
Oak nut 14.17° 11.79 11.48% 14.22° 13.36° 12.20° 15.97¢ 14.44°¢ 13.55¢

Sheep Control 15.43%® 12.69% 11.55% 18.837 17.972 15.19% 24.34° 23.79° 20.44°
Oak nut 11.47° 10.87° 10.33° 12.94° 12.58° 11.35° 14.23¢ 13.84°¢ 12.72¢

SEM 0.9989 0.8127 0.7294 11 0.8471 1.03 0.8421 0.8471 0.7294
P-value 0.0318 0.0376 0.0213 0.0318 0.0376 0.0213 0.0318 0.0376 0.0231

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 3- Nutrient disappearance (%) by rumen bacteria in sheep and goat fed with experimental diets
(Regardless of animal type)

Incubation time (hours)

24 48 72
Treatment Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent
fiber fiber fiber fiber fiber fiber
Control 16.332 13.132 12.512 19.872 18.412 16.19° 27.932 26.95% 24,022
Oak nut 12.82° 11.33° 10.91° 13.58° 12.97° 11.78° 15.10° 14.14° 13.13°
SEM 0.0057  0.5990 0.5157  0.0057  0.5990 0.5157  0.0057  0.5990 0.05157

P-value 0.0033 0.005 0.002 0.0015 0.002 0.002 0.001 0.0035 0.003

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 4- Nutrient disappearance (%) by rumen bacteria in sheep and goat fed with experimental diets
(Regardless of treatment)

Incubation time (hour)

24 48 72
Treatment Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent

fiber fiber fiber fiber fiber fiber
Control 15.20 12.67 12.482 17.57 16.11 14.702 21.74 22.28 20.572
Oak nut 13.45 11.78 10.94° 15.88 15.27 13.27° 19.29 18.81 16.58°
SEM 0.9892  0.8890 0.3157  1.0001  0.8990 0.4157 1.6116  2.0561 0.5157
P-value 0.0588  0.0615 0.0328  0.0588  0.0615 0.0328 0.0588  0.0615 0.0328

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 5- Nutrient disappearance (%) by rumen fungi in sheep and goat fed with experimental diets (Animal and
treatment effect)

Incubation time (day)

1 3 6
Animal  Treatment Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent
fiber fiber fiber fiber fiber fiber
Control 14.35 12.38 11.19 20.842 18.232 15.712 25.492 22.202 22.082
Goat
Oak nut 13.18 11.28 9.96 14.07° 12.19° 11.32° 15.80° 13.72° 13.25P
Control 14.22 11.80 10.52 18.022 15.842 13.582 23.022 21.032 19.392
Sheep Oak nut 12.31 10.72 10.03 13.04° 12.12° 11.18° 13.95° 13.36° 12.11°
SEM 1.0084 0.9127 1.0004 0.9897 0.8623 0.9974 1.87 0.7127 0.9474
P-value 0.5078 0.3466 0.3688 0.0411 0.0348 0.0368 0.032 0.034 0.026

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 6- Nutrient disappearance (%) by rumen fungi in sheep and goat fed with experimental diets (Regardless
of animal type)

Incubation time (day)

1 3 6
Treatment Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent

fiber fiber fiber fiber fiber fiber
Control 14.28? 12.09? 86.10% 19.432 17.042 15.152 24.75° 22.61° 21.49°
Oak nut 12.75° 11.00° 9.99° 13.55° 12.16° 11.25° 14.87° 13.54° 12.68°
SEM 0.0059  0.3040 0.3578  0.0059  0.5040 0.4578  0.0059  0.5040 0.4578
P-value 0.002 0.0032 0.0035 0.0016  0.0028 0.001 0.001 0.0011 0.0018

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).



WAA Lo 1Y oyled YA uls / old pole (gl yingly &y yuiis

jlﬁdﬁ)&ujiguaﬁgo..\.-.fm.)&.i.“a‘}..ajmﬁg@gu@‘,ﬁmﬁghalygmﬁe%u IS

(Jlass

Table 7- Nutrient disappearance (%) by rumen fungi in sheep and goat fed with experimental diets (Regardless
of treatment)

Incubation time (day)

1 3 6
Animal Dry Neutral Acid Dry Neutral Acid Dry Neutral Acid
mater detergent detergent mater detergent detergent mater detergent detergent

fiber fiber fiber fiber fiber fiber

Goat 13.77 11.83 10.58 17.45 15.21 14.01 21.14 18.96 18.42
Sheep 13.26 11.26 10.28 15.53 13.98 12.38 17.84 17.19 15.75
SEM 0.0059  0.5040 0.4578  1.6844  1.0640 19869 1.7978  1.0879 2.1878
P-value 0.2078  0.5032 0.0518 0.2078  0.5032 0.0518 0.2078  0.5032 0.0518

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).

o€ 5wl & ol (A ga) plo ps8 5 LS s
;(P<~/~O)J\5:s .]cJ.Ll b):\;:)‘):‘}“-' aal & Hd ‘AA-S
SIS rssSen sus a5 5 3 Wl g S e o
Sl sale Jg P>/ 0) sl (sl sae o glas aus
bJJ: OLAA:"J K) PF K aalsy JLA;I: sl {.\_..A.& L’—E‘J

(P<-/-0) s AV kgl JLad 5 Se
o
slaclrua g S 5l iy 586 ede 1) byl las
A (oLl curea Gujiws Ho S aagdlfew
“ u..-*-‘%-“-" ‘(Y‘\\ u—..‘b)f“’ _,L.’?..s|) ._\SS‘JLS.A ‘J‘):Su.a

08 ¥ ulge Gud Wl K leaas )

0o oliie 5 las a5 Ho @ laS @ a e kS

338 55 dag 8L b 53 (8L 50 (55 e
o233 Hlge e bl Ho usa 50 (B6) (Jo8 oS 5
SE wl s halS et o 5 laclua s S 5 S
pSoie Al (Yoo GlSea 5 (o si58) Wsad g
5 Lpwsl Ko 5 s S Wb |, Lol ua e S
s Gl 1l 680 b g 0 S lgs 1) sl
Soslee Jee 4 mailes (25,5 i S suly
ola Dlas L 58wl g3 ¢ 5 (Vo€ olKaa 5 JIai55)
s Slgee sl Gl ale € adly Ghaldl bl
RS 5 bl 5o Jslae glacluna g S YL sulie

SL 5 el sni sl 5o Jslaels S Glhae o

sale Gad wal (VJsaa) slas gss 5 GBS s
S (BA eaued o bl L Saa
> alSs slLag)l b g gasal sdin sl 5o Jslaels
OoebsSl 505 1 5 YN slagle) o waL S
i Ysare Lk (P>+/-0) ctlss ol tae ol
il e soliil 56 Ly slaShysa 5 w3
Wt 536 suls sladisle pnn culls 5 13 Cyns
S 2,50l Lyl oo Wi S 51 i Lad Ho
ol 4 susad Wl 1) eoid 3l Glada S o
S oda 5b el ol 580 gRE 035588
Loy LSE pdds b Bk O el 3
Ol gl Lads sl 1 Gaob O paliews 2 55k
S 5B gsls LS 31 S asgle s
(VA0 Saa) wislad soliic!

Lags sk Jaca g HIS aal g5

L SL b s an€ o€ 58 Wl g £ 55 5 Jaesly
shee AYAIYA 5 50 aalis 5las 6l (Adsua) S
i€ oo s aele 5 Shlle /oVEA 5
o aela 5 sl e o/o¥Y 5 Sl e YYY/04
Dlaie 5 osSie s g plewsly, PRl (P>4/00)
IS sad acaa Ladly T sole «psSue sug wil
olasi oo Wi £ g 5 Sl slag L b g au
(P> /v 0) culas (g,ls pre o olas wals 5 b sl



Al 5 s 9 (S5 3y eSS slgiign Camar g oyl dacs S Culled Lol oge o

oS il st S8 w5 G yem s 3S 5530 €S
wel 5 58 G yia I sole was o olas PR o
838 (290Se 0358 w8 5SS 5 ead Lasi S8 Coa
ad S5 G YL ale 4 PR iy jlade 5 ol

(YW o K51) ol 055 asdas
o S > & i

Lob sols slassan oo (Ba snusd 5o Jolaels

(VY oolSan 5 sola) sals
Lol sols slae s gialesl ool B Gk
oS sog pledily 5 osSie sus PRI

Ol saian oLas PR glhae Hu Gialndl ity g i

(Jlasi g als Jil) (octinlo 3T (5Lao yaa L ouch dudal s g widew oS daaSil (Lo ,ASL docu g3 HIS wal g3 sladaial §-A Jgua

Table 8- Gas production parameters by rumen bacteria of sheep and goat fed with experimental diets (Animal
and treatment effect)

Animal Treatment Potential of Gas PF Microbial Microbial Truly
gas production Partitioning  biomass(mg) biomass digested
production rate (mL/h) factor efficiency(mg)  organic

(mL/300 (mg/mL) matter

mg DM) (mg)

Control 128.28 0.0248 2.78 41.15 0.21 186.06

Goat

Oak nut 125.86 0.0292 2.90 44.07 0.24 182.21

Control 122.59 0.0301 2.82 40.97 0.22 185.16

Sheep  oak nut 119.66 0.0336 2.94 41.31 0.24 176.53
SEM 4.9545 0.0289 0.0487 2.0576 0.0251 8.9344
P-value 0.3739 0.8285 0.9996 0.5373 0.7630 0.3298

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 9- Gas production parameters by rumen bacteria of sheep and goat fed with experimental diets
(Regardless of animal type)

Treatment  Potential of Partitioning Microbial Microbial Truly
gas Gas factor biomass(mg) biomass digested
production  production (mg/mL) efficiency(mg) organic
(mL/300mg  rate (mL/h) matter (mg)
DM)
Control 128.432 0.0275 2.80° 41.06 0.21° 190.61°
Oak nut 111.76° 0.0314 2.922 42.69 0.242 174.37°
SEM 2.3719 0.0019 0.0344 1.4549 0.0091 1.6931
P-value 0.0077 0.0957 0.0291 0.4366 0.0330 0.0023

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).

5 S e 5e33 Bl el slac s Koo b3

(VaaY o,
S8 a8 el (V1) o Llas g0 5 SIS s
8L b s aana Ll T sole 5 an oIS
03 (P<e/e0) ugs wid S 51 YL s asa la

sugs plewily PF i 5 58 Wl £ 5 € s

Sals Gl (Y++V) ohlSes 5 Lsule dallae S o
4ot JHSUE Olal (b a5 S Al ) solii
ole € 0d 05K su g Wl (alk 5 PRl
pae 5 OB Leda (posSee s wls JhalS
5 L) witlipe sdie wlse o Lag g Sue (oo siuus
S olanal Huads ey PR (ol 5 (Yo7 o), 18k



WAA Lo 1Y oyled YA uls / old pole (gl yingly &y yuiis

(P>+]o0) il

biog adiS ol 5555 0058 ail P Hlale y (s See
Golagire ould waw S L 5wl glagsst

3 8 o) (uliale 5T (510 s Ly ouuli daddS G g wibeu oS crasil (sLacs Sl Jau g5 IS wal g5 sladadenl S -V ¢ Jgua

(slass

Table 10- Gas production parameters by rumen bacteria of sheep and goats fed with experimental diets
(Regardless of treatment)

Animal Potential of Gas Partitioning Microbial Microbial Truly
gas production factor biomass(mg) biomass digested
production  rate (mL/h) (mg/mL) efficiency(mg) organic
(mL/300 mg matter (mg)
DM)
Goat 131.072 0.0270 2.84 42.61 0.22 189.142
Sheep 109.13° 0.0319 2.88 41.14 0.23 175.85P
SEM 3.3719 0.0026 0.0344 1.9544 0.0091 1.6931
P-value 0.0028 0.0547 0.4391 0.4842 0.4814 0.003

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 11- Gas production parameters of wheat straw by rumen fungi in goat and sheep fed with experimental
diets (Animal and treatment effect)

Animal Treatment Potential of Gas Partitioning Microbial Microbial Truly
gas production factor biomass(mg) biomass digested
production rate (mL/h) (mg/mL) efficiency(mg) organic
(mL/300 matter
mg DM) (mg)
Control 82.07 0.0057 3.80¢ 62.40 0.42 148.30?
Goat Oak nut 74.74 0.0047 4.77¢ 67.54 0.53 125.38°
Control 79.18 0.0053 5.34P 61.58 0.58 105.11°
Sheep Oak nut 74.31 00.43 7.40° 66.64 0.70 101.98°
SEM 3.9830 0.00019 0.0651 3.9874 0.2842 1.4478
P-value 0.6668 0.7803 0.001 0.0512 0.7646 0.002

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 12- Gas production parameters of wheat straw by rumen fungi in goat and sheep fed with experimental
diets (Regardless of animal type)

Treatment  Potential of Gas Partitioning Microbial Microbial Truly
gas production factor biomass(mg) biomass digested
production  rate (mL/h) (mg/mL) efficiency(mg) organic
(mL/300 mg matter (mg)
DM)
Control 91.372 0.008 4,57° 62.12° 0.50° 126.702
Oak nut 74.52° 0.007 6.082 69.592 0.622 113.68°
SEM 2.8164 0.0006 0.0460 0.7902 0.0039 1.0237
P-value 0.0134 0.3310 0.0025 0.0019 0.002 0.003

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 13- Gas production parameters of wheat straw by rumen fungi in goat and sheep fed with experimental
diets (Regardless of treatment)

Animal Potential of Gas Partitioning Microbial Microbial Truly
gas production factor biomass(mg) biomass digested
production  rate (mL/h) (mg/mL) efficiency(mg) organic
(mL/300 mg matter (mg)
DM)
Goat 89.152 0.0102? 4.28° 64.97 0.47° 136.842
Sheep 76.75° 0.0048° 6.372 66.74 0.642 103.55P
SEM 2.8164 0.0006 0.0460 0.7901 0.0039 1.0237
P-value 0.0357 0.0037 0.002 0.1287 0.0022 0.0015

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 14- Population and morphology of rumen protozoa of sheep and goat fed with experimental diets (Animal
and treatment effect), (protozoa per mL of rumen fluidx10%)

Animal Treatment Total Holotrichia Entodinium Ophryoscolex Diplodinium
Population
Control 10.50 3.00 4.00 1.00 2.5
Goat hak nut 2.50 0.00 2.50 0.00 0.00
Control 7.50 2.50 4.00 0.50 0.50
Sheep gak nut 2.50 0.00 2.50 0.00 0.00
SEM 4.202 1.65 0.812 0.599 1.29
P-value 0.4522 0.3739 0.900 0.6779 0.2746

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 15- Population and morphology of rumen protozoa of sheep and goat fed with experimental diets
(Regardless of animal type), (protozoa per mL of rumen fluidx10%)

Treatment Total Holotrichia Entodinium Ophryoscolex Diplodinium
Population
Control 9.002 2.708 4.00 0.70 1.50
Oak nut 2.50° 0.00P 2.50 0.00 0.00
SEM 1.274 0.176 0.796 0.395 0.859
P-value 0.0226 0.0004 0.0705 0.2508 0.1306

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 16- Population and morphology of rumen protozoa of sheep and goat fed with experimental diets
(Regardless of treatment), (protozoa per mL of rumen fluidx104)

Animal Total Holotrichia Entodinium Ophryoscolex Diplodinium
Population
6.50 1.50 4.50 0.50 1.20
Goat
5.00 1.20 3.70 0.25 0.20
Sheep
SEM 0.8320 0.1760 0.3962 0.1953 0.5591
P-value 0.4522 0.3739 0.1583 0.6779 0.2746

SEM: Standard error of means, means in column with different superscripts differ significantly (P<0.05).
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Table 19- Population of rumen bacteria and fungi of
goat and sheep fed with experimental diets
(Regardless of treatment), (per mL of rumen
fluidx10%)

Animal Bacteria Fungi
10.002 4.20°

Goat

Sheep 6.20° 3.40°

SEM 0251 0142

pvalue 00004  0.0463

SEM: Standard error of means, means in column with
different superscripts differ significantly (P<0.05).
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Table 17- Population of rumen bacteria and fungi of
goat and sheep fed with experimental diets (Animal
and treatment effect), (per mL of rumen fluidx10%)

Animal Treatment Bacteria Fungi

Control 10.7082 5.102

Oak nut 9.20° 2.90°¢
Control 8.00P 4.20°
Oak nut 4.40° 2.70¢
SEM 0.355  0.201

0.0418  0.0028

Goat

Sheep

P-value

SEM: Standard error of means, means in column with
different superscripts differ significantly (P<0.05).
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Table 18- Population of rumen bacteria and fungi of
goat and sheep fed with experimental diets
(Regardless of animal type), (per mL of rumen
fluidx10%)
Treatment Bacteria Fungi

Control 9.302 4.60°

Oak nut 6.80P 2.80P
SEM 0251  0.142

pvalue 0002 0.0007

SEM: Standard error of means, means in column with
different superscripts differ significantly (P<0.05).
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Introduction: Oak nut is containing 55% starch and can be used as an energy source in the
ruminant nutrition. In addition to nutritional compounds, oak nut contains high amounts of active
biological compounds, such as tannin, gallic acid, galloyl or hexahydroxy decanol derivatives.
Tannins form complexes with a large number of nutrients such as carbohydrates, proteins,
polysaccharides, bacterial cell membranes, digestive enzymes, and minerals, but decrease microbial
digestion in the rumen. This experiment was conducted to determine the effect of oak nut on the
population and digestive activity of bacteria, fungi, and protozoa counts in the rumen of Najdi goat
and Arabi sheep.

Material and methods: For this purpose, six Najdi goats and six Arabi sheep (average weight 35 +
2 kg) were fed with a diet containing oak nut (63 %) and a diet without oak nut for 28 days. Iso-
energetic and iso-nitrogenous diets were formulated according to NRC, in diet 30:70 forage to
concentrate (3 animals per treatment). Samples of rumen fluid were collected before the morning
feeding. Then, digestive activity of rumen bacteria and fungi, fermentation parameters, and
protozoa counts of animals which fed with experimental diets were determined. Growth and
digestive activity of rumen bacteria and fungi were determined by measuring DM, NDF and ADF
disappearance in specific culture for each incubation time (9 replicates for each treatment). Gas
production and fermentation parameters by fungi and bacteria were determined. The protozoa
count, genus, and species were identified on the basis of Yanez Ruiz et al (2004).

Cumulative gas production data were fitted into the exponential equation: Y =b (1 - &™), where b =
gas production from the fermentable fraction (mL), c= the gas production rate constant (mL/h), t =
the incubation time (h), and Y = gas produced in time t. Partitioning factor (PF), microbial biomass,
and truly digested organic matter were calculated by Olivera (1998). For determination of
partitioning factor (PF) at the end of each incubation period, the content of vials was transferred
into an Erlenmeyer flask, mixed with 20 mL neutral detergent fiber solution, boiled for 1 hour,
filtered, dried (in oven at 60 °C for 48 h), and ashed.

The data were subjected to analysis as a split plot design using the General Linear Model (GLM)
procedure of SAS (version 9.1). The Duncan’s multiple range test was used to compare the mean
differences at P<0.05.

Results and discussion: The disappearance of DM, NDF, and ADF by goat rumen bacteria at 24,
48 and 72 h were significantly higher in the control group than oak nut treatment (P<0.05).
According to the results, there were no significant differences for the disappearance of DM, NDF,
and ADF by the sheep and goat rumen fungi between the control group and oak nut treatment at 1,
3, and 6 days of incubation (P>0.05). The disappearance of DM, NDF, and ADF by the rumen fungi
was not different between treatments at all times of incubation (P<0.05). The gas production
potential of wheat straw, PF, microbial biomass production, the efficiency of microbial biomass,
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and truly digested organic matter by the rumen bacteria and fungi of sheep and goats did not have
any significant differences in control treatment compared with oak nut treatment (P>0.05). Truly
digested organic matter in the control treatment were higher than oak nut treatment (P<0.05). The
PF by rumen fungi of sheep in diets containing oak nut was higher than goats, while the truly
digested organic matter by the rumen fungi of goats was higher than the control diet in sheep
(P<0.05). The total population of protozoa and Holotriches species was deceased in oak nut
treatment (P<0.05). The population of goat rumen bacteria and fungi in control group was higher
than that in control sheep group.

The phenolic compounds (tannins) in diets containing oak nut decreased fibrolytic enzyme activity,
inhibited carbohydrates fermentation, and consequently decreased fiber digestibility by rumen
microorganism (Tavendale et al. 2005). Tannins can reduce microorganism adhesion to nutrients;
inhibit microbial activity which has negative effects on fermentation and methane production. But,
the increase of gas production rate by oak nut is due to higher soluble carbohydrate and lower NDF
and ADF in diets containing oak nut, which increases the digestibility (Hadi et al. 2003). Phenols
may disrupt protozoal membranes, inactivate protozoal enzymes, and deprive protozoa of substrates
and metal ions, which are essential for protozoa cell metabolism (Calsamiglia et al. 2007).
Conclusion: Based on the results, using 63% oak nut caused a decrease in microbial population, a
decrease in the disappearance of nutrients and fermentation parameters of bacteria and fungi and a
decline in the rumen protozoa population of Arabi sheep and Najdi goat. Also, the results showed
higher tolerance of goats to the diet's tannin.
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