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Table 1- Feed ingredients and chemical composition of the experimental diets containing eucalyptus
leaves

Ingredients (% of DM) Untreated Treated?
Alfalfa hay 15 15
Wheat straw 25 25
Barley grain 20 20
Corn grain 35 35
Soybeans meal 15 15
Eucalyptus leaf 20 20
Salt 0.5 0.5
Vitamin and mineral supplements? 1.0 1.0
Chemical composition (%0)

Organic matter 93.0 93.0
Crude protein 13.51 13.40
NDF 38.58 38.52
ADF 27.06 27.01
ME (Mcal/kg DM) 2.44 2.44

Tannin-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus
fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2Premix contained (per kg): Vitamin A, 500,000 1U/mg; vitamin D3, 100000 1U/mg; vitamin E, 100 mg/kg; Ca, 180 g/kg;
P, 60000 mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn, 19000 mg/kg; Cu, 300 mg/Kg;

Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.
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Table 2- Chemical composition of eucalyptus leaves treated with tannin-degrading bacteria
treatment

Variables Bacteria used for treat_ing .

(%) Control Klebsiella . Lactbacillus Lactbacillus SEM P-Value
. Acinetobacter fermentum fermentum
pneumoniae (Isolated) (Commercial)

Dry matter 69.50 71.40 71.30 70.00 70.50 0.866 0.510
Crude 8.81 7.19 7.61 8.67 7.66 0.479 0.221
protein

NDF 61.69 61.50 61.60 61.67 61.66 0.462 0.922
ADF 48.73 48 48.66 48.64 48.63 0.463 0.701
Tannin 6.592 4.16° 4.22° 4.69P 4.50P 0.730 0.042

Control: untreated eucalyptus leaves, Tannin-degrading bacteria including Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,
Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.
b Means with different superscripts in the same row differ significantly (P< 0.05).

SEM= standard error of means;
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Table 3- Potential and rate of gas production of eucalyptus leaves and diets containing eucalyptus

leaves treated with tannin-degrading bacteria

treatment
Bacteria used for treating p.
Variables Control Klebsiella . Lactbacillus Lactbacillus SEM Value
neumoniae Acinetobacter fermentum fermentum
P (Isolated) (Commercial)
Eucalyptus leaves
Gas production b a a a b
potential (ml) 64.81 85.06 81.00 85.52 68.85 6.01  0.029
Gas production 1, 0.030b 0.02b 0.05° 0.035% 0.005 0.030
rate (ml/h)
Diets containing eucalyptus leaves
Gas production 4, ac 109.39° 99.28% 90.05P 87.90° 511  0.002
potential (ml)
Gas production ; ez 0.05b 0.056" 0.072 0.10° 0012  0.047

rate (ml/h)

Control: untreated eucalyptus leaves, Tannin-degrading bacteria including Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,
Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.
b Means with different superscripts in the same row differ significantly (P< 0.05).

SEM= standard error of means
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Table 4- Fermentative parameters of gas production of eucalyptus leaves and diets containing
eucalyptus leaves treated with tannin-degrading bacteria

treatment

Bacteria used for treating

Variables

Acinetobacter

Lactbacillus Lactbacillus SEM P-Value

Control Klebsiella f f
neumoniae ermentum ermentum

P (Isolated) (Commercial)
Eucalyptus leaves
TOMD b a a a a
(mg) 158.65 188.30 178.72 188.62 176.97 5.23 0.002
PF 4.90 4.43 4.41 4.41 5.14 044 0002
(mg/ml)
MB (mg) 87.48° 94.84% 89.51b 94.50% 101.19° 4.98 0.037
MBE (%) 55.14 50.37 50.10 50.10 57.18 3.97 0.349
Diets containing eucalyptus leaves
(Tn?g'\)"D 162.20¢ 199.40° 187.35° 189.10° 181.452 635  0.047
PF (mg/ml) 4.19 3.65 3.78 4.20 4.13 0.301 0.300
MB (mg) 77.01b 79.31° 78.43° 90.052 84.82% 4.04 0.043
MBE (%) 47.48 39.77 41.86 47.62 46.74 441 0.290

Control: untreated eucalyptus leaves, Tannin-degrading bacteria including Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,
Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

TOMD: truly organic matter degradability; PF: partitioning factor; MB: microbial biomass; MBE: microbial biomass efficiency

b Means with different superscripts in the same row differ significantly (P< 0.05).

SEM= standard error of means

SY 8L 4 b s e e sillSH S 5y 50 ADF 5, NDF
92 waldl 50 (RS 5 5 5 e s o siio 56 i sleculs
Crp s oo Sl S s (g sla slassua s (P< -/ 0)
39 Jslael L (53 sule aia ool sy
Lo ro (sasesl suiy sl 5o Jolass L) 5 BA sy 5
lais asiiosd uslicals SISV L sud (55 51dee Hlass &
sobe ana calils Sl 51 (P< +/h0) sg 5 5l sud
S b sad 5551 dee slaslas on ADF 5 Saa
53 NDF praa cabils Lol s sualine (o lu fae o plsS
8L 5 30 Ol sad laa s lio 4 o slinls 5ISY Hlass
ss Al Koo @oBL s ) wipesh kS
(P<-/-0)
@la i 5 ‘uﬂ sale (SEA sule ana culls
ouss L b 355 5,055 slas 53 ADF , NDF

suls B Q:i‘:i JJ.A.AA ()“— ‘J:\JJ «< C.u.u‘ 435‘1‘ ui:.MS ‘)u‘

o 5ills) S s cALdale )T puda Calsls
ped b3 s (50 gauiiS 4iad slag s il
OV S sola slassua 5 (usindlS) S5 alKale )]
s suly Lid 0 Jyaa Ho «S (P<:/c0) u Llo e
s L b sl dac wals Hlas b danlia o ool
e 2ablB Jlu sire Gl 381 & ke b3 (58S € )a3
4o Jslasl GLI (Saa gesle Jold glie ol se
9 i (gtnaad syt a Jslanals LIy A sy
ssla slaslas s A ADF aisa culls o550
has asiio s o slocsls 53SY 5 4 po st WS (5 58L
Ol WA Lol wgs (suae o pods bl Koo b osud
HSY 5 S8 sine) gila slasles b Hlas oo
ublB gl Bl a5 Sl Pne solaS psiio s pushisls
LT o solgine 33al NDF 5 Sk ole aiaa
WS5A sole aia bl sem s sl il saalie



VeV Jlo /Y 0)ladds ¥V als / cold pale (sla yimgly s i

eyl s AY

09 ok o)l g0 aina culils (330 oaigas (VAAE
o9 b e wiad slagsSh b ogogldee 4o
5 eoblaens) s (i1 55 aKalesT bl
Oaisnn v SW aaas mle Lagsl (VoY o),
cullad dadglan b 55 (0 mlavs GEAIS Gl 5l caiiena
S sobeula,; b 5 saly Gl 3311, Sl 6855 5 slage 3
Sye aeia cubls u g Bel (56 L Jlasl 31 sdas

(Yero OlKaa 5 BS) coal suds ola

OLEaa 5 Winie) ool sad Gly deae SEA
osda 53 dads (Jslw o)les ana culls (Y-NE
opea S bl JialS G S Ky alide #glas
OF Jale usiadllSl S 50 usnse sl 5 30
J‘)‘j {‘:\J—Hl‘) C)ﬂ‘ o9 (Y'\/\ O‘_)lS.AA K Ja) ad Al
©323) s S S Sshin] palld wiS (o s
Cla g aeaa (i3 Sels s S ekl 4 (B sanS

OEer 5 Syn) wd SaA sole Lae 5 O350

Table 5- in vitro digestibility of eucalyptus leaves and diets containing eucalyptus leaves treated

with tannin-degrading bacteria

treatment
Variables Bacteria used for treating
(%) Control Klebsiella Acinetobacter  Lactbacillus  Lactbacillus SEM  P-Value
pneumoniae fermentum fermentum
(Isolated) (Commercial)

Eucalyptus leaves

Dry matter 65.34° 69.362 69.972 68.962 67.872 1.05 0.02
NDF 49.55P 55.552 54.642 58.422 56.81?2 141 0.007
ADF 4453¢ 51.50? 48.37° 51.572 47.69° 1.43 0.01
Diets containing eucalyptus leaves

Dry matter 69.28° 72.55? 72.23% 74.702 73.13% 2.23 0.007
NDF 59.88¢ 64.79% 63.36" 66.822 62.76" 1.14 0.04
ADF 53.65° 60.19% 58.63" 61.842 58.01° 1.44 0.002

Control: untreated eucalyptus leaves, Tannin-degrading bacteriincludingde Klebsiella pneumoniae and Acinetobacter isolated from deer
rumen, Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

NDF: Neutral detergent fiber, ADF: Acid detergent fiber

b Means with different superscripts in the same row differ significantly (P< 0.05).

SEM= standard error of means
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Table 6- Effect treating of eucalyptus leaves with tannin-degradatig bacteria on concentration of
ammonia nitrogen, ruminal pH and protozoa population (x10%) in gas production experiment

treatmen
Bacteria used for treating
Variables Control Klebsiella Acinetobacter Lfactbacnlus Lfactbacnlus SEM P-Value
neumoniae ermentum ermentum
P (Isolated) (Commercial)
Eucalyptus leaves
NH3'N d d b b
18.12 33.732 18.28% 27.53% 21.98b¢ 2.24 0.0001
(mg/dl)
pH 6.40° 6.53° 6.612 6.55° 6.602 0.006 0.0001
Total 9.00°¢ 11.00° 12.502 10.00¢¢ 9.50¢ 0.316 0.001
protozoa
Diets containing eucalyptus leaves
?lml_gdll\l) 17.22¢ 28.542 21.66° 17.42°¢ 23.33b 0.483 0.0001
pH 6.2¢ 6.4¢ 6.72 6.540 6.51° 0.010 0.0001
Total 9.00b 13.50¢ 9.500 9.08 12,502 0591  0.02
protozoa

SEM-= standard error of means; Tannin-degrading bacteria including Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,
Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

1OMD: organic matter digestibility; 2PF: partitioning factor; *MB: microbial biomass; “‘EMB: efficiency of microbial biomass.

abe Means with different superscripts in the same row differ significantly (P< 0.05).
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Introduction: Eucalyptus leaves contain tannins and flavonoids (Asghari and Mazaheriani 2010).
Tannins have beneficial and harmful effects depending on their concentration, animal physiological
condition and diet composition (Dubai et al. 2011). By increasing the amount of tannins, the
digestibility of proteins decreases and prevents the digestion of lignocellulosic materials that are
dependent on extracellular enzymes (Babadi et al. 2018). In addition to the anti-nutritional effects of
tannins at high concentrations, the positive effects of dense tannins at optimal concentrations include
improved live weight gain, increased milk production, reduced NH3-N and methane production in
the rumen (Lim and Mortijaya 2007). Using methods that can reduce the amount of tannins, make
tannins plants used more and more effectively in animal nutrition (Huang et al. 2018). In addition to
chemical methods and other methods for de-tannins, there are also biological methods (Chaji et al.
2020; Mohammadabadi et al. 2020). The enzyme tanase, which leads to the breakdown of tannins,
has wide applications in the food and chemical industries. In addition, tanase is used in the production
of animal feed (Chavez-Gonzalez et al. 2012). Bacterial tanase can effectively break down and
hydrolyze natural tannins and tannic acid (Kumar et al. 2015). Bacterial tanase can effectively break
down and hydrolyze natural tannins and tannic acid (Kumar et al. 2015). Klebsiella pneumoniae and
Acinetobacter, as tannin degraders isolated from deer rumen, improved the fermentation parameters
of eucalyptus leaves, so the use of these isolates will be useful to improve the nutritional value of
tannin-containing plants (Mohammadabadi et al. 2021). Japanese rats with the bacterium
Lactobacillus, which produces tannins; Was able to adapt to tannin-rich foods (Sasaki et al. 2005).
Therefore, in tropical and subtropical regions, the processing of tannin-rich trees with tanase is very
important in animal nutrition systems (Mohammadabadi et al. 2020). Therefore, the current research
was conducted to use tannase-producing bacteria to improve the nutritional value of eucalyptus
leaves.

materials and methods: The tannin-degrading bacteria used in the present experiment were isolated
from the rumen of deer and goat Najdi, and their ability to produce tanase and de-tannins them has
already been investigated in experiments (Chaji et al. 2020; Mohammadabadi et al. 2020;
Mohammadabadi et al. 2021). The tannin degrading bacteria used in the present experiment included
Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen and commercial Lactobacillus fermentum. For processing, eucalyptus
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leaves, after turning them into 3-4 cm pieces, were tested in 10 liters of distilled water containing 1
liter of Nutrient Broth solution containing bacteria (107 cfu / ml) and to anaerobize the environment,
immediately were transferred in10 kg plastic bags, and were closed and kept at 37 ° C for 10 days.
After leaving the bags, they were dried, ground and mixed with rations, were given to lambs
(Mohammadabadi et al. 2021). Experimental treatments include 1- Eucalyptus leaves or diets
containing it without processing (control), treatment 2-5- Eucalyptus leaves or diets containing it that
were treated with any of the four tannin-degrading bacteria. Then, the nutritional value of eucalyptus
leaves alone or in combination with diet of fattening lamb, was studied by two-step digestion and gas
production experiments.

Results and discussion: The effect of experimental treatments on gas production potential, gas
production rate, truly degraded organic matter, and production of microbial biomass of eucalyptus
leaves and diets containing it was significant (P <0.05). The gas production potential of all
experimental treatments was higher than the control (P <0.05). The digestibility of DM, NDF and
ADF of eucalyptus leaves, and diets containing it in all treatments was significantly higher than the
control treatment (P <0.05). The effect of experimental treatments on NH3 concentration, pH, and
protozoan population of ruminal fluid of eucalyptus leaves and diets containing leaves was significant
(P <0.05). Increased gas production in the treated treatments and the reason for significant
improvement or numerical of gas production parameters can be attributed to the role of tanase-
producing bacteria used in the decomposition of eucalyptus leaf tannin (Yarahmadi et al. 2017). In
fact, tannins reduce ruminal fermentation by inhibiting the activity of microorganisms or microbial
enzymes (Goel and McCarthy 2012). Increase though numerically of actually decomposed or digested
material, microbial efficiency and PF in some treatments indicate the effect of tanase-producing
bacteria in the present experiment (Gatacho et al. 2008). Tannins inhibit the digestion of fibers and
proteins, so reducing the level of tannins by isolates, increases the activity of proteolytic enzymes and
improves the digestibility of feed by releasing nutrients from the tannin binding (Goel et al. 2005).
Tannins also reduce the concentration of NH3 by binding to proteins and reducing the rate of protein
degradability (Ben Salem et al. 2005). The decrease in protozoan population in the control treatment
and its increase during treatment with tanase-causing bacteria is probably due to the polyphenolic
structure of these foods (Goel et al. 2005).

Conclusion: The results of this experiment showed that the use of tanase-producing bacteria
degraded leaf tannins and improved its quality, so their use can be a good way to reduce tannins and

improve the nutritional value of eucalyptus leaves for livestock.
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Tannins



