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SUMMARY

This study was conducted to investigate the differences among ruminant species to
tolerate the negative effect of tannic acid (TA) under the northern Egyptian conditions.
Rumen samples were collected, immediately after animal’s slaughter, in the slaughter house
of the Faculty of Agriculture, Alexandria University, during the dry season. Fifty-nine
rumtinal bacteria isolates, detected from two sheep, two cattle-imported, three cattle-female,
one cattle-male, two buffalo-female, six buffalo-male, and four buffalo-calves, were 9, 5,
11, 2, 4, 20, and 8 isolates, respectively. Sensitivity of ruminal bacteria isolates to 0.63,
1.25, 2.50, 5.00 and 10.00 mg TA per milliliter was deterrnined by the clearance zone (CZ)
of Kirby-Bauer disc diffusion susceptibility test. Dramatically increase in the sensitivity of
all bacterial isolates with increase the concentration of TA was observed. In cattle, one
isolate was detected to tolerate up to 10 g TA/litter in comparison to all cattle isolates, while
in adult buffalos (female and male), four isolates and others in buffalo-calves were also
resistant for the highest dose of TA. Highest sensitivity (higher CZ value) was observed in
sheep and cattle (male and female). Buffaloes (male, female, and calves) reported the
lowest (P<0.05) sensitivity to TA concentrations than other animal groups. Within cattle
groups, cattle-females were more resistance (low CZ; P<0.05)} to TA than cattle-imported or
cattle-male. No significant differences (P>0.05) were observed among buffalo groups
(male, female, or calves). Twenty seven percent of the bacterial isolates in buffaloes were
tolerate more than 1% TA, while in sheep, all bacterial isofates did not tolerate mote than
0.125% TA. In cattle, only 4% of isolates were tolerated up to 1% TA. According to the
variability among ruminant species, a significantly differences were observed. between
buffalos and sheep (P<0.02) as well as with cattle (P<0.005) in response to TA (based upon
F-test value). No significant differences (P>0.05) were observed between sheep and cattle
(P<0.95), while the buffalo-calves were not differ with all raminant species. In Egypt, this
appears to be the first study regarding isolation of TA-degrading bacteria from the rumen
fluid of some ruminant species such buffaloes and cattle,
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INTRODUCTION

Tannins are secondary polyphenolic
components of plant origin of two
distinct  types, hydrolysable and
condensed tannins, and known primarily
for their ability to bind and precipitate
proteins and other macromolecules
(Spencer, et al., 1988). Gastrointestinal
bacteria that degrade or tolerate tannic
acid-protein complexes (Brooker, et al.,
1994) and hydrolysable tannins (Nelson
et al., 1995; Goel et al., 2005) have been
isolated from animals previously
exposed to plants containing these
compounds. Tannic acid, as
hydrelysable tannins, is toxic either to
the animals (Kumar, 1992; Odenyo et
al., 1997} or to the rumen
microorganisms (Field and Lettinga,
1987; Bae et al., 1993; Jones et al,
1994). Inhibitory effects of tannins have
been shown to be due to reduction of
enzyme activity, dysfunctioning of cell
membrane and deprivation of substrate
metal ions and minerals (Goal et al.,
2005). The toxicity of phenolic
compounds in the environment has
fostered studies of bacteria that are able
to tolerate and/or metabolize high
concentrations of these compounds,
particularly under anaerobic conditions
{Brooker et al.,, 1994; Nelson et al.,
1995; Goel et al., 2005).

Differences among ruminant species
in their tolerance to hydrolysable
tannins have not been studied. The
present investigation was completed to
assess differences among ruminal
bacteria populations isolated from the
rumen of Egyptian sheep, cattle and
buffaloes, during the dry season, in their
response to different concentrations of
tannic acid.
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MATERIALS AND METHODS

Experiments were conducted at the
Department of Botany (Division of
Microbiology), Faculty of Science (EI-
Shatby), University of Alexandria,
Rumen samples, as donor to ruminal
bacteria isclates, were collected from
animal groups (sheep, cattle, buffaloes)
slaughtered in the slaughter house of the
Faculty of Agriculture, Alexandria
University.

Animals' rumen samples and bacterial
isolates:

In the slaughter house of the Faculty
of Agriculture, Alexandria University,
rumen samples (liquor and particles,
approximately 100 ml/sample), were
collected immediately after animal
slaughter. The normal regime of feeding
during the dry season under the northern
Egyptian conditions for these animals
(from small fartners) was assumed a
small amount of concentrate, and large
amowunt of roughages. The samples from
each animal were mixed and used
directly for the inoculation on the
thioglycollate medium agar (Merck,
1982).

The different ruminant animals

which used as a donor for ruminal
bacteria isolates were:

No. of No. of

Animal group animals  bacterial
used isolates

sheep (Two) (Nine)
cattle-imported (Two) (Five)
“carantina”
hybrid  cattle- (Three) (Eleven)
female
hybrid  cattle- (One) (Two)
male
buffalo-female {Two} (Four)
buffalo-male (Six) (Twenty)
buffalo-calves (Four) (Eight)
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Isolation of ruminal bacteria:

Thioglycollate broth culture was
used to cultivate and isolate ruminal
bacterita in . accordance with the
recommendation of the National
Institute of Health (1946).

An inoculum, one ml of rumen
liquor of each fresh rumen sample was
manually inoculated on the surface of a
petri dish containing thioglycoliate
medium agar. All plates were incubated
at 39°C for 72 h. Afier incubation,
colonies were picked up and streaked to
confirm purity. All incubations were
under anaerobic conditions. Weekly
transfers were necessary for survival of
‘cultures, and for long-term storage,
cultures of each ruminal bacteria
isolates were frozen in 20% glycerol
and stored at -80°C in cryogenic plastic
tubes.

Culture media:
Stock culture of ruminal bacteria
isolates were grown in  fresh

anaerobically sterilized media with
cystine “hydrochloride as the reducing
agent. Thioglycollate Broth culture
'%a contained (mg/L); 500 L-cystine,

-sodium chloride dexirose, 5000
yeast # extract (Oxoid L21), 15000
pancreatic digest of casein (Oxoid) and
500 sodium thioglycollate, The pH of
the medium was adjusted to 6.8 prior to
sterilfzation, and supplemented with
sodium resazurin (1 mg) and agar-agar
(750 mg) when it was used to test the
tolerance of ruminal bacteria to tannic
acid. After sterilization at 121°C for 20
min, it was transferred in 7-8 ml
quantities to glass plates purged with
oxygen-free CO,. The plate were then
inoculated and prepared to the treatment
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by the antimicrobial compound (tannic
acid) at several concentrations.

Tannic acid sensitivity testing:

Sensitivity of the isolated ruminal
bacteria from the rumen of sheep, cattle,
and buffalo. to tannic acid was
determined by Kirby-Baver disc
diffusion susceptibility test (Moolman
and Wryk, 2004). Filter paper discs
{(Whatman No. |, 5 mm diameter) were
impregnated with 10 pl of the tannic
acid solution (e.g. tannic acid was
dissolved in dimethylsulfoxide)
containing 0.63, 1.25, 2.50, 5.00 or
10.00 mg TA per milliliter of growth
medium. Discs were applied to the
surface of agar plates that were
previously inoculated with standard
amount of 48 h old cultures of tested
ruminal bacteria isolates (1 ml of 10°
CFU). Plates were incubated at 31°C
and the diameter of clear inhibition zone
(mm) was measured after 72 h. Control
discs were impregnated with 10 pl of
dimethylsulfoxide solution. Three plates
were replicated for each isolate.

Processing of data and statistical
analyses:

Differences between the sensitivity
(basis upon inhibition zone diameter) of
ruminal bacteria isolates of each animal
group were statistically analyzed
according to a two ways design (Steel
and Torrie, 1980) using the GLM
procedure of SAS, (1999). To determine
the differences among the animat
groups and the concentrations of tannic
acid, tests of hypotheses used within
animal group as the error term. The
sources of differences were anima!
group, the linear effect of TA, the
quadratic effect of TA concentrations,
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and the interaction between treatment
and animal group.

To determine the differences among
ruminant species, it was combined the
date of cattle-imported, cattle-female,
and cattle-male to represent data of
cattle specie. Data of buffalo was also
represented from the combination of
male- and female-buffalo data. Buffalo-
calves data were ejected with assuming
their opposed to be functional
ruminants. Variability between each two
ruminant species was calculated by F-
Test using Excel program depending on
their response to different tannic acid
concentrations.

RESULTS AND DISCUSSION

The sensitivity of ruminal bacteria
isolates was measured by forming the
clear inhibition zone (CZ:; Fig. 1)
around the discs impregnated with 10 pl
of each tannic acid concentration (mg
ml) in petri dishes inoculated with
activated culture of ruminal bacteria
isolate after 72 h of incubation at 39°C.
In Table 1, mean CZ wvalues were

significantly  differences  (P<0.05)
between animal groups. Highest
sensitivity (higher CZ value) was

observed in sheep and cattle (male and
female). Buffaloes (male, female,; and
calves) reported the lowest (P<0.03)
sensitivity to TA concentrations than
other anima] groups, Within cattle
groups, cattle-females were more
resistance (low CZ; P<0.05) to TA than
cattle-imported or male. No significant
differences (P<0.05) were observed
among buffaloes groups {male, female,
or calves). The interaction between
animal groups was not significantly
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differences (P>0.05) because the large
differences among bacterial populations
of animal groups, whereas the linear
interaction effect was reach to the level
of significant (P=0.027) among TA
concentrations (Fig. 3).

These results were confirmed in Fig.
2 and Fig. 3. Overall, significant
differences were observed among all
ruminant species (Fig. 2) in their
response to TA concentrations, Sheep
had highest CZ vales {13.62 mm) than
cattle (8.76 mm; P=0.015)} or buffalos
(4.81 mm; P<0.05), and therefore,
buffaloes appeared a higher tolerance
(low CZ value) than other ruminant
species. In  Fig. 3, increase the
concentration of TA showed sharply
increase (P= 0.027) in the CZ around
discs with all bacterial populations.

Table 2, showed the percentage of
ruminal bacteria isolates that tolerate
TA concentrations in the rumen of each
animal group. The isolates from the
rumen of buffaloes showed a higher
(P>0.03) tolerance to each concentration
of TA than other isolates. In sheep,
ruminal bacteria isolates cannot tolerate
more than 0.125% TA of growth
medium. However, in buffaloes, large
number (27%) of isolates tolerates the
highest dose (1% TA). In cattle, only
4% of isolates were tolerate up to the
highest ¢oncentration used of TA.

At the highest dose used of TA, the
variability (based upon F-test) was
significantly differ between ruminal
bacteria populations of buffalos with
rumen bacteria of sheep (P=0.0201) as
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Table (1): Differences among animal groups' in their responses to different concentrations of tannic acid.

- . Interariion signific ance
Am;:ng){utp TA concenrations (g/L) SEM  P-vdlue w (Pyalue)
_8.63 1.25 250 500 18.00 AGC TA TAxTA TAX AG

Skeep 8.89‘; 10.58‘: 1523; 16.15 1?5?:: 1903 0127 13.71; 0i4 003 014 096
Catledingorked 7732 988 1081 163> 205 1045 0043 1063
Cattle-rale 4ns*™® gafA 128F R 14260 937N 0691 0007 U3
Cattleformale 470848 543438 715%E 1447 |099AXD 0297  <00! 747¢
Buffalo-male 154028 3P 5 45eB v gIRED  g40] <00}  545%D
Bufftlo-fermle  000°%  000F®  266%° 54  800%P 1166 0028 320
Puffalo.calves  1.3%%F 1392  315° 416 5530 1626 0109 312

SEM 22% 2032 2296 3316 3151

Pvalue Do 0010 Q007 Q109 0040

" The number of animals used as donor to ruminal bacteria isclate of each group as follow: sheep= two (9 isolate); cattle-imported= two (3 isolate), Cattle-

fernale= three (11 isolate); cattle-mate= one (2 isolate) and the replicate of each isolate were considered as the error term; buffalo-male= six (20 isolate);
buffalo-female= two (4 isolate), buffalo-calves= four {8 isolate). n=13 for each isolate.

*Mean value of clearance zones {CZ) of each animal group,

Means in the same column with different superseripts (A-D) differ (P<0.05) among animal groups within TA concentration.
Means in the same row with different letters (a-d) differ (P<(.05) among TA concentrations within animal groups.

(Z00Z) SPaa.q puy WOBN unpdd3g
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Table {2): Percentage' of ruminal bacteria isolates of different ruminant animals
that tolerate to each tannic acid concentration.

TA Ruminant animals
concentrations Sheep Cattle’ Buffaloes’ SEM Pr value
0.63 20.00 45834 78.13 % 19.454 0.095
1.25 20.00 20.838 65.63 % 20.489 0.083
2.50 0.00 12,508 42.68° 17.352 0130
5.00 0.00 4.178 27.08%8 13.473 0178
10.00 0.00 4.17" 27.08% 13.473 0178
SEM 1.141 1.826 1.919 s 5
P- value 0.500 0.005 <0.001 4.572 0.836

"Tolerance (%) =
number of ruminal bacteria isolates reported zero clearance zone 100
x
total number of isolates of animal specie

Values in the same column with different superscripts (A and B) differ (£<0.05) among TA concentrations

within animal specie.
¥ SEM and P-value of the interaction between TA and animal specie.
*Data of cattle-imported, cattle-female and cattle-male, as will as the data of buffalo-male and female were

combined for the lower pumber of each animal group.

Table (3): Variability! between ruminal bacteria populations of each ruminant
animal’s in response to each tannic acid concentration.

TA concentration (g/L)

Animal group 0.63 1.25 2.50 5.00 10.00
Sheep = Cattle 0.240 0.046 0.004 0.012 0.950
Sheep x Buffalo 0.004 0.005 0.001 0.009 0.020
Buflalo x Cattle 0.005 0.114 0.832 0.904 0.005
Sheep x Buffalo- caives 0.126 0.063 . 0.037 0.076 0.273
Cattle x Buffalo-calves 0.463 0.648 0.986 0.909 0.228
Buffalo x Buffalo-calves 0.237 0.498 0.862 0.967 0.477

'Caculated by F-TEST depending on clearance zone values of each two animal groups at each TA
concentration,
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Figure (1): An example of forming th
discs impregnated with 10 pl of each tannic acid concentrations

{mg/ml), measured by Kirby-Bauer disc diffusion assay, in petri
dishes inoculated with activated culture of ruminal bacteria isolate

after 72 h of incubation at 39°C,

16 -

i2 4 P=0.011

CZ (mm)
-]

Sheep Cattle Buffalo
Figure (2): Differences among ruminant animal species in their sensitivity to

variable concentration of tannic acid.
CZ: clear inhibition zone; data of cattle-imported, cattle-female and cattle-male, as
will as the data of buffalo- male and female were combined for the lower number of

each animal group.

43



Salem and Gohar

12 - ' P=0.027

;‘:Jllll

0.63 1.25 2.50 5.00 10.00

CZ (mm)

Tannic acid concentrations

Figure (3): Liner effect of tannic acid concentrations (g/L of growth medium) on
susceptibility of ruminal bacteria isolates from different animal

groups.
CZ: clear inhibition zone.
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well as with cattle (P=0.005). No
significant differences were observed
between sheep and catle (P=0.95),
while the buffalo-calves were not differ
with all ruminant species (Table 3).

This is the first comparative study
among some ruminant species (sheep,
cattle and buffaloes) under the semi-arid
conditions of northern Egypt in their
response to gradual concentrations
hydrolysable tannins (e.g. tannic acid,
TA). This results demonstrates that a
significant  differences  (P=0.011)
between ruminal bacteria isolates from
different ruminant species to TA, and
reported a highly sensitivity in sheep
than cattle and buffaloes (Fig. 2). The
sensitivity of sheep and catile to TA
may be attributed with the induction of
enzymes or metabolic transformation of
the tannin molecule (O’Donovan and
Brooker, 2001). Tannins are generally
inhibited the growth of microorganisms
by their complexion ability and reactive
with the cell wall of bacteria and the
extracellular enzymes secreted. Either
interaction is likely to inhibit the
transport of nutrients into the cell and
retard the growth of the organism
(McSweeny et al, 2001). This
mechanism might be attributed to the
toxic effect of tannic acid on the
ruminal bacteria.

Buffaloes appeared to be the highest
tolerant ruminant animal to TA, and
sheep appeared to be more sensitive
than other ruminant species. This
finding  suggested the  different
characteristics among ruminal bacteria
populations of sheep, cattle and buffale
which reflected in the degradation or
hydrolyzation of TA in the rumen.
Degradation of tannins by ruminal
microorganisms have been widely
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detected under different experimental
conditions. Tsai and Jones (1975}
isolated bovine ruminal Streprococcus
sp. strains that capable to degrade
phloroglucinol. Odenyo et al., (1999)
reported the existence of tannin-
degrading microorganisms in  the
ruminal fluid of different African
ruminants. A strain of Selenomonas
ruminaniium that expresses tannin
acylhydrolase activity (Skene and
Brooker, 1995) and Streptococcus
gdllolyticus (S. caprinus) (Nelson et al.,
1995, 1998; Sly et al., 1997) have been
isolated from feral goat rumen samples,
the latter being resistant to the
concentrations of TA up to 7% (w/v)
and to condensed tannins up to 4%
{w/v). Several ruminal microorganisms
that can degrade phenolic monomers

have been isolated. Ewbacterium
oxidoreducens degrades gallate,
phloroglucino!  and  pyrogallol  to

produce acetate and butyrate in the
presence of hydrogen and formic acid
{Krumholz and Bryant, 1986), and the
biodegradation of gallotannins and
ellagitannins was detected in some
microorganism cells {Mingshu, 2006).
Allison et al, (1990) detected some
ruminal besteria that capable to degrade
a toxic material such dihydroxypyridine
produced from mimosine.  Prior
exposure of ruminants to some
feedstuffs containing toxic components
can promote the proliferation of rumen
bacteria to be capable to tolerate and
detoxify such compounds (Kumar,
1992; Odenyo et al., 1997).

In contrast, our results demonstrated
that large number (27%) of buffaloes
bacteria isolates were tolerate up to 1%
(TA; w/v), but in cattle not more than
4% of isolates were resistance to 1% TA
(Table 2). In sheep, all bacterial isolates

-t
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were more sensitive than other ruminant
species and inhibited at concentration
less than 0.125% of TA. Our results are
in accordance with Goel et al., (2005)
who isolated some ruminal bacteria
could grow on agar plates supplemented
with 1%TA using the clearance zone
methods. Existence of TA-degrading
microorganisms in the ruminal fluid of
buffaloes may be reflecting their ability
to tolerate the hard conditions of
feeding more than sheep and catile.
Nelson et al, (1998) studied that a
concentration of 30 g of hydrolysable
tannins/L. in a medium would be
equivalent to 15% tannins in the diet of
ruminant, but 10 g TA/, in our
experiment, would equivalent only 5%
in the diet. This finding may be due to
the unknown history of TA feeding of
the animal species used.

The most likely explanation for
these results, of appearing some isolates
in buffaloes and cattle had an ability to
tolerate TA up to 1%, was the capability
of these ruminal bacteria to degrade
hydrolysable tannins by producing
enzymes such tannase, esterase or had a
capability to cleaving the ester linkages
in tannins-protein complex with the
phenolic subunits {Skene and Brooker,
1995). Hydrolysable - tannins are
polymerized units of glucose esterified
to gallic and hexahydroxydiphenic acid,
and could be complex with protein by
forming hydrogen bonds between the
phenolic subunits of polymer and
aliphatic and aromatic side chains
{carbonyl groups of peptides) of protein.
However, anaercbic bacteria that
degrade  hydrolysable tannins or
hydrolysable tannins-protein complex
have been isolated from the digesta of
some animals by tannic acid as the
model {(Nemoto et al., 1995; Osawa et
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al., 1993). Sharply increase in TA
concentrations could be activating the
increase of bacterial extracellular matrix
produced in medium (O’Donovan and
Brooker, 2003} to reduce the negative
effect of TA on bacterial cell. The
secretion of extracellular polysacchrides
(Brooker et al., 2000) could separate the
microbial cetl wall from reactive tannin,
and formation of a thick glycocalyx or
glycoprotein which has a high binding
affinity for tannin (Nicholson et al.,
1986; Chiquette et al., 1988).

Increase the concentration of TA in
growth medium up to 1% detected a
degradation of TA which could be
hydrolysis of ester and depside bonds,
yielding gallic acid, which can be
decarboxylated by gallate decarboxylase
to yield pyrogallol. This has been
demonstrated in a number of bacterial
systems (Krumholz and Bryant, 1986;
Brune and Schink, 1992; O’Donovan
and Brooker, 2001).

Moreover, Wanapat, {2001) found
that buffalo animals had a capacity to
tolerate the difficult environmental
conditions than other ruminant animals,
and attributed that to the characteristics
of rumina} bacteria populations of
buffaloes. In other studies, it has been
reported that when cattle and buffalo
were kept under similar conditions,

buffaio  utilize  feedstuffs  more
efficiently with a digestibility of feed
typically 2-3  percentages  higher

(Wanapat, 1989; Kennedy and Hogan,
1994; Wanapat et al,, 1994). Salem
(2005) observed that buffalo’s rumen
liquor showed a higher fermentation
activity on Acacia saligna leaves than
the liquor of sheep and cattle.

Higher variability (Table 3) between
bacterial populations of sheep and cattle
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with buffaloes may be due to the
different characterization between the
ruminal bacteria populations of the
species in degrading TA. Sheep and
cattle showed a much closed similarity
in their responses to TA concentrations.
These results suggested that the
similarity in bacterial characterization
between sheep and cattle and it could be
use sheep as model of cattle for rumen
liquor donor during the fermentation
process. Salem, (2005) confirmed these
finding during the in vitro fermentation
of Acacia saligna leaves with rumen
liquor of sheep, cattle, and buffalo.

CONCLUSION

This study paved the way for
researchers in animal nutrition as to
utilize the tree leaves and shrubs which
containing toxic materials such =as
tannins in animal feeding. Surprising,
the results obtained of the current study
supported the tolerance of buffalo and
their calves to the high concentration of
tannins (up to 10 g of tannic acid per
liter) due to existence of some tannic
acid-degrading bacteria. This
concentration of tannic acid would be
equivalent to 5% tannin in the diet of
ruminant. Such finding would open the
way for raising adult buffaloes and their
calves in the newly desert in Egypt in
which a surplus of shrubs and tree are
existing. In Egypt, this appears to be the
first study regarding isolation of tannin-
degrading ruminal bacteria from the
rumen fluid of buffaloes and cattle.
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