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Abstract: The aim of this study was to investigate the effect Tannic Acid (TA, 20 and 30 g kg™' DM) on in vifro
gas production and rumen fermentation of low and high fat sunflower meal (25 and 165 g kg™' DM,
respectively). Kinetics of gas production was fitted to an exponential model. The results showed that tannic
acid caused to reduce the fermentable fraction (b) and gas production rate constant for the msoluble fraction
(c) (p<0.05) and the lowest (b) and (c) was for low fat Sunflower Meal (SML) treated by 30 g ke ™ DM TA
(102.5 and 0.01 mL h™", respectively). The Organic Matter Digestibility (OMD) and Metabolizable Energy (ME)
were decreased by TA treatments. Untreated SML had the highest ME and OMD (29.4 MJ kg™ DM,
185.6 g kg™" OM, respectively). The ammonia-N (NH,-N) concentrations and Short Chain Fatty Acid (SCFA)
decreased (p<0.05) when SM treated with TA. Content of NH;-N was lowest for SML treated 30 g kg™ DM TA
(12.3 mg dL.7"). Untreated sunflower meal had the lowest SCFA concentration and the highest Microbial
Biomass (MB). The results showed, it may be that in vitro fermentation, gas production parameters and

nutritive value of sunflower meal are influenced by tannic acid content.
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INTRODUCTION

Fermentation of substrate and carbohydrate by
rumen microbes in vitro results in production fermentative
gases (specially methane). The researchers reported gas
production is an indirect measure of substrate
degradation (Iiu et al., 2002). The in vitro gas production
1s more efficient than the in sacco method in evaluating
the effects of tannins (El-Waziry et al., 2007). Tannins are
polyphenolic compounds of plant origin, which bind with
protein and used as chemical additives for protecting and
decreasing ruminal degradation of protein sources such
as soybean meal (El-Waziry ef al., 2007). At normal pH of
the rumen, protein remains bound to the tanmn, but at the
low pH of abomasum, the protein is released, so protein
becomes available for digestion in the small intestine
(El-Waziry et al., 2005). Effects of tannin from different
sources in reducing ruminal gas production and ammonia
levels have been reported. The researchers reported
treating soybean meal with tannic acid (hydrolysable
tannins) using an in vitro gas production technique was
reduced protein degradation of soybean meal and kinetics
of gas production (EL-Waziry et al., 2005). Therefore, the
aim of this study was to determine the effects of different

levels of tammic acid (20 and 30 g kg™ DM) on gas
production parameters and rumen fermentation of low fat
(SML) and high fat (SMH) sunflower meal.

MATERIALS AND METHODS

Gas production: Parameters of in vitro Gas Production
(GP) was determined according to the Menke and
Steingass (1988). Rumen fluid was supplied from two
fistulated sheep were fed a 40:60 concentrate: forage (3 kg
concentrate: 2 kg alfalfa hay and 4.5 kg comn silage) in
prior to the morning meal, homogemzed n a laboratory
blender, filtered through three layers of cheese-cloth and
purged with CO,. The well mixed and CO, flushed rumen
fluid was added to the buffered rumen fluid solution
{1:2 v v7!), which was maintained in a water bath at 39°C.
Experimental samples were; untreated SMIL (TOSML),
20 g kg™ DM Tannic Acid Treated SML (T1SML), 30 g
kg™ DM Tannic Acid Treated SMI. (T2SML), untreated
SMH (TOSMH), 20 g kg™' tannic acid treated SMH
(T1SMED), 30 g kg™ tannic acid treated SMI (T2SMIE).
About 200 mg experimental sample (1.0 mm screemn)
incubated with 35 mL buffered rumen fluid under
contimuous CO, reflux i 100 mL calibrated glass syringes
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for2, 4,6,8,10,12, 16, 24, 48, 72 and 96 h, in a water bath
maintained at 39°C. Samples were incubated in triplicate
together with three syringes containing only mcubation

medium (blank).

Calculation and statistical analysis: After 96 h of
mcubation, the medium of each syringe used for
determination ammonia-N (NH;-N) concentration using
distillation method (Kjeltec 2300 Autoanalyzer, Foss
AB, Hoganas, Sweden). Cumulative gas
production data were fitted to the exponential equation:

Tecator

Y=b(l-e™
Where:
b = The gas production from the fermentable fraction
(mL)
¢ = The gas production rate constant (mL h™)
t = The incubation time (h)
Y = The gas produced at time (t)

The values of Organic Matter Digestibility (OMD)
and Metabolisable Energy (ME) of samples were
calculated by the equation of Menke and Steingass
(1988), OMD (g kg ' OM) =148.8+8.89 GP+4.5CP + 0.
651 XA and ME (MJ kg™ DM) = 2.20 + 0.136 GP + 0.057
CP + 0.0029 CP?. Short Chain Fatty Acids (SCFA) were
determined by the equation reported by Getachew. SCFA
(umol L™ = 0.0239 GP-0.0601. CF and XA were crude
protein and ash in g/100 g DM and GP was the net gas
production (mL/200 mg DM) after 24 h incubation.
Method of Bl'ummel was adopted to determine the
Microbial Biomass production (MB).

Data of in vitro gas production, ME, OMD, NH,-N,
SCFA and MB were subjected to analysis as a completely
randomized design using the General Linear Model
(GLM). Duncan’s multiple range test was used to compare
treatment means at (p<0.05).

RESULTS AND DISCUSSION

Gas
production parameters, ME and OMD of tammic acid
treated sunflower meal shown in Table 1. Tannic acid
significantly decreased b and ¢ fractions of sunflower
meal and this decrease for 30 g kg™ tannic acid was the
highest (p<0.05). The concluded that
treatment with tannic acid decreased the degradation
(b and ¢) of soybean meal (El-Waziry et al., 2005).
Reductions in digestibility have been observed in vive
only when forages containing over 5% DM condensed
tannin are fed (Waghorn et al, 1990). Tabacco et al.
(2006) showed tannins significantly depressed gas

Gas production and estimated parameters:

researchers
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Table 1: The effect of various amounts of tannic acid on in vitro gas
production parameters of sunflower meal

OMD (g ME (MJ
Treatments b (mL.) c(mlLh™YH ko' OM) k™! DM)
TOSML 140.8¢ 0.09b 179.6b 21.6d
T1SML 118.2¢ 0.05d 154.3d 15.5¢
T2SML 102.5f 0.01f 136.31 12.6f
TOSMH 167.3a 0.11a 185.6a 20.4a
T1SMH 150.2b 0.07c 165.3¢ 24.2b
T2SMH 137.3d 0.0de 149.2¢ 22.5¢
S.E.M. 0.8 0.002 0.02 0.12

Untreated SML (TOSML), 20 g kg! DM tamnic acid Treated SML
(TISML), 30 g kg™' DM tannic acid treated SML (T2SML), untreated
SMH (TOSMH), 20 g kg™ tannic acid treated SMH (T1SMI), 30 g kg™
tannic acid treated SMH (T28MH), SEM: Standard Error of Mean, means
within each low with different letters are significantly different (p<0.05)

production, probably hampering rumen microorganisms.
It 1s reported that if tannin concentration in the diet
becomes too high, microbial enzyme activities including
cellulase and intestinal digestion may be depressed
(Horigome et al., 1988). McMahon et af. (2000) concluded
that tanmins do not simply mhibit cellulose digestion by
ruminal fluid irn vitre and ir vive, but the inhibitory effects
of tannins
Intubiting both microbial enzymes in the rumen and

involved the bacterial cells themselves.
mammalian enzymes in the small intestine and intubition
of cellulose digestion by tannins reported by Lyford et al.
(1967). Condensed tannins have effect on microbial
adhesion, penetration, colomization and consortium
formation, processes which are essential for the ruminal
digestion of feed.

This study showed predicted ME, which were
decreased when SM was treated by TA and this decrease
for 30 g kg™' tannic acid was the highest (p<0.05). The
mean values of ME and OMD were highest for TOSMH
(24.2 MI kg™ DM and 185.6 g kg™ OM, respectively).
This result proves the result of El-Waziry et al. (2007) that
reported ME were decreased when soybean meal was
treated by querbracho tannin. These results are in
agreement with the results of Tabacco et al. (2006) that
explained, the tannin reduced OM digestibility by about
5.1%. Muhammed et al. (1994) reported decrease in OMD
and ME was probably due to decreased rumen
degradability and formation of complexes between tannins
and dietary protemns and carbohydrates, as well as
reducing rumen microbial proteolytic, ureolytic and
cellulolytic enzyme activities. Tannin caused to altered
microbial profiles in the fermentation, reduced microbial
numbers and or enzyme production from the microbes
available to ferment substrate (Apajalahti et al., 2004)
and reduced microbial degradation of carbohydrates
(Muhammed et al., 1994).

Rumen fermentation: The effect of tarmic acid treated
sunflower meal on NH.-N and Microbial Biomass (MB)
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shown in Fig. 1. Procesing of sunflower meal with tannic
acid decreased NH,-N and increased MB and 30 g kg™
level of tanme acid had the lowest NH.-N content and the
highest MB (p<0.05). Shiwmski et al. (2002) found that
adding chestnut wood extract containing tannins to a
basal diet for dairy cows reduced the level of rumen
ammonia in comparison to the without tanmin diet.
Newbold et al. (1990) concluded that the lower ammonia
concentrations were mainly due to reduce proteolysis,
degradation of peptides and deamination of amino acids
in the rumen.

Frutos er al (2000) concluded that quebracho
tamins could be used for improving the digestive
utilization of protein-rich feeds in sheep. Malckar (2003)
suggested that several tannin-rich legumes could be used
advantageously to mcrease bypass protein to improve
ruminant performance. Therefore, dietary proteins fixed to
tannins escape rumen degradation and are released in the
abomasum.

Values of Short Chain Fatty Acid (SCFA) in different
treatments given in Fig. 2. The mean concentration of
SCFA were lowest and highest for 30 g kg™' level of
tanmic acid and  untreated  sunflower  meal,
respectively. This result prove EL-Wazry et al (2005)
that reported the volatile fatty acid concentrations were
significantly decreased when soybean meal treated by
tanmic acid.

There 15 positive correlation between SCFA and gas
production (Menke and Steingass, 1988) and gas
production is a good predictor for the production of
volatile fatty acid, which 1s positively related to microbial
mass production (Liu ef al., 2002).

707 @NH, N {mgdL™)
60+ OMB (mgmL™)
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-]
& 40-
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Fig. 1. The effect of various amounts of tannic acid on
in vitro NH, and MB of sunflower meal. Untreated
SML (TOSML), 20 g kg ~' DM tannic acid treated
SML (T1SML), 30 g kg™ DM tannic acid treated
SML (T2SML), untreated SMH (TOSMH), 20 g
kg™ tannic acid treated SMIH (T1SMIH), 30 g kg™
tannic acid treated SMH (T2SMH)
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Fig. 2: The effect of various amounts of tannic acid on
in vitro SCFA of sunflower meal. Untreated SML
{TOSML), 20 g kg™ DM tannic acid treated SML
(T1SML), 30 g kg™ DM tammic acid treated SML
(T2SML), untreated SMH (TOSMH), 20 g kg™
tannic acid treated SMIH (T1SMH), 30 g kg™
tannic acid treated SMH (T2SMH)

CONCLUSION

Processing of low and high fat sunflower meal with
tannic acid dacreased B, OMD, ME, SCFA and NH,-N,
but this treatment increased MB and 30 g kg™ level of
tannic acid had the most effect. Therefore it is
recommended to use 30 g kg™ tannic acid on SM that
protect proten from degradation in the rumen.

REFERENCES

Apajalahti, JTH.A., A. Kettunen and H. Graham, 2004
Characteristics of the gastrointestinal microbial
communities, with special reference to the chicken.
World’s Poult. Sci. T., 60: 223-232. http:/journals.
camb-ridge.org/production/action/cjoGetFulltext?
fulltextid.

El-Waziry, A M., M.E.A. Nasser and SM.A. Sallam, 2005.
Processing methods of soybean meal. 1-Effect of
roasting and tannic acid treated-soybean meal on gas
production and rumen fermentation in vitro. I. Appl.
Sci. Res., 1: 313-320. http://www.insinet net/jasr/31 3-
320. pdf.

El-Waziry, AM., MEA. Nasser, SMA. Sallam,
AT. Abdallah and 1.C.S. Bueno, 2007. Processing
methods of soybean Meal 2. Effect of autoclaving
and quebracho tanmn treated-soybean meal on gas
production and rumen fermentation in vitro. I. Appl.
Sci. Res., 3 (1) 17-24. http:/Awww.insinet.net/jasr/
2007/17-24 pdf.

Frutos, P., G. Hervas, F.J. Giraldez, M. Fernandez and
AR. Mantecon, 2000. Digestive utilization of
quebracho treated soybean meals in sheep. J. Agric.
Sci. Camb., 134: 101-108. hitp://cat. st fi/ 7aMlodele=
afficheN &cpsidt=1437770.



J. Anim. Vet. Adv., 9(2):277-280, 2010

Horigome, T., R. Kumar and K. Okamoto, 1988. Effect of
condensed tannins prepared from leaves mashy of
fodder plants on digestive enzymes i vitro and in
the intestine of rats. Br. I. Nutr., 60: 275-285.
http://journals. cambridge. org/production/action/c;
oGetFulltext?fulltextid.

Liu, I X, A. Susenbeth and K. H. Sudekum, 2002. In vitro
gas production measurements to  evaluate
interactions between untreated and chemicall treated
rice straws, grass hay and mulberry. I. Amim. Sci.,
80: 517-524. http://jas.fass. org/cgi/content/abstract/
80/2/517.

Lyford, 8.1. Jr, WW.G. Smart Jr. and T.A. Bell, 1967.
Inhibition of rumen cellulose digestion by extracts
of Sericea lespedeza. J. Amim. Sci., 26: 632-637.
http://jas.fass. org/cgi/content/abstract/26/3/632.

Makkar, HP.S., 2003. Effects and fate of tannms in
ruminant amimals, adaptation to tannins and
strategies to overcome detrimental effects of feeding
tanmmn-rich feeds. Small Rumin. Res., 49: 241-256.
linkinghub. elsevier.com/retrieve/pii/S0921 44880300
1421,

McMahon, I.R., T.A. McAllister, B.P. Berg, W. Majak,
S.N. Acharya, ].D. Popp, B.E. Coulman, Y. Wang and
K.I. Cheng, 2000. A review of the effects of forage
condensed tannins on ruminal fermentation and
bloat in grazing cattle. Can. J. Plant Sci., 80: 469-485.
http: /farticle. pubs.nre-cnre.ge.ca/RPAS/rpv ?hm=HI
nit&afpf=P99-050.pdf&journal=cjps&volume=80.

Menke, K.H. and H. Steingass, 1988. Estimation of the
energetic feed value obtained from chemical analysis
and in vitro gas production using rumen fluid. Anim.
Res. Dev., 28: 7-55. http://dorwiley.com/10.1002/jsfa.
1081.

Muhammed, S., C.S. Stewart and T. Acamovic, 1994,
Effects of tannic acid on cellulose degradation,
adhesion and enzymic activity of rumen
microorganisms. Proc. Sot. Nutr. Physiol., 3: 25-30.
http:/fwww fao.org/agris/search/display. do?f=./1995/
v2122/DE95A 0683 xml; DE9SAO683.

Newbold, C.J., R.J. Wallace and N. Mckain, 1990. Effects
of the ionophore tetronasin on nitrogen metabolism
by ruminal microorgamsms i vifre. I. Amim. Sci.,
68: 1103-1109. http:/fwww.animal-science.org/cgi/
reprint/68/4/1103.pdf.

Shwmski, B.J., C.R. Soliva, A. Machmuller and M. Kreuzer,
2002. Efficacy of plant extracts rich in secondary
constituents to modify rumen fermentation. Anim.
Feed Sci. Technol., 101: 101-114. http:/cat.inist.fr/?
aModele=afticheN &cpsidt=13946949.

Tabacco, E., G. Borreani, GM. Crovetto, G. Galassi,
D. Colombe and L. Cavallarin, 2006. Effect of
chestnut tanmn on fermentation quality, proteolysis
and protein rumen degradability of alfalfa silage. T.
Dairy Sci., 8% 4736-4746. http://jds.fass.org/egi/
content/abstract/89/12/4736.

Waghorn, G.C., W.T. Jones, LD. Shelton and
W.C. McNabb, 1990. Condensed tannins and the
nutritive value of herbage. Proc. N.Z. Grassl. Assoc.,
51: 171-176. http:/swww fao.org/agris/search/display.
do?f=./1994/42004/N79116890.xm1;N79116890.

280



