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In vitro Gas Production and Stoichiometric Relationship Between Short Chain Fatty Acid

and in vitro Gas Production of Semi-Arid Browses of North-Eastern Nigeria
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Abstract: The ir vitro gas production of semi-arid browse species were evaluated The relationship between
in vitro gas measured on incubation of tannin-containing browses i buffered rumen fluid and calculated from
short chain fatty acid (SCFA) production was investigated. Crude protein (CP) contents in the browses
ranged from 13.23 to 18.31% Dry matter (OM). The NDF, ADF and ADL were 34.40 to 54.80, 16.55 to 33.40 and
9.70 to 67.17 g/100g DM respectively. The Crude fibre (CF), Ether Extract (EE) and (NFE) were in the range of
14.50 to 37.00, 2.00 to 6.00, 23.39 to 41.39% DM respectively. Total condensed tannin (TCT) ranged from
0.12 to 0.41 mg/g DM. The TCT was significantly correlated (P<0.05) with gas production (r = 0.95; P < 0.05).
There as a weak correlation between phenolic content of the browses and gas production (R*=0.44, n =4,
A weak relationship (r = 0.06; P< 0.05) was observed between measured in vifro gas production and that
calculated from SCFA. The relationship between in vitro gas measured on incubation of browse leaves and that
calculated from SCFA allows prediction of SCFA from gas production. The study showed that the leaves
of the browse forages had nutritive value and therefore, may serve as potential supplements for ruminants

in Nigeria.
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INTRODUCTION

Browse plants play a significant role in nutrition of
ruminant livestock m tropical regions. Browse species,
because of their resistance to heat, drought, salinity,
alkalinity, drifting sand, grazing and repeated cutting,
are the major feed resources during the dry season [1].
In addition, a major advantage of browses over
herbaceous legumes and grasses 1s their higher crude
protein content. However, due to the presence of
secondary plant metabolites (particularly tannins) in
browses, digestibility of protemn and organic matter in
these feeds is low [2 - 4]. This limits the availability of
nutrients for rummant livestock. Tanmns have both
beneficial and adverse effects. Beneficial effects of
tanmns mclude suppression of bloat [5] and protection
of dietary proteins in the rumen [6]. The adverse effects of
tannins are associated with their ability to bind with
dietary proteins, carbohydrates and minerals [7].

The in vitro gas production method is widely used to
evaluate the nutritive value of different classes of feeds
[8] particularly to estimate energy value of straws [9],
agro-industrial by-products [10], compound feeds [11]

and various types of tropical feeds [12]. The gas
production techmique is more efficient than other in vitro
techniques in determining the nutritive value of feeds
containing tanmns. The binding effect of tanmns to
macromolecules such as proteins and carbohydrates
creates problems [13] in the use of the conventional in
vitro method of Tilley and Terry [14] and nylon bag
method of Mehrez, et al [15]. Furthermore, the latter
techmques are based on gravimetric determinations of
residues, leading to solubilization of tamninsg which,
although making no centributions to energy production
in the system, are measured as dry matter digestibility.
In the in vitro gas production method, the effects of
tanmins on rumen fermentation are reflected m the gas
production. The technique has been used to assess
actions of anti-nutritive factors on rumen fermentation of
Mediterranean [16] and African browses [1,17].

MATERIALS AND METHODS

Forage Samples: Eight indigenous browse samples
(leaves) commonly consumed by ruminants animals
were used m this study. The species were: Ficus polita,
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Ficus  thonningii, Batryospermm  paradoxum, 39°C. Into 200 mg sample (7 = 8) in the syringe was
Kigalia  africana,  Celtis  integuifolis, ~ Khaya  introduced 30 ml moculums contaimng cheese cloth
senegalensis, Leptadenia lancifolia and Ziziphus strained rumen liquor and buffer (NaHCO, + 3 Na, HPO,

abyssinica. All forages were harvested from Gwoza
local government area of Borno State Nigeria. The area is
located at 11.05% North and 30.05° East and at an elevation
of about 364 above sea level n the North Eastern part
of Nigeria. The ambient temperature ranges between
30°C and 42°C bemg the hottest period (March to June)
while its cold between November to February with
temperatures ranging between 19-25°C. The browse
forages were harvested from at least 10 trees per each
specie selected at random in four locations with the study
area at the end of the season. The harvested sample were
then pooled for each individual tree species and then
ovenn dried at 105°C for 24h to constant weight and
ground to pass through a 1.0mm, sieve. The samples were
then sub-sample to obtain three samples for each tree
species and were sent for the laboratory analysis.

Chemical Analysis: Browse species were analyzed for
dry matter (DM), crude protein (CP), ether extract (EE),
crude fibre (CF) and ash [20]. The leaves samples were
analyzed for neutral detergent fibre (NDF), acid detergent
fibre (ADF), acid detergent lignin (ADL) and cellulose
[21]. Total condensed tammin was analyzed according to
Polshettiwar et al. [22].

In Vitre Gas Production: Rumen fluid was obtained from
3 WAD female sheep through suction tube before
morming feed, these animals normally fed concentrate
feed (40% corn, 10% wheat offal, 10% palm kernel cake,
20% groundmut cake, 5% soybean meal, 10% dried
brewers grain, 1% common salt, 3.75% oyster shell and
0.25% fish meal Incubation was carried out [23] using
120 ml calibrated syringes In three batch incubation at

+ KCl + NaCl+ MgSO,. TH,O + CaCl, .2H;0) (1:4, v/v)
under continuous flushing with CO,. The gas production
was measured at 3, 6, 9, 12,15, 18, 21, 24, 30, 36, 42 and
48h. The average of gas volume produced from the
blanks was deducted from the volume of gas produced
per sample.

Statistical Analysis: Metabolizable Energy (ME) was
calculated as ME =2.20+0.136GV + 0.057 CP+ 0.0029 CF
[24]. Organic matter digestibility (OMD%) was assess
as OMD = 14.88 + 0.880 GV +0.45 CP +0.651 XA [24].
Short Chain Fatty Acids (SCFA) was also calculated [25]
0.0239 GV-0.0601 , where GV, CP, CF and XA are total gas
volume, crude protein, crude fibre and ash respectively.
Data obtained were subjected to analysis of variance.
Where significant differences occurred, the means were
separated using Duncan multiple range F-test of the
SAS [26] options.

RESULTS

Chemical Composition of Browse Forages: The chemical
composition of the browse forages 18 presented in
Table 1. The Dry matter, crude protein and crude fibre
ranged from 94.00 m (Sterculia setigera) to 96.00% DM in
Ziziphus mauritiana, 13.23 in Olea hochstteteri to 18.31%
DM) in Balanites aegytiaca and 14.50 in Balanites
aegytiaca to 37.00 in Olea hochstteteri respectively.
Olea hochstteteri had the highest level of ether extract
while Balanites aegytiaca and Ficus sycomorus were
higher in ash content. The NFE was significantly higher
(41.39% DM) in Balanites aegyptiaca than the other
browse forages while the fibre fractions (NDF and ADF)

Table 1: Proximate composition of browses (% DM), TCT(mg/g DM), NDF, ADF, ADL (g/100g DM)

Browse species DM CP CF EE Ash NFE NDF ADF ADL TCT PHE
Olea hochstieteri 94,8 13.23¢ 37.00° 6.000 14.00F 23.3% 40.52° 30.42¢ 13.12¢ 012 0.24f
Ziziphus mauritanic 96.0¢ 15.86™ 24.00% 2.00¢ 12.007 30.75° 38.67 16.55¢ 66.91* 0.214 0.52¢
Ziziphus spincchisti 95 16.04° 18.00° 3.00 15.00 41.27 39.59° 17.54 67.17* 0410 0.49
Pterocarpus erinceus 95,00 17.96 35.50 2.000 11.00* 2949 36.40° 26.307 13.80° 0.23° 0.61°
Stercidia setigera 94.0% 1577 28.50° 2.000 15.00P 33.45° 34.40° 32.10° 12.60° 034 0.48°
Balanites aegyptiaca 94.2% 18318 14.50f 2.00¢ 18.00¢ 41.3% 36.4308 25.74% 13.75¢ 0.23 0.68°
Ficus sycomorus 95.6 14.90¢ 32.50° 3.00 18.00¢ 28,384 54.80° 33.40 12.60° 017 0.81°
Adansonia digitata 95.6 1612 32.00° 3.00 14.00¢ 30.57 38.50% 27,208 9.7(r 0.13F 0.50%
MEANS 9505 1602 27.75 2.88 14.63 32.44 39.91 2615 26.19 0.23 0.54
SEM 0.09 0.39 0.65 0.42 0.73 0.71 0.74 0.90 2.89 0.02 0.05

a, b, c, means in the same column with different superscript differ significantly (P<0.05). DM = Dry matter; CP = Crude Protein; CP=Crude Protein;
EE = Ether Extract;CF = Crude fibre; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ADL=Acid detergent lignin; TCT = Total Condensed
Tannin; PHE: Phenolics
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Table 2: Net Gas Volume, Metabolizable Energy, Organic matter digestibility, Short Chain Fatty Acid of semi-arid browse forages

Gas production parameters

Browse Forages NGV ME OMD SCFA
Olea hochstieteri 7.66° 4.8¢° 3673 0.11°
Ziziphus mearitiana 10.83¢% 4.62° 46,53 0.20°
Ziziphus spinachisti 8.16 4.4 38,72 0.12°
Plerocarpus erinceus 15.16% 535 43.34° 0.30°
Stectdic setigera 6.83 412 37.58 0.10¢
Balcmites aegypticea 2.8% 3.62 37.02¢ 0.007*
Ficus svCOmorus 13.16° 4.91° 44.97 0.25°
Adansonia digiteta 12.83¢ 4.94° 42.53% 0.25°
MEANS 9.68 4.58 40.93 0.16
SEM 0.38 0.26 0.79 0.05

Net Gas Volume (NGV = ml/ 200 mg DM), Metabolizable Energy (ME=MI/Kg DM), Organic matter digestibility (OMD=%%), Short Chain Fatty Acids
(mmol) of semi-arid browse forages
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Fig. 1: A cumulative gas production of semi-arid browse forages of North-eastern Nigeria
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Fig. 2: Relationship between gas volume and SCFA of browses of North-eastern Nigeria
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Fig. 3: Relationship between gas volume and phenolic of browses of North-eastern Nigeria
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Fig. 4: Relationship between gas volume and TCT of browses of North-eastern Nigeria

was significantly higher (54.80 and 33.40g/100g DM) in
Ficus sycomorus. The ADL was sigmficantly higher
(66.91g/100g DM) in Ziziphus mauritiana and lowest
(9.70) in Adansonia digitata. The total condensed tanmns
and phenolics was observed to be higher 0.41 in Ziziphus
spinachisti and 0.81mg/g DM in Ficus sycomorus.

In Vitro Gas Production Characteristics: Figure 1 shows
the in vitro gas fermentation of the browse forages.
Net gas volume was higher i1 Pierocarpus erincens and
lowest in Steculia setigera. Gas production increased
with increased incubation time and tend to be stable from
27 to 48 h of mcubation except for Ficus sycomorus.

Metabolizable energy (ME), Organic matter
digestibility (OMD) and Short chain fatty acids (SCFA)
are shown in Table 2. The ME ranged between 3.62
MI/Kg DM 1 Balanites aegyptiaca and 5.35 MI/Kg DM
m  Pterocarpus erinceus There were significant
(P<0.05) differences in the ME among the browse
forages. The OMD was sigmificantly (P<0.05) higher
in Ziziphus mauritiana (46.53 MI/Kg DM) lowest in
Olea hochstteteri (36.73 MI/Kg DM). The highest (0.30)
and lowest (0.007) SCFA were found in Pterocarpus
erinceus and Balanites aegyptiaca respectively.

There were negative relationship between short chain
fatty acids and gas production (#=0.06, »=8). Highly
significant (P<0.001) correlations were observed between
gas production and TCT (#=0.95, #=8). The result also
revealed a weak correlation between phenolic content of
the browses and gas production (R°=0.44, n =4); Total
condensed tannin and gas production (F*=0.05, #=&).

DISCUSSION

The cumulative gas production for the Balanites
aegyptiaca was significantly low in comparison to other
browse forages. The highest cumulative gas production
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was in the order of Pterocarpus erinceus> Flicus
sycomorus> Adansonia digitata> Ziziphus maritania>
Ziziphus spinachistiz  Olea hochstteteri>=  Sterculia
setigera>Balanites aegyptiaca. The variation in gas
production and potential gas production between the
browse species forages can be attributed to compositional
differences of the browse forages, especially CP, fibre,
NFE, nature and concentration of polyphenolics and may
be other anti-nutritonal components. These factors
influence the amount of substrate OM that is fermented
and the short cham fatty acids (SCFAs) produced upon
fermentation. Other reason may be due to low NFE
content for browses which has a positive correlation with
gas production. On the other hand, cell wall content
(NDF and ADF) were negatively correlated with gas
production at all mcubation times and estunated
parameters. This may tend to reduce the microbial activity
through increasing the adverse environmental conditions
as incubation time progress. This 1s consistent with De
Biover, et al. [27], who reported that gas production was
negatively related with NDF content and positively with
starch. Also, the relatively high level of ADIL in the
browses in this study explained in part the limited i vitro
degradation and therefore the lower amount of gas
produced. However, since gas production on incubation
of feeds in buffered rumen fluid is associated with feed
fermentation and carbohydrate fractions, the low gas
production from Balanites aegyptiaca could be related to
low feeding value of these feeds. Incubation of feedstuft
with buffered rumen fluid i vifro, the carbohydrates are
fermented to short cham fatty acids (SCFA), gases, mainly
CO, and CH, and microbial cells. Gas production is
basically the result of fermentation of carbohydrates to
acetate, propionate and butyrate [28,29] and substantial
changes in carbohydrate fractions were reflected by
total gas produced [30]. Gas production from protein
fermentation relatively small compared to

is as

carbohydrate fermentation while, contribution of fat to
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gas production is negligible [28,31]. The correlation
between in vitro gas productions measured after 24 h
mcubation of tropical browses and that calculated from
SCFA was siumilar to that reported for conventional
feeds [32]. About 94% of the variation in the in vitro gas
production on  incubation of browse leaves was
explained by SCFA produced, which mainly comes from
carbohydrate fermentation. These results suggest that
from browses with a similar range of CP contents, the
SCFA production from sources other than carbohydrates
15 negligible. The use of different proportions of
casein and carbohydrate sources (glucose and starch)
with resultant

measured and calculated from

a poor correlation  between gas
SCFA  has
reported [33]. These poor correlations could be due to
the highly fermentable carbohydrate sources that
drastically changed the molar proportions of SCFA,

indicating the pattern of fermentation of pure substrate

been

does not reflect the normal fermentation pattern that
oceurs 1n the rumen.

The results of the relationship between gas volume
calculated from the SCFA and measured using the in vitro
gas method of Menke and Steingass, [24] confirm the
close relationship between SCFA production and gas
volume liberated on fermentation of browse species with
a wide range of CP (77 to 300 g/kg) and phenolic contents
(TP from 17 to 250 g/kg DM and T from 7 to 214 g/kg DM
respectively). From the results observed m the present
study, SCFA production could be predicted from in vitro
gas production. Attempts have been made to predict the
SCFA production using mathematical models [33].
However, such models mvolve several variables and
variations in these variables could affect the prediction
of SCFA. The close association between the in vitro gas
and SCFA production would allow the determmation
of the amount of apparently fermented substrate
(substrate used for SCFA, CO,, CH, and H,O production)
for tannin-containing browses from the stoichiometrical
relationship between in vitro gas and SCFA using the
approach outlined by Getachew, ef al. [8] and Cone and
Van Gelder [34].

CONCLUSION

In conclusion, the close association between SCFA
and gas production may allow the use of the relationship
between SCFA and gas production to estimate the SCFA
production from gas values, which 1s an indicator of
energy availability to the animal.
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