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ABSTRACT

Algae have become an area of intensive research in many fields of study. Areas of application are becoming increas-
ingly diverse with the advent of technologies particularly in the mass production of algae biomass. Algae contain com-
plex bioactive compounds and these are gaining importance in emerging technologies with nutritional and environ-
mental applications. In this study, a preliminary investigation evaluated 15 species of algae from the major categories of
marine and fresh water algae for their potential as inclusions in ruminant diets for management of greenhouse gas emis-
sions. It was hypothesized that algae would positively affect rumen fermentation and gas production while reducing
methane production. The hypothesis was tested using an Ankom automated gas monitoring system and rumen fluid
from Bos indicus steers fed tropical forage diets. The results were variable between algae species with some showing a
significant reduction in total gas and methane production, with others increasing gas and fermentation. The red and
brown algae stand out as having potential for greenhouse gas mitigation with the brown alga Cysfoseira having the most
prominent effect. The effects observed on fermentation may be manipulated through dosage management and beneficial
effects could be potentially maximized by preparing combinations of algal supplements. It has been demonstrated in
this study that algae have the potential to assist in rumen fermentation management for improved gas production, and
greenhouse gas abatement.
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1. Introduction tabolites [10] have been demonstrated to have potential
in reducing greenhouse gas emission from livestock pro-
duction systems, but in most part it’s difficult to admin-
ister across large herds which are managed in extensive

environments.

In northern Australia, cattle are managed under extensive
pastoral conditions dominated by native grasses [1], and
animal productivity is lower than in temperate regions

where pasture improvement and intensive management are
commonplace [2]. Implementing practices to reduce the
environmental impact of livestock systems across north-
ern Australia, while maintaining a viable level of produc-
tivity, is challenging [3]. However, when feed supple-
mentation is incorporated to improve ruminant produc-
tion then employing additives that have an effect on
greenhouse gas production would be beneficial for indi-
vidual producers and the industry. A number of feed ad-
ditives such as halogenated analogues [4], monensin [5]
and a range of plant compounds such as tannins [6], sa-
ponins [7], essential oils [8,9], and various secondary me-
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Algae exist in many forms and can be broadly classi-
fied on size (micro or macroalgae), and photosynthetic and
accessory pigments (green, red or brown algae). Both ma-
rine and freshwater algae have been used in human nutri-
tion, cosmetics, and pharmaceutical products and have the
potential to be used as a supplement for livestock feeds
[11]. Secondary metabolites with antimicrobial activity
have been identified in green, red and brown algae [12-
14]. Other species tend to have anti-viral, antioxidant, or
anti-inflammatory properties that may be used to mani-
pulate livestock health and productivity. Specifically, As-
cophyllum nodosum has received attention for application
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in ruminant diets and effects on greenhouse gas produc-
tion [15], but few papers describe the potential in a range
of species of algae. Further work is required to screen
numerous algae species to study the relationship between
composition and effective fermentation characteristics. /n
vitro gas production techniques have been improved and
applied to study fermentation kinetics relative to feed com-
position [16-19]. Consequently in vitro techniques can al-
low for rapid screening of a large number of feed addi-
tives that may have effects on gas production.

The objective of this study was to first rank the capa-
bility of fifteen tropical species of algae to influence in
vitro gas production when incubated with a tropical grass
(Chloris gayana) as the primary substrate and then assess
dose response effects of selected algae species on in vitro
gas production and fermentation characteristics using pH
and methane concentration as proxy indicators.

2. Materials and Methods
2.1. Selection and Preparation of Algae

The algal species used in this study (Table 1) were se-

lected due to their natural abundance in local aquaculture
systems or intertidal reefs around Townsville, QLD, Aus-
tralia, and their potential to be cultured under controlled
conditions.

Seven of the algae used in this study (Caulerpa lentil-
lifera, C. taxifolia, Cladophora patentiramea, Ulva sp 3.,
Ulva ohnoi, Derbesia tenuissima and Oedogonium sp.)
were maintained as isolated species at James Cook Uni-
versity, QLD, Australia. Tarong polyculture, a polycul-
ture of freshwater microalgae, was sourced from MBD
Energy Ltd., Townsville, QLD. The remaining five spe-
cies of algae were collected from natural sources near
Townsville, QLD.

The marine macroalgal biomass used in this study was
initially washed in clean, fresh seawater for 2 minutes to
minimize the amount of fouling organisms and silt and
then rinsed thoroughly in dechlorinated freshwater for 1
minute to remove residual salt. Freshwater macroalgae
were thoroughly rinsed in dechlorinated water immedi-
ately after collection. Washed algal biomass was placed
in 100 pm mesh for excess water removal by centrifuge

Table 1. Chemical composition of the 15 species used this study (g/kg DM unless stated otherwise).

Algae species oM® CP® NDF® ™ J/(ligFDM)
Green algae
Caulerpa lentillifera 450.6 146.2 219.5 13.24
Caulerpa taxifolia 730.2 264.7 458.4 16.02
Cladophora coelothrix 751.5 401.2 320.1 11.99
Ulva ohnoi' 826.6 440.9 297.2 ND
Cladophora patentiramea 721.7 274 276.9 16.81
Ulva sp. 3' 816.7 381.6 218.5 ND
Derbesia tenuissima 900.2 4459 276.9 18.29
Red algae
Halymenia floresii 798.5 314.9 269.6 11.85
Hypnea pannosa 436 133.9 126.6 6.96
Brown algae
Cystoseira trinodis 669.3 111.9 311.3 11.45
Padina australis 554 103.6 360 ND
Dictyota sp. 622.7 124.1 549.4 ND
Freshwater algae
Cladophora vagabunda 579.7 109 399 18.32
Oedogonium sp.* 884.2 340 577.2 19.05
Tarong polyculture 878 205.8 9.6 ND

ARelative proportion of wet algae to dry material (%); ®Dry matter; “Organic matter; "Crude protein; “Neutral detergent fibre; "Gross energy; 'Lawton et al. 2013a

[24]; Lawton ef al. 2013b [25].
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at 1000 rpm for 6 minutes in a commercial washing ma-
chine and then stored at —10.0°C. Prior to the experi-
ments algae were freeze dried in a SP Industries VirTis K
bench top freeze-drier (Warminster, PA). Dried material
was stored in sealed poly bags at —10.0°C.

2.2. Donor Animals and Preparation of Rumen
Fluid Inoculum

Rumen fluid was obtained from two rumen fistulated
Brahman (Bos indicus) steers (505 + 7 kg) precondi-
tioned ad libitum for two weeks with Rhodes grass (Ch-
loris gayana) hay typical of feeding in tropical QLD,
Australia. The Rhodes grass contained on a g/kg dry
matter (DM) basis: organic matter (OM), 920; crude pro-
tein (CP), 107; neutral detergent fibre (NDF), 672; and
acid detergent fibre (ADF), 467. The animals were main-
tained according to the guidelines of the Australian Code
of Practice for the care and use of Animals for Scientific
Purposes [20].

Rumen digesta was collected (1.5 L from each steer)
with a manual suction apparatus into insulated, preheated
(39°C) thermal flasks according to [21]. Fibrous material
from the rumen mat from forward, posterior, and lateral
regions was included at approximately 10% of the 3 L
collection volume. The pooled rumen fluid was blended
at high speed for 30 seconds to ensure solid phase asso-
ciated bacteria were distributed throughout the inoculum
[22] and filtered through a 1 mm sieve and maintained
anaerobic under a stream of N».

2.3. Experimental Design

In experiment 1 four consecutive incubations were con-
ducted to screen each species of algae for their effects on
ruminal fermentation when 0.20 g (OM basis) of freeze
dried algae of each species was incubated for 48 h. A
substrate was prepared with 1.00 g OM of the previously
described Rhodes grass. Each incubation set was com-
pleted with: 1) negative control containing only 1.00 g of
Rhodes grass as substrate; 2) positive control (n = 2)
containing 1.00 g of the substrate plus 0.02 g of soybean
OM (OM 920, CP 558, and NDF 190 g/kg DM respec-
tively), and also containing 0.18 g of sorghum (OM 987,
CP 120, NDF 88.7 g/kg DM respectively). Blank incuba-
tions (n = 2) were also included.

For experiment 2 the gas production data obtained
from experiment 1 combined with the composition and
bioactive properties of the algae were used to select four
species for assessment of dose response. For each of the
selected algae (C. taxifolia, C. trinodis, Oedogonium sp.
and Tarong polyculture) five doses (0, 20, 40, 80, 160
mg OM) were added to 1.00 g of the substrate assessed
in 72 h incubations in quadruplicate in a Latin square de-
sign under conditions described for experiment 1. Each
incubation also included blanks (n = 2) and the positive
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controls (n = 2) as described for experiment 1. Gas pro-
duction, fermentation lag time, final pH, and final head-
space CH, concentration were monitored.

2.4. In Vitro Incubation

All materials comprising the substrates were oven-dried
and passed through a 1 mm sieve, and in vitro incubation
was achieved using standard methodology [17,19,23].
Gas production, fermentation lag time, and final pH were
monitored. Incubations and gas monitoring were com-
pleted with an ANKOM Technology (Macedon, NY) in
vitro cumulative gas production system fitted with pres-
sure transducers and gas sample collection ports. Filtered
rumen inoculants were mixed with 39°C anaerobic buffer
solution (Kansas state buffer) [16,26] at 25 and 100 mL
respectively, in pre-warmed (39°C) 250 mL Schott (Mainz,
Germany) bottles. The treatment incubations contained
1.0 g of substrate OM, and 0.20 g of algae additive and
were prepared as previously described.

Bottles were sealed under a N, atmosphere and incu-
bated at 39°C in Ratek (Boronia, Australia) model OM11
orbital mixer-incubators. Gas pressure was measured
every 60 seconds and cumulative pressure recorded every
20 minutes for 48 h in experiment 1, and 72 h in experi-
ment 2.

2.5. Analytical Methods

Table 1 shows the chemical composition of the fifteen
species of algae screened in this study. Dry matter of
each species of algae and material used in the fermenta-
tion substrate was measured at 105°C to constant weight.
Organic matter was measured by loss on combustion at
550°C for 8 h. Gross Energy (GE) content was deter-
mined using a Parr Instrument Company (Moline, IL)
Model 1108 bomb calorimeter. Neutral detergent fibre
(aNDFom) was measured using a Foss (Hilleroed, Den-
mark) FiberCap 2023 fibre analyzer. Crude protein and
total nitrogen content was determined using a LECO (St.
Joseph, MI) CHNG628 series nitrogen analyzer. Methane
concentration in headspace gas samples collected in 10
mL Labco Exetainer vials were measured by gas chroma-
tography on a Shimadzu (Koyto, Japan) GC-2010, equip-
ped with a Carbosphere 80/100 column and a Flame
Ionization Detector (FID).

2.6. Calculations

To estimate kinetic parameters of total gas production,
gas production values were corrected for the amount of
gas produced in the blank and corrected values were fit-
ted with time using the non linear curve fitting procedure
in Genstat [27] to a modified sigmoid model of Gom-
pertz as described by Bidlack and Buxton [28] which was
recommended for gas production systems by Lavrencic
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et al. [29] and Noguera ef al. [30].

y= Ae 5
where y is the cumulative total gas production (mL), 4 is
the maximal gas production (mL/g), B is the lag period
before exponential gas production starts (h), C is the spe-
cific rate of gas production (mL/h) and t is elapsed time
(h). Additionally the point of inflection (h-infl) was cal-
culated as In(B)/C.

In this model it is assumed that gas production is pro-
portional to the amount of metabolic end products pro-
duced during bacterial growth [31] and as a consequence
gas production curves resemble the sigmoidal growth
curves of bacteria grown in batch culture [32]. The first
part of the curves describes the faster gas production rate
at the beginning resulting from fermentation of easily
degradable material and the second phase where slowly
degradable material is fermented [29].

2.7. Statistical Analysis

Data from each experiment were analyzed independently.
For experiment 1 gas production values from three incu-
bations were analyzed using an analysis of variance for
main effect of treatment (algae species) with replication
in time considered as a random effect [33]. The results
from experiment 2 were analyzed as a factorial design (4
additives x 5 doses x 4 replicates ) using the SAS PROC
GLM procedure [33], according to the following statisti-
cal model:

Y, = u+ A4 +D +(4AxD) +ey

where Y represents the value of each individual obser-
vation, u is the average, 4; is the effect of the ith algae
additive, D; is the effect of the jth dose of the additive,
and e the residual error.

3. Results
3.1. Chemical Composition of the Algae

Green algae generally had higher OM content than red
and brown algae except for Caulerpa lentillifera (Table
1). There were some species with low OM content (<600
g/kg DM) and all the algae species tested had lower OM
content than Rhodes grass used as the basis of the feed
substrate (920 g/kg DM). Compared to the Rhodes grass
(CP at 107 g/kg DM), all species and, among these, par-
ticularly the green species (some > 400 g/kg DM), were
high in CP. Brown species were generally lower in CP
(<125g CP/kg DM) compared to the other types. Derbe-
sia tenuissima, Cladophora vagabunda and Oedogonium
sp. had the highest levels of gross energy (>18 MJ/kg
DM). Hypnea pannosa demonstrated the lowest gross
energy (6.96 MJ/ kg DM). Neutral detergent fibre con-
tents varied widely among species, ranging from NDF
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9.6 to 577.2 g/lkg DM. All the algae had lower NDF con-
tents than the grass (672 g/kg DM). Tarong polyculture
had a nearly nonexistent level of fibre (9.6 g/kg DM).

3.2. Effects of Algal Species on in Vitro
Fermentation Characteristics

The effect of species of algae was prominent (P < 0.001)
for all fermentation variables and there were significant
differences between algae species and types (Table 2 and
Figure 1). All species except Cladophora coelothrix,
Padina australis, Cladophora vagabunda and Oedogo-
nium sp. had a significantly lower (P < 0.05) asymptotic
gas production (4) than the control incubations (no al-
gae). Dictyota sp. demonstrated the lowest blank cor-
rected gas production with a 35.5 mL emission after 48
of incubation.

There was no significant change in gas production lag
time (B) at initiation of fermentation between algae treat-
ments and control. However the negative control had the
shortest overall lag time that was significantly lower than
Dictyota sp. The wide range of lag times prevented signi-
ficance between the longest lag time (Dictyota sp.) and
the positive controls. In comparing species of algae, Cla-
dophora coelothrix, Derbesia tenuissima, Cladophora va-
gabunda and Oedogonium sp. demonstrated significantly
higher asymptotic gas production (P < 0.05) levels com-
pared to the other algae.

Gas production varied for algae species and differ-
ences increased with length of time in fermentation (Fig-
ure 1). The greatest differences from control were ob-
served with species of marine red and brown algae (Fig-
ures 1(a) and (b)). Some of the marine green algae and
freshwater algae also demonstrated gas reduction while
others were not significantly affected by algae inclusion
(Figures 1(c) and (d)).

Most of the fermentation parameters were influenced
(P <0.001) by algae species and dosage of algae, and the
effect of the dose varied with species and the interaction
between species and dose was significant (P < 0.001; Ta-
ble 3). Asymptotic gas production decreased with in-
creasing dose of Cystoseira trinodis. A similar trend was
observed with Caulerpa taxifolia except for the highest
dose. The addition of Tarong polyculture and Oedogo-
nium sp. had little effect on total gas with increasing dose.
There was little effect on lag time with increasing dose of
algae for any of the select species.

The pH remained consistent between algae species in
the range of 6.06 - 6.34, and only minimal changes were
demonstrated. Overall, the control had the lowest meas-
ured pH post fermentation (6.03), likely due to the addi-
tion of highly fermentable soybean and sorghum to the
substrate producing slightly more acids during microbial
degradation.

The headspace CH,4 concentration was measured to
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Table 2. Effects of 15 species of algae on rumen fermentation characteristics in vitro over 48 hours.

Gas production parameters

Algae species pH
A (gas mL) B (lag h)
Green algae
Caulerpa lentillifera 41.2° 4.008 6.15PF
Caulerpa taxifolia 45.7° 2.46"5¢ 6.195CPE
Cladophora coelothrix 83.548 2.86"5¢ 6.15PF
Ulva ohnoi 552 3.474° 6.2445¢
Cladophora patentiramea 48.8P 2.76*B¢ 6.34"8
Ulva sp. 3 44.4° 3.818 6.185CPE
Derbesia tenuissima 85.4"8 2.63BC 6.175CPE
Red algae
Halymenia floresii 443° 2.79B¢ 6.2248¢P
Hypnea pannosa 48.0° 3.938 6.258¢
Brown algae
Cystoseira trinodis 39.0° 3.0045¢ 6.27485¢
Padina australis 60.2°" 3.19%° 6.16>"
Dictyota sp. 35.5° 4174 6.20%CPF
Freshwater algae
Cladophora vagabunda 82.548 2.914B¢ 6.185CPE
Oedogonium sp. 88.4" 2.80EC 6.06"F
Tarong polyculture 48.8P 3.61°8 6.195¢PE
Positive control 1 75.248¢ 2.64"°¢ 6.03"
Positive control 2 88.7% 2.3588¢ 6.11°"
Negative control 47.1° 2.135¢ 0.080"
SEM 4.83 0.336 0.032

Effect of treatment

* *

AEMeans within columns with unlike superscripts differ (p < 0.05); “p < 0.001.

monitor the extent that the selected algae were having a
reduction effect on CH4 production. In Table 3 it is
shown that Cystoseira trinodis had a significant effect in
promoting CH, reduction. The other selected algae, al-
though showing a mild mitigation, did not reduce CH,
significantly.

There seems potential that even at low levels of inclu-
sion (<5% of dietary OM) some algae have strong effect
on gas production and CH4 emissions. In this in vitro
study it was found that Cystoseria has potential for large
CH, reductions when applied as an additive in ruminant
diets as compared to the other algae tested.

4. Discussion

In this study we ranked fifteen species of tropical algae
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for their effects on in vitro rumen gas production. We de-
monstrated that Cystoseira trinodis decreased in vitro
total gas production with a dose-response effect compar-
ed to the other candidate algae.

Many studies have reported the composition and pro-
perties of algae in describing novel functional food in-
gredients [14] and many bioactive compounds have been
identified in algae [13,34]. Furthermore, due to research
for application as biofuels, technologies for commercial
production of algae are increasingly efficient and avail-
able, and consequently feeding algae to ruminants is in-
creasingly viable [35]. More research is required to de-
monstrate, confirm, and elucidate what various algae tech-
nologies and products can do to improve animal health,
feed intake and utilization efficiency, milk and meat
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Table 3. Dose-response effects of 5 algae species on rumen fermentation characteristics in vitro over 72 hours.

Gas production parameters CH,
Algae species Dose (mg) pH
A (gas mL) B (lag h) (107 mmol/mL)
Caulerpa taxifolia 0 117.5%8 3.42% 6.18"8 26.6
20 118.2%8 2.96* 6.16° 24.7
40 100.22¢ 4.11° 6.198 -
80 93.4¢ 3.46% 6.16" -
160 131.8° 3.02% 6.22* 15.8
SEM 3.31 0.096 0.009 3.28
Cystoseira trinodis 0 115.9* 3.314¢ 6.15¢ 26.6"
20 127.7* 2.828¢ 6.218 -
40 106.1* 3.66% 6.19"P 9.1%
80 74.58 2.58% 6.13¢ 5.1°
160 80.9" 3.34¢ 6.20"5¢ -
SEM 3.54 0.103 0.01 3.07
Oedogonium sp. 0 108.7 3.34 6.20" 26.6
20 124.9 3.44 6.18* 14.8
40 118 2.99 6.158 24.3
80 122.6 3.13 6.18* --
160 124.2 2.99 6.10° 16.1
SEM 3.31 0.096 0.009 3.27
Tarong polyculture 0 125 33 6.198 26.6
20 109 3.39 6.16"" -
40 112.9 3.45 6.20* -
80 113.3 34 6.20* 14.4
160 107 247 6.14" 16
SEM 3.47 0.101 0.009 7.95
Effects Algae o NS o NS
Dose NS NS -
Algae x Dose o o o NS
Positive control 127.0° 3.01 5.96° -
SEM 2.54 0.103 0.024

product quality, and decrease methane emissions [15,
36-38].

In vitro systems have long been used to screen feed
additives for beneficial and detrimental potential to affect
rumen digestion. The establishment of the collection of
algae screened in the present study was based on natural
abundance in local ecosystems and potential for produc-
tion under controlled conditions. Effects induced by each
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algal species will depend on their composition and the
nature, activity, and concentration of its bioactive com-
ponents [39]. Therefore, freeze-drying was applied to ma-
ximize the preservation of bioactive properties of the
products. The dosages were selected with the aim of sup-
plying a range of algal biomass to demonstrate any effect
on in vitro fermentation. The substrate diet was of low-
medium quality hay and the fermentation was higher
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Figure 1. (a) Fermentation gas production profiles of the red algae species; Halymenia floresii = +; Hypnea pannosa = A;
Negative control = o; Positive control 1 = 0; Positive control 2 = A). (b) Fermentation gas production profiles of the brown
species; (Cystoseira trinodis = e; Padina australis = +; Dictyota sp. = A ; Negative control = o; Positive control 1 = 0; Positive
control 2 = A). (c) Fermentation gas production profiles of the green species; (Caulerpa lentillifera = o; Caulerpa taxifolia = +;
Cladophora coelothrix = A; Ulva ohnoi = ¥ ; Cladophora patentiramea = e; Ulva sp. 3 = m; Derbesia tenuissima = 4; Negative
control = o; Positive control 1 = O; Positive control 2 = A). (d) Fermentation gas production profiles of the freshwater species;
(Cladophora vagabunda = e; Oedogonium sp. = +; Tarong polyculture = A ; Negative control = o; Positive control 1 = 0; Posi-

tive control 2 = A).

with some algae than the positive control which may in-
dicate a potential for improved feed utilization efficien-
cy. Compared to the negative control (grass only), nine
of fifteen species, and all the freshwater species, produc-
ed more blank corrected gas. The negative control con-
tained 20% less fermentable OM, however the trend indi-
cates a benefit to overall fermentation. As occurred with
Oedogonium the overall fermentation was slightly im-
proved over all controls in vitro and these results need
elucidation in vivo. In this scenario gas and CH, in-
creases slightly, however this may be beneficial in tropi-
cal ruminant production under low quality feed supply as
occurs in the Northern Australia dry seasons. Reduction
with some, and increases with other species, suggests it
may be possible to prepare appropriate doses and mix-
tures of algae to obtain both CH, reduction, and maintain
or improve feed utilization.

A decrease in gas production throughout the incuba-
tion was induced by the red algac compared to positive
controls (Figure 1(a)). In variable levels, the red algae
contain halogenated compounds, dispersed in several
classes of primary and secondary metabolites including
indoles, terpenes, acetogenins, phenols, fatty acids and
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volatile halogenated hydrocarbons [12,13,34]. Red algae
have demonstrated activity against a large number of mi-
croorganisms [13].

The brown algae species also showed a lower gas pro-
duction than observed with the controls (Figure 1(b))
with the exception of Padina australis that was similar to
the negative control. Brown algae produce phlorotannins
and a range of other natural products [12,13,40]. This
less familiar form of tannins consists of polymers of phlo-
roglucinol units and is exclusive to the brown algae. Tan-
nins have been extensively studied with regard to their
effects on ruminant nutrition. Dietary tannins have been
reported to decrease utilization of nutrients directly inhi-
biting microbial activity or indirectly by forming com-
plexes with the nutrients [41]. The present study is in
agreement with the observations of Wang et al. [15] who
experimented with extracts of the brown algae Asco-
phyllum and reported gas and CH,4 reduction from rumen
in vitro cultures.

The effects of the green and freshwater algae on in vi-
tro rumen fermentation and gas reduction were less pro-
minent (Figure 1(c) and Figure 1(d)) and some species
may increase gas production (Table 2). Experiment 1 in-
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dicated gas reduction due to the inclusion of Ulva ohnoi,
and antibacterial activity was previously reported in the
green algae [12,13] which may have affected rumen fau-
na leading to the slightly lower observed gas production
from these species in the present study. Some green algae
had a very high level of protein content which as an ad-
ditive could increase gas production compared to the
other algae only if it was in addition to the carbohydrate
fraction. Generally, protein as a replacement to fiber
would reduce total gas production [42] but as a replace-
ment to lipid would increase gas production.

The complete nutritional and chemical composition of
each species of algae is not reported here, however at this
high level of inclusion (20% of OM) the algae adds sig-
nificantly to the overall nutrient profile. This could con-
tribute the high gas production observed with Derbesia
tenuissima and Cladophora coelothrix which have high
CP (Table 1). Further study is required to determine the
impacts on feed intake and feed efficiency of algae, dos-
age, and species combinations.

Based on the results of experiment 1 and the properties
of the algae, four species were selected for experiment 2
(Caulerpa taxifolia, Cystoseira trinodis, Oedogonium sp.,
and Tarong polyculture). Five algae OM doses were ap-
plied (0, 20, 40, 80, 160 mg/g substrate OM) and incu-
bated with rumen digesta for 72 h.

Cystoseira trinodis demonstrated a dose-response ef-
fect with increasing dosage. Cystoseira has been studied
for antimicrobial compounds and terpenes have been re-
ported to be responsible as the main compounds in the
antimicrobial activity [43]. A large number of secondary
metabolites have also been discovered in the order Caul-
erpales [44] and could contribute to the decrease in the
gas production with inclusion of Caulerpa taxifolia in
experiment 1, however a dose response was not evident
in experiment 2.

Methane production was monitored in some of the in-
cubations from each of the candidate algae in experiment
2 after 72 h of incubation. It was not clear the precise
dose response toward CH,4 abatement in vitro in this ex-
periment and samples were not successfully collected
from all incubations, however the effect of the algae was
clear in general terms. As a dietary inclusion Oedogo-
nium sp., Caulerpa taxifolia, and Tarong polyculture did
not show clear effect on CH,4 production and did not show
significant reductions. However, relative to control some
CH,4 reduction was indicated for all algae species tested.

Cystoseira trinodis decreased methane production at
the monitored doses by up to 80%. These are remarkable
reductions in CHy and the effects on overall fermentation
need to be further elucidated. It would be highly benefi-
cial from the perspectives of environmental impact of ru-
minant livestock products and feed utilization efficiency
if algae type and species effects were combined with low

Open Access

or nil negative effects on fermentation and animal health.
This may be feasible with appropriate dosage and species
combinations.

5. Conclusions

Cystoseira trinodis significantly reduced methane pro-
duction, and had moderate effect on total gas compared
to incubations with grass only during in vifro ruminal fer-
mentation. This suggests that CH4 reduction can be miti-
gated by algae with variable effects on overall fermenta-
tion. As expected, some species of algae have greater ef-
fect on gas production than others and the effects can be
tempered by dosage management. For in vivo scenarios
feeding of large amounts of algae may be cumbersome
and expensive, lower doses are always more feasible and
less likely to cause animal welfare issues.

It has been demonstrated in this study that all classes
of algae have candidate members with potential to assist
in ruminant feeding for improved gas production, fer-
mentation management, and CH, abatement. It is clear
that more researches are required to fully describe the me-
chanisms, optimal dosage, and algae species that will best
achieve the goal of a dietary supplement with both nutri-
tional (production) and environmental benefits.
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