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Abstract. Smallholder cattle production in many developing tropical countries including Laos is compromised by
widespread endoparasitism, with limited farmer knowledge of parasites and facilities for administration of therapeutics.
We report a pilot study examining the potential for triclabendazole provided in medicated molasses blocks offered to
control Fasciola gigantica in smallholder cattle production. This study involved 241 cattle allocated into three groups:
(1) triclabendazole (as Fasinex®, Novartis Animal Health Australia, Pty Ltd) medicated molasses blocks (MMB) with each
tonne of MMB containing 0.5 kg triclabendazole; (2) unmedicated molasses blocks; and (3) a Control group. Data and
faecal samples were obtained at Weeks 1, 4, 8 and 12 for faecal egg counts (FEC) determination. Reductions in FEC in the
MMB group of 90.48% and a mean FEC of 4 � 17 eggs per gram of faeces at 12 weeks post-treatment was observed,
with liveweight increasing from 174.60 (�3.35) kg to 191.50 (�3.69) kg in Weeks 1 and 12, respectively (P = 001) and an
average daily weight gain of 201 g/day. Reduction in FEC in the unmedicated molasses blocks group was also observed,
by 28.78% and 18.96%, with liveweight increasing from 179.50 (�3.35) kg to 189.90 (�6.05) kg in Weeks 1 and 12
respectively (P = 0.3), with an average daily gain of 124 g/day. This study suggests that productivity was enhanced when
triclabendazole was added to the blocks, delivering parasite suppression or potentially therapeutic doses on ad libitum
feeding of the MMB. Although further work is required to establish the therapeutic potential of MMB, the use of MMB
may offer a parasite management and nutritional supplementation strategy for smallholder farmers, particularly in Laos
and other countries where unmanaged Fasciola spp. infestations reduce ruminant productivity and facilities for animal
restraint to enable delivery of oral anthelmintics, are largely non-existent.
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Introduction

Among the numerous internal parasites that infest cattle and
buffalo in most humid tropical regions, Fasciola gigantica, the
cause of clinical and subclinical fasciolosis, is usually considered
the most important (Tum et al. 2007; Copeman and Copland
2008; Rast et al. 2015). F. gigantica is a trematode flat worm
with size and shape resembling a privet-like leaf. It can cause
substantial impacts on large ruminant production in many
South-east Asian countries including Lao People’s Democratic
Republic (Lao PDR, or Laos henceforth) and is a potential
zoonosis of importance, particularly in Asia (Mas-Coma et al.
2005). In Laos, liver fluke infestation has historically been
estimated to cause annual losses between US$26 and US$52
million with a prevalence of between 15% and 26% (Copeman
and Copland 2008). However, these losses may currently be
much higher, considering the significant increases in values of
large ruminants in the past decade. Further, recent research

indicated that 73.3% of villages from five northern Lao
provinces have at least one faecal egg count-positive animal,
and slaughterhouse surveys of 123 livers identifying that 70.7%
of livers had gross liver and bile duct lesions consistent with
F. gigantica infection (Rast et al. 2013). Details of the parasite
life cycle and infections have been described (Tum et al. 2007;
Suhardono and Copeman 2008; Rast et al. 2013).

Although there is currentlyminimal control of endoparasitism
in adult ruminants in Laos, several options for prevention and
control of internal parasites in large ruminants have been
explored, with treatments containing either triclabendazole or
clorsulon, sometimes in combination with other benzimadazole
or macrocyclic lactone anthelmintics, having been used against
F. gigantica (Craig 2003; Copeman and Copland 2008). These
observations were supported by a field treatment trial on
anthelmintic efficiency for F. gigantica using an imported
triclabendazole preparation (Fasinex®, Novartis Animal Health
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Australia, Pty Ltd, Macquarie Park, NSW, Australia) and
a triclabendazole and albendazole combination available in
Vietnam (Han-Dertil-B®, HANVET, Hanoi, Vietnam). Both
anthelmintic preparations were found to be effective with
>90% reduction in faecal egg count (FEC) at Week 4 to Week
12 post-treatment in cattle (Rast 2013). Pasture management
and intermediate host control are other possible control
methods for F. gigantica. Avoidance of grazing on swamp
pasture areas to reduce the risk of contacts between animals
and the parasitic metacercariae (the encysted larva of
F. gigantica found in the intermediate snail hosts), plus
reduced infection of the intermediate host snails from faeces
(Molina et al. 2006; Rast et al. 2013) have been suggested.
Further, biological control using free-range ducks to control
the snails carrying F. gigantica is a potential practical control
option (Copeman and Copland 2008; Suhardono and Copeman
2008). However, there is minimal adoption of these strategies
in Laos and most large ruminants in F. gigantica infested
areas remain at high risk of developing fasciolosis.

Molasses lick blocks have been widely used to provide
energy and mineral supplementation for grazing ruminants.
The addition of urea to provide non-protein nitrogen can
also assist the animal to utilise poor quality fibrous feed,
increasing feed conversion efficiency and production (Allen
2007). In addition, delivering medications to a herd by adding
anthelmintics to molasses blocks is considered a potential cost
and time saving option compared with administering individual
treatments (Makkar 2007). Benzimidazoles are an ideal drug
group to select for use in supplementation blocks due to their
robustness enabling persistent retention of efficacy (Sanyal and
Gupta 1996). As triclabendazole has therapeutic activity against
both immature and mature Fasciola spp., it has been widely and
successfully used for control of fasciolosis due to F. gigantica
in cattle (Copeman and Copland 2008; Suhardono and Copeman
2008; Rast 2013). However, in Laos many cattle smallholder
farmers have minimal facilities for restraining cattle for
administration of medications and anthelmintics are rarely
used. The provision of medication in molasses blocks whereas
animals are held in ‘cattle houses’ overnight, has been suggested
as a means of potentially achieving and maintaining appropriate
serum concentrations of the active therapeutic agents (Sanyal
and Gupta 1996; Makkar 2007). In this pilot study, we examined
the potential for delivering this drug within molasses blocks
provided ad libitum for nutritional supplementation and for
control of fasciolosis. We sought information on acceptability
of the blocks to farmers and cattle and whether this approach
could potentially improve weight gain of cattle in the
smallholder production system. This administrative approach
may be of particular relevance to developing countries where
general animal husbandry skills and knowledge of diseases are
poor, and particularly in Laos where facilities for animal restraint
for administration of oral anthelmintics are largely non-existent
(Nampanya et al. 2010).

Materials and methods

Study site, farmer and cattle selection
The study was conducted between August and November 2016
(12-week trial), involving nine villages and 86 smallholder cattle

farmers in Xiengkhoung, Xayyabouli and Savannakhet provinces,
Laos. In each province, three villages were allocated into one
of three different treatment groups, including: (1) access to
triclabendazole medicated molasses blocks (MMB); (2) access
to unmedicated molasses blocks (UMB); and (3) a Control group
with no access to block supplementation. The selection of each
sampling village was based on discussions with senior
veterinarians and district officials, using the following criteria
that there was: (1) high level of cooperation of farmers, village
elders and village veterinary workers; (2) interest in adoption
of technologies to improve husbandry and health for cattle;
(3) road access for sample collection; and finally (4) sufficient
numbers of cattle with a likely moderate to high prevalence
of F. gigantica.

Prior to the introduction of blocks (Day 0), pre-trial faecal
sampling was conducted to provide baseline information on
F. gigantica prevalence. Ten faecal samples from each of four
villages in each of the three provinces (total samples 120) were
collected and examined by the FEC sedimentation technique for
trematode eggs. The principle of the sedimentation technique to
detect trematode eggs is that the majority of trematode eggs are
too large and heavy to float reliably in the flotation fluids
normally used for nematode eggs, sinking rapidly to the
bottom of a faecal/water suspension as sediment (Happich and
Boray 1969; Rast 2013). Three of the four villages per province
were then selected for the study, based on their level of
F. gigantica infection and excluding any villages with a low
prevalence of F. gigantica.

In each of the participating nine villages, 5–10 smallholder
cattle farmers (n = 86) were selected for participation in the
study, based on a list of farmers with cattle in the village as
provided by village chief. Sampling of adults animals aged
3–4 years was based on random selection and was dependent
on the number and availability of animals per farmer, although
though no more than five samples were taken from the same herd
(n = 241). From discussions with the owners, it was considered
highly unlikely that any of these sampled cattle had been
previously treated with anthelmintics. Most (if not all) cattle
were free-grazed during the day and housed overnight.

Each participating farmer received one or two 20-kg
blocks, depending on their herd size; farmers with a herd
size of <9 cattle received one block, and farmers with herd
size >10 cattle received two blocks. The number of
participating farmers, their herd size and blocks available,
was tabulated (Table 1). At each data collection, farmers
were asked if all the cattle were consuming the blocks,
whether they were happy with the blocks, and saw benefits
from using them.

The MMB and UMB for the trial were manufactured and
delivered by donation (4 Seasons Co. Pty Ltd, Crestmead, Qld,
Australia), with each tonne of MMB containing 5 kg Fasinex®

or 0.5 kg triclabendazole (Novartis Animal Health Australia,
Pty Ltd). Each 20-kg MMB block contains 0.1 kg of Fasinex,
with each gram of Fasinex containing 10% triclabendazole,
hence a 20-kg MMB block has 0.01 kg of triclabendazole
(Table 1). Both MMB and UMB contained similar nutritional
components, including bypass protein and mineral. The blocks
were delivered to collaborating farmers who were advised to
offer each block to a maximum of 10 adult animals per block
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(with an anticipated daily consumption in the vicinity of 200 g
per day per adult animal).

Faecal sample collection and faecal egg count
Faecal samples from each sampled animal were collected at Days
0 (Week 1), 28 (Week 4), 56 (Week 8), and 84 (Week 12). Faecal
samples were collected directly from the rectum and placed in
zip-lock plastic bags, then mixed with 0.5 mL of 3% formalin
and stored in an ice box for transportation for laboratory for
examination by the sedimentation FEC (Happich and Boray
1969; Rast 2013). Due to unavailability and difficulties of
restraint, not all samples from all selected animals were
repeatedly collected. After the final faecal sample collection all
animals were treated with Ivermectin F (Merial®, Macquarie
Park, NSW, Australia).

Data collection
Relevant data, including age, weight, sex, and coat condition
(normal and abnormal), estimated price, and general health, were
recorded. As records of the date of birth of calves are generally
not kept by smallholder farmers in Laos and are provided by
‘recall’, it was not always possible to accurately determine the
age of the animals. However, age of animals was estimated by
oral examination and checking of teeth maturation as has been
described (FAO 2002), following a discussion with each farmer.
The weight of each sampled animal was measured using
electronic scales (TruTest®, Auckland, New Zealand) although
a girth weight measuring tape was also used on occasions when
electronic scales could not be used (Bush et al. 2014).

Weights of the blocks received by each farmer were also
recorded at each sample collection.

The current value of each selected animal was determined in
consultation between the village chief, owners, and livestock
extension staff, on the basis of the sale price expected if the
animal was sold on the day of data collection. Note that the price
of cattle in Laos is largely based on the negotiation and the
estimated meat weight rather than liveweight (Nampanya et al.
2010, 2015).

Data management and analyses
The data was managed in a Microsoft Excel spreadsheet, with
descriptive analysis performed using frequency tables. In each
herd, the block availability (g/head) was estimated, using the

weights of the block material provided (i.e. number of blocks
each farmer received · 20 kg per block) and number of cattle
in each herd that had access to the blocks. The estimated
block consumption (g/day.head) was calculated, based on the
block availability (g/head) and the number of days until the block
was completely consumed (Table 1). The means and standard
deviations of the availability and consumption of block material
for each treatment group were then determined.

The anthelmintic efficacy was calculated from reductions in
faecal egg count (FECR) at Week 4, 8 and 12 for each MMB,
UMB andControl group, using themethod described (Dash et al.
1988) and formula:

FECR ¼ 100 · ð1� ½Tx=T0�=½C0=Cx�Þ
In this calculation Tx and Cx = arithmetic mean eggs per gram

(EPG) of faeces count of each treatment and control group at
Week 4, 8 and 12, and T0 andC0= arithmeticmean count of EPG
of faeces of each treatment or Control group at Week 0.

Predicted mean weights were determined using restricted
maximum livelihood (REML) in the GENSTAT 14th statistical
program. Data collection (Week 1, 4, 8 and 12), location
(province and village), age, sex, and FEC result (positive or
negative) were defined as fixed variables in the model, whereas
animal identification was a random variable. Linearity,
homoscedasticity and normality assumptions were checked by
diagnostic plots of standardised residuals of the quantitative
traits on model checking options of REML. Post-hoc testing
was conducted by comparing the prediction means within the
treatment group.

The average daily weight gain (ADG, g/day) was calculated
based on the differences of the Week 12 and Week 1 predicted
mean weights, divided by the number of days between the
measurements (84).

Results

Descriptive analyses of each treatment group

Number of observed cattle, their age and estimated sale price
were tabulated (Table 2). At all data collection points following
the introduction of blocks (Week 4, 8 and 12), all the farmers
receiving MMB and UMB advised that all the cattle appeared
to be consuming the blocks, they were very happy with using
the blocks as their cattle were quieter and more readily managed,

Table 1. Summary of number of participating farmers, herd size, and mean block availability (g/head)
Mean � standard deviation. MMB, medicated molasses blocks; UMB, unmedicated molasses blocks

Variable Group classification
MMB UMB Control

No. of participating farmers 45 24 17
Mean herd size (heads) 12 ± 11 17 ± 14 11 ± 11
Mean days the blocks completed consumed (days) 36 ± 17 33 ± 22 –

Mean block availability (g/head) 3235 ± 1676 2575 ± 1591 –

Estimated block consumption (g/day.head) 113 ± 89 113 ± 88 –

Estimated triclabendazole availability (g/head)A 1.6 ± 0.8 – –

Estimated triclabendazole consumption (g/day.head)A 0.06 ± 0.04 – –

AEach tonne of MMB has 5 kg Fasinex® (Novartis Animal Health Australia, Pty Ltd), 20 kg MMB has 0.1 kg of Fasinex, with
each gram of Fasinex containing 10% triclabendazole. Hence, a 20-kg MMB has 0.01 kg of triclabendazole.
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and that they considered the animals were benefitting from
consuming them.

Faecal egg count

Faecal egg count results, mean FEC per gram of faeces (EPG)
and FEC reduction (FECR) data were tabulated (Table 3), with
FECR efficacies ranging from 45.24% to 90.48% in the MMB
group 4 and 12 weeks post-treatment. The reduction in FEC in
the UMBwas also observed from 28.78% to 18.89% in the UMB
groupwith mean FEC of 18� 37 and 20.64 inWeek 1 andWeek
12 data collection, respectively.

Predicted mean weights and average daily weight gain

The comparison of the mean weights across the treatment groups
showed that there were no significant differences in the mean
weights in the Week 1 data collection (P = 0.3). However,
a difference in mean weights across the treatment groups in
the Week 12 data collection, was observed (P = 0.01), with
weights in the MMB and UMB groups of 191.50 (�3.69) kg

and UMB 189.90 (�6.05) kg respectively, significantly higher
than the weight in the Control group 173.50 (�2.84) kg (Table 4).

The comparison of the mean weights within the MMB group
showed that there were significant differences, with the weights
increasing from174.60 (�3.35) kg to 191.50 (�3.69) kg between
Weeks 1 and 12 respectively, (P = 001) and anADGof 201 g/day
(Table 4). No significant differences in the mean weights within
theUMBwere observed (P=0.32) despite theweights increasing
from 179.50 (�3.35) kg to 189.90 (�6.05) kg between Weeks
1 and 12 respectively, with an ADG of 124 g/day. Further,
significant differences in the mean weights within the Control
group were observed (P < 0.001), with the mean weight
increasing from 165.60 (�2.50) kg to 173.50 (�2.84) kg in
Weeks 1 and 12 respectively, with an ADG of 94 g/day.

Discussion

This pilot field study examined the use of triclabendazole
MMB in an attempt to help manage F. gigantica infestations
in cattle via a combination of anthelmintic and nutritional
supplementation, in the tropical smallholder production system

Table 2. Summary of descriptive analysis of each treatment group over the 12-week trial period
Mean � standard deviation. MMB, medicated molasses blocks; UMB, unmedicated molasses blocks

Week Variable Group classification
MMB UMB Control

1 No. of sampled animals (females) 135 (112) 66 (52) 40 (28)
Mean age (years) 3.83 ± 2.27 3.84 ± 1.98 4.26 ± 2.60
Sale price at farm gate (US$/animal) 494 ± 156 502 ± 137 493 ± 187

4 No. of sampled animals (females) 117 (96) 62 (53) 39 (27)
Mean age (years) 3.84 ± 2.23 4.08 ± 1.87 4.10 ± 2.63
Sale price at farm gate (US$/animal) 503 ± 155 508 ± 127 490 ± 185

8 No. of sampled animals (females) 125 (104) 60 (49) 39 (27)
Mean age (years) 3.83 ± 2.23 3.93 ± 2.06 4.36 ± 2.86
Sale price at farm gate (US$/animal) 509 ± 154 520 ± 127 495 ± 183

12 No. of sampled animals (females) 107 (89) 58 (48) 36 (26)
Mean age (years) 3.884 ± 2.25 3.96 ± 2.08 4.49 ± 2.97
Sale price at farm gate (US$/animal) 520 ± 150 522 ± 126 509 ± 180

Table 3. Number of positive faecal egg count (FEC) results, mean FEC per gram of faeces (EPG) and FEC
reduction (FECR) percentage for each treatment group

Mean � standard deviation. MMB, medicated molasses blocks; UMB, unmedicated molasses blocks

Week Variable Group classification
MMB UMB Control

1 No. of FEC +ve 55 (33.33%) 19 (28.78%) 21 (33.87%)
Mean EPG 21 ± 48 18 ± 37 40 ± 122

4 No. of FEC +ve 26 (19.25%) 10 (16.12%) 14 (24.56%)
Mean EPG 23 ± 11 8 ± 24 20 ± 49
FECR 45.24 77.78

8 No. of FEC +ve 23 (16.31%) 10 (16.66%) 15 (31.25%)
Mean EPG 12 ± 36 42 ± 17 20 ± 38
FECR 71.43 16.67

12 No. of FEC +ve 11 (8.80%) 11 (18.96%) 11 (25.58%)
Mean EPG 4 ± 17 20 ± 64 19 ± 41
FECR 90.48 47.22 –
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in Laos. All participating farmers endorsed the use of both of
the blocks and were keen to continue using them, particularly
as they assisted in herd management through quieter cattle.
The study identified a significant FECR in the MMB group
of >90%. Generally an anthelmintic is considered effective if
there is �90% reduction in faecal eggs counted (Vercruysse
et al. 2001; Fairweather 2011). Faecal egg counts using the
sedimentation technique is the most practical and acceptable
method currently available in Laos to assess F. gigantica
prevalence. Unfortunately, this method has low sensitivity and
may underestimate both the actual number of eggs emanating
from an infected animal (Copeman and Copland 2008; Rast
et al. 2013) and levels of infestation in the herd. Thus these
results should be interpreted with caution as they may
significantly underestimate the level of F. gigantica infection
in animals with chronic fasciolosis. Research is currently in
progress to apply a potentially more sensitive molecular
diagnostic test for F. gigantica infection in cattle in Laos, with
preliminary results suggesting improved diagnostic acumen that
may assist future planned studies on liver fluke epidemiology
and control in the region (Calvani et al. 2017).

The baseline data (Day 1 data collection) identified a high
prevalence of F. gigantica infestation in all the study groups,
confirming the widespread distribution of this parasite at
potentially pathogenic levels in Laos (Copeman and Copland
2008; Rast et al. 2013). The prevalence of F. gigantica is
influenced by numerous variables, including but not restricted
to: age of animal; severity of infection; chronicity of infection;
maturity of fluke; location, weather, capacity and facilities of
the smallholder farmer; management or control strategies
implemented; and level of skill and cooperation of researchers,
extension workers, and farmers (Molina et al. 2006; Copeman
and Copland 2008; Rast et al. 2015). The prevalence of
F. gigantica in Laos is considered to be high due to numerous
factors, including the extensive unrestricted and poor
management of animals, lack of proper housing facilities,
nutritional deficiencies, limited farmer knowledge on parasite
control, and almost total lack of implementation of livestock
biosecurity (Nampanya et al. 2010; Rast et al. 2015).

TheFECR results in this studywere lower than those observed
in a previously conducted field treatment trial on F. gigantica
using an imported triclabendazole product and a triclabendazole/
albendazole combination, where it was identified that both
anthelmintics were effective throughout with >90% FECR
(Rast 2013). This most probably reflects the slower rate of
administration of triclabendazole via the MMB, with likely

variable consumption rates between animals with different
levels of accessibility to the blocks in each herd. The dose rate
for cattle for tricabendazole is 12 mg/kg (i.e. 2.16 g for cattle
weighing 180 kg), with recommended administration by
intraruminal injection (Sanyal and Gupta 1996; Craig 2003),
although most use of this drug is by oral administration. In our
study, the amount of triclabendazole administered per animal
was likely to be variable as it dependent on amount of
MMB consumed. Further work is required to determine the
most suitable dose for inclusion in MMB and numbers of
animals accessing each block to ensure optimum parasite
control can be achieved.

The study also observed a reduction in the prevalence of
positive FEC in the UMB group from 28.98% to 18.96% in
Week 1 andWeek 12 data collection, respectively. This trend has
been observed in a previous study to assess the potential efficacy
of fenbendazole medicated molasses blocks for the control of
Toxocara vitulorum (Windsor et al. 2016). These findings
suggest that the use of molasses block supplementations may
have additional positive impacts on susceptibility of the animal
to effects of some parasites other than through anthelmintic
therapy, most likely via enhanced nutritional support by the
block supplements on host immune system responsiveness to
endoparasites.

Although nutritional deficiency is very likely to be a major
factor affecting the low ADG observed in cattle in all the
three treatment groups, the ADG of 201 g/day observed in
MMB group was very promising. That was almost two times
higher than the Control group, almost 80 g/day higher than
the UMB group, and three times higher than the baseline
production levels previously observed under free-grazing
systems in northern Laos (Nampanya et al. 2014). Improving
cattle health and production is most likely to be enhanced by
simultaneously improving both feed quality and quantity and
internal parasite control management, with both components
potentially achievable by use of medicated molasses blocks.

Despite significant improvement in the mean weights and
ADG in the MMB and UMB group compared with the Control
group, their estimated sale price at farmgatewas relatively similar
of US$ 509–522 per head. This likely reflects the current method
of marketing of cattle in Laos, where traders use an estimation of
value of live cattle on visual inspection, followed by negotiation
on the estimated meat yield, rather than liveweight (Nampanya
et al. 2010; Nampanya et al. 2015). Further, farmers have limited
bargaining power in these transactions and usually sell their
cattle when they need funds for special or emergency events.

Table 4. Predicted mean weights of each treatment group over the 12-week trial period
a–c, Letters indicate a significant difference between the means within the treatment group. MMB, medicated urea molasses blocks; UMB, urea molasses

blocks and control group. Predicted mean � standard errors

Group classification Week Mean ADG (g/day)
1A 4 8 12B P

MMB 174.60 (±3.35)a 185.30 (±3.52)b 186.50 (±3.45)b 191.50 (±3.69) 0.001 201
UMB 179.50 (±5.74)a 186.20 (±5.89)a 188.70 (±5.95)a 189.90 (±6.05)a 0.3 124
Control 165.60 (±2.50)a 169.82 (±2.68)abc 172.90 (±2.61)bc 173.50 (±2.84)bc <0.001 94

ANo significant differences between the means of the initial weights were observed across the treatment groups (MMB, UMB and control, P = 0.3).
BThe mean weight of MMB and UMB were significant higher than the mean weight of the Control group (P = 0.01).
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Traders are then usually able to set a low price knowing that
farmers are keen to sell to obtain money. Increasing the quantity
and quality of smallholder cattle through improved health and
production, also requires that smallholder farmers linkages
to markets are simultaneously enhanced (Arias et al. 2013;
Nampanya et al. 2015).

The results of this study suggest the use of molasses blocks
have the potential to act as an efficient means of delivering
triclabendazole to Lao cattle, potentially providing a strategy
for herd level anthelmintic control of F. gigantica. This is
a particularly important finding for the smallholder large
ruminant farming systems of Laos where the administration of
anthelmintics is difficult due to lack of restraint facilities and
poor farmer skills and knowledge of parasite control. We
conclude from this study that as the control and management
of F. gigantica infection via the use of medicated molasses
blocks has the potential to improve smallholder cattle
production, increase farmer livestock incomes and reduce rural
poverty in Laos, it is a concept and strategy worthy of further
study. Efficacious control of F. gigantica in large ruminant
smallholder systems in Laos and beyond may potentially offer
significant enhancements to ruminant production efficiency
and contribute to improved livelihoods and food security of
smallholder farmers in developing countries.
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