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Can waste vegetables and weeds be used
to farm crickets and grasshoppers in

Singapore?

A laboratory experiment on the use of vegetables and weeds for farming crickets and

grasshoppers.
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I nsects as an alternative protein source may
be more sustainable than livestock and can help
to meet the ever-increasing demand for food,
with the world population set to increase to
8.5 billion by 2030, and 11.2 billion by 2100
(United Nations, Department of Economic and
Social Affairs, Population Division 2015). The
insects that have traditionally been used for food
include beetles, bees, wasps, ants, butterflies,
moths, crickets, grasshoppers and katydids
(Nadaeu et al. 2015). Being cold-blooded,
insects have a higher feed-conversion efficiency
than conventional livestock like beef cattle, pigs,
and chickens and thus require much less feed to
produce the same amount of biomass (Nakagaki
& Defoliart 1991). For example, beef cattle have
a feed-conversion ratio (FCR) of 6 kg or more
of feed to produce 1 kg of weight gain (=6:1),
pigs have an FCR of <3.5:1 and chickens, <2:1
(van Huis 2013), whereas house crickets have an
FCR of 1.7:1 (Collavo et al. 2005). Insect farms
also have smaller land-area requirements which
could reduce the impact of land-use change
and may even be ideal for land-scarce nations.
Hence, insects appear to be an ideal sustainable

food source. Two billion people, mostly from
developing nations, already rely on insects for
protein (Ramos-Elorduy 2009; van Huis 2013).
However, the eating of insects (also known as
entomophagy) is rare in developed nations,
including Singapore.

Insects reared for food could be fed with waste
vegetables or weeds, potentially improving the
sustainability of insect farms. Food wastage is
prevalent in most developed nations, including
Singapore (Parfitt et al. 2010; Grandhi &
Appaiah Singh 2016). Much wastage occurs
prior to or during the retail stage, where damaged
or unconsumed vegetables are usually discarded
or incinerated (Cuéllar & Webber 2010; Scholz
et al. 2015; Grandhi & Appaiah Singh 2016).
Therefore, if shown to be feasible, feeding
insects with waste vegetables may help to
alleviate land scarcity and carbon emissions. This
would also solve a paradox of current livestock
farming methods where livestock are ironically
competing with humans for food, e.g., beef cattle
or pigs being fed with maize that humans can
also eat (Pimental 2007). However, to explore
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A: The cricket Acheta domesticus. B,C: nymphs of the grasshoppers Valanga nigricornis and Xenocatantops humilis

the potential of feeding crickets or grasshoppers
with waste vegetables and weeds, we need to
first understand their dietary preferences and
survivability on such feed material.

Here, we fed waste vegetables or weeds to locally
available nymphs (immature individuals) of the
non-native house cricket, Acheta domesticus
(Fig. A) purchased from an aquarium shop, native
short-horned grasshopper, Valanga nigricornis
(Fig. B), and Xenocatantops humilis (Fig. C)
both collected from a wasteland vegetation site
in Mandai, Singapore.

Acheta domesticus, from southwest Asia (Walker
1999), is commonly bred for human consumption
in some Southeast Asian countries and as live fish
feed sold in aquarium shops around Singapore.
Valanga nigricornis and Xenocatantops humilis
are two common grasshoppers found widespread
across Singapore (Tan 2017). These insects are
also consumed as food around Southeast Asia.
We chose two common leafy vegetables—kang
kong (Ipomoea aquatica) and xiao bai cai
(Brassica rapa cultivar group Pak Choi [green-
petioled form]) obtained from Shifa Vegetable
Stall, Serangoon Market, Singapore. We also

INSECT-FARMING WITH WASTE VEGETABLES AND WEEDS 19



AGRICULTURE
B SCIENCE

. [OURNAL

Table 1. Survival of insects per treatment at 5, 10, and 15 days.

Plant Species Insect Species Number of Number and Percentage Survival
Replicates 5 days 10 days 15 days
Cairo morning glory  Acheta domesticus 9 7 (77.7%) 5 (55.5%) 4 (44.4%)
Cairo morning glory  Valanga nigricornis
and Xenocatanops 10 8 (80.0%) 7 (70.0%) 6 (60.0%)
humilis
Centipede grass Acheta domesticus 9 8 (88.8%) 3 (33.3%) 1(11.1%)
Centipede grass Valanga nigricornis
and Xenocatanops 9 5 (55.5%) 2 (22.2%) 0 (0.0%)
humilis
Kang kong Acheta domesticus 9 8 (88.8%) 7 (77.7%) 4 (44.4%)
Kang kong Valanga nigricornis
and Xenocatanops 10 9 (90.0%) 7 (70.0%) 6 (60.0%)
humilis
Xiao bai cai Acheta domesticus 9 8 (88.8%) 7 (77.7%) 4 (44.4%)
Xiao bai cai Valanga nigricornis
and Xenocatanops 9 8 (88.8%) 2 (22.2%) 2 (22.2%)

humilis

collected two local weeds, the non-native
Cairo morning glory (Ipomoea cairica) and
native centipede grass (Ischaemum muticum)
from a wasteland site at Lorong Lada Hitam,

Singapore.

In the laboratory, the insects were placed one
each in plastic containers of diameter = 11.8
cm, height = 7.0 cm and each insect was offered
each day, 10 fresh leaf discs (6 mm in diameter).
This amount was in excess of what the insects
consumed per day. The lid was loosely placed
above the container to allow for ventilation.
Each insect was offered one type of leaf only
for the duration of the trial. New discs were
provided each day and the previous day’s
discs were removed, and the number of leaf

discs consumed noted. Each insect and plant
combination was replicated 9 or 10 times. The
nymphs of V. nigricornis and X. humilis were
pooled together because they look so similar
and it is not always possible to distinguish their
nymphs reliably.

Survivability of each insect was noted every
other day and at the end of the experiment on the
15th day (Table 1). We found that survivability
of the insects was lowest on centipede grass.
We speculate that centipede grass leaves are
less nutritious to the insects, thus reducing their
growth rate and digestive efficiency (Massey
et al. 2006). Grass has also been found to be
less protein-rich than other plants (Bernays
& Barbehenn 1987). The insect survivability
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on xiao bai cai was lower than on kang kong,
probably owing to the lower energy content in
xiao bai cai (550 kJ kg-1) (USDA 2016) than
in kang kong (790 kJ kg-1). Glucosinolates,
the plant defence chemicals against pests and
diseases in xiao bai cai (also in the rest of its
family, the Brassicaceae and related families)
may also affect growth and survivability
(Giamoustaris & Mithen 1995; 1996; Radojcié
Redovnikovi¢ 2008).

In summary, our experimental results are
preliminary and provide a baseline on the
dietary requirements of one cricket and two
grasshoppers. We speculate that the nutritional
value and chemical content of specific plants may
be crucial for the feasibility of rearing insects.
While insect farming may be an attractive option
for land-scarce Singapore, we need to explore
further from here. It is necessary to examine how
to rear the insects in an economically sustainable
manner and design a set up with minimal spatial
requirements yet large enough to produce a good
yield with economies of scale. Also, as in other
kinds of livestock, dietary supplements and/
or specially formulated food will be needed to
ensure good production.
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