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ABSTRACT

1) Numbers of all three bacteria were higher in the cow faeces treated with fruit beetles
than in the control, while the number of all three bacteria was lower in the cow faeces
treated with Waxworms than in the control. Numbers were lower in cow faeces treated
with Tiger worms than in the control. Liquefaction appears the main reason why
bacterial numbers were higher in cow faeces treated with Fruit Beetle larvae.

2) Tiger worm treatment generally improved plant growth parameters, especially in the
compost-facces ratio (75% compost, 25% cow faeces), followed by a ratio of 50%
compost, 50% cow faeces, Plant growth in Waxworm treated faeces was weak
compared with plant growth in compost treated by FB, WW and control, notably in the
compost (25% compost, 75% cow faeces) and 100% cow faeces where there was no
growth at all. Fresh plant weight, fresh leaf weight and fresh root weight were
significantly higher in the compost treated with Tiger worms in (75% compost, 25%
cow faeces); no evidence was seen for any significant differences in the dry root weight
measurement between TW, WW, FB and control in all composts. Tiger worms produced
the best product, especially at the compost ratio of 75% compost, 25% cow faeces
followed by 50% compost, 50% cow faeces.

3) Waxworms feed on wax that covered waxed paper, causing holes in the paper as a
result of eating parts of paper therefore. This event decreased significantly waxed paper
weight during the experiment. While there was no change or weight loss of waxed paper
with Fruit Beetle larvae and most of the larvae died within 7 days. The waste weight of
Waxworms after feeding on recycled paper was increased over the 28 day incubation
period, notably at day 21. The Fruit Beetle larvae waste weight decreased during the
experimental period, and a sharp decline occurred from day 21 to day 28. The results

show significant differences between WW, FB waste weight after feeding on recycled
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paper in days 14, 21 and 28. The numbers of E.coli, salmonella Spp and total bacteria in
WW and FB waste after recycling paper feeding were very low or zero in most of days
over the entire incubation period.

4) Fruit beetle haemolymph and whole-body disks produced only small inhibition zones
(2-4 mm) against E.coli, while against Salmonella, FB haemolymph gave a zone of
2mm; Waxworm haemolymphs produced only a small zone (2mm) against, E.coli.
Waxworm whole-body extract gave no zones against both E.coli and Salmonella
cultures. All of the larvae (FB, WW) haemolymphs and whole-body extracts failed to

produce inhibition zones against all bacteria.
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Chapter One: Introduction



1. Introduction
1.1. Effects of adding cow manure to agricultural soil

Like other organisms, cows produce undigested residue of plant matter which has
passed through their gut. This dung material is rich in minerals and organic matter
including undigested cellulose and lignin, originating from the cell walls of the plants
and methane. In many countries dung is used as manure; it also may be collected and
used to produce biogas methane (Adegunloye et al., 2007)

Farm manure comprises the dung and urine of domestic animals, along with
bedding material, as well as straw, peat, leaves, sawdust, shavings and other vegetable
waste. Names for such material include manure, barn manure, stable manure, farmyard
manure and barnyard manure (Westover, 1926). Manure of various forms is one of the
earliest materials to have been used for soil improvement. As well as providing small
amounts of nutrients for plants, manure also supplies humus, greatly increasing the
soil's water-holding capacity, whilst improving its physical character and making it a
more suitable environment for the essential growth of bacteria (Westover, 1926).

Pennington et al. (2011) reported that manure produced by dairy cattle has a
characteristic nutrient composition, the specifics of which are reliant on numerous
factors. Farming operations have an impact on many of these, and include storage
methods, the manure application system, housing and bedding systems, the diet fed to
the cattle, and the environmental temperature. The quantities of micronutrients,
nitrogen (N), potassium (K) and phosphorus (P) are affected by such factors, as is the
manure’s net value (Pennington ef al., 2011).

1.2. Risks of using cow manure in agriculture

Manure can be used as an inhibitor of plant diseases. Several microbes isolated

from cow dung (e.g. Aspergillus niger, Trichoderma harzianum, Bacillus cereus and



Bacillus subtilis) were characterized to have potential to be used as inhibitors agents
against seedling blight inducing pathogens (Muhammad and Amusa, 2003).

Many people do not realize the hidden dangers when they fertilize their gardens
with composted cow manure, which may harbor diseases such as Listeriosis,
Salmonellosis, Cryptosporidiosis and even mad cow disease. These diseases are faecal
to oral in transmission and may be passed to humans if garden vegetables are not
properly washed. Several bacterial strains which cause diseases associated with
vegetable crops and fresh fruits are likely to directly contaminate food products in the
field (Kirk, 2011). Many field crops are prone to contamination with remains of faeces
of farm animals or other domestic animals, which are in contact with manure
contaminated soil or dust. This may likely contribute significantly to pre-harvest
contaminations. Comparatively little research has been reported on the outbreak of
human bacterial diseases, mainly intestinal pathogens, such as Campylobacter,
Salmonella sp and Escherichia coli, in the developing countries compared with the
developed countries (Philips, 1999; Locking et al., 2005). Nevertheless, contamination
associated with E.coli O157 is an occurring zoonosis in several countries as well as the
United Kingdom and the United States (Tauxe, 1997; Rangel et al., 2005). Scotland
has the highest percentage of human bacterial infections within the United Kingdom,
with an average of 4.1 cases per 100,000 persons in 2004 (Locking et al., 2005).

By the end of May 2011, the BBC News in Europe and The ABC news from
Australia reported that cucumbers, which it is believed were imported from Spain,
were contaminated with E.coli and left people ill with haemolytic-uremic syndrome
(HUS). There have also been around 300 of infection reported in several European
countries in 2011 (Centre for Disease Control and Prevention, 2011). The aggressive

form of E.coli is known to cause kidney failure and affect the central nervous system.



Austria's Agency for Health and Food Safety has included some other items (e.g.
tomatoes and eggplants) in the food ban list. Meanwhile, one European Union
spokesman declared that two greenhouses in Spain were identified as sources of the
disease outbreak and their activities ceased. Investigations were still carried out to see
whether the contamination had occurred in the identified place or elsewhere (BBC
News, 2011).

Pathogens that affect the nervous system can cause convulsions, confusion and
loss of balance, according to the Centre for Disease Control and Prevention (2011)
a particular condition, Sal/monellosis, is caused by the Salmonella bacteria, of which
there are many species, only a few of which affect humans and cattle. Tests on the
faccal matter of animals suggest that around 75 percent of dairy cattle carry
Salmonella, with the survival rate of the bacterium dependent on both temperature and
ammonia concentration. The parasite Cryptosporidium is spread by livestock and
humans, the main source of infection being from water supplies tainted by parasite-
infected manure. Such organisms divide and multiply once inside a host, and are able
to survive for a long period in manure (Kirk, 2011). The progressive and fatal
neurological disease known as ‘Mad Cow Disease’ (Bovine spongiform
encephalopathy) was previously thought to be spread solely by rendering and feeding
of infected flesh to other cud-chewing mammals. Kirk (2011) has shown, however,
that faecal-oral prion (infectious protein) transmission is possible between healthy
animals in the presence of manure or soil where prion concentrations are high.

1.3. Management of cow manure

As a fertilizer, compost is a superior choice to fresh manure. When compared to

composted manure, the fresh, non-composted equivalent will generally display a

higher N content, although the composted variant contributes more in the way of



organic matter content. Fresh manure has a higher concentration of soluble N
compounds, such that over-application can cause leaching losses and salt build-up
(Rossen and Bierman, 2005). Additionally, the large numbers of viable seeds often
present in such manure can lead to issues with weeds. Fresh manure can contain
pathogens such as F.coli, which can cause illness in people who eat produce grown on
such media unless relevant precautions are taken. Rossen and Bierman (2005) have
suggested that in order to overcome the contamination of crops, three particular
precautions should be taken:

a) In the case of fields for crops intended for human consumption, ensure that raw
manure is applied and incorporated at least three months prior to harvesting.

b) In the particular case of root and leaf crops which contact the soil, allow a four
month period between application and harvesting.

¢) In the case of trees where fallen fruit will be collected, refrain from surface
application of manure.

Management of manure before usage is important. Dung pre-treatment, using
physical or biological methods to control the pathogens content, has become a
common practice. Treatment processes, such as manure digestion, controlled manure
storage and use of certain insects, are potentially applicable (Callaghan et al., 2002).
Each treatment practice carried out may cause a decrease in the numbers of pathogens
from the initial load found in the manure. The manure, both in solid and liquid form,
can be treated with anaerobic digestion for the purpose of increasing the
decomposition rate (Callaghan er al., 2002). Several studies have been conducted to
investigate the effect of temperature of incubation of the manure as well as the dairy
manure water content on survival of faecal bacteria, E.coli, faecal streptococci and

faecal coliforms. Wang et al. (2004) investigated the effect of many temperature



ranges (e.g. 4°C, 27°C and 41°C) as well as various levels of manure moisture content
(e.g. 30%, 55% and 83%) on survival of faecal bacteria. This research suggested that
manure management practices should maintain manure at high temperature (41°C),
because it would decrease the E.coli and faecal coliform counts in the treated manure.
Kirk (2011) has outlined three manure storage protocols which are designed to
reduce the pathogen content; composting, lagoon storage (slurry) and deep stacking.
The decomposition rate of the manure is known to vary, dependent on the specific
method.
1) Deep stacking involves removal of manure from livestock housing facilities, with
the resultant material being placed in large piles. These piles do not usually undergo a
turning procedure, but heating does occur within them. The lack of homogeneity in
the stack can however result in areas which are unheated in which pathogens are able
to survive. The outer crust of the stack is one particular region where pathogen survival
is more likely, and reports suggest that Salmonella bacteria can survive in this area for
up to 200 days.
2) Stacked manure can be subjected to composting, in which periodic turning for at
least three days improves heat distribution, making sure that all parts of the pile reach
at least 55 — 65°C. Such a procedure avoids the possibility of areas existing,
particularly within the crust, which are not subject to the heating process. Protocol
suggests that after being turned several times, the pile must be left for at least a month
in the undisturbed condition.
3) ‘Slurry’ is the term used to denote a mixture of liquid and dry matter that can be
lagoon stored for varying amounts of time before being applied to either crops or
pastures. Initial pathogen load usually decreases over the storage period, with the level

of Salmonella being substantially lowered if storage persists for at least a month before



spreading occurs. Lower temperatures correlate with a smaller reduction in
Salmonella load; however the first two weeks of lagoon storage usually see bacterial
quantity reduced by up to 90%.
1.4. Effect of insects to improve the manure

On the Davis Ranch in Southern Oklahoma, dung beetles have been released to
manage cattle dung on a grazed area of 2500 acres (1000 hectares). Onthophagus
gazella was one of the first insects to appear when the landowner ceased use of
insecticides in 1975. This tropical species, used for bio-control of pests such as
hornflies, was introduced by the U.S. Department of Agriculture during the mid
1970’s. The insects are able to bury dung into the soil through spreading and riddling,
with a wet manure burial rate of a ton per acre per day in mature plots, along with a
surface removal capacity of 90% (Richardson and Richardson, 2000). Due to their
effect on soil aeration, removal of non-point source pollution, ability to increase
organic matter, improvement of water infiltration and pest control properties, such
insects represent a valuable soil-restoration tool (Richardson and Richardson, 2000).

Dung beetles have been described by Fabre (1911) as scavengers of meadows
contaminated by herds. Such ‘scavenging’ facilitates the decomposition of pasture
dung, improving the cycling of nutrients, and is thus extremely beneficial. Despite the
more diminutive stature of British species when compared to their larger, dung-rolling
African counterparts, they are still capable of rapidly degrading dung when present in
sufficient numbers (Fabre, 1911). Dung pats, with their large populations of
invertebrates, represent an excellent feeding environment for vertebrates as well as
other predatory beetles such as Staphylinids, Elaterids and Calerids.

An attempt at Esherichia coli and Salmonella enterica reduction by using black

soldier fly in larval stage in chicken manure has been studied by Erickson et al. (2004).



The obtained results showed that the larvae accelerated inactivation of E. coli and
Salmonella in chicken manure, either on autoclaved or non-autoclaved manure.
During this process, the larvae become contaminated with the pathogen and may
transmit it to the fresh manure, thereby leading to cross contamination (Erickson ef al.,
2004).

In their study on bacterial counts in cattle dung, Lussenhop ef al. (1980) concluded
that Sarcophagid maggots and Aphodius beetles boosted bacterial counts and decreased
hyphal density in cattle dung. These effects can be referred to insect mixing of the
substrate, giving bacteria a competitive advantage over fungi.

Bertone et al. (2004) reported that pastures can be improved through the
incorporation of manure into the soil via beetle activity. In the laboratory setting, two
beetles, O. gazella and O. taurus, were assessed for their ability to improve soil
quality, with a coastal-plain sandy-loam, common to East Carolina, used as the basis
for the study. Treatments chosen for the study included untreated bovine dung, dung
with added O. gazella, dung with added O. taurus, and a control with no dung
addition. Inclusion of beetles was seen to improve P, K and Mg levels, as well as the
amount of cations in the soil beneath the dung pat.

OVERALL AIM

The overall aim of the work described in this Thesis was to investigate the

potential role of a variety of insect larvae in the conditioning of cow manure, and

waxed carton-paper waste.



Chapter Two: Isolation of Bacteria and Changes in
Bacterial Populations following Treatment of Cow Faeces
with the Waxworm Galleria mellonella, the Fruit beetle

Pachnoda marginata and the Tiger worm Eisenia fetida
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2.1. Introduction

An obvious problem with cow faeces when used as fertilizer relates to their
potential microbial content, which might include pathogenic bacteria and parasitic
worms, a problem which is clearly not found in relation to inorganic fertilizers. The
average feedlot steer produces 1.62 kg of faeces (dry matter) per day, which results in
more than 18 million metric tons of faeces (dry matter) per year in the United States
alone. Enteric microbes of cattle affect animal health and food safety and can be used
as an indicator of faecal pollution of drinking and recreational surface waters (Shanks
et al., 2011). Pathogenic bacteria like Escherichia coli O157: H7 which are present in
the bovine gastrointestinal tract have been linked to disease outbreaks due to the
consumption of contaminated beef, milk, and drinking water. Pathogens are potentially
released into the environment when bovine faecal waste is sprayed on farmland, or is
accidentally discharged into the environment following severe storms, or onsite failure
of waste management practices. Pathogens associated with such releases include E.
coli O157:H7, Campylobacter jejuni, Salmonella spp., Leptospira interrogans,
and Cryptosporidium parvum (Gannon, 2004).

Faecal microbes play a critical role in animal health and productivity but also in
food safety. Shanks et al. (2011) using parallel pyrosequencing of a hypervariable
region of the rRNA coding region profiled the faecal microbial communities of cattle
from six different feedlots. A total of 633,877 high-quality sequences were obtained
from the faecal samples of 30 adult beef cattle (5 individuals per operation). Overall,
the composition of the bacterial community correlated significantly with faecal starch
concentrations, largely reflected in changes in the Bacteroidetes, Proteobacteria,

and Firmicute spopulations (Shanks ef al., 2011).
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Comparatively few studies of the survival of enteric bacteria in cow pats on
pasture have been reported (Sinton et al., 2007). Coliforms and faecal coliforms often
survive for up to 18 weeks in cattle faeces in hot, dry summers and release of faecal
coliforms and Escherichia coli from cattle faeces has been recorded for up to 30 days
and 100 days. Campylobacter spp. have been detected in cattle faeces after incubation
for 1 to 3 weeks at 5°C and after incubation for 1 week at 30°C, while Salmonella spp.
have been found for 12 to 28 weeks after incubation at 5°C and for 4 weeks at 30°C.
More recent survival studies have focused primarily on E. coli O157 and related strains
because of the importance of cattle wastes as a major source of these pathogens. Most
of these studies either have involved manure and slurries or have been laboratory based
and have produced extinction times ranging from 24 h to 100 days, with faster
inactivation generally associated with higher temperatures (Sinton et al., 2007). Few
field-based studies of survival in cow pats have been conducted, although a 4- to 5-
logio decrease in E. coli O157:H7 within 50 days has been recorded in inoculated cow
pats placed on grassland (Sinton et al., 2007).

The aim of the work described in this Chapter was to investigate the use of insect
larvae (Fruit Beetle (FBL), Waxworms (WW) and Tiger worms (TW) to improve the
breakdown of agricultural wastes and reduce their pathogen loads, hopefully leading to an
improved material for use as a fertilizer or potting compost.

2.2. Materials and Methods

2.2.1. Methods for bacterial isolation and identification

1) A selective medium of HiCrome E. coli Agar was used. It is based on Tryptone Bile
Agar and is used to detect Escherichia coli in foods, where recovery of E. coli has
been shown to be faster, more reliable and accurate. Most E. coli strains can be

recognized from other coliforms by the presence of the enzyme glucuronidase which is
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highly specific for E.coli. The chromogenic agent X-glucuronide used in this medium
helps to detect glucuronidase activity. Escherichia coli cells absorb x-glucuronide and
the intracellular glucuronidase splits the bond between the chromophore and the
glucuronide. The released chromophore gives the blue coloration of the colonies.
The medium is made as follows:

» Powder (36.6g) is suspended in 1000 ml of distilled water and sterilized by

autoclaving at 121°C for 15 minutes.

» It was the cooled to 50°C and poured into sterile Petri dishes.
2) XLT-4 (Xylose Lactose Tergitol-4) Agar is a highly selective plating medium used
for isolation and identification of Salmonellae from clinical, environmental and food
samples (Miller et al., 1990). The amino nitrogen, essential nutrients and vitamins are
obtained from peptones and the yeast extract present in this formulation, ensuring
optimal growth of Salmonellaec. The selective agent Tergitol-4 (also known as
Niaproof 4 or sodium tetradecylsulpate) is an anionic surfactant. This largely hinders
the growth of unwanted background flora. Due to the inclusion of phenol red,
background colour of the plate is red, which results from pH changes due to
fermentation and decarboxylation reactions. The fermentation of xylose, lactose and
sucrose as well as the decarboxylation of lysine facilitates the differentiation on the
medium. Due to the ability of Sa/monella to reduce thiosulphate to hydrogen sulphide,
Salmonellae appear as black or red colonies.

» Powder (59 g) of XLLT-4 Agar Base was suspended in 1000 ml of distilled

water
» XLT-4 Selective Supplement (4.6ml) was added and the medium was boiled

(avoiding overheating and autoclaving).
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» Finally the medium was cooled to approximately 50°C and poured into sterile
Petri dishes (Miller ez al., 1990).
3) Nutrient Agar is a basic culture medium used to subculture organisms for
maintenance purposes or to check the purity of subcultures from isolation plates prior
to biochemical or serological tests. In semi-solid form, agar slopes, the medium is used
to maintain control organisms (Lapage ef al., 1970). It contains 1.5% agar to permit the
addition of up to 10% blood or other biological fluid, as required. The medium,
without additions, may be used for the cultivation of organisms which are not exacting
in their nutritional requirements.
» Nutrient Agar (23g, pH 6.8) was suspended in 1000 ml of distilled water and
boiled; it was then autoclaved at 121°C for 15 minutes.
4) Potato extract serves as a source of carbon, nitrogen, minerals, vitamins and other
essential growth nutrients, while dextrose acts as source of carbohydrate. Agar is
added as the solidifying agent. The accompanying bacterial flora is suppressed by the
pH value of 3.5. The growth of yeasts and moulds is promoted on this medium and
fungi develop typical morphologies. Rose Bengal (8.4 mg/l) can be added to further
suppress the development and restrict the size and spreading of mould colonies
(Beever et al., 1970).
» Potato dextrose agar was suspended 39 g of powder in 1000 ml of distilled
water.
» The mixture was brought to the boil to dissolve completely and sterilize by
autoclaving at 121°C for 15 minutes.
2.2.2. Larvae, Worms and Cow Faeces: Collection and Incubation
Larvae and worms were purchased online from Ricks LiveFood and Original

Organics Ltd. Fresh cow faeces were collected from Butterthwaite Cattle Farm,
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Ecclesfield, Sheffield (Figure 1.1), and distributed in 12 plastic boxes (30%20x15 cm)
with a lid perforated to allow for gas exchange (Figure 1.2), three control boxes and 9
treatment boxes were set up. 100 larvae of Waxworms (Figure 1.3 B) were then added.
One hundred grams of cow faeces was added to each control box (3 replicates). Fruit
beetle larvae (Figure 1.3 C) (ten larvae to 100 g cow faeces) were then added to each
box (3 replicates), and Tiger worms (Figure 1.3 A) were then added, 40 worms to 100
g cow faeces in each box (3 replicates). Approximately were used, as suggested by Li
et al., (2011). All samples were incubated at 25°C throughout the incubation period.
2.2.3. Bacterial Isolation from Cow Faeces

Bacteria were isolated every seven days from both control cow faeces and cow
faeces to which larvae were added; from zero time to 28 days in order to determine the
populations of E.coli, Salmonella Sp and total bacteria count. Samples (1g) were
diluted in 9 ml of sterilized water then a serial dilution (107!, 1072, 1073, 10™%) was
performed and 0.1 ml of each diluted sample was spread onto E.coli agar (Figure 1.4),
XLT4, LB (Figure 1.5) and Plate Count Agar (Figure 1.6) and incubated for between
18 and 24 h at 37°C.
2.2.4. Fungal Isolation on PDA medium

To isolate and count fungi in cow faeces, samples (0.1 g) of fresh cow faeces were
inoculated onto PDA (Potato Dextrose Agar) and then incubated at 25°C for 3 to 5
days (Fig 1.7). Identification of fungi was achieved by extraction of genomic DNA
and using 18S rRNA primers. Samples were 0.5-1 ml of an overnight Potato Dextrose
Broth culture.
2.2.5. Genomic DNA extraction for bacteria and fungi

Genomic DNA was extracted from each strain of bacteria and fungi, then PCR

with appropriate primers was conducted to produce sufficient quantities of the 16S
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rRNA or 18S rRNA gene. Genomic DNA was isolated by using the Key prep-
Bacterial DNA Extraction Kit (ANACHEM, lab store, UK) by the following
procedures described for bacteria; and the Norgen Fungi Genomic DNA Isolation Kit
(GENEFLOW LIMITED, Labstore, UK) by following procedures described for fungi.
The genomic DNA was separated by gel electrophoresis using 1% agarose gel to check
for purity.

(A) Procedures (Key prep- Bacterial DNA Extraction Kit)

1-Centrifugation: 3 ml of pure bacterial culture grown overnight in LB medium was
collected by centrifugation at 6000xg for 2 minutes and supernatant was decanted
completely.

2- Re-suspension of pellet: 100 ul Buffer R1 was added, along with pipetting the pellet
up and down to re-suspended it.

3- Lysozyme treatment: For gram-negative bacteria, 10 pl of lysozme (50mg/ml) was
added to the suspension while for Gram-positive bacteria 20ul of lysozyme was used.
The suspensions was mixed completely and incubated at 37°C for 20 minutes.

4- Centrifugation: For 3 minutes, the sample was centrifuged at1000xg, discarding the
supernatant.

5- Protein denaturation: 180 pl of Buffer-R2 and 20 pl of Proteinase-K was added to
the pellet and mixed completely and incubated in a shaking water bath at 65°C for 20
minutes.

6- Homogenization: 410 pl of Buffer-BG was added to the sample, mixed thoroughly,
and incubated at 65 °C for 10 minutes.

7- Addition of ethanol: Then 200 pl of absolute ethanol was added to the samples

followed by mixing.
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8- Loading to column: The sample was transferred into a column and centrifuged at
10,000%g for 1 minute; the supernatant was then discarded.

9- Column washing: The column was washed gently using 750 pl of wash buffer and
then centrifuged at 10,000%g for 1 minute; flow through was discarded (wash buffer
was diluted by absolute ethanol before use). The column was again centrifuged at
10,000xg for 1 minute to remove residual ethanol.

10- DNA elution: Finally, DNA was collected using a clean microcentrifuge tube by
adding 100 pl of preheated Elution Buffer directly into the column membrane and
leaving to stand for 2 minutes at room temperature, and then centrifuging at 10,000xg
for 1 minute to elute the DNA. DNA obtained was stored at -20°C. DNA ready for gel
electrophoresis.

(B) Procedures (Norgen- Fungi Genomic DNA Isolation Kit)

1- Centrifugation: Pure fungal culture (50 mg wet weight, grown for 3 days in PDA
medium) was collected by centrifugation at 14,000xg for 1 minute to pellet the cells.
The supernatant was decanted carefully.

2- Lysate preparation: the pellet was re-suspended by adding 500 pl of lysis solution
and the cells were re-suspended by gentle vortexing (optional RNase treatment). 10
KUnits of RNase was added to the suspension and mixed completely.

3- The samples were transferred into bead tubes and vortexed horizontally for 5
minutes on a flat bed vortex pad with tape and then the samples were incubated at
65°C for 10 minutes.

4- The samples were transferred into a DNase-free microcentrifuge tubes and
centrifuged at 14,000 xg for 2 minutes, and then supernatant transferred to a new

microcentrifuge tube (note the volume)
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5- Addition of ethanol: equal volume of absolute ethanol was added into the samples
and vortexed immediately, and then 300 pl of binding solution was added into the
samples and vortex.
6- Binding nucleic acids to column: 650 pl of the lysate with ethanol was transferred
into a column and then centrifuged at 6,000xg for 1 minute; the supernatant was then
discarded.
7- Column washing: 500 pl of wash solution was washed through the column and
centrifuged at 6,000xg for 1 minute, and the flow through discarded (wash buffer was
diluted by absolute ethanol before use). The column was centrifuged at 6,000xg for 1
minute again to remove any residual ethanol. The samples were centrifuged at
14,000xg for 2 minutes and the collection tube was discarded.
8- DNA elution: an elution tube was used to collect DNA by adding 100 ul of Elution
Buffer directly into the column membrane, followed by centrifuging at 6,000xg for 2
minutes to elute DNA. DNA was stored at -20°C for a few days or -70°C for long term
storage. DNA was then analysed by gel electrophoresis and PCR reaction.
2.2.6. DNA quantification

DNA can be quantified using several methods. The most common approach is to
use a spectrophotometer (Haque et al., 2003). 98.0 pul of elution buffer (EB) was added
to 2.0 pl of the genomic DNA sample, which was mixed thoroughly and added to
special UV cuvettes (UVette, Eppendorf) and the optical density OD was then
measured at 260 nm using a spectrophotometer (Unicam, Hexios).
2.2.7. Agarose gel electrophoresis

Using 1% Agarose-gel, DNA fragments were separated. These gels were prepared
in the following manner. Because of the small size of the BioRad Subcell GT

electrophoretic tank with just a 6 or 14 well comb, 0.4 g of molecular biology grade
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agarose will be dissolved in 0.8 ml of 50x TAE buffer and 40 ml distilled water
followed by heating for 3 minutes in a microwave oven on medium power until the
agarose gel was dissolved. This solution was then cooled and 2.5 pl of ethidium
bromide was added to visualise the DNA before setting the solution in a gel tray and
finally pouring the gel in the gel rack. After pouring the gel, the combs were inserted at
one side of the gel and kept at room temperature until the gel set. The gel was then
submerged in TAE buffer 1x the samples added into the wells, each 10 ul was mixed
with 2 pl loading dye. 6 pl of Hyper Ladder was used to determine the size of
fragments. The gel was then run for 40 min, operated at 80V. Finally, DNA was
visualized taking digital images using an UVitec ‘‘Uvidoc” attached to a digital
camera. If any smearing was observed, 1.0 pul of RNAse was added to the whole
extracted gDNA, followed by incubation at 4°C overnight.
2.2.8. Polymerase chain reaction (PCR) amplification of 16S and 18S rRNA genes
After the successful extraction of genomic DNA from the unknown
microorganisms, 16S and 18S rRNA genes were amplified using the polymerase chain
reaction (PCR) Table 1.1. shows the amount of each component used for amplification
of 16S and 18S rRNA genes. Bacterial and fungal universal primers (Forward and
Reverse) were used for DNA amplification (Table 1.2). To anneal to a certain region
of the proposed DNA to amplify, primers were designed specifically. Primers were
purchased from Eurofins (mwg/operone). The following thermal cycling order was
used for the amplification of the 16S gene:
» initial denaturing at 94°C for 3 min to separate double stranded DNA into two
single strands, followed by 30 cycles of DNA denaturation at 94°C for 1 min,
and then primer annealing at 60°C for 1 min.

» The temperature was then decreased to allow primers to anneal.
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» Strand elongation was conducted at 72°C for 5 min to allow the Taq
polymerase to replicate the remaining single strand of DNA.

» Final elongation was done at 75°C for 5 min (Table 1. 3)

Table 1.1: Components of the PCR reaction.

35.0-39.0pl
5.0 pl
2.5 ul
0.5 pl
0.5 pl
1.0 pl
1.0-5.0 pl

0.5 pl

Table 1.2: Oligonucleotide primers from Eurofins (mwg/operone) Germany.

Weisb

AGGATCCTGGCTCAG G4 16SIRNA  of ol 199]
CCCGGGATCCAAGCTTACG  Bacterial Weisburg
(37) ;
TTAGCATGGAATAATRRAA  Fungal pomeman
TAGGA(24) 18S rRNA an 2030 5
ICIGEGACCIGETGAGTITIC ™ Fingal Bomeman

and Hartin
C(20) 18S rRNA oo
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Table 1.3: PCR amplification procedure for 16S rRNA.

94°C for 3 min

94°C for 1 min

60°C for 1 min 30
72°C for 5 min
75°C for 5 min 1

Similarly, the thermal cycling order for amplification of 18S rRNA gene used in this
experiment was as follows:
» initial denature at 94°C for 2 min, followed by 35 cycles of DNA denaturation
at 94°C for 0 sec, primer annealing at 56°C for 10 sec.
» strand elongation at 72°C for 30 sec.
» Final elongation at 75°C for 2 min. The thermal cycling conditions for
amplification of 18S rRNA gene are presented in table 1.4.

Table 1.4: PCR amplification procedure for 18S rRNA.

I A
_ 94°C for 2 min

_ 94°C for 0 sec

_ 56°C for 10 sec 35
_ 72°C for 30 sec

_ 75°C for 2 min 1
=
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After finishing the amplification processes of both 16S and 18S rRNA genes, the
PCR reaction was examined in electrophoresis on a 1% agarose gels. 10 ul of PCR
product was mixed with 2 pl of Blue/Orange 6x loading dye and was run on a 1%
agarose gel. In addition, 6 pl of 1 Kb Hyper ladder are loaded on the gel to confirm the
correct sized product (Figure 1.8).

2.2.9. Phylogenetic identification of unknown bacteria and fungi

All samples were sent to Sheffield University Medical School Core Genetics Unit
for sequencing. Finch TV software will be used to correct the sequence then
comparing it with BLAST to look for the closest matches available from the website of
National Centre for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov)
(Altschul et al., 1997). In Finch TV software the unknown nucleotide represents as N,
and it could be either A, or T, or G, or C, according to the different colours appear
(Mishra et al., 2010) (Figure 1.9).

2.2.10. Statistical analyses

All observations were presented as means +SE (standard error). Bacterial
population numbers were converted to log CFU/g before statistical analysis. Statistical
analyses were performed on experimental datasets using the t-test between two groups
and comparing significance of means between treatment and control (P=0.05). Results

were analysed using Sigma Plot 12.0° software.
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Figure 1.1: Aerial view and coordinates of Butterthwaite cattle Farm site in Ecclesfield

from Google earth program.

Figure 1.2: Plastic box with a perforated lid, containing compost and larvae (Author’s

image).
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Figure 1.3: A) Tiger worms FEisenia fetida, B) Waxworms larvae Galleria mellonella,
C) Fruit beetles larvae Pachnoda marginata, D) Waxworm adult Galleria

mellonella, E) Fruit beetle adult Pachnoda marginata (Author’s images).
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Figure 1.4: HiCrome E. coli agar showing blue colonies in different dilution.

Figure 1.5: Salmonella Spp (black colonies) grown on XLT-4 selective Salmonella

agar medium at different dilutions.

Figure 1.6: Colonies of bacteria grown on plate count agar medium.
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Figure 1.7: (A, B) Fungi isolated from cow faeces using PDA medium: (C,D)

Penicillium roqueforti, (E) Mucor circinelloide.
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Figure 1.8: Standard hyperladder [ with 14 lanes indicates higher intensity bands, 1000
and 10,000 and each lane (5ul) provides 720ng of DNA (BIOLINE
supplier).

e HEH R e B P fe D HH e e P B e bt i IIIIHIHHIi
TTGCICCCGAAAAGTTAGC GGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGAC TGGGATAACTTCOGGAAMCGBAGCTAATACCGGATAACTTCTTCCCTCGCATGAGGGAAGGT TAAAA
60 70 80 90 100 10 20 130 140 150 160 170 180

i AL et o

Figure 1.9: FinchTV software which manually adjusts errors of consensus sequences

prior to before BLAST in the NCIMB database.
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2.3. Results and Discussion

2.3.1. The effect of fruit beetle larvae, Waxworms and Tiger worms on bacterial

populations in cow faeces

Numbers of E.coli in the control samples declined steadily over the 28 day
incubation period (Fig.1.10 A). A decrease in the number of this bacterium also
occurred in soils with added fruit beetle larvae (FBL), but from day 14 the number of
E.coli was higher in the treated compared to control samples. The number of
Salmonella fell sharply in the cow faeces at day 7 and then decreased more slowly over
the incubation period. From day 7, more Salmonella were found in the faeces treated
with FBL than in the control (Fig.1.10 B). The total heterotrophic bacterial count is
shown in fig.1.10 C. Numbers of bacteria declined in the untreated, control faeces, but
remained higher in the FBL treated cow faeces over the entire incubation period. The
overall trend in these results was that the number of bacteria was higher in the cow
faeces treated with fruit beetles than in the control.

The number of E.coli in the samples treated with Waxworms was less than the
control over the 28 day incubation period (Fig.1.11 A), but in days 7 and 14, the
number of E.coli was less in the treated compared to control samples. The number of
Salmonella fell sharply in the cow faeces at day 7 and the decreased more slowly over
the incubation period. From day 7, less Salmonella were found in the faeces treated
with Waxworms than in the control (Fig 1.11 B). The total heterotrophic bacterial
count is shown in Figl.11 C. Numbers of bacteria declined sharply in the cow faeces
treated with Waxworms and control at day 7, and then decreased more slowly over the
incubation period; however, throughout the incubation period, the number of bacteria
in the control was higher than in the treatment. The overall trend in these results was
that the number of bacteria was lower in the cow faeces treated with Waxworms than

in the control.
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The number of E. coli fell sharply in the cow faeces treated with Tiger worms was
less than the control over the 28 day incubation period. In days 7, 14 and 21 the
number of E.coli was very low in the treated compared to control samples. (Fig.1.12
A). Numbers of Salmonella fell sharply in the cow faeces at day 7 and the decreased
more slowly over the incubation period (Fig 1.12 B). After day 7, less Salmonella were
found in the faeces treated with Tiger worms than in the control. The total bacterial
count is shown in (Figl.12 C). Numbers of bacteria declined sharply in the cow faeces
treated with Tiger worms and the control at day 7, and then decreased more slowly
over the incubation period, but at day 14, the number of bacteria was close between
treatment and control; however, throughout the incubation period the number of
bacteria in the control was higher than in the treatment. The overall trend in these
results was that the numbers of bacteria were higher in the cow faeces treated with
Tiger worms than in the control.

It is not immediately apparent why the number of bacteria in cow faeces treated
with fruit beetle larvae should be higher than the control, when the opposite is true of
the Waxworm and Tiger worm treatments. It was noticeable, however, that the fruit
beetle larvae were extremely active and moved around in the faeces much more so
than did the larvae of the other two beetles. The activity and overall metabolism of the
fruit beetle larvae led to the faeces being liquefied, an effect not seen with the other
larvae. This liquefaction effect will be discussed in more detail below, as it may have
important biotechnological implications. We assume the liquefaction was the main
reason why bacterial numbers were higher in cow faeces treated with fruit beetle
larvae, as this would have encouraged aeration and the tendency for bacterial numbers

to be higher in liquid compared to solid faeces.
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medium and C) plate count medium. (*Significantly different from control).

29



2eth

A
1.8et5 1
*k
1.6et5 +
14e#5 1 451
1.2et5 1
51,084‘5 1 E 1et5 4
[ (&)
© 8.0et4 1
6.0et4 1
Setd
4.0et4 4
2.0et4
00 1 0
0 5 10 15 2 % 30 0 5 10 15 20 % 0
Time (Days) Time (Days)
~8— Treatment(ate) -8 Treatment(ave)
0= Contulfae) -0— Controlfave)
1.8et5 1 C
16et51
1.4et5 4
1.2645 4
okt ]
oD
& 8leHt | *
6.0et4 4
*k
4,0et4 *
2.0e+4 4
00 T T T T -
0 5 10 15 20 25 0
Time (Days)
—0— Treatment(awe)
—8— Control(awe;
Figure 1.11: The effect of Waxworm larvae on numbers (Average) of A) E. coli, B
b

Salmonella Sp and C) bacterial total account in cow faeces (*Significantly

different from control).

30



1.6e+5 1 A

14et5
12645 4

1.0et5
=f.0et6 1

(=2

E 8.0e+4 4 *
(&}

6.0e+4

©8.0ethq

4.0et4 A
20et4 A

00 T T T T T v 1 .
0 5 10 15 2 %5 30 0 5 1 15 20 %

Time (Days) Time (Days)

—8— Treatment(ave)
—8— Control(ate) —8— Treaiment(aie)

—0— Control(ave)

1441 C

1246 T

1.0et6 7

o H0es
=
60045 1

4.0et5

20645

00

0 5 10 15 2 %
Time (Days)

—0— Trealment(awe)
—0— Control(ave)

Figure 1.12: Bacterial numbers (Average) isolated from cow faeces, bacteria grown on; A)
E. coli selective media B) Salmonella Sp selective media and C) plate count

medium, treated with Tiger worms (*Significantly different from control).

31



Figures 1.13: Extraction of the genomic DNA of isolated bacterial species; (lane L)
hyper ladder, (Lane 1) Salmonella and (Lane 2) E. coli.

ACq.:. 1.600 sec

Figure 1.14: PCR- 16Sr RNA, amplification products of E. coli and S. enerica
analyzed by electrophoresis in agarose gel lanes represent; (lane L): hyper

ladder; (lanel): S. enerica. (lane 2): E.coli.
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Figure 1.15: PCR- 18SrRNA, amplification products of fungal species analyzed by

electrophoresis in agarose gel lanes represent; ( lane L); hyper ladder;

(lanel) Penicillium roqueforti (lane 2) Mucor circinelloides.

2.3.2. Microbial isolation and molecular identification

Bacteria were isolated from cow faeces using E.coli agar, XL T4, nutrient agar (Fig
1.4, 1.5. 1.6). Results of g DNA and PCR-16SrRNA analysis are respectively shown in
Fig. 1.14. Two bacteria isolates were identified using 16SrRNA analysis, which are
E.coli (99% similarity) and Salmonella enterica (97% similarity). The results of the
isolation and molecular identification of the bacteria from the untreated cow faeces
showed that two bacteria Sa/monella enterica and E.coli were isolated. This clearly
denotes the existence in cow faces of pathogenic bacteria and shows why it is
necessary to compost facces before applying them to agricultural land or suing them in
potting composts. Were this not done, then these pathogenic bacteria might infect

crops such as lettuce and then go on to infect humans.
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Several species of fungi were isolated from cow faeces using PDA media
(Fig 1.7). The results of g DNA and PCR-18SrRNA analysis are respectively shown in
Fig.1.15. Two fungal isolateS were identified using 18SrRNA analysis, namely
Penicillium roqueforti and Mucor circinelloides (100% similarity).The two species of
fungi isolated are not, at first sight, regarded as human pathogens although all fungi
can cause problems with immunocompromised patients. Mucor circinelloides,
however, has recently been directly linked to pathogenicity as it causes invasive

maxio-facial zygomycosis (Kuan et al., 2009).
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Chapter Three: Modification of Cow Faeces by Fruit
Beetle Larvae, Waxworms and Tiger worms in
relation to Nutrient Release and Potential Use of
Modified Faeces as a Compost Additive
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3.1. Introduction

Nutrients like nitrogen, phosphorus and potassium which are eaten by cattle in
feed are eventually excreted in dung and urine and end up in the slurry store or
farmyard manure heap (Atiyeh et al., 2004). Such manures contain appreciable
amounts of plant nutrients and can be used to reduce expenditure on inorganic
fertilisers. Unfortunately, they also present a risk of pollution through nutrient losses to
water or air; as a result, management needs to be aimed at using the plant nutrients in
manures specifically for crop production in order to both save on fertiliser and
minimises losses as pollution.

The farmer needs information about the concentration of nutrients in manure to be
able to use them effectively, a result which is best achieved by the analysis of a
representative sample or alternatively by reference to typical, or standard analyses for
all different types of manure which are published in the advisory literature. Typically
cattle farm yard manure contains, dry matter, nitrogen, phosphate and Potash (25, 6,
3.5, 8) (Pain, 2007).

The nitrogen content which is available to the next crop will be lower and will
depend on the timing of application and whether or not it has been stored or is fresh.

For cattle slurry, the main source of variation is the amount of dry matter present.
The more water added, (e.g. from rain during storage), the lower will be the
concentration of nutrients (Beauchamp, 1983).

Some of the manure nutrients are present as inorganic (or plant available)
compounds which can be taken up by crops immediately, in the same way as inorganic
fertilizer. The remainder are present as organic compounds that cannot be directly
taken up by plants. Over time, organic compounds are broken down in soil to release

inorganic nutrients (Atiyeh ez al., 2004). Nitrogen is present in both inorganic and
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organic compounds and is readily lost from the soil. Nitrates from manure spread in
autumn or winter, for example, can be lost through leaching to groundwater and
drainage, especially from sandy or shallow soils. This is why there is a recommended
closed period for spreading at this time of the year in the UK; where possible,
spreading should be delayed until late winter/spring when nitrates are rapidly taken up
by actively growing crops (Atiyeh et al. 2004). The nitrogen present in manures is also
rapidly lost as ammonia gas (NH3) and as a result it is often desirable to plough in cow
manures immediately after spreading to retain 90% of the available N in slurry (Webb
et al., 2010). An alternative is to apply the slurry via an injector or band spreading
machine. Slurry dry matter has an effect on ammonia loss, and losses from dilute
slurries are lower because they soak into the soil more rapidly than thicker slurries or
farm yard manure. Unlike with phosphate and potash, the appropriate availability of
manure nitrogen depends upon the time of spreading, soil type and slurry dry matter
content (Pain, 2007).

As we have seen, cow faeces are potentially an important fertilizer resource.
However, in many parts of the developed world animal wastes like these also represent
a problem. This is often because the areas of agriculture devoted to intensive arable
crop production are often distant from the farming areas where cattle are reared, either
for beef or dairy products. In former times, when most farmers practised mixed
agriculture, animal wastes were used as part of a regular fertilizer regime often based
on the famous Norfolk Rotation (Gregory and Nortcliff, 2013). Today however, most
arable crops are grown intensively using artificial fertilizers and animal wastes are
often regarded as a problem. This has led to farmers applying wastes to their land not
so much in regard to their fertilizer potential (which provides an obvious bonus) but

merely as a means of disposing of a waste product which would otherwise present a
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problem in relation to sewage disposal. This last problem has become increasingly
relevant as environmental authorities have tightened up on the accidental release to
local watercourses of run-off from feed lots and dairy farms (Dickey and Bodman,
1992).

Despite these problems, cow faeces, and other animal wastes, are when used
correctly, a valuable fertilizer source (Beauchamp, 1983). However, another major
problem associated with them is their variability. While inorganic fertilizers can be
precisely applied to crops, organic fertilizers are far more varied and often the farmer
simply does not know what is being applied to the land in terms of nutrients (Atiyeh et
al., 2004). The aim of the following research was to determine if the larvae used here
have an effect on the nutrient content of cow faeces and to relate any observed changes
to the use of these organic fertilizers in crop production.

Materials and Methods:
3.2.1. Cow Faeces, Larvae and Worms: Collection and Incubation

Fresh cow faeces were collected from Butterthwaite Cattle Farm, Ecclesfield,
Sheffield. The larvae and worms were bought online from Ricks LiveFood and
Original Organics Ltd., and distributed into 12 plastic boxes (30%20%15 cm) with a lid
perforated to allow for gas exchange, 3 boxes control and 9 boxes treatment. 100g of
cow faeces in each box were then added, 100 larvae of Waxworms (3 boxes), ten Fruit
beetle (3 boxes) and 40 Tiger worms (3 boxes). All samples were incubated at 25°C
throughout the 28 day incubation period.
3.2.2. Determination of Nitrate: the oxidation of ammonium to nitrate in cow faeces
samples:

Cow faeces samples were incubated in plastic boxes with small holes in lids to

allow for gas exchange for 28 days at 25°C, which were used at various time intervals
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(e.g. 0,7, 14, 21 and 28 days) of the experiment. Cow faeces (1 g) were shaken for 15
min with 20 ml of water and the samples were filtered through Whatman No.1 filter
paper. Nitrate was determined by using the method of Sims and Jackson (1971).
Chromotropic acid (7 ml) was mixed with 3 ml of filtrate and then incubated at 40°C
in a water bath for 45 minutes; the yellow colour formed was measured at 410 nm and
the concentration of nitrate was determined by reference to a standard curve of nitrate
concentration.

Reagents:

Chromotropic acid

1- Stock solution:

Chromotropic acid (C1oHgOgS2Na,) (0.92 g) was dissolved in 500 ml of sulphuric
acid (H,SO,). The solution can be stored at 4°C for several months.

2- Working solution:

Stock solution (100 ml) was added to 10 ml of concentrated HCL and to 1000 ml of
concentrated H,SO,4. The solution can be stored at 4°C for several weeks.

3.2.3. Determination of sulphate: Determination of the oxidation of sulphur in cow
faeces samples:

Cow faeces samples were incubated in plastic boxes with small holes in lids to
allow for gas exchange. The boxes were set up in triplicate and were incubated for 28
days at 25°C. The experiments were conducted at various time intervals as follows: (0,
7, 14, 21 and 28 days). Cow faeces samples (1 g) are shaken with 20 ml of distilled
water for 15 minutes and then samples were filtered through filter paper (Whatman
No.1). In order to determine sulphate concentration of the cow faeces samples, by
using the method of (Hesse, 1971). Filtrate (5 ml) was treated with 1 g of barium

chloride and 2 ml of gum acacia and distilled water used to make up 25 ml. The OD
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was then measured at 470 nm using a spectrophotometer. The sulphate concentration
was then determined by reference to a standard curve (10-100 ug sulphate ml™)
prepared from a standard solution of Na,SOy,.

3.2.4. Determination of Ammonium: Determination of the hydrolysis of urea to
ammonium in cow faeces samples:

The cow faeces samples were incubated in plastic boxes with small holes in lids to
allow gas exchange. The boxes were set up in triplicate and were incubated for 28 days
at 25°C. The experiments were conducted at various time intervals as follows (0, 7, 14,
21 and 28 days) from the experiment start. Cow faeces (1 g) in 10 ml KCL was shaken
for 30 min and then filtered through filter paper (Whatman No.1). Filtrate (2ml) was
then added to 1 ml of EDTA (6% w/v), 7 ml of distilled water, 5 ml of phenolate
reagent and 3 ml of sodium hypochlorite solution (10%v/v). The reaction mixture was
mixed thoroughly and incubated at 25° for 20 min in the dark. The volume was then
made up to 50 ml with distilled water and mixed and the concentration of the
indophenol-blue ammonium complex was measured at 630 nm using a
spectrophotometer (Wainwright and Pugh, 1973); the concentration of ammonium
intensity was then determined by reference to standard curve (10-100 ug NH,-N ml™)
prepared from a standard solution of ammonium sulphate.

Reagents:

Ethylenediamineteraacetic acid (EDTA):

EDTA (60 g) was dissolved in 900 ml of distilled water then diluted to 1 litre.

Phenol solution:

Phenol (62.5 g) was dissolved in ethanol (25 ml) and acetone (18.5 ml) added to make

up 100 ml. The phenol solution was stored in the dark at 4°C.
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Phenolate reagent:
Phenol solution (20 ml) was mixed with 20 ml of sodium hydroxide (27% NaOH w/v)
and diluted to 100 ml.
3.2.5. Determination of phosphate

Cow faeces samples were placed in plastic boxes in triplicate and incubated at
25°C for 7, 14, 21 and 28 days. After incubation, 5 g samples of cow faeces were
placed into screw capped glass bottles containing 50 ml of 0.5 N NaHCO3 and all the
bottles were shaken for 30 minutes at 70 rpm, using an orbital shaker; the contents
were then filtered through Whatman No.l filter paper. Phosphorus ions were
determined as described by Al-Falih and Wainwright (1995) as follows: Filtrate (3 ml)
was mixed with 7 ml of working solution then the mixture incubated at 37°C for 1
hour. The blue colour was measured at 820 nm using a spectrophotometer and the
concentration of P were determined by reference to a calibration curve (0-8 pg PO4-P
ml™).
Reagents:
Working solution:
1- Ascorbic acid 10%
2- Ammonium molybdate 0.42 in IN H,SO4
1 vol. of ascorbic acid mixed with 6 vol. of ammonium molybdate.

3.2.6. Statistical analysis

All data were presented as means + SE (Standard Error). Results were analysed using a
t-test between two groups and compared significant difference of means between

treatment and control using Sigma Plot 12.0 software.
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3.2. Results and discussion:

3.3.1. Effect of fruit beetle larvae and Waxworms on concentrations of ions in cow
faeces

In the case of sulphate and ammonium concentrations, addition of fruit beetle
larvae to cow faeces generally led to increases over the incubation period (Figs.2.1
B,C), while the trend was decreased in the case of phosphate and nitrate. However,
concentrations were higher at day 14 in the case of phosphate (Figs.2.1 A, D). In the
case of phosphate, sulphate and ammonium concentrations, addition of Waxworms to
cow faeces generally led to increases over the incubation period. Concentrations were
higher at day 21 in case of phosphate and day 7 in case of ammonium (Fig.2.2 A, C),
while the trend was decreased in the case of nitrate (Fig.2.2 D). For ammonium and
phosphate concentrations, addition of Tiger worms to cow faeces led to increases over
the incubation period (Figs.2.3 A, B), while the trend was decreased in the case of
sulphate and nitrate. There were significant differences between treatments and control
for all nutrients. (Figs.2.3 B, D).

The use of manures in agriculture in relation to plant nutrients has been discussed
at length by Edmeades (2003). This author pointed out that organic manures, like cow
faeces, can provide most of the essential nutrients and micronutrients required by crop
plants and in terms of their fertilizer potential are potentially equivalent to inorganic
fertilizers. They also provide the added bonus of improving soil structure and soil
biological activity. The downsides of their use relate to enhanced transport and
handling costs and cost related to the need for them to be composted to reduce
potential pathogen loads. Most conclude that manures will never replace inorganic
fertilizers and return to the dominant position they had a century ago (Edmeades,

2003).
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The findings presented here show that with the exception of nitrate, the
concentration of all plant available ions increased in cow faeces in the presence of all
three types of worm. This is a potentially positive result as it would lead to enhanced
fertiliser potential of the facces when used as mulches, when spread to the field as a
fertilizer, or where used as a compost additive to improve the growth of potted plants.
The reduction in nitrate concentration can also be seen as positive since, provided there
is sufficient nitrogen present as other forms, this reduction in nitrate need not be
detrimental. In the case of field reductions in nitrate, this reduced concentration can be
viewed as being positive since this ion is rapidly denitrified under anaerobic
conditions, and, when it reaches potable water can cause medical problems, notably
blue baby disease and gastric cancer (Knobeloch et al., 2000). It is also very mobile in
the soil due to the fact that it is not fixed by ion exchange mechanisms as a result it is

rapidly lost from the soil in wet periods (Evanylo et al., 2008).
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different from control, p=0.05).
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Chapter Four: The effects of Cow Faeces treated by
Fruit Beetle Larvae, Waxworms and Tiger worms on
Plant growth in relation to its use as potting compost
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4.1. Introduction

In addition to being used in large scale agriculture (Edmeades, 2003), cow
manure has the potential to be used as potting compost, either directly or more
probably as an additive to peat and soil based potting composts. Animal wastes, like
cow manure can also be profitably used as fertilizers by allotment owners.

The high levels of micronutrients contained in bovine manure, such as potassium,
phosphorus and perhaps most importantly, nitrogen, make it an ideal fertilizer as well
as growing medium when mixed with a mineral-rich compound (Atiyeh et al., 2004).
Potted plants require adequate room to grow, a warm ambient temperature, proper
lighting, regular watering and nutrients for maximum growth. Composted manure
should always be used as opposed to fresh manure, as fresh manure will burn the root
system.

The safest manure for potting compost use comes from herbivores, while manures
from carnivores such as dogs and cats possess an added risk of containing human
pathogens. Even herbivore manures, however, are extremely strong and need to be
aged before being used as potting composts or compost additives (Atiyeh et al., 2004).
Cow manure contains the three main elements of garden soil fertiliser (i.e. N.P, K) but
it may contain pathogens like Salmonella (Atiyeh et al., 2004). By allowing the
manure to age, the risk of planting weeds or transmitting diseases through garden crops
or contact with the soil is greatly reduced. Manure contains abundant amounts of
nitrogen, which help improve the soil and boost plant foliage production. Nitrogen
stimulates beneficial bacteria in the soil and speeds up the decomposition of organic
materials (Atiyeh et al., 2004). But fresh un-aged manure can cause rapid

immobilization of nutrients. Tender young plants are also susceptible to too much
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nitrogen in the soil and can be damaged by it, while plants that absorb too much
nitrogen are attractive to insect and other pests (Atiyeh et al., 2004).

When used in allotments, cow manure is best spread as fresh manure in the autumn
after plants are harvested; it is then worked into the soil the following spring before
planting. Another approach is to compost the manure in a pile which heats sufficiently
to kill any pathogens or viable undigested weed seeds. Aged cow manure can be used
to enrich established garden plots by lightly digging the fertiliser in to the side of
plants. Irrigation or rainfall will cause the nutrients to seep into the soil around the
plant, feeding the roots (Atiyeh et al., 2004).

The aim of the work reported in this Chapter was to determine if cow faeces, when
modified by the insect larvae, used here, can provide an improved potting compost,
especially when added to peat-based composts, for use in house plant culture.

4.2. Materials and Methods:
4.2.1. Seeds, worms, larvae and cow faeces-collection and incubation

Seeds (pea shoots) and cell inserts trays were bought from BandQ. Larvae and
worms were purchased online from Ricks Livefood and Original Organics Ltd. Fresh
cow faeces were collected from Butterthwaite cattle Farm, Ecclesfield, Sheffield, UK,
and distributed in 12 plastic boxes (30x20x15 c¢m) with a lid perforated to allow for
gas exchange; 3 boxes of controls (100g in each box) and 9 boxes of treatment were
also set up; Waxworm larvae were then added, One hundred larvae to 100 g of cow
faeces in each box (3 replicates). Fruit beetle larvae were then added, ten larvae to 100
g cow faeces were added to each box (3 replicates). Tiger worms were then added 40
worms to 100 g cow faeces in each box (3 replicates). All samples were incubated at

25°C throughout the 28 day incubation period.
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4.2.2. Compost transfer to the cell insert trays and seedings

A peat based compost was used here. After completion of the incubation period,
the manure was moved to cell insert trays (each cell size was L6 cm, D6 cm, W6 c¢m)
with different concentrations from 100% compost (temperate grassland soil), 75% TGS
mixed with 25% cow faeces, 50% TGS mixed with 50% cow faeces, 25% TGS mixed
with 75% cow faeces and finally 100% cow faeces. Each treatment (FBL, WW, TW
and control) was set up in triplicate (Fig.3.1). Seeds were then placed in the composts
(10 seeds to each). The treated samples were then left at laboratory temperature (circa
23°C) and the trays were left near a window to allow for adequate light for plant
growth for a period of three weeks (Fig.3.2). At the end of the three weeks growth
period the plants were harvested and the following characteristics were determined,
plant height, total plant wet weight, fresh leaf weight, fresh root weight, total plant dry
weight and root dry weight; the measurements used to assess plant growth were then
made.
4.2.3. Statistical analyses

All observations are presented as means +SE (Standard Error). Bacterial
populations were converted to log CFU/g before statistical analysis. Statistical
analyses were performed on experimental datasets using the t-test between two groups
and a one way ANOVA at P<0.050 probability level compared significance means for
four kinds of compost. Results were analysed using Sigma Plot 12.0 software.

4.3. Results and Discussion

This study shows that the Tiger worms generally led to improvements in the plant
growth parameters studied here, especially in the compost-facces ratio (75% compost,
25% cow faeces), followed by a ratio of 50% compost, 50% cow faeces, which showed

significant differences for most measurements. Also the results of the statistical
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analysis showed significant differences between the Tiger worms and other larvae (FB,
WW) as well as the control. In contrast, plant growth in Waxworm treated facces were
weak compared with plants growth in compost treated by FB, WW and control. This
was especially in the compost (25% compost 75% cow faeces) and 100% cow faeces
where there was no growth at all (Fig.3.2 B). The results show that the fresh plant
weight, fresh leaf weight and fresh root weight were significantly higher in the
compost treated by Tiger worms in 75% compost 25% cow faeces (Fig.3.4-3.5-3.6).
The results did not show evidence of any significant differences in the dry root weight
between TW, WW, FB and control In all composts (Fig 3.8). The control gave greatest
in cases in plant height and plant dry weight, showing significant differences in
composts (25% compost, 75% cow faeces) and 100% cow faeces (Fig.3.3-3.7). Tiger
worms were shown to produce the best product when compared to that produced by
WW, FB and the control, especially at the compost ratio of 75% compost, 25% cow
faeces, followed by 50% compost, 50% cow faeces.

Atiyeh et al., (2004) have showed that the use of worms to treat animal wastes for
use in the commercial culture of tomatoes (i.e. vermicomposting) is efficient for
converting solid wastes to useful products. The incorporation of composts and
vermicomposts into potting and container media was soon to be a potential use for
these materials. They conducted a greenhouse trial where they determined the effects
of a vermicompost produced from raw dairy manure (RDM) along with some other
composting materials. All potting mixtures produced significantly higher biomass than
the control. Other workers have also concluded that cow manure can be useful in
potting compost (Chen et al., 1988), while Aryantha et al., (2000) concluded that such
manures can be useful in reducing the incidence of plant pathogenic fungi, such as

Phytopthora species.

51



In conclusion, the results of this study show that pretreatrnent of cow faeces with
the worms used here can improve the fertilizer potential of these materials such that
they can become a potentially valuable additive to peat-based potting composts for use
in households or horticulture. An important observation was made in relation to the
odour of the cow faeces which was noticeably reduced following worm treatment.
Such a reduction in odour has obvious benefits especially when the faeces are to be
used as additives to household potting composts. The wide availability and cheapness
of cow manure points to it being profitably used as a potting compost additive, and
together with the fact that high protein-fat worms are produced as a by—product, this
means that the production process could be economically viable. Although peat based
composts are the norm in the UK in the USA, and other countries, household potting
composts are usually mineral soil-based (Atiyeh et al, 2004). Obviously, the
investigations here would have to be repeated for such soil-based composts if any

product based on this research were to be marketed outside the UK.
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Figure 3.1: The compost ratios and replication in cell insert trays.

Pea shoots growth in treatment cow

faeces (Fruit beetle) compared with

Pea shoots growth in treatment cow "
; " faeces (Waxworms) compared with
poor soil. A poor soil. B
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Pea shoots growth in cow faeces y poor soil. D
(Control) compared with poor soll.

Figure 3.2: The effect of cow faeces treated by A) Fruit beetle, B) Waxworms, C)

Control, D) Tiger worms, on pea shoots growth in different compost ratios.
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Figure 3.3: Effect of cow faeces treated with FB, Waxworms, Tiger worms and non-
treated cow faeces on height of pea shoots grown in different compost
ratios (Means of triplicate (+)SE log plant height (*Significant difference
between group).
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Figure 3.4: Effect of cow faeces treated with FB, Waxworms, Tiger worms and non-
treated cow faeces on fresh plant weight of pea shoots grown in different
compost ratios (Means of triplicate (£) SE log fresh plant weight
(*Significant difference between groups).
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Figure 3.5: Effect of cow faeces treated by FB, Waxworms, Tiger worms and non-
treated cow faeces on fresh leaves weight of peas grown in different
compost ratios (Means of triplicate (+)SE log fresh leaves weight
(*Significant difference between group).
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Figure 3.6: Effect of cow faeces treated with FB, Waxworms, Tiger worms and non-
treated cow faeces on fresh root weight of peas grown in different compost
ratios (Means of triplicate (+)SE log fresh roots weight (*Significant
difference between groups).
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Figure 3.7: Effect of cow faeces treated by FB, Waxworms, Tiger worms and non-
treated cow faeces on plant dry weight grown of peas in different compost
ratios (Means of triplicate (£)SE log dry plant weight (*Significant

difference between groups).
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Figure 3.8: Effect of cow faeces treated with FB, Waxworms, Tiger worms and non-
treated cow faeces on dry roots weight grown of peas in different compost
ratios (Means of triplicate (+)SE log dry roots weight (*Significant

difference between groups).
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Chapter Five: Studies on the ability of Fruit Beetle
Larvae Pachnoda marginata to increase the fluidity
of cow faeces
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5.1. Introduction:

Cow faeces are semi-solid materials which are relatively difficult to handle and
move around. These problems become significant when cow faeces are being
transferred to fields to act as fertilisers or where, when stored in tanks, the material
needs to be moved (Leto et al., 2007). During studies on the effect of the various
worms used here it was found that cow faeces became more fluid during worm-
exposure. This phenomenon was considered to be of potential benefit and so was
studied in more detail as described in this Chapter. As far as can be determined, this
ability of worms to liquefy cow faeces has not previously been reported upon, as a
result there is no reference material available which can be quoted in direct relation to
the work described in this Chapter.

5.2. Materials and Methods
5.2.1. Cow faeces and larvae collection and incubation

Fruit beetle larvae were purchased online from Ricks LiveFood. Fresh cow faeces
were collected from Butterthwaite cattle farm, Ecclesfield, Sheffield, and distributed
into three treatment plastic boxes (30%x20x15 cm) with a lid perforated to allow for gas
exchange. Ten larvae were added to 100 g cow faeces in each container. All boxes
were incubated for 10 days at 25°C.

5.2.2. Liquid material extraction from cow faeces treated by Fruit beetle larvae

After incubation, the three replicates of cow faeces treated with Fruit beetle larvae
were placed in each of three sieves (size 2 ml) (bought online from Amazon). The
resulting liquid passing through the sieve was collected in plastic containers (Fig.4.3).
The cow faeces plus larvae was left in the sieves for an hour in order to collect the

largest amount of liquid material possible (Fig.4.2).
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5.2.3. Measurement of the amount of liquid and the isolation of bacteria from the
faeces liquid

The amount of liquid passing through the sieve was determined using a pipette (10
ml or 25 ml) and the number of E.coli, Salmonella Sp and total bacterial count was
determined in the liquid sample. Samples (1 ml) were diluted in 9 ml of sterilized
water then serially diluted (107',1072,1073,10™%) with 0.1 ml of each diluted sample
being spread on to E.coli agar, XLT4, LB and Plate Count Agar, and incubated for
between 18 and 24 h at 37°C.

5.2.4. Determination of Nitrate:

Liquid samples (1 ml) were shaken for 15 min with 20ml of water and then the
samples were filtered through Whatman No.1 filter paper. Nitrate was determined by
using the method of Sims and Jackson (1971). Chromotropic acid (7 ml) was mixed
with 3 ml of filtrate and then incubated at 40°C in a water bath for 45 minutes; the
yellow colour formed was measured at 410 nm and the concentration of nitrate was
determined by reference to a standard curve of nitrate concentration.

5.2.5. Determination of sulphate:

1 ml of liquid sample was mixed with 20 ml of distilled water for 15 minutes and
then samples were filtered through filter paper (Whatman No.1). In order to determine
sulphate concentration of the cow faeces samples, the method recommended by Sims
and Jackson (1971) was used 5 ml of the resultant filtrate was mixed with 1g of barium
chloride and 2 ml of gum acacia. Distilled water was added to make volumes to 25 ml.
The extraction was measured at 470 nm using a spectrophotometer. The sulphate
concentration was determined by reference to a standard curve (10-100 ug sulphate-

ml'l) prepared from a standard solution of Na, SO,.
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5.2.6. Determination of Ammonium:

Liquid (1 ml): 10 ml KCL was shaken for 30 min and then filtered through a filter
paper (Whatman No.1). Filtrate (2 ml) was then added to 1 ml of EDTA (6% w/v),
7 ml of distilled water, 5 ml of phenolate reagent and 3 ml of sodium hypochlorite
solution (10%v/v). The reaction mixture was mixed thoroughly and incubated at 25°C
for 20 min in the dark. The volume was made up to 50 ml with distilled water and
mixed and the concentration of the indophenol-blue ammonium complex was
measured at 630 nm using a spectrophotometer (Wainwright and Pugh, 1973). The
concentration of ammonium intensity was then determined by reference to a standard
curve (10-100 ug NH4-N ml'l) prepared from a standard solution of ammonium
sulphate.

5.2.7. Determination of phosphate

After liquid extraction from cow faeces samples, 2 ml was placed into screw
capped glass bottles containing 20 ml of 0.5 N NaHCO; and all the bottles were
shaken for 30 minutes at 70 rpm, using an orbital shaker; the contents were then
filtered through a Whatman No.1 filter paper. Phosphorus ions were determined as
described by Al-Falih and Wainwright (1995) as follows: Filtrate (3 ml) was mixed
with 7ml of working solution and then the mixture incubated at 37°C for 1 hour. The
blue colour was measured at 820 nm using a spectrophotometer and the concentration

of P was determined by reference to a calibration curve (0-8 pg PO4-P ml™).
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Figure 4.1: Comparison between the effects of Waxworms on faeces. Normal dry

faeces (right), and fruit beetle larvae it's wet (left) on cow faeces.

Figure 4.2: The effect of Fruit beetle larvae on cow faeces fluidity after 10 days

treatment.
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Figure 4.3: A) Sieve for cow faeces, B) Cow faeces with Fruit beetle larvae on sieve as

three replicates, C) Liquid extracted from cow faeces.
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Figure 4.4: Colonies of bacteria grown on A) HiCrome E. coli agar showing blue
colonies. B) Salmonella Spp (black colonies) grown on XLT-4 selective

Salmonella agar medium. C) Plate count agar medium.
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5.3. Results and Discussion

In this study 11 ml of liquid extract was obtained from the first replicate, 12 ml
from the second replicate, and 10 ml from the third replicate (Fig 4.3). Numbers of
E.coli, Salmonella Sp and total bacteria in liquid extracts from cow faeces after 10
days of treatment were very low compared with cow faeces in previous studies
(Fig.4.4), (Table 4.2). Also the nutrient content in liquid extracts through elemental
analysis gave high levels in all nutrients under study (phosphate, sulphate, ammonium
and nitrate) (Table 4.1).

Liquid cow and other animal faeces have been effectively used in agriculture
(Beauchamp, 1983. Choudhary et al., 1996), particularly in the fertilization of
grassland (Leto et al., 2007). This latter approach is often used as means of disposal of
feedlot faecal liquids and any fertilizer benefit is seen as a bonus.

Liquid cow manure is available from commercial agricultural suppliers and when
homemade is referred to as cow manure tea (made by soaking cow pats in water).
Commercially manufactured liquid cow manure that is homogenized (heated) and the
smell has been removed is readily available at lawn and garden centres. Liquid cow
manure has advantages when used as a fertilizer but it can also be problematic.

5.3.2. Dangers of Overuse

The application of liquid cow manure directly to crops and plants can lead to
“burning” and resultant kill-off if the mixture is too strong or is applied too frequently;
both commercially manufactured and homemade liquid cow manure fertilizers must
therefore be diluted before use. The over frequent application of liquid cow manure
can lead to the production of more green foliage than fruit or vegetables, essentially
because liquid cow manure is rich in pure nitrogen and lacks the phosphorus and

potassium required for a balanced fertilizer. Application of such liquid manures should
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be limited to once every week to two weeks for above-ground produce and only once
during the growing season for root vegetables (Carpenter, 2007).

Harmful bacteria, such as FE.coli, occur in cow manure, so it is critical that
precautions are taken to avoid or eliminate the possibility of infecting produce with
these bacteria. Commercially processed liquid cow manure does not present this
problem as it is homogenized, a process which kills all bacteria. Home-made manure

tea should only be produced from old or aged cow manure since old manure has lost

most of its harmful bacteria content.

64
717
155

49

Table 4.1: Concentration of the elements in liquid extract from cow faeces treated with
Fruit beetle larvae.

300
1600

25000

Table 4.2: Numbers of bacteria in liquid extract from cow faeces treated with Fruit

beetle larvae.
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Chapter Six: Studies on the use of Fruit Beetle
Larvae and Waxworms to improve the rate of
breakdown of paper and waxed cartons (domestic
waste) in order to improve the biodegradation of
these materials
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6.1. Introduction
6.1.1 Recycling-paper breakdown

In Europe, more than 40% of the total paper and board waste is recycled annually
and used for re-manufacturing corrugated boards and newspaper (Goddard, 1997;
Leppanen -Turkula, 1999).

Lignocellulose used for manufacturing paper contains cellulose, hemicelluloses
and lignin. The lignin component of the cell wall strengthens the plants against
microbial degradation (Argyropoulos and Menachem, 1997), but is highly undesirable
in relation to paper manufacture. The amount of lignin in paper may be up to 20%
(Tuomela et al., 2000). The white rot fungi (Basidiomycetes) are well known for their
ability to biodegrade lignin molecules (Hatakka, 2001; Tuomela et al., 2000). White
rot fungi degrade lignin using a range of enzymes (Hatakka, 1994; Kirk and Farrell,
1987). Brown rot fungi can degrade cellulose and hemicelluloses but their lignin
degrading ability is minimal (Buswell and Odier, 1987; Kirk and Farrell, 1987). Soft-
rot fungi, (Ascomycotina and Deuteromycotina) are also capable of degrading lignin
(Kuhad et al., 1997) and can also degrade wood in conditions which are unfavourable
for white and brown rot fungi (Blanchette, 1995).

Several studies have reported that many bacterial species including
Actinomycetes, can solubilise and transform lignin, but are not fully able to mineralize
lignin (Buswell and Odier, 1987; Ball et al., 1989; Eriksson et al., 1990; Godden et al.,
1992).

There are some biodegradable and compostable plastic films obtained from starch
which are used in packaging materials (Bastioli, 1997). Vikman et al. (1995) examined
the compostability of Mater-Bi biodegradable films in two composting experiments. In

both experiments, the cellulose material was fully degraded but the total weight loss of
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the Mater-Bi films was in the range 40-45 % after 70 days whereas, the manufacturer
claimed that Mater-Bi product films degrade after 20-45 days in a composting
environment (Bastioli, 1997).

In another experiment, Davie et al. (1994) collected paper packaging waste from a
fast food restaurant and monitored the decomposition of uncoated and heavily waxed
cupstock, waxed burger wrap, and double-sided polyethylene coated paper in poultry
manure for a period of 56 days. Maximum dry weight loss was recorded in uncoated
cupstock (81%) followed by waxed cupstock (79 %), waxed burger wrap (74 %), and
double-sided polyethylene paper (31 %).

Haritos et al. (1993) reported that C. acinaciformes and M. darwiniensis,
(termites) metabolized and eliminated lipophilic xenobiotics in treated waste paper,
particularly M. darwiniensis. Their ability to metabolize lipophilic xenobiotics in
waste paper suggests their possible use in the biodegradation of waste papers.

Several techniques have been tested to remove wax from old corrugated cartons.
Some of them are related to the removal of larger wax particles through screening,
reversed hydrocyclones, or with flotation. Other approaches use dispersants along with
washing procedures for the removal of wax (McEwen, 1992).

Severtson (2006) studied the potential for using termites for decomposing
different kinds of waste papers. This author reported that termites decomposed a total
of 5.9 kg of paper in a 20 week span. The most preferred type was newspaper followed
by glossy-coated papers and bleached office papers, respectively. In another trial,
mixed paper types and added moisture were included. This time, the overall rate of

decomposition was increased (i.e., 6.9 kg of paper in 20 weeks).
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6.1.2. Paper recycling

Vast amounts of paper are recycled around the world each year. The process is
very efficient but can be influenced by paper prices, so that sometimes gluts make the
process uneconomic (Leppanen -Turkula, 1999). One of the main environmental
problems associated with paper recycling and papermaking in general is the
requirement for a cocktail of environmentally unpleasant chemicals, notably chlorine-
based bleaches. An alternative use for waste paper would be to use it as a feedstock for
Black Soldier Fly and other larvae, the idea being that the waste paper is converted
into biomass in the form of worms which can then be fed to livestock, particularly
broiler or egg laying poultry (Diener et al., 2011).

The aim of the work described in this Chapter was to determine if the larvae used
in this study could effectively and economically break down paper and waxed card to
produce biomass
6.1.3. The current process of paper recycling

Although this thesis is not directly concerned with paper recycling (i.e. the
conversion of waste paper to new paper) the following brief comment on the process is
included to show that environmentally damaging chemicals are used, thereby making
desirable alternatives uses for waste paper, such as animal feed production (Leppanen -
Turkula, 1999).

Waste paper is collected from domestic and industrial sources and stored in
warehouses where the various paper grades are kept separate (e.g. newspaper and card)
When the paper mill is ready to begin the process, forklifts move the paper from the
warehouse to a system of large conveyors to a large vat called a pulper, which contains
water and chemicals (Virtanen and Nilsson, 1993). The paper is chopped into small

pieces and heated so that it breaks down into extremely small strands of cellulose (i.e.
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organic fibres). Eventually, the old paper is turned into a mushy pulp (Virtanen and
Nilsson, 1993). This is forced through screens with various sized holes. The screens
remove small contaminants such as plastic and pieces of glue (Virtanen and Nilsson,
1993). This process is called screening. The clean pulp is next treated by spinning it
around in large cone-shaped cylinders, where heavy contaminants like staples are
thrown to the outside of the cone and fall through the bottom of the cylinder. Lighter
contaminants collect in the cone’s centre and are removed; this process is called
cleaning. During refining the pulp is beaten to make the recycled fibres swell, making
them perfect for papermaking. If the recovered paper is coloured, colour stripping
chemicals remove the dyes from the paper. The pulp may then need to be bleached
with hydrogen peroxide, chlorine dioxide, or oxygen to make it whiter and brighter. If
brown recycled paper is being made, like that used to make industrial paper towels,
then the pulp does not need to be bleached (Virtanen and Nilsson, 1993).

The recycled fibres can be used alone, or blended with new wood fibre (called
virgin fibre) to give it extra strength or smoothness. The pulp is then mixed with water
and chemicals to make it 99.5% water. This watery pulp mixture enters a giant metal
box at the beginning of the paper machine and then is sprayed in a continuous wide jet
onto a vast flat, quickly moving wire screen and passes through the paper machine.
While on the screen, water drains from the pulp, and the recycled fibres quickly begin
to bond together to make a watery sheet. The sheet moves rapidly through a series of
felt-covered press rollers which squeeze out more water and form paper (Virtanen and

Nilsson, 1993).
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6.1.4. The Tetrapak problem

A major problem in relation to paper recycling is what is to be done with waxed
paper cartons or so-called Tetrapaks (Tetra Pak trade name) (Chong and Hamersma,
1995). This packaging material is widely used for packing liquids such as fruit juices.

Chong and Hamersma (1995) reported that the amount of packaging material sold
by Tetra Pak in 1999 was equivalent to 86 billion packages, of various sizes; this
amount will only increase in the future. Most of the packages sold were suitable for
aseptic packaging. Tetra Pak has 66 production plants and serves more than 165
countries. Currently, there are approximately 8200 packaging machines in operation.
Tetra Pak is one of the largest buyers of paper, processing over 1 million tons of paper
worldwide per year. Tetra Pak does not buy paper made from (or with) recycled fibres,
because of the possibility of food-contact and the high requirements on stiffness
(Chong and Hamersma, 1995). Almost all of the board used in North America, Japan,
Korea and Australia comes from bleached sulphate pulp. In South America it is mostly
unbleached, duplex board from sulphate pulp. Europe, Africa and Asia also use
unbleached sulphate pulp, but recently the utilization of a three-layered board, with
CTMP, has increased due to the need to promote stiffness (Chong and Hamersma,
1995).

In conclusion, waxed cardboard is relatively difficult to recycle, simply because
the ability of microorganisms to breakdown the complex waxes used is limited to only
a few species of bacteria and fungi (Chong and Hamersma, 1995). As a result, some
local authorities require residents not to put waxed cartons in their recycling bins.
Chemical pre-treatments can be used for this purpose but these tend to be expensive
and relatively environmentally damaging. The use of larvae to remove wax, would on

the face of it, be attractive because, not only would the wax covering of these
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cardboards be removed but a valuable biomass types, in the form of worms, would be
produced which could be fed to poultry, an approach which would reduce the overall
cost of waxed cardboard recycling.

Tetrapaks present a major problem because the wax-coated cardboard of which
they are made is difficult to process and recycle; it also breakdowns slowly in landfill.
The aim of this part of the work described in this Chapter was to determine if the
worms used in this study could be used to strip the wax from wax coated card in order
to increase its availability for pulping and also increase the rate at which it breaks
down in landfill. The research was conducted as a prelude to determining if worms can
be used a pre-treatment in the large scale recycling of such cartons.

6.1.5. Waxed paper breakdown

Packaging is used for the safe supply of finished products to the consumer. An
efficient packaging must be cost effective, protect product in shipping, and provide
producer and consumer information, be environmental friendly and recyclable (Waite,
1995). Glass, steel, paper, fiberboard and plastic are some of the most commonly used
packaging materials (Davis and Song, 2005).

Annual EU packaging waste production is more than 67 million tons (Klingbeil,
2000), whereas in the United Kingdom, the annual packaging waste is 3.2 million tons
(Wasteline, 2002). About 85% of the municipal waste in the UK is landfilled
(Linstead and Ekins, 2001). The UK Government- Industry Forum has strongly
recommended the use of nonfood crops for the manufacture of biodegradable
packaging (Defra, 2002, 2004).

Generally speaking, there are two types of cardboard, so-called corrugated card
board which contains a corrugated/wavy inner layer held between two plan layers of

thin card. The other so-called plain card board is made up of a single card board layer.
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Some papers and card board used for the packaging of juices and dairy products are
coated with resin/wax, including paraffin, microcrystalline and polyethylene; these
effectively inhibit moisture permeability (Asadchii et al., 1986).

Wax-coated paperboard had been extensively used for packaging of food
materials. But now, largely because of difficulties in recycling, most waxed containers
have been replaced with plastic (Popil and Joyce, 2008).

The literature shows that research has mostly been focused on biodegradation of
plastics (Albertsson and Karlsson, 1995; Forssell et al., 1996) whereas, paper products,
many of which are more suitable candidates for biodegradation and composting, have
yet to be extensively explored in relation to biodegradation.

The Wax moth Galleria mellonella (Lepidoptera: Pyralidae) causes severe damage
to the honeybee colonies as it feeds on wax (Garedew et al., 2004). Wax moth larvae
can be tested for the decomposition of wax cardboard for subsequent utilization in
compost production.

6.2. Materials and Methods
6.2.1. Collection and incubation of worms and larvae and waxed paper in relation
to waxed paper breakdown

Fruit beetle larvae and Waxworms were purchased online from Ricks Livefood
Ltd. Pieces of waxed paper equal in weight and size taken from Tetra-Pak were placed
in plastic boxes (Fig.5.1) with small holes in lids to allow for gas exchange, and
incubation was for 50 days at 25°C. Ten Fruit Beetle larvae and 100 Waxworms were
used (3 boxes Waxworms and 3 boxes Fruit Beetles), the weight of the waxed paper

was determined every three days.
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6.2.2. The ability of larvae and worms to break down paper in relation to the
recycling of waste paper

Larvae and worms were bought online from Ricks LiveFood Ltd. Paper was
collected from a paper recycling bin and the shredded using an office shredding
machine. The paper was distributed into 6 plastic boxes with a lid perforated to allow
for gas exchange (3 boxes Waxworms and 3 boxes Fruit Beetles), Waxworms (100 P)
and Fruit Beetle larvae (10 P) were added to 100 g of shredded paper in each box
(Fig.5.2). The boxes were then left to incubate for 28 days at 25°C. Larvae and worms
waste weights were measured every 7 days (e.g. 0, 7, 14, 21 and 28 days).
6.2.3. Bacterial isolation from cow faeces

Bacteria was isolated every seven days from WW and FB waste from zero time to
28 days in order to determine the populations of E.coli, Salmonella Sp and total
number of bacteria. Samples (1g) of WW and FB waste were diluted in 9 ml of
sterilized water and then a serial dilution (107',1072,1073,10™*) was performed and 0.1
ml of each diluted sample was finally spread onto E.coli agar, XLT4, LB and Plate

Count Agar and incubated for between 18 and 24 h at 37°C.

6.2.4. Statistical analysis

All data are given as means = SE (Standard Error). Results were analysed using t-
tests between two groups at P<0.05, and compared significance of means between FB

and WW by Sigma Plot 12.0° software.
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Figure 5.1: Pieces of waxed paper in plastic box treated by A) Waxworms, B) Fruit

beetle larvae (author’s images).

Figure 5.2: Waxworms (A) and Fruit beetle larvae (B) added to shredded paper

(authour’s image).
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6.3. Results and Discussion

6.3.1. Effect of Waxworms and Fruit Beetle larvae in waxed paper breakdown

This experiment shows that the Waxworms feed on wax that covered waxed paper,
causing holes in the paper as a result of eating parts of paper (Fig.5.3), which
decreased significantly the waxed paper weight during the experiment. There was no
change or weight loss of waxed paper with Fruit Beetle larvae and most of the larvae
died within 7 days from when the experiment started (Fig.5.4). Through statistical
analysis, significant differences occurred in all the readings during the experiment
(Fig.5.5).

6.3.2. The effect of Waxworms and Fruit Beetle larvae on the recycling of paper

The waste weight of Waxworms after feeding on recycling paper was increased
through the 28 day incubation period, where it was the highest at day 21. The Fruit
Beetle larvae waste weight decreased during the experimental period, and the sharp
decline was between day 21 and day 28. The results show significant differences
between WW, FB waste weight after feeding on recycling paper at days 14, 21 and 28
(Figures 5.6, 5.7). The numbers of E.coli, salmonella Spp and total bacteria in WW
and FB waste after recycling paper feeding were very low and nil in most of days over
the entire incubation period (Table 5.1-5.2).

In conclusion, it is clear that, although Waxworms consume wax and the
underlying card when exposed to waxed cardboard as the sole nutrient source, they did
not do so on a scale and with the efficiency necessary to remove these components as
an aid to the breakdown or recycling of this widely used packaging material; the same
can be said for shredded paper. The results of this study clearly show that there is

limited potential for the use of Waxworms in biotechnology for such purposes.
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Figure 5.3: Waxed paper undergoing larval Figure 5.4: Dead Fruit beetle larvae on

breakdown (author’s image).
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Figure 5.5: Effect of Waxworms and Fruit beetle larvae on waxed paper breakdown

(*Significantly different between means of waxed paper weight for FB and

WW).
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Figure 5.6: Treated paper weight (g) of Waxworms and Fruit Beetle larvae feeding on

recycling paper (*Significant differences between means of waxed paper

weight for FB and WW).

Figures 5.7: A) Waxworms breaking down paper, B) Waxworms eating shredded

paper (author’s image).
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Table 5.1: The numbers of bacteria (CFU/g) in WW waste after feeding on paper for
28 days.

SR

Nil Nil Nil Nil Nil

Table 5.2: The number of bacteria (CFU/g) in FB waste after feeding on paper for 28

days.
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Chapter Seven: Detection of any antibacterial activity
of the haemolymph and whole body extracts from
Fruit beetle larvae and Waxworms
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7.1. Introduction
7.1.1. The Antibacterial Activity of the hemolymph and whole body extract from
Fruit beetle larvae and Waxworms against bacteria

Microorganisms have the ability to develop resistance against verities of
antibiotics leading to emerging of new fungi and pathogenic bacterial strains. Thus
triggered exploration of alternative antimicrobial products for the control of infectious
microorganisms (Fredericks, 2001; Sonnevend et al., 2004). Recently, several natural
antimicrobial peptides (AMPs) isolated and characterised from amphibians, insects,
mammals, plants and prokaryotes have been reported which play an important role in
anti-pathogenic microorganisms (Zasloff, 2002).

Insect antimicrobial peptides are the derivatives of innate immune systems and
differ in vertebrates having the acquired immune systems which implicate antigen-
antibody reactions. Insect innate immune system can be subdivided into humoral and
cellular defence responses (Boman and Hultmark, 1987; Bulet ef al., 1999; Hoffmann,
1995; Hoffmann et al., 1996; Lavine and Strand, 2002). Humoral defences involves
antimicrobial peptides production, reactive intermediates of oxygen or nitrogen, and
the complex enzymatic cascades which control coagulation or melanization of
hemolymphs (Ekengren and Hultmark, 1999). When insects are infected by
microorganisms they trigger the synthesis of antimicrobial peptides in the infected
insects fat bodies and secreted into the hemolymph (Bulet et al., 1999; Hoffmann and
Reichhart, 2002). General features of AMPs include: a low molecular weight, a
positive charge, are stable (Bulet er al, 1999; Oizumi et al, 2005), and are in
agreement with the amphiphilic o—helices or hairpin-like B— sheets or mixed
structures. Generally, AMPs are non-cytotoxic and have broad-spectrum antimicrobial
action against bacteria, yeasts, enveloped viruses, filamentous fungi, and parasites.
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These characteristics along with low metabolic cost for the insect, speed of action and
low specificity, AMPs become highly versatile components of the insect immune
response. Antimicrobial peptides are belonging to a unique and diverse group of
molecules that have been classified into numerous subgroups depending on the
composition and structure of amino acids (Meister et al., 1997). Based on sequence
and antibacterial activities, insect AMPs can be classified into five major classes
(Meister et al., 1997): (i) cecropins, deprived of cysteine residues; (ii) cysteine-rich
peptides; (iii) glycine-rich peptides; (iv) proline-rich proteins; and (v) lysozymes.
Beside this, insect AMPs can also be classified into three major groups depending on
the structure (Bulet ez al., 2004): (i) peptides with a—helix conformation; (ii) cyclic and
open-ended cyclic peptides with pairs of cysteine residues; and (iii) peptides with an
extended structure. AMPs are short proteins commonly comprised of 12 to 100
amino acids and are typically small cationic and amphiphilic moieties presenting a
wide range of antimicrobial actions (Gough et al., 1996; Ouellette and Paneth,
1996; Lamberty et al., 2001; Lapis, 2008). AMPs contain two or more positively
charged residues provided by arginine, lysine, in acidic environments, histidine, and a
large proportion (generally >50%) of hydrophobic residues (Reddy et al., 2004;
Izadpanah and Gallo, 2005; Miyashita et al., 2010).

The expression of AMPs could be constitutive or inducible upon infectious stimuli
(Lamberty et al., 2001; Lapis, 2008; Peng et al., 2008). AMPs serve as the basic type
of innate immunity plentifully accumulating in epithelial and immune cells. AMPs
serve as naturally occurring moieties fighting with pathogenic microorganisms through
their microbicidal activities (Braff and Gallo, 2006). AMPs directly influence bacteria

(Dimopoulos et al., 1997; Putsep et al., 2002) by injury or disrupting them and
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involved in the composition of the innate immune and antimicrobial immune-
modulatory responses (Kruszewska et al., 2004; Cotter et al., 2005).

Fat bodies of insects respond to bacterial infection by producing either a range of
antimicrobial substances or by synthesizing very few molecules depending on the
insect species as dragonfly (4sechna cynanea) only produces a single peptide (Bulet et
al., 1999). Insects occupy verities of niches; insect species synthesizing rich
antimicrobial peptide (e.g. Drosophila) are capable of occupying niches with greater
microorganism population, whereas, the species synthesizing few of deprived of
antimicrobial peptide such as dragon fly prefer hygienic niche, which is due to process
of adaptation. Out of over one million described insect species only 170 antimicrobial
peptides/polypeptides have been fully characterized from different insect species
(Bulet et al., 1999; Saito et al., 2004). Antibacterial peptides have been isolated and
purified from different insects orders including dipterans, isopterans, lepidopterans and
coleopterans (Peng et al, 2008). There are some well characterized antimicrobial
peptides in insects such as mastoparan, poneratoxin, cecropin, moricin and melittin
(Bulet et al., 2004).

Insect order Coleoptera (Sheathed Wing) includes “beetles” (Whiting, 2002). It
represents, about 40% of all known insects and more than 25% of animal life present
on the earth (Hunt, 2007). Coleopterus have wide range of adaptability and except
marine and polar they have been reported from all habitats (Hammond, 1992). The
fruit beetle (Pachnoda marginata), order “Coleoptera”, family “Scarabaeidae” and
subfamily “Cetoniinae”, contain a number of subspecies mainly present in West and
Central Africa (Rigout, 1989).

Waxworms are the Wax Moths caterpillar (Galleria mellonella and Achroia

grisella). The Greater Wax Moth (Galleria mellonella) belonging to the Order
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“Lepidoptera”, family “Pyralidae” and Tribe “Galleriini” is only member of the genus
“Galleria”. G. mellonella has been reported from all over the world including Asia and
Europe as native whereas, an introduced species in North America and Australia
(Grabe Albert, 1942). Waxworms feed on honeycomb. They are good source of protein
for animals and are commercially reared/produced.

Studies revealed that fruit beetles (Pachnoda marginata), waxworms (Galleria
mellonella) and their other close relatives belonging to same families synthesize
different kinds of antimicrobial compounds. Some antimicrobial compounds have
already been isolated, purified and characterized as potential antibacterial agents. They
varies in respect to their synthesis and mode of action and are usually produced in
response to a microbial stimuli (Bulet et al., 1999; Hoffmann and Reichhart, 2002).
Antimicrobial compounds are mainly found in hemolymph however, small traces may
also be present in other body parts. Larval stage of insect is comparatively more
vulnerable to pathogenic microbial attack due to absences or weak exoskeleton. Mostly
the pathogens are bacteria therefore, the antimicrobial/ antibacterial activity are
greatest at this stage (Steinhaus, 1949; Reddy, 1978). Waxworm and fruit beetle larvae
can be used as a potential source of antibacterial chemical synthesis to cure diseases in
humans as well as other animals and plants. However, comprehensive studies are
needed on their effect, nature, mode of action and the harm to the victim organism.

Kinoshita and Kozo (1977) reported that cell-free hemolymph of silkworm
(Bombyx mori) larvae have bactericidal properties and can kill Escherichia coli B/SM.
This bactericidal property is due to lysozyme-like enzyme and another cofactor
(anionic factor) of low molecular weight. They further described that egg-white

lysozyme can increase the bactericidal properties of the blend of silkworm enzyme and
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cofactor whereas, Mg,+ and Cay+ can prevent the bactericidal property (Kinoshita and
Kozo, 1977).

Gross et al. (1998) reported that exocrine glands of the larval and adult stages of
mustard leaf beetle Phaedon cochleariae (Coleoptera: Chrysomelidae) release
substances for defence against predators. They examined hemolymph and larval
regurgitate against microorganisms and found that larval glandular secretion can
inhibit the growth of Gram-negative bacterium Escherichia coli, but did not show any
Iytic effect against cell walls of the Gram-positive bacterium Micrococcus luteus. But
on the other hand the adult glandular secretion of P. cochleariae exhibited lytic effect
against the cell walls of the Gram-positive bacterium M. [uteus, but did not presented
any inhibitory activity against the Gram-negative bacterium E. coli and eukaryotic
cells. They also described that the hemolymph and the larval regurgitants of P.
cochleariae showed the similar properties, presented by tested glandular secretion of
adults (Gross et al., 1998).

Bulet and Stocklin (2005) have shown that antimicrobial peptides (AMPs) are part
of defence mechanism developed in the insect to combat with pathogenic
microorganisms. AMPs are cationic in nature and usually comprise of below 100
amino acid residues. AMPs are varied in structures and can be allocated to a fewer
number of families. Common AMPs structures include peptides, which assumes a a-
helical conformation in organic solutions or disulfide-stabilized [B-sheets with or
without o -helical domains. These diverse AMPs structures predict their modes of
action (Bulet and Stocklin, 2005).

Dang et al. (2006) isolated one antibacterial activity fraction from a resistant
Dipteran species, Bactrocera dorsalis and purified by pre-purification, ion-exchange

chromatography, gel filtration chromatography and reverse-phase high performance
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liquid chromatography (HPLC) (Dang et al, 2006). The purified fraction was
examined on the HPLC and used for subsequent analysis. The physical and biological
analysis indicated that the fraction was stable to heat and showed promising
antibacterial activities against Gram-positive bacterial growth (Dang et al., 2006).

Eight peptides from hemolymph of immune-challenged the Greater Wax Moth,
Galleria mellonella (Gm) larvae were isolated and characterized (Cytrynska et al.,
2007). The peptides varied considerably in amino acid sequences, isoelectric point
values and antimicrobial activity spectrum. Five peptides, Gm proline-rich peptide 2,
Gm defensin-like peptide, Gm anionic peptides 1 and 2 and Gm apolipophoricin, had
not been reported previously in G. mellonella. While three others, Gm proline-rich
peptide 1, Gm cecropin D-like peptide and Galleria defensin, were identical with
already known G. mellonella peptides. Gm proline-rich peptides 1, 2 and Gm anionic
peptide 2, presented unique amino acid sequences with no reported homologs.
Antimicrobial activity of above peptides was tried out against Gram-negative and
Gram-positive bacteria, yeast and filamentous fungi. Results indicated that Gm
defensin-like peptide inhibited fungal and sensitive bacterial growth at 2.9 and 1.9 mM
concentrations, respectively (Cytrynska et al., 2007).

Ladybird Beetle Harmonia axyridis (Coleoptera: Coccinellidae) has been
extensively reported for immunity against microbes. Eleven body components from
the headspace and hemolymph were examined against yeast (Saccharomyces
cerevisiae), Gram-negative bacteria (Escherichia coli) and Gram-positive bacteria
(Bacillus subtilis, B. thuringiensis ssp. tenebrionis, and Micrococcus luteus). Results
indicated that hemolymphs inhibited the growth of yeast as well as Gram-positive and

Gram-negative bacteria (Gross ef al., 2010).
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Phenol oxidase (PO) is an important factor in insect resistance to diseases.
Prophenol oxidase converts into its active form, phenol oxidase when an insect is
attacked by pathogenic microorganisms. PO was purified and its molecular mass was
determined as 33 kDa. Present study has revealed some insecticidal properties of
Phenol oxidase. PO can replace the traditional insecticides (Ajamhassani et al., 2012).

Several insect species protect their offspring from a variety of environmental
hazards. But there is paucity of knowledge about the mechanisms and fitness
consequences of parental defences against pathogenic microorganisms (Arce et al.,
2012). Microbiology and behavioural ecological strategies were used to investigate the
role and mechanistic basis of antibacterial secretions of burying beetle Nicrophorus
vespilloide. Burying beetles rear their larvae on vertebrate carcasses, where larvae bear
a strong competition with bacterial decomposers. Studies indicated that anal secretions
of burying beetles had vigorous bactericidal properties and specifically effective
against gram positive bacteria (Arce et al., 2012).

Antibacterial peptides were isolated from immune haemolymph of Rhinoceros
beetle (Oryctes rhinoceros L.) larvae and tested against bacterial pathogens, viz.,
Klebsiella pneumoniae, Micrococcus luteus, Bacillus subtilis, Paenebacillus macerans
and Pseudomonas sp to determine their antibacterial properties. The peptides revealed
strong antibacterial properties and stabiloty up to 37°C (Rabeeth ef al., 2012).

The objective of this review was to find out if entire larval bodies, or specifically

their haemolymph contained antibacterial properties.
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7.2. Materials and Methods
7.2.1. Culture of larvae

Fruit Beetle larvae and Waxworms used in this experiment were obtained from a
commercial company (Ricks, Livefood, Ltd. UK).
7.2.2. Antibacterial properties of FBL and WW larvae
7.2.2.1 Collection of excretion/secretion from larval wholebody and haemolymph

The larvae were placed in small boxes (10x15x30 cm). Sample of 20g of each
larval species (approximately 150 larvae of WW and 15 larvae of FB) were left unfed
for 3 days until they were free from gut residues in order to collect the whole body and
haemolymph. Sterile deionized water will be used to wash the larvae and to extract
samples for whole body extracts and larval secretions. The larvae were homogenized
by manual grinding using a mortar and pestle. The anterior end of the larva, near the
cephalopharyngeal skeleton, was clipped and the haemolymph was collected by gently
squeezing the abdomen. A disposable, sterile vacuum filter unit was used to filter
(0.2uml) the extract to remove large particles and bacteria (Fig.6.1). The
excretion/secretion (ES) from each group of insect larvae was dissolved in 0.1 p g/ml
protein in 0.1% trifluoroacetic acid (TFA) 1: 10 v/v. The suspension was placed on ice
for 6 hours following centrifuging on four occasions (14000 g for 30 min).
The supernatant was then harvested and separated into 15 ml centrifuge tubes;
samples were used fresh, or kept frozen at -80°C for a few days until required
(Sahalan et al., 2006; Huberman et al., 2007).
7.2.3. Bacterial culture, preparation of extract and antibacterial disc assay

Cow faeces (1g) were diluted in 9 ml of sterilized water and then a serial dilution
was performed and 0.1 ml of the final diluted sample was spread onto E.coli agar,

XLT4, LB and Plate Count Agar and incubated for between 18 and 24 h at 37°C.
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Cultures of E. coli, Salmonella Sp and total bacteria were grown overnight on LB
medium, E.coli agar, XLT4, LB and plate count agar. Then 0.1 ml of samples was
spread onto Nutrient agar medium. Extract (25 pml) was added to a 1 cm paper disk
was applied to Nutrient Agar on which the test bacterium was spread; a disc containing
gentamicin (10 pg), was used as a control and all were incubated for between 18 and

24 h at 37°C (Fig.6.2).

The suspension

Air absoi@

Extract

Figure 6.1: Disposable sterile vacuum filter Units. This unit was linked with an air
pump to complete the extraction process.
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Figure 6.2: Antibiotic extract paper and Figure 6.3: FB haemolymph disk (left)
antibacterial disk on nutrient agar. gave a small zone; compared with the
antibacterial disk (right) producing a
large inhibition zone against the same

E.coli culture.

Figure 6.4: FB whole-body disk (left) gave Figure 6.5: WW haemolymph disk

a small zone, antibacterial disk (right); (right) gave a small zone; compared with
compared with a large zone for the same the antibacterial disk (left) against
E.coli culture. E.coli.
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Figure 6.6: FB haemolymph disk (left) gave Figure 6.7: FB haemolymph disk (left)

a very small zone, compared with the produced no zone; compared with a large

antibacterial disk against same Salmonella Sp zone produced by control antibacterial

culture. disk (right) on nutrient agar (total bacterial
culture).

7.3. Results and Discussion

FB haemolymph and whole-body disks produced only small zones (2-4 mm) when
tested against an E.coli culture compared with an antibacterial disk which gave an
inhibition zone of 7-8 mm (Fig.6.3). With the Salmonella culture only, the FB
haemolymph gave a zone 2 mm (Fig.6.6). Waxworm haemolymph also produced a
small zone (2mm) against E.coli (Fig.6.5), and also an antibacterial disk gave a bigger
zone in the same culture (Fig.6.4). Waxworm whole-body extract gave no zones
against both E.coli and Salmonella cultures. All of the larvae (FB, WW) haemolymphs
and whole-body extracts didn’t give any zones with total count of bacteria (Fig.6.7).

In conclusion, the results show that none of the body extracts from the larvae gave
substantial antibacterial inhibition zones. Despite this, it must be noted that in order to
produce any detectable zone in this inhibition test, there must be antibacterial activity

present and that this may manifest itself as effective inhibition to an individual
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bacterium or bacteria present in low numbers. In retrospect, it would have been better
to conduct this experiment using a very dilute bacterial culture and then determine the
MIC for each bacterium against each extract.

One indirect possibility which was postulated when this work was initially
considered was the potential use of the worms used here to produce medical
antibiotics, or even to use them directly in wound treatment. The results of the study
discussed here suggest that neither of these uses is likely to be an effective approach to

wound management.
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Chapter Eight: Final Discussion



8.1. Final Discussion

This work described in this Thesis is devoted to a study of the biotechnological
application of insect larvae, notably in relation to resultant changes in microbial
populations and plant nutrient ions, in various substrates, resulting from their activity.
The studies reported here rely of course on the ability of these various worms to break
down organic matter and, with the aid of internal and external microbes, bring about
the mineralization of organic carbon and nitrogen and the subsequent cycling of the
mineralization products. The individual Results and Discussion sections of this Thesis
have discussed the findings of the individual areas of research. This final Discussion
chapter will deal succinctly with the general implications of the findings.

The obvious aim of any research on biotechnology is to apply findings to
agriculture or industry (i.e. to move from theoretical work to practical applications).
The studies reported here were aimed at conducting preliminary work on the use of
insect worms to various potential biotechnological applications. Since this work has, in
the main, not been attempted before, or at least not reported in the literature, the work
is by its very nature preliminary, and so essentially, a broad look at possible uses of
these worms. For example, as far as can be determined from the literature, no one has
reported the practical use of larva to digest the wax coatings of TetraPaks as a
preliminary step to improving their breakdown and, or recycling. Clearly it a necessary
prerequisite for attempts to use these worms for this specific purpose on an industrial
(and therefore economic scale), and so that their ability to achieve this breakdown is
determined at the outset. If they do not eat and breakdown the wax surface of the
waxed cardboard in the laboratory, then there is little, if any likelihood, that they could

do so in an industrial-scale process.
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The result of these studies have thrown up some interesting potential
biotechnological applications, but it remains to be seen whether any of the ideas can be
scaled up to become commercially viable, A major advantage of working with these
kinds of worms is that there is an economic benefit built into their possible application
from the start. This obviously relates to the fact that the worms can act as a source of
high quality, protein-rich biomass, which is particularly useful as poultry feed. This is
an area of potential biotechnical application of the work reported here which we
consider to be particularly viable (i.e. the relatively small scale production of biomass
worms for use as feed in the poultry and egg producing industry). Here we envisage
wormeries being set up adjacent to poultry farms where waste materials, notably cow
manure would act as a cheap substitute for the production of high quality protein in the
form of the worms used here. The products would be protein-rich worms and high
quality compost which could be used in horticulture or for household use (i.e. sold to
the high end of the market where profit margins are likely to be high). An obvious
potential extension of this approach is to use chicken waste from the poultry industry
as the source of feed. Although chicken faeces were not included in this study, there is
no reason whatsoever to expect that these would not be amenable to breakdown and
act as a source of nutrients to support the production of high quality protein-rich
worms. This approach could also be used on a small garden scale by ecologically
minded people who wish to take a more balanced ecological approach to small scale
agriculture and poultry or egg production. There already exists an excellent example of
the use of larvae in small scale protein feed production in the form of the black soldier
fly Hermetia illucens (Leclercq, 1997), a fly (Diptera) of the Stratiomyidae family. The
adult fly is black and wasp-like and about 15-20 mm long (Hardouin et al., 2003) and

the larvae can reach 27 mm in length and 6 mm in width and weigh around 220 mg in

95



their final larval stage. The larvae feed quickly, from 25 to 500 mg of fresh matter per
larva per day an wide range of decaying organic materials including rotting fruits and
vegetables, coffee bean pulp, distillers' grains, fish offal and especially animal manure
and human excreta (van Huis et al., 2013). The larvae become mature after two
months, when the larvae empties its digestive tract and stops feeding and turns into the
pre-pupal stage which migrates to a dry and protected pupation site where it pupates
for about two weeks (Hardouin et al., 2003). Hermetia illucens can be used as an
efficient way to dispose of organic wastes by converting them into a protein-rich and
fat-rich biomass suitable for various purposes, including animal feeding for all
livestock species, biodiesel and chitin production (Diener et al., 2011). The black
soldier fly is a very resistant species and can deal with all kinds of demanding
environments, such as drought, food shortage or a lack of oxygen. The larvae are sold
for pets and fish bait, and they can be easily dried for longer storage (Leclercq, 1997).
Several methods have been proposed for rearing black soldier flies on pig manure,
poultry manure and food wastes (Barry, 2004).

Rearing facilities use the fact that the larvae migrate by climbing up a ramp out of
the growth container to eventually end up in a collecting vessel attached to the end of
the ramp (Diener et al., 2011). Temperatures need to be maintained between 29 to
31°C and relative humidity at between 50 and 70%. Black soldier fly larvae can be
used live or chopped or dried and ground, and there have also been attempts to create a
defatted meal from the larvae (Kroeckel et al., 2012). Finally, the black soldier fly can
be used commercially to solve a number of environmental problems associated with
manure and other organic wastes. Adult flies are also not attracted to human habitats or
foods, do not bite or sting and are not considered to be a nuisance. Black soldier fly

larvae are fast eaters and process organic waste extremely quickly and in so doing limit
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microbial growth and reduce bad odours substantially, especially by the fact that they
aerate and dry the manure (van Huis et al., 2013). Black soldier fly larvae are a high-
value feed source, rich in protein and fat and contain about 40-44% protein and 15-
25% fat; the larvae are also rich in calcium (good for egg production) (van Huis et al.,
2013).

Large scale Black soldier fly larvae production then provides an ideal example of
what can be achieved with insect worms in relation to high quality protein production
and provides a good framework for protein production using the larvae studied here.

The use of larvae to liquify cattle waste has not to our knowledge been previously
suggested, or published upon. We regard this as a potentially highly useful finding
since it would allow farmers to produce a liquid product which could be readily
pumped between large-scale waste storage containers and also be used directly for
liquid manure application to fields. Similarly, we consider that there is potential for the
use of the larvae used here to improve cow faeces for use as a potting compost (or
supplement) for household or horticultural use. On the debit side, we cannot
recommend further large scale investigation of the use of larvae to improve the
breakdown of wax on wax-coated cartons, simply because the amount of wax broken
down over a reasonable time period is so limited that we cannot envisage the approach
finding a practical application in the biotechnology of waste recycling.

8.2. Future Studies

The suggestion proposed here for future studies obviously relates to the last
paragraph of the above General Discussion in which it is suggested that there are
applications of the above findings which could find a use in biotechnology. As a result

it is suggested that:

97



1) The ability of the larvae used here (and others) to liquefy cattle, and other faeces-
wastes should be further studied. In particular it is important to know if the larvae can
survive and be active in large—scale waste containers, and at depth could they continue
to liquify the wastes. If our findings in this regard could be scaled up, then we may
have an efficient means of liquifying animal wastes to allow them to be pumped and
spread onto fields as liquids. The production of a high quality protein, fat and
calcium-rich larvae for use as an animal feed would be an added bonus and we
envisage that the larvae could be readily filtered out from the liquid waste. These
possibilities should form the basis of further study.

2) Although the large-scale improvement of animal waste by the use of the larvae
studied here might be uneconomic, the relatively small scale production of larval-
improved manures for household or horticultural use for potting composts or compost

additives may be a practical proposition which needs further study.
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Appendix one:

1. Nutrients standard curves

1.1 Standard phosphate solution (Hesse, 1971)

0.4393g of potassium dihydrogen (KH,PO4) was weights into a litre volumetric flask.
This solution was diluted with distilled water to produce 10ug , 20 pg, 40 pg, 50 pg,
60 pg, 70 ug, 80 pg, 90 pug and 100 pg. The control was distilled water without
KH,POy,

1 vol. of ascorbic acid was mixed with 6 vol. of ammonium molybdate. The 0.7 ml of
working solution was added to 0.3 ml of sample and incubated at 370C for 1 hour and

the blue colour read at 820 nm (Fig 1.1).

y =0.0237x + 0.0435
R2=0.9996
3 -
25 -
2 N
B 15 -
<
1 N
0.5 -
O/\\ T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110
PO, Concentration pg/mi-1

Figure 1.1: Phosphate standard curve.
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1.2 Standard sulphate-s solution (Hesse, 1971)

1.47 g of ( NaSOs) were dissolved in 1000 ml of distilled water to give a
concentration of 1000 pug/ SO42-S ml™” which was diluted 10 times, sodium sulphate
solution (10 ml) with of distilled water (90 ml) =100 p g/ SO42-S ml™.

5ml of the previous solution was added to 1g barium chloride (BaCl,) and 2ml of gum
acacia (0.25%w/v), mixed well and then the volume was made up to 25ml with
distilled water. The white suspension resulting from precipitation of sulphate was

measured at 470 nm (Fig 1.2).

y =0.0015x - 0.0025
R?=0.9939

0.16 -
0.14
0.12

0.1
0.08

ABS

0.06
0.04
0.02

O T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100

-0.02

SO, Concentration ug/ml-!

Figure 1.2: Sulphate standard curve.
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1.3 Standard ammonium solution (Wainwright and Pugh, 1973)

3.66 g of (NH4),SO4 were dissolved in 1000 ml of distilled water and then diluted 10
times (10 ml of ammonium solution with 90ml distilled water) = 100pg/NH4"-N ml™
2ml of the previous solution was added to 1ml of EDTA (6%w/v), 7ml of distilled
water, Sml of phenolate reagent and 3ml of sodium hypochlorite solution (10%v/v).
The reaction mixture was mixed thoroughly and incubated at 25°C for 20min in the
dark. The volume was made up to 50ml and mixed and the concentration of the

indophenol-blue complex was measured at 630 nm (Fig 1.3).

y = 0.01x + 0.0079
12 R? = 0.9947

ABS

NH,NO,; Concentration pg/ml-!

Figurel.3: Ammonium standard curve.
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1.4 Standard Nitrate solution (Sims and Jackson, 1971)

0.137g of sodium nitrate (NaNop3;) was dissolved in 100 ml of distilled water. The

resulting solution is Img nitrate (NaNOs3) per ml. The solution was pipetted into 6

tubes following volumes of the standard solution: 1pl=1ug nitrate (Oul, 10ul, 20ul,

40ul, 80ul, 100ul). Filtrate (3ml) was mixed into 7ml chromotropic acid (working

solution) and then incubated in a water bath for 45 min in 40°C. The yellow colour

formed was measured at 41 nm using a spectrophotometer and the concentration of

nitrate was determined by reference to a standard curve of nitrate concentration

(Fig 1.4).
1.2 y =0.01x + 0.0626
R?=0.9997
7]
11]
<
O T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110
NO, Concentration pg/ml-

Figurel.4: Nitrate standard curve.

120




Appendix two:
1. HiCrome (TM) E. coli Agar B

HiCrome E.coli Agar B is recommended for the detection and enumeration of
Escherichia coli in foods without further confirmation on membrane filter or by indole
reagent.

Table 1: Composition of HiCrome (TM) E. coli Agar B

20.0

1.5
0.075

15.0

Directions:
36.6g was suspended per litre distilled water. The Sterilize solution was by autoclaving
at 121°C for 15 minutes. It was cooled to 50°C and poured into sterile Petri dishes.

Table 2: Culture characterisation after 18-24 hours at 44°C.

luxuriant blue
luxuriant colourless, mucoid
luxuriant colourless

inhibited

Anderson and Baird-Parker, (1975); Hansen and Yourassawsky, (1984).
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Figure 1: E. coli on HiCrome agar / Author’s photo
2. Nutrient Agar (Oxoid)
A general purpose medium which may be enriched with up to 10% blood or other

biological fluids.

Table 3: Composition of Nutrient Agar.

Directions
The medium was prepared by suspending 28g in litre of distilled water, boiled

dissolve completely. Sterilised by autoclaving at 121°C for 15 minutes.
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Table 4: Quality control.

Good growth; straw/white

colonies

Good growth; straw colonies

No change

(Lapage et al., 1970)

3. Plate Count Agar (Oxoid)

The medium was prepared by suspending 17.5g in 1000 ml of distilled water, boiling
to dissolve completely, pH 7.0 and sterilising by autoclaving at 121°C for 15 minutes.
Silica gel medium (Parkinson ef al., 1989).

Table 5: Composition Plate Count Agar

5.0
2.5
1.0
9.0

Directions
17.5g was added to 1000 ml of distilled water. It was dissolved by bringing to the boil
with frequent stirring, then mixed and distributed into final containers. It was sterilised

by autoclaving at 121°C for 15 minutes.

—

23



Table 6: Quality control.

Good growth; straw
coloured colonies

No change

4. a. XLT-4 AGAR / Oxoid
A highly selective medium for isolation and identification of Salmonella Spp from
clinical, environmental and food samples.

Table 7: Composition of XLT-4 Agar.

N
S o o

3.75
7.5
7.5
0.8
6.8
5.0

0.08
18.0

Directions
59g of XLT-4 Agar Base was suspended in 1000 ml of distilled water and 4.6ml of

XLT-4 was added as a Selective Supplement, and brought to the boil.
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Do not overheat, do not autoclave.

The medium was cooled to approximately 50°C and poured into sterile Petri dishes. It
is not advised to hold the medium at 50°C for longer than 1 hour as this may cause the
medium to precipitate.

4.b. XLT-4 SELECTIVE SUPPLEMENT.

Table 8: Composition of XL.T-4 selective supplement

Appearance

4.6ml

Dehydrated medium: straw coloured, free-flowing powder Prepared medium: clear red
gel.

Table 9: Quality control

Good growth: black or, red
with black center
Escherichia coli ATCC®25922 %  Reduced growth, yellow

No grow
(Miller and Tate, 1990; Dusch and Altwegg, 1995).

Figure 2: S. enterica on XLT-4 agar / Author’s photo.
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5. POTATO DEXTROSE AGAR

Recommended for the isolation, and enumeration of yeasts and molds in dairy
products and food. This culture medium complies with the recommendations of the
APHA for food (1992), the USP (1995) and the FDA (1995).

Table 10: Composition of PAD medium.

4.0
20.0
15.0

Directions

39¢g was suspended in 1000 ml of water (purified as requested). It was brought to the
boil to dissolve completely. It was sterilised by autoclaving at 121°C for 15 minutes. It
was mixed well before pouring.

Appearance

Dehydrated medium: Off-white, free-flowing powder Prepared medium: Light straw
coloured gel.

Table 11: Quality Control

+++ -

+++ +

+++ -

(R.E. Beever at e/ 1990). APHA, Washington, D.C. (1992), USP (1995) and the FDA
(1995).
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(S. enterica sequences shown by FinchTV software before BLASTn NCIMB database).

Escherichia coli 0157:H7 str. Sakai strain Sakai 165 ribosomal RNA, complete sequence
Sequence ID: [efiNR _074891.1] Length: 1542 Number of Matches: 1

Range 1: 1030 to 1193 GenBank Graphics

Score Expect Identities Gaps Strand
303 bits(164) 5e-83 164/164(100%) 0/164(0%) Plus/Minus

Query 1 CGTCATCCCCACCTTCCTCCAGTTTATCACTGGCAGTICTCCTTTGAGTTCCCGGCCGGAC 60

LEEPLUEERREEEEREEEEEEE EEEE e R e e e e e ee e e e e
Sbjct 1193 CGICATCCCCACCTICCTCCAGITTATCACTGGCAGICTCCTTTGAGITCCCGGCCGGAC 1134

Query 61  CGCTGGCAACAAAGGATAAGGGTTGCGCTCGITGCGGGACTTAACCCAACATTTCACAAC 120

LEVLEERPEEREEERTEEREEERE e Ee e ee e ee e ee e e e ee e e e e
Sbjct 1133 CGCTGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATTTICACAAC 1074

Query 121 CTGACGACAGCCATGCAGCACCTGICTCACAGTTCCCGA 164

|II|IlIIIlIlIIIIIIlIIII|l|||l||l|||||l|||l||
Sbjct 1073 ACG CACCTGTCTCACAGTITCCCGA 1030
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2 Klebsiella oxytoca KCTC 1686 stain KCTC 1686 165 ribosomal RN&, complefe sequence
7 Buttiauxella warmboldias strain NSW 326 165 tibosomal RN, partial sequence
{3 Butfianxellanoackias strain NSW 11 165 ribosomal RN, partial sequence
| Citrobacter gillenii strain COC 4693 86 165 ibosomal RN, parfial sequence
 Buttianxellaizardii strain 532 161 165 ribosomal RNA, partial sequence
O Enterobacter kobei strain CIP 105566 165 ribosomal RNA, partial sequence
3 Actinobacillus hominis strain NCTC 11529 165 ibosomal RN, parfial sequence
] 1 Actinobacillus equuli subsp. haemolyticus strein F 154 165 ribosomal RNA, partial sequence
? Actinobaillus equuli subsp. equul strain ATCC 19392 165 ribosomal RN, parfial sequence

$ Actinobacillus suis H91-0380 shain H91-0380 165 vibosomal RN, complefe sequence
<3 Actinobacillus suis ATCC 33415 shrain ATCC 33415165 ribosomal RN, parfial sequence
Achnoba}:lllus delphinicola strain NCTC 12870 165 ribosomal RNA, Daml sequence

'] salmonellaenfencasubsn enterica serovar Paratyphi C strain RK54594 shrain RKS4594 165 ibosomal RNA, complete sequence

9

0 Cifrobacter koseri ATCC BA& 895 shain ATCC BAL-895 165 ribosomal RNA, cumplde sequence
» Eschetichia vulnetis strain ATCC 33821 165 ribosomal RN, partial sequence
‘J Cifrobacter werkmanii shrain COC 0876- 58 165 tibosomal RNA parfial sequence
» Servafia ureilytica strain : Niva 51 165nbosomal RN, parfial sequence
¥ Enterobacter homagchei ATCC 49162 strain CIP 103441 165 Hibosomal RN&, parhal sequence
? Salmonellaentencasubsp entericaserovar Enterifids st. P125109 shain P125109 165 ribosomal RNA, complete sequence
» Enterobacter radicincifans 165 ribosomal RN, parfial sequence
Klebsiella pneumoniag subsp. thinoscleromadis strain B-70 165 ibosomal RN, parfial sequence
1 Enterobacter cloacae subsp. dissolvens shain LMG 2683 165 ribosomal RNA, partial sequence
j Klebsiella pneumoniaz strain DSM 30104 165 ribosomal RNA, complete sequence
Klebsisll sinaaporensis strain L1 165 Kibosomal RNa, parfil sequence
7 Klebsiella variicola strain F2R9 165 tibosomal RN, parhal sequence
9 Salmonella enfetica subsp. entericasemumwhimurium str. L12 shain LT2; SG5C 1412; ATCC 700720 165 ribosomal RNA, complete sequence
| Klebsiella variicola 4 22 strain A+ 22 165 ribosomal RNA, complets sequence
o Enterobacter cowanii shain 888 76 165 ribosomal RN, parfial sequence
> Salmonella.entetica subsp. diarizonae stain DSM 14847 165 ribosomal RNA, parfial sequence
» dctinobacillus arthrifidis strain ACCUG 24862 165 ribosomal RNA, parfial sequence
; Pectobacterium carotovorum subsp. carotovorum PC1 strain PC1 165 ribosomal RNA, complete sequence
& Klebsiella pneumoniag subsp. pneumoniae MGH 78578 stin ATCC 700721; MGH 78578 165 ibosomal RN, complete sequence
* Butfiauxella gavinias strain 51{1-984 165 ibosomal RN, parfial sequence
7 Enterobacter amnigenus shrain JCM1237 165 ribosomal RN, parfial sequence
 Kluyvera ascotbata strain ATCC 33433 165 ribosomal RNA, parfial sequence
) Senrafia marcescens Y4 strain Y4 165 ribosomal RN, complefe sequence
) Butfaunela.agresfis ATCC 33320 shrain DSM 4586 165 Rbosomal RN, partial sequence
3 Sematia odorifera strain PADG 1073 165 ribosomal RN, parfial sequence
J Cedeceaneferi shain GTC1717 165 ribosomal RN, Da.rha] sequence
g Raoultella terrigena stein 84 165 ribosomal RNA, Danial sequence
] 2 Raoultella omithinolytica B strain B6 165 ibosomal RNA, complete sequence
* Semafia tubidaea strain JCM1240 165 ribosomal RN&, partial sequence
Kluywera cryoctescens strain 12993 165 tibosomal RNA, partial sequence
 Enterobacter sp. 638 strain 638 165 ibosomal RNA, complete sequence
 Sematia marcescens subsp. sakuensis strain KRED 165 ribosomal RNA, parfial sequence
g Buttianzella ferragutiae strain DSM 9390 165 ribosomal RNA, partial sequence

 Cronobacter sakazakii ATCC BAd-394 shain ATCC BAA-594 165 ribosomal RNA, complefs 5.,
Cronobacter malonaticus shein E825; COC 1058 77; API 76-2121 165 ribosomal RNA, partial

9 ) Cronobacter sakazakii strain ATCC 29544 165 ribosomal RN, parfial sequence
F] Buttiansella brennerae stein 51§ 571 165 ribosoma) RN, partial sequence
S Kluyvera.intermedia strain 256 165 ribosomal RN, parfial sequence
Leminorella aimontii strain & 1H 380. 165 ibosomal RNA, parfial sequence
o Serrafia nematodiphila strain D205035B51 165 ibosomal RNA, parfial sequence
3 Cedecea davisae shrain D5M 4568 165 ribosomal RN, partial sequence
+ Setafia marcescens subsp. marcescens ATCC 13880 shain DSM 30121 165 ibosomal RN, parfial sequence
» Citrobacter freundii strain DSM 30039 165 ribosomal RNA, partial sequence
3 Edwardsiella farda £18202 strain E1B202 165 tibosomal RN, complefe sequence
* Edwardsiella farda strain ATCC15947 165 tibosomal RN, parfial sequence
» Enterobacter cancerogenus strain LMG 2693 165 ribosomal RNA, partial sequence
* Enterobacter gergovias strain JCM1234 165 ribosomal RNA, partial sequence
4 Enterobacter asburias strain JCME0S1 165 ibosomal RNA, m;] sequence
o Enterobacher luduwiaii shrain : EN- 1132 DSMZ 16635 = CIF 108431 165 ribosomal RN, complefe sequence
 Enterobacter aerogenes strain JCM1235 165 ribosomal RNA, partial sequence
@ Enterobacter asburiae LFPa strain LF7a 165 ribosomal RNA, comple're sequence
O Citrobacter braakii strain 167 165 ribosomal RNA, partial sequence
(3 Citrobacter rodentium ICC 168 stain ICC168 165 ribosomal RNA, complete sequence
] Enterobacter aeragenes KCTC 2190 shain KCTC 2190 165 ribosomal RN, complefe sequence
> Citrobacter rodenium stain DO 14784 16 Hbosomal RN, partial sequence
# Citrobacter muiniae shain COC 2870- 53 165 ibosonal RN, partial sequence
* Klupvera georgiana stain ATCC 51603 165 ibosomal RNA, pmul sequence
> Raoultella planticola strain ATCC 33531 165 ribosomal RNA, partial sequence
' Escherichia fergusonii ATCC 35469 165 ibosomal RN, parfial sequence
» Shigella flexner strain ATCC 29903 165 ribosomal RN, partial sequence
» () Cifrobacter poungae strain GTC 1314 165 ribosomal RNA, partial sequence

; Samonella enferica subsp. enferica serovar Parafyphi & st. AKU_12601 strain AKU12601 165 ibosomal .

E © Shigella bowdii 5b227 strain 5b227 165 ribosomal RNA, complefe sequence

Salmonella entetica subsp. entetica serovar Parafyphi 4 str. ATCC 9150 strain ATCC 9150 165 tibosomal .

O Escherichia fergusonii ATCC 35469 stain ATCC 35469 165 ribosomal RN, complete sequence
) Shigella flexneri 2a str. 301 shrain 301 165 ribosomal RNA, complete sequence
9

2 Salmonella bongori NCTC 12419 strain NCTC 12419 165 ribosomal RN, comp
3 Salmonella enferica subsp. houtenae stain DSM 9221 165 ibosomal RNA, parf.
L] ’ Salmonella enterica subsp. indica strain DSM 14848 165 ribosomal RN, parfial.

OCitrobacter sedlakii strain k75 165 tibosomal RN, partial sequence
O Trabulsiella odontotermifis strain Eant 39 165 ribosomal RN&, partial sequence
' Escherichia alberti stain Albert 19982 165 ibosomal RN, parfial sequence
° © Eschetichia coli stain U 541 165 tibosomal RN, partial sequence
 Enterobacter ninipressurals shain LMG 10245 155 Hibosomal RNA, partial sequence
o Enferobacter cloacae subsp. cloacae ATCC 13047 shain ATCC 13047 165 tibosomal RNA complete sequence
© Trabulsiella quamensis 165 ribosomal RN, parfial sequence
@ Shigella. sonnei 55046 strain 55046 165 ribosomal RN, complefe sequence
© Shigella dysenteriae 54197 strain 54197 165 ibosomal RNA, complete sequence
© Escherichia coli 0157:H? str. Sakai stain Sakai 165 ribosomal RNA, complete sequence
@ Salmonella enfetica subsp. enterica serovar Typhi str. Tv2 stain Tv2 165 ribosomal RNA, complete sequence
;lslalmenella enterica subsp. salamae stain DSM 9220 165 ribosomal RNA, parfial sequence
lcll19253
J Shigella dysenteriae stain ATCC 13313 165 ribosomal RN, parfial sequence
; Samonella enferica subsp. arizonae strain ATCC 13314 165 Hbosonl RN, partial sequence

» Eschetichia coli str. K- 12 substy. MG1655 shain K- 12 165 ribosomal RN, complete sequence

O Enferobacter cloacas strain 279 56 165 ribosomal RNA, parfial sequence
D Citrobacter fameni stin COC 2991-81 165 ibosomal RNA parfial sequence
* Klebsislla pneumonize subsp. ozaenae strin ATCC11296 165 tibosomal RNa, partial sequence

I 0.006 I

Tree view for E. coli.
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Salmonella enterica SUbSp. enterica serovar Paratyphi Asr. AKU_1 2601 strain AKU12601 168 ribosomal RNA, C0mp|ete sequence
Sequence I0: feflNR 074935.1] Length: 1546 Number of Matches: 1

Range 1: 1132 to 1330 GenBank Graphics NextMatch A Previous Match
Score Expect  Identities Gaps Strand

346 bits(167) 1e95  195/199(98%) 0/199(0%) Plus/Minus

Query 1 CRTGGAGICGAGTTGCAGACTCCAATCCGGACTACGACATACTTTATGAGGICCGCTIGC 60

Ly
Sbjct 1330 CATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGCACTTTATGAGGICCGCTIGC 1271

Query 61  TCTCGCGAGGICGCTTCTCTTIGTATATGCCATTGTAGCACGIGIGTAGCCCIGGICGIA 120

LEFLEEEEEEECEE PP LTS TEEEEEEEEFEEETEEETEEETLETTLIT
Sbjet 1270 TCTCGCGAGGICGCTICICTTTGIATGCGCCATTGTAGCACGTGIGTAGCCCIGEICGTA 1211

Query 121  AGGGCCATGATGACTTGACGICATCCCCACCTICCICCAGTTTATCACTGGCAGICICCT 180

CCLCCCCDELLCL LR EEEE LT
Sbjet 1210 AGGGCCATGATGACTTGACGICATCCCCACCTTCCTCCAGITTATCACTGGCAGICICCT 1181

Query 181 TTGAGTTCCCGGCCGGACC 199

LTI
Sbjet 1150 TTGAGTTCCCGGCCGGACC 1132
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J Cronobacter sakazakii ATCC BAA-894 shain ATCC BAA-894 165 ribosomal RNA, complete sequence
@ i} Enterobacter pulveris strain 601005 165 ibosomal RNA, parfial sequence
4 * Pantoea dispersa strain LMG2603 165 tibosomal RN, parfial sequence
9 Cronobacter melonaticus shein E325; COC 1058 77; API 76-2121 165 ribosomal RNA, parfial sequence
© Cronobacter sakazakii strain ATCC 29544 165 ribosomal RNA, parfial sequence
 Enterobacter cloacae subsp. dissolvens strain LMG 2683 165 ibosomal RNA, parfial sequence
- Enterobacter radicincitans 165 ribosomal RN, partial sequence
0 Salmonella enterica subsp. enterica serovar Paratyphi C strain RKS4594 stain RKS4594 165 ribosomal RNA, complete sequence
» Enferobacter cloacas strain 279 56 165 ribosomal RN, partial sequence
&Clmbuhrwunm strain GTC 1314 165 tibosomal RNA partial sequence
73 Salmonella entetica subsp. salamae strain DSM 9220 165 ibosomal RN, partial sequence
D salmanellaenhnca subsp. houtenae strain DSM 9221 165 ribosomal RNA parfial sequence
' Escherichia coli strain U 541 165 ibosomal RNA, parfial sequence
schetichia fergusonii ATCC 35469 shrain ATCC 35469 165 ibosomal RN, complefe sequence
2@ 7 Shigella boydii 5b227 stain 5b227 165 ribosomal RNA, complete sequence
3 Enterobacter cloacae subsp. cloacae ATCC 13047 shrain ATCC 13047 165 ribosomal RNa, complete sequence
Shigella sonnei 55046 shain 55046 165 ibosomal RNA, complete sequence
2 shigella dysenteriae 5d197 strain 5d197 165 ribosomal RN&, complete sequence
Shigella. dysenteriae strain ATCC 13313 165 ribosomal RNA, parfial sequence
13 Escherichia.coli 0157:H7 str. Sakai stain Sakai 165 ribosomal RN, complete sequence
5 Shigella flewneri strain ATCC 29903 165 ribosomal RNA, parfial sequence
2 Salmonella entetica subsp. enterica serovar Paratyphi 4 st ATCC 9150 shrain ATCC 9150 165 ribosomal RN, complefe sequence
2 Salmonella enterica subsp. anizonae shain ATCC 13314 165 ibosomal RN, partial sequence
Salmonellienhncasubsn enterica serovar Paralyphi & st. AKU_12601 shain AKU12601 165 ibosomal RNA, complete sequence
+ Salmonella bongori NCTC 12419 strain NCTC 12419 165 ribosomal RNA, complete sequence
19 Shigella flexneri 2a str. 301 shain 301 165 ribosomal RNA, complets sequence
1 Salmonella enfetica subsp. enterica serovar Typhi str. Tv2 strain Ty2 165 ribosomal RNA, complete sequence
' Escherichia coli str. K- 12 substr. MO1655 strain K- 12 165 ribosomal RNA, complete sequence
) Eschetichia fargusonii ATCC 35469 165 ribosomal RN, parfial sequence
 Salmonella.enterica subsp. indica strain DSM 14848 165 ibosomal RNA, parfial sequence
1 Escherichia alberfii strain Albert 19982 165 ribosomal RNA, partial sequence
> Salmonella enterica subsp. enterica serovar Choleraesuis st. SC-B67 shain 5C-B67 165 ibosonal RN, complete sequence
% salmonella.bongori strein BR 1359 165 ribosomal RNA, parfil sequence
9 salmonella enterica subsp. enferica serovar Enterifidis sfr P125109 shain P125109 165 ribosomal RNA, complete sequence
 Salmonella enterica subsp. enterica serovar Typhimurium str. LT2 strain LT2; SG5C 1412; ATCC 700720 165 ribosomal RN, complefe sequence
O Salmonella.enterica subsp. diarizonae strain DSM 14847 165 ribosomal RNA, partial sequence
d Enterobacter aergovias strain JCM1234 165 ibosomal RNA, parfial sequence
5 Enferobacterludwiii shrain: EN- 119z DSMZ 16655 = CIP 103491 165 ribosonal RN, complete sequence
s & Enkmbamnsbunaz stain JCME0S1 165 ribosomal RNA, partial sequence
7 Enferobacter cancerogenus strain LMG 2693 165 tibosomal RN, partial sequence
] * Enferobacter hormaechei ATCC 49162 strain CIP 103441 165 ribosomal RNA, partial sequence
; Cedecea davisae shrain DSM 4568 165 tibosomal RN, parfial sequence
* Cedeceaneferi stain GTC1717 165 ribosomal RN, partial sequence
 Edwardsiella terda strain ATCC15947 165 ribosomal RN, partial sequence
Q 7 Serrafia nematodiphila stein D205035651 165 nbosomal RN, partial sequence
” Pectobacterium carotovorum subsp. carotovorum PC1 strain PC1 165 ribosomal RN, complete sequence
El > Edwardsiella farda. EIB202 strain EIB202 165 tibosomal RNA, conplete sequence
0 3 Semafiaodorifer shein PADG 1073 165 rbosomal RN, partial sequence
g 7 Semratia rubidaea strain JCM1240 165 ibosomal RNA, parfial sequence
L) Lemlnonllagnmonhl stain 81H 380. 165 tibosomal RN, partial sequence
@ Serrafia marcescens W4 shain W4 165 rbosomal RNA complete sequence
o Semﬂammescens subsp. sakuensis shrain KRED 165 tibosoml RNA, partial sequence
» Senratia ureilytica strain : NiVa 51 165 ribosomal RNA, parha] sequence
Ps ® Edwardsiellalcblun strein JCM1680 165 ribosomal RNA, parfial sequence
& Enterobacter nimipressuralis strain LMG 10245 165 ribosoma] RN, partial sequence
Edwardsiella hoshinae stein JCM1679 165 ribosomal RN, parfial sequence
> Citrobacter mulinias strain COC 2970- 59 165 ibosomal RN, parfial sequence
© Raoultella planticola stain ATCC 33531 165 ribosomal RN, partial sequence
2 Enferobacter aerogenes KCTC 2190 strain KCTC 2190 165 tibosomal RNA, complete sequence
Klupvera georgiana shain ATCC 51603 165 ribosomal RN, parfial sequence
3 Enferobacter asburiae LF7a strain LF7a 165 ribosomal RNA complete sequence
* Citrobacter braakii shein 167 165 ribosomal RN, partial sequence
© Enterobacter aerogenes shain JCM1235 165 tibosomal RN, partial sequence
0 Klupwera cryoctescens stain 12993 165 ribosomal RNA, paﬂial sequence
2 Enferobacter kobei strain CIP 105566 165 ribosomal RN, parfial sequence

L] 9  Enferobacter sp. 638 strain 638 165 ribosomal RNA, complefe sequence
3 9 ¥ Enterobacter amnigenus strain JCM1237 165 ribosomal RN&, partial sequence
'] L 9 Raoultella ferrigena strain 84 165 ribosomal RNA, parfial sequence

q ’ Kluyeraintermedia strain 256 165 ribosomal RNA, parfial sequence
Kluweraascorbahsh'mn ATCC 33433 165 ribosomal RNA, Da.rha] sequence
9 Semadia marcescens subsp. marcescens ATCC 13880 shain DS 30121 165 tibosoml RN, partial sequence
9 Citrobacter freundii shain DSM 30039 165 ibosomal RNA, partial sequence
5 1 O citrobacter gillenii strain COC 469336 165 ribosomal RNA partial sequence
" Citrobacter werkmanii shain COC 0876 55 165 ibosomal RN, parfia sequence
Raoultela.omithinolyfica B6 shrain B6 165 fibosomal RN, complefe sequence
1 Klebsiella oxytoca KCTC 1686 shain KCTC 1686 165 nbosomil RN, complete sequence
 Klebsiella orytoca strain ATCC 13182 165 ribosomal RNA, parfial sequence
o Raoultella omithinolytica strain CIP 103 364 165 tibosomal RN, parfial sequence
2 Rahnella aquadilis strain D5M 4594 165 ribosomal RNA, parfial sequence
4 Rahnella aquadilis HX2 strain H¥2 165 ribosomal RNA, complete sequence
) Obesumbacterium proteus strain 42 165 ibosomal RNA, partial sequence
? 9  Hafnia alvei 165 ribosomal RN, complete sequence
3 Samsonia enythrinae stain CFBP 5236 165 tibosomal RN&, parfial sequence
. Pectobacterium carotovorum strain DSM 30168 165 ribosomal RNA, partial seq.
{3 Pectobacterium carotovorum subsp. odotiferum shain LMG 17566 165 ibosoma
= ectobacterium befavasculorum shain ATCC 43762 165 ribosomal RN, partial .
 Klebsiella pneumoniaz subsp. pneumoniae MGH 78578 strain ATCC 700721; MGH 78578 165 ibosomal RNA comple,
7 Cifrobacter koseni ATCC Bad-895 shain ATCC BAA-395 165 ribosomal RNA complefe sequence
& Klebsiella variicola A+ 22 strain A+ 22 165 ribosomal RNA, complete sequence
i Klebsiella variicola strain F2R9 165 ibosomal RNA, parfal sequence
Klebsiella pneumoniae subsp. thinoscleromatis shain B 70 165 ribosomal RN, partial sequence
 Klebsiella singaporensis strain L®3 165 ribosomal RNA, partial sequence
3 lKl[ebsnIIipneumonm shrain DSM 30104 165 nbosomi.l RN, complete sequence
lcl|25235
S Citrobacter sedlakii strain k75 165 ribosomal RN, parfial sequence
{ Citrobacter farmeni shain COC 2991-81 165 tibosonal RN, partial sequence
§ Citrobacter rodentium stain DO 14784 165 ribosomal RNA, parfial sequence
Klebsiella pneumoniae subsp. ozaenae shain ATCC11296 165 ribosomal RNA, parfial sequence
 Trabulsiella.odontotermifis shain Eant 59 165 ribosomal RN, parfial sequence
* Trabulsiella quamensis 165 tibosomal RNA, parfial sequence
* Citrobacter rodenfium 1€ 163 stain ICC 163 165 ribosomal RN, complete sequence

I 0.009 |

Tree view for S. enterica
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Mucor circinelloides strain S2-3 18S ribosomal RNA gene, internal transcribed spacer 1, 5.8S ribosomal RNA gene
Sequence ID: gblJX537952.1] Length: 581 Number of Matches: 1

Range 1: 129 to 398 GenBank Graphics Next Match A Previous Match
Score Expect Identities Gaps Strand
499 bits(270) 4e-138 270/270(100%) 0/270(0%) Plus/Plus

Query 1 TAACCGAGTCATAGTCRAGCTTAGGCTTGGTATCCTATTATTATITACCAARAGARTICA 60

FEPREEEEETEE e e e e e e e e e e e e e e e e e rrninl
Sbjct 129 TAACCGAGTCATAGTCAAGCTTAGGCTTGGTATCCTATTATTATTTACCAAAAGAATTCA 188

Query 61  GAATTAATATTGTAACATAGACCTARRAAATCTATAARACAACTTTTAACRACGGAICIC 120

FELLETEEEEEE e e e e e e e e e e e e e e e e e
Sbjct 189 GRATTAATATTGTAACATAGACCTARARAATCTATAARACAACTTTTAACRACGGATCIC 248

Query 121 TTGGITCTCGCATCGATGRAGAACGTAGCAAAGTGCGATAACTAGTGTGAATTGCATATT 180

FECLELLEEEEEE e e e e el
Sbjct 249 TIGGTTCTCGCATCGATGAAGAACGTAGCAAAGTGCGATAACTAGTGIGAATTGCATATT 308

Query 181 CAGTGAATCATCGAGTCTTTGAACGCRACTTGCGCTCATTGGTATTCCAATGAGCACGCC 240

FELRETEEETEEr e e e e e e e e e e e e e e e e e e e et
Sbjct 309 CAGIGAATCATCGAGICTTTGRACGCAACTTGCGCTCATTGGTATTCCRATGAGCACGCC 368

Query 241 TGITTCAGTATCAARACARACCCTICTAICC 270

FELLEETELTEETEE el
Sbjct 369 TGITTCAGTATCAAAACAAACCCTCTAICC 398

Penicilium roquefort strain DF11 188 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8 ribosomal RNA gene|
sequence; and 285 ribosomal RNA gene, partial sequence
Sequence I0: gblKC167856.1] Length: 581 Number of Matches: 1

Range 1: 132 to 479 GenBank Graphics Next Match A Previous Match
Score Expect Identities Gaps Strand
643 bits(348) 0.0 348/348(100%) 0/348(0%) Plus/Minus

Query 1  AAAGCCCCATACGCTCGAGGACCGGACGCGGTGCCGCCECTGCCTTTCGGECCCGICCIC 60

FECCEEEEREEEEEE e R e e e e e e e e e e e e e e e e e e e e e e e e eyl
Sbjct 479 ARAGCCCCATACGCTCGAGGACCGGACGCGGTGCCGCCGCTGCCTTTCGGECCCATCCTC 420

Query 61  CAGAATCGGAGGACGAGACCCRACACACAAGCCGGGCTTGAGGGCAGCAATGACGCICGG 120

CECEEELEEEEEC PR EE R E PR PR E PR E PR LT
Sbjct 419 CAGAATCGGAGGACGAGACCCAACACACAAGCCGGGCTTGAGGGCAGCAATGACGCTCGG 360

Query 121 ACAGGCATGCCCCCCGGRATACCAGGGGGCGCRATGTGCGITCARAGACTCGATGATTCA 180

FECECUEEEEEEEEEECEEEEEEEEEEEEEEE T P EEE T Ty
Sbjct 359 ACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCARAGACTCGATGATICA 300

Query 181 CTGRATTTGCRATTCACATTACGTATCGCATTITCGCTGCGITCTTCATCGATGCCGGRAC 240

CELEEEEEEEEEEEEEEEEEE LT EEEE L LT
Sbjct 299 CTGAATTTGCAATTCACATTACGTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAAC 240

Query 241 CRAGAGATCCGITGITGAAAGTTTTARATARTTTATATTTGTTCTCAGACTGCATTCTIC 300

CECEELEEEEEEEEEE EEEEE L e PP R e e e e e e e ey
Sbjct 239 CAAGAGATCCGITGITGAAAGTTTTARATAATTTATATTTGITCTCAGACTGCATICTIC 180

Query 301 AGACAGAGITCGGGGTGTCTTCGGCGGGCGCGEECCCREEEETETARA 348

FECECEPEEEEEEEC PP EEEE L PP EEEE P L LTI T
Sbject 179 AGACAGAGITCGGGGIGICTTCGGCGGGCGCGGGCCCGGGGGTGTARA 132
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J Mucor circinelloides f. circinelloides strain CBS 479.70 185 ribosomal RNA gene, parfial sequence; intemnal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal transcrib...
> Mucor circinelloides 1. circinelloides sfrain CBS 105.16 infemnal franscribed SPac.
0 Mucor circinelloides f. circinelloides strain CES 295.34 185 ribosomal RNA gene, parfial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal franscrib...
Mucor circinelloides strain CBS 416.77 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.55 ribosomal RNA gene, and infernal franscribed spacer 2, com.
 Mucor circinelloides strain IHEM 22523 155 ribosomal RNA gene, parfial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA gene, and intemal ranscribed spacer 2, co...
§ Mucor circinelloides strain 52- 3 155 ribosomal RNA gene, infemal transcribed spacer 1, 5.85 ribosomal RNA gene, internal franscribed spacer 2, and 285 ribosomal RNA gene, re.
5 Backusella lamprospora strain Ba-21 155 small subunit ribosomal RNA gene, parfial sequence; intemal ranscribed spacer 1, 5.85 ribosomal RNA gene, and intemal franscribed sp..
u Mucor sp. CBS 541.78 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.85 ribosomal RNA gene, and infemal franscribed spacer 2, complete sequence; .
& Mucor circinelloides 1, circinelloides strain CES 194.65 155 Hibosomal RNA gene, partial sequence; internal ranscribed spacer 1, 5.85 ribosomal RNA gene, and infermal franscrib...
@ mucor circinelloides f. circinelloides strain CNIM-CM $166 185 ribosomal RNA gene, partial sequence; infernal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal franscr.
9 Mucor circinelloides f. circinelloides strain CNIM-CM 4621 155 ibosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and infermnal franscr.
9 Mucor circinelloides 1. circinelloides strain CBS 394.68 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and intermal franscril
9 Mucor circinelloides 1. circinelloides strain CBS 196.68 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscril
3 Mucor circinelloides 1. circinelloides strain CBS 172.27 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and intermal franscril
@ Mucor circinelloides f. circinelloides strain CBS 121702 185 ribosomal RNA gene, parfial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal fransc
@ Mucor circinelloides f. circinelloides strain CBS 480.706 185 ribosomal RNA gene, parfial sequence; intermnal transcribed sDuerI 5.85 ribosomal RNA gene, and infemal franscri..
© Mucor circinelloides f. circinelloides strain IHEM 16415 155 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.5 5 ribosomal RNA gene, and infernal franscril
© Mucor circinelloides f. circinelloides strain CNM-C M 2922 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.5 5 ribosomal RNA gene, and infernal franscr.
@ Mucor circinelloides f. circinelloides strain CBS 247.35 155 ribosomal RNA gene, partial sequence; |n0ema] transcribed spacer 1, 5. 55 ribosomal RNA gene, and infernal franscrib...
@ Mucor circinelloides strain CBS 123973 155 ribosomal RNA gene, parfial sequence; i
@ Mucor circinelloides strain CBS 111560 185 ribosomal RNA gene, partial sequenc:
9 Mucor circinelloides strain CBS 111555 155 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA gene, and intermnal ranscribed spacer 2, c...
8 mucor circinelloides strain CBS 239.35 185 ribosomal RN& gene, “parfial sequence; internal franscribed spacer 1, 5,55 tibosomal RNA gene, and internal franscribed spacer 2, com.
inelloides strain CNM-CM 4249 155 ribosomal RNA gene, parfial sequence; intemal franscribed sw:en 5.85 ribosomal RNA gene, and infernal transcribed sw:erz 3
melloldes strain CNM-CM 2437 185 ribosomal RNA gene, parfial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, c.
9 Mucor circinelloides strain CNM-CM 5071 185 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal transcribed spacer 2, ¢.
@ Mucor circinelloides strain IHEM 21105 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal franscribed spacer 2, co...
@ Mucor circinelloides strain IHEM 20006 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal franscribed spacer 2, co...
© Mucor circinelloides strain IHEM 21426 185 ribosomal RNA gene, parfial sequence; infernal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, co...
© Mucor circinelloides strain CBS 354.95 155 ribosomal RNA gene, partfial sequence; infernal franscribed spacer 1, 5.55 ribosomal RNA gene, and infernal franscribed spacer 2, com.
© Rhizomucor variabilis strain 51-9 155 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ibosomal RN gene, and intemal transcribed Spacer 2, complete.
@ Mucor circinelloides strain DQMS internal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene and internal franscribed spacer 2, complete sequence; and 235 ribosom:
@ Mucoraceas sp. SHYW4 infermal franscribed spacer 1, partial seuuence 5.55 tibosomal RNA gene and infemal franscribed spacer 2, complets sequence; and 285 ribosomal RNA 9.
& Mucor circinelloides isolate ITS16-DT 135 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.5 5 ribosomal RNA gene, and infernal hanscribed spacer 2, compl..
9 Fungal sp. acwVHE16_5 internal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, parfial sequence
9 Mucor circinelloides sfrain 35 135 ribosomal RN, parial sequence; infemal transcribed spacer 1, 5.85 ribosomal RNA, and intemal franscribed spacer 2, complete sequence; and 2
3 Rhizomucor variabilis isolade 21 intemal renscribed spacer 1, partial sequence; 5.5 ribosomal ‘RNA gene and intemal franscribed spacer 2, complefe sequence; and 255 ribosom
9 Mucor circinelloides strain M23 internal transcribed spacer 1, pama.l sequence; 5.85 ribosomal RNA gene and infernal ranscribed spacer 2, complete sequence; and 285 ribosomal .
9 Rhizomucor variabilis stain F 5 internal transcribed spacer I partial sequence; 5.85 ribosomal RNA gene and infernal franscribed spacer 2, complete sequence; and 285 ribosomal.
@ Mucor circinelloides culture collection CNM-CM:CMS169 lnhmil transcribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and infemal franscribed spacer 2, complete seq..
@ Mucor circinelloides isolate 11 185 ribosomal RNA gene, parfial sequence; internal Wanscnbed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, complete seq.
© Mucor circinelloides sthain KACC 46062 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, c...
© Mucor circinelloides strain KACT 45855 155 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.55 ribosomal RNA gene, and infernal franscribed spacer 2, ...
© Mucor racemosus isolate M1205 135 ribosomal RNA gene, parfial sequence; intemal transcribed spacer 1,585 ribosomal RN, gene, and infemal ranscribed spacer2, complee 5.
@ Mucor racemosus isolate M303 155 ribosomal RNA gene, partial sequence; intemal transcribed Spacer 1, 585 ribosomal RNA gene, and infemal franscribed Spacer 2, complete se...
@ Mucor racemosus isolate M129- 1 135 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, complete ...
@ Mucor circinelloides isolate F1-01 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal franscribed spacer 2, complete .
9 Mucor circinelloides isolate TBG 3- 5 infermnal ranscribed spacer 1, parfial sequence; 5.55 ribosomal RNA gene and infemnal franscribed spacer 2, complete sequence; and 255 ribo:
9 Hucor ci
9 Mucor ¢
9 Mucor sp. XAE_159 185 ribosomal RNA gene, intemal ranscribed spacer 1, 5.85 ribosomal RNA gene, infermnal franscribed spacer 2, and 285 ribosomal RNA gene, region
@ Mucor circinelloides f. circinelloides strain LMSA 1.09.198 infernal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene, complete sequence; and internal ranscribed ...
@ Mucor circinelloides f. circinelloides strain LMS4 1.09.192 internal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene, complete sequence; and internal franscribed ...
@ Mucor circinelloides stain KUCE014 155 ribosomal RNA gene, partial sequence; lnhmal transcribed spacer 1 and 5.85 ribosomal RNA gene, complete sequence; and internal fran.
@ Mucor circinelloides isolate 25 66 internal franscribed spacer 1, parfial sequence; 5.55 ribosomal RNA gene and infemal franscribed spacer 2, complete sequence; and 285 ribos..
© Fungal sp. Tv4 2011 isolate Waht 41 internal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and internal franscribed sDav:er‘z, complete sequence; and 285 ribos.
@ Mucor circinelloides isolate 523 60 internal franscribed spacer 1, partial sequence; 5.5 ribosomal RNA gene and infemal transcribed spacer 2, complete sequence; and 285 rib...
@ Mucor circinelloides isolate G5 - 36 infernal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene and internal ranscribed spacer 2, complete sequence; and 255 ribos.
@ Mucor circinelloides isolate G& M- 31 infernal franscribed spacer ( partial sequence; 5.55 ribosomal RNA gene and infernal franscribed spacer 2, complete sequence; and 255 ribos.
9 Mucor circinelloides isolate G5 - 13 infernal franscribed spacer ( partial sequence; 5.85 ribosomal RNA gene and infernal franscribed spacer 2, complete sequence; and 285 ribos.
9 Mucor circinelloides isolate 525 59 infernal franscribed spacer 1, parfial sequence; 5.85 ribosomal RMA gene and intemal transcribed spuerz complete sequence; and 285 i
9 Mucor circinelloides isolate 25 34 intemal franscribed spacer 1, Damal sequence; 585 ribosomal RNA gene and intemal franscribed spacer 2, complete sequence; and 285 nbos .

9 Mucor circinelloides isolate 28 58 infernal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and infemnal franscribed spacer 2, complete sequence; and 285 ribos..
@ Mucor circinelloides isolate 28t 1 internal franscribed spacer 1, parﬁal sequence; 5.85 ribosomal RNA gene and infermnal ranscribed spacer 2, complete sequence; and 285 ribos.

@ Mucor sp. T¥4 2011 isolate G M 32 internal franscribed spacer | parfial sequence; 5.85 ribosomal RNA gene and internal ranscribed spacer 2, complete sequence; and 285 ribos..
@ Mucor sp. T¥4 2011 isolate G322 infernal ranscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and infemnal franscribed spacer 2, complete sequence; and 285 ribos..
© Fungal sp. FSU 1945 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal franscribed spacer 2, complete sequence; ...
© Rhizomucor variabilis shain K5-42 185 ribosomal RN gene, partial sequence; intemal transcribed spacer 1, 5.55 ribosomal RNA gene, and internal ‘ranscribed spacer 2, comple...
@ Mucor circinelloides strain B5-A6 155 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 555 ribosomal RNA gene, and infemal franscribed Spacer 2, complete
@ Amlomyces rouxii strain KCCME0146 155 ribosomal RNA gene, parfial sequence; intemal ranscribed spacer 1, 5.85 ribosomal RNA gene, and intemal ranscribed spacer 2, com..
@ Mucor circinelloides isolate 0TU?90 infernal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene and infemal franscribed spacer 2, complete sequence; and 265 Tibos.
9 Mucor circinelloides parfial ITS1, 5.85 rRNA and partial ITS2, shm UTHSC 06 3784

9 Mucor circinelloides partial IIS| 5.85 rRNA and partial IT52 strain UTHSC 05 3221

9 Mucor circinelloides partial IISI, 5.85 rRNA and parfial nsz, shain CBS 384.95

9 Mucor sp. SDCF24 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, complete sequence; and..
9 Mucor sp. SDCF25 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and.
@ Mucor sp. SDCF22 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and.
@ Mucor sp. SDCF21 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscribed spacer 2, complete sequence; and..
@ Mucor circinelloides f. circinelloides NRRL:3614 185 ribosomal RNA gene, infermnal mnscnbed spacer 1, 5.85 ribosomal RNA gene, internal franscribed spacer 2, and 265 ribos
© Mucor circinelloides f. circinelloides ATCC:11010 185 ribosomal RNA gene, infemal franscribed spacer l 5.85 tibosomal RNA gene, infemal franscribed spacer 2, and 265 ribo:
@ ucor circinelloides f. circinelloides strain WA00000591 155 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.5 ribosomal RNA gene, and intemal transeril
@ Rhizomucor variabilis var. regularior ex- hpe CES 384.95 155 ribosomal RNA gene, parfial sequence; infermnal ranscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscr..
intemal ranscribed spacer 1, 5.85 ribosomal RN gene, and intermal transcribed spac.
& Mucor circinelloides f, circinelloides isolafe CNRMA3.571 155 ibosomal RNA gene, parfial sequence; infemal transcribed spacer 1 and 5.85 ribosomal RNA gene, complefe sequ..
9 Mucor circinelloides f. circinelloides isolate CNRMA03.154 intemnal ranscribed spacer 1, parfial sequence; 5.8 5 ribosomal RNA gene and intemal franscribed spacer 2, complete s...
9 Mucor circinelloides f. circinelloides isolate CB5195.68 infernal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and intemal franscribed spacer 2, complete sequ...
9 Mucor circinelloides parfial ITS1, 5.85 rRNA gene and ITS2, isolate 1505

9 Mucor circinelloides strain OTU30 185 ribosomal RNA gene, partial sequente, ternal franscribed spacer 1 5. 85 ribosomal RNA gene, and infernal franscribed spuerz complﬁe
@ Mucor circinelloides strain G503 185 ribosomal RNA gene, parfial sequence; infernal franscribed spacer 1, 5.85 ribosomal RNA gene, and infermnal franscribed spacer 2, complefe .
@ Mucor circinelloides sthain FSUE252 185 ribosomal RNA gene, partial sequence; infemal franscribed spuev! 5.85 ribosomal RNA gene, and infemal transcribed spacer 2, compl..
@ Mucor circinelloides strain FSUB251 155 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and intemal franscribed spacer 2, compl..
© Mucor circinelloides stain FSUE518 185 ribosomal RNA gene, parfial sequence; infemal ranscribed spacer 1, 5.8 5 ribosomal RNA gene, and infemal ranscribed spacer 2, compl..
@ Mucor varians strain FSU9635 185 ribosomal RNA gene, partial sequence; intemal transcribed spacer 1, 5.55 ribosomal RNA gene, and infernal franscribed spacer 2, (amnleh se..
@ Mucor hiemalis strain FSU9654 155 ribosomal RNA gene, parfial sequence; intemal ranscribed spacer 1, 5.5 ribosomal RNA gene, and intemal franscribed spacer 2, complete s...

9 Mucor circinelloides isolate RE intemal transcribed spacer 1, 5.85 ribosomal RN gene, and intemal ranscribed spacer 2, complefe sequence; and 285 ribosomal RNA gene, partial
© Mucor sp. JJP- 2009 isolate S6796- 16-19- 5 intemal franscribed spacer 1, parfial sequence; 5.55 ribosomal RNA gene, complete sequence; and infemal franscribed spacer 2, parti.
9 Mucor sp. JIP- 20093 isolate 56353 6 66-UL internal ranscribed spacer 1, parfial sequence; 5.35 ribosomal RNA gene, complete sequence; and infernal ranscribed spacer 2, parti.

Icli24437
s, Mucor circinelloides isolate UOAMHCPF 9964 155 ribosomal RN& gene, partial sequence; intemnal franscribed spacer 1, 5.8 5 ribosomal RNA gene, and infermal franscribed spacer ..

I 0.001 I

Tree view for Mucor circinelloides.
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Penicillium paneum strain GLO9420 185 ribosomal RNA gene, parfial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and internal fransc..
.3 Penicillium paneum stain i 13 155 ibosomal RNA gene, partial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and infemal franscribed
Penicillium paneum strain it 17 155 ribosomal RN& gene, partial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and infemal transcribed
| Penicillium paneum strain Sd44 185 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal transcrib...
4 Penicillium paneum isolate 525+ 15 internal ranscribed spacer 1, parfial sequence; 5.55 ribosomal RNA gene and infemal ranscribed spacer 2, complefe 5.
Q Penicillium paneum isolate 23 59 infernal franscribed spacer 1, partial sequence; 5.55 ribosomal RNA gene and intemal franscribed spacer 2, complete se...
Penicillium paneum genes for 135 FRNA, ITS1, 5.55 rRNA, ITS2 'and 255 YRNA, Danlal sequence, strain: T7530-4-1

Penicillium paneum genes for 155 rRNA ITS1, 5.55 rRN&, ITS2 and 285 RN, partial sequence, strain: K5a16.7-1
9 Penicillium paneum e fype CBS 101032 185 ribosomal RNA gene, parfial sequent ternal franscribed spacer 1, 5.85 ribosomal RNA gene, and infermnal 1.
< Penicillium paneum genes for 185 rRNA, ITS1, 5.85 rRNA, IT52 and 285 rRNA, partial sequence, strain: K6203-2-1
9 Penicillium paneum genes for 155 FRNA, ITS1, 5.85 FRNA, IT52 and 285 rRNA, parfial sequence, strain: T7526-21-1
E] Penicillium paneum genes for 135 rRNA, ITS1, 5.85 VRNA IT52and 285 rRNA partial sequence, strain: T7510- 51
! Penicillium paneum genes for 155 rRNA IT51, 5.85 VRNA IT52and 285 rRNA partial sequence, strain: 77425 31
Penicillium paneum genes for 155 rRNA IYSI 585 rRNA 1152 and 285 rRNA parfial sequence, strain: 17425 4-1
. Penicillium paneum genes for 185 rRNA IYSI 585 vRN.-\ 1152 and 285 rRNA parfial sequence, strain: 17214-5-1
Penicillium paneum genes for 155 rRNA IYSI 585 vRN.-\ 1152 and 285 rRNA parfial sequence, strain: 15916-1-1
Penicillum paneum stain I3 infernal franscribed spacer 1, parial sequence; 5. 55 ribosomal RNA gene and infernal hranscribed spacer 2, complete sequence; ..
§ Penicillium paneum strain UFMGCB 3766 155 ribosomal RN gene, partial sequence; intemal ranscribed spacer 1, 5.85 ribosomal RNA gene, and intermal
> Penicillm paneum strain CES 112296 155 Hbosomal RNA gene, partial sequence; |n1em3] transcribed spacer 1, 5.85 ribosomal RN
7521544

4 Penicillium paneum genes for 185 rRNA, ITS1, 5. 35 YRNA, ITS2 and 285 rRNA, partial sequence, strail lSSl7-| 2
9 Penicillium paneum genes for 185 YRNA, ITS1, 5.85 rRNA, ITS2 and 285 rRNA, parfial sequence, strain: T5916-6-1
< Penicillium paneum genes for 135 rRNA, ITS1, 5.55 rRNA, ITS2 and 285 YRNA, partial sequence, stain: T5916-3-1
2 Penicillium paneum genes for 135 YRNA, ITS1, 5.85 YRNA, ITS2 and 285 rRNA, parfial sequence, s T4906-11-8
@ Penicillium paneum genes for 155 FRNA, ITS1, 5.55 VRNA IT52and 285 rRNA partial sequence, shain: CBS 465.95
ium paneum sfrain 197P 135 vibosomal RNA qene, Daﬂlal sequence; intermal franscribed spacer 1, 5.85 ribosomal RNA gene, and intemal franscri
ium paneum strain NRRL 25162 155 ribosomal RNA gene, partial sequence; infernal ranscribed spacer 1, 5.85 ribosomal RNA gene, and internal
ium paneum strain NRRL 25159 155 ribosomal RNA gene, partial sequence; infernal ranscribed spacer ! 5.85 ribosomal RNA gene, and intemal
ium paneum genes for 185 rRNA, IT51, 5.85 rRNA, IT52 and 255 FRNA, partial sequence, sfrain: T4519- 5
jum paneum sfrain 119P 135 tibosomal RNA gene, partial sequence; intemmal transcribed spacer 1, 5.85 ribosomal RNA gene, and infernal ranscril
P.paneum 5.55 rRNA gene
& penicillium paneum genes for 185 rRNA, ITS1, 5.85 rRNA, ITS2 and 285 rRNA, partial sequence, stain: CBS 101032
© Penicillium sp. 109F 484 185 ribosomal RNA gene, parfial sequence; infermnal franscribed spacer 1, 5.85 ribosomal RNA gene, and infernal fran.
3 Penicillium hirsutum strain CBS 41910 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.65 ribosomal RNA gene,
24 & Penicillium hirsutum genes for 185 rRNA, ITS1, 5.85 rRNA, ITS2 and 285 rRNA, parfial sequence, strain: JCM 22835
« Penicillium hirsutum strain FRR 2032 185 nbosomal RN gene, partial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, ..
] & Penicillium hirsufum DNA for 5.85 ribosomal RNA region
» Uncultured fungus clone LO42882- 122-062- A10 infemal franscribed spacer 1, parfial sequence; 5.8 5 ribosomal RNA gene, complete s,
Penicillium sp. 21IN04 155 ribosomal RN&, partial sequence; infernal ranscribed spacer 1, 5.85 ribosomal RNA, and infemal fransci
5 Penicillium sp. 24 MN15 185 ribosomal RNA partial sequence; infernal transcribed soueri 5.85 ribosomal RNA and infernal franscr.
& Penicillium 5p. 24MNOS 155 ribosomal RNA partial sequence; internal hranscribed spacer 1, 5.5 ribosomal RNA and internal franscr..

internal ranscribed spacer 1, 5.85 ribosomal RNA, and infernal franscr..
internal ranscribed spacer 1, 5.85 ribosomal RNA and infernal franscr..

2 Penicillium sp 02NH09 185 ribosomal RNA partial sequence; infermnal franscribed sw:eri 5 85 ribosomal RNA and infernal mnscr
3 Penicillium sp. LLss14 isolate AMNP29 infernal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA ge.

3 Penicillium concentricum isolate 43 185 ribosomal RNA gene, Darha] sequence; internal ranscribed spacer 1, 5.

@ Paecilomyxes variofii strain KACC 40246 infermnal ranscribed spacer 1, 5.85 ribosomal RNA gene, and intermal

& Fungal sp. D1- 1 infemal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene, complete sequen

» Penicillium lanosum isolate A9 infernal franscribed spacer 1, Didial sequence; 5.35 ribosomal RNA gene and inte.

»Uncultured Penicillium clone G33p6 185 ribosomal RNA gene, parfial sequence;

Penicillium sp. P1 185 ribosomal RMA gene, partial sequence; infernal transcribed spac..

@clj14501
» penicillium roquefortii isolate 14M14 185 ribosomal RNA gene, partial sequence; infemal ranscribed spacer 1, 5.85 ribosomal RNA gene, and.
»Uncultured Penicillium 5.5 rRNA gene, 285 rRNA (partial), ITS1 and IT52, isolate RS- 13

o Penicillium sp. N24 185 ribosomal RNA gene, partial sequence; intemnal franscribed spacer 1, 5.8 5 ribosomal RNA gene, and infemal franscrib..
 Fungal sp. 4B41 185 ribosomal RNA gene, parfial sequence; interal ranscribed spacer 1, £55 ribosomal RNA gene, and internal ranscribed.

'S Penicillium sp. DUCC 7308 intermal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene and internal franscr.

3 Penicillium carmeum shain CBS 468.65 infernal h'anscnbed spacer 1, parhial sequence; 5.85 ribosomal RNA gene and int.

@ Penicillium carmmeum strain CBS 449.78 185 ribosomal RNA gene, Darﬁal sequence; internal franscribed spacer 1, 5.85

@ Penicillium carmeum strain CBS 466.95 185 ribosomal RNA gene, parfial sequence; infemal transcribed spacer 1, 585

@ Penicillium carmeum genes for 185 rRNA, ITS1, 5.85 rRNA, ITS2 and 285 rRNA, parfial sequence, strain: CBS 112207

i# Penicillium cf. paneum KRCFE9S genes for 185 FRNA, IT 51, 5.835YRNA, ITS2, Darﬂa.l and complefe sequence

i penicillium cf. paneum KRCFE59 genes for 135 YRNA, ITS1, 5.85 YRNA, IT52, partial and complete sequence

@ penicillium cameum strain NRRL 25170 155 ribosomal RNA gene, parfial sequence; interal franscribed spacer 1, 585 1.

Y @ penicillium carneum stain NRRL 25168 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1 535,

2 penicillium roqueforii clone N5190 155 ribosomal RNA gene, partial sequence; infemal transcribed spacer 1, 5. &5 ribos.
@ penicillium roqueforti 5.85 rRNA gene, ITS1 and IT52, isolate C2709
& P.cameum 5.55 rRNA gene
8 Pemcnlllum sp. P2 185 ribosomal RNA gene, partial sequence; internal ranscribed spacer 1, 5.55 ribosomal RNA gene, and internal franscrib...
Penicillium roqueforfi NRRL:749 internal franscribed spacer 1, partial sequence; 5.85 nbosomaj RNA gene and internal transcribed spacer 2, ¢.

8 Penicillium sp. N25 185 ribosomal RNA gene, partial sequence, internal franscribed spacer 1, 5.85 ribosomal RNA gene, and intermal franscrib.

2 Penicillium sp. N41 185 ribosomal RNA gene, parfial sequence; internal franscribed spacer 1, 5.85 ribosomal RNA gene, and intermal franscrib.
Penicillium roqueforti strain CBS 479.84 185 ribosomal RNA gene, partial sequence; lnkmal transcribed spacer 1, 5.85 ribosomal RNA gene,..
2 uncultured Ascomycota genomic DNA containing 155 rRNA gene, ITS1, 5.55 FRNA gene, ITS2, 255 rRNA gene, clone BFOTUSS?

3 # penicillium roqueforf ex- fype CBS 221.30 155 ribosomal RNA gene, parfial sequence; intemal ranscribed spacer 1, 5.55 ribosomal RN gen..
Uncultured Trichocomaceas partial 155 rRNA gene, IT51, 5.5 rRNA gene, IT52 and partial 255 rRNA gene, clone F260209_FK3
& penicillium roqueforti genes for 185 rRNA, ITS1, 5.85 VRNA 1752 and 285 rRNA, partial sequence, strain: JCM 22842
* Penicillium roqueforti strain ATCC 10110 155 Hbosomal RNA gene, parfial sequence; infermal franscribed spacer 1, 5.85 ribosomal RNA gene,
; Penicillium roqueforfi shain DF11 185 nbosoma.l RN gene, partial sequence; internal franscribed spacer 1,585 ribosomal RNA geng, and inf.
2 Penicillium sp. FL-2010ag isolate UA SWS0630 155 ribosomal Rt gene, partial sequence; infernal .
 Penicillium carmeum strain HOS- 106 185 ribosomal RNA gene, partial sequence; infermnal franscribed spacer 1, 5.85 nbosomal RNA gene, and i..
3 Penicillium roqueforti strain DAOM 231152 internal franscribed spacer 1, parfial sequence; 5.85 ribosomal RNA gene, complete sequence; and .
Penicillium roqueforti strain ATHUM 5092 185 ribosomal RNA gene, Darﬁal sequence; infemal transcribed spacer 1, 5.85 ribosomal RNA gene,
Penicillium roqueforti strain ATHUM 3007 155 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.8 5 ribosomal RNA gene,
Penicillium sp. N42 185 ribosomal RNA gene, partial sequence; internal ranscribed spacer 1, 5.85 ribosomal RNA gene, and internal franscrib..
» Penicillium roqueforti strain FSU 503 155 ribosomal RNA gene, partial s sequence; intermal franscribed spacer 1, 5.85 ribos
-3 Pemcllllum roquefortii 185 ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.55 Hibosomal RNA gene, and internal
1% Penicillium roqueforfi shrain FRR 349 185 ribosomal RN gene, ‘partial sequence; intemal franscribed spacer 1, 5.85 ribosomal RN gene, and
© Penicillium roqueforti strain FSU 503 clone 1 155 ribosomal RNA gene, parfial sequence; intemal franscribed spacer 1, 5.85 ribosomal RNA 9.
 Penicillium sp. N33 185 ribosomal RNA gene, partial sequence; infernal franscribed spacer 1, 5.85 ribosomal RNA gene, and intemal franscrib..
> Penicillium roquefort 5.55 ribosomal RNA gene and infemal franscribed spacers 1 and 2 (Ils! 1152)

& Proqueforfi 5.55 rRNA gene
I 0.003 I

Tree view for Penicillium roqueforti.
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Appendix Three: t.test between two groups and one way ANOVA analysis:
T-test between two groups Tuesday, February 26, 2013, 13:50:12

Data source: Bactria numbers in plate count medium in cow faeces treated by FB

(days 14).

Group Name N Missing Mean Std Dev SEM
Row 1 3 0 103000.000 2000.000 1154.701
Row 2 3 0 89333.333 6110.101 3527.668

Difference 13666.667

t=3.682 with 4 degrees of freedom. (P = 0.021)

95 percent confidence interval for difference of means: 3360.939 to 23972.395

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

0.021).

Power of performed test with alpha = 0.050: 0.759.
T-test between two groups Tuesday, February 26, 2013, 16:29:10

Data source: number of Salmonella Sp in cow faeces treated by WW (days 7).

Group Name N Missing  Mean Std Dev SEM

Row 1 3 0 22933.333 1301.281  751.295

Row 2 3 0 35733.333 3971.566 2292.984

Difference ~ -12800.000

t=-5.305 with 4 degrees of freedom. (P = 0.006)

95 percent confidence interval for difference of means: -19499.362 to -6100.638

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

0.006).

Power of performed test with alpha = 0.050: 0.970.
T-test between two groups Thursday, March 07, 2013, 12:10:22

Data source: number of E.coli in cow faeces treated by TW (days 21).

Group Name N Missing  Mean Std Dev SEM
Row 1 3 0 8333.333 4041.452 2333.333
Row 2 3 0 45000.000 5000.000 2886.751

Difference -36666.667
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t =-9.878 with 4 degrees of freedom. (P =<0.001)

95 percent confidence interval for difference of means: -46972.395 to -26360.939

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

<0.001).

Power of performed test with alpha = 0.050: 1.000.
T-test Sunday, May 26, 2013, 08:33:21

Data source: The population of Salmonella Sp between the intestines of fruit
beetle and cow faeces (day 7).

Group Name N Missing Mean Std Dev SEM
Row 1 3 0 14400.000 1058.301 611.010
Row 2 3 0 1240000.000 1009554.357 582866.480

Difference  -1225600.000

t=-2.103 with 4 degrees of freedom. (P = 0.103)

95 percent confidence interval for difference of means: -2843897.651 to 392697.651
The difference in the mean values of the two groups is not great enough to reject the
possibility that the difference is due to random sampling variability. There is not a
statistically significant difference between the input groups (P =0.103).

Power of performed test with alpha = 0.050: 0.292

The power of the performed test (0.292) is below the desired power of 0.800.
Less than desired power indicates you are less likely to detect a difference when one

actually exists. Negative results should be interpreted cautiously.

T-test between two groups Wednesday, February 27, 2013, 11:57:42

Data source: The effect FB larvae activity on phosphate in cow faeces (day 21)
Group Name N Missing Mean Std Dev SEM
Row 1 3 0 81.305 6.618 3.821
Row 2 3 0 57.897 10.531 6.080

Difference  23.408
t=3.260 with 4 degrees of freedom. (P =0.031)

95 percent confidence interval for difference of means: 3.470 to 43.345
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The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =
0.031).

Power of performed test with alpha = 0.050: 0.649.

T-test between two groups Wednesday, February 27, 2013, 12:21:16

Data source: The effect WW activity on ammonium in cow faeces (day 14)
Group Name N Missing Mean Std Dev SEM
Row 1 3 0 24.643 3.016 1.741
Row 2 3 0 54.443 4286 2.475

Difference ~ -29.800

t =-9.848 with 4 degrees of freedom. (P = <0.001)

95 percent confidence interval for difference of means: -38.201 to -21.399

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

<0.001).

Power of performed test with alpha = 0.050: 1.000.

T-test between two groups Tuesday, March 12, 2013, 17:43:09

Data source: The effect TW activity on sulphate in cow faeces (day 7)
Group Name N Missing Mean Std Dev SEM

Row 1 3 0 374.556  37.341 21.559

Row 2 3 0 508.333 124.736 72.016

Difference  -133.778

t=-1.780 with 4 degrees of freedom. (P = 0.150)

95 percent confidence interval for difference of means: -342.495 to 74.939

The difference in the mean values of the two groups is not great enough to reject the
possibility that the difference is due to random sampling variability. There is not a
statistically significant difference between the input groups (P = 0.150).

Power of performed test with alpha = 0.050: 0.203

The power of the performed test (0.203) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one
actually exists. Negative results should be interpreted cautiously.
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One Way Analysis of Variance Saturday, May 11, 2013, 13:48:16

Data source: cow faeces treated by FB, Waxworms, Tiger worms and non treated
cow faeces on fresh plant weight grown in 75% compost and 25% cow faeces.

Group Name N Missing Mean Std Dev SEM

Row 1 3 0 0.423  0.0252 0.0145

Row 2 3 0 0.520 0.243  0.140

Row 3 3 0 1.193  0.112  0.0644

Row 4 3 0 0.710  0.165  0.0950
Source of Variation DF SS MS F P
Between Groups 3 1.056 0.352 14.165 0.001
Residual 8 0.199 0.0248

Total 11 1.254

The differences in the mean values among the treatment groups are greater than would
be expected by chance; there is a statistically significant difference (P =0.001).

Power of performed test with alpha = 0.050: 0.990
All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05

Comparisons for factor:

Comparison Diff of Means t P P<0.050
Row 3 vs. Row 1 0.770 5.983 0.002 Yes
Row 3 vs. Row 2 0.673 5.232 0.004 Yes
Row 3 vs. Row 4 0.483 3.756 0.022 Yes
Row 4 vs. Row 1 0.287 2.228 0.160 No
Row 4 vs. Row 2 0.190 1.476 0.324 No

Row 2 vs. Row 1 0.0967 0.751 0474 No

One Way Analysis of Variance Saturday, May 11, 2013, 14:17:55

Data source: cow faeces treated by FB, Waxworms, Tiger worms and non treated
cow faeces on fresh roots weight srown in 75% compost and 25% cow faeces.

Group Name N Missing Mean Std Dev SEM

Row 1 3 0 0.260  0.0265 0.0153
Row 2 3 0 0.200  0.0819 0.0473
Row 3 3 0 0.777  0.156  0.0899
Row 4 3 0 0327 0.117  0.0677
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Source of Variation DF SS MS F P

Between Groups 3 0.620 0.207 18.209 <0.001
Residual 8 0.0907 0.0113
Total 11 0.710

The differences in the mean values among the treatment groups are greater than would
be expected by chance; there is a statistically significant difference (P =<0.001).

Power of performed test with alpha = 0.050: 0.999
All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level = 0.05

Comparisons for factor:

Comparison Diff of Means t P P<0.050
Row 3 vs. Row 2 0.577 6.632 <0.001 Yes
Row 3 vs. Row 1 0.517 5.942  0.002 Yes
Row 3 vs. Row 4 0.450 5.175  0.003 Yes
Row 4 vs. Row 2 0.127 1.457 0455 No

Row 4 vs. Row 1 0.0667 0.767 0.714 No
Row 1vs.Row2  0.0600 0.690 0.510 No

One Way Analysis of Variance Saturday, May 11, 2013, 14:01:56

Data source: cow faeces treated by FB, Waxworms, Tiger worms and non treated
cow faeces on leaves number grown in 100% compost.

Group Name N Missing Mean Std Dev SEM

Row 1 3 0 3.667 1.528 0.882

Row 2 3 0 3.667 0.577 0.333

Row 3 3 0 5.000 1.000 0.577

Row 4 3 0 3.667 0.577 0.333
Source of Variation DF SS MS F P
Between Groups 3 4.000 1.333 1.333 0.330
Residual 8 8.000 1.000

Total 11 12.000

The differences in the mean values among the treatment groups are not great enough to
exclude the possibility that the difference is due to random sampling variability; there
is not a statistically significant difference (P = 0.330).

Power of performed test with alpha = 0.050: 0.090
The power of the performed test (0.090) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one
actually exists. Negative results should be interpreted cautiously.
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T-test between two groups Thursday, March 14, 2013, 10:44:58

Data source: Effects of Waxworms and Fruit beetle larvae on waxed paper
breakdown (day 20).

Group Name N Missing Mean Std Dev SEM

Row 1 3 0 5.890 0.0500 0.0289

Row 2 3 0 6.143  0.00577 0.00333

Difference  -0.253

t=-8.718 with 4 degrees of freedom. (P = <0.001)

95 percent confidence interval for difference of means: -0.334 to -0.173

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

<0.001).

Power of performed test with alpha = 0.050: 1.000

T-test between two groups Thursday, March 14, 2013, 11:09:39

Data source: The waste weight of Waxworms and Fruit Beetle larvae feeding on
recycling paper (day 21).

Group Name N Missing Mean Std Dev SEM

Row 1 3 0 0.248 0.0231 0.0133

Row 2 3 0 0.176  0.00781 0.00451

Difference ~ 0.0720

t=5.121 with 4 degrees of freedom. (P = 0.007)

95 percent confidence interval for difference of means: 0.0330 to 0.111

The difference in the mean values of the two groups is greater than would be expected
by chance; there is a statistically significant difference between the input groups (P =

0.007).

Power of performed test with alpha = 0.050: 0.960
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