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Mango is targeted as the next non-traditional export crop that is expected to fetch the
highest foreign exchange for Ghana and replace cocoa. However, the activities of Bactrocera
dorsalis are causing high yield losses as a quarantine pest. Imported commercial protein food
bait for controlling the flies constitutes the highest cost component of the control, excluding
cost of labour. Baits are exorbitant for local farmers and they are seldom available. This
study sought to explore the possibility of developing locally-produced, cheap and efficient
food bait, using waste brewery yeast for management of the pest. Waste Brewery yeast was
obtained from three sources - two commercial breweries (Guinness Ghana Limited and Accra
Brewery Limited), and from a locally-brewed drink - ‘Pito’ (from partially sprouting Guinea
corn or Sorghum). They were subjected to pasteurization using papain enzyme to maximize
yeast cell autolysis at 70 °C for 9 hours, and the protein percentage in each product
determined with the Micro-Kjeldahl apparatus. Results showed the quantity of yeast cell
sediments used for pasteurization did not affect protein content of the baits. Protein content
from Guinness, Beer, Pito, and the Commercial bait were 1.4 %, 5.2 %, 1.4 %, and 8.0 %,
respectively. Beer bait was found to be significantly attractive in the field, with peak fly catch
of 258. Guinness and the Commercial bait catches were not significantly different from each
other with same peak captures of 173, while Pito had 36 flies. The relative fly density in the
study area was estimated to be 9.66 flies per trap per day (F/T/D), while the highest sex ratio
of female flies was from the Commercial bait (82.1 %), followed by Beer (77.5 %), Pito (72.5),
and Guinness (71.8). Beer bait proved to be more efficient and effective in controlling B.
dorsalis, and has the potential to be included in the IPM tool kit against Bactrocera dorsalis
and other fruit fly species.
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Introduction
World production of mango in 2009 was estimated at 35,623,696 tonnes, of which Africa produced only 4,079,115
tonnes, accounting for about 11.5% of processed mango. The producer price for mango per tonnage in 2009 was US
$350.5 in the United States market (FAOSTAT, 2012) Mango is produced in Ghana as a non-traditional export crop,
with total land area under production estimated at 4,166.7 ha and the largest farms measuring up to 416.7 ha. Current
production is said to have increased from about 6,800 tonnes in 2007 to 7000 tonnes in 2010 (FAOSTAT, 2012).
However, different types of insect pests cause serious damage to mango in Africa, including Ghana, and perhaps none
have gained greater notoriety than the fruit flies (Ekesi & Billah, 2007; Billah et al., 2013; Billah & Wilson, 2016). The
problem of the fruit fly complex has increased in recent times by the detection of the Africa Invader fly, Bactrocera
dorsalis (Hendel) which has been reported to cause 15-70 % yield losses in some African countries (Vayssierres et al.,
2005), This pest is of great economic importance as the females cause extensive damage to fruits. Four mango varieties Kent, Haden, Palmer and Keitt are economically important in Ghana, and have been described by (Ekesi & Billah, 2007)
to be susceptible to attack by B. dorsalis. The fly is considered a high priority quarantine pest, and because of its high
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infestation rate, Ghana was included in the list of countries from where fruits were to be screened before their export
(Ekesi & Billah, 2007). The fly was first reported in Ghana in 2005 (Drew et al., 2005; Billah et al., 2006). Its presence in
Ghana had already brought some setback in the mango trade between Ghana and some of her trading partners, starting
with a ban of the fruits to South Africa and Lebanon in 2005 and 2010, respectively.
Control measures against fruit flies mostly included the use of insecticides as a cover spray, but with the increasing
awareness of the effects of insecticides on human and environmental health, as well as levels of chemical residues in
fruits and vegetables, the use of insecticide cover sprays has been discouraged in the management of fruit flies. One of
the most effective strategies for interrupting the developmental cycle of the flies is by preventing adult flies from
depositing their eggs in the fruit by the use of baited traps and other preventive treatments such as the use of food baits
and orchard sanitation, among others (C.T.A., 2007; Billah et al., 2013; Billah & Wilson, 2016). These strategies, when
combined in their use, present an integrated approach in the management of the flies. Indeed, the use of food baits has
now been generally accepted worldwide as central in the effective management of fruit flies, and even accepted in
organic crop production (OMRI, 2022). However, there are a limited number of registered food bait products for the
control of fruit flies, especially B. dorsalis in Ghana.
Most of these baits are in liquid formulations, which make them bulky and very expensive to import because of the added
product weight - thus making these commercial baits inaccessible to farmers, especially in developing countries (aside
other reasons as clearance and delays at the ports). For baits to remain effective, they must always be applied fresh and
on regular basis, which then calls for a constancy of supply of such bulky products. For these reasons, large proportions
of yields are lost annually due to fruit fly damage from not using food baits.
These drawbacks have forced many countries to either develop and manufacture food baits from various local protein
sources or further process existing ones into dry and lighter forms (Bulley, 2012; Banini, 2013; AFFP, 2014; Billah,
2019; Candia et al., 2019). There is therefore an urgent need to develop efficient and effective baits locally that farmers
in Ghana could afford to control this quarantine pest (Billah & Wilson, 2016). This has raised the motivation to develop
food baits from locally-available raw materials to investigate their potential in trapping the flies, and determining the
efficiency of such products.
Materials and methods
Sources of locally-available raw materials
Spent Guinness and Beer yeast were obtained from Guinness Ghana Brewery Limited and the Accra Brewery Limited,
respectively from Accra. A third yeast source was obtained from ‘Pito’ - a widely patronized locally-brewed drink from
partially sprouting Guinea corn or Sorghum, Sorghum bicolor (Poaceae). It yields a dark brown low alcoholic drink of
about 2-3% (Bansa, 1990; Iwuoha & Eke, 1996; Tetteh, 2013), which is slightly thinner in consistency than the exotic or
commercial stout beers (Ekundayo, 1969; Glover, 2007). This drink is a popular traditional product from the northern
regions of Ghana but has gained popularity in recent times, and widely consumed nationwide. Since the two industrial
breweries are located in the southern and middle parts of Ghana, the inclusion of Pito yeast was considered to widen the
range and sources of raw materials as well as their ease of accessibility.
Quantification of yeast and preparation of Protein bait
The raw Guinness, Beer, and Pito yeast wastes were thoroughly agitated, transferred into 100 ml measuring cylinders,
and allowed to stand overnight. The levels of liquid supernatant and solid yeast in each case were read off the measuring
cylinders and recorded for later comparison with levels obtained after the raw sources were subjected to autolysis (Table
1). Two-and-a-half (2.5) litre Winchester bottles were filled with the different brewery yeast wastes. They were then
pasteurised in an oven at a constant temperature of 70 0C for 9 hours to allow for a high pedigree of yeast cell autolysis
and cell content rupture, allowed to settle and cooled overnight to ambient temperature (Gopaul & Price, 1999). The
liquid layers (supernatants) were decanted from the Winchester bottles into glass bottles. Ten (10) g of papain enzyme
powder (Starwest Botanicals Inc., Sacramento, CA, USA) was added to the solid yeast cells (debris) in the Winchester
bottles and thoroughly agitated for 3 minutes to ensure proper reaction between the enzyme and the yeast cells. The
supernatants were reintroduced into the Winchester bottles and agitated again to ensure a uniform mixture. The mixtures
were subjected to further pasteurization in an oven at 70 C for 9 hours. Four (4) g of the preservative, Potassium sorbate,
was added to each preparation in the bottles and thoroughly agitated and allowed to settle overnight. The brown
supernatants formed (protein autolysate) were decanted with pipettes into separate glass bottles, labelled, and their
quantities determined, using a measuring cylinder for comparison with the sedimentation levels of the brewery sources
(Plate 1).

Plate 1. Prepared protein autolysate baits (supernatants) from the different yeast sources in glass bottles.
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Protein content analysis
The Micro-Kjeldahl procedure (Sharpless et al., 1997) was used to determine the percentage protein content in each of
the prepared baits, including the commercial product (protein hydrolysate). The values obtained were used to compute
the percentage nitrogen (% N) and subsequently converted to percentage protein (% P), using the standard conversion
factor 6.25 and formula 1 below.
% N2 = {H - B} × {N × A} × 100
W

1.

where,
H = Volume of H2SO4 (collected)
B = Volume of NaOH (titrated)
N = Normality of H2SO
A = Atomic mass of Nitrogen
W = Weight of protein sample (in mg)
% Protein = % Nitrogen × Conversion factor
Field trials
Use of the locally-produced protein baits (protein autolysates) from the different sources was compared with a
commercially-available Protein Hydrolysate Bait in a commercial mango orchard (Dormehsco Farm) for two seasons.
The orchard, which is at Somanya in the Eastern region of Ghana, is in one of the biggest mango enclaves in the country,
and with the highest production volumes of mango. A one hectare study area was demarcated in a mango orchard at
Somanya in the Eastern Region of Ghana for the field trials. The mango variety used was Keitt.
Trap preparation
Seventy-two (72) transparent plastic cylinder bottles (1000 ml capacity) with lids were fabricated into improvised
Lynfield or Bucket traps for use. Three round holes of diameter 25 mm were made around the middle portion of the
bottles equidistant to each other. Small perforations were also made in the middle of the lids and nylon ropes fitted into
them for hanging the traps. Hard cotton wads were made by tightly tying cotton threads around them for attachment to
one end of the rope to keep the wad hanging inside the trap (Plate 2). They were then labelled according to the type of
bait applied and trap number. The study initially comprised surveillance for the presence of B. dorsalis in DORMEHSCO
Farm, a mango orchard at Somanya in the Eastern Region of Ghana. Traps were prepared and field trials carried out at
two different fruiting seasons. The first trial in the minor season commenced from October to December, and the second
trial from April to June in the major season. One hectare plots were selected and completely randomized for the trials.
The study area was divided into three rectangular blocks (Blocks I, II and III) each representing a replicate. The blocks
were subdivided into twenty-four (24) plots of two rows, each plot represented by a mango tree. Thirty-six (36) traps
were used for each season. In Block I, 12 traps were deployed on mango trees at 2-4 m above ground on every other tree
(~ 20 m apart). The four baits were soaked in the suspended cotton wads, with 3 traps of each bait per plot. Farms were
visited on weekly basis for trap inspection and collection of fly catches. Catches were preserved in 70 % alcohol for
sorting, identification and counting. The trials were run for 8-week periods in the minor and major seasons. Fresh baits
(locally produced autolysates) were prepared and used each season.

Plate 2. Improvised cylindrical Lynfield of Bucket traps deployed in the field.
Identification of insects and data analysis
Sample identification was carried out in the laboratory using a Digital Leica EZ4 D stereo microscope and taxonomic
keys by Billah et al. (2007). The number of flies captured were recorded and log transformed {log (x + 1)} and then
subjected to analysis, using SPSS (16th Edition) software. Means of treatments were also compared according to the
Turkey’s Highest Significant Difference (HSD) test at P = 0.05 level. Counts of B. dorsalis identified were expressed as
numbers of flies per trap per day (F/T/D) to indicate the relative fly density of each plot. The sex ratio (percentage
females) was also determined in experimental blocks and for the area.
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Results and discussion
Sedimentation levels of brewery yeasts and Protein content
The various protein sources showed a similar trend in their sedimentation levels before and after autolysis (Table 1). At
ambient temperature the highest protein content was obtained in the commercial protein hydrolysate bait as 7.9 % with
the pH of 7.5 (Table 2). This was followed by Beer protein autolysate bait with protein content of 5.2 % and pH of 6.1.
There was further reduction in protein content in Guinness and Pito protein autolysate baits, recording similar protein
value of 1.4 % with pH values of 5.9 and 3.0, respectively. However, all the baits experienced slight reduction in pH
values after eight weeks of determination. All baits attracted adult flies, with Beer protein autolysate baits being the most
attractive, recording peak fly catches of 258 in week one, which was highly significant than catches recorded by the other
baits (Table 3). Guinness and Commercial baits recorded similar peak fly catches of 173 but were only significantly
different from that recorded by Pito bait with fly catches of 36 in week 2.
Table 1. Percentage sedimentation levels of brewery yeasts before and after autolysis.
Volume Before Autolysis
Volume After Autolysis
%
%
%
%
Protein Source
Supernatant
Yeast cells
Supernatant
Yeast cells
Guinness
60.0
40.0
64.0
36.0
Beer
35.0
65.5
37.0
63.0
Pito
70.0
30.0
75.0
25.0
Table 2. Mean pH values and percentage protein content of the protein baits.
Measurement of Parameters
One (1) week after Preparation
8 weeks after preparation
Bait source
% Protein
pH after
% Nitrogen
content
pH
preparation
content (N)
(% N × 6.25)
Commercial
7.5
1.26
7.9
7.1
Guinness
5.9
0.75
1.4
5.6
Beer
6.1
0.83
5.2
6.0
Pito
3.0
0.22
1.4
2.8
Table 3. Mean number of fruit flies captured by different protein baits.
Bait Type
Week
Guinness
Beer
Pito
Commercial
109 ± 17b
215 ± 26a
28 ± 5c
110 ± 15b
1
a
a
b
173 ± 32
258 ± 23
36 ± 4
173 ± 22a
2
a
a
b
147 ± 32
203 ± 30
35 ± 5
153 ± 22a
3
a
a
b
121 ± 18
157 ± 36
36 ± 8
138 ± 23a
4
a
a
c
129 ± 25
151 ± 32
22 ± 3
161 ± 26a
5
b
a
c
78 ± 10
142 ± 20
13 ± 3
68 ± 7b
6
b
a
c
48 ± 5
100 ± 18
13 ± 3
53 ± 6b
7
a
a
b
50 ± 7
93 ± 11
24 ± 6
60 ± 10a
8
Means within columns followed by different letters are significantly different (P = 0.05), using Tukey’s HSD test.
A total of 38,933 flies were collected in both seasons, out of which 9,428 (24.22 %) and 29,505 (75.78 %) flies were
collected in the first and second seasons, respectively (Table 4). The highest number of flies was recorded in Block III,
accounting for 5.58 flies per trap per day in the first season. Traps in Block I recorded the second highest density of the
species, with 4.41 flies per trap per day, followed by Block II with the lowest catches of 4.05 flies per trap per day. The
second season had the highest fly catches in Block I, accounting for 17.11 flies per trap per day (Table 4), followed by
Block II, with 16.18 flies per trap per day. Contrary to the first season, Block III traps recorded the lowest density of
10.62 flies per trap per day. Sex ratio of B. dorsalis was determined as percentage female flies captured by each bait type
(Figure 1), with the highest female ratio obtained by the Commercial bait (82.06 %), and followed by Beer bait (77.46
%), Pito (72.52%), and Guinness (71.80 %).
Table 4. Relative fly densities of Bactrocera dorsalis in the field
No. of Flies (F)
No. of Traps
Block
(T)
Season I
2,961
12
I
2,719
12
II
3,748
12
III
9,428
36
Total
Season II
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(D)

Flies/Trap/Day
(F/T/D)
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56
56
56

4.41
4.05
5.58
4.68
57
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11,498
12
56
10,872
12
56
7,135
12
56
29,505
36
56
38,933
36
112

I
II
III
Total
Grand Total

90

% of Males

17.11
16.18
10.62
14.64
9.66

% of females

82.06

77.46

80

72.52

71.8

Number of flies

70
60
50
40
30

28.2

27.48
22.54
17.94

20
10
0

Guinness

Beer

Pito

Commercial

Protein Bait
Fig 1. Sex ratio of Bactrocera dorsalis captured by protein baits.
Attractive baits for female fruit flies are needed in any applicative system against fruit flies both for monitoring and for
direct control (Mazor et al., 2002). The basic need of female fruit flies is protein, based on the fact that they need protein
source to mature sexually and also for egg development (Christenson & Foote, 1960). Protein is necessary for the
building up of cells and tissues in egg formation and growth of immature flies. This knowledge has been exploited in
developing systems to attract female fruit flies (Mazor et al., 2002; Epsky et al., 2014). The use of brewery waste as a
raw material in the making of protein bait is a relatively new concept (Gopaul & Price, 1999). Increasingly, yeast wastes
autolyzed by the use of enzymes are being used in bait production (Alwood, 1997; Epsky et al., 2014). Papain enzyme
facilitates the proteolysis of yeast cell contents. The autolysis process used in this research also employs the
pasteurization of brewery waste, which is known to lead to a degree of yeast cell autolysis, followed by proteolysis of the
cell proteins thus released (Gopaul & Price, 1999). The released cell contents after the proteolysis probably causes the
slight increase in supernatants after pasteurization.
In this study, the results confirmed that sedimentation level of the supernatants (top liquid layer) of brewery yeast wastes
slightly increased after pasteurization thus causing a corresponding decrease in the debris (solid bottom layer). However,
it is obvious that the higher the quantity of supernatant subjected to pasteurization, the higher the quantity of final
product expected. This procedure is quite new and is essential in ascertaining an anticipated quantity of protein bait prior
to the production process.
Locally prepared baits were found to contain some amount of protein essential for attracting young and adult females.
The imported commercial protein hydrolysate contained 8.0 % protein with pH of 7.5, which was higher than the locally
produced baits due to the different sources of the yeast used; Beer protein autolysate with 5.2 % protein and pH of 6.1,
Guinness protein autolysate with 1.4 % protein and pH of 5.9 and Pito protein autolysates with similar content of 1.4 %
protein and pH of 3.0. The protein content values obtained in this study were, lower than that reported by Gopaul and
Price (1999) who indicated protein contents of locally prepared protein baits from brewery wastes as 7.0 % and 9.5 % for
Beer waste and Guinness waste, and at pH of 4.5 - 5.0, respectively. The lower percentages of protein obtained in this
study might be as a result of over-storage of brewery yeast wastes in freezers prior to the preparation process. This might
have led to varied reduction in enzymatic activity in the brewery products. That notwithstanding, the quantity of yeast
cell sediment in brewery yeast waste used for pasteurization did not affect the overall protein present in the locally
developed baits. Higher pH values determined in Beer and Guinness baits indicate that these products can be effective
over longer period of time (Economopoulos, 1989). Although Beer protein autolysate bait contained 5.2 % protein, it was
found to be significantly effective in attracting the flies more than the other baits, including the commercially-imported
protein hydrolysate. Generally, there was no significant difference between Guinness and Commercial baits, though their
protein contents were 1.4 % and 8.0 %, respectively. The higher efficacy of the locally produced Beer protein bait and
comparable Guinness protein bait do suggest that they would be better options of protein baits in IPM programmes.
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Tephritid fruit flies are known to use chemical cues to seek and access habitat, food, mating sites and ovipositional
resources (Messing, 1999). This implies that the chemical odours diffused by locally developed baits made some amount
of difference in attracting the flies. Brewery Beer and Guinness obtain their odours from the dried flowers of the hop
plant used in brewing to add flavour to the product, and also a hint of yeast (Epsky et al., 2014; Guinness Webstore,
2021). The flavour of hops contributes to the pungent smell of Guinness and Beer protein baits. The effectiveness of Beer
baits in attracting B. dorsalis can also be attributed to the efficient breakdown of Beer yeast cells that causes a greater
release of the ammonia odour most preferred by fruit flies (Zhou et al., 2012; Piñero et al., 2017). Because the bait spray
relies on its attractant properties for its mode of action, overall coverage of the tree canopy is unnecessary and a 'spot
spraying technique' should be adequate. Experiments and experience indicate that bait spraying is most effective in 'area'
treatment programs. It is ideal for medium to large orchards or where adjacent properties such as mode of action and
aroma use the technique (Allwood, 1997). Guinness and Pito protein baits recorded similar protein content of 1.4 %,
however, Guinness bait was more attractive than Pito bait. This flavour of strong aroma of dark-roasted malt and high
hop content contributes to the effectiveness of Guinness bait in attracting more flies than Pito bait which is locally
prepared without such ingredients. The end products of sugar fermentation by yeast cells include high diacetyl release,
which is responsible for the high flavours in brewery products (White, 2021), and also known to cause an unwanted
buttery off-flavour in lager beers (Duong et al., 2011). Local preparation of Pito undergoes less and unregulated boiling
and fermentation which, probably, leads to the production of lower diacetyl. This results in yeast waste that is less
autolyzed. The production of a more pungent and nutritive Pito will require further pulverization, temperature regulation,
fermentation and the addition of flavour to improve upon its efficacy.
Roessler (1989) stated that, to evaluate what constitutes attractive protein baits “the only reliable procedure is the use of
bioassays with live flies.” The comparable results obtained between the Commercial hydrolysate and Guinness autolysate
baits in this study are in line with the outcome of the research conducted by (Gopaul & Price, 2007). They reported that
there was no significant difference between the locally produced bait formulation and the imported bait in numbers of
fruit flies trapped. On the contrary to their findings, Beer bait significantly captured more flies whiles Pito bait recorded
significantly lower flies than the imported counterpart. It is however, worth noting that local protein baits were produced
at a cost that is about three times cheaper than the imported commercial bait.
During the minor season of field trials (October to December), relatively lower flowering and fruiting in mango was
observed in the southern sector of the country, particularly in Somanya (Eastern Ghana). Earlier in the year, very little
rainfall was observed in the southern sector of the country, but the situation gradually improved close to the end of the
same year (Billah et al., 2007). A relative fly density of 4.68 F/T/D was recorded in the 1 ha study area, contributing to
24.2 % of total female B. dorsalis captured in both seasons. However, in the major season of field trials (April to June),
high rainfall was followed by abundant flowering and fruiting in mango, providing sufficient reproductive base for the
flies in the southern sector of the country, particularly in the study area. This was earlier on predicted by Stonehouse et
al. (2008) that poor flowering and fruiting in the earlier years was expected to get back to normal by the close of the 2011
season. There was therefore a corresponding increase in fruit fly infestation in mango orchards, indicating a strong
relationship between resource availability (fruits) and the number of flies (Nboyine et al., 2012). High mango fruiting
with little or no insect control programme in the entire mango producing area resulted in commensurate fruit fly
densities. In this work, high fly populations were recorded in all three blocks in the second season.
In all three blocks in the study area, there was a significant difference in the performance of the baits, though some
experienced no significant difference in a few weeks. All three blocks in the minor season recorded high fly catches in
the first week but catches declined from the second to the fourth week. The decline in performance of baits with time
may be as a result of the early potency of the baits (in the first week) in reducing the population of fertile female flies that
required protein to develop their eggs. At certain periods and position of traps, high rainfall may affect the performance
of the baits. This might have contributed to the low fly catches in certain periods of the field trials. Gradual decline in the
efficacy of baits in capturing, reflected in the gradual reduction in fly catches, might be attributed to the decline in pH of
baits with time (Alwood, 1997). Subsequent reduction in population of fertile female flies might have also contributed to
the consequential decline. Bumper fruit production contributes to a corresponding invasion by female B. dorsalis
population and their consequential infestation beyond the economic threshold. It is therefore prudent that detailed control
strategies are put in place to interrupt female B. dorsalis life cycles in seasons where high rainfall is expected. It is
cardinal to note that brewery baits have the potential, not only to control high population of female B. dorsalis, but to
also play a crucial role in alleviating male fly densities. The flavour produced by these baits appears to effectively lure
male flies to their mating partners (females). The sex ratios of Beer, Guinness and Pito baits (77.5 %, 72.0 % and 73.0 %,
respectively) confirm the preference of female B. dorsalis for protein in developing their eggs. In a similar trial with
Guinness and Beer baits, Bactrocera zonata females formed between 64 % and 82 % of total flies trapped. However, the
major disadvantage of protein bait sprays is that control may not be totally adequate at times of extreme pest pressure,
especially if re-invasion of the treated area is continuous, and where treated areas are small in relation to untreated
surrounding areas.
Conclusion
The Brewery yeast wastes have been proven to exhibit varied concentrations of protein depending on the source, duration
of storage, degree of boiling and fermentation. Among the local baits, Beer protein bait has shown to contain protein
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concentration of 5.2 %, which is higher than the 1.4 % in Guinness and Pito autolysates. Though beer bait was lower in
protein content than commercial hydrolysate bait with concentration of 8.0 %, the former was significantly efficacious in
attracting B. dorsalis. The efficacy of protein baits over time depends on their pH, as acidic baits are usually less
attractive. Protein baits generally experience decline in pH over long periods of time. Attractiveness of baits also depends
on taste and effective odours discharged. Beer bait has a more pleasant taste than Guinness due to the addition of high
quantities of hops during the brewery process in the latter. The flies prefer the less sour taste of Beer baits. The Brewery
protein baits have the ability to attract both sexes of B. dorsalis. However, the female flies had greater preference for the
protein baits, as evidenced in the 77.5 % female proportion recorded by Beer bait. Beer bait was the most attractive to the
female B. dorsalis. With this relatively new and cheaper process, protein bait sprays can readily be obtained for use by
growers, especially small scale holders as they become available, accessible, and affordable. They use minimal amounts
of pesticides in the products over only small foliage area surface, and are environmentally more friendly.
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