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Abstract

European consumers generally still have a relucsdimiude towards the consumption of
insects. One strategy to trigger the willingnessdasume edible insects is to process them
invisibly in familiar foodstuffs. To facilitate thj insects need to be processed to intermediates
that can be incorporated readily in products byftoal industry. To this end, a mealworm
paste that was free of tastable exoskeleton pastislas manufactured successfully using
industrial equipment. Of this novel intermediate fhroximate and fatty acid composition,
moisture content, water activity, pH, viscosityygede andp-anisidine values and colour
was analysed. Next, the impact of storage tempergdfC and -21°C) and presence of
preservatives (sodium nitrite and sodium lactate}tte chemical and microbial stability of
the paste were evaluated, as well as its fermdityatn assess the most suited preservation
strategy. During storage at -21°C, all tested patars remained constant for three months,
except for some fat oxidation. At 4°C, substantiarobial growth was observed during three
weeks of storage, regardless of the use of prebezsaFinally, the paste was also shown to
be suited for fermentation. Future research shast#ss whether fermentation can extend the
storage time and/or improve the product quality.
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1. Introduction

Edible insects are being introduced in Europe sisséainable alternative for conventional
meat because of their high nutritional value and lenvironmental impact (Smetana,
Palanisamy, Mathys, & Heinz, 2016). Several stud@sclude that European consumers still
have a reluctant attitude towards the consumptiomsects (Hartmann & Siegrist, 2016;
Looy, Dunkel, & Wood, 2014). In Europe, eating iciseis associated to being dirty and
dangerous and to feelings of disgust (Labyal., 2014). One of the proposed solutions to
open the European market for edible insects isdogss them in an invisible way in familiar
foodstuffs. This strategy is suggested and alsavshno market research to result in a higher
willingness to eat insect-based foods (Caparrosiditegt al., 2016; Hartmann & Siegrist,
2016; Tan, Verbaan, & Stieger, 2017). The existasfcgtable and well characterized insect
intermediates, such as powders and pastes, maljitaf@cithe incorporation of these
ingredients in food products by the food industng anay enlarge the portfolio of insect-
based foods in the market. However, today no pasteavailable on the B2B market, and it
is not generally known how qualitative and stabéstps can be produced at an industrial
scale.

When fragmenting fresh mealworms to obtain a pdtsten be expected that the nutrient
availability for the endogenous microbiota increasbkence possibly inducing microbial
spoilage and safety risks (Fellows, 2009). Mealwsoare known to contain a high microbial
load after rearing (Stoop al., 2016; Vandeweyer, Crauwels, Lievens, & Van Campeit,
2017). A heat treatment such as blanching or miak@ndrying reduces the microbial load
except for the bacterial spores, which are heastee# (Vandeweyer, Lenaerts, Callens, &
Van Campenhout, 2017). Fresh and blanched mealwarensharacterized by a high water
activity and an ideal pH for bacterial growth, makithem susceptible for microbial spoilage

(Vandeweyer, Crauwelst al., 2017). According to Vandeweyer, Lenaessal. (2017),
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blanched mealworms can be stored at 4°C for six d@thout exceeding the general food
spoilage level for food of 7 log cfu/g (W. Sperl&mDoyle, 2009). As mealworms contain
high levels of unsaturated fatty acids, they cao dle susceptible for fat oxidation, causing
rancidity (Jeonet al., 2016; Tzompa-Sosa, Yi, van Valenberg, van Bge&elLakemond,
2014). This study investigates these parametergtore the storability of insect pastes.

In fact, to obtain storable pastes from mealworths, use of a preservative may be a
prerequisite, which will also be studied. Sodiurtrite and sodium lactate are currently used
to extend the shelf life of meat by inhibiting mobral growth, fat oxidation and/or colour
changes (Alahakoon, Jayasena, Ramachandra, & 16).2Qitrite inhibits microbial growth
by inhibiting metabolic enzymes of bacteria, limgi oxygen uptake by bacteria and
interfering with the proton gradient. Nitric oxidends with iron ions, which results in a
limited iron availability for microbial growth (Alakoonet al., 2015). Nitrite also retards
rancidity during storage by terminating the autodakon of the fat and limiting the pro-
oxidant activity of iron ions (Alahakooet al., 2015). Driven by the consumers’ demand for
more natural or organic meat products, industrngearching for alternatives for sodium
nitrite. According to Seydinat al. (2006), sodium lactate is a suitable alternatovereserve
meat and poultry. Sodium lactate also inhibits ot growth and retards lipid oxidation
(Seydim, Guzel-Seydim, Acton, & Dawson, 2006).

An alternative preservation strategy to prevent amed microbial growth would be to
ferment the mealworm paste using a starter cultbBredence that this is feasible for a
mealworm paste produced at laboratory scale hasntlgcbeen published (Borremans,
Lenaerts, Crauwels, Lievens, & Van Campenhout, pab&his study, the goal is to explore
whether this starter culture could also successfigiment a paste produced using a more

industrially scalable set-up. As an additional adage, the process of fermentation also can
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lead to improved nutritional and organoleptic pmbigs in a food product, which could also
increase its value (Bourdichehal., 2012).

This study is, to our knowledge, the first to rdpom the production process of pastes
from non-defatted mealworm larvae as food ingradiefhe production was done at pilot
scale, using equipment that is scalable to indalstdale. Mealworms were steamed and then
fragmented in a series of two cutters. All frestgyoduced intermediates were then
characterized with respect to moisture content,ewaictivity, pH, viscosity, proximate
composition and fatty acid composition. Next, théeimediates were subjected to storage
experiments under appropriate conditions to evaldiatir microbial and chemical stability
during storage, since a minimal storability is guieement for intermediates to be useful in
the food industry. Pastes containing no presergasodium nitrite or sodium lactate were
included in this analysis. Since fresh and proakssealworms are prone to browning
(Jansseret al., 2017; Van Campenhout, Lenaerts, Callens, & Vamn Borght, 2017), the
colour of freshly produced and stored intermediatas measured as well. Finally, it was also
investigated whether the paste produced at pilalescan be fermented, as this can be an
alternative preservation strategy, and the progrégsrmentation was assessed using culture-
dependent plate counts.

2. Materialsand methods
2.1  Production of mealworm pastes

Living mealworms (Nusect, Ledegem, Belgium) weesasted for 5 min in a steam oven
(ClimaPlus Combi CPC61, Rational GmbH, Germanyikiliothe larvae and to reduce their
microbial load. Then 9.7 kg mealworms were fragradrior 25 min in a cutter under vacuum
(UM 12, Stephan, Belgium) followed by a second djnig step in a microcutter (MC 15,

Stephan, Belgium). This procedure and these ingtnisnwere selected in preliminary



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

research so as to (1) be realizable at industtilesand (2) yield a fine paste that does not
contain tastable exoskeleton particles which wde#d to an unwanted sensory sensation.
2.2  Sorage of the paste and analyses during storage

An aliquot of 2.4 kg of freshly prepared paste Wapt aside for fermentation. Of the
remaining part, one third was produced without @nestives (control), another third was
supplemented with 150 mg NaM®g paste (EMSURE®, ACS, Reag. Ph. Eur. Analytical
reagent, Merck Millipore) and the last part with kg paste of a 60% sodium DL-lactate
solution (Syrup, 60 % w/w, synthetic, Sigma AldjicBach mixture was homogenized for 30
seconds in a Foss Homogenizer (2096, Hoganas, @yvedliiquots of 250 g of the pastes
were transferred into sterile 250 mL containers {RIRsparent with HDPE cap, Corning®,
New York) and stored at 4°C and -21°C. The moistmetent, water activity, pH, viscosity,
proximate composition and fatty acid composition reveanalysed immediately after
processing. During the storage experiments, thestow@ content, water activity, pH,
viscosity, fat oxidation, colour and microbial césimvere monitored. The pastes stored at 4°C
were analysed weekly during three weeks after mtal, while those stored at -21°C were
measured every month up to three months after ptmou Fat oxidation was measured
immediately after production and after storage.aklalyses were performed in triplicate (n =
3).
2.3  Fermentation

An amount of 1.2 kg of mealworm paste was inocdlatéh the commercial meat starter
Bactoferm F-LC (Chr. Hansen, consisting of a miatunf Pediococcus acidilactici,
Lactobacillus curvatus, and Saphylococcus xylosus), according to the manufacturers’
instructions. This meat starter culture was chageen the fact that the paste is a meat-type
product containing animal proteins. Its moistureiteat (about 66%) and protein content

(about 24% on fresh weight basis) is also comparablthat of traditional meat such as
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chicken, pork, and beef. Mealworm paste was pradiatdaboratory scale and fermented at
laboratory scale with this starter in previous w@Borremanset al., 2018). An equal mass
was not inoculated to be used as control. In parah order to investigate the necessity of
nitrite during fermentation, identical fermentatiexperiments were also performed on pastes
supplemented with 0.015% NaNQw/w). The fermentation set-up is based on the
optimisation of a fermentation strategy on pastelpced at lab scale described by Borremans
et al., 2018. Based on these results, 2.8% NaCl (w/w§g% d(+)-glucose (w/w) were also
added to both pastes, as is a general practiceemt fermentation. After mixing, twelve
50mL Falcon tubes were filled with the paste and bataed at 38C for 2 weeks. The
fermentations (uninoculated and inoculated) werdopmed in triplicate. Sampling was
carried out on days 0, 3, 7 and 14 for pH analgss microbial counts. To avoid interruption
of the course of the fermentations by samplingeghFalcon tubes were withdrawn per
sampling time point.

2.4  Proximate analysis

For the proximate analysis, the moisture, protagh and fat content was determined. A
more elaborate description of the methods usedthisr analysis was recently published
(Lenaerts, Van Der Borght, Callens, & Van Campenh®0l18). Briefly, the moisture content
of the pastes was calculated after drying the sammpla forced air oven at 105°C for 17
hours.

The protein content was determined using the Kj@laaethod as described by Chang
(2010). Crude protein was estimated as N x 6.2%. mkthod was verified using acetanilide
(pure UCB) as a reference. The protein content was rwtected for chitin. The
determination of the ash content was performed escribed by Marshall, (2010). The

samples were incinerated in a muffle furnace af65ntil constant weight was reached.
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The Soxhlet method was used to determine the fateob of the samples. Since for the
Soxhlet method, the moisture content has to benwb&® %, the paste was first freeze dried
for 48 hours to reduce its moisture content (MilEBefson, 2010).

2.5  Fatty acid composition

The fatty acid composition of the fat obtained raftee Soxhlet extraction was determined
with GC-MS as described by Kandhebal. (2008). The fats were first esterified in a 0.5 M
sodium methoxide solution with the addition of &28F;-methanol solution. Then, the fatty
acid composition was measured using a GC-MS (GOA&D77E MSD, Agilent) fitted with
a SLB-IL60 capillary column (30 m x 0.25 mm, Sigrkrich). Initially, the present fatty
acids were identified using the SCAN mode. Aftedgaithe MS was used in the SIM mode
under electron impact ionization of 70 eV. The datare analysed with the Agilent
MassHunter Quantitative Analysis software. Methytdsanoate was used as the internal
standard. The fatty acids were quantified by commgathe relative response of the ratio of the
unknown to the internal standard with the relatiegponse of the standard mixture (Kandhro
et al., 2008). The amount of each fatty acid wagzessed as a percentage of the total fatty
acid content. More details on the preparation efsamples and the GC-MS parameters used
can be found in Lenaerésal. (2018).

2.6 Viscosity, water activity and pH

Viscosity measurements were performed with a rheéemn{@hysica MCR 301) equipped
with a rough parallel plate system (PP25/P2). A gh mm between the spindle and the
plate and a minimum waiting time of 30 seconds wapplied. A shear rate ramp was
conducted on every sample of the paste duringttirage period. The shear rate ramp was
performed from 0.1 §to 100 & in a logarithmic scale at 5°C and the viscosityswa

calculated and compared at a shear rate of.1The water activity of the samples was
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measured as previously described (Vandeweyer, teneteal., 2017). The pH was measured
with a digital pH meter (Portamess 911 with S| gies electrode).
2.7 Fatoxidation

The fat obtained by the Soxhlet method as descrieadier was used for the
determination of the fat content and the fatty gwidfile. During the Soxhlet procedure, the
fat was heated at 105°C for 17 h. Since fat oxalatian be influenced by heat (Choe & Min,
2006), a cold extraction method, the modified Falcbthod (Min & Ellefson, 2010), was
used to obtain fat for the analysis of the peroxaael p-anisidine values. Samples were
homogenized with a chloroform-methanol mixture J2:(ACS Reag. Ph Eur.) and
subsequently filtered through a Blchner funnekditivith a black ribbon filter (454). The
remaining filter cake was extracted twice more wvilik chloroform-methanol mixture. All
three extracts were collected and after separatidhe two layers in a separating funnel, the
chloroform phase was collected. Next, the chlomfgshase was washed with a 0.88%
sodium chloride solution to remove contaminantseA¥ards, the chloroform was evaporated
at 45°C under vacuum in a rotary evaporator (R-Blhi). The fat obtained was used to
determine the peroxide amdanisidine values (Min & Ellefson, 2010). A moddienethod
based on Wu & Mao (2008) was applied to determiaeoxide values, as described in
Lenaertset al. (2018). Peroxide values were expressed as uniteegf Q/kg fat sample. The
p-anisidine values were determined according to &rggt al. (2017). More details can be
found in Lenaertst al. (2018).
2.8  Colour evaluation

Colour measurements were performed with a coloem@R-5, Konica Minolta) using
the CIELAB colour space, where the L* value repnesehe lightness, the a* value the red-
green direction of the colour and the b* the yeHole direction. The colour was measured

on five points of the petri dish containing the géamwith a measuring aperture of 30 mm and
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the specular component excluded. At each measpang during storage, the colour was
compared with the initial colour and differencesin b* and L* were compiled into the total
colour difference AE*). In addition, for each measuring point the bniwg index (Bl) was

determined. The parameters were calculated by m#athe following expressions (Pathare,

Opara & Al-Said, 2013):

AE* = /Aa %2+ Ab %2+ AL %2

X-0.31
0.17

BI=100 x

(a*+1.75L%)a
5.645 L* +a* -3.012 b*

2.9  Microbial analyses

Microbiological analyses during the storage expentr(total aerobic mesophilic counts,
total anaerobic mesophilic counts, total aerobigcpsotrophic countsEnterobacteriaceae,
aerobic spore counts and anaerobic spore count® pexformed as previously described
(Vandeweyer, Lenaertst al., 2017). In addition to the analysis plan desdibarlier, fresh
and steamed mealworms as the starting materialejwape the pastes were included. For the
fermentation experiment, numbers of lactic acidté@& (LAB) and sulphite reducing
clostridia were also determined apart from thel tagsobic mesophilic and the aerobic spore
counts. The latter two were performed in the sarag as for the storage experiment. LAB
were incubated on de Man, Rogosa & Sharpe agar (MEBR$ar Diagnostics) for 7Rat
30°C and sulphite reducing clostridia on Iron SulphAgar (ISA) for 4&h at 37°C.
2.10 Satistical analyses

All analyses were performed in triplicate. Resalts reported as mean values * standard
deviation (SD). Statistical analyses were perforrasthg IBM SPSS Statistics 23 software.
Differences were analysed by one-way ANOVA in caggances were equal, followed by

the Duncan post-hoc test. If variances were notledioe Kruskal-Wallis test with the Dunn-
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Bonferroni post-hoc test was performed. For alltstes significance level of 0.05 was
considered.

3. Resultsand discussion

3.1 Impact of the processing of whole mealwormsinto a paste on the nutrient composition

First, the proximate analysis and the fatty acichposition of the freshly prepared paste
without additive were determined (Table 1). Eveoutih the mealworms used to produce the
paste were not examined for their nutritional vednel even though care must be taken when
comparing nutritional results from different stuslidue to the impact of the origin of the
mealworms as well as differences in the analysisrigues applied, it can be stated that the
protein, fat and ash content of the paste wasiewith results reported for whole mealworms
in literature (Nowak, Persijn, Rittenschober, & @badiere, 2016; Payne, Scarborough,
Rayner, & Nonaka, 2016). This indicates that thetmaeical processing of the paste does not
dramatically alter the composition of the mealwor@e®mpared to traditional products of
animal sources (more specifically beef, pig, turkeyl salmon), the mealworm paste has a
higher protein as well as fat content (Table 1).

Differences can also be observed when comparingatheacid composition. The profile
of the fatty acid composition is in accordancehwiesults previously obtained for whole
mealworms, as are the most abundant fatty acidmifg@aacid, oleic acid and linoleic acid)
(Paul et al., 2017; Tzompa-Sosét al., 2014). Yet differences in the actual amountsewer
present, for example lower amounts of palmitic &ngher amounts of linoleic acid were
found in this research compared to that of Raudl. (2017). As in insects the fatty acid
biosynthesis/accumulation is highly dependent arirenmental conditions such as substrate
type (Fontanetet al., 2011), these differences are most likely theltdsom the fact that the
mealworms of each study are not reared in an ic&@nmanner. Furthermore, the linoleic acid

content is also considerably higher than thatadlitronal products of animal sources (Table
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1) and given its essential nature in mammalianitiartr this aspect is a clear benefit of this
novel insect intermediate. The same can be statedecning its high content of unsaturated
fatty acids, which can be compared to that in ralmen. The latter does, however, contain a
more favourable fatty acid composition, given iighter content of omega-3 fatty acids.
3.2 Impact of storage temperature on the moisture content, water activity, pH and
viscosity of the pastes during storage

Next, we determined the impact of storage both°@tand at -21°C on a number of key
parameters determining the microbial stability,nigeihe moisture content, water activity and
pH of the pastes. Although some statistical diffiees were observed in the moisture content
and the water activity over the storage period @ 4Table 2), these changes are not
meaningful and will not directly affect the statyilof any of the studied pastes during storage.
However, the water activity of the pastes was JEgh and their pH was near neutral, as
expected based on own previous results on wholéwosas (Lenaertst al., 2018). These
are very favourable conditions for microbial growBonazzi & Dumoulin, 2011; Fellows,
2009). Indeed, a reduction in the pH was observwgthg storage at 4°C. This is likely the
consequence of microbial growth (acid productionthie intermediate. It can be expected that
the microbial stability of this paste will be trdabome, which is discussed in paragraph 3.8.

Storage at more reduced temperatures, howeverfowad to be more suited to stabilize
the paste. At -21 °C, the moisture content, watévidy and pH values of the pastes remained
constant over a period of three months (data nowsh This indicates that no microbial
growth occurred in the intermediate.
3.3  Impact of preservatives on the moisture content, water activity, pH and viscosity of the
pastes during storage

Two preservatives, sodium nitrate and sodium laciare added to the paste as they can

be used to extend the shelf life of food-producysitthibiting microbial growth. Their
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addition did not affect the moisture content andewactivity of the paste during storage at
4°C (Table 2), as was expected. Yet at the same tigither of the preservatives could
prevent the occurrence of a reduction in the phbugh the reduction in pH was less
pronounced in the presence of the preservativpscesdly for sodium lactate (Table 2).

Immediately after production, the viscosity of thaste was measured and found to be
342 + 24 Pa.s, which is comparable to the viscasitg rather thick tomato ketchup (Bayod,
Willers, & Tornberg, 2008). The viscosity of thespes remained also stable during storage at
4°C and -21°C. More specifically, the viscosity wa) + 42 Pa.s after three weeks at 4°C
and 303 + 30 Pa.s after three months storage atG2Eurthermore, we determined that the
addition of preservatives also did not interfer¢hvithis parameter as the viscosity remained
335 £ 38 Pa.s and 283 + 18 Pa.s for paste withusoditrite and sodium lactate, respectively.
3.4  Oxidation during storage of the pastes

An important aspect for the chemical stability betproduced paste is the fact that
mealworms contain, as shown in Table 1, more urstsd than saturated fatty acids in
comparison to other traditional products of animalirces. Unsaturated fatty acids are less
stable than saturated ones and are thus more sbsedp fat oxidation, which can lead to
product deterioration (Tao, 2015). Fat oxidatioraisime-dependent process which can be
described by two parameters. The peroxide valueesepts primary oxidation, while
secondary oxidation can be measured by means op-tresidine value. The lower the
peroxide value, the better the quality of the masi Since primary oxidation products of fats
are not stable, secondary oxidation products amadd and concomitantly peroxide values
decrease over time. Secondary oxidation produaisecaff-flavours and -odours, which is
why it is important to determine both oxidation graeters (Choe & Min, 2006). For most
oils, criteria exist for maximum values of both aeters. As insects constitute a new food

matrix, no criteria for insect oil or other insaelgrived products have been set up so far.
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310 Therefore, the criteria imposed by EFSA for fish ae considered in this research as a
311 reference to decide whether the oxidation statasaéeptable or not.

312 Table 3 shows the results of the fat oxidation mesments of the pastes, represented by
313 the peroxide angb-anisidine values. No primary oxidation occurredthe pastes, since the
314 peroxide value was below the detection limit of &g. Q/ kg fat (Murray-Brown
315 Laboratories, 2010) immediately after production @nremained below the detection limit
316 during storage. On the other harmanisidine could be detected. Values were below the
317 EFSA criterion for fish oil (AV < 20) for all samg$, but secondary oxidation increased
318  significantly during storage, regardless of preat@we treatment or storage temperature.

319 The preservatives even had a worsening impact congary fat oxidation. This cannot
320 be explained for sodium lactate, but in the cassoalium nitrite, it is postulated that nitrite
321 can be a strong oxidant in the Fenton reactiontlatdthis oxidizing effect can be higher than
322 the reducing effect at high sodium nitrite dosesqlRaegecet al., 2012; Skibsted, 2011).

323 3.5 Evolution of colour during storage of the pastes

324 The colour of the pastes was also monitored dwingage (Table 4), as it can influence
325 the physical properties of a product containingribeel insect intermediate. For this purpose
326 the L* a* and b* values were measured for the wWakon of the total colour difference
327 between a time point during storage and the intiidbur AE*) and for the calculation of the
328 browning index (Bl). WhemAE* is more than 3, the colour difference is assurtede
329 narrowly visible. Whem\E* is more than 6, the colour difference is clearisible (Wibowo
330 etal., 2015). The browning index characterizes in paldr the intensity of the brown colour
331  (Hirschler, 2012; Pathare, Opara, & Al-Said, 2018)nce mealworms are known to turn
332 brown during processing (Janssaral., 2017), it is important to focus on this colospact.
333 Small AE* colour differences around the value of 3 (iwstjvisible) were recorded for all

334 types of pastes throughout storage. The brownidgxndecreased significantly during the
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first week of storage at 4°C and the first montk24t’C, but afterwards it remained constant.
The decrease during the first week implies a léskeintensity of the brown colour, which is
unexpected since in general mealworms are knove usceptible to browning after killing.
It appears that the sequence of treatments appligs study to obtain a paste present a good
strategy to counteract the browning process, butemesearch is needed to unravel the
molecular mechanism(s) behind this observation.

3.6  Impact of the processing of whole mealwormsinto a paste on the microbiota

Since this is the first study to produce at piloalse pastes from non-defatted mealworm
larvae, the impact of this production process an riticrobiota was followed. To this end,
microbiological counts of fresh mealworms, steammeghlworms and the fresh paste made of
steamed mealworms were determined (Tablélbaerobic counts of fresh mealworms (total
mesophilic count, spore count, psychrotrophic canttEnterobacteriaceae) are comparable
to earlier research (Caparros Megigtoal., 2017, 2018; Stoopat al., 2016; Vandeweyer,
Crauwels, et al., 2017; Vandeweyer, Lenaertst al., 2017). Small differences can be
explained by the different origin of the mealworas well as variation between batches
(Vandeweyer, Crauwelst al., 2017).

Five minutes of steaming yielded log reductionsbd, 5.7, 5.4 and 5.6 for the total
aerobic and anaerobic count, psychrotrophic countt Enterobacteriaceae respectively
Much smaller reductions of 1.2 and 0.4 log cfu/dpicla were not statistically significant,
were recorded for the aerobic and anaerobic endespoespectively. The paste showed
slightly but statistically not significant higheounts (total aerobic count, total anaerobic
count, psychrotrophic count artehterobacteriaceae) compared to the counts of steamed
mealworms (resp. p = 0.258, p = 0.137, p = 0.08b @ 0.095). This indicates that some

microbial contamination occurred during the productprocess of the paste, which was
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indeed executed in clean but not sterile conditidritee amount of aerobic and anaerobic
spores was hardly influenced by the productiorhefgaste.

3.7 Microbial stability during storage of the pastes

As stated previously, the microbial stability oétimealworm paste during storage seems to be
the major concern for this novel intermediate, givleat the pH measurements indicate the
occurrence of microbial growth at 4°C but not dt°@ (Paragraph 3.2). To further investigate
this observation, microbiological counts were deieed for the paste made of steamed
mealworms, which was either stored for 3 weeks°&t @able 5) or for 3 months at -21°C
(data not shown). At the same time the impact efghesence of sodium lactate or sodium
nitrite as a preservative on the microbial stapititiring storage was also determined (Table
5).

The results of the microbial counts during storajet°C indeed reveal that the total
aerobic and anaerobic count and the psychrotrogiint increased dramatically during the
first week of storage. This increase occurred migas of whether a preservative was added
or not, and regardless of the type of the preseevaFurthermore, the microbial growth
continued further on during the second and thirgékveét two weeks of storage at 4°C, all
aforementioned numbers were above the level ofy€to/g which is considered as a general
spoilage level for foods ( Sperber & Doyle, 200&)nfirming the observations made based
on the pH.

While the preservatives did not impact the risethia total aerobic/anaerobic counts,
growth of Enterobacteriaceae did vary among treatments (Table 5). At two weekstorage,
their number was significantly lower in the two fEsswith a preservative than in the paste
without addition, but at three weeks their numivethie paste with sodium lactate reached the
same level as in the untreated paste. The aerobi@aaerobic spore counts remained more

or less constant during storage. Most likely, tte® be explained by the fact that existing
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spores did not germinate combined with the factt tha new spores were formed.
Germination of spores was to be expected in theepaghout preservative and in the paste
with sodium lactate because the steaming as attezdment could have activated them and
because the pH of the pastes was close to neuattdience favourable for spore germination.
In the paste with sodium nitrite, spore germinatieas likely inhibited by the nitrite (Jay,
Loessner, & Golden, 2005).

From these counts it is clear that fragmenting tiealworms into a paste has the
consequence that nutrients become more availablenicro-organisms. Combined with a
high moisture content, a water activity close tantl a near-neutral pH, this makes the paste
an ideal environment for microbial growth. Evenugb steaming as a pretreatment before
fragmenting involves a tremendous reduction inntherobial load, it is not enough to provide
an acceptable shelf life to the paste as an intdiatee Moreover, the preservatives tested here
at their maximal legislated concentration (150 mygir sodium nitrite and 3% for sodium
lactate) had no influence on the shelf life of gaste stored at 4°C. Processing mealworms
into a paste with a certain microbial shelf liferafrigerator temperature (and being safe,
which was even not been taken into account in $higly) will require other and more
successful conservation strategies.

Finally, we also determined the microbial countsirty storage at -21°C. As expected
from the observed pH stability at this temperatuhe microbial load of the paste, even
without preservatives, did not increase (data mows). This provides additional evidence
that storage at -21°C offers a valid preservatioatagy for the insect industry. Nevertheless
the need for freezing to provide a longer microbBtalf life is associated with a relative high
economical cost, making it worthwhile to look fdteanative conservation strategies such as
fermentation.

3.8  Fermentation as an alternative for preservatives to prolong shelf life
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Recent work from our group has shown that a pasiduged at laboratory scale from
blanched mealworms can be fermented using a conmthareat starter culture (Borremagts
al.,, 2018). During laboratory paste production, thevde were crushed. Crushing was
essential since previous research had shown thaewhealworms could not be fermented
with success, probably due to the exoskeleton ptewg the starter culture to reach the
protein fraction and other nutrients inside thevdar This paste of crushed mealworms
contained major exoskeleton particles, and as gugmot a suitable intermediate for the food
industry. In the current study, paste was producedontain no particles at all and using
equipment that is scalable to industrial scalec@iafirm that this paste can also be fermented,
a fermentation was performed using the processnig#d at laboratory scale with the same
meat starter culture. To be able to observe theeabthe starter, an uninoculated control was
incubated in parallel. To investigate whether tatis needed during the fermentation to
suppress the background microbiota, as is domadlhtipnal meat fermentation, uninoculated
and inoculated samples containing nitrite wereudet in the experimental set-up as well.

The pH profile (Figure 1) shows a clear acidifioatiin function of time, both in the
control and when the starter culture is supplenteraged regardless of the presence of nitrite.
Overall for all inoculated samples, the pH decrddsem 6.78 to 5.27, but did not reach a
value below 5.10 which is necessary to provide raidyraagainst most foodborne pathogens
(Hutkins, 2007). This is in contrast to our presoobservations (Borremarms al., 2018),
where pH was reduced to below this value. An exailan could be the fact that prior to the
production of the paste, in the protocol used hieedarvae were steamed and not blanched as
in the previous research and that the microbialecgdn caused by steaming is lower than that
obtained by blanching. Log reductions obtained fdanching in previous research
(Vandeweyeret al., 2018) were 5,6, 5,5, 6,1 and 0,8 for total aesplpsychrotrophs,

Enterobacteriaceae and aerobic spores, respectively. As mentionedrbetere steaming
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resulted in log reductions of 5,2, 5,4, 5,6 and fbj2the respective counts. For all types of
counts mentioned except for the spores, the numieensining on the heat treated larvae
were higher when they were steamed than when tleeg lanched. Care must be taken in
this comparison, however, since the batch of meahscanalysed was different for the two
studies. Nevertheless, a larger microbial load reimg after heat treatment can explain a
lower activity of the starter culture due to a l@gloompetition for nutrients and hence a lower
pH reduction during fermentation.

Microbial counts (total aerobic count, LAB, aerolsigore counts and sulphite reducing
bacteria) were monitored during fermentation. Thigitoon of the starter appeared to be
necessary to reduce sulphite reducing clostridihichv were present in non-inoculated
samples (up to 7.2 log cfu/g) and which were likedgponsible for the strong decomposition
odour of the non-inoculated paste. However, afterdays sulphite reducing bacteria also
appear in the fermented paste without nitrite, dmttin the fermentations containing nitrite.
Hence, nitrite can assist in preventing growthh&f tinwanted background microbiota, in the
same way as in traditional meat fermentations. uteded samples were dominated by LAB,
most likely originating from the starter. Their cisl almost completely coincided with the
total counts and increased during fermentation féoflog cfu/g at day 0 to 9.0 log cfu/g at
day 14. In the paste without starter, an initi@kr@ase in the number of LAB was observed as
well, but it did not coincide with the total couhiiring the whole experiment as for inoculated
samples. In general, these results reveal the tmitexi fermentation to control unwanted
microbial growth in the insect paste. They also keasize the importance of exploring the
ideal pretreatment of the larvae to reduce the dpacikd microbiota and of the formulation of
the starter mixture that may also include presergat Further research is necessary to
determine whether the fermentation process indasdlpositive effect on the shelf life of the

paste.
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4. Conclusions

This study describes in the first place the pitals production, the characterization and
the chemical and microbial stability of a pasteagi#d from non-defatted mealworms. The
procedure for production of the paste is straigitéomd to be executed using standard
equipment available in the food industry and leadan intermediate with characteristics that
are comparable to other foods or intermediatesc@uming the stability, the viscosity and the
colour of the paste are not affected by storagatlaer 4 °C (chilling) or -21 °C (freezing). In
contrast, microbial stability does depend on steragnperature. While freezing of the paste
ensures microbial stability, chilled storage does Whatever temperature applied, care must
be taken to provide a substantial heat treatmeot fo fragmentation. Also after fragmenting
the microbial quality of the paste should receixtersive attention. Chilled storage requires
(the combination with) other conservation stratedgi@n the preservatives tested in this study.
In this respect, sodium nitrite and sodium lactatbich are the preservatives that can be
selected in the first place to improve shelf lid@, not inhibit microbial growth in the insect
matrix. Further research is needed on the conservpbtential of for instance sodium lactate
at higher concentrations, the addition of both dsicaacid and sodium nitrite or the addition
of other preservatives, preferably in combinatioithwacuum or gas packaging or other
technologies. Another issue that threatens theilisgabf the paste is the occurrence of
secondary fat oxidation both in chilled or frozeratworm slurry. However, the level of
oxidation is limited and the peroxide value rema@ven below the level that a fresh and
refined product should have (1 meg/kg) (Gunstof8g6).

Ensuring microbial stability can thus be concludiedbe the biggest challenge remaining
for future work. In line with this, it can be conded that fermentation of pastes may entail a
promising strategy, since its feasibility was destaated in this study. In a next step, it needs

to be investigated whether the microbial and chahshelf life of the fermented paste during
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chilled storage is better than that of unfermeaste. If so, on top of that fermentation may
also enhance the flavour, the nutritional content/ar the functional properties of this insect
intermediate and contribute to the developmentobvative insect-containing foods.

Once the stability of the paste can be ensurecerqgthysical properties, such as gel
property, of this novel intermediate should be ®ddn follow-up research. These analyses
will also help define the set of food products tbatild best benefit from the introduction of
this intermediate.
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Figure caption:

Fig. 1. pH and the microbial counts during ferméata of the paste. Graphs show mean
values of 1 to 3 replicatefA) results from paste with no nitrite, but no stadelture added;
(B) results from paste with no nitrite, but with sgartulture added(C) results from paste
with nitrite, but no starter culture added; g results from paste with nitrite and starter

culture added.
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Table 1: Proximate composition (g/100g DM) andyfaitid composition (g/100 g fatty acids)
of freshly prepared paste from steamed mealworrdsaatiout additive. Values are means of
3 replicates + standard deviation. In addition, dbenposition of a number of meat sources is

given.

Data current
study
Mealworm paste
without additive

Data from literaturet

Beef Por® Turkey  Salmof

Proximate composition

Moisture (g/1009) 66.77 £ 0.34 65.3 70.3 72.0 67.8
Protein (g/100g) 33.74+£0.72 18.6 20.2 21.8 20.0
Fat (g/1009) 18.62 £ 0.31 14.8 9.8 6.0 11.0
Ash (g/100g) 2.36 + 0.06 0.4 N.A. N.A. 1.1
Fatty acid composition
Decanoic acid (C10:0) 0.02 £0.00 0.2 0.2 N.A. 0.0
Lauric acid (C12:0) 0.33+0.01 0.2 0.3 0.3 0.0
Myristic acid (C14:0) 2.28 £0.09 3.2 1.6 1.3 5.3
Pentadecanoic acid (C15:0) 0.09£0.00 0.4 0.1 0.2 0.4
Palmitic acid (C16:0) 17.48 £ 0.34 25.0 24.4 23.4 14.3
Palmitoleic acid (C16:1) 1.07 £ 0.07 4.9 2.3 5.7 8.6
Heptadecanoic acid (C17:0) 0.17 £0.00 1.0 0.3 N.A. 0.2
Stearic acid (C18:0) 2.97 +£0.02 13.9 13.3 8.2 2.6
Oleic acid (C18:1) 39.37+0.61 40.6 41.6 34.5 21.0
Linoleic acid (C18:2) 35.62+1.01 2.6 11.1 23.7 4.0
Linolenic acid (C18:3) 0.23 +0.00 0.5 0.0 2.3 1.2
Eicosenoic acid (C20:1) 0.23+£0.01 0.2 1.0 N.A. 11.6
Arachidonic acid (C20:4) 0.15+0.01 0.2 0.5 N.A. 0
Total SFA 23.33+0.33 44.1 40.6 33.6 22.8
Total UFA 76.67 +0.33 53.0 59.0 66.4 77.1
Total MUFA 40.64 + 0.58 49.3 45.0 40.4 53.9
Total PUFA 36.00 + 0.87 3.7 14.0 26.0 23.2

DM = dry matter
SFA = saturated fatty acids

UFA = unsaturated fatty acids

MUFA = mono-unsaturated fatty acids
PUFA = poly-unsaturéatty acids
N.A. = Data not aalali

!Data was extracted from NEVO-online.rivm.nl, mainéal by the Dutch National Institute for Public
Health and the Environment. The food names usegash terms wer@Beef >5% fat raw® Pork 5-
14% fat raw* Turkey raw;® Salmon farmed raw.



Table 2: Moisture content, water activity and pHindg storage of pastes prepared from steamed meabvaithout additive, with sodium
nitrite (SN) or sodium lactate (SL) stored at 4 Malues are means of 3 replicates * standard dewiat

Intermediate type  Storage time Treatment Moistoragent (%) Aw (-) pH (-)
Paste 0 weeks Without additive 66.77 + 0.34 0.99 + 0.00 7.03 +0.0%

1 week Without additive 66.82 + 041 0.99 + 0.06" 6.94 +0.02*

SN 66.74 + 0.48 0.98 + 0.08Y 6.96 + 0.08*

SL 65.57 + 0.1% 0.98 + 0.00°* 7.10 + 0.02*

2 weeks Without additive 67.27 + 0230 0.99 + 0.06" 6.56 + 0.26"

SN 66.97 + 0.1% 0.99 + 0.06* 6.71 + 0.0%Y

SL 65.74 + 0.1% 0.98 + 0.00" 7.05 + 0.08*

3 weeks Without additive 67.29 + 0925 0.99 + 0.06" 6.53 +0.22%Y

SN 67.09 + 0.4Y 0.99 + 0.08* 6.68 + 0.1%°Y
SL 65.68 + 0.28 0.99 + 0.06" 6.91 + 0.08Y

n.d.: not determined.

2P Mean values per storage time with the same supiersee not statistically different (P > 0.05).
*¥Mean values per treatment type with the same sopgrsre not statistically different (P > 0.05).



Table 3: Peroxide anp-anisidine values of pastes prepared from steamesalworms without additive, with sodium nitrite
(SN) or sodium lactate (SL) stored at 4 °C for ¢hveeeks and at -21°C for three months. Values a@nsiof 3 replicates +
standard deviation.

Storage time and Peroxide value

Intermediate temperafure Treatment (meq.Q/kg fat) p-anisidine value (-)
Paste 0 weeks Without additive < LOD 1.36 + 0.03
3 weeks (4°C) Without additive <LGD 3.05+0.9%Y
SN < LOD 9.24 +0.42
SL < LoD 8.18 +0.82
3 months (-21°C)  Without additive <LOD 4.03 +£0.32
SN n.d. n.d.
SL n.d. n.d.

LOD = Limit of Detection (0.5 meq. £kg fat).

n.d.: not determined.

2P Mean values per storage time with the same supiersee not statistically different (P > 0.05).
*¥Mean values per treatment with the same supersaméphot statistically different (P > 0.05).



Table 4: Total colour difference with the initiahlue AE*) and browning index (BI) of pastes
prepared from steamed mealworms without additivehy sodium nitrite (SN) or sodium lactate
(SL) stored at 4 °C for three weeks and at -21°Ctlwee months. Values are means of 3

replicates * standard deviation.

Intermediate  Storage Treatment AE* (-) Bl (-)
time (and
temperature
for pastes)
Paste 0 weeks  Without additive - 52.85 + 0’96
SN - 52.85 + 0.98
SL - 52.85 + 0.9%"
1week  Without additive 3.38+033 41.11+0.8¢
(4°C) SN 3.61 +0.49 41.62 + 0.08"
SL 3.27+0.07"  43.27 +0.8%
2 weeks  Without additive 3.19+ 0383 42.58+0.61
(4°C) SN 3.78 + 1.40 42.81 +1.08Y
SL 2.84 + 0.1 44.96 + 0.34°
3 weeks  Without additive 2.98+0%3  43.04 +1.57Y
(4°C) SN 479 + 1.4% 41.88 +1.78%
SL 2.96 + 0.28" 43.61 + 0.30"7
1 month  Without additive 3.34+001 41.81+0.50
(-21°C) SN n.d. n.d.
SL n.d. n.d.
2 months  Without additive 3.87+034 41.03+0.81
(-21°C) SN n.d. n.d.
SL n.d. n.d.
3 months  Without additive 3.03+040 4237+1.17
(-21°C) SN n.d. n.d.
SL n.d. n.d.

n.d.: not determined.

2P Mean values per storage time with the same supiersece not statistically different (P > 0.05).
Mean values per treatment with the same supersameptot statistically different (P > 0.05).

XY,z



Table 5: Microbiological counts of untreated meaiws, steamed mealworms and freshly prepared gasie;ounts of paste without preservative,

paste with sodium nitrite (SN) and paste with sodlactate (SL) during storage at 4 °C. Values agams of 3 replicates + standard deviation.

Storage Treatment Microbial counts (log cfu/g)
time Total aerobic Total anaerobic Psychrotrophic Aerobic Anaerobic Entero-
count count count endospores endospores bacteriaceae

0 weeks None 8.1+01 8.0 +0.6 6.7+0.2 3.1+05 1.5+0.4 6.9+0.2
Steamed 29+05 23+058 1.3+0.2 1.9+0.3 1.1+0.7 1.3+0.2
Paste without additive 3.6+06 3.8x1.3" 22+08*  21+00* 1.2 +0.2* 2.2+0.8%

1 week Paste without additive 6.4+¥%1 5807 7.0+0.4Y 1.8 +0.6% 1.2 +0.2* 34+09Y
Paste with SN 6.5+ 00 6.5+ 0.6Y 6.8 +0.3Y 1.6 +0.4* 1.3+0.2* 1.9+ 1.8
Paste with SL 5.9 + (7Y 5.9 + 0.6* 6.3 +1.6Y 2.2+0.%* 1.0 +0.6% 41+1.06"

2 weeks Paste without additive 8.7+6.3 8.2+0.5° 8.7+0.37 1.9 + 0.4* 1.2+0.3% 7.3+0.47
Paste with SN 8.6 + 01 7.9+0.7 8.6 + 0.G° 2.2+0.2" 1.3+0.2* 4.7+0.6Y
Paste with SL 8.3 + 077 7.3+0.8Y 8.2 +0.67 2.0 +£0.2* 1.2+0.2* 4.8 +1.8

3 weeks Paste without additive 9.2+%.4 8.1+0.47 9.1+0.57 2.7+0.2* 1.3+0.2* 6.8 +0.9°
Paste with SN 8.8+ (0% 8.6 +0.6Y 8.8 +0.57 2.3+0.2" 1.2+0.2* 2.8 +0.9*
Paste with SL 8.6 + (72 8.3+0.4Y 8.5+0.27 2.6 +£0.2Y 1.2+0.2* 6.7 0.7

2P Mean values per storage time with the same sugigrsce not statistically different (P > 0.05).

*¥ZMean values per treatment type with the same scipersire not statistically different (P > 0.05).
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Highlights
* Mealworm paste without exoskeleton particles can greduced in industrial
equipment.
e Storage at -21°C ensures colour, viscosity andahial stability for 3 months.
» Storage at 4°C does not ensure microbial stalalityng 3 weeks of storage.
» The two tested preservatives did not increase tlheobial stability of the paste.

* The mealworm paste can be fermented using a comahareat starter culture.



