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The Kjeldahl method is the most utilized method for total protein content analysis in food. Using the universal
nitrogen-to-protein conversion factor of 6.25, the protein content of insects is likely to be overestimated due to their
chitin content. We have calculated nitrogen-to-protein conversion factors for two crickets, house cricket (Acheta
domesticus) and field cricket (Gryllus bimaculatus), which are used for food and feed in Europe. By analyzing their
nitrogen and amino acid content we were able to show that a conversion factor of 5.09 could be used for house
cricket and 5.00 for field cricket in protein content calculation. Based on these results with a reservation about slight
variation in farming conditions, we suggest a nitrogen conversion factor of 5.0 for both crickets.
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Introduction

One of the emerging trends in European food is entomophagy, i.e., the eating of insects (Santeramo et al. 2018,
Patel et al. 2019). Insects are considered to be nutrient-rich and sustainable food. Insect-based food in Europe is
not traditional, and many acts are needed to grow their utilization in the food industry, via legislation and con-
sumer insights. In fact, a lot of research is on-going, and studies have shown that food technology can be used to
develop the acceptability of insects as a food ingredient (Mancini et al. 2019, Mishyna et al. 2020).

At the moment, the use of house crickets (Acheta domesticus) is permitted in the EU (EC 2019), and an application
for the novel food status has been submitted. The field cricket (Gryllus bimaculatus) is primarily used in Europe
as feed for insectivorous animals (https://ec.europa.eu/food/safety/novel_food/authorisations/summary-appli-
cations-and-notifications_en, 5.4.2019). However, these crickets have traditionally been common edible insects,
e.g., in Thailand, in Korea and in Mexico (Jongema 2017).

The nutritional aspects of insects have been widely discussed (Rumbold and Schliiter 2013, Koufimska and Adam-
kova 2016, Nowak et al. 2016, Patel et al. 2019). As insects are a vast category comprising more than a million
known species, there is naturally a large variation in their composition. Moreover, a lot of parameters are known
to affect the composition within a certain species: a developmental stage, location, season, feed and gut content
(e.g. Koutimska and Adamkova 2016, Nowak et al. 2016). One of the special features in insects is high chitin con-
tent in their exoskeletons. Like other non-protein nitrogen (NPN), nitrogen in chitin influences protein analyses,
for instance, the Kjeldahl method. If certain food contains more NPN than food in general, the universal nitro-
gen-to-protein conversion factor of 6.25 used in the Kjeldahl method can lead to overestimation of the calculated
protein content. Therefore, some researchers (e.g. Janssen et al. 2017, Jonas-Levi and Martinez 2017) have sug-
gested methods to evaluate more correct nitrogen conversion factors for different insects. Janssen et al. (2017)
determined a nitrogen conversion factor of 4.76 in three insect larvae species. It is not known how widely this
conversion factor is applicable to other insects.

The Kjeldahl method is widely known and the most utilized method for total protein analysis in food (e.g. Moore
et al. 2010, Mzahre et al. 2018). There are numerous method standards for it and food and feed legislation often
demands its use. The method has well-known disadvantages in selectivity, reagent consumption and speed, but
the shift to other methods is slow, not least because of the economic effect of the protein content. Therefore, it
is still important to develop the Kjeldahl method and re-evaluate the nitrogen conversion factors.

In this study, we have calculated nitrogen conversion factors for two crickets, Acheta domesticus and Gryllus bi-
maculatus, by analyzing their nitrogen and amino acid content.
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Material and methods
Samples

The samples were house crickets and field crickets as described in Table 1. Crickets were received from the com-
panies frozen. Crickets are normally sold to consumers dried but this study was done on fresh weight.

Table 1. Background information of the crickets.

House cricket Field cricket
Scientific name Acheta domesticus Gryllus bimaculatus
Life cycle (days) 32 30
Growth temperature (°C) 30 30
Samples from Entocube Ltd. (Helsinki) Cricket farm (Loviisa), Nordic Insect Economy
Moisture (g 100g*, mean + sd) 69.1 4.5 (n=5) 69.1+4.0 (n=5)
Size (g, mean + sd) 0.25 +0.04 (n=20) 0.76 £ 0.21 (n=20)

Nitrogen analysis

Nitrogen was analyzed by the Kjeldahl principle according to Commission regulation (EC 2009). The sample was
digested by strong sulphuric acid (95-97%) in the presence of Cu as a catalyst (Kjeltabs, Foss). The acid solution
was turned into alkaline with 30% sodium hydroxide solution. The liberated ammonia was distilled into an excess
of 2% boric acid solution, followed by titration with 0.2 N sulphuric acid solution. Digestion was carried out with
Gerhardt Digestion Unit and distillation with Gerhardt Vapodest. The nitrogen content of eight individual crickets
of both species was analyzed.

Amino acid analysis

Amino acid content of crickets was analyzed according to Commission Regulation (EC 2009). Cysteine and methi-
onine were oxidized to become cysteic acid and methionine sulfone. The sample was oxidized with performic acid
at 0 °C for 16 hours. After oxidation, the sample was hydrolyzed with hydrochloric acid (HCI, 6 M) at 110 °C for 24
hours. Tyrosine was analyzed from the unoxidized sample. The hydrolyzed sample was adjusted to pH 7 and deri-
vatized according to the Waters AqqcTag (Milford, Massachusetts, USA) derivatization kit. Amino acids were an-
alyzed with Waters Agcuity UHPLC (Milford, Massachusetts, USA) with a photodiode array detector using Waters
AgqgcTag Ultra C18 column (1.7 um, 2.1x100 mm) and detected at 260 nm.

The tryptophan content of crickets was analyzed according to Commission Regulation (EC 2009) with some modi-
fications. The sample was hydrolyzed with sodium hydroxide (NaOH, 5 M) at 110 °C for 16 hours. After hydrolysis,
tryptophan was analyzed with Waters Aqcuity UHPLC with a fluorescence detector using a Waters AqqcTag Ultra
C18 column (1.7 um, 2.1x100 mm) and detected with fluorescence (ex 285 nm, em 340 nm).

Nitrogen conversion factor

The nitrogen conversion factor was calculated as follows: the sum of amino acid residues (g 100g™) was divided
by nitrogen content (g 100g?) as presented by Mariotti et al (2008). Nitrogen and amino acids were analyzed in
individual crickets. Mean values were used to calculate the nitrogen conversion factor.

Results and discussion

The results of the amino acid analysis are shown in Table 2 and the results of the nitrogen analysis are shown in
Table 3.

The amount of amino acids (g 100g* fresh weight) was higher in the field cricket than in the house cricket, but dif-
ferences in amino acid profiles (mg g* protein) were minor (Table 2). The amounts of individual amino acids were
not dependent on the size of the cricket (data not shown).



AGRICULTURAL AND FOOD SCIENCE

T. Ritvanen et al. (2020) 29: 1-5

The current study measured the amounts of amino acids on a fresh weight basis. However, with the use of dry
weight reported in Table 1, results can be converted to a dry weight basis (if needed for reference). The amount
was lower than the value in the study by Kohler et al. (2019), who analyzed an edible portion of insects. The pro-
cessing of insects changes the composition, especially the amount of water may decrease considerably. The mea-
sured amino acid profile (mg g* protein) was comparable to previously published amino acid compositions of
house crickets (Rumbold and Schliiter 2013, Kohler et al. 2019). The protein conversion factor of 6.25 was used
to make comparison possible.

Table 2. Amino acid concentrations (mean #* sd) of the crickets as g 100g™ fresh weight as well as proportions of individual amino
acids as mg g* protein. n=18, except n=9 for cysteine, methionine, tyrosine and tryptophan

House cricket Field cricket
g 100g™ mg g* protein g 100g* mg g* protein
Alanine 1.35+0.17 83 1.93+0.31 90
Arginine 0.89£0.10 54 1.14£0.10 53
Asparagine + Aspartic acid 1.37+0.17 84 1.97£0.32 92
Cysteine 0.15+0.02 8.9 0.16 £ 0.03 7.4
Glutamine + Glutamic acid 1.98 £0.20 120 2.44+0.29 114
Glycine 0.93+0.10 57 1.24+0.18 58
Histidine 0.38 £0.04 23 0.52 +0.05 24
Isoleucine 0.69 £ 0.07 42 0.92 £ 0.08 43
Leucine 1.22+0.13 75 1.65+0.14 77
Lysine 0.97 £0.13 59 1.14+0.15 53
Methionine 0.30 £ 0.03 18 0.35+0.03 16
Phenylalanine 0.63 +0.06 39 0.74+0.10 34
Proline 1.00+0.09 61 1.25+0.09 58
Serine 0.68 £ 0.06 42 1.05+0.26 49
Threonine 0.66 +0.07 40 0.81 +0.07 38
Tryptophan 0.14 +0.01 8.4 0.22 £0.03 10
Tyrosine 1.14+0.13 70 1.17 £0.08 55
Valine 1.06+0.11 65 1.36£0.10 63

The nitrogen content of the house cricket (result converted to dry weight basis: 8.47 g 100g?) is similar to the re-
sults shown by Montowska et al. (2019), who measured nitrogen content from cricket powders (8.82 to 9.62%
in dry weight) and slightly lower than in Ramos-Elorduy Blasquez et al. (2012), who measured 10.3% nitrogen
in dried sample. Payne et al. (2016) reported mean value of 15.6 g 100g™ for protein in an edible portion of the
cricket. They didn’t report which protein factor was used, but if it was 6.25, the mean N content would be 2.50
g 100g* which is slightly lower than our results. However, they also state that variation in the original data was
large. High variation of protein content in Orthoptera (grasshoppers, locusts, crickets and closely related insects) is
also seen in the reviews by Rumbold and Schliter (2013) and Koufimska and Adamkova (2016). In our study;, field
crickets had higher nitrogen and amino acid contents (Table 3) than house crickets. The nitrogen content of the
field cricket (result converted to dry weight basis: 11.11 g 100g?) is higher than reported in Ghosh et al. (2017),
who measured 58.32% protein (that is 9.33% as nitrogen) in Gryllus bimaculatus adults. It can be concluded that
our nitrogen results are in line with the previous studies.

Despite the differences in the nitrogen content and the total amount of amino acids of these two crickets, their
nitrogen conversion factors were almost the same (Table 3). Considering the variations in the analysis, the factors
are not remarkably different. By comparing these factors to the general conversion factor of 6.25, it is clear that
non-protein-nitrogen content is more remarkable in insects than in foods in general. In this study the composition
of non-protein-nitrogen part was not examined. However, according to present knowledge, it consists predomi-
nantly of chitin, inaccessible proteins, and other nitrogen containing molecules (Jonas-Levi and Martinez 2017).
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Table 3. Nitrogen contents, sums of amino acid residues, calculated N-conversion factors, and calculated protein contents in two
cricket species. (Nitrogen analysis n=8, amino acid analysis n=9-18). For the calculation of the standard deviation of the sum of
amino acid residues, an average of the tryptophan result was used, as the tryptophan was measured from different individuals
than all other amino acid residues.

House cricket Field cricket
N content g 100g?, mean + sd 2.62+0.21 3.43+0.13
Sum of amino acid residues g 100g*, mean * sd 13.3+1.2 17.1+1.3
Calculated N-conversion factor 5.09 5.00
Protein content g 100g* (N-conversion factor 6.25) 16.38 21.44
Protein content g 100g* (N-conversion factor 5.0) 13.10 17.15

Conclusions

Using the universal nitrogen conversion factor of 6.25 is likely to overestimate the protein content of the crick-
ets by 25%. We have shown that for protein content, a calculation with a nitrogen conversion factor of 5.09 for
house crickets (Acheta domesticus) and of 5.00 for field crickets (Gryllus bimaculatus) can be used when crickets
are grown under controlled farm conditions. Based on these results, a nitrogen conversion factor of 5.0 could be
applicable for both of these species. More studies are needed to show whether this nitrogen conversion factor
can be used for other cricket species or when the crickets are farmed under other conditions, e.g., a different diet.
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