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Abstracts:

In recent years, the expansion of the scope and intensity of insect nutrient source development has been consistent.
Notably, locusts, recognized as a superior nutritional source, have garnered significant research attention and
exploration. Gradually, their nutritional components and biological functions have been exploited and utilized.
Primarily, the food value of locusts lies in the abundance of nutrients within their bodies. Nutritional composition
studies on locusts date back to the 1970s, with numerous experiments validating their status as a novel food resource,
rich in protein and low in fat and carbohydrates. Furthermore, they serve as an alternative resource for promoting health
and wellness. Since the dawn of the 21st century, certain studies have revealed the presence of flavonoids, chitin, and
other bioactive ingredients in locusts. This paper compiles and summarizes the primary nutrients and their respective
concentrations in certain locust species, exploring the advancements and potential value of current research on their
biological functions. The aim is to highlight the advantages of locusts as an innovative food resource.
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1. Introduction:

In recent years, the scope and intensity of insect nutrient
source development have experienced varying degrees
of expansion across different countries. On one hand,
the escalating global population has rendered tradition-
al resource supplies insufficient to meet the demands of
daily life, necessitating the exploration and development
of novel resources like insects, oceans, and fungi. On the
other hand, in the post-epidemic era, individuals have
become increasingly mindful of the nutritional content
of their daily diets, leading to a growing market demand
for low-fat, green, and healthy food products'!. Locusts,
esteemed as a superior nutritional source, have garnered
significant research attention and their nutritional compo-
sition and biological functions have been progressively
explored and utilized™.

The food value of locusts primarily lies in the rich nutri-
ents present in their bodies. Research into the nutritional
composition of locusts dates back to the 1970s, with Ait-
kins documenting their high nutritional value in his book,
“Insect Prospects™”). In the 1990s, research on the nutri-
tional composition of locusts progressed further. Wang’s
study revealed that locusts contain a remarkable protein
content of 74.88%, a low fat content of 5.25%, and a
carbohydrate content of 4.77%*!. Consequently, locusts

emerge as a novel food resource, offering a high-protein,
low-fat, and low-carbohydrate option, serving as an alter-
native for health and wellness-oriented foods.

Entering the 21st century, studies have uncovered that
locusts also possess a certain amount of flavonoids, chitin,
and other biologically active components. However, cur-
rent research efforts are primarily focused on exploring a
specific type of nutrient or active substance within locusts,
limiting our comprehensive understanding of their nutri-
tional profile. In contrast, this paper compiles and sum-
marizes the key nutrients and their concentrations across
various locust species. It further delves into the roles and
functions of the biofunctional factors extracted from lo-
custs. Additionally, by comparing the indices of the locust
industry with those of the traditional food processing
industry, this paper uses data to intuitively highlight the
advantages of locusts as a novel food resource.

2. Studies on the nutritional composi-
tion of locusts

2.1 Proteins

2.1.1 Protein content

In earlier locust studies, Wang showed that the protein
content in locusts was about 74.88 per cent (this value is
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the proportion of protein content to dry weight, same be-
low)™". Duan analyzed the protein content of 10 species of

locusts and came up with the result that the average pro-
tein content of locusts is 61.98+4.56%"".

Table 1 Protein content of different locust species[5-7] (g/100g dry w t)

Species Protein content (%) Species Protein content (%)
Oedaleus infernalis Saussure 65.91 Shirakiacris shirakii 67.68
Oedaleus decorus asiaticus 67.23 Atractomorpha sinensis 64.47
Acrida cinerea 68.33 bi‘izr;’%gyg’r?;is 63.61
Oxya chinensis Thunberg 62.06 Acrida exaltata Walker 64.46
Calliptamus abbreviatus 58.80 Chorthippus fallax 63.72
Spathosternum prasiniferum 65.88 Locﬁ;ﬁiiona 66.81
Trilophidia annulata 78.05 Aiolopus tamulus 66.92
Chorthippus albonemus 75.51 Chorthippus Fieber 65.79
Angaracris rhodopa 62.42 Acrida cinerea Thunb 62.76

Table 1 summarizes the protein content of several differ-
ent species of locusts that have been measured, and it can
be seen from the table that the protein content of the eigh-
teen species of locusts is higher than 55% of the dry mat-
ter, which meets the criteria for the development of edible
insects, and has a certain value for development. Although
there are some differences in the protein content of dif-

ferent species, the overall difference is not significant.
Among them, Trilophidia annulata has the highest content
of 78.05%. The lowest Calliptamus abbreviatus can also
reach 58.80 per cent. The protein content of several major
edible locusts (Oxya chinensis Thunberg, Locusta migra-
toria manilensis and Acrida cinerea) is above 60 per cent.

Table 2 Composition and content of Amino acids of locusts ***
Amino acid Oxya chinensis Acrida cinerea Locusta migr?toria average value FAO amin9 .acid
Thunberg manilensis Pattern partition
Asp 4.143 4.083 4.443 4223
Thr* 2.04 2.105 2.315 2.153 4 0.538
Ser 2.229 2.232 2.282 2.247
Glu 6.87 6.754 7.446 7.023
Pro 2.564 2.825 2.88 2.756
Gly 3.133 3.526 3.595 3.418
Ala 6.193 6.882 6.945 6.673
Val* 3.886 3.519 3.483 3.629 5 0.726
Cys 0.358 0.2989 0.3292 0.329 (Met+Cys) 3.5 0.412
Met* 0.9558 1.097 1.312 1.122
Ile* 2.166 2.164 2.39 2.24 4 0.56
Leu* 4.465 4.537 4.881 4.628 7 0.661
Tyr 6.119 5.715 6.474 6.103 (PhegTyr) 1371
Phe * 2.033 2.095 2238 2.122
Lys* 3.782 3.852 4.008 3.881 5.5 0.706
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1.785

1.654

1.718

1.719

Arg

3.632

3.687

3.991

3.7

Note: * indicates essential amino acids

According to the 1973 World Food and Agriculture Or-
ganization (FAO) Amino Acid Scoring Model, essential
amino acids in the measured food protein are compared
with those in the reference protein, and the lowest ratio is
the limiting amino acid. The presence of limiting amino
acids restricts the utilization of food protein. The ratio of
the first limiting amino acid of the measured food protein
to the same essential amino acid in the reference protein is
the amino acid score of the protein'’.

Table 3 lists the amino acid composition and amino acid
scores of protein of some species of locusts. As can be
seen from the table, locusts are rich in 17 amino acids and
are complete proteins. The seven essential amino acids
of the human body measured from them together account
for more than 30% of the total amino acids. The limiting
amino acid of locusts was calculated to be Met+Cys with
an amino acid score of 0.412"), Therefore, the protein
content of locusts is high and favourable for absorption.
The amino acid composition of locusts meets the needs of
human body, and the content of essential amino acids is
the largest, which has rich nutritional value.

2.1.2 Prospects and limitations of locust protein

Currently, the exploitation of locust resources has
achieved some results in the short term, but in general,

the degree of utilization is still at a rudimentary level, and
there is a lack of complete process design for locust prod-
ucts in various countries. In addition, the allergenicity of
locusts needs to be taken into account, as cases of allergy
to locusts have been reported in various countries. In this
regard, it is necessary to carry out research on the toxi-
cology of locusts to solve the corresponding problems'™.
In conclusion, locusts are rich in protein resources and
have high exploitation value. It is believed that with the
progress of science and technology, locust food can be
further developed in terms of nutritional and health care
functions.

2.2 Fats

2.2.1 Determination of fat content

Fat is an indispensable substance for the human body,
which plays a role in energy reserves, maintaining body
temperature, protecting internal organs, promoting vita-
min absorption, synthesising hormones and so on. The
human body needs fat to maintain normal physiological
functions, but too much fat will cause harm to the body.
For example, excessive intake of fat has become one of
the triggers of obesity, hyperlipidaemia and many other
diseases. For this reason, people are looking for alterna-
tives to fat to prevent excessive fat intake'”.

Table 3 Fat content of different locust species (g/100g dry w t)"*'"
. .Oedaleu.s S Shirakiacris Atractomorpha Acrida exaltata
species infernalis Acrida cinerea .. . .
shirakii sinensis Walker
Saussure
Fat content (%) 9.00 8.42 9.05 8.53 7.07
species Oedaleus decorus Chorthippus Angaracris Oxya adentata Oxya chinensis
P asiaticus Fieber rhodopa Willemse Thunberg
Fat content (%) 5.54 6.77 6.27 5.68 4.83
. Spathosternum Hieroglyphus Calliptamus L'ocusta‘
species . . . . migratoria
prasiniferum banian Fabricius abbreviatus . .
manilensis
Fat content (%) 8.11 7.15 7.56 5.95

Table 3 shows the fat content of several locust species
determined by several experimental teams. The highest
was the Shirakiacris shirakii with a fat content of 9.05 per

cent. The lowest was the Oxya chinensis Thunberg with a
fat content of 4.83 per cent.

2.2.2 Determination of fatty acid content
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Table 4 The composition of Fatty acids of different locust species (g/100g dry matter)™"""
) Fatty acid composition (%)
Locust species
14:0 16:0 16:1 18:0 18:1 18:2 18:3 UFA
Acrida cinerea 0.47 14.83 2.33 4.06 16.74 15.34 46.07 80.48
Atractomorpha 0.68 14.75 2.94 5.08 1950 | 2174 | 3492 | 79.10
sinensis
Shirakiacris shirakii | 0.74 13.23 1.47 4.80 39.10 22.19 17.95 80.62
Ocdaleus infernalis | ) - 8.63 2.93 3.08 34.36 19.17 30.50 87.00
Saussure
Oedaleus decorus 0.38 1527 372 6.68 27.46 18.78 27.19 77.15
asiaticus
Chorthippus Fieber |  0.48 15.35 4.05 745 26.62 16.26 30.27 77.23
Angaracris rhodopa 0.51 13.24 4.30 6.98 29.68 17.23 28.50 79.71
Chorthippus fallax |  0.43 16.97 4.17 7.26 30.05 16.04 25.01 7527
Locusta migratoria | 17.52 3.74 9.77 17.56 14.83 29.66 67.86
manilensis

Note: UFA is Unsaturated fatty acid.

As essential nutrients for human health, fatty acids play an
important role in human metabolism. Among them, unsat-
urated fatty acids have the effect of regulating blood lip-
ids, preventing blood clots and regulating immunity, thus
playing a preventive role in atherosclerosis and cardiovas-
cular diseases. Eating too much saturated fatty acids can
casily cause cardiovascular diseases, most of the saturated
fatty acid content of animal fats is high, while the body’s
essential unsaturated fatty acid content is relatively low.

Table 4 summarizes data from fatty acid measurements
of locusts by several teams, from which it can be seen

that locusts are rich in a wide range of fatty acid species
and have a much higher content of unsaturated fatty acids
than saturated fatty acids, with unsaturated fatty acids
accounting for 67-87% of the total fatty acid content.
Under the premise of low fat content, locusts are richer in
unsaturated fatty acids than most animal nutrition sources.
Therefore, locusts can be further developed and studied as
a new low-fat food resource.

2.3 Vitamins

2.3.1 Determination of vitamin content

Table 5 Vitamin content of locusts and common foods (mg/kg)"”

species Vitamin B, Vitamin B, Vitamin E Vitamin C Carotene
Acrida cinerea 1.40 1.30
Oxya chinensis 0.42 16.20 33.18 5.10
Thunberg
Atractomorpha 0.51 1.52 3.22 0.50
sinensis
egg 1.20 5.00 18.40
pork liver 2.10 20.80 200

Vitamins are a class of trace organic substances that maintain the normal physiological functions of living organisms
and affect the growth, metabolism and development of the human body.Table 5 lists some of the measured vitamin
content of locusts, from the table can be seen: different species of locusts rich in vitamins are also different, has been
measured the presence of locusts in the body of B1 , B2 , E, C and carotene. Among them, the vitamin B1 content of
Acrida cinerea is 1.40 mg/kg , which is close to the content in eggs. The Oxya chinensis Thunberg has the richer vitamin

B2 content, reaching 16.20 mg/kg, which is close to the content of pork liver

[10]
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2.3.2 Prospects and limitations of locust vitamins

Currently, the use value of locusts is mostly reflected in
food and feeding, and the development of nutritional val-
ue is limited, so there is a lot of room for research on the
detection and extraction of vitamins from locusts'". In or-
der to meet the growing market demand, the development
process should also be efficient and cost-saving. However,
evidence from several studies shows that vitamins are not
only present in large quantities in insects, but also play an
important role in their growth and development. Vitamin
deficiencies in higher animals have been well researched
and solved, whereas in insects the research is still shallow.

2.4 Minerals

Mineral elements play an important role in the composi-
tion of animal tissues and in the maintenance of normal
physiological activity, but excessive or insufficient intake
of minerals can cause disease or lead to physiological
abnormalities. Locusts can be a good source of mineral
elements.Table 6 is the mineral element contents of differ-

ent species of locusts measured by several experimental
teams'”! , from the table, it is clear that locusts are very
rich in Mg, Zn, Ca and Cu. In addition, trace elements
such as Fe, Zn, Cu, Mn, Se, etc. were also detected in lo-
custs.

Heavy metals were detected in all 12 locust species in
the table. Taking elemental cadmium as an example, to
calculate the minimum amount of fresh insects to be con-
sumed, the FAO/WHO proposed a monthly tolerable in-
take (PTWI) of 25 pg/(kg-bw) for cadmium in 2010, and
the per capita body weight of our country is calculated
as 60 kg, which means the daily permissible intake is 1.5
mg. The maximum cadmium content of the test sample
was 1.511 pg/g dry weight, and using this as a benchmark,
about 993 g of these locusts would reach the limit. The
maximum cadmium content of the test sample was 1.511
ng/g dry weight and on this basis, consumption of about
993¢ of these locusts would reach the limit. On this basis,
moderate consumption of the insects is unlikely to result
in heavy metal poisoning.

Table 6 Determination of mineral elements of different locust species ( pg/g sample)[S-10]

Elemental content | Cr Se Mg Cu Al Pb Fe Zn As Sn Mn Ca Cd
Oxyachinensis | g 3 | 5 44 | 1054 | 44.6 | 482 | 2.98 | 39.0 | 293 | 144 | 050 | 123 | 875 | 0.21
Thunberg
Calliptamus 17.8 | 620 | 1259 | 91.0 | 1026 | 634 | 399 | 247 | 4.62 | 1.56 | 11.4 | 2746 | 1.07
abbreviatus
Atractomorpha | o) 3| o 50 | 1sg5 | 497 | 237 | 652 | 176 | 308 | 7.10 | 194 | 122 | 1199 | 0.92
SInensis
Acrida cinerea | 269 | 653 | 975 | 494 | 109 | 11.4 | 103 | 297 | 327 | 1.63 | 840 | 927 | 0.68
Trilophidia 642 | 870 | 1534 | 48.6 | 359 | 11.8 | 259 | 299 | 5.22 | 2.38 | 6.59 | 1142 | 0.74
annulata
Locusta migratoria| o\ | ¢ 59 | 1334 | 504 | 321 | 409 | 182 | 381 | 7.61 | 221 | 9.89 | 675 | 0.63
manilensis
Aiolopus tamulus | 20.2 | 8.12 | 1409 | 52.5 | 327 | 483 | 196 | 351 | 497 | 2.09 | 0.17 | 731 | 0.59
Shirakiacris | 50 | 666 | 1219 | 577 | 163 | 117 | 154 | 459 | 465 | 1.77 | 422 | 1126 | 1.51
shirakii
Oedaleus
infernalis 175 | 717 | 1345 | 744 | 731 | 886 | 270 | 277 | 456 | 1.53 | 9.80 | 1209 | 0.56
Saussur,1
Oedaleus
infernalis 288 | 747 | 663 | 55.0 | 995 | 677 | 102 | 359 | 418 | 228 | 12.8 | 913 | 0.58
Saussur,2

Note: The samples of the Oedaleus infernalis Saussure, were taken from Inner Mongolia, China, and the samples of the
Ocdaleus infernalis Saussure, were taken from Xi’an, China.
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3. Research on the biological functions
of locusts

Locusts are not only rich in nutrients such as proteins,
amino acids, oils, minerals and vitamins, but also have
certain biological functions. Components such as super-
oxide dismutase (SOD) and bioactive peptides extracted
from locusts have certain antioxidant and antibacterial
effects!"”. Therefore, the positive effects of the biological
functions of locusts on human health is also one of the
important directions of the present insect research.

3.1 Efficacy of flavonoids

Flavonoids are a class of phenolic compounds with spe-
cial physiological functions, mainly have the following
biological roles'*"":

(1) Anti-cancer and anti-tumour effects. Flavonoids have
the effect of clearing free radicals, directly inhibiting the
growth of cancer cells and anti-cancer factors.

(2) Cardiovascular protection. Flavonoids have the effect
of regulating lipid metabolism, through the regulation of
lipid metabolism on the cardiovascular system to play
a protective role in preventing and controlling coronary
heart disease, hypertension and atherosclerosis.

(3) Anti-inflammatory and analgesic effects. Flavonoids
have anti-inflammatory and analgesic effects, and can be
used to treat clinical abscesses and ulcers as well as dis-
eases caused by pathogenic microorganisms.

(4) Immunomodulatory effects. Flavonoids can be multi-
ple cells, cytokines, as well as affect the thymus to carry
out immunomodulatory effects, which can enhance the
body’s non-specific immune function and humoral im-
mune function.

(5) Antibacterial and antiviral effects. Flavonoids anti-
bacterial and antiviral effects have been confirmed by the
pharmaceutical industry, such as ginkgo flavonoids, quer-
cetin, and poplar flavonoids have antipathogenic microor-
ganisms and antiviral effects.

(6) Antioxidant and anti-aging effects. Flavonoids have
strong antioxidant effects, avoiding oxidative damage by
inhibiting and scavenging free radicals and reactive oxy-
gen species.

(7) Anti-radiation effects. Because of their anti-free radi-
cal effects, flavonoids have the ability to resist radiation.

3.2 Efficacy of superoxide dismutase

Superoxide dismutase (SOD) is widely distributed, it can
scavenge the oxygen produced by cellular respiration and
play the role of cell protection, so it has attracted great
attention from domestic and foreign biochemical and
pharmaceutical communities. McCord"'* determined the
SOD content of a variety of microorganisms with different
oxygen demand, and found that the existence of SOD is

closely related to the aerobic metabolism of cells. At pres-
ent, SOD has been isolated from bacteria, fungi, protozoa,
algae, insects, fish, plants and mammals, etc. SOD is
divided into three categories: Cu/Zn-SOD, Mn-SOD and
Fe-SOD".

4. Conclusion

In recent years, the development of locust protein resourc-
es has received attention from various countries, but the
overall level is still in the primary stage, especially the re-
ports on locust food development are few, and locusts are
still mostly consumed by primitive methods, and industri-
al production has not yet been carried out™”" In addition,
some people consume locusts are easy to cause allergy to
heterogeneous proteins, suggesting that locust toxicologi-
cal research should be accelerated to solve the problem of
allergens as soon as possible!"”. For the development and
utilization of locust protein resources, in addition to con-
solidating the development of traditional locust food, it is
also necessary to accelerate the research and development
of medical and health care products, to clarify the mech-
anism of its health care effects through the analysis of
locust nutritional composition, and to develop influential
health care food and medicines.

It is believed that locusts will become the most potential
food resource''” with the deepening of human understand-
ing of health food and the nutritional value of locust pro-
tein resources. In the future, locust resources can be fully
utilized to solve the problems of global food security and
protein supply and contribute to the development of sus-
tainable agriculture through the research and development
of food processing, scale-up of farming, locust feed and

medicinal value™.

Reference:

[1] TAN Yao,SHEN Tingting. Overview of locusts[J]. Grassland
and Grass Industry,2023,35(04):2.

[21H.B. Z ,Y.J. C J.Y. Z , et al.Nutrient-rich locusts serve as an
ingredient for food production in China[J].Journal of Insects as
Food and Feed,2022,8(6):605-620.

[3] Michael D. Atkins, Insects in Perspective [M]. New York:
Macmillan Publishing Co., Inc, 1978.

[4] Wang M. Study on the efficacy of proteins and peptides of
East Asian flying locust in reducing hyperlipidemia[D]. Jilin
Agricultural University,2020.

[5] Duan Yufeng. Research on the nutritional value
and biological function of locust [D]. Shaanxi Normal
University,2005.

[6] GUO Cheng,WANG Zhigang. Determination of protein
content of eight locust species in Chifeng area[J]. Journal of
Chifeng College (Natural Science Edition),2010,26(10):22-24.



Dean&Francis

[7] XIONG Zheng-Ying, XI Bi-Man, ZHANG Kun-Ru et al.
Analysis and evaluation of nutrient composition of four locust
species[J]. Journal of Nutrition,1999,(04):474-477.

[8] LIU Xuemei,Lv Dongpo. Research on the development and
utilisation of locust protein and its functional components[J].
China Fruit and Vegetable,2014,34(06):48-52.

[9] LIN Yuzhen, ZHANG Xinmei. Protein and fatty acid analyses
of East Asian flying locusts and Chinese grasshoppers[J].
Resource Development and Market,2000,(03):145-146.

[10] QIN Liping, LIU Zhiyun, SUN Tao. Nutritional value of
grassland locust[J]. Grassland Science,2013,30(01):141-147.
[11] ZHANG Shuai,QIU Kerui,TAN Zizheng et al. Research
progress of insect vitamins[J]. Central China Insect
Research,2020,16(00):126-131.

[12] Liu A-Q. Extraction, isolation and bioactivity of flavonoids
from Locusta migratoria [D]. Shaanxi Normal University,2007.
[13]From crickets and locusts to silkworm pupae, scientists

measure the nutritional value of insects[J]. Beverage
Industry,2022,25(01):80.

[14] McCord J.M., Fridovich. Superoxide dismutase: an enzyme
function for erythrocuprein (hemocuprein) [J], J Bio Chem,
1969, (244): 6049-6055.

[15] Jazmin S G ,Ariel J C T ,Ludivina L B, et al.Potential Use
of Central American Locust, Schistocerca piceifrons piceifronsl,
as Food[J].Southwestern Entomologist,2023,48(2):353-366.
[16] Aimin,Jinhua. Seven cases of fire-roasted locust
poisoning[J]. Clinical meta-analysis,2010,25(11):973-974.

[17] J.P. E ,S. S ,C.M. T, et al.Global overview of locusts as
food, feed and other uses[J].Global Food Security,2021,31.
[18]Garofalo C ,Milanovi¢ V ,Cardinali F , et al.Current
knowledge on the microbiota of edible insects intended for
human consumption: a state-of-the- art review[J].Food Research
International,2019,125108527.





