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Abstract

Yellow mealworm, Tenebrio molitor, is a wealthy source of proteins and other nutrients. In this study, to improve the
breeding of this edible insect, some of its biological parameters were evaluated by feeding on sixteen diets containing
different levels of the antibiotic lincomycin (doses of 0, 0.005, 0.01 and 0.02%) and probiotics. Probiotic levels
included: 1-probiotic-free (p0), 2- commercial probiotic (pA), 3- probiotic prepared from culture of Lactobacillus
bacteria (pB), and 4- probiotic containing commercial yeast (pC). All three probiotics were used at a dose rate of 1%
(108 CFU/gr). Treatments were applied to first instar larvae in bran and carrot-based diet. Based on the results, a
significant increase was observed in the larval life span in the treatment of pC-dose of 0.01%, with an average of 67.75
+ 1.16 days, compared to the control (64.17 + 1.04 days). The greatest mean larval weight, 144.17 + 5.30 mg, was
related to the pA-dose of 0.01%, which was significantly different only with pC-dose of 0.01% (117.50 + 3.05 mg). The
pupation percentage at zero dose (84.46 + 1.77%) was significantly lower than the doses of 0.01 and 0.005% of
antibiotics (8 and 9.32%, respectively). Traits of pupal life span, pupal weight, adult weight and adult emergence rate
were not affected by diets. Based on the findings, the interaction of antibiotics and probiotics can affect some growth
and developmental parameters of the yellow mealworm that can be considered in insect breeding programs.
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Table 1. Means (+ SE) of larval duration (days) of the yellow mealworm, Tenebrio molitor, reared on diets containing

antibiotic and probiotic.

Antibiotic Concentrations (%)

Probiotic* 0 0.005 0.01 0.02
p0 64.17 + 1.04% 63.04 + 1.11°F 59.63 + 1.009 61.56 + 1.069¢
pA 65.60 + 1.20%¢ 66.14 + 1.00% 60.60 + 0.75% 62.27 +1.11%9
pB 64.43 + 1.08b 61.02 + 1.00¢° 63.51 + 1.00°f 62.27 +1.03%9
pC 63.20 + 1.03"f 61.53 + 1.05%¢ 67.75+ 1.16% 63.76 + 1.11°f

Means followed by same letters are not significantly different (Duncan's multiple range test; p < 0.05).

*p0: with no probiotic, pA: commercial probiotic from Bio-poul company, pB: probiotic prepared from culture of Lactobacillus

bacteria in the laboratory, pC: commercial probiotic containing Saccharomyces cerevisiae.
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Table 2. Means (= SE) of twentieth instar weights (mg) of the yellow mealworm, Tenebrio molitor, reared on diets

containing antibiotic and probiotic.

Antibiotic Concentrations (%0)

Probiotic* 0 0.005 0.01 0.02
p0 137.50 + 5.242b 135.00 + 6.45% 129.17 + 6.80% 135.83 + 7.33%
pA 125.83 + 3.602 137.50+ 5.092 144.17 +5.302 136.67 £ 5.272
pB 142.50 + 3.282 135.00 + 5.30% 124.17 + 4.342b 124.17 +5.30%
pC 143.33 + 3.552 127.50 + 5.24ab 117.50 + 3.05° 142.50 + 6.642

Means followed by same letters are not significantly different (Duncan's multiple range test; p <0.05).
*p0: with no probiotic, pA: commercial probiotic from Bio-poul company, pB: probiotic prepared from culture of Lactobacillus
bacteria in the laboratory, pC: commercial probiotic containing Saccharomyces cerevisiae.
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Table 3. Means (= SE) of the effect of different dose rates of the antibiotic lincomycin on the pupation percentage of
the yellow mealworm, Tenebrio molitor, reared on diets containing antibiotic and probiotic.

Antibiotic Concentrations (%)

Pupation percentage

0
0.005
0.01
0.02

84.46 + 1.77°
92.33 +1.90%
91.18 + 1.65%
89.32 + 2.26%
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Means followed by same letters are not significantly different (Duncan's multiple range test; P < 0.05).

b iz 3¢l ao)0

Fass =) Sismsl 5o Sl eomilly 4 @l &b
9 (F348=0.37,P = 0.787) S 5909, &9 «(0.33, P =0.816
J30 dwe s (Foas = 0.70, P = 0.711) g0 ] Jolie 3
b doye Sk JBlas g b ey LS Ol is
NP £ AMYD e 4 it slojlos o JolS &l >
AF/FY £ 0/F+) sals . Sle b a5 04 (pB-a0 o) w0
el gyl gme BB (Qo )0

S b basi e otee sl 31 (S lics Lo Julse
L Slie 59y s j3b a3 algi oo a5 Wil oo Ol i
ran b Ot GBoaiS U pas (9, malieard b 4
(»lplo .(Abado-Becognee et al. 1998) il aiils
3 6xSslr oy biSlas 5 oz e Gl Julge
2l Ghon Slis G @) & 05 sl
Inglis & Cohen 2004; ) W o adlil alfilejl Layl
.(Zha & Cohen 2014; Buyukguzel & Buyukguzel 2016
Ol i alisre sladiss (59, 0ulds plovil dusin ilalao
St 8l p g Bl SLuS 5 5l eolaul a8 ol ools yLis
Sy laazminlp dlg o Dlie Gl m); CudS

Buyukguzel & ) aas 1,8 506 cod i job 4 |, Ol i
Kalender 2008; Dickel et al. 2016; Kastamonuluoglu et
pa)) )0 s_igﬁ.ua).b )l ooLn.H..:‘ 5“a.>|).w U"‘ )O (al 2020

Buffie & ) aizy g 1) (b codlo Wiy oo plde
a5 ae SLS 5 aes 5l b SCigmg, (Pamer 2013

wlie 4 asly (Ll olae a5, 4 L & 09l co dposd



AY st iy & Siipen g 5 St S 098 56 /L Ka 5 i

5 Segntl ole g0 5l o e ol dallle o
Slpio by o pdd ()39 (S i 0y95 Jsb » Ssmgn
PRI £ bl oliis jaeb wo)s g (JelS
Aol gyl sixe

2 e w5y 0 Sgngy 0093l b 3,50 50
292y s0gamme Slalllae )1 055 o5t sloaninl B
3 eolaiwl Lo 4 dis8 SO o calitre gloaidl dslio o4l
el g phale)l Sglita bl b calisee slaSiigng
w25y 3 4385 oyl 05 08 slag Y ()je daxgi LB il
5 (Davis & Sosulski 1974) ,ere Sigmsyn s3> (olie
4 s (Lecocq et al. 2021) P. pentosaceus Sigug y
pas 3590 50 pol> aiod gl b aS cul oals (5155 sals
039 2 @ ) 0 kS @ SEsman 6x5 L6
oSS ol adllas s ol ol b oyls & pbie Lag,Y
SSgangp £5 4 dhms «SFgu 5l b oS 5 50 Sgmgn
50 el g Sl Sga il clle g (Byan
039 7 5 SoY sl g 985 0590 Job do g0 p 2alS
31 eolaiwl ol plo ol oLl ol a4 YU o a5 clils lag,Y
sbeazivl (S p il (See I @5 0 S
s basil 3 ple oS Jbs o 0 3K 80 o pie i
25,555 )13 il

oolawl as” oo lis Lol pwyp gls (IS jeb 4
Seigsn €5 a5 CrealesSind Ssn Tl plojes
sl oy) )5 (Suj ezl Slas 5l Sy sy GBran
LBl (g JB Sl e Y (9 9 b pley e ale
3,90 2l s, jo Jele g0 cpl sloslaul Sl ol by
R emip yge 83 Ll opie cnl Ben sl ool
oy b S Ll s 5 ol il e Bl s 005
@9l gyled I el 5 e S b glaadly
3,1 955 £, gy ossl (g ly JoSo 5 @il iy
Sy50 50 heaSs Slilllas plomil (Jo ol b aims e 4l
5 bSge sl elyl Ko 5y Jele g0 cnl ol
wile 0yt (pl (G laazialp ple g9 b Sgng
Ea weyd 3 5 yglol; ool g 5 JolS Dl i pee Jsbo
205 oo gty s

Sl Sl
Sl Jdo 4 o) s JBisls simghy Chgles
29850 ()Rl i ol Jlo

CotnS 50 oS (JolS cwss Fo b olyis o 0l cillas
3 ol 2 sles s SIS as, Jsb e 2l
Nash & Chapman ) o)ls Saij axsu )b sleasiul 3
5 PC-20.01 L o onds sunlie e il o opl by (2014
w5 Oomb CelsS S 4 Swl (Ses (g9 )¥ 090 Job
Slgo GogaS pade gl o e bl pl ool olas
Olpio i ooliwl glp sty o2 0p3d g ol
Silva ) wiS' e oslitul 55,Y 0,55 Jobo (2l (bg, 5l e olS
(etal. 2016

LSy 5 Sl ool mli ool
Ot Bl lag )Y i p s)logine U Sismgn
cp a sald 4 Sas gV Gjy p0 Rl g Al
Solas Jg g pC-a0.01 5 pA-a0.01 Lo g0 & bgye
5 .69,Y 0,90 Job lo gxe (ralS 050 o gre 00l cdalive
4 Cowd PA-A0.0L Lo 5o 59)Y 0js pRlBl ass o
Ligs 3¢ G e ial3dl clde 4y ol Ko PC-20.01 Lo
oS L Y| PA s 59390 slags 2SL gloxzl ails Lag Y
Ol el (23155 slama il as Gk 5l e 4 005
Sl aoyo ofo) clale 6,5 IS 51 oob saie ol )il
A 4o g o 03y, dude o See » 2l w3, o
o Ly,Y g 188 Bpas Sl s 31 2l s
50, Aol a5 Wles S 55T s uliiizee 5l RS sd
P. plantaginis slag,¥ old¢ a4 ordijlogd g o
Dickel et al. ) cuslas o] 059 Gl gl cme 56
P %o gyl @nTN L S Sn o e, 2016
ool Ly 5o Y 5o Ll o 3l 4 daSiign
Buyukguzel & Kalender ) ailosges o,Lil o i yds 39
o S g 5] Ay S Sl 23STy s glis (2008
clale § OLS 5 pl g9 w0l digS jo Dglas o 4y el
.(Buyukguzel & Yazgan 2002) a.ib Ll 8 s

doyd ol g [ oy (6,8 adllas pl o
Soyd logine Gl 4 e (olE w3 50 GealegSid
00355 S35 al S8 e Ll 4y S e
350 )3 S Gehize oy 5l Jol> slaadl b @l ol
woyd g Sy relogn ol Sga sl i Sl
Sop e oped J5 Slhias snb 5 (S i
=S5l e 53U pae b g (Buyukguzel & Kalender 2008)
Sl Sl a4y JJp3E n 05 (Sl do)d n Sge
(Thakur et al. 2016)



OF V) YY-AY (M) VY (Ko 50lS 0 g0, slo vy

AD

References

Abado-Becognee K, Fleurat-Lessard F, Creppy EE,
Melcion D, 1998. Effects of fumonisin B1 on
growth and metabolism of larvae of the yellow
mealworm, Tenebrio molitor. Entomologia
Experimentalis et Applicata 86: 135-143.

Anderson SJ, 2000. Increasing calcium levels in
cultured insects. Zoo Biology 19: 1-9.

Baker JE, Lum PT, 1973. Development of
aposymbiosis in larvae of Sitophilus oryzae
(Coleoptera: Curculionidae) by dietary treatment
with antibiotics. Journal of Stored Products
Research 9 (4): 241-245.

Belghit I, Wagbo R, Lock EJ, Liland NS, 2018. In-
sect-based diets high in lauric acid reduce liver
lipids in freshwater Atlantic salmon. Aquaculture
Nutrition 25 (2): 343-357.

Bovera F, Piccolo G, Gasco L, Marono S, Loponte
R, et al, 2015. Yellow mealworm larvae
(Tenebrio molitor, L.) as possible alternative to
soybean meal in broiler diets. British Poultry
Science 56 (5): 569-575.

Buffie CG, Pamer EG, 2013. Microbiota-mediated
colonization  resistance  against intestinal
pathogens. Nature Reviews Immunology 13:
790-801.

Buyukguzel K, Yazgan S, 2002. Effects of
antimicrobial agents on the survival and
development of larvae of Pimpla turionellae L.
(Hymenoptera: Ichneumonidae) reared on an
artificial diet. Turkish Journal of Zoology 26:
111-1109.

Buyukguzel E, Kalender Y, 2008. Galleria
mellonella (L.) survivorship, development and
protein content in response to dietary antibiotics.
Journal of Entomological Science 43 (1): 27-40.

Buyukguzel E, Buyukguzel K, 2016. Effects of
antiviral agent, acyclovir, on the biological
fitness of Galleria mellonella (Lepidoptera:
Pyralidae) adults. Journal of Economic
Entomology 109: 2090-2095.

Chaucheyras-Durand F, Durand H, 2009. Probiotics
in animal nutrition and health. Beneficial
Microbes 1: 3-9.

Chernysh S, Gordya N, Suborova T, 2015. Insect
antimicrobial  peptide complexes prevent
resistance development in bacteria. PL0oS One 10
(7): €0130788.

Cohen AC, 2003. Insect Diets: Science &
Technology. CRC Press, London, UK. 324 pp.

Davis GRF, Sosulski FW, 1974. Nutritional quality
of oilseed protein isolates as determined with
larvae of the yellow mealworm, Tenebrio

molitor L. The Journal of Nutrition 104: 1172—
1177.

Derler H, Lienhard A, Berner S, Grasser M, Posch
A, et al., 2021. Use them for what they are good
at: Mealworms in circular food systems. Insects
12: 40.

Deshpande G, Rao S, Patole S, Bulsara M, 2010.
Updated meta-analysis of probiotics for
preventing necrotizing enterocolitis in preterm
neonates. Pediatrics 125: 921-930.

Dickel F, Freitak D, Mappes J, 2016. Long-term
prophylactic antibiotic treatment: effects on
survival, immunocompetence and reproduction
success of Parasemia plantaginis (Lepidoptera:
Erebidae). Journal of Insect Science 16 (1): 46.

Dimou I, Rempoulakis P, Economopoulos AP, 2010.
Olive fruit fly [Bactrocera (Dacus) oleae (Rossi)
(Diptera: Tephritidae)] adult rearing diet without
antibiotic. Journal of Applied Entomology 134:
72-79.

Elahi U, Wang J, Ma YB, Wu SG, Wu J, et al,,
2020. Evaluation of yellow mealworm meal as a
protein feedstuff in the diet of broiler chicks.
Animals 10 (2): 224.

Finke M, 2002. Complete nutrient composition of
commercially raised invertebrates used as food
for insectivores. Zoo Biology 21: 269-285.

Food and Agriculture Organisation of the United
Nations/World Health Organisation
(FAO/WHO), 2006. Probiotics in food: health
and nutritional properties and guidelines for
evaluation. Food and Agriculture Organization
Food and Nutrition. Rome, Italy. p. 85.

Gomez E, Martin F, Nogacka AM, Salazar N, Alaez
L, et al, 2019. Impact of probiotics on
development and behaviour in Drosophila
melanogaster—a potential in vivo model to assess
probiotics. Beneficial Microbes 10 (2): 179-188.

Ghosh S, Lee SM, Jung C, Meyer-Rochow VB,
2017.  Nutritional — composition of five
commercial edible insects in South Korea.
Journal of Asia-Pacific Entomology 20 (2): 686—
694.

Huis AV, Tomberlin JK, 2016. Insects as Food and
Feed: From Production to Consumption.
Wageningen Academic Publishers. 448 pp.

Inglis GD, Cohen AC, 2004. Influence of
antimicrobial agents on the spoilage of a meat-
based entomophage diet. Journal of Economic
Entomology 97: 235-250.

Jawad SM, Alshukri BM, Altaece RA, Al-Bdery AS,
2021. Microcin as an insecticidal antibiotic
against  Trogoderma  granarium  Everts



AF

it E oy o S 5 S (T 0958 U /51 a0 5 g

(Coleoptera: Dermestidae). Annals of the
Romanian Society for Cell Biology 27: 4440-
4449,

Jozefiak D, Jozefiak A, Kieronczyk B, Rawski M,
Swiatkiewicz S, et al., 2016. Insects—a natural
nutrient source for poultry—a review. Annals of
Animal Science 16 (2): 297-313.

Jung J, Heo A, Park YW, Kim YJ, Koh H, et al.,
2014. Gut microbiota of Tenebrio molitor and
their response to environmental change. Journal
of Microbiology and Biotechnology 24 (7): 888—
897.

Kareem KY, Abdulla NR, Foo HL, Zamri AN,
Shazali N, et al., 2018. Effect of feeding larvae
meal in the diets on growth performance, nu-
trient digestibility and meat quality in broiler
chicken. Indian Journal of Animal Sciences 88
(10): 1180-1185.

Kastamonuluoglu S, Buyukguzel K, Buyukguzel E,
2020. The use of dietary antifungal agent
terbinafine in artificial diet and its effects on
some biological and biochemical parameters of
the model organism Galleria mellonella
(Lepidoptera: Pyralidae). Journal of Economic
Entomology 113 (3): 1110-1117.

Kavallieratos NG, Michail EJ, Boukouvala MC,
Nika EP, Skourti A, 2019. Efficacy of
pirimiphos-methyl, deltamethrin, spinosad and
silicoSec against adults and larvae of Tenebrio
molitor L. on wheat, barley and maize. Journal
of Stored Products Research 83: 161-167.

Khan M, Seheli K, Bari MA, Sultana N, Khan SA,
et al., 2019. Potential of a fly gut microbiota
incorporated gel-based larval diet for rearing
Bactrocera dorsalis (Hendel). BMC
biotechnology 19 (2): 1-10.

Lalev M, Mincheva N, Oblakova M, Hristakieva P,
Ivanova |, et al., 2020. Effects of insect-and
probiotic-based diets on turkeys’ production,
health, and immune parameters. Bulgarian
Journal of Agricultural Science 26 (6): 1254—
1265.

Lecocq A, Natsopoulou ME, Berggreen IE,
Eilenberg J, Heckmann LH, et al, 2021.
Probiotic  properties of an indigenous
Pediococcus pentosaceus strain on Tenebrio
molitor larval growth and survival. Journal of
Insects as Food and Feed 7 (6): 975-986.

Lehman RM, Lundgren JG, Petzke LM, 2009.
Bacterial communities associated with the
digestive tract of the predatory ground beetle,
Poecilus chalcites, and their modification by
laboratory rearing and antibiotic treatment.
Microbial Ecology 57: 349-358.

Lin J, 2011. Effect of antibiotic growth promoters on
intestinal microbiota in food animals: a novel
model for studying the relationship between gut
microbiota and human obesity? Frontiers in
Microbiology 2: 53.

Liu C, Masri J, Perez V, Maya C, Zhao J, 2020.
Growth performance and nutrient composition of
mealworms (Tenebrio molitor) fed on fresh plant
materials-supplemented diets. Foods, 9 (2): 151.

Miglietta PP, De Leo F, Ruberti M, Massari S, 2015.
Mealworms for food: A water footprint
perspective. Water 7: 6190-6203.

Morales-Ramos JA, Rojas MG, Shelby KS, Coudron
TA, 2016. Nutritional value of pupae versus
larvae of Tenebrio molitor (Coleoptera:
Tenebrionidae) as food for rearing Podisus
maculiventris  (Heteroptera:  Pentatomidae).
Journal of Economic Entomology 109: 564-571.

Moruzzo R, Riccioli F, Espinosa Diaz S, Secci C,
Poli G, et al, 2021. Mealworm (Tenebrio
molitor): Potential and challenges to promote
circular economy. Animals 11 (9): 2568.

Nash WJ, Chapman T, 2014. Effect of dietary
components on larval life history characteristics
in the Medfly (Ceratitis capitata: Diptera,
Tephritidae). PLoS One 9 (1): €86029.

Oelschlaeger TA, 2010. Mechanisms of probiotic
actions — A review. International Journal of
Medical Microbiology 300, 57—-62.

Oonincx DGAB, de Boer 1JM, 2012. Environmental
impact of the production of mealworms as a
protein source for humans—a life cycle
assessment. PLoS One 7: e51145.

Pandiyan P, Balaraman D, Thirunavukkarasu R,
George EG, Subaramaniyan K, et al., 2013.
Probiotics in aquaculture. Drug Invention Today
5: 55-50.

Park JB, Choi WH, Kim SH, Jin HJ, Han YS, et al.,
2014. Developmental characteristics of Tenebrio
molitor larvae (Coleoptera: Tenebrionidae) in
different instars. International Journal of
Industrial Entomology 28 (1): 5-9.

Ptaszynska AA, Borsuk G, Zdybicka-Barabas A,
Cytrynska M, Matek W, 2016. Are commercial
probiotics and prebiotics effective in the
treatment and prevention of honeybee nosemosis
C?. Parasitology Research 115 (1): 397-406.

Radulovic S, Pavlovic M, Sefer D, Katoch S, Hadzi-
Milic M, et al., 2018. Effects of housefly larvae
(Musca domestica) dehydrated meal on
production performances and sensory properties
of broiler meat. The Thai Journal of Veterinary
Medicine 48 (1): 63-70.



OF V) YY-AY (M) VY (Ko 50lS 0 g0, slo vy

AY

Rees D, 2004. Insects of Stored Products. Manson
Publishing, London, UK. 181 pp.

Rumbos ClI, Karapanagiotidis IT, Mente E, Psofakis
P, Athanassiou CG, 2020. Evaluation of various
commodities for the development of the yellow
mealworm, Tenebrio molitor. Scientific Reports
10 (1): 1-10.

Sacchetti P, Ghiardi B, Granchietti A, Stefanini FM,
Belcari A, 2014. Development of probiotic diets
for the olive fly: evaluation of their effects on fly
longevity and fecundity. Annals of Applied
Biology 164 (1): 138-150.

Silva TR, Almeida AC, Moura TD, Silva AR,
Freitas SD, et al., 2016. Effect of the flavonoid
rutin on the biology of Spodoptera frugiperda
(Lepidoptera: Noctuidae). Acta Scientiarum.
Agronomy 38: 165-70.

Siemianowska E, Kosewska A, Aljewicz M,
Skibniewska KA, Polak-Juszczak L, et al., 2013.
Larvae of mealworm (Tenebrio molitor L.) as
European novel food. Agricultural Sciences 4
(6): 287-291.

Sorensen JG, Addison MF, Terblanche JS, 2012.
Mass-rearing of insects for pest management:
challenges, synergies and advances from
evolutionary physiology. Crop Protection 38:
87-94.

Son Y, Luckhart S, Zhang X, Lieber MJ, Lewis EE,
2008. Effects and implications of antibiotic
treatment on Wolbachia-infected vine weevil
(Coleoptera: Curculionidae). Agricultural and
Forest Entomology 10 (2): 147-155.

Stevens L, Wade MJ, 1988. Effect of antibiotics on
the productivity of genetic strains of Tribolium
confusum and Tribolium castaneum (Coleoptera:
Tenebrionidae). Environmental entomology 17
(1): 115-119.

Sun T, Long RJ, Liu ZY, Ding WR, Zhang Y, 2012.
Aspects of lipid oxidation of meat from free-
range broilers consuming a diet containing

grasshoppers on alpine steppe of the Tibetan
Plateau. Poultry Science 91 (1): 224-231.

Thakur A, Dhammi P, Saini HS, Kaur S, 2016.
Effect of antibiotic on survival and development
of Spodoptera litura (Lepidoptera: Noctuidae)
and its gut microbial diversity. Bulletin of
Entomological Research 106 (3): 387-394.

Ullah R, Khan S, Hafeez A, Sultan A, Khan NA, et
al., 2017. Silkworm (Bombyx mori) meal as
alternate protein ingredient in broiler finisher
ration. Pakistan Journal of Zoology 49 (4):
1463-1470.

Van Der Hoeven R, Betrabet G, Forst S, 2008.
Characterization of the gut bacterial community
in Manduca sexta and effect of antibiotics on
bacterial diversity and nematode reproduction.
FEMS Microbiology Letters 286: 249-256.

Van Huis A, Van lItterbeeck J, Klunder H, Mertens
E, Halloran A, et al., 2013. Edible insects: future
prospects for food and feed security. Food and
Agriculture Organization Foresty. Rome, Italy.
p. 171.

Varankovich NV, Nickerson MT, Korber DR, 2015.
Probiotic-based strategies for therapeutic and
prophylactic use against multiple gastrointestinal
diseases. Frontiers in Microbiology 6: 685.

Wang HC, Liao HY, Chen HL, 2012. Tenebrio
small-scale ecological farming feasibility study.
Advanced Materials Research 356: 267-270.

Zha C, Cohen, A, 2014. Effects of anti-fungal
compounds on feeding behavior and nutritional
ecology of tobacco budworm and painted lady
butterfly larvae. Entomology Ornithology and
Herpetology 3: 120.

Zhao X, Vazquez-Gutierrez JL, Johansson DP,
Landberg R, Langton M, 2016. Yellow
mealworm protein for food purposes-extraction
and functional properties. PLoS One 11 (2):
e0147791.

@ ® @ This is an open access article under the CC BY NC license (https://creativecommons.org/

licenses/by-nc/2.0/)


https://creativecommons.org/

