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ABSTRACT 
The consumption of insects by humans has been around since the dawn of mankind, 
with many people around the world incorporating edible insects into their diets today. 
This practice is increasingly recognized as a potential solution to food insecurity issues. 
It is worth noting that ants (Hymenoptera: Formicidae) occupy a significant position 
within entomophagy since they are one of the most noticeable and plentiful groups of 
insects in forests, agricultural ecosystems, and urban habitats. As much as 59 species of 
ants are recognized as edible and are consumed during their egg, larva, pupa, or adult 
stage. However, available scientific information shows that their consumption must be 
accompanied by standardized and sustainable production. In this review, the use of 
ants as food will be discussed, with special reference to different ant species, the 
regional and country-specific meanings, differences in entomophagy related to ants, the 
bioecology, nutritional characteristics, and pharmaceutical benefits, and the rearing and 
processing processes. Additionally, consumer acceptance towards the consumption of 
edible ants will be overviewed. This review aims to provide a foundation for further 
research on the use of ants as food, while serving as a valuable source of information 
in response to growing interest in this field.

1.  Introduction

The various global developments today are leading to changes in the way humans live. Progressive cli-
mate change is one of the greatest challenges facing humanity and is associated with far-reaching effects 
on human life and health, as well as on life on Earth in general (El Bilali et  al., 2020). Mitigating the 
effects of climate change and combating this process will require changes in all aspects of life, including 
the production and provision of food for humans (Lake et  al., 2012). In addition, the continued growth 
of the world’s population—projected to reach 9.7 billion in 2050 and potentially peak at nearly 10.4 
billion in the 2080s—will lead to increased demand and a greater need for food, which is expected to 
rise by 60% by 2050 (Lee et  al., 2021; Payne & Van Itterbeeck, 2017; Szmigiera, 2022). Furthermore, 795 
million people suffer from hunger today; in Africa, for example, 30% of children under the age of five 
suffered from chronic malnutrition and another 7% from acute malnutrition in 2017 (Casas Reátegui 
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et  al., 2018; Mariod, 2020). To address these developments without creating food insecurity or increasing 
greenhouse gas emissions in the food sector, innovative approaches are needed (Chen et  al., 2009). 
Consumption of alternative foods has also increased in recent years for various reasons, such as ethnic 
preferences or environmental concerns (Batat & Peter, 2020).

One such innovation in the food supply is the consumption of edible insects. The consumption of 
insects by humans, known as entomophagy, can be traced back to the dawn of humankind and even to 
primate relatives. Evidence of this practice exists in antiquity, such as 3,000-year-old records from China 
(Chen et  al., 2009; Meyer-Rochow et  al., 2021). The history of entomophagy extends into modern times 
and has resulted in insects being part of the diets of 2 billion people in over 113 countries today (Batat 
& Peter, 2020; Chakravorty et  al., 2013). Consumption is especially common in Africa, Asia, and South 
America, whereas it is uncommon in Western countries and often evokes disgust (FAO, 2013). Despite 
this food neophobia, entomophagy is becoming more popular in Western countries, with increasing pub-
lic interest in the topic, and eating insects is slowly gaining importance (Batat & Peter, 2020).

Approximately 500 insect species are used for human consumption in Africa alone, and over 2,100 
species are consumed worldwide, most of which are native to tropical regions (Batat & Peter, 2020; Casas 
Reátegui et  al., 2018; Mariod, 2020; Mitsuhashi, 2016; Van Itterbeeck & Pelozuelo, 2022). Among these, 
locusts, crickets, beetles, caterpillars, bees, and ants are the most widely consumed (FAO, 2013). Insects 
are a sustainable, nutritious, and protein-rich alternative to other foods, and they are relatively easy to 
maintain and rear. They provide proteins, amino acids, fats, carbohydrates, vitamins, and trace elements 
through their beneficial composition (Chen et  al., 2009). In addition, compared with animals raised in 
factory farms, insects require less land and emit fewer greenhouse gases (Lee et  al., 2021).

Recent work highlights that ants are widely recognized as edible insects, consumed not only directly 
as food but also as flavoring agents and ingredients in diverse culinary preparations across Africa, Latin 
America, Europe, and Asia (van Huis, 2025). In this review, the use of ants (Hymenoptera: Formicidae) as 
food for humans is considered and discussed. The review provides a checklist of known edible ant spe-
cies along with their regional consumption and importance. Furthermore, it discusses the bioecology and 
nutritional properties, as well as the pharmaceutical benefits, of the most commonly consumed ant spe-
cies. Finally, the rearing, harvesting, and processing of ants are addressed. In view of the changing public 
perception of entomophagy and the expected increase in its importance, this review summarizes the 
literature to date on the consumption of ants and provides a basis for future research on this specific 
form of entomophagy.

2.  List of edible ants and records of their consumption in the world

Ants are a common food consumed by humans worldwide (Gahukar, 2020). The high demand for con-
suming ants is due to the fact that they contain numerous beneficial nutrients for the human body 
(Chakravorty et  al., 2016). Table 1 shows 59 species of ants that can be eaten by humans, along with 
information on their common names, the stage at which they are eaten, and the countries where they 
are consumed.

According to a review of the literature, people on every continent except Antarctica consume insects 
(including ants) (Figure 1). This clearly shows that ants have excellent potential for development as 
human food (Gahukar, 2020). Nonetheless, despite many scientific studies and professional assertions 
that ingesting insects is safe, there are several factors in the marketing process that impede their accep-
tance for human consumption, such as health, environmental, and livelihood considerations (Deka et  al., 
2021). Over time, factors such as traditional beliefs, consumers’ increasing awareness of environmental 
protection, and regional and seasonal availability have led to certain species, such as ants, being accepted 
as food (Deka et  al., 2021; Gahukar, 2020; Kalita et  al., 2022; Nsevolo et  al., 2023).

Insects are a historic element of many people’s diets worldwide, but many consumers are aware that 
insect-based foods are also healthy, nutritious, and serve as an alternative source of protein to chicken, 
beef, pork, and fish (Fernando et  al., 2023; Kasza et  al., 2023). Insects have a significant nutrition value, 
including protein, fat, carbohydrates, minerals, and vitamins. Despite their individually small size, ants are 
extremely nutrient-dense, and humans consume all stages of their life cycle as food (Raheem et  al., 
2019). Ants are consumed both as a solid food and in a liquid form (frequently served as beverage) 
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Table 1. G lobal list of edible ant species.

No Species Vernacular name Stage consumed Country
Consumption 

style Reference

1 Acromyrmex 
octospinosus 
(Reich)

Leaf-Cutter ants Reproductive 
adult

North America: 
Mexico

NA (Jongema, 2017; 
Ramos-Elorduy & Pino 
Moreno, 2002)

2 Acromyrmex rugosus 
(Smith)

Leaf-Cutter ants Reproductive 
adult

North America: 
Mexico

NA (Jongema, 2017; 
Ramos-Elorduy & Pino 
Moreno, 2002)

3 Atta bisphaerica Forel Leaf-Cutter ants Winged Adult South America: 
Brazil

NA (Costa-Neto & Ramos-Elorduy, 
2006; Jongema, 2017)

4 Atta capiguara 
Goncalves

Leaf-Cutter ants Adult South America: 
Brazil

NA (Costa-Neto & Ramos-Elorduy, 
2006; Jongema, 2017)

5 Atta cephalotes (L.) Leaf-Cutter ants Winged adult 
and soldier

South America: 
Brazil Colombia 
Guyana 
Honduras

Nicaragua Mexico, 
Ecuador, 
Venezuela

Toasting, 
Frying

(Araujo & Bessera, 2007; Casas 
Reátegui et  al., 2018; 
Costa-Neto & 
Ramos-Elorduy, 2006; 
DeFoliart, 2002; Dufour, 
1987; Jongema, 2017; 
Onore, 2005)

6 Atta laevigata (Smith) Leaf-Cutter ants Winged adult 
and soldier

South America: 
Colombia

Boiled, Frying, 
Roasted

(Costa-Neto & Ramos-Elorduy, 
2006; DeFoliart, 2002; 
Dufour, 1987; Gahukar, 
2011; Jongema, 2017; Kooij 
et  al., 2018)

7 Atta mexicana 
(Smith)

Leaf-Cutter ants Reproductive 
adult

North America: 
Mexico

NA (DeFoliart, 2002; Jongema, 
2017; Ramos-Elorduy & 
Pino Moreno, 2002)

8 Atta opaciceps 
Borgmeier

Leaf-Cutter ants Adult South America: 
Brazil

NA (Costa-Neto & Ramos-Elorduy, 
2006; Jongema, 2017)

9 Atta sexdens (L.) Leaf-Cutter ants Winged adult 
and soldier

South America: 
Brazil, Colombia, 
Ecuador

Flour (Bendezu Ccanto et  al., 2022; 
Costa-Neto & 
Ramos-Elorduy, 2006; 
DeFoliart, 2002; Dufour, 
1987; Jongema, 2017; 
Onore, 2005)

10 Atta texana Buckley Leaf-Cutter ants NA North America: 
Mexico

NA (Jongema, 2017; Katz, 2016)

11 Camponotus 
aurocinctus 
(Smith)

Golden bearded 
sugar ants

Honey pot Oceania: Australia NA (DeFoliart, 2002; Jongema, 
2017)

12 Camponotus 
consobrinus 
(Erichson)

Banden Sugar Ants Pupa Oceania: Australia NA (DeFoliart, 2002; Jongema, 
2017)

13 Camponotus 
dumetorum 
Wheeler

Carpenter ant Adult North America: 
Mexico

NA (Jongema, 2017; 
Ramos-Elorduy & Pino 
Moreno, 2002)

14 Camponotus inflatus 
Lubb.

Honey pot ants Honey pot Oceania: Australia Raw (DeFoliart, 2002)

15 Camponotus 
japonicus Mayr

Japanese carpenter 
ant

Egg, larva, pupa, 
and adult

Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

16 Camponotus 
maculatus 
Fabricius

Carpenter ant Larva, pupa, and 
adult

North America: USA Boiled 
(beverage), 
raw, oral 
medicine

(Jongema, 2017; Schrader 
et  al., 2016)

17 Camponotus 
pennsylvanicus De 
Geer

Black carpenter ant NA North America: USA NA (Jongema, 2017; Schrader 
et  al., 2016)

18 Carebara castanea 
Smith

Subterranean ant Egg and adult Asia: Thailand NA (Hanboonsong et  al., 2013; 
Jongema, 2017; Krongdang 
et  al., 2023)

19 Carebara lignata 
Westwood

Harvester ants Adult Africa: Bostwana, 
Mozambique, 
Namibia, Sudan, 
South Africa, 
South Sudan, 
Zambia, 
Zimbabwe. Asia: 
China

NA (Chen et  al., 2009; Hlongwane 
et  al., 2020; Jongema, 
2017; Kelemu et  al., 2015)

(Continued)
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No Species Vernacular name Stage consumed Country
Consumption 

style Reference

20 Carebara vidua Smith African thief ant Winged adult Africa: South Africa, 
Zambia, 
Zimbabwe, 
Malawi, D.R.

Dried, raw, 
fried, boil, 
medicine

(Ayieko et  al., 2012; 
Chavanduka, 1976; 
Gelfand, 1975; Hlongwane 
et  al., 2020; Jongema, 
2017; Kelemu et  al., 2015; 
Mbata, 1995; Okia et  al., 
2017; Silow, 1983; van 
Huis, 2017)

21 Cephalotes atratus 
(L.)

Common Giant 
Turtle Ant

Adult South America: 
Peru

Roasting (Casas Reátegui et  al., 2018; 
Jongema, 2017)

22 Colobopsis gasseri 
(Forel)

Plug ants Pupa Oceania: Australia NA (DeFoliart, 2002; Jongema, 
2017)

23 Crematogaster 
rogenhoferi (Mayr)

Cocktail ant Egg Asia: Vietnam Cake, sticky 
rice, soup

(Pham et  al., 2024)

24 Crematogaster 
vandermeermohri 
Menozzi

Cocktail ant NA Asia: Indonesia NA (Jongema, 2017; Meer, 1965)

25 Dinomyrmex gigas 
(Latreille)

Giant forest ant Egg and adult Asia: Malaysia Spices (Chung et  al., 2002; Gahukar, 
2011; Jongema, 2017)

26 Dorylus nigricans 
Illiger

Driver ant Pupa Africa: Cameroun NA (Jongema, 2017; van Huis 
et  al., 2013)

27 Eciton burchellii 
(Westwood)

Army ant Adult South America: 
Venezuela

NA (Araujo & Bessera, 2007; 
Jongema, 2017)

28 Formica aquilonia 
Yarrow

Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

29 Formica beijingensis 
Wu

Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

30 Formica fusca L. Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

31 Formica japonica 
Motsch

Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

32 Formica rufa L. Red wood ant Adult Europe: Sweden, 
Norway, 
Denmark

Medicine, 
sandwich, 
and ant 
vinegar, 
beverage 
(alcohol)

(Svanberg & Berggren, 2019)

33 Formica sanguinea 
Latr.

Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

34 Formica truncorum F. Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

35 Formica uralensis 
Ruzsky

Wood ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

36 Lasius flavus (F.) Yellow meadow ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

37 Liometopum 
apiculatum Mayr

Escamolera ant or 
giant velvety ant

Egg, larva, and 
pupa

North America: 
Mexico

Escamoles (DeFoliart, 2002; 
González-Escobar et  al., 
2018; Jongema, 2017; 
Ramos-Elorduy, 2006; 
Ramos-Elorduy et  al., 1998)

38 Liometopum 
luctuosum Wheeler

Escamol ant Egg, larva, and 
pupa

North America: 
Mexico

Escamoles (DeFoliart, 2002; Jongema, 
2017; Pino Moreno et  al., 
2006; Ramos-Elorduy et  al., 
1998)

39 Melophorus bagoti 
Lubb.

Honey ants Honey pot Oceania: Australia Raw (DeFoliart, 2002; Jongema, 
2017)

40 Myrmecia pyriformis 
Smith

Bull ants Pupa Oceania: Australia NA (DeFoliart, 2002; Jongema, 
2017)

41 Myrmecocystus 
melliger Forel

Honey ants Honey pot North America: 
Mexico

Raw (Costa-Neto & Dunkel, 2016; 
DeFoliart, 2002; Jongema, 
2017; Ramos-Elorduy, 2006; 
Ramos-Elorduy et  al., 1998; 
van Huis et  al., 2013)

42 Myrmecocystus 
mexicanus 
Wesmael

Honeypot ants Honey pot North America: 
Mexico

Raw (DeFoliart, 2002; Jongema, 
2017; Ramos-Elorduy, 2006)

43 Myrmicaria brunnea 
(Saunders)

Short-legged 
hunchbacked 
ant

NA Asia: India Oral medicine (Aidoo et  al., 2023; Siddiqui 
et  al., 2023)

44 Odontoponera 
denticulata (Smith)

Scavenger ant Egg, larva, pupa 
and adult

Asia: Vietnam Soup (Pham et  al., 2024)

Table 1.  Continued.

(Continued)
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(Nordic Food Lab, 2014; Svanberg & Berggren, 2019). In certain cultures, people consume ants for their 
medicinal benefits (Svanberg & Berggren, 2019). Therefore, it can be concluded that ants serve a variety 
of purposes, may be ingested at different stages (pupae, larvae, and adults), and can be served with a 
variety of foods and beverages, depending on the location or nation.

On the Asian continent, many nations, such as Thailand, India, Laos, Vietnam, China, Bangladesh, 
Malaysia, and Sri Lanka, consume ants at various stages of their life cycles, including eggs, larvae, pupae, 

No Species Vernacular name Stage consumed Country
Consumption 

style Reference

45 Oecophylla longinoda 
(Latr.)

Weaver ants Adult Africa: Cameroun, 
Congo, Nigeria

Dried, raw, 
fried, and 
boil

(DeFoliart, 2002; Hlongwane 
et  al., 2020; Jongema, 
2017; Meutchieye et  al., 
2016; Tamesse et  al., 2016)

46 Oecophylla 
smaragdina (F.)

Green tree ants, red 
ant, or Asian 
weaver ant

Egg, larva, pupa, 
and adult

Oceania: Australia, 
Papua New 
Guinea. Asia: 
Thailand, India, 
Laos, Vietnam, 
Myanmar, China

Chutney, 
paste, 
frying with 
oil, and 
additional 
ingredient, 
oral 
medicine, 
salt, salad, 
stir fry

(Barennes et  al., 2015; 
Chakravorty et  al., 2011; 
Chen et  al., 2009; Chen & 
Feng, 1999; DeFoliart, 
2002; Durst & 
Hanboonsong, 2015; 
Gahukar, 2020; 
Hanboonsong et  al., 2013; 
Jongema, 2017; Megu 
et  al., 2019; Mitra et  al., 
2020; Mozhui et  al., 2020; 
Offenberg & Wiwatwitaya, 
2010; Pham et  al., 2024; 
Raza et  al., 2022; Sangma 
et  al., 2016; Siddiqui et  al., 
2023; Sribandit et  al., 2009; 
Van Itterbeeck, 2014; Van 
Itterbeeck et  al., 2014; 
Wetterer, 2017)

47 Pogonomyrmex 
barbatus

Red harvester ants Larva, pupa, and 
adult

North America: 
Mexico

NA (Jongema, 2017; 
Ramos-Elorduy, 2006; 
Ramos-Elorduy et  al., 1998)

48 Pogonomyrmex 
californicus 
(Buckley)

California harvester 
ants

Larva, pupa, and 
adult

North America: USA Oral medicine (DeFoliart, 2002; Jongema, 
2017; Siddiqui et  al., 2023)

49 Pogonomyrmex 
desertorum 
Wheeler

Harvester ants Larva, pupa, and 
adult

North America: USA NA (DeFoliart, 2002; Jongema, 
2017)

50 Pogonomyrmex 
occidentalis 
(Cresson)

Western harvester 
ants

Larva, pupa, and 
adult

North America: USA NA (DeFoliart, 2002; Jongema, 
2017)

51 Pogonomyrmex 
salinus Olsen

Harvester ants Larva, pupa, and 
adult

North America: USA NA (DeFoliart, 2002; Jongema, 
2017)

52 Polyrhachis dives 
Smith

Black weaver ant, 
black chinese 
ant

Egg, larva, pupa, 
and adult

Asia: China, 
Bangladesh, 
Malaysia, Sri 
Lanka

Medicine, 
beverages, 
additional 
ingredient

(Bhulaidok et  al., 2010; 
DeFoliart, 2002; Guining 
et  al., 2018; Jongema, 
2017; Tang & Dai, 2018; 
van Huis et  al., 2013; 
Wetterer, 2017; Zhang 
et  al., 2022)

53 Polyrhachis illaudata 
Walker

Spiny ant Larva and pupa Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

54 Polyrhachis 
lamellidens Smith

Spiny ant Egg, larva, pupa, 
and adult

Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

55 Polyrhachis proxima 
(Roger)

Spiny ant Egg Asia: Vietnam Cake, sticky 
rice, soup

(Pham et  al., 2024)

56 Polyrhachis vicina 
Roger

Chinese black ant adult Asia: China Medicine Bhulaidok, (Bhulaidok et  al., 
2010; Jin-Fu & Jue, 2016; 
Li et  al., 2009)

57 Pseudoneoponera 
rufipes (Jerdon)

Black ant NA Asia: India Oral medicine (Choudhary et  al., 2022; 
Seabrooks & Hu, 2017; 
Siddiqui et  al., 2023)

58 Tetramorium 
caespitum (L.)

Pavement ant Egg, larva, pupa, 
and adult

Asia: China NA (Chen & Feng, 1999; Jongema, 
2017; Yin et  al., 2017)

59 Tetraponera 
rufonigera (Jerdon)

Iron ant NA Asia: India Oral medicine (Aidoo et  al., 2023; M. P. 
Borah & Prasad, 2017; 
Siddiqui et  al., 2023)

Table 1.  Continued.
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and adults (AntWeb, 2022; Chakravorty et  al., 2016; Gahukar, 2020; Megu et  al., 2019; Mozhui et  al., 2020; 
Raza et  al., 2022; van Huis et  al., 2013). The majority of ant species on the Asian continent are Oecophylla 
smaragdina (Thailand, India, Laos, and Vietnam) and Polyrhachis dives (India, China, Bangladesh, Malaysia, 
and Sri Lanka) (AntWeb, 2022; Raza et  al., 2022; van Huis et  al., 2013). In addition, practically every coun-
try in Asia uses ants as an extra component of food preparation (AntWeb, 2022; van Huis et  al., 2013). 
However, in China, ants are also used as medicines because of their kidney-strengthening, anti-inflammatory, 
antioxidant, natural painkiller, and immune-boosting properties (Clark, 2022; Dragon Herbs, 2022; Oonincx 
et  al., 2010). At the same time, in Thailand and India, O. smaragdina can be eaten with a variety of 
dishes, such as chutney, paste, and oil-frying (Megu et  al., 2019; Mozhui et  al., 2020; van Huis et  al., 
2013). In addition, canned food products containing ants have been developed in Thailand (Gahukar, 
2020; Van Itterbeeck, 2014). The variety of processed insect-based food products, notably ants, in Thailand 
is a result of the fact that its residents already see insects as food that is suitable for human consump-
tion and is in great demand (Durst & Hanboonsong, 2015; Gahukar, 2020; Liévano, 2011; Van 
Itterbeeck, 2014).

Ants are among the insects often eaten in European nations, particularly in Sweden, Norway, and 
Denmark. Formica rufa is a common ant found throughout Europe and is mainly eaten at the adult stage 
(Nordic Food Lab, 2014; Svanberg & Berggren, 2019). In Sweden, ants are used to prepare sandwiches 
and vinegars (Svanberg & Berggren, 2019). Norway and Denmark utilize ants as ingredients in beverages 
(alcohol) (Svanberg & Berggren, 2019). In addition, ants are used as medication in Sweden and Denmark 
(Nordic Food Lab, 2014; Svanberg & Berggren, 2019). In Sweden, people frequently boil ants and their 
nests before using them for showering or bathing to relieve rheumatic pain (Svanberg & Berggren, 2019). 
In Denmark, the oil from ants is extracted and used to treat rheumatism and back pain (Nordic Food 
Lab, 2014; Svanberg & Berggren, 2019).

Furthermore, ant species in North America vary by nation, such as Atta mexicana in Mexico and 
Camponotus maculatus in the US (Raheem et  al., 2019; Schrader et  al., 2016). Mexican and American 
natives, particularly “Onondaga,” devour ants at all stages, including larvae, pupae, and adults (Raheem 
et  al., 2019; Schrader et  al., 2016). However, there is a small variation in how it is consumed in America. 
In addition to utilizing ants as culinary ingredients and eating them raw, they also boil them in coffee 
(Schrader et  al., 2016). In Mexico, ants are often used as ingredients in sauces; however, they are some-
times roasted or fried and serve as the main basis in main courses (Gallardo-López et  al., 2023).

Ants are one of the greatest options for insect-based foods since they are one of the most noticeable 
and plentiful groups of Hymenoptera in forests, agricultural ecosystems, and urban habitats 
(Pazmiño-Palomino & Troya, 2022). Because of the abundance of ants and their high nutritional value for 

Figure 1. N umber indication of edible ant species through heat-map. The redness depth responses to the number of 
species consumed in each country.
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humans, some South American nations, including Ecuador, Colombia, and Peru, have begun to use ants 
as food in their everyday lives (Abril et  al., 2022; Casas Reátegui et  al., 2018; Kooij et  al., 2018). In the 
markets of Ecuador and Colombia, there is a demand for processed ant products, such as fried ants, 
because of the growing public awareness of the beneficial substances present in insects, particularly ants 
(Kooij et  al., 2018). In fact, owing to the rising value of ants, many individuals have turned to ant hunting 
as a profession, since ants are a strong selling point in Ecuador and Colombia (Kooij et  al., 2018). In Peru, 
people often prepare ants as food for themselves and their families, and they do it in a more dynamic 
cooking style, notably, in addition to frying, they typically roast ants for consumption (Casas Reátegui 
et  al., 2018).

In Africa, edible insects constitute an essential source of food because, aside from having high nutri-
tional value, they are also very affordable in the market, or they can even be acquired from the sur-
rounding environment (Okia et  al., 2017). Table 1 shows that many African nations have reported 
instances of ant consumption. However, the record of how Africans consume or cook ants as food is not 
well documented academically (Christensen et  al., 2006; Ehonou et  al., 2018; Hlongwane et  al., 2020; 
Kelemu et  al., 2015; Meutchieye et  al., 2016; Musundire et  al., 2016; Okia et  al., 2017; Tamesse et  al., 
2016). Africans eat ants raw, dried, ground into flour, fried, or boiled (Hlongwane et  al., 2020; Kelemu 
et  al., 2015; Raheem et  al., 2019). Moreover, the majority of Africans consume ants at the adult stage 
(Hlongwane et  al., 2020).

Following the findings from the list of edible ants, as well as the documented consumption of ants 
among various cultures and regions, it can be inferred that these practices vary widely, as people incor-
porate ants into different foods, reflecting the diverse practices and customs of local communities. This 
global blend demonstrates the extent to which ants can be utilized as a food source and their important 
role in many ethnic cuisines and traditions.

3.  Bioecology of ants

Ants, often considered the unassuming inhabitants of ecosystems, are remarkable creatures of diverse 
forms and functions. With more than 14,000 identified species (Kass et  al., 2022), ants represent a highly 
successful insect group in terms of ecological dominance. These tiny but highly organized insects have 
a significant impact on ecosystems, making them a subject of considerable interest to entomologists and 
ecologists. Ecologically, ants occupy a wide range of habitats, from forests to arid area, concentrated in 
tropical and subtropical region, displaying remarkable adaptability (Dantas & Fonseca, 2023; Ji, 2024). 
They build nests underground, in trees, or within vegetation, depending on the species. Ants engage in 
diverse ecological interactions, including mutualistic relationships with plants, in which they protect 
plants from herbivores in exchange for food and shelter (Rico-Gray & Oliveira, 2007). As predators, ants 
regulate arthropod populations, exerting significant control over pest species (Anjos et  al., 2022). 
Additionally, ants contribute to soil aeration, nutrient cycling, and seed dispersal, with certain plant spe-
cies relying on ants for effective seed dispersal through a mutualistic process (Ortiz et  al., 2021).

3.1.  Life cycle

Ants are highly organized insects that exhibit a fascinating life cycle, reproductive behavior, and ecolog-
ical relationships. Their life cycle follows a complete metamorphosis, beginning with the queen laying 
eggs that hatch into larvae. These larvae are nourished by worker ants and undergo rapid growth. The 
larvae then enter the pupal stage, during which they undergo significant structural changes, ultimately 
emerging as adults. The adult ants assume different roles within the colony, including workers, soldiers, 
or reproductive individuals (queens and males) depending on their caste (Trible & Kronauer, 2017). 
Reproductive behavior in ants is caste-based, with queens being the primary egg layers, males mating 
with queens before dying, and workers performing essential colony tasks, such as foraging, nest mainte-
nance, and brood care. In some species, workers may even lay unfertilized eggs that develop into males, 
adding a level of reproductive flexibility to the colony’s structure (Giehr et  al., 2020).
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3.2.  Bioecology of important edible ant species

Edible ants have long been regarded as a culinary delicacy across numerous cultures worldwide, with 
their consumption tracing back centuries. Depending on local traditions and preferences, they are 
enjoyed in a variety of forms, such as fresh, roasted, boiled, sun-dried, or incorporated into complex 
traditional dishes. A wide range of ant species are consumed globally; however, in the present study, we 
focus on four prominent edible ant species—Carebara vidua, Liometopum apiculatum, Oecophylla smarag-
dina, and Polyrhachis vicina. These species were selected due to their extensive documentation, high 
number of consumption records, and presence in multiple countries, as well as their frequent discussion 
in the scientific literature, making the discussion of their specific bioecology particularly important.

3.2.1.  Carebara vidua
Carebara vidua (African thief ant) constructs intricate subterranean nests composed of narrow tunnels 
and chambers near termite mounds, which serve as suitable sites for food sources (van Huis, 2002). The 
distribution of C. vidua spans tropical regions of Africa. Its nests are typically established in warm, undis-
turbed environments where stable microclimatic conditions support colony development and longevity. 
A colony has been estimated to contain more than 12,000 adults, 11,000 pupae, 18,000 larvae, and 
13,000 eggs. The largest nests, measuring 50 cm in length and 30 cm in width, can contain up to 124,500 
adults, 155,300 pupae, 109,400 larvae, and 4,100 eggs (Lepage & Darlington, 1984). Colony foundation in 
C. vidua begins with an alate virgin queen, sometimes accompanied by several workers attached to her. 
After the nuptial flight, the dealate queen begins burrowing within 10 minutes and forms a round under-
ground chamber measuring 18–25 mm in diameter, where she lays her eggs. The first workers emerge 
after 28 days, and by 39 days, the colony is estimated to contain more than 1,000 individuals (Lepage & 
Darlington, 1984).

3.2.2.  Liometopum apiculatum
Liometopum apiculatum, commonly known as escamol or escamolera ant, is a highly adaptable ant spe-
cies distributed throughout arid and semi-arid regions of western North America (García-Sandoval et  al., 
2022; Hernández-Roldán et  al., 2024). Its ecological success is attributed to behavioral plasticity, environ-
mental resilience, and complex social structure (Hoey-Chamberlain et  al., 2013). This species primarily 
inhabits oak-pine woodlands, montane forests, and desert margins, where it nests in decaying logs, 
beneath rocks, and in soil cavities. Colonies are frequently polydomous, occupying multiple nest sites 
that are spatially distributed but functionally integrated. Such nesting flexibility enables L. apiculatum to 
persist in fragmented or disturbed habitats (Hoey-Chamberlain et  al., 2013). Socially, L. apiculatum colo-
nies are large and may be polygynous, with multiple reproductive queens contributing to brood produc-
tion (Hoey-Chamberlain et  al., 2013). Worker ants exhibit pronounced territorial aggression and robust 
nest defense behavior, which is reinforced by the release of volatile alarm pheromones when threatened. 
These secretions—comprising compounds such as 6-methyl-5-hepten-2-one, acetic acid, and isovaleric 
acid—create a distinct and pungent odor often smell like rotten coconut, serving both as a chemical 
defense and a communication signal (Hoey-Chamberlain, 2012). Nests of L. apiculatum are characterized 
by distinctive honeycombed, carton-like structures, formed by agglomerated soil and oral secretions, pro-
viding structural integrity and moisture resistance (Hoey-Chamberlain, 2012). Workers exhibit bimodal 
allometry, with major workers being nearly four times heavier than minor workers, fulfilling specialized 
roles such as defense, foraging, and brood care (Grimaldi & Engel, 2005).

The foraging strategy of L. apiculatum includes both predation and mutualistic interactions. Workers 
forage primarily on trees and shrubs, tending various hemipterans for honeydew and some cacti for 
extrafloral nectar, which constitutes a major component of their carbohydrate intake (Miller, 2007; 
Rafael-Valdez et  al., 2017). These ants are also known to scavenge insect carcasses and hunt live prey, 
playing an important ecological role as both predators and nutrient recyclers (Van Pelt, 1971). Foraging 
trails can be long-lasting and are maintained for extended periods, suggesting a high degree of spatial 
memory and trail fidelity among workers. Colonies exhibit seasonal reproductive cycles. During favorable 
climatic conditions, nuptial flights occur, during which alates disperse to mate and establish new colo-
nies. Colony founding strategies are less well-documented, but anecdotal evidence suggests that the 
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presence of brood and mature workers during early colony stages may improve success in harsh envi-
ronments—indicating the potential for dependent colony founding, especially under xeric conditions 
(Hoey-Chamberlain et  al., 2013). L. apiculatum forms mutualistic associations with various Hemiptera, 
which provide honeydew as a primary energy source (Lara-Juárez et  al., 2015). Morphologically, L. apicu-
latum workers are covered in dense, velvet-like pubescence that gives them a matte appearance and aids 
in desiccation resistance—a key adaptation for survival in dry climates. From a bioecological standpoint, 
L. apiculatum contributes to its native ecosystems not only through trophic interactions but also by influ-
encing plant-herbivore dynamics. Their burrowing activity aids soil turnover, and their role as both pred-
ator and prey integrates them into multiple food web levels (Gregg, 1963; Lara-Juárez et  al., 2015).

3.2.3.  Oecophylla smaragdina
Oecophylla smaragdina, commonly known as the Asian weaver ant, is a diurnal and arboreal ant species. 
It is widely distributed across tropical regions of South and Southeast Asia and northern Australia. The 
species is particularly noted for its sophisticated nest-building behavior, wherein workers use silk secreted 
by larvae to weave together living leaves into large, suspended nests in the tree canopy (Devarajan, 
2016). A mature colony can occupy several neighbouring trees within an area of 800–2500 m2 (Exélis 
et  al., 2025). The colony structure of O. smaragdina is based on a clear caste system, comprising alate 
and dealate queens, minor and major workers, and alate males (Pimid et  al., 2014). While colonies are 
typically monogynous, instances of polygyny may occur, especially in large colonies where inter-nest 
distances increase (Hölldobler & Wilson, 1990). Reproduction is initiated through synchronized nuptial 
flights during the dry season with strong wind, where winged males and virgin queens leave the nest 
to mate (M. G. Nielsen et  al., 2016). After mating, queens shed their wings and initiate new colonies 
within folded leaves, laying their first batch of eggs. These hatch within 18–20 days, and larval develop-
ment spans approximately 45 days, after which the first generation of workers emerges and assumes 
colony duties (Hölldobler & Wilson, 1990). Nest construction involves cooperative behavior, where work-
ers pull together the edges of leaves and secure them with silk produced by larvae. (Hölldobler & Wilson, 
1990). These silk-bound leaf nests provide structural resilience and a buffered microclimate that supports 
colony development. Foraging activity is regulated by temperature and humidity, with peak foraging 
typically occurring at high temperature and low humidity (Rezki et  al., 2023). O. smaragdina is a gener-
alist predator, feeding on a variety of arthropods, and is also known to engage in mutualistic interac-
tions with honeydew-producing insects such as aphids, scale insects, and mealybugs (Hölldobler & 
Wilson, 1990; Offenberg, 2015). O. smaragdina is an ecologically significant species due to its role as a 
dominant canopy predator, influencing arthropod populations and reducing herbivory. However, its 
aggressive territorial behavior and association with sap-feeding insects may inadvertently reduce bene-
ficial insect visitations (pollinators and natural enemies) and alter plant reproductive success 
(Offenberg, 2015).

3.2.4.  Polyrhachis vicina
Polyrhachis vicina, commonly known as the Chinese black ant, is predominantly found in the southern 
regions of China. The nesting behavior of P. vicina is quite adaptable. This ant species can construct and 
relocate their nests in bush and grass, depending on the temperature conditions and food availability 
(Jin-Fu & Jue, 2016). This flexibility in nesting is a key factor in the species’ success and survival in a wide 
range of climates and geographical areas. The colonies of P. vicina typically favor humid and warm envi-
ronments in shading place that support their reproductive cycles and foraging activities (Jin-Fu & Jue, 
2016). Their ability to thrive in various ecosystems has contributed to their widespread distribution and 
ecological significance.

4.  Nutritional value of some economically important edible ant species

Edible insect-based products are recognized for their high nutritional value, which varies among species 
and even across different life stages within the same species (Raheem et  al., 2019). This section discusses 
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the nutritional composition of several prominent edible ants, including C. vidua, L. apiculatum, O. smar-
agdina, and P. vicina, in terms of proximate composition, fatty acids, amino acids, minerals, and vitamins 
(Tables 2–6).

From Table 2, it can be seen that each ant species has a different nutritional composition. In general, 
P. vicina has a higher protein content than other edible ants, ranging from 36.1 to 56.6 g/100 g dry weight 
(Rumpold & Schlüter, 2013; Weru et  al., 2021). Conversely, L. apiculatum has the lowest protein content, 
ranging from 34.7 to 40.0 g/100 g dry weight (Cruz-Labana et al., 2018; Escamilla & Ariza, 2021; Rumpold 
& Schlüter, 2013). The protein content of edible ants is generally comparable to that of pork and beef 
(Table 2), although edible ants contain relatively lower fat levels. Additionally, differences in the nutri-
tional composition of each edible ant species are also observed in terms of fat, fiber, ash, and total 
carbohydrates. One reason for these differences is the variation in analysis methods, which may use 
either a dry basis or a wet basis (fresh samples). For instance, Vidhu and Evans (2015) and Escamilla and 
Ariza (2021) used a fresh sample basis when analyzing O. smaragdina and L. apiculatum. The results of 
proximate analysis vary depending on water content, making it critical to analyze each edible ant care-
fully, as water content affects the relative proportions of the remaining components. Furthermore, water 
content may influence insect processing (Costa et  al., 2020). Differences in life stage can also affect prox-
imate analysis results. For example, Cruz-Labana et al. (2018) used larvae of L. apiculatum, while Melo-Ruiz 
et  al. (2013) analyzed eggs; for C. vidua, Ayieko et  al. (2012) and Rumpold and Schlüter (2013) used 
whole-body samples of adult ants, whereas Aguilar-Toalá et  al. (2022) analyzed de-winged adults, leading 
to variation in proximate values. Moreover, Mba et  al. (2017) stated that the nutritional content of edible 
ants may vary depending on developmental stage, geographical origin, diet, and living conditions.

Table 3 shows the varying fatty acid contents of some economically important edible ant species. 
Almost all edible ants contain both saturated and unsaturated fatty acids, with unsaturated fatty acids 
being dominated by palmitoleic, linoleic, linolenic, and oleic acids. Among edible ants, O. smaragdina has 
the highest PUFA content, accounting for 68.80% of total fatty acids (Raksakantong et  al., 2010). Overall, 
the proportion of saturated fatty acids is lower than that of unsaturated fatty acids. In insects, phospho-
lipids and triacylglycerols constitute the majority of the lipid composition, which varies depending on life 
stage and species (Lucas et  al., 2020). Insects can therefore be used to augment the nutritional value of 
a diet by providing essential fatty acids. However, seasonal changes can influence the nutritional content 
of edible ants. Borgohain et  al. (2014) reported that in Assam, India, O. smaragdina had the highest lipid 
content when collected in April, whereas lower levels were recorded between November and February. 
These findings suggest that collectors can optimize harvest timing by targeting specific seasons and life 
stages to maximize nutritional value (Meyer-Rochow et  al., 2021).

The amino acid profiles of some economically important edible ant species are presented in Table 4. 
Each species differs in both the type and quantity of amino acids. L. apiculatum (eggs) contains all amino 
acids (Melo-Ruiz et  al., 2013), whereas some species, such as P. vicina (Weru et  al., 2021) and O. smarag-
dina (Vidhu & Evans, 2015), possess a more limited range. Essential amino acids—including histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine—are found in 
the eggs and larvae of L. apiculatum (Cruz-Labana et al., 2018; Melo-Ruiz et  al., 2013). Although the 
quantity of essential amino acids determines protein quality, the amino acid composition of edible ants 
varies, making it difficult to conclude that one species is superior to another. Moreover, amino acid con-
tent can be influenced by several factors, including those that also affect other nutrient levels.

Table 5 presents the mineral composition of several economically important edible ant species. P. 
vicina has the highest calcium content (108.0 mg/100 g), while L. apiculatum (eggs) has the lowest 
(0.97 mg/100 g). The mineral content of edible insects is influenced by factors such as developmental 
stage and seasonal variation (Chinarak et  al., 2020). Overall, C. vidua, L. apiculatum, O. smaragdina, and P. 
vicina provide minerals including calcium, potassium, sodium, iron, zinc, magnesium, and phosphorus, 
albeit in varying amounts. Incorporating edible ants alongside other food sources may therefore contrib-
ute to meeting daily mineral requirements.

The vitamin composition of several economically important edible ant species is presented in Table 6. 
O. smaragdina and C. vidua contain the most comprehensive range of vitamins among the species stud-
ied, including vitamin A (retinol), vitamin E (α-tocopherol), vitamin B1 (thiamin), vitamin B2 (riboflavin), 
vitamin B3 (niacin), and vitamin C (ascorbic acid). Vitamin content can be affected by processing 
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methods (e.g. fresh vs. dried insects) and by developmental stage. For example, retinol is detected in the 
brood of O. smaragdina but not in adults.

Although edible ants are nutrient-rich, they may also contain antinutritional compounds, which warrant 
careful consideration regarding their consumption. Antinutrients are substances that restrict or inhibit 
nutrient absorption. Since most edible insects are herbivorous and feed on plants or plant parts, they can 
accumulate secondary metabolites that plants produce for self-defense. These compounds may persist in 
the bodies of insects that consume plant material. The considerable variation in antinutrient content 
among insect species is likely influenced by differences in the chemical composition of the plants they 
feed on (Meyer-Rochow et  al., 2021). For instance, Sailo et  al. (2020) reported that O. smaragdina contains 
several antinutritional factors such as tannins, phytates, oxalates, phenols, and flavonoids, although their 
levels were lower than those observed in other edible insect species, such as Eri silkworm larvae. Similarly, 
Chakravorty et  al. (2016) found that O. smaragdina contains phytic acid (171 mg/100 g) and tannins 
(496.67 mg/100 g), but emphasized that these values are much lower than those typically found in 
plant-derived foods, thereby supporting the potential of edible ants as a safe and valuable alternative food 
source. Furthermore, insects are naturally rich in chitin, a structural nitrogen-based carbohydrate present 
in their exoskeletons, which may act as an antinutrient by impairing protein digestibility (Belluco et al., 2013).

5.  Nutraceutical and pharmaceutical properties of edible ant species

Entomotherapy, or the use of insects for medical purposes, has been practiced for millennia in various 
nations across the world. Humans consume more than 2,100 edible insect species, but little is known 

Table 2.  Proximate analysis of some economically important edible ant species.

Species
Country of 

study Protein Fat Fiber Ash Total carbohydrate References

Polyrhachis vicina* Nigeria 56.6 9.0 – 6.2 – (Weru et  al., 2021)
Polyrhachis vicina* China 45.4 17.4 28.8 4.1 4.1 (Rumpold & Schlüter, 

2013)
Polyrhachis vicina* China 36.1 18.0 29.1 2.5 14.2 (Rumpold & Schlüter, 

2013)
Oecophylla smaragdina* Thailand 55.3 15.0 19.8 – 2.6 (Meyer-Rochow et  al., 

2021)
Oecophylla smaragdina* Thailand 53.4 13.4 15.3 6.5 11.1 (Raksakantong et al., 

2010)
Oecophylla smaragdina* Australia 51.5 13.8 24.0 – – (Alagappan et  al., 

2021)
Liometopum 

apiculatum*
Mexico 37.3 42.1 9.6 3.0 – (Rumpold & Schlüter, 

2013)
Liometopum apiculatum 

(larvae)*
Mexico 40.0 38.1 1.3 3.6 – (Cruz-Labana et al., 

2018)
Limotepum apiculatum 

(egg)*
Mexico 42.2 32.9 1.5 – 14.2 (Melo-Ruiz et  al., 

2013)
Carebara viduaa* – 53.8 33.3 9.4 2.2 – (Aguilar-Toalá et  al., 

2022)
Carebara vidua* Kenya 42.5 49.4 7.1 1.6 – (Rumpold & Schlüter, 

2013)
Carebara viduab* Kenya 44.6 49.7 4.3 0.9 0.2 (Ayieko et  al., 2012)
Carebara viduac* Kenya 39.7 42.0 10.0 2.0 12.4 (Ayieko et  al., 2012)
Carebara vidua* Kenya 40.8 47.5 6.9 1.5 6.1 (Ayieko et  al., 2012)
Oecophylla 

smaragdina**
India 3.4 3.0 – – 1.1 (Vidhu & Evans, 2015)

Liometopum 
apiculatum*

Mexico 34.7 45.5 – 4.3 15.2 (Escamilla & Ariza, 
2021)

Pork (NDB 
number:10219)*

– 48.9 48.2 – 2.5 – (Tang et  al., 2019)

Chicken (NDB 
number:5332)*

– 64.8 30.2 – 4.3 0.1 (Tang et  al., 2019)

Beef (NDB number: 
23572)*

– 46.0 57.0 – 2.1 – (Tang et  al., 2019)

Note:
*g/100 g dry basis.
**g/100 g fresh basis.
aWithout wings.
bAbdomen part, cthorax part.
NDB number: Searching ID for the chosen sample at the website of USDA.
https://fdc.nal.usda.gov/fdc-app.html#/.

https://fdc.nal.usda.gov/fdc-app.html#/
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about their potential use as an alternative to established medications for disease treatment. Insects are 
known to be rich in bioactive chemicals, which explains their medicinal properties, such as antibacte-
rial, anti-inflammatory, and antiviral effects (Siddiqui, Li et  al., 2023). In total, 235 species have been 
described in publications summarizing insects used in folk medicine, including those from Latin 
America, Africa, India, and China. In contrast to folk medicine, contemporary medicine places greater 
emphasis on the health effects of insects. Traditional folk medicine and market availability appear to 
have a significant impact on the selection of insects used in disease studies (Guining et  al., 2018; 
Siddiqui, Li et  al., 2023).

Based on the literature, edible ants contain active compounds with antioxidant, anticancer, antidepres-
sant, and antibacterial properties (Figure 2). Tibetan, Chinese, and Indian traditional medicine depicts 
zootherapy with a wide range of insects for therapeutic purposes (Devi et  al., 2023). In Kerala, India, ants 
have been utilized as medication to treat over 15 different maladies, including anemia, asthma, rheuma-
tism, malaria, and ulcers (Wilsanand et  al., 2007). O. smaragdina can be used to stimulate gastric juices, 
as an aphrodisiac, and as a remedy for cold- and flu-related headaches (Bani, 1995; Crozier et  al., 2009; 
van Huis, 2002). In addition, it can detoxify blood, prevent hemorrhage during miscarriages, restore the 
uterus after childbirth, boost pulse and heartbeat, relieve asthmatic symptoms, and reduce dizziness 
(Yhoung-Aree & Viwatpanich, 2005). P. dives is also used to improve the immune system and blood cir-
culation, reduce pain and inflammation, relieve rheumatoid arthritis, increase milk supply in breastfeed-
ing women, treat asthma, and slow aging. This medication can enhance appetite, alleviate pain, improve 
digestion, and increase white blood cell count in patients (Liu, 1991).

5.1.  Antioxidant

Antioxidants are compounds that can prevent or reduce damage to cells caused by free radicals, which are 
created in the body in response to environmental or other stressors. The adults and broods of O. 

Table 5.  Mineral content composition of some economically important edible ant species (mg/100 g dry basis).

Mineral 
content

Polyrhachis 
vicina

Polyrhachis 
vicina

Polyrhachis 
vicina

Oecophylla 
smaragdina

Liometopum 
apiculatum

Liometopum 
apiculatum 

(egg)
Carebara 

viduaa
Carebara 

viduab

Calcium 108.0 49.1 175.4 61.4 48.0 0.97 22.2 13.1
Potassium – – 448.1 0.07 541.0 0.08 51.7 70.4
Sodium – – 143.3 0.02 180.0 0.069 26.2 30.2
Iron 53.7 118.0 94.0 21.4 21.8 0.02 10.6 9.7
Zinc 11.9 17.6 227.0 24.1 10.1 0.29 5.6 5.5
Magnesium 67.6 65.3 103.0 79.9 70.0 0.97 10.4 10.5
Phosphorus 417.0 387.7 157.9 0.06 517.0 0.83 106.0 106.9
Refences (Rumpold & 

Schlüter, 
2013)

(Rumpold & 
Schlüter, 
2013)

(Shen et  al., 
2006)

(Alagappan 
et  al., 2021)

(Rumpold & 
Schlüter, 
2013)

(Melo-Ruiz 
et  al., 2013)

(Ayieko 
et  al., 
2012)

(Ayieko 
et  al., 
2012)

Note:
aWhole body.
bThorax part.

Table 6.  Vitamin content composition of some economically important edible ant species (mg/100 g dry basis).

Vitamin

Oecophylla 
smaragdina* 

(brood)

Oecophylla 
smaragdina* 

(adult)
Liometopum 
apiculatum

Liometopum 
apiculatum

Liometopum 
apiculatum

Carebara 
vidua

Vitamin A (Retinol) 4.7 – 0.88 0.51 0.3024 0.77
Vitamin B1 (Thiamin) 10.3 6.23 0.15 - - 0.46
Vitamin B2 (Riboflavin) 6.5 7.33 0.34 - - 20.26
Vitamin B3 (Niacin) 42.0 31.00 0.67 - - 0.28
Vitamin C (Ascorbic 

acid)
12.8 10.2 36.16 - - 0.03

Vitamin E 
(α-Tocopherol)

17.4 13.5 - 2.22 3.29 0.59

References (Vidhu & Evans, 
2015)

(Vidhu & Evans, 
2015)

(Rumpold & 
Schlüter, 2013)

(Melo-Ruiz et  al., 
2013)

(Virginia et  al., 
2016)

(Ayieko et  al., 
2012)

Note:
*Fresh basis.
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smaragdina were found to have antiradical activity against DPPH and ABTS. The comparatively high levels 
of phenolics and flavonoids in O. smaragdina may account for the substantial suppression of the tested free 
radicals (Raza et  al., 2022). Furthermore, Raza et  al. (2022) stated that O. smaragdina can therefore be used 
as bioactive ingredients for nutraceuticals, or can also be referred to as entomoceuticals.

Antioxidant peptides from O. smaragdina hydrolysates demonstrate that the isolated CTKKHKPNC pep-
tide has good antioxidant activity against ABTS and DPPH (Lee et  al., 2021). Vidhu and Evans (2015) and 
Alagappan et  al. (2021) also found that the abdominal glands and extracts of O. smaragdina exhibited 
antioxidant activity. In addition, the hydroethanolic extract of the edible P. vicina exhibited strong anti-
oxidant and pancreatic lipase inhibitory properties. Naringenin, liquiritigenin, gallic acid, and salicylic 
acid, the primary phenols in the P. vicina extract, interact with pancreatic lipase via hydrogen bonding, 
hydrophilic or hydrophobic interactions, and pi-cation interactions. Thus, P. vicina extract can be used as 
a nutraceutical to relieve oxidative stress-induced illnesses and regulate obesity (Zhang et  al., 2022).

The active fraction of P. vicina (AFPR) is known to exhibit anti-hyperuricemic activity due to the inhi-
bition of uric acid generation in the liver and the enhanced urate excretion in the kidney. AFPR com-
prised 25.04% saturated fatty acids and 71.14% unsaturated fatty acids, including 60.77% octadecenoic 
acid, 9.31% heptadecenoic acid, and 1.06% linoleic acid. It also has a nephroprotective effect in hyper-
uricemic rats, owing to its anti-inflammatory and antioxidant properties. AFPR significantly lowered serum 
uric acid, serum and hepatic malondialdehyde, blood urea nitrogen, serum creatinine, and xanthine oxi-
dase, while increasing superoxide dismutase. AFPR therapy dramatically lowered serum levels of proin-
flammatory cytokines such as IL-1β, IL-6, and TNF-α (Su et  al., 2018).

5.2.  Anticancer

Active fraction of Polyrhachis vicina (AFPR) exhibits substantial anti-inflammatory activity, indicating its 
potential anticancer effects. Consequently, AFPR reduced breast cancer cell proliferation, migration, and 
invasion, and inhibited tumor formation. It is found that AFPR could prevent breast cancer development 
by modulating the EGR1/NKILA/NF-κB axis (Li et  al., 2023). Furthermore, AFPR is also found to be effec-
tive in preventing colorectal cancer and inducing cancer cell death due to the presence of the bioactive 
ingredient elaidic acid (Li et  al., 2023).

Figure 2. N utraceutical and pharmaceutical properties of edible ant species for human health. Created with BioRender.com.
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5.3.  Antidepressant

Active fraction of Polyrhachis vicina (AFPR) is evidenced to have antidepressant properties. Administration 
of AFPR to rats significantly reduced the duration of immobility in the forced swimming test and tail 
suspension test, but had no effect on locomotor activity in the open field test. AFPR markedly increased 
monoamine levels, including acetylcholine, noradrenaline, serotonin, and dopamine. AFPR also normal-
ized the metabolism rates of dopamine, serotonin, and noradrenaline, as well as monoamine oxidase 
activity, which had been altered by prolonged reserpine administration (reserpine-induced depression 
model). These findings suggest that modification of the monoaminergic neurotransmitter system is likely 
responsible for the antidepressant-like action of AFPR in rats (Guining et  al., 2018).

5.4.  Antibacterial

Extracts of O. smaragdina have been found to exhibit antibacterial properties against Staphylococcus 
aureus (Alagappan et  al., 2021). Another study by Borah et  al. (2019) reported that extracts of O. smar-
agdina yielded 74 potential probiotic isolates, among which Bacillus sp. PD6 emerged as the most prom-
ising candidate. Its cell-free extract (CFE) demonstrated antagonistic activity against Listeria monocytogenes, 
Escherichia coli, and Bacillus cereus (D. Borah et  al., 2019).

5.5.  Potential allergy from consuming edible ants

Although edible insects, including ants, are rich in nutrients and studies have validated their health ben-
efits and potential as nutraceuticals, they may also trigger allergic reactions in humans upon consump-
tion. In their study, Taylor and Wang (2018) assessed the prevalence of edible insect allergies in the 
North-Eastern region of Thailand, where entomophagy is a common practice. They found that allergic 
reactions caused by the consumption of common edible insects in the region, including the ant O. sma-
ragdina, were highly prevalent. Moreover, individuals with confirmed food allergies (such as seafood and 
shellfish) reported signs of allergic reactions following edible insect intake. The most common symptoms 
were gastrointestinal, including vomiting and diarrhea (Taylor & Wang, 2018). This allergic potential is 
often associated with cross-reactivity, as edible insects share allergenic proteins such as tropomyosin and 
arginine kinase with crustaceans, making individuals with shellfish allergies particularly susceptible (de 
Gier & Verhoeckx, 2018; Kamemura et  al., 2019). Although there are currently no specific studies on the 
allergenic effects of edible ant species in humans, the numerous reports of allergic reactions caused by 
other edible insects (De Marchi et  al., 2021; Ribeiro et  al., 2021) highlight food safety concerns that can-
not be overlooked when consuming edible ants.

6.  Harvesting and rearing of edible ant species

6.1.  Traditional harvesting methods and unsustainability

Traditional harvesting methods for edible ants have been practiced by various indigenous and local com-
munities for generations, typically involving the direct collection of ants from their natural habitats. While 
these practices have sustained local communities for centuries, the growing modern demand for edible 
ants has raised concerns about overexploitation and unsustainable harvesting. Additionally, ecosystem 
degradation, particularly due to urbanization, has contributed to the decline of edible ant populations. 
For example, C. vidua, although edible, is considered endangered in many parts of Kenya due to habitat 
loss (Ondede et  al., 2022). Similarly, in Mexico, the socioeconomically important L. apiculatum is being 
overexploited due to its high market value (up to USD $30/kg), leading to significant population declines 
and habitat destruction caused by irresponsible overharvesting practices. This problem is further exacer-
bated by the absence of official regulations governing the collection of L. apiculatum in the wild 
(Lara-Juárez et  al., 2015; Romero-Jiménez et  al., 2024). A comparable situation has also been reported in 
Laos, where the overharvesting of O. smaragdina has reduced its availability. Deforestation has further 
decreased the number of nesting sites, prompting collectors to harvest large quantities of ant brood 
from single colonies without considering conservation consequences (Van Itterbeeck et  al., 2014).
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Traditional harvesting methods can vary depending on the species and local culture. In Central and 
West Africa, C. vidua is traditionally harvested by foragers who locate ant colonies in their natural habi-
tats. Alate females were collected during nuptial flight where they emerge in large numbers from their 
nests (van Huis, 2025). In regions where L. apiculatum is found, harvesters use sticks or other tools to 
disturb the ants and encourage them to evacuate their nests. In their nest, there is spongiform and 
fragile part called trabecula. Harvester took the trabecula because it contains larvae and pupae of L. 
apiculatum (Lara-Juárez et  al., 2015). Indigenous communities in tropical Asia and Africa have developed 
traditional methods for harvesting O. smaragdina. Collectors often climb trees where ants have estab-
lished their nests and carefully plucked leaves with attached ant larvae and pupae. Harvesters may also 
collect nests using a 4–6 m long bamboo stick with a strong bag or bamboo basket attached to its tip 
(Césard, 2004; Sribandit et  al., 2009; Van Itterbeeck et  al., 2014). The ants are collected by piercing the 
bamboo stick into the nest and then shaking it so that the nest detaches from the tree and falls into 
the basket (Van Itterbeeck et  al., 2014).

6.2.  Semi-natural rearing systems

Among the economically important edible ant species, O. smaragdina has received greater attention due 
to the possibility of rearing it in semi-natural settings. The semi-natural rearing, or semi-cultivation, of 
the Asian weaver ant O. smaragdina has emerged as a promising method to combine edible insect pro-
duction, biological pest control, and biodiversity conservation within tropical agroforestry systems. This 
practice is not full domestication, but rather a management approach in which wild colonies are intro-
duced, maintained, and manipulated in orchards or agroforestry plots to optimize their productivity and 
sustainability (Offenberg & Wiwatwitaya, 2010; Van Itterbeeck et  al., 2014).

The first step in semi-cultivation involves the establishment of colonies on suitable host trees, such as 
mango, cashew, citrus, and teak. Colonies are either relocated from the wild or allowed to colonize pre-
pared sites through the provision of artificial nesting opportunities. Since colonies are polydomous (con-
sisting of multiple nests) identifying and transferring the queen-right nest is critical for colony survival. 
Farmers often connect adjacent host trees with ropes or bamboo poles to facilitate colony expansion 
across larger areas and thereby improve coverage of crop canopies (Offenberg & Wiwatwitaya, 2010). 
Once established, colonies are supported through habitat management and supplemental feeding. 
Farmers prune branches to minimize canopy gaps, which allow colonies to expand continuously, and 
sometimes provide sugar water or protein-rich foods such as cat food to boost colony growth and brood 
production. Supplemental feeding has been shown to significantly increase harvestable brood yield with-
out jeopardizing colony health (Van Itterbeeck et  al., 2014).

Sustainable harvesting of brood is a central aspect of semi-cultivation. Collection focuses on the 
queen brood—large larvae and pupae destined to become virgin queens—which is the most commer-
cially valuable stage consumed by humans in Thailand and Laos. Harvesting is conducted by probing 
nests with long bamboo poles and catching the brood in bags or baskets. While this method inevitably 
disturbs the colony and results in the collection of both queen brood and worker brood, study shows 
that colonies are resilient to moderate brood removal. In fact, harvesting may stimulate additional worker 
production (Van Itterbeeck et  al., 2014).

Boosting early colony growth has been a major challenge for O. smaragdina rearing, as naturally 
founded colonies take 2–3 years to reach maturity, a time span too long for most farmers. Research on 
intercolony transplantation provides a solution. Krag et  al. (2010) demonstrated that larvae transplanted 
from non-nestmate colonies are accepted and reared successfully. Building on this, Peng et  al. (2013) 
showed that combining multiple founding queens with pupae transplantation from donor colonies sig-
nificantly accelerates early growth. Colonies receiving 30–60 pupae exhibited 110–200% more brood 
compared to controls, and four-queen colonies with 60 transplanted pupae produced up to 476% more 
brood than two-queen colonies without supplementation. Survival rates of transplanted pupae were 
high (73%–97%), and workers behaved normally, confirming the feasibility of this method. These findings 
represent a major advance for semi-cultivation, as they reduce the time needed to produce strong, har-
vestable colonies.
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Semi-natural rearing of O. smaragdina within agroforestry systems offers multiple sustainability advan-
tages. By integrating food production, pest regulation, and ecosystem services, semi-cultivation enhances 
both ecological and economic outcomes. Colonies provide a continuous supply of edible queen brood, 
thereby reducing dependence on destructive wild harvesting. At the same time, their aggressive preda-
tion on a wide range of pest species delivers effective biological control and reduces the need for chem-
ical pesticides. Importantly, maintaining colonies for commercial brood harvest incentivizes farmers to 
conserve host trees, positioning O. smaragdina as a potential flagship and umbrella species for biodiver-
sity conservation (Van Itterbeeck et  al., 2014). Farmers benefit from diversified income streams, including 
harvested brood for food and market sales, as well as increased fruit yields resulting from natural pest 
suppression. Because weaver ants thrive in mixed-tree landscapes and provide these services without 
external inputs, they represent a low-cost, ecologically friendly strategy particularly well suited to small-
holder agroforestry systems (Offenberg & Wiwatwitaya, 2010; Van Itterbeeck et  al., 2014).

Despite its potential, semi-cultivation faces important challenges. First, colony transfer and establish-
ment are difficult, as locating and moving the queen nest is labor-intensive and risky; colonies without a 
queen cannot persist (Van Itterbeeck et al., 2014). Second, seasonality limits brood availability, with queen 
brood largely restricted to the dry season, reducing year-round harvest opportunities (Van Itterbeeck 
et  al., 2014). Third, colony antagonism presents a problem: O. smaragdina colonies are highly territorial 
and aggressive toward non-nestmates, which complicates transplantation procedures and can limit the 
density of colonies in a plantation (Peng et  al., 2013). Fourth, labor intensity of harvesting is high, as 
collectors must climb or use long bamboo poles to access nests, which can be time-consuming and 
potentially damaging to host trees. Fifth, knowledge gaps in queen biology remain—queens are rarely 
encountered, and their ecology is poorly understood by both farmers and researchers, which hinders 
efficient colony management (Van Itterbeeck et  al., 2014). Lastly, farmer adoption is constrained by 
delayed returns, since without transplantation, colonies require several years to become productive, which 
may discourage smallholders unless technical support or community-based management is provided.

7.  Processing of edible ants as food products

Edible insects are generally acknowledged as a sustainable source of animal protein, and previous stud-
ies have indicated that edible insects have the potential to become viable protein sources to meet global 
food demand (Liceaga, 2021). Consequently, the global market for edible insects is predicted to reach 
$104.74 million USD in 2023 and grow 20.66% during the forecast period, reaching $323.28 million USD 
by 2027 (MarketWatch, 2022). The industry’s attention in commercial development has been on the spe-
cific type of insects, such as black soldier fly (Hermetia illucens) and mealworm (Tenebrio molitor) prod-
ucts, because of their potential (i.e. large-scale production) and popularity in the markets (F. K. Nielsen 
et  al., 2025; Thrastardottir et  al., 2021); however, ants still occupy a very low niche market in the wider 
industry of edible insects. Given the great potential of insect-based foods, both private entrepreneurs 
and business entities have started to access and exploit the insects’ nutritional values by cultivating and 
processing them for human consumption (Guiomar et  al., 2019). Additionally, a number of technologies 
have been developed with the primary goal of employing insects as components in unrecognizable 
forms, such as powders or flour, to increase consumer willingness to consume insects, especially in the 
West (Guiomar et  al., 2019). These technologies use drying and innovative processing techniques, such 
as ultrasound-assisted extraction, cold atmospheric pressure plasma, and dry fractionation, to provide 
superior insect protein, fat, and/or chitin extracts (Guiomar et  al., 2019).

Appropriate insect processing is necessary to generate safe and high-quality raw materials, ingredi-
ents, and products for human food consumption (Ojha et  al., 2021). This is due to the fact that the 
primary goal of processing is to assure food safety (Ojha et  al., 2021). Processing lines vary depending 
on the nature of the starting ingredients and the intended end product and may incorporate numerous 
unit processes previously employed in food processing. Harvesting, preprocessing, decontamination, 
additional processing, packing, and storage may all be part of an insect processing line (Ojha et  al., 
2021). This section will also go into more detail about the different ways in which edible insects, espe-
cially ants, can be turned into food for people after they have been collected.
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7.1.  Fresh

Due to their rich content of essential nutrients such as protein, fat, vitamins, and minerals, there are 
several focus on processing ants for human consumption while they are fresh in order to preserve their 
nutritional value and aroma, ensuring that the quality of nutrients is retained. In certain regions of Africa, 
edible ants are also eaten raw, and one of the reasons for this is due to ancestors’ traditions and culture, 
which affect how edible insects are consumed (Hlongwane et  al., 2020). Consumers commonly process 
edible ants that can be eaten fresh by roasting, frying, boiling, roasting, and even making sandwiches 
(DeFoliart, 2002; Hlongwane et  al., 2020; Jongema, 2017; Meutchieye et  al., 2016; Svanberg & Berggren, 
2019; Tamesse et  al., 2016). Fresh ants prepared directly by consumers are often used for everyday meals 
and as ingredients in traditional medicines (Araujo & Bessera, 2007; Ayieko et  al., 2012; Casas Reátegui 
et  al., 2018; Chavanduka, 1976; Costa-Neto & Ramos-Elorduy, 2006; Gelfand, 1975; Hlongwane et  al., 2020; 
Jongema, 2017; Kelemu et  al., 2015; Mbata, 1995; Okia et  al., 2017; Silow, 1983; van Huis, 2017). In brief, 
when fresh ants are processed as human food, consumers generally employ ants as raw material and 
process them directly into a meal that is ready to consume.

7.2.  Drying

Depending on their species, life stage, and cooking method, insects can be prepared in a variety of ways. 
In general, they are consumed whole or in an identifiable shape, grilled, or fried as major or supplemen-
tary ingredients (Hernández-Álvarez et  al., 2021). However, many consumers, particularly in Western 
nations, do not want to eat insects because they are seen as impoverished, and they are repulsed by 
the concept of utilizing insects as human food (Caparros Megido et  al., 2017). Consequently, several 
methods or processes are used in the management of insects as human food, such as turning them into 
flour to manufacture cookies and snacks to boost consumer consumption and purchase intent (Yazici & 
Ozer, 2021).

Drying is the most common method for extending the shelf life of insects, such as ants, for consump-
tion as a whole and as a component in food preparation, such as being turned into flour to produce 
snacks (Ohtake et  al., 2020). The drying process itself may increase the microbiological quality of insects 
(reduce spoilage), minimize rancidity, and improve the color and texture (Llavata et  al., 2020). There are 
essentially two forms of drying: the conventional approach of employing sunlight and the modern 
method, which employs modern technologies such as freeze-drying and microwave drying 
(Hernández-Álvarez et  al., 2021). It has also been shown that insect drying increases the shelf life, sen-
sory quality, and ultimate safety of insects, materials, and their derivatives (Hernández-Álvarez et al., 2021).

Additionally, drying approach has been used for centuries to preserve food and is regarded as a stan-
dardized, diversified, and energy-efficient unit operation (Hernández-Álvarez et  al., 2021). The drying 
method is a mass-transfer process involving the evaporation of a liquid (often water) to generate a solid 
product of the desired grade. The sun drying technique comprises manufacturing, which entails gather-
ing the ants, killing them ethically (e.g. by freezing, boiling, or boiling vapor), and then cleaning them; 
then, you may begin the drying process using the sun dry method (Hernández-Álvarez et  al., 2021).

In addition, a study conducted in China on P. vicina revealed that there are 28 organic compounds in 
fresh and sun-dried edible black ants that are extremely beneficial for health; the major organic com-
pounds of fresh and sun-dried edible black ants are fatty acids and hydrocarbons (Li et  al., 2009). 
However, after sun drying, there was a significant decrease in ketones and total hydrocarbons; thus, it is 
extremely beneficial to human health because high amounts of ketones increase the risk of developing 
diabetic ketoacidosis, while excessive levels of hydrocarbons may cause dysrhythmias and hepatotoxicity, 
and aromatic hydrocarbons may cause suppression of bone marrow and malignancy (American Diabetes 
Association, 2020; Jeremy et  al., 2020; Li et  al., 2009). After the ants have dried, they are typically con-
sumed in a variety of ways depending on the country, such as in China, where they are consumed 
directly as traditional medicine, and in Laos, where they are either added directly to food, such as soup, 
or ground into a powder and added to the soup to add a sour flavor (Healthline, 2021; D. Li et  al., 2009; 
van Huis et  al., 2013).
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7.3.  Storage treatments, sterilization, and canning

In many cases, processing food products involves treatment to enhance and maximize the quality and 
safety of food products, and each food requires unique considerations to produce a high-quality product. 
Food products made from edible ants, such as L. apiculatum (also known as escamoles), are quite pop-
ular, particularly in Mexico, because of their excellent taste, which is comparable to cottage cheese with 
a buttery and nutty flavor; however, they have a very limited shelf life (Castillo-Andrade et  al., 2015). 
However, the primary problem with this product is that its quality degrades swiftly during storage, which 
decreases its economic viability because the product does not last long and its texture is readily changed 
(Castillo-Andrade et  al., 2015). Consequently, effective storage procedures are required to extend the 
shelf life of products because food storage preserves items in secure containers under regulated condi-
tions, thus preventing deterioration and contamination of foods that may lead to potentially deadly food 
poisoning (Njunina, 2022). Due to its strong proteolytic activity and microbial growth, L. apiculatum food 
products may only be stored for approximately five days in a refrigerator at a temperature of 4 °C; how-
ever, this storage method adds relatively little to the product’s longevity (Castillo-Andrade et  al., 2015).

As consumer interest in the consumption of insects, particularly L. apiculatum, grows, the quality and 
product safety standards also increase. Therefore, a more sophisticated processing technique is required 
to improve ant-derived food products’ safety and shelf life. Therefore, an innovative alternative is required 
to extend the shelf life of microbe-free L. apiculatum food products.

Reyes-Hernández et  al. (2022) stated that to improve the shelf life of ant-based food products such as 
escamoles, customers often freeze their products at −20 °C; however, after thawing, the structure of the 
escamol is destroyed and the internal fluids are lost. Additionally, the product’s texture and appearance 
will change throughout the thawing process, causing consumers to reject the product (Reyes-Hernández 
et  al., 2022). Therefore, a more recent technique for storage or preservation, termed sterilization, was 
developed (Reyes-Hernández et  al., 2022). Sterilization is the process of destroying or removing all live 
organisms (yeasts, fungi, vegetative, and spore-forming bacteria) in sterilized food products to improve 
their shelf life of the product (Rahman, 2020).

Moreover, Reyes-Hernández et  al. (2022) also reported that ant-based canned food products were 
sterilized at a temperature determined at the geometric centre of the can (cold point or slowest heating 
point) using a DataTrace MPRF thermocouple placed at the centre of the can bottom with a ring gasket 
and container locking; the sterilizing procedure is then conducted for 13 to 38 min with saturated steam 
at a temperature of 121 °C. The sterilization procedure revealed that the results of all microbiological 
tests were negative, and after that, the structure of the food product did not change, and the shelf life 
of the product was greatly increased (Reyes-Hernández et  al., 2022). As a result, sterilization of canned 
ants food products can be considered one of the processing of edible ants as food products for building 
new products without compromising the nutritional and sensory properties of escamole.

7.4.  Combining techniques

With the surge in fresher and healthier insect food products, the insect food business faces difficulties 
in identifying new alternatives and technical advancements in product processing (Ramirez‐Garcia et  al., 
2022). Numerous research has been conducted to enhance product shelf life and limit microbial growth 
and enzymatic activity in insect food, particularly ant-based food products, with the combination of 
water activity (aw), pH, temperature, and preservatives proving to be the most effective (Singh & 
Shalini, 2016).

Furthermore, it has been reported that combining techniques such as water activity (aw), pH, tem-
perature, and preservatives can reduce microbial growth and extend the shelf life of the product by up 
to 15 days because the product retains the same physical characteristics as escamoles without treatment 
(1 d after harvest) (Ramirez‐Garcia et  al., 2022). According to the findings of a previous study, a revolu-
tionary approach based on hurdle technology is known to considerably increase the shelf life of escamo-
les from 4 to 45 days at 4 °C, which will aid in the growth of the insect food sector, particularly for ants, 
and satisfy customer demands. seeking items with a long shelf life that are fresh, of excellent quality, 
and safe to consume (Ramirez‐Garcia et  al., 2022).
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Hurdle technology is a system that attempts to ensure food safety by removing or restricting the 
development of germs, rendering food safe for eating, and prolonging its shelf life using a combination 
of technologies and methodologies (Gordon & Williams, 2017). In addition, numerous combination tech-
niques have been demonstrated to extend shelf life and prevent disease growth in insect-based food 
products, particularly in ants (Ramirez‐Garcia et  al., 2022). The optimal barrier technology parameters for 
producing the best result were aw = 0.90, pH 5.0, and 15 s of blanching time. In conclusion, combining 
techniques may assist customers in obtaining fresh escamoles that can be stored at 4 °C for 45 days. 
Additionally, this technique can assist the industry in maximizing product shelf life and minimizing eco-
nomic losses if a product does not sell well before it is exhausted.

7.5.  How to maintain the organoleptic and physicochemical properties of edible ants

Texture, taste, and aroma are important factors that influence people’s decisions to buy and eat food, 
including insects (Adámek et  al., 2020; Mishyna et  al., 2020). Therefore, the insect food business employs 
various techniques to preserve the organoleptic and physicochemical features of edible insects so that 
consumers are satisfied with the products they provide (Mishyna et  al., 2020).

Some insects, such as ants, normally produce semiochemicals (including pheromones) for protection 
against predators and communication. In other words, ants have a unique aroma and are valued for their 
aroma and flavor rather than their texture or protein content (Mishyna et  al., 2020). However, organolep-
tic qualities may vary across species. For instance, Formica rufa has a burnt lemon flavor, whereas Lasius 
fuliginosus has a pleasant kaffir lime aroma. Therefore, it is essential to preserve the organoleptic qualities 
of processed ant foods. Several previous studies have also discovered a way to process or prepare ants 
so that when they are processed into food, they retain their organoleptic qualities and can also concen-
trate the aromatic mixture of the ants by adding them to the alcohol used to make gin (Halloran et  al., 
2014; Münke-Svendsen et  al., 2017).

Another method for obtaining and maintaining the organoleptic and physicochemical properties of 
edible ants, particularly P. vicina, is to use supercritical CO2 at a constant flow rate of 8 kg/h, with an 
extraction vessel at 50 °C at 30 MPa and a release vessel at 45 °C at 8 MPa (Perez-Santaescolastica et  al., 
2022). With the advent of technology for processing edible insects, particularly ants for human consump-
tion, excellent food products can be produced because these insects can be transformed into food with-
out sacrificing their organoleptic and physicochemical properties.

8.  Consumer acceptance of edible ants as human food

Edible insects, including ants, have gained increasing attention worldwide as potential food sources. 
Although cultural attitudes and acceptance vary across different regions and countries, there has been a 
growing interest in consuming edible insects because of their nutritional value, sustainability, and poten-
tial as an alternative protein source. It is important to note that the acceptance and popularity of edible 
insects, including ants, can vary significantly depending on the region and cultural context (House, 2016; 
Van Itterbeeck & Pelozuelo, 2022). For example, edible P. vicina from China and O. smaragdina from 
Thailand were shown to be a good source of unsaturated fatty acids, and the major lipid components 
were triacylglycerol, followed by phospholipids, diacylglycerol, and cholesterol ester (Oranut et  al., 2010). 
It is evident that insects, including ants, are considered nutrient-rich traditional foods, such as Awajun 
populations from Amazon, which consume 12 different insect species (Casas Reátegui et  al., 2018). 
Therefore, the acceptance of edible ants is more popular among traditional communities since they 
thrive on ethnic lifestyles, and their livelihood is more dependent on natural things. However, it can be 
quite challenging for the modern community to accept edible insects such as ants as dietary sources, 
and the first barrier is the acceptance towards palatability accompanied by immune system response 
towards foreign substances; hence, precautions should be taken regarding the consumption of edible 
insects that are or could be toxic.

An investigation was conducted in the North-Eastern or Isan region of Thailand, where entomophagy 
is a common practice. The survey included 2,500 respondents from four locations (Nongki, Nang Rong, 
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Nong Bun Mak and Nakhon Ratchasima) that consumed edible insects. In the Isan region, 7.4% of people 
experienced an adverse reaction related to edible insect allergies, and 14.7% of people experienced mul-
tiple adverse reactions. Additionally, 46.2% of patients experienced symptoms indicative of food-based 
allergy with gastrointestinal problems. Most of the insects consumed include grasshoppers (Valanga nig-
ricornis), crickets (Gryllus bimaculatus), silk worms (Bombyx mori), bamboo worms (Omphisa fuscidentalis), 
water bugs (Lethocerus indicus), scorpions (Heterometrus longimanus), and Asian weaver ants (O. smarag-
dina) (Taylor & Wang, 2018).

In Mexico, there are five types of edible ants as a part of the diet and economic income in rural 
communities, Atta cephalotes, A. mexicana, Myrmecosistus melliger, M. mexicanus, and L. apiculatum. The 
regional costs range from 49 USD to 243 USD per kilos. Sometimes, to enhance taste, the ants are dehy-
drated and butter-fried, for example, escamoles, edible larvae of L. apiculatum which are commercially 
available in Mexico. It has been observed from the study that the dehydration and frying increases lipid 
content and improved chemical composition of escamoles (Escamilla & Ariza, 2021). In another study, 
consumer acceptability and profitability were observed in P. vicina consumption in the Zhejiang and 
Guizhou regions of China. They prepare various products, such as wines, powders, and capsules, which 
are exported to South Korea, Japan, Thailand, and other Southeast Asian countries. According to a pre-
vious study, the nutritional composition of P. vicina includes phosphorus, iron, and calcium, which are 
considered alternative food sources that are safe for consumption (Bhulaidok et  al., 2010).

Research has confirmed the high nutritive value of edible ants such as L. apiculatum ants. This ant 
harbour a colony of nitrogen-fixing bacteria in their gut, which could be linked with high protein con-
tent of the ant. Deep insights into the microbiota through sequencing technologies can help us to 
understand food safety and the ability to eliminate potentially pathogenic microorganisms to make it 
highly nutritional and economically important (González-Escobar et  al., 2018). There are other methods 
such as total reflectance mid-infrared (MIR) spectroscopy as a rapid tool for the quantitative analysis of 
pre-screening the chemical composition of edible insects to evaluate safety and effective storage. For 
example, this technology has been used to evaluate the chemical composition of O. smaragdina in order 
to study different anatomical parts to monitor and trace elements in green ants (Mantilla et  al., 2020). 
Therefore, similar studies can be used to trace chemicals in other species to satisfy consumption cues 
and acceptability.

The consumption of edible ants is mainly attributed to the availability of ant species, taboos related 
to insect consumption, traditional ethno-medicinal knowledge associated with ant species, and market 
value (Ghosh et  al., 2018; Meyer-Rochow, 2009). With the advancement in technology and more commer-
cialized lifestyles, entomophagy practices have been discontinued from many parts of the world in the 
false belief of acceptance of such practices in civilized and cultured individuals of the modern world 
(Mariod, 2020; Müller, 2019). It is important to note that apart from protein sources, they have a lower 
environmental impact owing to lower carbon emissions of greenhouse gases during production and 
more ecological advantages over meat. Since the mode of consumption and preparation plays an import-
ant role, Nagaland tribe in the northeastern part of India prefers insect consumption over meat and is 
very specific to the way an insect is prepared for consumption, such as by boiling in less water, cooking 
with local spices, frying in hot oil, cooking over fire, or over hot charcoal (Mozhui et  al., 2020).

Neophobia or refusal to try new food is also a factor influencing the acceptability of edible ants. 
People with neophobia are reluctant to try edible ants as food, and the degree of dislike and disgust is 
generally associated with cultures from low-income countries. A study has corroborated that low con-
sumer acceptance is mainly attributed to neophobia, social norms, familiarity, experiences of consump-
tion, and knowledge based on existing experiences. At the gender level, men are more willing to 
consume insects than females in the age group between 40 and 59 years (Ros-Baró et  al., 2022). Similarly, 
a survey among Korean citizens resulted in induced disgust and food neophobia, subjective norms, atti-
tudes, and behavioral intentions (Bae & Choi, 2021).

Research conducted at San Diego State University has explored the flavor profiles of various ant spe-
cies, such as chicatana ants, common black ants, spiny ants, and weaver ants. Each species offers unique 
flavors, from the vinegary taste of common black ants due to formic acid to the nutty and woody flavors 
of chicatana ants. This research indicates that ants could add diverse flavors to dishes, potentially enhanc-
ing consumer acceptance through culinary creativity (American Chemical Society, 2024). A cross-sectional 
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study conducted in Western Europe surveyed 1,034 consumers to understand their perceptions and will-
ingness to consume edible insects. The study found that only 13.15% of participants had previously tried 
insects, with common barriers being disgust, lack of familiarity, and concerns about food safety. The 
study suggests that increasing familiarity through education about the health, environmental, and eco-
nomic benefits of insects could improve acceptance (Ros-Baró et  al., 2022). Additionally, presenting 
insects in familiar formats, such as flours, might help overcome initial reluctance. In Australia, a survey 
of 820 consumers revealed significant barriers to acceptance, such as perceptions of insects as pests and 
concerns about hygiene and safety. However, younger males with lower food neophobia and environ-
mental concerns were more willing to try edible insects. The study emphasized the importance of famil-
iarity and positive taste experiences in improving acceptance (Wilkinson et  al., 2018).

To understand consumer acceptance of edible insects, it is essential to review quantitative studies 
conducted over the past decade, focusing on more recent data (2018–2024) for relevance and up-to-date 
insights (Table 7). The rationale for focusing on the latest studies includes consumer preferences and 
attitudes towards edible insects can change rapidly, influenced by recent trends, and increased aware-
ness of sustainability issues. Recent developments in the processing and presentation of edible insects 
may influence consumer acceptance differently compared to older studies (Siddiqui et  al., 2023).

Table 7.  Consumer acceptance of edible insects including ants from the period of 2018–2024.

Sample size Insect/product Formulation Acceptance level
Reasons for not 

accepting References

100 students Cereal bar with 
Atta sexdans 
flour

Four different 
formulations were 
prepared with 
different Atta sexdens 
ant flour 
concentrations: 13%, 
17%, 20%, and 23%

The acceptability index 
had values above 95 
%

Cereal bars 
presented a high 
protein content, 
adequate 
organoleptic 
properties, and 
high acceptability

(Lozada-Urbano 
et  al., 2023)

223 respondents 
from Huatusco 
and Puente Jula 
regions of 
Mexico

Atta mexicana 
(chicatanas)

Atta mexicana 75.3% declared to 
consume chicatanas 
and 24.6% of the total 
population did not 
consume chicatanas.

Major motive for 
consumption was 
taste

(Gallardo-López et 
al. 2023)

780 individuals 
were interviewed 
in all the 
Brazilian regions

Crickets, 
grasshoppers, 
and ants

Fried and roasted styles 
of preparations

Primary motivation for 
insect consumption 
was survival (207 
responses)

Flavor and culture; 
disgust and fear

(Bisconsin-Júnior 
et  al., 2022)

Online survey of 
820 consumers

Witchetty grubs, 
ants, 
grasshoppers, 
and crickets

Insects into familiar 
products (e.g. biscuits) 
or cooked meals

68% of participants had 
heard of 
entomophagy, but 
only 21% had 
previously eaten 
insects

Food neophobia (Wilkinson et  al., 
2018)

Web-based survey 
on 1034 
consumers in 
Catalonia (Spain)

Crickets, 
grasshoppers, 
mealworms, and 
others

– Only 13.15% of 
participants had tried 
insects in age group 
40–59-year-old age

Lack of custom and 
food safety were 
the main reasons 
for avoiding 
insect 
consumption

(Ros-Baró et  al., 
2022)

101 participants, 
73.3% female, 
26.7% male

Mealworms and 
house crickets

Bars without insects, with 
whole mealworms, 
with ground 
mealworms, or with 
ground crickets

Tastiness (8.0) and smell 
(8.5) on a scale of 
1–10; worst bars were 
the ones which 
contained the whole 
mealworms

Colour of the ground 
crickets and 
visible whole 
pieces of the 
insects in the 
edible bars

(Bartkowicz & 
Babicz-Zielińska, 
2020)

35 participants, 54% 
female and 
45.7% male

Freeze-dried locust Freeze-dried locust 23 decided to eat the 
insect, while 12 
decided not to eat

Social and cultural 
beliefs

(Berger et  al., 
2019)

62 participants 47% 
female; 53% 
male Age: 18–35

Cricket flour, dried 
whole crickets, 
and dried whole 
mealworms

Tortilla chips with 15% 
cricket flour; dried 
whole crickets with 
salt and vinegar; 
chocolate bar with 
figs and 5.5% cricket 
flour; dried whole 
mealworms with 
caramel

Bars (6.95) > Crickets > 
(6.64), > Chips (6.33) 
> Worms (6.02) on a 
scale of 1–9

Appearance received 
the lowest rating

(Cicatiello et  al., 
2020)

(Continued)
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Various legal regulations govern the production and marketing of edible insects worldwide. However, 
there are no specific regulations for edible ants. According to EU Regulation 2015/2283 of the European 
Parliament and Council, edible insects and their parts are regarded as novel foods (Scaffardi & Formici, 
2022). This regulation introduced edible insects as innovative food in the EU market. Commercialization 
of products with edible insects is required to conduct a standard food safety assessment called Hazard 
Analysis and Critical Control Points (HACCP) in European countries to avoid health risks for consumers 
(Kauppi et  al., 2019). Research on consumer acceptance has indicated demographic variations in the 
rates of acceptance and identified common objectives with perceived benefits. Therefore, future compar-
ative studies are needed to compare multiple novel protein sources to existing sources and to specify 
target groups for different alternative protein sources. Acknowledgement of cultural diversity within the 

Sample size Insect/product Formulation Acceptance level
Reasons for not 

accepting References

528 participants 
from age 18–41

Mealworms Whole and powdered 
mealworms

Younger participants 
(18–41 years old) 
showed more 
acceptance towards 
processed mealworms 
than older participants 
(≥42 years old): 12%

Aversion and dislike 
were the most 
important barriers

(Tzompa-Sosa 
et  al., 2023)

388 participants, 
50% female; 
50% male; age: 
18–34; 55–69

Mealworms Invisibly processed 
mealworms

Consumers accepted 
invisible processed 
mealworms in energy 
shakes (60.7%), energy 
bars (59.6%), burgers 
(59.3%), soup (56.8%), 
sandwich spreads 
(56.2%), unfried snacks 
(56.2%), and fried 
snacks (52.7%)

Not willing to eat 
because of 
visibility and taste 
of insects

(Van Thielen et  al., 
2019)

409 urban dwellers 
from Belgium 
(191 males; 218 
females) and 412 
urban dwellers 
from Gabon (219 
males; 193 
females)

Not specified Insect baguette and 
insect burger

90% of respondents from 
both countries were 
familiar with edible 
insects

Willingness-to-pay (Detilleux et  al., 
2024)

379 participants, 
54% female; 
46% male

Mealworms locusts 
and caterpillars

Insects in general Favors insect 
consumption at 2.5 on 
a scale of 6

Sustainability and 
health argument

(Schlup & Brunner, 
2018)

393 participants, 
51% female; 
49% male; 
age- 13–82

Product containing 
whole insects by 
Snack Insects 
(unprocessed)

Protein bar by Swarm 
Protein; Pasta by 
Plumento Foods; 
Granola by Snack 
Insects; Insect burger 
by Bug Foundation

40% willing to eat 
processed insects and 
22% were willing to 
eat whole insects

Disgust and food 
neophobia

(Orsi et  al., 2019)

222 participants, 
30% female; 
67% male; 3% 
diverse

Crickets and fresh 
insects

Pancakes with insect 
powder; burgers with 
insect powder; insect 
lime and thyme balls; 
smoothie bowl with 
insect powder; insect 
covered in chocolate; 
cricket protein snack

48% agreed to consume Disgust (44%) 
knowledge (18%), 
others (16%), 
food safety (3%), 
and none of the 
above (14%)

(Naranjo-Guevara 
et  al., 2020)

630 participants, 
50% female; 
50% male

Edible insects Product containing insect 
powder

63% of Russians 
disagreed to try; 49% 
would stop other 
products from that 
brand

Disgust and 
neophobia

(Castro & 
Chambers, 
2019)

Online 268 
participants, 
53.4% female; 
46.6% male, age: 
24.6%

Edible insects Insect in general 55.2% accepted to try in 
France and Ireland

Less neophobia in 
males with no 
strict diet; resist 
consuming whole 
insects due to 
cultural and 
religious 
restrictions

(Ranga et  al., 2024)

Table 7.  Continued.
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Western world must be focused on as a cross-country comparison. In addition, future research can also 
focus on substantial disparity among quantitative studies, notably as the number of experimental studies 
is relatively small compared to the total number of studies on consumer acceptance. A real-life setting 
to evaluate the behavioral choices of potential consumers could be another way to improve consumer 
acceptance, especially in modern civilization (Kröger et  al., 2021). Some of the major factors affecting the 
acceptance of edible ants are listed in (Table 8).

9.  Future perspectives and conclusions

Ant consumption has been recorded across many countries, with deep cultural and historical roots in 
several regions where it represents an ancient dietary practice. Today, edible ants are increasingly recog-
nized not only as a traditional food but also as a sustainable and nutritious resource. Proximate analyses 
confirm that ants provide high-quality protein, beneficial fatty acids, essential amino acids, minerals, and 
vitamins, making them comparable to conventional protein sources. In addition to their nutritional pro-
file, ants also hold promise as sources of nutraceutical compounds with potential roles in human health. 
Nevertheless, food safety concerns require careful consideration. The presence of possible antinutritional 
factors and allergenic compounds in ants has not been thoroughly studied. As edible ants move from 
traditional to commercialized and globalized markets, specific studies on food safety related to ant con-
sumption are a pressing future need to ensure consumer health.

From a mass production perspective, semi-natural rearing of O. smaragdina represents a model of 
sustainable insect farming that combines edible insect production, biological pest control, and biodiver-
sity conservation. Advances such as pupae transplantation and multi-queen colony founding have greatly 
improved the feasibility of colony establishment. However, important challenges remain, including diffi-
culties in queen transfer, seasonal brood availability, inter-colony antagonism, and labor-intensive har-
vesting practices. Addressing these barriers through the integration of indigenous knowledge with 
scientific innovation will be essential for scaling up semi-cultivation in agroforestry systems. Other eco-
nomically important ant species such as C. vidua and L. apiculatum are still harvested exclusively from 
the wild; research into their bioecology and rearing potential is urgently needed to avoid uncontrolled 
overharvesting and to ensure long-term sustainability.

Looking forward, the potential of edible ants and ant-based food products in global markets is  
considerable. Consumer studies indicate that acceptance of insect-based foods is gradually increasing, 
particularly when edible insects are incorporated into familiar, processed products. Factors such as 

Table 8.  Factors affecting consumer acceptance of edible ants (Kauppi et  al., 2019; Scaffardi & Formici, 2022).
Factors Description

Cultural attitudes and taboos Deep-seated beliefs, traditions, or aversions towards consuming ants, which can vary across 
different cultures.

Familiarity and exposure The level of familiarity and prior exposure to ants as a food source, which can influence 
acceptance or reluctance.

Nutritional value and benefits Awareness of the nutritional value, such as high protein content and essential minerals, and 
potential health benefits associated with consuming ants.

Taste and flavor The perception of taste, flavor, and texture of edible ants, which can influence acceptance 
based on personal preferences.

Environmental sustainability Knowledge of the sustainability benefits of insect farming compared to traditional livestock 
farming, which may appeal to environmentally conscious consumers.

Safety and food quality Consumer confidence in the safety and hygiene of edible ants, including cultivation, 
processing, and packaging standards.

Psychological factors Factors such as disgust, fear, or social stigma associated with eating insects, including ants, 
which can influence acceptance.

Education and awareness The availability of information, educational campaigns, and initiatives to raise awareness about 
the benefits and safety of consuming ants.

Culinary innovation and presentation The introduction of ants in creative, appealing recipes and dishes by chefs and food 
entrepreneurs, which can enhance acceptance.

Regulatory framework Clear regulations and standards governing the production, labeling, and sale of edible ants, 
ensuring consumer safety and quality control.

Social and peer influence The impact of social norms, peer opinions, and cultural trends on consumer acceptance of 
edible ants.

Price and affordability The cost of edible ants relative to other food options, and consumers’ willingness to pay for 
them.
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culinary innovation, improved presentation, education about nutritional and environmental benefits, and 
the establishment of clear regulatory frameworks will be critical to expand consumer acceptance.

In conclusion, edible ants represent a unique convergence of tradition and innovation. They offer high 
nutritional and nutraceutical potential, ecological sustainability through semi-natural rearing, and eco-
nomic opportunities for rural communities. To fully realize their promise, future research must address 
food safety concerns, optimize rearing techniques, and explore pathways for integrating ants into mod-
ern food systems. With proper management and innovation, ants can play an important role in meeting 
the growing demand for sustainable protein sources in the twenty-first century.
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