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Abstract. General Background: Sap-feeding insects consume diets rich in water
but poor in essential nutrients, creating major physiological challenges. Specific
Background: Many Hemipteran insects possess a specialized digestive
modification known as the filter chamber that facilitates sap processing.
Knowledge Gap: Although its anatomical presence is well documented, an
integrated understanding of its functional mechanisms, molecular basis, and
evolutionary diversification remains limited. Aims: This review synthesizes current
anatomical, physiological, and molecular findings on the insect filter chamber, with
emphasis on digestion, absorption, and evolutionary specialization. Results:
Evidence shows that the filter chamber enables rapid osmotic transfer of excess
water and sugars from the foregut—midgut directly to the hindgut, supported by
aquaporins and sugar transporters, thereby optimizing nutrient retention and
metabolic efficiency. Structural complexity varies across taxa, reflecting host-plant
adaptation. Novelty: The article integrates classical morphology with recent
molecular insights to present the filter chamber as a dynamic regulatory system
rather than a passive structure. Implications: Understanding filter chamber
function offers prospects for targeted pest management strategies through
disruption of specific transport pathways while reducing reliance on broad-spectrum
insecticides.

Highlights:
e The filter chamber regulates water and sugar balance during sap feeding.
e  Structural variation reflects evolutionary adaptation to host plants.
e Transport proteins present potential targets for selective pest control.
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Introduction
Taxonomic Position of Insects in the Animal |Kingdom| Commented [j1]: Pendahuluan artikel telah memuat latar
belakang umum yang jelas mengenai keragaman serangga
Insects belong to the class Insecta, which falls under the subphylum Hexapoda dan tantangan nutrisi pada serangga pemakan cairan. State
ithin the phylum Arthropoda, a major division of the kingdom Animalia [1, 39]. Insects of the art ditunjukkan melalui pemaparan penelitian
wi phy P ! ] A " 9 4 * A terdahulu tentang sistem pencernaan dan filter chamber.
form the most abundant and diverse animal group, with more than one million described Kesenjangan penelitian juga mulai terlihat pada kebutuhan
Species [2] integrasi antara pendekatan morfologi dan molekuler.

Tujuan penelitian disampaikan dengan cukup tegas, yakni
meninjau fungsi dan modifikasi evolusioner filter chamber.
Unsur kebaruan muncul dari upaya menggabungkan temuan
klasik dan studi modern, meskipun dapat ditegaskan kembali
o Coleoptera (beetles and weevils) [36, 38] secara lebih eksplisit.

The class Insecta includes several orders, such as:

o Lepidoptera (butterflies and moths)
« Hymenoptera (ants, bees, and wasps)
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o Hemiptera (bugs, aphids, whiteflies)
o Orthoptera (grasshoppers, locusts, crickets)

o Diptera (mosquitoes and flies) [3, 4]
2. Feeding Types and Their Relationship to Mouthpart Structure in Insects

Insect feeding habits vary widely, and insect mouthparts have adapted to feed on a wide
variety of food sources [5]. Some of the most notoriable changes to insect mouthparts:

o Biting mouthparts: such as in beetles and grasshoppers.

e very long tube-like mouthparts which penetrate plant or animal tissue as in aphids
and mosquitoes.

« Siphoning mouthparts: adapted to nectar-feeding, like in butterflies.

e Sponging-lapping: for soaking up freely available liquid food, like houseflies.

e Chewing—sucking mouthparts: suited to gathering and absorbing nectar, such as
those in bees [6].

Method

3. Feeding Patterns in Insects
3.1 Herbivorous Insects

Most insect species are herbivorous insects [7]. The various parts of plants
including fruits, leaves, stems, roots, nectar and sap are their food [8]. These insects
encounter various obstacles, such as plant mechanical and chemical protection and a poor
protein level of sap of plants [37]. As a result, they developed an elaborated category of
specialized physiological structures (filter chamber [9], variation in gut length according to
dietary quality [35].

3.2 Carnivorous Insects
This set includes carnivorous insects such as lacewings and parasitic species,

including some wasps [10]. They have protein and lipid-rich diet, strong chewing or
piercing sucking mouth parts [11].

3.3 Omnivorous Insects

These insects show a considerable dietary flexibility and ability to use either plant or
animal food sources, like toxic plants for cockroaches or ants [12]. Their alimentary canal
is generally less modified than in strictly herbivorous or carnivorous species [13].

Commented [j2]: Metode yang digunakan dalam artikel ini
sudah sesuai dengan karakteristik penelitian berupa artikel
tinjauan. Sumber data berasal dari literatur ilmiah yang
relevan dan kredibel, mencakup buku referensi serta jurnal
internasional bereputasi. Teknik pengumpulan data melalui
penelusuran pustaka telah sejalan dengan tujuan kajian
konseptual. Instrumen utama berupa analisis dokumen juga
tepat digunakan. Teknik analisis data dilakukan secara naratif
dan sintesis tematik, yang sesuai dengan pendekatan review,
meskipun penjelasan tentang kriteria pemilihan literatur
dapat diperijelas.
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3.4 Saprophagous Insects

They feed on decomposing organic matter - carrion beetles and certain flies’ larvae.
They are significant decomposers of organic matters and nutrient recycler [14]. Their
digestion frequently relies on the gut microorganisms and microbes participate in
degradation of complex molecules such as keratin and cellulose [15, 16].
4, Herbivorous Insect Digestive Structures
Insects have a three-region digestive system:
4.1 Foregut

Consists of the pharynx, esophagus, crop and proventriculus. It serves for
collecting the food, for its temporary retention and also has a role in initial mechanical
processing [17].
4.2 Midgut

This is the major area for digestion and absorption. It produces digestive enzymes
which aid in the digestion and absorption of nutrients [18].

4.3 Hindgut

Functions of the kidney Include absorption of fluids and salts as well as excretion of
metabolites [19].

5. Excretory Products of Sap-Feeding Insects
Homopterans, such as aphids generate honeydew, a large amount of sugary liquid
waste [20]. Honeydew is mainly composed of non-metabolized sugars, glucose, sucrose

and fructose including water and represents a significant food resource for various insects
like ants [21].

Result
6. The Filter Chamber in Insects

The filter chamber is a separate anatomical structure (Figure 1) [31], where the
crop (foregut-hindgut juncture) wraps closely with thin membrane around the midgut,

encloses an open cavity surrounded by basal membrane folds [22, 23].

This structure is found mainly in insects of the order Hemiptera [40] and in some
members of the order Thysanoptera [24].

Commented [j3]: Pembahasan dalam artikel telah
menguraikan hasil kajian secara relatif rinci dan berjenjang,
mulai dari aspek morfologi hingga mekanisme molekuler
filter chamber. Penulis secara konsisten mengaitkan temuan
dengan teori dan hasil penelitian sebelumnya, sehingga
argumen yang dibangun terasa logis dan kontekstual.
Integrasi antara data anatomi klasik dan studi modern
tentang transporter serta aquaporin memperkaya
kedalaman pembahasan. Keterkaitan antara struktur, fungsi,
dan adaptasi evolusioner juga dijelaskan dengan cukup baik.
Namun, pada beberapa bagian, pembahasan masih
cenderung deskriptif dan dapat diperdalam dengan analisis
komparatif yang lebih kritis antar kelompok serangga.




HOUSE OF WISDOM: JOURNAL ON LIBRARY AND
INFORMATION SCIENCES

ISSN 3089-6002. Published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC-BY).

Fig 10. A Alimentary canal of Triecphora vdnerata (after Licgnr, 19120, B, Transverse section of
filtercomplex showing muscular sheath (ms), filteechamber (fic), stomach (st), intesiine (1), and
Marricuian tubules (Me). C. Simplified diagram of the fil I lable for all cieado
summarized in Table 5. In some cicadoids the posterior part of the midgut forms a simple loop within
the filterchamber whereas in other ones it is codled to various degrees

Figure 1 [31]

7. Functional and Evolutionary Modifications of the Filter Chamber and Their
Relation to Digestion and Absorption

This osmotic filtration is essential for concentrating sap ingested [25]. The partial
concentration of plant sap leads to fluorescent xylem and the xylem encourages
counterflow due to proximity with the foregut. Surplus water and monosaccharides
(glucose and fructose) are transported osmotically from the lumen of the foregut—midgut
directly into the hindgut [26].

Such transport permits a slow transit of nutrients, like amino acids, through the
midgut thereby promoting efficient digestion and absorption [27]. Furthermore, the very
quick removal of excess sugars and water over the rectum avoids dilution loss of digested
enzyme and saves energy [28].

Studies have found that membranes of filter chamber cells contain highly developed
aquaporin water channels and sugar transporters, to control the movement of solutes [29,
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The nature of the filter chamber is different among insects. It is rather primitive in

aphids (Aphidoidea) [31], but more advanced and morphologically complex in whiteflies
(Aleyrodidae) and scale insects (Coccoidae), which allows them to feed on certain
categories of plant sap [32, 33].

Conclusions

1.

The filter chamber represents a remarkable evolutionary adaptation that enables
insects to overcome the challenges of feeding on a nutrient-poor, water-rich diet.
Its function relies primarily on a precise physio-chemical osmotic filtration
mechanism supported by a specialized anatomical configuration.

Recent molecular studies have revealed significant complexity in the processes
governing water and solute transport within this organ.

Variation in filter chamber structure across hemipteran insects reflects evolutionary
specialization for adapting to different host plants.

Recommendations

1.

2.

Transcriptomic and proteomic studies of the cells lining the filter chamber to clarify
gene and protein networks that control transport activities are urgently required.
New live imaging recording techniques, such as confocal microscopy should be used
in this real time transport study of water and solute.

Exploration of the possibilities to attack certain transporter proteins in the filter
chamber (sugar specific transporters or aquaporins, for example) may contribute to
finding new selective means of control for sap-consuming pests, decreasing
dependance from broad-spectrum insecticides [34].

Gut microbiota functions in digestion/nutrient utilization of insects with a filter
chamber, and this is especially true for sap feeding as mandated by studies.
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dasarnya sudah menjawab tujuan penelitian yang ditetapkan

sejak awal. Penulis berhasil merangkum temuan utama
mengenai peran dan karakteristik filter chamber sebagai
adaptasi fisiologis serangga pemakan cairan. Hubungan
antara tujuan kajian, yaitu memahami fungsi, mekanisme,
dan variasi evolusioner filter chamber, dengan simpulan
yang disajikan terlihat cukup jelas. Kesimpulan juga
menegaskan kontribusi artikel sebagai tinjauan
komprehensif, bukan sekadar deskripsi, sehingga pembaca
memperoleh gambaran menyeluruh tentang signifikansi
topik yang dibahas. Meski demikian, simpulan akan terasa
lebih kuat apabila disertai penegasan kembali implikasi
ilmiah dan aplikatif secara lebih eksplisit.




HOUSE OF WISDOM: JOURNAL ON LIBRARY AND
INFORMATION SCIENCES

ISSN 3089-6002. Published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC-BY).
The author[s] declare that this article was conducted in the absence of any

commercial or financial relationships that could be construed as a potential conflict of

interest.

References
[1] Z.-Q. Zhang, “Phylum Arthropoda,” in Animal Biodiversity: An Outline of Higher-
Level Classification and Survey of Taxonomic Richness (Addenda 2013), Z.-Q. Zhang,
Ed. Auckland, New Zealand: Magnolia Press, 2013, pp. 1-82.
[2] N. E. Stork, “"How Many Species of Insects and Other Terrestrial Arthropods Are
There on Earth?” Annual Review of Entomology, vol. 63, pp. 31-45, 2018.
[3] D. Grimaldi and M. S. Engel, Evolution of the Insects. Cambridge, UK: Cambridge
University Press, 2005.
[4] P. J. Gullan and P. S. Cranston, The Insects: An Outline of Entomology, 5th ed.
Oxford, UK: Wiley-Blackwell, 2014.
[5] R. F. Chapman, The Insects: Structure and Function, 5th ed. Cambridge, UK:
Cambridge University Press, 2013.
[6] F. Karolyi, J. F. Colville, S. Handschuh, B. D. Metscher, and H. W. Krenn, “One
Proboscis, Two Tasks: Adaptations to Blood-Feeding and Nectar-Extracting in Long-
Proboscid Horse Flies,” Arthropod Structure & Development, vol. 41, no. 3, pp. 275—
281, 2012.
[7] L. M. Schoonhoven, J. J. A. van Loon, and M. Dicke, Insect-Plant Biology, 2nd ed.
Oxford, UK: Oxford University Press, 2005.
[8] A. R. War, G. K. Taggar, M. Y. War, and B. Hussain, “Impact of Climate Change
on Insect Pests, Plant Chemical Ecology, and Tritrophic Interactions,” in Sustainability
in Plant and Crop Protection. Cham, Switzerland: Springer, 2016.
[9] A. E. Douglas, “Phloem-Sap Feeding by Animals: Problems and Solutions,” Journal
of Experimental Botany, vol. 57, no. 4, pp. 747—754, 2006.
[10] M. A. Jervis, Insects as Natural Enemies: A Practical Perspective. Dordrecht, The
Netherlands: Springer, 2005.
[11] L. I. Gilbert and S. S. Gill, Eds., Insect Control: Biological and Synthetic Agents.
London, UK: Academic Press, 2010.
[12] M. Coll and M. Guershon, “Omnivory in Terrestrial Arthropods: Mixing Plant and
Prey Diets,” Annual Review of Entomology, vol. 47, pp. 267-297, 2002.
[13] W. R. Terra and C. Ferreira, “Basic Biology of Insect Midgut and Its Associated
Microbiota,” in Insect Gut Microbiome and Its Applications. Cham, Switzerland:
Springer, 2020.
[14] M. E. Benbow, J. K. Tomberlin, and A. M. Tarone, Eds., Carrion Ecology,
Evolution, and Their Applications. Boca Raton, FL, USA: CRC Press, 2015.
[15] P. Engel and N. A. Moran, “The Gut Microbiota of Insects: Diversity in Structure
and Function,” FEMS Microbiology Reviews, vol. 37, no. 5, pp. 699-735, 2013.
[16] A. E. Douglas, “Multi-Organismal Insects: Diversity and Function of Resident
Microorganisms,” Annual Review of Entomology, vol. 60, pp. 17-34, 2015.
[17] J. L. Nation, Insect Physiology and Biochemistry, 3rd ed. Boca Raton, FL, USA:
CRC Press, 2016.
[18] W. R. Terra and C. Ferreira, “Biochemistry and Molecular Biology of Digestion,”
in Insect Molecular Biology and Biochemistry. London, UK: Academic Press, 2012, pp.
365-418.
[19] J. A. Dow, “The Essential Roles of Metal Ions in Insect Homeostasis and
Physiology,” Current Opinion in Insect Science, vol. 23, pp. 43-50, 2017.

6



HOUSE OF WISDOM: JOURNAL ON LIBRARY AND
INFORMATION SCIENCES

ISSN 3089-6002. Published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC-BY).
[20] M. K. Fischer and A. W. Shingleton, “Host Plant and Ants Influence the
Honeydew Sugar Composition of Aphids,” Functional Ecology, vol. 15, no. 4, pp. 544—
550, 2001.
[21] B. Stadler and A. F. Dixon, “Ecology and Evolution of Aphid-Ant Interactions,”
Annual Review of Ecology, Evolution, and Systematics, vol. 36, pp. 345-372, 2005.
[22] A. 1. P. Goodchild, “Evolution of the Alimentary Canal in the Hemiptera,”
Biological Reviews, vol. 41, no. 1, pp. 97-140, 1966.
[23] J. Pompon, D. Quiring, C. Goyer, P. Giordanengo, and Y. Pelletier, “A Phloem-
Sap Feeder Mixes Phloem and Xylem Sap to Regulate Osmotic Potential,” Journal of
Insect Physiology, vol. 57, no. 9, pp. 1317-1322, 2011.
[24] D. E. Ullman and D. L. McLean, “The Alimentary Canal of Frankliniella
occidentalis,” International Journal of Insect Morphology and Embryology, vol. 17, no.
2, pp. 125-134, 1988.
[25] S. Caccia, M. Casartelli, and G. Tettamanti, “The Amazing Complexity of Insect
Midgut Cells,” Cell and Tissue Research, vol. 377, no. 3, pp. 505-525, 2019.
[26] D. R. Price and J. A. Gatehouse, “RNAi-Mediated Crop Protection Against
Insects,” Trends in Biotechnology, vol. 26, no. 7, pp. 393—400, 2014.
[27] D. A. Ashford, W. A. Smith, and A. E. Douglas, “Living on a High Sugar Diet,”
Journal of Insect Physiology, vol. 46, no. 3, pp. 335-341, 2000.
[28] T. L. Wilkinson and A. E. Douglas, “Phloem Amino Acids and Host Plant Range,”
Entomologia Experimentalis et Applicata, vol. 106, no. 2, pp. 103-113, 2003.
[29] G. D. Ewart and A. J. Howells, “"ABC Transporters Involved in Transport of Eye
Pigment Precursors,” Methods in Enzymology, vol. 292, pp. 213-224, 1998.
[30] S. Kikuta et al., “Aquaporin Water Channel AgAQP1,” Journal of Insect
Physiology, vol. 58, no. 6, pp. 829-835, 2012.
[31] M. B. Ponsen, The Digestive System of Subsaltusaphis ornata. Wageningen, The
Netherlands: Agricultural University Wageningen, 1979.
[32] 3. M. Cicero, J. K. Brown, and P. D. Roberts, “The Digestive System of the
Whitefly Bemisia tabaci,” International Journal of Insect Morphology and Embryology,
vol. 24, no. 3, pp. 295-306, 1995.
[33] L. Foldi, “The Scale Cover,” in Soft Scale Insects: Their Biology, Natural Enemies
and Control, vol. 7A. Amsterdam, The Netherlands: Elsevier, 1997.
[34] 1. K. Singh and S. Singh, “RNA Interference: A Novel Source of Resistance to
Combat Whitefly,” in RNAi for Plant Improvement and Protection. Wallingford, UK:
CABI, 2021.
[35] D. A. Ashford, W. A. Smith, and A. E. Douglas, “Living on a High Sugar Diet,”
Journal of Insect Physiology, vol. 46, no. 3, pp. 335-341, 2000.
[36] A. M. Jamal, A. A. Haidar, and M. O. Mohammed, “Extraction and Evaluation of
the Effectiveness of Chitosan as Insecticides,” International Journal of Agriculture and
Animal Production, vol. 4, no. 6, pp. 16-24, 2024.
[37] T. S. A. Al-Hayali, O. T. H. A. Alhadithy, and F. A. Qader, “Toxic Efficiency of
Fumigation Using Two Essential Qils,” Indian Journal of Agricultural Research, vol. 59,
no. 6, pp. 988-992, 2025.
[38] S. H. A. K. Al-Hamawandy and S. M. Shahraban, “Integrated Management of the
Oriental Citrus Mite,” Kirkuk University Journal for Agricultural Sciences, vol. 15, no. 1,
pp. 47-53, 2024.
[39] A. M. Mahmoud and S. S. Hamad, “Molecular Study of Head Lice Among Primary
School Children,” Kirkuk Journal of Science, vol. 20, pp. 4347, 2025.
[40] A. D. Yates and A. Michel, “Mechanisms of Aphid Adaptation to Host Plant
Resistance,” Current Opinion in Insect Science, vol. 26, pp. 41-49, 2018..



