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Introduction
In an earlier paper on the hydrogen-ion concentration of certain Orthopteroid 

insects, the authors (Srivastava & Srivastava, 1956) had concluded that within a 
particular group of insects, the hydrogen-ion concentration of the different parts of the 
alimentary canal shows a limited range within which the variation observed from insect to 
insect may be related to the feeding habit. It was also shown that while the difference 
in the hydrogen-ion concentration of the various kinds of food may affect the hydrogen
ion concentration of the fore-gut and the hind-gut of an insect, it does not influence the 
hydrogen-ion concentration of the mid-gut which shows a great deal of constancy. These 
conclusions were based on a study of the hydrogen-ion concentration of 15 species of 
relatively primitive groups, and it appears necessary to check their validity by obser
vations in some other order, preferably a highly evolved one. In the present paper, 
therefore, the authors have given the hydrogen-ion concentration of the different parts 
of the alimentary canal of 16 species of Coleoptera belonging to 12 families and with 
diverse food habits. In some cases, both larvae and adults of the same species were 
examined.

Material and technique
The names of the insects examined, along with their families and food habits, 

have been given in Table i . The method of determining the pH was broadly the same 
as described before (Srivastava & Srivastava , 1956). But in certain cases, efforts to 
feed the insects on bits of pH paper have succeeded. In these cases, the alimentary
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canal was cut open and the pH of the different regions was noted by comparing the colour 
of the paper inside with those of the chart The results thus obtained were checked by 
the method of direct contact of the gut contents with the pH paper. The pH of blood 
of these insects was also recorded.

The results given are the mean of at least five experiments

Table 1

Names of insects Food habits

1 Hydrophilus sp (Hydrophihdae) Free feeder
2. Sternolophus decens Zaitzev  (Hydrophihdae) Free feeder.
3 Dorcus parallelopipedus L (Lucamdae) Phytophagous, feeds upon wood 

m which it bores
4 Elater rufipennis Ste ph e n s  (Elateridae) Phytophagous, feeds upon wood 

m which it bores
5 Pheropsophus hneiformis Chaud  (Carabidae) Carnivorous
6 Coccmella septempunctata L (Coccmelhdae) Carnivorous, predator upon 

aphids
7. Epilachna 28-punctata F abr (Coccmelhdae) Phytophagous, leaf-eating
8 Aulacophora foveicolhs F abr (Chrysomehdae) Phytophagous, leaf eatmg
9 Phaedon cochleariae F abr  (Chrysomehdae) Phytophagous, eats cruciferous 

leaves
10 Cylas formicarms F abr (Curcuhonidae) Phytophagous, eats leaves and 

tubers
11 Mylabris phalerata P all  (Meloidae) Phytophagous, flower eating
12 Bruchus analis F abr (Bruchidae) Phytophagous, eats stored 

pulses
13 Tenehrw mohtor L (T'enehrionidae) Phytophagous, eats flour
14 Tribolium castaneum H erbst (Tenebriomdae) Phytophagous, eats flour
15 Dermestes maculatus D eg eer  (Dermestidae) Saprophagous (zoosapropha- 

gous), feeds upon wool
16 Onitis distinclus L ansb (Scarabaeidae)

Observation

Saprophagous (scatophagous), 
eats excrement

The hydrogen-ion concentration of the fore-gut, mid-gut, hind-gut and 
blood of the different beetles examined has been given m Table 2.

It is remarkable that the total range of pH m the different parts of 
the alimentary canal of any beetle is not very large. The maximum dif
ference between the lowest and the highest pH is noted m Elater rufipennis 
(5.2 m the fore-gut and 6.4 m the mid-gut), while m Phaedon cochleariae, 
it is 6.0 m the fore-gut and 7.0 m the hind-gut with the mid-gut pH 
being 6.4 to 6.6. The minimum range is seen m the adult of Gylas formicarms 
m which it is 6.4 to 6.7 with 6 4 m  the mid-gut and 6.7 m the fore-gut, 
and m Onitis disttnctus m which it is 6.2 to 6.5 with 6.2 m the hmd-gut 
and 6.5 m the mid-gut.

The range of variation of the pH m the different parts of the gut m 
different insect varies. In  the fore-gut, it is 5.2 (Elater rufipennis adult) 
to 6.8 (Coccmella septempunctata and Epilachna 28-punctata grubs); m the
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mid-gut it is 5.4 (Sternolophus decens adult) to 6.8 (Tribolium castaneum 
grubs) with a near maximum pH of 6.6 to 6.7 in the mid-gut of Phaedon 
cochlerariae, Cylas formicarius and Tenebrio molitor; and in the hind-gut 
it is 5.3 (Pheropsophus lineifrons) to 7.0 (Phaedon cochleariae and Tenebrio 
molitor grubs).

It will also be noted that the range of pH of blood in the different 
beetles is 6.2 to 6.8 and in several cases there is a close correspondence 
between the pH of mid-gut and blood. But in Sternolophus decens, there 
is a considerable difference between the two, i. e. 1.2.

Table 2. H ydrogen-ion co n cen tra tio n

Insect Fore-gut Mid-gut Hind-gut Blood Remarks

1. Hydrophilus sp. a1) 6.2 6.4 6.4—6.6 6.4
2. Sternolophus decens a 5.6 5.4 6.4 6.6 mid-gutpH3. Porous parallelopipedus a 6.4—6.6 6.6 6.6—6.8 6.6
4. Elater rufipennis a 5.2 6.4 6.0—6.2 6.4
5. Pheropsophus lineifrons a 5.4 6.2 5.3 6.8 mid-gut 

and blood6. Coecinella septempunctata a 6.0—6.2 6.2 6.4 6.2

7. Epilachna 28-punctata
g1)
a

6.4—6.8 
6.2

6.4
6.0

6.4
5.4—5.7

6.4
6.4 IpH.

— g 6.4—6.8 6.0 6.0 6.4
8. Aulacophora foveicollis a 6.0 6.2—6.4 6.2 6.4
9. Phaedon cochleariae g 6.0—6.2 6.4—6.6 6.8—7.0 6.5 /Highest

Imid-gutpH10. Cylas formicarius a 6.4 6.7 6.7 6.4
11. Mylabris phalerata a 6.2 6.2—6.4 6.0 6.6
12. Bruchus analis a 6.6 6.4 6.2 6.2
13. Tenebrio molitor a 6.2—6.4 6.4 6.6 6.5

— g 6.2—6.3 6.6 6.6—7.0 6.5
14. Tribolium castaneum g 6.4 6.6—6.8 6.4 6.4
15. Dermestes maculatus a 6.4—6.6 6.0—6.2 6.0 6.2
16. Onitis distinctus a 6.4 6.5 6.2 6.8

x) ‘a’ stands for adult; ‘g’ for grub.

Discussion
S w in g l e  (1931 a) examined the hydrogen-ion concentration of 21 species 

of beetles (including both adults and larvae of several species) and of these 
the range of pH of the fore-gut of 16 species was within the range noted 
by us, but the remaining had a higher pH going up to 8.6. Similary in
14 cases, the range of the pH of the mid-gut fell within the range recorded 
here, viz. 5.4 to 6.8, while the remaining had a much higher pH reaching 
up to 9.5, the highest being recorded in Passalus cornutus adult, Popillia 
japónica larva and Pelidnota punctata. In the hind-gut also, the pH of
15 insects fell within the range noted by us whereas the remaining even 
had a higher pH reaching up to a maximum of 8.12 in the Cerambycidae. 
Skiv a sta v a ’s observation in Epilachna vigintiopunctata (1957), on the other
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hand, is completely in line with our present observations. It may also he 
mentioned that, on the basis of his observations in Coleoptera and other 
orders, S w in g l e  (1931 a) had concluded that the alimentary canal of 
insects is slightly acidic. Our results in the Coleoptera are in conformity 
with these conclusions, although Sw in g l e  himself had noted an alkaline 
medium in several beetles and in the Lepidoptera. The range of pH noted 
by us is 5.2 to 6.8. S h in o d a  (1930) and S t a u d e n m e y e r  (1940) had noted 
that the mid-gut content of the wood-eating beetles is alkaline, but in 
Elater and Dorcus, which also feed upon wood, we do not find this condition. 
In fact, if we take into account the diversity of the food of the beetles 
examined and the comparatively small pH range, we are led to conclude 
that the nature of food or feeding habit does not have any significant 
bearing upon the pH of the alimentary canal. S w in g l e  (1931 a and b) 
also could not establish any correlation between the pH value of the gut 
and the type of food of an insect. He fed larvae of Popillia japonica on 
soil samples of very different pH values and found that this did not alter 
the pH of the gut to any considerable degree. These facts are, however, 
in contradiction of the views of W ig glesw orth  (1927) who does not think 
that the pH of gut is a physiological constant of an insect, because he 
found difference in the pH of exclusively protein-fed and exclusively 
carbohydrate-fed Blattella germanica L. However, the difference under 
these two conditions was very slight (6.4 and 6.3), and, therefore, he also 
thought that there existed a relative constancy in the pH of the stomach. 
In the larvae of the fruit-fly, Dacus cucurbitae Co q u il l e t t , the authors 
(Sriv a sta v a  & S r iv a sta v a , 1957) have noted that with the decay of the 
fruit pulp and the consequent change in the pH, the insects move deeper 
into the fruit. This may not be entirely due to the pH, but it is clear that 
the food of the larvae does not have the same pH. Nevertheless, the pH 
of the gut does show a constancy. These facts lead to the only conclusion 
that a buffer mechanism exists in the mid-gut of insects and this mechanism 
may differ from species to species.

It may be possible, however, that although change in the nature of 
food of a certain insect may not bring about any change in the pH of its 
mid-gut, adaptation to a particular type of feeding habit might have led 
to different pH in different insects. Perhaps no group of insects shows a 
greater diversity of feeding habits than the Coleoptera, with its members 
feeding upon wood, fruits, flowers, leaves, humus, leather, animal tissue, 
etc., but the range of pH is still not large and in the insects examined by 
us we find the range of mid-gut pH to be only 5.4 to 6.8. Similarly in 
the Hymenoptera, S w in g l e  (1931 a) found it to be 6.48 to 7.28. In the 
Orthoptera, it is 6.15 to 7.28. In the Lepidoptera, the work of W a t e r h o u se  
(1949), G r a y s o n  (1951) and others shows this range to be small and clearly 
alkaline. This confirms our earlier view that the pH range of the mid-gut 
of majority of insects is determined primarily by the group to which they
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belong, and this, in turn, depends upon the existence of some kind of a 
buffer mechanism. Since the range of pH in different groups itself differs, 
it also follows that the (different groups possess different kinds of buffer 
mechanisms.

From the data now available, we may also state that in the majority 
of insects, the medium in the mid-gut is more or less neutral, and this 
may tend towards slight acidity; but this cannot be considered a rule 
since there are whole groups of insects, like the Lepidoptera and Trichoptera, 
in which the pH is distinctly high and in the alkaline range.

Sum m ary
1. The hydrogen-ion concentration of the fore-gut, mid-gut, and hind-gut and blood 

of sixteen species of Coleóptera, belonging to 12 families has been determined. It ranges 
from 5.2 to 6.8, 5.4 to 6.8, and 5.3 to 7.0 in the fore-gut, mid-gut and hind-gut respec
tively.

2. The total range of pH in the different parts of the alimentary canal is very small, 
the difference between the maximum and minimum being only 1.2.

3. On the whole, the alimentary canal may be said to be slightly acidic.
4. In most cases, there is a close correspondence between the pH of mid-gut and 

blood.
5. There does not appear to be any relationship between the feeding habit and pH 

of the alimentary canal. On the other hand, the pH seems to be related to the group to 
which an insect belongs.

6. The existence of different kinds of buffer mechanisms in groups of insects with 
different pH ranges is inferred.

Zusam m enfassung
1. Die Wasserstoffionenkonzentration des Vorder-, Mittel- und Enddarmes sowie 

des Blutes von 16 Coleopteren-Arten (zu 12 verschiedenen Familien gehörig) wurde 
bestimmt. Sie beträgt zwischen 5,2 und 6,8 im Vorderdarm, 5,4 und 6,8 im Mitteldarm 
und zwischen 5,3 und 7,0 im Enddarm.

2. Der Gesamtbereich des pH-Wertes in den verschiedenen Teilen des Verdauungs
kanals ist sehr gering. Die Differenz zwischen Maximum und Minimum beträgt nur 1,2.

3. Insgesamt kann man den Verdauungskanal als schwach sauer bezeichnen.
4. In den meisten Fällen zeigt sich eine enge Beziehung zwischen dem pH-Wert des 

Mitteldarmes und dem des Blutes.
5. Offenbar besteht keine Beziehung zwischen der Ernährungsweise und dem pH- 

Wert des Verdauungskanals. Andererseits scheint der pH-Wert charakteristisch für 
gewisse Insektengruppen zu sein.

6. Das Vorhandensein von verschiedenen Puffer-Mechanismen bei Insektengruppen 
mit verschiedenen pH-Bereichen wird vermutet.

PeaioM e
1. OnpeícenHJiacB KOHiieHTpapiM hohob Bonopona nepeRHeü, cpejmefi h npHMofi 

KHiiiKH, a TaKSKe KpoBH 16 bhrob Coleóptera (npHHaHJieHtamex k 12 pa3JiHUHHM 
ceMetcTBaM), OHa cocTaBmeT 5,2 ro 6,8 b nepeRHeñ raniKe, 5,4 ro 6,8 b cpeRHeft 
turante H 5,3 ho 7,0 B npHMofi K i m m e .

2 *
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2. 06m m  npejpeji BejmmHM pH b pasniiuiibix uaerax immeBapuTenbHoro 
Tparaa ouenb neBejiHK. Pa3HHpa Mempy MaKCHMyMOM ii MHHHMyMOM cocTaBjmeT 
TOJIbKO 1,2.

3. B odmeM mojkho o6o3HauHTb immeBapHTejibHLiíi Apara cna6o k h cjih m .
4. B 6oni>mHHCTBe cjiyuaeB npoHBjmeTCH Tecnan cbh3b MeHtpy Bejiiiuimolí pH 

Cpejpieit KHHIKH H KpOBH.
5. Otobhrho HeT HHKaKOH cbh3h Mewpiy cnocoSoM nirraHHH h BemraraoH pH 

immeBapuTejibHoro Tparaa. C npyroh CTopoHbi BejiHHHHa pH noBHRHMOMy xa- 
paKTepHa ppm H3BecTHbix rpynn HaceKOMbix.

6. Hanmme pa3JiHHHbix 6y$epHbix MexanH3M0B y rpynn HaceKOMbix c Heo- 
AHnaKOBbiMH npenejiaMH pH npeppioJiaraeTCH.
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