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ABSTRACT 

The review of literature showed that nutritional studies 

have been made on a number of insects rut that the pb:ytopbagous 

insects have largely remained neglected, there being very few 

examples of these insects having been successfully reared on syn­

thetic diets. Stress has been laid upon the qualitative and 

quantitative formulation of synthetic diets containing the essential 

nutrients, the various substances necessary a.s feeding stimuli, and 

possessing an acceptable physical texture. 

The larva of a phytophagous insect, Pieris braesicae L., wns 

therefore selected ae the subject of the present investigations. 

It is a pest of economic importance almost all over the world, and 

has the advantage of being readily reared in the laboratory at all 

times of the year. 

A semi-synthetic diet was devised, the 'unknown' factor of 

which was cabbage leaf power, includoo in the diet after attempts 

to produce a purely synthetic diet hsd failed. A leaf p0vrder 

concentration of 2 grams per 25 grams of medium was the optimum 

required by the caterpillars. The nutritional value of various 

substances was assessed by inclusion in, or omission from, this 

basic diet. 

In the oase of sUgars, the effects of various pentoaes, 

hexoses, di-, tri-, and polysaccharides and also one of the sugar 

i 
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alcohols, mannitol, were examined . It was found that sucrose was 

a strong phagostimulant as well as apparently being nutritionally 

essential. The performance of larvae on diets containing glucose 

or fructose was poor, and this was contrary to most of the findings 

of various authors. On tho other hand, pentoees, usually considered 

to be poorly utilised by insects, proved almost as good as sucrose 

in the diet, and an equimolecular mixture of glucose+ fructose was 

also found to be equally effective. A sucrose concentration of 

;oo mgm. per 25 grams of medium was found to be adequate, and this 

was in reasonable agreement with the sugar requirements of those 

other phytopha.gous insects for which published results a.re available. 

The work of a number of authors showed that mustard oil gluco­

sides are responsible for evoking the feeding response in Pieris 

bra.saioae L. larvae, whereas, in the present investigation the 

inclusion of sinigrin - a mustard oil glucoside - in the diet did 

not produce any significant i mprovement in the p erforrnance of the 

larvae. Variations in the sinigrin concentration in the diet also 

failed to give a positive response. 

The quantitative nitrogen requirements of the insect were 

studied using casein as the protein source. The omission of casein 

from the diet resulted in significantly lower larval weights and 

proportionately fewer larvae moulting than in the case of larvae 

reared on diets containing casein. The fifth instar larvae ingested 

significantly lower eroounts of food when casein was omitted from the 
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diet. The concentration of casein in t he diet finally adopted 

lay within the range of concentrations used in the diets of other 

pbytophagous insects studied by other workers. 

Cystine, one of the amino acids not normally included in the 

basic l ist of ten essential amino acids, bas been shown by various 

authors to be connected with successful moulting in some non­

phytophagous insects. In the present studies, the addition of 

cystine in the diet produced a proportionately higher peroentago of 

larvae moulting in the earlier instars, and its omission from the 

diets of the fifth instar larvae caused emergence failures in the 

adults subsequently produced. Thie appears to be the first obsei­

vation of such an effect in a phytophagous insect. 

The effects of ? -carotene, B vitamins and ascorbic acid were 

studied . The only detectable effects being retarded larval growth 

with the addition of ~ -carotene, and a higher mortality resulting 

from the inclusion of ascorbic acid. These results are very 

curious as all these materials have been added 'With advantage in 

the diets of various insects, particularly phytophagous ones, rut 

the possibility of their effects being completely obscured in 

these short term experiments was discussed . 

Most of the insects studied have been shown to require 

cholesterol in their diets . Hence, cholesterol and ~ -sitosterol 

were incorporated in the diets :for Pierie brassigae L. in two 
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different concentrations. The higher concentration of 500 mgm. 

per 25 grams or medium proved deleterious, while the lowor ono 

(50 mgm. per 25 grams of medium) produced no detectable improvement, 

although this concentration was more or less in agreement with tho 

requirements of those of other phytopbagous inseots studied 

previously. Similarly, the inclusion of Osbourne and Mendol salt 

mh .. -ture in the diet did not produoe any observed effects. 

Agar is commonly used in formulating artificial diets and in 

somo cases it is said to af'fect food consumption. Nutrient agar 

was tried at di:ff erent concentrations and a level of 2 per cent 

was found to make the diet cohesive and manageable. In this case 

no effoct on food consumption was observed. 

Cellophaa was incorporated in the diet to give the medium a 

loaf like structure but it absorbed too much water, and the modium 

dri ed up very quickly. Cellulose powder, however, proved useful 

in increasing the amount of food consumed on the a-tificial diet to 

the level of that on cabbage. The addition of cellulose lowered 

the coefficient of utilisation considerably, and it was not found 

possible to correct this without affecting the consumption values. 

On the other hand, the coefficient of growth was much higher on 

cellulose diet than on cabbage, the coefficient of metabolism being 

correspondingly lower. Although the cellulose diet maintained 

adequate growth of the larvae in these short term experiments, yet 

the dietary characteristics of cabbage could not be completely 

r epr oduced . 
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CHAPTER I 

INTROOOCTION AND REVIEW OF LITERATURE 

A. GENERAL 

It is a i.,ell kn°"1n fact that insects are able to obtain the 

chemicals necessary for the maintenance of life from a vast range of 

materials. The feeding habits and dietary requirements of insects 

have long been of interest to the academic entomologist and some of 

the findings made in this field are proving of practical value in other 

studies. Standardised diets for experimental insects are an important 

consideration in many genetic, physiological and toxicological invest­

igations and in the sphere of economic entomology the connection between 

insect feeding, nutrition and such important factors as plant resistance, 

to quote but one example, have attracted a good deal of attention. 

Many insects are of direct economic importance by virtue of the 

food materials to which they are adapted. As a result, some of these 

pests ( those attacking various stored products being a good example) 

have attracted a good deal of attention from nutritional physiologists. 

However, in the case of one major group of pests, the insects attacking 

growing plants, the amount of fundamental information on nutritional 

requirements is comparatively small. Much of the information available 

is found in very recent publications and the reasons for the compara•~ 

tively new development of this field are discussed l ater. There is no 

doubt that much valuable data on the feeding and nutrition of this 

large group of insect pests remain to be collected . 
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Many of theee pests are larval forme, a large proportion of which 

belong to the Lepidoptera. One example was chosen as an experimental 

animal for this present oontril:ntion to the study of phytophagous 

insect nutrition, this was the almost ubiquitous pest of crucifers, the 

larva of the large cabbage white l:ntterfly, Pieris brassicae L. 

The number of publications dealing with various aspects of insect 

nutrition as a whole has also gro .. m very rapidly over the past 10 to 

15 years and there are already several reviews dealing with various 

aspects of this large amount of literature. Prior to the recent 

interest in this field, the first major review was that of Uvarov 

(1928) who included in his work a colilp'."ehensive account of the chemical 

composition of insects and of their products, together with the major 

information available at that time on the physiology and biochemistry 

of feeding and metabolism. The insects which had then been most 

thoroughly studied were Drosophila and the cockroach for which rather 

inadequate synthetic diets had been devised. 

In rocent years outstanding reviews of the modern findings have 

included publications by Trager (1953), Lipke and Fraenkel (1956), 

Gilmour (1961) and House (1961, 1965a) who have dealt with insects in 

general, and by Friend (1958) who has concentrated on phytophagous 

insects. It is the purpose of this present review to bring these 

publications up to date where necessary and to summarise the major 

findings in this field. 
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The main obstacles in nutritional studies have always been the 

l ack of proper rearing techniques and the lack of chemically defined 

diets, Friend (1958) and House (1961) emphasised the need for a know­

ledge of the exact chemical composition of the diet and for the ability 

to vary the composition precisely in order to examine the consequent 

eff acts upon the insect . They also stressed the need for making the 

diet chemically and physically attractive for the insect in order to 

evoke satisfactory feeding responses. These needs are felt most 

strongly in the case of the investigations on phytophagous insecta 

because of the great difficulty of obtaining nutritional data by any 

means other than the use of artific:1.al food. True, it is not possible 

to control to any great extent the composition of the plant itself in 

order to study the effects of these variations on the insect. Further­

more, the straightforward analysis of the plant material most suitable 

for an insect's development is of restricted value, partly because of 

the limitations of analytical techniques and partly because of the 

largely unknown nuctuations in compoei tion imposed on the plant by 

such factors as soil, weather and even time of day. To quote one 

example, Uvarov (1928) has reviewed the early work on silkworm nutrition 

which showed how mulberry leaves vary greatly in their phosphate, SU '!ar 

and protein content according to whether they are picked during the 

evening or at day-break. Similarly, soil fertilisation has been 

shown to influence the development of phytopbagous insects, this -work 

being well reviewed by Lipke · and Fraenkel (1956). Studies on insect 



resistance in pltnts suggest that in some cases particular varieties 

may havo foliage which is nutritionally inadequate for some insect 

species. This probably extends to different leaves on the same plant 

since the chemical composition of leaves changes as they age and many 

insects show a defj.nite preference for leaves at a particular r-·~a:;c. 

Therefore, the study of the nutritional requirements of peyto­

phagous insects on the basis o:r leaf analysis presents the inveatigator 

with a. host of variables over -wbieh he has no more than partial control .. 

The development of artificial diets would seem to be an essential stage 

in the progress of this field or entomology. Even this approach, 

howover, is greatly cong>licated by the physiological variation of the 

insect itself. For example, Beok (1956b) has shown variati<?ns in the 

requirements for sugar in different larval stages or the European corn 

borer, 0strin1a (Pyraustg) nubilalis Hbn. The difficulties of 

formulating a diet which is suitable and acceptable to the insect from 

both the chemical and physical point of view are therefore considerable, 

and these• difficulties have been reviewed in some detail by Friend 

(1955). 

As a result, there are comparatively very few really success.f'Ul 

studies made on phytophagous insects. The notable examples being: 

European corn borer 0etrin1& nubilalie Hbn. (Bottger 1942, Beck~ AL . 
1949, C hi:ppendale and 
Beck 1964) 

Pink oollworm Pectinophora goesvpiell~ (Saunders)(Vanderzant 
1957) 



Boll weevil 

Asiatic rice borer 

Desert locust 

Migratory .locust 

Onion maggot 

Anthonomus grandie (Boh. )(Vanderzant 1965) 

Chilo suppresealis (Walker) (Ishii n il 1959, 
Kamano 1961) 

Schistogerca gregaria (Forsk. ){Dadd 1960n) 

Locusta migrator,.a L . (Dadd 1960a) 

Hylemya antiaua (Meig. )(Friend 1956) 

Peach ond potato aphid Myrus persicag (Sulzer)(Dadd and Mittler 1965) 

The nutritional studies on insects have shown that their quo.li­

tative requirements are more or less uniform in all species examined 

and that these are not very different from the requirements of other 

types of animals (Trager 1953) . The substances required include, 

generally, water and certain minerals, carbohydrates, fats or proteins, 

eterols and B vitamins. However, Dadd (1957) was first to show a 

dietary requirement for A and C vitamins 1n locusts in addition to the 

usuaJ. B vitamins. 

More or less chemically defined diets have been developed for 

quite a few insects and the results obtained up to 1954 have beon 

tab.lla.ted by Albritton (1955). Although during the past decade a 

fair knowledge has been obtained concerning the nutritional require­

ments of several species, in some cases additional chemicals may be 

required in diets in order to elicit the correct feeding response :i.n 

t he insect. · Uvarov (1928) mentioned that insects could be guided to 

their natural food by the tastes and od011rs of various chemical 



substances "1hich in themselves have no nutritional value. Similti.rly, 

Fraenkel (1953) stated that "the plants differ in the presence or 

absence of odd chemical substances like gluooeides, essential oils, 

alkoJ.oida, saponins or tannins which determine the host epecif'icity 0£ 

a food plant by aoting as chemical stimuli" . Tborsteinson (1955) 

reviewing the chemotactic basis or host specificity quotes Grevillius 

(19'.)5) who induced the larvae of the brown-tail moth, Euproctis 

ghrysorrbcoo. L. (Nygtnia pooegrrhoea)(Donov.), to feed on otherwise 

unacceptable plants by smearing their leaves with a paste contain mg 

tannin from chickweed {§telle,ria ap.), tho usual host plant of the 

insect. Verschaffelt (1911) and Thorateinson (1953) showed that 

larvae of P+aris bn,.esicu L., Pierig .m.u L. and Plut2l:lo macuJ.i-­

panna:s Ourt. will feed on plants containing mustard oil glucosidoo. 

Thorste.inson (1956), however, states that "various nutrients have an 

independent stimulus £or insect feeding and that all the chemical 

oonsti'tllents of' leaves, whether nutrients or not, may oontrib.tte to 

s election, acceptance or rejection or food. 11 , and be reported sucrose 

acting as a phagostimulant 1n seven polyphagous species of insects. 

Ito (1960) showed similar results with sucrose in Bomb:yx mori L. 

In fact, the relative importance in insect feeding of non-nutritional 

chemice.ls or 'token stimuli' 'When compared wi tb the general nutrient 

composition of the leaf is a subject upon which there bas been some 

considerable controversy. This controversy bas been well revim.red by 



Thoretoinaon (1960) and since it lies mainly beyond the scope of tho 

present investigation a det ailed account is not included hare. 

B, (JJALITATIVE REQUIJUH:NTS 

1. Qe.tbohydratas. 

Tho qualitative requirements for different sugars which can 

support the grovth and development of an insect are given in Table 1, 

There are a few insects in \.1hich it bas been shown that cnrbo­

hydratos in some form are an essential part of the diot, oxamplea 

being, T enebrio mol itor L. , Anagasta < Jmhestie.) kuehniell§. ze11. , 

Oryzaaphilus su.rip,ameneie (L.) (Fraenkel and Blewett 1943a, b; Fraenkel 

~ o.J..1950, Leclerq 1948), adults of Ca.lliphore. vicina {~erob:Q­

capbala) (Meig. ) (Fraankel 1936) and Agria (Psoudoeareophy~) Qf'tinia 

(Fall. ) (House 1954, 1956) . On the other hand TriboJ.ium con;tu,wm 

{Duv.), Lasiod,ema serricorne (Fab. ) , Ptinµa tec:j,us Boield, Atta.gqnu~ sp. , 

and t he larvae of Phgrmi§. regina Meig., Calliphora yicina (Meig.), 

Aedes ,aernti (L.) and ~ dQmeatica L. do not require any carbo­

hydrate in their diets, although they can utilise some of the sugars if 

present { see Table 1) (Fraenkel and Blewett 1943a, b; Moore 1946, 

McGinnis ~ RJ:i .1956, Sadee 1956, Akov 1962, Brookes and Fraenkol 1958) . 

From the information available it can be seen that generally 

pmrtoses were not required or were very- poorly utilised; whereas, 

hexoses, trisaceharides, disaccharides and polysaccharides were, with 



PENTOSES 
Xylose 
Arabinose 
Ribose 
Rbamnose 

HEXOSES 
Glucose 
Fructose 
Mannose 
Sorbose 
Galactose 

TRISACCHARIDF.S 
Melezitose 
Raffinose 

DI SACCHARIDES 
Maltose 
Cellobiose 
Trehalose 
Sucrose 
Lactose 
Melibiose 
Saccharose 

POLYSACCHARIDFS 
Dextrin 
Starch 
Glycogen 

SUGAR ALCOHOLS 
Mannitol 
Glycerol 
Sorbitol 
o<, -{llJlSOSIDES 

TABLE l 

Oualitative carbohydrate requirements of inses;ta 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 ~ 27 28 29 30 31 32 

--+ + - + + - + 
? 

+ 
+ 

+ + + + + ♦ + + + + + + + + + + + + + + + + + + - + + 
+ + + + + + + + ♦ + - + + + 
? ? + + + + + 

♦ 

+ - + + + ? + + + + 

+ + + + + + + 
+ + + + + + - + 

+ + + + + + + + + + + - ♦ 

♦ + + 
+ + + + + 
+ + + + + + + + + + + + + + + + - + + + + + + 
+ + + ♦ + - + + - + 
+ ♦ + + ? 

+ 

+ + - + + + + ♦ + + 
+ + - ♦ ♦ + + + + + + + - - ♦ 

+ ♦ + + 

+ + + + + + - + 
+ 

+ + + + 
+ + 



Key to Table 1 

+ utilised 
- not utilised 
? doubtful; addition may prove beneficial 

1 . Schistocarca gragaria (Forsk.) (Druid 1960b) 
2. Locusta migratoria 1 . (Dadd 1960b) 
3. Melanop:W,s biyittatue (Say) (Brown 1937) 
4. Blatella. m~rmanica (L.) (Noland and Baumann 1949) 
5 • Stee;obium p,.iceum (L.) (Fraenkel and Blewett 1943a, b) 
6 . Lyctus sp. Parkin 1936) 
7 • Oryzaephilus purinam~nsis (L.) (Fraenkel and Blewett 1943a, b) 
8 . 'renebrio molitor L. Evans and Goodliffe 1939, Leclercq 1948 end 

Fraenkel ~ ,al, 1950) 
Anthonomus grandis {Boh. ) (Vanderzant 1965) 

11. 
12. 
13 . 
14. 
15. 
16. 
17. 
18. 
19. 
20 . 

21. 
22. 
23. 
24 . 

25 . 
26. 
27. 
28. 
29. 
30. 
31 . 
32. 

Ostrinia nubilalis Hbn , (Bottger 1942, Beck 1950 and Beck JUI ,al, 
1949) 

Prodenia eridania Cram. (Crowell 1941) 
Pieris brassicae L. (Evans 1939) 
AvJ.aia urticae L. (Evans 1939) 
Phalera rucephala L. (Evans 1939) 
Galleria mellonella L. (Druid 1964) 
Plodia iJlterpunctella (Hbn. ) (Fraenkel and Blewett 19,46b) 
Anagasta kuelmiellt Zell. (Fraenkel and Blewett 19,46b) 
Ephestia elytelta Hbn. ) (Fraenkel and Blewett 19,46b) 
Cadra (Ephestif: caufell1 Wlk. (Fraenkel and Blewett 1946b) 
Agria aff':inis Fall . larva (House 1956., House and Barlow 1956~ 

1960) 
Agria aff:inis {Fall. ) adult (House 1956) 
CaJ,liphora yicina (Meig. ) adult (Fraenkel 1936) 
Cal,liphora yicina (Meig. ) larva (Sadee 1956) 
Phormia. rega:na Meig. ruiult (Rasso and Fraenkel 1954, Evans and 

Dethier 1957) 
Phormia regina Meig. larva (McGinnis oil .al,. 1956) 
Mµs(Ca gomestica L. larva (Brookes and Fraenkel 1958) 
Mus(Ca domestics. L. adult (Monroe 1960) 
Anastrepha ludena (Loew. ) (Bo.ker ~ J!l. 1944) 
Drosophila meln°rfter Meig. (Sang 1956) 
Aedee aegypti L. Akov 1962) 
~ mellifera L. (Bertholf 1927) 
Myzus persicae (Sulzer) (Dadd and Mittler 1965) 
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a r ew notable exceptions, utilised in almost o.11 cases. 

A more detailed discussion of some of the findings recorded in 

Te.blc l will be left until a later chapter when comparisons can be 

made with the results of the present work on Pieris brassicae L. 

2. Nitrogen compounds. 

All :insects require nitrogen for their development and growth and 

it is usually supplied in artificial diets in the form of the protoine 

casein and egg alb.Iman, or as individual amino acids. Casein, bec8Jlse. 

of its ready availability in standardised form, is t he protein moet 

frequently used in compounding insect diets. Thus casein has been 

used in studies on BlateJla eermanica, (L.) (Noland and Baumann 1949) , 

Attagema,~ sp. (Moore 1911>), Laeioderma. g§rricome (Fab.), §tago1;2y 

pe.niSceun1 (L.), Dermeste§ maculatua Deg., 0rv21aephilug surinamensis (L.), 

£':Unuij te9tus Boield {Fraenkel and Blewett 1 ')43a,b), TenebriQ mN:iioJ.' L. 

(Fraenkel ~ JQ. .1950), Ant!P,ngmus grandie (Boh. ) (Vanderzant .sit ~ -1962), 

Omtrmie nubilalie Hm. (Bottger 1942, Beck Jd, AL,1949, Beek and Stauffer 

1950, Chippendale and Beck 1964), Pectinopgqrc;i SQssypiella (Saund.) 

(Vanuerzant and Reiser 1956b), Anagasta Jmebniella Zell ., Epheeti~ 

elutene (Hbn.), Q.sm cautella Wlk. , Plodia interouneteJ.la (mn.), 

TineoJ,~ bisseJ.liella. (Hum. ) (Fraenkel and Blewett 19$a, b), Borqb;u l1l9rJ. L. 

(Ito 1960) , Galleri~ mellonalla L. (Dadd 1964), Dro§Ophila trlalanOiAnt~r 

Meig. (Sang 1956), Aedes aegypti (L.) (Akov 1962) , Phormia reg:!J:ui Meig. 

(McGinnis oil R-1-1956) • 
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In some instances casein alone is an inadequate source of organic 

nitrogen and in the locusts, S9histocerca gregaria (Forsk.) and Locu,sta 

migratori,a L., for example., satisfactory development required a diot 

having a mixture or casein, egg albumen and peptone (Dadd 1960a) . 

The nitrogen requirements can also be satisfied with amino acids 

and basically, the insects require the same ten amino acids classified 

as essential for the rat, namely arginine, lysine, leucine., isoleucine, 

tcyptopban, histidine, phenylalanine., methionine, valL'le and threonine. 

The work on which this general conclusion is based has been tarulated 

in the recent review of House (1965a) who has also noted the few known 

instances of departures from this basic requirement. In Tribolium 

t;onruwm (Duv. ) it was shown that a mixture of 19 crystalline amino 

acids known to occur in casein satisfied the nitrogen requirements of 

the larvae equally as well as purified casein (Lemonde and Bernard 

1951a) . However, this is not always readily shown and Dadd (1961b) 

for example, failed to adequately replace the protein content of his 

migratory locust diet with a similar mixture of nineteen amino acids. 

J . Vitamins. 

For a long time the view, that insects require vitamins only of 

the B-group, ,,,as generally accepted and most of the work was confined 

to the classification of the B vitamins into essential or non-essential 

for a particular insect. This work is summarised in Table 2 for ease 

of reference. 



TABLE 2 

Qyalitatiye reguiu,ments £or B vitamins 

Bi,1t~llit «@rmw101 {L.) 
§chistogttrQQ uegaria {Forak. ) 
k2eus;ta mtua.toria L. 
Atta,ggwg ap . 
c arpophilus pemiptarus L . 
Laaiode;ana serrigo1'f g {Fab. ) 
Tribol¼zm coni'U,y Duv. ) 
Darmostee mw;i.latus Deg. 
:Crilx>la-u,m AAotsngµm (Herbst) 
Oryzaggb:Uys wa,rinamensis {L. ) 
Palorus xatze'5rgi Wissman 
Ptinus tec;wg Boield. 
Tenem:io molitpr L. 
Stegobium paniceum (t. ) 
Antwnms grandis (Bob. ) 
Osk!zlia nubiJ.alis Hbn. 
Cbi]g si,mplex Butler 
Trichoplusia DJ (Hbn. ) 
Plodi~ 1nterpµncte11, (Hbn. ) 
Anagasta lruehniell~ Zell. 
Ephes~i~ elutellaHbn. ) 
C a.dt1, ce.utell4 Wlk • 
Galleria mellonel.J.g. L. 
Trugla bisselliella (Ihm.) 
Pect:tnophorg. gossypielJ.p. (Saund .} 
~rosophila melttoraster Meig. 
Aed§§ aegvpti L. 
CµJ.e; pipiens t . 
Phormi§. regina Meig. 
Musca domesticg. L. (larva) 
£!JA§nici§ ~uu,•icat1 (Meig.) 
~1n•i~ aff1nis (Fall. ) (larva) 
!mJJi ID§llifera L. 
Hylqrn'.'{g. anticm,g. (Meig .. ) 

~] i 
~ C\I i;; 

;io~ Q) ~ Pa> .E Q)~or18 •~ t) Qr-! 
e1a,e1..fl Medal~-i-lO o 
•n t:I t ..., J:l O () -~ 'm ..., :: J:j ~ 

i~.gi~i~]~ i 88 '~ ~,.~~,~i>OH~A ~,~ 
+ + + + + ♦ + + + s 
++++++++ + 8 
+ + + + + + + + 24, 25 
+ + + + + + 30 
++++++ + 2 
+ + + + + + + + +

1 +1 10, 13, 14 
+ + + + + + + + 10 
+ + ♦ + + + + 
+ + + + 
++++- ♦ -+ 

+ + + + ♦ ♦ + 
+ + + + + + + + 
+ + + + + + 
+ + + + + + + + + 
+ + + + + + + + + 
+ + + + + + 
+ + + + + + + + 
+ + + + + + + 
+ +1+ + + + + + 
+ + + ♦ + + + + 
+ + + + + + 
+ + + + +?+ + + + 
+ + + + + + + 
+ + + + + + 
♦ + + + + + + + + 
+ + + ♦ ♦ + + + -
+ + 
+ ♦ + ♦ + + 
+ + + + + + + + -

14 
10 

- + 7 
+1 +1 10 

+ 
+ 

+ 

- 14, 15 
2 
31 
5 
21 
6 

- - 12, 14 
+ - 12, 13, 14 

+ 

12, 14 
12 
9 
ll 
27 

- 29 
+1 :L, 4 

4 
23 
3, 20, 28 

++++- ♦- ♦ - - · 22 
+ + + + + + - + +1 -

+ + 
+ + + ♦ + + + + + 

19 
17 
16 



1 . 
2. 
3. 
4. 
5. 
6 . 
7. 
8. 
9. 

10. 
11. 
12. 
13 . 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

Key to Table 2 

+ essential 
- not essential 

+? not essential rut addition may prove beneficial 

Akov (1962) 
Blewett and Fra~kel (1944,) 
Brookes and Fraenkel (1958) 
Buddington (1941) 
Chippendale and Beck (1964) 
Chippendale _Q;t .al -(1965) 
Cooper and Fraenkel (1952) 
Dsdd (1961a) 
Dadd (1964) 
Fraenkel and Blewett (1943cl 
Fraenkel and Blewett (1946e. 
Fraenkel and Blewett (1946b 
Fraenkel and Blewett (1946c) 
Fraenkel and B181o1ett (1947a) 
Fraenkel JUc Al-(1950) 
Friend and Patton (1956) 
Ha~ak (1949) 
House (l949a.) 
House (1965a) 
House and Barlow (1958) 
Ishii and U rushiba.ra (1954) 
Kadner and La Fleur (1951) reported by House (1965a) 
McGinnis .§.:t .AJa . (1956) 
Moore (1943) 
Moore (19/46) 
Noland .il .W.• (1949) 
Ouye and Vanderzant (1964) 
Perry and Miller (1965) 
Sang (1956) 
Stride (1953) 
Vanderzant (1959) 



However, Dadd (1957) was the first to show that ~-carotene 

(a precursor of vitamin A) was essential for adequate growth and pig .. 

mentation in an insect, in this case the desert locust, Schistocerca 

gregaria (Forsk. ) . Vitamin A acetate was an adequate substitute for 

, -carotene ae far as the growth effects were concerned rut not for 

pigmentation. Dadd (loc. cit.) postulated an unknown essential 

factor which could be derived from , -carotene or vitamin A. 

On the other band vitamins A and D were tried in the diet of 

Triboliu.m gonfu.sum (Duv. ) and Acanthoecelides obtectus (Say) rut did 

not prove of value (Chiu and McCay 19.39) . However, House (1965c) 

supported Dadd I s findings when he showed that dietary vitamin A 

acetate apparently accelerated the growth rate in the larvae of Agria 

affinis (Fall. ) and enabled the adults subsequently obtained to 

prcxiuce young. 

Dadd (1957, 1960d) has also shown that ascorbic acid (vitamin C) 

is essential for normal growth and development in Schistocerca gugaria 

(Forsk. ) and this finding has recently been confirmed in several other 

species, notably in the boll weevil, AnthQnomus graru:lia (Boh. ), the 

bollworm, Heliothia .u1, (Boddie)., and the salt marsh caterpillar, 

.Es;t;igmene ~ (Drury) (Vanderzant .§.:t .§.1. 1962), the F.hropean corn 

borer, Ostrinia nubilal.1a Hbn. (Chippendale and Beck 1964), the rice 

stem borer, Chilo suppre§salia (Wlk. ) (Kamano 1964) and the cabbage 

looper, Trichoplusia .n! (Hbn. ) (Chippendale~ ,al . 1965) . 
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A number of insects, however, have been reared satiafactorily on 

diets in which ascorbic acid was excluded and 1n other cases it he.a 

been suggested that this vitamin merely performs a phagostimulant 

function (Thorsteinson 1956, House 1965a). 

4. E,w. 

Studies on the fat requirements show that only a re., insects have 

a specieJ. need for this material in their diets (Friend 1958) . Most 

of these insects are lepidopteran and their requirements can be met by 

the addition of pure linoleic acid or one of the natural oils contain­

ing 1:inoleic acid (e. g. corn oil or wheat germ oil) . This requirement 

has been demonstrated in the :&:lropean corn borer (Beck~ ,al.1949), 

the bollworm (Vanderzant and Reiser 1956b) and Anagasta kµehniel J.g. Zell. , 

Ephestia elutella (Hbn . ) and ~ cautella Wlk. (Fraenkel and Blewett 

1946d, 1947b) . In addition an identical fat requirement has been 

demonstrated in two isolated examples of the cyclorrhaphous flies, 

A~ria affini~ (Fall.) (House and Barlow 1960) and Cyliphora yiciJla 

(Meig.) (Sedee 1956). 

5. Sterols. 

House (1965a) showed that all rut one of the insects studied up to 

the time of his review require a sterol in their diets, the only 

exception being Ctenolepisma sp . (Clayton~ .il-1962). The sterol 

which best fulfills the immediate needs of insects is apparently 
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frequently cholesterol and Levinson (1962) demonstrated that a variety 

of phytophagous species distributed among the Coleoptera, Diptera, 

Hemiptera, Hymenoptera, Lepidoptera and Orthoptera can convert the 

sterols of their food into cholesterol, whereas, non-phytopbagous 

insects like Derme;ij;es or Attagenue are incapable of doing this. He 

a.ddod tht-t cholesterol was required for larval growth and reproduction. 

However, in some insects cholesterol has been shown to be less 

suitable than various other sterols of plant origin. Thus, the silk­

worm, Bombyx mori L. cannot be reared on a sterol-free diet and 

although cholesterol when added to this diet, results 1n improved 

survival and growth, the effect of a number of plant sterols is very 

much more marked (Ito J!.t AJi . 1964) . They suggested that the dietary 

sterols wore primarily nutritional requirements 1::ut also played a 

minor part as phagostimulants. On the other hand, Dadd and Mittler 

(1965) failed to improve growth of the aphid , ~ persicl!§ (Sulzer) 

with the inclusion of cholesterol in the diet, rather, the incorporation 

of cholesterol suspension retarded growth. 

6 . MineraJ.s. 

The minerals in insectan synthetic diets are usually provided by 

the inclusion of one of the v1ell-known mammalian salt mixtures and 

compar atively few attempts have been made to study the relevant effects 

of different minerals. However, Dadd and Mittler (1965) showed that 

in the absence of magnesium chloride and potassium phosphate the larval 
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growth of the aphid , ~ pex-sicae (Sulzer) 1,,as stopped . Potassium, 

phosphorus, magnesium and sodillm hl ve been termed as essential f'or the 

development of Drosoph:lla melanogaster Meig. (Sang 1956) and zinc wcs 

found to be an essential trace element for Tenebrio molitor L. (Fraenkel 

1958) . Satisfactory growth of locust nymphs was obtained with four 

salts comprising the eight radical n Na, Ca,¥, Mg, co3, Cl, P04 and ro,. 

(Dadd 1961b) . Magnesium was shown to be the only indispensable mineral 

for proper growth of the boll weevil (Vanderzant 1965) . 

Reduction in larval weight, reduction of relative growt h rate, 

increasod lurval mortality and del ayed pupation were noticed in the 

l arvao of Pieris brassicae L . fed on the leaves of plants showing 

symptoms of deficiency of nitrogen , phosphorus, potassium or iron 

(All en and Selman 1957) . House and Barlow (1~'65) have shown the 

importance of the inorganic composition of the food of insects by 

introducing cobalt, copper, manganese and zinc into a new salt mh-ture 

added to the diet of .£!:gili affinis (Fall~). The body weight and 

protein content of the l arvae reared on the diet with the new mixturo 

were superior to that of larvae reared en the same diet with the 

ad.di tion of a commercial salt mixture, and in fact equalled that of 

l arvae reared on pork liver. 

7. Other substances. 
a) Agar 

Agar has been in common use for formulating the diets for insects. 

Bottger (1942) and Beck -2.t J!d: . (1949) used it as an inert carrier in the 
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diet of the European corn borer. Tanton (1965) mainta:ined that a 

suitable physical texture of the medium increased the intake of syn­

thetic food and he tried to achieve this ,dth agar in the diet of the 

mustard beetle, Phaedon coch!ef!t.!,§ (Fab.). Agar ws.s also used in the 

diet of silkworm by Ito (1960). 

b) Cellulose 

The use of cellulose for making up the ' roughage' or 'rulk' in a 

synthotic diet is frequently reported in the literature, two of the 

most recent examples being diets for the cabbage looper (Chippendale 

JU JaJ. .1965) end the wax moth (Dadd 1964) • 

Cellulose may be obtained in various forms and one of these, called 

Cellophas, can be readily formed into sheets. It was used by Stride 

(1953) to give a proper structure to the diet of CarpoplJilus h~mipte;rg,§ L. 

and because of its physical properties he suggested its use 1n synthetic 

diets for leaf eating insects~ 

An alternative method of obtaining cellulose in a 'leaf-like' form 

has been used by Niimu.ra and Ito (1964) in their study of pba.gostimulants 

for silkworm. The larvae were fed on sucrose impregnated on filter 

paper previously heated to 200°0 for fifteen hours. 

O. (JJANTITATIVE RE~IRD-fENTS 

The quantitative inter_relationships of the constituents of a diet 

may have a marked effect on tbe insect. Even the essential nutrients 

in inappropriate proportions can adversely affect the grm.rth and 
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development of an insect as has been well shown in the case of the 

European corn borer (Beek 1956b), the pink bollworm (Vanderzant and 

Reiser 1956a) and 1n that of Celerio euphorbiae (L,) larvae (House 

1965b) . 

1. Carbohydratgs, 

There is little detailed information in the literature on the 

optimum quantitias of carbohj'drates required in the diets oi' various 

insects. Table 3 is a summary of data from some of the publishod 

work in which carbohydrate quantities have been varied in artificial 

diets, 

The table deals solely with the total percentage amount of carbo­

hydrate used by various authors, since more detailed information on 

the quantitative inter relationships of individual carbolcydrates in 

insect diets is extremely scarce. Furthermore, the percentage values 

quoted are not necessarily the optimum levels of carbohydrate for the 

growth and development of a particular insect. An author may have 

used only two concentrations, the figure quoted in the table being the 

one which gave t he best results. The value of these figures is also 

affected by the fact that in most cases authors have not attempted t,o 

separate the optimum concentration of augar required from a purely 

nutritional point of view, from that required for a diet to exert its 

maximum phagoatimulant effect~ 



TABLE J 

Total quantity or utilisable carbohydrate in diets ror various insects 

Species 

Attagenus sp. (larva) 
Dermestes vy,lp:inus Fab. 
T ineola bissgllielza (Hum.) 
CaJ.!iphora yiginR Meig.) (larva) 
Phormia regina Meig. (larva) 
Aedes aegypti (L.) 
Lasioderma serricorne (Fab. ) 
Pt:inus tectus Boield. 
Tribolium confuswn (Duv.) 

A~ affinis (Fall.) 

Drosophila melanogaster Meig. (larva) 
fectinophora goss;ypialla (Saund. ) 

Ostrinia nubilalis Hbn. 

AntnonoYllU.§ grandis (Boh.) (larva) 

Total %age of 
carbohydrate 
in the diet 

Not required 
ti II 

" n 
" n 
n n 
fl 11 

" n ) 
II · It ) 

It fl ) 

45% starch ) 
used in the) 
diet ) 
Not essential 

Optimum growth 
on 0 . 5 
0 . 75 

2.5 

4-6 

0. 7 

5 • .3 

.3.5 

Nature 
of 

carbohydrate 

Although devel­
opment slowed 
in its absence 

glucose 

fructose 
glucose (amino 
acid medium) 
sucrose (casein 
medium) 
early )fructose, 
instars) 
late ) glucose or 
in stars) sucrose 
fructose,maltose 
or sucrose 

Author 

Moore (1946) 
Gay (19.38) 
Fraenkel and Blewett (1946a) 
Sadee (1956) 
McGinnis~ .fl.! , (1956) 
Akov (1962) 
Fraenkel and Blewett (194.3a,b) 

·"Fraenkel. and Blewett (194.3a,b) 
Chiu and McCay (19.39) 

House and Barlow (1956) 

Sang (1956) 
Vanderzant (1957) 

Vanderzant and Reiser (1956b) 

Beck (1956b) 

V anderzant (1965) 



TAfil.lt J (Continued) 

Total quantity of utilisable carbohydrate in diets for various insects 

Species 

Myzus persige& (Sulzer) 
Hylemya ,mtigua (Meig. ) 
Schistocerca gregari§. (Forsk.) 
Locusta migratoria L. 
Blatella germanica {L.) 

Gal 1 eria mellonella L • 

.§tegobium 1rnnicaum (L.) 

PrvzaenbiJu,§ wrina,mensis (L.) 

Plodia interpunctella (Hbn.) 

EphestiI& elutella, (mn.) 
Cadra c@tella. \Uk. 
Anagasta lmelm.iella Zell. 

Palorus ratzel:urgi Wissman 
Tenebrio molitor L. 

Total %age of 
carbol:zydrate 
in the diet 

10-20 
24 (dry) 
26 (dry) 
26 (dry) 
32 
65 (dry) 

Approx. 25 (wet) 
35-45 {dry) 
45-50 

45-50 

3.3-66 (wet)) 
50-80 (dry)) 
50-80 
50-80 
66 (wet)) 
80 (dry)) 
80 
80-85 

Nature 
ot 

carbohydrate 

sucrose 
dextrose 
glucose, sucrose 
glucose, sucrose 
glucose, dextrin 
sucrose, lactose, 
dextr:ln 
glucose 
glucose 
starch or 
glucose 
starch or 
glucose 
glucose 

glucose 
glucose 
glucose 

glucose, starch 
glucose, starch 

Author 

Dadd and Mittler (1965) 
Friend (1956) 
Dadd (1960c) 
Dadd (1960c) 
Noland ~ ~ - (1949) 

!Jousa (1949a) 
Dadd (1964) 
Dadd (1964) 

Fraenkel and Blewett (1943b) 

Fraonkel and Blewett (1943b) 
Fraenkel and Blewett (1946b) 

Fraenkel and Blewett (1946b) 
Fraenkel and Blewett (1946b) 
Fra.enkel and Blewett (1946b) 

Cooper and Fraenkel (1952) 
Fraenkel ~ l!l. (1950) 



. ln spite of all theoe qualifications certain tentative conclusions 

are probably valid. At one end of the scale are insects feeding on 

organic debris of various sorts, such as carrion, fur, wool and blood, 

which can be reared 1n the absence of carbo~rate or on very low levels 

of this mater~al.. At the other end of the scale are the highly 

adapted stored products pests which seem to have become dependent upon 

a very high level of carbohydrate, values in excess of 50 per cent 

being optimal in synthetic diets. 

Pbytophagoue insects seem to require a moderately low pereentago 

of carbohydrate in thoir diet and this may be due to the fact that the 

major constituent of their natural diet is water. Insects like the 

cockroach and the wax moth seem to lie mid way between the pbytophagous 

group and those living on high carboh'°rate food . 

2. Nitrogen . 

The total percentage nitrogen suppl ied in synthetic diet s for 

various insects is given in Table 4. The same qualifications apply to 

the figures quot ed in this table as to those of Table .3. However, 

again tentative conclusions can be drawn in this case. 

Insects feeding normally on protein rich food ., auch as the larder 

beetJ.e ., fly larvae and clothes moth larvae are obviously best reared on 

protein rich synthetic diets. At the other end of the scale are the 

phytophagous insects which appear to require a very low percentage of 

nitrogen because of the high proportion of water which must be supplied 



'l'ABLEJ. 

Total quantity of utilisable nitrogen in diets of various :insects 

Species 

Aedes aegvpti (L.) 
Anthonomgs grandis (Boh. ) 
Pectinophor~ gru;~vpi~lta (sauna.) 
Hylemya ant1.gp,a Heig. 
My;us persigae (Sulzer) 
Ostrinia nubilalis Hbn. 
Drosophila melanogagwMeig. 
GeJJeria mellonella L. 
Tribolium confg,sum {Duv. ) 

Palorns ratzel;urgi Wissman 
T enebrio molii;or L . 

Anagasta ku,ehni,ula. ze11. 

Total %age 
' nitrogen' 
in the diet• 

1 
1 . 9 
2.1 
2.42 
3 

2. 9-3 . 7 
5 

15 
15-45 

20 
20 
10 
20 

Approx. 20 
45 

Nature of 
nitrogen 

compounds 

casein 
amino acid mixture 
amino acid mixture 
amino acid mixture 
amino acid mixture 
casein 
casein 
casein 
brain protein, cas­
ein, cotton seed 
protein, fibrin, 
gluten wheat, gly­
cine, lactall:umen, 
liver protein, pea­
nut protein, soybean 
protein 
amino acid mixture 
casein 
casein, lactall:umen,) 
pea.nut protein ) 
casein 
casein 

Author 

Akov (1962) 
Vanderzant (1965) 
Vanderzant (1957) 
Friond {1956) 
Dadd and Mittler (1965) 
Chippendale and Beck (1964) 
Sal:LJ a 956) 
Dadd (1964) 
Chiu and MeCay {1939) f Fraenkel 

and Blewett (1943a,b) 

Lemonde and Bernard (1951b) 
Cooper and Fraenkel (1952) 
Fraenkel JU l!l . (1950) 

Fraenkel and Blewett (1946b) 
Fraenkel and Blewett (1943b} 



~ABLS I,. (Continued) . 

Tot§l swanY.tx or 11tt1,ial?J,e ntt,mgen 1n di9ts ot xw:iwo, ;tnscct.g 

Total :!age Nature of 
Species ' nitrogen' nitrogen Author 

in the diet* compounds 

BJ.atallA SPm®iQU. (L.} 22- 24 casein, yeast F.a.;ydak (195,3) 
30 casein or amino F..otise (lS.( ';.::.) 

acid mi:rlA.tre 
Bombyx ~ L. (lo.r,,a) Zl-30 dry casein Ito and & r.ie (1962} 
Phomie. x:egina ne1g. (larva) 10 amino acl.d mixturo} Md.H.11nis ,il .I}. . (1956) 

29 casein ) 
C§J,li12h9ra. ~a (11.eig. ) (larva) 10 wot casein Sedae (19'6) 

SO d17 
Dermoro;es wl,p;tnus Fab. 44-4 casein, cystino, 0a,y (1938) 

S:t,ggbiµm p:anis;om (L . ) 
yeast 

45 casein Fraankel Md Blewett (1943b) 
om<!§J2b1J.us ;runru,µ;tons.is (L.) 45 casein Fraonkel and Blawett (1943b) 
Ptf1JJ1s WSWw Boield. 45 casein Fraenkel and Bl9Wett (194.)b) 
t'ineola 'biasellioJ.1: (aim.) Approx. 45 casdn, :,e-a.st Fraenkel. and Blewett (1946a) 
1-~ sJomesta&A L • larva) Approx. ?O casein Honro-e (1~2)~ Perry and 

Killer (1965 

*Figures represent the percentage of the compounds listed j_~ column 3 
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in the diet . 

3. Vitamins. 

The quantitative amounts of B vitamins in various synthetic diets 

are given in Table 5. However, in addition to B vitamins the insects 

may require vitamins A or C for their development. The larvae of tho 

boll weevil did not develop to adul ts when the eggs were obtained from 

the parents fed on a diet containing less than 0.05 per cent ascorbic 

acid (V anderza.nt .§.:t lY:-1962); the European corn borer required O .,5 

per cent a scorbic acid in its diet (Chippendale and Beok 1964); ascorbic 

acid at the rate of one per cent of the dry diet increased survivel 

especially in the late stages of the larvae of the silkworm and proved 

to be a rel at i vely strong stimulant for feeding of the larvae (Ito and 

Poria 1962); 0 . 2 to 0 . 4 per cent was found to be essential in t he diet 

of~ suppressalis (Wlk.) (Kamano 1964), and 0 .5 per cent in that of 

the cabbage looper, Trichoplu.sia ni (Hbn. ) (Chippendale fill _gJ, .1965). 

In t he diet of the desert locust, Schistocerca gregaria (Forsk, ), 

omission of ascorbic acid caused complete mortality of hoppers by t he 

fourth inst o.r. Omission of ~-carotene also caused. high mortality in 

the earl y instars and the surviving nymphs which reached the fifth 

instar l ~cked yellow colouration (Dadd 1957) . Dadd used ascorbic acid 

and ~-carotene at concentrations of 0.44 per cent and 0.ll per cent 

respectively. 



TABLE 5 

Total quantity of B vitamins in diets of various ii.niwct~ 

Species 

Z:tiboliµm confusum (Duv.) 

Musca ggmestio;. L. 

llrgsgphila melanogaat§r Meig. 

H;uemv:a antiqua (Meig.) 

Total %age 
of B vita.- Author 
mine in the 

diet 

0 .00163 Fraenkel and Blcitett (1947a) 

0 .00392 House and Barlow (1958) 

0.004.37 Sang (1956) 

0 .007756 Friend and Patton (1956) 

Pgctinophora. goss;vpiella(S81llld.) 0 .0075 Ouye and Vanderzant (1964) 

Aed,ae s,egvpti (L.) 0.01286 Akov (1962) 

TenfibriQ molitor L. 0 ~0335 Fraenkel .il Al. . (1950) 

Trichgplus1a .w, (H'l:m. ) 0. 0327 Chippendale~ Al, . (1965) 

Schistoqorgg. ifegar1a (Forsk. ) 0 .06-0.18 Dedd (1961a) 

Anthonomus ,n:and+s (Boh. ) 0. 073 Vanderzant (1965) 

X:tn~mla birurnll3.ella (Him. ) 0 ,.075 Fraenkel and Blewett (1946a) 

Lasioderma serricorne (Fab. ) 0.1 Blewett and Fraenkel (1944) 

Stegobiu.m paniceum (L.) 0 .1 Blewett and Fr.aenkel (1944) 

Myzu,s persicae (Sulzer) 0. 12.31 Mittler and Dadd (1962) 

PaJ.o;ms ,tatzerurgi Wiseman 0 . lJ Cooper and Fraenkel (1952) 

G{\lleri§ mellonella L. 0 .1732 Dadd (1964) 

Ost,;;in~A nubllelis Hbn. 0. 2327 Chippendale and Beck (1964) 

Blate11a gemanica (L.) app. o. 26 House (1949a) 



4. Fats and ratty acids. 

Not much work has been done on the requirements for fats and fatty 

acids 1n insects. However, these have been included in the diets of 

a few insects. For instance linoleic acid or a mixture of linoleio, 

oleic and linoleinic together with a small amount of various fully 

saturated. acids, was found to be a necessary component of the diet of 

the locusts (Druid 1961b), linoleic and linoleinic acids being used in 

the concentration of five milligrams per gram of the diet. Similarly, 

O. 25 gram corn oil was used per 100 grams of medium for PectinophorEJ. 

gossypiella (Saund.) larvae since linoleic acid makes up about 58 per 

cent of the connnercial corn or 'Mazola' oil (Vanderzant and Reiser 

1956a, b), while Beck (1950) used one per cent linoleic acid in the diet 

of the &iropean corn borer 0strinia nubilalis Hbn • . In the cabbage 

looper, Trichoplusia !!i (Hl:n.) certain lipids were shown to contain a. 

wing development factor and a lipid extract of cabbage tissue used at 

the rate of 0 .064 gram in 100 grams of the medium gave satisfactory 

results. However, Ishii and Urushibara (1954) could not find any fat 

requirements in the larvae of the rice stem borer, Chilo simplex ButJ.er. 

, . sterols. 

The work on requirements for sterols in different insects hae been 

reviewed very recently by House (1965a). It appears that insects are 

generally supplied with cholesterol in artificial diets, rut the 

quantities vary in different species. A few examples may be quoted 



to show the optimum percentage of cholesterol in diets for various 

species (Table 6) . 

6 . Minerals. 

The quantitative requirements for minerals in the diets of insects 

have not been given much attention and the published work does not lead 

to any general conclusions. Hwever, Fraenkel (1958) found that the 

zinc concentration may be a limiting factor for the growth of Tenebri9 

molitor L. with 6 p . p .m. required for optimal growth, rut as little as 

0 . 37 p .p .m. giving a growth response. The potassium requirements fell 

between 1. 7 and 2. 9 per cent or the diet. 

The diet of Hylemya antiQUa (Meig. ) contained a 0 . 2 per cent mixture 

of various mineral salts (Friend 1956). The aphid. , liimu! persiqg,g 

(Sulzer) required 43 to 85 milligrams of phosphate, 35 to 70 milligrams 

of potassium and 25 to 30 milligrams of magnesium chloride per 100 milli­

litres of the diet (Dadd and Mittl.er 1965). 

Dadd (1961b) obtained satisfactory growth of locust hoppers on a 

diet with a simplified salt mixture. This mixture included sodium 

carbonate, calcium chloride, potassium phosphate and magnesium sulphate 

mixed e.t 20, 15, 50 and 15 parts by weight respectively. A medium 

containing 1 . 2 per cent of salts seemed to have an optimum effect on 

the development of the pink bollworm, Pectinopbora. goseypiella (Saund. ) 
and Reiser 

(Vanderzant/1956b) . The boll weevil 's (Anthonms grandiQ (Boh. ) 

needs were satisfied by 0.1 per cent magnesium sulphate in a synthetic 

diet. Doubling this amount caused higher mortality and ommission 



TABLE 6 

'foW gµantity of cholesterol :tn diets or various in;;zect@ 

Species 

Drosophila melanogaster Maig. 

Aedes aegypti (L.) 

Hzlemya enMgua (Meig. ) (larva) 

M~ domestica L. (larva) 

Pectinophora gossypiella (Sannd. ) (larva) 

Bomb;vx ~ L. and 
Triclpplusia m (Hbn. ) (larvae) 

!Jermestes maculatus Deg • 

Schistocerca m:egaria (Forsk. ) 

Anagasta kuehniellt zen., 
Ephestia. elutallaHbn. ), 
Cfidra caute11a Wlk. , 
Plodia :i.ntex:punctella Cll bn. ) and 
.9 st r in i a nubilalis Hbn. (larva) 

Total %age Author 
cmlesterol 
in the diet 

0.01 to 0 .05 (Sang 1956) 

0 .02 to 0 .032 (Akov 1962) 

0.1 (Friend 1956) 

0. 2 (Monroe 1962) 

0.01 to 0 .3 (Vanderzant and Reiser 1956b) 

0 .3 (Ito ~ ,aJ.. 1964, Chippendale 
n ,a.1. 1965) 

0 . 32 (Levinsan 1962) 

0 . 84 (Dadd 1960b) 

1 (Fraenkel and Blewett 1943d, 
19$<1, Beck 1950) 



resulted in smaller adults, slower development and again a lower 

survival (Vanderzant 1965) . 

7. Other substances. 
a) Agar 

Tanton (1965) showed that an increase in the agar concentration of 

the diet of the mustard beetle, Phaedon cochleai:iae Fab. , proved 

beneficial. Quantities of up to 6 per cent agar were tried and t he 

highest amount of f ood was consumed at that level. 

D. COMPARISON OF DIETS 

As artificial diets are developed for various insects it becomes 

essential to have precise methods of evaluating these diets in comp ... 

arisen with one another and 'With the natural f ood. One method of 

achieving this is to obtain some quantitative estimate of the proporti on 

or food actually utilised by the insect for energy production and the 

building of body tissues. 

The first attempt made in this direction was that of Evans (19.39) 

who calculated three parameters which he termed the coefficients of 

utilisati on, growth and metabolism. These were derived as followss-
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Coefficient of utilisation= A - B 
A 

Coefficient of growth = _..Q_ 
A-B 

Coefficient of metabolism = (A - B) - C 
A-B 

wherei-

A = Dry weight of food consumed 

B = Dry weight or faeces produced 

C = Increase in dry weight of larvae 

I 
I 

Four species of insects were used., these being PbaJ.era l:ncephalg. L. 

vhieh was fed on hornbeam foliage., Male.co some. neuetria (L.) fed on 

willow f oliage, Aglaia urticag L . fed on nettle and Pieris brassicae L. 

fed on cabbage leaves. It was noticed that the larvae of the species 

studied utilised and consumed food at very different rates. The 

amounts of carbohydrate, fat and ash utilised per gram of larva per day 

varied very much in the four species. 

Davey (1955) investigated the amounts of food eaten by the boppers 

and adults of Schistocerca gregaria (Forek. ) and showed that t he 

coefficient of utilisation falls from 78 per cent in the first instar 

to 35 per cent in the fifth instar. The food consumption per bopper 

increased with the number of hoppers per cage. 

Dadd (1960e) found that in the locust, Schistocerca. gregaria. 

(Forsk. ), growth could oc~ur on diets lacking yeast, sugar and wheat 



ge:rm oil, ( the only dietary components found to have phagostimulatory 

properties), and it appeared that special gustatory stimuli were 

necessary for initiating feeding activity in hungry hoppers. So, ho 

compared the aJllounts of various complete diets eaten and the faeces 

produced from them. No major differences in feeding attr1l:utable to 

palatability were apparent, wt the amounts of food taken -were found to 

be related to differences 1n utilisability. With both the species, i,e. 

Schis;tgcerca and Locuata. the lower the utilisability or the rood tho 

greater the amount eaten and for a range or diets or various utilis­

abilities, including fresh grass, the values obtained by multiplying 

the amount eaten (dry weight) by the coefficient of utilisation were 

similar f or each species . He Sltggestad that the amount of food ea.ton 

appears to be largely regulated by its overall utUieability. 

Smith (1959) fed the migratory grasshopper, Melanoplue bilitu;x:A.t\1,e 

(Walker), on either wheat, western wheat grass or oats for 40 days 

after hatching. The amounts of wheat and western wheat grass consumed 

were approximately equal and were twice that of oats. The final 

weights of hoppers were less on oats by a.bout one-third. Overall 

utilisation was .32 per cent on each of the three foods. The coefficient 

of growth was 38 per cent for oats, 32 per cent for wheat and 27 per 

cent tor western wheat grass and was negatively correlated with the 

amount of food utilised. So, the various criteria indicated that 

the wheat was a good food. 



Wsldbaur (1964) calculated the consumption, digestion and 

utilisation of aolanaceoua and non solanaceous plants by larvae of the 

tobacco hornworm, Protoparce aex:ta (Johan.). The coefficient of 

growth Hae higher on solanacooue plants i .e. potato and Solsnum 

dulcama,ra (where it was 64 and 64.4 per cent respectively), l:ut it wa.a 

only 53.4, 47.9 and 38.5 per cent respectively on the non solanaceoue 

plants , Tarjpmcµm orrioinala. Arctium minua and Verbasgum thapsus. 

E. CO?lCWSION 

Obviously much information bas been obtained on the requirements 

of insects by carefully controlled feeding tests, and considerable 

skill baa been developed in rearing, often aseptically, insects on 

synthetic diets. Few insects, apparently, prefer such diets in place 

of their natural diets. However, the information obtained with these 

chemical diets is applied by the worker or the dietician in selecting 

combinations that supply the optimum daily quantities of protein, 

vitam:ins and other dietary essentials. 

One conclusion to be draw from this review is that comparatively 

little has been done as far as nutritional studies on phytophagous 

insects are concerned. This was the major governing factor in the 

choice Qf the cabbage white tutterfly larva as the subject of the 

presant investigation. Moreover, this particular phytopbagous insect 

is a. pest of economic importance all over the world and also has the 
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advantoge f'or this type of 'Work of being readily reared in the 

labora tory at all times of the year. 

There is exceedingly little published information on the nutrition 

of this insect which could provide a etr.rt:ing point for this work. 

It was not possible to take up all the aspects simultaneously, although 

an attempt has been made to investigate, as far as possible, the basio 

food requirements of the larvae and to evolve a chemically and physically 

suitable diet. This bas, to some extent, involved investigations into 

the phagoetimulant eff eets of certain nutrients. An attempt bas been 

made to evaluate quantitatively the requirements tor several componante 

of the insect's diets and also to provide a quantitative comparison 

betueon oome of the diets formula.ted and the insect• s natural food. 



CHAPTER II 

MATER:W,S AND METHODS 

A. MASS OUL'lURE TEX:'mII~~ 

Tho insects used in this work were all doecendants of en original 

oultux-o of 1::utterflies reared from eggs supplied by Dr. W. A.L. David 
Unit 

of tho Agricultural Research Counc:lJ.3/°f Insect Physiology, Cambridge, 

1. The Mµlte. 

The culture of adults was maintained in a cage measuring 40 x 

30 :x 36 inches high. The top or the oage and one of the ,30 inches 

wide walli3 were m:ide of terylene netting stretched on light wooden 

frames. The other sides were made of glass and the floor made or 
hard-board.. Access to the cage was through a sleeve fixed in tho 

lower half of the terylene covered side (Plate 1). 

The cage was placed in a greenhouse to allow maximum daylight tut 

supplementary sources of light, as described by David and Gardiner 

(1952, 1961a) , were provided. These consisted of two Mazda fluoroscent 

80 vratts daylight strips set to a sixteen-hour day length end a Philips 

400 watts mercury fluorescent reflector lamp which was used to give a 

sunlight effect on cloudy days. 

The greenhouse was heated during the winter by means of a Hu.max 

Autohoat fan heater. No attempt at strict temperature control was 

mado, the variation during the course of a year being from 13°0 to 28°C. 



PLATE 1 

Showing cage containing the culture of adult butterflies. 





The rut terf l ies were fed on a 10 per cent solution or honey 1n 

water, This was placed in 2 x 3/8 inch specimen tubes which were 

fixed to perspex artificial •nowers' of the type deeoribad by David 

and Gardiner {1961b). These 'flowers' were arranged in groups of 

f our . and each group (Plate 2) was made from a perspex plate 1/8 inch 

thick and 4 inches square. Four holes were drilled in this plato for 

the four honey tubes, the centre of each hole being l ¾ inches from the 

corresponding corner of the plate. This hole was approximately 3/8 

inch in diameter and was surrounded by a blue or yellow painted circle 

l ½ inches in diameter. This coloured oirola was in its turn sur­

rounded by a white painted band, halt en inch in width. The f'l.owere 

wero pa:1nted blue or yel low as the rutterf'lies are attracted to these 

two col ours (David and Gardiner 1952, 1961b). Usually four groups of 

flowors wore placed in the cage at two different levels each supported 

by a rod fixed below in a pot. The tubes and the flowers wGre oloanod 

regul arly and fresh honey solution was added f!Very day. 

Bggs were obtained by placing either young potted cabbage pl ants 

or l arge cabbage leaves in the cage, David and Gardiner (1962) 1-iav:ing 

shown t ho necessity for bringing the fore-legs. into contact with t he 

cabbage t issue in order to evoke oviposition. 

2. The cate;cpll:J,ars. 

The leaves on which the eggs were la.id were taken out of the cage 

and were kept in the greenhouse in small round tins, three inches high 



PLATE 2 

Showing groups of artificial flowers. 
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and with a diameter of eight :inches. On hatching, the caterpillars 

were fed on cabbage leaves and when they entered the fourth instar the 

tins were covered with terylene nett:ing to prevent escapes. The fifth 

instar caterpillars were transferred to large biscuit t:ins measuring 

1~ x 10½ x 12 inches high in each of which was placed a piece of wire 

gauze resting about three inches from the bottom. The caterpillars 

and the cabbage leaves remained above the gauze, while the faeces 

dropped through and were regularly removed . These tip.a were also 

covered with terylene netting. The caterpillars were allowed to 

pupate ins~e the large tine and the adults on emergence were trans­

ferred to their cage. The tins were thoroughly washed and cleaned 

before use with each new batch of caterpillars. 

B. EXPERIMENTAL CUL'IURE TECHNI~ES 

1. Laboratory Rearinga. 

For experimental purposes caterpillars were removed from the 

cl!llture and placed on the modia under investigation which were contained 

in glass tubes. The size or the tubes used depended upon the stage in 

the larval life under investigation, small caterpillars being maintained 

in 3 x 1 inch tubes and the last instar in 8 x l¾ inch tubes. If the 

caterpillars were t o be kept for a long time on the media, the tubes 

along with the media were autoclaved for twenty minutes at a pressure 

of ten pounds per square inch, the temperature being 115°c, The tubes 

were always plugged with non-absorbent cotton wool and sterilized 

absorbent gauze. . 
') 7'" 

cf. h z..C 



For th.a experiments designed to investigate the amount of food 

consumed and utilised by the caterpillars, only the fifth 1nstaJ;' larvae 

were used and they were allowed to feoo on the mooia for twenty .four 

hours. In these 8Jq)eriments the media were poured into glass petri 

dishes l ¾ inches deep and with a diameter or 1 7/8 inches. Each dish 

was covered with terylene netting, after adding the larvae, and was 

placed :In the insectary at a temperature of 28 t. Z:,c. u ruler 

fluorescent lights which gave a sixteen-hour day length. 

2. Preparation of Experimental Media. 

a) Leaf powder 

Cabbage leaves were subjected to steam over a water bath for five 

minutes in order to kill the enzymes, and were th.en dried in an oven 

overnight at a temperature of' 11Po. The dried leaves were ground into 

powder which was then used to make the media. Freeze dried cabbage 

was also used to make t he lea£ powder and in this case, it was oven 

dr ied without any previous steam treatment. The response of the larvae 

was not affected by the method or preparation of the leaf powder. 

b) Vitamins 

B vitamins were weighed and dissolved in distilled water, 

appropriate quantities of the solution being ueed in making media. 

c) Mixing 

All the ingredients or each medium, with t he exception of agar 

and vitalllins, were weighed, stirred together while still dry and 



ground uith a pestle and mortar for thorough mixing. Nutrient agar 

was always dissolved in the required amount of distilled water with 

the aid of a boiling water bath and then added to the rest of the 

ingredients while bot. After cool ing the specified quantity of - ' ) 
-C 

vitamin solution was added and the complete medium thoroughly mixed. h 

Small quantities of the medium were mixed by hand and lergor quantities 

were mixed 1n an M.s.E. 1Atomix1 homogeniser. 

C, METHODS OF RECORDING RESULTS 

1, Mea§U,;ement ot Larval Weight. 

a) Live weight of caterpillars 

An estimate of' the gr01.,Jth of the caterpillars on a given medium 

was obtained by weighing them on a torsion balance (100 x 0. 2 mgm.) 

at the beginning and end of the experimental period. 

b) Dry weight; of caterpillars 

The utilisation of food was measured on the basis of dry weight 

r eadings. The caterpillars were dried at 110°c for sisteen hours, 

then removed from the oven, placed in a desiccator, and finally weighed 

on the t orsion balance. 

In order to measure the dry weight gain during the course of a:n 

experiment, initial. dry weights are required in addition to final dry 

weights. These initial dry weights, obviously, have to be estimated 

and for this purpose a larval drying factor was cal.clllated at the 

beginning of eaeh experiment. In order to obtain this factor a batch 
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of approximately twenty larvae, which were as similar as possible to 

the experimental larvae, was removed from the same etock cultura. 

After recording the individual live weights of these larvae, they were 

dried to constant weight at uo0c. The drying factor was simply the 

ratio of dry weight to live weight and could be used to estimate the 

initial dry ueights of experimental larvae with known live weights. 

In order to do this the live weight of each caterpillar was multiplied 

by the average drying factor for the caterpillars of that particular 

batch. 

2. Measurements or Wei~hts 0£ Food Consumed end Faeces Produced. 

The consumption of food by the larvae and their consequent 

production of faecal material were measured in one of the two ways, 

either gravimetrically or colorimetrically •. 

a) Gravimetric method 

Food consumption was measured. directly by subtracting the finol 

dry weight of the medium at the end of a particular experiment from tho 

estimated dry veight of the same medium at the beginning of the 

e,cperimont. The estimated initial dry weight was obtained by the use 

of a drying factor in an identical manner to that described for est­

imating the initial dry weight of larvae. Faecal p1'0duotiou was 

obtained by carefully collecting all faecal material and drying it to 

constant weight. 



b) Colorimetric method 

An alt-er.native method of measuring rood consumption was also uaed, 

the colorimetric method of' McGinnis and Kasting (1964a, b). This 

method avoids the necessity for estimating initial dry weights for the 

media by means of a drying factor, and also avoids the direct measurement 

of the final dry weights or the media. A known elllount of chromic oxide 

·(Crz)3) ,-ras mixed with the medium and at the end of each experiment the 

faeces were collected, dried and the faecal concentration of Cr2o3 
e13timated. The weight of Cr2o3 remaining in the insect was also 

measured and the dry matter consumed was calculated according to the 

roll et.ring formula: -

(CF x WF) + WOI = Dry weight of food consumed 
CM 

wheres-

CF = Concentration of Cr2o3in faeces 

OM = Concentration of Crz)3in medium 

WF = Weight of faeces 

WCI = Weight of Crz)-:; in insect 

All concentrations were expressed in microgrems per milligram 

and all woights :!n milligrams. 

The concentrations of chromic oxide were meal:Alred with an ' Eel' 

portable colorimeter using the Ilford 625 (maximum 540 m~ transnission) 

filter. A calibration curve was prepared by measuring the abeorbance 
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of a known quantity of ohranic oxide in the medium. For this purpose 

chromi c oxide was included in several batches at concentrations of 151 

35, 55 and 75 milligrams per gram of the medium. After drying, samples 

ot twenty milligrams were taken from each concentration and digested 

according to the method prescribed by McGinnis and Kasting (1964,a,b). 

Using the calibration curve derived in this way (Figure l) the con­

centration or chromic oxide in dried samples of faeces and media could 

readily be estimated. A full account of the digestion procedure has 

been given by McGinnis and Kasting and is repeated bore 1n Appendix I . 

Kasting and McGinnis (1965) have also evolved a radioisotopic method 

for measuring the consumption of food in insects. But in their 

experiments with Agrotis or;thogonia Morr. larvae they found that reaults 

obtained by all the three methods namely1gravimetrio, colorimetric and 

rad1oiaotopic, agreed well with one another. 

3. Comparative Estimates of Feeding. 

Certain of the media were compared with one another on the be.sis 

of the amount of material ingested by larvae in a given time. The 

method adopted was to incorporate a dye into the medium and then to 

dissect out the guts for examination after a known feeding time. In 

the mitial experiments neutral red was mixed -with the medium, at a 

concentration of 0.1 per cent by weight, to impart a red colour easily 

detectable in the gut. However, the colour changed to orange 1n the 

mid gut due to a high pH in that region and subsequently, therefore, 
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neutral red was replaced with carmine which maintained its original 

colour throughout. 

The relative amounts of coloured food ingested were assessed by 

recording the extent of the colorat ion of the alimentary canal of the 

caterpillars. The system ot scoring the relative extent of the 

coloration that was adopted was similar to that described. for aphids 

by Mittler and Da<id (196.3). Arbitrary values of o, ½, l, l½, 2, ~ 

or 3 were allocated to tho individual guts examined under a dissecting 

microscope. Although the seven colour grades were part of a 

continuous aeries, they could be defined as follovs (see also Figure 2)s-

0 - guts in which the i-ed stain was not observable. 

½ .. some rEd colour in the fore gut or a just discernible 
pink coloration in t he anterior part of the mid gut. 

1 - fore gut and/or one quarter of the mid gut coloured. 

l½ - half of the mid gut coloured. 

2 - about three 'quarters of the mid gut coloured. 

~ - coloration observed in about three quarters of m:ld gut 
in addition to hind gut and/or f ore gut. 

3 - tho entire alimentary canal is stained red. 



I ~ Showing arbitrary values for different colour grades in the gut • 

: .... , 
· .... ·•· 

.. • • 1 

0 o.s 1-0 1-5 2-0 2.s 3-0 

COLOUR SCORE 



CHAPTER III 

THE DEVELOPMENT OF A. BASIC DIFJr 

The need for devising a suitable synthetic diet has been 

emphasised in Chapter I, this chapter describes attempts directed 

tow.ards this goal i.e. evolving a suitable diet for the caterpillars 

of the large cabbage white hltterfly, Pieris brassicae L. 

A. ORIGINAL FORMJLA 

The first synthetic diets tried were modified from one supplied 

by Miss Arlene McMorran of the Insect Pathology Research Instimte in 

Sault Ste. Marie, Ontario, Canada. This diet had originally bean 

used in Canada for rearing pine shoot moth larvae and had the following 

composition. 

1 . Distilled water 110 .0 ml. 

2. Ten Pinus resinosa hlds or equtvalent in current shoots 30.0 gms. 

3 , Casein (vitamin free) 

4. 4 M. potassium hydroxide (Mol. wt. 56.1) 

5. Al phacel (non-nutritive l::ulk) 

6. Wesson 's salt mixture 

7. Sucrose 

8 . Whoat embryo 

9 •. Choline chloride 
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17.5 gme. 

5.0 gms, 

17. ; gms. 

15.0 gms. 

o.; gm. 
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10. Vitamin solution 

11. Ascorbic acid 

12. Methyl para hydroxy benzoate 

13. Aureomycin 

5. 0 ml. 

2. 0 gms. 

o. 75 gm. 

0 . 15 gm. 

14. 12. 5 grams nutrient agar dissolved (heated over steam or in 

beaker immersed in boiling water) in 320 ml. water. . 

This is added to mixture while bot. 

* Vitamin solution 

Distilled water 100 ml. 

Niacin 100 mgm. 

Calcium pantothenate 100 mgm. 

Riboflavin 50 mgm. 

Thiamine hydroxide 25 mgm. 

Pyridoxal hydrochloride 25 mgm. 

Felic acid 25 mgm. 

Biotin 2 mgm. 

Vitamin B-12 0 . 2 mgm. 

An attempt was made to find out the qualitative and quantitative 

requirements for different materials by eliminating and including 

various ingredients and by changing their concentrations in the diet. 

Tests with different modifications were conducted by allowing the 

cabbage white caterpillars to feed on them and observing the effect 



on the growth, development and mortality of the test insects. 

B. MODIFICATIONS 

Obviously pine 'tuds were not required for Pieris brasaicae L. 

larvae and initial attempts were made to rear second and third instar 

larvae on Miss MoMorran' s diet with this plant material excluded. 

Survival was extremely poor and the addition of the mustard oil gluco­

side, sinigrin, did not significantly improve the situation (diets 

nos. 11 3, 5, 6, 7, 8, 23, 24, 25, 26, 27, 28, Table 7), Qlthough this· 

substance is said to induce the chemotactic response to food by the 

larvae (Reviewed in Chapter I) . 

Following the negative result;e with sinigrin attempts were made 

to modify the physical structure of the medium by making it into a 

form which imitated in structure the plant leaf (Table 7, nos. l and 3). 

This was accomplished by adding cellophas B (a sodium carbox;ymethyl 

cellulose - a product of I .a.I.) which was sufficiently viscous to 

enable the material to be spread as thin membranous sheets. The 

result was very disappointing, since the cellophas absorbed such 

enormous quantities of water that it was not possible.to prevent the 

diet drying up overnight . 

Several attempts were then made to bring about an improvement 

by altering the relative amounts of the original constituents of the 

diet, e . g. casein (Table 7, nos. 13 and 14), sucrose {nos. 23 , 26, 29 

and 32)., nutrient agar (nos. 21 and 22); by introducing new ingredients., 
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Distilled water 
110 ml. 

Sinigrin 
25 mgm. 

Casein 
17.5 gm. 

KOH 
2.5 ml. 

Cellophae 
5 gm. 

+ + + + + + + + + + + + + + + + + + + + Osbourne and Mendel 
salt mixture 5 gm. 

+ + + + + + + + + + + + + + + + + + + + Sucrose 
17. 5 gm. 

+ + + + + + + + + + + + + + + + + + + + Wheat embryo (Bemax) 
15 gm. 

+ + + + + + + + + + + + + + + + + + + + Choline chloride 
0.5 gm. . 

+ + + + + + + + + + + + + + + + + + + + B vitamins solution 
5 ml • 

+ + + + + + + + + + + + + + + + + + + + Ascorbic acid 
2 gm. 

t I t I t I I I t + + + + + + + + + + + Ethyl p-hydroxy 
benzoate 0.75 gm. 

+ + + + + + + + + + + + + + + + + + + + Nutrient agar 12.5 
gm. in 3;!> ml, water 

I I I + I I I I I I I I I I t I t I I I HCl 1()% 

~f" !;°' I I I I I I t I I I I t I I I I f 
~\.A)~ 
VI ~ \.1'I 
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1 ml. 

Cystine 
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e . g. cystine (nos. 18, 19, 20, 23, 24, 25, 29, 30 and 31); and by 

changing the pH through altering the concentrations of potassium 

hydroxide (nos. 15, 16 and 17) or adding hydrochloric acid (no. 17) . 

All the constituents of the various diets are given 1n Table 7 

and the results obtained from these diets are summarised 1n Table 8. 

Thirty three variations of the basic diet were tried rut the results 

remained disappointing. 

O. INCWSION OF PLANT MATERIAL 

Since no information on nutritional requirements oan be obta:ined 

if the insects fail to survive, a decision to incorporate plant 

material bad to be made at this stage. 

A powder was prepared from cabbage leaves as detailed in Chapter IJ 

and a fresh start was made on the selection of nutrients to :tnoorporate 

with the minimum quantity of cabbage l eaf powder in order to make a 

suitable diet for the larvae. 

The experiments -were started -with first in star caterpillars 

because their initial weights were so uniform, wt it was vecy difficult 

to handle these minute creatures and weighing e.rrors may be significantl: 

largo :ln proportion to the small total weights. Therefore, third 

instar caterpillars were subsequently used because they were compara­

tively convenient to handle and weigh, and the weights ~ere still 

more or less uniform. 



TABLE 8 

Effect or synthetic diets on the mortality and weighta 

of the caterpillars 

Diet No. of Deaths after days Change 1n the weight of the 
No . larvae 2 4 6 8 10 12 surviving larvae 

used 

l - Medium spread over glass sheets dried completely in ~ hours 
2 8 0 O 7 7 7 7 gained app. .3 times ( ono larva) 

•3 8 0 0 6 6 6 6 gained app. 3 times (2 la:rve.e) 
4 6 0 3 5 6 6 6 -
5 6 0. 2 2 2 5 6 only one larva gained a little 

6 9 0 2 5 ; 8 
weight rut died ultimately 

9 very littJ.e gain in two larvae 
only 

7 9 0 6 7 7 9 9 no gain 
8 9 0 8 9 9 9 9 lost weight 
9 10 4 5 7 10 10 10 lost weight 

10 10 6 9 10 10 10 10 
11 10 0 10 10 10 10 10 
12 10 10 10 10 10 10 10 ... 
1.3 10 10 10 10 10 10 10 
14 10 10 10 10 10 10 10 
15 10 10 10 10 10 10 10 -16 10 10 10 10 10 10 10 
17 10 10 10 10 10 10 10 -18 10 10 10 10 10 10 10 -19 10 10 10 10 10 10 10 
20 10 10 10 10 10 10 10 
21 10 10 10 10 10 10 10 
22 10 10 10 10 10 10 10 
2.3 6 ; 5 5 ; ; 6 one larva lived for 10 days and 

24 6 4 4 4 4 6 6 
gained JO . l mgm. 

-
25 6 3 3 3 .3 5 5 one continued rut gained only 

26 6 4 4 4 4 6 6 
4.7 mgm. in 10 days 

-27 6 3 3 3 3 5 5 one continued and gained 11.9 
mgm. in 10 days 

28 6 3 3 3 3 5 5 one continued and gained 3.3. 9 

29 6 5 5 ; 
mgm. in 10 days 

5 6 6 -30 6 6 6 6 6 6 6 -31 6 6 6 6 6 6 6 -
.'.32 6 5 5 5 5 6 6 lost weight 
33 6 6 6 6 6 6 6 

*When diet no. 3 was spread over 2% cellopbas sheets, it dried 
completely in 48 hours and all the larvae were dead 



In all, 17 diets (Table 9) were tried on first instar larvae 

and 59 (Table 10) on third instar larvae. The results with these, 

ho,.,ever, are reported in the f'ollwing sections . The outcome of 

this ,..,ork waa a diet which gave the optimum growth and survival and 

wa.s used as a s tandard for comparison with the results of further 

experiments. It is no. 16 1n Table 10 and may be called the 

'normal' diet or the 'basal' diet. 



TABLE 9 

Comp2aition of diets tested with first instar caterp+!-lfllita 

i:l -~ .,, ..., 
t ~~ ,:f 

1d 1 ~o 2 
~ Fol ,~ (I) CD 

Diet 'S ~ ~ A.~ 
.f;i • r-i 0 • Q) • ! r;I J~ CJ • i:i. e:, Ol I -~ ~ No . 

Fol' ~C\l 
e ~ I i ~ •M ~. 

(Q Ill o-.o ~j p, C\I 
•ri O .:~ CD • bid a, • ~r-i MM 0 r-f ~o 

1 30 + - -
2 5 25 + - -
3 + 20 + 
4 15 15 + - - - -
5 20 10 ♦ - - -
6 ... + ♦ 0.3 
7 + ♦ ♦ + -8 ♦ + + 0. 9 ... 
9 + + + 1. 2 - -10 + + + 1.5 -11 + + 0 • .3 + + -12 + ♦ o.6 ♦ - + -13 + + + ♦ ♦ 

14 + + 2.4 + ♦ 

15 + + 4.8 + + -16 + + 2.4 + + + 
17 + + 2.4 + + + + 

+ denotes the amount as given at the top 
of the column. Variations from this 
amount are denoted by figures in 
appropriate lines . 

- Compound omitted 



TABLE 10 

Composition or diets tested wtth third instar caterpillars 

• 

~ t?t 
~ ~ 0 l(\ 

~ . s-. • 
Diet ~ , 

Q) mi i~ i r-iN • Cl) 
+:> 611 A.t ]· No. r-l A • Q) (l) . 

~~ -~ I ~~ al ffii 
-~ l(\ 

M ~] i Q) z:,-. ig f;. gb 
Ol -t,) l(\ C) I.(' f/l U) 

.p § 1; •rl l(\ ia ~a aS • 
A<'1 0 0. 00 r:l ..a 

1 + ♦ + + - + 
2 + + + ♦ + + + sinigrin 1 ml. (2mgm. 

dissolved in 10 ml. 
water) 

3 + + ♦ + 1.75 + -
4 + + + + + + 
5 + + + + + + - medium spread over fil te 

paper 
6 + + + + + + 200 
7 + + 4 + + + + 
8 + + + + + + 100 
9 + + + + + + IJJO 

10 + + + + + + 200 + 100 mgm. ascorbic acid 
11 + + + + + + 200 + 25 mgm. e3 -carotene 
12 + + ♦ + + + 200 + 100 mgm. ascorbic acid 

13 + + + + 
and 25 mgm. e -carotene 

+ + ♦ + 25 mgm. ~ -carotene 
14 + + + + + + + + 10 mgm. ~ ""Carotene 
15 + + + + + + + + 500 mgm. cholesterol 

X 16 + + + + + + + 
17 + + + ... + + 25 
18 + + 0 . 25 + ♦ + + 
19 + + 0.5 + + + + 
20 + + 1 + + + + 
21 + + + + + + + + 250 mgm. Osbourne and 

Mendel salt mirlure 
22 + + + - + + + + 0 .5 gm. glucose 
23 + + + - ... + + + 0.5 gm. fructoae 
24 + + + + + + 
25 + + + 1 + + + 
26' + + + 0.25 + + + 
27 + + + + + + + + 0 . 25 ml. B vitamin 

solution 
28 + ♦ + 0 .02 + + + 
29 + + + 0 . 05 + + + 



TABLE 10 (Continued) 

Composition or diete tested with third instar qatetp:JJJare 

• 

t t?t 
~ ~ ltio 

2"; 
~ ~ }~ Diet 'S ,; C\I • (D 

+) mi I Cl) .~ . 
§~ 

,:j • (I) (D . P.~ 
No. -~ Eh ~~ (0 ffli J:I U'\ t ffli 

~ U"\ ~rg e ~t'-- lg l>.S 
Ill (.) U"\ 

IXS~ tJ j j tr\ ,,-{ U"\ :;:j • elf 0 :;:j • 
AN 12;0 0 P. C/l 0 00 

.30 + + + 0 .1 + + + 
.31 + + + 0.15 + + + 
32 + + + 0. 2 ♦ + + 
33 + + + + + + 
.34 + ♦ ♦ 0 .025 + + + 
35 + + + 0 .075 + + + 
36 + + + 0 .3 + + + 
37 + + + 0. 4 + + ♦ 

38 + + + 0.75 + + + 
39 + + + + + + + 0. 5 gm . maltose 
JJJ + ♦ + + + ♦ + 0.5 gm. trehalose 
41 + + + - + + + + 0.5 gm. melibiose 
42 + + + + + + + 0.5 gm. oellobioae 
43 + + + + + + + 0. 25 gm. glucose+ 

0. 25 gm. fructose 
44 + + + + ♦ + + + 500 mgm. sitosterol 
45 + + + + + + + 0. 5 gm. l actose 
4h + + + - + + + + 0 . 5 gm. galactose 
47 + + + ♦ + + + 0. 5 gm . raf'finose 
48 + + + + + + + 0. 5 gm. malezitose 
49 + + + - + + + + 0. 5 gm. glycogen 
50 + + + + + + + 0. 5 gm. starch 
51 + + + + + + + + 25 mgm. sinigrin 
52 + + + + + + + + 2. 5 mgm. sinigrin 
53 + ♦ + + + + + + 50 mgm. cholesterol 
54 + + + + + + + + 50 mgm. sitosterol 
55 + + ♦ + + + + 0 . 5 gm. msnnose 
56 + + + + + + + 0. 5 gm. mannitol 
57 + + + + + + + 0. 5 gm. ribose 
58 + + + - + + + + 0. 5 gm. arabinose 
59 + + + + + + + 0 . 5 gm. xylose 



Key to Table l;O 

+ der1otes the amount as given at the top of the column. 

Variations from this amount are denoted by figures in 

appropriate lines. 

- denotes compound omitted from the diet. 

The constituents of the normal diet (no. 16) make up a 

final weight of about 25 grams of the medium. Hence, 

all the additions or alterations to this diet are 

referred to as per 1 25 grams of medium' • 



CHAPTER IV 

CJJALITATIVE AND g:JANTITATIVE NUTRIENT REq(JIREMENTS 

A. CARBOHYDRAT&', 

1 . sugarg. 

a) Qualitative requirements 

The nutritional importance of the different sugars for Pieris 

braasica.e L. larvae was examined by including each one in turn in 

the basal diet in place of sucrose. All these e,cperimente were 

conducted on third in star caterpillars fed on different diets for four 

days, af;ter which their percentage mortality was recorded . The com­

position of the diets is given at nos. 16, 22, 23, 33, 39, 40, '1-, 

42, 43, 45, t.P, 47, 48, 49, 50, 55, 56, 57, 58 and 59 in Table 10 in 

Chapter III. The results are presented graphically in Fig. 3 with 

confidence limits plotted at the 5 per cent level. 

It is clear that the omission of all sugars from the diet 

resulted in a significantly greater mortality indicating that sugars 

play an essential role in the diet of these insects. The inclusion 

of sucrose in the diet showed a mortality of only 6.6 ~ 5.6 per cent 

which was significantly lower than on diets containing any other sugar 

excepting melibiose, a mixture of glucose+ fructose, and probably 

mannose and mannitol. In these cases there was a higher mean mort­

ality than in the case of sucrose rut the differences are not signi­

ficant. 
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.E~ Showing larval mortality on diets contain:ing 
different sugars . 
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The inclusion of glucose, fructose or lactose in the diets 

resulted 1n a mean mortality above 35 per cent, which was signi­

ficantly greater than that obtained with sucrose, melibiose, the 

glucose + fructose mixture, mannose or mannitol. All other sugars 

studied produced mean percentage mortalities which were not 

significantly different from one another, the probable values lying· 

between the limits of about 17 and 51. 5 per cent. These arbitrary 

groupings may be summarised as follows• 

Group I 

Group II 

Group III 

sucrose, melibiose, glucose+ 
fructose and probablymannose 
and manni tol 

melezitose, raff:lnose, maltose, 
trehalose, cellobiose, glycogen, 
starch and gelactoae 

glucose, tru.ctoae and lactose 

Mortality minimal 

Mortality significantly 
greater than sucrose; 
overlaps remainder of 
Group I 

Mortality overlaps 
Group II wt signifi­
cantly greater than all 
of Group I 

It is thought necessary to qualify the results for mannose 

and mannitol since the mean values in these two cases are based on 

only 25 larvae (5 batches of 5 larvae) and the confidence limits are 

therefore large. 

Preliminary experiments have also been carried out using 

pentose sugars in the diet and these results are also subject to the 

same qualification. No mortalit y occurred 1n larvae reared on diote 

containing arabinoae or xylose and only 12 per cent mortality in 



larvae reared on diets containing ribose. It, therefore, appears 

at this stage that these three pentoses might also be included in 

Group I, above. The significance of' these results will be discussed 

later. 

b) Quantitative requirements for sucrose 

An investigation was made of the optimum quantity of sucrose 

required in the basal diet. A range of 14 concentrations was tried 

between O to 1 gram per 25 grams of medium (nos. 16, 25, 26, 28, 29, 

30, 31, 32, 33, 34, 35, .36, 37 and .38 in Table 10 in Chapter IlI ) . 

Third instar caterpillars were fed on these diets for four days and 

then the percentage mortality on each diet was recorded. The results 

are represented in Fig. 4 with confidence limits plotted at the 5 per 

cent level. 

The results showed that 500 milligrams sucrose per 25 grams of 

medium was the optimum quantity. Concentrations higher than 500 

milligrams did not decrease the mortality while the lower ones showed 

a significantly higher mortality, the values increasing steadily with 

a decrease in sucrose concentration. At concentrations of 25 milli­

grams per 25 grams, or less, the mortality was very high. 

c) Phagostimul.ant action of sugars 

To ascertain the phs.gostimulant action of sugars third instar 

caterpillars were allowed to feed on very similar diets to those 

used to investigate the relationship between dietary sugars and 



f~ Showing larval mortality on diets containing sucrose at different concentrations. 
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mortality. The only difference was the addition of 3 grams of 

cellulose powder per 25 grams of the medium 1n each case as this 

made the medium more suitable physically (see later). Ten cater­

pillars were used 1n each case and after two hours feeding they 

were dissected to record the colour score in the gut according to 

the method described in Chapter II. The maximum possible score 

was 30 and in Table 11 are given the scores on each diet. 

It is clear from Table 11 that diets without any sugar and 

those with fructose, glucose + fructose, lactose, galactose or 

starch failed to provoke any feeding reaction in the caterpillars 

during e. period of two hours. A little response was shown to 

diets containing melibiose, trehalose, maltose, glucose, glycogen, 

raffinoae, melezitose and cellobiose, whereas, the highest amount 

was eaten from the diet with sucrose in it. Thus, the role of 

sucrose as a phagoetimulant is quite obvious. Furthermore, although 

melibioee and the glucose+ fructose mixture were almost as important 

as sucrose for survival of the caterpillars, they failed to give 

any indication of their action as pbagostimulants. 

Further experiments were conducted to investigate whother, 

or not, sucrose was capable or maintaining sustained feeding . Only 

two diets were tried in this case, one with sucrose and the other 

without. Ten caterpillars were used for each reading and the 

colour scores were recorded in the same way after 2, 4, 6 and 12 



TABLE ll 

Cologr score on diets vtth different sugars 

Dietary sugar Colour score 

No sugar 0 

Fructose 0 

Glucose + fructose 0 

Lactose 0 

Galactose 0 

Starch 0 

Melibiose 0 . 5 

Trehalose 1 

Maltose 2 

Glucose 2 

Glycogen 3 

Raffinose 3.5 

Melezitose 4 

Cellobiose 4.5 

Sucrose 13.5 



hours of feeding on a particular diet. It was observed that 

feeding started sooner on the sucrose containing diet and at the 

end of 12 hours the overall colour score was 98 per cent of th.a 

me.xi.mum possible. Thie suggests that the caterpillars have been 

eating the food almost continuously. On the other hand those 

feeding on the diet lacking s1:1crose showed only about 58 per cent 

of the maximum possible score. These results confirmed the pbago­

stimulant action of sucrose in the diet of the caterpillars of 

Pieria bra.saicae L. The significance of these findings will be 

discussed further in Chapter VI. 

2. Sinigrin. 

a) Qualitative requirements 

Sinigr1n is a mustard oil glucos1de which is said to be t he 

chemical responsible for stimulating the feeding of the caterpillare 

of Pieris brassicae L. and the published work on this topic baa 

been reviewed in Chapter I . The present experiments were designed 

to investigate its effect on the caterpillars feeding on artificial 

diets. Two diets were prepared, one with einigrin and the other 

v1.thout it (nos. 2 and 4, Table 10, Chapter III). Thirty, third 

instar caterpillars were fed on each diet for f our days and 

observations on mortality, moults and weights were made . On both 

diets the mortality was nil and in each case 14 of the larvae 

moulted to the fourth inetar. The final weights weres-



On the diet containing sinigrin 15. 27 a 2.09 mgm. 

On the diet without einigrin 15.04 %. 1.67 mgm. 

These results showed no significant differences and the initial 

weights were the same in each case, therefore, the addition of 

sinigrin had no effect whatsoever on the growth and development of . 

the caterpillars. This l ack· of response to sinigrin on tha pa.rt 

of the caterpillars could be due to the presence of leaf powder in 

the diet which might contain sufficient material to make the 

additional sinigrin ineffective. However, further experiments 

were continued with different quantities of sinigrin and t hese are 

raported below. 

b) Quantitative requirements 

Media were made up containing sinigrin at concentrations of' 

O, 2. 5 and 25 milligrams per 25 grams (nos. 16, 51 and 52, Table 10, 

Chapter III) . Fifteen third instar caterpillars were fed on ea.ch 

diet for four days and then their weights, moults and deaths were 

recorded. The results are summarised in Table 12, 

The results recorded. in Table 12 did not show any significant 

difference in weight, deaths or moults of the caterpillars. 

However, to confirm these resu1ts another experiment was designed 

in vhioh only the lower concentration of sinigrin was compared with 

the 'basal' diet. All of the 25 caterpillars fed on each diet lived 



TABLE 12 

Ei't§ct or slnigrin on the growth and deyelQ12ment of 

:t;hird instar caterpUJ are 

Diet with 
no 2.5 mgm. 25 mgm. 

sinigrin sini grin sinigrin 

No. of caterpillars used 15 15 15 

No. of caterpillars dead 1 0 0 

No . of caterpillars moulted 5 10 8 

Percentage moults 33. 3 66.6 53.3 

Aver8f,e weight per caterpillar 
mgm.) * 

14. 9 t 1. 9 18.6 t. 5. 6 18.3 it. 4.8 

~The initial waights were uniform and these 
figures therefore indicate the relative weight 
gains of the larvae. 

" 



but none moulted . The mean weights at the end of four days uere 

20 .1 :1:. 1.6 milligrams on ainigrin and 20 . 2 ~ 1.8 on that without 

sinigrin. 

It suggested therefore, that the caterpillars neither responded 

to concentration changes of sinigrin 1n the diet, nor showed any 

adverse effects arising from the omission of einigrin since there 

was no significant difforence in weights,percentagemoulte or 

mortality of the caterpillars. 

B • PROTEINS AND AMINO ACIDS 

1 . Cra,sein. 

a) Qualitative requireme~ts 

Casein is often used as the protein source in the diets of 

insects and 1n the present studies 'f'at and vitamin free' casein has 

been used throughout. 

( i) First instar caterpillars: The caterpillars were put on media. 

with and without casein (nos. 14 and 16, Table 9, Chapter llI). 

N mrly hatched caterpillars were allowed to feed on the media for 

.four days and then weighed individually. Observations on mortality 

and moulting were also recorcled. The results are summarised :in 

Table 13 . 

These results on the mortality and moulting on the two diets 

were tested in each case by means of a twofold frequency teat. 

This showed no significant difference in the mortality on the diets 



TABLE 13 

Dey9lopment of first instar caterpillars on 9asein diet 

Diet Diet 
with without 

casein casein 

No . of caterpillars used 240 180 

No. of caterpillars dead after 
4 days 71 57 

Mortality percentage 29.6 .31.7 

Total weight or t he living 
caterpillars (mgm.) 142. 5 86 • .3 

Averafe weight of one caterpillar 
mgm.) 0.84 t. 0.07 0 . '70 :.t: 0.06 

No. of caterpillars moulted llO 53 

Percentage moults 65.1 43.1 



but the value of x2 was very highly significant in the case of the 

moults (P L. 0 . 001) . Furthermore the omission of casein from the 

diet resulted in larvae with a significantly lower mean weight. 

The addition of casein therefore, ha.d a positive effect on growth 

and development of the first instar caterpillars. 

( ii) Third instar caterpillars: N8\.lly moulted caterpillars of the 

third instar were weighed and put on the media (nos. 1 and 4, 

Table 10, Chapter III) . They were allowed to feed for four days 

and then weighed individually. Moulting and mortality was also 

recorded 8Ild the results are summarised in Table 14. The initial 

weights were uniform and therefore., once again, the final weights 

recorded in the table provide a quantitative indication of the 

weight gain on these media. 

The results recorded in Table 14 did not reveal any significant 

difference :bi the final weights of the caterpillars, yet moulting · · 

v a-s significantly higher (P L.. 0 . 01) in the case of the caterpillars 

reared on the casein diet. 

( iii) Fifth :mstar caterpillars: Ten caterpillars of the fifth 

instar were fed on similar media to those used for the first and 

third instar caterpillars rut with the addition of cellulose powder. 

The caterpillars were starved before being placed on the media. 8Ild 

then they were allowed to feed for 24 hours. The results are 

reported in Table 15 . 



TABLE U. 

Deyelopment of third instar caterpillars on casein giet 

Diet Diet 
with without 

casein casein 

No . of caterpillars used 30 30 

No. of caterpillars dead after 
4 days 0 0 

Total weight of the living 
caterpillars (mgm.) 563.9 464.4 

Aver,e weight per caterplllar 
mgm.) 18.8 t. 2. 0 15.5 t. 1.9 

No. of caterpillars moulted 22 10 

Porcentage moults 73.3 33 • .3 



TABLE 15 

Dmrelopment 2f'. fifth instar caterpillars on caseiJl qigt, 

Larval weights on Larval weights on 
diet with casein diet without casein 

Initial Final Increase Initial Final Increase 
Cator- calculated dry in dry calculated dry in dry 
pillar dry ,..rt. wt. wt. dry wt. wt. wt. 
No. (mgm.) (mgm.) (mgm.) (mgm.) (mgm.) (mgm.) 

1 12.30 15. 25 2.95 s .92 n • .30 2 • .38 

2 16.12 20.00 3. 88 1.3. 95 12. 80 

3 11.46 16. 25 4. 79 10.66 ·9 • .30 

4 12.84 17.95 5.ll 13.57 13.00 

5 9. 98 12 • .35 2.37 12.44 ll.60 -
6 11 .. .33 9.80 1;. 46 18.45 2.99 

7 ll. 58 14.65 3.07 17. 86 15.00 

8 1,3.63 10.80 ll. 78 10.75 

9 12.20 14.50 2 • .30 13.18 10.90 

10 11. 99 13.50 1.51 8. 57 8.55 -
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It is clear from Table 15 that the caterpillars on the casa:ln 

diet have put on weight while those on that without casein have lost 

weight although all the caterpillars have been eating food excepting 

the caterpillar no. 6 on the casein diet and no. 8 on the other 

which did not produce any faecal pellets. 

From all these results it is clear that the caterpillars of the 

cabbage white rutterfly required a dietary source of protein for 

their growth and development and that the cabbage leaf powder was 

not sufficient to fulfill the protein requirements. 

b) Quantitative requirements 

A group of thirty larvae were put on to each of two different 

concentrations of casein in the diet (nos. J and 4, Table 10, Chapter 

III) . Newly moulted third instar larvae were put into five tubes 

on each diet with six larvae per tube. They were allowed to feed 

for four days and then their weights, moults and deaths -were recorded 

and the results are summarised in Table 16. The initial weights of 

the larvae were also recorded and these were almost constant, there­

fore the final -weight is proportional to the -weight gain. 

The observations recorded in the table do not show any 

significant difference in the weights of the caterpillars or the 

percentagemoults. Thus, doubl ing the amount of casein, apparently, 

had no effect, and therefore, the 0 . 875 gram of casein per 25 grams 

of medium was selected as being quite satisfactory for the development 

and gro·wth of the larvae . 



TABLE 12 

Effect 0 £ different concentrAtions ot cAs~;ip on third in.star laryae 

Mo . of caterpillars used 

Average weight per caterpillar 
(mgm. ) 

Moults 

%age moults 

Diet with 
1 . 75 gm. 

casein 

12 

IJ) 

Diet with 
o.87 gm. 
casein 

30 

15.0 .t. 1. 7 



2. Cystine. 

a) Qualitative requirements 

Cystine is not included in the list of the ten essential 

amino acids, al though it has been used as a supplement in the diets 

of a few insects, Thus, in the case or Aedes aegvpti (L. ) its 

omission from the diet inhibited pupation (Golberg and D<:i-feillon 

1948, Singh and Brown 1957) . Similarly, Kasting and McGinnis (1962) 

determined the amino acid requirements of Agrotis orthogon!a Morr. 

by inj acting gluoose-U-ol.4 into fifth inatar caterpillars, and 

concluded that cystine was nutritionally essential in that insect. 

Lack of cyetine in the diets had a deleterious effect on moulting 

in Ble.tella germanica (L. ) (House 1949b) and Pbynic1,4 (LucUia.) 

-"ericgta (Meig. ) (Michelbacher ~ ~ .1932), also on the growth of 

larval Oalliphora vicina (Meig. ) (Sedee 1956) . 

With these findings in view, observations were made on the 

effect of cystine on Pieris brasaicae L. caterpillars. For this 

purpose cystine was included in the diets of the third instar 

oatorpillars in th~ first instance (no. 4 and 6, Table 10, Chapter III) . 

Thirty newly moulted third instar caterpillars, each of similar 

weight, were released on eaoh medium. The media were enclosed in 

twelve tubes, each containing five caterpillars. The observations 

on development, mortality and moulting wore recorded after four days 

and those are summarised in Table 17. 



TABLE 17 

Effect of cystine on third instar caterpillara 

Diet Diet 
vith vithout 

cystine cystine 

No. of caterpillars used 30 30 

Deaths 0 0 

Average final weight per 
caterpillar (mgm..) 2fJ . 4 ~ 2.6 ll .6 t. 1.1 

Moults 19 1 

Percentage moults 63 • .3 3.3 
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The results in Table 17 clearly indicate the superiority of 

the cystine diet, the weights of the caterpillars and the percentage 

moults being significantly higher on this diet. 

In order to examine the possible effect of cystine on pupation 

and emergence of adults, similar diets were fed to fifth inetar 

caterpillars. Twenty newly moulted fifth instar caterpillars were 

put on each diet i . e . that with cyetine and that without cystine. 

They were allowed to grow on the diets until pupation. The diet 

was changed when necessary i . e . either when it had become too dry 

or at the first appearance of fungal contamination. The results 

are recorded in Table 18. 

The x2 value calculated for the comparison between succeseful 

pupations on the two diets is slightly lees than that required to 

indicate significance at the 5 per cent level. However, once the 

pupal period was completed the number of emergence failures on the 

diet lacking cystine was significantly higher than on the diet 

containing this amino acid. 

The appearance of these emergence failures is shown in Plate 3 

and a discussion of this phenomenon is reserved for a later chapter. 

b) Quantitative requirements 

It has been shown above that the addition of cystine improved 

the diet, and this was investigated quantitatively. For this 

purpose five concentrations of cystine were tried i.e. 25, 50, 1001 

200 and Jl)O milligrams per 25 grams of medium (nos. 6, 8, 9, 16 and 



TABLE 18 

Effect or cystine on pupation and emergence or adµJ.ta 

Larval mortality No. 

%age 

Successful pupation No . 

%age 

Partial pupation No,. 

%age 

Perfect emergence No. 

%age 

Diet Diet 
:,,1th without 

cyetine cystine 

8 8 

IJ) IJ) 

11 6 

91.6 50 

l 6 

8.3 50 

10 1 

90.9 16.6 



:eJ:ATB 3 

Sho-wing: 

A Normal pupa 

B Emergence failure of adult from an apparently normal pupa 

C Partial pupation 

D Adult emerged with crippled wings 



PLATE 3 

A B C 

D 



17, Table 10, Chapter III). The oxperiment was conducted in the 

usual way with thirty larvae of the third instar, placed on each 

diet for four days. The observations recorded on the final weights 

of the larvae, their mortality and moults are summarised in Table 19. 

The results recorded in Table 19 show that there is no 

significant difference between the weights of the caterpillars on 

all these media and all the caterpillars grew equally satisfactorily 

on all the diets, except for the moults. The numbers of larvae 

moulting on the 50, 100, 200 and 400 milligrams per 25 grams 

concentrations of cystine were not significantly different from 

one another. However, the value of x2 for the numbers of larvae 

moulting was significantly higher on these media as compared to that 

with 25 milligrams of cystine. 

This, once again confirmed the connection of cystine with the 

process of moulting and 50 milligrams of cystine in 25 grams of 

medium was found to be a perfectly adequate concentration as the 

higher concentrations did not bring any further improvement in 

weights or moults. 

C. VITAMINS 

1. Carotene. 

a) Qualitative requirements 

It was as recently as 1957 that Dadd first showed the dietary 

importance of ~ -carotene ( a precursor of vitamin A) for adequate 

growth and pigmentation :in the desert locust, a phytophagous insect. 



TABLE ,!2 

l?welopment of thil'd inste.r le.rm§ on different concentrations of eystine 

Amount of cystine per 25 gm. of medium (mgm. ) 
25 50 100 200 400 

No_. of larvae used 30 .30 30 .30 30 

Deaths 0 0 0 0 0 

Aver8fe veight per larva 
mgm. ) 17.7 t. 2.1 20 . 4 ! l.5 20.9 t. 2. 4 19. 2 t. 2.9 20.9 t. 2.2 

Moults 11 21 19 16 21 

%age moults 36.7 w.o 63.3 ;3.3 70.0 
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In the present studies, ~ -carotene was included to examine its 

effect on tho caterpillars and diets with and without ~ -caroteno 

were prepared (no. 6 and ll, Table 10, Chapter III). Thirty 

caterpillars of' the third instar were allowed to feed on each of 

theso diets for four days and then their weights, and the numbers 

of deaths and moults recorded. The data are summarised in Table 2) . 

The roStl1te recorded 1n Tablo 20 show that neither the final 

woights nor the number or moulted caterpillars were eigni.fi-

oantly affected by the inclusion of' ~ -carotene in the diet. 

However, there was a mortality of 13.3 per cent on the diet con­

taining ~ -carotene and no deaths when the carotene was omitted. 

Tr.us addition of ~-carotene to the diet did not bring about any 

significant improvement. 

b) Quantitative requirements 

Two quantities of' ~ -carotene viz. 10 milligrams and 25 milli­

grams per 25 grams of medium were tried and the effect or these 

concontrations was compared with that of the 'normal' diet without 

~ -carotene (nos. 13, 14, and 16, Table 10, Chapter III). Thirty, 

third instar caterpillars were allowed to feed on each of' these diets 

for four days and then the observations were recorded on the different 

aspects which are summarisod in Table Zl.. 

Tho results recorded in Table Zl. reveal that the survival uaa 

equally good on all the diets. Thora was no significant difference 

in the larval weights on the two ~ -carotene diets tut these were 



Effect og @ ::ca.m:t,ene on third instar caterpilluu 

Diet Diet 
with without 

~ .... carotene ~ -carotene 

. No. of caterpillars dead 4 0 

1 age mortality 13.3 0 

Averie weight per caterpillar 
mgm.) 16.5 t. 9.3 19.2 t. 2. 9 

No. of cat9Tpillars moulted 7 16 

%age moults 26.9 5.3 .3 



TABLE 21 

Effect of different guantities of @ -carotene on the development 

of third instar Qaterpillars 

Normal + Normal + 
Normal diet ~ -carotene ~ -carotene 

10 mgm. 25 mgm. 

No. of caterpillars dead 0 l l 

%age mortality 0 3.3 3.3 

Averarie weight per larva 
mgm . ) 

3).4 :t. 1.5 14. 2 t. 2. 0 16.6 t. 2.0 

No . of larvae moulted 21 5 6 

%age moults 70 17. 2 '2fJ . 7 



significantly lower than those on the normal diet. Similarly the 

number of larvae which had moulted was significantly higher on tho 

normal diet than on the two f -carotene diets rut there was no diffarenc4 

in the proportion of moulted larvae between the two ~ -carotene diets. 

It indicates that the two quantities of~ -carotene tried did not have 

any effect on the development of caterpillars; rather the growth was 

retarded with the addition of -carotene at the two concentrations 

tried. 

2 . B vitamins. 

The mixture of B vitamins was prepared according to Mc,.\forra:n 

(196,4 -) and used in various diets during the course of the investi­

gations. The constituents of this mixture are given in Chapter III . 

a.) First instar caterpillars 

Vitamin B mixture was added to the diet of the first instar 

caterpillars (no. 16 and 17, Table 9, Chapter III) . Sixty newly 

hatched caterpillars were put on each diet for four days and then 

they were weighed individually and observations on mortality and the 

number of larvae which had moulted were recorded. Theda.ta are 

summarised in Table 22. 

The observations recorded in Table 22 did not show any signi­

ficant difference in the weights of the caterpillars, the number of 

larvae which had moulted or the mortality on the diets. Hence, in the 

presence of leaf powder, at least, the addition of B vitamins app~a.rs 

to be unnecessary. 



TABLE 2, 
Effect of B vitamins on the growth and, development 

or first instar caterpillare 

No. of caterpillars deed 

f age mortality 

Ave~e weight per caterpillar 
(mgm. ) 

No . of caterpillars moul tad 

%age moults 

Diet with 
B vitamins 

2 

o.oo t. 0 .09 

47 

81.0 

Diet without 
B vitamins 

0 

0 

52 

~ . 7 
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b) Third instar caterpillars 

The mixture of B vitamins was also tried in the diet of the 

third instar caterpillars. The newly moulted caterpillars were 

allowed to feed op two diets of similar composition to those of 

the previous experiment (no. 16 and 27, Table 10, Chapter III) £or 

four days and then their weights were recorded individually and the 

nwnber of larvae which had moulted and the deaths noted. The data 

collected is summarised in Table 23 . 

The results recorded in Table 23 did not indicate any differance 

in the final weights of the larvae, the percentage moults or deaths 

on the diets in any of the experiments excepting Experiment no, III, 

where the mean weight per larva was significantly higher in the case 

of those feeding on the diet containing a mixture of B vit amins. 

However, the pooled reuults of all three experiments did not show 

any significant difference in the recorded figures. Thus, 1 t can 

be said that the addition of B vitamins to the diet did not improve 

the medium to give a s i ~ifieant difference in development of the 

third inatar larvae. 

3 . Ascorbic acid (vitamin c) • 

Ascorbic acid was incorpo~at~ in th0 diet for third instar 

caterpillars to examine the effect on the development of the larvae. 

Thirty newly moulted third instar caterpillars wero put on each diet 

i.e. one containing the ascorbic acid and the other without it {no. 6 



TABLE 23 

Davelopmant or third instar rwaterpilrl'ats on diets with B vitamins 

Avera.go 
Expari- Diet No, of larvae %age No . of %age weight of 
ment used det.J,d mort- larvae moults each larva 

ality moulted (mgm. ) 

I Vit. .30 1 .3 • .3 22 75. 9 20.6 t. 2.2 

Nor. 30 0 0 22 73 • .3 18.8 ~ 2.0 

II Vit. 15 2 1.3.3 13 100 19.5 t 3.6 

Nor. 15 0 0 14 93 • .3 . 24.7 ~ 6. 5 

III Vit. 25 0 0 6 24 24.0 t. 1 .6 

Nor. 25 0 0 0 0 20. 2it.l.7 

Pooled 
results Vit. 70 3 4.3 41 61.2 21.7 ~ 1 • .3 

Nor. 70 0 0 ,36 51,4 20.6 t. 1.7 

Vit. - diet containing B vitamins 

Nor. - 'normal' diet 



and 10, Table 10, Chapter III) . The caterpillars were taken off 

the diets after four days and weighed individually. Observations 

on the number of caterpillars moulted and those dead were aleo 

recorded. The results are summarised in Table 24• 

The results recorded in Table 24 did not reveal any sign.t.-

ficant difference in the larval weights and percelitage moults 

on either diet. However, the mortality was '21:, . 7 per cent on the 

acid . 
ascorbigldiet, while it was nil on the other. Thus, the addition 

of ascorbic acid had a alightly adverse effect in terms of 

mortality. 

4. Ascorbic acid plus ~ :sc~rotene. 
An experiment was conducted to examine the combined effect 

of vitamins A and C on the development of third inetar caterpillars 

and the results were compared with those from a diet without these 

vitamins (no. 6 and 12, Table 10, Chapter III) . Observations 

recorded af"liar four days of feeding are summarised in Table 25 . 

' . 

The results in Table 25 show that the combination of asco:rbic 

ac id and ~ -carotene had a deleterious effect as it gave 2h . 7 per 

cent mortality and only 16. 7 per cent moults, whereas, these values 

were nil and 58. 3 per cent respectively on the other diet. The 

larval weights on the vitamin c6ntain:ing diet were also significantly 

lower than those on the diet without ascorbic acid and t -carotene. 



TABLE 2,4 

Effect of ascorbic acid on the dey~;l.opmmit of third 

wstar caterpillars 
t' f) 

No. of caterpillars dead 

%age mortality 

Avor~e weight per larva 
(mgm. ) 

No. of larvae moulted 

%age moults 

// 

Diet \..i th 
ascorbic acid 

8 

Diet without 
ascorbic acid 

0 

0 



TABLE 25 

Etrect of @-carotene plijs ascorbic acid on the development 

of third insta,r caterpillars 

Diet without Diet with 
~ -carotene 
and vit. C 

~-carotene 
and vit. O 

}To . of' catorpillars used 60 3() 

No. of caterpillars dead 0 8 

%age mortality 0 ';h . 7 

Averafie weight per larva 
mgm. ) 19. 8 :. 2.0 15.0 t. 1.9 

No. of larvae moul tad 35 5 

%age moults 58.3 16. 7 
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D. STEROLS 

It has been shown in Chapter I that the inclusion of cholesterol 

in synthetic diets for insects is a common practice, although in some 

cases other sterols have proved better than cholesterol or at least 

can replace dietary cholesterol. In the present investigations the 

effect produced by two dietary sterols, namely cholesterol and the 

naturally occurring plant sterol ~ -sitosterol, was studied. 

Two concentrations of 09-oh sterol i . e . 500 and 50 milligrams 

per 25 grams of medium (nos. 15, 44, 53 and 54, Table 10, Chapter III) 

were tried with third instar caterpillars and these were compared 

with the 'normal' diet. Cholesterol was also used at a concentration 

of 125 milligrams per 25 grams of medium in the diet of fourth inetar 

caterpillars. The observations recorded on larval weights, number 

moultea and mortality are given in Table 26. 

It is clt.ar from the results that larval weights and moulting 

were significantly lower on the diets containing 500 milligrame of 

cholesterol or sitosterol than those on the normal diet. However, 

there was no significant difference in weights, percentage moults or 

mortality between larvae reared on normal diet and those reared on 

the diet containing 50 milligrams of either sterol. 

In the case of the 125 milligrams concentration of cholesterol 

there we.s no sign if leant difference in the mean larval weights of the 

fourth instar caterpillars on either diet (i. e . with or without 



TABLE~~ 

Effect of dietary sterols on growth and development of cnte.:rillars 

Experi- Diet Quantity Mean Mean final No. of Percentage Ifo. of Percentage 
ment with of sterol initial larval caterpillars mortality larvae moults 

No . sterol used per larval veights used dead moulted 
25 gm. or weights (mgm. ) 
medium · (mgm. ) 

(mgm. ) 
T hi;m in§ta,r 

I Cholesterol 500 5. 8 t. 0 . 2 9.8 ~ 1./4 30 2 6.6 0 . 0 

!formal - 5.9: 0.2 2). 4 t. 1. 5 30 0 0 21 ?O 

II Sitcstarol 500 5. 5 t. 0 . 4 9.3 :t. 1.4 25 2 8 0 . 0 

Normal - 6 . 0 :1:.. 0 . 3 28.3 :t 5.7 25 2 . 8 2) 87 

III Cholesterol 50 10.0 t. 1.1 20 . 0 :t 1.4 25 3 12 12 54. 5 

Sitosterol 50 9.8 ~ 1.3 22. 9 .. .. 3.3 25 0 0 13 52. 0 

Normal - 8.9 t. 1.1 21.2 ~ 2.0 25 0 0 9 .36. 0 

Fo).\rth in~tar 
IV Cholesterol 125 25. 4 t 1.0 38.6 t. 6 ... 3 25 13 52 0 0 

Normal - 25.4 t. 1.2 38.9 ~ 4.3 25 3 12 0 . 0 
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oboleetorol) rut the mortal.it:, was o1gn1ficent.1.y higher on tho 

cbolet;tarol containing diet. 

Tblc it oan be concluded that 500 t1Uligrams of choleot:m:>l 

or f .. st toaterol 1n thB d1ot adversely affected tho grovth end 

dovelopment of the eaterpillare, vheroo.s, concentrations or 50 

mUli.graxns por 25 grams of medium had no observed effect at all. 

Tho concentration or 125 milligrams did not attect the growth 

but had an adverse ef'fi.ect shown 1n terms of a high mortality. 

E. lmtERALS 

Only one aalt mixture nomely ' Oabourne and Mendel salt 

mixtnro' wns included in the diet in the conoentrntion of 250 

milligratts per 25 grams or medium and its effect we.a compared with 

that of 'nor::ial' diet (no. 16 and 21, Table 10, Chapter III). 

Twonty five third in.star caterpillars wore fed on each diot for 

four dayo end th.on their woighte,percentage moults and des.tho 

vero recordod. Tho results aro summarised in Table 27. 

'rhe results. recorded in Table 27 do not show 8Jly significant 

differenco in mean larval weights,percentage moults or mortality 

on either diet. Hence, the eddition of salt does not seem to 

hnvo any o.ffoct on the growth and development of third instar 

larvae. 



TABLE 27 

Effect of' salt mixture on growth and development o£ 

third instar oatftrpillars 

Diet 
Normal Normru. + 

salt mixture 

No , or larvaedead 0 1 

no. of larvae moulted 9 10 

Percentage moults .36 41.6 

Moan initial larval weights 
(mgm.) s.9 ~ 1 .1 8. 8 ~ 1.1 

Mean f':lnal larval weights 
{mgm.) 21.2 :t 2.0 18.9 :t. 2.4 



F. OTHER SUBSTANCF.S 

l . Ag,u. 

Agar bas been used in the diets or many insects and very 

recently it baa been shown to oontribute towards the physical. 

structure of the diet of Phaadon goceJ.2AtiM Fab. where the amount 

of food eaten increased with the concentration of aga~ in the diet 

(Tanton 1965) . In the present studies nutrient agar was added to 

produce a diet of a oonsistoocy acceptable to the caterpillars. It 

was used, in the first instance, in the diet of first inst~ cater­

pillars, where the concentration or agar was varied while that of' 

the cabbage leaf powder remained constant, this diet consisting 

only of these two substances and water. Fiva concentrations of 

agar were tried and the composition of aJ.l the five diets is given 

at nos: l to 5 :fn Table 9 in Chapter Ill. The caterpillars w&re 

kept individually in separate tubes and there were five tubes 

containing each diet. The larvae were weighed individually bofore 

and after feeding on the e:xporimentaJ. diets for three days. The 

results are presented below 

Agar concentration (%age) 1 1. 5 2.0 

Mean weight gain (mgrn.) 2. 20 2. 20 J .17 2. 22 2. 00 

Overall mean starting weight 2. 53 mgm. 

These observations did not reveal any significant difference :fn 

larval weight gains or mortality. Therefore, any of these 



concentrations or agar could be adopted for inclusion in further 

experiments rut it was noticed that higher concentrations tend to make 

the medium sticky and somewhat unmanageable. For practical con­

venience, therefore, a concentration of 2 per oent was adopted for 

all subsequent experiments. 

2. Cellulose. 

Cellulose is added to make the 'rulk' and it is not an 

essential nutrient. I n some of the early experiments ru tar paper 

was used to provide a feeding surface, or in other words the medi um 

was spread over the filter paper to give it, very approximately, the 

structure of a leaf (nos. 4 and 5, Table 10, Chapter III) . The 

composition of the diet was the same in both the cases, rut whereas 

in no. 5 the medium was spread over a filter paper, in no. 4 it was 

simply poured into tubes. Thirty, third instar, caterpillars were 

allowed to feed for four days in each case and than their weights, 

percentage moults and deaths were recorded. The results are 

summarised in Table 28. 

The results recorded in table reveal that the larval weights 

were significantly lower on the medium spread on filter paper and 

there was no significant difference in the value of x2 calculated 

for the mortalities or the percentage moults on either medium. It 

is evident, therefore, that filter paper did not help to produce any 

improvement, wt probably made it difficult for the caterpillars to 

ingest the food . 



TABLE 28 

RweJ,opment of' thitd instar caterp:IJJ e,re on medium 

spread gver filter P@er 

Medium spread 
over filter Medium alone 

paper 

No. of caterpillars used 30 30 

No. of caterpillars dead 0 0 

No. of caterpillars moulted 20 14 

%ago moults 66.7 46 .7 

Aver,e weight per larva 
mgm. ) 

11.4 t 1.2 15.0 ~ 1.7 
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Further experiments on the effect of inclusion of cellulose 

powder in the diet on feeding and food consumption of the cater­

pillars were conducted and the results are reported later in 

Chapter v. 

3. Cabbage leaf nower. 

a) First instar caterpillars 

After the failures with the purely synthetic diet (Ohapter III) 

the cabbage leaf powder was included and initial observations were 

mode with first instar caterpillars. A pilot experiment was carried 

out using only leaf powder, sucrose and agar (nos. 11 to 15, Table 9., 

Chapter Ill) 1n the media and the results suggested that the cater­

pillars would survive reasonably well on the diet when leaf powder 

concentration was as little as 8 per cent. 

Raving established that the caterpillars would not thrive on the 

synthetic diet lacking leaf powder it became equally important to be 

eertru.n that development vas sub-optimal on a diet of leaf powder 

lacking supplementary synthetic nutrients. Accordingly, the dovelop­

mont of caterpillars on the 8 per cent leaf powder-agar-sucrose diet 

was compared with that on cabbage. The results are shown in 

Table 29. 

These results suggest that although the majority of larvae on 

the ago.r diet did in fact survive for a week or more, there was 

very little feeding taking place. After the first wo days or so 



TABLE~ 

.!J6yelsmmont or ca,t erpillnre on 8 P§t cant l;eaf powdsu:-asar::worosa diet 

Day or No . of surviving Average weight per larva Percentage 
foeding caterpillars on (mgm. ) mortality 

Med. Cabb. Medium Cabbage Mod. Cabb. 

let 4) 4) 0 .3 0.2 0 0 

2nd .39 37 0.4 o.; 2. 5 7,,5 

.3rd .39 37 o.6 1.0 2.5 7.,5 

L,.th 39 .37 0. 7 1.4 2.5 7. 5 

5th 36 35 0. 9 .3. 8 t. 0.3 10.0 12.3 

6th .3.3 35 0. 9 4.8 ._ 0 . 4 17.5 12 • .3 

7th 31 35 1.1 t. 0 • .3 10.6 t. 1. 4 22. 5 12 • .3 

8th 29 35 1.1 t, 0.3 20. ; t. 2 • .3 27.5 12 • .3 

9th 29 35 1 . 0 t. 0 . 2 30.0 t. .3 . 7 27.5 12.3 

10th 29 35 0.9 • 0. 2 68. 8 t 10. 2 27.5 12. 3 

11th 26 35 0. 9 t. 0 . 2 98.1 t. 10. 2 35 .0 12. 3 



the mean weight remained constant. 

b) Third instar caterpillars 

An experiment was then conducted to determine the optimum 

amount of leaf powder required to supplement the normal synthetic 

diet (nos. 7, 16, 18, 19 and 20, Table 10, Chapter III). Third 

instar larvae were used in batches of 30 individuals and observations 

recorded after four days I feeding are given in Table 30. 

The results in Table JO indicate that the diet containing only 

one per cent leaf powder was totally inadequate, giving 100 per cent 

mortal,ity; 2 per cent was similar with 90 per oent mortality. On 

the 4 per cent leaf powder diet, again the mortality was vecy high 

( 66 .6 per cent) and the larval weights significantly lower than those 

on higher concentrations. There was no significant difference 

bet,~een the ;larval weights or the values of x2 for moulting or 

mortality at either of the higher concentrations (8 and 16 per cent) 

nor were these significantly different from the corresponding values 

on cabbage leaves, with the exception of the moults which were 

significantly higher on cabbage. The concentration of 8 per cent 

was taken as the most suitable minimum for inclusion in the diets 

for the caterpillars. 

The moulting in the case of larvae feeding on cabbage occurred 

one day earlier than in the case of those on artificial diets. The 

weights were recorded immediately after moulting and therefore the 

results in Table 30 show that there was no difference in the weights 



TABLE 30 

Dwrnlwment of thirq instar caternillars on differont l,ea,t 

p9Hder concentrations 

Leaf No . of %age No. of %age Average 
povlar larvae mortality larvae moults larval 
ooncen- dead moulted woighte 
tration (mgm.) 

' i n' the 
medium 

1% 30 100 0 0 0 

~ 27 CX) 2 66.7 12. 9 

1$ 20 66.7 10 100 15.l -t 2.1 

~ 0 0 19 6.3.3 20 . 4 1 2.6 

16% 0 0 2i> 86.7 25.4 t. 5.1 

Cabbage• 0 0 30 100 2.3.6 t. 2,0 

-Weight results recorded. at time of moult (see text) 
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of the ne·wly moulted fourth in star larvae whether reared on the 

artificial diet or on cabbage. However, the weights of the cabbage 

fed larvae in Table .30 wore recorded one day earlier than the other 

weights. 

4• Ethyl para-hydroxy benzoate. 
This chemical was added to the diets merely as a fungicide 

and is of no nutritional value. The recommendations of McMorran 

(1964 ) were followed and ,37. 5 milligrams added per 25 grams of 

medium. No experiments were carried out on the effects, if any, 

of varying this quantity. 



CHAPTER V 

CONSUMPTION AND UTILISATION OF FOOD 

Most of the teclmiques for quantitatively evaluating insect 

diets in terms of consumption and utilisation are of recent origin 

and much of the published work has been reviewed in Chapter I . 

Usually, this type of work has been carried out solely on natural 

foods, blt the present investigation was undertaken to evaluate 

the semi-synthetic diet developed for t he larvae of Pieris brassicag L. J 

in comparison to the natural food of the insect and to try, if 

possible, to improve the diet. 

A. CONSUMPTION AND UTILISATION ON THE SEMI-SYNTHETIC DIET 

1 .. Normal medium compared with cabbage. 

First of all the ' normal' medium was compared with the natural 

food, the experimental techniques being those described in Chapter II . 

Twenty- five fifth instar caterpillars were placed in batches of five 

on each diet for 24 hours end the amounts of food consumed and faeces 

produced were measured. 

The results are recorded in Table ,31 and they show that the 

food consumption, faecal production and larval weight gains were 

significantly higher on cabbage, rut that the coefficient of utilis­

ation on cabbage was significantly lower. The result obtained in 

this experiment for the coefficient of utilisation of cabbage is an 



TABLE 31 

Consumption of food on 'normal ' medium and cabbage 

Mean dry weight (mgm. ) Medium 
. ~ ~ . 

· Cabbago 

Food consumed by betch of 5 larvae 75.9 & ;s.o 300.9 t. 60.0 

Faeces produced by batch of 5 
larvae 36.8 :t 27.3 222.3 c. 33. 2 

Food utilised by batch of 5 
larvae 39.1 ~ 30. 8 78.6 t. 1/:) .3 

Calculated initial dry weight por 
larva 10. 5 t. 0.9 10. 5 :t. 0.9 

Final dry weight per larva 13 .3 ~ 2.5 26.0 t. 3.3 

Coefficient of utilisation (%age) ;0.9 t. 2.4 25 .4: 9.0 



anomalous one, since subsequent experimentation failed to confirm 

this low value of 25 . 4 :t 9.0 (see below) and no explanation can 

be offered. 

It was clear from these results that the medium could only 

become strictly comparable to oabbage if the larvae could be made 

to ingest the medium in far larger amounts. Tba work of Dadd 

(1960e) suggested that the consumption of food may be controlled 

directly in some circumstances, by the amount of food that an 

insect was able to pass through the gut. 

In other words the hypothesis was put forward that the low 

consumption figures for Pieria brassi£a2 L. larvae fed on the 

artificial medium were, in part at least, the result of a purely 

physical failing in the constitution of the diet, perhaps a lack 

of 'wlk' or 'roughage'. 

2. Etrect ot cellulose on consumption and utilisation of g9od. 

An experiment w~s designed to teat this hypothesis by adding 

1 roughage' in the form of nutritionally inert cellulose powder. 

Five grams of cellulose powder were added to the 'normal ' medium 

and va:rying amounts of water were used to examine the effect of 

diets of different consistencies in comparison with cabbage. The 

following diets were prepared and 25 fifth instar caterpillars were 

allowed to f eed on each diet, in batches of five, for 24 hours. 



Diet A - Normal medium 

Diet B - 11 " + 5 gm. cellulose 

Diet C - " " + II II 

Diet D - 11 " + n " 
Diet E - " " + ft ti 

Diet F - Cabbage leaves 

+ 5 ml. water 

+ 15 ml. water 

+ 25 ml. water 

The results, recorded in Table 32, show that the amounts of 

food consumed and faeces produced on diets A and D were not signi­

ficantJ.y different from one another and were significantly lower 

than those on diets B and C. These latter were not significantly 

different from one another in terms of these factors. In the case 

of diet E these values were extremely low, presumably because the 

diet was too moist. The small weight of faeces produced by each 

larva on diet E, in most cases scarcely differed from the equally 

small weight or food consumed. This diet was, therefore, quite 

unsuitable for the larvae and it is impossible to calculate a 

meaningful coefficient of utilisation. The coefficient of utilis­

ation on diet A was significantly higher than those of diets Band 

C wt was not significantly different from that of D. 

Because of the discrepancy between the coefficient of 

utilisation recorded for this series of experiments and the low 

result recorded previously for cabbage, two confirmatory experiments 

were carried out with the sole purpose of comparing the cabbage 



'!'ABLE~ 

Etfect of cellulos, on consµmption and utilisation of food 

Diets 

A B C D E F 

Food consumed• 12804 t. 87.0 664-2 t. 214.1 485. 2 t. 12.2. 5 12.2.4 .t. 85.5 15. 2 t. 15.3 580. 5 t. 47.8 

Faeces produced• 72.5 t. 48.0 547.6 t 177.7 400.6 t. 21. 5 93.6 11. 'i0.9 16.6 t. 16.7 _308.7 it. 16.8 

Food utilised* 55. 9 : 41.4 ll6.6 ;t. 49. 5 84-7 ::t. 15.9 28.8 ;t 17.0 - 271.7 t. 33.1 

Coefficient of 42.0 t. 7.9 17.6 a. :h9 
utilisation {%age) 

17. 7 t. .2. 8 24.4 ~ 10.8 - 46. 7 t. 2.1 

•nry weight in mgm. per 5 larvae 



coefficient with that of the medium containing 5 grams of cellulose 

power (Diet B above). The coefficients of utilisation were as 

foll0v1s and these were calculated from readings on 10 individual larvae 

in each case. 

Experiment I 

Experiment II 

Medium 22. s t .3 . 4 

Cabbage .37. 7 ~ 11.5 

Medium 17.3 t 2 • .3 

Cabbage 43.7 ~ 16. 2 

The diet with additional cellulose was quite comparable to 

cabbage in terms of the amount consumed by the larvae and the 

problem was, therefore, to regain the higher value for the medium 

coefficient of utilisation in order to make the two diets completely 

comparable. In an attempt to raise the medium coefficient without 

l0v1ering the food consumption intermediate quantities of cellulose, 

between O and 5 grams were added to the diet. 

The results of these experiments are given in Table 33. 

These show that any lowering of the cellulose content below; grams 

per 25 grams of medium resulted in a significant decrease in the 

amount of food consumed. On the other hand, the cellulose content 

had to be reduced to only 1 gram per 25 grams of medium before any 

significant rise in the coefficient of utilisation was obtained and 

even then, the value was significantly lower t han that for cabbage. 

Thus, the attempt to reproduce the cabbage characteristics in the 
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TABLE JJ 

Effect of difter,nt concentrations of cellulose on consumtion and Ja,tili sati on of food 

Cellulose No. of Mean initial Mean weight gain in larvae Food Faeces Coefficient 
added indivi- weight of consumed produced of 
(gm. ) dual larvae Total %age (mgm. ) (mgm.) utilisation 

llll"Va.e (mgm.) (mgm.) (%age) 

0 9 15.0 :t. 1.6 4-5 :t. 2.3 28.6 .t. 13. 6 29.1 • 7.1 15.6 :1:. .3.9 46.3 • 1.7 

l 11 19.2 t. 2. 4 6.8 t. 2.9 31.1 :t. u . 9 38.l t. 9. 9 26.0 i. 6.7 31.2 t 5.0 

2 15 19.5 i. 1.9 4. 4 t. 2.2 20.3 t. 5. 4 29.1 .t. 6.6 22.6 :t. 5.4 21.0 ! 4.6 

3 16 ':?h.71.:. 3.5 5.1 :1:. 1.9 20.9 ! 8. 5 43 .6 ~ 14. 5 .39.7 :t. 9.8 14.6 & 4-0 

4 22 18.3 t. 2. 5 4.2 :t. 1.5 23.1 t. 7.0 48. 2 ! a.3 37.1 t. 5.8 20 . 4 ~ 5.0 

5 10 20.2 t. 3.0 10.6 t. 3.7 49.6 :t:. 13. 4 82.0 t 23.3 65.0 :t. 20.1 17.5 ~ 2.0 

4 + 3 15 17.1 :1:. i .7 4. 9 t. 2.4 21,.9 t. 12.0 44. 5 t. 14.0 36. 8 :t. ll.2 16. 3 t. 4.0 
gm. Potato 

starch 

2 + 2 9 13. 6 :1:. 0,.9 1.2 • 0.3 9.1 ._ 1.0 .30. 8 :t 5._5 21. 6 t. 4.9 .30.6 t. 6.6 
gm. Potato 

starch All veights are dry weights 
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artificial diet was not successful, if cellulose was omitted from 

the medium the consumption was too low, and if 5 grams of cellulose 

per 25 grams of medium were added, the consumption discrepancy was 

corrected rut the coefficient of utilisation falls to too low a 

value. 

The effect of other polysaccharide materials was considered 

and potato starch was also included together with cellulose at 

two different concentrations. As is clear from the results in 

the t nble, the addition of starch had no effect and all the values 

on cellulose plus starch diets were not significantly different 

from those on the corresponding comientrations of cellulose alone. 

The increased food consumption obtained by adding 5 grams 

cellulose to the diet resulted in a significant increase in both 

the ab~olute weight gain and the percentage weight gain of the 

larvae as compared to those of larvae reared on other cellulose 

containing diets or on the 'normal' diet. 

The corresponding figures for F4rallel eJq>eriments carried out 

on cabbage are given in Table 34. There was good agreement between 

the batches of larvae for the various values obtained except in the 

case of experiment D. In this case the faecal production had a 

signifioantJ.y higher value than that for B and as a consequence the 

coefficient of utilisation was significantly lower. Nevertheless, 

with this reservation in mind, it was felt that in view of the small 

numbers in each batch, pooled results for tbese observations on 



No. of 
Experi- indivi-
ment duel 

larvae 

A 9 

B 10 

C 9 

D 9 

Pooled 

TABI,_E .Ji., 

Food consumption and utilisation on cabbage 

Mean initial Mean weight gain in larvae 
weight of Food Faeces 

l arvae Total %age consumed produced 
(mgm. ) (mgm.) (mgm.) (mgm. ) 

- - - 80.2 t. 19.9 49. 4 t. 8 . 8 

19.8 :t 3.3 15.5 & 4.3 71 •? t. 14.3 85.1 t. 25.8 - 30.6 :t 6. 5 

24 • .2 t. 8. 5 10.0 -t. 3 . 2 41.l. t:. lJ. 5 00.7 -t. 22. 4 36. 8 t. 11.5 

2,2.8 : 2.3 19. 9 t. 4.3 87.2 t. 19.0 81.J :t. 19.4 56.3 t. 10.4 

22. 2 .t 2.7 15.7 t. 2.7 7J..7 :t ll.l 81.8 ~ 9.3 51. 7: s.9 
l) All "Weight values are in terms of dry -weights 

2) Experiment A was originally designed to discover the f ood 

consumption and calculate the coefficient or utilisation, and 

therefore larvae were not dried and their weights are not given 

in the table. 

Coefficient 
or 

utilisation 
(%age) 

J?. 7 t. n . 5 

43.? ~ 21.6 

52.9 t. 11.5 

28. 5 .t 10.6 

40. 5 t. 6. 5 
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cabbage -would be of value. These are given in the table and it 

will be seen that tho poolod coefficient is not significantly 

different from the values obtained in previous experiments (Table .32) . 

Neither the absolute weight gain, nor the percentage weight 

gain on oabbage ·are significantly different from those obtained 

with the diet containing 5 grams of cellulose per 25 grams of 

medium. 

In view of the difference in the coeffioients of utilisation, 

these results suggest that a greater proportion of the utilised 

cellulos'e diet is used by the larvae for weight gain. Thie is 

beet illustrated by the coefficients of growth and metabolism 

calculated from the same data that was used 1n compiling Table 33 

and 34. 

Medium Cabbage 

Coefficient of growth (%Rge) 

Coefficient of metabolism (%age) 26.9 t 9.0 58.5 ~ 8.9 

(For the method of calculation see Che,pter II) 

These results will be further discussed later. 

3 • EUect of sucrose 9n the consumption and utilisation of ro94. 
A few experiments were undertaken to examine the short term 

effects of the omission of the major essential nutrients on these 

various methods of assessing the perf'orinance of the animals on the 

diote. The results of excluding sucrose from the diet are shown 

i~ Table .35. Four grams of cellulose were added per 25 grams or 



TABLE J5 

Bff9ct of sucrose on consµmption and, utilisation of food 

Dry weights (mgm.) 

l•Iean initial weight per larva 

Mean weight gains f otal 

(%age 

Mean food consumed 

Mean faeces produced 

Coefficient of utilisation (%age) 

Diet with 
sucrose 

15.4 ._ 2 • .3 

5 • .3 t. 4.1 

Jl.7 t. 21.2 

59.6 t. 26.5 

15.1 t. 7.9 

24.2 t. 4.4 

Diet without 
sucrose 

14.4 • 2.5 

.3 . 5 & 3. 2 

22. 2 t. 1.3.8 

5.3 . 9 t. 29.3 

9. 5 t. 4.5 

18.4 :t. 4.4 
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medium in each case and ten larvae were fed on each diet for 24 

hours. The results showed that the omission of sucrose from tho 

diet had no real effect on larvae fed for this short period. 

4• Effect of nitrogen compounds on the consumption and 

utilisation or rood. 

Having examined the effects of the oarbobydrate constituents 

of tho diet, a brief examination of the other major nutrients, the 

proteins and amino acids, Yas made. Casein or cystine, or both, 

were omitted from the diet and the effect on larval weight gains, 

food consumption and food utilisation was reocrded. All the diets 

contained 4 grams of added cellulose per 25 grams of medium and ten 

larvae were fed on each diet for 24 hours. The results are shown 

in Table .36. 

The omission of casein, or both casein and cystine togother1 

resulted in loss of weight and 1·educed the consumption of f ood 

~rithout affecting the coefficient of utilisation. Omission of 

cystine· alone had no effect on these factors and the values obtained 

were comparable to those on the diet containing the corresponding 

concentration of cellulose powder. 

These results will be further discussed later. 

5. Effect or leaf powder. 

Attempts to measure 1n a similar way the influence of leaf 

powder all failed since on omitting this material from the diet food 

consumption ceased . 



TABLE 3Q 

Effect of nitrogen compounds on consumption and 

utilisation of food 

Diet without Diet without Diet without 
Mean dry weights {mgm. ) cystine casein casein and 

cystine 

Initial weight per larva 12. 3 :t 1.2 ll.8 t 1.0 12.6 ;t. 2.0 

Weight gain {Total 
( 

3. 2 t. 1.1 Lost weight 

(%age 26.4 t. 8.3 Lost weight 

Weight loss (Total 
( 

1.4 t. 0.6 1. 8 t. o.s 
(%age 11.9 t. 4.6 10. 7 11:. 4.6 

Food consumed 39.1 t. 2 • .3 19.9 t. 5.5 18. 7 ~ 5.8 

Fa.aces produced 30. 7 t. 5,9 14.4 :t. 3.0 15. 7 t. 5.1 

Coefficient of utilisation 
(%age) 25 .9 t. 12. 2 29.5 t. 7.3 29.7 t. 18. 2 



CHAPTER VI 

DISCUSSION 

In Chapter I it has been sho\ln that studies on the nutrition 

of insects benefit considerably from the use of artificial diets, 

although this approach does, nevertheless, raise numerous problems 

and difficulties. Stress has been laid upon three major consider­

ations. These being, the introduction of the substances necessary 

as feeding stimuli, the quali tat.ive and quantitative -incorporation 

of the essential. nutrients into the diot, and the production of a 

medium with a physical texture which is acceptable to the insect. 

There are two types of materials which act as feeding stimuli 

for insects, those substances which have a nutritional value in 

addition to their pha.gostimulant effect, and those substancea whose 

effect appears to be solely on the sensory receptors of the insect. 

These latter are often termed 'token stimuli'. In the larvae of 

Pieris brassicae L. sucrose seems to act as a phagostimulant , since 

the results of the 'colour score' work showed that the larvae started 

eating earlier on the diet containing sucrose than on those without 

sucrose. This finding conforms to that of Ito (1960) in the case of 

the silkworm larvae. 

The results which have been reported earlier, clearly indicated 

that cabbage white larvae offered artificial diets containing various 

sugars showed a marked reluctance to begin feeding on diets containing 
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any sugar other than sucrose. The substances showing weak phago­

stimulant effects all contained glucose molecules linked in various 

ways, these were the monosaccharide glucose itself, the diaaccha.rides 

trehalose, maltose and cellobiose (each of which consists solely of 

glucose molecules), the trisaccharides melezitose and raffinose, and 

t ho glucose polysaccharide glycogen. With the exception of glucose, 

none of the monosaccharides apparently ind uced feeding during the 

2 hour period of the experiment. 

The conclusion that was drawn was that diets containing sucrose 

were initially far more acceptable than other diets to larvae trans­

ferred from cabbage. However, the curious fact emerged that these 

sucrose containing diets did not maintain their superiority over a 

24 hour feeding period . Measurements of the total quantity of 

food consumed during a 24 hour period failed to reveal any si gnificant 

difforence between sucrose containing ond sucroae-freo diets. This 

suggests perhaps that on sucrose deficient diets the larvae f'~lle<l to 

feed initially, rut subsequently responded to hunger stimulation and 

in fact, their food intake caught up with that of sucrose fed larvae 

during the first 24 hours. Results after 12 hours show that on a 

sucrose-free diet the colour score has reached 60 per cent of the 

maximum possible level. The interrelations of phagostimulation, 

lunger stimulation and food intake will obviously merit further 

detailed investigation. 
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Tho prolongation of the feeding period on the sucrose-free 

diet to four days resulted in a very much higher mortality among 

larvae as compared to those feeding on a sucrose containing diot. 

This strongly suggests that the phagostimulant action of sucrose and 

i ts nutritional value are both of considerable importance to the 

insect. The larvae may have eaten the non-sucrose diet in order 

to satisfy a hunger stimulus over a long period of f our days tut it 

failed to adequately support life and maintain growth of the cater• 

pillars. 

In general, the results with other sugars in the present 

studies support those observations recorded on differont insecto 

by various authors (reviewed in Chapter I) rut there do exist some 

differences. The most outstanding difference was the response to 

the glucose molecule which appears to be the preferred sugar of 

almost all the various species of insects invostigated by other 

workers. Although, as shown above, the glucose molecules occur in 

combination in all sugars showing a phagoet1mulant effect on tho 

larvae or Pieris brassioae L., sucrose was several times more 

effective than uncombined glucose. In this reapoot these results 

seen to be in agreement with those on the silkworm (Ito 1960). 

Fructose, which evoked no response from the larvae of the cabbage 

white butterfly, was sh~ by other authors to be almost ae equally 

attractive as glucose for other insects. In this case the results 



differed completely from thoee recorded by Ito (~. ill) on the 

silkworm larvae where fructose was almost as good a pbagostimulant 

as sucrose. 

Differences between insects of widely differing taxonomic 

groups and feeding habits are not perhaps altogether surprising. 

Rather more striking are the differences shown between the cabbage 

white larvae and the silkworm, insects belonging to the same order 

(Lepidoptera) both of which are leaf feeders. A survey of t !1is 

topic in loaf feeding insects, made in conjunction with analytical 

studies on the host plants, might prove of some interest. 

As far as the token stimuli are concerned, Verschaffelt (1911) 

and Thorsteinson (195.3) showed that larvae of Pieri.a brassier>§ t ., 

Pietis ~ L. and Plutella maculipenniu Curt . will feed on plants 

containing mustard oil glucoeidae. In t he present investigc.tion, 

however, sinigrin - one of the main mustard oil glucosides of cabbages • 

failed to evoke any detectable response 1n the larvae of Pi 1rj_:, 

b:t;as§ic49 L. and their performance on the diets containing sinigrin 

was not significantly different from that on diets lacking this 

glucoeide. Variations in the sinigrin concentration in the diets 

also f niled to give a positive response. 

This lack of effect exhibited by sinigrin was unexpected 

because the published work leaves littJ.e doubt that this chemical 

does stimulate the sensory apparatus of Pieris larvae. The unpub­

lished work of Hussain (196.3) is of interest in this connection. 



He allowed larvae to feed on agar containing various concentrations 

of sinigrin and counted the number of faecal pellets produced. He 

showed an increase in the faecal count proportional to the sinigrin 

concentration up to a level of 31.2 p .p.m. From 31. 2 p .p.m. to 

250 p .p .m. the faecal count remained constant and above 250 p .p .m. 

t ho count declined in proportion to the increasing concentration. 

There is no doubt that t he leaf' powder preparation contains 

s inigrin, and the effect of adding sinigrin to diets contain:lr g leaf 

powder may therefore well be 9X_Pected to be adverse. One might 

assume that the selection of the optimum quantity of leaf' powder 

-was 1n effect a selection of the optimum quantity of einigrin. 

However , if this were the case the addition of 100 p . p.m. sinigrin 

to diets lacking leaf' powder should have brought about some improve ... 

ment. No ingestion occurred on the diet lacking leaf powder whether 

sinigr:l.n or sucrose were added individually or as a mixture. This 

is contrary to the finding or Hussain (1963), who showed an increased 

faecal count when larvae were fed on agar to -which sinigrin or sucrose 

was edded, and a very greatly increased count when both were added 

toget her. 

There are at least throe possible explanations for the function 

of leaf powder in this connection. Firstly, it may provide yet 

another phagostimulant 1n the absenoe of which sucrose and sinigrin 

are non-funct ional. This is contrary to all previous published 

work on the effect or sinigrin and also contrary to the findings of 
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Hussain (log. ill) described above . Secondly, it may provide some 

additional substance which modifies the effect of sinigrin and/or 

sucrose although not itself a phagostimulant. In this connection 

it is interesting to note the contention of Verschaffelt (~.ill) 

that it -was the mustard oil derived from the glycolysis of the 

glucosides which was physiologically active and that the enzyme 

myrosinase, derived from damaged plant tissue, was necessary for 

the production of the phagostimulant mustard oil. However, Hussain 

~ .,w) disputes this finding. He observed an increased faecal 

count when pure sinigrin was included in the agar fed to t he larvae, 

but found that pure mustard oils wore repellent. The third, and 

possibly most reasonable explanation or the function of the leaf 

powder, is that the artificial mixture or nutrients prepared in 

these experiments differs from the pure agar used by Hussain in 

being unpalatable to the larvae. In other words we are dealing 

here not merely with the absence of phagostimulants rut "1ith the 

presence of some repellent property. Sucrose and sinigrin fail to 

adequately mask this repellency, whereas , leaf powder is success:f\ll 

in this respect. 

Turning now to the nutritional importance of the constituents 

of the diet, the review of the literature has shO'Wn that many insects 

can live without carbohydrates in their diets, although they can 

utilise some of the sugars if they happen to be present in the diet 

(Chapter I) . In the case of a few stored products peats some 
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carbohydrate in the diet is essential for adequate growth and 

survival. In view of the results given in this present v1ork., it 

may well be that the list of insects for v1hich some carbohydrate is 

essential may have to be extended to include Pieris brassicae L. 

It has been shown that mortality increases very considerably if sugar 

is (ttcludad and the facts already discussed strongly discount the 

view that this is merely an effect brought about by the absence of 

phagostimulation. Furthermore, the value of various sugars for 

maintaining lov1 mortalities (Fig. 3) in no way corresponds with 

their value as phagostimulante (Table 11). In fact., other phyto-

p hagous insects may well require adequate quantities of certain 

sugars as an essential part of their diet, glucose and sucrose be:ing 

particularly important from this point of view. Thus Beck (1956a,c., 

1957) showed that larval growth in Qstrinia nubilalis Hl:n. was 

positively correlated with the sugar content of the host tissues and 

that feeding activity was prolonged in proportion to the sugar 

content of the diet. 

From the review in Chapter I., it is clear that pentoses are 

usually said to be very poorly utilised by insects in general., 

although xylose is utilised by some Diptera and ribose has been 

shoi..m to be utilised by the boll weevil, Anthonomus grandi§ (Boh.) 

(Vanderzant 1965). In preliminary experiments arabinose and xylose 

were shown to be utilised by Pieris brassicae L. larvae which 

continued feeding on the diets containing these sugars for more than 
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four days without showing any mortality or other adverse effect. 

Similarly, ribose supported life and the mortality was not signi­

ficantly different from that on the sucrose diet. These results 

with pontoses are based on only five replicates of five insects in 

each case and are obviously in need of confirmation. If this con­

firmation is forthcoming, the results are surprising since the 

statement is frequently made that pe~toses are poorly utilised. 

However, Table 1 illustrates how few insects have been examined from 

this point of view and proof of their value for Pieri@ btafle!o~ L. 

would suggest that a comparat ive examination of other species might 

well be profitable . 

Of the hexoses, glucose and fructose each have high nutritive 

values for most insects (Gilmour 1961) l:ut the results with Pieris 

.btae~icae L. larvae are just the reverse. In fact, Figure 3 shows 

that with one exception, no hexose monosaccbarides showed any 

individual promise as an adequate replacement for sucrose in the 

diet. The one exception was mannose which has previously been 

shown by other authors to adequately provide carbohydrate in the 

diets of the desert locust, the boll weevil and some Diptera (Table 1). 

The experiments with the cabbage white butterfly larvae suggest that 

mannoae and its alcohol, mannitol, are suitable replacements for 

dietary sucrose, although these results are subject to the same 

reservations as applied to those obtained with pentoses. Galactoae 

has been successfully used in the diets of various insects (Table 1) 
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but with cabbage white tutterfly larvae its use produced a 

significantly higher mortality than that otl a sucrose diet. A 

very interesting result is that shown for an equimolecular mixture 

of fructose and glucose which proved as good as sucrose 1n the diet. 

The resul ts obtained -with disaccharides and trisaccbarides 

(see Fig. 3) cannot be completely explained on the basis of the 

chemistry of the individual sugars. If one assumes that the 

sucrose molecule is the ideal sugar as far as this insect' s nutrient 

requirements are concerned, it is not surprising perhaps that en 

equimolocular mixture of glucose and fructose is just as success­

fully utilised. Sucrase is a widely occurring digestive ,mzyme of 

insects and it may be postulated that :ingested sucrose is readily 

broken down to an equimolecular glucose and fructose mixture in the 

gut. On this basis the results obtained with the triaaccharides 

are not too inexpl icabl e. One need not postulate unusual enzymes 

in order to suppose that raffinoee can be hydrolysed compl etely to 

galactose, glucose and fructose molecules and mel ezit ose to fructose 

and two glucose molecules. Both trieaccharides were shown to be 

nutritionally inferior to either the sucrose molecule or the glucose­

fructose mixt ure and it could be postulated that this was due to a 

contamination or imbalance of the necessary constituents, resulting 

from the presence of the galactose molecule in the case of digested 

raffinose, and the extra glucose molecule in the case of melozitose. 

Tho three disaccharides maltose, trehalose and cellobiose all yield 
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only glucose molecules on hydrolysis and it will be seen in Figure 3 

that the percentage ~ortality obtained on diets containing one of 

those GUgars did not in fact show any significant difference from 

that on diets containing glucose alone. The same is true of tho 

polysaccbaride glycogen which yields only glucose on hydrolysis. 

The anomalous results a.re those obtained with the disacoharides 

melibiose and lactose. Melibioso in the diet resulted in a low 

percentage mortality, which did not differ significantly from that 

obtained using sucrose, or the glucose-fructose mixture. Melibiooe 

on eydrolysie yields one molecule of glucose and one molecule of 

galactose, and since survival is significantly higher than on tho 

diets containing glucose alone, this may suggest that tho galactose 

moleculo t1mprovea' the glucose molecule from a nutrient point of 

view. However, lactose also yields ono molecule of glucose and one 

molecule of galactose on hydrolysis, and yet the mean mortality using 

this disaccharide in the diet was the highest recorded in n1l the 

experiments, except those excluding sugar altogether. One can 

speculate further on this anomaly. Melibiose is hydrolysed by tlll 

oC. -galactosidaae, whereas lactose requires a ~ - gnlactosidase for 

its digestion. The former enzyme does seem to be of more common 

occurrence than the latter in the Insecta (Gilmour 1961) . Further 

evidence on this point can be obtained by measuring the mortality 

on a diot containing an equimolecula.r galactose-glucose mixture, and 

by assaying the enzymes of the alimentary canal in this insect. 
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The quantitative sugar requirements of the larvae were 

examined t1sing sucrose in the diet over a range of O to 1000 mgm. 

per 25 grams of medium. The results showed that 500 mgm. or 2 por 

cent was the optimum concentration. This is in reasonable agreomant 

with the results obtained for other phytophagous :insects, studied 
and Reiser 

by different authors. Thus, Vanderzent; (l956b) used 4 to 6 per 

cent sucrose in the diot of the pink bollworm; Beck (1956b) usod 

0.7 to 5,3 per cent glucose, fructose or sucrose for the European 

corn borer; end Vanderzant (1965) included 3,5 per cent fructose, 

maltose or sucrose in the diet of the boll weevil. A study of 

Table 3 reveals that phytophagous insects, generally, require a low 

percentage of carbohydrates :in their diet, Any variation in con-

cantration outside the rather restricted range would probably re~t 

in the saJne adverse effects on the insects as have been shown in 

the case of Fieris brassica2 L. larvae. 

Similarly, the nitrogen requirements of Pieris brassicae L. 

larvae agree with those of other phytophagous insects studied so 

far. It bas been shown in Chapter I that pbytophagous insects 

generally, require a low dietary concentration of protein Yhich 

apparently, normally, lies botween 2 and 4 per cent, end in tho 

present investigation about/3,5 per cent concentration proved 

adequate. 

Ishii~ J,!. (1959) showed that the larvae or the rice stem 

borer Chilo suppressalis (Wlk.) required a higher range or 

/ 



concentration (the minimum level being 4per cent) of casein in 

their diet throughout their life, whereas, Beck (1956b) demonstrated 

a requirement for a higher protein concentration (casein 5.3 per 

cent) in the early inatars, and a lower concentration (0.7 per cent) 

1n late instars in the larvae of the Iihropean corn borer. Beck 

(1956a) also showed that ne,,,,ly hatched larvae preferred to settle 

on a diet with a high protein content. In the present studies 

such effects were not fully investigated, yet the concentration of 

casein was increased in the case of the diet of third instar larvae 

without any detectable improvement in their performance. The 

omission of casein from the diets of the first instar larvae 

adversely affected their growth, resulting in significantly lower 

larval weights and a reduction in the number of insects moulting. 

The third instar larvae did not show any significant lowering of 

weight gain l:ut the proportion of insects moulting was si gni ficantJ.y 

lower on the diet lacking casein. In the .fifth instar larvae tho 

amount of food consumed was also affected, a significantly lower 

amount being ingested on diets lacking casein. This resulted in an 

actual loss of more t han 10 per cent of the body weight of the larvae. 

The advantages gained by including cystine in the diet have 

already been described. The nutritional singificance of this amino 

acid for insects is still a matter of some debate. Attention has 

been drawn to the work of various authors suggesting that the 
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presence of cystine is connected with successf\ll moulting in somo 

of the non-pbytophagous insects, particularly within the Diptera. 

(Chapter IV). It is not normally regarded as an essential amino 

acid in the accepted sense. Kasting and McGinnis (1962), · howeve,.•, 

detormined the amino acid requirements of Agrotis orthogonia Morr. 

by :injecting glucose-U ...C-14 into fifth instar caterpillars and 

concluded that the amino acids which were subsequently shown to 

have failed to take up any radioactivity were nutritionally 

essential . Included among these amino acids was cystine. This 

wa.s an indirect method and did not show whether or not dietary 

cyst:1ne actually had any physiological effect on the insect. 

In the present investigation, the addition of cystine resulted 

in significantly higher mean final weights for the third instar 

larvae and also gave a significantly higher value for the percentage 

of insects moulting. In the fifth instar caterpillars, its effect 

was not clear up to the timo of emergence of adults from the pupae. 

The fifth inetar larvae did not show any signifioant reduction in 

food consumption, faeoal production, coefficient of utilisation, or 

Wllight gain on the food from "Which oyetine was excluded . Success­

ful pupation occurred on the diets lacking cystine, rut the number 

of emergence failures was significantly higher on those diets in 

comparison with pupae from larvae reared on diets containing cystine. 

This appears to be the first observation of such an effect in a 
and Grisdale 

phytophagous insect. McMorran / (1964) reared the larvae of Pioris {-



.r~ L . on a semi-synthetic diet and reported that a high per­

centage of male adults had crippled wings which the addition of 

corn oil or soybean oil could not prevent. This may \-1811 be due 

to l ack of cystine in the diet since the deformities described by ' 

M~:orran seem similar to those observed in the present studios. 

However, it must be pointed out that David and Gardiner (1965) have 

recently reported 80 per cent emergence of adults reared on Mclforran ' s 

diet. 

It was not possible to make a detailed qualitative and 

quantitative study of the effects of all the dietary components on 

the development of the insect in the limited period of t ime avail­

able. Neverthel ess, a survey of other possibly important dietary 

factors was made and some consideration was given to t he vi tamins 

and sterol requirements of Pi~ris brassicae L. l arvae. Trus, 

~ - carotene (a precursor of vitamin A) was tried in two different 

concentr ations rut its addition resulted in retarded growth of the 

larvae. Earlier Chiu and McCay (1939) had included vitamin A in the 

diets of Tribolium conf)lsum tDuv.) and Acanthoscel ides obtectus (Say) 

but wit hout any affect. On the other hand, Dadd (1957) reared the 

newly hatched nymphs of the desert locust to adults and showed that 

~ -carotene or vitamin A acetate was essential for adequate growth 

and pigmentation. Ilouse {1965c) supported this view by showing that 

vitarrin A acetate accelerated the growth rate in the larvae of~ 

@ffinis {Fall.) . No such requirement could be shO\,m in the present 



studies. Inclusion of a mixture of B vitamins in the diet had no 

effect at all, although B vitamins have been included with advantage 

in the diets of various insects studied by different authors (Tab.lo 2). 

Possibly the added B vitamins did not have any effect because the 

larvae -were obtaining the necessary factors from the cabbage leaf 

powder. However, it must be emphasised that the object of the 

experiments which have been described was to detect short term effects 

of deficiencies in the diet and to this end all experiments were con­

ducted over a maximum of four days. On this basis, one cannot dis-

h il 1 
>"i.-.., 

count t e poesib ities of more subt e responses to vitamin concen-

tra.tions. Effects such as t hose described by Dadd on locust pig-

menta.tion would not reveal themselves in Ehort term experiment s of 

the type described above. More conclusive data will be obtaint.id 

from long t erm rearing experiments on vitamin-containing and vitrunin­

free diets. 

Ascorbic acid (vitamin C) was f irst i ncorporated into the diet 

of a phytophagous insect by Dadd (1957) using the desert locust and 

since then its importance has been stressed in tbe diets of several 

other species of mainl y pbytophagous insects. At t he same time a 

number of insects have been reared satisfactorily without this 

vitamin and in other cases it has been suggested that it merely 

p~rform.s a phagostimulant function (Chapter I) . In the present 

investigation, however, ascorbic acid did not i mprove the diet l:ut 

its addition, in fact, resulted in a more than 25 per cent mortality 

of the larvae, as compared to zero mortality on the diet l acking ( 

this vi tarnin . This result is very curious since t he weight 



gains of larvae were not affected by the incorporation of ascorbic 

acid into the diet. This suggests, therefore, that one is not 

dealing with any repellent effect of t his material in the diet, and 

experiments on food consumption would check this conclusion. In 

ChBs:ryter I jt, was shown that where ascorbic acid has been found to 

produce a beneficial effect, it has usually bean incorporated into 

the diets at a concentration of between 0 .2 and 0 .5 per cent and :in 

these present studies 0.4 per cent was used. Although no reforenco 

to tho ill effects of overdosing with vitamin C has been .foWld in 

the literature, it is possible that in this case a considerable · 

proportion of t he amount of thia vitamin present in cabbage, sur-

vives t he treatment by which leaf powder is made. It may veil be 

that the added leaf powder contained the optimum quantity of tho 

vitamin for the l arvae, and in fact, the same argument may be applied 

here a.a was used in the case of sinigrin discussed above. 

Only e. few insects have been shown to require fats or £atty 

acids in their diets, and these requirements have not been investi­

gated in the present study on the larvae of Pieris ~rassicae L. 

Tl?-9 only relevant data -which have been obtained are that when wheat 

embryo, which contains fatty acids shown to be essential in sorno 

Lopidoptera, was incorporated into the diet when attempts wore 

made to exclude leaf potiier; these attempts were a failure 

(Chapter III). 



The effects of incorporating cholesterol and ~ -sitosterol 

in the diet of Pie:;:ia brassic;,e L. larvae were examined, sinco the 

majority of insects have been shown to require a sterol in their 

diet. However, no improvement in the diet could be brought about 

in the present studies and in fact, a concentration of about 2 per 

cent of either sterol adversely affected the growth and development 

of the larvae . The lower concentration of 0 . 2 per cent did not 

,Produce any observed effect, al though this concentration was more 

or less in agreement with the requirements of other phytopba.gous 

insects studied in the past (Table 6). The higher concentration of 

2 per cent was perhaps an excessive quantity, and the adverse effects 

might have occurred as a result of overdosing. On the other hand, 

Dadd and Mittler (1965) failed to improve the growth of the aphid 

Myzus yersicae (Sulzer), with the inclusion of cholesterol in the 

diet and, in fact the incorporation of cholesterol suspension 

retarded growth. One might expect that in the case of plant feed­

ing insects ~ -aitosterol would be of more importance in the natural 

diet than cholesterol. However, the present studies have failed to 

demonstrate that any benefit is to be derived from either sterol in 

an artificial diet for this species. Here again one must emphasise 

that it is impossible to conclusively prove a negative result using 

a diet containing a constituent of unknown composition such as leaf 

powder. Conclusions can only be drawn with confidence on the basis 

of e:xperiments aho-wing positive results. 



This argument can equally be applied to the failure to 

apparently 1Jnprove the diet by including the Osbourne and Mendel 

salt mixture. 

It has been shown 1n Chapter I that although nutritional 

studies have been carried out on a number of' pbytophagous insects, 

yet there are onl y a few successful examples :in which pQrely s~­

thetic diets have been used, all the rest of the f:lndings being 

_based on semi-synthetic diets. In the present investigations when 

all efforts to make a suitable synthetic diet had failed, the inclusion 

of cabbage leaf powder seemed the only possible way 1n which the diet 

could be modified at this stage in order that the larvae could feed 

and grow. Though it had certain disadvantages, and it was difficult 

to establish the role of certain materials which may be present in 

the leaf powder and which, if required by the larvae at all, are 

only required in very small quantities, nevertheless, it has made 

possible a comparison of the growth and development of larvae on 

different diets. The results for sugars, casein and oystine are 

conclusive. These substances proved necessary even in the presence 

of cabbage leaf powder, since an agar mediu.m eonta:lning only leaf 

powder failed to support life. On the other hand, attempts to 

replace cabbage leaf powder have failed, al though further investi­

gations may ultimately lead to the total exclusion of this material 

from the diet. Analysis of the cabbage leaf might be helpful 

although this has its difficulties as outlined in Chapter I and at 



this stage we do not know what vital role is performed by the leaf' 

powder or its various constituents. 

Apart from other considerations the importance of the physical 

suitability of the diet, particularly for phytophagous insects, has 

been stressed by various authors. In the present studies one of 

the materials used to give a suitable texture to the medium was 

nutrient agar. 

easy to handle. 

It was included to make a cohesive diet which was 

Tanton (1965) showed that the consumption of food 

increased with increased agar concentration in the diet of the 

mustard boetle, the highest concentration used being 6 per cent. 

In the present investigation no such correlation could be demon­

strated. Other constituents of the diet were shown to have a far 

more important end over riding eff act on consumption, and the 

insects showed little ability to discriminate between agar concen­

trations over the range tested. Tha concentration of 2 per cent 

used in these studies was selected for the advantages gained in hand­

ling the material rather than for any nutritional advantago to the 

insect. 

The other substance u@ad ae a major influence on physical 

texture was cellulose which was used in two forms. One fo:x,n was 

cellopbas, which was incorporatoo into the diet to give it a leaf 

like structure as suggested by Stride (1953), rut it proved a total 

failure as it absorbed too much water and the medium dried up very 

quickly. The other fo:rm, which proved of great value, was cellulose 



power. The consumption of food on the 'normal' diet was low 

compared with that on cabbage, and the addition or cellulose proved 

higlll.y beneficial in increasing this consumption to the level of 

that on cabbage. The significantly lower consumption on the 

'normal I di8t was perhaps due to the lack or 'bilk' or 'roughage', 

a deficiency which_ was made up by the cellulose powder used at 5 

grams per 25 grams or medium. 

The food consumption appears, from the data given in Tables 

32 and 33, to be inversely related to the nutrient value of the 

diet i .e. the 'richer' the diet, the less the miimal consumes., and 

this is a situation with parallels in the field of vertebrate 

nutrition (for rats see Piekarska 1964; for cattle see Meyer~ .QJ; . 

1956). The relationship is not a matter of direct proportionality., 

however, this being well illustrated by the very marked increase in 

consumption when the cellulose content i s raised from 4 grams to 

5 grams. There is however an exactly parallel rise in faecal 

production , ancl the total weight of food utilised (i.e. weight of 

food consumed - weiglrt of faeces) by larvae fed on the diet con­

taining 5 grams cellulose does not differ significantly from tha.t 

utilised by larvae fed on the medium containing 4 grams cellulose, 

or in fact ~y those fed on the normal medium. 

The fact that the coeffi cient of utilisation falls in value 

when cellulose is added to the diet is thus apparently due solely 

to the change in the weight of food consumed, not to any change in 



the weight of food utilised, and this serves to emphasise the 

wholly inert role of cellulose nutritionally. In other words, 

it appears to control only the amount of food passing through tho 

gut, and does not affect the amount absorbed by the insect from 

the gut. 

Some of the observations, however, suggest that the e.ffeet of 

adding cellulose is a little more complicated than has so far boen 

implied . If the amount of food passing through the gut is controlled 

solely by the animals' need for a given weight of nutrients, the 

very sudden increase in food consumption resulting from adding 5 

grams of cellulose to the diet rather than 4 grams is difficult to 

explain. Thia additional quantity of cellulose produced only a 

small (2. 5 per cent) decrease in nutrient concentration, l:ut an 

extremely large increase in consumption. One possible explanation 

might be that it is the concentration of individual nutrients which 

is important rather than t he total -weight of nutrients. As the 

modium is diluted with cellulose the concentration of some of the 

nutrients, present in small amounts initially, may drop to a point 

at -which the animal is unable to absorb them efficiently. On this 

basis one might speculate that the greatly increased food con6'WI!Ption 

is the animal's response to this apparent scarcity of essential 

chemicals. Data concerning both tho nutrient content of the faeces, 

and the effect of cellulose on the rate of passage of food through 

the gut would be of interest in this connection. 



This, of course, implies a quite different role for cellulose. 

Although nutritionally an inert compound in the strict sense it 

would be playing a nutritional role in influenc1ng the relative 

availability of compounds required by the insect. One might expect 

that as a result the composition of that proportion of the food 

utilised by the larvae would also be affected by the cellulose 

dilution, and in this connection it is interesting to note t he 

,greatly increased weight gain of the l arvae reared on the diet con­

taining 5 grams cellulose. Since the amount of food utilised has 

not changed as a result of adding cellulose, it seems a reasonable 

as$Ulllption that this increased weight gain must result from some 

change in the composition of the food utilised. In other words 

one effect of adding 5 grams cellulose ap-pears to have baon to increase 

the coefficient of growth, with a consequent lowering of the co­

effici ent of metabolism. 

If these speculationf have any validity then the mechanis.'ll by 

which cellulose controls the uptake of food by the caterpillar is 

not, as suggested originally, a purely physical one, rut is partly 

at least chomical, the mechanism involving not the concentration of 

cellulose itself, but t he effect which it has on the concentration 

of other dietary constituents. 

Thus it has been found possible to adjust the diet in order 

to achieve a larval intake comparable to that on cabbage even though 

our understanding of the underly!ng mechanisms is very incomplete. 



A good deal of progress has yet to be made before this diet could 

ba considered comparable to cabbage in other respects. The co­

efficient of utilisation of cabbage is IJ).5 per cent for the fifth 

instar caterpillars, a figure which compares closely 'With the pub­

lished value of 41.4 per cent for fifth inetar larvae of Pl;lale,:p. 

buqepJlala L. reared on hornbeam. In the case of the diet oon-

ta:lning 5 grams cellulose, only 17. 5 per cent of the diet was 

u tilieed and any attempt to improve this figure had a detrimental 

effect on food consumption. 

The major requirement here is to increase the total weight of 

food utilised in the diet. The problem, therefore, becomes much 

more complicated since one moves a stage f\lrther 1n attempting to 

control not the ingoetion of food, but its absorption by the laJ.-v-ae. 

The coefficient of growth is very much higher on the cellulose diet 

thnn on cabbage and the coefficient of metabolism, therefore, much 

lowor, The central problem to be pursued in these nutritional. studies 

has, therefore, become that of discovering the adjustments which must 

be made to a diet in order to control the 11se to which the larva puts 

the food ingested. 

A much greater amount of detailed information on the quanti­

tative inter_relationshipe of the materials utilised by the cabbage 

,-1hite larvae is obviously required. The related problem of the 

role of leaf powder remains umsolved and the author is acutely a.wru.~e 

of the need for f\lrther study of these problems together Yith 
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clarification of many points of detail. Many of the limitations 

or this ~ork have been imposed by limit ations or timo and it is 

hoped to pursue these investigations in the near future . 



1) The literature on nutritional studies on insects has 

been reviewed and the need for devising a suitable synthetic diet 

for these studies has been stressed. Attempts to produce a 

wholly synthetic diet for Pieris brassicae L. larvae all proved 

a failure . 

2) After a series of experiments, a semi-synthetic diet 

containing cabbage leaf power was evolved, which could support 

the life and maintain the growth of the caterpillars. A leaf 

powder concentration of 8 per cent or 2 grams per 25 grams of 

medium was the most suitable, as tha concentrations lover than 

this produced a very high mortality and the higher ones did not 

show any improved effect. 

3) Sugars were found to be nutritionally essential in the 

diet and out of 18 sugars tried sucrose was found to be the most 

suitable as it had a comparatively higher nutritive value in 

addition to acting as a phagostimulant. The optimum concentration 

of sucrose m the diet was 500 mgm. per 25 grams of medium. 

4) In contrast to the previously published data of other 

authors, sinigrin - a mustard oil glucoside - failed to evoke ony 

feeding response in the larvae .fed on the semi-synthetic diet :ln 

these investigations. 
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5) Casain was found to be valuable as a nitrogen source. 

Its omission produced larvae with comparatively low final weights 

in the early instars, and resulted 1n loss of weight in the fifth 

instar caterpillars. A concentration of 0 . 87 grams per 25 eraPs 

of mecHum was found to be adequate. 

6) The addition of cystine to tho diet resUlted in a 

greater proportion of the larval population moulting and its 

omission from the diet of the fifth instar caterpillars caused 

failures in the subsequent emergence of adults from the pupae. 

The adults which were produced frequently showed various deformities. 

A concentration of 50 mgm. of oystine per 25 grams of medium wo.s 

found to be adequate for the larvae. 

7) The ad.di tion of ~ -carotene to the diet retarded tho 

growth of the larvae. 

8) B vitamins did not produce any observed effect on 

larvae reared on the semi-synthetic diet. 

9) The addition of ascorbic acid (vitamin C) to the diet 

had an adverse effect on the larvae, producing a high mortality. 

10) A concentration of 500 mgm, per 25 grams of mediwn of 

cholesterol or ~ -sitosterol adversely affected the grouth and 

dovelopment of the caterpillars, whereas, a concentration of 

50 mgm. per 25 grams of medium did not produce any observed. 

effects. 



11) Minerals added in the form of the Osbourne and 

Mendle salt mixture did not produce any detectable effects. 

12) A concentration of 2 per cent of nutrient agar helped 

in making the diet cohesive and manageable end perhaps provide!rl 

a bettor f eeding surface for the larvae as well . 

13) Attempts to give a leaf like structure to the diet 

by adding cellophas were a failure since the diet absorbod 

enormous quantities of water and dried up overnight. 

14) Cellulose powder proved very usefUl in providing 

'bulk' and it increased the consumption of food when incorporated 

into the ' normal' medium although it lwered the coeffic1ont of 

utilisation of food. 

15) The absolute weight gains and percentage weight gains 

0£ larvae fed on diets containing 5 grams of cellulose powder per 

25 grams of medium, were comparable uith those feeding on cabbage. 

16) The coefficient of utilisation of food and that of 

motabolisn on the cellulose diet were significantly lower than 

those on cabbage rut the coefficient of growth was higher on the 

cellulose diet. 
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APP§NDIX I 

Procedure for estimation Of chromic oxide concentration · 

Digestion mixture: 
Dissolve 10 grams of sodium molybdate in 150 ml. of distillEA 

water; slowly add 150 ml. of concentrated aulphuric ao:ld. Slowly 

add with stirring 3)0 ml. of 70 per cent perohloric acid. 

c o;bour-d eyelop;wg reagent: 

A freshly prepared solution of diphenylcarbazide, 0 . 25 per 

cent (W/V), in 50 per cent acetone. 

~roc¢,ure: 

1) Weigh a sample containing 150 to 1,200 ),'-- g. of Cr2o3 

into a 100 ml. kjel dahl flask. 

2) Add 10 ml. of digesti on mixture and heat for 30 minutes 

on a micro-kjeldahl digestion rack. In the first 15 minutes t he 

colour changes from green to yellow or orange. 

3) Remove from heat and cool to room temperature. 

4) Dilute the digest to 500 ml. with distilled water. 

5) Transfer 5 ml. of the diluted digest to a 12.5 ml. 

colorimeter tube and add 4.5 ml. of 0.25 N sulphuric acid. 

6) Add 0 . 5 ml. of colour-developing reagent -with a hypo­

dermic syringe (1 ml. capacity). 

7) Allow at least 3 minutes for colour development, and 

measure the absorbance at 540 m ),{. against a blank consisting of 

9 . 5 ml. of 0 . 25 N sulpmric acid and 0 . 5 ml. of colour-developing 

reagent. 




