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During the course of nutritional studies of 

the rice stem borer, Chilo suppressalis WA-

LKER, by means of synthetic food media, it has 

been observed that the larval growth and meta-

morphosis were improved by addition of pul-

verized rice plant or its water-extract to syn-

thetic media. However, the growth was inhi-

bited when an excess amount of the rice plant 

extract was added. This indicates that the rice 

plant contains some growth inhibiting sub-

stances for the insect.

This paper deals with the isolation and charac-

terization of benzoic and salicylic acids from 

the rice plant, and the effects of the acids on 

the growth of larvae of rice stem borer and 

the spore germination of the rice plant fungus 

pathogens.

THE EFFECT OF WATER-EXTRACT ON 

THE GROWTH OF RICE STEM BORER

LARVAE

Rice plants, prior to easing, were cut from 

the root side and dried. Dried plants were pul-

verized, and boiled with water for two or three 

times to extract water soluble substances. The 

water-extract was concentrated on a water bath 

at 60 to 70•Ž until it becomes a sticky dark

brownish paste. The concentrate was desiccated 
in a desiccator under reduced pressure, and 

preserved in it until testing.
The composition of basal diet used for the 

aseptic rearing of the rice stem borer is given 

in Table 1.

Table 1. Composition of the basal diet.

The mixture was placed in a 200ml Erlen-

meyer flask, with varying amounts of the 

water-extract dissolved in water, and content 

of the flask was mixed well. The flask was 

plugged with absorbent cotton and steam-

sterilized in an autoclave for 15 minutes at 

1.0kg/cm2 pressure.

The borer eggs laid on a piece of paper were 

dis-infected with 0.1 per cent aqueous solution 

of mercuric chloride, and then placed in the 

flasks, at the rate of 30 to 40 eggs each. 

Aseptic rearing was carried out in an incubator 

at 28•Ž, under dark condition, for 23 to 28 days.

The effect of the water-extract of the rice
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Table 2. Effect of water-extract on the growth 

and development of the rice stem borer.

*The rice plant used for the extraction was har-

vested from a paddy field in July 1958.

plant added to the basal diet on the growth 
and development of larvae are given in Table 2.

This result indicates that the water-extract 

at rather lower level in the diet has an improv-

ing activity for growth and metamorphosis of 
the insect. Addition of excess amounts of the 
water-extract to the diet, however, shows clear-
ly adverse effect on the growth of larvae: i. 
e. when 5g of the extract was added (about 
42 per cent of diet on dry weight basis), larvae 
could not grow at all and died during the first 
larval instar.

FRACTIONATION OF THE WATER-
EXTRACT

About 8kg of dried rice plant powder was 

boiled with water, about 84l, to extract water 

soluble substances. The water-extract was con-
centrated and desiccated as mentioned above. 
About 1kg of the water-extract was obtained. 

Then the ether soluble matters were extracted 
with ether using a liquid-liquid extractor from 

the water-extract which had been dissolved 

again in water. Forty g of ether soluble mat-

Fig. 1. Fractionation of the rice plant water-extract.



December, 1962  ISHII, et al.: Isolation of Benzoic and Salicylic Acids  283

Table 3. Effects of acidic, neutral, basic and phenolic 

fractions on the growth of rice stem borer.

ter, showing brownish oily appearance, was 

obtained, and then separated into acidic, neutral, 

basic, and phenolic fractions as shown in Fig. 1.

Results of the feeding test of each fraction 
were given in Table 3. It seems that all the 
fractions have growth inhibiting activity on 
the larval growth. Among these four fractions 

the neutral and basic ones have rather higher 
activity than the acidic one. Attempts made to 

isolate active substances from the basic, neu-
tral, and phenolic fractions were not successful 

due to insufficient amounts of these fractions.

ISOLATION OF THE GROWTH INHIBIT-

ING SUBSTANCES FROM THE ACIDIC 
FRACTION

The acidic fraction was steam-distilated, and 

the distilate was acidified with dilute sulfuric 
acid to pH 2, then shaken with ether. Both 

the distilate and residue were assayed for their 

growth inhibiting activity on larvae. The result 
indicated that the steam-distilate has a higher 

potency than the residue.
The steam-distilate was fractionated by 

means of a partition column chromatography. 
A column of 5g of silica gel mixed with 4ml 

of 1N sulfuric acid was used as a stationary 

phase. The distilate was placed on the top of 
the stationary phase and eluted with chloroform 

saturated with 1N H2SO4, then stepwisely elut-

ed with 5, 15, 25, and 35 per cent n-
butanol in chloroform saturated with 
1N H2SO4. The elutes were collected 
in a measured volume of 3.3ml and 
titrated with 0.01N NaOH using phenol 
red as an indicator. The titration curve 
is shown in Fig. 2.

The fraction I corresponds to valeric, 
benzoic, butyric, salicylic and propionic 
acids, and the fraction II acetic and 

pyruvic acids, respectively. To detect 
individual acid expected to be present, 

the fraction I was applied to another 
chromatographic system, in which 
column of silica gel mixed with phosphate 
buffer was used as a stationary phase. 
As given in Fig. 3, titration curve 
shows the presence of valeric, benzoic, 
butyric, salicylic and propionic acids in

this fraction.
From the chromatographical study, it is 

evident that the acidic fraction contains valeric, 

benzoic, butyric, salicylic, propionic, acetic and

Fig. 2. Titration curve with 0.01N NaOH for the 

acidic substances fractionated by column 

chromatography.

I: Propionic, valeric, butyric, benzoic and 
salicylic acids.

II: Acetic and pyruvic acids.
III: Formic and fumaric acids.
IV: Succinic and lactic acids.

CB-5: Solvent system for elution, consisted of 
5% n-BuOH in chloroform.

CB-15: 15% n-BuOH in chloroform.
CB-25: 25% n-BuOH in chloroform.
CB-35: 35% n-BuOH in chloroform.
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Fig. 3. Titration curve with 0.01N NaOH for the 

acidic substances contained in the fraction I 

represented in Fig. 2, fractionated by column 

chromatography.

I: Valeric acid. II: Benzoic acid.

III: Butyric acid. IV: Salicylic acid.

V: Propionic acid.

pyruvic acids, and traces of formic and/or 
fumaric acids and succinic and/or lactic acids.

IDENTIFICATION OF BENZOIC AND 

SAL ICYLIC ACIDS

Since occurrence of two aromatic acids, ben-
zoic and salicylic acids, in the rice plant was 
found newly in the present work, further ex-

periments were done to confirm them.
1) Isolation of the aromatic acids

The aromatic acids were isolated from the 
steam-distilate by means of a partition column 
chromatography on a column of 5g of silica 

gel mixed with 5ml of phosphate buffer con-
sisting 1M KH2PO4 (2 parts) and 1M 
K2HPO4 (1 part) as the stationary phase.
The distilate was first eluted with 80ml of 
chloroform saturated with the phosphate buffer 
and then with 80ml of 20 per cent n-butanol 
inchloroform saturated with the phosphate 

buffer. Fractions of each 3ml were collected 
in small flasks in order. Needle crystals ap-

peared in flasks of Nos.5 to 8 and Nos.22 to 
26 after evaporation of the solvents. The 
former group of crystals seemed to be benzoic 
acid and the latter salicylic acid. The crystals 
of each respective group were dissolved in 

ether and pooled. Then purification was carried 
out by means of passing through silica gel 
column using 100ml of chloroform saturated 
with the phosphate buffer as mobile solvent 
for the former crystal, and. 80ml of chloroform

saturated with the phosphate buffer and 100

ml of 20 per cent n-butanol in chloroform 

saturated with the phosphate buffer as mobile 

solvents for the latter.

2) Identification by paper chromatography

One dimensional paper chromatography was 

employed for the identification of the crystals. 

A mixture of n-propanol and ammonia water 

(sp. gr. 0.900) (7:3) was mainly used as run-

ning solvent, and 0.1 per cent aqueous solution 

of ferric chiorlde was mainly applied for color 

development.

In the ascending method, salicylic acid 

appeared as a clear purple spot on the paper 

sheet at Rf 0.72•`0.75, and benzoic acid as a 

pale pink spot at Rf 0.65•`0.68 by applying 

the ferric chloride. Two crystal acids isolated

Wave number in kaysers

Wavelength in microns

Fig. 4. Infrared spectra of benzoic acid. Upper 

curve: pure benzoic acid. Lower curve: 

acid isolated from the rice plant.

Wave number in kaysers

Wavelength in microns

Fig. 5. Infrared spectra of salicylic acid. Upper 

curve: pure salicylic acid. Lower curve: 

acid isolated from the rice plant.
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were identified as salicylic and benzoic acids, 
respectively, from their Rf value and color 
tone on the paper chromatograms.
3) Identification by infrared spectrophoto-

metric analysis
The two kinds of crystals were analysed with 

Beckman's infrared spectrophotometer Model 4 
by KBr tablet method. Their absorption 
spectra just coincided with those of salicylic

Table 4. Effect of acidic substances on the 

growth of rice stem borer larvae.

and benzoic acids, respectively, as shown in 
Figs. 4 and 5.

GROWTH INHIBITING POTENCY OF 
INDIVIDUAL ACIDIC SUBSTANCES 

TO RICE STEM BORER LARVAE

Feeding tests were carried out to evaluate the 

growth inhibiting potency of the acidic sub-
stances occurred in the water-ether-extract.

The growth responses of aseptic larvae to 

synthetic food media, to which one of the acidic 
substances is added, are given in Table 4.

The results of the feeding tests indicate that 

benzoic and salicylic acids have higher inhibit-
ing potencies than acetic, propionic, valeric, 

butyric and pyruvic acids.

ANTIFUNGAL ACTIVITIES OF 
BENZOIC AND SALICYLIC ACIDS 

TO RICE PLANT PATHOGENS

It has been well known that both benzoic and 
salicylic acids have an antifungal activity and 
are used as an antiseptic for food preservations 
and for medical purposes.

Germination tests with spores of the rice blast 
fungus, Piricularia oryzae, and the brown spot 
fungus, Cochliobolus miyabeanus, were carried 
out to evaluate the significance of both acids 
for controlling these diseases, which are impor-
tant economically in paddy fields in Japan.

A stock of the rice blast fungus, Ai 60-A1, 
was cultured on TAKAHASHI's medium for 3 to 
4 days in order to produce conidia. Spores were 
suspended in 0.1 and 0.01 per cent aqueous 
solutions of benzoic or salicylic acid, and drops

Table 5. Effects of benzoic and salicylic acids on spore-germination of two rice plant 

fungus pathogens, Piricularia oryzae and Cochliobolus miyabeanus.
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of each suspension were placed on microscopic 

slide glasses, and then incubated in water 

saturated Petri dishes at 25•Ž for 24 hours. Per-

centage germination of the spore was recorded.

A stock of the brown spot fungus, Kyoto 

University No.13, was cultured on potato agar 

medium for 10 to 12 days to produce conidia. 

Effect of both acids on spore-germinations of 

the fungus was observed in the same manner 

as for the rice blast fungus.

Results of both germination tests are given 

in Table 5. Both aromatic acids have inhibiting 

potencies against the spore-germination of two 

rice plant pathogens. Salicylic acid has a higher 

activity against spores of Cochliobolus miya-

beanus than benzoic acid, and even with 0.01 

per cent of salicylic acid in the medium spores 

could not germinate at all.

DISCUSSION

It has been well known that there are close 
relationships between physiological conditions 
of plant and insect infestations. Damages caus-
ed by the rice stem borer differ according to 
the growth stages, varieties and cultural condi-
tions of the rice plant. Various factors seem to 
be involved in causing differences of damages, 
and out of these, the nutritional inadequacy 
and/or presence of some growth inhibiting sub-
stances may be of importance.

The results of the present study indicate that 
the rice plant itself is containing some inhibit-
ing substances for the growth of the rice stem 
borer. The inhibiting activities were detected 
in several fractions of the water-extract of rice 

plant. This suggests that there are many sub-
stances in the plant having adverse effects on 
the larval growth. From the acidic fraction of 
the ether soluble matter extracted from the 
water-extract of the plant, benzoic and salicylic 
acids were isolated. These acids showed growth 
inhibiting activity not only on the rice stem 
borer but also on the rice plant pathogens, 
Piricularia oryzae and Cochliobolus miyabea-
nus.

BECK and his co-worker have studied various 
resistance of corn plants to the European corn 
borer, Pyrausta nubilalis, and confirmed seve-

ral substances as the resistance factor (BECK 
& STAUFFER, 1957; BECK, 1957). One of the 
most active factors was identified with 6-me-
thoxybenzoxazolinone (SMISSMAN, et al., 1957), 
which had been known as a resistant factor in 
the rye plant against the rye plant rot fungs, 
Fusarium nivale (VIRTANEN & HIETALA, 
1955).

It was reasonable to expect that this com-

pound is contained in the rice plant which be-
longs to the same family, Gramineae, as corn 
and wheat plants (VIRTANEN, et al., 1956). An 
attempt to detect this compound in the rice 

plant, however, was unsuccessful.
Insecticidal activity of benzoic and salicylic 

acids have been studied by several investiga-
tors. BUSHLAND (1940) examined toxicity of 
many organic compounds against young screw-
worm, Callitroga americana, and showed that 
the minimum lethal concentration was 0.17 to 
0.33 per cent for salicylic acid, whereas benzoic 
acid was almost non-toxic. According to KING 

(1954) who has evaluated thousands of chemi-
cals in order to find out effective insecticides 
and repellents against insect pests, benzoic acid 
has ovicidal property on louse Pediculus huma-
nus, and adulticidal on tick, Amblyomma ame-
ricanum, and chigger, Trombicula sphendens, 
and salicylic acid has ovicidal activity on louse, 
and larvicidal on mosquito, Anopheles quadri-
maculatus, to some extent. Both compounds 

also have an activity as repellent on mosquito, 
Aedes aegypti, when applied on clothes.

CASIDA (1955) who tested the toxicity of aro-

matic acids to larvae of the mosquito, Aedes 
aegypti, showed that benzoic acid has larvicidal 

potency and is detoxified in the insect as hip-
puric acid, a conjugation product with glycine.

In the case of the rice stem borer, both acids 
showed inhibiting effect on the larval growth. 
When the dietary concentration of these acids 
exceeded 3 per cent on dry weight basis, the 
larval growth was remarkably suppressed and 
many larvae died in the early stages. The diet-
ary concentrations of the acids, however, is 

greater than those occurred naturally in the 
rice plant, in which the contents of benzoic and 
salicylic acids were calculated from their yield 
as 0.065 per cent and 0.013 per cent, respec-
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tively, in air dry matter, but these contents 

may be variable according to change of the 

conditions of the plant.

There are many factors in the rice plant, 

affecting adversely upon the larval growth of 

the rice stem borer. These factors seem to 

vary in quality and quantity in different variet-
ies, cultural conditions and growth stages of 

the plant. It is evident from the present experi-

ment, that more powerful toxic factors than ben-
zoic and salicylic acids are contained in the rice 

plant. The neutral fraction separated from the 
ether-extract of water-extract of rice plant 
shows higher inhibiting activity on the larval 

growth. The purification and identification of 
active substances from the neutral fraction 
were not successful because of small quantity 

of the fraction.

It is interest to note that the f ungicidal pro-

perties of benzoic and salicylic acids against 
some pathogens which attack the rice plant. 

Both acids are known as preservatives of food 

products and medical lotions or ointments be-
cause of their anti-microbial nature. In the pre-

sent experiment, spores of two rice plant pa-
thogens, the rice blast fungus, Piricularia ory-

zae, and the brown spot fungus, Cochliobolus 

miyabeanus, could not germinate when any one 
of the acids was added to water suspension of 

spores at a concentration of 0.1 per cent. 

Salicylic acid showed a higher potency than 
benzoic acid, and even 0.01 per cent of salicy-
lic acid completely inhibited spore germination 
of Cochliobolus miyabeanus. Role of the aro-

matic acids in the rice plant is worthy of further 
consideration in connection with resistance of 
the plant to pathogens.
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SUMMARY

During the course of nutritional studies on 
the rice stem borer, Chilo suppressalis, it was 
found that the rice plant contains certain 
factors which inhibit the growth and develop-
ment of larvae. Extraction and isolation of these 
factors from the rice plant and feeding tests 
with larvae on synthetic food media under asep-
tic conditions, were undertaken in order to 
characterize them. The results obtained were 
as follows.
1) The rice plant contains certain growth 
inhibiting substances against rice stem borer 
larvae, even though the rice plant is the princi-

pal host plant of the insect.
2) Factors having high potencies were extract-
able with ether from water-extract of rice 

plants. The growth inhibiting activity was found 
in several fractions of the ether extract, 
showing that there are many factors responsible 
to the growth inhibition of the larvae. Among 
the fractions of the ether-extract, neutral and 

basic substances showed higher potency than 
acidic substances.
3) From the acidic fraction, benzoic and sali-
cylic acids were detected. Occurrence of benzoic 
and salicylic acids in the rice plant has hitherto 
not been recorded.
4) The growth of larvae was clearly inhibited 
by adding benzoic or salicylic acid to their food 
medium at a concentration of about 1.4 per 
cent on dry weight basis. Many of the larvae 
could not grow and died on a food medium con-
taining more than about 3 per cent of these 
acids.
5) Benzoic and salicylic acids have also inhibit-
ing effects on spore-germination of the rice 
blast fungus, Piricularia oryzae, and the 
brown spot fungus, Cochliobolus miyabeanus. 
Spores of both species could not germinate at 
a concentration of 0.1 per cent of the acids;
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and even with 0.01 per cent of salicylic acid, 

spores of the latter species were unable to 

germinate.
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摘 要

イネからの安息香酸 とサリチル酸の分離 と,そ れ らのニカメイガ幼虫

ならびにイモチ病菌,イ ネゴマハガレ病菌の胞子発芽に及ぼす影響

石 井 象 二 郎 ・平 野 千 里 ・岩 田 康 子

農林省 農業技術研究所

中 沢 雅 典・宮 川 寿 之

愛知県農業試験場玉野分場

ニカメ イガ幼 虫を人 工飼料で飼育 す る際 イネあ るい は

イネの水抽 出物 を加 えると,幼 虫の成 育,成 虫の羽化が

よ く行 なわれ るが,も し過剰 の水抽 出物 を加 え ると,か

え って幼虫 の成育が阻 害 される。 したが って イネ には幼

虫の成育 を阻害す る物質 が含 まれてい ると考え,そ の物

質 の抽 出を行 な った。阻 害物 質は イネの水抽出物のエー

テル抽 出物 に強 く現わ れ る。エーテル抽 出物を塩基性,

中性,酸 性,フ ェ ノール性物質 に分画す ると,各 分画 に

分か れ,特 に中性,塩 基性 に強い傾 向があ る。酸性分画

を シリカゲル のカ ラム クロマ トグ ラフで 分け,安 息 香

酸,サ リチル酸を見い だ した。更 に大量の イネか ら抽出

を行 ない,こ れ らの物質 を分離 し確認 した。

安息香酸 とサ リチル酸 はニ カメイガ幼 虫に対 して成育

を阻害す る作 用があるが,最 初に期待 したほ どの阻 害力

は示 さなか った。また これ らの酸 は,抗 ば い剤 と して知

られて いるので,イ モチ病菌,イ ネ ゴマハガ レ病菌 の胞

子発芽阻害作 用を調べ た結果,強 い胞子発芽 阻害力を示

した。


