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THE BIO-GENESIS OF MAHUA OIL!
By Gilbert ]. Fowler and Talwar Dinanath. -

INTRODUCTION.

The investigation described in the following paper was in
continuation of former researches on the bio-chemistry of the flowers
and fruit of Bassia longifolia.? The technical importance of these
products and their general characteristics are outlined in the papers in
question.

Much work has been done on the development cof oil in seeds,
notably by Hilis and Hollingshead,® Hartwich and Uhlmann,* and
others, chiefly in connection with the production of oil in the olive. .
The general theory of oil-formation arising from these researches is
that carbohydrates break down in such a way as to yield glycerides,
though it has been suggested also that tannins are the immediate
precursors of fats and oils.

The trees from which the material was obtained for the present
investigation being situated in convenient proximity to the laboratories
of the Indian Institute of Science, samples of the fruit could be
examined at intervals more frequent than were possible to other
workers and characteristic changes which might otherwise be over-
looked were brought under observation. Moreover, chemical exa-
mination by ordinary methods of analysis was correlated with micro-
chemical examination of fresh and prepared sections.

The following programme was carried out :—

1. Weekly micro-chemical examination of the fresh sections
from (@) seed (4) pulp or husk () stalk and (&) stem, for (i) starch
(i1) tannins (iii) proteins (iv) lignins, and (v) cellulose.

2. Weekly enzyme analysis in fresh samples of (2) seed and
(6) husk for oxidases, catalase and amylase.

Chemical analysis of the killed and fixed weekly samples of
(2) seed and (4) husk for (i) oil-content (ii) sugars, mono and di-sac-
charides (iii) tannins, and (iv) starch.

' An expanded account of the work bas been submitted by one of us (T, I).) as 2 =
tor the M.S%. degree of the University of Bombay, and complete analyti(cal de)t:i(l)sw\\filiﬁ;z
found in that dissertation.

* Fowler and others, This Journal, 1920, 3, 81. Fowler and Dinanath, ibid., 1923 6, 131

® Bull. 803, U. 8. A. Dept. Ag. * drch. Pharm., 1902, 240, 471,
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giliately at go—g 5°.

#ictive index (ii) acid value (iii) jodine value.
6. Microchemical examination of the fixed and killed weekly

: » “(i) starch, cell walls and proteins (ii) tannins.

EXPERIMENTAL.

. The following are the more important details observed in the
- various methods employed :—

General.—Samples were taken regularly at intervals of a week

=7 from June 21, to August 23, 1922, when no fruit remained on the .-

tree. All the samples were taken from the same side of the same

tree, from about the same height, and at about the same time of |

? - - day throughout. About fifty to sixty fruits were brought in every

- Wednesday at about g a.m., with accompanying leaves, stem and stalk. -

Twenty to twenty-five fruits of all sizes were taken from all over the

branches, removed at once from their stalks, packed in a wide-

» *~ mouthed bottle and covered with 70 per cent. alcohol, containing

then shaken at short intervals for 2~3 hours. The samples thus
preserved were labelled and set apart for analysis.

separated into husks and seeds, which were powdered separately, and
. kept in tight-stoppered bottles for the estimation of nitrogen. About
-ten more fresh fruits were separated with a clean knife into seed and
- husk, each of which was then ground with pure washed sand and a

-~ little thymol, and examined for enzymes, after soaking in 50 c.c. of "

o i water for about two hours.

Hand sections of the seeds, husk (or pulp) and stalk were taken

o _ from the remaining fruits and examined under the microscope after
- appropriate staining. The sections were then fixed in glycerine jelly,

sealed with shellac varnish, and kept for reference. Further, as ~
~described later, permanent microtome sections were made from the i

fruits preserved in alcohol and formalin.

*

- In addition to the above routine samples, ane sample (X) was

~ taken from a second tree, and two (XI and XII) from a third in order

- . to note whether any important differences exist between the fruit of

separate trees. Another sample (X111) was taken in May, 1923, when |

"*. the fruits were very young. All chemical determinations were made
- in duplicate,

ination of proteins in samples collected every week

J¥amination of the oil obtained every week (3, i, above)

‘samples after embedding them in paraffin and staining the sections for _

. 6 per cent. of its volume of formalin (10 per cent.) the bottle being -

S An equal number were dried in a steam oven at go-95° and.

27§

- Micro-chemical Analysis—The hand sections were examined

.. .- gystematically by staining for starch, tannins, cellular tissue and lignin .
- " the usual stains being used as given in the text-books. ‘

"To determine the presence of oils, satisfactory staining agents

- 'were not available. By addition, first of ether, and then of a drop
~ of water to the dried section, droplets of oil could be clearly seen

under the microscope.

No satisfactory results were obtained by any of the methods

. recommended in the literature for the micro-chemical detection of

sugars.

The preliminary hand-section methods above described give
results which are only very roughly quantitative but they serve the
useful purpose of indicating the general variation and locality of the
different constituents, thus providing an introduction to complete
analysis. The stains, however, are many of them very fugitive and
consequently are unsuitable for sustained comparison of sections over
a prolonged period. Further, in the riper samples, the hardness of -

the seed-coat as compared with the rest of the specimen, makes the =

freehand cutting of a complete section almost impossible.

In consequence, the middle portion of a fruit from each weekly .
bottle of fruits, fixed in alcohol and formalin as described, was embed-
ded in paraffin, and 30 s sections cut with a microtome. By
staining all the weekly sections at once, the stained constituents can
be compared before the stain begins to fade.. For the production of
uniformly faultless sections a careful routine is necessary, and was

reached after some failures. The following are the details of the - .

process finally employed :—Sections about 1°5 cm. thick were cut ':
from the middle of fruits taken from the fixing liquid, transferred at

once to small cylindrical stoppered weighing-bottles, and covered with
92 per cent. alcohol.  After twenty-four hours this alcohol was decanted

and replaced by fresh 92 per cent. alcohol. Next day, at the same -

time, this was replaced by 98 per cent. alcohol. The next stages
may be followed from the actual notes of one sample, all dates -
referring to February 1923 :—i2th-13th, 98 per cent. alcohol; 14th-
15th, absolute alcohol; 16th, xylol plus absolute alcohol (1: 1); 17th,
xylol; 1gth-21st, xylol plus increasing quantities of paraffin till a-
semi-solid consistency is reached ; 22nd-27th, kept in embedding bath
at 60° with stoppers remaved, with daily changes of paraffin, The
embedded sections were fixed to dry warm slides with Meyer's -
albumin, and passed through the usual stages of xylol, xylol plus
absolute alcohol, and dilute alcohol, to the aqueous stain and back
again through the same stages, to xylo}, after clearing in which they
were fixed with Canada Balsam under a cover glass,
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bt xt'}’tte{npts were made to photograph  the sections thus obtained, '
: e image of the complete section was not large enough for -

.~ satisfactory definition, quarter-plate bei i i i
" the laboratory for micr?)-photography.emg t’he larggst §;ze available in

The sections, however, gave perfect definition~ under the

. ‘microscope, and many of the stained specimens hadea very beautiful

: ?pp;:lar:gxce. The results of micro-chemical examipation, including
> reehand and microtome sections, may'be summjariséd—i as follows :—

»

Starch, tannins, cellulose and lignin were souglit for in the

seed, the husk, the stalk and the stem.

: Starch was found to be practicall ‘ :
, L y absent from the seed at
- all stages. The husk contained far more, the blue iodine reaction

- being obtained at all stages, a maximum being evident ‘about the
- middle of the series. 1In the stalk the amount was much less, and

. was roughly inversely proportional to that present in the husk. It is

practically absent from the stem.

Tannins are present in the seed at all stages, but in small |

amount. In the husk tannins are present in 1 i

: arge quantity—throughout
tending to concentrate at the outer edge of the sgction a);ld showging a
xﬁaxxmum at the middle of the series. Tannins are present both in
the stalk and stem tending to an increase in quantity and a more

- general distribution over the section with the successive stages.

Cellulose (including *hemi-cellulose’) is present initially in -

~ the seed but tends to decrease throughout the series. In the husk it

: is found in greatest quantity in the samples approaching the middle of -
.'-thttai stenes. It is present. in moderate quantities both in stalk .
‘and stem. ’

Lignin is practically absent from the seed at all stages. In
the husk’ it is concentrated mainly at the edge of the section and
at ‘eyes’, which are evidently sections of fibre. It is present in

_ definite rings in the stalk and stem.

R

vrgmain in the mortar for about 1} hours, after which the extract was -

Examination for Enzymes.—As already mentioned, fresh fruits
were used ; they were brought into the laboratory every Thursday
there not being time for their examination when the bulk of the
samples were handled on the Wednesday. The fruits plucked from
their stalks were separated into husks and seeds, ten grams of each

being washed with distilled water, and ground separately with an .

ample amount of purified sand, together with five grams of hide-

- powder-to remove tannins. 50 c.c. of distilled water were added

to each, together with a fragment of thymol, and the whole allowed tb

e AR

-

* . K
wrheg ol

- of the fruit, as revealed by preliminary examination, it was considered -

filtered through coarsé muslin. In view of the génératl co’fnpds.itidn; ,

~+. gufficient to examine for oxidases and for amylase.

2
-

Oxidases and peroxidases were tested for by means of a freshly -

.grepared 1 per cent. solution of guaiacum resin, together with

ydrogen peroxide.

- The method chosen after some preliminary trials,' for the.
detection of amylase, was the following modification by Wohlgemuth®

~ of one proposed by Roberts.? 5 c.c. of a 1 per cent. solution of
- soluble starch was placed in each of 3 test-tubes, and 1 c.c., 0’5 c.c.

" and 1 c.c. of the enzyme extract added to each respectively, the

extract being boiled before it was added to the third tube which thus

" served for control. The three tubes for the seed and the three for
~ the husk were then placed in a water bath at 40° for half-an-hour,

after which they were filled with distilled water, and a drop of Nj/io
jodine solution added. The tubes were well shaken and the depth of
colour produced in each noted. The tube with a faint violet colour
represented complete hydrolysis of the 5 c.c. of starch. Thus by
using the same weight of the material and the same concentration of
starch and iodine solutions, and by keeping the other conditions
approximately the same throughout, rise and fall of the enzyme could
be roughly estimated week by week.

Practically no evidence was obtained of the presence of an
oxidase at any stage either in seed or husk. Amylase was present at
almost all stages in the seed, increasing to a maximum at sample
No. VIII; it was also found in the husk, the maximum occurring at

a stage earlier than in the seed.

CHEMICAL ANALYSIS.

General.—The fruits, killed and fixed week by week as described,
were separated by a clean sharp knife into seed, husk and shell, which
were dried at 709 for seventy-two hours in a closed incubator. The

" seeds were cut into small pieces before drying, and the husks and
shells powdered when dry. Preliminary experiments showed that
there was no appreciable further loss of weight after three days at 72°.

The seeds were extracted by solvents separately from the husks
and shells, after it had been found by experiment that direct extraction
of the undried substance was unsatisfactory.

»

3 Biochem. Zeit., 1908, 9, 1.
* Pyoc. Roy. Soc., 1881, 32, 145.
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_, The general plan of analysis was based on that devised- by
- Prescott,’ and consisted briefly in extractin

C the thoroughly dry
material (about five to eight grams) obtained as above, first with

. chloroform, and then with alcohol (s.g. 0°848) and examining the two

.- extracts obtained, the first (containing the fatty bodies) for acid

value, iodine value and refractive index, and the second for sugars and

tannins. The residue from the two extractions was used for the .

estimation of starch. All determinations were made in duplicate. - -

e Examination of the Chloroform Extract.—Preliminary experiment
-7 showed that, when the residue from the chloroform extract was taken

©up with alcohol, a few greenish yellow oily drops always appeared
. after evaporation of the alcohol, even-though the extraction with

chloroform was allowed to proceed for as long a period as twenty-four

The extracts obtained as above were weighed and transferred to

small sample-tubes, and kept till all- could be examined together.
This procedure was convenient and less liable to error due to differ-

- ences in manipulative detail and general conditions of atmospheric -

temperature, moisture, etc.

In each case (12 samples and 12 duplicates) the iodine value,
acid value and refractive index were determined. For the iodine
value, the modification of Mossler’s process, proposed by Winkler was
used, following the details given by Lakhani and Sudborough.2 The
acid value was determined by the method of Fryer and Weston.?

- The refractive index observations were made with an Abbé refracto-

 meter at about 60°, and calculated exactly to that temperature. Since

* " on the refractive index, a few samples of the oily extract were dried a

the presence of traces of chloroform might have an appreciable effect

second time in the steam-oven for about twenty-four hours, cooled in

“the desiccator and the constant again determined ; the readings showed
 that this source of error was negligible. '

The husks were extracted by chloroform ina similar manner to
- the seeds. The extracts, however, were found to be dark green
S > :

T
&

L Allen’s Commercial Organic Analysis, vol. 1, 445.
* This Journal, 1916, 1, 173.
8 Technical Analysis of Oils, Fals and Waxes, vol, ii.

- hours. Consequently the chloroform extraction was stopped after -
. .. eight hours, when the siphoning liquid was colourless. The small . “~% "
. percentage of oily matter, afterwards appearing in the alcohol extract, "
i was determined by taking 20 c.c., drying in a small weighing-bottle, ..
.+ taking up the residue with chloroform, filtering, evaporating the -7
<. chloroform, and weighing the residue, from which the amount to be
" » added to the weight of the original chloroform extract could be - " :
. calculated. : o

SJe s f

then distilled. The residue was made up to 200 c.c. with distilled

water, ammonia added to slight alkalinity, and a small piece of thymol -

added to prevent decomposition pending analysis. Thymol has been -
found to be equally effective an antiseptic with toluene, and does not.

~interfere with titrations by forming a thin film on the surface of the

liquid.

A small amount of green insoluble sediment was observed in all
these extracts, consisting probably of substances such as resins and
colouring matters soluble in alcohol but insoluble in water; the
quantity was negligible.

Portions of the well-shaken extracts, obtained as above, were
used to determine (a) the chloroform-soluble matter that invariably
appeared in the seed extract as explaired above, (4) total alcohol-
soluble matter, (¢) tannins, (¢) sugars, (i) reducing and (ii) hydrolysable.

These were examined as follows :—(a) See chloroform extract
p. 278 (6) 20 c.c. were transferred to clean, dry, weighed flasks, which
were kept in the steam-oven for about six hours after the liquid had

evaporated. The weight of the residue multiplied by ten gave the - -

total alcohol extract,

b

** * .resinous masses, which stuck to the flasks tenaciously. No detailed =

%7 examination was made of this material. o

_ Alcokol Extract.—The residues in the thimbles, left after the first

- - extraction with chloroform, were dried in a steam-oven, and extracted

#n situ with alcohol of s.g. 0'848. The siphoning solvent was colour-
. less in twelve hours. The solution was then transferred, when cold,

. to the lower boiling-vessel of the extraction apparatus, the residue in -
" the thimble repeatedly washed with fresh alcohol and the washings

added to the flask, from which the major portion of the alcohol was = - -~ -

-

(¢) Tannins.—The gravimetric method adopted by the Associa- -

- tion of Official Agricultural Chemists (A.O.A.C.) was found to be the

most satisfactory for our work. The difference between the total

alcohol extract, before and after detannisation, give the amount of =

tannins in the extract.
(@) Sugars.—A preliminary qualitative examination revealed

therefore, was confined to determining the proportion of reducing
sugar and of sucrose. Cupric-reducing power and rotation were

~_ only sucrose and glucose or laevulose. The quantitative examination,

determined before and after inversion with hydrochloric acid of

1'19 per cent.

Starch.— After the chloroform and alcohol extractions, the resi.
dues left in the thimbles were ground as finely as possible, and after
thoroughly drying in the steam-oven were used for the estimation of
starch, by the A.O.A.C. method.

S
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Proteins—These were determined in the dried and powdered
- material by estimating the total nitrogen by the Kjeldahl-Gunning .
~ method, as adopted by the A.O.A.C. Considerable frothing occurred -
- during the heating with sulphuric acid, particularly in the case of the '
- seed (due probably to saponin), but no loss of material -occurred if -

. addition of potassium sulphate was deferred until frothing .ceased.

DiSCUSSION OF RESULTS AND CONCLUSIONS.! #

1. The general shape of the curves shows, in the first place,. 'fhat -

~ the changes in the different constituents at different stages do not
~ take place continuously in the same direction. This observation

is borne out by the curves and figures which Hills and Hollingshead

- (Joc. cit.) obtained in their chemical study of the ripening of olives, and
shows the importance, it may be repeated, of taking samples at close

intervals. ‘lhe smaller irregularities in the curves are probably of .

- little significance.

2. The general variation of the figures and the general shapes of

~ the curves obtained by us are, however, in accordance with the -

figures obtained by previous workers. In the case of the chloroform
extract gf _the seeds, we notice, e.g., a decrease from sample II to
}II, rapid increase from I1I to V
in two weeks), and a slow increase from V to 1X (36°8 to about 43 per
cent. in four weeks). Most of the workers have also distinguished
N three.sxmxlar stages in the development of fat in their materials.
Rousille, e.g., in the case of olives obtained the following values :—

Date of gathering. Fat (per cent.)
3oth June e 1°4
3oth July 55
" 3oth August v 29°2
joth September ... . 62°3
: 3oth October e 67°2
¥ 25th November ... v 68°6

Leclerc du Sablon obtained with walnuts and almonds the »‘

| ~ following :—

WALNUTS. ALMONDS.
Date. ~ Fat (per cent.) Date. Fat (per cend.)
6th July o 3 - oth July e 2
- 1st August O { 4th July .. 10
- 15th August e 42 1st August we 37
1st September ... 59 ist September ... 44
4th October e 62 4th October ... 46

i . C ? See figures I, II and III at ead of paper.

(from 295 per cent. to 36°3 per cent.

in the growth of olives, and give tables to ShOW that in the first and °

“third periods the oil develops gradually and in small quantities, whilst "
"in the second the increase of oil is rapid. In the experiments of

Ivanow with Linum and Brassica Napus, the fat-content rapidly rose in

:#the first month from §-10 to 30-45 per cent. and Jater increased only -

»

. by small percentages.

*These periods in the metabolism of ripening seeds have also been

" shown externally (Gerber, quoted by Czapek and by Hartwich and -
. “Uhlmann, /. cit.) by a change of respiratory coefficient. The ratio
- CO, /O, is less than unity in the first stage, exceeds unity in the .

second, and is again below unity when the seed is completely ripe. )

From the curves there is seen to be a sharp change at sample -
III, which is the more remarkable as it occurs in all constituents
of both husks and seeds. This cannot be accidental, or due to some

- mistake in the analysis since it is.observed in materials which were

analysed quite independently, such as starch and tannins, chloroform
extract and alcohol extract, as well as total nitrogen, and in substances .
analysed separately and at different dates, such as husks and seeds.

It is quite evident, therefore, that sample 111 marks the end of one

stage in the development of fruit and seeds. The trees begin to fruit
early in May (see p. 274) but the first sample was gathered only on

. June 21st; it is therefore quite probable that had earlier samples been

" obtained, their figures would have fallen in line with those of samples

IT and I11. The reason for such a sharp change at a particular stage
is not at once evident, but a similar phenomenon has been observed in

- other cases.?

4. As stated above (p. 274) samples X and XI were taken

. separately from trees other than the one furnishing the bulk of the

samples. Analyses of these special samples are shown in the dotted

" portions of the curve and fall out from the rest. - Sample X1II is also -

.. not strictly comparable with the majority (see p. 274), and together

they emphasise the importance, in comparative studies, of taking

.. -samples from one tree only. '

5. The individual constituents of the fruit and seeds may now v‘

 be considered in more detail.

() Starch.—Micro-chemical analysis failed to reveal the pre-
sence of starch in the seeds at any stage; whereas from the chemical
analysis and starch curve Fig. 2 it might be assumed to be present in

quantity. Evidently the figures in the latter case do not represent - -

' Cf. Hills and Hollingshead and Hartwich and Uhlmann (loc. cit.) and S .
" and Korsakow, Compt. rend., 1912, 158, 1162. ¢ ) and also De Luca .
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« - many seeds, are easily hydrolysable, and are estimated in a manner
" which fails to differentiate them from starch. The advantage of
- employing both chemical and microscopical methods is thus obvious.

. sample VII, moreover, the quantity of each in the husks is inversely
_proportional to the amount present in the seeds. After sample VI,
- however, till sample IX, the quantities in each case diminish. These

’ in the case of tannins in the husks.

(c) Chloroform Extract—The curves for iodine value and
 refractive index also change their direction completely at sample
. VIL. Itis very probable that the changes in the seed after this stage
~ begin to occur independently of those in the husk or pulp, whereas,

- before that stage, there existed an intimate connection between’

the two.
| (d) Alcokol Extract.—The total alcohol extract in the case

of seeds falls regularly (with the exception of sample VII) after sample -

IIT till the end; the direction of the curve, however, is the same as
those for tannins and starch. The curve for chloroform extract on the
contrary rises when the total alcohol extract, tannins and starch
decrease. This leads to the conclusion that oil is formed in the seeds
at the expense of carbohydrates and possibly of tannins. Since,
-moreover, the starch and tannins in the husk rise and fall in a direc-

o -, tion opposite to those in the seed before sample V1I, and in the same .

~. " direction after that stage, there is reason to believe that the change of

" carbohydrates (and possibly of tannins) into fats occurs 7z situ in the " °

- seeds after sample VII, but is dependent on the constituents of the

husk before that stage. This in part bears out Pfeffer's original

*hypothesis,’ maintaining that at first sugars enter the kernel from
outside, and then fat-formation begins.

- the beginning when starch and tannin, and also chloroform extract
- are low. After sample VIII the starch-content increases, while the
chloroform extract and tannins diminish. This would support the

_.>V"‘and tannin substances, these latter possibly acting as preservatives.
<. "The conversion of sudgar into starch has been frequently observed in
** - plant metabolism, an

" 3 Czapek, Bio-Chemis dev Pflanzen, 143.
c * Plant Bio-Chemistry, p. 7. Cf. Leclerc de Bablen.

-

“starch but hemi-, pseudo-, or reserve-celluloses ; these occur freely in

s "_ " - (8) Tannins.—In the seeds and husks the starch and tannins 4
¢ .- rise and fall together. In the husks both reach a maximum at sample .
%"V, whereas in the seeds they are at a minimum at sample VI. Before "

‘observations are borne out by the micro-chemical analysis, especially’

7. (e) Sugars in Husk.—The sugar-content of the husks is high in’ z

- conclusion that sugars are first formed, and then give.rise to starch

Onslow 2 describes experiments where leaves,
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floated in a solution of sugar, showed an increase of tannin derivatives

in the tissues. The increase of starch during ripening has also been -

" observed by previous workers.* : ‘

. () Proteins.—Our analyses do not show much variation in the -
.proportion of proteins in the seeds at different stages. In the case of - -
. the husks, however, there is an increase up to sample 111, i.e., in the -
first stage of development of the fruit, but a steady decrease is

afterwards observed, except in sample V, where, as already mentioned, *
a number of constituents change their proportion abruptly. In order

- properly to appreciate the significance of the protein content at various

stages, it is evident that more detailed investigation is necessary,

. on the lines, e.g., of Kleberger, who has determined the proportions
‘of amide as well as total nitrogen at each stage of development of five

kinds of oil-seeds for four years.

. (£) Transformationof Fatty Acids.—It is evident from the curves
In figure 3 that the free fatty acids are at a maximum at the beginning,
and then decrease rapidly till sample VII. This is in accordance

“with the results obtained by Rachenberg 2 and Ivanow,? and follows , »

the commonly accepted theory that the carbohydrates give rise first to
free fatty acids which are then esterified to glycerides. : .

The refractive index curve follows the acid-value curve closely
and has its maxima and minima at exactly the same stages. The

- values for samples X and XI are abnormal for reasons already g

explained.

The figures for iodine absorption are roughly reciprocal to those
for acid-value and refractive index, rising regularly to a maximum

- at sample V and again falling regularly to 1X. ~ The maximum, it will - -
" be observed, coincides with the maxima attained by the starch and -
tannin in the husks, The chloroform extract, the total alcohol
extract, the tannin and the starch in the seeds also show a marked . -

change in their proportions at about this stage.

According to the observations of Ivanow, the saturated acids are .-
first formed from the sugars and these are converted into unsaturatec} ‘
acids which combine with glycerol to form fat. In our samples
Nos. I-V also, the percentage of unsaturated glycerides-and esters -
increases although the free fatty acids diminish. In samples sub-
sequent to Nd. V the iodine value falls while the percentage of free
fatty acids increases after sample VII. Itis possible that the stearic _
acid first formed is transformed into the highly unsaturated acid

X Chemn. Umschaw, 28, 2 ; cf. also Amer. Chem. Abst., 1921, 1151,
* Ber., 1881, W4, 2216. 3 Ber. Bot. Ges., 29, 594-602.
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_ linolenic acid which is then reduced back to oleic and perhaps a little
- stearic acid.  All these acids are gradually converted into glycerides,

- the highest proportion of which is reached at the seventh stage. After

. that the lipase formed in the seeds may effect hydrolysis producing

. ... . small amounts of free fatty acids which would account for the slight

4l o Increase in the fatty acids in the later stages of ripening.

Ivanow ! in a study of the transformation of fats during germina-

7 in a free state whilst the unsaturated acids occur in the form of
.~ glycerides.” This confirms the above explanation of simultaneous

- Le lndhg third stage of seed development.
Department of Bio-Chemistry,

Indian Institute of Science,
Bangalore.

- tion, concluded that * the saturated fatty acids not uncommonly exist .

- decrease of iodine value and increase of acid-value ater sample VII, o

Percénl‘age on Dry Husks.:—

A% Hydrolysaue Suga;g.

B. Tannins xi0 )

C. Reducing Sugars. BRI
. D. Chloroform Extract B
9 E.  Proteins x 30 SRR

F. “Starch | i

1] 1 ] v -] i X X xt xH
. Samples:— ’

Figure I
Husks.
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Pareentage on Dry Seeds:—

A.
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D
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Tannins.
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VoLume IV.—(1921). o

Part I. —Research Notes on the Acetone Fermentation Process in ludia. 11.—The
Specific Gravities of Mixtures of Butyl Alcohol and Water. Ill.—A
Suggested Method for the Extraction of Turpentine, Resin and Gum
from the Gume-oleo-resin of Boswellia Serrata without the use of
Solvents. 1V.—Additive Compounds of Arylamines with Nitro-deriva-
tives of Naphthalene. V.-—~The Manufacture of Thymol from Ajowan.
V1.—Phase Transformation and Phase Balancing, VIl.—Some experi-
wents in theUse of Antisepticsin the Manufacture of Glue and Gelatine.
VIIl. —Studies relating to the Bacteria associated with Rice and other
cereals, IX.—Preliminary Note on the Purification of Water by
Activated Silt. X.—Additive Compounds of s-Dinitrobenzene. XI.
‘The Action of Methyl and Ethyl Alcohols on Esters of 2: 6§ Dinitro-
and 2: 4: 6-Trinitro-benzoic acids. XII,—Studies in Alccholysis ;
IV. The Alcoholysis of esters of a g-unsaturated acids and of the

corresponding saturated esters. XiIl.—The Bio-Chemistry of the ]

Indigenous Indigo Dye Vat. XIV.—The Development of Chemical
Industries in India. XV.—Some experiments on the production ef
Power Alcohol and Paper Puip from Megasse. XVI.—Sags and Ten-
sions of Solid Copper Overhead Conductors under Indian Conditions.

VoLuMg V.—(1922).

REEREEEESSS T S ) Part L.—Studies in Acidolysis: 1. The Equilibrium between Acetic Acid; Tri-

i chloracetic Acid and their Ethyl Esters; 1L The Equilibrium between

PRINTED AND SUBLIS D ; Acetic Acid, Trichloracetic Acid and their Methyl Esters. II~An
EYCUEDROGEEENNLTIL AT LHL THOCESAN PReSs Attempted Synthesis of Norpinic Acid., IIl.,—Experiments on the
POSTROX IS5 MADRAS— UL (o influence of s-Trinitrobenzene on Reactlons in which Arylamines are .
e f involved. 1V.~Iunduction Motors wused as Synchronous Machines.
T e . V.~The Relation Between the Iodine Values and Refractive Indices

i of some Hardened Vegetable Oils, Part 1. VI.—Performance of
Three-phase Induction Motors on Unbalanced Voltages. ViI.—The
Production of Barium Salts from Barytes. VIII.—The Addition of
Bromine to the g-and 8-Chloro- and bromocinnamic Acids and their
Esters. I1X.—Oil Splitting by Castor-seed Lipase. Parts V—VII,
X.—Some West Coast Vegetable Oils. - XL.~—Utilisation of Tamarind.
XII.—West Australian ‘ Sandalwood Oil.” XIill.--The Extraction of
Caffeine. XIV.—Mechanical Tests of Some Mysore Timbers.

Vorume VI1.—(1923).
Part 1.—Mohua Oil, by J. J. Sudborough, H. E. Watson s«dd D. V. Chandorkar.
Price, As. 8.
Part II.—Malabar Sardine Oil, by J.J. Sudborough, H. E. Watson and P, Kanna
Kurup, Price, As. 8.
Part Ill,—Studies in Esterification, by G. D. Advani and J. J. Sudborough. Price,
Re. 1.

Part IV.—~The Action of Bases on aa /- and a 88-Tribromo-5-phenylpropionic Acids
and their Esters, by P. Ramaswami Ayyar and J. J. Sudborough. Price,

Re. 1.

Part V.—Hongay Oil, by R. D. Desai, J. J. Sudborough and H. E. Watson, Price,
Re. 1.

Part VI.—Cashew Kernel Oil, by C. K. Patel, J.J. Sudborough and H. E, Watson.
Price, Re. 1.

Part VII,—The Fruit of Bassia Longifolia, by Gilbert J, Fowler and Talwar
Dinanath. Price, Re. 1,
Part VIII,~Studies in Intensive Bacterial Oxidation, [, The Oxidation of Alcohol to
Acetic Acid, by Gilbert J, Fowler and V. Subramaniam. Price, Re. 1
+ Re, 1,
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