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THE FERMENTATION OF PHILIPPINE CACAO

By HArvey C. BRILL

(From the Laboratory of Organic Chemistry, Bureau of Science,
Manila)

In an article by me? the statement was made that ‘“the necessity
for fermenting or sweating cacao is now generally acknowl-
edged.” This assertion “challenges trouble,” declares the editor
of Tropical Life,® since “no two experts seem agreed on this
matter.” However, the consensus of opinion appears to be
with the above statement.*

Booth and Knapp, of Messrs. Cadbury Bros. Ltd., state:

In general, we believe that if the planter only allows ripe pods to be
gathered, ferments for a reasonable period, cures with care, and keeps the
beans dry they will have the right appearance, and that he will be producing
the best that the types of trees on his plantation will produce. * * *
We understand that unfermented cacao finds purchasers, but fermented
cacao, always obtains the higher price; unfermented beans are more difficult
to shell, and they produce an inferior cocoa. Partially fermented beans
suffer from the same defects.

W. H. Johnson, F. L. S., director of agriculture, Southern
FProvinces, Nigeria, says:

Fermentation is more generally practiced than hitherto, but the period
of fermenting and curing is too restricted.

S. H. Davies, of Messrs. Rowntree & Co., while insisting
that the fermentation is due to the action’of wild yeasts in the
beginning and that the later action is due to true yeasts, believes

* Received for publication November 17, 1916.
* The enzymes of cacao, This Journal, Sec. A (1915), 10, 123.
* Smith, Harold Hamel, Trop. Life (1916), 12, 5.
‘ Booth, H. P., and Knapp, A. W., Proc. Third Internat. Cong. Trop. Agr.
(1914), 225 et seq.
146844
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that fermentation alone brings out the best flavor. Bainbridge
and Davies * have shown that this flavor is due to the presence
of an essential oil, which they believe is formed during the
process of fermentation.

The only discordant voice raised at this Congress was that
of Professor Perrot, of the Ecole Supérieure de Pharmacie,
Paris, who reported an experiment in which he submitted 200
kilograms of cacao, sterilized at the Ivory Coast, to one of the
French chocolate concerns. When roasted, this cacao became
fragrant and in no respect was inferior to the products obtained
by fermentation in the same region. He states that the pulp
was removed by means of potassium carbonate solution and that
the color was a fine violet. These two properties, the tenacity
of the pulp and the violet color of the ribs, are characteristic
of the unfermented cacao and are reasons for fermenting, since
both are undesirable.

Knapp,® in discussing the Perrot method, states that the
beans had a compact, cheesy interior, that they dried more slowly
than the fermented beans, and that the process would be more
costly than the present methods and would require skilled labor.
He concludes with a plea for the encouragement of the use of
the best-known methods of fermenting by the planters. In his
book on cacao, van Hall ” says of fermentation:

All based on the same principle and have the same effect. This effect
is the development of an essential oil, which gives the cocoa its peculiar
aroma; the conversion of part of the bitter-tasting compound, so as to lessen
the bitter taste; and, finally, the liberation of the theobromine, the substance
which gives cocoa its peculiar tonic and stimulating properties.

These prominent authorities agree, with the exception of
Professor Perrot, that the fermentation of cacao produces an
improved product even though the changes taking place are not
completely understood. To obtain various data that might
throw some light on this process, the experiments recorded in this
paper were performed. However, before this phase of the
work is taken up, several other points will be discussed.

Recently I have had an inquiry from the Hershey Chocolate
Company in which a method for the improvement of the color
in poorly fermented cacao was requested.

5 Bainbridge, J. S., and Davies, S. H., Journ. Chem. Soc. London (1912),
101, 2209.

* Knapp, A. W., Trop. Life (1915), 9, 227.

"Van Hall, C. J. J., Cacao. Macmillan & Co., London (1914), 201.
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In my article dealing with the enzymes of cacao the state-
ment was made that no glucoside-splitting enzyme was found
in the forastero cacao examined at that time. Since this article
appeared, I have made an investigation of the enzymes of the
criollo variety and found that an emulsinlike enzyme which splits
amygdalin, setting free hydrocyanic acid, exists in the latter.
This same enzyme occurs in the forastero type, though not in
as great activity. The enzymes found in the criollo and in the
forastero types are identical in character, but in general they
exist in somewhat larger quantities or more active forms in the
former than in the latter. None was found that was peculiar
to either type, and for this reason the results of the investigation
of the enzymes of criollo are not recorded. The main difference
is one of intensity of activity. The list stands as summarized for
the forastero type in the preceding paper with the addition of an
emulsinlike enzyme that exists in the unfermented seeds in some-
what greater activity than in the fermented product. The cor-
rected list for the fermenting bean is casease, protease, oxidase,
raffinase, diastase, invertase, and emulsinlike enzymes.

The Philippine Bureau of Agriculture, through its inspectors,
has made a census of the various districts of the Islands for
the purpose of obtaining information regarding the quantity of
cacao produced and the methods of handling it. In only a few
provinces was there more than enough raised for local consump-
tion, but in most of them the presence of trees was ncted, thus
demonstrating that cacao will grow in many places in the
Philippines. No conscious effort is made to ferment the beans,
and the methods of preparation are very crude. These methods
consist in drying the beans, without preliminary treatment, in
the sun from three to six days, rubbing between the hands with
ashes or rice husks to remove the pulp previous to placing in
the sun, or mixing with rice hulls and sand and treading with
the feet and washing to remove the pulp and then drying in
the sun. While the quantity grown at present is small, the
fact that the regions in which cacao can be grown are wide-
spread throughout the Archipelago is encouraging. The ex-
perience of other cacao-growing countries lends hope to the
belief that the Philippine Islands may become important as a
cacao-growing country. Tables showing the production in other
countries, as recorded by van Hall,® follow:

* Ibid., 499.
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TABLE 1.—Production of cacao by countries, in tons of 1,000 kilograms.

1
: Aver- |
I::r::.se Fligl‘é' age | Increase or de-
Country. 1908 | 1909 | 1910 ! 1911 | 1912 proteluceti%n over| Yield | crease of aver-
+ for 5 | age over 1908.
1908 productxon.i years. !
Tons. |P. cent. Tons. |P. cent.
Gold Coast...-- 12,946 | 20,534 | 23,112 | 40,8357 ; 39,500 | 26,554 | 205.1 | 27,292 | 14,346 | 110.9

Ecuador _.._._-| 32,119 | 31,564 | 36,305 | 38,804 | 35,500 | 3,881 10.5 | 34,858 | 2,739 8.5
San Thome __._| 28,728 | 30,261 | 36,665 | 85,000 | 35,500 | 6,772 23.5 | 33,231 | 4,508 | 15.7
Brazil ... 32,956 | 33,818 | 29,158 | 34,994 | 30,000 |—2,956 | —9.0 32,177 | —119 | —2.8
Trinidad. ... --- 21,370 | 23,890 | 26,231 | 21,220 : 18,900 |—2,470 | —11.1 | 22,224 854 3.9
San Domingo-_| 19,005 | 14,818 | 16,623 | 19,828 | 20,900 | 1,895 9.1!18,235 | —770 | —4.0
Venezuela._.._. 16,303 | 16,848 | 17,251 | 17,381 | 12,500 |—3,803 | —23.3 | 16,057 | —246 | —1.5
Grenada_ ...--- 5,159 | 5,441 | 5,846 | 5,948 | 5,500 341 6.6 | 5,579 420 8.1
Lagos - ------- 1,388 | 2,276 | 2,978 | 4,471 8,500 | 2,112 | 152.2 1 2,928 | 1,535 | 110.6

|

German colo-

i
2,738 | 3,823 | 4,073 | 4,404 | 5,400 | 2,662 97.2 ! 4,165 | 1,427 | 52.1

1,000 | 1,000 | 1,500 | 1,500

i
. il
193,753 !206, 337 219, 562 1243, 819 !230,000 | 35,747

i

Ceylon... 2,836 | 3,570 | 4,069 | 3,064 | 3,600 | 664 | 23.4) 8,408 | 572 | 20.2
FernardoPo .| 3,001 2,726 | 2,349 ' 3,000 2,300 —701  -23.3 2,675 3826 10.8
Jamaica .. 2,604 | 3,216| 1,743 2,783 | 8,400| 06| 26.2! 2,767 | 2.7
Java .o 2,978 | 2,460 | 2,619 | 2,460 | 2,000 —318 | —15.5| 2,855 | —8|—0.1
Surinam..-...- 1,699 | 1,897 2,043 1565 1000 —699 | —4L1| 1641, -G8 3.4
Haiti ........-| 2,709 2,122 1,851 1,485 | 2,000 —709 | —26.2 | 2,033 | —G676 \—24.9
French colo- ! | | |
nies -.o.o---- L421| 1,372 | 1,675 | 1364 | L500| 79 55| 1,446 25 . 1.8
Cuba «ocoemonee 827 1,940 | 1,412 1 L251 | 2,000 1,173 141.8| 1485 | 658, 79.6
St. Lucia .- 615| 553! 7143’ os0! 00! 285! 4630 0 185 219
Belgian Congo.|  612| 769 92| es1! swo| 188! s09l s 141! 230
488 985 573 1 576 600 ‘r 12| 23.00 644 {156 32.0
621| 70| 207 400 | 400 | —221 | —36.6| 4% —181 —21.1
340 235| 184| 3431 400 1 60 i 17.6 | 300! —40 E— 11.8
i 1 !
800 | i 00| 85| L160. 360 | 45.0
‘ ; ,
|
,

17.9 218,868 | 25,567 | 11.6 |

i

For the purpose of comparison and information the consump-
tion of various countries is added.

TaBLE II.—Consumption of cacao by countries, in tons of 1,000 kilograms.

o

Country. I 1908 | 1909 t 1910 | 1911 | 1912

United States l 42,615 53,379! 50,315 58,965: 57,000
Germany 34,352 | 40,725 | 43,941 | 50,855 | 55,100
France........ 20,445 | 23,254 | 25,068 & 27,340 | 26,900
England 21,062 | 24,264 | 24,082 | 25,396 | 28,100
Holland - ... 15,821 | 19,387 | 19,187 | 23, 536 | 24,900
Switzerland 5821 | 6,684! 9,089| 9,82]| 10,300
SPRIN - oo e em e e e 6,58 | 5,980 | 5517| 63791 5300
Other COUNtries - oo ooooooocmeommaamecees 18,455} 21,165 | 23,967 27,665 | 32,400
L 165, 141 | 194,838 | 201,166 | 229,988 | 240,000

The total increase for 1912 in per cent consumption based
on the 1908 consumption is 45.3, while the increase in produc-
tion based on the 1908 yield is 17.9 per cent.
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The average increase in per cent consumption for the five
years 1908-1912 based on the 1908 consumption is 24.9, while
the increase in production calculated in the same manner is
11.6 per cent.

Comparing this increase in consumption, which in each case
is practically double the increase in production, with the increase
in production, it is at once apparent that the production is
lagging behind. In other words, the present cacao-growing
countries must increase their production more rapidly than
they have been doing and new fields must be developed, or the
rate of increase in consumption will decline. This disparity in
increase of production and consumption cannot continue without
an effect on the selling price. A rise in the selling price will
lessen the sales and encourage interest in the cultivation. Rea-
soning in this manner, the growing of cacao on a large scale
would appear to be a profitable venture for the Philippine Islands
to attempt.

Very few localities in the Philippine Islands at the present time
produce enough cacao for local consumption. Pampanga and
Iloilo Provinces are the most important exceptions. The former
reports the presence of five thousand cacao trees in the vicinity
of Mexico alone. The cacao raised in this region is of good
quality and appearance and compares favorably with that grown
elsewhere. Two varieties are grown, criollo and a very fair
quality of forastero. In Table III are given some data regard-
ing samples of these varieties examined by the Bureau of Science.

TABLE IIl.—Average weight of fruits and seeds of Philippine cacao.

—

~ i o -
ST | Weight of fruits. ‘ Weight of seeds. Weight of seeds -
Type. EE - N R T T —
] Maxi- | Mini- |Aver-| Maxi- | Mini- 1Aver- Maxi- | Mini- | Aver-
Z o | mum. | mum. | age.| mum. | mum. | age. | mun. | mum. | age.
I i —_— |
A g. g. g. [ g. | P.ct.| P ct. | P.ct.
Forastero..______ 60 | 481 136 | 281 116 48 69 38.1 14.4 | 24.6
Criollo__._________ 60 [ 531 190 | 355 | 168 65 99 38.2 17.7 i 21.9

The average weight of the fruit and the percentage of the
seeds in the criollo is considerably greater than for the forastero.
This is accounted for by the fact that more careful selection
has been made of this variety for planting. The forastero is
much more common and less difficult to obtain. The planting
of criollo should be encouraged.

The data in Table IV illustrate some fermentation experiments
with these two varieties of cacao.



1917

Journal of Science

1ppine

il

The Ph

‘G- PUE y-0) §8 OUY 05 JON p-J 03 |

oq -4 UBY3} I0pO 33[020Yyd paounouoid JIOW
, P-d 03
'Po0n ' -4 uBY} JOpo 33B[0J0YD padunouoid SIOW
76 i op~----
I S N-d usy3 193199 APY3YS
s100g -vooo-- pado[aaap A[3y3i[s A[UO J0PO 33B[0D0YD)
.OQ |||||||||||||||||||||||||||||||||||||||| op~"°
oq e 1930rIRYD 338[000YD padunouocid JO
BT 9-D 5% poo3 08 30N
‘0@ H ....... L-D 88 poo3 08 J0N  "9-D uey} 19330g |
*I930RIBYD
‘oq upjusIdylq °L-D S8 Po03 8B ISOW[Y 1B
_ -0
‘oq m 88 [003 0§ JON "£-9-D UBY} 19339q A[3YBY[S |
s100g "7 9)1[238[000Yd A[308BXd J0N "100d Iayjey
‘o W..................,...- 9-D §€ awies 3y} Inoqy |
oq T paounouoad 8837 G- 58 poo3 08 JON
P-Q ueyl
19332 POOH |TTTTTTTTTUTTTTULeOXE  p-D uwyl J0R39g |
O uByy |
12339¢g °poon ,. ................. WRIPIXT  3-O UBYyR p1I0g |
‘oq 1=~ paounouold £13A 30U Inq ‘(1-) UBYJ I9339g
areq ﬂ ,,,,,,,,,,,,,,,,,,,,,, [I® 3e pado[aaap A[pasH !
| i
*1010D 10pQ i
1

1°78
9798
6°18
8°IL
T°2L
8°2L
2°0L
0°08

L'gL

9°19

8oL

S'6L
9°8L
PoLL
9°GL
9°9L
v°29
99

pajuswIay Aap
uo paseq ‘SqIN

€768

€88
S0y
S768
878
$°92
8°%2
873
0°Lg

¥ve |

8°1%
8'v8
€92
8°93
$°92
873
8'83
8°92

s
Y

‘0808 oM
uo peseq s‘SqIN

_ _
181 gg
gq1 gg “
291 02
8a1 g0
68l auou ;
L 2
66 )
66 109
801 -9
981 LL
o8 8°L

| L6 8°L

i 90T €8
80T 88 |

|
901 0g |
66 98
144 g'g
€01 EX (N
‘WD) |30 "
IS
ST
S Sa
2 |®&
e, [ X3
F 5.
- ® %

¥"99

g°99
$°99

1 0°L9

3°L9

L°99

3°L9
3°29
L°89
99 g

‘Jurhap

pue Buljusw
, -I8J 03 anp 8s0]

'
'
i
|

L4
8°9%
88y
8°8%
T°Le
0°v¢
€98
8°€8

9°8¢

2

1978

0°¢8
828

878

J9M uo paseq
BuljuswIag 193J Y

‘Bulkap pue

08T : 00F 9 | L 9-d
| i |
] S I opT-TT,TTTTm s o-d !
180 joov v [ Sty p-d |
eI i 00v N R opTTTTiTTTTTe e -d
G61 | 00y auou [~0J33sBI0 , ............. n-Aa
YT o0se Lot op-TT Tt 3 V-1-0
98T | oo0v A OpTTTTTTT T I A1)
84 ooyt I o 20-L-0
gl o0y |9 T op™TT T TTTTP §-QL-9-0
L81 L899 ‘9
|
i
881 0oy 9
| 881 007 9
361 007 L
" 181 0y 9
Le1 00% g
181 007 2 opTTTTTT e -0
191 007 g T L %0
991 00y @uou "7 O[lopy jTTTITITTonne n-o |
BWBLY | ‘SUWDLD) 'sAD(. A _
!
R TR A N g
> = o ; '
h ! (= ' t
o e ! H
ST W ”
8¢ E 85| meuss | opaweg |
=8 I !
=0 O '
® 7 o

|

'SuDaq 09Do fo uoyvIUIWLdS fo spoyrout puv sadwins fo uoduosaq— AT TIAV],



Cacao

ippine

il

f Ph

won o

Fermentat

Brill

XII A, 1

SUB2qQ pI[[aYs ‘AIp Y} jueoUW SI SqIU Ag u

[ J1L-L-J 8% poo3 08 30N
|"3L-L-q uey3 podo[oAap 83 JeYMOWOS a8
................. Padojaaap Ay3iy JoN -aiBq
.............................. 4-9-4 03 Teiaurg
...... TTITTTTTTIITI 690 0 aejiung
P-d 03
1-4 UeY3 I0po 938[020Y> padunouocid IO

v°e8

0°'SL
8°9L
8°18
b8
6°78
0°08

£°88

€88

8°92
1°L8
0°sg
€68
9798
888

8°L8

€91

90T
9L
(128
LST
8L
98T

88

32

8y
g°0
g°g
€2
8°g
9°0

Ly
L1g
2°Lg
9°eg
0°L8
819

0°9g

€'ge
8°8%
8°2%
L4
0°ep
38y

981

1848
66
TLT
98T
98
TLT

08T

© - oW

M 01038810,

i L~

W_ 0} N1-4 98eI2AY

; m LD
[7"7 o[o) | 03 N-D e3rIGAY
L 8V-1-d
opTTTTTTITTT F L-1-d
ov....— ......... 2D-L-d
L A qar-9-4
L e e ® A-9-q




8 The Philippine Journal of Science 1011

This cacao was fermented by placing the wet beans in beakers,
at the top and bottom of which were layers of cotton to retain
the juices given off when the beans underwent fermentation and
to prevent the too rapid escape of the moisture from the beaker.
Twice daily the beans were removed from the beakers and care-
fully stirred in order that they might ferment uniformly and
that they might come in contact with the air. They were kept
in an incubator at a temperature of 37.5° C. This was neces-
sary, since the small bulk of seeds allowed the heat from the
fermentation to escape so rapidly that, if left in the open air, the
fermentation would have been very incomplete. Under these
conditions the highest temperature reached by any of the samples
was 45° C. The criollo fermented much more rapidly than
the forastero. Active fermentation was practically complete
at the end of four days, and a considerably finer product re-
sulted, judging by the odor, color, and other organoleptic prop-
erties. More difficulty was experienced in fermenting forastero.
The fermentation proceeded considerably more slowly, and the
temperature did not rise high enough to kill the germ of the
seeds in all cases; consequently there was a tendency to sprout.
In larger masses of the beans the temperature would undoubt-
edly rise higher and the germ wouid be destroyed, but the above
tendency illustrates the difference in the speed of fermentation
of the two types under the conditions of the experiment.

(¢) Samples C-6—y and F-6-7 were sterilized by heating in
hot water until the germ was killed and the activity of the
enzymes destroyed. When the samples had become cool, yeast
was added, and they were incubated.

(b) The treatment of samples C—6-TD and F—6-TD was
identical in all respects with that of samples C-6—y and F-6-7,
except that taka-diastase was added instead of yeast.

(c) Sample C—6—y—S had yeast added, but it was not sterilized.

(d) Sample C-6-TD-S had taka-diastase added, but it was
not sterilized.

(e) Samples C—7—C and F-7-C had chloroform placed on the
sterile cotton covering to prevent the introduction of yeast and
of bacteria. From time to time additional amounts of chloro-
form were added to take the place of the volatilized portion.

(f) Samples C-7-T and F-7-T had toluene added instead of
chloroform. The subsequent treatment was identical with that
of samples C-7-C and F-7-C.

(g) Samples C-7-A and F-7-A had alcohol added instead of
chloroform or toluene. The subsequent treatment was identical
with that indicated in paragraphs “e” and “f.”
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Table V carries some further analytical data in regard to

these samples of cacao.

All these results are calculated on the

basis of the water-free product in order that they may be

directly comparable with each other and with the results listed

in Table VI. All results were obtained from the shelled seeds.
TABLE V.—Analytical data of Philippine

[Numbers give percentages.]

—

Sample No.

Average of C-U
to C-7, inclu-

Average of F-U
to F-7, inclu-

51.99

50. 06

0.88

| Albuminoids (N X

6.25).

13.24

1 0.77

e e ’G]
- ucose.
223 |

! H
| i

| i
! [

Starch.

s
|
|
B

. Sucrose.

2.08 ! 3.62
0.85 | 5.14
0.11 | 5.52
0.45 | 0.00 : 5.41
0.10 | 0.00 | 5.85
0.36 | 0.00 | 6.91
0.27| 0.00 | 4.58
0.49 | 0.27 | 4.81
0.15 1 0.00 | 4.62
0.15 | 0.45 | 4.26
0.39 | 0.56  3.96
0.22 | 5.17
0.10 | 5.36
| 1.71] 2.33
1.83 | 5.00
1.38 | 5.18
0.22 | 5.42
0.45 | 5.49
0.27 | 5.92
0.00 | 4.52
0.40 | 5.07
0.64 | 4.15
0.30 | 4.18
0.61 | 4.56

0.92
0.91
0.13
0.02
0.25
0.21
0.10
0.24
0.05
0.33
0.44
0.87

0.46 | 0.51  5.24

0.27 | 0.98 | 4.89

i Astringent matter.

4.83
4.31
4.27
4.04
4,04
3.656
2.88
3.13
3.55
4.11
2.96

|

3.27
3.59
6.20
| 5.31
''4.83
e
| 4.20
3.69
3.07
3.35
5.09
3.56
3.55

4.19

4.76

V

Cellulose.

cacao.

14.83
14.13
14.69
15,71
16.43
16.36
11.12
11.14
13.48
17.91
14.26
14.86
14.63
14.78
14.61
13.94
14.76
14.21
14.75
10. 65
10.71
14.39
14.88
14.44

14.69

14.51

Extractive matter.

16.26
12.88
13.13
11.88
12.25
11.26
11.08
12.75
11.38
12,83
11.58
13.50
13.88
17.13
15. 00
15.00
13.07
14.13
12,13
11.07

8.85
14.86
12.03
12.50

12.96

14.41

5.05
6.57
5.10
4.68

470
2.95 |

4.10
4.60

. 22
4.90

4.7
. 98
4.55
. 68

2.55 |
8.25
5.217
5.00
4.98

4.99

4.78

=
' 2.39

| Alkalinity of ash from |

L W oA
ﬁgg‘l

Insoluble ash.

2.16
2.43
2.30
2.45
1.80
1.68
1.46
2.55
2.60
2.12
2.58
2.32
2.42
2.33
2.42
2.23
2.20
2.57
116
1.38
2.12
2.24
2.22

2.22

2.36

|

1 gm. cacao in ce.

N/10 acid.

3.26
3.18
2.72
2.7
2.35
3.51
3.80
2.70
2.52
3.82
4.1
3.67
3.714
3.02
2.82
2.99
2.16
2.03
2.61
2.91
2.78

3.82

8.40

& For general methods of analysis, see Parry, E. J., Foods and Drugs. Scott, Greenwood &
Son, London (1911), 1, 20.

For purposes of comparison some figures taken from a paper
by Ridenour ° are entered in Table VI.
to the dry weight of the cacao in order that they may be directly
comparable with the results of Table V.

I have recalculated these

* Ridenour, William E., Am. Journ. Pharm. (1895), 67, 207.
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In Table VI a comparison is made of the analytical data
obtained for Philippine cacao and a number of foreign cacaos.
This comparison places the former in a very favorable light in
so far as such data are indicative of the quality of cacao.

An examination of the cacao butter was made to determine
what changes, if any, took place in it with the variation in

fermentation.

TABLE VIL.—Properties of cacao butter from Philippine cacao.

' Afid !
Sapon- Voo | 1ndex
Sample No. | tion | G1| ofre- Color.

‘| per : tion. .
gm. | !
oil. !

A e o S
C-U. .. 191.5 | 0.10 | 1.4600 | Light yellow. Deeper
than straw yellow.
C-2. .. 1911 0.17 ' 1.4599 | Somewhat deeper than
o c-u.
C4 . 193.8 | 0.27 | 1.4582 | SameasC-2..____ ... ____
C-5. . 194.3 | 0.23 | 1.4580 |.___. do .
C6.. . 192.6 | 0.33 | 1.4579
CTeeee 192.4 | 0.44 | 1.4579
C6-y ... 193.9 | 0.13 ' 1.4580 | ____ do oo
i |
0.15 | 1.4580 |._._. do . |
0.14 | 1.4580 | Slightly lighter than '
| C-6-TD. ;
0.14 | 1.4580 | ... do ...
0.15 | 1.4579 | Almost water white

| 0.211.4581 |._._. do .

| 0.18 | 1.4582 | Deeper yellow than C-7-C.

| 0.18 | 1.4585 | Same as C-U. Similarto

i C-2.

F-2_..._.___. 1196.5 | 0.26 | 1.4590 f Somewhat deeper than
| L F-u.
F-4 ... 198.5 | 0.53 | 1.4585 ’ ..... do ...
F-5_ ... 195.9 | 1.09 | 1.4582 [ do ...
F-6_ .. 196.6 | 1.27 | 1.4580 ’ Deeper yellow than F-5 __|
F-T. ... 193.9 | 2.08 | 1.4581 |.-.__ do oo
F-6-y ... 192.4 | 0.17 | 1.4582 ,‘ Slightly lighter than F-7_
i
F-6-TD .. ._._._'193.71 0.25 ! 1.4581 } Deeper yellow than F-6-y._
; : ‘ |
©193.6 | 0.22 ! 1.4579 l Same as F-6-y_._________. 1
0.49 , 1.4581 |.____ do ...
0.18 | 1.4582 '
Average for C-U | 192.6 | 0.26 l 1. 4586 :
to C-17, inclu- ! i )
sive. i
Average for F-U | 195.7 | 0.90 i 1.4584 ...
to F-7, inclu- : :
sive. ‘ J

Odor.

Pronounced; somewhat
harsh.
Similar to preceding.

Better than C-2. Faintly
harsh.

Good; not 8o pronounced as
C-4.

Pleasant; esterlike.

Do.

Mild; not so characteristic

as C-7.

- Very mild; slightly sweet.

Not so mild as C-7-C.

Pleasant; chocolatelike.

Pronounced; not so evi-
dent as C-U.

Similar to F-U.

Slightly better than F-2,
Good; better than preced-
ing three.
Esterlike; pleasant.
Do.
Faintly esterlike; less so
than F-7.
Slightly harsher
F-6-y.
Not pronounced; pleasant.
Very pleasant.
Do.

than
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DISCUSSION

The loss in weight due to fermentation is given in Table IV.
The criollo has the greater percentage of loss from fermentation.
This is more apparent because the fermentation of the criollo
was more nearly complete than the fermentation of the foras-
tero. If perfect fermentation could be induced in the latter,
the loss in it would undoubtedly approach that for criollo.
However, a difference in the selling price of the fermented pro-
ducts would be made in favor of the criollo because of its
superior quality, and this would still allow more profit to be
made from the cultivation of the criollo than from that of the
forastero. Then, too, the latter, because of its slowness in fer-
menting, is in greater danger of being spoiled by molding or
by sprouting than is the former, and losses from this cause
would be more apt to occur. On the other hand, the criollo
samples examined had a larger average weight for the fruit,
531 grams, and a higher average yield of seeds, 27.9 per cent,
than the forastero, which had an average weight of 481 grams
and an average yield of 24.6 per cent of seeds. This would
make the yields of dry, shelled seeds compare, criollo to foras-
tero, as 1,089 to 1066; consequently, regardless of a difference
in price in favor of criollo, the profit from its cultivation would
be greater than from the cultivation of forastero, since the
absolute yield of dry, shelled seeds, or nibs, is greater from the
criollo than from the forastero.

The greater rapidity of the fermentation of the criollo is
demonstrated by the loss in weight due to the fermentation.
The maximum loss in weight has been reached at the end of
the fourth day, while the forastero shows a maximum at the
end of the sixth day. The intensity of the fermentation is like-
wise demonstrated by these same figures, for criollo shows a
maximum of 8.5 per cent and forastero a maximum of 3.8 per
cent. The changes effected by fermentation should be much less
in the case of the latter, judged by the change in weight, and
this is borne out by the less agreeable odor of the defatted
cacao and the cacao butter. The odor is most pleasant between
the third and fourth days for the cacao butter and about the
fourth day for the defatted cacao in the case of the criollo type,
while the fifth and sixth days for the cacao butter and the

* By defatted cacao is here meant cacao from which all the fat has
been etherized.
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ifth and sixth days for the defatted cacao show the finest
flavored product in the case of the forastero. But the product
of this longer fermentation period for forastero does not equal
that from criollo in quality.

The changes brought about by fermentation are hard to de-
monstrate by an analysis of the finished cacao. The changes are
largely characterized by an improvement in its organoleptic
properties. Bainbridge and Davies !* believe that an essential
oil is produced during fermentation. In their investigation on
fermented arriba from Ecuador, they obtained 24 grams of an
essential oil from 2,000 kilograms of cacao. Ordinary analytical
chemical methods would not suffice for the detection of so minute
quantities. The theobromine shows no regular variation.
Sack 2 claims that one of the results of fermentation is the
splitting of a glucoside with the formation of theobromine and
cacao-red. The results obtained in this investigation do not
corroborate his conclusions.

The glucose and sucrose content change with the degree of
fermentation, the latter in several cases being zero, while the
former first decreases and then shows a slight increase. This
increase is due to the action of diastase on the starch. The
sugar usually listed as glucose in the analysis of fermented cacao
is doubtless largely maltose, the product of the action of dia-
stase on starch. The percentage of starch does not undergo a de-
cisive change. The apparently smaller amount in C-U and F-U
is partly accounted for by the fact that these samples have not
lost juices through fermentation. I believe a change has taken
place in the character of the starch by the fermentation and that
this makes itself apparent in the so-called break of fermented
cacao.

A change in the percentage of astringent matter with length of
fermentation is the most apparent change that can be demon-
strated by analytical data. The amount decreases with the
length of fermentation and accounts for part of the improve-
ment in the flavor of the product. The superiority of the
criollo over the forastero is apparent when a comparison is made
of the quantities of astringent matters present in the two.

The difference in the cellulose content of the fermented and
unfermented samples can be explained by the fact that the
former has lost juices by fermentation while the latter still re-
tains these. The same explanation holds for the difference in
extractive matter. Van Hall ** states that good cacao should

 Loc. cit. * Bull Dept. Agr. Surinam, 10. * Loe. cit.
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show 12 per cent or more extractive matter. The Philippine
product averages slightly more than this.

The free acidity of the cacao butter increases with the dura-
tion of the fermentation. Criollo is superior to forastero in
this respect also. In spite of the greater intensity of the fer-
mentation, it shows less free acidity than does forastero, the
ratio being 0.26 cubic centimeter to 0.90 cubic centimeter 0.1 N
alkali, respectively. The slight change in the acidity of the
cacao butter with the greater length of fermentation is confirm-
atory of the conclusion reached by me ** that Philippine cacao
does not contain a lipase.

For the purpose of making a further investigation of the
fermentation processes, certain special samples were prepared.
These are described on page 8 An extended discussion of
these samples is hardly necessary, since in no case is the quality
of the final product equal to that obtained by the use of the
ordinary methods. Samples C—6—y and F-6-y had yeast added
to them after they had first been sterilized to destroy the activity
of the enzymes. In the sterilization of the seeds care was taken
to prevent cooking and at the same time effectively to sterilize.
The final product did not equal C—6 or F—6 in excellence of odor,
color, or break. It would appear that yeasts alone do not pro-
duce the desired changes. Bainbridge and Davies ' make the
statement that wild yeasts from the pods and stems first act
on the pulp and that in the latter stages of fermentation their
place is taken by true yeasts. The terms wild yeast and true
yeast as used by these authorities are rather confusing. I do
not believe the yeasts alone account for the changes cacao under-
goes when it ferments, and the above results corroborate my
belief. The yeast used for inoculation was the yeast found
growing on the cacao; consequently no error could have arisen
from a choice of the wrong yeast.

For purposes of comparison and control, C-6-TD, C-6-TD-S,
C-6-y-S, F—6-TD, F-6-TD-S, and F—6—y—S were run. These
were no better than, and in some cases not so good as, C—6—y and
F-6—y; therefore they add weight to the above conclusion that
yeast is not solely responsible for the fermentation changes of
cacao.

To determine, if possible, the influence of the enzymes on the
cacao, samples C-?-C, C-7-T, C-7-A, F-7-C, F-?-T, and
F-7-A were prepared. Extreme care was taken to prevent
inoculation of the seeds when the pods were opened and the

* Loc. cit. * Loc. cit.
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seeds removed. In this endeavor I was successful, since at no
time was any alcoholic or acetic acid fermentation apparent.
These samples were examined in the same manner as the pre-
ceding. The quality of the cacao was better than that produced
by the action of yeast and taka-diastase in the absence of the
enzymes, but the odor was not so fine as C—6 in the case of the
criollo samples so treated, nor so fine as F—6 in the case of the
forastero samples. Judging by these results, it would appear
that the enzymes already existing in the cacao alone do not
bring about all the desired changes, but that their influence
must be reénforced by the enzymes from yeasts and possibly
from bacteria or molds. The superiority or the peculiarity of
certain cacaos is probably largely due to the presence of certain
yeasts or molds during the fermentation process. It is instructive
to cite the belief of Preyer ¢ in this regard. He has isolated a
yeast, Saccharomyces theobromae, from fermenting cacao. He
recommends its use in the initiation of the fermenting process.
The use of a pure culture yeast would necessitate extreme care
in handling to prevent inoculation of the cacao with wild yeasts
until the yeasts used for inoculation had attained a good growth.
It would be impossible to sterilize the seeds, since such treat-
ment would likewise destroy the enzymes, and the resulting
product from enzyme-free cacao would not be satisfactory. The
seeds as they exist in the pod are free from yeasts and bacteria,
but handling of this in such a manner as to prevent contamina-
tion is hardly practical. However, care in fermentation will
vield a good grade of material provided the initial product is
high class, so there is no cause for disconsolation because of
the apparent impracticability of using pure cultures of yeast.

SUMMARY

Philippine cacao is compared with foreign cacaos.

A study is made of criollo and forastero cacao fermented
under varying lengths of time, and the respective influence of the
enzymes and of yeast is investigated.

The conclusion is reached that the Philippine Islands can
grow a good quality of cacao in large quantities and that the time
seems opportune for such an innovation. The investigation
leads to the belief that the fermentation is the joint result of
the reaction of yeasts and of enzymes.

* Preyer, A., Tropenpflanzer (1901), 5, 157.






THE INTERACTION OF CHLORIDE OF LIME WITH THE NORMAL
CONSTITUENTS OF NATURAL WATERS AND SEWAGE !

By GEORGE W. HEISE
FIVE TEXT FIGURES

(From the Laboratory of General, Inorganic, and Physical Chemistry,
Bureau of Science, Manila)

In the course of an extensive study of the sterilization of
water and sewage, parts of which have already been reported, (9)
it became necessary to do considerable work on the decomposi-
tion of chloride of lime (calcium hypochlorite) in water and
on its interaction with waters and sewage. The work was done
because of its practical importance, and no attempt was made
to study in detail the chemical reactions involved ; the results are
presented at this time because of their possible application to
sterilization problems involving the use of hypochlorite solutions.

The value of chloride of lime as a disinfectant was first pointed
out by Koch (12) in 1881, while its application on a large scale to
the sterilization of water for municipal supply was first proposed
in 1894 by Traube.(23) That waters containing hydrogen
sulphide or relatively large quantities of organic matter are not
readily sterilized with chloride of lime was shown by Lode(14)
in 1895. Since that time hypochlorites have been so widely used
for the disinfection of water and sewage that their decomposition
and their interaction with the substances normally found in water
and sewage have been much studied.

Hypochlorites in distilled-water solution decompose, even in
the dark, with measurable velocity.(2) Both chlorate and
oxygen are formed, although the main reaction proceeds accord-
ing to the equation

2NaCl0 — 2NaCl + 0,.

The decomposition is accelerated by heat, proceeding in

accordance with the equation:(2)
3NaClO0 — NaClO, 4 2Na(Cl, and
2NaCl0 — 2NaCl + O.,.

The results of Bhaduri(2) indicate that for certain concen-

trations in the dark at 100° C. the reaction is monomolecular,

* Received for publication December 1, 1916.
146844—2 ’ 17
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although its order has not been determined experimentally. The
photolysis has been studied quantitatively by Lewis,(13) who
concluded that the reaction was probably monomolecular.

When waters contain foreign substances either in solution or
in suspension, the decomposition rate of hypochlorites is gen-
erally markedly changed. Bhaduri(2) found that in the dark a
sodium hypochlorite solution was most stable when the con-
centration of sodium hypochlorite was 1.5-1.7 per cent; of salt
molecules, approximately 0.4 per cent. In the light,(13) alka-
line is more stable than neutral sodium hypochlorite solution.
Concentration and temperature have very little effect(6) on the
_stability. Elements of the iron group accelerate decomposition;
the presence of magnesium and aluminium increases the
instability when the alkalinity is low. Elmanowitsch and
Zaleski(4) found that acids increased, while alkalies decreased,
the amount of (calcium) hypochlorite decomposed (at boiling
temperature) by natural waters. Such factors as temperature,
alkalinity, and the presence of phenols and hydrogen sulphide
promote the decomposition of hypochlorites in sewage.(5)

The accelerating influence of a high organic content in water
on the decomposition of hypochlorites has been much studied.
Asparagin, peptone and allied products, (8) albumin and its decom-
position products,(4) sewage,(5) urine, sweat, saliva, and body
products in general(10) have an especially great effect on the
chlorine consumption. Apparently there is no direct paral-
lelism between oxygen-consuming capacity (as measured by the
reduction of permanganate solution) and chlorine-consuming
power, (14) this no doubt due partly to the well-known inaccur-
acy of determinations of oxygen-consuming capacity in regard
to both quantity and kind of organic matter present in water,
partly to specific interaction between the substances in water
with chlorine.

At first the disappearance of available chlorine from chlorin-
ated water or sewage is very rapid, but it soon becomes slow.
The reaction proceeds as though there were present, in some wa-
ters at least, substances which are so readily oxidized by chlorine
that they take it up before it can destroy the bacteria present.
Although the bactericidal action of chlorine occurs simultan-
eously with the chemical decomposition, the latter might pro-
ceed rapidly enough greatly to impede or even to nullify the
former. After the chlorine is once destroyed, bacterial growth
might proceed unchecked, which furnishes a possible explana-
tion for the repeatedly noted phenomenon—the great increase
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in bacterial content of waters in municipal distribution systems
at varying periods after chlorination. (15)

Much work remains to be done on the substances formed
by the interaction of hypochlorites with the organic matter
found in water. It is because of these substitution pro-
ducts (16,20) that chlorinated waters used for public supplies
often retain a peculiar chlorine odor and taste after all chem-
ical trace of free chlorine has disappeared. In such cases—(21)
these tastes and odours are not occasioned so much by chlorine or hypo-
chlorites themselves as by inorganic and organic chloramines, and possibly
other chlorine-substituted compounds formed by interaction with the
organic matters present in waters. * * * They [the chloramines] are
all germicidal, and all possess a more or less disagreeable odour. * * *
He [Rideal] proved that chlorine * * * was working by substitution
for hydrogen in ammonia and organic compounds, yielding produects [chlora-
mine and hydrazine] of higher germicidal power than chlorine itself.

Race(19) found that when ammonia was added to hypo-
chlorites, in the proportion of 1 part ammonia to 2 parts of avail-
able chlorine, the germicidal action was increased threefold.

While the addition of alum causes an immediate reduction
in available chlorine, it has no apparent effect on the bacte-
ricidal properties of the solution for twelve hours, according
to the findings of Avery and Lye.(1)

With waters high in organic matter it is probable that the
main chemical change follows the course of a monomolecular re-
action as in the case in the decomposition of hypochlorites in
distilled water. However, there are, apparently, so many simul-
taneous reactions that the accurate determination of the veloc-
ity constant is not easy. From the fact that, in general, the
amount of chlorine consumed by sewage in a given time is pro-
portional to the amount of chlorine added, Glaser(5) concluded
that the reaction is monomolecular. Race(18) followed the course
of the reaction between hypochlorites and a colored water and
came to the same conclusion.

The effect of light, though a most important factor in the
decomposition rate of hypochlorites, has been frequently over-
looked or at least insufficiently emphasized, so that some of the
work which has been done is not conclusive. The importance of
this factor in the sterilization of swimming pools has already
been discussed. (10)

EXPERIMENTAL PART

Determination of available chlorine.—For the work recorded
in this paper, chlorine was quantitatively determined in the
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usual manner by titration with standard sodium thiosulphate
solution in the presence of phosphoric acid, potassium iodide,
and starch solutions, care being taken to keep such factors as
temperature and concentration as uniform as possible to en-
sure comparable results. Phosphoric acid was used instead of
hydrochloric or sulphuric acid, because errors in titration due
to the presence of ferric iron and chlorates are thus avoided. (11)
The following graduation(4) of this determination, on the basis
of the color of the iodine-starch reaction in the presence of
hydrochloric acid, serves very well for the estimation of very
small quantities of chlorine in 200 cubic centimeter samples:

Doubtful, when Cl content is 0.11 mg. per liter.

Barely noticeable, when Cl content is 0.12 mg. per liter.

Noticeable, when Cl content is 0.13 mg. per liter.

Weak, when Cl content is 0.17 mg. per liter.

Distinct, when Cl content is 0.24 mg. per liter.
Sharp, when Cl content is 0.4 mg. per liter.

The decomposition rate of calcium hypoclorite solution in the
dark.—In order to study the decomposition rate of hypochlorites,
known quantities of standard filtered chloride of lime solution
were added to water in large glass jars provided with ground
glass covers. Aliquot portions were pipetted off from time to
time and analyzed.

Whether the reaction was followed in distilled water, natural
(artesian or river) waters, in solutions of organic substances, or
in sewage, the decomposition curve had the same general trend.
At first there was a rapid disappearance of chlorine, followed
by an abrupt slowing down of the reaction. This sudden change
of velocity generally occurred within from thirty minutes to one
hour, after which the reaction proceeded very slowly, but very
regularly, showing no sign of reaching an end point, though
followed for weeks. Therefore it appears probable that the
main reaction between chloride of lime and dissolved substances
quickly approaches completion, after which the curve of gradual
decomposition in water is followed. The experimental data se-
cured are shown in Table I. The results for sewage were the
most striking, and as they are apparently typical, on a large
scale, of the reactions occurring in the other liquids, they are
shown graphically in fig. 1.

For the sake of completeness, the data for distilled water are
plotted in fig. 2 for the entire eight hundred ninety hours during
which the reaction was under observation. The curve appears
to be typical for all of the reactions in the table. Though the
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reaction was carried on in a small dark room the daily temper-
ature variation of which was probably less than 8° C., the
temperature change no doubt affected the results somewhat.
Experimental errors appear somewhat exaggerated on the curve,
because of the large scale on which chlorine concentrations are

Time in minutes.
10 20 30 40 50 6_(; 7t 3 80 10 /10 IZT /130 140

Parts per million.

90

Available chlorine.

801

—

Fic. 1. The decomposition of chloride of lime in sewage in the dark.

shown. The abrupt change in velocity indicated in fig. 1 does
not appear in fig. 2, owing to the small scale on which time is
plotted in the latter.
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TABLE I.—Decomposition of chloride of lime in the dark.*

IN DISTILLED IN 5 LITERS DIS- IN SEWAGE.
WATE TILLED WATER
- ] PLUS 0.1 GRAM T e
E— P AMMONIUM 22 |
LN ACETATE. SaE !
S o2
S85 e . o= i
. oS 52 Time. % ‘g ;
ime. = g =R =9
CPb CEE gl |
<. =)
> A i = = <
2 Time. ,.g S g _ e
R D —— = £
;.E g Hrs. mins.
Hrs. mins. < 0 0 | b228.0
0 0 | b37.2 I — 0o 2 | 116.0
0 6 86.0 Hrs. mins. 0 6 100. 0(2)
0 1 35.5 0 0 | b36.0 o 9 | 380
0 15 | 8.1 0 6 | 850 0 15| 352
1 14 34.8 foo12 34.2 0 49 30.5
5 43 34.4 0 32 30.8 21 20 2.0
23 34 33.1 0 37 | 30.7 50 145 |
20 15 | 33.0 3 30 5.00 0o o | 2130 |
48 o0 | 325 5 0 4.75 0 2 | 190.0 |
0 0 31.0 5 35 4.47 o 4 160 |
98 0 30.6 2 0 3.78 0o 5 161.0 |
194 0 | 29.6 4% 0 3.15 o 7| w0
890 0 | 26.6 30 2.8 0o 8| 1215
e u5 0 2.1 0 11 | 102.0
IN ARTESIAN — 0 13 78.6
WELL WATER. IN 0,001 MOLAR 0 15 | 655
—— Al K i N
‘ 1 OXALIC ACID. 0 17 | 558 |
0 0 . b38.4 ! 0 2 | 412
0o 4 . 381.9 | 0 0 | b37.0 0 22 37.2
0 10 34.2 0 4 9.6 0 25 36.5
0 16 34.2 o 9 4.5 0 28 35.4
0 54 | 33.9 0 17 2.7 0 32 | 33.3
5 0 83.5 0 55 2.4 1 1 29.4
28 0 | 827 3 46 1.9 1 11, 28.7
30 0| 324 3 51| 20 L2 29 | 207
54 0 | 3L5 23 0 1.4 [
7 o0 | 310 e

2 In this and subsequent tables some of the experimental results were verified by R. H.
Aguilar, chemist, Bureau of Science.

b Calculated.

¢ The decomposition of hypochlorite proceeded so rapidly in 0.1 molar oxalic acid solution
that it could not be followed quantitatively.

TABLE II.—Decomposition of a solution of chloride of lime in tap water
in diffused daylight.

| 1
Alx:ailable i A}\lrfiilab]e |
. chlorine. . chlorine. |
Time. Parts per | Time. Parts per !
million. million. I
Hrs. mins. Hrs. mins. :
0 0.8 0 10.0 |
2 0.6 2 9.7
30 0.3 45 8.5
2 00 trace 1 25 7.9
........................ 3 45 7.0
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F16. 2. The decomposition of chloride of lime in distilled water in the dark.

The data at hand for the progressive decomposition of chloride
of lime do not show clearly the order of reaction. The decom-
position in sewage is probably a heterogeneous reaction. (17)
Fig. 1 shows that for a time the reaction velocity was practically

dx x
constant ( 7 =K K:f)'

The decomposition rate of calcium hypochlorite solution in the
light.—In the light the decomposition more nearly approached
the typical rate of a monomolecular reaction. The data obtained
in a typical series of determinations are given in Table II and
are plotted in fig. 8. Comparison with fig. 1 shows clearly the
difference between the course of the dark and the light reaction.
As indicated in the curve, the photochemical decomposition pro-
ceeded in a regular manner. As the experiments were performed
in the diffused light of the laboratory, the light was a variable
factor and caused deviations from the true course of the pho-
tochemical decomposition.

It is interesting to note in this connection that in measurements
of the decomposition of chloride of lime in different waters in
the dark and in the light the differences between the amounts
decomposed in the light and in the dark were very uniform for
any given light intensity, regardless, within the limits observed,
of the specific chlorine-binding power of the various waters used.
This is evident from the data in Table IIL The last column
shows that for any one day the differences between the “light”
and “dark” determinations were nearly the same, though the
waters under observation varied widely in their ability to de-
compose chloride of lime in the dark.
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F16. 3. The decomposition of chloride of lime solution in diffused daylight.

TABLE III.—Effect of light on chlorine consumption; 200 cubic centimeter
samples of different waters digested two hours at 28°C.

Available chlo- !
rine consumed. ‘
Day. Sample. Ac;i;]r?:!ae In dif- IZ;ﬁ'cf'
added. fused In
] day- | dark.
' light.
——— e = s mte e st e ot rmem = e = ¢ et ————— e P A,| B | [y —
mg. mg. mg. mg.
1 2.9 0.28 0.11] 0.17
2.9 0.47 0.25 | 0.22
a2 2.9 0.14 0.14 1 0.00
2.9 0.45 0.45 | 0.00
8 2.7 0.50 0.24 | 0.26
2.7 0.66 0.45| 0.21
4 2.7 0.65 0.23 | 0.42
2.7 0.87 0.43 1 0.44
5 2.7| 0.53; 0.23 ) 0.30

2.7 0.60 0.28' 0.32 l

* Sky was heavily overcast, and laboratory was dark.
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The interaction of chloride of lime and organic matter as
affected by concentration.—If the interaction of chloride of lime
with organic matter is a monomolecular reaction, it follows di-
rectly that the percentage of chloride of lime decomposed should
be independent of the initial concentration. In other words, the
amount of chlorine consumed in a given time should be a con-
stant fraction of the quantity added. For example, (5) when
the addition of available chlorine to sewage is doubled, the amount
of chlorine absorbed will also be doubled, within certain limits,
a fact which has an important bearing on the economical appli-
cation of hypochlorites for disinfecting purposes.

A good illustration of this regularity is shown in the following
series of determinations on the interaction of chloride of lime
and urea. Different quantities of filtered chloride of lime solu-
tion, varying in strength from 2 to about 100 milligrams of
available chlorine, were diluted to 100 cubic centimeters, placed
in glass-stoppered bottles, and digested twenty-one hours in the
dark at 28° C. with 2 cubic centimeters of 0.01 molar urea solu-
tion. At the end of the digestion period the samples were anal-
yzed, with the results listed in Table IV.

TABLE 1IV.—Interaction of varying concentrations of calcium hypochlorite

with urea.
Hypochlorite add- | Available chlorine
ed as— consumed.
Sotution. ‘YETENE! cevved. | bit's
ce. mg. mg. mg.
1.0 2.3 2.1 2.2
1.6 3.4 3.1 3.3
2.0 4.6 4.3 4.4
3.0 6.9 6.5 6.6
4.0 9.2 8.8 8.9
5.0 1.5 11.0 11.1
6.0 13.8 13.3 13.3
7.0 15.3 14.9 15.5
8.0 18.3 17.7 17.7
9.0 20.6 20.0 20.0
10 22.9 22.2 22.2
15 34.4 33.5 33.3
20 45.8 44.6 44.4
25 57.2 55.6 55.56
30 68.7 67.0 | 666 |
40 91.6 88.7 88.8

t From the values obtained with 6, 8, 9, and 10 cubic centimeters of solution.
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Almost without exception the experimental results vary from
the calculated values by quantities well within the range of ex-
perimental error. Apparently this regularity holds good for
wide ranges of concentration with many different substances.?
Even with fairly pure natural waters similar results may be
obtained under certain conditions. Thus 100 cubic centimeter
samples of a clear river water, boiled with varying amounts of
filtered chloride of lime solution for fifteen minutes in diffused
daylight, reacted as follows:

TABLE V.—The interaction of a river water and varying quantities of
chloride of lime solution at 100°C.

T !
Chloride
Chloride of lime | of lime

' added as— l‘consumed

I as— |
RN
‘Available Available!
j chloriné. | chlorine. |

' Solution.

e e—

|
cc. I’ mg. I mg.
;' | o052 |
1 3.36 J{ 0.49 ’
! | 0.9 |
2 6.72 | o8 i
|| 1.68 J
| 3 10.1 ]{ 182 ‘

The ratio of the amounts of chlorine consumed is approximately
the same as that of the amounts added, namely, 1:2: 8.

With sewage there is a similarity of reaction, with some curious
differences. The percentage of chlorine consumed may increase
with increasing additions of chloride of lime, giving rise to the
peculiar phenomenon that the available chlorine left is greater
after digestion with small quantities of chloride of lime than
after digestion with much larger quantities for an equal period
of time. This observation was repeated too frequently to be cap-
able of explanation on the ground of experimental error, though
some series showed these abnormalities to a lesser degree than
others.

This irregularity in chlorine consumption is also evident in
the data of previously published work. For example, Glaser (5)
says in effect:

As a matter of fact, there are at hand several experiments which deviate
from the regular order, for instance, the progressive decomposition with

* Avery and Lye (1) found that upon the addition of alum to water the
available chlorine was apparently reduced, within certain limits, in direct
proportion to the amount of alum added.
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a concentration of chloride of lime of 1:1000 recorded in tables 28 and 29
* % * Jbut] * * * 3 similar marked decrease in available chlorine
could not be detected on repeating the experiments with the same coricen-
tration. It should be pointed out that there are other small deviations from
the theoretical quantities of chlorine.

The analytical data given in Table VI show clearly that at
certain concentrations the reaction is completely changed and

that the irregularities noted by Glaser were not due to experi-
mental error.

TABLE VI.—Decomposition of chloride of lime in fresh sewage® (concen-
tration of chloride of lime expressed as milligrams of available chlorine).

A. EFFECT WITH VARYING PERIODS OF DIGESTION.

Series 1.b

| Series2.¢ Series 3.4 ! Series 4.4

Con- | Con- Con- ! Con-
Added.| Left. ’sumed.% Left. sumed.| Left. sumed. | Added.| Left. sumed.

l 3.55 1.14 3.61 1.08 2.93 1.76 | 1.17 0.6 0.7

4.69 3.45 1.24 1.34 3.35 2.76 193 2.34 1.3 1.0
3.32 1.37 1.30 3.39 2.82 1.87 |  4.69 2.9 1.8

0.50 8.88 0.85 8.53 0.48 8.90 || 7.03 4.4 2.6
9.38 { 0. 58 8.80 1.08 8.30 0.78 8.60 ‘ 9.38 2.0 7.4
0.53 8.85 1.32 8.06 0.38 9.00 ’ 11.711 1.2 | 10.5

14.09 0.5 13.6

7.40| 11.835| 6.80 | 12.95!| 4.11 14.64 |
18751 7.17| 11.68 | 5.55| 13.20 | 3.55 | 15.20 || 16.43 0.8 16.6
{7.24 11.51 | 65.50 | 13.25 | 4.03 | 14.72 ’j 18.76 1.3 17.4
'\ 21.1 3.0 18.1
23.4 | 43! 19.1
25.8 6.6 | 20.2
28.1 7.5 20.6 '

3.5 | 15.8 21.7!

2 Sewage, 50 cubic centimeters; temperature of digestion, 28° C.
b Time of digestion, forty-five minutes.

¢ Time of digestion, one hundred minutes.

4 Time of digestion, eighteen hours.

B. EFFECT WITH SEWAGE SAMPLES OF DIFFERENT AGES.

[ Series 5. Fresh sewage. (‘1 Series 6. Same sample, after 24 hours. |
Added. | Left. Consumed. .|| Added. Left. Consumed. i
j .; . Per cent. ‘
i 1.00 0 1.00 100
2.00 0.26 1.74 87 !
3.00 0.42 2.58 86 ‘
4.00 0.64 3.36 84
5.00 1.10 3.90 | 78
6.00 1.20 4.80 80 I
7.00 1.90 5.10 73
8.00 1.35 6.65 | 8 |
10.0 1.00 9.00 | 90 ]
30.0 15.8 14.2 47 |
40.0 25.2 14.8 37
50.0 33.5 16.5 l 33 ‘
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TABLE VI.—Decomposition of chloride of lime in fresh sewage (concen-
tration of chloride of lime expressed as milligrams of available
chlorine) —Continued.

C. EFFECT WITH CONSTANT VOLUME OF LIQUID (CONCENTRATIONS OF CHLO-
RIDE OF LIME EXPRESSED AS PARTS PER MILLION OF AVAILABLE CHLORINE).

Series 7. ! Series 8.

———— [ - ———————

Added. Left. i Consumed. Left. | Consumed. )

; T [

" Per cent. ; | Per cent, £

4.6 19 2.7! 59 0.6 | 4.0’ 87 |
9.2 3.7 5.5 60 3.2 l 6.0 | 65
18.4 7.3 1.1 60 10.6 | 7.8 r 42
21.5 18.7 13.8 | 50 18.1 | 9.4! 34
45.8 16.4 20.4 64 28.0 | 17.8 | 39
| 64.2 5.2 59.0 l 92 27.5 | 36.7 | 57
i 82.5 3.5 79.0 9 8.5 4.0 90
; 110 6.0 154 94 - 4.0 106 [ 9
| 1! 13.0 125 | o1 | 6.0 132 95
LB 41.0 143 P 78 | 20| 168 88
275 108 167 | 61 | 91.0 | 184 67
I 197 171 ‘ 4| 11 ’ 197 ’ 54
f 460 249 a 4, 28 | 20 = 4“
1 690 “5 | 245 | 6, 4m oo 32
J 920 07 213 | 23 ! 690 | 230 | 25
1,835 1,38 | 450 | 25 415 | 420 | 23
| 2,750 2,098 657 | 2 L9%5 | 826(2) 30
| 4,580 3,615 965 | 21 ;8830 1,260(7) 27

The foregoing data show the peculiar fact that with increasing
additions of available chlorine the amount left after digestion
first increased, next decreased, and finally again increased. For
certain concentrations the available chlorine left after digestion
was greater with small additions of chlorine than with much
larger ones. The different series listed above were obtained on
different days with different samples of sewage, so that the
agreement between the results recorded is as good as is to be
expected. As a matter of fact, different samples vary greatly
and the same samples change with time, as indicated by the
differences between series 6 and series 7.

Owing to the change in the volume of the digested liquid,
caused by large additions of chloride of lime solutions, discrep-
ancies in the analytical results may occur. In series 8 these
deviations were avoided by keeping the quantity of liquid constant
by the addition of enough water to the first members of the series
to compensate for the differences in volume caused by the ad-
dition of chloride of lime solution.

Typical series in the foregoing table are graphically shown in
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fig. 4, the experimental data from Glaser’s(5) Table XXIX for
20-hour digestion periods being inserted for comparison. For
use in this figure, the data in Table VI were recalculated as parts
per million.

Available chlorine added. Parts per million.
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Fi16. 4. The decomposition of chloride of lime in sewage in the dark. Curve a, results
of Glaser; curve b, Table VI, series 4; curve ¢, Table VI, series 7; curve d, Table
VI, series S.

Effect of the conceniration nf substances reacting with chloride
of lime.—The more concentrated the solution with which the
chloride of lime reacts, the more chlorine is used up. This is
to be expected, and it has been pointed out so often that it needs
no further proof here. There is, however, a curious anomaly
which may occur and which may lead to confusion in the inter-
pretation of the ordinary laboratory tests of the chlorine-binding
power of a water. The interaction of urea and chloride of lime
in the dark at moderate temperature furnishes an illustration
of this, when the decomposition of chloride of lime is measured
in the usual manner, that is, by means of standard sodium
thiosulphate, in the presence of potassium iodide, phosphoric acid,
and starch. .

In Table VII are the results obtained when the same quantity
of chloride of lime was allowed to react with different quantities
of urea. They show that, for very low concentrations of urea,
increase in concentration leads to increased chlorine consump-
tion; with higher concentrations, however, the chlorine con-
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sumption decreases. The results are also shown graphically in
fig. 5.

The scope of the work does not warrant a detailed study of
this reaction * at this time. The results are presented because
they are sufficiently definite to show the disturbing factors that
may be present in the tests of the chlorine consumption of a
water or sewage. Probably different chlorine-substitution pro-
ducts are formed with different concentrations of urea, some
of which react immediately with potassium iodide, liberating
iodine, some reacting slowly or not at all, so that the amount of

Urea additions in milligrams.
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bl et Q
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chlorine.

Chloride of lime deco

F16. 5. The decomposition of chloride of lime in urea solutions of varying concentra-
tions in the dark.

available chlorine left in solution may not be a true measure of
the reaction. Since these products may have even stronger
disinfecting action(21) than chloride of lime, the determination
of chlorine consumed is not necessarily an index of the quantity
of hypochlorite required for disinfection.

According to Hairi, (8) the liquids in which the disinfecting
action of chlorine is greatly retarded show a strong chlorine-
consuming power. In a solution of peptone, for example, neither
the chlorine consumption nor the inhibition of germicidal action
varies in the same manner as the concentration.

* After this work had been completed, I found that Dakin (3) had
reported a similar anomalous reaction between hypochlorous acid and
sheep serum.
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TABLE VIL.—Interaction of chloride of lime solution with varying concen-
trations of urea.

[Water, 100 cubic centimeters; urea, additions as noted. Five cubic centimeters of chloride
of lime solution digested eighteen hours in the dark at 28°C.]

SERIES A. ADDITION—I11.0 MILLIGRAMS AVAILABLE CHLORINE.

T
Urea. Available chlorine. ]

Solution | Weight i
added. added. |Consumed. Left. |

cc. g. mg. mg.

0 0 0.05 10.9 (5)
0.1 0.003 | 10.3 0.7

0.26 0.007 | 10.8 (6) 0.1 (4)
0.50 0.0156 | 10.8 (4) | 0.1 (6) |

1.00 0.030 10.8 0.2

SERIES B. ADDITION—11.8 MILLIGRAMS AVAILABLE CHLORINE.

0 0 0.1 11.7
0.5 0.01 (5) 11.5 (6) 0.1 (5)

i 1.0| o0.03 © L6 0.3

‘ 2.0 0.06 114 0.4
3.0| 0.09 1.3 (6) | 0.4 (5)
40| o0.12 11.3 0.5
6.0 0.18 1.2 0.6
7.0| o.21 1.1 G) | 0.6 (5)
8.0 0.24 1.1 0.7
9.0 | 0.27 11.0 0.8
10.0 | 0.30 10.8 Lo
1.0| 0.33 10.6 (6) | 1.1 (5)
2.0 0.36 10.4 1.4
13.0] 0.39 10.3 1.5 ‘
14.0| 0.42 10.1 1.7
5.0 0.45 9.9 | L9
16.0 | 0.48 9.8 I 2.0

GENERAL DISCUSSION

Since there is no direct parallelism between the oxygen-con-
suming capacity and the amount of chlorine a water or sewage
is capable of taking up, the determination of chlorine-consuming
capacity, in spite of its limitations, is an important test in the
laboratory control of hypochlorite disinfection. Hairi(8) di-
gested 100 cubic centimeter samples with chloride of lime solu-
tion in excess (13 milligrams available chlorine) and titrated
after an hour in weakly acid solution. If digestion is carried
out at constant temperature in the dark, this procedure will give
concordant, relative values for the chlorine absorption.

Elmanowitsch and Zaleski(4) recommended the determination
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of chlorine consumption at boiling temperature, with carefully
regulated constant heating, for fifteen-minute digestion periods,
with lime water added to the water under examination. The
authors obtained very concordant results by this process. The
figures given in Table V were obtained without addition of lime
water, but show that the method is accurate enough for labo-
ratory use. However, this method is open to objection, because
it does not take into account conversion of hypochlorite to chlo-
rate at boiling temperature.

Digestion in the dark at room temperature is so easily carried
out, and gives such uniform results if care is used in keeping
conditions constant, that it is to be preferred to the methods
employing heat.

Whether chloride of lime shows fluctuations in bactericidal
effect similar to those noted for its chemical decomposition
(Table VI, fig. 4) is not clear. The results of Glaser (5) indicate
that it does not, but these observations were made with such high
concentrations of chloride of lime that they are not conclusive.

It is true that the data under discussion were obtained in ex-
periments on sewage, but apparently similar fluctuations may
occur with ordinary water as well and with small hypochlorite
concentration. Thus Stokes and Hachtel (22) in their work on
the treatment of Baltimore spring water by calecium hypochlorite
report that—

when 1.5 parts of available chlorine per million parts of water were used
there is practically no residual chlorine in the water. In one case when
1.75 parts were used there was a large amount of residual chlorine, giving
an average . . .. of .574. On another occasion, however, when this amount
was used the residual chlorine was less, giving an average of 0.24 per
million parts of water. When 2.0 parts of available chlorine were used
there was an average . . . of 0.206, and when 2.5 parts of available chlorine
were used for treatment there was an average of 0.62 parts per million
parts of water. These results, therefore, are somewhat variable, and it
is hard to explain the greater amount of residual chlorine when 1.75 parts
were used than when 2.0 parts were used.

From the evidence at hand it is clear that the ordinary pro-
cedures for determining the amount of interaction between hy-
pochlorites and waters and sewage are influenced by so many
factors that, unless very carefully interpreted, they are very
likely to be misleading. If it were only the available chlorine
that had germicidal action, the analytical control of hypochlorite
sterilization would be relatively simple. Even in this case, how-
ever, the quality of a water would be an important consideration,
since waters differ widely in their ability to liberate chlorine
from hypochlorites.(21) Thus two different waters brought to
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this laboratory were treated with chloride of lime solution and
immediately titrated with sodium thiosulphate in the usual man-
ner. Acidified, 100 cubic centimeter samples showed 6.5 milli-
grams of available chlorine, whereas unacidified samples showed
only 2.4 and 4.0 milligrams, respectively. Since the amount of
chlorine taken up by water or sewage depends upon the amount
and concentration of chlorine added, on the temperature and
time of digestion, on light, and on the quality of the liquid
studied, it is obvious that, at best, only relative data, available
for laboratory control of disinfection problems, are obtained by
the methods ordinarily employed. Such determinations do not
necessarily give any indication of the presence of germicidal
products formed by the interaction of hypochlorites and the in-
gredients of waters and sewage; hence they lose much of their
significance for disinfection problems unless they are studied in
conjunction with bacteriological data. In all cases, the chlorine
consumption should be determined as nearly as possible under
the same conditions of temperature, illumination, and concen-
tration that obtain in actual practice.

SUMMARY

The decomposition rate of chloride of lime in water, sewage,
and solutions of organic substances was studied. In the dark,
at 28° C., the reactions proceeded with almost constant velocity
for periods of thirty minutes to one hour, after which they pro-
ceeded very slowly. In the light the decomposition rate was
greatly accelerated.

In general, the amount of available chlorine consumed is pro-
portional to the concentration in which it is added, as shown by
the interaction of chloride of lime and urea solution. However,
for certain definite concentrations of sewage this regularity
fails:

A study of the reaction between chloride of lime with varying
quantities of urea showed that the chlorine consumption, as meas-
ured by the starch-potassium-iodide reaction, is not necessarily
proportional to the concentration of organic matter.

The determination of the chlorine consumption of a water or
Sewage, though of importance in the control of hypochlorite
disinfection, is not sufficient in itself and should be supplemented
by bacteriological tests.

146844——3
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. The decomposition of chloride of lime in distilled water in the dark.
. The decomposition of chloride of lime solution in diffused daylight.
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The decomposition of chloride of lime in sewage in the dark.

The decomposition of chloride of lime in sewage in the dark. Curve
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A CHEMICAL INVESTIGATION OF THE SEEDS OF PANGIUM
EDULE AND OF HYDNOCARPUS ALCALE?

By HArvEY C. BRILL

(From the Laboratory of Organic Chemistry, Bureau of Science,
Manila)

In an article ? describing the investigation of the seeds of
Hydnocarpus venenata and the properties of the oil from these
seeds, announcement was made of the continuation of this in-
vestigation on the oils from seeds of various related plants
growing in the Philippine Islands. The examination. of such
seeds was undertaken because of the fact that they are closely
allied to the genus Hydnocarpus, which is closely related to the
genus Taraktogenos, in order to determine if they have properties
similar to the seeds of the latter. Chaulmoogra oil is obtained
from Taraktogenos, but without doubt much of the oil sold as
chaulmoogra is obtained from Hydnocarpus, since the chemical
properties of certain of these oils are practically identical with
the properties of chaulmoogra oil, which would make substitution
easy and practically impossible to detect. Data concerning the
seeds of Pangium edule Reinw. and Hydnocarpus alcalze C. DC.
are herewith presented.

PANGIUM EDULE REINWARDT

Pangium edule is indigenous to the Malayan Archipelago and
is found in various parts of the Philippine Islands. The seeds
are flattened; their average size is about 5 centimeters long by
3 centimeters wide. They are embedded in a crustaceous peri-
carp, which is about 22 centimeters long by 15 centimeters in
diameter. Mature and immature seeds were examined.

The Pangium edule seeds used by me were furnished by the
Philippine Bureau of Forestry.

De Jong ¢ announces the isolation of a cyanogenetic glucoside
from the leaves of Pangium edule that is identical in all re-
spects with that found in Gynocardia odorata by Power et. al.*

! Received for publication November, 1916.
* Brill, Harvey C., This Journal, Sec. A (1916), 11, 75.
*De Jong, Awk., Recueil des travaux chimiques des Pays-Bas et de la
Belgique (1909), 28, 24; ibid. (1911), 30, 220.
¢ Power, F. B., and Lees, F. H., Journ. Chem. Soc. London (1905), 87,
349; Power, F. B., and Barrowecliff, M., ibid. (1905), 87, 896.
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and named gynocardin by them. As the glucoside is accom-
panied by an emulsinlike enzyme, gynocardase, in the plant, any
delay in working up the seeds or leaves entails a loss in the
glucoside content, due to its hydrolysis by the enzyme. In order
that this loss might be reduced to a minimum, instructions were
given to the Bureau of Forestry rangers to heat the seeds in
boiling water for one hour, insuring the destruction of the gyno-
cardase, and then to dry them in the sun before delivery to the
Bureau of Science. In spite of this precaution, in several cases
an odor of hydrocyanic acid was noticeable when the seeds
were received, showing that hydrolysis of the glucoside had taken
place. These particular samples were not dry. Owing to the
lateness of the rainy season and the prevalence of rain, it was
impossible for them to be dried properly before shipment and
they molded somewhat in transit. Dox® has shown that molds
formulate all the known enzymes, regardless of the character
of the substrase; consequently the small amount of glucoside
present in some of the seeds received may have been due to the
action of enzymes formed in this manner. As stated, both ma-
ture and immature seeds were received and examined. The
mature seeds in no case gave any large amount of hydrocyanic
acid when tested for the presence of gynocardin. The failure
of strong positive tests cannot be attributed to the hydrolysis
by molds in every case, since of the several samples of mature
seeds examined not all were molded. It would appear that the
amount of this glucoside decreases as the seeds ripen. A de-
crease in the quantity of glucoside would appear plausible if one
holds to the theory that its function is to sterilize any injury
received by the fruit and thus prevent further injury from the
introduction into the wound of molds and bacteria. With the
maturity of the fruit the need for this protection would cease
to exist.

Upon receipt, the seeds were immediately shelled, placed in the
oven and dried, and then ground. In some cases the oil was
removed by extraction in a large syphon-extraction apparatus, by
means of petroleum ether; in others most of the oil was removed
by expression as is done in the preparation of amygdalin from
almonds; in some others the original ground seeds were extracted
with alcohol, which extracted only a small amount of the oil, but
removed the glucoside. By evaporation to dryness and extrac-
tion of this residue with ether the oil could all be removed and
the black gummy residue treated for the isolation of gynocardin.

* Dox, A. W., Plant World (1912), 15, 40.
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Where immature nuts were being handled, the most successful
method for their treatment was the following: The ground nuts
were triturated with hot water, allowed to stand for some time,
expressed, and the process repeated. The water was removed
by distillation in a partial vacuum, the black gummy mass was
triturated repeatedly with hot 90 per cent alcohol, and the alcohol
was removed by distillation in a partial vacuum or more slowly
at not too high a temperature at atmospheric pressure. The
residue was repeatedly extracted, this time with hot absolute
alcohol, and ether was added to the extract until a precipitate
no longer formed. The extract was evaporated to dryness, and
the residue was washed a number of times with acetone in the
cold. In some instances this treatment left a semiviscous mass
that could be crystallized from water. In a few instances the
residue was dissolved in hot acetone and the acetone evaporated.
However, gynocardin is not readily soluble in acetone, and as a
small amount of fat persistently adheres to the glucoside and this
is dissolved by the acetone along with the glucoside, dissolving in
water preceded by washing with cold acetone was found to be
more successful in obtaining a pure crystalline compound. Crys-
tallization will not take place in the presence of a small amount
of the oil; consequently its removal was necessary. The com-
pound was obtained in the form of hairlike, golden yellow
crystals, with a melting point of 160° C. The yield of the pure
substance was between 0.2 and 0.3 per cent based on the weight
of the dry kernels of the immature nuts. In another sample of
immature seeds a quantitative estimation of the hydrocyanic
acid was made by suspending 4 grams of the ground seeds in
water and hydrolyzing them at a temperature of 39° C. with
emulsin. At the end of forty-eight hours the hydrocyanic acid
was distilled into sodium hydroxide containing a trace of potas-
sium iodide and the latter was titrated to opalescence with 0.01 N
solution of silver nitrate. This procedure indicated a content
of 0.0126 per cent of hydrocyanic acid corresponding to 0.156
per cent of gynocardin.

PROPERTIES OF GYNOCARDIN

The best known hydrocyanic glucoside is amygdalin.® Within
recent years many new ones have been discovered, and their
properties have been studied. The chemical properties of the
cyanogenetic glucoside, gynocardin, have been noted by De Jong

s Abderhalden, Emil, Biochemisches Handlexikon. Julius Springer, Ber-
lin (1911), 2, 707.
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and by Power and Lees in the references cited. For purposes
of identification, the melting point and specific rotation of the
compound isolated by me were determined, and comparison was
made with those of the products isolated by these works.

TABLE I.—Melting point and specific rotation of gynocardin.

Source.
Seeds o%fogg;zcardia Leaves of Pangium edule. b Seedse?ifulb';a?g fum
Melting point__°C.__ 162-163 250 160-161 160-161
Specific rotation in 210 [a] p (1.7 %)=+69.7° 300
chloroform solu- [] p="17. 5° 280 [a] 1’)'(2. 5%)=+63.2°
tion. [a]55 (16.885%) = +62.2°

2 Powers and Lees, loc. cit. P De Jong, loc. cit. ¢ Occurring in the Philippine Islands.

The properties of the compound isolated from the seeds of
Pangium edule are so nearly identical with those of the glucoside
from the seeds of Gynocardia odorata and from the leaves of
Pangium edule that no doubt exists as to their identity. De
Jong found that the concentration of the chloroform solution
had considerable influence on the specific rotation of the com-
pound. This fact is apparent in the results quoted above from
his publication.

Gynocardin differs from the other members of this class of
compounds in its marked stability in the presence of acid hy-
drolyzing agents. It also hydrolyzed very slowly by emulsin.

TABLE II.—Hydrolysis of gynocardin by means of emulsin.

r
| QFantity !
of gyno- Quantity |
cardin. del
. ity | of other Glucoside
Time. So(l)\;tzlon Quaor}tlty sub- | 111Ydr3-
. . tance @ lyzed.
grams in| emulsin. :dded ; i
300 cc. )
] water. |
- -
Min. | ce. Grams. Per cent.
20 25 0.05 none ! 0.68
40 25 0.06 none 0.72 ‘
60 25 0.05 none 0.76 |
20 25 0.10 none (lJ 96 |
40 :g 0.10 | none 1. gz
go 25 0-10 m(r; ezo o. 52
a
43 25 0-05] 0. 40 0' 40
0.05 ’ :
60 25 0.05 +0.30 0.48
20 25 0' 05 bl 2.05
40 25 0' 5 b5 1.94
60 25 -05 1 b0 0.52
0.05

a Glucose in grams.
b Hydrocyanic acid in cubic centimeters of 0.1 per cent solution.



X1, A, 1 Brill: Pangium edule and Hydnocarpus alcalz 41

Auld ' has determined the rate of hydrolysis for amygdalin
by means of emulsin. Amygdalin reacts much more rapidly
with emulsin as well as with acids than does gynocardin. His
results with emulsin in the presence of added glucose and of
added hydrocyanic acid are in accord with the results obtained
by me for gynocardin, namely, the glucose inhibits the reaction,
the amount being dependent on the relative quantity of glucose
added, while hydrocyanic in smaller amounts accelerates the
action, but when added in larger quantities the inhibiting effect
is apparent. He has also found that the law of mass action
does not hold good in its entirety for enzymic action. A large
excess of the substrase does not cause a like increase in the rate
of reaction when this addition has proceeded beyond a certain
limit. The enzyme appears to be capable of reacting with only
a certain amount of the substrase in a stated interval of time,
and as long as the amount of this substrase exceeds a certain
limit, no acceleration of the reaction takes place on the addition
of more of the substrase. On the other hand, an increase in the
amount of the enzyme gives a corresponding acceleration of the
reaction, if the substrase is present in excess to react with the
original amount of enzyme present. In the preceding table
addition of more emulsin has accelerated the reaction.

The juice from the crab contains a secretion which hydrolyzes
amygdalin giving hydrocyanic acid. To examine gynocardin in
this respect, a series of experiments was undertaken. The juice
of crabs, purchased in the local market, was obtained by ex-
pression, and comparative tests were made with it on amygdalin
and gynocardin.

TABLE 111.—Action of crab juice on 1 per cent solutions of gynocardin and
of amygdalin.

Gluco-
i Time. ! Glucoside. (:'alig:?. j%f::' h;]ddreo-
! lyzed.
| [, - _— A' ——— ‘l
Houxs. ce. cc. |Percent.:
24 | Amygdalin oo 25 10| 6199 |
24 | @YNOCArdin. o oo eaaen 25 10| 11.60 |
| 28 | Amygdalin oo oo 25 10| 69.10
B e 25 10| 13.16
H 71 | Amygdalin oo e 25 10 | 75.67
e ; 4 10| 17.18 ’
L

According to Table III gynocardin is likewise attacked more
slowly by crab juice than is amygdalin. Toluene was added in

* Auld., S. J. Manson, Journ. Chem. Soc. London (1908), 93, 1251,
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the above case for an antiseptic. The flasks containing the solu-
tions were incubated at 39° C.

In view of the hydrolyzing effect of crab juice it was thought
that it might prove interesting to determine the effect of adding
blood to similar samples.

TaBLE IV.—Action of blood on a 1 per cent solution of gynocardin.

Gluco-
Time. Kind of blood. Blood. | Glaco-| | side
lyzed.
Hours. cc. cc. |Percent.
21.5 | Blood from apparently healthy person_____..___________ _______ 3 25 1.45
21.5 | Blood from tubercular patient (rather advanced case)a_________ 3 25 1.69
22.5 | Blood from syphilitic person .._________._._______________________ 6 25 3.63
45.5 | Blood from apparently healthy person_____._________ ___________ 3 25 3.15
46.5 | Blood from tubercular patient (fairly advanced case)a._._______ 3 25 6.14
46.0 | Blood from syphiliticperson.____.______.________________ 6 25 3.96

2 This blood was kindly furnished me by Dr. J. W. Smith, in charge of Bilibid Prison.

The above results indicate that blood from tubercular pa-
tients reacts more rapidly with gynocardin than does the blood
of the normal person. The blood from the syphilitic person
apparently reacted more rapidly the first day, but the sample
incubated two days reacted no faster than the sample from the
normal person. The Bureau of Science has collected some
further data concerning this property when amygdalin is used
that substantiates the above evidence.

Amygdalin has been found to be harmless when taken into
the system unless administered in the presence of emulsin. Gy-
nocardin, when given in doses of 0.25 and 1 gram to guinea
pigs, was found to be without any apparent effect. At the end
of twenty-four hours no further observations were taken, as the
pigs appeared perfectly normal.

GYNOCARDASE

The enzyme gynocardase was obtained from the leaves of
Pangium edule by grinding the leaves very fine and then pressing
in a hydraulic press, adding an equal volume of alcohol to the
juice and filtering. The precipitate was then ground under
water with sand, filtered through cloth, and again precipitated
by the addition of alcohol. The precipitate was nearly black
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and of gummy consistence. Determinations of its activity were
made with amygdalin and gynocardin.

TABLE V.—Activity of gynocardase on 1 per cent solutions of amygdalin
and gynocardin.

Time. Glucoside. |z§r§'{e. hydzelysed.
Hours. . ] cc. |Grams.| Per cent.
24 ! 25 0.2 25.57
24 25 0.2 26. 02
24 25 0.2 13.82
24 I 25| 0.2 13.28
i

Here again gynocardin is less readily hydrolyzed than amyg-
dalin. Since gynocardin is hydrolyzed by emulsin, which is a
B-enzyme, it must be a g-glucoside.®

Gynocardase hydrolyzes both gynocardin and amygdalin; con-
sequently it must belong to the class of p-enzymes typified by
emulsin.

Several samples of nuts were examined for their oil content.

TABLE VI.—Oil content and properties of oil obtained from the seeds of
Pangium edule.

Mature. ;}Immature.
Per cent. | Per cent.
Kernel content of air-dried nuts.__ ... ! 42.67 36.38
! Dried kernel content based on air-dried nuts ... ‘ 29.09 16.28
Qil content based on dried kernels - ... 21.09 24.11
‘ Free
Free acids ! acids
fr;‘:t:’} eof Oil from mature | from oil |Oil from imma-|
seeds seeds. of imma-| ture seeds.
: ture
seeds.
! Melting point - ____ ... Clouds at | Shows some |._________ No change
18°C. clouding at at 8°C.
20 C.
Specific gravity - oo 0.9013 0.9049 0. 8955 0. 9092
Specific rotation in chloroform solution - +3.49 +4.28 +4.72 +20. €6
Iodine value (Hanus) _..__........._.... 113.6 118.1 103.0 109.5
Acid value cc. 0.1 N alkali . 35.7 0.52 34.2 0.90
Saponification value. ... ... ... 207.8 190.3 205.4 188.3
Index of refraction.. . ... oo 1.4582 1. 4665 1.459 1. 4676

* Fischer, E., Ber. d. deutsch. chem. Ges. (1894), 27, 2985.
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To determine the physiological activity of the oil, 2 grams
and 2.5 grams, respectively, were administered per os to each
of two guinea pigs. No ill effect was noted in either case.

Owing to the limited quantities of the nuts available, no ex-
haustive study of the oil could be made. However, enough was
obtained to determine that palmitic and oleic acids and small
quantities of an optically active acid are present. The latter
may be either hydnocarpic or chaulmoogric or a mixture of the
two. It resembles chaulmoogra and the hydnocarpus oils by the
presence of an optically active oil.

HYDNOCARPUS ALCALZE C. DE CANDOLLE

A sample of the fruit of Hydnocarpus alcalz C. de Candolle *
was submitted by the Bureau of Agriculture to the Bureau of
Science for identification and examination. It had been sent to
the Bureau of Agriculture by Mr. T. Alcala, of Daraga, Albay
Province, Luzon, under the local name dudu dudu. It was
large, somewhat resembling a small unhusked coconut, about
20 centimeters long and 15 centimeters in lateral dimensions.
Within the pericarp were numerous seeds, measuring 4 centi-
meters by 2.5 centimeters.

Mr. Alcala writes:

It is said that the oil extracted from the seeds is a good cure for wounds.
It is generally believed to be poisonous, and when I ate six or eight of the

boiled seeds I had a slight sickness; however, many children eat them raw
without the slightest ill effect.

At the suggestion of Mr. E. D. Merrill, botanist, Bureau of
Science, that this fruit belongs to the Hydnocarpus family, an
examination was made for hydrocyanic acid. The presence of
this acid would indicate the existence of a cyanogenetic glucoside.
All such tests resulted negatively. However, the fresh fruit
or the unripe fruit might contain such bodies. Qur examination
of Pangium edule has shown that a decrease or complete disap-
pearance of the glucoside results when the nuts age, unless the
hydrolyzing enzyme is destroyed, and that with the ripening of
the nut a decrease in the glucoside content probably occurs. Con-
sequently the inability to obtain positive tests in this one sample
of seeds for hydrocyanic acid is not to be considered as sufficient
proof to warrant the statement that no cyanogenetic glucoside
exists at any period in the growth of the fruit.

* De Candolle, C., This Journal, Sec. C (1916), 11, 37.
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TABLE VII.—Properties of nuts and oil of Hydnocarpus alcale.

Average weight of fruit grams 420
Hulls per cent 59.68
Seeds do 40.32
Moisture in seeds do 60.50
Oil in dry seeds do 65.60
Melting point degrees 32
Specific gravity at 30° C. 0.9502
Specific rotation in chloroform degrees +49.60
Iodine value (Hanus) 93.10
Acid value cc. 0.1 N alkali 3.90
Saponification value 188.90
Index of refraction 1.4770
Reichert Meissl No. 4.43

The nuts and the extracted oil were administered per os to
chickens without any noticeable ill effects.

The free acids of the oil from Hydnocarpus alcalze were
examined.

TABLE VIII.—Properties of the free acids of the oil from Hydnocarpus

alcalze.
Melting point degrees 59
Specific gravity at 30° C. 0.9342
Specific rotation in chloroform 30/D degrees 53.65
Todine value (Hanus) 98.6
Acid value cc. 0.1 N alkali 37.4
Saponification value 193.0

The free acids were then treated as described by Power for
the separation of chaulmoogric acid. More than 90 per cent of
these acids consist of a compound identical in properties with
the acid designated as chaulmoogric by Power.

TaBLE I1X.—Properties of the acid isolated from the oil from Hydnocarpus

alcalz.
Melting point degrees 68-69
Specific rotation in chloroform 30/D do +59.69
Todine value (Hanus) 89.7

0.3400 gram of silver salt gave 0.0950 gram of silver, equal to 27.94 per
cent silver.

0.5040 gram of sodium salt gave 0.1206 gram of sodium sulphate equal
to 7.75 per cent sodium.

Theoretical for CxH; COO Ag=217.86 per cent silver.

Theoretical for CxH: COO Na=7.62 per cent sodium.

Only a small amount of the acids remained in the mother
liguor. No hydnocarpic acid could be isolated from this. The
latter exists in very small quantities in Hydnocarpus alcale if
at all. Palmitic acid makes up the chief part of the remaining
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portion with only traces of oleic acid. Both of these oils differ
greatly in melting points from the oils from chaulmoogra and
Hydnocarpus reported by Power and his coworkers.

Pangium edule contains a large amount of olein and smaller
quantities of palmitin.

If hydnocarpic and chaulmoogric esters are specific for leprosy,
Pangium edule oil would be an admirable remedy to use, since
it would be easy to administer because of its low melting point
and consequent fluidity, but would probably be slow in its action
on account of the relatively small amounts of these acids pres-
ent. On the other hand, Hydnocarpus alcalz oil would be much
more difficult of administration because of its being a solid
even at the ordinary temperature in Manila (30°C.).

SUMMARY

The report of an investigation of the oils from Pangium edule
and Hydnocarpus alcalz and of the cyanogenetic glucoside, gy-
nocardin, is given. Their properties are discussed in some detail.



REVIEW

A Laboratory Guide | to the Study of | Qualitative Analysis | based upon the |
Application of the Theory of | Electrolytic Dissociation | and the Law
of Mass Action | by | E. H. S. Bailey, Ph. D. | professor of chemistry
in the University of Kansas | and | Hamilton P. Cady, Ph. D. | pro-
fessor of chemistry in the University of Kansas | Eighth Edition |
revised by | Paul V. Faragher, Ph. D. | assistant professor of chemistry
in the University of Kansas | in collaboration with the authors |
Philadelphia | P. Blakiston’s Son & Co. | 1012 Walnut street | Copy-
right, 1916. Cloth pp. i-x+1-294. Price $1.50.

The eighth edition of Professors Bailey and Cady’s book, re-
vised by Assistant Professor Faragher, is essentially the same as
the seventh edition except for some minor modifications, con-
sisting in the amplification of some sections difficult of com-
prehension by the student.

The scope and volume of this edition is, in general, the same
as that of previous editions. The introductory part covers 24
pages; 126 pages are devoted to the reactions of the cations and
a table for their systematic analysis, and 117 are taken up with
the anions, also with a table for their systematic analysis. None
of the rare metals are treated, except gold and platinum. A
table for use in the examination of an unknown substance and
another table of solubilities close the text.

The introductory portion is furnished with a brief and accu-
rate discussion of electrolytic dissociation and the mass action
law as it is applied to qualitative analysis. The experiments
given for the reactions of the individual ions are well selected;
the tables for the separation of cations and anions into groups
and the tests for their identification includes some good tests,
for example, the dimethyl glyoxime reaction with nickel ions;
while such subjects as hydrolysis, oxidation, and reduction are
treated clearly in proper places in the book, thus rendering it
easy for the student to comprehend their practical application.

The mechanical details of the book are good and misprints
are few (p. 68, 4H,O instead of 4H,0). The type is clear, and
the illustrated tables are well gotten up.

On the whole, the book is a good, brief laboratory guide for
students in qualitative analysis.

F. PERA.
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THE STUDY OF COPRA AND OTHER COCONUT PRODUCTS?

By ALviN J. Cox

(_I?’rom the Bureau of Science, Manila)

For several years the chemists, assisted by the botanists, of
the Bureau of Science have been employed, as time permitted,
in a study of the products of the coconut. Many investigations
have been made and published by the Bureau of Science on the
subject.z Coconut oil as such and in the unpressed copra ranks
among the three most important exports from the Philippine
Islands and, therefore, warrants careful study. There are two
large operating vegetable oil plants in the Philippine Islands,

* Received for publication February, 1917.

?Freer, Paul C., On the water relations of the coconut palm (Cocos
nucifera)—On the oil produced from the nuts—The factors entering into the
rancidity of the oil—The insects attacking the trees—Introduction, This
Journal (1906), 1, 3-5. Copeland, E. B., On the water relations of the
coconut palm (Cocos nucifera), ibid. (1906), 1, 6-57. Walker, Herbert S.,
The coconut and its relation to the production of coconut oil, ibid. (1906), 1,
58-82. Walker, Herbert S., The keeping qualities of coconut oil and the
causes of its rancidity, ibid. (1906), 1, 117-142. Banks, Charles S., The
principal insects attacking the coconut palm, ibid. (1906), 1, 143-168,
211-228. Richmond, George F., Purification of coconut oil, ibid., Sec. 4
(1908), 3, 45-47. Walker, Herbert S., Notes on the sprouting coconut, on
copra, and on coconut oil, ibid., Sec. A (1908), 3, 111-135. Gibbs, H. D,
and Agcaoili, F., On the detection and determination of coconut oil, ibid.,
Sec. A (1908), 3, 371-375. Pratt, David S., Copra spoilage on a large scale,
ibid., Sce. A (1913), 8, 439-441. Pratt, David S., The coconut and its
products with special reference to Ceylon, ibid., Sec. A (1914), 9, 177-199.
Brill, Harvey C., Parker, Harrison O., and Yates, Harry S., Copra and
coconut oil, ibid., Sec. A (1917), 12, this number. Parker, Harrison O., and
Brill, Harvey C., Methods for the production of pure coconut oil, ibid., Sec. A
(1917), 12, this number.
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and several small ones are now being erected or planned. The
work of the Bureau of Science has been done from time to time
in order to settle some special problem, and all of it has been
beneficial in pointing the way to more extended problems. The
studies by Walker * on the keeping qualities of coconut oil and
the causes of its rancidity and notes on the sprouting coconut,
on copra, and on coconut oil have been very helpful to the public,
and his papers have been in great demand. For several years
we have endeavored to find time to continue and extend this
work and to accumulate information with regard to the com-
position of the coconut, the hydrolysis and consequent destruc-
tion of fat, the methods of drying, the methods for the most
effective recovery of the oil, the methods of analysis, the detec-
tion of adulterants of coconut oil and of coconut oil as an
adulterant of other oils, and the reduction to a minimum of
the loss through deterioration of copra and coconut oil during
transportation. Data showing the composition of many Phil-
ippine soils have been published, and some of these concern
the soils from the best coconut areas.

In recent years I have been impressed by the large loss of
coconut oil through spoilage and the unearned revenue that
the Philippine Islands would secure if all the copra produced
were of a high grade. Furthermore there is a loss in shipping
poorly cured copra, not only in the deterioration due to mold
and bacterial action, but also in the transportation of the excess
moisture.

The work begun by Dr. Paul C. Freer and by Mr. H. S. Walker
has been continued by Dr. Harvey C. Brill and Mr. Harrison
0. Parker, the botanical work being done by Dr. Harry S. Yates.

In California large quantities of deciduous fruits are opened,
treated with sulphur dioxide (the fumes of burning sulphur)
to protect them from bacterial or mold action, and subsequently
dried. The action of sulphur dioxide is to kill all mold spores
and to soften the cell walls of the fruit so that drying is facili-
tated. Enough of the sulphur dioxide remains in the meat to
prevent the growth of new mold spores during drying, if drying is
completed in a week or two.

We have successfully applied this method to the drying of
coconut meat. Coconuts opened and treated with the fumes
of burning sulphur at the Bureau of Science during a severe
rainstorm, which subsequently received no artificial drying or
exposure to the sunshine, remained perfectly white for a period

* Loc. cit.
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of two weeks. Copra on hand after many months is still of
excellent quality. The box in which the treatment with sulphur
dioxide is made must be fairly tight, but not air-tight. There
must be circulation enough to keep the sulphur burning. In the
tapahan (Filipino grill for drying coconut meat) method of dry-
ing copra the coconut meat frequently begins to mold before
the drying is begun, and before the drying has proceeded far
enough to inhibit the growth of mold, considerable deterioration
has taken place. In the sulphur process the nuts can be sub-
jected to sulphur dioxide before mold has started to grow. With
proper organization and routing of the work, the labor cost when
the sulphur dioxide method is used will not exceed that in the
tapahan.

Compared with the tapahan method the sulphur dioxide pro-
cess is exceptionally clean: the copra is preserved and bleached
by the sulphur dioxide and yields very white copra; there is no
loss of oil during the treatment or during the drying; an ex-
ceedingly uniform copra is obtained, and its keeping quality is
improved; and the oil expressed from the copra is practically
colorless, is free from rancidity, is pronounced equal to, or better
than, the best Cochin oil, and usually will sell for at least 10
centavos* a kilogram (2 cents or more a pound) more than
ordinary oil. At 10 centavos a kilogram there is a difference
of about 4 pesos per 63.25 kilograms (1 picul) of copra. Storage
conditions and the problem of storage must receive careful con-
sideration even with first-class copra; however, this will become
less and less of a problem as more and more of the Philippine
copra is consumed in local oil mills.

Other experiments have been in progress in an effort entirely
to eliminate the drying process and to extract the oil from fresh
coconut meat. 4

Lack of means for producing a good grade of copra or oil
from the fresh nut has not been the only obstacle in the way
of the improvement of the coconut industry. Most dealers have
been contented with a poor copra and could not see any advantage
'to themselves in being able to secure a better product with a
higher oil content. Dealers say that it has been their custom
to put good copra with the poor, but the vegetable-oil companies
will buy the good copra at a premium as soon as they can get
enough to run a mill for a day or two once or twice a month.
Many dealers now realize that properly dried copra is worth

¢ One peso Philippine currency equals 100 centavos, equals 50 cents United
States currency.
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more—not only in proportion to the reduced water content, but
also on account of its improved keeping qualities and the higher
grade and value of the oil that can be obtained from it. If
necessary, it will be productive of great results for the Govern-
ment to penalize smoked, colored, dirty, moldy, or imperfectly
dried copra and to subsidize the higher grades of copra until
dealers become aroused and demand them, which they certainly
will do in time. Such action will not only protect the consumer,
but will increase the revenue of the producer. In order to estab-
lish definite grades and a certain market, a satisfactory system
of classification and standards must be devised, as the Bureau of
Science has long been advocating. At present no definite grades
for a given region exist, owing to the unwillingness of the inhabit-
ants properly to dry the copra. In the Manila markets the terms
Cebu sundried, fair marketable Manila, and Laguna are known,
although ill defined. Cebu sundried usually commands about 75
centavos per 63.25 kilograms (1 picul) more than Laguna. A
step toward the solution of the question of standardization has
been made by the Visayan Refining Company. Nine months of
experience gave this company 65.5 per cent oil in the Cebu sun-
dried copra used in its mill. The company has taken this as
the average for a good grade of copra in the Cebu market, and
for such copra it pays the market price and, in addition, when
the copra is white, guarantees the consignee premiums for addi-
tional oil content as follows:

0il in white copra. Premium per 63.25 kilograms (1 pieul).
Per cent. Centavos.
66 12.5
67 25.
68 37.5

By this system the producer cannot lose, and the possibility
of receiving a bonus is an incentive to dry properly and to pro-
duce a higher grade copra.

In order satisfactorily to establish grades of copra, certain
facts must be considered. Well-prepared copra is white, but
the discoloration of black copra may be due to its being smoked
when dried on the tapahan or to mold action. Copra is either
wet or dry. There are various degrees of wetness. The follow-
ing paper indicates the permissible amount of water if copra
is expected to be mold-free in storage. The character of copra
depends to a certain extent upon the variety of the nut and the
region in which it is grown; therefore it is probable that it will
be necessary to establish regional grades of copra. It is my
opinion that on the basis of oil content in relation to moisture
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content, cleanliness and freedom from dust, foreign matter or
adulteration, free fatty acids, freedom from unripe nuts, and
color and general appearance uniform rational grades for copra
can be established throughout the Philippine Islands. The use
of green nuts for copra in Samoa is prohibited. There is a law
which provides that nuts for making copra must be allowed to
drop from the trees. There are varieties of Philippine coconuts
whose nuts do not drop when ripe. Oil content alone does not
define a good copra, as the oil content of badly molded copra
may be on a par with that of properly prepared copra, owing
to the simultaneous destruction by molds of oil and of tissue in
relative proportions. Also the oil content of the coconuts may
vary with the region in which they are grown or with the variety
of the nut. The enforcement of grading should be easy, for
the color and appearance can be readily determined by inspec-
tion, and an inspector should soon become sufficiently expert tc
judge the quantity of moisture by feel. There are also several
simple tests that may be applied to substantiate his judgment.
If copra is excessively wet, it is usually hot; if sufficiently dried,
a piece of copra breaks when the two edges are pressed together.
The width of the dark line showing on the fresh broken edge
is a criterion of the moisture content. An expert can also judge
of the oil and water content by lighting a sliver of copra. If
it burns readily, the copra is fairly dry and has a high oil content;
if it is moderately wet, the flame will sputter as the moisture
is evaporated; if very wet, it will not burn.

The studies that follow contribute to our knowledge of copra
and coconut oil and outline the means of obtaining a less acid
and less rancid oil; this will command a higher market price
and will bring the Philippines to the front for the quality of
its copra and its coconut oil; this, in turn, will increase the
revenue from Philippine coconut plantations.






COPRA AND COCONUT OIL*

By Harvey C. BRILL, HARRISON O. PARKER, and HARRY S. YATES

(From the Laboratory of Orgdnic Chemistry, Bureau of
Science, Manila)

Increasing demands for fatty foodstuffs have developed the
vegetable-butter industry in the United States—an industry for-
merly restricted to England, Holland, and France. Refineries
and hydrogenation plants have been able to purify and harden
practically all of the animal and vegetable oils suitable for edible
purposes into either simple or compounded vegetable lards and
butters. The oil obtained from the coconut ranks high in im-
portance among these. However, an enormous amount of co-
conut oil is at present being used in the soap and glycerin in-
dustries, rather than for the manufacture of edible products,
because of the poor quality of the commercial oil and its conse-
quent cheapness.

The production of copra constitutes one of the leading indus-
tries of many tropical countries. In the Philippine Islands prac-
tically the entire annual crop of about 431,387,000 nuts,* with the
exception of those used for local consumption, is turned into
copra. Copra exports from the Philippine Islands for 1916 were
72,277,164 kilograms, and oil exports were 16,091,169 kilograms.?

The annual exports represent approximately one third of the
world’s output of copra,* most of which finds its way to the mar-

* Received for publication February, 1917. The isolation and study of
the molds growing on Philippine copra were made by Harry S. Yates, of
the section of botany, Bureau of Science.

* Cox, Alvin J., Bureau of Science Press Bull. (1916), No. 54. Computed
from the yield of copra and based on the experiments of the Bureau of
Science, which show that for the Philippine Islands 1,000 nuts yield about
270 kilograms of copra.

* Information furnished by the Insular Collector of Customs April 17,
1917. :

* Smith, H. H., Coconuts. The Consols of the East. 2d ed. Tropical .
Life, London (1913), 862. Lewkowitsch, Chemical Technology and Ana-
lysis of Oils, Fats and Waxes. Macmillan & Co. Limited, London (1914),
22, 635.
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kets of Great Britain, France, Holland, and the United States.
There are but three modern coconut oil mills in operation in
the Philippine Islands. These, together with the native mills,
exported oil to the value of 5,641,003 pesos ® in 1915.°

It is surprising to note that Philippine copra is quoted the
lowest on the world’s market. By calculating the value of Ceylon
copra exported from 1908 to 1911 and comparing the figures with
the value received for Philippine copra during the same period, it
is found that the annual difference between what the Philippine
Islands received and what they should have received in 1911 7 is
more than 4,000,00 pesos and for the previous five years is more
than 15,000,000 pesos.

The reason for the low price is found in the poor quality of
copra produced. Some attention has been paid of late years to
the improvement of the quality, but concerning the cause of
this inferiority only a little published data is available. il ob-
tained from the usual Philippine copra is discolored and rancid
and contains free fatty acids -varying from 5 to 20 per cent
(oleic acid). These conditions favor even further deterioration
of the oil.* The quality of the oil depends primarily upon the
condition of the copra at the time it is milled, and poorly pre-
pared copra deteriorates rapidly with loss of oil and impairment
of its quality. The poor quality of the copra is due to insufficient
drying and unclean methods used in its production. It is the
purpose of this paper te bring out analytical and botanical data
relative to losses in copra and oil due to the faulty production of
copra and to suggest means for improvement. Unless coconut
meat is dried, immediately after opening the nuts, to a moisture
content of approximately 6 per cent, it is attacked by various
microérganisms, which causes a loss in oil content. The extent
of the loss depends upon the length of time the meat retains
sufficient moisture for mold growth.

It was determined by experiment and observation that molds
grow most luxuriantly upon copra with a moisture content of
10 per cent or greater, which, as shown in Table I, is common in
commercial copra. .

*One peso Philippine currency equals 100 centavos, equals 50 cents
United States currency.

* Annual Rep. P. I. Bur. Customs (1915), 17, 18.

" Pratt, D. S., This Journal, Sec. A (1914), 9, 186.

* Walker, H. S., This Journal (1906), 1, 141.
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TABLE I.—Moisture content of copra samples from various localities in the
Philippine Islands.

- - — e —
Water.
Locality.

Maxi- Mini-

mum, mum.
Per cent. | Per cent.

San Pablo, Laguna . . e 29.1 18.8

Lucena, Tayabas .. e eeee 23.1 14.5
Legaspi, Albay N 22.2 17.6 |
Tacloban, Leyte - . .. e 20.7 14.4 |
Atimonan, Tayabas 24.7 15.5 .

Borongan, Samar .o 14.1 10.4

It was deemed essential to determine the loss in weight of
commercial copra stored and handled under ordinary conditions,
especially as laboratory experiments conducted on copra under
the most favorable moisture conditions for mold growth (10 to
20 per cent) showed a loss of 25 per cent in total oil content.
Table IIT gives losses for copra stored in bodegas. The data
in Table II were obtained by analysis of partially dried copra
stored in a container at room temperature for fifteen days. The
moisture conditions were regulated throughout the experiment
to favor maximum mold growth, that is, from 10-20 per cent
water. The loss represents the combined action of green, brown,
black, and white molds.

TABLE II.—FEffect of the four common molds—green, brown, black, and
: white—growing together on copra.

Qil in Oil af Aciz}i?_:y
Series No. ogv:;gp?: lf:g:;-ae lm?.)l(ger Loss of oil. az?doa?tir
*i  mold action. mold
action. action.»
g. g. g. g. Per cent.| Per cent.
17.10 5.0838 3.8138 1.2700 24.9 15.6
17. 80 5.2027 3.8882 1.3145 26.2 12.4
16. 62 4.9411 3.7369 1.2042 24.3 13.0
15.96 4.3571 3.3167 1. 0404 23.8 9.0
16. 14 4.7984 3. 4468 1.3516 28.1 11.4
84.20 | 25.0326 | 18.6020 6. 4306 26.6 IOLI

* Acidity of oil expressed from fresh coconut meat is always about 0.2 per cent calculated
a8 oleic acid.
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It is obvious that if there is a loss in oil there must also be
a loss in weight of the copra from this source. Buyers of copra
recognize that a loss in weight occurs when copra is stored, and
they are governed in their purchase by this factor. The loss
in weight when commercial copra is stored is shown in Table III.

TABLE IIL.—Loss in weight of copra from wvarious provinces when stored
in commercial bodegas.

Place of production. 5?;15. &::;}:tn
Albay Province: Per cent.
29 9.61
10 6.00
22 1.00
28 0.00
31 6.25
12 2.5
26 5.0
Capiz Province:
Calivo e ‘29 8.1
26 10.07
20 4.5
20 1.5
19 16. 60
28 8.41
14 2.0
25 10.25
25 6.5
20 12.25
9 7.00
28. 10.48
26 12.71
1 9.25
19 8.77
10 10. 00
29 8.87
29 7.5
25 11.5
28 2.86
24 4.22
Bamar Province:
Catarman ... ... PR 28 0.86
Catbalogan - - e 20 2.5
Sorsogon Province:
14 1
21 Ls
Gubat -t e 28 0.91
D0 e e eeeem 24 10.22
18 6.38
18 8.15
23 5.5
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TABLE I1I.—Loss in weight of copra, etc.—Continued.

[ Place of production. sg;:.i;_ &v?i!;l’lllt‘.
Tayabas Province: Per cent.

Atimonan _________ .. ... ... 25 1.00
DO e e . 30 0.4
BoaC. - e i e e 28, 17.74
oY S A 2 | 12.97

)5 7 T e 19{ 176
Candelaria - o e m e mm e 20 12.07
D0 e e e e e e e m i m e e mm e 29 14.68
Guinayafigan e 28 2.9
Infanta_.____________ e ccmeme—mmececmmcaeceao e e - 18 1.76
18 6.53

81 18.69

18 I 9.09

12 I 14.05

14 9.76

24! 8.00

23 i 10. 00

29 17.50

16 1 8.06

26 ‘ 12.5

There is a further loss in weight of copra on shipboard, which
the copra dealers estimate at from 3 to 6 per cent, depending
primarily upon the length of time of storage before shipment.
With the high freight rates that have prevailed for the past year
for copra shipments to the United States, the loss due to paying
freight on loss of weight alone is considerable ; even under normal
conditions this loss is too large to be ignored.

Freight rates at 50 pesos per ton with loss in weight of 6
per cent amount to 3 pesos for each ton of copra. When the
product is not completely dried, there results not only an unneces-
sary expense of handling an excessive amount of water, but also
the conditions are most favorable to mold growth with conse-
quent loss in quality and quantity of the oil. It is the producer
who suffers,® for the purchaser reduces the price to cover not
only the extra water, but also the extra handling and transporta-

* While the price paid to the producer is less for his poor product than
it would be for a higher grade product, some question exists as to his
suffering any excessive monetary loss. Consideration should be given to
the fact that he has no great amount of money invested in apparatus, that
he can employ unskilled labor, and that he expends no great amount of
care in the preparation of his product. The difference in the cost of
producing poor and of producing good copra is hardly made up by the
present discriminating price. The production of poor copra should rather
be considered an economic loss to the Philippine Islands.
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tion expenses. That these losses incident to storage and ship-
ment extending over periods of from two to four months are not
due entirely to the evaporation of water is evident from Table IV;
showing temperature, carbon dioxide, and weight loss relation-
ship of stored Laguna copra. It is obvious from these figures,
which show an increased temperature with a corresponding in-
crease in carbon dioxide over the normal atmosphere condition,
that slow combustion is taking place with the formation of carbon
dioxide and water, necessarily at the expense of the meat and
the oil.

The increase in temperature of the copra parallels the in-
crease in carbon dioxide content of the atmosphere surrounding
the copra, rises to a maximum at the same time, and decreases
along with the decrease of the carbon dioxide concentration,
proving that the heat is produced by the combustion of the copra.

TABLE IV.—Temperature and carbon dioxide relationship of commercial,
stored copra. Temperature of atmosphere, 29° C.

Carbon
dioxide
Tem- | (CO2) in
Copra. Date. per- atmos-
ature. i phere over
stored co-
pra.
OC. ! Per cent.
September 20 40 0.4
P September 23 40| 0.4
September 25 38 0.3
September 26 38| 0.2-0.3
September 26 50| 1.0
September 27 55| 1.8
| September 28 65 1.4
i September 29 63] 1.2
September 30 50 1.0
October 2 48| 0.8
Lt X oo !\f October 4 48| 0.8
i October 6 45| 0.6
October 7 41| 0.4
October 9 40 | 0.4
October 10 38! 0.4
October 11 381 0.2
October 12 36| 0.2
' October 13 3| 0.2
September 26 45 0.8
'l September 27 44 0.8
! September 28 42| 0.6
SNE s |} September 29 40 0.6
September 30 40 0.4
October 2 38| 0.4
October 4 38| 0.2
October 6 36| 0.2
e e = —
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The data in Table IV was obtained by measuring the average
temperature of a lot of copra with a moisture content correspond-
ing to the commercial samples described in Table I. The quantity
amounted to over 200 piculs. The carbon dioxide measurement
was made by withdrawing air from the center of the pile and
determining the percentage of carbon dioxide by means of a
special absorption apparatus. The average temperature of the
air outside was 29° C., and the percentage of carbon dioxide in
the air was always less than 0.10.

Five bags belonging to lot II were weighed before and after
storage in the general pile from which the carbon dioxide and
temperature determinations were made.

TABLE V.—Weight loss in commercial copra stored twenty-five days in

bodegas.
Weight.
Bag No. s Octoh E
eptem- ctober
ber26. |  19. Loss.
Kilos. Kilos. | Per cent.
57 50 12.4
45 40.5 10.0
b6 48.5 13.4
73.5 66.5 9.5

70.5 63 10.6

The copra in the general pile after storage was badly damaged,
particularly the bags of the lower layers, which were matted
together into a solid mass of black, foul-smelling, decayed ma-
terial. It is not reasonable to presume that in a large pile of
sacked copra much moisture will escape of its own accord. How-
ever, so long as moisture is sufficient in amount to cause mold
growth, the combustion brought about within the pile, as was
most evident during the periods of highest temperature condi-
tions, causes liberation of the moisture. The cause for a decrease
from a maximum temperature and from carbon dioxide condi-
tions to normal is influenced by two factors—there is a loss in
water to a point where the mold will not flourish, and the tem-
perature reached by the copra is sufficient to inhibit if not en-
tirely to destroy the mold spores.*

* Rather, J. B., Journ. Ind. & Eng. Chem. (1916), 8, 604, has shown that
cottonseed containing a percentage of moisture greater than a certain
maximum heats when piled and that this heating continues until the
moisture content is lowered. An increase in the free fatty acids and a
darkening of the oil are results of the heating.
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Well-dried copra neither became hot nor evolved carbon dioxide
when piled in storage, demonstrating that this combustion is
due to the presence of higher quantities of moisture together with
the consequent action of the mold.

Various factors enter into the analysis of copra from the point -
of view of oil loss. Curiously, only in exceptionally bad copra
is the percentage of oil found materially lower than would be
expected in good copra. This is due to the fact that both meat
and oil are attacked by the microérganisms lowering the total
weight of the sample. Therefore it is necessary that the total
weight of the oil in the original piece of fresh meat be known
in order that the percentage of total loss may be calculated
from the actual weight of oil before and after deterioration.

Table VI shows the apparent loss of oil calculated from the
percentages and the true loss in oil for the same piece of copra
and clearly illustrates our statement above.

TABLE VI.—Oil losses tn copra calculated on oil percentages and on total
oil content.

Sample No.—
1 2 s ‘ 5 !

Dry meat before mold action, calcula-

ted . e grams_._| 13.5802 | 11.7834 | 13.2477 | 16.1956 | 13.3213
Dry meat after mold action.._.......__ do_....| 11.8390 10. 2104 11.8089 | 14.4030 | 11,9880
Oil in dry meat before mold action__per cent._| 67.5 67.65 66.8 66.8 66.8
Oil in dry meat after mold action, calcula-

ted .o percent__| 653.6 b4.6 49.6 47.1 46.7
Total oil before mold action, calcula-

ted .o grams_.{ 9.1645 7.9540 8.8386 | 10.8155 | 8.8744
Total oil after mold action_.___________ do....| 6.3465 6. 5846 5.8570 6.7880 | 6.6010
Apparent loss “of oil from percent-

AZES e m e percent..| 13.9 12.9 17.2 19.7 20.1
Truelossof oil L. ... do....[ 30.7 29.8 33.7 37.2 36.8

The above results conclusively show that the true loss of oil
is very much greater than the apparent. The apparent change
does not take into account the weight of the fiber destroyed;
consequently the apparent loss is always smaller than the true loss
and in certain instances might appear negligible or that there
had been a synthesis of oil by mold growth. Indeed Walker,! in
some experiments where he did not take this factor into consid-
eration, obtained results which indicate a synthesis of oil by
microdrganisms. Such results show the worthlessness of data

* Op. cit., 117.
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calculated on the basis of the molded sample for demonstrating
the quantity of oil actually decomposed.

MICROORGANISMS AND THEIR EFFECT ON COPRA AND COCONUT OIL

Comparatively little attention has been given to the effect
of microdrganisms on coconut oil. Walker '? has called attention
to the fact that they do seriously affect the quantity and quality
of the oil in copra. However, his experiments were few and
devised primarily to show the action of the organisms on the
oil irrespective of the amount of moisture present in the copra.
" When fresh coconut meat is exposed to the air, various fungi
make their appearance, and as the moisture content of the meat
becomes less, these fungi are succeeded by others. Certain fungi
always appeared on the fresh meat and others on fairly dry
copra, and so it seemed probable that each of the fungi con-
cerned was restricted more or less closely to a definite condition
of moisture in the copra. The life history of each of the more
important organisms was studied to determine whether the effect
on the oil caused by the different species of fungus might not
vary. Special attention was paid to the rate of growth, the
moisture requirements, and the effect upon the oil.

Our early observations confirmed Walker’s !* statement that
two classes of plants known as bacteria and fungi are present and
may be concerned in the deterioration of copra. Very early in
the investigation we determined that bacteria normally play
only a very minor rdle in the deterioration of copra, since a
moisture content sufficiently high to favor bacterial growth is
not found in ordinary copra. Therefore the investigation has
not been concerned with the action of bacteria beyond a general
confirmation of Walker’s conclusions that bacteria grow only on
fresh coconut meat or on copra, whose moisture is very high.
Furthermore they cause little if any loss of oil even under con-
ditions most favorable for their growth. Bacteria do seriously
affect the appearance of the copra and the quality of the oil, as
by their action they break the copra down into a slimy mass with
an offensive odor. However, the fungi play a much more im-
portant part in the deterioration of the oil in copra than do
bacteria.

Copra containing less than 20 per cent of water is practically
free from bacterial action, and even above this moisture content
the deterioration caused by fungi is of far greater importance.
Not only are the moisture requirements of most of the fungi

2 Op. cit., 117. * Op. cit. (1906), 1, 135.



64 The Philippine Journal of Science 1019

with which we are concerned lower than those of the bacteria,
but the fungi also cause a very considerable loss of oil and se-
riously impair its quality. They likewise injure the appearance
of the product and help to collect dirt and other foreign material.
If mold action is prevented, the action of bacteria is prevented
at the same time and by the same methods.

The molds occurring upon copra belong to several groups of
fungi, but they closely resemble each other in their vegetative
habits and in their effect.'

We have found four molds constantly occurring upon moldy
copra and coconut meat. The spore masses of these four molds -
differ greatly in color, and hence the molds are very readily
distinguished even without the use of a microscope. In the or-
der of the moisture necessary for their growth these molds are
Rhizopus sp. (white mold), a mold occurring only upon fresh
meat and there forming loose masses of white mycelium with
many black sporangia; Aspergillus niger Van Tiegh. (black
mold), a mold occurring on copra with a relatively high moisture
content and producing black spore bodies which give the mold a
black color; Aspergillus flavus Link (brown or yellow mold), a
mold occurring most commonly on moldy copra. The spore
masses are first greenish yellow, later turning brown; Penicil-
lium glaucum Link (green mold), a mold producing green spore
masses and cemmon on copra, especially that containing a low
percentage of moisture.

RHIZOPUS SP. (WHITE MOLD)

Rhizopus occurs only upon fresh coconut meat and then only
when the surrounding air is in a practically saturated condition.
When moisture conditions are favorable, the growth of this mold
is very luxuriant. - It spreads by means of stolons, and in from
thirty-six to forty-eight hours the mycelium frequently entirely

* Molds grow from extremely minute single-celled bodies called spores,
which correspond to seeds in the higher plants. When a spore of one of
these fungi germinates, it puts forth one or more delicate, colorless filaments,
which grow in length, branch repeatedly, and work their way through the
coconut meat or the copra. At the time this thread is growing, it is
breaking down the oil and cell walls of the coconut by means of enzymes, is
using the material to build up its own tissue, and is liberating in the process
carbon dioxide and water. When the fungus fruits or produces spores, the
plant itself becomes visible to the observer. We should remember when
considering mold action that the part active in the destruction of the oil is
invisible and that it is active in this destruction almost from the moment
the spore germinates, which takes place some time before the fungus
becomes visible.
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covers a piece of coconut meat 10 centimeters in diameter with
a tangled mass of aérial mycelium, which may attain a height
of from 3 to 5 centimeters and which is specked with small black
sporangia. The aérial mycelium collapses upon the slightest
drying. The spores germinate in about six hours in a hanging
drop of coconut decoction. Although this mold grows rapidly
and destroys a high percentage of the oil in the meat, it is prob-
ably the least important of the four molds considered in this
paper. It grows only upon fresh meat, and hence its growth
is checked and the plant killed almost as soon as drying com-
mences. Rhizopus can rarely make any considerable growth,
since the meat is usually treated or placed on the grate and heat
applied within the period necessary for the germination of the
spore.

Morphology.—Mycelium hyaline, young hyphse clear, older
cnes filled with granular material. Filaments about 8 x in dia-
meter. Sporophores arising in groups of two or three; stalk
about 0.8 to 1 millimeter in height, 10 n in diameter. Sporan-
gium 100 to 140 n in diameter, first globular, the wall later rup-
turing and folding back. Spores black in mass. The single
spore brownish, smooth, 7 to 9 by 4 to 5 p.

Oil loss caused by Rhizopus sp. (white mold) .—Table VII
shows the oil loss due to white mold acting upon grated coconut
meat in a saturated atmosphere during a period of about ten
days. The experiment was performed and the oil loss calculated
as follows: Freshly grated meat from one coconut was divided
into several samples of approximately 10 grams each and ac-
curately weighed into separate tared extraction thimbles. The
original total oil of the several samples was calculated from
the average analysis of two of the samples, and the remaining
tubes and contents were sterilized and inoculated with spores
of Rhizopus sp. After the mold had been allowed to act for a
period of ten days, the thimbles were extracted with chloroform,
and the loss in oil was calculated from the original total oil
content and the total oil remaining after mold action.

TABLE VII.—Qil loss due to the action of Rhizopus (white mold).

Total oil in copra.
Weight ' — sqs
zht o , . Acidity
Sample No. cogt;-a | Before | After Loss of oil. as oleic.
* | mold ac- | mold ac-
tion. tion.
"‘ | ]
g. g. g. ] g. | Per cent.|Per cent.
D P, 4.7734 1.4749 0.8392 0.6357 43.1 21.0
2 e - 6.1445 1.8986 1.2060 ' 0.6926 36.4 19.8
B ecccccccccceane 6. 3562 1.9646 1.1582 . 0.8057 41.0 26.6

149622——2
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The conditions under which the mold acted were the most
favorable possible. The coconut meat was kept in a saturated
atmosphere. The meat was grated, and therefore a greater
surface was exposed to mold action than is the case in ungrated
meat. Undoubtedly the loss in oil was higher than is to be ex-
pected under ordinary conditions. The table is of value also
in showing that this mold under favorable conditions does de-
stroy a very high percentage of the oil in the meat and that oil
from such meat has a high percentage of free acid.

Grated meat was used to overcome certain difficulties in manip-
ulation that arose in attempting to discover the oil loss due to
this mold in ungrated meat. It was found possible more easily
to prevent bacterial growth in grated meat. In ungrated meat
bacteria soon appear on the surface and change it mto a slimy
mass upon which molds do not grow.

It is impossible to shred or grind ungrated meat after the mold
has grown upon it so that complete extraction of the oil is
possible without a change in the oil content, due to losing meat
and oil on the grater and thus rendering the results worthless
for comparison. The noting of the total oil content before and
after mold action is necessary in order to give the true oil loss.

ASPERGILLUS NIGER VAN TIEGH. (BLACK MOLD)

This species of Aspergillus plays a more important part than
does Rhizopus sp., but a far less important one than does Asper-
gillus flavus (brown mold). It is the black mold often seen on
badly molded copra. Its moisture requirements are lower than
those of white mold, but slightly higher than those of brown mold,
and although it often grows with the latter, it appears only
upon copra that contains at least 12 per cent of water, and it
makes its most luxuriant growth upon copra that contains 18 to
20 per cent of water. Properly dried copra should not have
such a high moisture content as is required for the growth of
this mold. However, as copra is usually prepared in the Phil-
ippines, it often contains enough water for this mold to appear
and to make a considerable growth, and under such conditions it
undoubtedly causes an appreciable loss in oil. Our experiments
indicate that this loss may sometimes be as much as 40 per cent
of the total oil.

In hanging drops the spores germinate in about six hours,
and the subsequent growth is rapid. In forty-eight hours the
mycelium from a single spore may grow out and extend over an
area from 3 to 4 centimeters in diameter. On a nutrient agar
medium such as coconut, prune, or string bean the colonies are
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circular in outline and the substratum is yellow. This color is
also often seen when the mold grows upon coconut or copra,
and it appears to be characteristic of the species.
Morphology.—Hyphe hyaline, 8 to 8 x in diameter. Stalk of
conidiophore erect, unbranched, 2 to 3 millimeters in height.

Head 140 to 160 p in diameter.

to 80 x in diameter.

from the tip of the conidiophore.

Swollen tip of conidiophore 70

black, globular, smooth, 4 to 5 x in diameter.

Oil loss caused by Aspergillus niger (black mold) .—Table VIII
shows the loss in oil due to the action of this mold upon grated
copra in a saturated atmosphere during a period of about ten

days.

after the method already described under Rhizopus.
TABLE VIII.—Oil loss due to the action of Aspergillus niger (black mold).

Spores in chains radiating in all directions
Spores first brownish, later

The experiment was performed and the results calculated

Weight of oil in l
copra.

Weight . Acidity
Sample No. of copra.| porore | After Loss of oil.» a5 oleia. !

mold mold .

action. | action.

g. g. g. g. Per cent. | Per cent.
5.8335 1. 8025 0.8778 0.9247 51.3 9.5 |
- 5.1663 1. 5962 1.2282 0. 3680 23.0 8.0 ,
- 5.5930 1. 7282 1.5019 0. 2263 13.0 2.9 I

& The wide variation in per cent of oil loss is due to the extent of the mold growth; for
example, in the case of sample 1 the meat was covered with a most luxuriant growth, while
in sample 3 the mold developed a much smaller growth.

The oil loss varies somewhat in the three samples considered,
but all show that there is a marked loss of oil under conditions .
favorable for mold growth. The amount of acid in the oil pro-
duced is too high.for the oil to be considered good, but it is
rather low in comparison with that produced by the brown and
the white molds.

ASPERGILLUS FLAVUS LINK (BROWN MOLD)

This species of Aspergillus is the mold that plays the most
important part in the destruction of the oil in copra. It is
the brown mold that is usually seen on badly molded copra. In
many cases it is mixed with the black Aspergillus discussed above
and often with the green Penicillium, which is considered later.
It occurs upon copra with a moisture content of from 7 to 8
per cent—a water content lower than the average for Philippine
copra—and because of its ability to grow on copra with so low a
moisture content, it destroys a very high percentage of the copra
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of the Islands. The oil destroyed may be almost 40 per cent of
the total oil contained in the copra. The oil expressed from
copra upon which this mold has been growing also contains a
high percentage of free fatty acid.

In hanging drops the spores germinate in from four to five
hours. In nutrient agar media the mycelium becomes visible
in from twelve to fifteen hours and mature spores are produced
in about forty-eight hours. The growth from a single spore
is slow as compared with one of white mold or black mold, but
the early production of spores leads to a rapid multiplication of
colonies, and so the mold in a comparatively short time will
completely cover the surface of the meat of half a coconut.

Oil loss caused by Aspergillus flavus (brown mold).—Table
IX shows the loss of oil due to brown mold growing upon pieces
of copra for one month. The experiment was performed and
the oil loss calculated as follows: Pieces of copra with about 8
per cent moisture content were weighed, placed in a closed
container so the amount of moisture in the air could be kept under
control, and were inoculated with spores of brown mold. The
total oil content of the copra was determined by the analysis
of other pieces taken from the same nut. After the mold had
grown for thirty days, the copra was removed and analyzed. The
difference between the two analyses gives the loss in oil due to
the action of the brown mold. At the completion of the exper-
iment the pieces upon which the mold had grown were covered
with a dense layer of brown mold from 4 to 7 millimeters thick.
When broken open, the meat for about one half to two thirds the
thickness of the piece was light in color, dry and fibrous, and
in every way the same in appearance as commercial copra dam-
aged by this fungus.

TABLE IX.—Oil loss due to the action of Aspergillus flavus (brown mold).

. Acidity as oleic
Total oil. acid.
Weight . e
Sample No. of copra. Loss of oil.
Original. Axgtoe;t%x.xe Original. A,f,?;g:e
—— e
g. g. g. g. Per cent.| Per cent.! Per cent.
B PPN 16.57 9. 1645 6. 3465 2.8180 30.7 0.9 6.8
P 13.51 7. 9540 b.5846 2.3694 29.8 0.9 5.1
R 14.83 8. 8386 5.8570 2. 9816 33.7 0.56 7.7
L S, 18.13 | 10.8055 6.7880 4.0175 37.2 0.56 7.2
B e 14.89 | 8.8744 | 5.6010 | 3.2734 36.8 0.56 6.5
2R 13.71 8. 1969 5.1610 3.0359 37.0 0.7 7.0
R, 11.69 6.7334 5.3245 1.4089 20.9 0.7 5.8
- 11.66 6. 7161 4.0076 2.7091 40.3 0.7 9.1

® Removed before the end of thirty days.
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The destruction of oil caused by this mold acting for a period
of one month under favorable conditions is found to be from
about 30 to 40 per cent of the total oil contained in anhydrous
copra, while there is a very considerable production of free fatty
acid, which shows the deterioration in quality of the oil remain-
ing. As this mold may occur on copra with a fairly small water
content, a large part of the Philippine copra is subject to its
attack. Under favorable conditions it may destroy as much
as 40 per cenl of the oil. Since the probable loss caused by
brown mold averages nearly 25 per cent, it is evident that the
loss to the Philippines from this cause alone equals a very con-
siderable portion of the value of the copra exported.

PENICILLIUM GLAUCUM LINK (GREEN MOLD)

This is the common green mold often seen upon copra. It
grows well on copra containing a very low percentage of water.
Analyses show that this mold destroys hardly any of the oil in
the copra, and the production of free acid is low ; therefore a good
grade of oil can be made from copra upon which this mold has
growth. Its growth appears to be almost entirely superficial.
It can be readily removed by brushing, leaving a firm white copra.
A growth of Penicillium alone may be said almost to serve as
an indicator of good copra, because it grows at a moisture con-
tent between 5 and 7 per cent, causes practically no loss in the
oil content, and produces very little free acid. However, green
mold growing with one or both of the species of Aspergillus loses
its significance as an indicator of good copra, as it will grow at
any degree of moisture higher than 5 or 6 per cent, and the
Aspergillus indicates a high moisture content. The reason green
mold does not usually appear upon copra with a high degree of
moisture is because of its slow rate.of growth. The spores ger-
minate in hanging drops in about six and one-half hours, but the
subsequent growth is slow, and colonies upon copra do not be-
come visible to the naked eye until from about twenty-four to
thirty-six hours after the spores are placed upon it. The colony
grows very slowly, and mature colonies from a single spore are
hardly ever more than 1 centimeter in diameter. The spores are
mature in about eleven hours after the mycelium becomes visible.
Due to the much more rapid growth of the other molds, Peni-
cillium is either crowded out or covered over by them, and
under high moisture conditions it is only after the other molds
have stopped growing that Penicillium becomes visible.

0il loss caused by Penicillium (green mold) upon copra.—
Table X shows the effect of green mold upon the oil content of
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copra and its production of free acid. Copra dried until it con-
tained about 7 per cent water was inoculated with green mold and
placed in a closed container in a moist atmosphere with which
it was in equilibrium. After the mold had been allowed to gZrow
for a period of thirty days, the copra was removed and analyzed.

TABLE X.—Oil loss due to the action of Penicillium glaucum (green mold).

' Total oil. ’ Acidi:zi:is oleic
Sample No. 0?:;%:’:_ N R Loss of oil.
Before | After After
mold mold Original.| mold
action. | action. action.
— — : i
g. g. g. g. P, ct. P, ect. P. ct.
) 13.07 7.3192 7.3040 0.0152 0.20 0.79 1.2
2 el 14.16 7.9296 7.8823 0.0473 | 0.69 0.79 1.0
. 10. 04 5. 6224 5.5731 0. 0492 | 0.87 0.79 0.9
I L 13.34 7.4704 7.4306 0. 0404 ! 0.54 0.79 0.76

Table X shows that green mold growing under the most favor-
able conditions during one month causes an almost negligible loss
of oil and that the production of free acid is extremely low.

At the end of the experiment the pieces of copra were covered
with a dense mass of green mold about 5.5 millimeters in thick-
ness, but when this was removed by brushing, the copra beneath
was firm and white with no evidence of penetration by the mold.

SUMMARY OF OIL LOSS AND DETERIORATION CAUSED BY MOLDS

Table XI, which summarizes the results secured in the ex-
periments upon oil loss and production of free acid, is included
in order more easily to compare the loss in quantity and injury
to the quality of the oil caused by the four principal molds oc-
curring upon copra.

Table XI shows that the copra dealer may expect a loss of from
30 to 40 per cent upon all copra which contains sufficient water
to enable brown mold to grow; a further increase of the water
content makes very little difference, as brown mold will then
grow with black mold and raise the oil loss to that caused by
brown mold alone. The loss in quantity and quality of oil is
always in addition to the loss suffered by the purchase of water
at the price of copra. Where green mold alone is present, there
ig little loss in o0il. However, the presence of this mold indicates
a copra with a higher water content than where no mold is
present; if such copra is stored where the air is in a practically
saturated condition, it will absorb enough water for brown mold
to attack it much sooner than will clean copra.
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TABLE XI.—Summary showing effect of mold action on the quantity and
free acidity of oil in copra.

[The critcal r.oisture content for the growth of each mold is given under the special

headings.]
Mold acting for 10 days ypon Mold acting for 30 days upon un-
shredded meat. shredded copra.
T e e
: ! Black mold Brown mold Green mold
White mold : g . o
SampleNo. | (Riopuasp) | CAsporsiue | (dpersie | (rnerilism
e e e e
. Free | i Free | Free | Free
Oil loss. acid as | Oil loss. | acid as | Oil loss.: acid as Oil loss.| acid as
| oleic. l oleic. i oleic. l oleic.
S —— e e e [ —
i | i i

Per ccnr.‘_Per cent. Per cent. Per cent. Per cent. Der ccnt.“Per cent.! Per cent.

S T 43.1{ 210 5.3 es| 307] 68 6.20 1.2
2 e 36.41 19.8| 23.0 go| 208! 51| o069 1.0
T 41.0 1 26.6 ; 13.0 29| 837 77| 0.87 0.9
4 i 3.2 7.2 0.54 0.8
36.8] 6.5 . |-
37.0 | 20 |
0.3 91|
8.1 7.1 0.6 1.0

In the experiments to determine the critical moisture content
of copra for the growth of the various microdrganisms, we found
uneven distribution of water within a given piece of copra. The
total water content may be as low as 5 per cent, sufficiently dry
to prohibit mold growth, while the upper portion of the meat
may be practically saturated. For clearness and convenience
the terms upper and lower layer will be used in the following
discussion. By the upper layer is meant that portion of the meat
beginning at the surface of the meat adjacent to the water portion
of the coconut and extending outward approximately to one fifth
of the thickness of the meat; the lower layer is the remainder of
the meat. The moisture content of the upper layer is more im- -
portant in relationship to mold growth than the total water con-
tent of the sample, because this portion is first attacked. It is
impossible to obtain exact data as to the water content necessary
for mold growth, because of the difficulty of obtaining a uniform
sample of the upper layer. In Table XII the figures are ap-
proximate values for the moisture content of the separate layers.

In every case the percentage of water in the upper layer is
much higher than in the lower layer or in the general sample
and is high enough to support the growth ¢f the more destructive
molds. The percentage of water based on the general sample
would lead one to believe this to be a well-dried copra that would
be resistant to mold attack.
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TABLE XII.—Moisture content of the upper and the lower layers of general
samples of copra after storage in a moist atmosphere.

1 i
i Weight of — i Water in—
| Sample No. T T -
Upper | Lower | Upper | Lower | General
layer. layer. : layer. layer. sample.
— e
g. 9. x Per cent. | Per cent. | Per cent. "
D PR 14.7681 | 65.7966 | 13.36 6.4 7.6
e 8.5100 | 43.8112; 21.52 7.8 8.8
P 5.5798 | 30.2842 I 20. 43 8.9 10.7
B 14,1452 | 32.1548 ! 11.3 6.5 8.0
2 12.8122 | 26.5142 24.0 6.8 12.5
6 el 10.2004 | 23.7875 10.9 5.7 7.9
i S e e maeee 11.0936 | 29.2013 i 10.5 7.6 8.4

HEAT AND ITS RELATION TO MOLD GROWTH

While investigating the rise of temperature occurring in moldy
copra when piled in large quantities, it was noticed that the tem-
perature increases to a certain maximum of about 50° C. and
then declines. As this rise in temperature appeared to be re-
lated to mold action, the question presented itself whether the
fall after attaining a maximum might to be due to the fact that
such temperatures inhibit the growth or kill the mold concerned.
It is well known that temperatures around 50° C. will, when
long maintained, kill the mycelium of many species of fungi or
at least stop their growth. In general, the spores of fungi are
more resistant to heat than the mycelium and so might survive
such temperatures. However, in this case there was no recur-
rence of a high temperature, as might have been expected had
spores of the fungi survived and, after the temperature decline,
returned to normal germination and resuméd their growth. To
determine the effect of such temperature upon the spores and
mycelium of the four molds considered in this paper, the follow-
ing experiments were conducted:

Molds in pure culture were allowed to grow until a mycelium
was distinctly visible and then were placed in an oven maintained
at a constant temperature of 50° C. At intervals cultures were
removed from the oven and kept at room temperature to see
whether growth was resumed. To determine the effect of this
temperature upon mold spores, pieces of coconut meat were in-
oculated with mold spores, put in closed containers, and placed
in the oven. At intervals pieces of the meat were removed and
kept at room temperaturese®to determine whether germination
occurred. The observations from these two series of experi-
ments indicate that both the spores and the mycelium of each
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of the molds survive a temperature of 50°C. for from nine to
twelve hours, since removal from the oven permitted both ger-
mination and growth to proceed at the normal rate.

ABSORPTION OF WATER BY COPRA

The question may be asked, will copra once thoroughly dried
absorb enough moisture from the atmosphere during storage to
raise its moisture content to a point where molds may grow?
Should this occur, what is the use of thorough drying, if during
subsequent storage and shipment mold will gain a foothold and
destroy a high percentage of the oil and impair the quality of
the remainder? This is a most important question from the
point of view of the copra dealer, and in order to formulate an
answer, a number of variable factors must be taken into con-
sideration.

Generally speaking, it has been our experience that when
dried to a moisture content of about 6 per cent copra does not
mold when stored where there is a circulation of air. However,
when kept in a saturated atmosphere, it will eventually absorb
enocugh water to enable mold to grow, but this only takes place
after it has been exposed to such conditions for from one
to two weeks. It would probably very rarely happen that the
air in a warehouse or in the hold of a ship will reach a point
of saturation and, if this does occur, that the humidity will be
replenished when it is absorbed by the copra and that these con-
ditions will last for so long a period even as one week. Copra
which has been dried only to about 7.5 per cent of moisture often
will not grow mold in the open air probably because the surface
is really dried out below this moisture content, but when stored
under the same conditions as above, will develop mold in from
two to five days.

Another factor which has an influence is the role played by
the water liberated during the processes of metabolism of the
mold. Mold grows at the expense of the oil and fiber of the
copra, converting them into water and carbon dioxide. If the
lower part of a large pile of copra contains sufficient water to
permit molds to grow, the whole may mold, due to the water
that is liberated during mold growth being confined in the
pile long enough for the remainder of the copra to absorb enough
moisture in turn to support mold growth.

All of our experiments tend to show that copra once’ properly
dried to approximately 6 per cent moisture does not absorb suf-
ficient water, unless in a saturated atmosphere for prolonged
periods of time, to develop even a superficial growth of mold.
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In Table XIII weighed pieces of copra were kept in a saturated
atmosphere at room temperature with daily weights recorded
until mold growth appeared.

TABLE XIII.—Change in moisture content of copra stored in saturated
atmosphere (at 29° C.) until mold appeared.

Gain in weight of sample—

Days.

II.

II1.

Iv.

Total increase in weight__
Original total water
End total water

In one case mold appeared on the eighth day, in two on the
tenth, and in the remaining one on the twelfth.

TABLE XIV.—Change in weight of copra stored in open air at atmosphere

temperature.
- e e —y
Relative Change in weight of sample—b
Vhumidity) . - _
Days. in Manila i } i
e L Lo, v
SRS HE S
g. g. ! g. 9. | g i
91 | 40.18| 0.22. +0.10 | 4.0.07 , +0.02 !
98.5| 0.02 0.85‘ HO11 40,07 40.02 |
94.5| 0.35| 1.45' o0.11! 0.13! o0.22
85| 035 144) 0.07| 0131 o0.21
4.2 | 0.37| 181, 0.18 018 033
88.6 | 0.47 | 213 016) o024 0.45
8.9/ 0.37{ 190 0.12| 0.18 0.10
Total 1088 ..o ooooo oo percent. | 12 | 60 | 047| 076! 040
Original total water ----do...| 6.8 , 1.7 6.37| b5.66| 6.70
End total water _____ ..do..__i 5.6 i 5.7 4.9 4.9 6.3
Original copra weight_____ ---grams.__| 29.75 | 31.53 | 25.35! 23.93 24.89
End upper portion water___________________ percent__| 9.4 8.8 9.0 8.7 9.1
End lower portion water _______________________ do.._.| 4.5 l 5.0 3.8 3.8 5.4

® Algué, José. Weather Bureau Bulletins for June and July (1916).

b This is marked +, where an increase in weight resulted, but no mark is used where this

change was a decrease.
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In Table XIV are recorded data relative to weighed pieces of
copra kept in the open. The weight in grams is recorded under
series number of samples.

At the end of fifty-six days no mold growth had formed. The
last ten days were a period of wet weather, during which mois-
ture was absorbed by the upper portion of the meat as shown
by comparison of the upper and lower portions. This change
of moisture content of the upper layer when calculated on the
total weight shows a relatively small change in the percentage -
moisture. From this it is seen that copra stored in the open air
will lose or gain water until it is in equilibrium with the at-
mospheric moisture. This equilibrium point is about 5 per cent
moisture for copra.

The copra in Table XIII had developed a fair growth of mold
by the end of two weeks. There are only short periods during
the rainy season when the air is practically saturated with mois-
ture, and unless dry copra were stored in containers in a
saturafed atmosphere, no molding would take place. It will be
noticed that the total moisture content of each piece is extremely
low, but if, on the other hand, copra containing from 7 per cent
to the amount of moisture contained in fresh meat had been
stored under like conditions, the mold would have practically de-
stroyed the copra in the course of several days. This would also
be the case if copra of 7 per cent or more was stored without
air circulation, the damage due to mold depending upon the
moisture present. In Table XV data on good quality of machine-
dried copra without mold, stored in five sacks, are recorded.
Temperature readings of the copra and outside atmosphere were
noted from time to time. Weights of the lot before and after
were not recorded, as insects destroyed a part of the copra.

Table XV indicates no temperature change where no deteriora-
tion of meat and oil occurs and, further, that copra once properly
dried does not develop mold when stored.

Copra which has been machine-dried and not cooled before be-
ing placed in a large pile becomes hot and later often shows mold
growth. We believe this to arise from a breaking down of oil
and cellular matter from heating (the heating is similar in
character to the spontaneous heating of oily rags) into carbon
dioxide and water vapor. The moisture of the surface of the
copra is raised in this manner to a point where it will support
mold growth, and thus microdrganisms appear. The temper-
ature at which the copra is stored is a factor in this heating.
When the copra is carefully cooled, the oxidation at the lower
temperature is so slow that no appreciable heat is given off and
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it escapes without any rise in the temperature of the pile. The
theory of some of the copra men that the moisture content of
the copra is increased by the condensation of moisture from
the cool air surrounding the warm copra is absolutely untenable.

TABLE XV.—Data on machine-dried copra stored in sacks.

Sample.
Date. L IL 1f. Iv. V.

Copra.| Air. |Copra.| Air. [Copra.| Air. {Copra.| Air. Copra.| Air.

oC. °C. °C. °cC. °C. °C. °c. °C. °C. °C.

March20 ... 81 31 30 30 29.6 | 29.5( 30 30 30.5 | 80.5

April 1l __________________ 30 80.5 | 29 30 29.0 | 29.0| 30.5| 30 31.0 | 31.0

April 11 ... _____________ 30 30.5 | 28 29.5| 30.5| 30.0| 29.5| 30 29.5 | 30.0

April20 _________________ 31 30.5 ; 29 29 31.0| 310 82.0 32.5| 32 32.0

May 1 .. . _______ 32 31.5| 29 29.5 | 30.5| 31 29.1| 28.5| 32 31.0

May 16 ... 32 3.6 29 29.5| 81 30.56| 31.5| 31.5| 32.41313
Original water.___P.ct..| 6.1 |....___ B ] LTS Uuuyuons PRUUN (ERIRIIN PRSI DRI SNSRI AP
Water May 156____ do_._.| 4.9 [ _____ 5.9 ... 4.8 | ... 4.1 4.1 ...

* Moisture content of a general sample made up of L II, IIT, IV, and V.

COPRA-DRYING METHODS IN USE

The poor quality of Philippine copra due to insufficient drying
and improper handling is, of course, dependent upon the methods
employed. There are two general methods in use in the Islands,
sundrying and kiln drying; improvement of both is possible to
a certain extent. The sundrying method used throughout the
southern islands produces the better grade of copra; it consists
simply in halving the nuts, without previously husking, and
exposing the meat to the sun. Where sufficient care is exercised
in the way of cleanliness and complete drying, the method pro-
duces an excellent grade of copra.

The periods of daily rains do not favor this process in parts
of the Philippine Islands, and there the grill method is used.
In the grill, or tapahan, process the nuts are husked, halved, and
placed on bamboo mats, under which shells and husks are
burned.’> After the meat is partially dry, it is removed from the
the shells and is subjected to further drying. Analyses show
that the finished product as it leaves the dryer contains at least
20 per cent moisture.

* For more complete description of sundrying and grill methods, see
Pratt, D. S., This Journal, Sec. A (1914), 9, 177. -
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TABLE XVI.—Water content of tapahan-dried copra.

Moisture.
Per cent.

21.57
25.57
28.77
25.98
20.52
25.54
28.51

The samples noted in Table XVI were obtained from the
copra from seven tapahans at the completion of the drying
process. The very high moisture percentage indicates imper-
fect drying, a condition most favorable for mold growth and
bacterial action with the attending deterioration of the copra.
After the first handling and drying to only approximately one
half the original moisture contents, these samples were dirty
and smoky in appearance. Complete drying by the tapahan
method, a proceeding probably never carried out in practice
by the producers, requires about four days and gives a very
badly smoked product. The uneven heating obtained on the
tapahan is a bad feature of the method in that the pieces directly
in contact with the grill are overheated and dry much more
rapidly than the upper layers. This is especially true in cases
where the half nuts are piled up several layers deep. The ta-
pahan is so constructed that it favors uneven drying and much
smoking of the copra. It consists of a pit, dug in the ground
to the depth of 3 meters, connected at the bottom by a narrow
underground tunnel to the heat chamber. The heat chamber
is approximately 2 meters wide and 6 meters long, the dimen-
sions varying, with the bottom sloping down to meet the tunnel.
Tt is covered with a plaited mat of bamboo or rattan, or in some
cases with stripes of split bamboo, upon which the half nuts are
piled. Shells, and sometimes husks as well, are burned in the
bottom of the pit, the heat and smoke passing through the pile
of copra. An attempt was made to improve a “tapahan” by
providing it with a chimney and a special fire box. By burning
only shells, much of the smoke was eliminated, but the copra
was unevenly dried.

Even wih these two existing methods a better grade of
copra could be prepared than is now the case in the Philippines if
proper care were exercised in handling the product. By using
sundrying in conjunction with the tapahan, a more evenly dried
product could be obtained. In the southern islands, where the
drying could be carried on entirely by the sun’s heat, the
precautions necessary would be to keep the copra free from

Sample No.

QDT W
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dirt and to secure more complete drying with facilities to protect
it during short rainy periods. Pratt ¢ states that copra produced
in other countries by like means commands a higher price than
Philippine copra and must be considered as superior in the
world’s market. )

MECHANICAL DRYERS

Mechanical dryers are one possible solution of the problem
for improving the copra production of the Islands, but they
have not been introduced in a commercial way. Several ma-
chines have originated in the Philippines that require consider-
able handling of the meat, but while their product is of good
quality, initial and operating expenses seem to be too great to
warrant their adoption. Smith " gives descriptions and draw-
ings of several types of drying machines. At two of the copra-
oil mills here large hot-air dryers have been installed for redry-
ing copra before it is milled. This apparatus, with changes,
might be adapted to the drying of fresh meat. It has the ad-
vantage over other forms of dryers in being a continuous process
with the minimum amount of handling of the product. A small
cheaply constructed dryer, combining low operating expenses
and rapid drying, would find a ready market in the Philippines.

Mechanical drying machines have been discredited by the pub-
lic through the belief that when coconut meat is dried in a
current of hot air a part of the oil is carried away from the
copra. This supposition is not in accord with what one might
expect from a study of the physical properties of coconut oil.
It was found that when coconut oil was heated for four hours
in a current of hot air at 100° C. there was no appreciable loss
in weight.

Pure coconut oil was dried in vacuum over sulphuric acid for
four days, after which it was heated in an oven at 100° C. for
four hours with the following results:

TABLE XVII.—Loss on heating coconut oil at 100° C. for four hours.

. . Weight of | Weight
l 0Oil No. oil. lost.

g. Per cent.
U A.9112 0. 022
O PP 4.8919 0.024 |
8 O R 3.9282 0. 022

l IV e i 4.7956 0.023

B S |

* Op. cit.
" Smith, H. Hammel, Coconuts. The Consols of the East. Tropical Life,
London (1913).
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However, it did appear possible that there might be a mechan-
ical carrying over of the oil with the escaping moisture, espe-
cially if the drying temperature were high and the driving off
of moisture rapid. Experiments were made by examination
of the gases from a mechanical dryer. The type of machine
used was similar to the ordinary oven dryer, but provided with an
arrangement for the circulation of hot air. The experiment
was carried out in the following manner:

A weighed amount of coconut meat was distributed over the
trays and dried at various temperatures. The volume of air
passing through was calculated, and the temperatures at the
entrance and exhaust were noted. An aliquot part of the air
was withdrawn from the oven by means of a vacuum pump at .
the rate of 1,200 liters per hour, measured by means of a gas
meter. The air in passing to the pump and gas meter was con-
ducted through two series of four bottles, each containing chloro-
form immersed in a freezing solution in order to free the air of
oil. Four separate determinations were made, using drying
temperatures varying from 70° to 100° C.,.and in no case was
a qualitative test for oil obtained.

TABLE XVIIL.—Data on oil loss in mechanical dryer.

F- Tem-

per-
ature.

Fresh |Weight|
meat. | loss. Oil loss.

°C. | Kilos. |P. cent.|Per cent.

Determination 1. ... 70 100 40.0 0.0
Determination 2. . oo oo 80 104 42.0 0.0
Determination 8. . e eeciiiceaeaee 90 102 41.0 0.0
Determination 4. .. oo eeeeeiecceoooan 100 96 44.0 0.0

The results recorded in Table XVIII are opposite to the belief
of the Ceylon planters, as reported by Pratt: **

The amount of copra from a given quantity of fresh nuts depends to a
considerable extent upon the rate of artificial drying. Ordinarily, from 170
to 200 nuts give about 50 kilograms (110 pounds) of copra. The two
extremes are encountered in comparing the output of sundried copra with
that of desiccated coconut products. * * * The decrease in time re-
quired for expelling the water is, therefore, coincident with increased loss
of oil, and all methods of preparing copra must represent an economical
balance between these factors. It is unquestionably possible to make copra
in much less time than is required by either the sundrying or grill-drying
processes, but experiments made by planters in Ceylon have not impressed
them with the advisability of adopting such changes. One of the most
progressive coconut planters in the island constructed a drying house with
brick heating flues and produced paper-white copra in less than twenty-four

* Pratt, D. S., This Journal, Sec. A (1914), 9, 181.
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hours, but discontinued the process because of the resulting high loss of
oil. It is his opinion that a continuous slow current of air at from about
54° to 60° (130° to 140° F.)—the proper temperature to be determined by
experiment—should complete the drying process within three days and
nights, and with the least loss of oil. A rapid drying in ten hours must be
attended by a considerable loss, and will require about 15 per cent more
kernel to produce a given weight of copra.

With several of the statements in the above-quoted opinion
we must take issue. Our experience proves that no oil loss
occurs when rapid drying takes place at 80°, 90°, or 100° C. If
by the ambiguous statement, ‘“a considerable loss, and will re-
quire about 15 per cent more kernel to produce a given weight
of copra,” is meant anything other than more complete drying,
the experience of the Ceylon planters is totally different from the
results obtained in this investigation. As further evidence of
the high yields of oil from desiccated coconut, Table XIX is
appended. Did such losses of oil as reported by Pratt occur,
the yields of oil in the copra recorded in this table would be
much lower.

TaBLE XIX.—Data on drying copra under various conditions.

[ o I
{ Oilin an-
Saﬁnple Means of drying. hydrous | Water.
0. material.

Per cent. | Per cent.

PREPARING COPRA BY USE OF SULPHUR DIOXIDE

The Bureau of Science has developed a simple method for the
preparation of copra by treatment with sulphur dioxide gas and

** Since perfecting this method we have noted the sulphur dioxide method
of Marot (English patent 6379, 1906) described by Lewkowitsch in Chemical
Technology and Analysis of Oils, Fats and Waxes. 5th ed. MacMillan &
Co., London (1914), 2, 631.



xiL A2 Brill, Parker, and Yates: Copra and Coconut Oil 81

allowing the meat to dry without the addition of artificial heat.
Tre apparatus used is a wooden box, provided with trays with
split bamboo kottoms, and a 4-wheel car consisting of framework
and two pairs of small iron wheels mounted on a wooden track.
The box is 1.05 by 2.10 by 2.70 meters and is provided with a
door in one end, being of sufficient size to accommodate twelve
trays separated sufficiently for free circulation of the gas and
with a capacity for holding about 1,200 nuts. The track is twice
the length of the box to facilitate loading and unloading of the
car outside of the box. The operation is carried out in the
following manner: The husked nuts are halved and spread on
the trays with the concave side down, and the trays are loaded
on the car and pushed into the box. Eight kilograms of sulphur
are next placed in a shallow pit under the car and ignited. If
the box is made comparatively tight, this amount of sulphur will
burn for from ten to twelve hours, liberating sufficient sulphur
dioxide gas for the treatment. At the end of the sulphuring
period the car is rolled into the open and the meat is removed
immediately from the shells with an ordinary copra knife, or is
allowed to remain in the shells for from four to five days, at
the end of which time the meat has become sufficiently dry to
allow of its ready removal. In either case the sulphured ma-
terial is spread out under cover with free access of air for a
period of two weeks, after which it is cut up and sacked for the
market. Obviously on sunny days spreading the meat in the open
greatly hastens the drying and should be taken advantage of.

TaBLE XX.—Sulphur dioxide and water content of copra at various. periods
during the sulphur treatment.*

b e e e e e
‘ : Sulphur dioxide. L Water.

| R . l . S

" i ' } i |

1

Hours Content Loss in |

" Loss in | Imme- . Loss
| tr:;t- ég&?‘ 1(‘ontent total |1 eoohi dxate]y in total, Teanfgeays to;gl ql[)‘ .
| after y "v.ftf.r 10, content r ] after durmg | treatr- : aityer !
‘ treat. | davs. | during * | treat- 1 treat- | - oRC et |
i 10 days. | ! ment. ' mcnt, m treat-

. ment. ment. |

6 01215 o412 es2  4n7i 422 12! 101‘ 3.1 |
9l o156 0.0425] 70.81 46.1 i 7! 1550 126 72,9
130 0.1369 0.0672; 641, 492, 37T.2 2.0, 137 73.0 |
18 02114 0.0m2| €5.9] 489’ 390 220/ IL1 8Ll
2| 03ue | 0075 | T3 ‘ 48.5 ; 45.5 i 15.9 ! 8.0 ‘ 82.1

i
i
!
i
! ,Pcr cert. l"er cent. I’cr cent., [’67 cent. Pu cent. Im cont., I’Cr cent. Per cent.
|
H

8 The maximum amount of sulphur dioxide that coconut meat w1ll absorb was not determined.
However, a twelve-hour continvous treatment wiith the gas was found to be sufficient in
all cases.

149522——3
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The action of the sulphur dioxide on coconut meat serves a
double purpose. The mold spores are destroyed, and a sufficient
amount of the sulphur dioxide remains in the meat for the time
necessary for the escape of the water to prevent the growth of
new mold spores. Also, as will be shown in Table XX, there
is a considerable loss of water during the treatment due to the
softening of the cell walls from the action of the sulphur dioxide,
which has a marked affinity for water.

Table XX shows data taken from analysis of sulphured coconut
meat which was allowed to dry under cover. At no time was
this meat exposed to the drying influence of the sun or artificial
heat. The figures are averages from ten samples for each period
of treatment and represent a close approximation of the true
sulphur dioxide content.

The residual sulphur dioxide after one month’s time may be
disregarded, as only traces are found. A part of the samples
from the series receiving six and nine hours sulphuring developed
a slight growth of green mold which was entirely superficial,
and after the meat was completely dry, it could be brushed off,
leaving white copra exposed. Copra prepared by this method
with treatments of twelve hours or more and if dried within
two weeks is clean and white and free from mold, the oil ex-
pressed being practically colorless and free from rancidity and
acidity. Sulphur dioxide was not detected in the expressed oil.
It is pronounced equal to, or better than, the best Cochin oil and
will, therefore, sell for from 4 to 6 centavos a pound more than
the ordinary oil. At 4 centavos per pound this would mean an
increased value of 3.28 pesos per picul of copra. With proper
organization the labor cost by this method should not exceed
that of the tapahan or sun-drying processes, and the initial out-
lay is small. Tarred paper may be substituted for wood in the
construction of the box, and bamboo for the trays is inexpensive.
Unless sundrying is used in conjunction, two weeks should elapse
before marketing the copra, and while this time element is an
objectionable factor, the increased value of the product would
more than pay for the delay. The expense of sulphuring is also
negligible when the superior quality of copra obtainable is con-
sidered. The sulphur need not