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The Influence of Cold Storage on the Survival and Flowering of
F leﬁd Planted Cabbage, Lanot and Beet in Sri Lanka

Y. D. A. SENANAYAKE 7
Departnent of Crop Seiznce, University of Sri Lenka, Peradeniya Campus, Peradeniya, Sri Lanka.

{Paper accepted: 14 March 1974)

Abstract :  An investigation was conducted to determine the influence of the storage of
cabbage. carrot and beet plants at low temperatures (0.5 to 1.0°C and 7.0 to 8.5°C) for
different durations (15 dayvs to 60 days) on their flowering when they were subsequently
planted in the field at two locations in Sri Lanka having different elevations (Kuandasale, -
450 m and Nuwara Eliva, 1,850 m).

The results indicate that all the cabbage plants that were pre-stored at 0.5 to 1.0°C for
40 days flowered when they were planied at Nuwara Eliya. Only a maximum of 57.14 %
flowered at Kundasale. Carrots stored at the sam€ temperature for 50 days gave the
best response (185, fowering} when grown at Kundasale. The survival of the plants
at a location was dsqomated with the incidence of rainfall after ficld planting. The lower
mean temperature at Nuwara Ebiya premoted flowering and the devclopment of the
normal inflorescences 1n cabbage while it suppressed flowering in carrot. The higher
mean temperature at Kundasale promoted flowering in carrots and partially inhibited
Howering in cabbage and suppressed the development of normal inflorescences. Beet
did net respond to the treatments.

1. Imtroductien

Biennial, exotic vegetablss like cabbage, Brassica oleracea var. capitata 1., carrot,
Davcus carota var. sativa L., and beet, Beta vulgaris L., are grown in several parts of
Sri Lanka under difforent agroclimatic conditions.  Their cultivation is concentrated
predominantly in the highlands at elevations ranging from 750 to 1,900 m. At these
elevations vegetative growth is normal, and fresh market vegetables true to type are
obtained throughout the year. However, even duringthe coclest months of the year,
field temperatures are not low encugh to induce natural flowering. Consequently,
the seed requirement for corrnn;rcial cultivations has to be imported annually,
thlllzmg scarce foreign exchange. If the seed could be produced locally, besides
conserving imugil exchangs, a new form of agricultural employment couid be
developed by diversifying the use of some land for the production of seed of
exotic vegetables,

A pre- requ’sitf‘ for seed production in these vegetables is flowering. Miller® ha$
reported that cabbage heads flower if they were pre-stored at 4.4°C for 30 to 60 days
and then planted in the field. Carrots when pre-stored at 4.4 to 10.0°C for 15 to 60
days were shown to flower by Sakr and Thompson.* Beets were found to require
higher storage temperatures ranging from 8 to 18°C for 2 to 3 months.1L%87 The
expariments reported here were attempted to examine whether exotic vegetables would
flower under field conditions in Sri Lanka when they were planted after they had been
pre-stored in cold temperatures.
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2. Matesials and Methods
2.1, Experiment I
The experiment was conducted at the University Farm, Kundasale (clevation 450 m)
from 24 December 1970 to 31 May 1971.

2.1.1. Treatment of the plants for cold storage
Beet : Whole plants of the cultivar Detroit Red were uprooted on 23 December 1970
kesping much of the root {ip intact. The outer leaves were removed at the basa of the
stioles, leaving the small apical leaves and the apical bud intact. The plants so
prepared were dipped in a solution of cupravit (50 %, copper oxychloride), at a dilution
of 1 gm in 2.5 litres of water and air dried,

Cabbage : Plants of the cultivar KY cross were uprooted with their roots intact on
23 December 1970. After removing their outer leaves, the plants were dipped in the
solution of cupravit, as for beet, and air-dried.

Carrot ; Whole plants of the cultivar Cape Market were obtained from the whelesale
market in Kandy. They were prepared for cold storage as for beet.

2.1.2. Cold storage

One lot of treated plants of beet, cabbage and carrot was packed in wooden crates
lined with white polythene and stored in a cold room at a temperature of 0.5 to 1L.O°C,
Another lot of bzet and carrot was packed in sealed white polvthenc bags and stored
in a refrigerator at a temperature of 7.0 to 8.5°C.  Sub-lots of the plants weie removed
from cold storage for field planting at intervals of 15 days, 30 days and 60 days.

2.1.3  Field planting

The three kinds of vegetables were planted in separate blocks in the same ficld. Each
plot of cabbage had 10 plants replicated 3 times. Each plot of bect and carrot had
10 plants replicated 4 times: Planting was done the day they were removed from
storage. i

Cabbage was spaced 60 cm in the row and 90 cra between rows.  Beet and cayrot
were spaced 15 em in the row and 60 cm between rows. One week after the cabbage
was planted, a cross shaped incision 2.5 cm deep was made in the head.

Recommended practices were adopted for pest and discase controland fertilization
The plots were hand watered regularly.

2.2. Experimenf @I

This experiment was conducted with cabbage and carrot from 13 November 1971 to
15 April 1972 at the University Farm, Kundasale and the Government Research
Station, Nuwara Eliva (elevation 1,850 m). Plants were stored for 40 days. 50 days

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

—

The fafluence of Cold Storage 4

and 60 days at 0.5 to 1.5°C in a cold room. The method of pre-treatment and field
planting was identical to cxperiment 1 Plants of each treatment were removed from
cold storage and one lot was planted in Kundasale the same day, while the other lot

fe S A

was planted in Nuwara Eliya the next day.

3. Resulis
3.1. Experiment I
The proportion of cold stored plants which survived and flowered afier transplanting
in the field is indicated in Table 1.

3.1.1. Cabbage

All the plants that were stored for 15 days and 60 days at 0.5 to 1.0°C survived in the
field for 30 days. After that, the plants of the 15-day treatment showed a loss of 207,
plants, whereas the 60-day treatment did not record a loss. Plant survival in the
30-day storage treatment was 46.66 % ; this was maintained until the end of the trial.

Flowering was observed only in the 60-day treatment. Two plants flowered, one
in 19 days and the other in 22 days after planting, to form small and pootly
differentiated inflorescences.

3.1.2. Beet

Plant survival was highest among those stored for 15 days at 0.5 to 1.0°C. At this
storage temperature, plant survival decreased when the period of storage was length-
ened. All the plants which grew and survived for 30 days continued to do so until
the end of the 90-day trial period.

The plants that were stored at 7.0 to 8.5°C for 15 days and 60 days showed a
lesser survival ability when compared to those stored at the lower temperature regime.
Plant mortality in the 60-day storage treatment was particularly high and only 17.5 e
survived the first month.

Flowering was not noticed in any of the treatments.

3.1.3. Carrot

.Only 3.30%, of the plants stored for 15 and 30 days at 0.5 to 1.0°C survived the first

month after transplanting. None of the plants of the other treatments survived the
first month.  One plant of the 30-day low temperature treatment flowered in 43 days
after planting.

3.1.4. Rainfall - ' :
Table 2 gives the total rainfall and its distribution from 1 January 1971 up to the end

© of March 1971, Rainfall was high during the weeks when the 15-day and 60-day

treatments were planted on 8 January and 27 February respectively. Rainfall was
low during the week the 30-day treatment was planted (23 January 1971) and it was
followed by a dry spell of 3 weeks.
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Tavre 2. Amount of ramfall and its distribution at
Kundasale and Nuwara Eliva.

Mar. 12 — Mar. 18
Mar. 19 — Mar. 25

Rainfall
Week 1971 Total (:1m}) No. of days
Jan. [—Jan. 7 2 4
Jan. - § —Tan. 14 4.5 3
Jan, 15 —Jan. 21 — —
Jan. 22 — Jan. 28 0.3 i
Tav. 29 —Feh. 4
Feh. 5--Feb. 11 — =
Feb. 12 —-Feh. 18 o =
Feb. 19 — Feb. 25 T4 2
Feb. 26 — Mar. 4 9.5 3
Mar. 3 — Mar. 11 2.3 3

3.2. Experimeni
3.2.1. Plant survival

Cabbage plants that were cold-stored for 60 days survived better at both locations
during the entire experimental period when compared with the other two storage
reatments (Table 3).  The best survival was recorded among plants that were stored
for 60 days and then ficld planted at Nuwara Eliva. The rate of loss of field plants
was highest during the first 30 days in all treatments at both locations. After 30 days,
the rate of loss of plants was in general lower in Nuwara Eliya.

tn general, carrot survived better than cabbage at both locations when they were
pre-stored at the same temperature for comparable durations of storage (Table 4).
As in cabbage, the rate of loss was high during the first 30 days ;  but the losses were
lower in carrol.  With the exception of the 40-day storage treatment, the rate of loss
of field plants after 30-days was lower in Nuwara Eliya,

3.2.2.  Flowering

Cabbage plants of all threc storage treatments flowered at both locations (Table 5).
Al the plants that survived in Nuwara Eliya flowered to give normal, well grown
inflorescences.  The flowering response at Kundasale was lower in all the treatments
and the best response (57,14 %} was recorded for the 40-day storage treatment.  The
mnflorescences so formed were poorly developed. Although the average number of
days to flower was different for the 40-day, 50-day und 60-day treatments, in general,
all healthy plants completed flowering within 7 weeks.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

. A. Seaanayake

0 < e 8l 99°9L 99'9L 99718 Her 1t BAI[F BIBMON 09
oF PE'G L9'1T 99°1€ 99° 1L £E°8L BT _BREpUILY 09
] 99°1 rEEL &8 o 99798 L AU BIEALN 0s
2 EER L L9°]T €9 EEEL £ERL MEE & s Lol iih § 0¢
B of 191 L99] 9 Iy 9918 £CE8 A €7 BATH BIRMIN oy
PEE 0z 0L 5999 0L 06 L6 It JArsEpun’y OF
s4Ep 06—19 SAep 09-—If SKep gg—{  SAep s sAep 09 SARp 0f Bunuejd (D81 —6C0
Anpepouw quepd Jo mwg % saypofidar JO URSI—JRAIAING ) Je uonuEoT o3e10]s

Sunteld

Ploa UL SAR(Y

JOIIRD pajunld Dol O jRATAINS o1 U0 Sutiiejd 9Ui [0 UONHEIO] pUR SFEI0IS PIOD JO 20UNPU] p ATAY L

0 0 i59f £E°ER fEER CCER ‘uep BATH BIEMNN 0%,

roee EEET FEEL 666 £ EF o909 oef Bi SRSEpUN Y e

o e (% n9'9p 49'9p 0¢ ugy BAIT BiRMIUN s

ELET EEEE PLEY 0 LB 99°8¢ uer ¢ S[EsEPUILT] 0%

¢ L9991 {% (ATRNE EL'EL o8 e €7 BAH BIBMIN ot

- L9'9C EEEL PEES 9% ELEE 999 2 T SlesepUnTy ot
SACP 0613 SABD Qg—[f SAep 0f—| SAEP 06 SABD 09 SA¥P OE  Ti/[L6] sunuerd (De8'T — 570

Anerioui queid 10 91wy % sojeonder Jo uvaN—|rATAIMS O 2)ep jo tonesog 28rI0IS

Bunueid proa ur sfed

s8rqqeo poyued prey jo jeatiuas 1)) Uo Sunueld o1 JO UONROO| pur 0FEJO;S PlOO JO 20UMNPU]

6

g

aTavy,

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

The Inffucnce of Cold Siorage

01 $AVP 9FeIdAR 51 puw sAup 7i-gb Sua 93ULL 51 i) Swipnioxy

S e U

s £ 41'%
DE PE0E £9°11
19 19 76l
S0 86-TE 81
=7 = 0
£ty B62E ok
A3 ?,mmvv Burar poajEen
-0 81 o8uBI . -ams
s4ED ur Mol oY,

U AV -I0R0RY J0 Y

g
£u

"J02880 pun SERqqed pejueid pioy Jo SuLoMol oy Ue Sul)

JOLIED

pale
-~
0L

BARD f6 SR IMOY

2R POISMOY A0} DUR UIAMOXE T PAPIRIST 210 syued oM (.

§LE 670 001 EL'ER ST asg 1v pAI BIBMIN 0%
s8¢ 6l OETe | EEED ¥ urf Ol SEEE DI 09
£ EhnlE 001 99'9¢ &l uep BAHT BIRADN 0%
1t IE 2701 599 ' i s SREEPLUILY iy
#1TL «9TI-6¥ 001 £CEg 0Ot wd ff EANH BIBMANN b
Sl 9%l BULE 599 g R IZ S{ESEPUITY oF
<98 {siep;  Buiar  payean pas ZL/1L6T Sunuerd (D8 1502
-G 01 LRI -AIDS (2103 -0y 2ep plalRtietdchluy ¢ aFRI0}S
SATT Aur Halas o % mor  Funuslg Poo U SAB(]
OUCAY -MopE Jo %
adegaes

trgpd o) JO HONIRAG] PuR SIS PIO2 JO J0usnjul ¢ IEV

- Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Y. D. A. Senanayake

(LsD) {p o)
UBA uwajAy ! :
L's ¥oT 061 LEe z1 9€01 9 §TS " . Pored eamua 2o
76 0'8C <6l 7'9€ e e R T by 6C 9eH—ET '9ed
8 662 681 BLE T i OE, T ¢ Qe —91 "aod
08 £0¢ 81 6LE T T iz s 1 @ed-—6 94
£l £8¢C £y 69¢ = = S = 8 l@d—F “dsd
£ 0L I'92 907 PL ¢ 059 £ 4 I gad--97 -uUsf
<01 LT 90T 6EE z &l i 050 §C uUB[—g6] OEf
£6 G'8Z 081 g5t ! 8T = = g1 wer—gy  uey
78 €LT L8| 70 I we = g It mef—g¢  cugf
STl &8¢ Ele £6T T Lo | R i1 ¥ OUEf—6T 000
6Tt oFe T6E ¥ € SOE l sl 8¢ RO —Tr Rd
“BYA HEA UIN KRN sdep  (Ww)  sdep  (wu} ZEITLGT
__BARF mIBMNN . gjesepuny Luter g0, AmmI o JElO] FOOAL
(o) emyuiadmin aferany i ON 15 "ON
AU wremaN  efesepumy
[fErney

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media

BATH BIEMTIN DU Q[ESEPUNT 1€ USIIMIUSIP ST PUR [RIUTEL IO JUNCWY g §IEYI


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

The Influence of Cold Storage 9

The dowering response in carrot was better at Kundasale. At this location, all
three storage treatments had flowering plants but the proportion of plants that
flowered was low. The best response (11.66 %) was recorded in the 50-day treatment.
At Nuwara Eliya, the 40-day storage treatment did not induce flowering. In each of
the 50-day and 60-day treatments, however, one plant flowered. As in cabbage, the
plants that flowered did so within 7 weeks.

3.2.3. Climatic Data

Rainfall and temperature recordings at Kundasale and Nuwara Eliva from the first
planting date (22 December 1971) up to the end of 7 weeks after the last ‘date of
planting (19 January 1972) are given in Table 6. Both the amount of rainfall and its
distribution were poor in Kundasale when compared with Nuwara Eliva. Kundasale
received 5.25 mm on 6 days during this peried. Rainfall was recorded during
4 different weeks, while 6 weeks were dry. Nuwara Eliya had 10.36 mm of rain on
12 days during the same period. Rainfall was recorded during 6 different weeks,
followed by 4 dry weeks. .

The weekly variation of the maximum and minimum temperature within each of the
two locations was small. Between locations, Nuwara Eliya, being at a higher
elevation, had a lower average maximum and minimum temperature throughout the
experimental period (Table 6). The mean temperature at Kundasale and at Nuwara
Lliya for the entire period was 26.3°C and 18.6°C respectively.

4. Discussion

The survival of ficld transplants of exotic vegetables in Sri Lanka after they have been
pre-stored at a cold temperature is essential for seed production. In this respect
survival during the first 30 days was critical, as the first experiment has shown that
almost all the plants that survived the first 30 days, survived until the end of the experi-
mental period of 90 days. For beets, a longer storage period was less desirable,
Tt was more so when the storage temperature was higher and was probably associated
with the breakdown of the stored products, because many beets were observed to be
less firm at the time of planting when the duration of storage was longer. The second
experiment confirmed that the first month was a critical period, because mortality was
highest for both cabbage (Table 3) and carrot (Table 4) during this period.

The first experiment suggested that the survival of cabbage at Kundasale was
influenced by rainfull, The 15-day and 60-day treatments survived best, because it
had rained soon after transplanting (Table 2). The 30-day treatment had a high
mortality as it was associated with relatively low rainfall during the week after trans-
planting which was followed by a dry spell of 4 weeks. Even though the plants were
irrigated, the bright, warm and sunny days which are common at Kundasale during a
dry spell would not have been suitable for the quick establishment and high survival
of new transplants of cabbage that had a large mass of succulent leaf tissue and no
functional roots at transplanting.
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The first experiment also suggested that the plants should be stored for more than
30 days at a low temperature to induce flowering in cabbage and carrot.

The second experiment was planned to narrow down the duration of cold storage
that was necessary to induce flowering in cabbage and carrot and in addition to
determine if 4 location with a lower mean temperature would have an influence on
survival and flowering. Nuwara Eliva proved to be a better location for the field
survival of cabbage, not only during the eritical first month but also subsequent to it.
The higher mortality of cabbage at Kundasale may have been due to the lower rainfall
and its poor distribution when compared with Nuwara Eliya (Table 6). Perhaps
lesser cloudiness and the higher intensity of radiation may have also encouraged the
rapid desiccation and deterioration of plants at Kundasale, Although there was no
difference in the field survival of carvot during the first month in the two locations,
Nuwara Eliya was a better location for longer survival pericds.  Carrot was a hardier
plant than cabbage at both locations. Rainfall would have influenced the better
survival of carrot at Nuwara Eliya, as in the case of cabbage, but its effect was less.

A 40-day cold storage was sufficient to induce cabbage to flower. Even though
some carrot plants that were stored for the same length of time flowered, a 50-day
treatment was more effective (Table 5). Even though the floral primodia could be
induced to form, the development of the inflorescence in the ficld was influenced by
the field temperature. The lower tomperatures at Nuwara Eliya would have assisted
the elongation and development of a normal inflorescence in cabbage. At Kundasale,
however, the lower proportion of flowering plants and the poor development of the
inflorescences that emerged from the heads of cabbage plants would have been duc to
the higher mean temperatures. Even in plants which did not show an inflerescence, the
induction of the floral primodia would have occurred in storage but the higher field
temperature would have suppressed further development, even though the differsnce
in the mean temperatures between the two locations was only 7.7°C. A similar
relationship has been observed by Miller® In histrial, cabbage plants that were
grown in a 26°C greenhouse did not flower, whereas all the plants that grew ina 12.5°C -
greenhouse flowered. In carrot, however, the higher ficid temperature at Kundasale
promoted the chefopmsnt of the inflorescence. But the majority of carrot plants
did not show a visible inflorescence. Perhaps under field conditions in Sri Lanka,
carrol may require a still higher field temperature for the devilopment of its
inflorescence. A location in the dry zone lowlands of Sri Lanka would be more
suitable.
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The Magnetosphere and Geomagnetic Micropulsations with
Special Reference to Micropulsation Studies in Sri Lanka
M. L. T. KANNANGARA :
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(Paper accepted : 22 March 1974)

Abstract : This paper presents the physics of the magnetosphere in relation to geo-
magnetic micropulsations and summarises the significant results of the studies conducted
and work in progress on geomagnetic micropulsations in Sri Lanka.

1. Introduction

About twenty five years ago, it was generally thought that interplanetary space was
empty apart from sporadic gusts of wind composed of clouds of gas ejected from the
sun and travelling outwards from the sun. Magnetic disturbances and aureral
displays observed on the earth were explained in terms of these gusts of wind,

However, in the early 1950s, it came to be realised that the tails‘of comets
could not be explained in terms of the pressure of light radiation from the sun as
was the view then held.  Caleulations and certain experimental observations indi-
cated that there must exist a continuous stream of ionised hydrogen atoms and
electrons streaming out of th= sun — a sort of solar wind. 1t was this wind blowing
oit the comets which formed their tail. It also bescame apparent that this solar
wind must bz continuously blowing on the earth system with its atmosphere and mag-
netic field. The actuality of the solar wind was directly verified in 1962 through
observations from space probes, It was also observed that the earth’s magpetic field
was distorted in a most remarkable way by the solar wind (Figure 5) and that the
earth’s magnetic field oceupicd a clear-cut comet shaped region of space with the
solar wind flowing round it like a high speed wind flowing round an obstacle.
The comet shaped region occupied by the earth’s mugnetic field is called the
magnetosphere (althongh it 18 not a sphere).

The magnetosphere is shaken by irregularities and gusts in the sclar wind
and this gives rise to the small fluctuations in the earth’s magnetic ficld observed
at ground stations. These fluctuations which often have a definite periodicity are
called geomagnetic micropulsations.
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2. The plasma state
Matter in space is largely in the state of an ionised gas, called the plasma state,
The plasma state of matter is very different from the solid, liquid and gascous
states that we are more familiar with. An understanding of the plasma state,
especially its behaviour in a magnetic field, is a prerequisite for understanding
the magnetosphere.

One of the basic properties of an ionised gas is its tendency towards electrical
neutrality.’? If over a large volume, the number density ofelectrons deviates appre-
ciably from the number density of positive ions, then comparatively large electro-
static forces result which vield a potential energy per particle that is very much larger
than the mean random thermal kinetic energy. The principle of equipartiticn
of energy doesnotallowsuch a deviation to exist and consequently any deviation
from electrical neutrality would usually die down quickly.

A simple calculation helps to give a workmg definition of a fhsma Suppose the
number density of electrons and positive ions ina gas are n, and n; respectively,
and that each ion carries a chargee. The charge density in the gas would be
(n; - nede. For simplicity let it be assumed that the charge distribution gives an
electric field only in the x direction and that the associated electrical potential
¢ is given by Poisson’s cquation according to &2¢/¢x? = —(n; - 1) €/2, where the
usual notation of SI units has been used. Tf the electric field (i.e. -é¢/éx) is con-
sidered to be zero al a centre of symmetry at x = Qand if we fix ¢p=0atx =20,
then assuming that n; and ne do not vary with distance, the expression for ¢ is
¢ = (n; —-ng ) ex?2e,. This means that if a particle with charge e moves in the x
direction through a distance d from the centre its potential energy will change
by an amount AW = | n;—n, | ed?/2s,. The value of d which makes AW = 1KkT,
where T is the temperature of the gas in degrees Kelvin and k is Boltzmann’s
constant would be d == [KT/ | n; - n, | e2]t. When the relevant values of the constants
are put in, one obtains = 6.9(T/ [ n; - ne | )* cm where n; and n, are expressed in
particles per cm® This value of d is called the *“ Debye shielding distance”.
Physically, d would be the distance over which a given deviation from electrical
neutrality can be maintained. The principle of cquipartition of energy will not
allow such a deviation to exist over a greater distance without it dying down
almoest immediately. T d is much smaller than other characteristic lengths of
th“' problem then the ionised gas is called a plasma.

3. Disturbances in a plasma in the presence of a magnetic field
From the definition of a plasma, it is clear that for phencmena varying slowly
compared with the decay time of any charge density that may develop in the
medium, it can be stipulated that the charge density is zero and hence also the rate
of change of charge density. Then, since in basic electromagnetic theory the
displacement current D comes from a rate of change of charge density, it follows
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. that in slowly varving phenomena in a plasma, D can be neglected. When

considering the behaviour of a plasma in & magnetic field, if attention is limited to '
slow variations where D can be neglected, the subject is called magnetohydrodynamics

or MHD. If fast variations are considered where D cannot be neglected, such as

for radiowaves passing through the ionosphere, the subject is called magneto-ionic

theory.

4, Flements of maguetshydrodynamics (MHD)

In MHD, the plasma behaves essentially like an electrically conducting fluid
moving in the presence of a magnetic field.  As a result of the motion, electric
currents are induced in the fluid and these electric currents produce magnetic fields
of their own which modify the ambient field. At the same time, electric charges
travelling in a magnetic field are subjected to the Lorentz force, and this modifies the
motion of the plasma. Thus ong visualises constant interaction between field and
motion. Tt would be clear that the interaction must become unimportant for very
rapid field variations because of inertia, and hence, once again, it must be stressed
. that the subject of MHD is restricted to relatively slowly varying phenomena.

The fundamental equations governing MHD are :-

% 4 div o = 0 e
j=clELuglt A HD , 2)
Cuorl H = j 3)
Curl E = - w,H (4)
v I <= O - (5)
divD =0 (6)

where g is the mass density of the medium, v the velocity of the medium, j the
current density, o the electrical conductivity and E, H and D are the field vectors .
which have their usual significance. Equation (1) is merely the law of conservation
of mass. Equation (2) incorporates the Lorentz force on charged particles moving
in a magnetic field. Bquations (3) to (6) are Maxwell’s equations neglecting the
displacement current. Combining (2) and (4) and then substituting for j from
(3} it is easy to show that -

15 b
H = Cusl (v H) + EéV«H.
H is seen to be a sum of two parts. Let us consider them separately. If

H = Curl (v 5 H), then from (4) and (2} it follows that j = 0, which would mean
that there is no relative motion between the conducting neutral medium and the
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magnetic lines of force. In other words, the magnetic lines of force are frozen
into the medium and carried with the medium, IfL isa typical linear dimension
of the medium a typical relaxation time for the transport of H lines by this process
would be L/v. Oun the other hand, if we consider the second part separately and
put H = (1/uge)V2H we have a typical diffusion equation witha diffusion coefficient
& = 1/p,z which tells us that any applied magnetic field inhomogeneity will tend to
become homogeneous by lines of force slipping through the medium with a time
constant of the order of L%y, Tn the general situation, both these effects are
present; thet is, lings of force are partially carried with the mediwm, but there is
also some slipping of the lines of force through the medium.

There 15 an analogous situation in hydrodynamics in the viscous flow of duids.
We distinguish between streamling flow and turbulent flow.  In streamline flow, the
streamlines are stationary and the fluid slips through the streamlines easily, In
turbulent motion, the streamlines tend to be carried with the flyid. A characteristic
number called Reynolds number given by R = Lv gy~ determines when turbulent
motion is 1mportant.

In MHD, there is, a similar number which could be called the magnetic
Reynolds number, given by Ry == Lvy,c which determines whether transport
of magnetic lines with the medium dominates or whether the slipping of lines
through the medium dominates. If Ry> > 1, then transport dominates and the
magnetic lines are effectively frozen into the medium ; if Ry < < 1 then magnetic
lines diffuse easily through the medium. The condition Ry > > | is very rare
under Jazboratory conditions. However, in space, on a cosmic scale, L ¢an be very
large and the condition Ry > > [ is casily satisfied, and in fact this is the sitvation
that is usually met,

The freezing in of magnetic lines of force into a plasma introduces stresses within
the plasma medium. Since the magnetic energy per unit volume in a magnetic
field is p,H2/2 (SI units), the principle of virtual work leads to the result that a
magnetic field subjects the plasma 1o a tensional stress of yo/H? in the dircction of
the lines of force and simultaneously to a hydrostatic pressure of pH2/2 in addition
to the normal gas kinetic pressure produced by the random thermal motion of the
#as particles. In other words, one looks on the lines of magnetic force as taut-strings
embedded in the plasma medium which subject the medium to a tension, whilst at
the same time, they also cause an increase in the hydrosiatic pressure of the
medium. This picture is most helpful in understanding qualitatively the various
types of low f'requenby- mechanical waves that can travel through a plasma in a
magnetic field, :
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5. Waves in a plasma in a uniform magnetic ficld

When parts of a plasma medium are displaced, restoring forces of two types can
come into play. There is the normal type of pressure force involved through
compressions and rarefactions of the medium. If this is the only type of restoring
force involved, then we have pure sonic waves. On the other hand, any movement
of the plasma medium at right angles to a line of magnetic force will carry the line of
force with it and cause a magnetic restoring force to act. If the restoring forces
operating are purely magnetic in origin, they are called hydro-magnetic waves, Often,
both types of restoring force. are involved and the resulting wave is then called a
magneto-sonic wave.

If the movements of the medium are in the same direction as the lines of force, then
there is no distortion of the magnetic field. Only gas kinetic pressure forces
arising out of the compressions and rarefactions of the medium are involved and
we have pure sonic waves propagated parallel to the lines of force with the usual
velocity of sound, given by Cy= (yP/p)? where 7, P and p have their usual
significance. If the movements of the medium are at right angles to the lines of
force, we can have two situations. In one, there are no pressure fluctuations invol-
ved, for example, when there is a twist of a bundle of lines of force. The restoring
forces involved are then purely magnetic in origin and are due to lines of force acting
like stretched strings. The velocity of these twist waves travelling along lines of force
would by analogy with the velocity of transverse waves along a stretched string, be
given by Va=(p. H %p)t where H, is the strength of the ambient magnetic field.
These are the pure hydromagnetic waves, which are also called Alfvén waves,
after Alfvén who first visualised their existence. In the second situation, the
movement of the medium at right angles to the lines of force causes pressure
fluctuations in the medium caused both by gas kinetic compressions and rare-
factions and by magnetic field strength variations produced by lines of force
moving towards and away [fom each other, [t can be shown easily that the velozity
of such pure longitudinal magneto-sonic waves travelling at right angles to the
lines of force is (Cy?+V,2)t. These are the simplest cases, When the direction
of propagation is not along lines of force or at right angles, the situation is compli-
cated but, as will be explained below, two basic modes could be distinguished.

Thres basic vectors characterise the type of wave that is propagated through the
plasma. Theyare H, the ambient magnetic field vector ; &k the propagation vector
of the wave, which is in the direction of propagation of the wave ; and v the particle
velocity in the medium associated with the wave. Now, any v can be resolved
perpendicular to the plane (A, , k) and parallel to it, and this enables us to recog-
nise two basic modes : (a) v perpendicular to the plane (H,, k) called the transverse
mode and (b) v coplanar with (4, k). Suppose the angle bzstween the direction
of propagation of the wave front (i.e. k) and H,is ¢. The phase velocity in case (a)
3—13346
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is V = Va cos ¢ and the wave is essentially a transverse Alfvén wave largely
guided by the field lines but with its wave fropt inclinéd to the field lines. The
phase velocity V in case (b) can be shown to be the roots of the equation
V4 — V2 (V24 Cs?) + Va? Cs? cos 2 ¢ =0 which foragiven ¢ gives two real roots
for V2which correspond to a fast wave and a slower wave. In the magnetosphere,
conditions are such that VA>>>Cg and the faster mode corresponds to the magneto-
sonic wave described earlier, with V = (Va2 -+ Cs? )t when ¢ = 90° and which dege-
nerates into the pure Alfvén mode with V = V, when ¢ = 0. For intermediate
values of ¢, V takes on values between these two extremes. This mode is only
weakly guided by the field lines when V4 > > Cs and is more or less isotropic. The
slow wave corresponds to the pure sonic wave with phase velocity V = Cs when ¢ =
0°. In this mode, the phase velocity rapidly reduces to 0 as ¢ increases from
0 to 90°. Hence the slow wave is strongly guided by the fieid lines. Thus for a
given ¢, in general there would be three types of waves: (1) the transverse Alfvén
mode (2) the fast magnetosonic mode and (3) the slow sonic mode. A polar diagram
of the phase velocities of these three types of waves takes the form shown in

Figure 1.

Fisure 1. A polar diagram of the phase velocities of the three modes of propagation.
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Typs (3) waves are largely controlled by gas kinetic pressure fluctuations and
would therefors be unimportant where ion collisions in the plasma are rare like
in the magnetosphere. They are likely to become important only in the lower
ionosphere. Hence in the main magnetosphere we need distinguish only two
main types of waves : the transverse Alfvén mode, guided along field lines and the
fast magnetosonic mode, which is more or less isotropic. In a uniform plasma
which is uniformly magnetised, these two modes are independent. But non-unifor-
mity causes coupling between the two modes and this gives rise to elliptically
polarised waves, because in one mode v is perpendicular to the plane (H,, k) and
in the other mode it is parallel to this plane. This elliptical polarisation of the
wave could be left handed or right handed with respect to the field lines. The
heavy positive ions in the plasma would gyrate round the field linesin a Jeft handed
sense, thus qualitatively one would expect that the field lines would exert a bigger
control on the mode with a left handed polarisation. Hencesince it is the transverse
Alfvén mode that is strongly controlled by the field lines, in the magnetosphere
where the magnetic field is not uniform, the coupling of the two modes would make
the Alfvén mode show left handed polarisation with respect to the field lines
whereas the magneto-sonic mode which is only weakly controlled by the field lines
would show signs of right handed polarisation.

6. A plasma in a dipole field
Lzt us consider an idealised situation where the earth is associated with a dipole
magnetic field and is surrounded by a spherically symmetric plasma. ‘Certain basic
types of waves can be visualised in such a plasma. Consider a magnetic shell, that
is, a farnily of field lines dropping into a particular latitude and having all longitudes.
In the carth model, it could be considered that the lines of force are effectively
anchored to the base of the ionosphere. One can visualise standing waves set up
on these fisld lines such that the particle velocities are always on the surface of
the shell (Figure 2). If all the field lines of a shell move together, then these
movements constitute a twisting of the entire shell. The waves will be of the
Alfvén type and be confined 1o a torroid. Hence Alfvén typs wavesina dipole
field are often called torroidal waves. As in the case of a stretched sonometer wire,
the period of the fundamental mode of these torroidal waves in a magnetic shell
would be twice the travel time of an Alfvén wave moving along the field line from
the conjugate points A and B of a field line. The period of the second harmonic
would be half this pariod. These cigen periods would clearly depend on the length
of the field line and the actual plasma density distribution along the line, and hence
they would vary with the latitude of intersection of the shell with the earth’s surface.

One can also visualise oscillations where the particle movements arc at right
angles to the surface of a shell (Figure 3). Here, the magnetic lines move in the
meridian plane and move closer or away from lines in neighbouring shells, giving
rise to magazato-sonic type waves. These are also called poloidal waves because the
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particle movements are essentially towards or away from a pole. These poloidal
waves move across the field lines and spread to fill the entire plasma rather than
being selectively guided by the field lines as in the torroidal mode. The fundamental
period for standing waves of this type in the idealised earth medel would be like that
of a resonance tube closed at one end ; that is, lour times the time taken for the
magneto-sonic wave in the fast mode to travel from the ionosphere to the upper

boundary of the plasma.

It will be appreciated that in the poloidal mode, the entire plasma resonates and
the same period should be scen at all points. Oscillations in this mode should
therefore not be latitude dependent.

Fundamental 2nd Harmonic
Torreidal Mode

5 Bl Figure 2. Standing wave patterns in the torroidal mode.
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Fundamental 2nd Harmonic
Poloidal Mode

Ficurr 3. Standing wave patterns in the poloidal mode.
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These are the simplest modes. More complicated types of standing wave modes
can be visualised where, for example. waves could be guided along field lines and
yet be localised in longitude giving rise to what are called guided poloidal type
oscillations.  Obviously, very complex situations could arise. However, the
simple picture presented above suffices to obtain a basic understanding of some of
the oscillations that occur in the actual earth’s magnetosphere.

7. The atmosphere above the earth’s surface

Up to an altitude of about a 100 km, the atmosphere could be regarded as an
unionised gas. From 100 km upwards, the atmosphere is appreciably ionised and
we enter the region called the ionosphere. Collisions of ions with neutral molecules
is frequent in the lower region of the ionosphere, but are less frequent in the upper
regions. Beyond an altitude of about 600 km, the mean collision interval is larger
than 600 s and the medium begins to behave like a plasma with geomagnetic field
lines frozen into it and supporting hydromagnetic and magneto-sonic waves of the
type described in the foregoing sections.

A uniform atmosphere settling under gravity does so with its mass density )
decreasing exponentially with height. On the other hand, the earth’s dipole field
H, decreases with altitude as the inverse third power of the distance from the earth’s
centre. Under such circumstances, the Alfvén wave velocity Vi = ( voHy?/p )¥
would decrease with altitude.

In the actual atmosphere, however, there arc two regions where ¢ decreases much
more rapidly than exponentially, causing Va to increase with altitude. The first
ol these regions is between an altitude of 1,500 km and 3,000 km. In this region
there is a very rapid decreasc in p because the proportion of heavy ions compared
with hydrogen decreases rapidly with height due to differential settling under gravity,
At a height of about 3,000 km the plasma virtually consists entirely of hydrogen
and there is again an exponential decrease in g, causing VA to decrease with altitude
again.

The second region begins at an altitude of about 12,000 km, which is about 2
earth radii above the earth’s surface and extends up to an altitude of about 5
earth radii above the earth’s surface. In this region, collisions are so rare that ions
spiralling round lines of force and mirroring between conjugate points begin to build
up the great radiation belts called the Van Allen radiation belts.  As these particles
spiral and mirror along lines of force, they also drift laterally because the earth’s
magnetic field decreases with altitude. This gives rise to an effective * ring current”
which flows round the carth. The centre of gravity of this ring current is at an
altitude of about 20,000 km which is about 3 earth radii above the surface of
the earth. By Lenz’s law, this ring current flows in a direction which would pro-
duce a magnetic field which opposes the cause that gave risc to it, namely the
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decrease in H, with altitude. Hence, the magnetic field of the ring current would
decrease the earth’s field within it and enhance the earth’s field outside it. The
total pressure in the plasma is, as was shown earlier, Py, Hy?/2. This means that
for pressure balance, an increase in H, can occur only at the cxpense of P and
hence of ¢ the density of the plasma. Thus. as one crosses the region of the radiation
belts there is a sudden drop in ¢. This boundary region is called the plasmapguse.
Typically, the density within the plasmapause is some 20 times higher than the
density outside. Hence there is an increase in the Alfvén wave velocity VA with
altitude in this region. The region within the plasmapause is sometimes called the
plasmasphere, and the plasmapause marks the outerboundary of the relatively dense
plasma which rotates with the earth.

The Alfvén wave velocity VA varies with altitude roughly as indicated in
Figure 4.
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Figure 4. Vanation of Alfvén wave velocity with altitude.

8. The actual magnetic field of the earth

The dipole magnetic field of the earth has an internal origin. It is distorted by
three main external sources which are : (1) ionospheric currents, (2) ring currents,
and (3) the solar wind.

At the earth’s surface, ionospheric currents are much closer than the other
disturbing sources, and variations in the earth’s magnetic field detected at the
earth’s surface are ultimately due to ionospheric currents. Qutside the ionosphere
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in the region of the plasmapause, ring currents dominate. Beyond the plasmapause,
rocket and satellite observations have revealed that the earth’s field is distorted in a
most temarkable way, due to the interaction of the solar wind with the earth’s
magnetosphere.

The solar wind is a stream of plasma which flows radially out of the sun through
the solar system. [Its existence was directly verified in 1962 by the Mariper 2
probe to Venus, and was shown to consist of protons and electrons. It has a quies-
cent bulk velocity of about 275 km/s near the earth’s orbit. The sonic velocity in
the solar wind is only about 20 km/s, which means that the solar wind is highly
supersonic with a mach number of over 10. This supersonic wind hits the earth
system. :

As described earlier, the earth’s magnetic field traps a plasmaround it in the great
radiation belts. If there was no solar wind, the earth’s magnetic field would be
largely dipolar, with a small distortion due to the ring currents of the radiation belts.
By Lenz’s Law, the supersonic highly conducting solar wind cannot penetrate into
this earth plasma which contains the earth’s magnetic field, It must flow round
it. In other words, the solar wind sees the earth plasma as an obstacle in its path.

When a supersonic wind meets an obstacle, a shock pressure front must develop.
Such a shock front does exist where the solar wind meets the magnetosphere.
It was discovered by the IMP-1 satellite in 1963/64. The outer boundary of the
magnetosphere is called the magnetopause. Satellite observations have revealed
that there is a turbulent region between the shock front and the magnetopause to
which the name magnetosheath has been given.

The total pressure in a plasma is P + u,H2/2. Just outside the magnetopause,
conditions are such that P > >y, H%/2 and the magnetic field has little control
over the mechanical motion of the solar wind. However, within the magneto-
pavse pH*2>>P and the motion of the plasma is completely controlied by
the magnetic field.1®

Satellite observations have also revealed a most extraordinary situation,
behind the earth, in a direction away from the sun. It was found that the
geomagnetic field stretches to form a long comet-like tail which extends well
beyond the orbit of the moon.8 The existence of the tail indicates that the
solar wind catches geomagnetic lines of force at the magnetopause and blows
them out behind the earth. This stretching of the lines would be resisted by the
tensional stress uoH? in them. In the tail, the field is directed towards the sun
in the northern half and away from the sun in the soutlern half. It has also been
found that there is a well defined neutral sheet between the two halves, where
as expected from the requirements of the P+4p,H?/2 pressure balance, the plasma
density is relatively large.

A schiematic drawing of the magnetosphere is shown in Figure 5.
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FiGure 5- A sphematic drawing of the magnetosphere.

9. Hydromagnetic waves in the magnetosphere

Qbservations from interplanetary space probes and satellites have revealed that
there are variations in the solar wind velocity and particle density. These varia-
tions must give rise to fluctuations in pressure at the magnetopause. Also, just
as much as waves are generated on the surface of a cheet of water when a wind
plays on it, due to a process arising out of a phenomenon called the Kelvin-Helm-
holtz instability, there is an analogous instability at the magnetopause due to the
solar wind flowing round it, which should generate surface hydromagnetic waves
at the magnetopause, Processes such as these cause the magnetosphere to vibrate
like a jelly. Complicated modes of standing waves can be set up, and these
are only being gradually understood. After abéut ten years of research, a basic
understanding is emerging although a lot more work remains to be done. This
article presents only a qualitative description of some of the basic modes that
could occur.

Let us first consider the surface waves generated on the magnetopause by the
solar wind playingonit. From the stagnation point at the nose of the magneto-
sphere, the solar wind branches out towards the dawn and dusk meridians. Due
to the earth’s orbital velocity relative to the radial solar wind, the axis of sym-
metry of the magnetosphere is on an average tilted about 10 to 23° from the carth-
sun line (Figure 6).°
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Figure 6. The solar wind playing on the surface of the magnetosphere.

The turbulent magnstic field in the magnetosphere carried by the solar wind,
is preferentially directed towards the dawn and dusk meridians. Surface waves
on the magnetopause will, like waves on the sea, have an approximately elliptical
motion, the rotation being in the opposite sense on the dawn side and the dusk
side from the stagnation point. The earth’s magnetic field lines, which would
come out of the plane of the paper in the diagram of Figure 6, being frozen into
the magnetospheric plasma, will participate in this elliptical motion of the plasma
on the magnetopause, and hence generate elliptically polarised Alfvén waves along
the field lines which are near the magnetopause. Looking in the direction of the
magnetic lines, the polarisation would be left handed on the dawn side and right
handed on the dusk side, with the line of change being at about the 11.00 h
meridian. Observations made from the Explorer 33 satellite in 1970 support
this picture. The fizld lines excited by this mechanism are on the outermost
magnetic shell. The eigen period of the fundamental mode for standing waves
(Figure 2} on these lines is about 10 to 15 min. These field lines dip into the
earth at high latitudes and large, long period oscillations of the earth’s magnetic
field (called Pc 5 type micropulsations) observed at ground stations in high
latitudes (68 to 70°) would appear to correspond to these oscillations.

The variations in pressure on the magnetopause caused by variations in velo-
city and density in the solar wind, should generate poloidal oscillations especially
in the central regions of the sunlit magnetopause. The Alfvén wave velocity
418346
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variation with altitude show twe maxima (Figure 4). In these regions, the
gradient of the refractive index for these waves change rapidly. Such regions
form boundaries for hydromagnetic waves, where a fraction of any incident
energy will be reflected. Thus, for hydromagnetic waves the magnetosphere gets
divided up into a number of cavities in which the waves could form standing
wavs patteras. For example, the region between the plasmapause and the mag-
netopause would bshave like a resonance tube closed at one end. The region
between the Alfvén velocity maximum at about 2,000 km and the plasmapause
would behave like a resonance tube with nodes at both ends. Eigen periods
corresponding to standing waves in these work out to be between 20 and 150 s
and these would appear to correspond to Pc2, Pc3 and Ped type geomagnetic
micropulsations which are observed at ground staticns, mostly during day-light
hours (Section 10).

This is a very simplified picture. There is strong coupling between the poloidal
and torroidal modes in the inhomogeneous field of the earth in the magnetos-
phere and hence oscillations of one type will generate the other and vice versa. The
actual situation is therefore complicated.

At night-time, especially towards midnight, sharp pulses of damped oscillations
called Pi2 type micropulsations are observed in the geomagaetic field. These
oscillations would appear to bs connected with an impulsive type of phenome-
non in the geomagnetic tail. A possibility that has beensuggested is the reconnection
of oppositely directed field lines across the neutral sheet. This forms a situation Jike
that of a stretched catapult. The reconnected lines snap back like the strings of a
catapult and in doing so catapult the plasma in the neutral sheet between them
towards the earth giving rise to, amongst other things, an impulsive stimulation
of the resonating cavities on the night side of the magnetosphere.

So far, only standing waves in the magnetosphere have been considered, These
have slow periods and wavelengths of the order of the linear dimensions of the
magnetosphere. When the wavelength of hydromagnetic waves is very zmall
compared with magnetospheric dimensions there is the possibility of travelling
hydromagnstic waves in the magnetosphere. These waves have periodicities of
the order of 0.2 to 5s. Such periodicities are detected in geomagnetic micropul-
sations and are called Pcl type oscillations. it is interesting to note that in the outer j
magnztosphere the magnetic field strengths are such that the period of gyration of
protons in these fields is also of the same order of magnitode as these oscillations.
One can then imagine a resonance interaction between Alfvén waves with these
periods travelling along the outermost field lines and showing a left handed elliptical
polarisation, as explained earlier, and the gyrating protons. By a process called
“ Landay Damping” the hydromagnetic wave can lose energy to the rescoant
particles, and the reverse can also happen through a mechanism called the cyclotron
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resonance mechanism. These processes could cause pulses of oscillations to run
up and down the field lines after being repeatedly reflected at conjugate points (e.g.
A and B in Figures 2 and 3), where a ficld line dips into the ionosphere. At each
reflection, a part of the wave will get reflected and a part will get transmitted to the
earth. Pcl micropulsations are indeed observed at conjugate points at high latitudes
where the outermost field lines dip into the ionosphere. Further, the repetitive time
of pulses of osciilations corresponds to the expected time taken for an Alfvén type
oscillation to travel up and down the appropriate field line. These Pcl oscillations
are also observed at other latitudes because a part of the energy gets conducted to
these latitudes by means of current patterns induced in the ionosphere by the
oacillation of the ficld lines,

10. Geomagnetic micropulsations observed at the earth’s surface

Geomagnetic micropulsations are small fluctuations with periods between about 0.2
and 600 s that are observed to occur in the earth’s magnetic field recorded at the
earth’s surface, The amplitude of these fluctuations vary from a fraction of a y to
about 10 y where a v is equivalent to 10-° oersted. The quiescent strength of the
carth’s magnetic field in equatorial regions like Sri Lanka is about 0.4 oersted or
40,000 y. Hence it will be realised that these fluctuations are relatively small and
that special sensitive techaiques have to be used to record them.

These geomagnetic micropulsations are sometimes continuous in character and
are called Pc type oscillations (P for pulsation, ¢ for continuous). Pc type oscilla-
tions ocecur largely during day-time. Night-time micropulsations are, more often
than not, impulsive in character and are like heavily damped oscillations.. Such
oscillations are called P; type oscillations (i for impulsive). By international
agreement, geomagnetic micropulsations are classified according to period as
follows :-

Type of oscillation " Period range seconds
Pcl 0.2—5
Pc2 5-10
Pc3 10—45 -
Pcd 45150
Pcs 150—600
Pil 1—40

Pi2 : 40—150

The need for electrical nsutrality in a plasma requires that, for slowly varying
phenomena like geomagnetic micropulsations, the electrical charge density in a
plasma be taken as zero. As pointed out earlier, this also requires that the dis-
placement current D in the plasma be taken as zero, and the fundamentalequations
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governing plasma oscillations would be as stated in equations (1) to (6) in Section 4.
It will be seen from equation (3) of Section 4 that the magnetic field variations in a
plasma corresponding to the periods considered here must originate through fiuc-
tuating current densities only. and not through changes in the displacement current
D as well, as is the case in the usual electromagnetic wave theory.

In the magnetospheric plasma, four main regions where current densities are
likely to be generated can be identified. They are : (1) the magnetopause where
surface currents would be induced due to interaction with the solar wind, (2) the
plasmapause which is the region of the ring current produced by the great radi-
ation belts, (3) the neutral sheet in the geomagnetic tail of the magoetosphere and
(4) the ionosphere. The magnetic effects of these currents would drop off roughly
in inverse proportion to the distance from the current sheet. The nearest current
sheet to the earth’s surface is the ionosphere which is at least a few hundred times
nearer than the next nearest current sheet at the plasmapause.

Ficure 7. lonospheric current pattern giving rise to geomagnetic micropulsations.

Hydromagnetic waves in the magnetosphere impinging on the ionosphere must
produce fluctuating current systems in the ionosphere like the wall currents in a
wave guide. In equatorial regions and mid-latitudes at least, it should be the
induction effects of these current systems in the ionosphere, together with the
image currents they induce in the earth, that are observed as geomagnetic micro-
pulsations. Tt can be concluded, therefore, that hydromagnetic waves with the
same periodicities as observed in geomagnetic micropulsations must be present in
the magnetosphere. 1t is, however, not easy to infer the nature of the hydromag-
netic waves incident on the ionosphere from a study of the geomagnetic micropui-
sations recorded at the earth’s surface. Various aticmpts have been made with
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. model ionospheres to evaluate transmission coefficients for Lydromagnetic waves
falling on them. These calculations are, as yet, not very convincing. Furthermore,
the induced earth currents could vary drastically depending on the locality where
cbservations are being made, and these earth currents could seriously distort the
observed micropulsations, especially their polarisution.  These factors indicate
that geomagnetic micropulsations mmst be interpreted with caution.

By analysing the distribution patiern of simultaneous signals from recorders
distributed at various points on the earth’s surface, Jucobs and Sinno* suggested as
early as 1960 that an ionospheric current pattern of the type indicated in Figure 7
seerned to be the agency responsible for at least the long period micropulsations
observed at the carth’s surface,

The current pattern induced in the ionosphere due to the tidal motior of the
atmosphere, called the Sq. current patiern is also similar.® This sort of pattern,
where there are big loops of current on either side of the geomagnetic equator
which join up over the equator to produce a sort of equatorial jet current seems to
be a natural pattern for the ionosphere. In the case of the Sq. current pattern
caused by tidal motion, the current jet over the equator is very marked at midday
longitudes, and is called the equatorial electrojet.

11. Research on geomagnetic micropulsations in Sri Lanka

Geomagnetic micropulsations can be studied by measuring the small currents or
eiectromotive forces induced by them in suitably designed coils, or by measuring the
currents induced by them in the earth’s crust near the surface (telluric currents).

Lnvestigations on geomagnetic micropulsations using the first technique were initi-
ated at the Physies Department of the University of Ceylon, Colombo in 1963 (on
the author’s suggestion) by P. C. B. Fernando and the author.® Measurements of
telluric currents were initiated at the Vidyodaya University of Ceylon by P. C. B.
Fernando and A. Perera in 1968.2

Experimental details are given in the relevant papers ; this puper briefly indicates
the significant results of investigations conducted in Sri Lanka. When these
investigations were begun in 1963, the magnetosphere was little understood. The
solarwind had only beenrecently discovered and there was virtually no informatien
on geomagnetic micropulsations from equatorial regions, Records from high and
middle latitudes had indicated that the dominant period of micropulsations in high
(auroral) latitudes was about 55 to 60 s und that this dominant period decreased
as the latitude decreased.
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Fernando and Kannangara? showed that the main characteristics of Pc3 and Pc4
type micropulsations recorded in Colombo during the period 20 April to 23 May
1964 were :-

(i) The total micropulsation activity hasa mean diurnal variation that builds
up to 2 maximum just before local noon. There also occurs a slight
enhancement of activity around lecal midnight.

(i) The total activity shows a strong positive correlation with Kp (a world
wide magnetic disturbance 1ndex).

(iii) The observed activity in the Pc3 and Pe4 band micropulsations is mainly
confined to perinds lying between 30 and 60 s with peak activities at
(38 + 5) s and (60 + 5) s,

(iv) The 60 s peak is the dominant one and is highly stable, occurring both in
day and night signals. It is also composed of the larger amplitude signals.

(v) The 38 s peak is constituted from smaller amplitude signals and is
enhanced under day-time conditionsand particularly under magnetic storm
conditions.

(vi) The midnight pulsations form a rather bread spectrum with no pronoun-
ced peaks at 38 or 60 s buta broad peak at (55 + 10)s. These are found
to consist mainly of damped oscillations of the Pi type.

(vii)  Apart from perhaps some sporadic bursts of activity, there is no indica-
tion of a general resonance at a period of the order of 20 s as had been
reported by many mid-latitude stations,

The dominant period and some other characteristics of the micropulsations
recorded by Fernando and Kannangara werc in fact more similar to the micropul-
sations found in auroral latitudes rather than in middle latitudes. This observation
lent support to the view put forward by Jacobs and Sinno described previously
(Section 10). The ionospheric current loop which flows over equatorial regions
would continue round to auroral latitudes and hence similar micropulsations
should be seen both at equatorial and auroral latitudes.

Kannangara and Fernando,” made a detailed analysis of night-time Pi2 micro-
pulsations from continuous records of micropulsations taken over a whole year in
Colombo from 17 October 1964 to 16 October 1965. The main characteristics of
these night-time Pi2 pulsations were :-

(i) Pi2 cvents are, most prominent, especially about midnight, during the
equinoxes.

(i) The rate of occurrence of Pi2 events increases almost linearly with Kp up
to a Kp Jlevel of at least 5.
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(iii) The dominant periodicity of Pi2 events shows u definite Kp dependence,

(iv)

the median shifting smoothly from a value of about 100 s at the Kp == 0
level to about 45 s at the Kp = 5 level.

Pi2 oscillations tend to have longer periods when they occur at, or
immediately before, midnight and to have shorter periods when they
oceur at predawn.

Perhaps the most interesting result of this analysis was the spectacular increase

shown in

Pi2 activity at the equinoxes. It was pointed out that the neutral sheet

of the magnetosphere points directly at the earth only at the equinoxes. This
can be deduced easily if it is realised that the schematic picture of the mag-
nstosphere shown in Figure 5 corresponds to summer in the northern hemisphere.
A convincing mechanism which would cause an enhanced Pi2 activity at the
equinoxes has not yet beer worked out.

Polarisation studies of micropulsations were made by the author in Colombo
from records taken during the period April to December 1971.¢ The following
pelarisation characteristics were observed:-

@)
(ii)

(iii)

(iv)

)
(vi)

(vii)

The magnetic vector of the micropulsations lies almost entirely in the
plane of the magnetic meridian,

The magnetic vector is almost horizontal for signals with periods <60 s
at all times.

As the period increases, the magnetic vector becomes more inclined to
the horizontal. This increase in inclination as the period increases
is very gradual at night-time and AZ/AHisstill ~0.2at a period of
600 s. During the day-time, AZfAH increases much more as the period
increases and has a value of about 0.6 at a period of 600s. (AZ = ver-
tical compodent, AH = horizontal component}.

The building of AZ/AH for long period signals during day-time sgems
to follow the build-up and decay of the E region of jonisation in the
ionosphere. '

The equatorial elecirojet current does not have a first-order effect on
the polarisation of micropulsations.

The polarisation characteristics do not show a first-order seasonal
dependence.

In a periodic signal with both H and Z components, when H increases
in a S—N sense, Z increases ina vertically downward sense and vice versa,
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The author has shown that ail these polarisation characteristics ohserved in
Colombo could be explained in terms of a current pattern in the ionosphere of the type
shown in Figure 7 as bzing the agency responsible for the micropulsations observed
at the earth’s surface, For equatorial stations like Colombo, the ionospheric currants
inducing the micropulsations would be currents flowing in the E & W direction
over the region of the geomagunetic equator.  During day-time these currents weould
be in the E region and at night-time when the E ragion disappears the current would
rise to the F region. The magnetic disturbance recorded at the carth’s surface would
be the resultant magnetic offect of this isnospharic current and its image current in
the conducting earth. If the earth was a perfect conductor, the image current would
be a current of the same strength as the ionospheric current and situated as far below
the surfuce of the earth as the jonospheric current is above it. However, the earth is
not a perfect conductor, and from considerations of skin depth of penctration of
electromagnetc signals into a surface with finite conductivity, it was deduced that the
effective image current would ba situated deeper in the earth than the mirror image
position, and also the depth of the image in the earth would increase as the
periodic time of the signal increases. A surface observer then becomes asymmetri-
cally placed with respect to the ionespheric current and its image, and hence
depending on the degree of asymmetry, a Z component nwst appear in the
micropulsation signal when the observing station is not directly on the geomagnzetic
equator. The bigger the asyminetry, the bigger would be the Z component. Thus,
the increase in AZ/AH as the period increases 2and the reason for the increzse
being not so maiked at night-time 1s understandable, because a shift of the
ionospheric current to the much higher altitudes of the F region would reduce the
asymmetry. Hence a very satisfactory explanation of the polarisation characteristics
observed in Colombo could passibly be made. Incidentaly, the sense of polarisation
of the signals indicated that the ionospheric current sheet was north of Colombo,
and indeed the geomagnetic equator passes through Sri Lanka in the region of
Vavuniya, which is about 150 miles north of Colombo,

An obvious check on these results would be to maks= polarisation studies north of
the geomagnetic equator and on it. This is being done presently by K. Kunaratnam
of the University of Sri Lanka, Colombo Campus. He is taking recordings in
Jaifna and Vavuniya; the former is located north of ths geomagnetic eqguater, and
the latter is more or I23s on the geomagnetic equator. Praliminary results reported
by Kunaratnam give striking eonfirmation of the interpretation given above. The
sense of polarisation of the signals recorded in JYaffna is opposite to that of
the signals recorded in Colombo, and the signals recorded in Vavuniya have no
vertical component at all. Mathematical suppert for the model used by the author
has been given by Park.1e

It was not possible to record the fast Pc1 micropulsations at the Calombo
Campus. Howsver, the telluric curvent recorder set up at the Vidyodaya University,
Nugegoda was capable of recording these signals.  Fernando! prescoted an
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analysis of 117 Pc 1 events recorded at Nugegoda. Pecl oscillations often appear as
short emissions which repeat themselves at regular intervals, giving the appearance
ofl a string of pearls on the recorder chart. Hence these events are often called
pearl events. The main features of the pearl events observed by Fernando were:

(i) Pearls occur in the day-time with peak occurrences between 1030 and
1100, 1230 and 1300 and 1530 and 1630 h local time,

(if) The most probable: (a) duration of a pearl event is about 10 min,
(b) number of emissions (bursts) per event is between 5 and 10, (c) dura-
tion of an emission is between 40 and 50 s, (d) time interval between
iwo successive events is 10 min to 1h.

(iii) During the day-light hours the mean wave period t, remains substan-
tially constant while the mean repetition period between successive
emissions Ty reaches a minimum at 1230 local time.

(iv) The most probable mean wave period ty, is between 1.0 and 1.5s.

(v} The most probable Tfty ratio is 40 + 10 for all events, 50 + 10 for
events with tp, < 25 and 35 + 10 for events with tp = 2s. The Ty/tm
ratio of noon signals is almost half that of the afternoon and morning
signals.

Fernando interprets this last observation of the halving of Ty, (tm is substantially
constant) for noon signals as being due to the feeding in of energy from Pcl signals
to both the northern and southern loops of the equatorial electrojet current system
in the ionosphere through conjugate points in the northern and southern zones.

Normally, the repetition period T, between two successive Pcl emissions would
correspond to the time taken for a packet of hydromagnetic waves to travel along
the outer field lines of the magnetosphere from one conjugate point to the other
and back again. When the equatorial electroject current system which is crgated
by the tidal motion of the ionosphere is fully developed, Fernando considers that
at each “bounce” of the hydromagnetic wave packet at a conjugate point in the
northern hemisphere and in the southern hemisphere respectively, energy is fed into
the appropriate current loop in the ionosphere and gets carrjed into the equatorial
regions. Hence in equatorial regions Ty, becomes halved at noon when the
equatorial clectroject current system is fully developed. The Vidyodaya results thus
appear to be another pointer to the important role played by ionospheric current
systems in the generation and propagation of geomagnetic micropulsations of all
periods from Pcl pulsations to Pc5 pulsations observed at the earth’s surface.

This account reveals that with very modest equipment and very meagre resources,
Sri Lanka has made a small but significant contribution to this fascinating field of
research.

5—13346
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Essential Oils
I1. Infra-Red Spectroscopy in the Analysis of the

Volatile Qils of Cinnamonfy
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(Paper accepted : 17 April 1974)

Appropridte Technol

Abstract : The chemical composition of cinnamon leaf, stem bark and root bark oils
has been examined recently using GLC methods. Infra-red spectroscopy has been used
in essential oil studies, mainly as a qualitative technique. In this study, infra-red
spectroscopy has been employed to quantitatively estimate the main constituents
of the cinnamon oils. Theseinclude eugenol, cinnamaldehyde, acetyleugenol, cinnamyl
acetate and bepzyl benzoate in leaf oil ; cinnamaldehyde, eugencl and cinnamyl
acetatein stem bark oil ; camphor, 1:8 cineole and cinnamaldehydein root bark oil.
The results obtained are in close agreement with those obtained by GLC.

1. Introduction

Infra-red spectroscopy has been widely used in analytical studies on essential oils,
together with other modern instrumental methods such as GLC, NMR and Mass
Spectrometry. Farnov® has discussed the relative merits of the infra-red spectroscopic
techniques and chromatographic methods in the analysis of essential oils. He has
attempted to identify the spectra of many of the essential oils in terms of the features
of the spectra of the major constituents in each of them. For example, the infra-red
spectra of lavender oil, lavendin oil and spike oil show striking similarity. The two
former oils contain mainly linalool and linalyl acetate and their spectra display the
features of the spectra of these individual compounds. Spike oil, on the other hand,
contains substantial quantities of 1 : 8 cineole and camphor, in addition to linalool,
and its spectrum therefore displays much of their characteristics. Carroll and Price?
have used infra-red spectroscopy as a routine analytical method for analysis of essen-
tial oils ; they have used peak intensity measurements in the analysis of citronella
oil. Das Gupta and Bhattacharya#* have successfully used infra-red spectroscopy as a
method of distinguishing between the two geraniols obtained from Java citronella oil
and Indian palmarosa oil. Our experience with Sri Lanka cinnamon oils is that the
genuineness or otherwise of these oils could be readily revealed by a casual cxamina-

2-5

tion of their infra-red spectra.l®

¥ This Journal, 1 (2) : 67-81 is now considered as Part I of this Series.
* This work will form part of a Ph.D, thesis requirement (University of Sri Lanka, Colombo

Campus) of Kanthi H. Fonseka.
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Qualitative and semi-quantitative analytical data based on the infra-red spectra of a
great many essential oils have been compiled by Bellanato and Hidalgo.? Our studies
on the Sri Lanka cinnamon oils have revealed several ambiguities and errors in the
assignment of peaks in the spectra of these oils by these workers. Infra-red spectros-
copy has hitherto been used successfully to supplement GLC methods in the study of :
essential oils.12-18  However, its role has been primarily qualitative. We have success-
fully used infra-red spectra as a means of quantitatively determining the major
constituents of the cinnamon oils. Our studies are being extended to other essential
oils produced in Sri Lanka.

2. Experimental

2.1. Samples of oil

Samples of essential oils analysed were genuine oils obtained from reliable commercial
sources in Sri Lanka ; some samples were distilled by us from authentic plant
material gathered from the cinnamon growing areas in the southern part of the
island; these samples were also used in a previous study!? employing GLC methods.

2.2. Infra-red spectrophotometry

The apparatus used was a Perkin-Elmer model 700 double-beam spectrophotometer
with sodium chloride optics. Spectra were recorded as smears or as solutions in
chloroform (spectro grade) ; optimum dilutions and cell thicknesses were pre-
selected. Anequivalent cell containing chloroform placed in the path of the reference
beam was employed to compensate for the absorptions due to the solvent. All
solutions were made using Hamilton micro-syringes for measurement of the essential
oils and components.

The validity of the Beer-Lambert Law for quantitative analysis was first established
by plotting Absorbance at selected frequencies against Concentration, a linear
relationship being obtained.1® -

2.3. Measurement of absorbance

Absorbance was measured by use of the 'baseline’ technique.?

2.4, Assignment of absorbance peaks

The assignments of the peaks of the infra-red spectrum of an essential oil as being due
to various individual constituents were made by comparison with the characteristic
peak frequencies in the individual spectra of the pure constituents. The peak enhance-
ments in the spectra of the essential oil caused by the addition of a small amount of a
pure constituent helped to further indicate such peaks as being due to that particular
constituent (Figure 1).
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Figure 1. Peak enhancement caused by addition of acetyl eugenol to cinnamon leaf oil.
Continuous line -— Cinnamon leaf oil.

Dotted line — Cinnamon leaf oil to which acetyl eugenol has been added.
2.5. Differential spectroscopy

The peak assignments were confirmed by differential spectroscopy.’® Here, a small
amount of the respective pure compounds was added, one at a time, to the solvent
in the reference beam. This resulted in the peaks due to this constituent being
reduced (Figure 2). If the quantity added was exactly equal to the amount present
in the oil (where the peak is due solely to this compound), the complete disappearance
of this peak was observed. Thus, after the estimations by the methods discussed in

2.6. below were carried out, the accuracy of these estimates was checked by obtaining
the differential spectrum.
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Ficure 2. Reduction of the intensity of peak 1755 in cinnamon leaf oil caused by the
: addition of acetyl eugenol to the reference beam.

Continuous line — Cinpamon leaf oil.

Daotted line — Cinnamon leaf oil when compensated with acetyd eugenol.
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R. O. B. Wijesekera and Kanthi H. Fanseka

The quantitations were made graphically by measuring the absorbance and then using
this value to read the percentage from a previously plotted calibration curve.
But this method was found to be comparatively tedious as a calibration curve was
necessary for every compound. Alternatively, the average value of the abserbance at
a selected frequency for a pure component was used to measure the amount of the
same substance present in the essential oil by making use of the Beer-Lambert Law.

By this law,
I _—

loge = =
Le. 4 =

where I, =

I =
A =

Ioe —kel

e kel

kel

kel (1)
Intensity of incident light I
Intensity of transmitted light

Extinction coefficient

Concentration in g/l

Path length in cm

Absorbance or optical density

For a pure substance if the absorbance 4 is determined for a known ¢ and known /,
then equation (1) could be used to find the unknown concentration ¢’ in the essential
oil if the absorbance A’ of the essential oil is determined for a known or same [.

TaBLE 1. Observed absorbance 4 for path length 0.5 cm (I).

b Absorbance Frequency cm—1

Compound Concentration A selected
Eugenol 3.33 0.626 3540
Acetyl eugenol 0.41 0.589 1750
Cinnamyl acetate 0.41 0.840 1730
Benzyl benzoate 0.41 0.765 1715
Cinnamaldehyde 0.41 0.729 1670
Camphor 0.83 0.720 1730
1 : 8 cineole 3.33 0.652 975
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2.7. Qnuantitation technique with changing baseline _ ;

In some cases, although there were sharp peaks due to certain single components in
the spectra of the essential oil, the direct estimation of that component by making use
of equation (1) was not possible. ~ This was due to the baseline of the peak in the
spectrum of the essential oil changing markedly from that of the pure component.
In such cases, it was possible to obtain an estimate by adding a small quantity (mea-
sured amount) of the pure component to the essential oil and measuring the new
absorbance. It was found that the addition of a little of the pure component to the
essential oil did not in most cases change the baseline of the peak given by the essential
oil itself to any appreciable extent. As an example, say the required concentration
of a pure substance in the oil is X g/1. Then the absorbance is given by:—

A=kel = KX (2

In this equation, 4 can be found experimentally. If a little amount X, is added to
the oil, with the base line remaining virtually the same, the new absorbance

A = K(X+X) (3)

Hence, by measuring 4’, and knowing X,, X can be found from the two équations
(2) and (3).

Our estimation of eugenol in the cinnamon root bark oil was based on this method
where we employed the absorbance at 1505 cm-t,

2.8. Quantitation with multiple absorbance

When a certain peak is due to two or more constituents and the constituents aré
correctly assigned, the additive relationship of absorbance could be used for

estimation. 1t
Ve Z ki, e 1 “
i

or for two components
Ay =k el + ky ol (%)

where both components absorb at the same frequency. In our estimation of
1 : 8 cineole in cinnamon root bark oil, equation (5) wasemployed. Here, the peak at
975 em~1is contributed by cinnamaldehyde and 1 : 8 cineole. Since the concentration
of cinnamaldehyde can be found from other peaks, this 975 cm—! absorbance gave an
easy cstimation of 1:8 cineole. From equation (5), 4 = K, ¢; + K, ¢,
If the subscripts 1 and 2 refer to cinnamaldehyde and 1:8 cineole respectively,
¢; can be found by measuring A for the oil and K, and X, for the pure components.
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TaBLE 2. Peak assignments for qualitative analysis of cinnamon leaf oil.

Frequency cm™!

Contributing components

3500
3400
3065
3000
2970
2940
2910
2840
2740

2640
2580
2540
2400
2300
2250
2060
2160
1970
1840
1755
1735
1715
1675

1635
1600
1510
1490
1460
1450
1430
1365
1270
1230
1210
1200
1180 (Sh)

Eugenol (O-H stretch)

Eugenol ( = C-H stretch aromatic)

Eugenol (alkenes)

Eugenol (aliphatic CH vibrations})

Eugenol ;

Fugenol (mainly) 4 Acetyl eugenol, Safrol, Linalool, etc.
Eugenol (mainly) + Acetyl engenol, Cinnamaldehyde, etc.
Cinnamaldehyde

H
T
{(— C CHstretch) - Eugenol
0
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Acetyl eugeno! (C = O stretch)
Cinnamyl acetate (C = O stretch)
Benzyl benzoate (C = O stretch)
Cinnamaldehyde + FEugenol
{C = O stretch in Cinnamaldehyde)
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol -
Eugenol -+ Benzyl benzoate (C -— O — stretch; aryl in both)
{Eugenol + Cinnamyl acetate (C—O—stretch in both)
Eugenol 4+ Acetyl eugenol (C—O—stretch)
Eugenol 4 Acetyl eugenol (C—O—stretch)
Fugenol
Eugenol
Eugenol
Eugenol
Eugenol (—0O CHs)
Fugenol N
Cinnamaldehyde 4+ Cinnamyl acetate (trans CH deformation)
Eugenol (—CH=CH—CHj;)
Eugenol + Safrol
Eugenol
Eugenol
Eugenol
Eugenol
Eugenol
Cinnamaldehyde + Cinnamyl acetate
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Tanre 3. Peak assignments for gualitative analysis of cinnamon stem bark oil.

41

Frequency cm-!

Contributing components

3400
3330
3070
3040
2970
2940
2860
2825
2740
2450
22350
1970
1950
1880
1800
1730
1675
1620
1600
1570
1510
1490
1460
1450
1385
1365
1330
1300
1270
1250
1240
1210
1180
1160
1150
1120
1070
1030
1010
970
910
850
820
745
690

3500]

Eugenol 4 Linalool,

‘Cinnamyl alcohol—OH stretch]

Cinnamaldehvde

Cinnamaldehyde

Cinnamaldehyde + Cinnamyl acetate
Eugenol (C-H vibrations)

Cinnamyl acetate + Eugenol
Cinnamyl acetate

Cinnamaldehyde? (overtone of the aldehydic bending vibration)

Cinnamaldehyde (Aldehydic C-H stretch)

Cinnamaldehyde
Cinnamaldehyde
Cinnamaldehyde
Cinnamaldehyde
Cinnamaldehyde
Cinnamaldehyde

Cinnamyl acetate (C=0 stretch o § unsaturated)

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde + Cinnamyl acetate
Eugenol

Cinnamaldehyde 4 Cinnamyl acetate
Cinnamyl acetate

Cinnamyl acetate

Cinnamaldehyde

Cinnamaldehyte

Eugenol

Cinnamaldehyde

Cinnamyl acetate 4+ Eugenol

Cinnamyl acetate 4+ Cinnamaldehyde + Eugenol

Cinnamaldehyde
Cinnamaldehyde
Cinnamaldehyde 4+ Eugenol
Cinnamaldehyde
Cinnamaldehyde
Cinnamyl acetate + Eugenol
Cinnamaldehyde

Cinnamaldehyde + Cinnamyl acetate (trans CH deformation)

Cinnamaldehyde - Eugenol
Cinnamaldehyde 4+ Eugenol
Cinnamyl acetate

Cinnamaldehyde 4+ Cinnamyl acetate
Cinnamaldehyde 4+ Cinnamyl acetate

6—13346
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TabLe 4. Peak assignments for cinnamon root bark oil.

Frequency cm-i

Contributing compounds

3540
3400

3070
2960
2900
2875
2740
1740
1675
1620
1600
1505
1450
1415
1390
1370
1320
1300
1270
1240
1210
1200
1165

1150
1135

1120
1095

1080
1045
1020
980
950
935
910
890
845
315
795
745
690

)

Eugenol

Terpineol

Cinnamaldehyde, Eugenol

Camphor, 1 : 8 Cinecle, Eugenol

Camphor, 1: 8 Cinecle, Terpineol, Eugenol
Camphor

Cinnamaldehyde

Camphor

Cinnamaldehyde

Cinnamaldehyde

Cinnamaldehyde, Eugenol

Eugenol

Camphor, 1 : 8 Cineole, Terpinecl, Cinnamaldehyde
Camphor

Camphor, 1 : 8 Cineole

Camphor, 1 : 8 Cineole. Terpineol, Eugenol
Camphor

Camphor 1 : 8 Cineole. Cinnamaldehyde, Terpineol
Camphor, 1 : § Cineole, Eugenol

1 : 8 Cineole, Eugenol

Eugenol

EBugenol

1 : 8 Cineole, Terpineol

Eugenol, Terpineol

Cinnamaldehyde, Eugenol, Terpineol

Eugenol, Terpineol, Cinnamaldehyde
Camphor

1 : 8 Cineole, Cinnamaldehyde
Camphor, 1 : 8 Cineole

Camphor, 1 : 8 Cineole, Eugenol

1 : 8 Cineole, Cinnamaldehyde
Camphor, Cinnamaldehyde, Terpineol
Terpineol

Eugenol, Terpineol

1 : & Cineole

1 : 8 Cineole, Eugenol

Terpineol

Eugenol

Camphor, Cinnamaldehyde, Eugenal
Cinnamaldehyde
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TabLE 5. Comparison of results by IR and GLC methods.
{I) Cinnamon leaf oil

Percentage
Compound by IR by GLC
Eugenol : 79.9 80.0
Acety] eugenol 3.7 2.1
Cinnamyl acstate 32 1.8
Benzyl benzoate 4.5 34
Cinnanmaidehvde 2.0 24
(i) Cinnamon bark oil
; __ Percentage
Compound by IR by GLC
Cinnamaldehyde 63.5 63.0
Cinnamyl acetate 13.0 5.0
Fugenol 8.0 10.0

(Iil) Cinnamon root bark oil

___ Percentage

Compound by IR by GLC
Camphor ; 52.5 59.9
1:8 Cinecle 12.0 19.2
Eugenol 5.0 5.0

Cinnamaldehyde 3.3 3.9

3, Results and Discassion

31. Cinnamon leaf oil

The infra-red spectrum of a sample of Sri Lanka cinnamon leaf oil is strikingly
similar to the spectrum of eugenol, its main constituent (Figures 3 and 4). However,
the appearance of four distinct peaks in the carbonyl region (1750-1670 cm™") readily
distinguishes cinnamon leaf oil from cugenol. The OH stretching frequency at
3540 cm~1 is suitable for quantitative assay of eugenolin cinnamon leaf oil, as contri-
butions from other hydroxylic compounds are negligible. - The peak due to OH
(stretch) appears as a broad band in the spectrum from a film of the oil, but in spectra
from diluie solutions of the oil in many organic selvents, it becomes narrow and sharp.
In 3.33% chloroform solutions employed in this study, it gave a reproducible absor-
bance of 0.626 for a path length of 0.5 mm. Accordingly, this peak was used to
estimate the engenol content of cinnamon leaf oil, using the Beer-Lambert relation-
ship. After cach estimation, the differential spectrum of the leaf oil was recorded with
the estimated amount of cugenol added to the solvent in the reference beam.
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The complete disappearance of all peaks assignable to eugenol confirmed the accuracy
of the estimation. When the estimate was incorrect, i.e. when it was too high, or too
low, this was indicated by the appearance of negative or residual peaks respectively.
Beside the OH stretch peak at 3540 cm—1, other sharp peaks due to eugenol could also
be employed for its quantitation. Beside eugenol, all other peak assignments too
were confirmed in similar fashion by differential spectra. By this means, several
assignments reported by Bellanato and Hidalgo? were found to be erroneous. These
authors have assigned peaks at 2910and 2840cm—1 as due to eugenol, but in fact other
compounds are also partly responsible for these peaks (Table 2). Likewise, the peak
at 2740 cm—1 again assigned only to eugenol has a contribution from cinnamaldehyde
as well (aldehyde C-H stretch).
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Figure 3. Spectrum of eugenol.
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FrGure 4. Specirum of cinnamon leaf oil,
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In the carbonyl region. there are four peaks which appear at 1755, 1735 (shoulder)
1715 and 1675 em~1. Using the methods described above, these have been confirmed
as substantially due to acetyl eugenol, cinnamyl acetate, benzyl benzoate and cinna-
maldehyde respectively. The presence of acetyl eugenol and benzyl benzoate as a
constituent of cinnamon leaf oil has not been recorded by Bellanato and Hidalgo?
in their IR studies. Although Angmor ef a/? report the presence of acetyl eugenol in
their GLC studies on cinmamon leaf oil, they do not record the presence of benzyl
benzoate. However, it has been reported in the early work of Guenther? and Glichitch®
and confirmed recently by GLC studies as well.'? The 1675 cm™! peak is not solely
due to cinnamaldehyde, there being a very small contribution to it from eugenol.
Previous assignment? of the peak 1630 cin—? as due to cinnamyl acetate is incorrect,
as there is no peak at 1630 in the IR spsctrum of pure cinnamyl acetate. The peak
1510 em~! previously assigned to safrole is due to both eugenol and safrcle, It has
been noticed that intense peaks in the spectra of benzyl benzoate, cinnamyl acetate
and acetyl eugenol are at 1270, 1230 and 1210 cm—! respectively. Hence in the spectrum
of cinnamon leaf oil inwhich these compounds are present, there should be certain
contributions in the carbonyl region due to each of them. This was verified by means
of differential spectra. Further, the 975 cm~! peak has been found to be due to
cinnamaldehyde as well as to cinnamyl acetate and cinnamy] alcohol. This intense
peak is due to trans CH deformation.

3.2. Cinnamon stem bark oil

Of the three essential oils obtainable from cinnamon, cinnamon stem bark oil is the
most expensive. This is due to its pleasant and acceptable aroma and its use in the
food and beverage industries, The major constituent of cinnamon bark oil is cinna-
maldehyde and in the infra-red spectrum of cinnamon stem bark oil, the dominant
peaks are due to it (Figures 5to 8). Some peaks due to cinnamyl acetate, eugenol and
linalool are also displayed depending on the quality of the oil. The content of cinna-
maldehyde and even the authenticity of cinnamon stem bark oil could be readily
evaluated from an infra-red spectrum of it in the form of a film. The infra-red spectra
of good quality cinnamon stem bark oil bears a striking resemblance to that of
cinnamaldehyde (Figures 5 and 6). Here, the intensities of the peaks 2740 ¢cm—1
(medium) 1675 cm! (strong) and 975 cm~? (strong) agree very closely to those of
cinnamaldehyde. In certain samples of the oil the terpenic fraction was found to be
high thereby reducing its quality. This may be due to faulty distillation or the
use of immature bark for distillation. In this case, the intensities of C-H stretching
absorptions which appear in the range 2970-2945 cm—!are very much higher (Figure 7).
Also, the peaks 2740 and 1670 cm~! become reduced in intensity, These peaks
are due to aldehydic C-H stretch and carbonyl stretch from cinnamaldehyde. Some-
times the bark is distilled along with twigs, in which case the quality of the oil becomes
poorer and the oil thus obtained is known in Sri Lanka as “katta thel” (Figure 8).
This oil contains a higher amount of eugenol and is readily detectable as there are
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enhanced eugenol peaks 3540, 1500, 1420, 1270, 1230 and 1030 cm~1. A similar
situation arises when there are adulterations of cinnamon stem bark oil with the
cheaper leaf oil.  In this case too eugenol peaks become prominent. The broad band
3540-3400 cm~! is contributed by eugenol and other hydroxylic compounds present
such as linalool and cinnamyl alcohol. However, it has been assigned previously?
as due to eugenol entirely. Similarly, previous assignment of pezaks at 3040, 2940,
2860, 1620, 1510, 1490, 1450, 1385, 1250, 1240, 1210, 1180, 1150, 820 and 690 cm—!
were found to be erroneous, and the correct assignments are given in Table 3. Our
assignments are based on the methods discussed previously (2. 4). The quantitation
of cinnamaldebyde was carried out by using the peak at 2740 cmi—!. This could also be
achieved from a graph of absorbance versus percentage of cinnamaldehyde. The
carbonyl absorbance at 1675 cm~1 could as well be employed for this purpose.
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Figure 8. Cinnamon bark oil of poor guality (“Katta Thel).

3.3. Cinpamon root bark oil

The infra-red spectrum of cinnamon root bark oil appears very similar to that of
camphor, the principal constituent in it (Figures 9 and 10); there are additional peaks
due to 1 : 8 cincole and others. The estimation of camphor in root bark oil was
accomplished by using the carbonyl absorbance at 1740 em—1, and cinnamaldehyde and
1 ; 8 cineole by use of the absorbance at 1675 cm—i, and 980 ¢m—1 respectively. Since
the peak at 980 cm~! is contributed by both cinnamaldehyde and 1 : 8 cineole, the
estimation of 1 : 8 cineole was achieved by using the method described earlier (2. 4).
The eugenol content was estimated by using the method discussed in 2.8.
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Ficure 10. Spectrum of camphor.
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4. Conclusion

IR spectroscopy can be employed to give a rapid and accurate estimate of the principal
constituents of the essential oils of cinnamon. The method affords another valuable
parameter in the assessment of quality in essential oils, and is particularly suitable
tor routine applrcatlon
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On Generalized Inverse of a Linear Operator

P. W. EpASINGHE* :

Department af Statistics, Florida Siate Universiry? Tallahasse, Florida 32306, U.S.A.
(Paper accepted : 18 April 1974) ;

Abstract : The concept of a generalized inverse of a rectangular matrix is character-
ized by using propertics of the vector spaces invalved. It is then extended for linear
operators from one vector space to another when the spaces involved are infinite
dimensional.

The concept of a generalized inverse of a given m X n matrix A has appeared in the -
literature'~# since 1920 and has been defined by Rao= as follows:

Definition 1. Let A be an m X n matrix of arbitrary rank. A generalized inverse of
Ais an n X m matrix G such that x = Gy is a solution of Ax — y for any y which
makes the equation consistent.

In the above definition, X, y are respectively elements of E®, E@) which are res-
pectively the linear spaces of comiplex column vectors with 1, m rows.

Rao and Mitra® have derived several properties of generalized inverses, referred to
as g-inverses, by purely algebraic techniques.

It is possible to give a geometrical characterization to a g-inverse.  One advantage
of this geometrical characterization is that the results can immediately be extended to
linear operators from one space to another space, when the spaces involved are not
necessarily finite dimensional. 'We handle first, the case considered by Rao and Mitra,
and then proceed to show how the concept can be extended to linear operators.

The given m X n matrix A may be considcred as a linear mapping of E® into Eam,
Let N(A) be the null space of A i.e. N(A) is the set of all X € E® such that Ax = @,
the additive identity of E®, Then we have the following elementary result :—

Lemma 1. The rank of A is n if the dimension of N(A}) is zero.

In this case, when N(A) is zero dimensional, Ax — y will have a unique solution
for x, for any y for which this is consistent. This unique solution is given by x = Ay
where Ay ~1 = (A*A)~1A* is a left inverse? of A,

*On sabbatical leave from the University of Sri Lanka, Vidyodaya Campus, Nugegoda, ona
Fulbright Post Doctoral Fellowship.
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52 P. W. Epasinghe

Let us consider the case when N(A) is not zero dimensional. If its dimension is r,
then 0 < r << n, since N(A) is a subspace of E®. Let {x,, x,,....X;} be a basis for
N(A). Then E® has a basis of the form {x;, X,,... %, %@, x,,@,...xO 1, with
obvious modifications if r = n. In the following discussion we will always assume
that r < n, because if r = n, the only y for which Ax = y is consistent is y = 0, and
any x ¢ EW ig a solution. The following results are then obtained :—

Lemma 2. The set {Ax,®, Ax,™ .. AxW _.1is linearly independent.

n—Tr =T
y
Z )\jAXi(l) =0 => A 2 }\ixi(l) —
1 ==1 Fi—rk
a—T e 4
— P ax®eNA) => E R = N
b Rir—— = | el e

=3 AN =Ry =, = ey e == =0
since {X;, Xpo.oo Xr, X3, x, 0,0, xW 1 is a linearly independent set.
Lemma 3. The set {Ax;™, Ax,®, ., Ax( ;1 is a basis for the range M(A) of A.

If y e M(A), then H x ¢ E(® such that Ax = y.

r n-=T
Butx = E A% 2 pi %00 for suitable scalars Rys dgieeos Res thys W oo Bnpe
G ) i .
n —_‘!’
¥ = Z pi (AX; 00 gince Ax;= AX, =,...,=— Ax, = 0.
=1

Lemma 4. If R(A) is the subspace (of E™ spanmed by the set {x,9%, x,M,..,
xW .}, then the linear mapping A : R {(A) - M(A) is one-one and onto.

Hence there is a unique linear mapping A~ : M(A) — R(A) which is the inverse of
the mapping A : R(A) > M(A). Now, we have the following theorem :—

Theorem 1. 1If y is any vector for which Ax = ¥ is consistent, then X — A~y is a
solution of the equation Ax — v, and therefore A~ is a g-inverse of A,
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At this stage it is worthwhile to note that, although the linear mapping A—: M(A) -
R(A) defined is unique, its matrix representation is not. For instance, if [A- Jaxm 18
any n X m matrix satisfying the requirement, and [Nl,xq is any n X m matrix
which maps M(A) into the null vector of E®, then [A~Jaxm + [Nlaxem is also a
matrix representation of the mapping A-. :

1t is easily seen that each exteuslﬂu of a basis for N(A) to form a basis for Em
provides us with one g-inverse. Conversely, suppose Bis a n X m matrix such that,
for each y € M(A), Ax = y is satisfied by x = By. Let ¥ Yorro-Furr be a basis
for M(A). Then {z =By, i=1,2,...,n-r}is a setofn-1 linearly indepen-
dent vectors belonging to E®™,  Further {X,,X,,..., Xy, 2, 2,,-.., 2,4} is set ofn
linearly independent vectors belonging to E®™ and hence forms a basis for E®, There-
fore, {x; [i=1, 2,..,1} U{z|i=1, 2,.., n-1} is an extension of the basis
{X; |1=1,2,...,n} of N(A) to form a basis for E®, -This, as we know, gives rise to
a unique g-inverse of A, and B is one of its matrix representations.

The possible non-uniqueness of the matrix representation of A~ may appedr to
give rise to a certain amount of confusion. However, the following result® gives a
::lmp]t‘, relationship among all the matrix representations.

Lemma 5. If[A~],xm is one matrix representation of a g-inverse of A, then every
matrix representation of every g-inverse of A is of the form [A—],xm -+ [N]xm
where N is an n X m matrix satisfying the condition ANA =0 as a n X n
matrix equation. Conversely, for every such N, [A Joxm + [Nl nxm is a generalized
inverse 01 AL

This follows from Lemma 2.2.1 of Rao and Mitra s

What all this shows is that we have gznsrated the set of all g-inverses of the
m X nmatrix A.  Each such g-inverse has an n X m matrix representation and
hence may be considered as a linear mapping of E™ into E®. Since M(A)is an n-r
dimensionl subspace of B, and each A~ maps M(A) onto an n-r dimensional
subspace of E®), itis clear that thz rank of A~ is not less than n-r which is the rank
of A. Hence rank (A~) > rank A.

Now we attempt to extend the above characterization toa general linear operator
A which maps a given linear vector space V into another linear vector space W, both
spaces assumed to be infinite dimensional to avoid unnecessary complications
in potation. The following definitions and theorems® pertaining to infinite
dimensional linear vector spaces are quoted for completeness,

Definition 2. A set{x} of vectors of an infinite dirmensional linear vector space is
said to be linearly independent if every finite subset of {x} is linearly independent.
Other\wm the set {x} is said to be linearly dependent.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

54 ; P. W. Epasinghe

Definition 3. A linearly independent set {x} of vectors of a linear vector space V is
called a Harnel basis. if given any v ¢ V, d a finite subset {x;, x,,..., %z} of {x} and
scalars h;k 5., AK, sSuch that

k
:Z)‘ixi

i=1

“Lemma 6. Every lincar space has a Hamel basis. Each vector is a unique linear
combination of a finite number of vectors of the Hamel basis.

Lesnma 7. I{ U is a subspace of V, and {x} isa Hamel basis for U, then V has a
Hamel basis {y} such that {x} ¢ {y}. In other words, every linearly independent
set of vectors of V can be extended to form a Hamel basis for V.

Now, let us consider a linear operator A which maps Vinto W, V and W both being
infinite dimensional. The set of all v € Vsuch that Av — 0, the additive identity of
W, is a linear subsepace N{A) of V. We will call N{A), the null space of A.

Lemme 8, If the null space of A is zero dimensional, then the equation Ax =y
where X e€V,y e W has  a unigue solution for each y for which Ax =y i3
consistent.

If M(A)isthe range of A, then the mapping A : ¥V — M(A) is one-cne and onto
Hence, there is a unigue inverse mapping A~ : M({A)} — V. Therefore, given
y € M(A), x = A~y is the unique solution of Ax =y.

Let us now consider the case when N(A) is not zero dimensional. Here again, if
N(A) =V, then the only v for which Ax ==y is consistent is y = 0, and therefore
for an arbitrary linear operator B from W into V, x = By is a solution of the equation
of the equation Ax = y. Hence, in the following discussion, we assume that N(A)
is a proper subspace of V.

Let {x} be a Hamel basis for N(A), which exists by Lemma 5. Then by Lcmma 6_
V has a Hamel basis of the form {x} v {x®}, .
Lemma 9. {Ax®} is a linearly independent set.

If {Ax, O, Ax,,...... » Ax, (1} is any finite subset of elements of the above set, then,

n

n %
P RAGD =0 =>A > nax —
i =1 = i =1

=> E AiX; e N(A) =>H a ﬁmte subset

1=1
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{x;, Xp...., X} of elements of {x} and scalars g, y,...., pm such that

n m
S‘ R X = E P X =2 Ry == Ry = ==y oy Uy = = 0
1l =1 1 =1

5y the lincar independence of the set {x} v {xV}.
Lemma 10.  {AxV} is a Hamel basis for M(A), the range of A,
Proof as in Lemma 3, with obvious modifications in notation.

x

Lemma 11.  If R(A)is the subspace (of V) spanned by the linearly independent
set {x}, then the lincar mapping A : R(A) > M(A) is one-one and onto.

Hence, there exists a unique linear operator A~ : M(A)— R(A) which is the
inverse mapping of A : R(A)— M(A).

Definition 4. A~ defined above is called a g-inverse of A.

It is seen that each extension of a basis of N(A) to form a basis of V, provides us
with one g-inverse of A. The last result we have is as follows :
Theorem 2. WAV — W is a lincar mapping of a lincar vector space V into a lincar
vector space W, then H a linear operator A such thai, for cach ye W for which
AX = yisconsistent, x — A~ ¥ 18 a solution of the equation AX == ¥.
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Cyaunide Liberation from Linamarin
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(Paper accepted : 29 April 1974y

Abstract : Several plant materials were tested for cyanide liberating capacity. Two
of these materials were able to liberate cyanide from purified linamarin, However, the
mechanism of liberation appears to be dissimilar to that of the linamarase of manioc.
Although ginger cannot liberate significant amounts of cyanide from purified linamarin,
some samples have been found to release it from boiled manice. In this case too this
effect does not appear to be due to a “manicc-type” linamarase, Coliforms cannot
liberate HCN from linamarin. A reputed antidote for manice poisening, guava leal’
extract, contains a potent linamarase inhibitor. Further details on acid and enzymic
hydrolysis of linamarin are also reported.

1. Imtroduction
Linamarin is one of a group of compounds known as the cyanogenic glucosides
(Figure 1). These compounds ocour wide v in plants, notably in manioc, Manihot
esculentq Crantz. Linamarin (R;, R, = CH,) is the major cyanogenic glucoside of

manioc, comprising 93 % of the total cyanogenic giucosides,* the rest being made up
by lotaustralin (R, = CH;, R, = C,H,).

R
[
R 3—C~--CN
OCsH;; 05

FiGure 1.

Linamarin on hydrolysis produces hydrogen cyanide : this reaction is of interest
in connection with : (1) methods of assay of total cyanide and (2) the fate of lina-
marin after ingestion.

Assay of linamarin is usually performed after acid hydrolysis or enzymic hydrolysis
(linamarase). Some studies on the assay of linamarin have been previgusly communi.
cated by this group.»™* This paper presents further results using model systems.

Processed manioc contains considerable quantities of cyanogenic glucosides and it
has been shown that in some instances a lethal dose of cyanide can be produced if all
the linamarin ingested is hydrolysed to HCN. 7 It has been suggested that uncooked
vegetables, gut flora® or even intestinal enzymes! can bring about this reaction. This

*The studies on boiled manioc form a part of a M.Sc. dissertation {University of Sri Lanka,
Colombo Campus) of Nirmala Pieris.
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paper includes a preliminary survey of the cyanide liberating capacity of some plant
materials which are generally consumed in a raw or semi-cooked state, where the
method of preparation may not be expected to destroy all enzyme activity.

2. Experimental

2.1. Preparation of material

Linamarin and linamarase were prepared by the method of Wood.* Boiled manioc
was prepared as described previously.” Vegetable extracts (from 10 to 15 g fresh
weight) were prepared either by homogenisation in a Waring blendor or by grinding
in a mortar with aqueous 0.IM citrate buffer at approximately tissue pH.

2.2 Acid hydrolysis of linamarin

Linamarin (30 to 40 mg) was steam distilled with acid of the appropriate normality
keeping the volume of the distilled fluid unchanged. Total time for the operation
was 90 min within which 200 ml distillate was collected in 25 ml of 2.09/ NaOH,
Residual linamarin was determined by adjusting the pH to 5. adding 300 units of
linamarase and 10 ml of citrate buffer (0.2M, pH 3.0} followed by incubating for 18 h
atroom temperature, The HCN formed was distilled and collected as describec
above.

2.3. Assays

Linamarin, linamarase and HCN were assayed as described previously.?st,!!

3. Results

3.1. Studies with model systems

The basic method of Wood,!t modified as reported previously,” for studying the
linamarase-linamarin enzyme system by direct determination of HCN in the reaction
mixture was tried out. The standard error was within 69, Typical time-course
curves for the reaction at two substrate concentrations which are (a) limiting and (b)
sufficient to saturate the enzyme are shown in Figure 2.

The method has been applied in this study to test the effect of vegetable proteins
on linamarase activity and the effect of some bacteria on linamarin. It has not been
more widely used because, unless the material under consideration is freed of sugars
and other small molecnles which interfere with the picrate test, blanks are unaccep-
tably high. For this reason hydrogen cyanide liberation from crude extracts was
always assaved after distillation into Na,CO,.7

3.2. Acid hydrolysis

Results of these studies have been reported earlier.? More detailed studies have
since revealed that the yield of HCN by hydrolysis of linamarin by linamarase was
quantitative (100% recovery) and that the 837 yield reported in thatpaper? for the
enzyme reaction was due to an error in the standard curve caused by effect of NaOH
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on the picrate-cyanide colour reaction. Due to this the values for acid hydrolysis
increase proportionately ;  the best yicld by acid hydrolysis being brought about by
7N H,S0, which gives a vield of 68 %+ It should, however, be noted that the use of
lower acid concentrations results in considerable quantities of residual glucoside.
Better overall yields might be obtained by increasing the reaction time when using the

Iower acid concentrations.

(1)
f O g e

F 3

&5 -

Gy
]
.

st g\'

Cyanide Likerated (g

L -
9 o io 30 o F I 60_

5 Time {Min )
Figure 2. Liberation of cyanide from linamarin.
The reaction mixtures contained:
{a) 0——0 linamarin, 3.5 mg; linamarase, 15 units ;
h) 5.0 mg ; linamarase, 4 waits ;
in a reaction volume of 5 mi, 0.08 M with respact

to citrate buffer (pH 5.0).
Aliquots used for assay were 0.5 and 1 ml respectively,

ro &

3.3, FEffect of vegetable juices on linamarin i
Seventeen vegetables, chosen because they are commonly eaten raw, or semx?maw
or because they are in some way associated with manioc consumption, were tesfed
for cyanide liberating capacity. In a preliminary set of results (Table 1), it was found
that only in 4 cases was cyanide liberated from linamarin. The results also show that in
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many of the 17 cases it was possible to account for all the linamarin added (within 10 57)
either as cyanide or residual linamarin. Devialions were observed with ginger
rhizome, carrot and Karapincha (positive deviations) and guava leaf, red chillies and
betel (negative deviations). Ginger, betel and red chillies gave high blanks and hence
the deviations were not surprising. In all the other 14 cases, blanks were in the order
of 2 to 10% total optical density reading.

Taprk 1. Cyanide liberation from linamarin by plant material.

Cyanide Glucoside
liberated remaining

Tissue Name of species (§74] (%)
Turmeric rhizome Curcuma Longa L. 0 92
Murunga leaf Moringa pterygosperma Gaerin. ( 105
Katurumurunga leaf Sesbania grandifiora Peis. 64 37
Ginger rhizome Zingiber officinale Rosc. 0 143
Gotukola leaf Centella asiatica 1. 0 93
Gotukela leaf \ Hydrocotyle asiatica Urb. 5 235
Mukunuwenna leaf and stem Alternanthera sessilis R. Br. 100 0
Red onion bulb Aliium Cepa L. 0 93
Chillie capsule (green, fresh)  Capsicurn annuum L. 0 110
Chillie capsule (red, dry) Capsicum annuum L. 0 51
Kankun leaf and stem Ipoimoea aguatica Forse. 95 06
Betel leaf Piper Betle L. 0 69
Karapincha leaf Murraya Koenigii Spreng. 0 122
Carrot tuber Daucus Carota L. 0 164
Coconut endosperm Cecos nucifera L. 83 12
Guava leaf Psidium Guajava L. 0 14
Japan-batu leaf Phylianthus sp. 0 108

Plant extracts (from 15 g fresh weight) were incubated with linamarin (25 mg) for 24 h.
Cyanide liberated was determined after distillation. The glucoside remaining was determin-
ed after incubation with linamarase (150 units) for 24 h. In each case appropriate controls
(with linamarin omitted) were used to obtain blank values whichwere subtracted before
calculations were made.

After some of the experiments microbial spoilage was evident. The experiments
were therefore repeated with sterilized apparatus. The negative results obtained

above were essentially the same ; but no release of cyanide was obtained with

coconut endosperm and Katurumurunga leaf (Table 2). The cyanide liberating
activity of kankun and mukunuwenna was destroyed by boiling for 10 min and
deactivated to a considerable extent in semi-cooked preparations such as “mallung”.

TanLe 2. Cyanide liberation from linamarin.

Cyanide liberated {mg)

Material Boiled (10 min)  Semi-cooked* uncooked  blankt
Mukunuwenna leaf 0.11 D.51 4.07 0.23
Kankun leaf 0.00 0.04 3.98 0.00
Katurumurunga leaf 0.00 .13 0.07 0.16
Coconut endosperm 0.00 0.00 0.20 0.03

Plant material extracts (from 5g fresh weight) incubated with linamarin (40 mg) for 24 h.
*  (ooking for about 3 min as in the preparation of “mallung”.
$ Conirol value for plant material incubated and distilled in the absence of linamaris,
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3.4. Effect of coliform bacteria

As it appeared possible that in at least some cases the release of cyanide from lina-
marin might be due to microbial action, coliform bacteria were tested for their ability
to hydrolyse linamarin. Tests showed that none of the 7 coliform types tested were
able to release a significant amount of cyanide from linamarin (Table 3).

TaBre 3. Cyanide liberation from linamarin by coliform bacteria.

Cyanide released Glucoside remaining
3 {ug/ml) (ng/ml as cyanide)
Coliform type  —— —

Culture a M v; O Oh 4 h 248  0Oh 4 h 24 h
A T 0 0.0 1.5 49.5 50.0 54.0
D R S S 0 0.0 0.5 47.0 49.0 50.0
F e e 0 0.0 0.5 50.0 52.0 47.5
3 ap mapiEs 0 0.0 1.0 51.5 48.0 51.5
L ST 0 0.0 00 510 475 4715
M e 0 0.5 2.0 50.0 50.0 50.0
5) WSS B 0 0.0 1.0

49.0 46.0 47.5

_ Concentration of linamarin added : 48.5 pg/ml as cyanide. Standard deviation for gluco-
side estimation: * 3 ug/ml as cyanide. Values obtained for cyanide release are not signi-
ficant.

3.5. Further studies with ginger

Repeat experiments with several samples of ginger showed that incubation with
linamarin released, if at all, only small amounts of cyanide. Similar results were
obtained with purified ginger, proteins and with different protein fractions isolated
from ginger. In fact, ginger proteins inhibit the linamarase-linamarin reaction
slightly. No activity was obtained with ginger essences.

However, incubation with boiled manicc led to the release of cyanide in the case of
some ginger samples ;  this active principle was heat labile. Another ginger sample
gave 1o release. The conflicting results were rather puzzling, especially as in all cases
fresh ginger samples were used and therefore there was little chance of the loss of an
active principle. It is, however, likely that the divergent results obtained were due to
differences in varicties of ginger used. In addition, a sample which released cyanide
from boiled manioc did not release cyanide from linamarin (Table 4).

3.6. Further studies with mukunuwenna

Although mukunuwenna showed very high cyanide releasing activity from linamarin,
cyanide release from boiled manioc was very much less and this too only after 24 h
(Table 5). Similar results were obtained with kankun. Katurumurunga, however,
did not release cyanide from boiled manioc. Results similar to katurumurunga
were also obtained in the case of coconut. This reduction in activity was somewhat
puzzling and further investigation revealed that the release of cyanide from linamarin
by mukunuwenna was non-lincar, a distinct lag being observed (Table 6). This
activity was not inhibited in the presence of the microbial inhibitor p. hydroxy ethyl
benzoate (1000 p.p.m.).
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TasLe 4. Cyanide liberation by ginger.

Materials and treatment Cyanide release (14g)
A. Manioc (1) 4 Ginger (1) 821
4 h incubation
B. Manioc (1) ‘f{— Ginger (1) 2190
24 h incubation
C. B followed by linamarase action 645
(Total residual glucoside)
D. Manioc (1) : Total cyanide 2674
E. Manioc (1) -+ boiled ginger (1) N.D.*
24 h incubation
F. Ginger (1) 4 linamarin 13
24 h incubation ;
G. Manioc (2) -+ Ginger (1) 975
24 h incubation
H. Manioc (2) + Ginger (2) N.D.*
24 h incubation
I. Manioc (2) : Total cyanide 2129

Ginger (10 g fresh weight) was incubated with boiled manioc (10 g dry weight) or
linamarin (20 mg).

Free cyanide in the manioc samples was in the order of 100 (.g. Ginger blanks
were in the order of 1000 (ug; values given above have been corrected for ginger
blanks.

* N.D. notdetected ; optical density was less than that of blank.

TABLE 5. Cyanide liberation from boiled manioc by leaf extracts.

(&an;dﬂute]eaaed (or equivalent O.D)

(1.g)
Control*

Plant tissues 4 h incubation 4 h incubation 24 h incubation
Mukunuwenna leaf 26 157 306
Kankun Leaf 28 151 312
Katurumurunga feaf 108 252 167##

Fresh leaf extract (from 10 g fresh wcaght! was l"lCllbd.Cd with boiled manioc (10 g
dry weight). Free cyanide in boiled manioc was 113 ua. Total pote wial cvanide
was approximately 2500 g (Most of this can be recovered by manioc linamarase).

*  Control : Plant material incubated and distilled in absence of manicc.

** The low value may be due to some cyanide binding by cvanide utilizing
reactions, but this is not important as the cyanide iberated 15 in any case very low.
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TapLE 6. Cyanide release from linamarin by mukunuwenna extract.

Experiment Time of incu.bation th}  Cyanide liberated (p2g)

Experiment A p 0

4 75

6 150

15 1116

24 1344

Experiment B 22 s 1150
22 + Microbial 1233 -

nhibitor %

Linamarin (approximately 15 mg) was incubated with mukunuwenna extract
{from 5 g fresh weight). Total volume of reaction mixture was 100 ml
(0.02 M with respect to citrate buffer.

*  Inhibitor, p. hydroxy ethyl benzeste (1000 ppm.)
3.7. Fuorther studies with guava leaf

esults in Table 1 show that the recovery of linamarin from an incubaticn mixture
with guava leaf was only 14%,. This could have been due to : (I) binding of HCN
formed and (2) inhibition of linamarase used to estimate the residual glucosides.
Additien of more linamarase and an increase of incubation time resulted in the
release of more cyanide. This showed that the effect was most likely due to an
inhibition of linamarase ; the enzyme was inhibited to at least 90% by an extract
from 15 g of gnava leaf.

This was fusther confirmed by time-course studies on the effect of guava extract on
the linamarin-linamarase reaction (Table 7). These studies showed that guava leaf
contained a potent inhibitor of linamarase. This factor was both heat stable and
dialysable. A similar inhibition was observed when boiled manioc was used as a
source of linamarin (Table 8).

Tapre 7. Inhibiton of linamarase action on linamarin by guava extract.

Cyanide li-berated (Lg)

Conditions Incubationtime 05 h 1k .2 h 4h 6h 18h
() Guava extract omitted 1240 1790
() Guava extract 32 60 180 240 3540
(iii) Guava exiraci dialvsate 672

Guava leaf extract (from 10 g) was incubated with inamarin (18 mg) and linamarase
(140 units). Total volume of reaction mixture was 100 ml, 0.04 M with respect to
citrate buffer {pH 5.0). 3
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Tagie 8. Iphibition of cyanide liberation from boiled manioc.

Materials Cyanide liberated {p.g)
Boiled manioc ; 84
Boiled manioe, linamarase 1596
Boiled manioc, Hnamarase, guava extract 0

Boiled manioc (10 g dry weight) was incubated for 4 h in the above manner.
Weight of guava leaf used was 10 g (fresh weight). Linamarase activity: 140
units,

4. Hscussion

Studies comparing the relative efficiency of acid and enzymic hydrolysis of linamarin
have established that the latter method is superior. However, the method of acid
hydrolysis at low acid concentrations for an increased period of time warrants farther
investigation. On comparison of the results of oue such technique.® that of Rajagury,
with the method used in this study, it was found that enzymic hydrolysis gives values
5 to 109, higher. However, as AgNO, (which was used in the acid hydrolysis
studies) overestimates cyanide by 8 to 149 12111t appears that the relative efficiency
of this method of acid hydrolysis is in the region of 80 to 859,

The nature of liberation of cyanide from linamarin by plant tissues has proved to be
somewhat complex. Heat labile factors in kankun and mukunuwenna can bring
about this liberation, possibly by a mechanism quite distinct from the linamarase
reaction. The latter is suggested by : (1) the lag in cyanide liberation and (2) libera-
tion of very little cyanide from boiled manioc. The second cbservation suggests
considerable inhibition of the cyanide liberating process by manioc substrate ; such
levels of inhibition are not shown by manioc linamarase in the presence of manioc
substrate.

The effect of ginger is yet more complex.  Once again these studies show that the
cyanide liberating factor is not a Jinamarase. It appears that ginger provides a heat
labile factor that helps in cyanide liberation. The studies of Kodagoda et al.? suggest
that ginger could be providing an activator to the deactivated manioc linamarase ; the
results of this study are consistent with this suggestion. Alternatively, it is possible
that the factor produced by ginger is an enzyme whose action is dependent on
a minimum level of some unknown cofactor that could be present in either or both
manioc or ginger. This alternative would explain the lack of liberation of cyanide
from purified linamarin and the observation that some samples of ginger did not
liberate cyamnide from hoiled manioc.

The inhibition of linamarase activity by guava leaf extracts is of significance because
these extracts are used as an antidote for manioc poisoning in rural Sri Lanka.
Although several extracts used in this study inhibit linamarase activity, none of them
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is as effective as guava leaf. This potent inhibitor is a dialysable, heat stable molecule;
it is interesting to note that gliconolactone is also an effective inhibitor of manioc
linamarase.!!

5. Copclusion

Extracts of some plant tissues can hydrolyse linamarin but the factors responsible are
not the same as linamarase. It is difficult to extrapolate these results to obtain
information on the effect of these materials on ingested linamarin, as the cyanide
liberating process is very likely to involve an interplay of activators and inhibitors of
enzymes superimposed on the complex physiological changes that occur in the
digestive system. Further work is needed to determine the exact mechanism of the
cyanide liberating processes. This study shows that plant tissue extracts can liberate
cyanide from cyanogenic glucosides and, therefore, should serve as a deterrent to the
consumption of manioc with raw or semi-cooked plant material.
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Cyanogenic Glucoside Content of Manioc
I. An Knzymic Metiiod of Deterinination Applied to
Processed Manioc

NIRMALA PiErIS.* E. R. JANSZ AND RapHA KANDAGE
Ceylon Institute of Seieniific and Industrial Research (CISIR), P.O. Box 187, Colombo 7, Sri Lanka

(Paper aecepted: 2 May 1974)

Abstract : A method for the determination of the total cyanide content of manioc
producis is described.  Exogenous linamarase has been used to hydrolyse the linamarin
in the plant muterial. Enzyme activity, incubation time and volume of distillate have
been varied such that maximum recovery of total cyanide was obtained. Recovery
of added HCN and linamarin from manioc substrate was found to be satisfactory.

The method was dpphcd to determine the total cyanide content of boiled manioc,
manice flour and manice starch. Raw manioc on boiling was found to lose 3 3tod
of its total cyanide.  Steeping with leaves prior to boiling did not alter these values
significantly. It was fmmd that while manioc starch contained only small quantities
of total cyanide, manioc four unless specially processed to reduce cyanide content,

~ contamed 50 to 250 p.p.m. total cyan:de.

1. Introduction

Manioc, Manihot esculenta Crantz, contains compounds from which cyanide
may be liberated, namely the cyanegenic glucosides linamarin and lotaustralin.
In addition, it also has small amounts of free cyanide (HCN) and probably contains
cyanchydrins.  Although mest methods of pricessing to a great extent eliminate
free cyauide, it 1s clear that unless special precautions are taken, bound cyanide
(mainly the cyanogenic glucosides) persists. 41915 The extent of cyanogenic
glucoside content remaining in processed manioc has been subject to controversy.”
This has been mainly dus to the accumulation of misleading data in the literature
‘due  to : (1) poor sampling” and (2) use of sub-optimum conditions for
hydrolysis of linamarin,” Much of the literature on the topic is therefore of dubious
value and itis generally recognized, that a fresh set of data, using reliable
methods, is an urgent necessity.

This paper presenis such a method (previously outlined!?) where additional
linamarase is used to hydrolyse linamarin completely. Although methods with
additional linamarase have been wused before, %13 these methods have not
been completely satisfactory. Wood!2?* did not consider all the important
parameters concernsd with the extent of enzyme hydrolysis and also used un-
suitable conditions for recovery of HCN (aspiration in acid conditions). De
Bruiin“ns used a crude leaf extract for his studies (which necessarily resulted

*This paper forms part of a M.Sc. dissertation (University of Sri Lanka, Colombo Campus) of
Nirmala Pieris.
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in high HCN blanks) and also used the non-specific AgNO, titration to deter-
mine cyanide. Furthermore, he did not pay attention to some variables that
have been considered in this study.

2. Experimental

2.1. Materials

Tubers of different varieties of manioc available in the local market were used.
Manioc flour was preparsd by cutting the edible part into chips followed by
drying in a forced-draft oven at 55 to 60°C. The dried chips were then finely
powdered and sieved (180 mesh). Manioc starch was preparcd by a standard
wet process® using three resuspensions of starch. Boiled manioc used was
prepared (unless otherwise specified) by cutting the edible part into approximately
I in cubes and boiling for about 45 min in an open vessel.

2.2, Sampling

Flour and starch which lend themselves to complete mixing presented no problems.
However, as the cyanogenic glucoside coutent of the tubers varies lengthwise 5.9
and also radially,* special precautions had to be adopted in comparative
studies of whole manioc. The tuber was quartered and the opposite quarters
pooled; this resulted in two samples of egual cyanide content (3. Results).
The samples were then blended in a Waring blendor until complete]y homogeneous.

2.3. Assay for total cyanide in samples

Samples of starch, flour, homogsnised fresh manioc or homogenised boiled -
manioc {(approximately 10 g dry weight) were incubated in 200 ml of water
containing 10 ml of citrate buffer (0.2 M, pH 5.0) and about 150 units
(pg/ min) of linamarase for 4 h at room temperature (28 to 30°C). The sainples
were then distilled; approximately 200 ml of distillate was collected in 50 m! of
an aqueous solution of 6.25% Na,CO, or of 1.0% NaOH. The distillate (usually
4 ml) was tested for cyanide by the method of Wood!? (Picrate method) using a
spectrophotometer. The cyanide was estimated quantitatively with the aid of
standard curves, taking into account the presence of the appropriate amount
of Na,CO,; or NaOH used. Gradients obtained were .0122 and .0105 (optical
density/ug) respectively. Collection in Na,CO, solution was superior to collec-
tion in NaOH as use of the laiter resulied in a diminution of the colour obtained.
Hence Na,CO, was used in nearly all the experiments presented in this paper.

2.4. Preparation of linamarin and linamarase

Both linamarin and linamarase were prepared by the method of Wood.!? These
preparations when distilled separately produced no colouration with ihe picric
acid test, :
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2.5, Assay of linamarase

The method of Wood!® was used except that the reactions were carried out in a
syringe {5 ml) such that there was no air space above the liguid. The reaction
mixture contained a suitable volume of linamarase extract and excess linamarin
{(approximately 2.5 mg) in 5 ml which was 0.08 M with respect to citrate buffer
(pH 5.0). The reaction was carried out at room temperature. Aliquots (1 ml)
were carefully introduced at 3 or 5 min intervals into the detecting mixture
and cyanide determined by the method of Wood."* Enzyme activity was
caleulated using the linear part of the reaction curve. A standard curve for
equimolar amounts of cyanide and glucose was used in the calculation. The
curve is biphasic where r = 014 from 5 pg to 15 pg cyanide and .021 from
15 pg to 80 pg cyanide.

2.6. Assay of linamarin

Two methods were used: (1) the distillation method (after incubation with excess
linamarase for 20 h) and (2) direct determination in a syringe using excess
linamarase (300 units) and about 1 mg linamarin. Readings were taken at 2 h
intervals wuantil no further cyanide was liberated. Other details were the same as
in the assay for linamarase.

3. Resalts
3.1. Preliminary studies

Variation of the quantity of enzyme used and incubation time (Tables 1 and 2)
showed that maximum cyanide recovery could be obtained using the conditions
described (2. Experimental). Zero time and zero enzyme values in the data
are due to free cyanide and possibly residual enzyme activity.

Table 3 shows that the bulk of the cyanide present in the reaction mixiure
can be collected in the first 125 ml of distillate.  However, in practice, 200 ml
of distillate was collected. Under these conditions it was found thatif KCN is
added into the incubation mixture, then HCN could be recovered quantitatively.

TapLe 1. Effect of incubation time
on cyanide liberation.

Cyanide liberated

Incubation time (p.p.m.)
(h) Sample A  Sample B
s 11 e
0.5 29 26
1.0 36 2
1.5 50 A
2.0 « tr LSl 48
4.0 55 48

Boiled manioc was incubated with 136 units of
linamarase ; for further details see 2. Experimental.
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TagLe 2. Effect of enzyme activity
on cyanide liberation.

Linamarase activity Cyanide liberated
(1g/min) (p-p.m.)
el 7
68 65
136 67
204 a7

Tn all cases boiled manioc was incubated for 4 h;
for further details sce 2. Experimental.

Tasie 3. Effect of volume of distillate
on cyanide recovery.

Yolume of distillate Cyanide recovered

Experiment {ml) (p-p.m.)
1 25 69
50 69
_ 75 76
2. 100 7
125 84
i 150 : 83
3 175 86
200 85

225 88

3.2. Recovery of linamarin

Having separately determined the optimum conditions for liberation of HCN
from bound cyanide and its recovery, it was decided to confirm this method
by testing the recovery of HCN from linamarin. The results obtained are in
Table 4 which shows apparently high values. Further experiments very often
gave recoveries about 109 higher than expected. It is believed that this is due
to an error inthe estimation of linamarin (Table 5).
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TasLe 4. Recovery of linamarin added to
beiled manioc.

Linamarin added

(as ug cyanide) ¥ Tecovery
177 104
354 107
531 .98
708 ; 119
883 7 114
1092 : 117

Linamarin was added into a samplse of
boiled manioc containing 600 to 700 ug lotal
potential cyanide and the cyanide ussay carried
out as described in 2. Experimental. Linamarin
concentrations were estimated by the syringe
method.

Tasie 5. Linamarin estimaton by different methods.

Cyanide content

{rng/ml) v

Linamarin sample Syringe method  Distillation method
1 53 + 0.3 5.9
2 Jse0t . 4.9
3 e 144 0.1 1.6

3.3. Sampling

Sampling was done as described (2. Experumental). The two samples obtained
from each tuber were treated separately and the total cyanide content deter-
mined. Results showed that the cyanide content of the two samples were almost

identical (Table 6) and asa result this method was used in all studies conducted
with whole manicc tubers.

Tapre 6. Sampling of whole manioc.

Total cy:midgv (p.p-m. fresh wt)

Experiment no. Sample A ‘Sample B
1 122 = 124
2 51 50
3 50 50

Tubers were divided into two parts as described in 2.
Experimental and assayed aflter homogenisation with
crushed ice.
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3.4. Total cyanide content of raw manioc

After several preliminary experiments it was found that the highest yield of total
cyanide was obtained when the material was homogenised with crushed ice. The
value obtained was slightly higher than when the tissue was homogenised in
0. IN H,80, to deactivate the endogenous linamarase, and considerably higher than
when the manioc cubes were warmed in the same strength of acid. Undoubtedly,
even homogenisation in ice results in some (very small) 1055 of cyanide but
results obtained by this method were highly reproducible.

3.5. Total cyanide conieni of boiled manioc j

On application of the assay and sampling techniques to test the effect of normal
cooking procedures on total cyanide content of manioc, it was found that
boiling reduced the concentration of " total cyanide to } to 4 of the value of
raw manioc (Table 7). The percentage decrease varied from sample to sample.
The total cyanide content of boiled manioc was found to vary between 11 and
180 p. p. m. (on fresh weight).

[t was found that the size to which the material is reduced prior to boiling,
affects the final amount of total cyanide slightly; work is proceeding on this
aspect and also on the effect of opening and closing the lid of the cooking vessel.

It has been recently reported? that when chopped raw manioc is steeped with
certain vegetables, the cyanide content of the boiled product is reduced. Studies
with leaves, however, showed that the total cyanide content of manioc was not
significantly affected by this procedure (Table R).

TasLe 7. Effect of boiling on total cyanide content.

Total cvanide content,

(p.p.m. fresh wt ) % remaining after
bamplc Raw  Boiled boiling
1 117 46 39
46 39
: 46 39
P 128 66 52
3= 298 97 v i3

- Manioc tubers were divided into two samples (2.2. Sampling);
one was assayed raw and the other after boiling.

*This sample was from the branched tree form uf manioc,
locally termed *‘rubber manioc”.
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Tasre 8. Effect of steeping and boiling with leaves.

Total cyvanide content

Leaf use {p.p.m. fresh wi)

Common name Botanical name Control Experimental
Katurumurunga Sesbania grandifiora 53 45
Katurumurunga Sesbania grandifiora 49 49
Katurumurunga Sesbania grandiffora 33 38
Kankun Ipomea aquatica 61 61
Mukunuwenna Alternanthera

sessilis 60 56

Manioc, sampled as described above, was steeped with finely sliced leaves
for 2 h and boiled. The second sample was boiled in the normal way and
used as Control.

3.6. Total cyanide content of manioe flour

This was previously reported in a short communication.!® The values reported
in that study did not take into account the effect of sodium hydroxide on cyanide-
picrate reaction and hence have to be corrected by the factor given in
2. Experimental,

Analysis of manioe flour prepared by the method described here and by more
specialized  processesd ! designed to remove cyapide 13 shown in Table 9.
Clearly, the final total cyanide content of the flour varies considerably (this
is mainly dependent on the glucoside content of the raw material). The per-
centage loss of total cyanide when flour was prepared in this way from manioc
has not been calculated in this study as an adequate sampling procedure has
still to be worked out. Preliminary studies, however, indicate that losses are
small.

The specialized processes$: ! on the other hand, yield flour of very low total
cyanide content. ;
Tasie 9. Total cyamde content of manioc flour.

Total cyanide content

Process in.p.m.)
1. As described in 2. Experimental 197
2. As described in 2. Experimental 58¢
3. As described in 2. Experimental 240%*
4. As described in 2. Experimental 203
5. As deseribed in 2. Experimental 614#
6. Rajaguru methodi? N.D.
7. Rajaguru method 6
8. JewvaRaj process® 3
9. JevaRaj process 3+
10. JeyaRaj procsss 10%#

* < rubber maniog '

*#* same raw material

¥ same raw maiterial

N.D. not detected, less than 2.3 p.p.m.
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3.7. Total cyanide content of mamnioc starch

Three samples of manioc starch prepared by a standard wet process were analysed.
The total cyanide content of these samples were 11, 4 and 4 p.p.m. respactively.

3.8. Free cyanide content in proccssed mganioc

In nearly all cases the free cyanide content was low, generally between 0 and 10 p.p.m.
Little attention was paid to free cyanide in this study as results in this range of concen-
tration are not easily calculated with the detecting reagent used here ; besides, free
cyanide generally forms only 4 small percentage of the total cyanide in most manicc
products. :

4, Discussion

The first part of this study was devoted to the determination of the optimumn condi-
tions of liberation and isolation of cyanide. [t was found that 150 units of linamarase
used with an incubation time of 2 h was sufficiznt to liberate bound cyanide. However,
in this stady, the incubation iime was increased te 4 b as an additional precaution,
The liberated cyanide was recovered hy steam distillation, 200 m! of distillate being
collected. Results showed that further increase of (1) the quantity of enzyme used,
(2) incubation time and (3) volume of distillate collected produced no further
recovery of cyanide.

Next, the efficiency of recovery of total cvanide was tested. Addition of KCN
into the reaction mixture showed that quantitative recovery was possible.  However,
this is not the best test of recovery as the main product of enzyme hydrolysis is
keto-cyanchydring which are in equilibsium with HON, the position of the equilibrium
being very much towards the cyanohydrins. Due to this and because keto-cyano-
bydrins decomposed to give HON at 85°C, recoveries using linamarin are of more
significance, Difficulties in obtaining a guantitative recovery from linamarin appea-
red to be mainly due to zn approximately 10% underestimation of the linamarin as
determined by the syringe miethod ; the reasons for this are not clearly understood,
Furthermore, the mean value obiained hy this method has a standard deviation of
5to 6%. Taking these factors into account, it appsars that a guantitative recovery
of linamarin has been achieved. In addition, there does not appear to be a way by
which either linamarin or one of its products could be converted to a volatile com-
pound that would give & more infense picraie colour reaction than cyanide.

Manioc does not appear to contain any other volatile compound that will produce a
colour reaction with picrate. This is deduced by the facts that firstly, those samples
with no free cyanide do not produce any colouration in the absence of added lina-
marase (i.c. all colour produced is enzyme dependent) and secondly, flour processed
to be free of total cyanide has given optical dengities as low as (0.005 (where the normal
optical densities are in the range of .10 to 0.60).
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It seemed possible that some volatile compound mightenhance the colour formed by
picric acid and cyanide (especially at high cyanide concentrations) and therefore lead -
to spurious results. This appears not to be the casc as : (1) drastic variation of
sample size does not alter the quantity of cyanide liberated /g of sample, (2) the absorp-
tion spectrum of the cyanide-picrate colour reaction of the distillate is identical to
that formed by the same quantity of pure HCN and (3) the early studies (using
aspiration) showed that estimation of cyanide liberated by the picrate method and
‘Alridges method’ gave the same result (<29 error).  These points together with the
high reproducibility of the results obtained in this study underline the validity of the
method. Furthermore, a simple technique of sampling whole manioc such that any
two given treatments may be reliably compared has been devised.

Applications of the technique to boiled manioc showed that % to 4 of the glucoside
still remains after the standard cooking procedure. In some instances (18 out of 26)
the amount remaining is not sufficient to produce a lethal dose of cyanide in a meal
(for the average healthy adult) even if all the glucoside is hydrolysed in the alimentary
canal. In other cases (8 out of 26), however, the quantity of total cyanide exceeds
40 mg/250 g dry weight and in these instances complete hydrolysis in the alimentary
canal could produce a lethal effect. Fortunately, it appears probable that the extent
of glucoside hydrolysis after consumption is relatively small ; this may explain why

-a meal of manioc is rarely fatal.

These studies have also shown that steeping with vegetable leaves, etc. (as recom-
mended recently to the public?) does not significantly affect total cyanide concentra-
tion. This is to be expected as the manioc glicoside and the leaf enzyme (if present)
have no chance of interacting. Similar results have been obtained by another

independent study.!t
Studies on manioc have clearly shown the need for well organised processing of

manio¢ products. Dependable methods®!! are now available (this paper presents
the results) that reduce cyanide level from an alarming level of 200 p.p.m. to a relatively

harmless level of 0-10 p.p.m.
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Abstract : This review discusses the use of direct wood fire as a source of energy and
smoke to dry and preserve fish in the developing countries. It covers various treatment
and handling methods as well as the physical and chemical nature of the smoke. It
points out that the present traditional methods are inefficient and wasteful of energy and
smoke and cites attempts made to improve on them.

It discusses the dynamic equilibrium that exists between the particulate and gaseous
smoke fractions. The compounds in the gaseous fraction are stated to be more directly
involved in the development of colour, odour and flavour while those of the particulate

. fraction serve as a reservoir. Phenolic compounds are found to be particularly active
in the smoking process.

The nutritional and health effects of the use of high temperatures in the smoking
process are also discussed.

1. Introduction

The use of direct wood fire as a source of energy to dry fish dates back into history.
There was certainly no fire without smoke ; as the fish dried it also became
smoked. It is believed that as the special organoleptic and preservative properties
of the smoke-dried fish became evident, the fish was deliberately smoked. In tropical
Africa and Asia, fish smoking as a means of fish preservation is extensively
practised. ' ' '

Though smoking has been practised over many centuries in various parts of
the world, it has been done empirically and it is only recently that the mechanism of
the process is bzing elucidated and the advantages and limitations of current
mzthods being appraised. This report discusses some of the current methods and
ideas relating to fish smoking. :

2. Traditional methods of fish smoking

Methods in use vary with local customs, species of fish and product keeping-time
desired. These include hot smoking, smoke drying, combined smoke/sun drying,
boiling and smoke/sun drying.!t

2.1. Initial handling

The fish to be smoked are usually washed descaled but may or may not be gutted.
They may also be brined or left unbrined. Where the fish are brined, they may
either be immersed in brine (70 to 95% solution) or packed in dry salt for periods
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ranging from 5 min to 12 h depending on the size of fish, fat content ard local
taste. After this treatment, the flesh of the fish may reach a salt concentration of
up to 3%. When the fish are heavily salted, as when they are packed in dry salt,
they are usually desalted by immersion in fresh water for periods of up to 24 h.

Whether brined or merely washed in water, excess surface moisture on the {ish
is evaporated prior to the actual smoke treatment by exposing cither to the atmos-
phere or predrying for a short period at a low temperature (30 C) in an oven.
This surface evaporation may last from 30 min to 4 h and it tesults in a firm,
shiny sucface especially when the fish have been brined in 70 to 809 salt solution,

2.2. Smoke curing units and processes

In many developing countries, the fish are smoked on home-made wooden slats
placed on wooden supports. A smouldering type fire is lit directly below the rack
and the fish are cooked, dried and smoked for several days.  In other methods, the
fish are laid or hung on metal grills over shallow, open-top, circular, earthen or
metal structures with fire and smoke generated directly below the grill. Thus in
some areas, the fish are cooked and smoked simultaneously, while in others they:
are cooked prior to exposure to smoke. While lying or hanging on grills or on
wooden slats, the fish are normally arranged and turped periodically to obtain a
uniform cure. The drying and smoking treatments may last from a few hours to
several weeks in some instances.’! When dried for long periods, the purpose is to
reduce the fish to a very low moisture to prolong its keeping qualities.

These traditional smoking structures and procedures, commonly used in
developing countries, are highly inefficient and wasteful of energy and smoke.
There is, for example, an unrestricted escape of smoke, heat and moisture from
the oper tops of the grill supports.

Recently, attempts have been made to improve on the design of these traditional
smoke units.'.? These designs have, to alimited extent, succeeded in increasing the
volume of fish cured but have not significantly controlled such important factors
in hot smoke fish curing as smoke density, bumidity, temperature and air velocity.

In developed arcas of Europe and America, the fish are usually heavily salted
before smoking. The smoking is usually carried out in ovens with temperature,
draught and smoke density controls and the fish are normally smoked lightly at
moderate temperatures. In these areas, hot smoke curing of fish for preservation is
unimportant due to the availability of freezing and cold storage facilities | instead
smoke is applied for the flavouring it imparts to the fish.

Recent studics have improved our understanding of the factors involved in hct
smoke fish curing; this is necessary for future improvements on any primitive
traditional techniques. These factors are discussed briefly below,
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3. Factors in hot smoke fish curing
3.1. Wood suitable for generating smoke

Generally, resinous wood is not recommended for smoking fish because it imparts
an unpleasant flavour to the smoked product. Soft wood is also undesirable as it
produces too much soot. Best results are generally obtained with hardwoods,3?
It 1s, however, recommended that they be tested before they are used as some
of them may impart dark colours and bitter taste to the smoked fish. Maize cob,??
sugar cane pulp and coconut fibre! are some of the non-resinous materials used
in fish smoking in some developing countries.

Experiments in Canada® indicate that white fish with a good flavour may be
produced from smok: gensrated with red maple, red oak, trembling aspen, white
ash, balsam poplar and birch. Diamond willow and burr oak gave objectionable
flavours ; hickory wood was marginally acceptable,

3.2. Method of smoke gencration

Methods for generating smoke vary from place to place. In the United States, three
methods are in use® — smoke may either be generated by burning dampened
sawdust, or by buraing dry sawdust continuously, or by the method of friction. In
the latter method, smoke is generated by pressing the end grain or hardwood block
against a rotating carbide-tipped disk. The commonest method of generating
smoke in other parts of the world, however, is to burn hardwood in a smouldering
type flame at temperatures which may reach between 682 and 966°C .49

3.3. Smoke as a gasjliquid system

When wood or any plant part is burnt, & large number of carbonyl and phenyl
compounds are released. The less volatile of these compounds, usually the large
molecular weight compounds, upon mixing with colder air, condense into visible
light scattering liquid smoke particles while the more volatile fraction Temains in
the vapour state. - There exists, therefore, minute light scattering particles suspen-
ded ina medium of air and invincible vapours which together constitute a gas/liquid
partition system.13,1¢ ' '

3.4. Composition of wood smoke

The composition of wood smoke is highly complex. It depends on the type of
wood, type of smoke generator, moisture content of the wood, temperature of com-
bustion and on air supply. Acids, alcohols, carbonyls and many other neutral
compounds have been identified as coustituents of smoke by wvarious
authors.12,17,30,34,5
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3.5. Distribution of smoke in a closed chamber

The dispzrse phase of wood smoke has a relatively large surface area compared to
its volume and in such a system equilibrium between the particle and vapour phases
is expected to be reached almost instantaneously.®* This means that, in a fixed
volume of smoke, the vapour absorbad by the fish tissue is replaced almost instan-
tancously from the particle phase. In practice, however, it appears that the
attainment of equilibrium is not so fast and a non-uniform distribution of car-
bonyl and phencl compounds has been shown® to exist in smoking chambers.
This non-uniform distribution does not only occur in the vertical cross section but
in various szctions of the chamber as well. This distribution pattern results in
active and passive areas in the smoking chamber. This problem may be overcome
with good controls over airflow, relative humidity, temperature and in the design
of the smoking chamber.2¢

3.6. Smoke abserption

‘Experiments by Foster and Simpson!3 show that smoking does not depend so much
on the direct deposition of smoke particles on the fish as on the absorption of the
gassous constituents of the vapour phase of the smoke. This is indicated by their
finding that fish cured in vapours which remained after the visible smoke particles
had been precipitated electrostatically were indistinguishable in colour, flavour and
keeping quality from normally smoked fish.

When smoke vapours are absorbed by the fish tissue in a closed chamber, the
gas/liquid partition equilibrium is disturbed. The equilibrium may also be dis-
turbed by admitting air or raising the temperature of the smoking chamber. In
either case, the equilibrium is restored by the liquid phase releasing a part of its
content into the vapour phase. It is clear from this that during smoking, if the
more volatile compounds absorbed by the fish are not replaced from the point of
generation, the vapour phase gets enriched with less volatile larger molecular weight
compounds. In this connection it has been observed!* that vapour absorption
is greatest when the moisture content of the fish is high and that as it dries there is
very little absorption. :

3.7. Smoke colour and its uses in foods

Of the constituents of wood smoke, phsnols are considered the most important
because they are belisved to contribute most to the development of flavour and
colour and to the general stability of the smoked fish.

The colour of a typically smoked fish is believed to be developed from a non-
enzymatic interaction between polyhydric phenolic** and carbonyl*.?* compounds
of smoke vapour with collagen of the surface connective tissue. The belief is that -
not all the phenolic groups in the smoke vapour can interact with collagen. The
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phenols involved in the reactions are the large phenolic compounds (> 500 geMW)

- with sufficient hydroxyl groups to link adjacent collagen sites at several points

through hydrogen bonds.

The cross linkages that result from the interaction between protein and phenyl
compounds impart to surface tissues great stability to heat, enzymes, water abrasion
and to microorganisms. Indeed, when thesc linkages are formed, very large
molecular weight constituents of wood smoke may fail to penetrate the surface:43,47
A casc-hardening ecffect results, with the sub-surface tissues left unsmoked and
susceptible to the effects of heat such as gelatinisation or the breakdown of collagen.
This cass-hardzned layer on the skin often shows final values for smoke constituents
10 to 20 times higher than in the underlying flesh

3.8. Smoke-flavour and odour

The overall odour and flavour of smoked products are created, according to Daun”
by : (1) food constituents changed during processing, (2) products of combined
food and smoke constituents and (3) uncombined smoke constituents. The phenol
fraction of the wood is believed to contribute most to flaveur and odour, and the
total phenolic content of fish has often been used as an index of the degree of fish
smoking. 18,4 '

Available evidence indicates that most of the flavouring components of smoke
are to be found at or near the surface of the smoked product, By pressing
NaOH treated paper against the cut surfaces of sausages and developing the papers
chromatographically with 2,6 dichloroquinone-chlorimide, Kurko?! found indications
of phenols oaly at or near the surface of the smoked product up to 48 h. Shewan®
found 69 mg% total phenols at the surface, 16.25 mg % in the flesh immediately
below the surface and 2.13 mg % at the centre of the fish fillet. Tuckers! also found
pienolic compounds concentrated at the surface.

The phenols guaiacol, 4-methyl guaiacol and syringol (2,6 dimethoxy phenol) have
been found® to be the major phenols of wood smoke vapour phase.
Wasserman* found the same phenols to be presentin largest concentrations in wood
smoke condensate. Taste panelling subsequently showed that the guaiacols had a
more smolky-taste while the 2,6 dimethoxy-phenol or syringol had a smoky-odour.
Daun’ similarly observed three gas chromatographic peaks of three unidentified
phenolic compounds associated with odour and taste. Like Wasserman®? he found
one of the compounds associated with “smoke cured” odour and the remaining
two associated with “smoke cured” taste.

It is clear from this discussion that the efficiency of the smoking process may be
determined by the relative contribution of favour and colour forming compounds,
Tbe absorption of these compounds, we have noted, is greatest when the
moisture content of the fish is high. This suggests that the fish must not be dried

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

82 M. Caurie. Tung-Ching Lee, M. Salomon and C. O. Chichester

too quickly to enable the greatest amount of vapour constituents to be absorbed.
It also means that the initial smoking temperature must not be too high to cause
rapid drying. Clearly, vapour absorption will be favoured by conditions of high
humidity and low temperature. :

4. ']"he effect of heat on smoked fish

Fish smoking does not only involve exposure to smoke, it also invelves drying and
baking as well. In developad countries, fish are smoked principally for the colour
and flavour the process imparts to fish. In developing areas, on the other hand, fish
are smoked principally for preservation. Whatever the aims for smoking fish,
they are best served by exposing the fish to some degree of heat treatment which
helps the development of both flavour and colour.46.2

4.1. Textural problems

The drying, and at times the baking which follows, often causes textural problems
in smoked fish. By texture is meant the retention of good microstructure of fibre
and fibre substance exprassed in terms of softness, juiciness, fibrousness and glutin-
ousness.5 This is important with respect to reconstitution ability of the dry fish
which refers to the extent to which the dried fish fibre returns, on addition of
water, to a state indistingiishable from the undried fibre. This depends on the
structural properties of collagen or fibre connective tissue.

As the fish dries under excessive heat treatment, the increascd concentration of
tissue solutes may denature its proteins.  lndesd, during heat treatinent of fish,
Hughes!? found that there was a degradation of connective tissue or collagen,
especially of the skin, to gelatin and other smaller peptide fragments. The fish
flzsh is held together by connective tissue and the breakdown of the latter should
render the fish soft and liable to break upon handling.

Since absorbed smoke constituents may cross link with fish surface tissue
proteins under mild heat conditions to form a firm, stable surface,® it would
appzar a good smoking practice to develop this firm outer surface before raising the
heat to dry the fish. Mann3? recommends that during the smoking process more
smoke and less heat must be applied in the initial stages.

As a gencral recommendation the FAO,Y however, states that the iivitial
pre-drying must be carried out and maintained at 80°C for 2 to 4 h, depending on
the size of fish being cured. For the following 2 k, the temperature must be raised
to batween 90 and 110°C to cook the flesh. After the cooking, it is recom-
mended to return the temperature to 80°C for the rest of the smoke drying
process. :
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4.2, Nutritional losses

Foster and Simpson'? are of the opinion that the hot smoke curing temperature must
be between 32 and 82°C. Temperatures in excess of this either during the initial
smoking period or during the later baking process is believed to result in some
unfavourable nutritional effects on the smoked product. This conclusion appears
to agree with Duckworth and Woodham!® who found that vegetable proteins
heated beyond 82°C suffer a loss in nutritive value; soybean heated to this
temperature’! results in the loss of digestibility of its proteins. Halevy and
Guggenheim!® demonstrated this loss in digestibility by autoclaving wheat gluten/
glucose mixture. They found that with such treatment the in vitro digestibility
of essential amino acids was reduced. However, Yancz ef al* working with
hake fillets obscrved a negligible change in Net Protein Utilization (NPU) up to
105°C but Net Sulphur Utilization (NSU) suffered some losses at this temper-
ature. Heating at 170°C considerably reduced Nitrogen and Sulphur Utilization—
NPU fell from 79 to 41 and NSU from 89 to 60. -

Lysine, the most abundant amino acid in fish is also considered?®.3.2® to be the
most labile amino acid. A major part of lysine losses undoubtedly results from
reaction of the e-amino group with reducing carbohydrates followed by a series
of rearrangements and dismutations that lead to brown-coloured polymers and
evolution of carbon dioxide. These reactions referred to collectively as non-enzy-
matic or Maillard reaction are known to form complex linkages which are very
resistant to digestive enzymes and are therefore not metabolized.?3

Greaves et al.¥® have reported that even in the absence of the Maillard reaction,
heating alone is sufficient to render lysine unavailable. Chen and Issenberg’ have
reported a 44 %/ loss of available lysine after a 10 h exposure of beef to wood smoke;
heating alone at 65°C for 10 h, on the other hand, caused a loss of 15% in
available lysine. These results indicate that smoke components may account for
some of the amino acid losses in smoked products.

The rate at which fish protein may be rendered unavailable may also depend on
the moisture content at which the fish are dried. This is indicated by the results
of Lea and Hannan?” who heated a casein/glucose mixture in excess sugar and
found amarked loss of amino groups up to a peak value at 70 % RH with a minimum
loss at the wet and dry extremes. Labuza et al.?* similarly found the rate of
browning in a pea-soup mix increasing to a peak value at 709 RH and thereafter

. falling. Livingston er al.?® have also found the retention of lysine, methionine,

cystine, arginine, histidine and aspartic acid during alfalfa dehydration to correlate
well with meal moisture and dehydration outlet temperature.
14—-13346 '
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5, Preservative action of wood smoke

Smoke does more than provide desirable flavour and colour to smoked products.
It contributes substantially to their preservation by acting as an effective antioxi-
dant, microbiostatic and microbiocidal agent.

Pasnols are agiin reported by Kurko?? to be the effective antioxidants in
smoked products. He found neutral compounds (alcohols, carbonyls), organic
acids and bases ineffective as antioxidants. The highest boiling phenols composed
of pyrogallol ethers were slightly more effective than lower boiling ones. Foster and
Simpson,!3 however, found no difference in antioxidant properties between nor-
mally smoked products and those smoked with gases left over after the high boiling
phénols, wood resins and tars were removed by electrostatic precipitation. In
support of rzports®5#L21 that most smoke constituents are concentrated in the
surfacs tissues, Lzsa?é ‘had previously observed very low psroxide values in the
surface tissues of smoked bacon, whereas in the unsmoked bacon the peroxide
values were very high but decreased to a negligible value only a short way below
the surface tissues,

Generally smoke components, for example, formaldehyde, acctic acid and
creosote, which concentrate in the surface tissues are not toxic to bacteria, fungi or
viruses below a concentration of 19447 Above this concentration, however, they
have bzen found to prevent spore germination and growth of many bacteria, fungi
and certainly inhibit the activities of a wide range of viruses.*

Since smoke constituents are concentrated in the surface layers, their antimic-
robial activities will not affect microorganisms in the sub-surface layersand therefore
those microorganisms (especially in the gut) which may survive heat treatment
during smoking may grow if the moisture content of the smoked fish is not kept low
enough. :

6. Wood smoke and carcinogens

In addition to flavouring, colour and antisepiic compounds, weod smoke may
contain potent carcinogenic polycylic aromatic hydrocarbons.® The geseration
of these compounds is influenced by the parameters that govern smoke generation
which include the type of wood, type of generator, moisture content and degree of
comminution of the wood, temperature of combustion and air supply.*%?

Burning dampened hardwood sawdustin a limited amount of air, White ef al.*
identified the following polycylicaromatic hydrocarbons: anthracene, phenanthrene,
pyrens, fluoranthene, ftriphenylene and 4-methyi-benzo (o) pyrene. The latter
substance is considered to be the most carcinogenic and levels greater than 7.2 pg/Kg
have been recorded in hot smoked fish.#
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Tilgner?® was of the opinion that the formation of 3,4 benzo pyrene in wood
smoke may be eliminated by generating smoke at a low temperature (400°C).
indeed, carcinogenic substances have been detected mostin smouldering type smokes.
Solinck? found that smoke condensate and tars décreased with increasing moisture
content of the wood used to generate the smoke. Indeed, to the extent that
moisture content affects the smoke temperature it could be expected to affect its
‘compnsition and yield as well.

7. Conclusion

From the smokz curing mzchanism just discussed, it is apparent that the most
important single factor is temperature control within the smoking chamber. For
effective smoking, the temperature of the smoking chamber must be initially kept
below 80°C to keep the fish at a desired moisture content long enough to absorb the
maximum amount of vapour compounds necessary for the development of texture,
colour and odour before raising the temperature to cook and dry the fish. The
control of temperature at the point of smoke generation to a low level ( <400°C)
eliminates carcinogenic compounds from the vapour phase.

Most traditional methods of fish smoking characteristically lack temperature
controlin the smoking chamber and at the point of smoke generation. Furthermore,
the exposure of the fish to smoke fumes is often preceded by excessive drying
which limits vapour absorption. These limitations in the smoking technology,
aside from producing products of uncertain and often poor quality, may also pro-
duce potentially carcinogenic products. Any significant improvement in the existing
traditional technology will therefore depend on the control of temperature at vari-
ous stagas in the smoking process.
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Manuscripts and all correspondence relating
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The Secretary, Editorial Board,
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EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-
standing that they have not been
published, submitted or accepted for publi-
cation elsewherc. Papers accepted for
publication may not be published elsewhere
in the same form, either in the language
of the paper or any other language, without
the consent of the Editorial Board.

Research papers, Papers read at Symposia
and Reviews may be submitted to the
Editorial Board. Research papers should
describe original investigations or techno-
logical achievements. Reviews should be
critical evaluations of existing knowledge
in a specialised field. The Journal also
accepts Short Communications: They
should be submitted if the results are of
sufficient importance to merit publication
in advance of a full paper.

Tangnages of Publication : Sinhala, Tamil
and English.

Referecing and Editing : All material sub-
mitted is examined by two or more
referees prior to publication. Papers are
edited to increase clarity and ease of
communication. In preparation for the
the press, particular attention is paid to
grammar and the conventions of the Jour-
nal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial considera-
tion can be processed expeditiously if they
conform from the outset to the style of the
Journal. Authors are thefore advised to follow
closely the form described in these instructions.

PRESENTATION OF MANUSCRIPTS

No maximum length of contributions is
prescribed but papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be

eliminated. In general, the impersonal
form should be used.
Supplementary material of a detailed

nature, which is not essential in the
printed paper, but may be useful to
other workers, may be deposited with

the Secretary. Such material will Ee
made available to other scientists on request
and a note to this effect should teincluded
in the paper.

The paper should Ete
divided into sections,
sub-sections. The following pattern is
suggested for Research Papers (a)
Introduction (b) Experimental (c) Results
{(d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (¢) and (d)
can be combined. When a separate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.
Conclusions should not ‘merely repeat
preceding sections.

Special care must be taken in citing
references correctly. Responsitility for
the accuracy of these rests entirely with -
the authors. It is the authors’ respon-
sibility to obtain written permission  to
reproduce material which has appeared
in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in tri-
plicate - -including the original typewritten
copy - typed throughout in double spacing
on one side of the paper only. Adequate
margins should be left (4 cm) with liberal
spacing at the top and bottom of each
page. The typescript should be free of
corrections.

reasonably sub-
and if necessary,
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Headings of major sections should be
centred and sub-section headings should
be placed on the left of the page. The
complete set of headings and sub-headings
in an article should be numbered follow-
ing the style adopted in this Journal
and the set should reflect the logical
development of ideas.

Paging: Each page of the manuscript
should be numbered and the name of
the first author and page number indicated
in the upper right-hand corner of the page.

The first page should contain the article
title, the pame(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
should be clearly indicated, Female
authors should include one of their given
names. . The title should be concise bust
informative. The first word of the titie
should preferably beyone useful in indexing
and information retrieval. Where a series
of related papers is submitted, each indi-
vidual paper should have the same general
heading, followed by a series number and
title of the part. Any footnote to the title
should be given at the bottom of this page.

The second page should contain an ab-
stract (of not more than 250 words) which
should be a summary of the entire paper,
not of the conclusions alone and iptelli-
gible without reference to the paper itself.

The text should begin on page three and
each subsequent major section - refercnces,
figure legends and  table legends should
begin on a new sheet,

The last page should contain (a) a notc
as to the number of manuscript pages,
figures and tables, (b) proposed running
title of less than 42 characters (letters
and spaces) and (c) the name and mailing
address of the person to whom the proofs
should be sent.

‘Dlustrations : All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in
sequence with Arabic numerals. Authors
-must submit the original and two dupli-
cates of each figure. Figures should be
planned to fit the proporticns of the print-
ed page (12 x 17 cm).

Figures must be drawn in Indian ink
on plain white paper or board or tracing
paper, not larger than 20 x 30 cm,
Drawings should be lettered with a
lettering set; lettering should be kept large
enough to be legible after a reduction of 50

to 607;. If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so
written that the general meaning of each
illustration can be understood without
reference to the text. The amount of
lettering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on a separate sheet and placed at
the end of the manuscript.

Graphs should be plotted on white or
blue - lined graph baper or tracing cloth;
grid lines that are to be shown in the
engraving should be inked in black. The
caption of each axis should be lettered
parallel to its axis. Each figure should
be identified in the margin with authors’
name and figure number. The preferred
position of all illustrations should be
indicated in pencil in the manuscript.
Photographs : Half-tone illustrations should
be included only when essential, Good
glossy prints with sharp contrasts between
black and white areas should accompany
the manuscripts; they should not be
attached to manuscript pages. The size
should be such that whep the print is
reduced to the normal size for reproduction
(12x17 em maximum), the defail is stil]
clear. Magnification should be indicated
with a scale line on the photograph.
The authors’ names and figure number
should be given on the back of each
photograph.

Tables should not repeat data which are
available elsewhere in the paper. Each
table should be typed ona separate sheet
with due regard for the proportions of

the prinied page. They should be
numbered consecutively © with  Arabic
numerals. Tabulated matter shoyld be

clearly set out and the number of col-
umns in each table should be kept as
low as possible. Tables should have
legends which make their general mean-
ing clear without reference to the text
and all table columns should have expl-
anatory  headings. Units of meastre
should be indicated in parentheses in the
heading of each column. Vertical lines
should not be used and horizontal rules
used only inthe heading and at the bottom.
A one-column table may be up to 42
characters (letters and spaces) wide. A
two-column table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by superscript lower-case
italic  letters (a, b, ¢, etc.). Each table
should carry on the back of the sheet
the authors’ names and figure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of refercnces which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. All authors’ initials must
be given after surnames. The year of
publication should follow in parentheseés.
When journal articles are listed the journal
name should bz abbreviated in accordancs
with the World List of Scientific Periodicals
19001960, 1972, 4th edn, London : Butter-
worths Scientific Publications. If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlined to indicate italic type and
followed by the volume number underlinad
with a wavy line to indicate bold type, the
issue number in parentheses dnd then the
inclusive pages. When books are listed, the
order should be : author(s), year, bock title,
volume number, edition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be :author (s) of section, year, the
word In followed by author of book, book
title, volume number, edition, inclusive pages
place of publication and publisher. The
series title of a book should be given in
parentheses after the publisher.

Examples : '

Journal — ANauor, JE., Dicks, D.M.,

- Evans, W, C, & SANTRA, D.K.
(1972) Planta Med. 21(4) :
416-420,

Book - ScHokMAN, D. (1960) Fegetable
growing local and  exotic
varieties, 29p. Colombo @ Agri-
culture Department.

Section of

Book —— ZITNAK, A. (1973) In Chronic

cassava toxicity : proceeding:
of aninterdisciplinary work:hop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa :
International Development
Resezrch Centre. (IDRC-010c).
Footnotes which are indispensable should be
indicated in the t2xt by small superior figires
and listedon a separate page inthe manuscript.

Abbreviations and Symbols recommended in
the various parts of British Standard 1991 :
Letter symbols, signs and abbreviations
should be used. Authors are encouraged
to use the S.1. System of units (see description
in British Standard PD 5686 : The use of
S.I. Units),

Authors whose papers contain mathematical
expressions should submit a list of the symbols
used carefully and clearly indicated for the
guidance of the printer. This list will not
appear in print.

Formulae and Equations : Equations should
be typewritten and quadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of
the equation.

Nomenclature : Scientific names of plants
and animals will be printed in italics, and
should be underlined in the manuscript. In
the first citation, genus, species and authority
must be given. e.g. Tylenchorhynchus claytoni
Steiner. In later citations, the generic
name may be abbreviated to its initial letter.
e.g. T. claytoni.

Special instructions in the fields of Physical,
Chemical and Medical Sciences are available
on application to the Secretary.

Short Communications : The Journal may
include a limited number of short communi-
cations. Authors should submit short com-
munications only when they believe that
rapid publication of their results is of the
utmost importance. A short communication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables.
Short communications should be complete
in their own right and suitable for citation.
The title should indicate the content clearly
as these papers do not carry abstracts.

Proofs : Corrected galleyv proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in
delay in publication. Correction of proofs
by authors must be restricted to printer’s and
similar errors.. They should be marked in
pencil. Any modification of the original text
is to be avoided. Responsibility for correc-
ting proofs rests eatirely on the authors
though editiorial assistance will be provided.

Reprints : 50 reprints will be supplied free
of charge for each article. Additional
reprints can be ordered on the reprint
order form which will accompany the proofs.
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