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1. GENERAL PART

1. 1 Introduction

Storage and stability during storage of medicaments, i. e. medicaments in

finished form (Tinctures, Injections, Pills, Tablets, etc.) as well as crude drugs,

are very important problems for pharmacists. They are not only of academic interest

but have far reaching practical, medical and even financial implications. Previously

a pharmaceutical preparation was considered stable as long as no changes demonstrable

by senses had taken place (i. e. changes of smell, taste, colour, consistency, the

formation of precipitates, the growth of micro-organisms, etc.). In more recent

time the term stability has been discussed and more precise definitions have been

set up. We shall discuss them later on.

Much work has been done on the problem of storage and stability during storage

of medicaments in finished form and a considerable number of publications dealing

with this particular side of the problem are available. In the XIX International Con¬

gress of Pharmaceutical Sciences (1959) held at Zurich, the subject for the main

symposium was "Stability and stabilisation of medicaments". In comparison to this

the work done on the stability of crude drugs and spices during storage is rather poor.

We therefore decided to investigate this problem and acquire some knowledge about

the effects of storage and packaging materials on crude drugs.

The possibilities of deterioration in crude drugs, in certain manners, are far

greater than in medicaments in finished form, as most of the crude drugs contain

enzymes such as Oxidases, Reductases, Hydrolases, Carbohydrases, etc. But en¬

zymatic reactions will be rather slow due to the water content of air dried drugs

which is approximately 7-15% (1, 2, 3). This water content is mainly due to the

hydration of certain substances in drugs viz. cellulose, pectin of the intercellular

lamina, other polymer carbohydrates, proteins, etc.

Other factors affecting the stability of drugs during storage are environmental

factors like relative humidity, temperature, radiation (infra-red, visible light and

ultra-violet) and oxygen of the air.

There is one more factor affecting the stability of drugs and that is the influence

of packaging materials. This influence depends not only on the packaging material

but also on the environmental factors mentioned above and on the drug.

The problem of stability of drugs can be studied experimentally either by em-
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ploying only one type of packaging material and different types of drugs or a single

drug and many different types of the packaging materials.

In the present investigation we have decided to work with a single drug, namely

Fructus Anisi (Pimpinella anisum, Umbelliferae family) and a number of different

packaging materials and also under different storage conditions.

1.1.10 Review of literature

As already mentioned in the introduction, the work done on the stability of crude

drugs during storage is rather poor in comparision with the work done on the stability

during storage of medicaments in finished form.

As early as 1623 Martinus Pans a wrote that medicaments should be stored as

long as they do not deteriorate and can be used for their curative purposes (4). This

statement makes him one of the first persons to realize that drugs may deteriorate

during storage and lose their medicinal value.

A rapid development of pharmaceutical preparations during this century has

created an increased interest in the problem of stability of these preparations. As

already noted, pharmaceutical preparations were considered stable as long as no

changes demonstrable by senses had taken place; but now the problem is considered

quantitatively and more specific demands are made. An attempt has been made to de¬

fine the concept of stability. For example the stability of a pharmaceutical prepara¬

tion is defined as the period of time from the date of completion of the preparation

until it no longer fulfills pharmacopeal specifications (5). This definition will be ideal

only when (I) all pharmaceutical preparations were adopted by pharmacopoeas and

when (n) all pharmacopoeas would contain detailed specifications concerning each pre¬

paration.

In most of the pharmacopoeas the question of storage is treated rather lightly

and frequently only with inadequate remarks such as "To be kept in cool dry place,

protected from light, in a well closed container, etc. " These remarks have no value

as long as no specifications concerning temperature, humidity, irradiation and if

necessary safe period of storage, etc. are given. Recently for the medicaments ob¬

tained from the biological sources, such as antitoxins, vaccines, hormones, anti¬

biotics, etc. the production date, expiration date and also the storage temperature

are given on the lable of the product. Schou and M^rch do not limit their work

with the above mentioned biological preparations but have done much work on the
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medicaments of the chemical origin and extracts of vegetable drugs. They have given

a long list of preparations like injections, eye drops, tablets, etc. with their appro¬

priate storage conditions and storage periods. They have also made a list of reme¬

dies to be kept only in amounts corresponding to the consumption of short period of

time and remedies which must be prepared for each use (6).

Deterioration of drugs of vegetable or animal origin is mostly due to the pre¬

sence of catabolic enzymes. J. M. Rowson and S . Simic (7) found out that

Digitalis purpurea leaves deteriorate in their therapeutic potency due to incorrect

drying and faulty storage and also found out that this deterioration was due to the

enzymatic activity. Semen Sinapis nigrae is another example where enzymatic activity

plays a decisive part in the stability of the drug (8). Enzymatic decompositions take

place also in remedies not prepared from plant or animal drugs, but which neverthe¬

less offer sufficiently good conditions of growth for micro-organisms to allow a sim¬

ilar decomposition to take place catalysed by enzymes from micro-organisms. This

type of growth often occurs in dilute solutions such as eye drops, solutions and mixt¬

ures etc. However, the phenomena pertaining to this type of contamination are not

sufficiently known. In the case of penicillin, a number of bacteria and fungi have been

found to form a penicillin decomposing enzyme known as penicillinase; the presence

of this enzyme deteriorates penicillin very rapidly. Fatty substances also may be

attacked by these enzymes-producing micro-organisms and the enzymes may cause

the fats to go rancid. This rancidity known as biological rancidity occurs in ergot

along with the chemical rancidity (i. e. autoxidation).

The storage for longer periods, of drugs containing fatty oils, is dangerous as

these oils become rancid and peroxide formation takes place. These peroxides are

detrimental to the other constituents of the drug (9). This rancidification is due to an

oxidation process proceeding slowly while staying under the influence of atmospheric

oxygen; the process is also called autoxidation. This process of rancidification or

autoxidation may take place more rapidly in dry drugs as there is an abundance of air

and therefore abundance of oxygen in cell lumina and intercellular spaces. Many seeds

contain fatty oils (Almonds, Calabar, Mustards, Nuxvomica, Strophanthus, etc.). In

other organs fatty oils are not so common but they occur in some roots (e. g. Radix

Gentianae, Radix Senegae, etc.), barks (e.g. Cortex Tiliae, etc.) and also in mycelia

such as Ergot. In the case of the last mentioned drug different authors (11, 12, 13, 14)

have unanimously agreed that rancid Ergots have no or little therapeutic value, as a

large part of its medicinally valuable alcaloids which are highly sensitive to peroxides

is destroyed (10). The rate of loss of alcaloids can be controlled by careful storage.

Defatted Ergot can be stored for longer durations without any appreciable loss of active
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constituents (Brit. Ph. 1932 and Ph.Helv. V). Defatted Ergot also must be stored in

absence of moisture because moisture also has deteriorating influence. This has

been proved by J. A. Rees (12) in his experiments in which he stored four lots of

defatted Ergot with moisture content of 7. 9, 10.1, 12.6 and 13. 2% for five years.

After this period he determined the alcaloidal content. The percentage deterioration

was 15.3, 33.1, 20. 7 and 21.1% resp. A distinct corelation between percentage

moisture content and the percentage deterioration is shown here by three of the four

lots used for the experiment.

A number of publications about the influence of storage on the volatile oil con¬

taining drugs have been published. Hofmann (16) published a work on the influence

of storage on Menthae leaves. Bodi (17) tried to observe the effect of storage on

number of volatile oil containing drugs and concluded that drugs containing volatile

oils should be stored in cool, dry places and in glass or porcelain containers protected

from light. Weichan (18) says that the influence of storage on volatile oil content

depends on the type of manure used during the cultivation of the volatile oil containing

drugs. I slip et al. (19) observed that sweet orange oil stored in dark and at 4-5°C

temperature shows no changes but when stored at room temperature and in half filled

bottles deterioration takes place. Freise (20) also worked on the problem of influe¬

nce of storage and packaging materials on the drugs and found that coloured packaging

materials had the most protecting action during the storage of volatile oil containing

drug.

The publications on the influence of environmental factors will be dealt with

later in chapters dealing with these factors.

1.2 Plan of work

1. 2.10 Selection of the drug to be investigated

The selection of the drug to investigate the influence of storage presents a very

complex problem because every drug behaves according to its anatomical and physical

as well as chemical properties of its active constituents; other substances which have

no therapeutical value may also influence the process of deterioration and stability

during storage.

With reference to the content of active constituents the volatile oil seems to be

a gocd choice, as drugs containing volatile oil show rather prompt changes.



- 15 -

The deterioration of the volatile oil containing drugs is partly due to oxidation,

irradiation and specially due to the volatilisation. As it will be shown later, these

phenomena mentioned here and others depend on the localisation of the volatile oil in

the drug. For the case of an extraepidermal localisation a thorough investigation has

been performed by W .
Hof mann (16) working on pepermint leaves. For the case of

localisation of the volatile oil in the interior of the plant body nearly no information

has become available until now. We found it therefore of great interest to choose for

investigation a drug in which the volatile oil is located in the interior of the drug. As

we desired to investigate not only the total content of the oil but also the behaviour of

one or two main constituents of the oil, we looked for a drug in which one component

is the dominant; at the same time we looked for a drug of certain commercial import¬

ance. Based on these considerations we selected FRUCTUS ANISI from Pimpinella

anisum, Umbelliferae family. Anise fruits have the advantage that the schizogenous

canals which contain the volatile oil are located, for the greater part, at the same

distance from the surface of the fruit which would not be the case with Umbelliferaous

roots. By this fact anise fruits show more uniform conditions for the influence of

storage and we could expect clear results.

1. 2. 20 Storage conditions to be investigated

Planning an investigation like the present one, it must be carefully thought over,

what conditions could be deleterious for the drug and especially for its active principles.

With that consideration in mind, we divided the storage conditions into two main

groups, namely the conditions of environment or atmospheric conditions (Temperature,

Relative humidity and Irradiation) and the conditions caused by different packaging

materials. In this investigation we have placed special stress on the use of modern

packaging films of plastics and plastic laminates.

1.2.21. Temperature

Under the ENVIRONMENTAL conditions we have investigated the influence of

the following temperatures;
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20°C Room temperature

30 C Oven temperature

60°C "

80°C "

At 20 C the drug was stored in different packaging materials but at 30, 60 and

80 C only polyethylene and cellophane bags were used for storage purposes.

1.2.22 Irradiation

To observe the effect of irradiation, the drug samples were stored in shallow

hard cardboard boxes. The shallow boxes were used so as to get an uniform layer of

drug and hence uniform penetration and uniform effect of irradiation. The layer of

drug was about 5 mm in height. Selective filters measuring 19. 2 x 10.6 cm were em¬

ployed to get desired wavelength of light radiation. The drug was stored under the

selective filters (Firma LIFA, Augsburg) transmitting the following wavelengths of

light radiation.

Colour of the filter Transmitted wavelength

Blue 430-485 mji

Blue-Green 490-540 mu

Green 550-600 mu

Red > 600 mu

To observe the effect of ultra-violet in the region of 315-400 mu, we have used

a glass filter (U. V. permeable black glass known as UG 2, Jenaer Glass Works).

According to the manufacturers these filters are extremely selective and transmit

practically only the mentioned wavelength.

1. 2. 23 Relative humidity

To observe the influence of relative humidity on the stability of volatile oil

containing drug, the drug was stored at five different relative humidities. The re¬

quired relative humidity levels were obtained by keeping the saturated solutions of
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different salts in desiccators. The following humidities were maintained and their

influence on the drug was observed.

97%

80%

65%

35%

0%

1. 2. 24 Packaging materials

Packaging materials used by us were chosen according to their importance and

demand in the present time. Due to the fact that actually the full or half synthetic

materials like polyethylene, P.V.C. etc., and cellophane are used more and more

as packaging materials we gave a special interest to these materials. Due to the lack

of time we did not deal with containers made of wood, glass, tin, etc.

Expecially for lipophilic plastic materials absorption and rather high trans¬

mission rate of volatile oils were to be expected. It seems therefore necessary to

investigate also the influence of thickness of such materials. We employed P. V. C.

for this investigation and compared the behaviour of P. V. C. films of 150, 100, 60,

and 40 p.. Following packaging materials were investigated:

(1) Brown paper bags.

(2) Blue paper bags with parchment lining.

(3) Green paper bags with parchment lining.

(4) Cellophane SH 62 (Plain cellophane).

(5) Cellophane MST (Moisture-proof cellophane).

(6) Polyethylene 50 u.

(7) Polyethylene laminated blue paper bags.

(8) Polyethylene laminated cellophane bags.

(9) Polyvinyl chloride (P. V. C.) bags of 150, 100, 60, and 40 ^t thicknesses.

(10) Polyamide bags 10 u.

The influence of packaging materials on whole drug as well as on powdered drug

was observed.

In each case the drug was analysed for

(1) Volatile oil content
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(2) Anethole content

(3) Moisture content

(4) Ref. index of the distilled oil

(5) Smell of oil and drug

(6) General appearance

1.3 Anatomical and chemical problems of the selected drug with

reference to volatile oil containing drugs in general

The localisation of the active principles in the tissues is an important factor

influencing changes which may occur during the storage of drug. The active principles

like alcaloids, glycosides, tannins, sugars, proteins, etc. are dispersed in the cell-

sap or in the protoplasm; that means they are more or less in aqueous medium, which

enables them to come into easy contact with enzymes. Furthermore these substances

which are hydrophilic in nature are dispersed in a larger area and so the effect of

environmental factors such as temperature, humidity and radiation is also wide spread

and comparatively much more destructive. As mentioned above the hydrophilic subst¬

ances like glycosides and alcaloids occur in the cell-sap and a glycoside producing

plant invariably produces its respective enzymes for catalyzing the synthesis as well

as the destruction. Generally under normal conditions in nature, the glycoside and

its corresponding enzyme are separated physically. But when organs containing

glycoside or any active principle are removed from the plant, the equilibrium of the

metabolism is disturbed and the organ soon reaches the dying state. Now one of the

important physical character of a dead plant organ is the ceasation of the semi-perm¬

eability of the membrane and therefore a general permeability following pure physical

laws takes place (21). In this way substances like glycosides and alcaloids which had

been restricted to certain definite cells during their life time are now able to migrate

freely within the whole organ and come into contact with enzymes. This illustrates

why the study of localisation of the active principles in the drugs is necessary. With¬

out the exact knowledge of localisation, the cell structure and chemical nature of the

substances produced by plants, it is very difficult to understand the mechanism of

destruction and hence the protection against such destructive processes.
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1. 3.10 Localisation of volatile oils

Volatile oils are mostly located in special organs such as schizogenous glands,

lysigenous glands, oil cells or secretory hairs and excretory cells. In all these cases

water is more or less absent in the space containing the volatile oil. This is specially

the case with schizogenous glands and secretory hairs due to their formation. Water

could be present in slightly greater amounts in lysigenous glands and secretory cells

because in these organs protoplasm and cell-sap had been present at the beginning.

Enzymes are nearly completely absent in volatile oil containing spaces of schizo¬

genous glands and secretory hairs (22, 23). They could be present in smaller amounts

in lysigenous glands and secretory cells due to the reasons stated above.

The types of secretory organs containing the volatile oils are as follows;

(A) Schizogenous glands: These are internal glands and are found throughout the

plant. Schizogenous glands or canals are formed as a result of the enlargement of

intercellular spaces or due to the separation of the cells. The cells surrounding these

glands produce volatile oil and this oil is stored in the intercellular spaces or between

the walls of the cells. This schism of the cells is called schizogenous formation.

Widening of these intercellular spaces takes place with a division of the secreting cells

and with the accumulation of volatile oil. Often these intercellular glands grow to form

long canals (24, 25). The schizogenous glands or reservoirs occur in several plants,

especially in the members of Compositae, Umbelliferae and Pinaceae families.

(B) Secretory hairs: In secretory hairs as they occur in Labiatae, Compositae

etc., the volatile oil is formed in the living cells, secreted through the membrane

and stored in the spaces between the outer membrane of the cells and the cuticle

covering the cells.

(C) Lysigenous glands: These glands are formed as a result of necrotic or

destructive processes. A lysigenous gland arises from a group of normal parenchym¬

atous cells in which first protoplasm and nucleus and later also the membrane under¬

go a kind of dissolution leading finally to the volatile oil. This transformation stops

later and the secretory hole acquires finally more or less globular or ovaloidal form,

still showing some remainders of the dissolved cells. This type of glands are found

in Rutaceae, e. g. in the peels of citrus fruits, in jaborandi leaves, etc.

(D) Schizolysigenous glands: These glands are formed as described for schizo¬

genous glands but later the hole is widened by the dissolution of the surrounding cells.

Such glands occur in Myrtaceae family, e. g. eucalyptous, cloves, etc.

(E) Secretory cells: These cells originate from parenchymatous cells in which

the protoplasm and the nucleus are transformed into the volatile oil. The membrane

remains intact and during the excretion a very thin suberized lamella is formed.
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This type of cells occurs in several families of Polycarpicae, e. g. Lauraceae,

Magnoliaceae, etc.

The volatile oil can also be formed in parenchymatous cells in an emulsified

form dispersed in the protoplasm. This occurs mainly in petals of several flowers

e.g. Rose, Tilia, etc.

1.3.11 Localisation of the volatile oil in the morphological organs

Volatile oil containing plants can roughly be divided into two groups; namely

group (A) in which the volatile oil is located into glands or cells of the epidermis or

very close to the epidermis. In this group come volatile oil containing glandular hairs

occuring as epidermal out-growths on the surfaces of leaves, stems, petals and sepals,

e.g. in Labiatae family. These epidermal hairs are exposed and therefore are subject¬

ed to the drastic actions by environmental factors such as temperature, humidity and

irradiation. In Rutaceae plants, the glands are very close to the surface but they are

not quite so exposed as in the case of epidermal hairs. Group (B) consists of those

organs in which volatile oil containing glands are covered by several layers of cells,

e. g. in Umbelliferae fruits and roots the schizogenous glands are imbedded in the

mesocrap and the phloem respectively. These layers covering the glands have protect¬

ive effects against (I) evaporation and (II) irradiation. The protection against irradia¬

tion depends on the nature of cell-wall, protoplasmic content and the presence of

coloured materials in the epidermal cells and surrounding cells. A very good protection

is offered by cork because it is nearly impermeable by volatile oils and also because

it absorbs ultraviolet radiation.

1.4 Characteristics of the Fructus Anisi

For the better understanding of alterations in the content and composition of

active principles a short presentation of the morphological and microscopical charact¬

ers of the drug concerned is very useful.
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1.4.10 Morphological and anatomical characteristics

Mericarps usually coherent and attached to a slender pedical 4 to 10 mm long

forming cremocarp; cremocarp ovoid, laterally compressed, 4 to 5 mm long, about

2 mm in diameter, externally greenish-brown or greenish-grey, with 10 yellowish

filiform primary ribs, finely pubescent; apex with a ring-like disk and two projecting

divergent styles about 0. 5 mm long; internally yellowish-brown, with slender

carpophore attached to each mericarp.

The mericarp in transverse section irregularly plano-convex (more or less

semicircular), slightly concave on the commissural side and usually with two large

vittae on each face; dorsal side with 30-40 vittae in the mericarp; in the epicarp

many cells developed as unicellular seldomly bicellular, short and curved hairs with

a slightly worty cuticle. In the mesocarp of the ribs, very tiny vascular bundles

accompanied by tiny bundles of fibres. Endocarp of tangentially elongated cells form¬

ing the parquetary layer; seed coat of one layer of brownish cells. Endosperm con¬

sisting of rather thick walled regular cells with aleuron grains and fatty oil. The

embroyo with thin polygonal walls is situated in the upper part of the endosperm.

Seed somewhat reniform in section and closely coherent to the pericarp. The excre¬

ting cells of the vittae are yellowish in colour and are nonlignified; the other paren¬

chymatous cells of the mesocarp are also cellulosic.

The active principle is located in the excretory canals or vittae. They are

covered by 4-8 layers of cells with cellulosic membranes. As the cellulose is hydrated,

evaporation of the essential oil is rendered very difficult. On the other hand, cellulosic

walls show a good transparency for visible and for U. V. radiations. U. V. would how¬

ever be partly absorbed by the cuticle of the exocarp. Intercellular spaces are absent

or very small. In the exocarp stomata occur.

From the anatomical side one could still perhaps expect an influence of the fatty

oil on the volatile oil such as oxidation by peroxides from the fatty oil, absorption of

the volatile oil in the fatty oil. However the two types of oils are separated by several

layers of cellulosic cells and the fatty oil in the endosperm is located in the cells with

thickened walls. A contact of the two oils in liquid as well as in gaseous form through

the tissue is impeded mechanically (Hydration of the cellulose).

Anise fruits are on the market in different types, varying among other charact¬

eristics in the size, which is often expressed by the weight of 1000 fruits. In smaller

fruits the surface is relatively greater than in greater fruits (26), and one could expect

greater losses in smaller fruits. We did not investigate this problem but performed

all investigations with the same lot of drug. We give however the necessary data of

our drug.
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Different authors have given varying figures for the weight of 1000 fruits.

According to Tschirch (27) and Harz (28) the weight of 200 fruits is between

1.26 and 1.56 gm i.e. the weight of 1000 fruits will be 6.30 to 7.80 gm. Limbach

and Bo shart (29) give a very low figure, namely 1. 5 to 3. 5 gm for 1000 fruits.

1.4.11 Chemical constituents

Fructus Anisi contains about 1. 5 to 3. 5 % volatile oil as its main active consti¬

tuent which is located in the vittae. It also contains 8. 56 to 28 % fatty oil in the endo¬

sperm (30). The figure of 28 % must be considered as an exceptionally high one;

mostly it is about 10 to 12 % (31).

1.5 Physicochemical properties of anise oil

Freshly distilled anise oil is colourless or faintly yellow volatile oil with a

characteristic odour; its main constituent is anethole and it also has a similar

characteristic odour. Anise oil has a sweet taste. Anise oil congeals in cold (below

about 10°C) to a white crystalline mass (32), which begins to melt at 15 C or some¬

times also at somewhat higher temperatures. According to Giinther (33) the physical

properties of the anise oil vary within the following limits;

Specific Gravity at 20°C 0. 980 to 0. 990

Optical Rotation Slightly laevo-rotating up to

-1°50'

Refractive Index at 20°C 1. 552 to 1. 559

Solubility Soluble in 1. 5 to 3 vol. of

90 % ethanol

Anise oil when exposed to the action of light and/or air for long periods, slowly

loses its capacity to crystallize until it no longer congeals. The specific gravity in¬

creases in some cases to above 1.0, the refractive index is reduced and at the same

time the oil becomes more soluble in 90% ethanol (33).
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1.6 Chemical composition of the anise oil

Anise oil consists mainly of two isomeric compounds of the empirical molecular

formula C10H..2O, namely anethole and methyl chavicol. Beside these substances

anise oil contains anisketone and anisaldehyde in noticeable amounts. The first fractions

of anise oil contain acetaldehyde, some sulphur containing but yet not sufficiently known

compounds of disagreeable odour and very small quantities of terpenes. Rutovski

and Leonov (34) while investigating the Russian anise oil found the presence of

d-o<-pinene, o<-phellandrene, dipentene, camphene and d-fenchone. According to

Giant her (33) these results must be due to impurities in the oil or due to the oil

distilled from material other than fruits of true Pimpinella anisum. Tardy (35)and

Schimmel chemists (36) have proved that pure Russian anise oil contains no

fenchone. It may be that the different findings mentioned above, are due to chemically

different races of the species of Pimpinella anisum, or to different states of develop¬

ment of the fruit.

1.6.10 Anethole

C10Hl2O Chemically it is p-Methoxypropenylbenz-

m„i • uuo on ene. 80-90% of anise oil consist of this phenol-

Mol. weight 148.20
'" r

ether which is solid at room temperature in

pure isolated form. It is a white, crystalline

mass with intensely sweet anise like odour and

flavour. It is also obtained from the fruits of

star anise (Illicium verum), fennel fruits, leaves

of Clausena anisata (anethole content 74-89%),

leaves of Backhousia anisata (anethole content

CH=CH-CH3 6Q(^ leaves of Magnolia salicifolia (anethole

content 73%), and the herb of Ocimum menthae

folium.

Physical and chemical properties: - The following properties have been reported

by various authors;

Cong. pt. 21° to 22°C (37, 38)

Melting range 22.5° to 23°C (37, 39)
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Boiling range

Specific Gravity
at 25° C

Refractive Index

at 25° C

Refractive Index

at 18° C

Solubility

232° to 234°C (40)

0.986 (41)

1.559-1.561 (37)

1.56149 (41)

Soluble in 2-3 vol. of 90%
ethanol (37)

Like anise oil, under the effect of light, air and temperature, anethole also loses

its ability to crystallize and simultaneously assumes a viscid consistency, a yellow

colour and a somewhat bitter disagreeable taste. This is accompanied by an increase

in the specific gravity above 1.0 and a better solubility in ethanol (42). There is dis¬

agreement about the causes for this change. According to de Varda (43) this change

is due to the polymerization of anethole, while according to Hoerlng and Grae-

lert (44), it is due to the oxidation of anethole to anisaldehyde, anisic acid and

other products of oxidation like 4,4'-dimethoxystilbene, known as "photoanethole"

(45). Photoanethole is quite insoluble in the oil itself as well as in most of the other

organic solvents and the turbidity acquired by freshly prepared anethole on standing is

due to the presence of this compound.

Substances obtained by the oxidation of anethole vary according to method of

oxidation employed. On oxidising anethole with molecular oxygen at 150 C acetalde-

hyde, carbon dioxide, anisic acid and acetic acid, free as well as esterified, are ob¬

tained. On oxidising at 20 C in presence of benzaldehyde, the following compounds

were obtained in addition to those mentioned above; anisaldehyde, p-methoxyphenyl-

acetone, p-methoxyphenylacetoin, anethole glycol and dimolecular anethole glycol

ethers (46).

Giinther gives the following data illustrating the effect of light and air upon

the physical properties of anethole.

Original
anethole

Exposed to light
and air

Exposed to air

in the dark

Specific Gravity
at 25° C 0.986 1.114 1.1080

Solubility 1.5-2 vol

and more of

90% ethanol,
not fluores¬

cent.

Miscible with

80% ethanol. The

soln. has a deci¬

ded blue fluores¬

cence.

0. 5 vol. 80%
ethanol and more.

The soln. has a

blue fluorescence,

Acid number 0 1.4 1.4

Aldehyde content

calculated Anis¬

aldehyde

Flavour

0.7%

Sweet, ane¬

thole like.

25%

Very harsh and

bitter.

17.6%

Harsh and bitter.
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1.6.11 Methyl chavicol

C10H12O Chemically the substance is p-Methoxy-

Mol. weight 148. 20 allylbenzene; it is also known as p-Allylanisole,

Chavicolmethylether, Isoanethole and Estragole.

It is the second important component of anise

OCH °il- Methyl chavicol is also present in oils of

I American wood turpentine, estragon, star anise,

[ || fennel and basil. Its presence is also reported

^p in the oil of the fruits and leaves of Manchurian

CH2"CH=CH2 Fagara mantshurica Honda (47), and in the gly¬

coside, lusitanicoside (48) obtained from Cera-

sus lusitanica (family Rosaceae).

Properties: - Methyl chavicol is a colourless liquid with slightly anise like odour;

its flavour is not as sweet as that of anethole.

Boiling range 213-215°C (40)

Specific Gravity 0.960 (49)
at 25° C

Refractive Index 1. 51372 (48)
at 22° C

Refractive Index 1. 52355 to

at 16° C 1.52380 (37)

1.6.12 Anisaldehyde

CgHgO, Chemically it is known as p-Methoxybenz-

Mol weieht 116 14 aldehyde. Mainly this substance is found in the

old samples of anise oil as it is formed by the

oxidation of anethole. It can also be found in

other old volatile oils containing anethole, e. g.

in oils of fennel, star anise, Clausena anisata

etc.

Properties: - Anisaldehyde is a colourless

to yellowish oil with a strong characteristic

odour. Miscible with ethanol or ether.
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Melting pt 2. 5°C (50)

Boiling pt 247°C (51)

Specific Gravity 1.123 (51)
at 20° C

Refractive Index 1. 572 (52)
at 20° C

Solubility: Soluble in 7-8 vol. of 50% ethanol; soluble in 300 vol. of water with

slight opalescence (52).

These properties of anisaldehyde support the arguments put forward by Hoe-

ring and Graelert (44); explaining the changes occured in the properties of

anethole under the influence of light, air and temperature. These authours said that

these changes were due to the oxidation of anethole to anisaldehyde (see under

"Anethole"). Anisaldehyde is oxidised to p-anisicacid on exposure to air.

1.6.13 Anisketone

CqH10O„ Anisketone or p-Methoxyphenylacetone is

Mol weieht 150 17
found in the Russian anise oil, oil of fennel,

and also in star anise oil (53).

Properties: - Anisketone is an oil with

anise like odour. It is not easily volatile with

steam; is somewhat soluble in water and readily

soluble in ethanol, ether, etc.

Freezing pt -15°C (54)

CH -C-CH
Boiling range 267-269°C (55)

*2
^

*-"3

Specific Gravity 1.0707 (55)
at 17° C

Refractive Index 1. 5253 (56)
at 2o° C
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1.7 Pharmacology of Fructus anisi and anise oil

The use of anise fruits in pharmacy and medicine is due to its volatile oil and

therefore the pharmacology of anise oil will explain the pharmacology of anise fruits

also.

The pharmacology of anise oil is not completely known (with regard to the CNS)

and according to Cad6ac and Meunier (57) the action of anise oil when taken int¬

ernally, can be divided into two periods; first the period of excitement shown by higher

activity followed by a period of narcosis (57, 58). It exerts spasmolytic action especial¬

ly on smooth muscles. On the later activity depends the relaxation of intestinal spasms

and therefore the carminative effect of anise oil. Furthermore the spasmolytic property

is responsible for the soothing effect on coughing. Kochmann (59) and Wasicky

(60) reported that anise oil, even in extremely small doses stimulates the fibrillary

activity on the mucous membrane of frog's throat; on this depends its value as an ex¬

pectorant. Anise oil has a strong stimulative action on the secretion of all glands,

especially on milk glands.

When applied to the skin, it acts as a strong irritant. It is absorbed by the skin

and even a small quantity absorbed by the skin has an irritant action on mucous membr¬

anes and stimulates bronchial glands. The main component of anise oil i. e. anethole

has antimitotic activity on plant and animal tissues. In the body the anethole of anise

oil is oxidised to anisic acid and is excreted partly as anisic acid coupled with glyco-

coll (61).

The star anise oil has the Riedel-Walker-coefficient of 0.4 (65). The oil

of the fruits of Pimpinella anisum will have about the same coefficient as both oils

have similar chemical compositions.

1.7.10 Toxicology

Taken orally, the main component of anise oil, anethole, can be tolerated by

warm blooded animals in rather great quantities; dogs tolerated 1 ml/kg daily for a

longer time, but a dose of 3 ml/kg produced salivation, vomiting, sneezing and con¬

vulsions (62). Rabbits were fed daily 23 g of anise fruits without any abnormal effects

(63). Insects like lice and mites are killed within 10 minutes by anise oil (62).

Sandahl (64) investigated the toxic effects of old anise oil. In his experiment

two cows rubbed on throat and neck with old anise oil fell down to the ground. The oil
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in question was neutral and free from foreign substances (phenols, alcaloids, heavy

metals, etc.) and had also lost the congealing property. Sub-cutaneous injection of

0.03 to 0.05 ml was fatal. Two other anise oils which had lost their congealing pro¬

perties, had similar effects. From these experiments of Sandahl we can conclude

that anise oil which has lost the congealing property is poisonous.

1.7. 20 Uses of the anise oil

Anise oil is mainly used for two purposes; first as a cough remedy where its

expectorant as well as its narcotic and spasmolytic effects are important. Secondly

to cure the troubles of intestines as carminative. This use is due to the spasmolytic

activity. Leclerc (66) saw favourable effects of anise infusion and anise tincture

on spurious angina pectoris, gastric ulcers, palpitations, etc. Anise is also used to

amend bad taste of many medicaments. Anise oil is widely used in the flavouring of

tooth pastes, mouth washes, etc. Anise oil as well as fruits are used for flavouring

culinary preparations and confectioneries. Very great quantities of anise fruits are

used in the preparation of liquors. Anethole is also used for similar purposes.

1.8 Characteristics of the used drug

We bought the drug in a quantity great enough to be sufficient for nearly all our

investigations. The drug was supplied by "Siegfried AG", Zofingen.

1.8.10 Type of the drug

Fructus Anisi Ph. Helv. V. electus (Pimpinella anisum, Fam. Umbelliferae).
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1. 8.11 Organoleptic characteristics of the drug

Length of the cremocarp

1000 fruits weight

Colour

Odour

Appearance

3. 5-4. 5 mm

4.55 g

Greenish-grey

Strong and characteristic

Good, carefully dried and

without any adultration.

1.8. 20 Chemical characteristics of the drug

Volatile oil content

Anethole content

Moisture content

Refractive Index

The drug contained 3.1% volatile

oil when determined by Ph. Helv.

V. suppl.HI method. (Mean value

of 8 determinations) When det¬

ermined by Stahl method it

gave 2. 9% volatile oil content.

(Mean value of 6 determinations.)

92% (Mean value of 4 det¬

erminations. )

The drug contained 8.2%
moisture. (Mean value of 6

determinations.)

1. 550 (Mean value of 6

determinations.)

1.9 Analytical methods employed

1. 9.10 Methods employed for the analysis of the drug

The volatile oil content of the drug was determined by distillation with water.

For distillation we used an apparatus adopted by the Swiss pharmacopoea which is a

modified Clevenger type (67). This apparatus is made of heatproof and alkali-

poor glass with a mushroom shaped condenser; it functions on a reflux principle of a

closed system. In this apparatus one reads the volume of the oil distilled from the

drug in a burette graduated in 0.01 ml divisions and allowing the readings of 0.005 ml.
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For the analysis of smaller quantities of the drug (i. e. 5 g) for volatile oil

content, while investigating the influence of irradiation, we employed the method and

the apparatus suggested by Stahl (68). We did not employ the gravimetric method

put forward by him but only the volumetric one.

The moisture content of the drug was determined by drying the drug over anhydr¬

ous phosphorus pentoxide to a constant weight in a desiccator.

The refractive index of the distilled oil was measured by an Abb6 Refractometer

at 20°C.

1. 9. 20 Methods employed for checking the environmental conditions

Relative humidity was checked by standard hair-hygrometer.

The temperatures were controlled by standard thermometers (C) Ph. Helv. V.

1.10 Environmental factors

Deterioration of medicaments can occur by physical, chemical and microbiologic¬

al factors. These factors, independently or in combination with each other, can spoil

the curative values of medicaments. Most of the times one deteriorating condition

leads to another one and that second condition proves to be really harmful, e. g. the

presence of excessive moisture starts the enzymatic reactions and thus a physical

condition leads to a chemical one. Also humidity is extremely helpful for the growth

of bacteria and moulds.

In the course of this investigation we considered the following environmental

factors and observed the deteriorating influence exerted by them on the volatile oil

and the anethole content of Fructus Anisi. These factors were, (I) Relative humidity,

(n) Irradiation and (in) Temperature.
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1.10.10 Humidity

As it is evident, it is of utmost importance that excessive moisture during

storage should be avoided because most of the enzymes present in drugs require

rather a low percentage of relative humidity to activate them. The more visible agents

of deterioration arise secondarily as a result of growth (of microbes) which can occur

only under certain conditions of humidity, temperature, and upon materials providing

suitable nutrient substratum. As life can not exist without sufficient moisture, it is a

suitable degree of humidity which mostly affects the development of micro-and macro-

organisms. Drugs containing lypophilic substances should be protected from the ex¬

cessive moisture as certain fungi and other microorganisms produce enzymes of the

oxidases and the peroxidases types. W. Hof mann (16) observed the deteriorating

effects of higher relative humidity on the volatile oil content of Folium Menthae. He

reported loses of 27. 2% and 86. 3% after storage for 8 months at 60 and 100% relative

humidity resp. and 9% after storage for 8 months at 10% and 33% relative humidity

resp. This shows that the volatile oil of mint leaves is destroyed in considerable

amounts only when stored at relative humidity higher than 60%.

1.10.11 Irradiation

It is a well observed fact that exposure to sun light destroyes colouring matters

of the drugs, especially those containing chlorophyll viz. leaves and herbs in general

and also floral petals which contain anthocyanins and other pigments. Above mentioned

changes are apparent to the naked eye but other changes such as the destruction of

sensitive constituents like glycosides of digitalis also may take place and can only be

detected by the aid of chemical analysis.

A substance is affected chemically by light of certain wavelength only if it ab¬

sorbs light of this wavelength. Theorectically this is caused by the energy released

during the process of absorption. If the light is reflected or passes through the sub¬

stance it probably cannot cause any damage; however, certain substances such as ether

may be transformed when exposed to ultraviolet rays of wavelengths not absorbed by

the ether; this transformation takes place due to the fact that the ether contains

small amounts of impurities absorbing the ultraviolet light and transferring the

energy to the ether (70). Substances exerting this effect are known as sensitizers.

Sensitizers may operate in visible light as well; methylene blue and lactoflavine have
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a sensitizing and hence a photo-catalytic effect on ascorbic acid when exposed to

visible light (71, 72).

As mentioned previously, the first necessary condition for the reaction to take

place is the absorption of light of the wavelength in question by the substance; but this

is not sufficient since the energy-supply is also required to exceed a certain threshold

value before the reaction takes place. Due to the fact that the energy is inversely pro¬

portional to the wavelength, among the wavelengths examined the supply of energy is

strongest in U. V. and decreases towards the Red. It is not possible to substitute this

source of energy with light of longer wavelength for a longer period of time, since the

reactions are specific for the various ranges of wavelengths.

To understand the influence of irradiation in the plant tissue a knowledge of U. V.

transmission and absorption, by the drug under investigation e. g. in our case Fructus

Anisi, is necessary. With regard to crude plant drugs one should remember that in

dry drugs the medium is much more discontinuous due to the presence of air; there¬

fore the reflection in such tissues must play a very great role. In the case of anise

fruits it will be very difficult to measure the rate of reflection or transmission due to

the small size of the fruit and its curved form. We can however compare dried plant

tissues with a sheet of filter paper because it also contains lot of air pockets due to

the fact that in general it does not contain cementing substances. These latter sub¬

stances would, at least, partly avoid the reflection. From the measurements done in

2
our laboratory it was found that a white filter paper (Whatman No: 1) weighing 87 g/m

transmits 19% of U. V. radiation of 360 mp wavelength and 75% of U. V. radiation in

the region of 400 mu wavelength. Wolfram lamp was used as the source of light. Some

data giving the transmission, reflection, and absorption values radiation incident

upon the fresh green leaves are available. Loomis (73) measured the absorption and

reflection spectra for the leaves of four dicotyledon species and found that there was

an absorption maximum at 680 mu and minimum at 550 mp. He prepared mean absorp¬

tion and reflection curves from the data obtained during his investigation. From these

mean absorption and reflection curves the average values of absorption obtained for

the three regions of 400-500, 500-600 and 600-700 mu were 92, 71 and 84% resp. For

the region of 400-700 mu, the absorption was 82% and the reflection was 10%.

To get some idea about the transmission of U. V. by cellulose, we measured the

transmission of U. V. -radiation by regenerated cellulose (Cellophane) film of 30 p

thickness. The transmission values obtained for 300 mu and 400 mu wavelength were

70. 2 and 82.1% resp. These figures may be somewhat higher for pure cellulose due

to the fact that cellophane contains still plasticizer which may have also a certain

absorption. Pure cellulose will therefore have greater transmission. On the other
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hand cellulosic membranes may contain other polymer hydrocarbons with unknown

absorbancy. Furthermore the utter membrane of the epidermis of leaves, fruits,

etc. still bears a cuticle. This cuticle is not uniform but it is partly formed of waxy

substances, viz. esters of different fatty acids with specific alcohols. The chemistry

of cutin is discussed by M. Meyer (74) and M. Matic (75). The absorption by the

outer membrane has recently been measured by Bolliger (76) for different plants

belonging to the xerophytic and normal types. He found that due to the thinness of

the cuticle, the absorption in the U. V. is low even though cutin itself has a high ab¬

sorption for U. V. With regard to the stage of development of leaves, Bolliger could

show that absorption is much greater by matured leaves. He also mentions that the

absorption is partly due to other substances viz. flavanoids which occur in many

membranes.

The above mentioned U. V. transmission values for cellophane film should be

true or very near to the true transmission value for the membranes of parenchymatous

cells; as the membranes of the mesocarp and exocarp are cellulosic in character, but

as the exocarp has a thin cuticle it may absorb or reflect some amount of U. V. radia¬

tion (76).

The factors, beside moisture and containers, causing the deterioration of vola¬

tile oils are, oxidation caused by the oxygen of the air and U. V. radiation. The U. V.

radiation causes polymerisation of volatile oils and leads ultimately to their resinifica-

tion. Light is also a catalyst of oxidation process (77, 78) and therefore U. V. radia¬

tion may also cause oxidation but the rate of oxydation depends on the intensity and

the wavelength of U. V. and the temperature.

In the practical observations on the influence of irradiation on the content of

volatile oil made by Hof mann (16), the greatest loss of volatile oil occured during

storage under the U. V. filter transmitting the radiation of 315-400 mu wavelength.

He observed losses of 33%, 31. 5%, 50%, 58.8% during storage period of 9 months

under red (600 mu), green (550-600 mji), blue-green (490-540 mu) and blue (430-

485 mu). The volatile oil content of the drug stored under U. V. filter decreased by

58.4% after 6 month storage. With regard to mint leaves, the volatile oil is protected

by a very thin layer of cuticle so that the influence of irradiation must be greater than

for drugs in which the volatile oil is protected by several layers of cells. From Hof -

mann's results it seems that the deteriorating activity of irradiation decreases with

the increase in the wavelength.
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1.10.12 Temperature

For general storage an ideal temperature is about 10-15 C, which being slightly

lower than the normal room temperature and when maintained day and night, minimises

the risk of sudden changes of humidity. Materials so stored remain dry and the tend¬

ency to attack by vegetable and animal organisms is greatly reduced. Temperature

also helps enzymatic reactions and they proceed rapidly at higher temperatures. Opt¬

imum temperatures of most enzymes lie between 30 C and 45 C and their activity is

greatest in this range of temperature but beyond this range they are inactive as their

protein part or apoenzymes are precipitated. Enzymes become inactive at higher

temperatures only in the presence of moisture; in dry condition they can withstand

very high temperatures.

High temperature is especially dangerous for the volatile oil containing drugs

because of the volatility of their active principles. As temperature also helps in

accelerating the process of oxidation, the autoxidation of fatty substances and volatile

oils is quickened at higher temperatures, e. g. the excretion of Indian hemp rapidly

becomes resinified at higher temperature; oil of terpentine and oil of lemon also expe¬

rience a similar change; powdered colophony quickly alters in constitution and be¬

comes much less soluble in light petroleum, this may be due to change in abietic acid

(79).

1.11 Containers

Containers are very important factors to be taken into consideration while study¬

ing the influence of storage on medicaments - in crude or in finished form, because

they may exert some influence on the stability of the medicaments due to their physical

as well as chemical properties. Among the properties most important are those con¬

cerning permeability, e. g. permeability to O,, CO,, water-vapour, irradiation, be¬

cause they more or less allow the passage to destructive substances and destructive

forms of energy which may come into contact with the medicaments in the container.

Furthermore substances which could be harmful to the medicament be released from

the container itself, e. g. alkali from the glass and plasticizers from plastics.

Accodring to the International Pharmacopoea I (vol. I, Ed. Eng.) a container and

its closure must not interact physically or chemically with the substance which it
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holds so as to alter the strength, quality or purity of the substance; if the interaction

is unavoidable, the alteration must not be so great as to bring the substance below the

official requirements. Similar requirements are given in other pharmacopoeas such

as U.S. P. XVI, B.P. 1958, etc.

A certain confusion concerning the expressions "container", "wrapper" and

"wrapping material" exists, and it seems necessary to define these expressions. By

the expression "wrapping material" all materials used to cover the product in question

(in our case the medicament) is meant. The "container" (in german "Behalter", in

french "recipient") is the device which immediately holds the medicament and which

is or may be in direct contact with it (U.S.P. XVI). Each container has a "closure"

for single or multiple openings and takings from the container. The closures for single

taking are mostly made by sealing or welding, while the closures for multiple takings

are of very different types. The "wrapper" (in german "Verpackung", "Packung"; in

french "emballage") is the device in which the container is packed up. For many goods

the container may coincide with the wrapper and this is mostly the case with crude

drugs when they are stored in bags (made from paper, cellophane, plastics, fabric,

etc.), wooden or metallic boxes, etc.

Here we shall consider only the "containers" because only they can exert a more

or less severe influence on the drug. Lined bags (e. g. paper lined with cellophane,

plastics; cellophane lined with polyethylene, etc.) are considered here to be a unit

and therefore to form the container.

Containers generally employed in pharmacy are made of glass, wood, paper,

cellophane and plastics or synthetic resins. The container should function over a wide

range of temperature and humidity, be resistant to the effects of irradiation and aging,

have an adequate mechanical strength, prevent penetration by liquids and gases includ¬

ing water-vapour, be resistant to mould and insect attack and as far as possible also

be unaffected by the product it contains. Closures of these containers should be very

secure and be able to prevent the penetration by foreign substances such as dust,

moisture, gases, etc. and also prevent the loss of the product due to the disintegration,

dispersion, dilution, evaporation or absorption under normal conditions of handling,

transport, storage and sale.

Three main types of containers are prescribed in several pharmacopoeas, e. g.

Ph.Int.I, U.S.P. XVI, and N. F. XI. They are designed as well closed, tightly closed

or hermetically closed containers. Summarizing the statements of the above mention¬

ed pharmacopoeias requirements for the three types of containers can be set up as

follows.

A well closed container must protect its contents from extraneous solids
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and from loss of the content during normal conditions of handling, transport, storage

and sale.

A tightly closed container must protect its contents from contamination by

extraneous solids, liquids, or vapours and from loss of the drug by efflorescence,

deliquescence or evaporation under the normal conditions of handling, transport,

storage and sale and is capable of tight reclosure.

A hermetically closed container must be impervious to air or any other

gas under the customary conditions of handling, transport, storage and sale.

In order to create strictly comparable conditions in our investigation on the infl¬

uence of the materials of the containers, we used materials in the form of bags. The

closure was obtained by multiple folding. This measure excluded the investigation of

containers made of tin, glass, wood, cardboard and other non-foldable materials.

After examination of the theoretical and practical sides of the problem we decided to

investigate containers made from the following materials:

Paper

Paper lined with parchment

Paper laminated with polyethylene

Cellophane

Cellophane laminated with polyethylene

Polyethylene

Polyvinyl chloride

Polyamide

This selection is based on our special interest in lately developed packaging

materials like plastics, plastic-laminates, etc. because they are increasingly used

in pharmaceutical, perfumery and cosmetic industries and are slowly replacing con¬

ventional packaging materials such as glass, tin, wood, etc.

The above mentioned materials can be roughly divided into three groups, namely

(I) Paper, (II) Cellophane and (III) Plastics.

1.11.10 Paper

Paper is used in pharmacy in the form of bags and boxes for packaging purposes;

as containers for crude drugs it is mainly used in the form of bags.

Paper used for paper-bags is a felt made of fibrous cells from plants which are

cementod together by special cementing material. The basic raw material for the



- 37 -

manufacture of paper of good quality is cellulose; it is obtained in the form of a

fibrous pulp by chemical and mechanical treatments of certain plant organs which

contain it. Plant organs can only be suitable for the production of cellulose in our

sense, if the cells of the organs are dominantly of an elongated shape, i. e. of fibrous

type. Cells of rather iso-diametric shapes contain also cellulose in their membranes

but they are not suitable for paper making because they can not form a felt due to

their iso-diametric dimensions. Plants used for the production of cellulose must

furthermore occur in abundance. Due to these considerations woods of different trees,

straw and to much minor extent other plant materials are used for the production of

cellulose.

The best source for purely cellulosic fibrous cells which suits paper making is

cotton seed hairs. They consist of more than 90% of pure cellulose and have a very

thin cuticle which is removed during the defatting process. They can be used directly

for the production of paper. However the price of such paper is prohibitive for the

use in paper-bags.

In the case of wood and straw, noncellulosic substances occur in the cell tissues

in smaller or greater amounts and they have to be removed. The most important

foreign substances are, lignin, other polymer carbohydrates, e. g. pentosanes, hexo-

sanes, etc., mixed polymer carbohydrates, etc. and to a minor extent tannins. In

plant tissues the cells are cemented together by pectin. For the production of paper,

the fibrous cells should be more or less isolated. The removal of the additional sub¬

stances of the membranes mentioned above, especially of lignin and pectin, is obtain¬

ed by various treatments e. g. cooking under pressure with SO„, or cooking with

alkaline sulphates etc. and careful washing of cellulose. This cellulose still shows

the form of cells.

Paper is also made in large quantities from ground wood from which the lignin

has not been extracted and in which the cells are still cemented together by pectin.

The lignin of the wood pulp has the disadvantage to lead to the deterioration of the

paper, especially under the influence of light. Such paper quickly becomes darker and

brittle and therefore wood pulp is not used for the production of high quality paper-

bags and we shall no longer discuss this material.

To understand the behaviour of cellulosic packaging materials, a short

description of the chemistry of cellulose is useful. The molecule of cellulose consists

of a very long, non-branched chain of 1000-3000 /i -glucose units. Two fi -glucose

units form in the first step Cellobiose. The linkage of the molecules of the /3 -glucose

is always on the CI and C4 positions. The formula of the cellulose is represented by

the formula of cellobiose.
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The chain-molecules of cellulose are arranged in the cell-wall (and to a minor

extent also in cellophane) over shorter ranges of the molecules in a strictly parallel

manner, while in the other ranges the parallelism of the molecules is not so stringent.

The strictly parallel ranges show the optical behaviour of iso-diametric crystals (e. g.

with X-rays and in polarised light) and are called crystallites. The parallelism mention¬

ed leads to the formation of bundles, the so called micells. The micells again aggregate

to greater bundles, called fibrills which are already visible in the electronic micro¬

scope. From this submicroscopic structure beginning with the crystalline and the

amorphous regions of the micells and ending withthe aggregation of the fibrills to the

membrane results a discontinuous structure of the membrane. Between the molecules

are the intramiceller spaces, between the micells are the intermicellar spaces and

between the fibrills are the interfibriller or capillary spaces.

Certain features of the strucutre of cellulose fibres have a marked effect on the

physical properties of the fibres. Thus, the relative amount of amorphous and crystal¬

line cellulose in the fibres affect their equilibrium moisture content, strength and

flexibility. Many reactions of cellulose, at least in the early stages, are heterogeneous

in nature and are therefore influenced by variations in fibre structure (80). The abund¬

ance of OH-molecules and the submicroscopic structure lead to a great power of ab¬

sorption of water. The water molecules in the immediate neighbourhood of the cellulose

molecules are orientated following to their dipol properties. The more distant HgO-
molecules are only bound by much weaker forces and they are therefore not orientated

with reference to the cellulosic OH-groups.

The qualities of the paper used for paper-bags with regard to storage of drugs

in such bags depend on the cellulose used and on the cementing material as well as

on the degree of cementing. The cementing material consists mainly of alkali salts

of resinic acids, mostly those of colophony. These salts are partly lipophilic, but

they also have hydrophilic properties due to occasional alcoholic OH-groups, oxo-

groups and to the cations. The cementing material does not fill all spaces between

the fibrous material. Paper is therefore permeable for gases. With regard to trans¬

mission of volatile oils no figures are available but a certain transmission is to be

expected.
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The transmission of irradiation through paper sheets depends, for the

visible range, on the colour and transparency of the paper. Mostly the transparency

is not high due to the reflection which occurs in all empty spaces and on the surface

of the paper.

To make a paper water-proof it is impregnated with bitumin or coated with wax.

Bitumin is essentially composed of 30-40% paraffin hydrocarbons, ca. 50% asphalt

compounds and ca. 3-5% sulphur (16). Bitumin papers are impermeable to water as

well as water-vapour. They are lipophilic and therefore are able to absorb substances

like volatile oils. Because of their dark colour (dark-brown to black) light trans¬

mission should be very small.

Parchment paper is made by passing the paper through a bath of sulphuric acid

under controlled conditions of time, temperature etc. The emerging paper is thorough¬

ly washed free of acid and dried, but as the paper treated in this way tends to become

brittle and to wrinkle on drying it is frequently treated with plasticising agents like

glycerol (81). By this treatment the paper becomes transparent owing to the swelling

and gelatinisation of the fibres. The reaction leads to the solution but if the paper is

transferred, after short exposure, to water, the acid compound is decomposed and

the resulting gelatinous hydrate is precipitated. This modification gives a tough trans-

luscent sheet. The parchment paper is used as a substitute for paper where resistance

to water is required, as for instance in dialysing process where the parchment paper

is used as a separating but permeable membrane. It is also more or less oil- or grease

proof (82) and air proof (81).

1.11.11 Cellophane

Cellophane is a transparent cellulosic material made from viscose. Typical

cellophane films are composed of approximately 80% regenerated cellulose, 14%

softner or plasticizer (usually glycerol) and 5-6% water (83). Due to the chemical

constitution and the submicroscopic structure of the cellulose and specially due to the

great content of hydroxyl groups, cellophane is fairly well permeable to water-vapour.

Cellophane is often coated on the surface with substances like lacquers or resin-wax-

plasticizer mixture so as to make it water-vapour-proof. Water-vapour transmission

of cellophane depends also on the relative humidity of the atmosphere. At 75% relative

humidity the absolute water content of cellophane increases to 15% (84). The water-

vapour transmission of a normal, uncoated cellophane film of 2 mm thickness at 60%
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relative humidity is 1000-2000 g/m /24 hours. But the water-vapour transmission of

a cellophane film decreases considerably when it is coated with lacquers. A lacquered
o

cellophane film of 0. 025 mm thickness transmits 10-20 g/m /24 hours at 60% relative

humidity (85).

Gas permeability of cellophane is very low. Dry cellophane l. e. cellophane with¬

out plasticizer is remarkably impermeable to most gases. According to Kirk and

Othmer (86), permeability of cellophane to water soluble gases and vapours is

roughly proportional to the known solubilities of these gases and vapours in water.

The following table gives the permeability of O,, CO,, H,S, SO„ and NH„ at 0% and

100% relative humidity.

Gas %relative Permeability expressed
humidity in g/100 m2/l hour

°2 0 0.0340

It 100 0.192

co2 0 0.111

II 100 5.96

H2S 0 0.0212

II 100 9.67

so2 0 0.0615

II 100 1220.0

NH3 0 0.126

II 100 1490.0

Cellophane with plasticizer has apparently higher permeability for gases. Cello¬

phane containing 20% glycerol as plasticizer transmits 15.8 g/100 m /l hour of O,

and 24.4 g/100 m2/l hour of CO, at 100% relative humidity (86).

The transmission of visible light by cellophane film is approximately 92%. Cello¬

phane transmits about 80% of radiation in U. V. region of 2900-3100 A (87). We measur¬

ed the U. V. transmission of a plain cellophane film in our laboratory. The transmission

through packaging films was determined with ZEISS spectrophotometer in U. V. The

films were fixed in such as way that they stood at right angle to the beam of light. As

blank, value for air was taken. The transmission values obtained were as follows:
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U. V. transmission values for a plain cellophane film SH 62 (60 u)

ength in mu % transmission

240 1.0

260 21.5

280 28.2

300 70.2

320 75.0

340 78.0

360 79.5

380 80.9

400 82.1

1.11.12 Plastics

Plastics are synthetic or natural materials which contain as an essential in-

gradient an organic substance of high molecular weight, are solid in their finished

state, and at some stage during their manufacture or processing can be moulded or

shaped by flow (88). Basically plastics are made of chain molecules - branched or

non-branched. Plastics investigated by us are synthesised mainly from linear mole¬

cules and they contain branched as well as nonbranched monomers.

Plastics derive from various monomers and they show different properties with

regard to their behaviour towards temperature, irradiation, mechanical stress,

humidity, organic solvents, etc. Classification of the plastics depends on one of these

properties. A convenient classification of plastics can be made on the basis of their

behaviour towards heat. (I) Thermo-plastics are permanently fusible, i. e. they alter¬

nately melt or soften when heated and harden when cooled. (II) Thermosetting-plasties

are permanently infusible in finished form, i. e. they can not be remelted or remoulded

under the action of heat. Thermo-plastics are composed of linear molecules, i.e. the

atoms are joined in long chain like structure with few if any cross linkages. Molecules

of this type usually swell or are soluble in organic solvents. Thermosetting-plasties

are initially linear molecules connected into a network of cross linkages during curing

process. The thermosetting-plasties after the final cure are insoluble in organic sol¬

vents.

Plastics are mainly used in two forms, in moulded form or in the form of films.
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As containers for the crude drugs, films are of much greater importance. For this

investigation we have used three different plastic films. They are polyethylene, poly¬

vinyl chloride (P. V.C.), hard, i.e. without plasticizer and polyamide films. The

chemistry and properties of them are as follows:

1.11.12.1 Polyethylene

The development of polyethylene resulted from the efforts in England to convert

ethylene into motor fuels. As a source for motor fuels the work was not successful

but a waxy solid material was produced by polymerisation of ethylene under proper

temperature and pressure conditions and this solid material was named as Polyethylene

or Polythene. The chemical process can be illustrated as follows:

(CH2=CH2)n ^/y»-CH2-CH2-CH2-CH2-^

The polymer chain so formed can be of any desired length - hundreds or

thousands of ethylene units long. The material used at present for the production of

polyethylene film has about 3000-4000 ethylene units (molecular weight ca. 50,000),

specific weight of 0.92 at 25°C and thickness of 0. 03-0.1 mm (89. 90).

The physical properties of polyethylene vary according to the degree of poly¬

merisation. Polyethylene film is soft and plastic without addition of any plasticizer

and is not brittle. According to Scharer (91) it has the following advantageous pro¬

perties:

low water-vapour transmission

low gas transmission

high solidity and elasticity

minimum water absorption

good flexibility

good aging stability

excellent chemical stability

good thermal stability

free of smell

sterilisable

Furthermore according to Scharer (91), polyethylene is resistant to oxygen,

ozone and is not altered by the action of U.V. radiation. Pummerer (92) does not

agree with the above observation. According to him a stabilised polyethylene film

made with antioxidents is not resistant to the action of light or irradiation. The pro¬

tection against the action of light is achieved only with finely dispersed soot (92).
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As polyethylene does not contain any polar groups such as -OH, -COOH, -CHO

-NH2, etc., it is especially suitable for use in electrical industry. Polyethylene is

not wetted by water. In this respect it resembles polystyrene and P. V.C. A well

moulded specimen does not show any gain in weight after seven days immersion in

water at all temperatures upto 100 C (93). The rate of diffusion of water-vapour

through a 0.03 mm thick film of polyethylene is approximately 0.4 mg/sq. inch/hour

at room temperature with 100% relative humidity on one side and an atmosphere over

anhydrous calcium chloride on the other side (93).

Polyethylene is lipophilic in character and therefore substances like hydrocarbons,

fatty oils, volatile oils etc. are absorbed and a swelling of polyethylene takes place

(94, 95).

Polyethylene is apparently quite unaffected by U. V. radiation. It shows no sharp

absorption bands in the visible spectrum down to 2200 A and only slight general ab¬

sorption beginning at about 2400 A (93). We measured the U. V. transmission of a 50 u

thick polyethylene film and 100 u thick polyethylene-cellophane laminated film. The

results are given in the following table. Polyethylene has a refractive index of 1. 51

(90).

U. V. transmission by polyethylene films

Wavelength % transmission by % transmission by
in mu polyethylene polyethylene-cellophane

(thickness = 50 u) laminated

(thickness = 100 u)

240 38.0

260 44.0 31.5

280 49.0 33.0

300 53.4 37.7

320 56.7 52.8

340 59.4 64.4

360 63.0 70.2

380 65.0 73.0

400 67.0 74.5

For the production of the bags used for the storage of crude drugs, the film

material should be joined together as tightly as possible. Such joints can easily be

made with the thermo-plastic materials by heat sealing. Polyethylene may be heat

sealed by most resistance-sealing methods. Under the "resistance-sealing" we under¬

stand that the metal jaws of a sealing apparatus are heated by resistance coils. Resist-



- 44 -

ance-sealing is by far the most widely used method for the fabrication of bags and

packages. It has been shown that the crystallinity and the molecular weight of the

polyethylene are primary variables in control of heat sealing temperature. Surface

characteristics and orientation of the film influence the heat sealing temperature to

a close extent. A satisfactory heat seal may be defined as one that is at least as

strong as the film to be joined. When heat sealing polyethylene 120°C is a good start¬

ing temperature to establish optimum conditions. If pressure or temperature is too

low, a tight bond will not be obtained; on the other hand if either temperature or

pressure is too high, the polyethylene may be extruded from between the jaws of the

sealing machine (95).

Polyethylene being colourless, odourless, easily sealable, impermeable to

water, very little permeable to water-vapour and insoluble in most organic and in¬

organic solvents at room temperature is an ideal packaging material for many pro¬

ducts (96). However Bassiri (97) did not find polyethylene suitable as containers

for perfumery preparations and essential oils because of the following reasons:

(I) A diffusion of the products throught the walls of the container made of poly¬

ethylene.

(II) Change of the odour or sometimes a development of another odour.

(III) Resinification of the substance.

(IV) Deformation of the container.

1.11.12. 2 Polyvinyl chloride

Polyvinyl chloride, generally known as P. V.C. is one of the most important

commercial plastic packaging material produced in large amounts at the present time.

Its outstanding properties are as follows:

Resistance to prolonged flexing

Resistance to sunlight

The material does not swell in the presence of

oils and many organic solvents (but it is soluble

in ketones and esters)

Resistance to corrosion

Resistance to moisture

Resistance to oxidation (98).

P. V.C. is obtained by polymerisation of vinylchloride which is a gas at normal

temperature. In liquid form it has a boiling point of -14°C. Vinylchloride is obtained

mainly from acetylene, by passing it with hydrogenchloride over a contact catalyst.
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This vinylchloride is then polymerised to P. V.C. The chemical processes involved

can be illustrated as follows:

CHSCH + HC1 CH,=C<
z

H

[ CI CI CI
I I I

-CH2-CH-CH2-CH-CH2-CH-

P. V.C. is available as granular powder, plasticised sheets, extruded tubes and

in special forms. In pure state it is a brittle material and therefore a highly plasticised

material is used. Plasticizers used for P. V.C. are generally of phthalic ester types,

phosphoric ester types, sebacic ester types or adipic ester types. Other plasticizers

of importance are epoxidized oils which are epoxidized vegetable oils and they impart

better heat stability than do the conventional plasticizers, triethylene glycol dicaprylate

which is an exellent low-temperature plasticizer, and nitrile rubbers which are used

mainly for giving low extrability to solvents (99).

P. V.C. is a non-inflamable resin with molecular weight between 20,000 and

130,000. It is moisture resistant, non-toxic and odourless (100). The following table

shows the other important properties of P. V.C.

Properties of P. V.C. (101)

Specific properties of P. V.C. moulded and plasticized

Specific Gravity 1.2-1.6

Refractive Index 1.544

Clarity Transparent to opaque

Physical and chemical properties

Effect of light Not affected

Effect of aging Not affected

Effect of H20 (cold) Not affected

Effect of H20 (hot) Softens

Water absorption % (24 hours) 0.05 %

Effect of acids (weak) Not affected

Effect of acids (strong) Not affected

Effect of alkalies (weak) Not affected

Effect of alkalies (strong) Not affected

Effect of organic solvents Soluble in ketones and esters;

(at room temperature) withstands most oils except

gasoline
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Furthermore it is readily soluble in hot chlorinated hydrocarbons, viz. ethylene-

dichloride and monochlorobenzene (98).

Many properties of P. V.C. depends on the degree of polymerisation. The average

molecular weitght of P. V.C. can be varied over a wide range with corresponding

variations in physical properties. Accodring to Buchmann (102), P. V.C. of low

molecular weight, e. g. 20,000 to 30,000 is unsuitable for plastic purposes but can be

used for coatings and impregnations. For plastic applications the molecular weight

must be high, of the order of 60,000 to 130,000 (98).

The softening temperature of this resin makes milling and moulding difficult

because its inadequate heat stability prevents the use of temperatures high enough to

relieve strains (98).

We measured the U. V. transmission values of P. V.C. films of two different

thicknesses by ZEISS spectrophotometer under the normal room conditions of temper¬

ature and humidity. The results are given in the following table.

60i

%u.v. transmission by P. V.C.

Wavelength in mp P,.V.C. 100 u P. V.C

240 0 0.6

260 0
.

1.2

280 0 1.5

300 0 8.0

320 4.5 26.0

340 11.5 38.5

360 17.5 46.7

380 22.7 51.5

400 27.1 55.0

1.11.12.3 Polyamide

The best known substance of this group of plastics is Nylon. The material in¬

vestigated by us was a transparent polyamide film of 10 u thickness. We were not able

to find much literature on the properties of this substance and therefore we have given

properties of nylon only because the term nylon is a generic one intended to cover po-

lyamides generally. One definition states, "Nylon is the generic name for all synthetic

fibre-forming materials having a protein like chemical structures, characterised by

extreme toughness and strength, and derived from coal, air and water or other sub¬

stances". From the chemical angle they are synthetic resins formed by the condensa-
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tion between aliphatic dicarboxylic acids and aliphatic diamines (103), e. g.

,COOH

(CH2)4<^
H2N

COOH H2N
>(CH2)g

Adipic acid + Hexamethyl-
enediamine

[-CO-(CH2)4-CO-NH-(CH2)6-NH-]

» Nylon

Nylon is available in the form of tough, horn like, translucent, white chips. The

melting point of nylon depens on its type. The outstanding type of nylon is produced

from adipic acid and hexamethyleneidamine. This has a melting point of 250 C, soften¬

ing only a few degrees below this temperature. When heated up to the melding point in

contact with air it tends to oxidise and becomes brown (103).

Properties of nylon (103)

Specific Gravity

Refractive Index

Effect of water

Effect of alkalies (weak)

Effect of alkalies (strong)

Effect of dry cleaning solvents

Effect of mineral acids (strong)

Solubility

Water absorption at 75% relative

humidity in 24 hours

1.08-1.10

1.53

Not affected

Not affected

Not affected

Extremely resistant

Breaks down and hydrolysis
of the substance takes place

Soluble in phenol, cresol,
chloral hydrate, formic acid,
acetic acid and strong
mineral acids, and such sol¬

utions can be diluted by
ordinary organic solvents

5.2%

The film investigated by us was received from BASF and we do not know from

which monomers it was prepared.
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2. EXPERIMENTAL PART

2.1 Introduction

The following investigations and determinations on Fructus Anisi Ph. Helv. V.

were conducted in the Pharmaceutical Institute of Swiss Federal Institute of Technology,

Zurich.

Laboratory for Microscopy of Pharmacognosy Dept. was used as the storage

room because it is free from acid and alkali fumes. The temperature and the humidity

in this room were 19-22 C and 50-65% respectively. For the storage in diffused day

light the drug in corresponding containers was placed parallel to the windows and at

the distance of about 4 m so that all containers were able to get equal amount of light.

For investigating the influence of elevated temperatures, the drug in correspond¬

ing containers was stored at specific temperatures in ovens in which temperatures

were regulated by thermostats.

2.2 Methodes of Analysis

2. 2.10 Methods of analysis for volatile oil

For our investigations, we have selected the volumetric methods to analyse the

volatile oil content of the drug (Fructus anisi, Pimpinella anisum, Ph. Helv. V.). The

selection was based on the simplicity of the method and the reliable values obtained

by such methods. Furthermore the method employed by us is prescribed in Ph. Helv.

V Suppl. in. During experiments with the selective filters, due to the high price of

filters, we could not use big filters and therefore we were able to store only a small

quantity of drug and hence we had to employ a semimicro method to analyse compara¬

tively small samples. We used the volumetric method of Stahl (68).

In the volumetric methods, the volume of the distilled oil is read in a finely

calibrated glass tube. In this system shaking should be avoided and the least possible

water should remain in the system, so that the water-soluble part of the oil is not

estimated along with the oil. This is achieved by an arrangement due to which the

distilled water flows back in the distillation flast. The Clevenger apparatus is
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constructed on this principle (67), and afterwards several research workers have used

it with minor changes (104, 105 and U.S. P.XIV). Brit. Ph. '48 also employs the Cle¬

venger method modified by Middletone and Cocking (106) in which for each

drug the quantity,the degree of pulverization and the distillation liquid (water, water

and glycerine, etc.) are given.

2. 2.10.1 Ph. Helv. V Suppl. HI method

The apparatus of the Swiss pharmacopoea is also a continuous distillation

apparatus working on the Clevenger principle and can be used for volatile oil de¬

termination as well as for moisture determination in the crude drugs. This apparatus

is made of heat resistant glass and as cooling system it has a mushroom shaped con¬

denser which has three glass nodes in the middle to keep it in a fixed position. Bau¬

er (107) suggested that the pointed end of the condenser should be little curved so

that the condensed liquid flows along the walls into the burette and thus prevent the

closing of the burette by falling of big drops. For measuring purposes it has a normal-

precision burette of 1. 5 ml which is calibrated into 0. 01 ml divisions. The glass tube

which carries the steam from the distillation flask to the condenser may be insulated

by wrapping asbestos string around it. This tube has a 1 to 1. 5 cm long, obliquely cut

end, reaching in the distillation flask, with a hole about 4 mm away from the ground

glass joint. The seperation of the volatile oil from water or water from the distillation

liquid during moisture determination, is achieved by a 3.0 ml tube which is further

graduated into 0. 05 ml division. Near the ende of this tube there is a 7.0 mm wide,

obliquely rising tube which joins the tube (width 1 cm) carrying steam from the

distillation flask to the condenser and admitting the returen of the "propelling liquid

to the distillation flask.

2.2.10.2 Stahl method

This method functions on the same principle as that of Clevenger and other

modified Clevenger methods; the only difference is that by this method it is possible

to measure very small quantities of volatile oils. The apparatus consists of two main

parts with ground glass joints, namely the round bottom flask with a ground glass

neck and the main apparatus with a ground glass joint to fit into the neck of the distilla¬

tion flask. The drug to be distilled is placed in the flask with a sufficient quantity of

water. The steam formed during distillation escapes from the flask in the asceneding

tube and is condensed in a sharply inclined condenser. Here oil drops are separated
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and flow in the pressure adjustment tube along with the condensed water. The volatile

oil is dissolved in the pentan placed beforehand and the water returns to the flask by

way of the tube joining the end of the measuring burette and the ascending tube. The

condenser is constructed in such a way that it forms a sort of cooling jacket around

a part of the pressure adjustment tube. By this construction the cooling area is en¬

larged and also the distilled volatile oil and pentan are cooled throughout the distilla¬

tion period and thus protected against the evaporation. The traces of oil remaining

in the condenser at the end of distillation can be rinsed by way of a special opening

constructed just before the end connecting the ascending tube and the condenser. The

corresponding narrowed part of the pressure adjustment tube forms the measuring

capillary; the upper two-third part of which is calibrated in !/200 divisions (unit of

each division is 0. 005 ml) and during the volumetric analysis the oil quantity in the

range of 0.005-0. 25 ml can be measured. It is very difficult to bring such a small

quantity of viscous, oily liquid in the measuring capillary because most of the oil

drops remain stuck on the walls of the separating tube. Due to this reason Stahl

(68) tried to perfect a gravimetric method using the same apparatus.

In the gravimetric method it is necessary to maintain a closed pentan column.

This is achieved in the olive shaped enlarged space at the end of the capillary. At

this place the separation of the water and the pentan column takes place. A capillary

tube from this olive shaped space leads to the three-way tap. This three-way tap is one

of the most important part of Stahl's apparatus. With the help of this tap it is possible

to drain the pentan column in a microflask without mixing it with water, furthermore

it is used to fill the capillary system with water without any air-bubbles and also to

raise and lower the level of the pentan column.

The three-way tap is connected to the ascending tube by means of another

capillary; on the lower part of which a nozzle is fused, through which the capillary

system is filled with distilled water before each distillation.

Analysis of Fructus Anisi for volatile oil content

While investigating the influence of relative humidity, temperature and con¬

tainers, the method of analysis employed was according to Ph. Helv. V Suppl. III.

Procedure of the Swiss Pharmacopoea method

The drug was distilled with water. 10 g of drug (Fructus Anisi, Ph. Helv. V)

was weighed on an analytical balance and placed in a 250 ml round bottom distillation

flask with ground glass neck along with 100 ml of distilled water and some pieces of
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glass tubing to avoid bumping during boiling. In our case it was necessary to pulverize

the drug (sieve No: IV) as the volatile oil is located several layers deep and not on the

surface and therefore it was necessary to bring this oil out on the surface to facilitate

distillation and also to get the correct value of the volatile oil content. Distillation was

carried out for three hours for each determination; the volatile oil of Fructus Anisi

can be distilled off in little less than three hours but to be on the safe side we con¬

tinued the distillation for complete three hours. In the beginning the flask with the

powdered drug and water was heated carefully till the mixture of the powdered drug

and distilled water started boiling and the first drops of the distillate were received

in the separating tube; afterwards the temperature was adjusted so that the distilla¬

tion proceeded slowly and continuously. 10 minutes before the end of the distillation,

the cooling water circulation in the condenser was stopped so that the oil drops re¬

maining on the walls of the condenser were rinsed in the separating tube. The volume

of the distilled oil was read after allowing the apparatus to cool for about ten minutes.

After reading the volume of the distilled oil it was collected in a small glass tube and

dried by adding some coarse powder of tragacanth gum. Volatile oil thus distilled

and dried was further analysed for the anethole content.

Procedure of Stahl Method

As we have already mentioned, this method was employed while investigating

the influence of irradiation. We did not follow Stahl's method completely. 5 g of

the powdered drug was placed in a distillation flask along with 100 ml of distilled

water. In the beginning the distillation flask was heated carefully till the mixture of

the powdered drug and the distilled water started boiling and the first drops of

distillate were received in the pressure adjustment tube; afterwards temperature

was adjusted so that the distillation proceeded at the rate of 2 ml/minute. The

distillation was carried out for three hours; the circulation of cooling water was

stopped some time before the termination of the distillation. Distillation was continual

during this time (ca. 10 minutes) so as to rinse down the oil drops stuck on the walls

of the condenser. The condenser was also rinsed after letting the apparatus cool for

some time. The volume of the distilled oil was read in the measuring capillary. The

distilled oil samples of this investigation were not analysed for the anethole content

because of their small volumes. The results are given as % v/w.

The method adopted by us was volumetric and not gravimetric as suggested by

Stahl (68, 68A). This was possible because of the richness of Fructus Anisi in

volatile oil content. We also did not use pentan to increase the volume of the distilled

oil and thus facilitate the reading during volumetric analysis because by experimenta-
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tions we found that this method gives erroneous results due to very low boiling point

of pentan. Hof mann (16) observed that with Menthae leaves Stahl's method gives

somewhat higher results than Ph.Helv. V Suppl. in method but our experience was

quite contrary to this observation. This may be due to the fact that he followed

Stahl's (68, 68A) gravimetric method and in that method it is very difficult to collect

the solution of volatile oil in pentan without any water; due to this reason minute

traces of water also get weighed along with volatile oil.

2.2. 20 Method of analysis for anethole

Anethole being the principle active constituent of anise oil, its congealing pro¬

perty is attributed to the very high anethole content and the use of this property is

made to determine the anethole content. In determining the congealing point, the oil

is super cooled so that, upon congelation, immediate crystallization with the liberation

of heat occurs. This results in a rapid rise of temperature, which soon reaches a

constant value and remains at this temperature for a period of time. This point is

known as the "congealing point". This method is very accurate and simple and is

prescribed by U.S.P.X/I. Giinther (69) and the Laboratories of Fritzsche Brothers,

Inc. (108) have also recommended methods based on this property of anise oil. An¬

other method based on the iodometric analysis of anethole has been developed by

Mori (109). For our investigation we were not able to use any of the above mentioned

methods because they all require rather large quantities of anise oil for each assay.

In our case it was necessary to have a reliable semi-micro method because our method

of volatile oil determination gave smaller quantities of oil.

Heiz (110) has developed a method to determine the anethole content in anise

and fennel oils by employing the Stillman-Reed (111) method. In this method

anethole is first oxidised to anisaldehyde and the aldehyde so formed is determined

quantitatively by Stillman-Reed method. By Heiz's method it is possible to

analyse small quantities of anise oil for anethole content and therefore it was suitable

for our investigation.

In Heiz's method the anethole of the anise oil is oxidised by reaction with

silvercarbonate and iodine. Silveroxide had also been used in place of silvercarbo-

nate but in alkaline medium aldehydes react with silveroxide and they are converted

into corresponding acids; this may happen during the analysis also because during

it, the aldehyde formed and an excess of silveroxide will be in contact in alkaline
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medium for quite a while. To avoid this situation Heiz (110) replaced silveroxide

with silvercarbonate. The oxidation of anethole is carried out after dissolving the

anise oil in dioxan. Dioxan was selected as a solvent because it is neutral, is miscible

with water and at the same time is a very good solvent for volatile oils, does not inter¬

fere with the reactions taking place during the analysis, its boiling point is not very

low and therefore is not volatile at room temperature. The so formed aldehyde is

further reacted with hydroxylamine reagent and then the excess of alkalinity is titrated

against 0. 5 n HC1, using naphthylred as an indicator. In the original method Heiz

(110) analysed different fractions of the oils for anethole + methylchavicol content,

while we analysed anise oil obtained from our samples as such and found the results

quite satisfactory. According to Heiz, the accuray of this method, when applied to

the volatile oils, is - 1%; we also found limit of error to be - 1%.

The following reactions take place in the analysis.

(I) Ag20 + 41 + H20 2AgI + 2IOH

(II) 2 CH3-0-CgH4-CH=CH-CH3 + 2IOH —

2 CH3-0-CgH4-CHI-CHOH-CH3

(III) 2 CH3-0-CgH4-CHI-CHOH-CH3 + Ag20 —

2 CH3-0-CgH4-CH-CH3 + 2 Agl + H20
C=0
I

H

(IV) RCHO + NH2OH. HC1 - RCH=NOH + H20 + HC1

This method of Heiz requires about 0.8 g of anethole which corresponds to

about 1. 0 g of anise oil. As we always made two assays for a sample, the quantity

of drug required per sample would have been rather great. On the other hand we

could not store too great quantities of crude drug and therefore we tried to reduce the

amount of oil and therefore the quantity of anethole required for each assay.

After several tentatives we could reduce the quantity down to about 0. 2 g of

volatile oil. The quantity of reagents had to be reduced also. The final method we

used for all our assays of anethole was as follows:

Procedure of H e l z' s method

Dissolve 0. 2-0.4 g of anise oil (accurately weighed in a glass stoppered conical

flask of 100 ml) in 10 ml of aqueous dioxan and to this add 1. 5-2.0 g of silvercarbonate,

mix well, add small portions of ca. 0.1 g of very finely powdered iodine and wait till
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the reaction is compleated. The reaction ends when the solution remains brown for

some minutes (ca. 5 minutes). Shake the solution well till the brown colour disappears

and allow it to stand for 20 minutes. After this duration again add a small quantity

(ca. 0.1-0.2 g) of silvercarbonate, shake and dilute with 10 ml of dioxan. Filter the

solution in another glass stoppered conical flask of 250 ml. Wash the conical flask of

100 ml and the residue with 25 ml of dioxan used in small portions. Add 12 drops of

naphthylred solution as an indicator and neutralise against 0. 5 n HCl till the solution

acquires cherry-red colour. For blank titration, add 12 drops of the above mentioned

indicator to 50 ml of dioxan and neutralise against 0. 5 n HCl till the solution acquires

cherry-red colour.

Add 25 ml of hydroxylamine reagent to each of the solutions for main and blank

titrations and allow them to stand for 20 minutes. After this time titrate first, the

blank and then the main solution, against 0. 5 n HCl till they acquire cherry-red colour.

The difference between the volumes of normal HCl used for the blank and the main

titration corresponds to the amount of aldehyde formed and therefore the amount of

anethole present. The percentage content of anethole is calculated from the following

formula.

% Anethole =

MA (a'b) x 10° =Mx7.4
2000 x e e

MA = Molecular weight of anethole (148. 20)

a = ml of 0. 5 n HCl used for the blank titration

b = ml of 0. 5 n HCl used for the main titration

e = weight of the anise oil

While analysing anise oil for anethole content by the above discussed method,

it is very important that the hydroxylamine reagent is always freshly prepared for

each assay. Hydroxylamine reagent is unstable and its alkalinity decreases rather

quickly. Heiz (110) recommended that the hydroxylamine reagent should be used

within one hour after its preparation but by experience we found that it gives even

better results if used within 30-40 minutes after its preparation.

Reagents:

Hydroxylamine reagent: 3 g of hydroxylamine-hydrochloride dissolved in 10 ml

of distilled water and the volume adjusted to 100 ml with 95% ethanol. This solution

is reacted with 75 ml of 0. 5 n alcoholic solution of KOH (we used methylalcoholic

solution) and filtered to separate it from KC1 precipitates.

Acqueous dioxan: 90 ml of dioxan diluted with 10 ml of distilled water.
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Dioxan: It should be of purest possible quality and should contain no peroxides.

Presence of peroxides can be detected by shaking 10 ml of dioxan with 2 ml of Hg in

a graduated test-tube; if the peroxides are present then the dioxan will become black.

Silvercarbonate: Reaction proceeds repidly with the freshly prepared silver-

carbonate but as its preparation takes much time we used the silvercarbonate avail¬

able in the market. It should be used in a very finely powdered state.

Iodine: It is advisable to use pure, resublimed iodine in a very finely powdered

form so that the reaction proceeds rapidly.

Naphthylred Indicator: 0.1 g of naphthylred dissolved in 100 ml of 95% ethanol

0. 5 n Hydrochloric acid solution.

2. 2.30 Determination of moisture content

We selected the method prescribed by Ph. Helv. V for the moisture determination

of volatile oil containing drugs. It is also possible to determine moisture content by

modified Clevenger apparaturs (Ph.Helv. V Suppl.IH) with the aid of a strictly

lipophilic propelling liquid. As such liquid we had used tetrachlorethane. However

during trial determinations with this method we did not get any constant results and

therefore we selected the method of drying over PpO,..

Procedure of the method

About 2 g of Fructus Anisi is accurately weighed in a weighing glass and dried

to a constant weight over phosphorous pentoxide in a desiccator. The loss of weight

is noted and the percentage loss calculated. This percentage loss is the moisture

content of Frucutus Anisi. The results are given as % w/w.

While working with the above mentioned method we found that it was necessary

to (I) dry the drug for one week to get constant weight and (II) to remove, from time

to time, the cake formed on the upper layer of the P2^V Tne cake f°rme<* was °*

brown to dark brown colour. This cake formation may be due to the interaction bet¬

ween water, PpO- and the volatile oil absorbed from the surface of the drug.
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2.3 Influence of the ENVIRONMENTAL conditions

2. 3.10 Influence of Relative Humidity

While investigating the influence of relative humidity on the active constituents

of Fructus Anisi during storage, the drug was stored in five similar containers in

which different levels of relative humidity were maintained. As containers we used

desiccators of 26-30 cm diameter, the under parts of which were filled with saturated

solutions of different salts. The drug was kept above these solutions in big glass

bowls. The relative humidity in each desiccator was controlled with the help of a

hair-hygrometer. This arrangement made it possible to have an intense contact bet¬

ween the drug, the atmosphere in the desiccator and the hygrostatic medium and

hence a relatively quick establishment of an equilibrium. The desiccators were stored

in complete darkness so as to avoid the interference of irradiation.

Desired relative humidities were obtained by means of saturated solutions of

different salts. For the selection of the relative humidities during our investigation

we consulted Hofmann (16). As he found very different behaviours at 60 and 100%

relative humidities, we decided to investigate one more humidity level so as to fill

up the gap in Hofmann's results. The humidities finally chosen were 97%, 80%,

65%, 35% and 0%. According to Landolt Bornstein (112) 97%, 80%, 65% and

35% relative humidities are given by saturated solutions of K„SO., (NH4)„SO.,
NH.NO. and CaCl? resp. 0% relative humidity is obtained by means of P?0,-. These

values are true only in a system composed of the salt solutions and the atmospheric

air. In our case it was expected that the strong hydratation tendency of certain com¬

ponents of Fructus Anisi (e.g. cellulose, pectin, proteins, etc.) will give somewhat

divergent relative humidities. The relative humidities obtained are given in Table

No: 1.

Table No: 1. Theoretical and practical values of relative humidities obtained

Salt Physical state Theoretical rel.

humidity value

Practical rel.

humidity value

K2S04 sat. soln. 97% 94-100%

(NH4)2S04 sat. soln. 80% 78- 82%

NH4NOs sat. soln. 65% 63- 67%

CaCl2 sat. soln. 35% 40%

P2°5 dry powder 0% 2- 4%
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A vaccum was created in desiccators containing the drug and the relative

humidity producing solutions with the help of laboratory vaccum pump. According to

Seiler (113) this evacuation does not change the final pressure relationship of water-

vapour; in fact by this measure we removed the air disturbing the water-vapour mole¬

cules, so that the equilibrium and therefore the desired relative humidity was quickly

achieved. The desired relative humidities except in the case of 0%, were achieved

in 2-3 days, 0% relative humidity required 7 days.

Phosphorus Pentoxide was changed regularly at the end of every second month

and during that duration of two month, the cake formed due to the interaction between

water-vapour, organic volatile substances and PpO,- was removed. By these measures

we were able to maintain a constant relative humidity.

It was expected that the moisture content of the drug stored at 97% relative

humidity will increase and also that such an atmosphere is an ideal medium for the

growth of moulds and fungi. As precautionary measures we sprayed the drug with

0. 2% acqueous solution of Phenylmercuric Borate and after spraying the drug was

dried.

400 g of drug were stored in each case and initial moisture content, oil content

and anethole in the oil content were 8. 20%, 3.1% and 92% respectively.

The changes occured in the % volatile oil content and % moisture content are

given in Table 2. Figures of the moisture content are given in the brackets. Anethole

content figures after storage for 13 month are given in Table No: 3.

Table No: 2. % volatile oil and moisture content in Fructus Anisi during storage

under different relative humidities (% moisture content is given into

brackets in each case)

% relative 02345679 11 13 (Months)
humidity

97

94-100*

3.1

(8.2)
2.9

(12. 9)
2.7

(-)
2.6

(-)
2.5

(16.9)
2.5

(16.9)
2.45

(-)
2.4

(21.4)

2.3

(-)
2.2

(-)

80

78-82»

3.1

(8.2)
2.9

(8.5)
2.8

(9.4)
2.7

(-)
2.65

(10.3)
2.6

(10. 5)
2.5

(-)
2.5

(13.7)
2.45

(-)
2.4

(-)

65

63-67*

3.1

(8.2)
3.05

(7.2)
2.85

(6.5)
2.75

(-)
2.7

(7.3)

2.65

(7.2)
2.6

(-)
2.6

(7.6)
2.55

(-)
2.5

(-)

35

40*

3.1

(8.2)
3.05

(3.2)
2.95

(3.0)
2.9

(-)
2.8

(3.4)

2.75

(4.9)
2.75

(-)
2.75

(3.6)
2.7

(-)
2.7

(-)

0

2-4*

3.1

(8.2)
3.1

(1.0)
3.05

(1.1)
2.95

(-)
2.85

(0.9)
2.8

(0.9)
2.8

(-)
2.7

(0.4)
2.7

(-)
2.65

(-)

* Practically obtained relative humidity value
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Table No: 3. % anethole content in anise oil distilled from Fructus Anisi during

storage under different relative humidities

% relative

humidity

0 2 3 4 5 6 7 9 11 13 (Months)

97

94-100*

92.0 89.8 89.8 87.5 87.0 85.3 85.3 83.5 82.8 81.7

80

78-82*

92.0 89.9 88.3 - 88.1 85.9 84.7 84.6 82.7 82.7

65

63-67*

92.0 86.7 85.9 85.6 - 85.0 83.1 - - -

35

40*

92.0 89.5 88.0 86.8 83.4 83.3 81.5 81.5 81.0 80.8

0

2-4*

92.0 91.1 86.2 - 86.1 85.3 83.3 82.6 81.8 81.4

* Practically obtained relative humidity value

97%Rel. H20

Fig. No: 1. Influence of relative humidities on the volatile oil content of Fructus

Anisi
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Fig. No: 2. Influence of relative humidities on the anethole content of anise oil

At 97% relative humidity the moisture content of the drug increased more than

2. 5 times after 9 months and at the same time the volatile oil content decreased con¬

siderably (29.1% after 13 months). After two months of storage the drug showed changes

in its colour and aroma. Though the drug was sprayed with Phenylmercuric Borate

solution there was growth of fungi after 6 months. The smell of volatile oil was changed

after 13 months, it was no longer sweet and pleasent but had a distint bad smell. The

taste of the oil after 13 months became harsh and slightly bitter.

The anethole content of the anise oil was not so much affected by storage at 97%

relative humidity. Anise oil lost 11.2% anethole after 13 months storage.

At 80% relative humidity the loss in the volatile oil content was 22.6% and the

anethole content decreased by 10.1%. There was no fungus growth but the moisture

content increased by about 64. 3% after 9 months storage.

The volatile oil content of the drug stored at 65% relative humidity decreased

by 19.4% after a storage period of 13 months; the anethole content decreased by 9.7%

after 7 months storage and the moisture content decreased by about 7% after 9 months.

No changes in the organoleptic properties of the drug were observed.

The volatile oil content of the drug stored at 35% relative humidity decreased

by 12.8% after 13 months; the anethole content by 12% and the moisture content by

57.2%.
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The drug stored at 0% relative humidity lost about 95% moisture after 9 months

but surprisingly the volatile oil content was decreased only by 14. 5%. The loss in the

anethole content was 11.6% after storage for 13 months. The colour and the odour of

the drug remained normal after storage for 13 months.

On comparing the results of this investigation, it can be seen that at 35% and

0% relative humidity the volatile oil content remains nearly the same and the losses

are the smallest but the deterioration of anethole was greatest during storage at these

humidities. The samples stored at 97%, 80% and 65% relative humidities show a

rapid fall in the volatile oil content during the second and third months. It should be

marked that fungus growth took place later.

The influence of storage at different relative humidities on volatile oil content

of Fructus Anisi and anethole content of anise oil is also graphically represented in

Fig. No: 1 and 2.

2.3.20 Influence of Irradiation

To investigate the influence of irradiation we stored the drug under selective

filters which were exposed to the same intensity of daylight. Anise fruits were stored

in cardboard boxes of about 8 mm depth, the thickness of the drug layer in them was

about 5 mm. By this arrangement we were able to store the drug in an uniform layer

and hence under the uniform effect of irradiation. The drug was stored at the temper¬

ature and the humidity of the room.

Irradiation with short wavelength had the most deteriorating effect on the vola¬

tile oil content. The drug stored under the U. V. filter lost 33. 3% volatile oil after

12 months. The colour and the general appearance of the drug remained the same

but there was a slight change in the smell of the volatile oil and it also acquired a

slightly yellowish tinge.

The influence of storage under Blue and Blue-Green (430-485 and 490-540 mu

wavelangths resp.) filters was similar. The drug stored under them lost 23. 3%

volatile oil after 12 months. The drug samples stored under Green and Red filters

(550-600 and > 600 mu wavelengths resp.) lost 25% and 26. 7% volatile oil after 12

months.

From these results we can see that the loss in volatile oil content does occur

during storage under selective filters but except in the case of V. V., the influence

of other wavelengths is rather similar and within the limit of error. From Table
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No: 4 and Fig. No: 3 we can see that in all cases the losses in the volatile oil content

are fairly great during the first two months of the storage and afterwards they are

gradual.

The anethole determination during this investigation was not possible due to the

small size of the containers. The quantity of the volatile oil obtained after the volatile

oil determination was not sufficient to carry out analysis for the anethole content.

Table No: 4. % volatile oil content in Fructus Anisi during storage under selective

filters (i. e. influence of irradiation)

Filter and

wavelength
in mji

0 2 3 4 5 6 8 10 12 (Months)

Red 3.0 2.75 2.6 2.5 2.4 2.4 2.35 2.3 2.2

> 600

Green

550-600

3.0 2.65 2.6 2.6 2.6 2.5 2.45 2.35 2.25

Blue-Green

490-540

3.0 2.6 2.55 - 2.5 2.45 2.35 - 2.3

Blue

430-485

3.0 2.7 2.7 2.5 2.45 2.45 2.4 2.4 2.3

U.V. 3.0 2.45 2.4 2.3 2.3 2.3 2.2 2.2 2.0
315-400

Red

Green

>600mu

550-600

v.
"-«.

—

—

Blue 430^485"

Bluegreen490-540 "

U V. 315-400 "

—
-

^__

*o \

£
'

"v

> • i ' ,
Months

u

3.0

2.8

2.6

2.4

2.2

2.0

1.8 [
1.7

2 3 4 5 6 8 io 12

Fig. No: 3. Influence of irradiation on the volatile oil content of Fructus Anisi
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2. 3. 30 Influence of Elevated Temperatures

To observe the influence of elevated temperature on the volatile oil content of

the drug we stored the drug in selected packaging materials at 30°, 60°, and 80°C in

thermostatically controlled ovens. For reason of time we could not investigate all

the different packaging materials used as containers for crude drugs. We therefore

selected two representative types of these materials, one being highly lipophilic and

therefore having the affinity for volatile oils; the other being highly hydrophilic and

having therefore no affinity for volatile oils. The two types selected were Polyethylene

and Cellophane.

Storage at higher temperatures should give some information about the deterior¬

ation of volatile oil containing drugs when stored at higher temperatures as it may be

the case for the storage in the attic during warm periods of the year. This investiga¬

tion can also give an advice about the deterioration of such drugs in tropical climates.

The only drawback of this method is that the temperature conditions are maintained

constant while in the tropics there are frequent fluctuations of the temperature and

the relative humidity; this combination of high temperature, humidity and the fluctua¬

tions of these factors have much more deteriorating influence than only the elevated

temperature conditions. The importance of these fluctuations as well as that of

humidity beside that of elevated temperature has been pointed out very seriously by

Wilkinson (114). He came to the conclusion that accelerated testing of stability at

elevated temperatures can only give an advice but never replace trials in natural con¬

ditions.

The results of this investigation are given in Table No: 5, 6 and 7. From these

tables we can observe that the loss of volatile oil occurs 7 times quicker at 60°C as

compared with 30 C and again 7 times quicker at 80 C as compared with 60°C or

about 50 times quicker than at 30°C.

Considering the rate of diminution in the volatile oil content during storage at

elevated temperatures, it is apparent that this diminution is high in the beginning and

becomes lower towards the end of the storage period. The decrease, however did not

progress at a measurable rate after certain period of storage, e. g. during storage

at 80°C the volatile oil content remained at 2.1% during the third and the fourth week.

The highest rate of loss in the first periods is very probably due to the fact that at

those temperatures water evaporated simultaneously which lead to a kind of steam

distillation. In the later periods of storage no water was available and the loss de¬

pended on the boiling point of the oil or its active constituents. For the main constitu¬

ent of anise oil, anethole, the boiling point is 232 C. Considering that the volatile oil

is covered by several layers of plant tissues, it is understandable that the evaporation
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ceases, more or less as shown in our tables.

The drug packed m cellophane bags lost 14. 5% volatile oil after 7 weeks

storage at 30°C, 13.3% after 7 days at 60°C and 13.3% after 24 hours at 80°C.

The drug stored in polyethylene bags lost 16.1% after 7 weeks at 30°C, 16.1%

after 7 days at 60°C and 20.9% after 24 hours at 80°C.

This investigation can be compared with the accelerated examination for medical

preparations proposed by Schou (115). The temperature coefficient in Schou's in¬

vestigation is about 2 for 10 C, which means that the speed of reaction is doubled at

an elevation of every 10 C or for 30 C the rate of reaction will be 2 or 8 times

quicker. As we have already stated, the rate of reaction at 60 C was 7 times quicker

than at 30°C. At 80°C the rate of reaction should be 2 or 4 times quicker than at

60 C but we had again 7 times quicker reaction rate. However the temperature

coefficient of Schou refers to plainly chemical reactions while in our case the loss

in volatile oil is mostly due to the physical phenomenon of evaporation, so that the

difference found may be partly due to this fact. The acceleration found is not of the

arithmetic but of a progressive type.

Table No: 5. % volatile oil content in Fructus Anisi during storage at 30 C (Initial

volatile oil content = 3.1%)

Packaging 1 3 7 10 2 3 4 7

material DAYS WEEKS

Polyethylene 2.95 2 85 2.8 2 75 2.7 2.7 2.65 2 6

Plain cellophane 3 0 2 9 2.85 2 75 2.7 2.7 2.7 2.65

SH 62

Table No: 6. % volatile oil content in Fructus Anisi during storage at 60 C (Initial

volatile oil content = 3.1%)

Packaging 1 3 7 10 2 3 4 6

material DAYS WEEKS

Polyethylene 2.75 2 65 2.6 2.55 2.45 2.4 2.35 2.3

Plain cellophane 2.85 2.7 2.65 -* -* -* -* -*

SH62

* In the experiments at elavated temperatures, cellophane became brittle after 7 days at 60 C

and the corresponding serie had to be interrupted.
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Table No: 7. % volatile oil content in Fructus Anisi during storage at 80°C (Initial

volatile oil content = 3.1%)

Packaging 1 2 3 5 24 3 7 10 2 3 4

material HOURS DAYS WEEKS

Polyethylene 2.85 2.7 2.65 2.6 2.45 2.4 2.35 2.3 2.2 2.1 2.1

Plain cellophane 2.85 2.85 2.8 2.75 2.65 -* -* -* -* -* -*

SH62

* In the experiments at elavated temperatures, cellophane became brittle alter 24 hours at 80°C
and the corresponding serie had to be interrupted.

2.4 Influence of different Packaging Materials

As we have exposed in Chapter 1.11 and in consideration of the chemistry of

anise oil, interaction between the container and the drug can occur. Considerations on

the problem, what kind of interaction could take place, must be based on the anatomic¬

al, chemical and the physical properties of the drug especially with regard to the act¬

ive principles and on the chemical and the physical properties of packaging materials.

For Fructus Anisi we have to keep in mind that the active principle is an essential

oil with highly lipophilic properties and a good volatility. The main constituent of the

essential oil, the anethole can be deteriorated mainly by oxidation. Furthermore poly¬

merisation of the several constituents of the oil could take place.

From the anatomical point of view it is important that the volatile oil is not

located on the surface of anise fruits but covered by several layers of cells with

cellulosic membranes. The oil can therefore not come in contact with packaging

material in liquid form, but due to the volatilisation, vapours of the oil will contact

the packaging material. The permeability and the absorption potency of the packaging

material for lipophilic substances will therefore be important for our investigation.

Besides these qualities, the transmission of irradiation and of oxygen through the

packaging materials are also to be considered.

In this investigation conventional containers like paper bags, paper bags with

parchment lining, and cellophane bags as well as bags made of different plastic film

and plastic laminated films were examined for their influence on the active constituents

of the Fructus Anisi. The following packaging materials were investigated:
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(1) Brown paper bags

(2) Green paper bags with parchment lining

(3) Blue paper bags with parchment lining

(4) Plain cellophane (SH 62)

(5) Water-vapour proof cellophane (MST)

(6) Polyethylene bags of 50 u thickness

(7) Polyethylene laminated blue paper bags

(8) Polyethylene laminated cellophane bags

(9) P. V.C. bags of 150, 100, 60 and 40 u thickness

(10) Polyamide bags of 10 u thickness

During this investigation anise fruits were stored in the different packaging

materials in diffused daylight. The conditions of the storage are described in the

introductory chapter of the experimental part. It may be remembered here that all

containers were stored at the temperature (17-22 C) and the humidity (50-65%) of

the room and in diffused light. Care was taken so that the intensity of light reaching

the containers was the same for all containers.

Two bags of each packaging material were stored during the investigation and

two samples of the stored drug from each bag were analysed at the end of every

month in the beginning; afterwards at intervals of 2-3months. The values given in

the tables are the average values. The difference between the percentage loss in two

containers was 0 to 0.1%, mostly 0.05%.

Three series of investigation were carried out, namely;

(1) Influence of different packaging materials on the volatile oil and the

anethole content of the whole Fructus Anisi.

(2) Influence of different packaging materials on the volatile oil and the

anethole content of the powdered Fructus Anisi.

(3) Influence of the thickness of packaging material. In this serie P. V.C.

films of four different thicknesses were examined.

2.4.10 Influence of different packaging materials on the volatile oil content

of whole Fructus Anisi

The influence of the packaging materials on the volatile oil content of the whole

Fructus Anisi is shown in Table No: 8 and Fig. No: 4.
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Table No: 8. % volatile oil content in Fructus Anisi during storage in different

packaging materials

Packaging 012346789 11 13 (Months)
material

Brown paper

bags

3.1 - 3.05 2.9 2.9 2.9 - 2.85 - 2.6 2.5

Parchment

lined green

paper bags

3.1 - 3.05 3.0 2.85 2.85 - 2.8 - 2.7 2.6

Parchment

lined blue

paper bags

3.1 - 3.1 2.9 2.85 2.8 - 2.8 - 2.7 2.6

Plain cello¬

phane SH 62

3.1 - 3.0 3.0 2.95 2.95 - 2.9 - 2.7 2.6

Water-vapour-

proof cello¬

phane MST

3.1 - 3.0 3.0 2.9 2.85 - 2.8 - 2.7 2.65

Polyethylene
lined blue

paper bags

3.1 - 2.8 2.7 2.65 2.6 - 2.55 - 2.4 2.35

Polyethylene
cellophane
laminated

3.1 2.8 2.8 - 2.65 2.6 - 2.6 - - -

Polyethylene 3.1 - 2.95 2.9 2.75 2.75 - 2.7 - 2.5 2.45

P.V.C. 3.1 2. 85 2.8 - 2.7 - 2.6 - 2.55 2.5 2.5

Polyamide 3.1 2.75 2.75 - 2.75 - 2.7 - 2.65 2.55 2.5

Rolyeth-Cellophane

-,
Months

*•*.! 1 1 1 1 1 1— 1 1 1 _i i i

123456789 11 13

Fig. No: 4. Influence of different packaging materials on the volatile oil content of

Fructus Anisi
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From Table No: 8 and Fig. No: 4, it is seen that during fetorage in different

packaging materials the volatile oil content of the Fructus Anisi decreases in all

cases but the loss varies according to the packaging material.

The absolute loss in the volatile oil content after storage duration of 13 months

was between 0.45% to 0. 75%. The total loss from the initial volatile oil content of

3.1% was between 14. 5% and 24. 2%. The loss was gradual except in the case of

brown paper bags and cellophane SH 62 bags where a sudden drop in the volatile oil

content was noted between the 8 and the 11 month. We cannot explain the reason

of this sudden drop.

Among the conventional containers, brown paper bags had the most deterior¬

ating effect on the volatile oil content of the drug. After 13 months storage in this

material the loss in volatile oil content was 19. 3%. Cellophanes and parchment lined

paper bags behaved similarly. The drug stored in them showed a loss of 17. 3% at

the end of storage period of 13 months.

In the plastic containers, the losses were greater than in the containers

made of paper or cellophane. Maximum losses were found in those made from poly¬

ethylene. Among polyethylene containers, polyethylene laminated paper bags had the

most deteriorating effect (24.2% loss after 13 months), followed by plain polyethylene

bags (21.9% loss after 13 months). The polyethylene laminated cellophane bags could

only be investigated for 8 months because we did not get them earlier; the loss during

that period was 16. 3%. It is noiceable that the loss in other containers made of poly¬

ethylene was of the same order. P. V.C. and polyamide had similar influences on

volatile oil content of the drug stored in them. The loss of oil in the drug stored in

P. V.C. and in polyamide bags was 19.4% at the end of 13 months.

In the following table we have given total the losses in volatile oil content that

occured during storage in different packaging materials.

Total volatile oil content loss in %

Container

Brown paper bags

Green paper bags
with parchment lining

Blue paper bags with 13 17.3

parchment lining

Plain cellophane (SH 62) 13 16.3

Water-vapour proof 13 16.3

cellophane (MST)

Storage duration in

number of months

% loss in volatile

oil content

13 19.3

13 16.3
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Storage duration in

number of months

% loss in volatile

oil content

13 21.9

13 24.2

13 19.3

13 19.3

8 16.3

Container

Polyethylene

Polyethylene lined

blue paper bags

P.V.C. bags

Polyamide bags

Polyethylene laminated

cellophane bags

The excessive losses in volatile oil content by drug samples stored in plastic

containers must be attributed to lipophilic properties of these plastic materials.

These properties admit a quicker transmission of the oil through the membranes and

on the otherhand these membranes accumulate the volatile oil.

The influence of storage in different packaging materials on the anethole content

of the volatile oil was not as drastic as on the oil itself. The results of the analysis

of the volatile oil distilled from the stored drug samples for anethole are given in

Table No: 9 and Fig. No: 5. The loss in anethole content was highest in the drug

sample stored in cellophane MST bags, namely 14. 3%. The influence of other packag¬

ing materials like plain cellophane (SH 62), parchment lined paper bags and brown

paper bags was rather similar; losses in anethole content were between 12% and 13%.

The anethole content of the drug stored in plastic materials decreased in general

leading to losses of 10% (polyethylene), 16.6% (P.V.C), 11.4% (polyamide), 11.5%

(blue paper bags laminated with polyethylene) and 10% (cellophane laminated with

polyethylene). This shows that the deterioration of anethole is nearly the same in all

plastic materials investigated. This is probably due to the fact that the loss of volatile

oil is a physical phenomenon while the loss of anethole is a chemical process which

is, as discussed in the beginning, due to the oxidation.



- 69 -

Table No: 9. % anethole content in anise oil distilled from Fructus Anisi during

storage in different packaging materials

Packaging 02346789 11 13 (Months)
material

Brown paper
bags

92.0 84.4 - 83.3 82.7 - 82.0 - 80.3 80.0

Parchment

lined green

paper bags

92.0 - 87.0 86.0 85.9 - 85.7 - 83.1 -

Parchment

lined blue

paper bags

92.0 83.9 82.6 82.3 82.0 - 82.0 - 81.7 80.9

Plain cello¬

phane SH 62

92.0 86.8 85.8 85.2 84.2 - 83.6 - 82.2 80.5

Water-vapour-
proof cello¬

phane MST

92.0 84.9 84.6 83.6 - - 82.2 - 80.6 79.8

Polyethylene
lined blue

paper bags

92.0 84.8 84.5 83.8 82.9 - - - 82.3 81.4

Polyethylene
cellophane
laminated

92.0 85.8 84.7 - 83.8 - 82.8 - - -

Polyethylene 92.0 88.5 87.2 86.0 85.4 - 83.7 - 83.2 82.8

P. V.C. 92.0 82.2 - 81.5 - 81.2 - 80.4 79.8 79.4

Polyamide 92.0 85.5 - 84.2 - 82.6 - 82.6 82.2 81.5

Fig. No: 5. Influence of different packaging materials on the anethole content of

anise oil
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2.4. 20 Influence of different packaging materials on the volatile oil and the anethole

content of powdered Fructus Anisi

In powdered form drugs must behave in different manner during storage when

compared with the whole drugs. In the case of drugs in which the volatile oil is enclo¬

sed in the tissues, the pulverization exposes the volatile oil suddenly to an intense

contact with the oxygen of the air. Furthermore the oil is dispersed on the surface

of the fragments of the tissues which again increases the surface of contact. In drugs

which contain fatty oils, contact of volatile oils with the fatty oils occurs and later on

volatile oils are dissolved in the fatty oils. As fatty oils mostly contain peroxides an¬

other possibility of oxidation of the volatile oils is thus created. One must therefore

expect, from these reasons, that the loss of the volatile oils during storage is greater

in the powdered drugs than in the whole drugs.

In performing the investigation on powdered drug we did not want to depend on

the alterations which could have occured to the powdered drug before we started our

investigation. In order to avoid this, we powdered our drug ourselves and put it into

different containers just after the pulverization.

Our results shown in Table No: 10 and Fig. No: 6 confirm our expectations.

However the losses in different packaging materials did not increase proportionally

to the losses in the whole drug.

The smallest loss is of 13. 0% (cellophane and P. V.C.) and the greatest is of

61. 3% (brown paper bags). This greatest loss is followed by 51.4% (polyethylene).

Among the lined or laminated bags, those lined with polyethylene showed also a con¬

siderable loss (37.1%) while in parchment lined the loss is rather small (19.4%).

This difference is certainly due to the fact that parchment is not lipophilic while poly¬

ethylene is highly lipophilic. The extremely high loss in brown paper bags is partly

due to the fact that these bags absorbed the volatile oil as well as the fatty oil and at

the end of the storage period they were completely soaked with the oils. Among the

two plastic materials, P. V.C. bags gave very good results with the powdered drug

and the drug stored in them showed the same content as the drug stored in cellophane

bags (i.e. 13.0% loss). This influence is in a certain discrepancy with the influence

exerted by P. V.C. on the whole drug, where the losses in P. V.C. and polyethylene

were nearly the same. Further investigations will have to explain the reasons for

these different behaviours of two plastics during storage of the whole and the powdered

Fructus Anisi.

With regard to the anethole, a very intense drop occured in the first fortnight;

the decrease in the anethole content was nearly of the same intensity during the re¬

maining storage period. This rapid loss in the first fortnight is rather astonishing
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because the content of the volatile oil did not decrease more rapidly during the same

period. It is probable that a certain contact of anethole with the oxygen of the air and

with the perioxides of the fatty oil has caused an oxidation of the substance. Our

results are given in Table No: 11 and Fig. No: 7.

Different packaging materials which were examined behaved in a very similar

manner as far as the deterioration of the anethole is concerned. From this point of

view we could not give any preference to any of the packaging materials investigated.

Table No: 10. % volatile oil content in powdered Fructus Anisi during storage in

different packaging materials (Initial volatile oil content = 3.1%)

Packaging 1/2 1 2 3 4 5 (Months)
materials

Brown paper 2.85 2.75 2.35 2.1 1.55 1.2

Parchment

lined blue

paper bags

3.0 2.95 2.9 2.8 2.65 2.5

Cellophane
(SH 62)

3.0 2.95 2.9 2.8 2.7 2.7

Polyethylene
lined blue

paper bags

2.9 2.85 2.6 2.45 2.1 1.95

Polyethylene 2.8 2.7 2.5 2.4 1.6 1.5

P.V.C. 3.0 2.85 2.85 2.8 2.8 2.7

Table No: 11. % anethole content in the anise oil distilled from powdered Fructus

Anisi during storage in different packaging materials (Initial anethole

content = 92%)

Packaging 1/212345 (Months)
materials

Brown Paper

Parchment

lined blue

paper bags

Cellophane
(SH 62)

Polyethylene
lined blue

paper bags

Polyethylene

P.V.C.

84.8 83.9 81.9 81.3 80.7

84.1 83.2 82.8 81.8 81.6 80.6

83.0 82.5 81.7 80.1 80.0 79.8

82.2 82.2 81.9 80.7 79.3 78.5

84.4

86.1

83.9

85.1

82.2

83.8 82.9 81.7 80.6
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No: 6. Influence of different packaging materials on the volatile oil content of

powdered Fructus Anisi
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Paper- Parch.

Celloph.SH62

Polyeth-Paper

Polyeth.

RV.C.

No: 7. Influence of different packaging materials on the anethole content of anise

oil of powdered Fructus Anisi
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2.4. 30 Influence of the thickness of packaging materials on the volatile oil and the

anethole content of Fructus Anisi

The loss of volatile oil during storage is partly due to absorption and partly to

transmission. It can therefore be expected that the thickness of the walls of the con¬

tainer may exert some influence on the loss. Thicker walls will absorb greater quanti¬

ties of oil; on the other hand the evaporation through the wall decreases with the in¬

crease in its thickness. We investigated one packaging material of different thicknesses

for its influence on the volatile oil and the anethole content of Fructus Anisi during

storage. The material used by us for this investigation was P. V. C. Films of 150 u,

100 u, 60 u, and 40 u were investigated and their influence observed for a shorter

storage duration of 7 months.

The results of the influence of P. V. C. films of different thicknesses during

storage on the volatile oil content are given in Table No: 12 and Fig. No: 8. As can

be seen from this table, the greatest loss in the volatile oil content was by the drug

stored in 60 ju and 40 jj thick bags while the least loss by drug stored in 150 u thick

bags. The losses recorded were 12. 9%, 14. 5%, 16.1% and 16.1% for 150 u, 100 ju,

60 u and 40 ji respectively.

Table No: 12. % volatile content in Fructus Anisi during storage in P. V.C. films of

different thicknesses

Thickness of 0 12 4 7 (Months)
P.V.C. films

150 u

100 ju

60 fi

40 u

The loss of volatile oil increases in an inverse proportion with the increase in

the thickness of the wall. This allows the conclusion, that the evaporation through

the wall plays an important role in this loss than the absorption in the wall. (About

the accumulation of oil in plastics refer to chapter number 2.5)

The influence of storage in P. V.C. bags of different thicknesses on the anethole

content of anise oil was rather similar. The losses in the anethole content by the drug

stored in P. V.C. bags of 150 u, 100 u, 60 u and 40 u thicknesses were 10.4%, 12.8%,

11,7% and 10.3% resp. From these figures one can derive that the loss of anethole

is not varied by the thickness of the wall of container within the limits examined by

3.1 2.95 2.85 2.8 2.7

3.1 2.95 2.9 2.8 2.65

3.1 2.85 2.8 2.7 2.6

3.1 2.95 2.85 2.8 2.6
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us. The results of the analysis carried out to determine the anethole content are given

in Table No: 13.

3,1

3,0

2,9

2,8

2,7

2.6

2,5

2>
12 3 4 5 5 7

Fig. No: 8. Influence of P. V.C. bags of different thicknesses on the volatile oil

content of Fructus Anisi

Table No: 13. % anethole content in anise oil distilled from Fructus Anisi during

storage in P. V.C. films of different thicknesses

Thickness of 0 2 4 7 (Months)
P.V.C. films

150 u 92.0 84.3 82.9 82.4

100 u 92.0 82.4 81.5 80.2

60 fi 92.0 82.2 81.5 81.2

40 fi 92.0 84.4 82.7 82.5

V
PVC 150 U

P. VC. 100 ..
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2.5 Absorption of volatile oil by plastic packaging materials

As we have already discussed, the absorption of active constituents like volatile

oils by plastic packaging materials is very likely due to the lipophilic properties of

such packaging materials. We tried to determine this absorption quantitatively.

We distilled polyethylene and P. V.C. bags of 60 ju thickness which were used

for the storage of powdered Fructus Anisi for a storage period of 5 months. The

volatile oil content was determined by Stahl's (68, 68A) gravimetric method. 10 x

10 cm piece of polyethylene gave 3.6 mg of oil after distillation for 4 hours. P. V. C.

film did not give out any oil.

In another case we stored films of P. V. C. (60 u), polyethylene (50 u) and poly¬

ethylene-cellophane laminated (100 u) in an atmosphere of anise oil created in a de¬

siccator. After one months exposure to this atmosphere, the films were distilled

and the volatile oil content determined by Stahl's method. 10 x 10 cm big pieces of

polyethylene and polyethylene-cellophane laminated films gave 9.4 mg and 13. 3 mg

reps. In the case of P. V.C. films we are not able to give any results because they

gave very minute quantities oil after distillation which we were not able to weigh

accurately.

We also determined the difference in weight of polyethylene and polyethylene-

cellophane laminated films of 10 x 10 cm size after exposure to an atmosphere of

anise oil for a duration of 2 months. The difference in weight after that period was

21.0 mg for polyethylene and 33.7 mg for polyethylene-cellophane laminated film.

This increase in weight can be attributed to the absorption and the accumulation of oil

in these films.

From the above results we can see that the polyethylene-cellophane laminated

film absorbed greater quantities of oil due to the fact that the oil accumulated in the

space between two foils (i. e. polyethylene and cellophane) produced by the splitting

of these two films by the oil.
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2.6 Refractive index of volatile oil distilled from Fructus

Anisi stored under different storage conditions

The influence of storage on the physical properties of the volatile oil of Fructus

Anisi was determined by measuring the refractive index of oil distilled from stored

drug samples after the termination of the storage period. The initial refractive index

of anise oil was 1. 550.

The influence of different packaging materials is shown in Table No: 14. From

this table we can see that the packaging materials did have some influence on the re¬

fractive index of oil which increased after storage in different packaging materials.

Plastic materials like paper bags laminated with polyethylene had more pronounced

influence than other packaging materials. P. V. C. films of different thicknesses had

similar effect on the refractive index of anise oil. From these figures we can say

that the packaging materials had rather uniform influence.

The influence of storage on the refractive index of oil distilled from the powdered

Fructus Anisi was similar to that on whole Fructus Anisi. Results of this investigation

are given in Table No: 15.

Table No: 14. Refractive indices of anise oil samples distilled from whole Fructus

Anisi after storage in different packaging materials

Packaging material Storage period
(in months)

Refractive

at 20°C

Brown paper bags 13 1.557

Parchment lined

green paper bags

13 1.557

Parchment lined

blue paper bags

13 1.557

Plain cellophane (SH 62) 13 1.556

Water-vapour proof
cellophane (MST)

13 1.556

Polyethylene lined

blue paper bags

13 1.559

Polyethylene laminated

cellophane bags

8 1.557

Polyethylene 13 1.557

Polyamide 13 1.558

P. V.C. 150 u 7 1.557

P. V.C. 100 u 7 1.556

P. V.C. 60 ja 7 1.557

P. V.C. 40 u 77 1.556
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Results of the influence of storage at different relative humidities are given in

Table No: 16. In this case also the influence is uniform and there is an increase in

the refractive index value in all cases.

Table No: 15. Refractive indices of anise oil distilled from powdered Fructus Anisi

after storage in different packaging materials

Packaging material Storage period
(in months)

Refractive index

at 20°C

Brown paper bags 5 1.558

Parchment lined

blue paper bags

5 1.555

Plain cellophane (SH 62) 5 1.557

Polyethylene lined

blue paper bags

5 1.558

Polyethylene 5 1.558

P. V.C. 60 u 5 1.557

Table No: 16. Refractive indices of anise oil samples distilled from Fructus Anisi

after storage at different relative humidities

% relative

humidity*

97

80

65

35

0

Storage period
(in months)

Refractive index

at 20°C

12 1.559

12 -

12 1.556

12 1.557

12 1.557

* Theorectical relative humidity values are given.
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Summary

1. General conditions of storage and of packaging materials and the possible deterior¬

ation due to these factors are discussed.

2. We investigated the influence of storage and packaging materials on the volatile oil

and the anethole content of this oil in Fructus Anisi.

3. Variations of relative humidities showed that only humidities above 65%

have a pronounced destructive effects on the content of volatile oil while for anethole

the relative humidities between 2-97% behaved more or less similarly.

4. Among the different wavelengths of the visible and U.V. spectrum, the U. V. (315-

400 mu) had a strong deteriorating effect, leading to a loss of 33. 3%, while the

other wavelengths like Red (>600 mu), Green (550-600 mu), Blue-Green (490-

540 mu), and Blue (430-485 mu) showed no significant difference in their deterior¬

ating effects. Losses after 12 months being 26.7%, 25.0%, 23. 3% and 23. 3%

resp.

5. Elevated temperatures accelerated the loss of volatile oil at 30°C by about

16% with reference to room temperature. At 60 C the deterioration and the loss

caused by that was 7 times higher than at 30 C. At 80 C the loss was about 7 times

higher with reference to 60 C.

6. Among the different packaging materials investigated (i. e. brown paper bags,

parchment lined paper bags, plain cellophane, water-vapour proof cellophane,

paper laminated with polyethylene, cellophane laminated with polyethylene, poly¬

ethylene, P. V.C. and polyamide), the most deteriorating effect on the volatile oil

content was found by polyethylene. The anethole content of the volatile oil did not

show significant differences after storage in different packging materials.

7. In the powdered drug the loss of oil was greater and quicker. The losses being

13. 3% (cellophane and P. V.C), 19.4% (parchment lined paper bags), 37.1%

(paper bags laminated with polyethylene), 51.4% (polyethylene), and 61. 3%with

(brown paper bags). With regard to anethole, a very intense drop occured in the

first two weeks; afterwards the loss in anethole content was of a much lower

but constant intensity.

8. The influence of the thickness of packaging material was investigated for P. V.C.

(films of 150 u, 100 u, 60 p. and 40 p were investigated). The loss of oil decreased

with the increase in the thickness of the packaging material which leads to the con¬

clusion that the loss is mainly due to the evaporation while the accumulation in the

foil is of smaller importance.
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9. The absorption of volatile oil by plastic materials (polyethylene and polyethylene-

cellophane laminated) was smaller for bags used during storage (3.6 mg of oil ab¬

sorbed by polyethylene) than for the same materials exposed to an atmosphere of

anise oil (9.4 and 13. 3 mg for polyethylene-cellophane laminated and polyethylene

resp. P. V. C. did not absorb much oil). For a laminated film, polyethylene-cello¬

phane film absorbed rather greater quantities of oil due to the fact that the oil

accumulated in the space between two films produced by the splitting of these two

foils by oil.
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ZUSAMMENFASSUNG

1. Die allgemeinen Bedingungen fiir die Lagerung und fiir die Verpackungsmateria-

lien und die auf Grund dieser Faktoren moglichen Veranderungen des Packgutes

werden diskutiert.

2. Wir untersuchten den Einfluss der Lagerung und der Verpackungsmaterialien

auf das aetherische Oel und den Anetholgehalt dieses aetherischen Oeles in Fruc-

tus Anisi.

3. Feuchtigkeitseinf luss:

Veranderungen der relativen Feuchtigkeit zeigen, dass nur hohere Feuchtigkeiten
als 65% eine ausgesprochen zerstorende Wirkung auf den Gehalt an aetherischem

Oel haben, wahrend sich eine relative Feuchtigkeit zwischen 2 - 97% auf den

Anetholgehalt zirka gleich auswirkt.

4. Lichteinfluss:

Unter den verschiedenen Wellenlangen des sichtbaren- und des UV-Spektrums

hat das ultraviolette Licht (315-400 mu) eine stark zerstorende Wirkung, welche

zu einem Verlust von 33,3% fiihrt. Die andern Wellenlangen wie Rot (600 mu),

Grim (550-600 mu), Blaugriin (490-540 mu) und Blau (430-485 mu) zeigen keine

wesentliche Differenz in ihrer zerstorenden Wirkung.

Die Verlust nach 12 Monaten sind 26,7%, 25,0%, 23,3%, 23,3%.

5. Temper atur einfluss :

Bei 30 C war der Verlust an aetherischem Oel 16% hoher als die entsprechenden

Werte bei Zimmertemperatur.

Bei 60°C war die Zersetzung und der dadurch bedingte Verlust siebenmal hoher

als bei 30°C.

Bei 80 C war der Verlust ungefahr siebenmal hoher als bei 60 C.

6. Einfluss des Ver pa ckungsmater ials :

Unter den verschiedenen untersuchten Verpackungsmaterialien

(braune Papiersacke, mit Pergament ausgekleidete Papiersacke, Cellophan,
wasserdampfdichtes Cellophan, polyathylenbeschichtetes Papier, polyathylenbe-
schichtetes Cellophan, Polyathylen, Polyvinylchlorid (PVC.) und Polyamid)

wurde beim Packgut in Polyathylen die starkste Abnahme des Gehaltes an aethe¬

rischem Oel gefunden.

Der Anetholgehalt des aetherischen Oeles zeigte keine wesentlichen Unterschiede

nach Lagerung in verschiedenen Verpackungsmaterialien.
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7. Pulverisierte Droge:

In der pulverisierten Droge war der Verlust an aetherischem Oel grosser und er-

folgte rascher.

Die Verluste betragen:

13,0% bei Lagerung in Cellophan und PVC.

19,4% bei Lagerung in mit Pergament ausgekleideten Papiersacken.

37,1% bei Lagerung in mit Polyathylen beschichteten Papierbeuteln.

51,4% bei Lagerung in Polyathylensacken.

61,3% bei Lagerung in braunen Papiersacken.

Was das Anethol anbelangt, findet ein sehr starker Abfall in den ersten 2 Wochen

statt (einfacher: der Abfall des Anetholgehaltes ist sehr stark in den ersten 2 Wo¬

chen, dann wird die Abnahme rasch viel kleiner und bleibt wahrend der ganzen

restlichen Verlagerungszeit konstant).

8. Der Einfluss der Dicke des Verpa ckungsmaterials wurde untersucht

an PVC (Foliendicken: 150, 100, 60, 40 u).

Mit zunehmender Dicke des Verpackungsmaterials nimmt der Verlust an. aetheri¬

schem Oel ab. Dies fiihrt zur Schlussfolgerung, dass der Verlust hauptsachlich

auf der Verdunstung beruht, wahrend die Speicherung durch Absorption in der

Folie als Verlustquelle von geringerer Bedeutung ist.

9. Die Absorption von aetherischem Oel aus der Droge an die Plasticmaterialien

(Polyathylen und polyathylenbeschichtetes Cellophan) die als Sacke fur die Lager-

versuche verwendet wurden, war geringer, (3,6 mg aetherisches Oel absorbiert

durch Polyathylen) als die Absorption derselben Plasticmaterialien, wenn diese

direkt in eine mit Anisol-D3mpfen gesattigte Atmosphare verbracht wurden (9,4

und 13, 3 mg fur polyathylenbeschichtetes Cellophan und Polyathylen. PVC ab-

sorbierte nicht viel aetherisches Oel). Bei den beschichteten Folien absorbierte

polyathylenbeschichtete Cellophanfolie mehr aetherisches Oel. Dieses wird im

Zwischenraum zwischen den beiden Folien gespeichert, welcher unter dem Ein¬

fluss des aetherischen Oeles durch das Dislaminieren der beiden Folien gebildet

wird.
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