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SVNORETE

In the effort to rediscover the dyeing of wool to the Biblical
sky blue (Tekhelet), which was Tost some 2000 years ago, the dyeing
nethod of the Iyrian Purple has been reestablished. In particular, -2
the problem of reducing the dye (vatting) has been solved) Two of the
four possible methods of dyeing sky blue by using molluscs of the
type Murex trunculus are described. The first method is based on
mollusc segregation according to sex, the second one 1is based on de-
bromination process. Some data concerning the reduction potentials.
shades and color strength of the dyes are given. The implementation of
the dyeing methods on archaeological findings are shortly discussed.
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INTRODUCTION

Most serious historians of ancient times use the Bible as a
rich source of. activities of ancient times, yet even the nhistorians
‘of the dyeing 1ndustryl -5 do not mention the XV verse according to

iz w2l 4» which God commands the Jew to wear a fringe (tzitzit).with. a thread ..

of sky blue, that is intended to remind them of all the command=-
ments God imposed on Jews. Talmudic 11terature7 explains that this
blue, called in Hebrew "Tekhe1et“ has to be produced from molluscs
and it is forbidden to use indigo of plant origin, calied in Hebrew
“"kala Ilan". If we again turn to the historical sources we will not
find any mention ‘0of a blue dye of animal kingdom origin. The Biblical
Jekhelet d1sappeared3’ with the destruction of the Second Temple,
j.e. 1915 years ago. This is a creative situation that stimulates
creation of various tales, fables and beliefs. Efforts to reestab-
lish the Tekhelet color were in general unsuccessful , Have we suc-
ceeded in what others have failed? We will see at the end.

There is a process of dyeing wool blue that is used by a group
of Jews, followers of the famous Radzin Rabbi Leinerlg’ll. This process
was almost lost due to the holocaust. We were asked to work out'thé A
Leiner technology. This stimulated our research on the Tekhelet' qub—..
ject. Appreciating the extraordinary skill of the ancient dyers of
Tyrian purple we decided to see whether the ancient dyers, us1ng mat-
erials and means of those times, were able to produce blue wool from
the same molluscs that were used to produce the various Royal or
Tyrian purples or the bluish Purpura hyacinthina or Purpura dibapha.

Ne soon learned that the “technology of ancient dyeinq of Tyrian
purp]e also disappeared due to the destruction of this industry by -

3Turks, and fana?]y the dyeing ceased entirely wwth the fall of Cnnst—
ffant1nop1e in 1453. Records of this technology ‘were not left except |
' for some' ncomp1ete descr1ptzons like that of P11ny

Ex15t1ng suurces
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did not enable us to repeat the ancient technology. 1t was thus our
first task to reconstruct this technology.

RECONSTRUCTION OF THE ANCIENT DYEING TECHNOLOGY OF TYRIAN PURPLE

The molluscs most commonly used by the Tyrian purple dyers
were Murex brandaris, MureX trunculus, Thais (Purpura) haemastoma.
Our work on Purpura haemastoma is described in our separate report 2:
In this work we concentrate on Murex trunculus since it is easier to
obtain by scuba divers than the M. brandaris that 1ives at depths of
10 to 150 meters, as compared to up to 15 meters for M. trunculus.

The chemical constitution of the purple dye has been revealed
by Friedlaender in 190613. The hypobranchial gland of the molluscs,
however, does mot contain the dye but the precursors of the dye.
The chemistry of these precursors and the dye formation was the
subject of investigations by Bielig and Malaszkiewicz, Sutherland,
Fouquet, Christophersen and 50.14-1?_ Accordingly M. trunculus
contains fpur types of precursors, as <hown below, in the ration
of 4.5:0.5:3:2 giving, according to Bielig-Fouquet, an average of
1.2 mg. of a mixture of dyes, per one Murex trunculus moliusc.
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The differences between these precursors ctncern the substi-
tution of indol at Cz and Cg.
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In respect to dye formation the precursors have to be divided
into two unsubstituted and two substituted at C, comoounds.

First stage of reaction is commnon to all precursors and involves
the action of an arylsuphathase called purpurase which is present
in the same gland. The indoxyls thus obtained are in equilibrium
with their ketonic form (indolinones). The C, unsubstituted pre=
cursors oxidize by air giving either indiao or 6,6' dibromoindigo,
The C2 substituted precursors gave, by the action of the purpurase
and oxidation in the dark, a green ether soluble quinhydrones of
2-methylthioindole and 2-methane sulfonyl-6-bromo indoxyl and their
indoleninones. On exposure to solar radiation a photolytic cleavage
takes place at C, and again indigo or 6,6' dibromoindigo are formed.
Some side reactions are possible. According to Fouquet, the ratio
of indigo to bromoindigo dyes obtained from M. trunculus (from
Naples district) was higher than 1 - about 0.7 indigo and about 0.5 (qa?)
purple. This should mean that the color produced should be predom-
inantly of blue shade, a bluish violet.

The molluscs M. trunculus of Haifa district gave, according to
our results, the same two main dyes but in reverse proportion. The
total average yield was about 1 mg. of the dye mixture per mollusc.
Our molluscs were probably smaller in average than those used by
Fouguet since the glands weight ranges from 0.2 to 0.7 per Q]and
as compared to 0.4 to 0.9 grams as reported by Fouquetls.

The reactions outlined before proceed relatively quickly and
practically almost all at the same time.Most of the dyes formed are
absorbed or entrapped by the coagulating proteins of the gland
origin. This makes the next steps difficult and reduces the over-
all yield. To solve this problem we developed the following process.
In the first stage of this process we kill the purpurase before it
starts its action. For this purpose the freshly excised intact
glands were placed in water of constant temperature of about 75°C.
Next step consisted of extraction of the precursors by successive
maceration of the glands with portions of water and mechanical sep-
aeatior of the fleshy material from the extract. In total aboui LGt

»
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of water were used per gland. The obtained combined extracts were
theveafter concentrated at moderate heat {50-70°C) and normal pres-
sure until a concentrate of 2-3 ml solution per gland had been ob-
tained. Any coagulates formed during this stage were also removed.
Separately fresh glands were macerated with water and the suspension
thus obtained was filtered through a 20 mesh sieve into the concen-
trate, mixed well and exposed for a- full day in open vessel to

solar radiation. In our experiments about 1 fresh gland has been used
per 20-30 extracted glands, but the ratio maybe higher. As a result
of the complicated biochemical, chemical and photochemical reactions

_outlined before a mixture of the above mentioned dyes was obtained.

The dyes appezr partly as a precipitate and partly as a suspension
thet with time aggrejates into precipitate. Anyone skiil.:d in these
type of dyes understands that the next step should be vatting, i.e.,
reduction of the dye. With modern techniques and means this is not a
problem, but in the reconstruction of the ancient dyeing method this
was as yet the main point of failure. We tried the recently suggest-
ed method of Doumet18 to uce lead (as the ancient dyers used lead
cauldrons for dyeing) but the results obtained were very poor. Our
attention was focused on the sulfur substituents of the two precur-
sors, namely the methylthio and methy]l sulfonyl groups whose fate in
the dye formation process is not yet fully clarified, The assumption
was correct. On the addition of strong alkali at sTightly elevated
temperature (50-60°C) the ayes undergo reduction into their Teuco

i form.

In separate experiments methanolic extracts of the precurscrs
was used to produce the dyes. On addition of sodium hydroxide at 60°C
also these relatively pure dyes were reduced. At lower temperatures
the reduction process is much slower, as is characteristic for indig-
0id dyes. The time for reduction was particularly short when fresh,
not aggregated dye suspension was used.

The necessary sodium hydroxide solution was prepared by ancient
method mixing solutions of sodium carbonate and calcium hydroxide,
products available in ancient times. The reducing power of the solu-
tion has been also checked by the yellow strips of reductiun indic-

»
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ator papers. The dye most probably the C.1. vat yellow, 4 forms semi-
quinone turning from yellow to blue. The maximum reductive potential
obtained as measured by platinum-calomel electrodes was about -600
mv at 60°C and about -700 mv at 70°C.

To prevent premature reoxidation of the dyes our measures were
either addition of oil to create a floating separation layer, or
addition of grape juice (qlucose).

For dyeing wool we reduced the destructive to wool strong
alkalinity to a pH of about 10 by the addition of ammonia, urea
and acitic acid. Further steps of dyeing were <imilar to those used
_today - a1 owed by oxidatict, washing and soaping. The shaaes ob-
tained range from P through PB to BP, according to the Munsell scale.

The leuco potential of the mixture of the dyes as obtained was

according to the method of Schaeffer20 relatively low, i.e., about
=500 mv.

COLORISTIC ASPECTS OF THE PURPLE UYE

The tinctorial strength of the purple dye fascinates us very
much. Various sources on Tyrian Purple Jike very much to refer to
the impressive figure found by Friediaender13 that to produce 1.4 ¢
of the 6,6' dibromoindige dye 12000 molluscs of Murex hyandaris are
needed. This figure has been confirmed by Fouquet1b giving an average
of 120Yof dye per moliusc. The Murex trunculus of Haifa vicinity X Fj
yielded 700 ¥ of the dyes as compared to about 1200 %  as found | 3 hﬁvij
by Fouquet for Italian molluscs. The difference stems probably from
the size of the molluscs. Our molluscs gave glands weighing 0.3 to
0.7 grams and those of Fouquet 0.4 to 0.9 grams, Even then the need
for about 1000 molluscs to produce 1 gram of the dyes is impressijve
and detractive. However, as our experiments show, the tinctorial
strength of the purple dye is excellent. To produce a shade on woo
of the standard depth of between 1/1 to 2/1 only one mollusc of the
¢ize 5-6 cm is sufficient for 1 gram of wool . Tm ether words, 1070

grams v wool could oe dyed to a deep purpie color (of the equivalent
»
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of 3% dyeing\ using the same 1000 M. truncﬁ1us molluscs. The ancient
dyers were working ejther with low yield of the dye and thereforeé

it was sO expensive (a ratio of 1:3 by weiant of the dyed wool 10
the price of gold) or, according o0 the literature. the business was
very detractive due to the emell the dyeing produces, but very
attractive because of the gold it brings. Maybe - the proveyDd that

money ctinks has jts source in Tyrian purple dyeing?

DYEING TO THE BIBLICAL SKY BLUE [TEKHELET)

puring the two years of research on this cubject, We developed
four routes of dyeing the sky blue {Tekhelet) using extracts of the
hypobranch131 qlands of Murex ryunculus and Purpura haemastoma. The
me thods we called: 1) Segregation dyeingd 2) Photochemica1 dyeing
3) Differential dyeing 4) Combinatory dyeing. 1t is obvious that
some other mol1uscs could be used for some of these methods. In this
work we will surmarize the results of the first two dyeing methods

only, using M. trunculus mo11uscs.

The Segregation Dyeingd Method

In searching for the reduction possibility of the indjqoid

dyes we used only one gland for every experiment. In consequence
of this technique We noticed that some of the glands yield blue or
predominantly blue dye. flectronic gpecira showed the presence of
indigo as the blue dye- Many experiments were devoted to reveal the
conditions at which the formation of blue dye predomiuates. Many
possib1e (and impossﬁble} parameters were tested until finally we
found that the blue dye Was formed mostly By extracts of the mast-
uline M. trunculus. ctatistically this turns out to be true, but
in general there are exceptions that a few feminine glands produced
the blue dye and some masculine qlands did not. The reasons for
these exceptions are gtill obscure. Fouquet 6 found that on an
average the ratio of indigo to dibromoindigo was 4:3. Inour case
the fluctuation of the ratio was very high, probably due to the

\ fgm|ning-mu;hun1ne ravit end/ o Gut 1o montt of £ishing. However,

in most cases the,ratio was in favour of 6,6’ dibromoindigo.
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After this discovery we segregated the glands according to
the sexes of the molluscs and carried out the dyeing as described
i Jfor the Tyrian Purple. The obtained wool was blue or reddish blue.
This may satisfy those who believe that the original Tekhelet was
slightly reddish blue. When, however, the dyeing bath was kept for a
longer time at its reduced {leuco) state, being exposed to daylight,
} the shade obtained was always bluer. Some measuremehts of the re-
duction potentials we carried out at flourescent Tight start with a
purple dye and end up with indigo. This finding opens another way
of dyeing the biblical Tekhelet.

Photochemical Dyeing Me thod

It is a known property of some vat dyes to change their color i
when exposed to solar radiation when reduced to their leuco state.
Weber, Goldstein and Gardner 9 have shown that halogenated vat dyes
may lose their halogens when exposed to solar radiation in their
I jeuco state. We tried this reaction with the aim of determining the
| bromoindigo completely to indigo. Solutions of vatted dyes were €Xx=
i posed to direct solar radiation and after relatively short time only
indigo remained in the solution. The end of the debromination process

was recognized by smmersion of a strip of filter paper. and reoxid-

i ' ation of the dye. Later o0, the debromination reaction was carried
out under diffused Tight and fluorescent light. Under these condit-
jonc the debremingtion requires nore time. We came L0 the cenclusion

| that as we discovered the change of color due to irradiation, SO did

' \ the ancient dyer. Most probably the ancient dyer exploited this
| phenomenon to vary the end color into more oY less bluish shades.
| \ The ancient dyers were certainly not interested in 2 total conversion

| _ of the very expensive purple dibromoindigo into blue since blue
: could be produced using much cheaper plant indigo. For the Jews ,
however, it was an obligation to use a dyestuff to dye wool into
Tekhelet of animal origin. The chemical identity of the blue 'ﬁye
was not limited or questioned.

‘ol.
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The exposure of the vatted dye to solar radiation requires
sufficient stability of the leuco d e. This could be‘achieved either
by prevention of a direct contact of the solution with air or by
the use of excess of auxiliary reducing agent such as glucose
(grape juice). Glucose in alkaline media exhibits a reduction po-
tential of about -500 mv at 607 “C. The reduction potential of the
6,6' dibromoindigo is slightly higher than that of indiqo (about
-500 mv compared to -360 for indigo). However, as we showed before,
the reduction of the dyes is achieved by the naturally present re-
ducing compounds which in alkaline medium at 60°C provide suffici-
ently high reductive potential of about - -600 mv. Consequently the

“fask of the glucose was chiefly to prevent reoxidation of the leuco
dve only. The leuco otential as defined by Schaeffer 20 55 Jower
than the reductive pOLent1a1 that gives glucuse. The only problem
that glucose creates is the deve lopment of a brown oxidation product
of glucose. This is, however, a technical problem that could be
solved in various ways.

Another possible way to dye wool to the biblical Tekhelet

) using Murex snails is the mentioned differential dyeing method

which will be the subject of another publication. Summing up, we
would 1ike to return to our questions put at the beginning "did we
really discover the biblical Texhelet?" Objectively, in our opinion,
we did. Can we, however, cuinclusively prove this? The answer is -
not at all. In our opinion, nobody can as long as an ancient orig-
inal blue tzitzit sample is not available. Fyven then there might

be a problem difficult to solve. Let us suppose that archaeologists
succeed to find such a tzitzit. Modern analyses will show, if we

are right, the presence of indigo, that is, the forbidden Kala Ilan.
The conclusion will be that the tzitzit i< a fraud made from cheaper
plant indigo. By the way, such a‘verdict is already known. The
famous archaeologist, the late Yigal Yadin, in his excavation of

the Bar Kokhba Caves, found purplish blue dyed woolal. Dr. Edelstein's
laboratory has found that it was dved mainly by indigo. The conclu-
sion was that because of the political situation, the Bar Kokhba
peop1e were cut off from the supply of real Tekhelet and they used

= - 4+ "z . w .ouogest a reinvestioation nf thic matter. Ve
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think that there is some ppssibility of differentiating between
plant and animal indigos. If the indigo stems from the mollusc, it
could be efther pure indigo, or indigo with some admixture of

6,6' dibromoindigo. Indigo of plant oriain was never pure and the
best one contained:70-90% indigo. The other dyes that appear with
this indigo are Indirubin, Indigo brownzz. A good quality Benaal-
indigo should contain 61.4% indigb, /.2% indirubin (indigo red)
and 4.6% indigo brown, It should be possible, by modern means, to
reveal the presence or absence of these dyes. In this way maybe we
can solve the problem. If not, the enigma of Tekhelet will stay
unsolved and only belief can solve it.
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