
   

Revista CENIC. Ciencias Biológicas

ISSN: 0253-5688

editorial.cenic@cnic.edu.cu

Centro Nacional de Investigaciones Científicas

Cuba

Wisniak, Jaime

Gabriel Bertrand

Revista CENIC. Ciencias Biológicas, vol. 45, núm. 3, septiembre-diciembre, 2014, pp. 230-245

Centro Nacional de Investigaciones Científicas

Ciudad de La Habana, Cuba

Available in: http://www.redalyc.org/articulo.oa?id=181232136009

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=1812
http://www.redalyc.org/articulo.oa?id=181232136009
http://www.redalyc.org/comocitar.oa?id=181232136009
http://www.redalyc.org/fasciculo.oa?id=1812&numero=32136
http://www.redalyc.org/articulo.oa?id=181232136009
http://www.redalyc.org/revista.oa?id=1812
http://www.redalyc.org


Revista CENIC Ciencias Biológicas, Vol. 45, No. 3, pp. 230-245, septiembre-diciembre, 2014. 
 

230 
 

 
 
Gabriel Bertrand 
 
 
 
 
 
 
 
 
 Recibido: 9 de abril  de 2014.                                   Aceptado: 29 de mayo de 2014. 
        
 Palabras clave: bioquímica, carbohidratos, diastasa, enzimas, lacasa, oxidasa, polialcoholes, sucrasa, elementos 
traza, tirosinasa y xilosa. 
 Key words: biochemistry, carbohydrates, diastase, enzymes, laccase, oxidase, polyalcohols, sucrase, trace elements, 
tyrosinase, xylose. 
 
RESUMEN. Gabriel Bertrand (1867-1962), un prolífico bioquímico, farmacéutico y químico Francés, uno 
de los padres de la enzimología, descubrió un número importante de enzimas, demostró que varias de ellas 
contenían un metal y la importancia que tienen trazas de muchos elementos en el desarrollo de organismos 
vivientes. Sintetizó muchas sustancias nuevas por oxidación de azúcares cetónicos y polialcoholes; estudió 
el veneno de batracios y serpientes y la manera de neutralizar sus efectos; estudió la fermentación de vinos, 
la transformación de la xilosa en xilita, los fenómenos producidos por el Aspergillus níger, las acciones de 
las levaduras, alcaloides, etc.  
 
 
ABSTRACT. Gabriel Bertrand (1867-1962), a prolific French biochemist, pharmacist, and chemist, one of 
the fathers of enzymology, discovered an important number of enzymes, showed that many of them 
contained a metal, and the importance of traces of many elements on the development of living organisms. 
He synthesized many new compounds by oxidation of keto sugars and polyalcohols, studied the poison of 
batrachians and vipers and prepared their antidotes, studied wine fermentation, the transformation of 
xylose into xylite, the phenomena produced by Aspergillus Niger, the action of yeast, alkaloids, etc.  
 
LIFE AND CAREER1-3  
Gabriel Bertrand was born in Paris on May 17, 1867, the son of a grocer and distiller who 
manufactured liqueurs from herbs. After completing his basic education at the school Frères des 
Francs-Bourgeois, he enrolled (1886) at the school of chemistry founded by Edmond Frémy 
(1814-1894) at the Muséum d’Historie Naturelle, and at the École Supérieure de Pharmacie of 
Paris. After graduation (1889) he joined the laboratory of vegetable physiology directed by Pierre 
Paul Dehérain (1838-1902) as préparateur to the chair of applied organic chemistry held by 
Albert Léon Arnaud (1853-1915), a position he held for ten years. In 1894, he graduated from the 
École Supérieure de Pharmacie as pharmacien de 1ere classe, after defending a thesis of about the 
wood sugar xylose.4 The following project was about snake poisons and antidotes for the same, 
done in collaboration with Césaire Auguste Physalix (1852-1906). This work was awarded the 
1894 Montyon Prize for physiology of the Académie des Sciences. In 1900, Bertrand was 
appointed préparateur at the École des Hautes Étudies and chef de service de biologie at the 
recently created Institut Pasteur. In the same year he was awarded his doctorate after successfully 
defending a thesis about the biochemical study of the bacteria of sorbose (Acetobacter Xylinum), 
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and its role in the transformation of d-sorbitol into l-sorbose.5 In 1905, he was put in charge of the 
course on biochemistry at the Sorbonne and three years later he was appointed to its chair, a 
position he kept until his retirement in 1937. 
   In 1908 Bertrand married Yvonne Laboriau; two children were born from this union: Rosine 
and Didier. 
   During the First World War he was a member of commission for the study of chemical warfare, 
as a counterpart of the German activities in this area. 
   Gabriel Bertrand passed away on June 20, 1962, at the Institut Pasteur; his two children 
survived him.  
   Bertrand was awarded many honors and awards for his scientific and public activities. He was 
elected member of the Académie de Sciences (chemistry section) (1923) and was President of the 
same (1943); member of the Académie de Agriculture (1926) and President of the same (1935), 
member of the Académie de Médecine (1931), member of the Académie de Pharmacie (1947), 
honorary member of the Société des Membres de l’Ordre de la Santé Publique, honorary 
President of the Comité Nationale de Biochimie and of the Comité Nationale de Chimie; member 
of the Conseil de Perfectionnement de l’École Nationale de Chimie, Honorary professor of the 
Institut Supérieur des Fermentations of Gand (1919); Doctor Honoris Causa of the Faculty of 
Medicine of Krakow (1919), of Liège (1946), and Montreal (1946). He was elected member of 
many foreign scientific societies, among them Société des Sciences of Bucharest (1909), honorary 
member of the Royal Institution (1911), corresponding member of the Academy of Sciences of 
Russia, (1919), Spain, (1934), and Romania (1937), etc.  He received the Lavoisier medal of the 
Académie des Sciences (1944), the 1896 Buignet Prize of the Académie de Médicine (1896), and 
the Ollivier de Serres Gold medal of Société Nationale d’Agriculture (1806) for his work about 
oxidases, the Leblanc Prize of the Société Chimique de Paris (1895), the Jecker Prize of the 
Académie des Sciences (1898 and 1915); the Gold Medal for Public Hygiene (1937), and the 
Honor Medal of the Société de Chimie Industrielle (1938). In 1951, he was appointed Grand 
Officier de la Légion d’Honneur. 
   His research covered a large number of subjects: elemental composition of organisms, poisons, 
enzymes, the enzyme of the lacquer tree, yeasts, different diastases (e.g. tyrosinase, pectase, 
cellase, amygdalase, salicinase, etc.), decaffeinated coffee, bitter mate tea, guarana, opium, 
chloropicrin (tear gas), carbohydrates, dioxyacetone, xylite and xylose, hormones and vitamins, 
morphine, plant pigments, wine, etc. Bertrand investigated the process of the darkening and 
hardening of the latex of lacquer tree and realized that this resin contained a diastase (laccase) and 
a phenolic oil (laccol), which were responsible for the hardening and black color of the lacquer. 
He also found that laccase ash contained a large proportion of manganese and attributed to this 
element a catalyst role. He went on to show that the presence of traces of elements, oligo-
elements, (e.g. aluminum, silver, arsenic, barium, boron, cobalt, copper, nickel, strontium, 
potassium, sodium, etc.) was essential for the normal functioning of a living organism, playing a 
catalyzing role in metabolic processes: they coupled with proteinic substances to form enzymes. 
The diastases lost their activity when deprived of the metal. In 1896, Bertrand first used the term 
oxidase for these oxidizing enzymes. This discovery led him to develop analytical methods for 
determining trace amounts of elements in animal and vegetable tissues. These achievements 
established him as a world leader in biochemistry. During his work with Physalix on the poison of 
vipers and batrachians they discovered that the toxic materials were present in large amount in the 
blood of the animals, making them immune to the same. 
 
SCIENTIFIC CONTRIBUTION 
   Bertrand was a very prolific researcher and writer; he published about 600 notes, memoirs, and 
books6-9 on the variety of subjects he worked on. As customary of all candidates to a position in 
the Académie des Sciences, he published a booklets describing his scientific work and 
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achievements.10 He is best known for his extensive researches in the area of trace elements, 
enzymes, carbohydrates, alkaloids, active vegetable principles, gums and resins, and dyes.  
   Here it is described a very limited portion of his work. 
 
Xylose, sugars, and derivatives 
     It was known that xylose (wood sugar) could be prepared from pinewood, and some 
complicated procedures had been suggested to prepare it from straw. Bernard carried on 
experiments to test the possibility of producing xylose directly from straw. For this purpose he 
treated boiled oat straw with water acidulated with sulfuric acid, pressed the straw to separate the 
liquid phase, treated the liquid with barite to eliminate the excess sulfuric acid, and then 
concentrated it in a water bath, until it remained sparsely acid, and finally, treated it with alcohol. 
After decantation, the alcoholic solution was concentrated by distillation until it became yellow 
syrup. The syrup, primed with a few crystals of xylose, turned into a soft mass within 48 h. The 
remaining liquid was pressed out and the residue purified by crystallization from boiling refined 
alcohol. Repeated experiments showed that by this procedure it was possible to obtain a yield of 4 
% of xylose. Treatment of this xylose with sodium amalgam in an alkaline medium produced 
syrup, which treated with a solution of benzaldehyde and sulfuric acid, yielded an abundant 
precipitate of dibenzoic acetal, very similar to that of sorbite.  In the presence of benzaldehyde 
and sulfuric acid, this acetal easily decomposed into xylite, a pentaalcohol. Pure xylite was 
obtained by recrystallization from alcohol; a 10 % solution was found to have a rotatory power of 
+0.50 at 12 0C. Xylite was easily converted into its pentaacetate by heating with a large excess of 
acetic anhydride, in the presence of a piece of zinc chloride. This reaction did not take place with 
arabitol, the hydrogenation product of arabinose. According to Bertrand there was another 
reaction that also differentiated between xylose and arabinose: Cadmium xylonate combined with 
cadmium bromide or chloride to form double salts, insoluble in alcohol. This reaction was not 
possible with cadmium arabonate [Bernard prepared both xylonates by the method suggested by 
Edwin West Allen (1864-1929) and Bernhard Christian Gottfried Tollens (1841-1918)11].12 

    In a following paper, Bertrand offered further proofs about the constitution of xylite and xylose: 
(a) the reaction of xylite and nitric acid produced a pentanitrate, of formula C5H7(NO3)5, 
containing 18.33 % nitrogen, compared with the theoretical value 18.57 %. This compound was a 
colorless syrupy liquid, heavier than water, and detonating violently under the shock of a hammer; 
(b) treatment of a solution of xylite with red phosphorus and iodine, while heating under a stream 
of CO2, produced a strong reaction, with formation of β-amyl iodide, boiling at about 146 0C at 
atmospheric pressure, and containing 64.38 % iodine, compared with the theoretical value 64.14 
%. Heating this iodide with a suspension of lead hydroxide transformed it into 2-pentanol, boiling 
at 119 0C at 759 mmHg. These results indicated clearly that xylite originated from the linear 
hydrocarbon ethylpropane and that it was a pentaalcohol, facts that also justified the assumption 
that the sugar xylose was the aldehyde of xylite.13,14 

   Bertrand also investigated the properties of the xylose he had separated from oat straw.14 The 
shape of its crystals depended on the mother syrup; it crystallized as boat-shaped crystals where 
the length was less than three or four times the width, or as orthorhombic prisms. Xylose was 
soluble in water, at 20.3 °C, 100 parts of water dissolved 117.05 of xylose; it was insoluble in 
absolute alcohol and slightly soluble in concentrated alcohol. Its melting point was around 160 °C. 
The rotatory power of an aqueous solution containing 9.76 wt % of xylose was α = +19.4° a 23 
°C. Xylose did not fermented with beer yeast; heated with concentrated HCl and traces of orcin 
produced a violet blue liquid; the coloration was due to the formation of furfural caused by the 
action of acids on pentoses. 
   In a following paper Bertrand described in detail certain colored reactions of carbohydrates. He 
reported that heating gently an aqueous solution of glucose and concentrated HCl, containing a 
few drops of phloroglucin, turned the liquid first yellow and then changed rapidly to red orange. 
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Further heating produced a dirty red precipitate while the solution lost part of its color. Different 
authors had reported a similar reaction for certain carbohydrates; some employing HCl 
concentrated or diluted or sulfuric acid, and orcinol or α-naphthol instead of phloroglucin. In the 
case of Arabic gum, the violet coloration produced with orcinol and HCl, had been attributed to 
the presence of a diastase. Bertrand’s experiences indicated that the red coloration mentioned 
above, occurred with all the glucoses and the substances they could produce by hydration, as long 
as concentrated acid was used. Most phenols could be used instead of phloroglucin; with orcinol 
the reaction was very instructive because the coloration varied with the molecular condensation of 
the sugar being used. For example, with arabinose and xylose (pentaalcohols) the solution became 
violet blue, while with glucoses (hexaalcohols) it became orange red. Mannitols and sugars 
having a closed chain did not become colored. All glucosides gave the reaction corresponding to 
the several glucoses, which may enter in their molecules. Thus sucrose, lactose, starch, and 
amygdaline, gave a red color; cherry gum, tree gum, and oat gum gave a violet blue color; and 
Arabic gum,  and the combinations of galactose and arabinose, gave violet red, an intermediate 
color. The HCl solution of orcinol could also be used for characterizing microscopically lignified 
tissues; when cold, these tissues assumed a strong violet color. All these coloring effects were due 
to the formation of a furfural by the action of concentrated HCl on carbohydrates. In the case of 
pentaalcohols, it was common furfural; with hexaalcohols it was a methyl furfural.  
   Bertrand gave the following listing of the colored produced: (a) Orange red color: glucose, 
galactose, mannose, fructose, sorbose, sucrose, lactose, maltose, raffinose, stachyose, trehalose, 
rhamnose, glycogen, inulin, levulin, potato starch, rice starch, dextrin, achrodextrin, amygdaline, 
salicin, and hesperidin; (b) Violet blue color: arabinose, xylose, cherry gum, wood gum, oat gum, 
Arabic gum, and (c) No color: xylite, sorbite, mannitol, mannoheptitol, inositol, pinite, bergenin, 
and saccharin.15 

   Tollens challenged Bertrand’s results claiming that he and colleagues had already reported these 
coloring effects (although Bertrand quoted some of their publications).  According to Bernard, 
there was no place to the complaints, because they were related to a different subject.16  
   Bertrand proposed an improved method for the quantitative analysis of glucose and other 
reducing sugars. The available methods were based on the reduction of copper oxide in an 
alkaline method proposed by Charles Barreswil (1817-1870) in 1844. This was a strictly empirical 
procedure, based not on a simple and precise reaction, but on a group of ill-defined ones, caused 
by the simultaneous action of copper oxide and alkali on the reducing sugar. The sugar was 
transformed mainly into acids so that the concentration of the two reagents varied with the 
reaction time, in an unknown manner. Bertrand believed that in order to overcome these 
difficulties it was necessary to operate always under the same conditions, and to prepare a 
concordance table for each sugar.  In his modified method, the reagents were a solution of cupric 
sulfate and another of potassium sodium tartrate (salt of Rochelle) and sodium hydroxide, which 
were mixed at the proper time. The mixture of these solutions with that of the sugar was boiled for 
exactly three minutes, and then the amount of copper reduced was determined by treating the 
cuprous oxide with an acid solution of ferric sulfate. As a result, the oxide transformed into 
ordinary cupric sulfate, and a corresponding proportion of the ferric salt was reduced to the 
ferrous state. The latter was dosed with potassium permanganate.  Bertrand prepared tables giving 
the amount of sugar corresponding the amount of copper found, for glucose, inverted sugar, 
mannose, galactose, mannose, maltose, sorbose, arabinose, xylose, dioxyacetone, and lactose.17

 
 
Enzymes 

Laccase 
   In 1894, Bertrand reported that the fast curing of the latex obtained from the Tonkin tree (Rhus 
succedanea) was due not only to oxidation but also to the presence of a diastase, which he named 
laccase.18-23 He had received a highly pure sample of this latex from Tonkin, Indochina 
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(Vietnam), which he described as thick clear brown cream, slightly smelling like butyric acid, and 
turning red litmus paper. According to Bertrand, this latex could be kept in closed flasks, 
unaltered for a long time. In contact with air it oxidized very rapidly producing an intense black 
film, insoluble in ordinary solvents, and soluble in basic or acid water. These properties explained 
why it was used in the Far East to produce a long-lasting brilliant black varnish.  
   In order to separate the diastase, he dissolved the latex in a large amount of alcohol, which 
dissolved the substance, which generated the lacquer and left a gummy residue containing the 
laccase. Heated with concentrated HCl it produced a violet solution, which was oxidized by nitric 
acid, yielding mucic (galactaric) acid. By hydrolysis it generated galactose and arabinose. Laccase 
did not react with starch, sucrose, amygdaline, and fibrin. 
    The alcoholic extract was found to contain a substance which Bertrand named laccol. Laccol 
was a thick oily liquid, insoluble in water, completely soluble in alcohol, ether, chloroform, 
benzene, and ligroin, and highly oxidizable.  It was to be handled with extreme care because it 
produced an intense eruption of the skin. According to Bertrand, it was easy to understand how 
that the successive action of oxygen and laccase on laccol transformed the latex into lacquer. In 
the presence of air alone, laccol oxidized well yielding a resinous substance, soluble in alcohol, 
which remained viscous for a long time, but not the black insoluble solid, which characterized the 
lacquer. In the raw lacquer, containing a mixture of laccase and laccol, nothing occurred until it 
came in contact with oxygen; laccol was first oxidized and then transformed into lacquer by 
laccase. Bertrand concluded that laccase belonged to a new class of diastases; on the one hand, the 
known diastases performed a splitting with fixation of water (hydrating diastases), on the other 
hand, laccase favored the direct absorption of oxygen (oxidation diastases).23,24 

   In order to verify the last statement, Bertrand reacted in a closed flask laccase with a series of 
substances having a nature similar to laccol, but inoffensive, in particular, polyatomic phenols 
such as hydroquinone, pyrogallol, gallic acid, and tannin. With hydroquinone, the initial rose 
color of solution became darker as time went by, and after 90 min it begun to deposit increasing 
amounts of crystalline plates. After a few hours, the gas space of the flask became depleted of 
oxygen and the liquid exhaled a strong characteristic odor. After filtration, it was possible to 
extract a quinone from the filtrate, with ether. The precipitate was found to be quinhydrone, The 
same experiment carried on without the presence of laccase showed that the hydroquinone 
solution did not absorb oxygen and did not became altered.20   
    With pyrogallol, the precipitate formed was a powder that sublimed into beautiful red orange 
needles, soluble in alcohol and acetic acid, producing a blue solution with ammonia, similar to the 
purpurogallin that had been obtained by Aimé Girard (1830-1898) during the oxidation of 
pyrogallol with silver nitrate or potassium permanganate.25 With gallic acid, the reaction 
consumed oxygen and released CO2. The reaction with tannin was substantially different; tannin 
clearly oxidized without first splitting into gallic acid, and producing a yellow precipitate, which 
did not yield gallic acid. Bertrand believed that all these reactions proved clearly the oxidative 
action of this type of diastase.20 

  In a later publication Bertrand showed that the oxidation of gayacol by means of laccase 
produced tetragayacoquinone, a substance formed by the condensation of four moles of gayacol 
with loss of two atoms of hydrogen. In other words, laccase was capable of provoking the 
oxidation and the condensation of bodies upon which it could act. Condensation occurred when 
the reagent contained only one phenolic OH; the resulting molecule corresponded to a quinone 
derivative.26,27 

   Bertrand went on to prove that laccase was present in a large number of vegetables or their 
organs, for example in chestnuts, beet roots, guaiac resin, dahlia roots, potatoes, asparagus, turnip, 
apples, pepper, quince, the flowers of gardenia, champignons, etc.21,28  
    The fact that laccol presented a reactivity similar to that of polyphenols led Bertrand to 
investigate the oxidation reactions of a series of organic compounds such as alcohols, 
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paraldehyde, glucose, and urea, in the presence of laccase. The results indicated that the only 
compounds that so reacted belonged not only to the aromatic series but were polyphenols in 
which the oxhydril group was located in the ortho or para positions. Those having the OH group 
in the meta position were hardly oxidized. Thus pyrogallol and p-aminophenol oxidized easily 
while phloroglucinol and m-aminophenol did not.22 

   As described above, Bertrand had found that the cinders of Tonga latex contained a large 
percentage of manganese (about 3.5 wt. %). Fractional crystallization with alcohol of an aqueous 
solution of laccase produced two different solutions of laccase, one more active that the primitive 
solution and the other less active. Analysis of the cinders of the three solutions showed that the 
oxidation ability of the solution varied in the same sense as their manganese content, a result that 
led him to assume that laccase (and other oxidative diastases) were special combinations of 
manganese [1], where the acid radical (probably of proteinic nature) had the precise affinity to 
maintain the metal in solution, in the form appropriate for the role it had to accomplish. In this 
situation, manganese was the active element of the oxidase, functioning simultaneously as the 
activator and carrier of oxygen, while the albuminous substance gave the enzyme its other 
properties, which manifested themselves in its elemental analysis, the action of reagents (alcohols, 
salt, etc.) upon it, and its physical behavior (heat, dialysis, etc.):29 

  
   This picture suggested that acids should affect negatively the oxidation processes favored by 
laccase. The experimental results confirmed this assumption; extremely small amounts of certain 
acids (e.g. sulfuric, phosphoric, formic, acetic, benzoic, HCl, etc.) were enough for completely 
annul the action of laccase. Other acids, such as those where one of the hydrogen atoms had been 
replaced by sodium or potassium (boric, phosphoric, arsenic, citric, etc,) had no effect on 
laccase.30 

   In 1897, Bertrand published a long memoir summarizing his work on oxidases.31 He first gave 
an historical review of the facts that pointed to the existence of this type of substances, and 
mentioned that in 1883 Hikorokuro Yoshida had reported the composition and properties of Rhus 
vernicifera, the Japanese varnish tree.32 According to Yoshida this latex was composed of urushic 
acid, a gum, water, and a small amount of diastatic residue insoluble in water and alcohol. Urushic 
acid was a pasty substance, readily soluble in benzene, ether, and carbon disulfide, completely 
insoluble in water, not drying in air and not showing any sign of change as the original juice did. 
The gum was soluble in water and insoluble in alcohol  and shown to have the same composition 
as Arabic gum. A mixture of gum and urushic acid and water, in the same proportion as it existed 
in the juice, did not undergo any change when exposed to air. The portion of the juice insoluble in 
alcohol and on boiling consisted mainly of a nitrogenous substance; it was responsible for the 
drying of the lacquer, and behaved like a diastase. It lost completely its activity when heated to 63 
°C. A series of experiments with this diastase led to the conclusion that the drying of the lacquer 
was caused by the oxidation of urushic acid (C14H18O2) into oxy-urushic acid (C14H18O3), with the 
help of diastase in the presence of oxygen and moisture.32 
    Bertrand ended this section indicating that he had conducted his research of the Tonkin latex 
without knowledge of Yoshida’s paper.  
   Many years afterwards, Bertrand and his collaborators published two papers describing the 
composition, formula, and properties of laccol, as well as those of several of its derivatives 
(diacetyllaccol, tetrahydrolaccol, diacetyl tetrahydrolaccol, dipropionyl tetrahydrolaccol, etc.). 
They reported that laccol was a pyrocatechol with a lateral unsaturated chain of debatable length 
[2].33-35 

 
Pectase 

    In 1839, Edmond Frémy (1814-1894) discovered pectase during his study of the ripening 
process of fruits. He reported that this enzyme was present in a soluble form in the roots of carrots 

[1] Laccase is actually a copper-containing enzyme [2] Today we know that laccol is 3-heptadecylpyrocatechol, 
 or 3-heptadecylbenzene-1,2-diol, 

 C23H36O2, CAS 72329-06-7.
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and beets, and in an insoluble form in apples and other acid fruits. An interesting feature was that 
the soluble pectase precipitated from fresh carrot juice by means of alcohol became insoluble, 
without losing its property of transforming pectin into pectic acid. The pectic fermentation took 
place without evolution of gas and in the absence of air; the best temperature for the process was 
30 °C. Pectin was formed from pectose by the action of acids, in a two-step process, resulting in 
the successive formation of the gelatinous bodies pectosic and pectic acids.36,37  
    Bertrand and his collaborator Alfred Mallèvre (1866-1916) decided to study this process in 
more detail, particularly the composition of the gelatinous coagulum formed by the action of a 
pectin solution on carrot juice. They found that contrary to what had been stated before, the 
coagulum was formed by calcium pectate and not by pectic acid. Instead of being insoluble in 
weak alkaline liquors, it dissolved almost instantly after being macerated with diluted HCl. These 
results proved clearly that calcium participated in the pectic fermentation. In their experiments 
they mixed carrot juice and pectin deprived of calcium, and found that the solution remained 
liquid indefinitely. Addition of a minimum amount of a soluble calcium salt resulted in immediate 
gelation. All their results indicated that (a) pectose alone was unable to coagulate pectin. (b) the 
transformation took place only in the presence of a soluble salt of calcium, barium, or strontium; 
and (c) the precipitate formed was not pectic acid but an alkaline-terreus pectate.38 In a following 
publication Bertrand and Mallèvre showed that the fermentation should be carried in a neutral 
environment and that it was influenced considerably by the presence of acids; addition of 
increasing amounts of a mineral or organic acid (e.g. HCl, nitric, sulfuric, malic, tartaric, and 
citric acids), resulted in an increased retardation of the pectic acid. An excess of pectase or 
calcium salts decreased the effect of the acids. This result explained why certain acid vegetable 
juices such as. cherry and raspberry, coagulated the pectin). Coagulation, therefore, depended on 
the proportion of pectase, calcium salts, and free acid.39 

   Bertrand and Mallèvre also showed that pectase was widely distributed in the vegetable world. 
They found in the roots, leaves, stems, flowers, and fruit of forty very different species containing 
chlorophyll and five belonging to the cryptograms (e.g. Pteris aquiline, Marchantia polymorpha, 
Azolea caroliniana, Chara fragilis, and Spirogyra). The time required for the plant juice to 
coagulate a 2 % solution of pectin varied from less than a minute for potatoes, clover, lucern, and 
others, to two hours for carrots, and 48 h for ripe tomatoes. The activity of the enzyme varied not 
only with different plants, but also with different organs of the plant.40 

 
Tyrosinase 

     According to Bertrand, it was known that the colored juice of plants such as beetroot, the 
tubercles of dahlia of potatoes, or the mushroom Russula nigricans, turned rapidly black in 
contact with air, as the result of the oxidation of tyrosine. This oxidation was not caused by the 
possible presence of laccase because the hydroxyl and amino group present in tyrosine were 
located in a lateral chain and not in the aromatic ring. Hence, it was probable that a different 
soluble enzyme caused the oxidation of the juice. Bertrand separated the enzyme, which he named 
tyrosinase, by treating the juice of the dahlia tubercles or of Russula nigricans, with alcohol and 
separating the flocculent precipitate produced. When tyrosinase was added to a solution of pure 
tyrosine, the latter became first rose and then black, and finally it deposited a black precipitate. 
Carrying the experience in a closed flask showed the simultaneous decrease in the amount of 
oxygen present in the gas.23  
   In two following papers Bertrand reported that champignons contained both laccase and 
tyrosinase and a procedure for their separation.24,41,42  
   Bertrand and Rosenblatt showed that tyrosinase transformed completely racemic tyrosine into 
melamine,43 and that the temperature at which the enzyme became deactivated varied according to 
its origin: those originating from fungi were the most thermo labile, and those prepared from 
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higher vegetables were more thermo stable. The thermo fragility did not seem to be dependent on 
the substances that accompanied the enzyme.44 

 
Sorbose 

    Théophile-Jules Pelouze (1807-1867) discovered in juice of the berries of the rowan tree 
(Sorbius aucuparia), which had been left standing for more than a year, a sweet component, 
which he named sorbine (today sorbose). Sorbine crystallized in brilliant prisms, had the global 
composition of glucose, C6H12O6, and resisted the alcoholic fermentation.45 Many researchers had 
tried unsuccessfully to reproduce Pelouze’s results. According to Bertrand this was because 
sorbose was not present in the fresh juice of the berries.46,47 When left alone, the juice went 
through the usual alcoholic fermentation; after a few days the glucose had disappeared completely 
and an equivalent amount of alcohol had formed. Afterwards, the surface of the liquid became 
covered first with a layer of Saccharomyces vini (which transformed the alcohol into water and 
CO2), and then by layers of several moulds (mainly penicilium glaucum). None of these gave 
place to the formation of sorbose. Later, the surface of the liquid became gelatinous and 
consistent, larvae and insects appeared on it together with a particular odor, which strongly 
attracted a large number of small flies of Drosophila funebris. It was found that these flies carried 
a microorganism, which converted the oxidized the sorbitol (C6H14O6) present in the medium into 
sorbose. The resulting liquid reduced strongly the Fehling reagent.  According to Bertrand, the 
sorbose bacteria was easily obtained by letting a solution of vinegar, wine, and water, stand alone 
during several days, at a temperature of 20 ° to 30 °C. Added to an aqueous solution of sorbitol, it 
converted the latter to sorbose, with 80 % yield.47 Additional experiments showed that 
Saccharomyces vini decomposed an aqueous solution of sorbitol without producing sorbose.48 

   The next project was related to the study of the reaction of the bacteria of sorbose with 
polyalcohols, which Bertrand divided into large groups. The first group included glycol, xylitol, 
and galactitol, which were inappropriate for the development of the bacteria because they resisted 
its oxidation power. The second group contained glycerin, arabitol, sorbitol, mannitol, 
mannoheptitol (perseite), etc.; the bacteria transformed them into reducing sugars differing from 
the mother liquor by at least two hydrogen atoms; for example, glycerin was converted into 
dioxyacetone49 and erythritol into d-erythrulose.50 Dioxyacetone was easily recognizable by its 
reactions with phenylhydrazine and hydroxylamine. It could be prepared easily in crystalline form 
as small and elongated hexagonal plates, having a sweet taste, easily soluble in water, less in cold 
alcohol, and slightly soluble in acetone and ether. An interesting property was its ability of 
combining and crystallizing with sodium bisulfate. According to Bertrand, from 100 g of ordinary 
glycerin it was possible to obtain between 20 to 25 g of crystalline dioxyacetone.51-53 Further 
studies on the crystallization of melted dioxyacetone showed that it could exist in different 
degrees of association.54 

  Bertrand also studied in detail the product of the oxidation of mannoheptitol by the bacteria of 
sorbose. This crystalline polylalcohol, of formula C7H9(OH)7 and extracted from avocado (Laurus 
persea), reacted with the bacteria producing a new ketonic sugar, which Bertrand named 
perseulose. Perseulose had a fresh sweet taste, was slightly soluble in cold alcohol and very 
soluble in boiling alcohol. It crystallized as anhydrous crystals, having the formula C7H14O7 and 
molecular mass 209; its rotary power was smaller than that of glucose and larger than that of 
sorbose. Heated with phenylhydrazine acetate it yielded a crystalline osazone, melting at about 
233 °C, having a composition corresponding to C19H24N4O2, and being little soluble in methanol 
and ethanol.55,56 

    An interesting by-product of the study of the juice of the berries of the rowan tree was the 
discovery of the presence of a new sugar, which Bertrand named sorbierite. Bertrand found that 
after oxidizing sorbitol with the sorbose bacteria, there remained in the mother liquor an 
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hexavalent alcohol, isomer of mannitol and sorbitol. Sorbierite crystallized as anhydrous 
clinorhombic levogyre prisms, very soluble in water.57-59 
   All the different research activities of Bertrand related to the bacteria of sorbose were 
summarized in his doctoral thesis presented to the Faculty of Sciences of the University of Paris.5 
This memoir was divided in the following sections: (1) Historical review, (2) sorbose in the 
berries of the rowan tree, (3) way of action of the bacteria, (4) effect on polyalcohols and the 
products of oxidation of the same, (5) effect of the bacteria on reducing sugars, (6) biological 
consequences, (7) characteristics of the bacteria, (8) preparation of sorbose, its constitution and 
structure, (9) transformation of glycerin into dioxyacetone, (10) biochemical preparation of d-
erythrulose, (11) transformation of aldehydic sugars into monobasic acids, and (12) preparation of 
oxygluconic acid.  
    The main conclusions were: (a) sorbose was not pre-existent in the juice of the berries; it 
appeared by oxidation of the sorbitol present in the berries by the bacteria of sorbose, an aerobic 
microorganism. The sugar had the formula 
 

 
(b) The bacteria also oxidized many other polyalcohols having a specific stereochemistry, (c) it 
allowed preparing a large number of reducing sugars belonging to the fructose series, and (d) the 
bacteria also oxidized reducing sugars; the outcome of the reaction depended if the reducing 
group was an aldehyde or a ketone; the former yielded monobasic acids, the latter decomposed 
without generating specific products. This reaction allowed identifying the nature of the reducing 
group.5  
   Bertrand and George Nitzberg used the bacteria of sorbose to prepare a new reducing sugar (α-
glucoheptulose) having seven atoms of carbon, by reacting it with α-glucoheptite. This sugar 
crystallized in hard transparent anhydrous prisms, was moderately soluble in water and much less 
in alcohol, and melted at 173.5 °C. It was levogyre, without mutarotation, it had a reducing power 
equivalent to 88 % that of glucose and did not go through an alcoholic fermentation. Elemental 
analysis corresponded to the global formula C7H14O7. Tests conducted with standard reagents 
proved that this new sugar contained a ketone group; hydrogenation of the sugar returned the 
original α-glucoheptite, together with a new polyalcohol, which Bertrand and Nitzger named α-
glucoheptulite. This alcohol was very soluble in water, slightly soluble in alcohol, and crystallized 
as spherical crystals built of fine pearly white needles, melting at 144 °C. The elemental analysis 
corresponded to the global formula C7H16O7.60-62 
 

Cellase 
   It was known that the total hydrolysis of starch and cellulose gave ordinary glucose as the single 
common product. This fact had lead to the assumption that both carbohydrates had the same 
chemical constitution, and differed only by the degree of molecular condensation. Recent 
researches on the partial hydrolysis of cellulose had shown this to be not true, the process yielded 
cellose (cellobiose) instead of maltose.  This result led Bertrand and Maurice Holderer to 
investigate the possibility that the hydrolysis of cellulose was promoted by a diastase different 
from maltase. Although Emil Fischer (1852-1919) and Géza Zemplén (1883-1956) had assumed 
that emulsin was responsible for the splitting of cellulose,63 Bertrand and Holderer found that the 
maceration of Aspergillus Niger, known to secrete a large amount of emulsin, was unable to 
hydrolyze cellose, and that also maltase was incapable to do it.64,65 

   They now cultivated the fungus aseptically for four months at 35 °C; the resulting downy 
mildew, completely sporulated, was thoroughly washed with sterile water at 35 °C. Four hundred 



Revista CENIC Ciencias Biológicas, Vol. 45, No. 3, pp. 230-245, septiembre-diciembre, 2014. 
 

239 
 

cm3 of the broth were mixed with four grams of cellose and left to react 37 °C; after three days 
Bertrand and Holderer found that the splitting of cellose was almost complete; the four grams of 
cellose had converted into 3.67 g of glucose (as shown by its rotatory and reduction powers, and 
reaction with phenylhydrazine acetate). It was now necessary to determine if the hydrolysis was 
the result of a specific diastase, or one or more of the many hydrolyzing diastases known to be 
present in macerated Aspergillus Niger (e.g. maltase, sucrase, emulsin, and trehalose). Others had 
already shown that cellose was not hydrolyzed by maltase. Bertrand and Holderer conducted 
additional experiments with sucrase, emulsin, and tetrahalose, and found that they had no action 
on cellose. Hence, they concluded that there existed a specific diastase of cellose, which they 
named cellase.65,66 

   Bertrand and Arthur Compton studied the influence of temperature on the activity of cellase 
(extracted from sweet almonds) and found that its optimal performance occurred at about 46 °C 
and that the enzyme was completely destroyed at 75 °C.67 

 
Salicinase 

   According to Bertrand and Compton, the information available showed that the hydrolyzing 
reactions of diastases were incomplete, with a maximum conversion of about 95 %; contrary to 
those of acids, which were irreversible and complete. The lack of total conversion was assumed 
by some to be due to decomposition of the diastases by the products of the reaction, and by others, 
by the reaction being reversible. For these reasons, Bernard and Compton decided to carry on 
additional experiences to try to determine the correct answer. For this purpose they studied the 
hydrolysis of aqueous solutions of salicin, containing 1 to 3 % of the solute, with amounts of 
diastase varying between 0.5 to 45 mg. In every case they found that the hydrolysis of salicin into 
saligenin and glucose was complete, even after adding saligenin or glucose to the initial 
solution.68  
    According to Bertrand and Compton, the diastasic material prepared from almonds was 
improperly named emulsin, because in practice, it was not a single substance but a mixture of 
many enzymes. Since emulsin was able to hydrolyze glucosides such amygdalin and vicianin, 
because it contained amygdalinase and vicianinase, some scientists believed that it was fair to 
assume that because emulsin also hydrolyzed saccharose and cellose, it had to contain sucrase and 
cellase.69 In a previous study Bertrand and Compton had shown that amygdaline was completely 
hydrolyzed by emulsin (obtained from almonds); the nitrile group was separated and then 
decomposed into benzaldehyde and HCN, and the saccharide (amygdalose) split into two 
molecules of ordinary glucose. This result indicated that emulsin contained two hydrolyzing 
enzymes, amygdalinase and amygdalase, which carried on the double split separately and at 
different times. Experiments carried on at different temperatures had shown that amygdalinase 
and amygdalase achieved their maximum of activity at about 58 °C and at 56 °C, respectively.70 
In a continuation of these studies, Bernard and Compton found that emulsin contained another 
diastasic enzyme, which they named salicinase, capable of hydrolyzing salicin. In a long series of 
experiments they reacted a mixture of 289 mg of salicin, 1 mg of diastase, and 15 cm3 of water, 
during different periods of times at increasing temperatures, to determine the optimum activity of 
the enzyme, as well as its mortality. Thus, for example, for fermentations carried for one hour, the 
enzyme achieved its optimum activity at 55 °C and ceased to function at 69 °C. For fermentation 
times of 8 hours, the values were 43 °C and 65 °C, respectively.71 

 
Vicianase 

   Bertrand published a series of papers on the properties and composition of the grains of vetch 
(Vicia angustifolia or Vicia sativa), a nitrogen-fixing leguminous plant, which had been 
introduced as feed for animals. The grains were known to release HCN when ground with water 
in the presence of a diastase, similar to emulsin, that reacted with a cyanoglucoside which 
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Bertrand named vicianine. Vicianine, extracted from the grains, crystallized as bright colorless 
levogyre needles, melting at 160 °C, very soluble in hot water and little soluble in cold water, 
alcohol, petroleum ether, benzene, carbon disulfide, and chloroform. One hundred grams of grains 
released about 0.75 g of HCN, an amount too high to permit the use of vetch as feed for domestic 
animals.72 

    In the following publications Bertrand and his assistants reported that they had found more than 
sixty species that contained in their fruit vicianine and a diastase capable of hydrolyzing it, among 
them, golden shower tree, carob, French lilac, peas, honey locust, white lupin, pagoda tree, and 
Narbone vetch. Vicianine was found to be very similar to amygdaline; dissolved in concentrated 
sulfuric acid, it developed a carmine red coloration similar to the one developed by amygdaline 
from almonds, and iso-amygdaline; a reaction typical of a phenylglycolic nitrile, and 
demonstrated by the fact that a diastasic hydrolysis released one molecule of benzaldehyde and 
one molecule of HCN. It was also demonstrated by the fact that the reaction of vicianine with 
fuming HCl resulted in the release of mandelic acid (l-phenylglycolic acid). Hence, vicianine was 
a derivative of l-phenylglycolic nitrile.73-75 Bertrand and L. Weisweiller also isolated vicianine 
contained a reducing sugar, unknown before, highly soluble in water, and little soluble in 
concentrated alcohol. An interesting property of this sugar was that it exhibited multirotation. An 
solution containing 8 wt % of the sugar, held at 20 °C, exhibited after 15 minutes of being 
prepared, a deviation of +15.8 °, which decreased to 9.32 ° after 22 minutes. Elemental analysis of 
the sugar suggested a composition corresponding to the formula C11H20O10. Bertrand and 
Weisweiller concluded that vicianose was the first disaccharide, which could be prepared by the 
diastasic hydrolysis of a glucoside. The disaccharide was composed of one molecule of d-glucose 
and one molecule of l-arabinose, and vicianine corresponded to the formula C19H25N10.76-78 

 
Aspergillus Niger 

   In 1872, Jules Léonard Raulin (1836-1896), a student of Louis Pasteur  (1822-1895) published 
the results of his doctoral thesis about the influence of different substances on the growth of 
Aspergillus Niger in an artificial medium.79 The main ingredients studied were water, sugar, 
tartaric acid, ammonium nitrate, phosphate, and sulfate, magnesium carbonate, zinc sulfate, iron 
sulfate, and potassium silicate, and all the experiments were conducted in a controlled atmosphere 
at 35 °C. Raulin’s results indicated that (a) all the elements contained in the artificial medium 
contributed simultaneously to the development of the fungus; suppression of any one them 
resulted in a substantial decrease of the crop collected; (b) mineral oxides could not replace one 
for each other; each one had a special role: (c) nitric acid could replace ammonia as the 
nitrogenous element; (c) iron seemed to prevent the formation of certain substances poisonous to 
the fungus; (d) very small amounts of compounds such as silver nitrate, mercuric chloride, and 
cupric chloride, seemed to be able to stop completely the development of the fungus; (e) the 
importance of the most useful minerals was in the order phosphorus > potassium > magnesium > 
sulfur > manganese; a liquid feed containing all these substances produced 20 g of fungus but 
only 5 g if manganese was suppressed; and (f) zinc was an essential element for the life of 
organized substances.79  
   In 1903, Henri Coupin (1868-1935) repeated Raulin’s experiments growing the Aspergillus in 
sterile flasks instead of plates, in order to avoid the fungus fighting with other living beings. 
Contrary to Raulin, he concluded that zinc played no role in the nutrition of Aspergillus; Coupin 
interpreted Raulin’s results assuming that zinc sulfate acted as an antiseptic on non sterile media, 
eliminating organisms unfavorable to the growth of the fungus.80  
  In 1907 Maurice Javillier (1875-1955), a student of Bertrand, also repeated Raulin’s experiments 
and found them to be correct; the crop of fungus in the presence of zinc was about three times 
larger than that in the absence of the element. He believed Coupin had arrived at the wrong 
conclusion because the analytical technique he had used was unable to detect zinc in doses below 
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0.03 mg.81 According to Javillier, Aspergillus assimilated all the zinc present in the growing 
medium, as long as it was present in the amount of 1 mg per 250 cm3 of medium, that is, traces of 
the zinc were enough to have a favorable influence on the growth of the fungus.82  
   In 1911 Bertrand and Javillier addressed the question if the favorable influence exerted by 
certain elements on vegetation was cumulative, that is, if the results of adding two elements 
produced a higher crop than adding only one of them. For this purpose they tested the effect of 
zinc and manganese on the growth of Aspergillus Niger.83,84 They first studied the influence of 
manganese alone, since little information was available on the subject. Their results indicated that 
trace amounts of manganese had a clear positive effect on the growth of the fungus; the crop 
increased very rapidly as the concentration of manganese in the medium was augmented from 
about 0.1 mg to 1 g, per 100 g of the latter. Increased concentrations resulted in a smaller crop. 
The minimum amount of manganese was found to be one gram in 10,000 m3 (!).83 

   Experiments conducted in the presence of zinc and manganese proved the correctness of their 
hypothesis: Representing by 100 the crop weight obtained by a control feed not containing zinc or 
manganese, the weight increased to 242 with zinc alone, to 170 with manganese alone, and to 284 
with both elements. These results also proved that manganese and zinc did not replace one 
another; the plant benefited from the presence of both elements in the appropriate ratio, as shown 
by an analysis of the cinders of the fungus (manganese was absorbed in a larger proportion than 
zinc).84-86 

    The work on the detection of traces of manganese led Bertrand to develop a very sensitive 
colorimetric method, based on oxidation of the element present in the cinders, to permanganic 
acid. The procedure required that all the metal present in the cinders be soluble in diluted nitric 
acid. This was achieved by incinerating the plant organs, or the dried extracts of the organs, at a 
dark red heat, until all the carbonaceous materials had disappeared. In this situation all the 
manganese seemed to be in the state of sesquioxide, Mn2O3, little soluble in nitric acid. The 
residue was thence heated with an excess of concentrated nitric acid and the solution heated 
further until chlorine was released. The chlorides were then decomposed with sulfuric acid, the 
dry residue calcined again, and the manganese oxidized into permanganic acid by means of lead 
dioxide and nitric acid.87 
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