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Abstract. Tibi grains consist of a unique and very stable 
symbiotic association of Lactobacillus brevis, Strepto- 
coccus lactis and Saccharomyces cerevisiae embedded in 
a dextran matrix. The structural organization of the 
grain was examined by light, scanning and transmission 
electron microscopy. The grain was constituted of an 
outer compact layer and an inner spongy structure. The 
outer layer was more densely populated by the micro- 
organisms than the inner layer but dextran, stained on 
frozen thin sections with fluorescein-conjugated con- 
canavalin A, was more abundant in the inner layer. 
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Tibi is an acidic, mildly alcoholic drink prepared by 
fermentation of a sucrose solution by Tibi grains of 
"Tibi Complex". Figs, dates, raisins, lemons or ginger 
roots probably provide growth factors and contribute 
to the pleasant taste of the beverage. Microbiologically, 
the Tibi grains are a symbiotic association of Lacto- 
bacillus brevis, Streptococcus lactis and Saccharo- 
myces  cerevisiae (Horisberger, 1969). After 1 or 2 days 
of fermentation at room temperature, the liquid (drink) 
can be decanted, the grains washed under running tap 
water and reused for further fermentation of fresh 
medium. Fermentation and transfer of the grains can be 
carried out under non sterile conditions practically 
without any risk of contamination. Thus it appears that 
this very stable symbiotic association does not permit 
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an extensive growth of intruding foreign micro- 
organisms. 

The Tibi grains are translucent and contain a matrix 
of dextran consisting mainly of a backbone of ~-I~ 
(1 ~ 6)-linked glucopyranosyl residues with (1 --, 3)- 
linked side chains (Horisberger, 1969). The grains 
originate from Mexico where they occur in the form of 
hard granules on the disk-shaped leaves of the Opuntia 
plant (Lutz, 1899; Daker and Stacey, 1938). They have 
been described under several different names (Kebler, 
1921) and have to be distinguished from the better 
known Kefir grains used for the conversion of milk into 
the Russian beverage Kefir (Schultz, 1946; La Rivi&e 
et al., 1967). 

In spite of a very early and comprehensive descrip- 
tion of the Tibi grains (Ward, 1892), to our knowledge 
no electron optical study has been carried out on this 
unique biological system. The aim of this paper is to 
present some aspects of the structural organization of 
the Tibi grains as revealed by light, scanning and 
transmission electron microscopy. 

Materials and Methods 

Materials 

Concanavalin A (con A) (lyophilized, 3 x cryst) was purchased from 
Miles Laboratories Ltd., Bucks, England and conjugated with 
fluorescein isothiocyanate (Calbiochem., Los Angeles, Calif.) ac- 
cording to the procedure of Tkacz et al. (1971). For staining thin 
sections, fluorescein-conjugated con A was used at a concentration of 
160 gg/ml in 0.I5 M NaC1-0.05 M Tris, pH 7.2 made 1 mM in CaC12 
and MgCI 2 (buffer A). 

Parofor N was from Farbenfabriken BayerAG, Leverkusen, 
Federal Republic of Germany. 

Cultivation of Tibi grains 

Tibi grains were grown under non sterile conditions in a medium 
containing 60 g sucrose, two dry figs and a quartered lemon per 21 of  
tap water (Horisberger, 1969). After 48 h at room temperature in an 
open jar, the grains were harvested and prepared for microscopical 
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Fig. 1 a--d. Scanning electron micrographs of a Tibi grain, a A Tibi grain in the process of fission, b A fractured Tibi grain with its inner spongy 
structure (arrow) and an outer compact layer (double arrow), c The outer layer contains streptococci (arrow), lactobacilli (double arrow), yeasts 
(dotted arrow) and dextran (double dotted arrow), d The streptococci are embedded in dextran (arrow). The bar represents I ~m or a multiple of it 

examination following washing with water. Stock cultures have been 
kept in good conditions for over 10years in our laboratory. 

Microscopy 

Tibi grains or small blocks of grains were fixed in 0.2 M cacodylate 
buffer, pH7  containing 2% glutaraldehyde a n d  then in 0.2M 

phosphate buffer containing 2 % OsO4. The blocks were dehydrated 
in 30, 50, 70, 90 and 100% ethanol and examined in a Cambridge 
Stereoscan $ 4 - 1 0  at an accelerating voltage of 30Kv following 
metallisation with gold. 

The fixed blocks were also stained with 0.5 % uranyl acetate in 
water and dehydrated as described above. The blocks were impreg- 
nated overnight in a 1 : 9 (v/v) mixture of methyl methacrylate and n- 



Fig. 2. Phase contrast microscopy of Tibi grain outer (a) and inner (b) layer. Fluorescence microscopy of Tibi grain stained with fluorescein- 
conjugated conA [outer layer (e) and inner layer (d)]. Primary fluorescence of Tibi grain (e) and a control in the presence of methyl 
c~-D-mannopyranoside (t) 
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Fig. 3. General structure of the Tibi grain. Micrographs of freeze-etched Saccharomyces cerevisiae (a), Streptococcus lactis (b) and Lactobacillus 
brevis (c) and scanning electron micrograph of a rough element of unknown origin (d). Magnification : (a) x 34,000; (b) x 50,000; (c) x 20,000; 
(d) x 2000 



M.-L. Moinas et al. : Structural Organization of the Tibi Grain 161 

butyl methacrylate and then incubated in the same mixture contain- 
ing in addition 0.5 % Parofor N as the catalyst. The polymerization 
was allowed to proceed for 4 days at 45 ~ The use of Parofor N 
eliminated problems with prepolymerization and formation of bub- 
bles. Sections of the blocks (0.5 ~tm thick) were examined under a 
phase contrast Leitz Orthoplan Microscope. 

For fluorescence microscopy, grains were cut at - 12 ~ in a Leitz 
Cryomat, the sections (5pm thick) were collected on 3 % form- 
aldehyde and dried at 50 ~ C. The sections were stained with fluores- 
cein-conjugated con A for 45 min, rinsed with buffer A and with 
water. As a control, mehtyl e-D-mannopyranoside (5mg/ml) was 
added to the staining solution. The sections were examined under a 
Ploemopak 2 Leitz Orthoplan Microscope equipped with filter G. 

Freeze-etching of small blocks of Tibi grains was performed in a 
Balzers BA 360 M and the replica were examined in a Philips EM 300 
electron microscope. 

Results and Discussion 

The general structure of a Tibi grain in the process of 
fission was revealed by scanning electron microscopy 
(Fig. i a). The grains were irregular in shape. They are 
reported to have a maximal diameter of 8 -10ram 
(PorcheS, 1934; Stadelmann, 1957). In presence of the 
growth medium, the grain increased in size and then 
divided. The fission was determined by the inner 
pressure of CO2. When the grain was fractured, one 
could distinguish an outer compact layer and an inner 
spongy structure (Fig. l b). Due to CO2 formation 
during fermentation the grain was hollow. At a higher 
magnification, the outer layer of the grain was shown to 
contain streptococci, polymorph lactobacilli, yeasts 
and the dextran generated by the lactobacilli (Fig. I c). 
The streptococci were embedded in the dextran 
(Fig. 1 d). Similar observations were made when the 
inner layer of the grain was examined with the excep- 
tion that the lactobacilli were much shorter. 

Sections of glutaraldehyde-fixed grains were exam- 
ined by phase contrast microscopy. The outer layer of 
the grain was much more densely populated by micro- 
organisms embedded in the polysaccharide (Fig. 2a) 
than the inner layer (Fig. 2b). 

The lectin con A combines specifically with a variety 
of branched polysaccharides having e-D-gluco- 
pyranosyl, c~-D-mannopyranosyl, fi-I>fructofuranosyl 
or ~-D-arabinofuranosyl residues at non reducing ter- 
minal positions. Various dextrans are known to bind 
con A (Goldstein and Hayes, 1978). 

When frozen sections of the Tibi grain were stained 
with fluorecein-conjugated con A, the outer layer 
(Fig. 2c) contained less dextran than the inner layer 
which was heavily stained (Fig. 2d). The primary 
fluorescence of the outer layer is shown in Fig. 2e. 
When the outer layer of the grain was incubated with 
the fluorescent lectin in the presence of methyl a-D- 
mannopyranoside, an inhibitor of con A, the fluores- 
cence of the polysaccharide decreased (Fig. 2f). 

The section of a whole grain was examined by light 
microscopy and photographed. The drawing summar- 
ises the results (Fig. 3). The whole outer layer of the 
grain was more densely populated by microorganisms 
than the inner part. Large areas were empty due to 
the presence of gas. The three different types of 
microorganisms were examined by freeze-etching 
(Fig. 3 a -c) .  Some granules of unknown origin were 
occasionally found inside and on the surface of the 
grain (Fig. 3d). These elements were present in a 
smooth and rough form. Contrary to the smooth form, 
the rough form was stained by fluorescein-conjugated 
con A. This is probably due to the deposit found on the 
rough form which was very similar to the dextran 
deposit found on streptococci. 

Tibi grains are a unique symbiotic association of 
microorganisms embedded in dextran. The association 
appears to be very stable since it has been cultivated 
from the original grains for over 10 years without 
interruption. 
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