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Abhact-The olipwdmidca sucrose, ratllnoac and stachyose are pnsent in the seeds ofdiflkcm varict& 
ofco&sbeloapinotothespecieJc~~~raobrcvr~c.robusicrthatwaein~~. Ths NcIo& content 
wasmorrthonninetytimsthatofraffiwseinC.~~varietiesbut~aboutforty~moreinthe 
c.rokr~valiaty. stachyosecontentin~casas~aboutl~stimsgreaterthan~. During8oakin& 
tba-suolrs ~byabout~Operant,anddurinOgermination,whilethmwasafhrtba~~on 
ofabout5Oparantinwcro& contcnt,raffinoacandatacbyollediaappcarulinthec.amb&x varicksand 
wcregnWlyruluculintboc.rchktuvariety. DuriIlgtbedi8appuWMxoftbc&ol@ac&liduJtraasof 
gluuxc and fiuctcxse appear& but gala&me, mclibioae or mfuminotrioae were not de&table at any w. 
&Alacto8idaac activity was fairly bigb in resting aads. This activity incrca& by 50-75 pererg_% 
and inaeased furtbcr by another 25-55 per cent on germination of the w tbc incnase 
on soaking and on germination in the sculs of C. or&k varieties than in the seeds of the C. robusta variety. 

INTRODUCTION 

A LARGE number of seeds contain besides sucrose, the galactosides of sucrose-raEnose 
and stachyose-as reserve carbohydrates. Ropert Duperon’ has reported that of the eighty- 
one species of mono- and dicotyledenous seeds investigated all contained sucrose, seventy 
contained ra5nose and thirty-five of the latter also contained stachyose. In their investiga- 
tions of the carbohydrates of coffee seeds Courtois et uL2v3 have reported that all the ten 
varieties of coffee seeds they worked with contained sucrose, rffiose and stachyose. 
Although the total oligosaccharide content of the seeds varied considerably, the relative 
proportions of the three sugars were the same, sucrose forming 96-98 per cent of the total 
and stachyose being always in greater amounts than ratlinose. 

Shiroya et al.,‘* 5 in their studies on seeds of black pine (Pinus thbergii), red pine (P. 
densipora), and sunflower, Robinia pseualaccacia, reported that rat&rose and stachyose are 
utilized during the early stages of germination. As cotton seeds are a rich source of rafIInose 
Shiroya6 also studied the changes in the content of this sugar during the ripening and germ- 
ination of the seeds. He noticed that the content of rafiinose and, in addition, stachyose, 
which is also present in the seeds, decmased during the early stages of germination and then 
disappeared completely. 

1 RO~PRT -ON, Compt. Rend. Ml.1817 (1955). 
2 J. E!. COURXIIS, F. PEKHEaON and J. CL. G~uD, Csft. Cacao, 7 (3). 231(1963). 
3 J. CL. GLOMAUD, F. PERCHERON and J. E. Couamw Coloq. Intern. Cbii. Cafes Vcrt., 2nd, p. 39., Paris 

(1965). 
4 S. HAY-IXXU and T. SHIROYA, Arclr. Biochcm. Wophys. 34,121 (1951). 
5 M. HMLQAWA, T. TNCAYAMA and T. SIUILOYA, Kagaku 2l, 21 (1951). 
6 T. SHISWYA, Phytochem. 2,33 (1963). 
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Lechevahier,’ working on different seeds containing raflinose and stachyose, has shown 
that the a-galactosidase activity which is present in the resting seeds increases during germina- 
tion. This has also been observed by Sbiroya6 with cotton seeds. 

As a part of our studies of the carbohydrates and carbohydrases of different species of 
coffee seeds grown in the Mysore State, India, we have described in this paper the changes 
in the oligosaccharides and the a-galactosidase activity of three varieties of coffee seeds 
during soaking and germination. 

RESULTS 

The sugar extracts of resting seeds did not reduce Fehhng’s solution, while the extracts of 
soaked and germinated seeds did. The reducing power of the extracts of germinated seeds 
was greater than that of the extracts of soaked seeds. The extracts of the raw seeds contained 
sucrose, raEnose and stachyose. Sucrose formed the highest proportion of the oligo- 
saccharides in the extract, and the proportion of stachyose was always bigber than that of 
ratSnose. On soaking there was a reduction of about 50 per cent in the concentration of all 
the three o~go~h~ides and on ge~~tion there was a further reduction of about 50 
per cent in the case of sucrose. Raftinose and stachyose disappeared on germination in the 
two varieties of coffee seeds belonging to the species Co&z arabica while in the variety 

TABLE 1. CHANCES IN THE OUGOSA~ E CONK.NT OF COFR!E SEEDS DURING 
XMKINC+ AND OERMINATION 

variety of 
coffee State 

Content in 100 g dry weight 
I 9 

Per cent sucrose RafEnose Stachyose 
moistux Ce) (me) (mg) 

c. arabicdq KZXW 6-O 2.76 
Plantation “A” Soaked 60-2 1*71 

Germinated 61.1 @73 
C. arabiea, RSW 7-3 2.33 

Plantation “PB” Soaked 57-l l-40 
Germinated 58-3 0.61 

C. robusta, 
zzd 

6.2 1.71 
Cherry “AB” 5743 0.89 

Gemlinated 59-O 0.38 

44.38 
21QD 

o-0 
3540 
1FoO 
0.0 

70.25 
33-53 

7.50 

belonging to the species C. robtrsra these sugars continued to be present in small quantities. 
In ah cases no free galactose was observed, but glucose and fructose were detected in soaked 
and germinated seeds. Table 1 shows the changes in the content of the oligosaccharides of 
coffee seeds during soaking and germination. 

There was a-galactosidase activity in the resting seeds. This activity increased during 
soaking and further increased during germination of the seeds. The changes in the activity 
of the enzyme are shown in Table 2, 

7 D. LECKEVALLZER, Compt. Rend. W, 3211(1962). 
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TAIW 2. CHANOES M a-cw~cmsmm ACIIVITY OFCOPPBB8@EM 

DURINOSOAlUNQANDCWlWiNATION 

eGalacMdasaactivityin 
% hydrolysis of melibiose* 

variety of coffee Raw Soaked Germinated- 

c. arabiq Plantation “A” 17.4 30.0 40.1 
C. mabkq Plantation ” PB” 17-O 26.4 37.5 
C. robtim, Ckrry “AB” 16-O 23-6 27.8 

*Reactionmixhuecontainad2ml~lMmclibiose,lmldisodium 
ph~phatc-citric acid buffer at pH 3.8 and 2 ml, 10 per cent enzyme 
solution. Incubation was for 22 hr at 37’. 

DISCUSSION 

In all cases the stachyose content was approximately 1.5 times that of raflinose, while 
the sucrose content was more than 90 times that of raftinose in the Co&u urubicu varieties 
and only about 40 times in the C. robtrstu variety. Though these differences in the content 
of sucrose and the galactosides of sucrose between the coffee seeds of the urubicu and robtlsta 
species are significant, and one is tempted to say that they are species specific, it may not be 
so as Courtois and co-workers 3 have reported that the amount of different ohgosaccharides 
varies widely with different varieties of coffee seeds belonging to the same species. 

In all cases the sucrose content was reduced to about 50 per cent on soaking and to about 
25 per cent on germination. Shiroya6 has stated that in cotton seeds the sucrose content 
increases during germination. He also says that ~-f~ctof~osid~ activity, which is low 
in resting cotton seeds, increases markedly on germination. It is dithcult to understand how 
the increase in the activity of this enxyme and the increase in sucrose content could go 
together. In the case of coffee seeds, however, there is a marked decrease in sucrose content 
and this may be due to an increase in the &fructofuranosidase content of the seeds on soaking 
and germination. That this could be so is indicated by the fact that the sugar extracts of the 
soaked and germinated seeds contain the reducing sugars ghtcose and fructose, while the 
extracts of resting seeds do not. 

The rafiose and stachyose present in the resting seeds were reduced by about 50 per cent 
on soaking in all cases and disappeared on germination in the C. arabicu varieties, while in 
the case of the C. robusta variety rat&nose decreased to about 20 per cent and stachyose to 
about 10 per cent of their concentrations in the resting seeds. Even here the presence of 
these sugars in small quantities in the seeds of C. robusta after germination may not be due 
to species differences. There is not much of a difference in the a-galactosidase activity of the 
resting seeds of the two species of coffee. On soaking and germination there is a higher 
percentage increase in the activity of the enzyme in the case of the seeds of the urubicu species 
when compared with that of the seeds of the roburtu species. The initial concentrations of 
rafhnose and stachyose in resting seeds are also higher in the seeds of the C. robusfa species 
than in the seeds of the varieties belonging to the C. uru&ca species. Thus the higher initial 
concentration of these sugars in the resting seeds and the lower a-galactosidase activity on 
germination for the same period are responsible for the continued presence of ratEnose and 
stachyose in the seeds of the C. ro6usfu variety. 
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The disappearance of ralhnose and stachyose on soaking and germination in seeds 
containing these sugars is not accompanied by the liberation of galactose, melibiose or 
manninotriose. Planteose, an isomer of ratEnose, is present in sesame and some other seeds. 
Even during the disappearance of this sugar on g ermination of sesame seed,s no free galactose 
or galactose-containing sugar has been detected. It has been reported that in the case of 
cotton seeds, galactose is not detected during the disappearance of raflinose and stachyose 
because during germination an effective mechanism for galactose utilixation is present.(j 
It is likely that in the case of coffee seeds also the galactose utilization system is very effective 
and that galactose is used up as fast as it is liberated by the a-galactosidase. 

MATERIALS AND METHODS 

Co#re see& Three varieties of coffee seeds-Arabica Plantation “A”, Arabica Planta- 
tion “PB” and Robusta Cherry “AR”- belonging to the two species Cofia arabica and 
C. robusta were used. These were grown during the 1965-66 season and obtained from the 
Coffee Board, Bangalore, India. 

Sugars. ‘Ihe sugars used as controls were B.D.H. preparations, except stachyose, which 
was isolated Tom Stachys fuber$era and kindly supplied by Dr. R. S. Shallenberger, New 
York State Agricultural Research Station, Geneva, New York, U.S.A. 

Extraction of otfgosacchariaks. Coffee seeds were powdered and defatted by extracting 
with ether three times at room temperature. ‘Ihe powder was then dried in air until all traces 
of ether were removed. 10 g of the defatted coffee powder was extracted three times with 
100 ml of 80% ethanol for 30 min on a boiling water bath. From the combined extracts, 
alcohol was removed by distillation under reduced pressure, and protein removed by lead 
acetate, excess lead being removed by HIS. The aqueous extract was concentrated, taken 
to dryness in vacua and the residue dissolved in water (1 ml). For detection of glucose and 
fructose the dried extract was first deionized* by pyridine extraction. 

Soaking andgermination. Selected coffee seeds were soaked in O-1 % HgClz solution for 
3 min. They were then repeatedly washed with sterile water until free from Cl and kept 
immersed in sterile water for about 40 hr, water being changed twice during this period. 

On overnight soaking, radicles about 3 mm in length appeared in 10-25 per cent of the 
seeds. Further soaking neither increased the number of seeds with radicles nor the length 
of the radicles. After 40 hr of soaking, 10 g of the seeds with radicles, on the dry basis, were 
homogenized and the oligosaccharides were extracted as above. In this case removal of fat 
was carried out after deproteinization. 

A second sample of soaked seeds with radicles was transferred to sterile, wet blotting 
paper on a layer of wet sterile cotton, in a sterile chamber and allowed to germinate for 72 hr 
in the dark. During this period, there was no appreciable increase in the length of the radicle. 
The moisture content of the seeds rose only by about 1 per cent over that of soaked seeds. 
Germination for a longer period resulted in fungal contamination under the conditions used. 

Ide@icarion of sugars. Sugars were identified by descending paper chromatography on 
Whatman No. 3 filter paper. The solvents used were: n-butanol: acetic acid: water, 4: 1: I, 
v/v, for the separation of sucrose from raffinose and stachyose; n-butanol: acetic acid : water, 
3:3:2, v/v, for the separation of rafhnose and stachyose; and n-butanol:pyridine: water, 

* F. H. Mlus~nap and A. B. MORRISON, Nature 164,963 (1949). 
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5: 3: 1, v/v, for the separation of monosaccharides. The sugars were detected with aniline- 
oxalate reagent ; benzidine-tichloracctic acid reagent ;9 or urea-HCl reagent.lO 

The identity of the oligosaccharides was further confhmed by identifying the sugars 
produced after hydrolysis of the individual sugars. 

Quuntitutive estimation of sugars. Individual oligosaccharide eluatesll were used for 
the estimation by the phenol-sulphuric method.r2 

Estimation of a-guhctosidbse activity. 10 g of powdered raw coffee seeds were extracted 
with 100 ml of water at room temperature for 2 hr. In the case of soaked and germinated 
seeds, 10 g of seeds, on the dry basis, were homogenized and extracted similarly. The super- 
natant (2 ml), after centrifugation of the extract, was used as the enzyme source and tested 
with O-1 M melibiose (2 ml) in phosphate-citrate buffer (1 ml, pH 3*8), the mixture being 
incubated for 22 hr at 37”. Coffee seed a-galactosidase was found to be more active at 
pH 3.8 with melibiose than at pH 5.3 which is the optimum pH of the enzyme with phenyl- 
a-n-galactopyranoside.13 The liberated monosaccharides in the enzyme digest were estimated 
as stated above. 

9 J. BACON and J. EDELMAN, Biochm. J. 48,114 (1951). 
10 R. DEDONDER, Bull. sot. ChinI. B&l. 34,144,157,171 (1951). 
1’ C. E. I&-r, B&&m. J. 41,240 (1947). 
12 M. Dunors, K. A. Guus, J. K. HAMILTON, P. A. RJXRS and F. St.m~, Analyr. Chem. 28, 350 (1956). 
” J. E. Cotnuo~ and F. h!TEK, Merhodc in Enrymology, Vol. 8, p. 565. Academic Press, New York (1966). 


