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Abstract-A method of extraction of RNA from coffee based on phenol treatment is described. Effects of 
various agents and pH of the extracting buffer on the efficiency of extraction were studied. The best extracting 
solution is 0.2 M Tris-HCl buffer at pH 7.4 with 1% sodium dodecyl sulphate and 0.05 % EDTA. RNA 
(5-6 %) is lost in the tissue residue and 46 % in the interphase layer. No significant deviation of the spectral 
characteristics of the RNA solutions obtained from three samples of coffee from that for purified yeast 
RNA is observed. The purine-pyrimidine ratio for the RNA has been found to be in the range of 1*25--1.38. 

INTRODUCTION 

THE PRESENCE of caffeine in high amount in coffee bean1 is well-known. The processing of 
coffee beans, which imparts a delicious flavour to coffee, brings about an increase in the 
caffeine content.2 An investigation into the total ribonucleic acid content of coffee bean 
has therefore been made in view of the earlier work3 reported from this laboratory on RNA 
content of tea leaves. 

By excluding interfering effects of chlorophyll, other pigments and tannin materials, 
Vanyushin and Belozersky4 analysed the total RNA of seed, pollen and thallus material 
in a systematic and extensive study. Trim et al? extended the work in analysing leaves of 
wheat, sugar-beet and potato. Though the RNA content of tea in its various stages of pro- 
cessing3 has been recently studied, similar work on coffee beans is still lacking. In our paper 
investigations are reported on the changes the processing of coffee bean brings about upon 
the RNA as revealed by base composition spectral characteristics and the secondary 
structure of RNA isolated from coffee in various stages. 

RESULTS 

A marked decrease in RNA content during the processes of curing and roasting has 
been observed, the decrease being more or less gradual from fresh berry to roasted beans. 
Of the two varieties of coffee tested, it is evident from Table 1 that Arabica coffee has a 
higher RNA content than the Robusta type. 

Isolation of RNA from CoJKee Bean 
In the course of isolation of RNA from coffee beans by Kirby’s method,6 the extracting 

medium and pH were shown to be of great importance (Table 2). In spite of efficient 

l W. H. UKERS All About Cuff&e, pp. 155-73, New York, Tea & Coffee Trade Journal Co. (1968). 
2 F. L. WELLMAN, Coffee, p. 401, Leonard Hill, London; and Interscience, New York (1961). 
3 A. K. BHATTACHARYYA and J. J. GHOSH, Biochem. J. 108, 121 (1968). 
4 B F VANYUSHIN and A N BELOZERSKY, Dokl. Akad. Nank. SSSR. 127,455 (1959). 
5 A: R’. TRIM, J. R. BAKER’ and A. B. LEAH, Biochem. J. 93,14 (1964). 
’ K. S. -BY, Biochem. J. 66,495 (1957). 
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extraction by 1.7 M sodium chloride at loo”, the use of this extracting method was not given 
prior importance in view of partial degradation of the extracted RNA. Severe green dis- 
coloration which occurred when using Oa2 M Tris-HCI at pH 8*0 discouraged the use of 
this medium. Since the same percentage extraction of RNA was observed with 0~2 M Tris- 
HCI buffer at pH 7*4, without serious discoloration, this medium was preferred. Addition 
of other chemicals to Tris-HCl buffer can improve RNA extraction (Table 2). As bentonite 
produced a brown coloured mass, it was considered to be inferior to 1% sodium dodecyl 
sulphate plus OeO5 % EDTA. 

TABLE 1. CHANGESOF RNA CONTENTDURING PROCESSING OF COFFEE BEANS 

Variety of coffee State of coffee 
Protein content 

(‘A fresh wt) 
RNA content 

(r-Lg/mg protein) 

Arabica 
Plantation PB 

Fresh berry 
Green bean 
Roasted bean 

Robusta Fresh berry 152 & 0.4 110 -I- 0*7 
Plantation PB Green bean 16.8 5 0*3 75 : O-8 

Roasted bean 18.3 & 004 25 + O-8 

The results are given as mean -&.e. of the mean. 

In our system, therefore, the best homogenizing medium for the extraction of minimally 
degraded RNA is one which consists of O-2 M Tris-HCl buffer of pH 7*4,1x sodium dodecyl 
sulphate and O-05 % EDTA. 

TABLE 2. THE EFFECT OF DIFFERENT EXTRACTANTS ON EXTRACTION OF RNA FROM FRESH BERRY, GREEN BEAN 
AND ROASTED SEEDS OF COFFEE 

Extractant 
% Extraction of RNA from: 

Fresh berry Green bean Roasted seed 

Phosphate buffer (O-1 M) 
pH 6-8 
pH 8~0 

Sodium chloride 
0-l M, 2” 
1.7 M, 2” 
l-7 M, 100” 

Tris-HCI (002 M) 
pH 8-4 
pH 8.0 
pH 7-O 
pH 6.0 
pH 7-4, alone 

+ 1% bentonite 
+ 1% sodium dodecyl sulphate 
-/-- 1 ‘A sodium dodecyl sulphate + 

EDTA 
0.05 % 

37 28 30 
56 52 54 

62 60 61 
65 57 58 
78 78 77 

72 

73 

65 
78 
67 
64 
77 
85 
79 

86 86 87 

74 77 72 78 
67 68 
62 63 

73 78 73 78 
85 84 
79 79 
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Properties of the RNA Isolatedfrom Coffee 
Spectral characteristics, nucleotide composition and the secondary structure, in terms of 

hyperchromicity due to the action of alkali, heat and hydrolysis with pancreatic ribonuclease, 
of RNA isolated from coffee are given in Table 3. 

TABLE 3. SPECTRAL CHARACTERISTICS, NIJCLEOTUIE COMPOSITION AND OPTICAL PROPERTIES OF TOTAL RNA 
ISOLATED FROM FRESH BERRY,GREENBEAN AND ROASTED SEEDSOF COFFEE 

Property Fresh berry Green bean Roasted seed 

UV absorption (nm) 
A max 
A min 

Absorbance ratios 
Amax/A180 

AmaxlAmin 

Nucleotide composition (mole %) 
AMP 
GMP 
CMP 
UMP 
Purine/pyrimidine ratio 
(AMP + CMP)/(GMP + UMP) ratio 
(AMP + UMP)/(GMP + CMP) ratio 

Hyperchromicity ( %) 
Increase in A 260 on alkaline 

hydrolysis* 
Increase in A 260 On heating? 
Increase in A 260 on enzymic 

hydrolysis t 

261 261 260 
231 232 232 

l-64 1.63 1.62 
1.78 1.80 l78 

31.6 & O-2 30.8 &- O-4 27.4 5 0*2 
316 * 0.4 31.4 * 0*2 3291 & O-3 
257 & O-2 256 & 0.3 24*2 rfs 0.6 
20*9 & 0*2 21*2 * o-3 23.2 & O-4 

l-38 1.32 l-25 
l-16 1.1 O-97 
o-93 o-92 O-88 

33 32-7 32.8 
20.8 205 20.2 
28 27-3 27al 

Duplicate determinations on each of three preparations for each stage of coffee were made. A diluted 
solution of RNA (cu. 15 pg/ml) was used for spectral measurements. 

* 0.3 N KOH for 18 hr at 37O. 
t From 25-95’ according to the method of Montagnier and Bellamy.’ 
$ With pancreatic ribonuclease according to Anfinsen et aZ.* 

RNA isolated from fresh berry, green and roasted beans of coffee possesses spectral 
characteristics very similar to those reported by other workers for highly polymerized 
RNA from other sources? The nucleotide composition data show that the RNA prepara- 
tions from all the sources are characterized by a high purine-pyrimidine ratio. Through the 
processing steps, the ratio decreases. The 6=amino/6=keto ratio also decreases. The unique 
processes of curing and roasting does not bring about any significant change in the hyper- 
chromicity value, thereby establishing the heterogenity of the RNA molecule obtained from 
coffee samples. 

UV absorption by solutions of RNA from coffee increases gradually with rise in tem- 
perature, as other workers have also described. lo On cooling to 25”, absorbance falls to its 
7 L. MONTAGNIER and A. D. BELLAMY, Biochem. Biophys. Acta 80, 157 (1964). 
* C.B. ANFINSEN, A. R. RADFIELD, W. L. CHOATE,J. PAGE and W. R. CARROLL,J. Biol. Chem. 207,201 

(1964). 
g P. DOTY and R. HASELKORN, Ann. N. Y. Acad. Sci. 81, 693 (1959). 

lo A J MUNRO, Biochem. J. 91,210 (1964). . . 
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previous value, indicating that the bonds are intra- rather than inter-molecular. Since the 
transition in absorbance is gradual, the exact melting temperature is difficult to determine. 
Therefore, the melting temperature (Tnr) has been defined as that at which 50 % of maximal 
absorption is achieved. For fresh berry RNA, it is 6s”, which is lower than those for green 
bean (65.5”) and roasted bean (66”). The similarity in melting curve and closeness of T, for 
fresh berry, green bean and roasted seeds of coffee are in good agreement with the similarity 
of nucleotide composition of RNA from the three sources. The purified RNA isolated 
from fresh berry is more rapidly digested by crystalline pancreatic RNase than RNA 
samples from green and roasted coffee beans. 

DISCUSSION 

The coffee berry, perishable in the raw state, requires curing and roasting. The progres- 
sive decrease in RNA content from fresh berry to roasted seed (Table 1) seems to be due 
to chemical or enzymatic breakdown of macromolecular RNA constituents during pro- 
cessing. 

In applying Kirby’s method of RNA isolation to coffee beans, care has been taken to 
isolate the product in a minimally degraded state. A major dificulty encountered is that 
coffee bean homogenates in Tris-HCI buffer assume a light brown, then light green and 
finally a green colour. The colour deepens markedly as the pH of the extracting buffer is 
raised above 7.4. Northmore, 1 ’ investigating the problem in Kenya coffee, concluded that 
chlorogenic acid, usual constituent of coffee bean, produces this characteristic colour on 
complexing with magnesium. Hence the use of EDTA during the isolation of RNA is 
highly recommended. Cacao bean has been found to contain an appreciable amount of 
copper, I2 which may form complexes with RNA through guanine.13 A greenish blue colour 
is therefore not unlikely. However, this possibility is ruled out by the very low copper 
content of coffee beans. The presence of coffee RNase and excess of interfering UV-ab- 
sorbing substances also pose problems. Satisfactory isolation has been achieved by the use 
of 0.2 M Tris-HCl buffer of pH 7~4 in presence of 1% sodium dodecyl sulphate and 0.05 p/, 
EDTA and by repeated precipitation of RNA in 95 “/o ethanol and dissolution of the preci- 
pitate in Tris-HCl buffer at pH 7.0. 

In the modified Kirby’s method applied to coffee beans, 4-5 % of the total RNA is 
lost in the phenol-water interphase during phenol treatment. This fraction of RNA has 
not been investigated, although phenol-solubIe RNA fractions have been reported. I4 
Despite repeated precipitation and dissolution, the purified RNA solution from coffee 
beans contains nearly O-9 “/o DNA and about 4.6 % protein. 

The purified RNA samples from coffee beans have purinelpyrimidine ratio in the range 
I *25-X38, values well above that for tobacco leaves or sugar-beat IeaveP having high cell- 
wall residues. However, these high values of purinelpyrimidine ratio in coffee bean RNA 
may be related directly or indirectly to the occurrence of different types of free purine 
bases. 1 9 l 6 

l l J. M. NORTHMORE, Turrialba 18, 14 (1968). 
l2 K . PAECH and M V . TRACEY Modern Methods of Plant Analysis, Vol. 1, p. 492, Springer, Berlin (1956). 
I3 1;. KIMINISKI and *IX ALTMA&, MOE. Strukt. Strahlenwirkung, Jahrestag. Deut. Ges. Biophys. Tagunsber, 

102-6 (Ger.) (1966). 
l4 K. YAMANA and A. SIBATANI, Biochim. Biophys. Acta 41, 295 (1960). 
l5 C. LONG, Biochemists’ Handbook, Van Nostrand, New York (1961). 
I6 R. KRASEMANN, R. Arch. Pharm., 293, 721 (1960). 
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No significant variations in optical properties of RNA from the three stages of coffee 
have been observed. This may be correlated with the view that the secondary structure of 
RNA as isolated from coffee is not greatly altered during the various stages of processing. 

Our studies are continuing. 

EXPERIMENTAL 
Fresh coffee berries. were a gift from the Coffee Experimental Research Station at Balehnnur, Mysore, 

India. They were fermented in the sun at daytime and under cover at night for 2 or 3 weeks. When fermenta- 
tion was complete, the dried berries were pounded whereby the pulpy coverings were removed to expose the 
cured or green beans. The green beans were roasted at 200’ in a rotating cylinder. The end of roasting was 
indicated by the appearance of oil on the surface of the bean. The colour changed from original raw to 
almost black. The roasted beans were then subjected to quick cooling. 

Estimation of ribonucleic acid content. 200 mg samples of coffee beans were homogenized in ice-cold 
80% EtOH, centrifuged, and the supernatant discarded. The insoluble material was washed in the following 
sequence of 5 ml vol. of solution: twice in cold EtOH, thrice in EtOH-Et,O-CHCI, (2: 2: 1) for 15 min at 
35O until all pigments were removed and finally twice in O-2 M perchloric acid. Except for EtOH Et,0 
CHC13, the washing was for ca. 5 min at O-4’. The washed precipitate was then extracted with O-5 M per- 
chloric acid for 20 min at 90° with constant slow shaking. The RNA content of this acid extract was 
determined by the orcinol colour method of Mejbaum.17 

Isolation of RNA. 40 g samples of ground coffee beans were homogenized in a chilled mortar with 100 ml 
of cold O-2 M Tris-HCl buffer, pH 7-4, containing 0.05 % EDTA and 1% sodium dodecyl sulphate. The 
homogenates were then squeezed through cheese cloth. The filtrate was transferred to a glass-stoppered 
bottle and stirred for 2 hr at room temp. with an equal vol. of HzO-saturated re-distilled phenol. Centrifuga- 
tion at 1000 g for 30 min at 0” resulted in the separation of an aqueous phase with an interphase layer, a 
phenol phase and a slight sediment at the bottom of the tube. The upper aqueous layer was removed and 
the phenol phase (interphase) was washed wtih an equal volume of Tris-HCl buffer. The mixture was cen- 
trifuged in the cold for 15 min and the aqueous wash phase was pipetted out and mixed with the previous 
aqueous portion. RNA was precipitated by adding 2*2 vol. of 95 oA EtOH containing 2 o/o potassium acetate 
to the chilled aqueous extract and the mixture was kept at -10” overnight. The RNA precipitate was re- 
removed by centrifugation at 3000 g at 0” for 20 min and then dissolved in 0.2 M Tris-WC1 pH 7.0. The 
deep brownish solution was brought to pH 4.5 (1 N HCl) at which pH part of the interfering colours dis- 
appeared. The precipitation centrifugation and dissolution steps were repeated several times. RNA was 
finally purified by dialysing for 24 hr at O-4” against three changes of glass-distilled water. The diaylsed 
solution was clarified by centrifugation at 10 000 g for 20 min. at 0” and the clear supernatant was used for 
determination of spectral and other characteristics. 

Determination of nucleotide composition. RNA was hydrolysed with O-3 M KOH solution at 37’ for 18 
hr according to the modified procedure of Schmidt and Thanhanser. l8 Unhydrolysed material was removed 
by bringing the solution to pH 2.0 (5 N perchloric acid) and centrifugation in the cold. The supernatant was 
neutralized (2 N KOH) and potassium perchlorate crystals removed by centrifugation in the cold. The super- 
natant, contained the products of hydrolysed RNA in the mononucleotide form, was partially concentrated 
in vacua over calcium chloride and mononucleotides were separated by PC using iso-butyric acid-O-5 N 
ammonia (5: 3) solvent system according to Magasanik et al. lg After development (18 hr), the sheet was 
air-dried (1 hr) and then oven-dried (85”, 20 min). The positions of the nucleotides were marked lightly by 
pencil under UV. They were extracted by dipping the marked centres of nucleotides in exactly 4 ml of 0.067 
M phosphate buffer (pH 7.1) at 37” for 18 hr. The amount of each nucleotide was calculated by the absorp- 
tion measurement of the extracted nucleotides according to the method of Elson, Gustafson and Chargaff. 

Protein was estimated by first estimating nitrogen of coffee beans by the Micro-Kjeldahl method of Ma 
& Zuazaga,21 and multiplying by 6.25. 

l7 W MAJBAUM Hoppe-Seyler’s 2. 258, 177 (1939). 
l* G’ SCHMIDT and S J THANNHAUSER J. Biol. Chem. 161, 83 (1945). 
lg B.’ MAGASANIK, E.~&cHER, B. DONI~ER, D. ELSON and E. CHARGAFF, J. Biol. Chem. 186, 37 (1950). 
2o D ELSON T GUSTAFSON and E CHARGAFF, J. Biol. Chem. 209, 285 (1954). 
21 J ‘S MA &nd G . . . ZUSAZAGA 9 Inkstr. Engng Chem. (Anal.) 14, 280 (1942). 


