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Nitrogen contents and amino acid compositions 
of olive fruit mesocarp were determined in three 
Greek varieties (Koroneiki, Throumbolia, and 
Megaritiki). Nonprotein nitrogen constituted less 
than 1% of the total nitrogen. All of the common 
amino acids were present in the free amino acid 
pool. Arginine, alanine, aspartic acid, glutamic 
acid, and glycine constituted approximately 60% 
of the free amino acids. Olive fruit protein con- 

tained all of the common amino acids present in 
other plant proteins. Arginine constituted ap- 
proximately 25% of all essential amino acids, fol- 
lowed by leucine and valine. Lysine and proline 
contents were different in all three varieties. 
Threonine and glycine levels differed only in 
Megaritiki. All of the other amino acids were 
present a t  similar levels. 

The qualitative amino acid content of olive fruit, as de- 
termined by paper chromatography, has been reported by 
Narasaki and Katakura (1954) for total amino acids and 
by Sawas-Dimoploulou and Fytizas (1967) for free amino 
acids. Apparently no information has been published on 
the quantitative composition of amino acids in the olive 
fruit mesocarp. 

The amino acid content of olives is of particular impor- 
tance when considering the nutrition of the larvae of the 
olive fruit fly (Dacus oleae) which in nature feed exclu- 
sively in the olive fruit mesocarp. The importance of 
amino acids in rearing Dacus oleae larvae has been em- 
phasized by several investigators (Fytizas and Tzanaka- 
kis, 1966a,b; Hagen, 1966; Vakirtzi-Lemonias e t  al., 1971). 

The current work is part of a study of the nutrition and 
metabolism of the olive fruit fly. Its primary aim was to 
obtain information on the amino acid composition of olive 
fruit mosocarp for subsequent nutritional studies with 
Dacus oleae. This paper reports the protein amino acid 
composition of olive fruit mesocarp collected from three 
varieties of olive 'trees. The amino acid composition a t  two 
stages of fruit development was investigated in one vari- 
ety. Data on the free amino acid composition of olive fruit 
mesocarp were also obtained. 

MATERIALS ANJI METHODS 
Plant  Material .  Olive fruits collected from the Greek 

varieties Koroneil~i, Throumbolia, and Megaritiki of Oleae 
europaea L. were used in this study. A description of the 
ecology and characteristics of these varieties is given by 
Anagnostopoulos (1939). Fruits were collected from Koro- 
neiki, located in Crete island on the 13th of November in 
1969, from Throumbolia, located in Samos island, on the 
26th of November in 1969, and from Megaritiki located in 
Koropi on the 281 h of July and 24th of September in 1970. 
The same trees were used for both July and September 
collections. The dates correspond approximately to the pe- 
riod of time duiring which olive fruits are attacked by 
Dacus oleae (Gmelin). The trees sampled were not irrigat- 
ed, fertilized, or regularly cultivated. Collection of fruit 
was made randomly from three to five trees of each vari- 
ety. An effort was made to obtain olive fruits of the same 
size and color and presumably of the same stage of devel- 
opment. Olive fruit mesocarp was used in all analyses. 
The mesocarp samples were stored in a freezer a t  -20" 
following delivery of the samples to the laboratory. 

Proximate Analysis. Moisture and ash were deter- 
mined according to the procedures described in the Offi- 
cial Methods of Agricultural Chemists (AOAC, 1955). Ni- 
trogen contents were determined by using a Coleman au- 
tomated Nitrogen Analyzer Model 29 or a micro-Kjeldahl 
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apparatus. Lipid contents were determined according to 
the procedure of Folch e t  al. (1957). 

Preparation of Amino Acid Samples. Fruit mesocarp 
samples of approximately 20 g were homogenized in a Vir- 
tis 45 homogenizer with 100 ml of a 2 : l  chloroform- 
methanol mixture and the homogenized material was cen- 
trifuged. The supernatant was decanted and the residue 
was resuspended in 100 ml of the same mixture to which 
20 ml of water was added. I t  was again centrifuged and 
the procedure was repeated two more times. The superna- 
tants from the four extractions were collected and the 
methanol-water phase was used to determine free nitro- 
gen and amino acids. The lipid free pellet was used for 
total nitrogen and protein amino acid determinations. 

The methanol-water phase (containing nearly 100% of 
the extractable amino acids) was evaporated to dryness 
under vacuum a t  40" and dissolved in 80% ethanol. Free 
amino acids were prepared for amino acid analysis by the 
method of Thomson et al.  (1959) utilizing 200-400 mesh 
Dowex 50WX8 ion exchange resin in the H +  cycle. The 
amino acid fractions obtained from the ion exchange resin 
were combined and evaporated to dryness under vacuum 
at  40". Because the procedure used in determining amino 
acids could not separate asparagine and glutamine from 
threonine and serine, the free amino acid material was 
dissolved in 20 ml of 6 N HC1 and hydrolyzed under nitro- 
gen atmosphere a t  approximately 110" for 4 hr. This hy- 
drolysis resulted in the conversion of asparagine and glu- 
tamine into aspartic acid and glutamic acid, respectively. 

The lipid free pellet was dried under vacuum at  40". A 
small portion of the pellet was used for nitrogen determi- 
nation and another portion was hydrolyzed with 6 N HC1 
a t  approximately 110" under nitrogen atmosphere for 24 
hr. The hydrolysates were then diluted with water and fil- 
tered or centrifuged. An aliquot was dried in a vacuum 
rotary evaporator. Water was added and the sample was 
again dried; this was repeated three or four times. 

Amino Acid Analysis. To determine the amount of 
amino acids in each sample, the washed and dried amino 
acid residues were taken up in an appropriate volume of 
0.2 N sodium citrate buffer of pH 2.2. One-milliliter ali- 
quots were then used for analysis in a Beckman Model 
120C amino acid analyzer. Because tryptophan is destroyed 
during acid hydrolysis, no determination of this amino 
acid is reported. 

Statistical Analysis. All data, except that for free 
amino acids, were statistically evaluated according to pro- 
cedures described by Steel and Torrie (1960). All tests of 
significance were made at  the 0.05 level of probability. 

RESULTS AND DISCUSSION 
The proximate analyses of the olive fruit mesocarps are 

presented in Table I and illustrate the proportions of the 
various components and especially the very low levels of 
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Table I .  Proximate Analysis of t h e  Olive Fruit  Mesocarp 
Collected from Three Varieties ( g  per 100 g Fresh Weight) 

Throum- 
Componenta Koroneikib boliaC Megaritikid 

Moisture 72.5 63.3 77.2 70.7 
Lipids 16.8 30.2 4.3 16.1 
Ash 1 .2  1.2 1 .o 1.3 
Nitrogen, total 0.32 0.24 0.19 0.20 
Nitrogen, free 0.003 0.0004 0.001 

QMean of at least three determinations. bCollected November 13, 1969. 
CCollected November 26, 1969. dCollected July 28, 1970 (first column) 
and September 24 ,  1970 (second column). 

nonprotein or free nitrogen. The free nitrogen content was 
considerably higher in Koroneiki than in Megaritiki, 
which may have been due to differences of the varieties 
and/or in the time of sampling. Free nitrogen content of 
Megaritiki collected in September was more than double 
compared to Megaritiki collected in July, which indicated 
a difference due to the stage of development of the olive 
fruit mesocarp. Free nitrogen represented approximately 
1.0, 0.2, and 0.5% of the total nitrogen for the November 
Koroneiki, the July Megaritiki, and the September 
Megaritiki mesocarp samples, respectively. The coeffi- 
cient of variation for the mean of free nitrogen values was 
quite high, ranging from 20 to 5070, contrary to that of all 
other mean values of Table I, which were within 5 to 10%. 
Free nitrogen content was not determined in Throumbol- 
ia. 

The low levels of free nitrogen present required the ex- 
traction of large amounts of olive fruit mesocarp for anal- 
ysis of the free amino acid content. Because of the accu- 
mulation of high levels of pigments in the resulting ex- 
tracts, purification and complete analysis for free amino 
acids were successful only with the Koroneiki samples. In 
this case, the higher content of free amino acids (probably 
associated with the stage of maturity) permitted the satis- 
factory analysis of two samples. Expressed as percentages 
of the total free amino acid pmol, the mean values for 
these samples were: arginine, 9.6; histidine, 0.7; lysine, 
1.4; methionine, 1.1; cystine, trace; phenylalanine, 3.0; 
tyrosine, 2.0; leucine, 5.7; isoleucine, 5.0; threonine, 1.5; 
valine, 7.9; alanine, 13.1; aspartic acid, 15.6; glutamic 
acid, 9.9; glycine, 11.1; proline, 4.1; and serine, 8.4. For 
most of the amino acids individual values varied consider- 
ably between the two samples: arginine, alanine, aspartic 
acid, glutamic acid, and glycine constituted approximate- 
ly 60% of the free amino acids. Total free amino acid con- 
tent was quite similar in the two samples analyzed and 
averaged 1.101 pmol per g of fresh weight. This corre- 
sponds to the similarly low content of total free amino 
acids reported for the leaves of the olive tree (Drossopou- 
los, 1970). The free amino acid content of the leaves, how- 
ever, did not include histidine, methionine, cystine, iso- 
leucine, and proline, for which no values were reported. 
Sawas-Dimopoulou and Fytizas (1967) reported the ab- 
sence of tyrosine, phenylalanine, leucine, and isoleucine 
as free amino acids in extracts of Megaritiki olive fruits, 
which is contrary to the results of the current study. This 
is probably due to the fact that  olive fruits collected in 
October were used for free amino acid extraction. 

A typical chromatogram of a protein hydrolysate sample 
of olive fruit mesocarp included the 17 amino acids listed 
in Table 11. Three additional compounds were present in 
most chromatograms. One of them appeared consistently, 
prior to the appearance of lysine in the basic column. This 
peak corresponds to one which was also present in hydro- 
lyzed samples of the olive fruit fly, D a m s  oleae (Man- 
oukas, 1972b). No positive identification of this compound 
has been made. The other two unidentified peaks ap- 
peared just before the appearance of aspartic acid. Cys- 

tine was present in some chromatograms but its concen- 
tration was in trace amounts. The concentration of am- 
monia was generally high in all samples. 

The amino acid content of olive fruit mesocarp protein 
in pmol per g of fresh weight is presented in Table I1 for 
the Koroneiki and Throumbolia samples and, for the sam- 
ples from the two stages of development in Megaritiki. 
The data in Table I1 show that total amino acid concen- 
tration is considerably different in the three varieties. 
This is directly associated with the nitrogen contents of 
the three varieties (Table I) .  On the contrary, total nitro- 
gen is similar for the two stages of development in 
Megaritiki. Table I1 also shows that aspartic acid, glu- 
tamic acid, and arginine were found in the highest con- 
centration in the proteins of all three varieties. These 
amino acids comprised approximately 30% of the amino 
acids present. It is clear that arginine, methionine, and 
threonine were present in the protein hydrolysates of all 
three varieties examined. This is contrary to the observa- 
tions of Narasaki and Katakura (1954), who reported that 
methionine and threonine were not present and that the 
presence of arginine was uncertain in ripe fruits of the 
Mission variety. 

Table I11 presents the amino acid composition expressed 
in g per 16 g of nitrogen (average nitrogen content of pro- 
tein, 16%). This illustrates the differences in relative con- 
centrations of amino acids among the three varieties. 
Since no significant differences were found between the 
two stages of development in each amino acid (Table 11), 
the mean value of all samples analyzed for Megaritiki is 
presented in Table 111. On the basis of statistical analyses 
for unequal variances and unequal observations, several 
conclusions can be made. Lysine was the only essential 
amino acid which differed significantly in all three vari- 
eties. The lysine content was 1.85, 5.13: and 7.02 g per 16 
g of nitrogen from Throumbolia, Koroneiki, and Megariti- 
ki, respectively. In addition to lysine, threonine is signifi- 
cantly higher in Megaritiki than in Koroneiki and 
Throumbolia. It will be of interest to know if the cliffer- 
ences in lysine and threonine play any important role upon 
the development of the Dacus oleae larvae. Among the 
nonessential amino acids, glycine in Megaritiki is signifi- 

Table I I .  Amino Acids in Protein Hydrolysates from Three 
Varieties of Olive Fruit  

Amino acid 

Arginine 
Histidine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Leucine 
Isoleucine 
Threonine 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 

pno l /g  of fresh weight 

Koronei kia ___- 

12.00 
3.25 
6.97 
2.16 

Trace 
4.55 
3.33 
9.97 
5.77 
5.44 
8.65 

16.74 
20.57 
18.14 
21.68 

9.32 
7.22 

Throurn- 
boliab 

7.91 
2.54 
1.80 
1.81 

Trace 
2.97 
2.48 
6.40 
4.01 
3.76 
5.77 

14.26 
14.87 
15.11 
20.86 
11.50 

5.90 

MegaritikiC 

6.30 4.86 
1.26 1.41 
4.11 5.10 
0.84 1.03 

Trace Trace 
2.09 2.48 
1.41 1.54 
4.50 5.68 
2.76 3.43 
3.04 3.63 
3.81 4.46 
5.00 5.64 

11.60 10.58 
9.44 10.08 
5.05 6.16 
2.38 2.89 
4.83 5.01 

Total 155.76 121.95 68 42 73.98 

QMean of three samples collected November 13, 1969. hMean of four 
samples collected November 26, 1969 LMean of four samples collected 
July 28, 1970 (figures of first column) and of four samples collected 
September 24 ,  1970 (figures of second column) 

216 J. Agr. FoodChem., Vol. 21, No. 2,  1973 



AMINO ACID AND OLIVE FRUIT 

Table I l l .  Comparison of Amino Acid Composition in the Threevarieties of Olive Fruit  

g/16 g of nitrogen fSEM” 

Amino ;acid Koroneiki Throumbolia Meg ariti ki 

Arginine 
Histidine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Leucine 
Isoleucine 
Threonine 
Valine 
Alanine 
Aspartic ,acid 
Glutamic acid 
Glycine 
Proline 
Serine 

10.17 f 1.33 
2.74 f 0.91 
5.13 f 0.31 
1.29 f 0.30 

Trace 
3.00 f 0.10 
2.42 f 0.35 
5.25 f 1.77 
3.04 f 0.83 
2.60 f 0.59 
4.07 f 1.11 
5.45 f 0.30 

10.99 f 2.32 
10.72 f 1.61 

6.54 f 1.66 
4.31 f 0.62 
3.05 f 0.82 

9.38 f 0.30 
2.99 f 0.38 
1.85 f 0.10 
1.52 f 0.37 

Trace 
2.76 f 0.39 
2.52 f 0.37 
4.71 f 0.27 
2.96 f 0.24 
2.51 f 0.24 
3.79 f 0.23 
6.49 f 0.40 

11.11 f 1.73 
12.54 f 0.98 

8.79 f 1.17 
7.44 f 1.60 
3.48 f 0.53 

“Standard error of the mean of all observations. ”Mean of samples collected both July and September. 

cantly lower than that in Koroneiki and Throumbolia and 
proline is different in all three varieties. I t  is not known 
whether the differences found in the amino acids men- 
tioned above represent any significant differences in the 
physiology of these varieties. I t  should be mentioned, 
however, that  these varieties differ in many characteris- 
tics, including olive fruit size and olive oil production 
(Anagnostopouloc;, 1939). 

The data of this study illustrate clearly the constancy of 
the protein amino acid composition between the two stag- 
es of development of the olive fruit. They also show that 
the composition does not differ in most amino acids 
among the three varieties, despite the wide ecological and 
physiological differences. For most of the amino acids, the 
composition of the olive fruit is similar to that of several 
plant products reported by Block and Weiss (1956). Argi- 
nine content of olive protein is quite high and similar to 
that of most oil seed and nut proteins. Conversely, the 
ratio of glutamic acid to aspartic acid in olive fruit is ap- 
proximately 1 to I., which differs from that reported for other 
plant products (Block and Weiss, 1956). From the results 
presented it is concluded that the olive fruit mesocarp is 
not poor in protein quality, as it has been previously re- 
ported (Narasaki and Katakura, 1954). 

Total protein and nonprotein nitrogen content of the 
standard artificial diet used in rearing Dacus oleae larvae 
(Tzanakakis e t  al . ,  1970; Vakirtzi-Lemonias e t  a/.,  1971; 
unpublished data of this laboratory) was about 4 and 100 
times, respectively, the content of olive fruit. This may 
explain the higher level of nonprotein amino acids found 
in larvae grown on artificial diets compared to those 
grown in olive fruit (Manoukas, 1972a). Furthermore, a 
comparison between the amino acid pattern found in the 
artificial diet and that  of the olive fruit reveals some dif- 
ferences which may have an effect upon the performance 

9.71 f 0.89 
2.34 f 0.34 
7.02 f 0.57 
1.16 f 0.11 

Trace 
3.14 f 0.20 
2.22 f 0.11 
5.55 f 0.37 
3.28 f 0.31 
3.30 f 0.29 
4.03 f 0.30 
3.60 f 0.16 

12.28 f 0.78 
11.85 f 0.57 

3.50 f 0.38 
2.70 f 0.38 
4.30 f 0.39 

of the olive fruit fly. This question is currently being in- 
vestigated. 
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