
graphic analytical method to make the 
qualitative statement that all the fla- 
vones listed have been found in neutral 
fractions throughout one entire season. 

.As far as the author knows, this is the 
first systematic attempt a t  analysis of 
such a fraction. I t  is hoped to devise a 
more practicable method of analysis and 
to apply it in further studies. Aside from 
the general qualitative and quantitative 
information presented in the present 
paper. this work lesd to the isolation of 
tetra-0-methylscutellarein (,5). I t  is be- 
lieved that this is ths: first isolation of this 

substance from natural sources. although 
it has long been knoivn as a derivative of 
similar flavones. Tangeretin had not 
heretofore been known to occur in 
oranges. The other flavones mentioned 
have been found in this fruit and infor- 
mation concerning them has been sum- 
marized by Horowitz (2). 
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Some nonvolatile acids of ripe prunes of the Italian, French, and Sweet Italian varieties 
were determined tentatively. Water extracts were fractionated by ion-exchange 
chromatography and the component acids identified on paper chromatograms. Quanti- 
tative data were obtained by titration of the acid fractions. Malic acid was the main 
acid of Italian and French prunes, but Sweet Italian prunes contained almost equal amounts 
of quinic acid. Traces of citric and, tentatively, benzoic acid were present in each variety. 
Phosphclric acid and possibly two isomers of chlorogenic acid were also identified. 

TALMS prunes ( P r u n u s  domestica).  I when harvestesd and marketed as 
fresh fruits. are commonly rejected be- 
cause of a physiological disorder which 
has been arbitrarily called internal 
browning. This investigation is not 
related to the problem directly but \vas 
designed to be a comparative study of 
three varieties of prunes, in order to 
obtain more basic: information about 
these fruits. 

The acids of plums have been 
extensively studied. Prunes, holvever. 
have been studied imly occasionally an3  
a comprehensive sludy is not yet to be 
found. 

.Allen ( 7 )  observcd that in plums the 
organic acids become localized in the 
flesh near the skin and around the pit, 
this condition becoming much more 
noticeable as the fruit approaches 
maturity on the tree. 

Three isomers of chlorogenic acid \cere 
found in the prune. Imperial Epineuse. 
the neochlorogenic form being the most 
abundant, but caffeic acid was not 
detected i l h ) .  Slrak (72): however. 

Present address. Department of Horti- 
culture, Purdue Cniversity, Lafayette. Ind. 

found no chlorogenic acid but 0.30% 
caffeic acid in dried prunes. The 
presence of quinic acid (1%) and traces 
of benzoic acid have also been reported 
( 9 ) .  

Procedure 

Ripe fruits of Italian. French. and 
Sweet Italian prunes were harvested in 
1963. Samples were destoned, chopped. 
and frozen. Later, each sample was 
allowed to thaw and the organic acids 
were extracted from 100 grams of tissue 
according to the methods of Dostal (5) 
and Markakis (70). No attempt was 
made to determine oxalic acid. Aliquots 
of each extract were titrated tcith stan- 
dard NaOH to determine the acid 
content. 

For fractionation, an  aliquot equiva- 
lent to 1 meq. of the extract \vas put 
through a 20 X 0.7 cm. column of 
Dowex 1-X8 resin (100- to 200-me-h, 
acetate form) followed by 10 ml. of 
water. The gradient elution system 
consisted of tic0 acid reservoirs con- 
nected to a 150-ml. mixing flask by a 
three-way stopcock. Sitrogen gas, a t  a 
pressure of 5 p.s.i., was used to maintain 
a steady rate of flo\v, and a magnetic 
stirrer ensured thorough mixing. The  

initial eluent \vas 7 5  ml. of 4.5.j- acetic 
acid, followed by 150 ml. of 8.Y acetic 
acid, 50 ml. of 8-V formic acid! and 70 
ml. of lo.\' formic acid. Several other 
elution systems were experimented with, 
but these concentrations gave the best 
resolution of our extracts. Sixty frac- 
tions of 5.7 ml. each were collected. 
using an automatic fraction collector. 

The fractions were evaporated to 
dryness in vacuo at  40' C.  and dissolved 
in 1 ml. of hot water. One milliliter 
of 0.0025 NaOH: containing 0 .017~  
phenolphthalein indicator, was added 
to each tube, using an  automatic pipet 
(6). This served as a base line for 
titration, and those fractions lvhich 
remained colorless (indicating the pres- 
ence of acid) Ivere titrated to the phenol- 
phthalein end point xvith 0.01.V S a O H .  
.After titration, the fractions were dried 
in vacuo at  40' C.  for qualitative deter- 
mination by paper chromatography. 
The residues \cere dissolved in 0.5 ml. 
of 50% ethanol and 0.1 ml. of an aqueous 
slurry of Dowex 50-X8 resin (H' form. 
50- to 100-mesh) was added to each 
fraction to remove excess sodium ions. 
The dissolved fractions hvere spotted on 
lt'hatman No. 1 16- X 46-cm. sheets. 
2 cm. apart, and 5 cm. from the short 
edge of the sheet. The papers \\.ere 
held in a chromatography cabinet for 
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Figure 2.  Acid profile of French 
prune 
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These knolvn acids Ivere chromato- 
graphed on paper after elution from the 
column. These chromatograms and 
those from the cochromatography of 
unknown acids were used to compile 
identification data. 

I 

Re sulk and Discussion 

Figures 1, 2, and 3 are the acid profiles 
of Italian, French, and Sweet Italian 
prunes. The  evidence from paper 
chromatography is that the minor peaks 
between malic and phosphoric acids are 
made u p  of chlorogenic acids and traces 
of citric, benzoic, and probably caffeic 
acids. Fractionation of a standard solu- 
tion of these acids confirmed that their 
elution from the resin column is not 
discrete. Because these components are 
present in trace amounts, the); are 
grouped as "other acids" for quantitative 
treatment. 

The  R j  values of knoLvn acids and 
those present in the extracts are given in 
Table I .  Three spots icere obtained 

pulnic 0th" 

IO 20 50 40 SO 60 

1 
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Figure 3. Acid profile of Sweet 
Italian prune 

p!pJ, 
\vhich fluoresced under ultraviolet light: 
One corresponded to caffeic acid and 
another to chlorogenic acid; the third 
had a lesser R, than either of the first 
two and is assumed 10 be a chlorogenic 
acid isomer. Caffeic acid has been 
identified in dried prunes only ( 7 2  but 
never in fresh plums or prunes; neo- 
chlorogenic, chlorogenic. and isochloro- 
genic acids have all been identified 
(i. 78) as present in prunes. I t  is 
possible, therefore. that the three spots 
on our chromatograms are chlorogenic 
acid isomers. Unfortunately. the iso- 
and neo- forms of chlorogenic acid were 
not immediately available for confirnia- 
tory \vork. HoLvever.. the occurrence of 
caffeic acid as an artifact in rhe extraction 
for fractionation procedures cannot be 
discounted, inasmuch as chlorogenic acid. 
Lvhich is a depside of quinic and caffeic 
acids, might have undergone slight 
hydrolysis. The  identification of benzoic 
acid is tentative. Hoivever. this acid 
has been found in prunes i . i )  and kliller 
( 7  7 )  reports that prunes are relatively 
rich in benzoic acid. 

Table I 1  slioivs the total acidity and 
the amount of quinic: malic. phosphoric, 
and other acids in Italian. French, and 
Sweet Italian prunes. The Sweet 
Italian prunes contained a greater 
amount of quinic acid. I t  is presumed 
that this is a varietal characteristic. -4n 

Table II. Total Acidity and Composition of Prunes 
(Meq. per 100 grams fresh weight) 

% Re- 
covery 

Total Phos- Other of Total 
Voriefy Acidity Quinic Mafic phoric Acids Total Acidify 

Italian 12 .43  0 .40  10.10 0 .93  0 .23  11 .66  93 .8  
French 8 .68  0 .56  6 . 2 3  0 . 8 9  0 . 2 5  7 .93  9 1 . 4  
Sweet Italian 6 .73  1 .49  2 .27  0 .98  0 . 2 0  4 .94  7 3 . 4  



inverse relationship appears to exist 
bet\veen the per cent recovery of quinic 
acid and the amount of this acid in the 
estract-for example, the total per cent 
recovery from Sweet Italian prunes is 
lo\v. By fractionating solutions con- 
taining various amounts of quinic acid 
alone, and quinic, malic, and other 
acids together. it itas found that, Lvith 
quinic acid at a concentration ap- 
proximating that in Ikieet Italian prunes. 
80% or less of the quinic acid is re- 
covered. ‘I‘his loiv rate of recovery is 
likewise evident i n  Erench prunes. where 
the quinic acid content is slightly higher 
than in Italian pruncs. 

The predominanr acid of Italian and 
French pruner is malic acid. Many 
studies of plums havc shown this to be so. 
Hoivever. in the Sliveet Italian prune 
there is almost as much quinic as malic 
acid. Quantities of phosphoric and 
other acids are about the same in all 
three varieties. Citric acid in small 
amounts has been found in plums (3. 77). 
but Dickinson and GaLvler (J)  found none 
in the \%toria plum. Some Tvorkers 
[ \ .  73. 7.1) have detected tartaric acid. 
but others t.1. 71) failed to do so. Re- 
ports of the presence of oxalic acid 

8). glyoualic acid (7). malonic acid 
and salicylic acid (79 )  are to be 

found in the literature: but these acids 
\\ere not derected in studies on the 
\-icroria plum I -1. 73). Differences in 
variety. stage of ma tiirity. and methods 

of analysis must be borne in mind \\.hen 
these reports are considered. 

No definite conclusions regarding the 
internal browning of prunes can be 
draivn from this study, but the dif- 
ferences in levels of quinic acid between 
the Sweet Italian and French varieties 
is striking. Internal browning has not 
been reported in Sweet Italian prunes. 
Both the Italian (20) and French varieties 
(7j are susceptible to internal broivning; 
hoivever, the disorder was not observed 
in any of our samples. Interest in 
chlorogenic acid has centered on i ts  
function as a substrate for polypheno- 
lases; the darkening of fruits on injury 
may be due to the oxidation of chloro- 
genic acid. I t  is not kno\vn whether 
the internal browning of prunes can be 
explained in this Ivay, but in a study noiv 
under ivay of Italian prune fruits at pro- 
gressive stages of development, quinic. 
malic. phosphoric. and traces of citric 
and benzoic acids, but no chlorogenic 
acid. have been detected. 
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A simple colorimetric procedure for the direct microdetermination of lysine in protein 
hydrolyzates is  based primarily on quantitative conversion of the amino acids into their 
copper salts, followed by treatment of the latter with 1 -fluoro-2,4-dinitrobenzene. 
Under thtese conditions, lysine will be the only amino acid which yields a colored dinitro- 
phenyl derivative, and it can be estimated by measuring the absorbance of the copper- 
free and ether-extracted mixture. The accuracy and specificity of the method have 
been demonstrated. The procedure has been applied to micro quantities of proteins, 
and the results are comparable with those previously reported. The present method 
i s  direct and economical in time and materials, and does not require special equipment. 

HE early chtmical methods for in the older methods are avoided by the estimation of lysine in protein hydroly- T determination of lysine in protein use of ion exchange chromatography. zates has not been developed previousl>-. 
hydrolyzates are indirect, tedious, and The  new procedures are far from simple. The determination of a specific amino 
nonspecific. These difficulties are partly and at  each step require careful attention acid such as lysine is of value in nutrition 
overcome by the microbiological and to specific conditions. and metabolic studies. The present 
enzymic assa)x. i\ hich, ho\vever, are .\ satisfactory chemical procedure investigation has been undertaken to 
time-consuming. :I he defects inherent Xvhich ma)- be applied specifically for the develop a simple chemical micromethod 
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