
tion of n-propyl disulfide, allyl-n-propyl 
disulfide. and  allyl disulfide. Allyl-n- 
propyl disulfide, if present, would 
have appeared as a peak folloicing peak 
\. of Figure 1. Addition of this com- 
pound to the oil produced a separate 
peak a t  the expected position. 

The  tivo different methods of isolation: 
carbon adsorption of the volatiles and  
isopentaie extraction of steam distillates, 
yielded oils Siving different patterns upon 
gas chromatography. but  thc same di- 
sulfides and trisulfides were found in 
each casr. This establishes the fact that  
the trisulfides Lvere not merely artifacts 
resulting from adsorption on carbon or 
subsequent desorption Lsith ether. T h e  
poorly resolved peak folloiving \- in 
Figure 1..-1, although appzaring in the 
expected position for allyl-n-propyl di- 
sulfide. was shown not to contain any 
of this compound. 

As explained in the exprrimental 
section, the five volatile carbonyl com- 
ponents were identified as dinitro- 
phenylhydrazones. 

T h e  most important new findings are 
that allyl-n-propyladisulfide is not present 
in significant ainounts; methyl as \sell 
as n-propyl derivatives occur; and  
substantial quantities of trisulfides cor- 
responding to the disulfides are found. 

T h e  isolation of methyl as well as n- 
propyl sulfur derivatives is consistent 
with the findings of Fujiwara. Yoshimura, 
and  Tsuno (5) Lsho obtained evidence 
Tor the presence of methyl methanr-  
thiolsulfinate. n-propyl propanethiol- 
sulfinate, and a mixed methyl n-Dro- 
panethiojulfinate in freshly cut diiiiim 
r ~ p a .  'These compounds are very labile 
and  on decomposition \vi11 yield disul- 
fides and  thiolsulfonates. Significantly. 
these invrstigators could find no allyl 

thiolsulfinates in their onion samples. 
Virtanen a n d  Matikkala (13) have re- 
cently demonstrated the presence of S- 
meth>-l-cysteine sulfoxide and  S-propyl- 
cysteine sulfoxide from Finnish onions, 
and  in this laboratory (72) a crude en- 
zyme preparation from commercial 
onions was recently isolated? Jvhich de- 
composes both of these amino acids to 
thiosulfinates: p>-ruvate, and  ammonia 
in a manner similar to that of alliinase 
from garlic. 

Since enzymic breakdo\vn of the 
sulfoxide amino acids produces thiolsul- 
finates \shich in turn decompose to 
thiolsulfonates and  disulfides. both of 
Lchich can further interact Xsith thiols. 
the actual pattern of disulfides and  tri- 
sulfides ivill probably vary ivith condi- 
tions of the enzyme reaction and tvith 
the method of extraction. 

.4lthough Semmler (IC') presented 
evidrnce for the presence of allyl tri- 
sulfide in garlic oil based on elemental 
analysis of higher boiling fractions. the 
present ~vork  is believed to represent the 
first unequivocal isolation of pure. \cell- 
defined aliphatic trisulfides from plant 
sources. T h e  authors have no evplana- 
tion for th- formation of these ccm- 
pounds. They are not artifacts of gas- 
liquid chromatography nor are they 
formed by a simple mercaptan-disulfide 
eschange. Hoivever. hydrogen sulfide 
or  free sulfur may react with disulfides 
to yield polysulfides (7 - f )  and this may 
be the origin of these compounds in a n  
onion macerate. 
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OFF-FLAVORS IN FOODS 

Effect of Pyrrolidonecarboxylic 
Acid on Flavor of Processed 
Fruit and Vegetable Products 

YRROLIDONECARBOXYLIC ACID (PcA4)  P in processed fruit and vegetable 
products is formed by the conversion 
of free glutamine during heat treatment 
and  subsequent storage ( d ) .  Rice and  
Pederson ( 8 )  observed that a relation- 
ship might exist bet\ceen the formation 
of PC.4 and  the appearance of off- 
flavors and other undesirable changes 
in canned foods. Subsequent investiga- 
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tions by Shallenberger and  coisorkers 
(70. 7 7 )  revealed that off-flavors. de- 
scribed as bitter. medicinal. or phenolic. 
were significant in processed beet purees 
but not in raw beets. and that the in- 
tensity of off-flavor in beet purees varied 
directly with PC.4 concentration. 4 n  
analysis of 22 processed fruits and  
vegetables. reported herein. revealed 
the presence of PC.4 in all products 
examined. T h e  purpose of this study 
\vas to determine the effect of PCA on 
the flavor of several representative proc- 
essed products. 

determinations. They are grateful to the 
Basic 1.egetable Products, Inc.. \.aca- 
ville. Calif.. for supplling the onions 
used. 
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Methods 
Determination of PCA in Commer- 

cially Processed Fruits and Vegetables. 
Commercially canned fruits and vege- 
tables were purchased from 1oca.l grocery 
stores. Drained Iseight and  volume of 
brine were determined. after \vhich rhe 
can contents were pureed in a \\*a.ring 
Blendor and filtered throuQh Reeve 
Angel filter paper No. 202. PC.4 and  
glutamine \cere determined by column 
chromatography of the filtrate ( d ) .  
Glutamine was determined only in high- 
acid foods. since it had been reported 
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The study was undertaken to determine the extent of formation of pyrrolidonecarboxylic 
acid (PCA) in processed foods and its effect on flavor. PCA was found in all processed 
fruits and vegetables examined; the concentration ranged from 0.00870 in sweet corn 
to 0.26% in beets. PCA causes a detectable off-flavor when its concentration exceeds a 
certain level which varies with different products; 0.05% (w./v.) produces an effect in 
sweet corn and tomato juice. Greater concentrations are necessary in other products. 
In most processed fruits and vegetables, PCA is not a major factor in flavor deterioration. 

Product 

Beets" 
Tomato juice" 
Pumpkin 
i\sparagus 
Carrots 
White potatoes 
Mushroom 

(buttons) 
Onions 
Wax beans 
Peas 
Dark red kidney 

beans 
Snap beans 
Sweet potatoes 
Spinach 
Sweet corn 
Red raspberr). 
Sauerkraut 
Dark sweet cherries 

Pineapple 
Peaches 
Pears 
Prunes 

(unpitted) 

Table 1. PCA and Glutamine Con- 
tent of Canned Fruits and Vege- 

tables 

M g .  f 100 Grams Drained 
Weight  

PCA Glutamine 

260 . .  
210 7 
. . A  

that all glutamine in low-acid foods is 
converted to PC'4 during thermal 
processing ( 4 ) .  

T h e  effect 
of PC.4 on flavor of four canned food 
products was evaluated by the use of a 
trained tas:e panel. on the basis of the 
multiple comparison test (5) or the 
triangulation procedure (3 ,  6, 7,  9). 
Products to be tested Ivere selected on 

Effect of PCA on Flavor. 

Only samples A, C: and G were available 
for this test. 

T h e  tomato juice was processed by 
the regular commercial procedure. Two 
samples were prepared that differed 
only in the time of sterilization (15 and  
30 minutes) in boiling water. These 
jvere given to the taste panel for flavor 
evaluation using the triangulation pro- 
,--,l.,,.a 
CL-UUIL. 118 . .  

. .  the following basis: 81 .. 

SWEET CORN. A product that nor- Results and Discussion 16 . .  

PCA Content of Fruits and vege- 
70 

64 , .  (less than mg' per loo tables. PCA and glutamine contents 
of a number of commercially canned 63 

52 . .  
39 . .  mally contains a moderate amount of fruit and vegetable products are Pre- 

sented in Table I. T h e  data indicate 
36 . .  of drained weight). that all of the processed foods examined 

BEETS. A product that  normally con- contained PCA, which varied from 30 . .  
20 . .  
18 . .  0.008% (on the basis of drained weight) 

8 . .  100 mg. Per 100 grams of drained in sireet corn to 0.26% in beets. T h e  

. .  mally contains a very low concentration01 

, .  grams of drained weight). 
G~~~~ B ~ ~ ~ ~ ,  .4 product that  nor- 

glutamine (30 to 40 mg-, per 100 grams 

tains a high amount  of glutamine (over 

4 4  
35 

32 
23 
17 
10 
i n  

25 
0 

29 
20 

0 
5 
n 

I" " 
Supplied by John Kelly, Horticulture 

Sample two years old, University of 
Department, University of Wisconsin. 

Wisconsin. 

Table II. Effect of PCA on Flavor 
Preference of Sweet Corn and Green 

Beans 
(Triangulation test) 

PCA level o f  
Added to _$igflifiCanCe, % 

Treated Triangu- 
Sample, lation 

PCA level % % test T - l a  

Sweet Corn 

Control (0.008, 0 10 I *  0 .10 
Control (0 008) 0 .05  T;.S.c 1 
Control (0 008) + 0 0.5 PCA 0 10 S.S. 1 

Green Beans 

Ccnti-I (0 036) 0 10 N.S. 5 
Contrrl 10 036)  0 05 N.S. N.S. 
Control ( 0  036) + 0 05 PC.3 0 10 N.S .  X.S. 

0 Trianqular-intensity ( 7 ) .  
h 5. 1 .  and O,lOyG. 

c X.S. S o  significant difference. 

Significance at level 
indicatd.  

weight). and,  as a result of the high 
sterilization temperature employed, con- 
tains a large amount of PC.4 ( 3 ) .  

,4 product that nor- 
mally contains a high amount  of gluta- 
mine (over 100 mg. per 100 ml.) but. be- 
cause of the mild sterilization temper- 

TOMATO JUICE. 

ature 
PCA 

used, 
( 4 ) .  

contains both glutamine and 

Canned sweet corn and green beans 
were processed by commercial pro- 
cedures. PCA concentration was ad- 
justed by addition of crystalline PC.4 
to the material before preparation of 
the slurry. I t  was possible to obtain 
beets of the same variety and  the same 
seed lot. grown on  two soil types (muck 
and upland sandy loam) a t  tkvo locations 
in Wisconsin, and processed by standard 
commercial procedure. A complete 
history of these beets !vas available. 
T h e  beet samples were evaluated by the 
tasted panel according to the multiple 
comparison test (5) using sample A with 
the lowest PC.4 content (102 mg. per 
100 grams of drained weight) as a con- 
trol. Three evaluations were made:  

Slurries were prepared by blending 
beets and brine for 2 minutes in a \Varing 
Blendor. All of the eight beet samples 
were evaluated. 

T h e  PCA content or samples A? C :  
and G was adjusted to that of sample H 
(185 mg. per 100 grams of drained 
weight). T h e  four samples were slurried 
in the same way as above, and were 
evaluated by the same method. 

T h e  beets were not slurried, but were 
submitted to the panel as sliced beets. 
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greatest concentrations were found in 
beets. tomato juice, and pumpkin. 

Effect on Flavor of Canned Foods. 
FOODS O F  Low AND MEDICM GLUTAMINE 
CONTENT. During initisl investigation, 
the addition of O . l O ~ o  PC.4 to blended 
sweet corn which contained no PC.4 
initially (4) caused a highly significant 
difference in flavor and 100% preference 
for the control or unmodified sample 
as evaluated by the multiple comparison 
test (5). As a result of the significant 
flavor difference resulting from addi- 
tion of PCA to corn. further flavor 
evaluations were conducted. T h e  effects 
of additions of PCA on flavor of sweet 
corn and green beans are indicated 
in Table 11. 

These results confirm those obtained 
with sweet corn using the multiple coni- 
parison test. Addition of 0.05% PCA 
to corn slurries did not produce a signifi- 
cant difference between the samples 
evaluated by the triangulation taste 
test. However, when the triangulation 
results were analyzed according to the 
triangular-intensity procedure ( 7 ) ,  a 
highly significant difference ]vas found. 
.4ddition of 0 . 0 5 ~ o  PC.4 to slurries of 
green beans dld not produce a significant 
difference in flavor regardless of the 
procedure or flavor evaluation used. 
T h e  addition of 0.1070 PCA to green 
beans produced a significant difference 
a t  the 5% level, when the triangular- 
intensit! test \vas used. A preference 
rating of the corn and beans indicated 
the control !vas preferred over the treated 



sample. The  effect of level of added 
PCA on the flavor of beans was similar 
to that  with peas; an  off-flavor was 
produced only when the level exceeded 
0.1% (2). Since a number of food 
products (such as sweet corn, green 
beans. and peas) normally have a low 
PCA content, PCA would not be ex- 
pected to contribute significantly to 
flavor deterioration or off-flavor de- 
velopment. 

FOODS OF HIGH GLUTAMINE CONTEST. 
Beets. Results of taste panel evalua- 
tions of beet slurries of the same beet 
variety but different PCA levels are 
presented in Table 111. As the con- 
centration of PC.4 increased! greater 
differences in flavor were observed. 
Significant differences were observed 
between samples with lesser and with 
greater levels of PCX. T h e  flavor of the 
samples Ivith lesser PCA content (con- 
trol) was preferred over the samples 
with greater PCA content. To evaluate 
the possible influence: of factors such as 
soil type. location: growing period, and 
harvest date on the PCA content and 
flavor of beets, a further evaluation was 
made. Slurries of A and C beets from 
muck soil were evaluated against slurries 
of G and H beets from sandy soil after 
the PCA content of all samples was ad- 
justed to 0.185%/,. T h e  results presented 
in Table 111 indicate a significant pref- 
erence for muck soil samples 4 and C. 
Thus, equalization of the PCA4 level 
did not change the highly significant 
difference between the muck samples, 
A and C. and those from sandy soil, 
G and  H. I n  both evaluations sample 
G was the least preferred; as indicated 
by the high percentage of nonpreference, 
62.5 to 75.6Yc. 

T h e  third taste panel evaluation used 
sliced beets rather than slurries to de- 
termine lvhether the form in which the 
sample was presented influenced the 
results. Although only samples A. C, 
and G were available for this evaluation, 
the results were similar to those obtained 
previousl!-. Sample C: was still the least 
preferred. bur the level of significance 
between samples A and C increased 
from 5.0 to 1.070. 4 and C had the 
same PCA level and were grolvn on the 
same type of soil but  in two different 
locations. Thcse results indicate t'iat 

the flavor of beets was influenced by 
components other than P C 4 .  

Other physical and chemical char- 
acteristics of the beets used in the flavor 
evaluations are presented in Table 
I\'. Samples G and H: which were 
grown on sandy soil, contained higher 
percentages of soluble and total solids, 
alcohol-insoluble solids. total nitrogen. 
and PC.4 than A and C. gro\vn on muck 
soil. A41though G had a long groiving 
period (124 days). the values obtained 
for the various components compared 
closely \vith the values obtained for H. 
grown on the same soil, but for a shorter 
groiving period. These values illus- 
trate that  soil type definitel! has an  
effect upon the growing beets and that 
this is reflected on the flavor components 
as well. t\lthough both samples A and 
C were groivn on muck soil, A \vas most 
preferred. O n e  difference noted be- 
tween these samples was titratable 
acidity, sample A having apparently 
one half the acid content of C. This 
difference may be responsible. in part ,  
for the significant preference for sample 
.4. 

Tomato Juice. The  effect of PCA 
on the flavor of tomato juice is indicated 
in Table V. 

The  PC.4 content of treatment B 
(0.0907,, w. v.) was greater than that of 
treatment A (0.065%, \v. v.). as a 
result of the difference in heat steriliza- 
tion time, 30 minutes for treatment B, 
15 minutes for treatment A. . In  evalua- 
tion of the juices given the tlvo treat- 
ments by a trained taste panel using 
the triangulation procedure indicated 
that sample A \vas significantl!. pre- 
ferred over sample B ;  there \vas a highly 
significant difference bet\\ een the t\vo 
samples. Since the difference might be 
due to factors other than PC.4 level. 
the tkvo samples were re-evaluated after 
the PC.4 level had been adjusted in 
both samples to 0.140% ( ~ v .  v . j .  T h e  
taste panel did not detect any dif- 
ference between the tivo treatments a t  
the same PCA level. and neit!ier treat- 
ment was preferred. Thus. equaliza- 
tion of PCA level masked. or minimized, 
any flavor difference caused by the longer 
period of heat sterilization. Addition 
of 0.057, (w. v,) PC.4 to tomato juice 

Table 111. Relation of PCA Content to Flavor Preference for Canned Beets 
Muftipie Comparison Test 

P C A  Type o f  Level o f  yo non- Significance 
Treafmenf Content, % Soi l  significance, 70 preference ot I yc level 

First Evaluation, Slurries 
A (control) 0 102 Muck (Control) 18 7" 35 

N.S.b 37 5 s 
3 54 2 S 

B 0 104 hfuck 
c 0 113 Muck 
D 
E 
F 
G 
H 

0.137 Sand 5, 1 56.3 S 
0.148 Sand 5 37.6 S 
0.155 Sand 5, 1 43.8 s 
0.178 Sand 5, 1 62.5 S 
0.185 Sand 5, 1 54.2 s 

Second Evaluation, Slurries 
A (control) 0.185 Muck (Control) 24. 6c S 

75.6 S 
55.2 S 

G 0,185 Sand 5, 1 
H 0.185 Sand 5, 1 

A (control) 0.102 Muck (Control) 32.0d S 
C 0.113 h4uck 5, 1 55.2 S 
G 0.178 Sand 5, 1 73.2 S 

(adjusted) 
C 0.185 Xfuck K.S. 50.0 

Third Evaluation. Sliced 

a c , d  Minimum percentage ofnonacceptable required for significance at 1 c; levrl. 20.1 'i 
in a. 36 judgments; 10.770 in and d, 78 judgments. 

S.S. No significant difference. 

Table IV. Physical and Chemical Characteristics of Beets Used in Flavor Evaluation 
[Variety, Perfect Detroit Small Crown (Woodruff Seed C o . ) ]  

Conned Beefs ~~ __ 
Growing N2 __ PCA,  %! 
Period, Fres,$ ~ Beets, Solids Acidify o f  Slurry - Dry drained 

C o d e  Soil Type location Doys Soluble Toto! A . I . S .  pY TotcP Fresh weight p H  weight 

.\ Muck Coleman 73 7.60 10.66  2.76 6 . 4 1  1.97 0.238 2 23 5.60 0 102 
c Muck Madison 68 6.50 10 41 2.93 6 19 4.14 0.226 2.17 5 35 0 113 
G Sandy loam Madison 124 10.30 13.98 3.21 5 92 3.16 0.375 2.68 5.50 0.178 
H Sandy loam Lfadison 67 11.75 13 65 3 31 6.02 3.39 0 371 2.72 5.50 0,185 

(' hfl. O.lAY SaOH/20  g .  beets (40 g. slurry of 1 : 1 of beets: H,O). 
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Table W. Effect of PCA Content on Flavor Preference of Tomato Juice 
(Triangulation procedure) 

~~ Coi f ro l r ,  % ( w  /v.) Treatments, 70 ( W . / V . )  Level o f  Significance, yo 
PCA Total PCA PCA Total PCA Triangulation T - /  

Code added content Code added content procedure d u e  

.l‘J 0 0 .065  Ba 0 0 .090  1 0  0 . 1 0  

.I 0.075 0.140 B 0 .050  0 .140  N.S.b N.S. 
A 0 0 , 0 6 5  A 0.075 0 .140  1 . o  1 . o  
R 0 0 , 0 9 0  B 0 .050  0.140 5 . 0  0 . 1 0  
R 0 0.090 B 0.100 0 .190  1 . 0  0 . 1 0  
l? 0 . 0 5 0  0.140 B 0 .100  0 , 1 9 0  5 .O 1 . o  
A and B samples sterilized for 1 5  and 30 minutes, respectively, in boiling water. 

* N.S. No significant difference. 

produced a significant difference in flavor of tomato juice. An  increase in 
flavor. sterilization time will produce a greater 
PC.4 produced undesirable flavor and a amount of PC.4. which in turn \vi11 
greater level of significance between adverselv affect the flavor of the juice. 
treated and untreated samples. T h e  

.4ddition of greater amounts of 

undesirable flavor was described bv the 
taste panel as bitter, medicinal. chem- 
ical. and sour. This indicates that  the 
PCX level has a great influence on the 
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A method is  presented for the sequential isolation of isochlorogenic, chlorogenic, and neo- 
chlorogenic acids, and another isomer designated “Band 51 0” from coffee beans. Iso- 
chlorogenic acid is removed first by extraction with butyl acetate, chlorogenic acid is then 
precipitated as the caffeine complex, and neochlorogenic acid and “Band 510” are 
separated by silicic acid column chromatography. The behavior of isochlorogenic acid 
during acid-base titrations was investigated. 

LTHOUGH CHLOROGENIC ACID was A isolated from coffee in 1908 (7) 
and its structure firmly established in 
1932 (6). interest in this compound 
is reviving. There is now good evidence 
for the existence of several isomers of 
chlorogenic acid and for their wide- 
spread occurrence (72). Possibly of 
greater interest is thefact  that these com- 
pounds are closely related to shikimic 
acid, an intermediary in the biosynthesis 
of manv aromatics, and that chlorogenic 
acid has been shown to inhibit the 
activity of indoleacetic acid oxidase (70) 
and potato phosphorylase ( 7 7 ) .  Also, 
further work is required to permit a 
complete structure assignment for the 
isomers of chlorogenic acid. 

hlethods for the individual isolation of 

these compounds have appeared in the 
literature. Chlorogenic acid, a major 
soluble constituent of green coffee 
beans, can be isolated as a crystalline 
solid from its potassium caffeine complex 
( 9 ) .  Isochlorogenic acid has been 
obtained by Barnes, Feldman, and 
iYhite ( 7 )  from coffee by extraction with 
n-butyl acetate as a noncrystalline solid. 
A preparation isolated by Uritani and 
Miyano ( 7 3 )  from sweet potatoes infected 
with black rot has been named pseudo- 
chlorogenic acid. This is a noncrystal- 
line solid with properties that are very 
similar to isochlorogenic acid. Its 
existence as a bona fide isomer of 
chlorogenic acid has not been confirmed. 
Corse (I) has isolated crystalline neo- 
chlorogenic acid from peach purte  

by n-butyl alcohol extraction and counter- 
current distribution. This isomer is 
widely distributed in plants, occurs in 
coffee beans, and seems to be the pre- 
dominant isomer in members of the 
prunus family (72). .4 substance iso- 
lated from coffee beans by silicic acid 
column chromatography has been des- 
ignated ..Band 510” and appears to be a 
true isomer of chlorogenic acid (72). 
Combinations and modifications of the 
earlier isolation procedures have led to 
a method which permits the isolation of 
isochlorogenic acid, chlorogenic acid, 
Band 510. and neochlorogenic acid from 
coffee bzans in one operation. T h e  high 
chlorogenic acid content of coffee beans 
helps make this a convenient procedure. 
T h e  present authors have also simplified 
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