
Table 111. Simple Correlations between Connective-Tissue Components and Chronological Age of 20 Pork loins 
Fraction C ,  Dilufe 

Acid- and Alkali- Fraction D, Fraction A, Acid- Fracfion B, Alkali- Fracfions C Fracfions A Fractions 
Insoluble Collagen Elastin Soluble Collagen Soluble Collagen and D and B E / A  

Fraction D 0.92<1 
Fraction A - 0 . 0 3  - 0 . 2 2  
Fraction B - 0. 65'' -0.65' '  0 . 2 3  
Fractions C and D - 0 . 1 5  -0.66 '8  
Fractions A and B - 0, 6OlL 
Age" - 0 . 3 1  0.07 - 0 .  48".d 0.37 -0 .08  0 . 1 9  0 , 5 9 <  

' I  P = 0.01. '' ti = 11. I_ P = 0.05. Partial correlation coefficient; f ) C  intramuscular fat statistically held constant. 
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Oils of savin, cubeb, sweet marjoram, galbanum, thuja, bay, lemon, and orange were 
investigated as sources for authentic samples of a-thujene, 3-carene, sabinene, d e r -  
pinene, y-terpinene, myrcene, p-phellandrene, and terpinolene. Also analyzed were 
secondary components of commercial samples of terpenes. a-Terpinene, y-terpinene, 
and terpinolene were obtained by silica gel isomerization of limonene. Infrared Spectra 
of a-thujene, 3-carene, sabinene, y-terpinene, myrcene, and terpinolene are presented. 

BTAINING authentic samples of 0 specific monoterpene hydrocar- 
bons is frequently difficult. Some of the 
more common terpenes, such as a- 
pinene, &pinene, limonene. a-phellan- 
drene, camphene, and p-cymene, can 
be obtained from chemical supply 
houses. but their purity, and occasionally 
their authenticity, are questionable. A 
variety of essential oils have been re- 
ported to contain certain of the mono- 
terpenes. but identification has some- 
times been limited to the evidence of 
gas chromatographic retentions. Be- 
cause of a need for a more complete 
stock of these compounds for use as 

chromatographic standards, the authors 
were interested in establishing Sources 
for these materials. Among the com- 
pounds of particular interest were 
sabinene, a-thujene, 3-carene. a-ter- 
pinene, y-terpinene. myrcene, P-phel- 
landrene. and terpinolene. 

Although gas chromatography is a 
powerful tool for separating complex 
mixtures, relying on it as a sole source of 
identification is unwise. Once the com- 
position of a mixture is established and 
evidence of specific compounds is con- 
clusive. gas chromatography becomes 
somewhat more reliable for determining 
the incidence and estimating the quan- 

tity of a particular compound in a 
natural mixture. 

These investigations involve gas chro- 
matographic separation and infrared 
characterization of fractions isolated 
from oils of savin, cubeb, sweet marjo- 
ram: galbanum, thu.ja, bay. lemon, and 
orange. Also examined were fractions 
contained in commercial samples of 
terpenes (which are. unfortunately, rarely 
pure). 

Apparatus 

Preparative-scale gas chromatography 
utilized an  Aerograph Autoprep with a 
20-foot by '/r-inch aluminum column 
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packed with 40-60 HMDS-treated 
Chromosorb P coated ~ i t h  15% Carbo- 
wax 20 M,  and an Aerograph Model 
.\-90, fitted with a 10-foot by 4-inch 
stainless steel column similarly packed. 

.Analytical chromatograms utilized the 
.\erograph Hy-Fi. Lvith a 10-foot by 
'$-inch stainless steel packed column 

(identical substrate) and flame ioniza- 
tion detection. 

L'acuum distillations utilized a semi- 
micro-Podbielniak column with an effi- 
ciency of 75 theoretical plates. 

Infrared spectra were determined on a 
Beckman Model IR-5 spectrophotometer 
fitted with a Beckman beam condenser. 
Spectra were determined in either CIC 
Type D microcavity cells or the Beckman 
demountable ultramicro liquid cell 
Ultraviolet spectra were determined on 
a Beckman DB spectrophotometer. 

Reagents 

Oils of savin, cubeb, siveet marjoram, 
galbanum. thuja, and bay were pur- 
chased from chemical supply houses. 
Oils of lemon and orange were obtained 
from R A Bernhard of this department. 

Procedures 

The various oils were subjected to 
vacuum distillation to isolate the mono- 
terpene hydrocarbons. So that the 

t I II ~ 

.. . _- 1 -  I v i  I 

~- I I i 1 I 

distillate composition Lvould be limited 
solely to monoterpene hydrocarbons, the 
distillations were rarely carried to com- 
pletion. Because some monoterpene hy- 
drocarbons therefore remained in the 
pot residues, the percentage of total 
monoterpene hydrocarbons in the orig- 
inal oils could not be calculated. 

Relative retention times and per- 
centage composition of individual frac- 
tions making up  these distillates \vere 
calculated from the chromatograms of 
the analytical instrument. Percentage 
composition was estimated by calculating 
the percentage of the total peak area. 
Isolated fractions were collected from the 
A-90 chromatograph by inserting 1-foot 
lengths of thin-walled, glass capillary 
tubing in the outlet port Lvhen the desired 
fraction was being eluted (8). 

Infrared spectra ivere determined as 
thin films; ultraviolet spectra were 
determined in Spectrograde isooctane. 
After spectra were determined, the 
homogeneity of the isolated fractions 
was rechecked by gas chromatography 
on the analytical instrument. 

The gas chromatographs were oper- 
ated isothermally. The preparative in- 
strument was operated at 120' C.. and a 
flow rate of 60 ml. of He  per minute. 
The analytical instrument was operated 
a t  100' C . ;  T?. 20 ml. per minute. H?: 
20 ml. per minut-. 

1 a 4 J b 7 I V 

Results and Discussion 

10 11 11 1, 1 1 

Sabinene. Guenther ( ~ I )  reported 
sabinene to be the main constituent of 
oil of savin, amounting to 30Yc3 in con- 
trast to the 20yc reported by Booth 
(2). Rudloff (70) found the commercial 
oil to contain 2670 sabinene, and dis- 
tillate from the leaves of Sucin juniper 
to contain 30.5%. Ikeda t t  01. (6') 
reported that the monoterpene hydro- 
carbon fraction constituted 33.47, of 
the oil of savin. Of these hydrocarbons, 
59.4% \\-as sabinene. 

The infrared spectrum of the main 
fraction obtained from oil of savin 
(Figure 1) agreed with the spectrum of 
sabinene reported by Stanley, Ikeda, 
and Cook (73) and \vith that found by 
Teranishi (73). This compound \vas 
487, of the monoterpene fraction. The  
infrared spectrum and retention data 
for another component comprising 20y0 
of the oil \vere in agreement with those of 
a-pinene. 

3-Carene. The Indian oil of tur- 
pentine of Pinus long2folia \\-as reported 
by Guenther (I) to consist of 38y0 
3-carene. The present researchers \\'ere 
unable to obtain samples of this oil. 
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Figure 3. infrared spectrum of myrcene 
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Figure 4. Infrared spectrum of r-terpinene 

Ikeda et  01. ( 6 )  reported that the mono- 
terpene hydrocarbon fraction of oil of 
galbanum consisted of 19.670 3-carene. 
The current study indicated three main 
frzctions in distillate from oil of gal- 
banum. The infrared spectrum and 
retention data of fraction 1 (24%) 
and fraction 2 (52%;) were identical to 
those of a- and @-pinene, respectively. 
T-he third fraction (217') (Figure 2) 
agreed \vith 3-carene as reported by 
O'Connor and Goldblatt (Q)? except 
that the spectrum of the material iso- 
lated in this study, which did agree 
\vith that of Teranishi ( 7 4 ,  exhibited a 
strong absorption at  12.73 microns. 
The difference car, probably be at- 
tributed to the fact that O'Connor 
and Goldblatt determined their spectra 
in chloroform; hence absorption in this 
region \vould be masked. 

Myrcene. Myrcene \vas reported 
as the main constituent of bay oil as 
early as 1895 (4 ) .  Ikeda e t  al. (6) 
reported that myrcene made up  7070 
of the monoterpene hydrocarbons of bay 
oil. .A major fraction (69yG) of the 
bay oil distillate utilized in this study 

absorbed at  225 mp. Myrcene also 
exhibits this absorption. according to 
O'Connor (Q), and the infrared 
spectrum published by those investi- 
gators is also in agreement u i th  that of 
this fraction (Figure 3). 

a- and y-Terpinene. Guenther ( J )  
reported that oil of sweet marjoram is 
40y0 terpenes, mainly terpinene. Ikeda 
e t  ul. (6) reported that the monoterpene 
hydrocarbon composition of this oil was 
18.1% a-terpinene. In the authors' labo- 
ratory, hoivever, the chromatograms of 
sweet marjoram distillate showed only less 
than 1% for the compound expected to 
be a-terpinene and 1% for the compound 
expected to be y-terpinene on the basis of 
retention data on Carbowax 20 M 
published by Ikeda et a l .  (6). 

y-Terpinene has been reported in 
lemon oil-in small amounts by Guen- 
ther (4) ,  9.787, by Di Giacomo, Rispoli, 
and Crupi (3),  and 10.37, by Stanley, 
Ikeda. and Cook, (73). In the authors' 
analysis of lemon oil the fractions ex- 
pected to be a- and y-terpinene were, 
respectively, present in quantities of less 
than 1 and 77, .  

Italian sweet orange oil \vas listed b>- 
Guenther ( d )  as containing 8% a- 
terpinene. Teranishi detected y-ter- 
pinene in aromagrams of orange juice 
(75), and Bernhard ( 7 )  reported y-ter- 
penine in orange oil. SchLveisheimer 
(72) reported that the volatiles of orange 
skins were 907, d-limonene. The sample 
of that oil used in this study was 1% 
y-terpinene and 747, limonene; no 
evidence of a-terpinene \vas obtained. 

Hunter and Brogden (5) found that. 
in the presence of silica gel, limonene 
isomerized in 20 minutes a t  100' C.. 
yielding approximately 18% a-terpinene, 
117, y-terpinene, and 207,  terpinolene. 
LYhen their experiment was repeated 
in the authors' laboratory. limonene 
underwent isomeric rearrangements. 
yielding three main compounds thought 
to be a-terpinene (107,). y-terpinene (Sx), and terpinolene (11%). The 
infrared and ultraviolet spectra of the 
fraction thought to be y-terpinene 
agreed with those reported by O'Con- 
nor and Goldblatt ( 9 ) ,  and the infrared 
spectrum (Figure 4) was identical 10 

Teranishi's ( 7 4 .  Preparative-scale gas 
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Figure 5. Infrared spectrum of terpinolene 
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Figure 6. Infrared spectrum of a-thujene 

chromatography failed to resolve the 
component thought to be a-terpinene 
from limonene, and a two-component 
mixture that \vas approximately 407, 
a-terpinene and GOY0 limonene was 
collected. The infrared spectrum of 
this mixture was predominantly char- 
acteristic of limonene, but the rela- 
tively strong absorption at  12.1 microns 
\vas characteristic of a-terpinene and not 
of limonene. Also, ultraviolet absorp- 
tion at  265 mp was consistent with that 
reported by O’Connor and Goldblatt 
(9) for a-terpinene. 

Terpinolene. Terpinolene has been 
reported by Guenther (4)  in ,Manila 
clemi and Monterey cypress oils. Those 
oils were not available to the authors. 
None of the essential oils examined by 
Ikeda et ai. showed a relatively large 
amount of terpinolene. A commercial 
sample of terpinolene was obtained, but 
the major component was identified as 
a-pinene (707,). 4 fraction having 
the retention expected to be terpinolene 
on the basis of retmtion data reported by 
Ikeda et al .  ( 6 )  was only 67, of the 

monoterpene hydrocarbons. The ter- 
pinolene distillate was redistilled in an  
effort to concentrate the higher-boiling 
monoterpene hydrocarbons. The resi- 
due of the second distillation consisted 
of 40Yc of what was hoped to be ter- 
pinolene. The ultraviolet spectrum was 
consistent with the unconjugated struc- 
ture, and the infrared spectrum (Figure 
5) was in reasonable agreement with 
that reported by O’Connor and Gold- 
blatt (9) but was not in agreement with 
the spectrum given in the Sadtler tables 
( 7  7 ) .  It  matched precisely, however, 
with Teranishi’s spectrum of terpinolene 

A fraction having the same retention 
was isolated in the previously described 
silica gel isomerization of limonene. 
The infrared spectrum of this compound 
was also identical to that of terpinolene. 

p-Phellandrene. Guenther ( 4 )  re- 
ported that p-phellandrene occurs in 
numerous oils of star anise, water fennel, 
angelica seed, African ginger, Japanese 
pepper, Pinus contorta, Canada balsam, 
lemon, Seychelles cinnamon, Schinus 

( 74). 

molle L., Eucalyptus amygdalins? and 
Italian seafennel. Ikeda et al .  ( 6 )  re- 
ported its presence (12.77,) in oil of 
cubeb. The authors’ examination of 
cubeb oil showed a fraction of cor- 
responding retention time to be present 
in amounts of 6yc. -4 commercial 
sample of a-phellandrene was 717, 
pure. Ten per cent of the sample was 
a fraction having a retention time ex- 
pected to be 0-phellandrene according to 
retention data published by Ikeda 
et a l .  (6). This compound was isolated, 
and its absorption at  232 mp would be 
consistent w,ith the structure of a con- 
jugated hydrocarbon having one double 
bond in a ring (9). A strong absorption 
at 11.45 microns was also consistent 
with this structure. 

A doublet at 6.12 and 6.28 microns 
!vas in agreement with Teranishi’s 
spectrum of p-phellandrene. However, 
absorption at 10.15 microns and in 
other areas of the fingerprint region 
indicated the possibility of impurities. 

a-Thujene. a-Thujene has been 
identified as the main constituent in the 

510 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



terpene fraction of oil distilled from the 
gum oleoresin of Bosu,Pllia serrata Roxb. 
and of oil of the leaves of the Formosa 
Hinoki tree. Those oils were not avail- 
able to us. Ikeda reported cedar leaf oil 
(thuja oil) to contain 13.070 a-thujene 
and oil of cubeb to contain 13.2y0 
a-thujene ( t i ) .  a-Pinene was reported 
to occur in these oils in quantities of 
15.6 and l?.17c. ‘These oils were 
examined as possible sources of a- 
thujene. but \ye failed to resolve a- 
thujene from a-pinene on the preparative 
gas chromatograph. :Klouwen and Ter 
Heide recently reported that a-thujene 
could be separated from a-pinene on 
Apiezon L ( 7 ) .  This has since been 
confirmed by the authors.] A sample 
of a-thujene isolated by Ikeda from 
Eucalj/itus dices was obtained from Ter- 
anishi. ‘The infrared spectrum (Fig- 
ure 6) is in agreement with that pub- 
lished in the Sadtler tables; the absorp- 
tion observed in the ultraviolet is 
consistent with this structure. 
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Changes in concentration of phenolic substances extractable with methanol and aqueous 
methanolic solution were compared with histochemical observations and organoleptically 
observed changes in astringency. Decrease in extractability of phenolics by methanol 
accompanied loss in fluidity of cellular tannins and decrease in astringency. Oxidation 
was found to be responsible for loss in astringency on air drying of sliced persimmons or 
high speed blending. Pureeing and freezing of astringent tissue resulted in loss of 
astringency and decrease in phenolics even in presence of added ascorbic acid or sulfite. 
The leucoanthocyanin isolated from methanolic extracts of astringent tissue contained 
both leucodelphinidin and leucocyanidin, apparently present together in the molecule. 

HE disappearance of astringency T ivith ripening in persimmon fruit is 
one of the most pronounced ripening 
changes known. The nature of the 
changes occurring during loss in astrin- 
qency has been investigated by botanists. 
plant physiologists. and chemists. but our 
kno\vledge of the composition and struc- 
ture of the phenolic compound involved 
and of changes in its molecular structure 
during ripening is still incomplete. 

Until very recently but few quantita- 
tive chemical data lvere available on 
changes in tannin content during ripen- 
in.- of astringent and nonastringent 

varieties. The earliest studies reported 
were those of Bigelow et ai. (2) in the 
United States. Only a few of the papers 
published in Japan give data on “tannin” 
content (33); and even in the more re- 
cent work tannins are determined by the 
nonspecific acid permanganate titra- 
tion procedure (78> 7.9). While it is 
now fairly well established that the or- 
ganic tannin-like astringents of food are 
related to leucoanthocyanins ( 7 )  30), 
their molecular structure is still unknomm. 
Ito and Oshima ( 7 1 )  reported the isola- 
tion of a leucoanthocyanin identified as 
leucodelphinidin-3-glucoside as the main 

component of persimmon tannin. Their 
preparation was astringent a t  a concen- 
tration of 20 mg. per 100 ml., but ap- 
parently was of high molecular weight. 
because it was not chromatographically 
mobile in the usual phenolic solvents. 
Siegelman and Craft (26). who also re- 
ported isolation of a partially purified 
persimmon leucoanthocy anin, estimated 
its molecular weight to be 50,000. 

Lloyd (76) first observed that the tan- 
nin present in specialized tissue cells is 
fluid in unripe astringent persimmons 
and easily spreads over cut surfaces, but 
in ripe fruit the tannin cells no longer 
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