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1-DECYNE FORMATION IN COTTONSEED OIL FRIED FOODS 

Based on the results from the aforementioned experiments,  
a reaction mechanism is thus proposed using sterculic acid 
as a substrate (Fig. 8). The endogeneous trace amount  of 
chlorophyll  acts as a photosensit izer to produce singlet 
oxygen (13). The singlet oxygen then attacks the cyclo- 
propenoid fat ty acid, such as sterculic acid, followed by 
degradative cleavage and molecular rearrangement as com- 
monly seen in an organic reaction (14) and leads to 1- 
decyne formation. Other compounds were also formed and 
are identified as shown in Figure 8. 
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ABSTRACT 

The compositions of free phenolic acids in rapeseed flours of diverse 
origin and white mustard were highly variable but represented less 
than 10% of the total phenolic acids. Phenolic acids released from 
hydrolysis of soluble esters constituted the major fraction, with 
Polish varieties having higher levels than a Canadian variety or white 
mustard. Yellow Sarson contained low levels of phenolic acids. 
Sinapic acid isomer~ constituted over 94% of the 13 phenolic acids 
found in the rapeseed varieties. O/aly traces of several phenolic acids 
appeared to be structurally bound to rapeseed and mustard proteins 
and carbohydrates. 

INTRODUCTION 

Phenolic acids and their derivatives are commonly occurring 
compounds in the plant world. Their presence in seeds 
causes a deterioration in the taste, odor and color of pro- 
tein concentrates and prepared food products.  Besides un- 
favorable organoleptic changes, oxidized phenolic com- 
pounds can bind with essential amino acids such as lysine or 
methionine,  forming complexes which are unassimilable in 
the digestive tract  of animals and man (1-3). 

Preliminary investigations have demonstrated that  rape- 
seed contained a wide range of phenolic acids (4-8). While 
sinapic acid, as a component  of sinapine, was the major 
phenolic acid, the quantities and presence of other phenolic 
acids differed among these studies, depending on the 
method  of  analysis. Sosulski et al. (9) fractionated the 
phenolic constituents in canola flour into free phenolic 
acids, soluble esters and glycosides of  phenolic acids, and 
insoluble-bound phenolic compounds.  Phenolic ac ids . in  
bound forms were released by acidic, alkaline and enzy- 
matic hydrolysis prior to quanti tat ion by gas liquid chroma- 

tography (GLC). Krygier et al. ('10) refined these pro- 
cedures by removing fat ty acids and other contaminants 
from the hydrolysates and used thin layer chromatography 
(TLC), GLC and GLC-MS (mass spectrometry) to identify 
the major and minor  phenolic constituents in each fraction. 
The flours of three cuhivars were found to contain 6-98 
mg/100 g of free phenolic acids, 768-1196 mg/100 g of 
phenolic acids from hydrolyzed esters and no phenolic 
acids in the residues (11)o Sinapic acid represented 99% of 
the esterified phenolic compounds,  minor components  
being p-hydroxybenzoic ,  vanillic, gentisic, protocatechuic,  
syringic, p-coumaric and ferulic acids. The trans isomers 
predominated but  the cis forms of sinapic and ferulic acids 
occurred in most fractions. 

The objective of the present investigation was to deter- 
mine the phenolic composit ion of a wide range of rapeseed 
varieties as well as white mustard. The extraction procedure 
was modified to remove the residual lipids from the flours, 
and extracts were further purified by extract ion with di- 
ethyl ether and monosodium carbonate. 

MATERIALS AND METHODS 

The varieties used in the present study were selected to 
represent a range in growth habit,  seed color, erucic acid 
and glucosinolate levels (Table 1). The Polish varieties were 

grown at the Insti tute of Plant Breeding and Acclimatiza- 
tion, Pozen, Poland, and the remaining samples were sup- 
plied by the Department  of Crop Science, Saskatoon, 
Canada. The intact  glucosinolate content  was determined 
by glucose release after enzymatic hydrolysis. 

Flours for investigation of phenolic acids were prepared 
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TABLE I 

characteristics of the Rapeseed and Mustard Varieties 

Erucic acid Total 
Species and Growth Seed coat (% of total glucosinolates 

variety Origin habit color fatty acids) (mg/g flour) 

Brassica napus 
Gorczanskl Poland Winter Dark 54.0 18.0 
Bronowski Poland Summer Dark 10.0 0.4 
Start Poland Winter Dark 1.5 3.0 

Brassica campestris 
Candle Canada Summer Brown-yellow 2.6 2.0 
Yellow Satson India Summer Yellow 56.0 20.0 

Brassica hirta 
(Sinapis alba) 
White mustard Summer Yellow 41.3 3.0 

by defatting the seeds with hexane in a Soxhlet apparatus 
and then separating the hulls by differential sedimentation 
in pure hexane before desolventization. The flours, after 
removal of polar fat with tr ichloroethylene (TRI), were 
ground to a particle size of less than 0.25 mm. 

The phenolic acids were extracted and fractionated by 
the modified Sosulski et al. (9) procedure illustrated in 
Figure 1. The defatted sample was extracted with hot  80% 
methanol until  the extract  failed to react with the Folin- 
Denis reagent. The extract  was then evaporated to 50 mL 
under vacuum at 40 C in the presence of nitrogen, acidified 
with 1 N NC1 to pH 2, centrifuged, and the clear super- 
natant  was transferred to a continuous liquid-liquid ex- 
tractor. Extraction with diethyl ether was carried out  for 
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FIG. 1. Procedure for the fractionation of free, esterified and bound 
phenolic compounds and their hydrolysis to free phenolic acids. 

24 hr. The ether extract  fraction containing free phenolic 
acids (F-I )  was evaporated to dryness. The aqueous solu- 
tion remaining after extracting free phenolic acids was 
hydrolyzed with 2 N NaOH for 4 hr at room temperature 
under nitrogen. The hydrolysate was then acidified to pH 2, 
centrifuged, and the phenolic acids were extracted con- 
tinuously with diethyl ether for 24 hr. The obtained extract  
contained phenolic acids liberated from ester compounds 
(F-2). Alkaline hydrolysis of the dry solids after methanol  
extraction was accomplished in the same way. Bound phe- 
nolic acids (F-3) were separated from the hydrolysate by 
continuous extract ion with diethyl ether as described 
above. 

Dry residues remaining after ether removal (F- l ,  F-2, 
F-3) were dissolved in 5% NaHCO3 (pH 8), and extracted 
with diethyl ether, as described above. Ether extract  did 
not  contain any phenolic compounds but  fatty substances 
were present. After  removal of lipids, the water phase was 
acidified to pH 2.0 and extracted again with diethyl ether 
in order to separate phenolic acids. 

Chromatographic analyses were made according to the 
procedure of Morita (12). An aliquot of solution was taken 
from each fraction, transferred into vials and evaporated to 
dryness under nitrogen. One hundred microliters of N, O- 
bis (trimethylsilyl) acetamide (Pierce Chemical Co.) were 
added to each vial, and the sample was allowed to react at 
room temperature for 24 hr. 

Trimethylsilyl ethers of phenolic acids were chromato- 
graphed in a Pye Unicam gas chromatograph equipped with 
flame ionization detector. The 1.5 m X 0.4 cm glass column 
was packed with 1.5% SE-30 on 80-100 mesh Chromosorb 
W/HP. The flow rate for the carrier gas, nitrogen, was 60 
cma/min,  the temperatures of the detector  and column 
were 280 C and 98-260 C, respectively, At being 6 C/min. 

Phenolic acids were identified by comparing the reten- 
tion times of the TMS derivatives with the values for reten- 
tion times of TMS derivatives of standard acids. N-tetra- 
cosane was used as an internal standard. The contents of 
the phenolic acids are expressed as mg/100 g of flour on a 
dry weight basis. 

R E S U L T S  

Total content  of  free phenolic acids in rapeseed flours of 
the varieties Bronowski, G6rczfinski, Start and Candle was 
very similar (Table II), and ranged from 71.8 mg/100 g in 
Start flour to 59~ rag/100 g in Bronowski flour. Consider- 
ably lower contents of free phenolic acids were found in 
Yellow Sarson flour and white mustard, in which the 
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TABLE II 

Free Phenolic Acids in Flours (mg/100 g flour) 

Rapeseed varieties 
Phenolic acids Bronowski (36rczariski Start Candle Yellow Sarson 

White 
Mustard 

Salicylic 1.5 0,5 1.5 3.1 0.1 tr 
Cinnamic 1.0 0.5 0.8 tr 0.2 tr 
p-Hydroxybenzoic 0.6 0.6 2.2 0.0 0.5 9.1 
Vanillic 0.3 0.5 0.6 tr 0.9 0. 5 
Gentisic 002 0.7 0.8 0.2 tr 0.1 
o-Coumaric 0.3 0.6 0.9 1.1 0.9 0.8 
Protocatechuic 0.5 0.7 1.4 0.4 0.5 tr 
Syringic 003 1.8 2.4 0.1 0.3 0. 7 
p-Coumaric 005 tr 3.0 tr 0.6 1.1 
cis-Sinapic 5.8 9.7 10.1 10.1 3.2 tr 
trans-Femlic 1.8 3.2 4.7 0.9 1.2 2.1 
trans-C affeic 006 tr 1.8 tr tr 3.1 
trans-Sinapic 46.5 41.3 41.6 51.6 3.5 4.5 

Total 59.9 60.1 71.8 67.5 11.9 22.0 

TABLE lII  

Phenolic Acids L~erated from Esters (mg/100 g flour) 

Rapeseed varieties White 
Phenolic acids Bronowski GOreza~skl Start CanOle Yellow Sarson Mustard 

Salicylic 1.0 0.7 0.9 1.0 0.9 2.5 
p-Hydroxybenzoic 2.7 2.1 2.1 tr tr 328.0 
Vanillic 1.2 1.1 tr 0.5 0.9 1.7 
Gen tisic 0. 2 0. I tr 0.5 0.9 2.9 
Protocatechuic 1.8 0.4 1.0 tr tr 3.2 
Syringic 2.3 1.8 tr 1.0 1.4 1.8 
p-C oumaric tr tr tr 0.8 0.8 1.5 
cis-C affeic tr 2.1 tr tr tr 0.1 
cis-Sinapic 63.9 68.3 95.8 98.9 44.5 0.0 
trans-Femlic 7.9 5.4 3.1 0.8 1.7 0.6 
trans-Caffcic tr 0.0 tr tr tr 22.5 
trans-Sinapic 47705 492.0 597.1 416.4 171.3 212.1 

Tota/ 558.6 574.0 700,0 520.0 222.4 576.9 

TABLE IV 

Phenolic Acids Liberated From Insoluble Residue (mg/100 g flour) 

Rapeseed varieties White 
Phenolic acids Bronowskl Gdrczafiskl s ta r t  candle yellow Sarson Mustard 

Salicylic 0.3 0.2 0.1 0.2 0.2 0.1 
p-Hydroxybenzoic tr 0.0 0.0 tr tr 1.1 
Vanillic 0,1 0.0 tr tr tr 0.1 
o-Coumaric 0,4 0.3 0.3 0.3 0,3 0.2 
Syringic 0,2 0.1 0.2 0.1 0,1 0.1 
p-Coumaric 0,7 0.8 0.8 0.7 0,7 0.3 
cis-Sinapic 0,7 0.7 0.7 0.6 0.6 0.5 
trans-Ferulic 0,9 0.8 0.9 0.5 0.5 0.4 
trans-Sinapic 1,7 2.0 1.7 2.0 0,7 0.5 

Total 5.0 4.9 4.7 4.4 3.1 3.3 

TABLE V 

Free, Liberated from Esters and Insoluble Residue 
Phenolic Acids in Rapeseed and Mustard Flour (mg/100g flour) 

Rapeseed varieties White 
Phenolic acids Bronowski Gdrczarlski Start Candle Yellow Sarson mustard 

Free 59.9 60.1 71.8 67.5 11.9 20.0 
Liberated from 

esters 558.6 574.0 700.0 520.0 222.4 576.9 
Liberated from 

insoluble residue 5.0 4.9 4.7 4.4 3.1 3.3 

Total 623.5 639.0 776.5 591.9 237.4 602.2 

JAOCS,  vol. 60, no. 6 (June 1983) 



1122 

3 

O 

~ v  

r  

A 

2 

o v 

3 

2 

o~  

A 

~ A  
~g 

o 

o 

= g  

3 

m 

o 

H. KOZLOWSKA. D.A. ROTKIEWICZ, R. ZADERNOWSKI AND F.W. SOSULSKI 

u4 
c q  

tr 

IN  

t ~  "C 

7- 

~S r ,o 

7. 

Ox 

ee~ QO 

e q  

�9 -~ Ox 

t t~ 

,q. t- 
ea r 

t ~  

,.~ r 

t r ,  ~ ,  

"t. ~. 

t ~  

~ q 
0- ,  

~ 4 

,~- e q  d ,d 

respective levels were 11o9 and 22.0 mg/100 g. Thirteen 
phenolic acids were found in all flours under study. They 
were predominated by the isomeric forms of sinapic acid 
(trans and cis) and trans-ferulic acid. The results for Candle 
and Yellow Sarson flours were similar to those reported by 
Krygier et al. (11). 

Alkaline hydrolysis released twelve phenolic acids from 
ester linkages (Table liD. The sinapic acid isomers were the 
predominant phenolic compounds in the rapeseed cultivars, 
representing over 95% of the total released acids. White 
mustard contained more p-hydroxybenzoic acid than trans- 
sinapic acid~ Most of the other phenolic acids occurred in 
low concentrations, although significant quantities of 
ferulic acid were found in the Polish varieties. 

The total contents of phenolic acids released from 
soluble esters was about ten times greater than was ob- 
tained in the free phenolic acid fraction (Tables II and III). 
The totals in the Polish varieties, Candle and white mustard 
ranged between 520 and 700 mg/100 g, which was about 
one-half the levels obtained by Krygier et al. (11) for 
Candle and Tower rapeseed. In this study, Yellow Sarson 
contained only 222 mg whereas Krygier et al. (11) found 
768 mg/100 g flour for this variety. In the present study 
the purification steps were substantially greater than those 
applied by Krygier et al. (11), which may account for some 
of the difference�9 

The quantities of phenolic acids released from the resi- 
due insoluble in 80% methyl alcohol were low, ranging 
from 3.2 mg in Yellow Sarson to 5.0 mg/100 g in G6r- 
czafiski rapeseed flour (Table IV). Only nine phenolic acids 
were identified; sinapic acids predominated but the con- 
tents of p-coumaric and trans-ferulic acids were also signifi- 
cant. 

The total contents of phenolic acids in the flours under 
study were similar in the Polish and Canadian varieties and 
white mustard (Table V). Only Yellow Sarson exhibited a 
substantially lower level of total phenolic acids. However, 
both- white mustard and Yellow Sarson were low in sinapic 
acid content. 

Based on several determinations, the standard deviations 
for total sinapic acid content of the flours were less than 
10% of the means but the precision of the analytical pro- 
cedures were much less for the minor phenolic acids. When 
consideration is given to the wide difference in the present 
values for Candle and Yellow Sarson and those reported by 
Krygier et al. (11), it is evident that much additional work 
is needed to improve and standardize the analytical pro- 
cedures. 

DISCUSSION 

The isomeric forms of sinapic acid constituted 56 to 91% of 
the free phenolic acids and over 97% of the ester-bound 
phenolic acids in the Brassica napus and campestris cultivars 
(Table Vl). The proportions of sinapic acids liberated from 
the insoluble residue represented 42-59% of the total acids�9 
In white mustard, p-hydroxybenzoic acid was the major 
phenolic acid and sinapic acids represented only 36% of the 
total. 

Sinapic acid occurs primarily as the choline ester, sina- 
pine, in Brassica species (13), and is considered to be the 
principal cause of the bitter taste of rapeseed meal (14,15). 
The high levels but wide range in composition of the sinapic 
acid esters (216-692 mg/100 g flour) among the rapeseed 
flours indicate the need, and possibility, for reduction in 
the concentrations of the bitter component by plant breed- 
ing. In view of the results on sinapic acid content obtained 
with Yellow Sarson and white mustard flours, it appeared 
that there was a connection between sinapine content and 
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color of the seed coat. This result was not clearly demon- 
strated with the Candle variety which had been selected for 
its lighter seed coat color (Table I) but sinapic content  was 
only slightly less than the other rapeseed cultivars. 

Most of the phenolic acids were found in the free or 
esterified form in the rapeseed and mustard flours. The 
relative levels of phenolic acids released by hydrolysis of 
the residues were quite low. These insoluble acids were 
presumably bound to proteins or carbohydrates and could 
be released during subsequent processing or cooking to 
contribute adverse flavors or colors to food products. 
However, their low concentrations would suggest that sol- 
vent extraction proeedures, such as those employed to 
produce protein concentrates and isolates, could be devised 
to remove most of the phenolic compounds present in the 
flours. 
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Polymorphism and Transformation Energetics 
of Saturated Monoacid Triglycerides from 
Differential Scanning Calorimetry and Theoretical Modeling 1 
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ABSTRACT 

Differential scanning calorimetry studies on saturated monoacid 
triglycerides were extended to include most odd and even chain 
lengths from tricaprylin (Cs) through tritriacontanoin (C30). Two 
/~'-forms were common with triglycerides C1s through C2,: shorter 
odd chain length triglycerides (C9-C13) exhibited only one 3'-form; 
short even chain length triglycerides (Ca-C14) exhibited three. Odd 
Chain length C2t and C23 triglycerides showed two B-forms. Trigly- 
cerides of even chain lengths greater than Czt produced two a- 
forms. Apparent energies of phase excitation for a-form transfor- 
mations (determined from scans at different heating rates) showed 
odd-even alternation for short chain lengths, but increased linearly 
with chain length above C14 , evidencing the importance of extended 
chain conformation and interactions as determinants of polymorph 
properties. Changes in melting point patterns, particularly for B' and 
/3-forms, at Ct4 correlated with the change in apparent phase excita- 
tion energy. Comparisons of X-ray data with dimensions from 
space-filling models and agreement between observed entropies of 
fusion and values calculated for probabilistic models also em- 
phasize the importance of extended chain conformation and suggest 
configurational differences, and possibly different polymorph con- 
version pathways for odd versus even chain length triglycerides. 

1Presented in part at AOCS Meeting, Philadelphia, PA, September 
1974. 

INTRODUCTION 

Nearly a half-century after Malkin (1) demonstrated that 
the multiple melting behavior of triglycerides is due to 
polymorphism, controversy still prevails regarding the struc- 
tures of possible crystalline phases (2) and the mechanisms 
for transformation from one phase to another (3). Odd and 
even chain length saturated monoacid triglycerides are 
generally known to occur in a-forms (lowest melting),/3'- 
forms (intermediate melting) and/3-forms (highest melting) 
that exhibit distinct X-ray patterns and characteristic 
physical properties (4, 5), but  an unequivocal molecular 
conformation is known for only the/~-form (6). Difficulties 
inherent in growing single crystals of long-chain trigly- 
cerides and the instability of many a- and /3'-forms still 
preclude their thorough characterization. 

In a previous differential scanning calorimetry (DSC) 
study (7) of monoacid triglycerides, two /3' endotherms 
were reported for even chain length samples tripalmitin 
through tribehenin. At the time, this finding contrasted 
with earlier work (8 -10 )  except, perhaps, that of Lut ton 
and Fehl (5), who occasionally found "artifacts" during 
differential thermal analysis of trimyristin. Further exami- 
nation of this multiple melting behavior by DSC analysis 
of an extended series, tricaprylin through tritriacontanoin 
for even chain lengths and tripelargonin through tritrico- 

JAOCS, vol. 60, no. 6 (June 1983l 


