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ABSTRACT 

[n many new oilseed p~otein sources, phenolic  
compounds  are as impor tan t  as unsa tura ted  lipids, 
carbonyl  compounds ,  and nonenzymat ic  browning in 
the development  o5 adverse f avors  and colors in food 
products.  The free phenolic  acids are of part icular  
concern because of  enzymat ic  oxidat ion to o-qui- 
nones and subsequent  binding to lysinc and 
meth ion ine  in the proteins.  Numerous free phenolic  
acids have been identif ied in all oilseed flours with  
syringic, fe ru l ic  and vaniEic being the major  compo- 
nents  in cottonseed,  peanut  and soybean flours. 
Gossypol in cot tonseed,  chlorogenic acid in sun- 
flower, and sinapine in rapeseed are mierocons t i tuen t  
phenolics which cause unique problems in the utiliza- 
t ion of these defat ted flours and thei r  protein isolates 
in food applications. The roles of bound  p h e n d i c s  
and tannins  in the  binding of essential nu t , ten ts  or 
altering chemical and funct ional  propert ies  require 
fur ther  investigation. 

I N T R O D U C T I O N  

Phenolic compounds  are widely dis tr ibuted in plant 
parts f rom the roots  to the  seeds. Some phenol ic  com- 
pounds  are essential metaboli tes,  o thers  have complex 
structlares of unknown funct ion and may be unique to a 
particular plant family or genera. Much of the present  
discussion will deal with the occurrence of simpler com- 
pounds  such as the phenolic acids and thei r  esters which  are 
c o m m o n  microcons t i tuents  in most  oilseed, legume and 
cereal seed-~. During iadustr ial  and food processing, the  
aqaleous, temperature ,  and pH condit ions may be conducive 
to extensive enzymic and autolyt ic  react ions that  lead to 
changes in nut r i t ion ,  flavor, color and odor. Recent  re- 
search on new oilseed protein sources has demonst ra ted  
tha t  phenolic compounds  may be as impor tan t  as non-  
enzymat ic  browning  or oxidat ion of  unsatura ted  lipids in 
the  developmen~ of  adverse flavors, colors, odors, and 
ant inut l i t ive  effects on  proteins and vitamins. 

The analysis, chemistry and physiology of plant  phenollcs  
as a group have been reviewed by Mabry et al. (1 }, Pierpoint  
(2),  Ribereau-Gayon (3) and Van Sumere et  al. (4). The 
objectives of the present  review are to collate the more  
scattered l i terature on phenolic compounds  in oilseed 
prote in  products  and  to provide in format ion  on the qualita- 
tive and quant i ta t ive  difference~ in these impor t an t  nliero~ 
cons i tu tents  among oilseed protein products .  

CLASSIF ICATION AND STRUCTURE 

A variety of classifications of phenol ic  compounds  has  
been proposed:  for the present purposes the c o m m o n  
const i tuents  in oilseed produc ts  appear to  have six or seven 
basic structures as shown in Figure 1. These are the 
hydroxyla ted  derivatives of benzoic and cinnamic acids, 
coumarins,  flavonoids, and the poIyphenol ic  tannins  and  
lignin (3). 

Phenolic acids include the  benzoic  acid (C6+C1) and 
cinnamic acid (C6+C3) based phenolics (Fig. 2). The ben-  
zoic acids are widely distrihtt ted in nature .  The simpler 
types include p-hydro•  protocatechuic ,  vanillie, 

galli~ and syrJngJc acids plus the o-bydroxy salicylic and 
gentisic acids. 

The c innamic acids p-coumariG caffeic, ferulic, and 
sinapic are found in mos t  oilseeds and occur f requent ly  in 
the form of esters with  quinic acid or sugars (Fig. 2), The 
well k a o w n  chlo:ogenic acid is an ester of oaf fe l t  and quinic 
acids and is found in several isomeric and derivatized forms. 
The amino acids, tyrosine and  d ihydroxyphenyla lan ine ,  can 
be considered as modif ied forms of cinnamic acid and have 
phenolic  functions.  Apparen t ly ,  the presence of  an acrylic 
acid group conjugated witir the  aromatic  ring facilitates the 
oxidat ion of  cinnam~'c acids to the corresponding o-qui- 
nones.  The oxidat ion potent ia l  of these m o n o c y c h c  pheno-  
lies varies widely from the  very easily oxidized 2,4,5-trihy- 
droxy compounds  to the more stable me thy la t ed  phenolics 
and finally the  least reactive monophenols  (5). 

The coumarins  possess the s~me C64Sa configurat ion of 
tile c innamic acids, bu t  the  (73 chain is formed in to  an 
oxygen heterocycle  (Fig, 1). The couramins arc less widely 
dis tr ibuted in seeds and  occur  primarily as giucosides. They 
exhibit  l imited chemical react iwty and have little effect on 

.org~moleptic or nutr i t ive value of seed products.  
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FIG. t. Structures of the b~ic  phenulic compounds found in 
oilseed protein ploducts. 
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FIG, 3, Enzyme-catalyzecI oxidation of ~ f e i c  acid 'co caffeo- 
quinone followed by aulolytic bonding to amino and thiol group~ in 
proteins. 

The flavonoids are a major  group of plant  phenolios 
having the C6-C3-C6 s t ructure  in c o m m o n  (F~g. 1). The 
flavones, flavonols, flavanols, anthocyanidins ,  chalcoues, 
aurones,  etc., differ primarily in the nature  of the C3 group. 
Of these compounds,  the flavonols are by far the most 
common:  quercetin and  kaempferol  are widely distr ibuted 
in seeds, esl~ecially as glycosides. The flavanois are unique 
in that  they do not  occur as glycosides but show greater 
reactivity especially th rough  polymerizat ion into "con-  
densed tarmins" (Fig. I ). 

Po |ymedc  phenols  are dist inguished into three groups on 
the basis of the products  recovered by heating with acid or 
alkali, t tydro2yzable tannins  ymld phenolic  acids (gallic or 
ellagic acids) plus glucose on acid hydrolysis while con- 
densed tannins yield flavanots plus a brown residue, Alkaline 
hydrolysis  of  lignin releases a variety of benzoic and cin- 
namic acid derivatives as well as o ther  unrelated corn- 
po an ds. 

I N T E R A C T I O N  OF P H E N O L I C  C O M P O U N D S  
WITH  P R O T E I N S  A N D  A M I N O  ACIDS 

Atmospher ic  or enzyme-catalyzed oxidat ion of phenols  
in seeds results in quinoidal  p roduc t ion  and the format ion 
of  hydrogen peroxides~ Both products  are destructive uf 
labile amino acids, denature  proteins and inh~hit enzymes 
such as indole acetic acid oxidase (6). t rypsin and lipase (7) 
and arginase (8). I.n oilseeds, the cinnamic acids and their  
esters are of part icular  significance because they are the 
preferred substrate for phenol  oxidase (plaenolase, poly- 
phenoloxidase)  (2). The o-dihydroxyphenols ,  especially 
eaffeie and ehlorogenic acids, are oxidized to o-quinones by 
copper-containing enzymes which occur a s  ubiquitously in 
plant  materials as the cinnamic acids (Fig. 3). Once forme6,  
o-quinones (e.g., eh lorogenoquinone)  react nonenzymat i -  
cally to  polymerize,  are reduced or bond covalently to  
amino,  thiol  and methy lene  groups. The e-am/no group cf  
lysine and the th ioe ther  group of meth ion ine  are commonly  
a t tacked to render them nutr i t ional ly  unavailable to the 
mot~ogastric digestive system, 

The implications of quinoidal fo rmat ion  are particularly 
serious in sunflower which is repor ted  to contain 3 to 3.5 g 
of phenol ic  compounds  per 100 g o f  flo~r with  chlorogeIlir 
and caffeic acids representing ca. 70% of  the total  phenolics 
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FIG. 4. (;LC chromatogram of TMS derivative~ of the free 
phenolic eompouncis in sunflower flour. Trens-cinn;mllc (TC), 
p coumaric (PC), isoferulic (IF), caffeic (CA), siaapie (SN), un- 
knowns (UK 1, UK2), internal standard (IS) and chlorogenic acids 
(CG 1 , CG 2 , CG 3) (9), 

OCH3 ~ + 

t_ oc.  _j 
$inapine 

I H:~O 

OCH3 

O C H 3  

Sinapic a c i d  Choline 

X -  = A n i o n  

FiG. 5. Sinapine and it~ hydrolytic cleavage p;oducts (21). 

(9). Under  alkaline condit ions,  sunflower protein solutions 
develop dark green and brown colors due to oxidat ion of 
polyphenol ic  compounds  and, when the proteins are 
precipi tated at pH 4.7, the green colors cannot  be washed 
from the  prote in  isolate (10). However, the nutri t ive values 
of sunflower flour and concentra te  were proport ional  to 
their  lysine contents  (11),  and alkaline hydrolysis to release 
indJgestihle lysine and methionirte may compensate  in part  
for phenolic binding in protein isolates. Sabir et al. ( I2 )  
demollstrated that ,  in sunflower protein solutions extracted 
with neutral  saIt solutions, atl of  *he major protein fractions 
were free of pllenolic associations. About  one-third of the 
ehloyogenic acid was bound  to low molecular  weight 
polypeptides and oligonuclcotides (MW~5000) .  

Generally,  phenolic compounds  are not  toxic, but 
cot tonseed resin glar~ds conta in  a high concentrat ion of the 
yellow plgmenz, gossypol, wMch is toxic  to  pigs and poul- 
try but  no t  ruminants.  The gossypol will oxidize and 
esterify like o ther  phenols  but  usually the aldehyde groups 
react with :he  e-amino groups of  lysine in the cot tonseed 
globulins, especially during high temperature  oil extract ion 
or meal processing (13). Bound gossypol is undigestible and 
of limited toxici ty,  bu t  the  biological avMlabitity of lysine 
in the meal  is reduced. Much of  tl~e commercial  supply of 
cot tonseed meal is utilized in monogastr ic  nutr i t ion by 
binding gossypol, iron supplementa t ion ,  etc., to reduce free 
gossypol conten~c and increase tolerance to the  polyphenolic  
compound.  
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Tannins b i n d  to enzymes and other proteins by hydro-  
gen bonding to  ami~le groups to form insoluble ~omplexes. 
Generally, hydrolyzabie tannins are more reactive than 
condensed tannins, and their oxidized derivatives form 
eovatent bonds with proteins that  are resistant to enzymic 
and microbial digestion (4). The combined reaction of 
quinones, polyphenol~ and tannins on the e-amino groups 
of lysine and their subsequent polymerization into tannin- 
protein complexes will make large blocks of amino acids, 
including other essential amino acids, resistant to digestive 
enzymes of the rhonngastric and ruminant  animats. Thus, a 
low level of  oxidation can result in a substantial decrease in 
protein nutritive value (14). 

PHENOLIC FLAVOR AND COLOR EFFECTS 

The bitter and beany flavors of  oBseed flours, including 
commercial soy flours, concentrates and isolates ( 1 5), have 
been a persistent problem in expanding their food uses. 
Commonly,  the benny, bitter,  chalky and astringent flavors 
of legumes have beer~ at tr ibuted to enzymic and nonen-  
zymie deterioration of unsaturated lipids to hydroperoxides 
and, ultimately, carbonyl compounds  such as hexanal, 
pentyl  furan and ethyl vinyl ketone (16). 

Arai et al. (17) reported that  a strongly phenolic- 
flavored ethanol eAtract of  defatted soybean flour con- 
taJned at least seven phenolic acids including syringic, 
vanillic, ferulic, gentisic, salicylic, p-coumaric and p- 
hydroxybenzoic  acids. The main phenolic component  was 
syringic acid. Maga and Lorenz (18) measured taste thres- 
holds of phenolic acids, alone and in combinations, to show 
that the latter condition resulted in much lower taste 
thresholds of 40 to 90 ppm as compared to the indivzdual 
acids. At these levels, phenolic acids would contribute 
significantly-to objectionable astringent flavors in oilseed 
flours. By means of a 500 ft. capillary column, 27 free 
phenolic acids were separated by GLC of soy, cot tonseed 
and peanut flours (19). The major free phenolic acids in all 
flours were syringzc, ferulic and vanlilic acids, which 
occurred in concentrations above the taste thresholds for 

phenolic acids. 
Despite the high concentrat ions of chlorogenic acids, 

sunflower flouts have much blauder flavors and odors than 
soybean, cot tonseed,  or peanut flours. Sabir et aL (9)used 
GLC methods to identify trans-cinnamic, p-coumaric, 
isoferulic, caffeic, sinapic and ch]orogenic acids in sun- 
flower flour (Fig. 4). The color problem with chlorogenic 
acid under alkaEne conditions represented a serious • 
pediment to  food utilization of sunflower protein products.  
Cater et al. (20) established that  ehiorogenic acid in sun- 
flower seed is responsible for the green to brown color of  
alkaline extracts while caffeic produced only a slight pink, 
and quinic acid had no effect on color. Under slightly acid 
conditions,  even freeze-dried or textut ized samples develop 
a grey color. At the pH of bread (pH--5.5), sunflower 
protein supplementat ion with flours and concentrates 
caused breads to develop light to medium brown colors in 
the crumbs depending on the levels of phenolic compounds 
present. 

The pungent,  mustardy flavor and odor  of rapeseed, 
mustard, and crambe flours are due to the hydrolysis 
products of glucosinolates which include several isothio- 
cyanates and oxazolidinethione that are not phenolic 
compounds.  Itowever, the conversion of sinalbin in white 
mustard by the enzyme myrosinase to p-hydrexybenzyl  
isothiocganate provides a particularly pungent flavor which 
is popular in prepared mustards. 

Another  bit ter  component  in Brassiea species and 
Crambe is sinapine, the choline ester of  sinapic acid (Fig. 
5). Austin and Wolff (21) demonstrated that rapeseed meals 

contained ca. I% of sinapine, which was twice the level 
present in cr~mbe meal. These levels of sinapine are quite 
high and would account for the bi t ter  flavor of glucosino- 
late-free flours and products supplemented with these 
flours (22). Sinapine is not subject to hydrolytic cleavage 
except during germination when the appropriate esterase is 
activated, Therefore, techniques for detoxification or 
removal of the toxic glucosinolates should also be assessed 
for their ability to reduce the content  of bitter sinapine. 

Durkee and Thivierge (23) reported that the major 
phenolics in rapeseed meal, including hulls, were sinapine, 
kaempferot and isorhamnetin glycosides and esters. While no 
free phenolic acids were detected by their procedures, 
hydrolysis of the glycosides yielded sinapir p-coumaric, 
caffeic, p-hydroxybenzoic  and ferulie acids. The same 
consti tuent  phenolic acids were found in dehulled rapeseed 
flours as free phenolic acids by Kozlowska et al. (24). In 
order of importance, the principal free phenolic acids ix 
dehulled rapeseed flours have been identified as sinapic, 
trans-cinnamic, p-hydroxybenzoic,  p-coumaric, ferulie, and 
caffeic acids. There were also two unidentified components  
and a small quantity of cb.lorogenic acid, In other rapeseed 
flours, low concentrations of  vanillic and gentisic acids were 
also isolated as free phenolic acids. 

F~ee phenolic constituents have beer~ identified and 
quanti tated in most  oilseed flours. However, their specific 
effects on amino acids, odors, flavors, and colors are 
unknown in most ~ases. The bound phenolic compounds 
have been largely ignored by aqueous processing such as in 
breadmaking and extrusion cooking has shown the effects 
of reteased compounds  that appear to have phenolic func- 
tions. Further studies are required on the levels of these 
bound and esterified phenolic compounds  in new oilseed 
protein products and their potential effects on processed 
food quality. 
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