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Determination of Chlorophyll Pigments in Crude and Degummed 
Canola Oils by HPLC and Spectrophotometryl 
J.K. Daun and C.T. Thorsteinson 
Canadian Grain Commission, Grain Research Laboratory, 1404-303 Main Street, Winnipeg, MB, R3C 3G8, Canada 

Chlorophyll  p igments  in crude and degummed  canola 
oils were analyzed by spectrophotometry  using a modi- 
fied AOCS Method and by reversed phase HPLC. H P L C  
s h o w e d  that  crude canola  oils  conta ined  very l i t t le  
chlorophyll a or b, these  p igments  having been con- 
verted to  pheophyt ins  and other p igments  with similar 
spectral  properties. The ratio of  chlorophyll a:b in the 
seed was  found to be about  3:1 while the ratio of  pheo- 
phytin a:b in the  oil w a s  about  9:1. A s  the A O C S  
Method  for determining oil chlorophyll  was  calibrated 
for pure chlorophyll ,  the use of  this  method  on crude 
canola oil results  in a s ignif icant error. Recalibration 
of  the spectrophotometr ic  procedure with  pheophyt in  
gave  better agreement  with  the HPLC method.  

The level of chlorophyll-related pigments in canola and 
spring-grown rapeseed is an important factor for oil 
quality (1-3). Chlorophyll pigments not only impart 
an undesirable color to vegetable oils but they have 
been shown to impair hydrogenation (4) and to pro- 
mote oxidation in the presence of light (5-8) although 
they may be antioxidants in dark conditions (9,10). 
Removal of chlorophyn pigments from canola oil by 
conventional processing techniques is difficult and may 
require additional bleaching steps compared with other 
oils (11). 

In 1955, in recognition of a similar problem in 
soybean oil, the oil color committee of the AOCS devel- 
oped a method for the determination of chlorophyll in 
refined and bleached vegetable oils (12-15). A vari- 
ation of this method (16) was adopted by Canada as a 
part of its National Standard for crude, degummed and 
refined canola oils {17). 

Although the AOCS method was originally cali- 
brated for the determination of pure chlorophyll a, 
various authors have since demonstrated that chloro- 
phyll is almost completely decomposed during conven- 
tional extraction procedures and that crude canola and 
rapeseed oils contain primarily pheophytin and other 
chlorophyll-related products (2,19-22). High perform- 
ance liquid chromatography (HPLC) studies of soy- 
bean (23) and olive oil (24) have shown similar results. 
The specific absorbances of pheophytins are different 
from the specific absorbances of chlorophylls at the 
analytical wavelengths used in the AOCS method {Ta- 
ble 1). This has resulted in inaccurate quantitation of 
the amount of pigment present and has led to subse- 
quent difficulties in relating the true chlorophyll con- 
tent of canola seed with the amount of pigments found 
in the crude oil extracted from that seed. 

This paper describes an HPLC approach for deter- 
mination of chlorophyll pigments in crude canola oil. 

1Paper No. 635 of the Canadian Grain Commission, Grain Re- 
search Laboratory, 1404-303 Main Street, Winnipeg, Manitoba, 
Canada R3C 3G8. Presented at the A.O.C.S. 79th Annual Meet- 
ing, Phoenix. 

A comparison is made between the HPLC procedure 
and the AOCS method. A modification of the AOCS 
method is proposed which results in closer agreement 
for estimation of pigments by these two methods. 

MATERIALS AND METHODS 

Materials. Chlorophylls a and b were obtained from the 
Aldrich Chemical Company, or from Fluka Co. From 
Fluka ~-apo-8'-carotenal was obtained. Pheophytins were 
prepared from chlorophylls by reaction with HC1(25). 
The concentrations of s tandard solutions of chloro- 
phyll and pheophytin were determined spectrophotomet- 
rically using specific absorbances given by the AOAC 
{26}. The red:blue absorption ratios and positions of 
absorption maxima agreed with the literature values 
(27) for all standards. 

Heptane:ethanol extracts from canola seeds were 
obtained by extraction of 2 g ground seed with 30 ml 
heptane:ethanol {3:1) using a ball mill (28). Crude canola 
oils were obtained from Canadian canola crushing plants. 
Crude oils were dissolved in heptane:ethanol (3:1) to 
give a solution of about 25% oil prior to HPLC. 

HPLC-grade solvents, isooctane, methanol, acetoni- 
trile and dichloromethane were obtained from Fisher 
Scientific Co. HPLC grade water was prepared on a 
Barnstread Nanopur System. Heptane, ethanol, diethyl- 
ether and methyl-tertiarybutylether were ACS grade 
or better. 

Chromatography. Chromatography was carried out 
on a system consisting of 3 Waters model 510 pumps, 
a Waters model 712 WISP auto-injection system, and 
a Waters model 490 programmable multi-wavelength 
UV/Vis detector. As the Waters model 490 detector 
has a wavelength maximum of 600 nM, chlorophyll 
pigments were determined at their absorption maxima 
between 408 nM and 450 nM using the maxplot facility 
at 408 nM, 430 nM and 450 nM. 

HPLC columns were (a) stainless steel cartridge 
220 mm • 4.6 mm i.d. packed with ODS 5~M (Pierce 
Chemical Co.) or (b) a radial compression cartridge, 100 
mm • 8 mm, packed with 4~M ODS (Waters). Mobile 
phases were: A -- acetronitrile; B --isooctane/dichlo- 
romethane (1:1); C -- water/methanol (1:9). The gradi- 

TABLE 1 

Spectral characteristics of chlorophyll and pheophytin a 
Maximum Specific 

Wavelength Absorption 
{nm} Coefficient 

Pigment Red Blue Red Blue 
Chlorophyll a 662 430 100 130 
Chlorophyll b 648 453 55 107 
Pheophytin a 667 408 60 135 
Pheophytin b 655 434 40 220 
aReference (27), All measurements for diethylether solutions. 
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ents  for Column A were: flow 1 ml per  min from 100% 
C at  0 min linearly to 45% C, 40% A and 15% B at  18 
min; linearly to 80% A, 15% B, and 5% C at  28 min. 
The column was cleaned between runs  by  increasing 
to 100% B followed by  100% A, and 100% C. For t h e  
Radial  Pak  column, a similar s y s t em  was used but  the 
total  t ime was decreased to 20 min and the flow was 3 
ml per min. Integrat ion,  da ta  processing and chroma- 
t og raphy  sys t em control were accomplished using Wa- 
ters 840 Sys tem software opera t ing on a DEC Pro 350 
computer .  

Spectrophotometry. Spect rophotometr ic  measure- 
ments  were made on a Bausch and Lomb Spectronic 
1001 split beam spec t rophotometer  and spectra  were 
obtained from a Beckman ACTA M-VI double beam 
spec t rophotometer  and a Beckman DU-7 Spectropho- 
tometer .  

RESULTS A N D  D I S C U S S I O N  

The H P L C  approach described by Khachik, Beecher 
and Whi taker  (29) for s imultaneous measurement  of 
chlorophyll  and carotenoid p igments  in green vegeta- 
ble ex t rac t s  was modified for es t imat ion of chlorophyll 
p igments  in canola oil. Solvents of lower polari ty than  
specified by Khachik et al. were required to completely 
elute the pheophytins .  This was likely due to differ- 
ences in the columns or to a mat r ix  effect caused by  
the relatively large amount  of lipid in our samples. A 
good separat ion of chlorophylls a and b and their re- 
spect ive pheophyt ins  was possible a l though the inter- 
nal s t anda rd  (also r ecommended  by  Khachik  and 
Beecher (30)) eluted close to  the chlorophyll b peak 
(Figure 1). The radial pak  column was considerably 
faster  and gave the same separat ion except  for the 
pheophyt in  a peak which was not well separa ted  f rom 
the later  eluting peaks. 

The source of chlorophyll and the method used in 
the prepara t ion of s tandard  reference solutions were 
found to be ext remely  important .  In some solutions, 
a l though no spectral  anomalies were observed, H P L C  
showed multiple peaks  indicating allomerization of the 
chlorophyll (Figure 2) (31). Allomers somet imes  were 
present  in the chlorophyll as purchased and pure chlo- 
rophyl l  dissolved in e ther  g radua l ly  allomerized. In  
order to minimize allomerization problems,  the chloro- 
phyll s tandard  solutions were analyzed by HPLC as 
soon as possible, even before spect rophotometr ic  de- 
terminat ion of their contents .  Allomerization was not  
a problem in seed ex t rac t s  or oil samples.  

The p r edominan t  chlorophyll  p i g m e n t s  found in 
heptane:ethanol  ex t rac t s  from canola seeds, were chlo- 
rophyll a and chlorophyll b (Figure 3). Small amounts  
of pheophyt in  a were also found in agreement  with 
resul ts  from fluorescence analysis  (32). Analysis  of a 
large number  of samples  with vary ing  levels of chloro- 
phyll showed tha t  the ratio of chlorophyll a to chloro- 
phyll  b was about  3:1 (Figure 4). This was significantly 
d i f ferent  f rom the ra t io  of 9:1 or g rea te r  noted  by  
several  other  workers  based on purely spect rophotomet-  
ric measuremen t s  on seeds (31) or commercial ly pro- 
duced oils (19). The differences may  be due either to 
errors in the spect rophotometr ic  methods  caused by  
the mat r ix  of components  present  or to the different 

sources and different mois ture  contents  of the seeds. 
T h e  r a t i o  of chlorophyll ~'b in the present  s tudy  was 
similar to t h e  r a t i o  found by  Usuki  and Endo  {31}. 

Analysis  of canola oil samples  (Figures 5) showed 
tha t  the major  chlorophyll  species present  was pheo- 
phy t in  a. Only small amounts  of pheophyt in  b were 
found, in agreement  with the spec t rophotometr ic  stud- 
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FIG. 1. Separation of chlorophylls and pheophytin standards on 
a) steel cartridge and b) radial pac ODS columns. Chromatogra- 
phic conditions as described in text.  

w 

rr 
_ . A  . . . . . . .  

t: w 

_ / \  
E O- Q. . . . .  n7 ~ o o ~ ,  ~, 

< 00 o o o_, o.lL 
_ r -  .E  O I  O I  

~, J io_l; o_, 
E " A" 

__~ . . . . .  ~ . . . .  ~_~_Jk,~ I L~ L [ 2  L J ~ I  L._ I 

5 1 5 2 5  315 415 

M I N U T E S  
FIG. 2. Allomerization of chlorophyll a (steel cartridge ODS 
column). Chromatographic conditions as described in text.  
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FIG.  3. Chlorophyll  p igments  in canola seed extract  (steel car- 
t r idge ODS column). Chromatographic  conditions as described 
in text.  
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FIG.  5. HPLC analysis  of chlorophyll p igments  in crude canola 
oil (steel car t r idge  ODS column). Chromatograph ic  condit ions 
as described in text.  
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FIG.  7. Absorpt ion  spectrum of chlorophyll a (a,b) and chloro- 
phyll  b (c,d) f rac t ions  collected from HPLC analys is  of hep- 
tane:e thanol  ex t rac ts  of canola seed. 
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FIG.  4. Relationship between chlorophyll a and chlorophyll b in 
heptane:ethanol  extracts  of canola seed. 
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FIG. 6. HPLC analysis of chlorophyll p igments  in crude soybean 
oil (steel car t r idge ODS column). Chromatographic  conditions 
as described in text. 
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FIG. 8. Absorpt ion spectrum of pheophytin a (a,b) and pheo- 
phytin b (c,d) fractions collected from HPLC analysis of crude 
canola oil. 
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FIG. 9. Absorpt ion spectrum of fractions collected between 4-8 
mins Ca,b) and between 14-17 mins  (c,d) from H P L C  analys i s  of 
crude canola oil. 

ies cited above�9 Analysis  of crude soybean oil (Figure 
6 and 7), showed a lmost  no chlorophyll or pheophyt in ,  
in agreement  with Fraser  and Frankel  (23). 

When different fract ions of the ch roma tog ram were 
collected and analyzed on the scann ing  spec t ropho-  
tometers ,  the identities of the chlorophyll and pheo- 
phy t in  a and b peaks  from both the seed and the oil 
samples  were confirmed (Figures 7,8)�9 For certain canola 
oils, s ignif icant  abso rbances  in the  600 to 700 nM 
region were found in the HPLC fractions eluting be- 
tween 4-8 min and also between the 14 to 17 minutes  
(Figure 9). These components  need fur ther  identifica- 
tion but  they could be pheophorbides or chlorophyl- 
lidos. 

Since pheophyt in  a appeared to be the major  com- 
ponent  present  in the crude canola oils studied, a spec- 
t r opho tome t r i c  procedure  was developed wi th  pheo- 
phy t in  a as a calibration s tandard.  This calibration 
gave  results  about  1�9 t imes higher than  the AOCS 
Method CC 13d-55 as modified by  Yuen and Kelly (16) 
(Figure 10). A similar calibration using chlorophyll a 
gave  a 1:1 cor respondence  with  the  AOCS method.  
Total  p igments  determined by the pheophyt in  calibra- 
tion were found to give similar resul ts  to the pheo- 
phy t in  a or total  chlorophylls and pheophyt ins  deter- 
mined by  H P L C  (Figure 11). 

This s tudy,  and the s tudy  repor ted  by Fraser  and 
Frankel  on soybean oil, show tha t  the current  AOCS 
method  for determinat ion of chlorophyll is inaccurate  
and unreliable. Proposed improvements  include cali- 
bra t ion for the major  pheophyt in-based p igments  actu- 
ally present  in the oil. I t  would also be useful to delete 
references to specific spec t rophotometers ,  mos t  of which 
are no longer available or found in laboratories,  and to 
write the method in a form applicable to modern spec- 
t rophotometers .  

680 
Q .  

d 
--J  

z 

-r 

AOCS CHLOROPHYLL (ppm) 
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rophyll  a P)  and wi th  pheophyt in  a (A). 
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