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SUMMARY. Several factors render carotenoid determination 
inherently difficult. Thus, in spite of advances in analytical 
instrumentation, discrepancies in quantitative results on carotenoids 
can be encountered in the international literature. A good part of the 
errors comes from the pre-chromatographic steps such as: sampling 
scheme that does not yield samples representative of the food lots 
under investigation; sample preparation which does not maintain 
representati vity and guarantee homogeneity of the analytical sample; 
incomplete extraction; physical losses of carotenoids during the 
various steps, especially during partition or washing and by adsorption 
to glass walls of containers; isomerization and oxidation of carotenoids 
during analysis. On the other hand, although currently considered the 
method of choice for carotenoids, high performance liquid 
chromatography (HPLC) is subject to various sources of errors, such 
as: incompatibility of the injection solvent and the mobile phase, 
resulting in distorted or split peaks; erroneous identification; 
unavailability, impurity and instability of carotenoid standards; 
quantification of highly overlapping peaks; low recovery from the 
HPLC column; errors in the preparation of standard solutions and in 
the calibration procedure; calculation errors. Illustrations of the 
possible errors in the quantification of carotenoids by HPLC are 
presented.
Key W ords: Carotenoids, quantitative analysis, HPLC, analytical 
errors.

RESUMEN. Fuentes de errores en el análisis cuantitativo de 
carotenoides en alimentos por HPLC. Varios factores he. .en 
inherentemente difícil la determinación de carotenoides. A pesar de 
los avances en la instrumentación analítica, se pueden encontrar en 
la literatura internacional, discrepancias en los resultados cuantitati­
vos relacionados a los carotenoides. Una gran parte de los errores 
provienen de las etapas precromatográficas tales como: esquema de 
muestreo que no produce muestra representativa del lote en estudio; 
preparación de muestra que no mantenga la representatividad y 
garantice la homogeneidad de la muestra analítica; extracción in­
completa; pérdidas físicas de los carotenoides durante las varias 
etapas, especialmente durante la partición o lavado y por adsorción 
en las paredes de vidrios de los recipientes; isomerización y oxida­
ción de los carotenoides durante el análisis. Sin embargo, a pesar de 
que actualmente el método escogido para análisis de carotenoides es 
HPLC, éste está sujeto a varias fuentes de errores, tales como: 
incompatibilidad del solvente de inyección y la fase móvil, resultan­
do en picos distorsionados o divididos; identificación errónea; 
indisponibilidad, impureza e inestabilidad de los patrones de 
carotenoides; cuantificación de picos altamente superpuestos; baja 
recuperación de las columnas de HPLC; errores en la preparación de 
las soluciones de patrones y en el procedimiento de calibración; 
errores de cálculo. Se presentan ilustraciones de los posibles errores 
en la cuantificación de carotenoides por HPLC.
Palabras clave: Carotenoides, análisis cuantitativo, HPLC, errores 
analíticos.

IN T R O D U C T IO N

The day when we can say that most o f the data on carotenoid 
composition o f foods are finally reliable is still eluding us. 
Although there have been tangible strides, and an appreciable 
part o f  available analytical inform ation is now reliable, 
incoherence in  published results persists, in spite o f  the 
introduction of high performance liquid chromatography (HPLC), 
currently regarded as the method o f  choice. A  quick look at 
recent literature illustrates this point, even in terms o f only the 
principal carotenoids. Errors are understandablymagnified when 
m inor or trace carotenoids are considered. Tables 1-3 showsom e 
recent results on three foodstuffs, obtained in several countries.

Lycopene and ß-carotene levels in tomato, from four countries 
using two analytical techniques, agree well (Table 1), except for 
the lycopene content o f  M alaysian tomato. The a-carotene and 
ß-carotene contents o f carrot, obtained in six countries, are more 
variable, but seems to be mostly a reflection of natural sample 
variation (Table 2). On the other hand, the carotenoid data for the 
leafy vegetable Ipomoea aquatica, called water spinach by Wills 
and Rangga (13) o f  Australia and Hulshof et al.( 12) o f Indonesia, 
swamp cabbage by Tee and Lim (4) of Malaysia and water 
convolvulus by Chen and Chen (11) o f Taiwan, are so different that 
analytical factors must have been involved. Results such as these 
justify continued strong effort on analytical refinement, so that 
analytical variability is not mistaken for natural variation of samples.



TA B LE 1
Data on principal carotenoids Qig/g) o f  tomato

Reference, chromatographic 
technique

Cultivar B-Carotene Lycopene

Hart & Scott (1), UK, HPLC 9 cultivars 4.3-17 12-50
Khachik et at. (2), USA, HPLC not specified 2.8±0.2 39±1
Tavares & Rodriguez-Amaya (3),
Brasil, OCC Santa Cruz 5.1±1.1 31+20
Tee & Lim (4), Malaysia, HPLC not specified 3.6 7

HPLC- high performance liquid chromatography; OCC- open column 
chromatography

TABLE 2
D ata on principal carotenoids (|J.g/g) o f carrot

Reference, chromatographic technique a-Carotene ß-Carotene

Abdel-Kader (5), Egypt, HPLC 34 63
Chen et al. (6), Taiwan , HPLC 28±3 54±6
Godoy & Rodriguez-Amaya (7),
Brasil, OCC 19±1 38±4
Granado et al. (8), Spain, HPLC 29±3 66+0
Hart & Scott (1), UK, HPLC 2 7 , 36a 85 , 108a
Heinonen et al. (9), Finland, HPLC 22-49b 46-103b
Lessin et al. (10), USA, HPLC 39 56
Tee & Lim, Malaysia (4), HPLC 34 68

aTwo sample lots analyzed in May and September. 
b19 cultivars.
HPLC- high performance liquid chromatography; OCC- open column 
chromatography

It is recognized that carotenoid analysis is inherently 
difficult, the m ain reasons being; (a) the existence o f  a large 
num ber o f  naturally occurring carotenoids; (b) the highly 
variable qualitative and quantitative carotenoid com position 
o f  foods; (c) the wide range in concentration o f  the constituent 
carotenoids o f  any given food; and (d) isom erization and 
degradation o f  carotenoids during analysis or storage o f samples 
prior to analysis (14-16).

Regardless o f  the analytical m ethod adopted, a m ajor 
source o f errors is the susceptibility o f  the highly unsaturated 
carotenoid m olecule to isom erization and oxidation. Thus, 
special precautions should be taken during analysis, such as: 
(a) com pletion o f  the analysis w ithin the shortest possible 
time; (b) exclusion o f oxygen; (c) protection from light; (d) 
avoiding high tem perature; (e) avoiding contact w ith acids; (f) 
use o f high purity solvents, free from  harmful im purities (e.g. 
peroxides).

The general procedure in carotenoid analysis consists of;
(a) sampling and sample preparation, (b) extraction, (c) partition 
or transfer to a solvent com patible with the subsequent 
chrom atographic step, (d) saponification and washing, (e) 
concentration or evaporation o f solvent, (f) chrom atographic 
separation, (g) identification and quantification. Evidently, 
errors can be introduced in each o f  these steps. Thus, aside 
from  errors arising from  the isom erization and oxidation o f 
carotenoids during analysis, other com m on sources o f  errors 
are: (a) analytical sam ples not representing the food lots under 
investigation, (b) incom plete extraction, (c) physical losses 
during the different steps, (d) inefficient chrom atographic 
separation, (e) m isidentification, (f) faulty quantification or 
calculation. A nother serious source o f  error is enzym atic 
oxidation, which occurs between cutting or disintegration o f  
sam ple and extraction.

TA BLE 3
HPLC data on carotenoids (|Jg/g) o f Ipom oea aquatica

Carotenoid Chen and Chen (11) 
Taiwan, 

water convolvulus

Hulshof et al. (12) 
Indonesia, 

water spinach

Tee and Lim (4) 
Malaysia, 

swamp cabbage

Wills and Rangga (13) 
Australia, 
water spinach

ß-Carotene 100±8 27±10 19 4
^ C is -ß-carotene 6.8+0.8 4.3±2.2 nd nd

Lutein 78±7 nd 3.4 6
Violaxanthin 60±5 nd nd 25
Neoxanthin 50+5 nd nd 16
Lutein epoxide 29±3 nd nd nd
Cis-lutein 11±1 nd nd nd
Zeaxanthin nd nd nd 5

HPLC- high performance liquid chromatography; nd- not determined.



E rro r s  in  th e  p re -c h ro m a to g ra p h ic  steps
Errors incurred in the steps preceeding chromatography 

m ay su rpass ch rom atog raph ic  erro rs and w ill no t be 
com pensated for, no m atter how m odern and sophisticated the 
analytical instrum entation m ay be. In a series o f  European 
interlaboratory studies (17), the prelim inary conclusion was 
that preparation o f  the carotenoid extract for HPLC m ight 
account for about 13% o f the overall variance o f around 23%.

In the interlaboratory studies m entioned above, the same 
hom ogenous and stable vegetable m ix w as analyzed by the 
different laboratories, thus sam pling and sam ple preparation 
were not part o f  the investigation. H owever, these tw o initial 
steps in  the analytical process could be m ajor sources of 
errors.

S evera l fac to rs  m arked ly  in flu en ce  the caro teno id  
com position o f  foods: (a) cultivar or variety; (b) part o f plant 
analyzed; (c) stage o f  m aturity; (d) clim ate o r geographic site 
o f  production; (e) harvesting and postharvest handling; and (f) 
processing and storage. Thus, representative sam pling and 
sam ple preparation are critical and difficult operations, which, 
unfortunately, are not w ell focalized in the carotenoid field. 
R eferring to  food analysis in  general, Rund (18) eloquently 
writes, “A re we conscious that the m agnitude o f sampling 
errors often exceed three-fold those o f  the analysis? W hy 
should w e be so enam ored o f new, extrem ely expensive, and 
highly sensitive laboratory instrum entation with miraculous 
detectability characteristics when the gross sample from which 
the laboratory portion has been extracted was possibly obtained 
with antiquated equipm ent and procedure often neither based 
on scientific fact nor trained personnel?”

Because o f the influencing factors cited above, aside from 
insuring representative sam pling and sample preparation, 
pertinent inform ation m ust accom pany analytical results, such 
as origin, cultivar, part o f  plant analyzed, stage o f  maturity, 
postharvest handling conditions.

Because o f  the varying nature o f food m atrices, including 
the degree o f natural protection conferred on Carotenoids, 
incom plete extraction may be a m ore com mon source o f error 
than presently acknowledged. Physical losses, including that 
resulting from  tight adherence o f carotenoids in concentrated 
solutions on the glass walls o f containers, are also often 
overlooked.

The addition o f M gC 0 3  and other neutralizing agent is 
often done to  neutralize the acids liberated from  the sample 
during tissue disintegration to prevent isom erization and 
degradation. In our laboratory, keeping the tim e lag between 
sam ple m aceration and extraction as short as possible, not 
only prevents enzym atic oxidation, but also makes the addition 
o f  MgCC>3 unnecessary. N o significant difference in the 
carotenoid concentrations o f tom ato, an acidic sample, and 
kale, w ere observed w ith or w ithout the addition o f  M gC0 3  
(19).

It could  be argued that the effect o f  M gC0 3 , under the 
conditions described above, m ight not be perceptible in term s

of the concentration of the constituent carotenoid, but could be 
seen in term s of isom erization. The chrom atogram  of the 
carotenoids o f  tom ato, obtained with or w ithout the use of 
MgCC>3 (Figure 1) are identical and does not support this 
contention, no cA-isomers of 6-carotene being detected in 
unneutralized tomato with the Vydac colum n which is capable 
o f  separating these geom etrical isomers.

FIG U R E 1
HPLC chrom atogram s o f  tom ato extracts obtained with 

(a) and w ithout (b) the use o f  M gC 0 3 . Conditions - 
Column: Spherisorb ODS 5 )J.m, 2.0x250 mm. M obile 

phase: acetonitrile:m ethanol:ethyl acetate 73:20:7.
Flow rate 0.25 mL/min.

Peak identification: 1 - lutein, 2- fra/u-lycopene, 3,4- cw-lycopene, 5- 
neurosporene, 6- y-carotene, 7- ris-£-carotene, 8-ira/ts-£-carotene, 
9- 6-carotene.



Possible losses during saponification have received more 
attention. This steps is carried out to rem ove chlorophylls and 
unwanted lip ids and to  hydrolyze carotenol esters, thus 
simplifying the chrom atographic separation, identification 
and quantification o f  the carotenoids. However, artefact 
formation and degradation of carotenoids can occur, the extent 
of which depends on the carotenoid present and on the 
saponification conditions (20). The provitam in A  carotenoids 
a-carotene, 6-carotene, y-carotene and B-cryptoxanthin can 
resist saponification (19 ,20), but xanthophylls such as lutein, 
violaxanthin and other dihydroxy and trihydroxy carotenoids 
can suffer considerable losses (20-22). Thus, saponification 
should be om itted w henever possible (e. g. analyses of leafy 
vegetables, tom atoes and carrots) and when indispensable, 
mild conditions should be used. Saponification o f carotenoids 
dissolved in  petroleum  ether w ith an equal volume of 10% 
KOH overnight at room  tem perature in the dark, preferably 
with the addition o f  B H T and under an atmosphere of N 2, has 
been generally found to be adequate in our laboratory. Care 
should also be taken during the subsequent washing as 
xanthophylls can be easily lost with the water.

Concern about losses o f carotenoids has recently led 
researchers to shorten the time o f ambient saponification (1,2, 
23). However, complete hydrolysis o f carotenoid esters from 
papaya and Cucurbita maxima  cultivar Exposigao was found to 
oe complete only after overnight saponification (Figures 2 and 3).

E rro rs  in  th e  c h ro m a to g rap h ic  step
Before carrying out an expensive and complicated analysis, 

the analyst m ust clearly define what inform ation is desired. 
Carotenoid analysis has been carried out at three different 
levels. For a long time, quantitative analysis of carotenoids 
involved m ainly the determ ination o f the concentrations of 
only the principal p rovitam in A  carotenoids. W ith the 
recognition that vitam in A  inactive carotenoids can also be 
biologically active, determ ination o f  m ajor carotenoids, 
provitamins A  or not, have been increasingly carried out. The 
complete carotenoid composition is the ultimate aim of carotenoid 
analysis. However, considering that the carotenoid composition 
of foods typically consist o f 1 to 4 principal carotenoids, with a 
series o f carotenoids in minute or trace amounts, it is questionable 
whether the added inform ation is well worth the greater 
complexity o ffh e  analysis, with greater possibility o f errors, 
higher cost and longer analysis time. In our opinion, the 
determination of the m ajor carotenoids is adequate for the 
generation o f data for food composition databases.

Although the preferred m ethod for the chromatographic 
separation o f  carotenoids, HPLC is subject to several sources 
of errors: (a) incom patibility o f  the injection solvent and the 
mobile phase, (b) erroneous identification, (c) im purity and 
instability o f  carotenoid standards, (d) quantification of highly 
overlapping peaks, (e) low  recovery from the H PLC column, 
(f) errors in the preparation o f standard solutions and in the 
calibration procedure, and (g) erroneous calculation.

The injection solvent m ust be capable o f  dissolving all the 
sample's carotenoids and m ust also be com patible with the 
m obile phase. I f  the injection solvent is m uch stronger than the 
m obile phase, the carotenoids can precipitate in the mobile 
phase, resulting in band broadening and double or tailing 
peaks, especially when the extract is concentrated (24). On the 
other hand, a weak injection solvent will not dissolve the 
carotenoids completely.

FIGURE 2
HPLC chromatograms o f papaya extracts, unsaponified 
(a), saponified for 4 hours (b) and saponified overnight 
(c). Conditions - Column: Novapak 4 pm , 3.9x300 mm. 

M obile phase: acetonitrile:m ethanol:dichorom ethane, linear 
gradient o f 80:20:0 to 65:20:15 in 30 min and to 40:20:40

in 20 min. Flow rate: 0.70 mL/min.

Peak identification: 1- B-cryptoxanthin, 2- lycopene, 3- B-carotene, 
4- esters



FIG U R E 3
HPLC chrom atogram s o f  Cucurbita maxima  cultivar 

Exposi§ao extracts, unsaponified (a), saponified for 4 hours 
(b) and saponified overnight (c). Conditions - Column: 

N ovapak 4 pm , 3.9x300 m m . M obile phase: acetonitrile: 
methanol: dichorom ethane, linear gradient o f  80:20:0 to 
65:20:15 in 20 m in and to 40:20:40 in  20 min. Flow rate: 

0 .70 mL/m in.

0 l o  20  30 4 0  SO GO 7Q

Peak identification: 1- lutein, 4- 6-carotene, 2,3,5 and 6- esters.

K hachiket al. (25) reported peak splitting when carotenoids 
w ere injected in dichloromethane, chloroform, tetrahydrofuran, 
benzene o r toluene w ith a  m onom eric C is  colum n and a 
m obile phase consisting o f  am ix ture o f  acetonitrile, m ethanol, 
diclorom ethane and hexane. N o such splitting occurred when 
the injection solvent w as acetone, acetonitrile, m ethanol or 
hexane. O n the other hand, Zapata and G arrido (26) observed

d isto rted  peaks, especially  w ith the firs t peaks, when 
carotenoids were injected in 90%  acetone w ith a gradient of 
100% m ethanol to m ethanol-acetone (8:2) as m obile phase. 
N o peak distortion was observed when the sam e extract was 
injected in 95%  methanol o r 69% acetone.

As with Khachik et al.(25) and L ietz and Henry (27), in 
our laboratory, acetone has been found to be a suitable injection 
solvent. W ith a Vydac Q s  polym eric colum n and a mobile 
phase o f  m ethanol-tetrahydrofuran (95:5), peak splitting 
occurred when tom ato extract was injected in hexane (Figure 
4a). However, well defined peaks were obtained when the 
extract was injected in acetone (Figure 4b). Since occurrence 
o f  peak distortion and splitting depends on the chromatographic 
system used, and results o f  different laboratories diverge 
som ewhat, the analyst should test his own system.

FIGURE 4
HPLC chrom atogram s o f  tom ato extracts injected in hexane 

(a) and in acetone (b). Conditions - Colum n: Vydac 218 
TP54, 5 pm , 4.6x250 mm. M obile phase: 

m ethanol:tetrahydrofuran 95:5. F low  rate: 0 .80 mL/min.

Peak identification: 1- lutein, 2,2'- 6-carotene, 3- y-carotene, 4,4'- 
lycopene.

A ccording to  C raft (24), stronger, m iscible solvents can be 
used as injection solvent if  the volum e is sm all (< 1 0  pL ) and



the concentrations o f the carotenoids are not greatly in excess 
of their solubility in the m obile phase. In fact, Khachik et al. 
(25) observed that HPLC peak distortion o f  carotenoids that 
occurred w ith injection solvents such as m ethylene chloride, 
choloroform, THF, benzene and toluene, could be elim inated 
if the injection volum e o f  sam ples in these solvents were 
reduced to  5-10 p L . Hexane, which resulted in peak splitting 
of 8-carotene at h igher injection volumes, did not do so at an 
injection volum e o f 20 pL . In our system, however, peak 
splitting w as seen w ith hexane even with an injection volume 
of 10 pL  (Figure 4  a).

Porsch (28) observed that anomalous peaks may be formed, 
even when sample solubility in the mobile phase is sufficient, 
if the injection solvent and the mobile phase differ substantially 
in viscosity and/or the injection solvent strength is considerably 
higher. He suggested that the viscosity ratio should be kept 
fairly below two and too high elution power o f  the injection 
solvent should be decreased by m ixing with the m obile phase 
prior to injection.

After the introduction o f  HPLC in the carotenoid field, 
reversed-phase H PLC C is  colum n im m ediately becam e the 
preferred mode. A m ong the reasons for such popularity is the 
weak hydrophobic interaction between the carotenoids and 
the stationary phase, expected to be less destructive than polar 
forces in norm al-phase chrom atography. It was later shown, 
however, that low  recovery o f  carotenoids from  the reversed- 
phase HPLC colum n can occur.

Epler et al. (29) investigated the effects o f m obile phase, 
type o f stationary phase and the colum n frit m aterial on 
recovery o f  seven carotenoids from  sixty com m ercially 
available and five experim ental HPLC columns. A ll except 
five colum ns were Ci8- On the average, m onom eric C jg  
columns yie lded  h igher recoveries than polym eric C js  
columns, bu t were unable to resol velutein and zeaxanthin. On 
almost all colum ns tested, using methanol or m ethanol-based 
solvents provided higher recoveries o f carotenoids than 
acetonitrile o r acetonitrile-based solvent (Table 4). Recovery 
with acetonitrile-based solvents was improved with the addition 
of am m onium  acetate and triethylam ine, an observation later 
confirmed by H art and Scott (1).

, TA BLE 4
Average recovery o f  carotenoids with different mobile 

phases

Mobile phase Number of 
columns tested

Recovery ±SD 
(%)a

100% methanol 29 84±8
Methanol-tetrahydrofuran 35 86±11
Methanol-ethyl acetate 35 82+12
100% acetonitrile 21 56±19
Acetonitrile-tetrahydrofuran 43 68±17
Acetonitrile-ethyl acetate 43 47±17

aMean and standard deviation
keference:Epler et al.(29)

Recovery was also found by Epler et al. (29) to be 
dependent on the carotenoid structure. Losses o f  zeaxanthin 
and 6-carotene, both having two 8-rings, were greater than 
those o f  lutein and a-carotene, both containing one 6- and one 
e-ring. Within the group o f  6,8-carotenoids, recovery increased 
as polarity decreased. Recovery increased in the following 
o rd e r: z e a x a n th in  (d ih y d ro x y )  <  B -c ry p to x a n th in  
(monohydroxy) <  echinenone (m onoketo) < 6-carotene. For 
the two B,e-carotenoid, the recovery o f lutein (dihydroxy) was 
less than that o f  a-carotene. H art and Scott (1) also found 
differences in the recovery o f individual carotenoids, suggesting 
that on-colum n losses varied with different carotenoids.

A lthough recoveries were slightly low er for stainless steel 
frits, Epler et al. (29) observed no significant difference in 
recovery in using stainless steel, titanium  or “biocom patible” 
(hastealloy) frits. D egradation o f carotenoids provoked by the 
metal surface o f  stainless steel frits o f the guard and analytical 
column was, however, reported by several authors in recent 
years (23,30,31). Thus, the use o f  the “biocom patib le” 
hastealloy frits was advocated. B ut even with this frit, Konings 
and Room ans (23) observed considerable loss (approximately 
40% ) o f lycopene, leading them to suggest that a PAT (peek 
alloyed with teflon) frit be used.

The accuracy o f HPLC quantification o f carotenoids 
obviously depends on how well the chrom atogram  peak areas 
are measured. Especially in earlier HPLC studies, data on food 
caro tenoids have been ob ta ined  by quan tify ing  highly  
overlapping peaks. A lthough w orking with non-carotenoid 
com pounds (naphthalene and anthracene), M eyer (32) gave 
an idea o f  the m agnitude o f  the error derived from  integration 
o f  incom pletely resolved chrom atographic peaks. Errors 
increased w ith increasing size ratio o f  the fused peaks, 
increasing tailing and decreasing resolution. W ithin the range 
ofparam eters investigated (size ratio up to 10:1, tailing to 2.0, 
resolution dow n to 0.75), the relative error can reach a 40% 
deviation in peak area.

Highly efficient colum ns are now available, which with 
judicious choice o f m obile phase, can provide good resolution 
o f  even com plex m ixtures, such as carotenoid extracts from 
foods.

E r ro r s  in  th e  id en tifica tio n  step
T he chrom atograph ic  behav io r and  the  LFV-visible 

absorption spectrum  are the first tools used to identify 
carotenoids. The retention tim e reflects the polarity; and the 
wavelengths o f  m axim um  absorption and the fine structure 
(shape) o f the spectrum  reflect the chrom ophore. However, 
the use of these two parameters as sole criteria for identification, 
although a com m on practice, m ay not be conclusive and m ay 
lead to erroneous identification. Retention tim es are difficult 
to reproduce, and even when authentic carotenoids are available 
for co-chromatography, identification will still be inconclusive 
since different carotenoids m ay have the sam e retention time. 
L ik e w ise , d if fe re n t c a ro te n o id s  m ay h av e  th e  sam e



chrom ophore and thus present the sam e spectrum. Some 
exam ples o f  m isidentifications are given below.

a-C ryptoxanthin  and zeinoxanthin both monohydroxy 
derivatives o f a-carotene, differ only in the position o f the 
hydroxy group, thereby presenting identical spectrum and very 
sim ilar chromatographic behavior. They can be differentiated by 
simple methylation with acidified methanol, a-cryptoxanthin 
responding positively because o f  the allylic position o f the 
hydroxy substituent. Seemingly, these two carotenoids are often 
confused w ith each other and even with 6-cryptoxanthin.

W ith the photodiode array detector, testing the peak 
purity  is easier, avoiding the identification o f  a peak o f a 
m ixture o f  carotenoids as that o f  a sole carotenoid. A  quick 
look at the chrom atogram s in F igure 5 m ay give the idea that 
peak 3 in both the fresh tom ato and the tom ato paste is y- 
carotene. The spectra taken at the ascending and descending 
slopes and at the m axim un show that while peak 3 o f  the fresh 
tom ato was pure y-carotene, this peak in the tom ato paste was 
a m ixture (Figure 6).

FIG U RE 5
H PLC chrom atogram s o f  raw  tom ato (a) and tom ato paste
(b). Conditions - Column: Vydac 218 TP54, 5 |J.m, 4.6x250 

mm. M obile phase: m ethanoktetrahydrofuran 95:5.
F low  rate: 0.80 mL/min.

Peak identification: 1- lutein, 2- 6-carotene, 3- y-carotene in raw 
tomato and mixture in tomato paste, 4- lycopene.

FIG U RE 6
A bsorption spectra corresponding to  peak 3 o f  Figure 5 

obtained w ith the photodiode array detector o f  raw tomato
(a) and tom ato paste (b) a t m axim um  (------------ ), upslope

(---------- ) and dow nslope

3 0 0  4 0 0  5 0 0

3 0 0  4 0 0  G 0 0

Unlike fruits and roots, leaves have been know n to contain 
the same principal carotenoids: lutein, 6-carotene, violaxanthin 
and neoxanthin. S ieferm ann-H arm s et al. (23) showed that 
lettuce also contains lactucaxanthin. U sually overlooked, 
lactucaxanthin appears to be present in sim ilar or greater 
am ounts than neoxanthin as shown in Figure 7.

In cases w here the ju d ic io u s and com bined  use of 
chrom atographic data, co-chrom atography w ith authentic 
samples, U V -visible absorption spectra and chemical reactions 
do not yield conclusive identifications, m ass spectrometry and 
nuclear m agnetic resonance spectroscopy, tw o techniques 
required in  structure elucidation, will have to  be used.

E rro r s  in  th e  q u an tifica tio n  step
In  HPLC, concentrations o f the analytes are determined by 

com parison w ith standard solutions o f  known concentrations. 
Thus, any error in the preparation and quantification of the 
standard solutions them selves w ill be directly reflected in the 
quantitative data obtained.

Q uantification o f  carotenoids is m ade difficult by the 
widely varying purity o f com m ercial standards (34 ,35), very 
limited num ber o f carotenoid standards available commercially



and instability of carotenoids. The purity o f carotenoid 
standards should always be verified and impure standards 
repurified. Instead o f repurifying, H art and Scott (1) assessed 
the “purity” of the carotenoid by HPLC, and expressed it as the 
peak area o f the carotenoid as a percentage o f the total area of 
thechromatogram. The concentration o f thecarotenoid standard 
calculated from  the absorbance read ing  w as corrected 
accordingly. Carotenoids not available com mercially, can be 
isolated from natural sources, but this is an operation that 
requires skill, experience and care. A lthough several authors 
claim stability o f carotenoid stock solutions at -18°C under N 2 
for an extended period, it is our experience as well as o f others 
(36) that carotenoid standard solutions can only be used over 
a very short period.

FIG U RE 7
HPLC chrom atogram  o f lettuce. Conditions - Column: 

Spherisorb ODS 3 pm , 4.6x150 mm. M obile phase: 
acetonitrile:methanol:ethyl acetate, convex gradient 

of 95:5 to 60:20:20 in 20 min. Flow rate: 0.50 m L/m in

4- lutein, 5- zeaxanthin, 6 and 7- chlorophylls, 8- 6-carotene.

The standard curve should be linear, pass through or very 
near the origin and m ust bracket the concentrations o f the food 
samples. To fulfill the third requirem ent, the analyst will have 
to work on vastly different ranges since the carotenoid 
concentrations o f a given food vary over a very wide range.

Khachick et al. (37) cited the following param eters to 
eyaluate the validity o f the standards and the instrumentation: 
(a) the correlation coefficient should be greater than 0.9, (b)

the intercept should be very close to zero, (c) the relative 
standard deviation o f the regression should be less than 5%. If 
any o f these param eters is out of range, the standard as well as 
the HPLC instrum entation should be carefully checked and 
the standard curve rerun. M antoura et al. (36) recommended 
a coefficient o f correlation greater than 0.95.

Finally, som e calculation errors m ust be involved since, 
ocasionally, for a certain foodstuff, a laboratory would com e 
up with a value about 10 tim es those reported by the other 
laboratories.

In order to lim it analytical variability, in the European 
interlaboratory studies (17), the following measures were 
taken by the participating laboratories: (a) the spectrometers 
were calibrated; (b) the sam e absorption coefficients and 
absorption m axim a were used; (c) a sam ple extract was 
circulated for analysis, using circulated and in-house standards, 
to verify differences in standards; (d) a com m on data handling 
approach was used , including the use o f peak area instead of 
peak height.

In closing, it can be said that HPLC is truly a potentially 
powerful technique. However, it is very easy to m ake mistakes 
with this technique and because the results are precise, lack of 
accuracy easily passes unnoticed. The analyst should guard 
against undue confidence that m odern instrum entation can 
inadvertently give.
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