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Abstract
The presented method is focused on simultaneous determination of retinol and two carotenoids (lutein, β-carotene) 
in selected Malaysian food products. A Dionex Ultimate 3000 Series High-Performance Liquid Chromatography system 
equipped with two Dionex Acclaim Polar Advantage II  C18 columns was utilized in this study. Simultaneous elution 
of retinol, lutein and β-carotene was achieved within 45 min with gradient profile of methanol and ultra-pure water 
(95:5–100:0–95:5) programmed at 0.8 mL/min flow rate and 30 °C. Retinol was acquired at 325 nm while lutein and 
β-carotene were acquired at 440 nm. Limits of detection and quantification of retinol and lutein were at 0.10, 0.34 µg/
mL, and 0.08, 0.26 µg/mL; respectively while higher levels were observed for β-carotene at 1.06 and 3.54 µg/mL. Linearity 
test indicated R2 of 0.996–0.999, along with high accuracy (71.92–116.29%) and excellent repeatability for all analytes. 
Extraction efficiency was determined using standard addition into representative food product with recovery obtained 
in the range of 61.86–116.90% for all three analytes. The developed in-house HPLC method incorporates an enclosed 
solid-phase extraction system that is believed to further improve sample purification and analytes detection. On the 
whole, the developed on-line SPE-HPLC technique and efficient sample pre-treatment is deemed a reliable approach for 
simultaneous determination of retinol, lutein and β-carotene, as analyzed among the selected Malaysian food products. 
Additionally, the described procedure could also benefit routine analysis of these analytes in other food matrices or for 
determination of other analytes with similar chemistry and faster elution.
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Article highlights

• A Dionex HPLC system integrated with on-line solid 
phase extraction within an enclosed system for 
improved detection of retinol, lutein and β-carotene 
in several food matrices.

• Sample processing verification via standard addition 
technique into selected food products.

• Superiority of the proposed method in comparison to 
other available techniques and recommendation for 
future applications.
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Abbreviations
APCI  Atmospheric pressure chemical ionization
BHT  Butylated hydroxytoluene
DAD  Diode array detector
ESI  Electrospray ionization
FSV  Fat-soluble vitamin
HPLC  High performance liquid chromatography
LOD  Limit of detection
LOQ  Limit of quantification
MS  Mass spectrometry
NCD  Non-communicable diseases
R2  Determinant coefficient
RAE  Retinol activity equivalents
RDA  Recommended dietary allowance
SPE  Solid phase extraction
SRM  Standard Reference Material
THF  Tetrahydrofuran
UPC2  Ultra-performance convergence 

chromatography
UPLC  Ultra-performance liquid chromatography
UPW  Ultra-pure water
USDA  United States Food Composition Database
UV  Ultraviolet

1 Introduction

Vitamins are micronutrients that are essential for human 
life, and are divided into two categories of “fat” and 
“water” soluble compounds. Retinol, lutein and β-carotene 
belongs to the fat-soluble vitamins (FSVs); where each is 
known to possess various roles in vital biological functions. 
Vitamin A is involved in cell regulation, tissue growth as 
well as differentiation and can only be obtained from 
food source [1, 2]. Meanwhile, carotenoids are classified 
as a group of pigmented compounds that gives rise to 
various colors such as the red, yellow and orange hues of 
plant leaves, fruits and flowers, and even several birds, fish 
or insects [3]. Carotenoids are well-known to be effective 
antioxidants, although it is very much dependent on its 
structure as well as the oxidizing species [4]. The isolation 
and determination of FSVs is quite complex considering 
that they can co-exist on the lipid fraction of foods with 
other lipid constituents such as triglycerides, sterols and 
phospholipids [5]. The matrix complexity as well as their 
stability further complicates the development of rapid and 
simple extraction and analytical methods [6].

To date, various extraction techniques have been 
reported; and these include liquid–liquid, solid-phase or 
supercritical fluid extraction [7–10]. Extractions are per-
formed upon alkaline saponification, a process that is 
well-known to result in analyte degradation [11]. Despite 
the unstable nature of all these vitamins, addition of 

antioxidants assists to prevent oxidation during the 
saponification process. Ascorbic acid, pyrogallol, sodium 
ascorbate, ethoxyquin and butylated hydroxytoluene 
(BHT) are some of the commonly used antioxidants [12]. 
Varying range of solvents or solvent mixtures has been 
utilized for extracting FSVs. The commonly recommended 
solvents include ethyl acetate, mixtures of methanol and 
tetrahydrofuran (THF), hexane, acetone, and other organic 
solvents [13–15].

High Performance Liquid Chromatography (HPLC) is the 
most common technique reported for analytical deter-
mination of vitamins that can be coupled to a range of 
detectors such as ultraviolet–visible (UV–Vis), diode array 
detection (DAD), fluorescence or mass spectrometry (MS) 
[5]. Among all, MS portrays significantly high selectivity 
and sensitivity. This was evident through studies present-
ing improved quantification of vitamins with utilization 
of HPLC-tandem MS [16, 17]. In addition, the ionization 
technique in MS also plays an important role where the 
atmospheric pressure chemical ionization (APCI) generates 
less matrix interferences comparatively to electrospray 
ionization (ESI) [18]. The application of MS technique has 
been tremendously applied for vitamin analysis in a wide 
range of matrices such as infant formula, vegetables, milk 
and plant foods [2, 19–21].

Simultaneous detection of multiple vitamins from 
complex matrices could be achieved by normal phase, 
ion-exchange or reverse phase chromatography under 
both isocratic and gradient elution. Among these, reverse 
phase chromatography is the most widely used technique 
for all FSVs except for vitamin E that portrays higher reten-
tion in normal phase chromatography [12, 22, 23]. Recent 
technological advancements also indicated availability of 
a latest technique for FSV determination, known as ultra-
performance convergence chromatography  (UPC2) that is 
environmental-friendly and also cost-effective along with 
rapid analysis time. This technique integrates the superior-
ity of both supercritical fluid chromatography and ultra-
performance liquid chromatography (UPLC) in a single 
viable technique [24].

A recent study by Katsa and colleagues [5] reported 
on the determination of FSVs in rice cereal baby foods 
with the application of HPLC–DAD and UHPLC-APCI-MS/
MS techniques. A total of three methods were performed 
and compared in this study. The basic principle of all three 
methods was enzymatic hydrolysis, hot saponification and 
liquid–liquid extraction. Among the three methods, one 
method was preferred since it could detect all three vita-
mins (A,  D3, E) simultaneously and is deemed faster, eco-
friendly as well as cheaper for routine analysis. However, 
the presented method reported higher detection limits 
compared to previous studies; that was presumed to be 
in relation to the matrix effect [5].
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In another study, the carotenoid pattern of pineap-
ple infructescence was investigated via application of 
HPLC–DAD–APCI–MS technique [25]. The finding showed 
presence of diverse esters of violaxanthin with caprylic, 
capric, lauric and myristic acid as the responsible color 
imparting pigments of the flesh. In addition, the pineap-
ple peel indicated an interesting profile with presence of 
chloroplast-specific pigment profile consisting of (all-E)-
violaxanthin, (all-E)-neoxanthin, (all-E)-lutein and (all-E)-β-
carotene. Apart from carotenoid profiling, the carotenoids 
extracted from the pineapple pulps were also quantified by 
HPLC–DAD. The presented research highlights the impor-
tance of HPLC–DAD technique for accurate quantification 
of the extracted vitamins [25].

Over the years, there have been numerous research 
reports presenting on various techniques or modifications 
that could be utilized for multiple applications. The grow-
ing interest in this research scope added with the tremen-
dous benefits of the vitamin compounds led us to further 
look into improvisation efforts as an alternative approach. 
Although the MS technique has gained much popularity 
for its superiority in terms of high sensitivity and selectivity; 
however, it is relatively higher in cost and this is deemed 
unsuitable for applications that require routine analysis. 
Hence, HPLC coupled to UV–Vis or DAD are mostly preferred 
for common and routine analysis for its versatility, robust-
ness, selectivity, sensitivity and cost-effectiveness. Further-
more, it is also important to understand that regardless of 
the selected analytical method superiority, the suitability of 
any technique is still dependent on the extraction efficiency. 
Hence, much attention should also be placed on develop-
ment of good extraction technique that is mostly based on 
principle of enzymatic hydrolysis, alkaline hydrolysis, hot 
saponification and liquid–liquid extraction.

In the present work, we intend to establish an efficient 
extraction technique and development of a robust in-house 
HPLC technique for concurrent detection of retinol, lutein 
and β-carotene in selected Malaysian food products. The key 
factor of the current study relies on the combination of HPLC 
system integrated with on-line solid phase extraction (SPE). 
This approach instead of the conventional off-line SPE tech-
nique is both time- and cost-effective as it does not require 
additional solvents or cartridges. In addition, it is easily 
auto-programmed via HPLC analytical method that involves 
sample purification within an enclosed system. This further 
highlights its importance that is especially beneficial for 
compounds that are usually present in trace amounts, lead-
ing to an improved detection capacity via purification and 
impurities elimination. To date, there have been no reports 
on simultaneous detection of retinol, lutein and β-carotene 
incorporating the on-line SPE-HPLC system.

2  Materials and methods

2.1  Chemicals and reagents

Vitamin A (retinol ≥ 95%) and β-carotene (≥ 93%) stand-
ards were purchased from Sigma Aldrich (St Louis, USA), 
whereas lutein (≥ 95%) was purchased from Extrasynthese 
(Lyon, France). All standards were stored at -20 °C. Stand-
ard Reference Material®3280 (SRM 3280) of multivitamin 
tablets was purchased from National Institute of Stand-
ards and Technology (NIST, USA). Potassium hydroxide 
(KOH) pellets (≥ 85%) was purchased from Merck (Darm-
stadt, Germany). BHT (≥ 99.0%) was purchased from 
Sigma Aldrich (St Louis, USA). HPLC grade methanol 
(purity ≥ 99.9%) was purchased from Merck (Darmstadt, 
Germany). The other organic solvents include ethanol, 
methanol and 1-chlorobutane (purity ≥ 99.9%), all of ana-
lytical grade also purchased from Merck (Darmstadt, Ger-
many). The ultra-pure water (UPW) used for mobile phase 
mixture was purified through a Sartorius Arium® lab water 
system (Göttingen, Germany).

2.2  Raw materials

One kilogram each of all analyzed products were pur-
chased from local supermarkets in Klang Valley region. 
Three different matrices representing raw and processed 
food products were selected for this study. The selected 
products (minimum n = 3) ranged from several varieties 
of cordial (mango, soursop, sarsi), nut (pistachio, gingko, 
macadamia, flour coated groundnut) and flour (chickpea, 
soya) products. The products were confirmed to represent 
brands/varieties consumed and available nationwide. The 
food products of similar brand were homogenized finely 
using food grinder and stored in chiller at 4 °C till further 
analysis.

2.3  Standard preparation and calibration

Standard stock solutions of retinol, β-carotene and lutein 
(200 µg/mL each) were prepared in ethyl acetate. Calibra-
tion mix standards were prepared via serial dilution with 
analytical grade methanol at varying concentration lev-
els in the range of 0.2–20.0 µg/mL. A linear correlation 
between peak areas and concentrations were determined 
within the defined range for each standard.

2.4  Sample preparation and extraction

5.0 g of each food product and 2.0 g of SRM 3280 (in dupli-
cate) was weighed individually into 100 mL amber volu-
metric flask. 10 mL of UPW was added to the sample and 
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well-mixed. This was then followed by addition of 10 mL of 
0.3% (w/v) BHT and 30 mL of 7.5% (w/v) KOH, both in etha-
nol. This mixture was well-shaken and subjected to saponi-
fication in water bath at 80 °C for 45 min. Upon saponifica-
tion, samples were allowed to cool for about 15 min prior 
to addition of 20 mL UPW and 30 mL of 1-chlorobutane 
pre-added with 0.3% BHT (w/v). The solvents were well-
mixed few times and left to stand allowing for formation of 
separate layers. 20 mL of the resulting upper supernatant 
was transferred into 50 mL centrifuge tube and added with 
equivalent volume of UPW. This solution was vortexed and 
subjected to centrifugation at 3076×g for 10 min. 1.5 mL 
of the upper supernatant was transferred into micro-
centrifuge tubes and evaporated using rotary evaporator 
for 90 min. The evaporated sample was re-constituted in 
0.75 mL of methanol, vortexed, and filtered using 0.2 µm 
membrane filters. The filtered samples were finally sub-
jected to HPLC analysis.

2.5  Apparatus and separation conditions

The analyses of retinol and the selected carotenoids 
(lutein and β-carotene) were performed using HPLC 
Dionex Ultimate 3000 Series system (Thermo Fisher Sci-
entific, Waltham, MA USA) equipped with Photodiode 
Array Detector (PDA). Separation was achieved using 
two Dionex Acclaim Polar Advantage II Reversed-phase 
 C18 column; where one served as the on-line SPE column 
(3.0 × 75 mm, 3 µm) connected to left pump and the other 
as an analytical column (4.6 × 250 mm, 5 µm) connected to 

right pump with gradient elution of methanol in combi-
nation with UPW. The graphical representation of the on-
line SPE system is as depicted in Fig. 1 [26]. The gradient 
profiles for both pumps are identical where elution was 
initiated using methanol: water; 95:5 (v/v) which was then 
modified to 100:0 (v/v) at 15 min. This composition was 
maintained up to 42 min; and was altered back to initial 
composition of 95:5 (v/v) at 44 min till the end of analy-
sis at 45 min. Flow rate for both pumps and column oven 
temperature was kept constant at 0.8 mL/min and 30 °C 
throughout the analyses, respectively. Injection volume for 
each analysis was fixed at 20 μL. Column switching was 
programmed to initiate at position 1_2 that was altered to 
6_1 position from 1 to 15 min; prior to re-switching to 1_2 
valve. Retinol was acquired at 325 nm whereas β-carotene 
and lutein were acquired at 440 nm with a total analysis 
time of 45 min. The resulting peaks were identified by their 
retention time in comparison to their respective standards. 
Data sets were processed and integrated using Chrome-
leon 7 software (Thermo Fisher Scientific, Waltham, MA 
USA).

2.6  Analytical method validation

Limit of detection (LOD), limit of quantification (LOQ), lin-
earity, accuracy and repeatability were the selected main 
parameters for method validation as per the International 
Conference on Harmonization (ICH) tripartite guidelines 
Q2 [27]. The detailed protocol for each parameter were 
performed as explained below.

Fig. 1  Graphical depiction of 
on-line SPE-HPLC system
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2.6.1  LOD and LOQ

There are several approaches that can be applied in the 
determination of LOD and LOQ. Signal to noise (S/N) 
approach was selected in our study, where this is done 
by comparing the measured signals from samples with 
known low concentrations against those of blank samples 
in establishing the minimum concentration at which the 
analyte can be reliably detected. Three concentrations of 
each standard were prepared and injected three times, 
and was compared against three injections of blank sam-
ples. LOD and LOQ were determined as a S/N ratio of 3 and 
10, respectively with reference to background noise from 
a blank sample.

2.6.2  Linearity and range

The linearity range for each analyte was determined 
through a calibration curve with a minimum of five 
standard concentrations. The determinant coefficient (R2) 
obtained was used to assess linearity.

2.6.3  Accuracy and repeatability

The accuracy of the method was assessed by evaluating 
the recovery percentage of known concentration levels 
against five standards with known concentrations. Repeat-
ability was determined via three injections at five different 
concentration levels in the range of 1.0–20.0 µg/mL.

2.6.4  Recovery

The suitability of sample extraction was determined via 
standard addition technique. Samples were spiked with 
known amount of each standard into a selected product 
of each group prior to commencement of the extraction 
protocol. The recovery was presented as the percent-
age against the spiked amount of each analyte, R (%) = 
(AS – AU/SA) × 100%, where AS is the analyte content in 
spiked product, AU is analyte content in the unspiked 
product, while SA represents the standard amount added 
to the product. Similarly, this approach was also applied 
using standard reference material  (SRM®3280) for further 

confirmation on the extraction efficiency against the 
known reference value.

2.7  Statistical analysis

Data were analyzed using SPSS software (version 26.0). 
All results were expressed as mean, standard deviation, 
standard error of mean and range. Normality test was 
performed and determined by Shapiro Wilk, where data 
is normally distributed at probability of p > 0.05. The means 
and median difference between groups were compared 
using t-test (normally distributed data) and Kruskal–Wal-
lis along with Mann–Whitney test (not normally distrib-
uted data). Significance was accepted at the probability 
of p < 0.05.

3  Results and discussion

3.1  Validation of HPLC method and extraction 
technique

An in-house analytical method for detection of retinol and 
carotenoids were developed and optimized. The method 
validation results of our study were compared to reported 
literatures, to further justify its suitability and potential 
applicability. Based on the comparative evaluations, it was 
concluded that the developed in-house method is suitable 
for routine analysis application and is discussed below.

As presented in Table 1, LOD and LOQ of retinol were 
0.10 and 0.34  µg/mL, while lutein recorded LOD and 
LOQ of 0.08 and 0.26 µg/mL, respectively. In contrast, 
β-carotene resulted in higher LOD and LOQ at 1.06 and 
3.54 µg/mL. The determination of linearity range showed 
linear responses ranging from 0.5 to 20.0 µg/mL for retinol, 
0.3–20.0 µg/mL for lutein, whereas β-carotene falls within 
4.0–20.0 µg/mL. The correlation coefficient (R2) was used 
as the reference point for the linearity analysis, where this 
ranged from 0.996 to 0.999, indicating a good fit of the 
calibration function (Table 1).

In terms of LOD and LOQ parameters, a study by Katsa 
and colleagues [5] showed that comparison of two instru-
ments resulted in 0.98 and 2.9 mg/L with HPLC–DAD and 
0.43 and 1.3  mg/L with HPLC–MS/MS, respectively. In 

Table 1  LOD, LOQ and linearity 
test for retinol and carotenoids 
standards with respective 
retention time

FSV/Carotenoids Wave-
length 
(nm)

Retention 
time (min)

Linearity 
range (µg/
mL)

Correlation 
coefficient 
(R2)

LOD (µg/mL) LOQ (µg/mL)

Retinol 325 8.8 0.5–20.0 0.998 0.10 0.34
Lutein 440 17.2 0.3–20.0 0.999 0.08 0.26
β-carotene 41.0 4.0–20.0 0.996 1.06 3.54
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reference to this finding, we observe that the LOD and 
LOQ obtained with our application is better with retinol 
at 0.10 and 0.34 µg/mL (Table 1). However, for the other 
two analytes (lutein and β-carotene), a much lower LOD 
and LOQ was reported by Gebregziabher et al. [28] using 
HPLC–UV–Vis with  C30 column. The LOD and LOQ pre-
sented was at 0.0096 and 0.0290 µg/mL for lutein; while 
0.0175 and 0.0529 µg/mL was observed for β-carotene.

In addition, Hrvolova and co-workers [29] developed 
an advanced HPLC–MS/MS method for concurrent deter-
mination of carotenoids and FSV in human plasma. Ana-
lytical evaluation of the developed method proposed for 
detection of all analytes reported much lower LOD and 
LOQ, compared to the commonly applied HPLC–DAD 
technique. Comparatively, the LOD for retinol, lutein and 
β-carotene was reported at 0.002, 0.008 and 0.041 µg/
mL whereas the LOQ was recorded at 0.005, 0.028 and 
0.138 µg/mL; respectively. This confirms the conclusion by 
Hrvolova et al. [29] in their study that the limits obtained 
were almost 100-fold lower compared to HPLC–DAD 
technique; as observed in our current research. Based on 
the different findings, it could be observed that it varies 
according to different instrumentation parameters and 
sensitivity. Despite of improved sensitivities with MS tech-
niques that could generate a much lower detection and 
quantification limit, however we suggest the application of 
a more robust HPLC technique as presented in our study, 
especially for routine analysis in relevance to easy mainte-
nance and also, being more cost-effective.

Repeatability testing at five concentration levels within 
the range of 1.0–20.0 µg/mL indicated comparable results 
for each injection. The results obtained for retinol, lutein 
and β-carotene at representative levels of 2.0, 4.0 and 
10.0 µg/mL with overlay of three injections are presented 
in Fig. 2. All three compounds successfully eluted within 
45 min in the order of retinol (8.8 min), followed by lutein 
(17.2 min) and β-carotene (41.0 min). Our analysis resulted 
in significantly longer duration; however, this is in cor-
relation with the column length. Although the usage of 
shorter column could minimize the analytical duration, the 
preference for longer column is mainly due to its ability to 
achieve better separation and higher resolution. The find-
ing of our study was comparably similar to another study 
conducted by Steingass and team [25] which presented 
on method for carotenoid profiling and quantification 
in pineapple peel and pulp using HPLC–DAD–APCI–MS. 
In the study, it was shown that retention time of lutein 
and β-carotene was almost similar to our finding despite 
application of MS techniques where it was also achieved 
around 18 and 45 min, respectively. In addition, the total 

run time analyzed in the study was mentioned to be con-
ducted for a duration of 80 min. As such, we justify that the 
proposed method is reliable in view that efficient elution 
of these carotenoid compounds is practically acceptable 
for HPLC–DAD applications and should be correlated to 
the column used.

The accuracy parameter was determined against five 
standard concentrations in the range of 1.0–10.0 µg/mL 
(Table 2). Based on the obtained results, it was found that 
high accuracy levels were attained for all three analytes, 
with retinol (81.80–107.33%), lutein (73.88–104.66%) and 
β-carotene (71.92–116.29%). We evaluated our results 
against several reported studies where an almost similar 
observation was obtained. The application of HPLC–DAD 
by Katsa and team [5] presented recovery in the range of 
85.00 -107.00% for retinol. On the other hand, other stud-
ies utilizing HPLC–MS/MS application demonstrated recov-
eries in the range of 93.7–111.5% for retinol, 84.7–106.58% 
and 83.12–103.3% for lutein and β-carotene; respectively 
[5, 28, 29]. Therefore, we recommend that our proposed 
method is equally competitive in all three analytes 
determination.

Standard addition technique was applied for evaluation 
of sample processing efficiency where recovery for retinol 
and lutein was achieved in the range of 74.30–116.90% 
and 85.43–101.16%, respectively. On the other hand, 
recovery for β-carotene ranged within 61.86–89.81% 
(Table  3). In addition to standard addition technique, 
the efficiency of recovery analysis was also verified using 
 SRM®3280 whereby recovery of retinol and β-carotene 
was achieved at 89.58 and 85.84%, while lutein resulted in 
recovery of 108.82% (Table 4). Upon comparison, the pro-
posed method was deemed suitable in view that the SRM 
recovery also correlates within the similar range for recov-
ery results obtained with the various sample matrices. 

Furthermore, the importance of SPE technique as an 
additional step for sample purification has been high-
lighted in study findings by Katsa et al. [5]. Comparative 
evaluation of the tested methods showed that method 
with SPE technique integration assisted in purification and 
sample pre-concentration that resulted in an improved 
analysis. Based on the similar concept, our work here com-
bines the proposed HPLC technique with an on-line SPE 
system to purify the sample and eliminate unnecessary 
impurities towards enhanced detection, all performed 
within an enclosed system. In line with the comparative 
evaluation, we propose that our developed in-house HPLC 
method is robust, sensitive, selective and highly suitable 
for detection of all three analytes; especially for routine 
diagnostic applications.
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3.2  Retinol and carotenoids analysis in selected 
Malaysian food products using the developed 
in‑house HPLC method

Food products that are subjected to various processing 
steps prior to extraction have been reported to possess 
higher risk of technical and nutritional alterations. Food 
processing technique assists to enhance nutritional qual-
ity, shelf-life, increase variation as well as a preservation 
method [30, 31]. Thermal, mechanical, chemical and irra-
diation are some of the common food processing methods 

Fig. 2  Repeatability test for A retinol and B lutein and β-carotene standards at 2.00, 4.00 and 10.00 μg/mL represented as overlay of three 
injections acquired at 325 nm and 440 nm, respectively

Table 2  Accuracy test for retinol and carotenoids standards

Amount (µg/mL) FSV/Carotenoids

Retinol Lutein β-carotene

Accuracy (%)

1 107.33 96.57 71.92
4 105.32 104.66 106.29
6 88.23 92.74 82.33
8 81.80 91.30 78.63
10 87.48 73.88 116.29
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widely applied [30]. Since these nutrients are highly prone 
to degradation, we hypothesized that processing condi-
tions could possibly impact the naturally available nutrient 
levels.

In this study, we attempted to investigate the content 
of three analytes (retinol, lutein, β-carotene) in raw food 
product (nuts) and processed food products (flour and cor-
dials). The results of the analyzed food products are pre-
sented as mean value of all brands in Table 5. In addition, 
chromatograms of  SRM®3280 and selected food products 
of respective analytes is presented as representation of 
real sample analysis (Figs. 3, 4, 5). Shapiro–Wilk analysis 
indicated both non-normally distributed data, thus further 
statistical analysis was conducted using non-parametric 
tests as mentioned in Sect. 2.7. The results were analyzed 
respective to each analyte (retinol, lutein, β-carotene) and 
product group (cordials, nuts, flours). In order to validate 
the findings of our study, the results were compared to 
available data of respective food product reported in 
United States Food Composition Database (USDA).   

Daily consumption of fruits has been recommended 
to promote and sustain healthy lifestyle. Fruits are known 
for their remarkable therapeutic and preventive effects 
accounted by their nutrient rich composition com-
prised of minerals, vitamins, fibers, carbohydrates and 

phytochemicals. Among the essential functions of their 
nutritional attributes include proper body function, blood 
pressure and digestive system regulation, along with lower 
risk of coronary heart disease, obesity, certain cancer as 
well as vision loss [32–34]. The perishable nature of fruits 
only allows for its fresh consumption or processing within 
stipulated period; hence they are usually processed into 
other products such as dried fruits, canned fruit, frozen 
fruit, jam, fruit juice concentrates or alcoholic beverages 
that allows them for off-season consumption [35, 36].

Among these, fruit juice concentrates are one of the 
fruit products that are widely produced to supply nutri-
tionally rich juices throughout the year. The process of 
producing fruit juice concentrates mainly involve water 
evaporation step, where the juices are usually boiled under 
vacuum. Apart from this technique, these concentrates are 
also prepared by freezing water as ice from the juices [37, 
38]. Production of juice concentrates are highly beneficial 
as lower water content leads to longer shelf-life, reduces 
the packaging requirement, storage and transport-related 
costs with simplified handling process of the final prod-
uct. In current practice, enormous methods for production 
of these fruit concentrates are applied. However, it was 
also highly recommended to ensure proper selection in 
order to minimize possible detrimental effects especially 
in terms of sensory and nutritional profile [36].

Based on results presented in Table 5, it was observed 
that only β-carotene and retinol were present in cordial 
samples. Soursop cordial indicated presence of retinol in 
brand 3 (1.031 mg/100 g) while β-carotene was present 
in brand 2 of mango cordial (3.911 mg/100 g). However, 
statistical evaluation indicated no significant difference for 
both retinol and β-carotene, as per Kruskal–Wallis analy-
sis (p > 0.05). The reference data for fruit concentrate avail-
able in USDA was mainly reported on calculation basis, 
whereby mango concentrate signified presence of 714 IU 
of vitamin A that is equivalent to 0.214 mg/100 g retinol 
and 0.428 mg/100 g β-carotene, respectively [39]. Simi-
larly, soursop fruit concentrate yields 160 IU of vitamin A 
(0.048 mg/100 g retinol and 0.096 mg/100 g β-carotene) 
[40]. In comparison with our findings, we noticed higher 
contents of both analytes respective to the tested cordial 
products.

A study by Gouado and team [41] presented strong evi-
dence on the processing conditions effects indicated by 
presence of varying carotenoid composition levels with 
different forms. The study was conducted using mango 
and papaya fruits, where similar trend was noticed with 
higher concentration of carotenoids composition in the 
form of juice followed by fresh fruits and dried slices. 
The reported β-carotene content in mango juice was 
higher at 15.8128 µg/100 g, whereas a lower content of 
3. 1743 µg/100 g and 0.1320 µg/100 g was found with 

Table 3  Representative product recovery for retinol and carot-
enoids

FSV/Carotenoids Recovery, Mean ± SD (%) Average RSD (%)

Cordial—Sarsi
 Retinol 103.41 ± 13.49 13.05
 Lutein 86.25 ± 0.82 0.95
 β-carotene 78.92 ± 10.89 13.79

Nuts—Gingko
 Retinol 74.80 ± 0.50 0.67
 Lutein 88.73 ± 2.40 2.71
 β-carotene 86.07 ± 3.41 3.96

Flour—Chickpea
 Retinol 95.77 ± 1.98 2.07
 Lutein 93.55 ± 7.61 8.13
 β-carotene 63.12 ± 1.26 1.99

Table 4  Representative Standard Reference Material®3280 recovery 
for retinol and carotenoids

FSV/Carotenoids Reference 
value (µg/g)

Obtained value (µg/g) Recovery
(%)

Retinol 444 ± 46 397.73 ± 1.13 89.58
Lutein 205 ± 50 223.09 ± 5.87 108.82
β-carotene 514 ± 87 441.22 ± 0.20 85.84
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fresh mango fruits and dried mango slices [41]. This find-
ing proves the benefits of fruits preservation via con-
centrated liquid for longer term storage. However, high 
sugar content in these concentrates should also be taken 
into consideration where frequent consumption of these 
instead of fresh fruits may not be a healthier alternative, 
and are commonly associated with emergence of several 
non-communicable disease (NCD); namely obesity, type 2 
diabetes and cardiovascular disease [42].

Flours happen to be the most prominent processed 
products from wheat that includes all-purpose, self-raising, 
whole wheat and others [43]. In addition, several crop vari-
eties are also processed into flour products such as corn, 
soy and others. Soybeans (Glycine max) are rich source of 
phytochemicals (isoflavones, saponins, phytic acids, phy-
tosterols, trypsin inhibitors, bioactive peptides) that are 
usually processed to produce soybean flour [44]. Previous 
studies reported that the rich nature of soybean extracts 
with isoflavones and other polyphenols have been asso-
ciated with numerous biological activities in relevance to 

their antioxidative nature [45]. Traditionally, extractions 
are usually performed with usage of organic solvents, 
that require elevated temperatures and longer incubation 
period. Despite of continuous improvement of the extrac-
tion techniques for a more sustainable approach, however, 
it should be noted that certain level of processing is still 
required that could affect or alter nutritional content to 
an extent.

The resulting data of flour products showed that only 
lutein was detected for both soya and chickpea flour 
(Table 5). Interestingly, lutein was present in all six brands 
of chickpea flour (0.02–0.119 mg/100 g) and five brands 
of soya flour (0.024–0.035 mg/100 g). Statistical evalua-
tion showed significant difference among the two flours, 
as analyzed with Kruskal–Wallis followed by Mann–Whit-
ney pairwise comparison (p < 0.05). According to reference 
data in USDA, almost similar results with slight variations 
were noticed with both flours. Our results only signified 
presence of lutein, however this deviated with USDA 
that reported 0 μg for combined measure of lutein and 

Table 5  Analysis of retinol 
and carotenoids contents in 
respective food products

* Data shown are means of duplicate. N.D.—not detected. N/A—not applicable
** p < 0.05 are significant differences based on Kruskal–Wallis test between different type of food prod-
ucts. Different letters for lutein results (Mean ± SEM) indicate significant difference at p < 0.05 based on 
Mann–Whitney pair-wise comparison

Samples/Vitamins Brands (Mean ± SD) mg/100 g Mean ± SEM 
(mg/100 g)

p value

1 2 3 4 5 6

CORDIAL PRODUCTS
Retinol
 Mango (n = 3) N.D N.D N.D N/A N/A N/A 0.00 0.368
 Soursop (n = 3) N.D N.D 1.031 N/A N/A N/A 0.34 ± 0.20
 Sarsi (n = 3) N.D N.D N.D N/A N/A N/A 0.00

β-Carotene
 Mango (n = 3) N.D 3.911 N.D N/A N/A N/A 1.30 ± 0.75 0.368
 Soursop (n = 3) N.D N.D N.D N/A N/A N/A 0.00
 Sarsi (n = 3) N.D N.D N.D N/A N/A N/A 0.00

FLOUR PRODUCTS
Lutein
 Chickpea (n = 6) 0.044 0.102 0.119 0.044 0.02 0.066 0.07 ± 0.01a 0.037**
 Soya (n = 6) N.D 0.035 0.035 0.03 0.027 0.024 0.03b

NUT PRODUCTS
Retinol
 Pistachio (n = 6) N.D N.D N.D N.D N.D N.D 0.00 0.064
 Gingko (n = 6) N.D N.D N.D N.D N.D N.D 0.00
 Macadamia (n = 4) N.D N.D N.D 0.117 N/A N/A 0.03 ± 0.01
 Flour coated groundnut (n = 3) N.D 0.050 0.063 N/A N/A N/A 0.04 ± 0.01

Lutein
 Pistachio (n = 6) 0.063 0.08 0.094 0.124 0.136 0.188 0.11 ± 0.01a 0.001**
 Gingko (n = 6) 0.083 0.043 0.029 0.049 0.088 0.03 0.05b

 Macadamia (n = 4) N.D N.D N.D N.D N/A N/A 0.00c

 Flour coated groundnut (n = 3) N.D N.D N.D N/A N/A N/A 0.00 cd
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zeaxanthin. In addition, it was noted that USDA reported 
detection of vitamin A with 0.002 mg/100 g RAE along 
with 0.025 mg/100 g and 0.024 mg/100 g β-carotene for 
chickpea and soy flour, respectively [46, 47].

A recent study by Gebregziabher and colleagues [28] 
presented an interesting finding on simultaneous detec-
tion of carotenoids and chlorophylls in soybean seeds 
using HPLC–UV–Vis. The study presented the development 
of a HPLC method that is suitable to separate carotenoids 
and chlorophylls with good linearity, accuracy and pre-
cision. The authors claimed that despite the complexi-
ties of carotenoids analysis, utilization of reversed-phase 
 C30 column managed to successfully separate multiple 

carotenoids and its isomers via simple processing. It was 
noticed that the separation of lutein and zeaxanthin 
were more evident with  C30 column, whereas it merged 
together with  C18 column [28]. Based on our finding, only 
a single peak was detected using  C18 and verified as lutein 
in relevance to the analytical standard peak. However, 
the possibility of co-emergence of zeaxanthin within the 
detected lutein peak could not be confirmed since our 
investigation was not inclusive of zeaxanthin analysis. An 
additional justification for usage of  C18 is in relevance to 
simultaneous detection of retinol together with carote-
noids, that could also be further expanded for other ana-
lytes, instead of focusing on carotenoids separation alone.

Fig. 3  Chromatogram of  SRM®3280 acquired at A 325 nm and B 440 nm, respectively
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Chickpea or scientifically called Cicer arietinum L., is a 
member of Fabaceae family and is grown widely in tropi-
cal, sub-tropical and temperate regions. They are also 
commonly known as Bengal grams or Garbanzo beans 
[48]. It is highly nutritious and serves as vital source of 
vegetarian-based diets [49]. Chickpea seeds, are well-
recognized as suitable source of dietary proteins in rel-
evance to their good balance of amino acid, high protein 
bioavailability and relatively low antinutrient levels. It is 
consumed in several forms, where its unripe form (raw 
green and tender stage) are commonly consumed in 
Egypt. In addition, its mature dry seeds have gain rec-
ognition as a popular snack [50, 51]. Chickpea seeds are 

also commonly processed into chickpea flour where 
it is first dehusked into ‘dhal form’ followed by milling 
[48]. In a study by Arab and colleagues, the nutritional 
properties of chickpea flour subjected to various pro-
cessing conditions were presented. It was shown that 
the protein, total nitrogen, non-protein nitrogen con-
tent, in-vitro protein digestibility as well as mineral con-
tent, functional properties, amino acid composition and 
amino acid scores were affected with different process-
ing (traditional, microwave, fried) compared to the raw 
flour [50]. Hence, it could be presumed that the process-
ing conditions; right from dehusking to its final ready for 
consumption stage are extremely essential and is highly 

Fig. 4  Chromatogram of representative product A chickpea flour and B pistachio nut with detected lutein peak acquired at 440 nm
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accountable for the discrepancies observed in nutrient 
profiling.

Nuts are energy-dense food source, accounted mainly 
by its high fat content. In general, nuts are high in unsat-
urated and low in saturated fatty acids along with con-
siderable levels of fiber, folate, minerals and antioxidants 
[52–54]. Dry fruits with one seed in which the ovary wall 
becomes hard at maturity are known as tree nuts. Almonds 
(Prunus amigdalis), walnuts (Juglans regia), pistachios 
(Pistachia vera), cashews (Anacardium occidentale), and 
macadamias (Macadamia integrifolia) are some of the 
commonly known tree nuts. On the other hand, although 

peanuts (Arachis hypogea) are classified as groundnuts or 
legumes; it also shows similar nutrient profile and hence 
are also included as tree nuts [55]. Nutritional properties 
of nuts were highly associated with various health ben-
efits including decreased risk of cardiovascular disease, as 
well as risk factors for cholesterol and diabetes [56–60]. In 
addition, regular consumption of nuts has been associated 
with weight management that led them to become an 
important part of human diet, around the world [61–64].

As presented in Table 5, β-carotene was not detected 
in any of the tested nut products. In contrast, lutein was 
present in all six brands analyzed among pistachio and 

Fig. 5  Chromatogram of representative product A soursop cordial and B mango cordial with presence of retinol and β-carotene acquired at 
325 nm and 440 nm, respectively
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gingko nuts in the range of 0.063–0.188 mg/100 g and 
0.029–0.088 mg/100 g, respectively. This scenario was of 
total opposite with retinol; where it was not detected in 
any brands of the similar nut product. Retinol was only 
shown to be present in selected brands of macada-
mia nut and flour-coated groundnut. Brand 2 and 3 of 
flour-coated groundnut indicated presence of retinol at 
0.050 and 0.063 mg/100 g, while 0.117 mg/100 g of reti-
nol was reported for macadamia nut (Brand 4). Based 
on Kruskal–Wallis analysis, no significant difference was 
obtained among the nut products for retinol (p > 0.05). In 
contrast, lutein showed significant differences (p < 0.05) 
among all four tested nut products. Further analysis to 
determine significant difference between specific nut 
products were evaluated using Mann–Whitney pairwise 
comparison. The test revealed significant difference 
among each nut products, with exception to pairwise 
comparison of macadamia nut and flour-coated ground-
nut (Table 5).

Comparison with data available for nut products also 
indicated certain similarities and disparities with our 
obtained results. Pistachio products yielded lutein pres-
ence, that was also noticed in reference to USDA. Never-
theless, the reference data was higher at 2.903 mg/100 g 
which is actually a combined measure of lutein and zeax-
anthin, whereas our analysis only reports on the presence 
of lutein. However, β-carotene was reported to be present 
at 0.305 mg/100 g that contradicted our observations 
[65]. Furthermore, gingko nut products showed absence 
of retinol, while presence of other carotenoids were not 
mentioned [66]. USDA reference data for macadamia nut 
[67] was noted to be similar to our results, apart from 
detection of retinol in one of the tested brands. Although 
retinol was absent in all the available data, however pres-
ence of vitamin A was reported with respect to gingko 
(0.028 mg/100 g RAE) and pistachio nuts (0.026 mg/100 g 
RAE), respectively [65, 66].

Pistachios have been reported as the nut product that 
is comprised of significant amount of lutein and zeaxan-
thin, contributing to its color [68]. In addition, pistachios 
were well-known to be rich in several FSVs inclusive of 
vitamin A, K and γ-tocopherol. Similar observation was 
reported with pistachio nuts in another study conducted 
by Stuetz and colleagues in 2017. The study evaluated on 
five types of nuts (almonds, walnuts, pistachios, macada-
mia and hazelnuts). Out of these, pistachios were found to 
be the richest source of lutein, zeaxanthin and β-carotene 
[69]. In common practice, most nuts are consumed upon 
roasting, however it was deduced that roasting process 
might affect certain properties of the compounds, in com-
parison to its raw form. Thus, Stuetz et al. [69] attempted 
to evaluate the probable difference observed in terms 
of lutein/zeaxanthin, β-carotene, α- and γ-tocopherol 

in several raw and roasted nut products. This investiga-
tion showed that lutein/zeaxanthin level was lower in 
roasted almonds and walnuts, whereas a decreased level 
of β-carotene was detected in roasted almonds, hazelnuts 
and pistachios. Based on the findings, it was suggested 
that the concentration levels of certain vitamins upon 
roasting are subject to different sensitivity as well as the 
nut variety [69].

Through our study, we intend to demonstrate applica-
bility of the analytical method and extraction technique 
for detection of retinol and carotenoids in several food 
matrices. As shown in the results, all three analytes could 
be detected respective to the different product groups 
that indicates suitability of the proposed technique. 
Despite of the discrepancies in comparison with the ref-
erence database, we would like to highlight that these 
could be probably due to various food processing con-
ditions. Nevertheless, we observe an almost similar pat-
tern of vitamin detection among our results and USDA. 
In addition, it is undeniable that these food products are 
highly nutritious regardless of the possible compositional 
alterations upon certain processing conditions. Moreover, 
the association of these food products with lower risk of 
chronic diseases, further strengthens their importance. At 
the same time, recent advances in development of new 
technologies could be beneficial in improvisation of the 
processing effects, along with fortification approach that 
could also play its role to counter-act nutrient loss.

4  Conclusion

A reliable and robust HPLC method along with efficient 
sample preparation for the simultaneous analysis of reti-
nol, lutein and β-carotene was developed and validated. 
Good quality and reasonable values of LOD, LOQ, linear-
ity, accuracy, repeatability and recoveries were attained 
by the proposed method. The present work highlights 
on the integration of HPLC technique with an on-line SPE 
configuration within an enclosed system that proves to 
be both time- and cost-effective along with its superior-
ity of auto-programming via the HPLC instrumentation 
method. In this on-line SPE approach, there is no necessity 
for additional accessories such as the cartridges or even 
solvents to perform extra sample pre-treatment steps that 
are common with the conventional SPE technique. Sample 
purification could be easily programmed and performed 
within an enclosed system with the intention to eliminate 
the targeted impurities and further purify the samples that 
is vital especially for detection of analytes that are usually 
present in trace amounts.

Although there are continuous reports on HPLC method 
improvement and optimization, however it is difficult to 



Vol:.(1234567890)

Research Article SN Applied Sciences            (2022) 4:93  | https://doi.org/10.1007/s42452-022-04955-8

conclude and establish a general standardized model for 
all analysis since it is highly reliable on various factors 
such as matrix effect, choice of solvent, flow rate, tem-
perature and others. This is the first report on proposed 
method for concurrent analysis of three analytes (retinol, 
lutein and β-carotene) in several selected Malaysian food 
products within an enclosed SPE-HPLC system. Although 
the current study is only focused on several food matri-
ces such as flour, nuts and cordial products; however, it is 
also believed to be beneficial for other type of food matri-
ces. At the same time, the proposed method could also 
be integrated for other analytes with faster elution and 
similar chemistry in consideration of its wide applicabil-
ity. Despite of the highlighted advantages, the present 
work also encounters certain limitations where it results 
in longer analytical duration that was mainly desired to 
achieve better peak with higher retention that is also 
inter-related with the selection of column used. On the 
whole, we believe that the developed on-line SPE-HPLC 
method and efficient sample pre-treatment gave a reli-
able and satisfactory results, that is equally competitive to 
other published methods and could be applied for various 
food-based routine analysis in the future.
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