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ABSTRACT
Fortification of edible oil with retinyl palmitate (vitamin A) is a significant 
advancement to fulfill the nutritional deficiency of major population. The 
growing interest in the enrichment of foods warrants a simple and accurate 
method to analyze fortified products. This study developed an easy and 
reliable strategy based on normal-phase HPLC analysis to determine the 
edible oil’s retinyl palmitate. We also validated the method according to 
the International Conference on Harmonization (ICH) guidelines. The analysis 
was performed with a DB silica column (250 cm × 4.6 mm; 5 μm), with a 
mobile phase composed of n-heptane and isopropyl alcohol at a ratio of 
75:25 v/v and a flow rate of 1.0 ml/min. The detection was performed at a 
wavelength of 326 nm, and the retention time of vitamin A was around 
8 min, with a total run time of 10 min. The calibration plot gave a linear 
relationship (R2 = 0.9998) over the concentration range of 3.93–63 μg/ml. The 
LOD and LOQ were 0.029 and 0.096 μg/ml, respectively. The accuracy of the 
proposed method was determined by recovery studies and was found with a 
mean recovery of >95%. RSD% of the determination of precision was <2%. 
The results of robustness and solutions stability studies were within accep
table limits. The proposed method showed excellent linearity, accuracy, 
precision, specificity, robustness, LOD, LOQ, and system suitability results 
within the acceptable criteria.
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Introduction

Vitamin A is considered one of the most vital elements of our regular diet.[1] The sources of vitamin A 
are usually different colored foodstuffs containing beta carotene, consisting of two retinol molecules.[2] 

Deficiency of vitamin A may lead to several diseases, including impaired vision, cellular differentia
tion, anemia, lower resistance to infections, and even death. In fact, vitamin A deficiency is a severe 
health risk and concern in developing and impoverished nations. Approximately 44–50% of under 5 
children in South Asia are affected by severe vitamin A deficiency.[3] Malnutrition and severe vitamin 
A deficiency induced death among neonates and under 5 children in India and Bangladesh constituted 
one-third of the global mortality rate.[4] According to the reports of the WHO NLiS country profile, 
the sub-clinical vitamin A deficiency among pre-school age children was highest in Pakistan (51.5%) 
followed by Afghanistan (50.4%), Bangladesh (20.5%), India (17.6%), and Nepal (11.11%).[5] Even 
with numerous vitamin A supplementation and dietary changes, this health issue could not be solved 
entirely.[6] Fortification of vegetable oil is one of the cheapest and easiest strategies to combat vitamin 
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A deficiency. Two commercial forms of vitamin A are available as food fortificants, e.g., retinyl 
palmitate and retinyl acetate. Among them, retinyl palmitate was found to be more stable in vegetable 
oils.[7] Many countries have chosen the edible oil fortification technique as a convenient medium to 
deliver vitamin A.[8] In order to decrease the frequency of vitamin A inadequacy, many developing 
nations have made it essential to fortify cooking oils with vitamin A. For example, the fortification 
status of cooking oils must be 1.5–3.0 mg/100 g, 20 IU/g, and 33 IU/g of oil in Bangladesh, India, and 
Pakistan, respectively.[7,9] In Bangladesh, vegetable oil is considered one of the most convenient 
vehicles of vitamin A fortification due to several advantages, e.g., centrally processed, widely distrib
uted, and highly consumed per day.[10] After that, the Government of Bangladesh passed a relevant 
law, National Edible Oil Fortification Law, 2013,[11] to initiate and implement the vitamin A fortifica
tion program. Determination of vitamin A has always been of great interest and concern to food 
sciences, pharmaceuticals, and biochemistry.[12] Numerous studies conducted in Bangladesh, where 
they have found that the amount of vitamin A in fortified edible oils was lower than the Bangladesh 
Standards and Testing Institution (BSTI) set standards. Most of the analyses used the reversed-phase 
high-performance liquid chromatography (RP-HPLC) technique.[13–15] HPLC is usually the primary 
technique to determine vitamin A.[16] Conventional analytical methods for investigating vitamin A in 
food products entail complicated and time-consuming sample preparation steps (vitamin A extraction 
and purification). Specifically, the reverse-phase HPLC methods require saponification of the samples 
which is more intricate and laborious. Besides, in some cases, interference from other ingredients in 
the sample raises questions about the method’s sensitivity, accuracy, and precision.[12] Several normal- 
phase HPLC methods were also applied for analysis of retinyl palmitate from different food stuff. 
Many of those methods offered a higher retention time[17,18] as well as a higher extraction time.[18,19] 

Therefore, a highly straightforward, time-saving, and workable method for simultaneous determina
tion of retinyl palmitate (vitamin A) in fortified edible oil using a normal-phase HPLC system was 
developed and validated.

Material and methods

Instrumentation

An analytical method was developed with a normal-phase High-Performance Liquid Chromatograph 
(Shimadzu Corporation, Japan) system using a solvent delivery module (LC-20AT), system controller 
(CBM-20A/20Alite), a column oven with 20 μL injector loop (for Shimadzu LC-6A HPLC system), 
two high-pressure pumps, a degasser, a “Restek” Pinnacle DB silica column, USA (250 × 4.6 mm; 5 μM 
particle size), and a UV detector (SPD-20A/20AV) operated at 326 nm. Lab solution software was used 
to perform data processing and calculation (version 5.30 SPI).

Procurement of chemicals, reagents, and fortified edible oil sample

A HPLC grade sample of retinyl palmitate (Type IV, ~1,800,000 USP units/g, oil; assigned purity 
99.7%) was obtained from SIGMA-ALDRICH, Com. Germany. HPLC grade n-heptane and isopropyl 
alcohol were purchased from Merck (Merck, Germany). The latest production of fortified soybean, 
sunflower, and palm oil samples was collected from oil dealers and kept in black plastic bags placed in 
cardboard (25 ± 5°C) to ensure protection from sunlight, avoid contamination, and guarantee good 
storage conditions until analysis.

Chromatographic conditions

The mobile phase was consisted of 0.2% 2-propanol in n-heptane (25% for A pump) and 100% n- 
heptane (75% for B pump), and Pinnacle DB silica column was used as the stationary phase. Before 
using the mobile phase, it was filtered by using 0.22 µM membrane filters, and also sonicated for 5 min 
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for degassing. Pinnacle DB silica column, USA (250 × 4.6 mm; 5 μM particle size) was used as a 
stationary phase, and detection operation was conducted at 326 nm wavelength. The flow rate was 
constant at 1.0 mL/min while maintaining the column temperature at 40°C. A minimum volume of 
20 μL samples was injected into the HPLC system with a run time of 10 min.

Preparation of standard solution

An approximate quantity of retinyl palmitate (~1 mg) was dissolved in 50 mL of n-heptane (mobile 
phase), then labeled as a stock solution with standard concentration against its total volume (e.g., µg/ 
mL). The solution was mixed thoroughly for 5 min using a vortex (TRXH-C, Oscillator, China), 
followed by sonication (Digital Ultrasonic Bath, UBT-580) for 5 min. After thorough mixing, serial 
dilution was made according to convenience.

Extraction of vitamin A (sample preparation)

One drop of fortified edible oil sample (~1.00 mg) was weighed by a digital balance machine and taken 
into a 10 mL volumetric flask. HPLC grade n-heptane was then added to the sample for up to 10 mL. 
The volumetric flask was labeled with sample concentration (e.g., mg/mL). The sample solution was 
vortexed (TRXH-C, Oscillator, China) for 5 min, followed by sonication (Digital Ultrasonic Bath, 
UBT-580) for another 5 min. After mixing the sample and n-heptane, the sample solution was filtered 
with a PTEF syringe filter (0.45 µM) using a 5 mL disposable syringe. The filtered sample was 
transferred in a microcentrifuge.

Method validation

The proposed analytical method was validated according to the guidelines of the International 
Conference on Harmonization (ICH)[20] comprising system suitability, linearity and range, accu
racy, specificity, limit of detection (LOD), and limit of quantification (LOQ), precision, and 
robustness.

Specificity

The specificity of the proposed method was assessed by injecting a volume of 20 µL of retinyl palmitate 
standard solution, prepared sample, and blank solution separately to distinguish between the target 
analyte and the other constituents in the prepared samples.[21]

System suitability

To ensure the system’s performance, the system suitability was evaluated regarding theoretical plate 
count, resolution (peak separation), retention time, tailing factor, and relative standard deviation 
percentage (%RSD). Each suitability parameter was analyzed using the data generated from the three 
consecutive injections of retinyl palmitate standard and prepared sample solutions. The system 
performance was considered optimum when the suitability parameters such as theoretical plate counts 
were above 5000, the tailing factor was not more than 2, and the relative standard deviation percentage 
(%RSD) was calculated below 2%.[22]

Linearity and range
The stock solution of retinyl palmitate standard was diluted with n-heptane (mobile phase) at various 
concentrations, e.g., 3.93, 7.87, 15.75, 31.5, and 63 μg/mL, which cover 50%, 100%, 200%, 400%, and 
800% of the target concentration correspondingly. Each of the standards was injected thrice with 
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similar operative conditions and analyzed. The linearity of the calibration curve was analyzed with the 
linear regression analysis method.

Sensitivity (LOD and LOQ)

The limit of detection and quantitation of retinyl palmitate were assessed by measuring the signal-to- 
noise ratio. The LOD and LOQ are the concentrations that give a signal-to-noise ratio of nearly 3:1 and 
10:1, respectively, along with the %RSD (n = 3) of less than 2%.[23] LOD and LOQ of the standard and 
sample were based on the following equation.[24] 

Limit of detection LODð Þ ¼
3� Standard deviation
Calibration curve slope 

Limit of quantification LOQð Þ ¼
10� Standard deviation
Calibration curve slope 

Recovery of retinyl palmitate (standard)

The recovery percentage of the target analyte evaluated the accuracy of the proposed method at 
different concentration levels (e.g., 50%, 100%, and 200%) such as 3.93, 7.87, and 15.75 μg/mL and 
each of the concentrations was injected thrice. The recovery percentage of the added retinyl palmitate 
and %RSD was analyzed for every replicate sample.

Recovery of the sample (spiking)

For the vitamin A analysis, three samples of edible oil (1 mL for each recovery/spiked sample) with 
retinyl palmitate concentrations of 0.049 μg/mL were spiked separately with 1 mL of 7.87, 15.75, and 
31.5 μg/mL (3 recoveries/spiked samples) standard solutions. The spiked samples were analyzed, and 
the results obtained were used to calculate recoveries. Both recoveries of the standard and sample were 
based on the following equation.[24] 

% of Recovery ¼
Concentration of spiked samples � Concentration of unspiked samples

Concentration of added sample
� 100 

Precision

Repeatability and reproducibility were studied to determine the precision of the proposed method. It 
was carried out by both inter and intraday repeatability of responses after the consecutive injections of 
replicates. The percentage of the relative standard deviations among the responses was calculated by 
using the typical formula of RSD calculation.[25] In the current study, considering the validation 
protocols, the proposed method’s precision was analyzed by three replicate analyses at the concentra
tion of 21.62 µg/mL of retinyl palmitate standard solution.

Stability of analytical solutions

The analytical solution’s stability (both standard and sample) was determined by analyzing the retinyl 
palmitate standard and sample solutions at 0 h and after 24 h in light, dark (at room temperature 28– 
30°C), and refrigerator.
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Robustness

This parameter was studied by some deliberate modifications of different HPLC experimental condi
tions and considering the output of each of the experimental condition set-ups, such as (i) Flow rate: 
±0.2 mL/min, (ii) Wavelength: ±3 nm, and (iii) The mobile phase composition, organic composition 
±5%. Minor changes were made to assess the effects of the changes on the method. Acquired results for 
each case were estimated by analyzing the % of RSD and recovery.[23]

Data analysis

In vitro data analysis and graphical presentation were performed using Microsoft Excel (Office version 
19.0). The HPLC results were calculated using linear regression, according to the equation: Y 
= 81,934x − 18,322, where Y is the area under the peak and X is the concentration of retinyl palmitate. 
The % RSD was calculated for all values.

RESULTS

Optimization of chromatographic conditions for retinyl palmitate

Retinyl palmitate is soluble and well dissolved in organic solvent[26] having lowest polarity in polarity 
index, such solvents are n-hexane (0.1), n-heptane (0.1), cyclopentane (0.1), and so on,[27] and even 
soluble in slightly more polar solvent such as iso-propyl alcohol (3.9), chloroform (4.1), and so on.[26] 

In the proposed method, we have used the mobile phases consisting of 100% n-heptane and 0.2% 
isopropanol in n-heptane using retinyl palmitate standard. Since comprehensive separation of the 
peaks was not possible with a sole nonpolar solvent,[28] we have lowered the quantity of isopropanol, 
yielding 0.2% in n-heptane. Later, we encountered the best resolution and effective separation of 
chromatographic peaks, both in standard and in extracted samples. A similar experiment was done by 
Tan and Brzuskiewicz[29] where a mobile phase consisting of 99% hexane and 1% isopropanol was 
used as polar modifier to optimize a solvent system for amino and silica-normal phase columns. Many 
researches have been reported on the usage of isopropyl alcohol for the determination of retinyl 
palmitate as well.[17,30–32] The suitable flow rate (1.0 ml/min) of the mobile phase was selected after 
reviewing numerous research studies where different forms of vitamin A were determined with such 
flow rate along with other chromatographic conditions.[30–36] Usually the detection wavelength range 
for retinyl palmitate is between lambda max 325–328 nm[26] and the most appropriate wavelength for 
the highest absorbance was determined from the robustness parameter (Table 8). In normal-phase 
chromatography, a widely used stationary phase is silica column and it has been used for excellent 
chromatographic separation in numerous research studies.[28–30,37] Therefore, in the current study, 
Pinnacle DB silica column (250 × 4.6 mm; 5 μM particle size) with excellent theoretical plate count 
(93,347 plates/meter) has been used for complete chromatographic separation. Lastly, the final 
selections of major chromatographic conditions were confirmed upon findings of the robustness 
study.

Method validation

Specificity: The proposed HPLC method’s specificity is shown in Figure 1, which displays the complete 
identical chromatographic figures of blank, vitamin A standard (retinyl palmitate), and vitamin A in 
the edible oil sample. The retention times of both the sample and standard peaks were comparable 
enough. Besides, the blank solution did not have any interfering peaks on its chromatogram.

System suitability: Table 1 summarizes all the data regarding the system suitability of the proposed 
method. The peaks due to all the analytes were symmetrical as the observed tailing factors were less 
than two and the resolution of the retinyl palmitate peaks were satisfactory (>2). In contrast, the 
relative standard deviation was below 2%. The observed system suitability parameters of the present 

28 R. HASAN ET AL.



Figure 1. Specificity of analytical solutions; chromatogram of (a) blank solution, (b) standard solution, and (c) retinyl palmitate in 
fortified edible oil.
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method were within the acceptable ranges set by the United States Food and Drug Administration 
(FDA) regulations,[22] which indicate the suitability of the system.

Linearity and Range: The calibration curve (Figure 2) was attained by plotting the average peak 
areas against corresponding concentrations. It shows a linear relationship over the concentration 
range of 3.93–63 μg/mL for retinyl palmitate (Table 2 and Figure 2). A linear equation was attained: y 

Table 1. System suitability and validation parameters.

Parameters
Retinyl palmitate standard 

(21.6 µg/mL)

*Tailing factor (USP) 0.98 ± 0
*Resolution (USP) 3.28 ± 0.15
Theoretical plates/meter (USP) 88,666
*Retention time (min) 8.13 ± 0.28
Relative standard deviation (%) 0.35

USP: United States Pharmacopoeia; *Values are Mean ± SD of three replications

Figure 2. Calibration curve of vitamin A standard (retinyl palmitate).

Table 2. Linearity of response for vitamin A standard (retinyl palmitate).

Standard 
concentration (µg/mL)

Area 
(y)

Mean Area (y) 
(n = 3)

Intercept 
(-c)

Slope 
(m)

Correlation coefficient (R2)

3.93 320,231 319,744 18,322 81,934 0.9998
319,669
319,333

7.87 640,635 641,483
642,183
641,631

15.75 1,267,904 1,268,347
1,267,915
1,269,224

31.5 2,513,031 2,511,962
2,513,376
2,509,479

63 5,165,965 5,166,941
5,168,278
5,166,582
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= 81,934x – 18,322 and the correlation coefficient (R2) was found to be 0.9998 through the regression 
analysis. It also indicates a linear association between the concentration of analyte and the area under 
the peak.

Limit of detection and Limit of quantification
Table 3 reveals that the limit of detection and quantification of retinyl palmitate standard are 0.029 and 
0.096 µg/mL, respectively. It interprets that the proposed HPLC method is capable of detecting and 
quantifying retinyl palmitate at a minimum concentration of 0.029 and 0.096 µg/mL.

Recovery/accuracy

Recovery of standard
The recovery data (Table 4) exhibited the accuracy of the proposed method. It was analyzed at three 
altered concentrations of retinyl palmitate standard, and the value was calculated as recovery percen
tage between the concentrations found and injected for the standard. The average percentage of 
recovery was found to be 104.99%, 102.32% and 99.71% for 3.93 µg/mL, 7.87 µg/mL, and 15.75 µg/mL, 
respectively (Table 4). The final average recovery percentage for the proposed HPLC method was 
102.34% with a percentage of relative standard deviation (RSD) 0.10%.

Recovery of spiked sample
Table 5 shows the data of recovery percentage for edible oil sample with mean relative standard 
deviation percentage. The average recovery percentage was found to be 101.55%, 96.81%, and 93.04% 
for three spiked edible oil samples, respectively. The final average recovery percentage for the 

Table 3. LOD and LOQ of retinyl palmitate standard.

Retinyl palmitate standard

Concentration 
(µg/mL)

Area 
(y)

Mean area 
(y) SD

LOD 
(µg/mL)

LOQ 
(µg/mL)

7.87 640,635 641,483 784.54 0.029 0.096
642,183
641,631

Table 4. Recovery data for retinyl palmitate standard.

Concentration (µg/mL) Mean Area (y)

Mean 
found concentration (µg/ 

mL)
Recovery 

(%) Mean recovery (%) RSD (%) Mean RSD (%)

3.93 319,744 4.13 104.99 102.34 0.14 0.10
7.87 641,483 8.05 102.32 0.12
15.75 1,268,348 15.70 99.71 0.06

Table 5. Recovery data for spiked sample.

Sample 
conc. 
(µg/ 
mL)

Added 
conc. 

(µg/mL)
Expected conc. (µg/ 

mL)
Found conc. (µg/ 

mL)
Recovery 

(%)
Mean recovery 

(%)
RSD 
(%)

Mean RSD 
(%)

Rec-1 0.049 7.87 7.92 8.02 101.55 97.13 0.67 0.44
Rec-2 0.049 15.75 15.80 15.30 96.81 0.57
Rec-3 0.049 31.5 31.5 29.31 93.04 0.07

Rec: Recovery sample
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proposed HPLC method for the sample was calculated as 97.13% with a relative standard deviation 
(RSD) of 0.44%.

Solution stability
Table 6 exhibits that the stability of standard retinyl palmitate was highest at 0 h and after 24-h 
dark storage, confirmed by the recovery percentages as 100.45% and 99.46%, respectively. The 
standard solution was found to be comparatively less stable after 24-h storage at light and 
refrigerator.

Table 6 also demonstrates vitamin A stability in edible oil sample. It showed that sample solution 
was more stable at 24-h storage in dark (recovery 102.5%) and refrigerator (recovery 82.5%) than 24-h 
storage at light (recovery 72.5%).

Precision

Both intra-day and inter-day precision data are presented in Table 7, where a standard solution of 
21.62 µg/mL concentration was analyzed for 3 days consecutively. The precision is expressed in %RSD 
and was found satisfactory and less than 2%. Mean recovery was in the range of 93.92–101.54% (intra- 
day) and 84.31–101.54% (inter-day). It was also noticed that the mean recovery percentage decreased 
with an increase in storage time.

Robustness

Table 8 summarizes the results of robustness testing and exhibits that small changes in the HPLC 
analytical conditions, such as mobile phase compositions, wavelength, and flow rate, are fairly robust 
and also within satisfactory limits. The results also revealed that the proposed method can separate and 
recover vitamin A more efficiently with mobile phase composition of 75/80% (A pump), 25/20% (B 
pump), 326 nm wavelength, and 1 mL/min flow rate.

Table 6. Solutions stability data of the proposed HPLC method.

Time interval
Area 

(y)
Mean area 

(y)
Rt 

(min)
Mean recovered (µg/ 

mL)
Mean recovery 

(%)
RSD 
(%)

Standard 
(63 µg/mL)

0 h 5,165,965 5,166,941 8.38 63.29 100.45 0.02
5,168,278 7.86
5,166,582 7.88

After 24 h at Light 5,064,818 5,052,960 8.32 61.89 98.25 0.26
5,039,196 7.02
5,054,867 6.95

After 24 h at Dark 5,112,238 5,115,779 7.93 62.66 99.46 0.16
5,125,287 7.95
5,109,813 7.96

After 24 h at 
Refrigerator

5,044,580 5,024,745 8.01 61.55 97.7 0.40
5,024,958 8.01
5,004,699 8.00

Sample (0.04 µg/ 
ml)

0 h 7,707 7,959 8.03 - - 3.33
7,935 8.05
8,236 8.06

After 24 h at Light 6,324 6,052 8.09 0.029 72.5 4.27
5,809 8.12
6,025 8.12

After 24 h at Dark 6,689 6,667 7.72 0.041 102.5 7.0
6,190 7.44
7,122 7.65

After 24 h at 
Refrigerator

5,239 5,151 8.15 0.033 82.5 1.88
5,047 8.18
5,168 8.17
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In all alterations, extraction and good separation of vitamin A (retinyl palmitate) were attained, and 
it was significant that the recovery percentage was within the acceptable ranges (90% or above) and the 
percentage of RSD was also within satisfactory limits (<2.0%).

Application

The proposed method was applied to determine the vitamin A (retinyl palmitate) contents of three 
kinds of fortified edible oils (soybean, sunflower, and palm oil) (Table 9). The identification was made 

Table 7. Precision data of retinyl palmitate standard (21.6 µg/mL).

Time Interval Area (y)
Mean area 

(y)
Rt 

(min)
Tail 

factor
Peak 

resolution
Mean recovered (µg/ 

mL)
Mean recovery 

(%)
RSD 
(%)

Intra-day precision
0 h 1,783,384 1,778,782 7.80 0.98 3.10 21.93 101.54 0.35

1,781,296 8.27 0.98 3.38
1,771,667 8.31 0.98 3.35

3 h 1,767,380 1,760,184 8.35 0.98 3.38 21.71 100.49 0.37
1,754,814 7.94 0.98 3.07
1,758,359 9.19 0.96 3.63

6 h 1,650,501 1,646,810 8.25 0.98 3.22 20.29 93.92 0.28
1,641,571 9.41 0.95 3.50
1,648,359 9.09 0.96 3.42

Inter-day precision
Day 1 1,783,384 1,778,782 7.80 0.98 3.10 21.93 101.54 0.35

1,781,296 8.27 0.98 3.38
1,771,667 8.31 0.98 3.35

Day 2 1,595,419 1,576,749 8.42 0.98 3.37 19.47 90.13 1.04
1,564,785 8.87 0.97 3.47
1,570,045 9.14 0.97 3.42

Day 3 1,493,188 1,473,784 8.98 0.98 3.40 18.21 84.31 1.28
1,455,572 8.86 0.98 3.33
1,472,593 8.52 0.97 3.83

Table 8. Robustness data of the proposed HPLC method (28 µg/mL of retinyl palmitate standard).

Parameters
Mean area 

(y) Mean RT (min) Mean recovery (%) Mean RSD (%)

Mobile phase composition 80% (A pump), 
20% (B pump)

2,125,518 6.33 93.30 0.53

75% (A pump), 
25% (B pump)

2,126,374 6.48 93.49 0.36

85% (A pump), 
15% (B pump)

2,074,871 8.15 91.24 1.03

Wavelength 323 nm 2,106,144 6.018 92.60 0.06
326 nm 2,126,374 6.48 93.49 0.36
329 nm 2,104,384 6.023 92.53 0.2

Flow rate 1.2 mL/min 1,780,449 5.07 78.41 0.14
1 mL/min 2,126,374 6.48 93.49 0.36

0.8 mL/min 2,041,274 7.56 89.78 0.42

Table 9. Vitamin A content in different fortified edible oils.

Types of fortified oil
Sample concentration (mg/ 

mL) Mean area (y)
Mean 

Rt (min)
Vit A (mg/ 

100 g)
RSD 
(%)

Fortification 
standard 

(mg/100 g)

Soybean 1.13 4,588.5 ± 4.95 7.43 ± 0.01 1.01 ± 0.008 0.11 1.5–3.0
Sunflower 1.06 5,132 ± 11.31 9.005 ± 0.46 1.15 ± 0.03 0.22
Palm 1.19 4,554 ± 32.53 8.36 ± 0.00 0.98 ± 0.002 0.71

Values are Mean ± SD of three replications.
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by the retention time, which was very reproducible in this study. It is obvious that the content of 
vitamin A varied from oil types to types. Vitamin A content of fortified edible oils was analyzed with 
the proposed method where vitamin A was detected and quantified with an average content of 
1.01 ± 0.008, 1.15 ± 0.03, and 0.98 ± 0.002 mg/100 g oils for soybean, sunflower, and palm oil, 
respectively. For all types of fortified oil, the RSD was within the acceptable limits (2%).

Discussion

In this study, a normal-phase HPLC method was developed to analyze retinyl palmitate in fortified 
edible oils, without laborious and time-wasting sample preparation. The oil samples were simply 
dissolved into the extracting solvent (mobile phase) and directly injected into the HPLC system. The 
sample preparation before the final injection into the HPLC system takes only 10 min. Whereas, many 
studies subjected oil samples to saponification with an average of 2–3 h per sample (based on the 
AOAC method 2001.13).[38] This laborious saponification time can be lessened to many extents by 
simply dissolving them into extracting solvent. Similar extracting solvent was used by Noll and 
Becker[19] where they used n-heptane as a major extracting solvent with the addition of slight polar 
tert-butyl methyl ether solvent. However, the retention time of the above normal-phase and many 
reverse-phase HPLC methods for retinyl palmitate determination is lower than the proposed method. 
But considering the overall procedure, including sample preparation, operational steps etc., the 
proposed method offered lower experimental duration than other methods. The overall retinyl 
palmitate analysis through this current method took only 20 min. Various normal phase studies 
reported that analytical values (recovery rate) from the direct solvent extraction method are higher 
than values from the saponification method.[30] The potential mechanism might be the loss of retinyl 
palmitate during the saponification process. An approximate 10% loss of retinyl palmitate was 
observed through saponification by Ishimaru et al.[36] Excluding the saponification step did not affect 
the recovery rate in this study also, which was more than 93.0%. The recoveries are comparable with 
other normal phase analysis including Ishimaru et al. (88.94–103.82%)[36] where the samples were 
subjected to saponification. The recoveries are also similar to the previous recovery rates of reverse 
phase analysis of retinyl palmitate conducted by Wang and Huang (85–96%),[33] Wielinski and 
Olszanowski (99.2%)[12] and Davydova et al. (98.0%).[39] A very common silica column was used 
for chromatographic separation (stationary phase) of retinyl palmitate with UV detector. Usually, 
when any lipid portion is directly injected into the HPLC system, there is always a risk of declining 
separation efficiency as well as the lifespan of the HPLC column.[40] The proposed validation showed 
that the lipid portion did not deteriorate the column’s separation power and lifetime. The precise 
choice of mobile phase ensured better column performance. Moreover, column washing after each 
sample injection was not essential at all. The method was fully validated and also compared with other 
normal and reverse phase methods of retinyl palmitate determination regarding various validation 
parameters. The linearity range of standard concentration was 3.93–63 µg/mL which gave an excellent 
linear line during regression analysis. The r2 (0.9998) value was comparable with previous findings of 
Wang and Huang[33] and Lee et al.[30] indicating quantification of retinyl palmitate with the developed 
method is highly reproducible even than Johnson-Davis et al.[41] and Ishimaru et al.[36] The precision 
level of the proposed method was found below 2% (Intra-day: 0.28–0.37%; Inter-day: 0.35–1.28%) 
which is similar to the value reported by Wielinski and Olszanowski[12] (Intra-day: 1.34%; Intra-day: 
0.82–1.1%) and Davydova et al.[39] (Intra-day: 0.6–1.2%; Intra-day: 0.4–1.5%). According to 
McMahon et al.[42] the RSD values must be below 2%. The RSD values of the current study indicated 
more precision in comparison with other RSD values of similar normal phase validation results.[31,42] 

The proposed method’s LOD and LOQ were recorded at 0.029 and 0.096 µg/mL, respectively. 
Whereas, nearly values were also reported in a reverse phase (0.015, 0.02 µg/mL) by Lisa et al.[43] 

and normal phase (0.003, 0.15 µg/mL) by Carafa et al.[18] Regarding the application of the suggested 
method, it provided pretty similar results to the previously applied methods (both reverse phase and 
normal phase). The analysis of retinyl palmitate in fortified edible oils showed that all the samples were 
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below the fortification standards (1.5–3.0 mg/100 g) and recorded for soybean oil (1.01 ± 0.008 mg/ 
100 g), sunflower oil (1.15 ± 0.03 mg/100 g) and palm oil (0.98 ± 0.002 mg/100 g). The results of the 
applications of the proposed method are in agreement with the previous findings of Lisa et al.[13] where 
most of the oil samples had much lower vitamin A (0.17–0.28 mg/100 g) than the standard value. 
Vitamin A content of fortified soybean oil was also analyzed by Ahmed et al.[14] and it was reported 
that oil samples had lower vitamin A content than the standard value and is consistent with the current 
study’s findings. GAIN and ICDDRB[15] analyzed that 58% of market oil samples did not comply with 
the minimum fortification standards. Remarkably, all of the above results were analyzed by applying 
reverse-phase HPLC methods and are consistent with the results of the proposed normal-phase HPLC 
method.

Conclusion

The optimized normal-phase HPLC method with UV detector for the detection and quantification of 
vitamin A (retinyl palmitate) in fortified edible oils has been established and laboratory validated 
according to ICH guidelines. It involves a simple procedure for the preparation of the samples and 
injection. The method is efficient, accurate, and reliable in terms of rapidity, simplicity (direct sample 
extraction), high selectivity, and reliable sensitivity. Notably, the high recovery percentage data 
showed that the analytical method is free from interference. Additionally, the significant features of 
the developed method are short run time, retention time, and analysis completion time. The method is 
robust enough to reproduce precise results under diverse chromatographic conditions and was 
successfully applied to simultaneously determine retinyl palmitate in fortified edible oils. Finally, all 
the results obtained with the proposed method confirmed the method’s suitability for the analysis of 
retinyl palmitate from fortified edible oils.
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