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Introduction
Nowadays, nutraceuticals are gaining popularity in the 
healthcare system due to their risk mitigation potential 
in various disease conditions with a lesser likelihood of 
adverse effects. Nutraceuticals possess beneficial health 
effects and are considered to be natural in form as they are 
derived from botanical sources. Apart from food or part 
of food originating from plants or animals, nutraceutical 
compounds also include macronutrients such as proteins, 
minerals, and amino acids.

In recent years, researchers have shown in their studies 
favorable outcomes of different nutraceuticals in multiple 
disease conditions such as bone disorders,[1-2] diabetes 
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The global nutraceutical market is expanding fast, and people nowadays are inclined towards nutraceutical 
supplements for daily micronutrient needs and health benefits in some disease conditions. Hence, 
ensuring the safe and effective use of these supplements is the need of the hour. The current study is 
aimed at determining the accuracy and regulatory compliance of marketed nutraceutical formulations 
by quantifying the active nutraceutical ingredients and heavy metal content in these formulations using 
advanced analytical techniques. Total 12 marketed formulations were selected and analyzed in NABL 
(National Accreditation Board for Testing and Calibration Laboratories) accredited laboratory using 
High-performance liquid chromatography (HPLC) and inductively coupled plasma-mass-spectrometry 
(ICP-MS). The quantified values were compared with label-stated values and recommended values as 
per FSSAI. The quantified values in two lycopene samples varied significantly (-16 and +16%) from the 
label stated content and were found non-compliant with the regulatory recommendations. The measured 
intake values of calcium and vitamin D varied from 24 to 204% from the recommended daily allowances 
established by FSSAI. The quantified daily intake values varied from 4.2 to 58 mg and from 4 to 21.5 mg 
for lycopene and lutein, respectively. Heavy metal content determination resulted in two samples deviating 
from the tolerance limits of heavy metals for lead and arsenic. The mean values for lead and arsenic were 
found to be 2.482 ± 6.921 and 0.311 ± 0.655 ppm, respectively. The present study results provided vital 
information on the composition of marketed nutraceutical formulations. The regulatory agencies require 
stringent monitoring practices to ensure compliance with the existing regulatory guidelines to provide 
the consumer safe and effective nutraceutical products.
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management,[3-4] neoplasm,[5-6] cardiovascular[7-8] and 
neurological diseases.[9-10] Due to increasing consumer 
awareness about the beneficial effects of nutraceuticals, 
the global nutraceutical market is growing at an 
unprecedented rate and is expected to reach USD 722.49 
billion by 2027.

Since nutraceuticals are derived from herbal sources 
and have been used for substantial lengths of time without 
major toxicities, there is a misconception that these 
products are completely safe. This may be true for some 
nutraceuticals; however, it cannot be ascertained for all 
such products. The adverse effects of nutraceuticals are 
reported not only due to nutraceutical ingredients but 
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also due to contaminants in these products. Pesticides 
and heavy metals are considered the most dangerous 
among all contaminants. The adverse effects of these 
contaminants vary from mild skin rash to respiratory 
severe, neurological, and reproductive disorders.[11] Heavy 
metals' toxicity includes liver disorder, immune function 
disorder, cancer, cardiovascular toxicity, neurological 
disorders, hepatic and renal dysfunction.[11-12] Toxicities 
of nutraceutical ingredients include spontaneous bleeding 
after prolonged exposure of high dose Ginkgo biloba, 
increased risk of hypercalcemia due to the interaction of 
calcium and vitamin D supplements with digoxin/thiazide 
diuretics; carcinoma, hepatotoxicity, genotoxicity, and 
mutagenicity associated with St. John's wort (Hypericum 
perforatum), cinnamon and Aloe vera.[11,13] Further, the 
response of nutraceuticals varies from individual to 
individual; hence, in order to gain maximum therapeutic 
benefit and to avoid any significant adverse effects, 
nutraceuticals must be consumed in recommended 
dosages set out by regulatory agencies; and should be 
free from /or within the tolerance limits of contaminants 
set out by the agencies.[14] Regulatory authorities have 
laid down stringent guidelines on contaminants and 
their tolerable limits. It is therefore imperative that the 
manufacturers comply with these guidelines. The current 
study aims to quantify widely used active nutraceutical 
ingredients (vitamin D, calcium, lycopene, and lutein) 
in marketed formulations to check the accuracy of label 
claims; and analyze the content of heavy metals (lead, 
cadmium, arsenic, and mercury) in these formulations. The 
ascertained quantities of nutraceutical ingredients and 
contaminants were further studied for their compliance 
with the nutraceutical regulations.

Materials and Method
A total of 12 formulations from different manufacturers 
marketed in India were randomly selected for the current 
study. These formulations were purchased from online 
retail stores. These include four samples containing both 
vitamin D and calcium, four samples containing lycopene, 
and the remaining four samples containing lutein. Each 
sample was assigned with a unique laboratory reference 
number and sample number. Particulars of each sample 
were recorded, including the name of the product, the 
manufacturer, sample description (i.e., color of the 
tablet/capsule), batch number, manufacturing date, and 
expiry date. The samples were analyzed from a NABL 
(National Accreditation Board for Testing and Calibration 
Laboratories) accredited laboratory.

Sample Preparation
The tablets were crushed, and content from capsules 
was extracted to prepare the sample solutions in 2% 
nitric acid supra pure for heavy metal determination 
and in laboratory grade methanol for determination of 

ingredients, i.e., vitamin D, lutein, and lycopene. The 
sample solution was prepared as per Indian Standard (IS) 
4285 for determination of calcium.[15]

Determination of Vitamin D, Lutein, Lycopene, and 
Calcium
High-performance liquid chromatography (HPLC) was 
employed to assay vitamin D, lycopene, and lutein,[16] and 
volumetric determination was performed as per IS 4285 
for calcium.

The analysis of vitamin D, lycopene, and lutein was 
carried out on an Infinity 1260 HPLC system (Agilent) 
using a C18 column (Zorbax, Agilent) and Diode-Array 
Detection (DAD) detector at detection wavelengths of 264 
nm, 572 nm, and 550 nm, respectively.

The linearity to validate the method was established 
using respective standard solutions with concentrations 
ranging from 1 to 20 mg/L for vitamin D and 5 to 100 mg/L 
for lutein and lycopene.

Determination of Heavy Metals
An Agilent 7700 inductively coupled plasma mass 
spectrometry (ICP-MS) was employed for evaluating 
heavy metals.[16] The linearity to validate the method was 
established using standard solutions with concentrations 
ranging from 0.5 to 100 µg/L.

Identification and quantification of ingredients and 
heavy metals were made using respective external 
standards.

Recommended Limits of Nutraceutical Ingredients 
and Maximum Tolerable Limits for Heavy Metals
Recommended daily allowances (RDA) of vitamins and 
minerals laid down by the Food Safety and Standards 
Authority of India (FSSAI) were followed. As per these 
recommendations, the RDA for calcium varies between 
population groups: 600 mg/day for children (1 to 9 years) 
and adults (>17 years); 500 mg/day for infants (< 1 year 
of age); 800 mg/day for adolescents (10 to 17 years) and 
1200 mg/day for pregnant and lactating women. There is 
only one value of RDA set out for all population groups in 
case of vitamin D, i.e., 10 µg/day (400IU).[17]

Lycopene and lutein are included in Schedule VI (Part 
B) list of nutraceutical ingredients as per FSSAI regulations 
on nutraceuticals;[18] however, FSSAI has not established 
an RDA for lutein and lycopene.

Maximum permissible limit (in parts per million 
[ppm] by weight) for contaminants laid down by Food 
Safety and Standard Regulations (FSSR) were followed for 
heavy metal content analysis. The heavy metal limits for 
processed food products other than infant milk substitutes 
are: 1-ppm for mercury (as Hg), 10 ppm for lead (as Pb), 
1.5 ppm for cadmium (as Cd), and 1.1 ppm for arsenic 
(as As).[19] In order to estimate the variation between 
the different samples, a single imputation method was 
employed, considering some samples may have metal 
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content below the level of quantification (LoQ), i.e., 0.01. 
Values below LOQ by LoQ to have consistent approach are 
replaced by a constant value such as LoQ/2 or the LoQ 
itself in the single imputation method. Using the upper 
value, i.e., LoQ itself is considered the most conservative 
method.[20] In the current study, the mean and standard 
deviation of the heavy metal contents in different samples 
was calculated using a single imputation method using 
values below LoQ as LoQ.

Results
The physical examination revealed normal color and intact 
formulation (tablets/capsules). The values of vitamin D, 
calcium, lycopene, and lutein were determined as content 
per serving (tablet/capsule) and were compared with 
values stated on the product label (Table 1). The retention 

time (Rt) ranges (in minutes) for different samples were 
noted as follows: 2.622 - 2.654 for lutein, 2.999 – 3.044 for 
lycopene, and 5.104 – 5.288 for vitamin D. The quantified 
values vary significantly from the label stated content in 
two lycopene samples (Table 1). The variation was noted 
as -16 and +16% in these samples.

The recommended daily serving value (the number 
of tablets/capsules) specified on the product label was 
multiplied with the quantified values of vitamin D and 
calcium to determine the actual daily amount that the 
end-user will consume following the product label 
recommended dose. These values were determined 
to check the variation from the daily intake values 
recommended by FSSAI. Although the sample product 
labels didn't specifically mention the intended population 
of use, the values were determined with respect to adult 

Table 1: Difference between the quantified and stated value of the selected samples of nutraceutical products

Sample number Ingredients
Stated value
(per tablet/capsule)

Quantified value
(per tablet/capsule) Percentage difference

0014 Lycopene 10 mg 9.98 mg -0.2

0015 Lycopene 5 mg 4.20 mg -16

0016 Lycopene 25 mg 29.0 mg +16

0017 Lycopene 30 mg 28.0 mg -6.67

0018
Calcium elemental 100 mg 98.99 mg -0.1

Vitamin D (as D3) 8.33 µg 8.10 µg -2.76

0019
Calcium elemental 200 mg 210.20 mg +5.1

Vitamin D (as D2) 5 µg 4.80 µg -4

0020
Calcium elemental 250 mg 248.70 mg -0.52

Vitamin D (as D2) 10 µg 10.20 µg +2

0021
Calcium elemental 400 mg 420.80 mg +5.2

Vitamin D (as D2) 2.5 µg 2.40 µg -4

0022 Lutein 10 mg 9.50 mg -5

0023 Lutein 20 mg 21.50 mg +7.5

0024 Lutein 10 mg 10.50 mg +5

0025 Lutein 2 mg 2.02 mg +1

Table 2: Variation of quantified daily intake value from the RDA specified by FSSAI for vitamin D and calcium

Sample number Maximum daily serving (as per label) Quantified dose per tablet (mg/µg) Actual daily intake (mg/µg) Percent RDA*†

Calcium (mg):

0018 Two tablets 98.99 197.98 33

0019 Two tablets 210.20 420.4 70

0020 Two tablets 248.70 497.4 83

0021 One tablet 420.80 420.8 70

Vitamin D (µg):

0018 Two tablets 8.10 16.2 162

0019 Two tablets 4.80 9.6 96

0020 Two tablets 10.20 20.4 204

0021 One tablet 2.40 2.4 24
*variation form RDA as specified by FSSAI for an adult man or woman, i.e., 600 mg for calcium and 10 µg for vitamin D
†Rounded off to a nearest whole number
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men or women, considering all the product labels either 
mentioned "not recommended" or "to exercise caution" 
during use in pregnancy/lactation or in children. Upon 
calculation, the calcium daily intake value did not even 
reach one RDA (as recommended by FSSAI) in any of the 
samples (variation from 33 to 83%). On the other hand, 
vitamin D value was exceeded by twice the RDA in one 
sample (variation from 24 to 204%) (Table 2).

The daily intake values of lycopene and lutein were 
calculated based on recommended daily dosage specified 
on the product labels. It was found that the daily intake 
values calculated for these samples vary from 4.2 to 58 mg 
for lycopene; and 4 to 21.5 mg for lutein (Table 3).

Heavy metal content in all the samples was determined 
and compared with the permissible limits as per FSSR. The 
values were found deviating the permissible limits in two 
samples for arsenic and lead. In one of the samples, the 
value of lead was found more than double the permissible 
limits (Table 4). The estimate of the mean and standard 
deviation using the single imputation method is shown 
in Table 5.

Discussion
As per FSSAI,[18] the tolerance limit for variation of 
quantified value from the label declared value of the 
nutritional ingredients is ten percent. FSSAI permits 
appropriate overages based on scientific rationale; 
however, these are specified only for vitamins and 
minerals.[18] Since the variation of more than ten percent 
(± 16%) was identified for lycopene in two samples and 
no overages have been specified for carotenoids, these 
two samples were found out of the tolerance limits set by 
FSSAI. Further, the intended population of use was not 
specified on all labels, which is an important parameter 
considering the RDA defined by FSSAI varies among 
different population groups.

Calcium and vitamin D are vital for the maintenance 
of bone health. The major portion of daily calcium and 
vitamin D requirement can be completed from dietary 
intake along with adequate sunlight exposure. However, 
due to changing food habits and lifestyle modifications 
with long indoor working hours, the deficiency of vitamin 
D and calcium is quite rampant in India[21-22] and around 
the world.[13] These deficiencies can lead to several clinical 
consequences, including low bone mass, osteoporosis, and 
increased risk of falls and fractures.[22-24] Since there is vast 
awareness of calcium and vitamin D supplements, most 
people rely on these supplements to fulfill their daily need 
of vitamins and minerals. In the current study, the calcium 
and vitamin D levels were found way below the RDA in 
some of the samples. Hence, intake of these supplements 
can offer a false sense of satisfaction and, in turn, lead to 
clinical consequences of vitamin D and calcium deficit. 
On the other hand, in some of the samples, the vitamin D 
levels were found way higher than the RDA; hence, there 
is also a risk of vitamin toxicity. A review of the literature 
revealed reports of calcium and vitamin D toxicities from 
marketed supplements resulting in the development of 
hypercalcemia, neuropsychiatric, gastrointestinal, renal, 

Table 5: Estimates of the mean and standard deviation of heavy metal content using single imputation method

Permissible limit (ppm) Mean ± SD

Lead (Pb) 10 2.482 ± 6.921

Arsenic (As) 1.1 0.311 ± 0.655

Cadmium (Cd) 1.5 NA

Mercury (Hg) 1.0 NA
NA: Not applicable in case all values are below LoQ
LoQ: Limit of quantification; SD: Standard deviation

Table 4: Recommended and quantified values of heavy metal content (in ppm)

PL* 0014 0015 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025

Pb 10 0.44 0.36 1.84 0.93 0.027 0.65 ε ε 0.51 24.4 0.18 0.43

As 1.1 1.958 ε ε ε ε ε 0.28 ε ε 1.40 ε ε

Cd 1.5 ε ε ε ε ε ε ε ε ε ε ε ε

Hg 1.0 ε ε ε ε ε ε ε ε ε ε ε ε
*PL- Permissible Limit (as per FSSR, 2011)
εBelow the limit of quantification (0.01)

Table 3: Actual daily intake calculated from the quantified value of 
lutein and lycopene and product label information

Sample 
number

Maximum daily 
servings (as per label)

Actual daily intake value based 
on quantified values (mg)

Lycopene

0014 One capsule 9.98

0015 One tablet 4.20

0016 Two tablets 58.0

0017 One capsule 28.0

Lutein

0022 One tablet 9.50

0023 One tablet 21.50

0024 One capsule 10.50

0025 Two tablets 4.04
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and cardiovascular complications.[25-27]

The daily intake values specified on the sample labels 
were not in line with the RDA established by FSSAI. 
Although the percent RDA is mentioned on all the labels 
of calcium/vitamin D samples; the consumer is likely to 
follow the label recommended dosage and not the percent 
RDA considering the definition of RDA is not mentioned 
on the product labels, and most of the consumers are not 
aware of the RDA terminology. Moreover, nutraceutical 
products are not prescription products and, most of 
the time, taken over-the-counter by the consumers to 
fulfill their vitamin/mineral requirement. Hence, it is 
likely to result in non-fulfillment of required calcium/
vitamin D demand of the consumers or can lead to their  
overdose.

FSSAI has already identified the issue regarding non-
compliant RDA values. One of the root causes of this issue 
is the lack of proper scrutiny by licensing authorities when 
issuing the licenses to manufacturers. FSSAI is taking steps 
in directing state licensing authorities to strictly scrutinize 
the RDA while granting new licenses. The authorities have 
started reviewing the existing licenses and issuing notices 
to manufacturers to direct them to perform necessary 
modifications if non-compliance is identified.

Among different tested samples, a considerable 
variation in label recommended values was also noticed 
for lutein and lycopene. Since the nutraceuticals are not 
prescription-based products and considering the notable 
variability in bioavailability of carotenoids from individual 
to individual, there is large possibility of adverse clinical 
outcomes due to improper dosage of lutein and lycopene 
from these supplements. Studies have shown that more 
than 20  mg/day of supplemental intake of carotenoids 
may result in adverse outcomes, including increased 
risk of cancer and death, especially in smokers.[27] In 
the current study, the manufacturer of one of the lutein 
formulations claimed: “Zero side effects” on the label. As 
the possibility of the adverse event cannot be completely 
ruled out with carotenoids, providing such claims can lead 
to a false sense of security to consumers and more likely to 
feel invulnerable to negative health consequences. FSSAI 
restricts any claims that can be misleading to the public 
in any way.[28] Such claims can also be considered a covert 
promotion, which FSSAI again prohibits. During heavy 
metal testing, the mean value for lead and arsenic in the 
studied samples was noted as 2.482 ± 6.921 and 0.311 ± 
0.655 ppm, respectively, as compared to the permissible 
limits of 10 and 1.1 ppm. The value for cadmium and 
mercury was below the LOQ in all studied samples. A 
deviation percentage of +27% and +78% for arsenic; and 
+144% for the lead was noted in two samples from the 
tolerance limits. Although the values of heavy metal were 
within the permissible limits in most of the samples, a large 
deviation noted even in a few samples (especially in the 
case of +144% for lead) can be dangerous to the consumer 
leading to severe ramifications.[29]

The results of this study exhibited deviation of marketed 
nutraceutical products from the existing regulatory 
guidelines in content variation from label stated values, 
level of contaminants, and labeling information. The reason 
for this deviation cannot be ascertained as it can be due 
to manufacturing or raw material defect or could be due 
to improper handling & storage. However, this certainly 
points towards the need for stricter regulatory monitoring 
for enforcement of good manufacturing practices (GMP) 
along with increased surveillance or inspections to ensure 
safety and efficacy for the consumers. A well-regulated and 
high-quality product will also ensure better acceptance of 
Indian products in the global market.
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