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ARTICLE INFO ABSTRACT

Keywords: Knowing the label claims and bioaccessibility of vitamin C supplements is essential for determining daily vitamin
Ascorbic acid C intake. The purpose of the present study was to investigate the bioaccessibility of vitamin C in commercial
Vitamin C

dietary supplements by an in vitro digestion model. In our study, 17 products were examined, including 2 cap-
sules, 15 tablets (9 of these 15 tablet were effervescent tablets). In most commercial dietary supplements, the
measured amounts of vitamin C were very close to or higher than the declared amounts. The average measured
vitamin C amount of the products were between 90.3 % and 107.5 % of the declared amount. The in vitro
bioaccessibility of vitamin C in dietary supplements was ranged from 4.0 % to 88.0 %. We observed that the
bioaccessibility of vitamin C is higher in mono-supplements compared to multi-supplements. Our results showed
that the bioaccessibility of dietary supplements was highly variable. Differences in ingredients of dietary sup-
plements may affect the bioaccessibility of vitamin C. Consequently, the ingredients of the vitamin C supple-

Bioaccessibility
Dietary supplements
Interaction

ments and the coating technology used are likely to affect supplementation efficiency.

1. Introduction

Vitamin C, also known as L-ascorbic acid, is one of the essential
micronutrients that has important functions in various chemical re-
actions in cellular metabolism. Humans cannot synthesize vitamin C due
to a mutation in the gene encoding L-gulonolactone oxidase, the ter-
minal enzyme in the synthesis pathway of ascorbic acid (Granger and
Eck, 2018). Many fruits and vegetables, such as citrus fruits, kiwi, to-
matoes, and peppers meet more than 80 % of the daily vitamin C
requirement. For this reason, adequate consumption of vegetables and
fruits is sufficient to ensure daily vitamin C needs. The European Food
Safety Authority (EFSA) recommends a daily vitamin C intake of 110
mg/day and 95 mg/day for men and women over the age of 18,
respectively. During pregnancy and lactation, the daily requirement
increases due to the transfer of vitamin C to the baby and breast milk.
Additionally, heavy smokers (more than 20 cigarettes per day) have an
increased daily vitamin C requirement due to severe oxidative
stress-induced vitamin C turnover (EFSA, 2013).

In European countries, the daily dietary vitamin C intake of adults

ranges from 65 to 139 mg/day (Daud et al., 2016). Vitamin C deficiency
can lead to a fatal condition known as scurvy, which is characterized by
bleeding gums, pain, and hemorrhage in the extremities (Vissers et al.,
2013). In addition, vitamin C deficiency is associated with many dis-
eases such as infections, obesity, cardiovascular diseases, cancer, dia-
betes, eye diseases, neurodegenerative diseases, psychiatric disorders,
bone diseases, skin diseases, and reproductive system diseases (Ugur
et al., 2020a). On the other hand, sub-optimal plasma vitamin C levels
increase the risk of death of all causes of mortality (Goyal et al., 2013;
McKay et al., 2021).

Healthy adults have a total of 300 mg to 2 g of vitamin C in body
tissues, with higher concentrations in leukocytes, adrenal glands, brain,
and eyes (Daud et al., 2016). Vitamin C is present in many tissues mainly
in the form of ascorbic acid (AA) and dehydroascorbic acid (DHAA)
(Granger and Eck, 2018). The main function of AA, the bioactive form of
vitamin C, in tissues is to reduce free radicals such as reactive oxygen
species (ROS). AA loses electrons and is reversibly oxidized to DHAA,
thereby reducing oxidative damage in tissues and showing antioxidant
activity (Kaur and Nayyar, 2014). The most prominent evidence for
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antioxidant activity comes from the reduction of lipid peroxidation
biomarkers and the improvement of DNA damage with vitamin C sup-
plementation (Ferretti et al., 2008; Kawashima et al., 2018; Pasinski
et al., 2013). However, it is emphasized that vitamin C supplementation
cannot further reduce oxidative damage when the vitamin C in the tis-
sues is at a saturated level (Daud et al., 2016). In understanding this
saturation, EFSA assumes that reaching plasma concentrations above
about 50 umol/L significantly increases urinary excretion, reflecting
that body pools are near saturation (EFSA, 2013). Vitamin C is also able
to regenerate other antioxidant molecules such as glutathione and
a-tocopherol by reducing them (Szarka et al., 2012).

Vitamin C plays a cofactor role in many important biochemical re-
actions such as neurotransmitter synthesis, carnitine synthesis and cross-
linking of collagen fibers (Travica et al., 2017). Besides the aforemen-
tioned series of biochemical reactions, it is essential for the innate and
adaptive immune response. Vitamin C is associated with migration of
phagocytes towards infection sites in response to chemoattractants,
protection of phagocytic cells and lymphocytes from oxidative stress,
natural killer cytotoxic activity, and regulation of the inflammatory
response (Carr and Maggini, 2017).

Ascorbic acid supplements can be used in medical treatment to
maintain the normal plasma concentration of vitamin C in critically ill
patients. In addition to its use in medical treatment, vitamin C supple-
ments also attract the attention of healthy consumers. A multinational
Middle Eastern study reported that 47 % of participants used dietary
supplements during the second wave of COVID-19 pandemic. Especially
vitamin C has been one of the most preferred supplements by consumers
(Mukattash et al., 2022). Also, most Americans use dietary supplements
to "improve" or "maintain" (45 % and 33 %, respectively) their overall
health rather than improve their current diet quality (Dwyer et al.,
2022). However, due to COVID-19, vitamin C was one of the dietary
supplements with the highest increase (44 %) in use among American
adults in the first half of 2020 (Statista, 2020). Commercial companies
offer a variety of capsules, tablets, effervescent tablets, and gummy vi-
tamins containing varying doses of vitamin C. However, the main dif-
ficulty with ascorbic acid supplements is the high instability
characteristic. When ascorbic acid is exposed to heat, transition metal
ions, light, and alkaline pH, it is reversibly oxidized to DHAA, and then
DHAA is irreversibly hydrolyzed to form 2,3-diketogulonic acid (Ugur
et al., 2020a). Therefore, the stability of vitamin C in commercial sup-
plements is essential to maintain supplement quality, label claims, and
shelf life. Besides, intestinal factors such as enzymes and alkaline envi-
ronment significantly affect the stability of vitamin C, causing a decrease
in the amount of bioaccessible vitamin C (Rodriguez-Roque et al., 2013;
Beceren et al., 2022). Determining the in vitro bioaccessibility of vitamin
C by mimicking the gastrointestinal tract is the first step towards pre-
dicting its biological activity. Basically, in vitro bioaccessibility studies
offer great advantages due to the absence of ethical problems, low cost,
and short-term results (Kamstrup et al., 2017). Also, it is important to
calculate the daily nutrient intakes in order to guide individuals prop-
erly. Therefore, our study aimed to determine the bioaccessibility of
vitamin C in dietary supplements in vitro during the three phases of
digestion.

2. Materials and methods

L-ascorbic acid (vitamin C), meta-phosphoric acid, pancreatin (8 x
USP specifications from pig pancreas), Lipase (Type II from pig pancreas,
100-500 U/mg protein), alpha-amylase (from Aspergillus oryzae pow-
der, 1.5 U/mg), pepsin (from pig gastric mucosa solid, lyophilized
powder, 250 U/mg), mucin, NaCl, KCl, CaCly-2H,0, NaHCOs3, urea,
bovine serum albumin, uric acid, acetonitrile (ACN), bile salts and other
chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA).
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2.1. Sampling

In this study, vitamin C-added dietary supplements were purchased
from various pharmacies in Istanbul, Turkey. Of the 17 products
analyzed in our study, 2 were capsules, 15 were tablets, and 8 of these 15
tablets were effervescent tablets. The details of these supplements were
shown in Table 1.

2.2. In vitro investigation

Bioaccessibility of vitamin C in dietary supplements was determined
using the in vitro human digestion system. The method described by
Ugur et al. (2020b) was used for vitamin C bioaccessibility. Enzymes,
organic and inorganic compounds, mouth, stomach, small intestine, and
bile solutions were prepared (Fig. 1). In this study, effervescent tablet
forms were dissolved with 15 mL of water in 50 mL plastic falcon tubes
and then immediately subjected to the in vitro digestion. In vitro diges-
tion was initiated without pretreatment for tablet and capsule forms.

The digestive system consists of three stages: mouth, stomach, small
intestine. In the first step, each dietary supplement (pre-preparation
method was indicated above) was mixed with 5 mL of oral medium
solution and incubated at 37 °C for 5 min in a shaking water bath. In the
second step, the stomach medium was added to the sample obtained
after the oral medium and incubated in a shaking water bath at 37 °C for
2 h. In the third step, 10 mL of small intestine medium and 5 mL of bile
solution were added into the mix obtained from the stomach phase; the
pH was adjusted to 7, and the incubation of the sample was performed
for two hours at 37 °C in shaking water bath. After the last digestion was

Table 1
Supplementation form of mono- and multi-vitamin C in the analyzed products.
Product Product content Forms
number
1 Vitamin C (Orange flavored) Capsule
2 Vitamin C Tablet
3 Multi vitamin (Vitamin C, By, By, B3, Bs, Be, By, Tablet
By, B1a, vitamin A, D, E, K and iron, calcium,
zinc, magnesium, copper, iodine, selenium,
manganese, molybdenum, coenzyme Q10)
4 Vitamin C Tablet
5 Multi vitamin (Vitamin C, By, By, B3, Bs, Bg, B, Capsule
By, By, vitamin A, D, E, K and iron, calcium,
zinc, magnesium, copper, iodine, selenium,
manganese, molybdenum, beta glucan,
probiotic, coenzyme Q10, alpha lipoic acid,
lutein)
6 Multi vitamin (Vitamin C, By, Bo, B3, Bg, Bg, B1o, Tablet
vitamin E and iron, zinc, selenium, caffeine,
green tea extract, ginseng, coenzyme Q10)
7 Vitamin C Effervescent
Tablet
8 Vitamin C (Black elderberry flavored) Effervescent
Tablet
9 Vitamin C (Black elderberry flavored) Effervescent
Tablet
10 Vitamin C Tablet
11 Multi vitamin (Vitamin C, By, By, B3, Bs, Bg, B, Tablet
Bg, Byy, vitamin A, D, E, K and iron, calcium,
zinc, magnesium, copper, iodine, selenium,
manganese, molybdenum, phosphorus)
12 Vitamin C Effervescent
Tablet
13 Vitamin C (Orange flavored) Effervescent
Tablet
14 Vitamin C (Black elderberry and raspberry Effervescent
flavored) Tablet
15 Vitamin C (Orange flavored) Effervescent
Tablet
16 Vitamin C (Orange flavored) Effervescent
Tablet
17 Vitamin C (Lemon flavored) Effervescent

Tablet
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580 mg a-amylase 5 g pepsin

)

1.7 mL NaCl 6.5mL HC1 (37 g/L)
(175.3 g/L) 18 mL CaCl,.2H,0
8 mL urea (25 g/L) (22.2g/L)
15 mg uric acid 1 g bovine serum
50 mg mucin albumin
3 g mucin
- - . _’,/
Saliva Gastric juice
pH 7.0+0.1 pH 1.5+0.1
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Fig. 1. Components and concentrations of the saliva solution, gastric juice, duodenal juice, and bile juice.

completed, 5 mL of trichloroacetic acid (20 % was added to stop the
digestion and then, the final volume of the test sample was made up to
50 mL with deionized water. After that, samples were centrifuged at
8000 rpm for 10 min. Ten mL of each supernatants was mixed with
10 mL of meta-phosphoric acid solution. The solution was then filtered
using cellulose acetate (CA) filter (0.45 pm).

2.3. Extraction of vitamin C in dietary supplements

The method described by Ugur et al. (2020b) was applied with some
modifications for vitamin C extraction. First, 30 mL of meta-phosphoric
acid solution (3 %) was added to dietary supplements (pre-preparation
method was indicated above) and vortexed for 5 min. Next, the volume
was made up to 50 mL using meta-phosphoric acid solution (3 %). It was
then filtered using a CA filter. Finally, the filtrate was moved to HPLC
vials before HPLC determination.

2.4. HPLC analysis of vitamin C

Ascorbic acid amounts in the dietary supplements were detected
using reverse-phase HPLC. The parameters of HPLC were chosen ac-
cording to the methodology described by Ugur et al. (2020b). The HPLC
system consisted of a Shimadzu LC 20 AT pump by a Shimadzu SPD-20A
UV/VIS detector (Shimadzu Corporation, Kyoto, Japan).

Preparation of the mobile phase was accomplished by dissolving
1.24 g of KH2PO4 in 1000 mL of deionized water and adjusting to pH 2.4
using ortho-phosphoric acid. Separation was achieved by C18 column
(5 um, 250 x4.6) (ACE, Scotland). The flow rate was 0.5 mL/min. The

wavelength of the detector was 254 nm.

2.5. Statistical analysis

All analyzes were achieved in triplicate, and the mean value was
employed. One-way analysis of variance (ANOVA; p < 0.05, Tukey’s
test) was applied to each measure, and significant differences within
groups were evaluated statistically.

3. Results and discussion

3.1. Comparison of declared and measured vitamin C amount in dietary
supplements

The HPLC chromatogram of L-ascorbic acid in sample 2 is shown in
Fig. 2. As seen from the chromatogram, L-ascorbic acid is well separated.
Declared and measured vitamin C amounts in dietary supplements are
shown in Table 2. Declared vitamin C amounts ranged from 60 to
1000 mg/sample, while measured vitamin C amounts ranged from 50 to
1256 mg/sample. We found that the measured amounts of vitamin C in
dietary supplements, overall, ranged from 80 % to 126 % of the declared
amount, except for sample 16 (28 %). Previous studies have reported
that ascorbic acid was highly unstable, and its amount in food decreases
significantly in a short time during storage. Moreover, it has been re-
ported that the loss rate of ascorbic acid is higher as the storage tem-
perature increases (Chavez-Servin et al., 2008; Sahari et al., 2004). In
the present study, we found that the average measured amount of
vitamin C was 98.06 % of the declared amount in dietary supplements.

mV
1 Det.ACh1
L-ascorbic acid
750J
500+
250+
1
0 T T T
— T T ——— T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
min

Fig. 2. The HPLC chromatogram of L-ascorbic acid in sample.
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Table 2
Comparison of the declared amount of vitamin C (L-ascorbic acid) with the
measured amounts in the analyzed products.

Product Declared (mg/ Measured (mg/ % of
Number 100 g) 100 g) declared
1 500 453 + 21 91 +4
2 500 470 + 21 94 + 4
3 80 88+ 4 110+ 5
4 150 185+ 8 124+ 6
5 120 149 +7 124+ 6
6 100 109 £ 5 109 + 5
7 1000 1112 + 50 111 +5
8 60 50 +2 83+ 4
9 1000 1047 + 47 105+ 5
10 1000 1062 + 48 106 + 5
11 100 96 + 4 96 + 4
12 1000 1256 + 57 126 + 6
13 1000 803 + 36 80+ 4
14 100 94 +4 94+ 4
15 1000 903 + 41 90 + 4

16 1000 283 +13 28+1
17 1000 956 + 43 96 + 4

As seen in Table 2, generally, the measured amounts of vitamin C were
very close to the declared amount or higher than the declared amounts
in most of the products. Similarly, Ugur et al. (2020b) found that the
amount of measured vitamin C in baby foods fortified with vitamin C
ranged from 135.1 % to 233.1 % of the declared amount. At this point, it
is worth noting that overdosing may be a strategy to avoid reaching a
concentration below the declared amount of vitamin C due to oxidation
during the shelf life of the product. Despite the overdosing strategy, the
measured amount in product 16 is considerably lower than the declared
amount. This may be due to long shelf life, inappropriate storage con-
ditions, and the application process of the coating technology. Lack of
knowledge about the shelf life, storage conditions, and coating tech-
nology of these commercial products is an important limitation of the
present study.

Of the 17 products analyzed in our study, 2 were capsules, 15 were
tablets, and 9 of these 15 tablets were effervescent tablets (Table 1). The
average measured vitamin C amount of the products in the form of
effervescent tablets, tablets, and capsules were 90.3 %, 106.5 %, and
107.5 % of the declared amount, respectively. The lability of vitamin C
can cause a marked decrease in its efficacy. Therefore, the encapsulation
of vitamins with increased stability has great potential for applications
in the pharmaceutical and food industries. Studies have reported that
the encapsulated form of vitamin C shows more stable property with
long-term storage, in parallel with our findings (Al-Ismail, 2016; Has-
sane Hamadou et al., 2020). Besides, the stability of ascorbic acid can
also be affected by the presence of other vitamins in the environment.
For example, riboflavin has been reported to reduce the stability of
ascorbic acid in parenteral solutions (Laborie et al., 1998). In addition, it
was emphasized that vitamin C, which is a powerful antioxidant, delays
the degradation of vitamin A (Zhou et al., 2021). Actually, the compo-
sition and characteristics of commercial multi-supplements vary widely.
It is therefore possible for the actual vitamin contents to deviate from the
label value. In our study, 4 multi-supplements and 13
mono-supplements containing vitamin C were analyzed. The average
amount of vitamin C in multi-supplements was 112 % of that declared,
while that of mono-supplements was 93.7 % of that declared.
Conversely, Brandon et al. (2014) reported that the amount of vitamin C
in mono-supplements was more similar to that declared. This discrep-
ancy may be due to the composition, amount or form of vitamins in
multi-supplements.

In commercial dietary supplements, vitamin C is available in the
form of free L-ascorbic acid or in combination with sodium and mag-
nesium salts (ascorbic acid derivatives) at the C2 position of ascorbic
acid. It also has lipophilic derivatives such as ascorbic acid 6-palmitate
and tetra-isopalmitoyl ascorbic acid. Ascorbic acid derivatives generally

Journal of Food Composition and Analysis 123 (2023) 105558

exhibit better stability than ascorbic acid (Yin et al., 2022). In our study,
the form of vitamin C in all dietary supplements was free form of
L-ascorbic acid. Vitamin C naturally found in foods mostly exists in the
form of coexistence with other dietary compounds and therefore has
high stability. For example, it has been reported by Rodriguez-Roque
et al. (2013) that antioxidant compounds such as phenols and iso-
flavones in soy milk increase the stability of ascorbic acid. Han et al.
(2012) stated that various ascorbyl glucosides in foods such as berry
beverages and black rice baking products have high thermal stability.
Additionally, Chanphai and Tajmir-Riahi (2019) reported that vitamin
C-protein complexation has more stable properties in an aqueous solu-
tion. Therefore, understanding the factors that degrade vitamin C and
investigating applications to increase the stability of ascorbic acid are of
high importance for designing an effective supplementation strategy.

3.2. Invitro bioaccessibility of commercial dietary supplements containing
vitamin C

Gastrointestinal system conditions are known to reduce the bio-
accessibility of water-soluble vitamins (Yaman and Mizrak 0, 2019).
Yaman et al. (2019) reported that the average bioaccessibility of folic
acid in baby foods at gastric pH 1.5 was 58.1 %. Also, Akca et al. (2019)
reported that the average bioaccessibility of thiamine, riboflavin, nico-
tinic acid, and nicotinamide in baby foods were 81 %, 79 %, 39 %, and
51 %, respectively at gastric pH 1.5. However, Ugur et al. (2020b) re-
ported that the bioaccessibility of vitamin C in baby foods at gastric pH
1.5 ranged from 1.3 % to 53.8 %, which was lower than that of B group
vitamins. Similar to previous findings, our results also showed that the
bioaccessibility of vitamin C was decreased as a result of digestion. In the
present study, the bioaccessibility of vitamin C in dietary supplements
was determined through an in vitro digestion model representing the
mouth, stomach, and small intestine. The bioaccessible amount and
percent bioaccessibility of vitamin C are shown in Table 3.

Consumption of 5 servings of vegetables and fruits, as recommended
by global health authorities for adults, can provide adequate daily di-
etary vitamin C intake (Taylor et al., 2000). However, dietary vitamin C
intake may not be sufficient in critically ill patients due to the increase in
daily requirements (Mahmoodpoor et al., 2021). Vitamin C can be easily
oxidized by contact with gastrointestinal system-specific factors such as
enzymes, heat and alkaline environment (Rodriguez-Roque et al., 2013).
Therefore, supplementation is necessary when the level of vitamin C in
the tissues is depleted (Xing et al., 2021). Determining the bio-
accessibility of vitamin C is requisite as well as shelf life for effective

Table 3
In vitro bioaccessibility of vitamin C (L-ascorbic acid) in analyzed products.
Product Initial value After in vitro Bioaccessibility
number (mg) digestion (mg) (%)

1 453 + 212 399 +14° 88+7
2 470 + 21° 406 + 14° 86+ 7
3 88 + 4% 4400 440

4 185 + 8° 105 + 4° 57+5
5 149 + 72 26 +1° 17+1
6 109 + 52 51 + % 47 + 4
7 1112 + 50° 672 + 24° 61+5
8 50 + 2° 23+1° 46 + 4
9 1047 + 472 734 + 26° 70+ 6
10 1062 + 482 840 + 30° 79+6
11 96 + 42 17 +1° 1841
12 1256 + 572 960 + 34° 77+6
13 803 =+ 36° 608 + 21° 76 +6
14 94 + 4° 78 + 3° 83+7
15 903 + 41° 720 + 25° 80+6
16 283 +13° 203 + 7° 72+6
17 956 =+ 43° 773 + 27° 81+7

Values are means + range, n = 3. The different letters in the same rows show
statistical differences between the initial value and after in vitro digestions
(ANOVA, p < 0.05, Tukey’s test).
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supplementation strategies in commercial supplements. Brandon et al.
(2014) has been reported that the bioaccessibility of vitamin C in dietary
supplements ranged from 1.0 % to 100 %. Similarly, we found that the
bioaccessibility of vitamin C in commercial dietary supplements ranged
from 4.0 % to 88.0 %. The main challenge in the bioavailability of
vitamin C is to increase the bioaccessible amount by maintaining
controlled release and stability in the gastrointestinal tract. To date,
various strategies such as tablet coating and encapsulation have been
developed to provide an adequate delivery system for nutrients sensitive
to gastrointestinal tract conditions. Hu et al. (2020) designed a new
salecan/chitosan polyelectrolyte complex hydrogel targeting the
controlled release of vitamin C in the gastrointestinal tract. Similarly, it
has been reported that the controlled release of vitamin C encapsulated
in casein gel was improved in simulated gastric and intestinal fluid (Yan
etal., 2021). In addition to gelatin, capsules containing polymers such as
hydroxyl propyl methylcellulose are produced to achieve controlled
release in the gastrointestinal tract (Marzorati et al., 2021). In our study,
the in vitro bioaccessibility of dietary supplements with tablet, capsule,
and effervescent tablet form ranged from 4 % to 86 %, 46-83 %, and
17-88 %, respectively. One of the reason why the bioaccessibility of
dietary supplements is widely variable may be due to the different
characteristics of the tablet coating and encapsulation technology and
materials used. In addition, factors specific to the gastrointestinal system
such as enzymes, heat, alkalinity, as well as some B group vitamins (By,
By, and Bj3), metal ions, vitamin-binding proteins, and multiple sup-
plements used may change the bioaccessibility of vitamin C (Yaman
et al., 2021). Brandon et al. (2014) reported that the bioaccessibility of
vitamin C was lower in the fed condition than in the fasted condition,
indicating that some of the vitamin C was lost during digestion with
other nutrients. On the contrary, Beceren et al. (2022) suggested that
milk proteins that are resistant to digestion may increase the bio-
accessibility of vitamin C. Further, it is reported that soy milk phenols
and isoflavones increase the bioaccessibility of vitamin C because of
their antioxidant activity (Rodriguez-Roque et al., 2015). However, the
presence of metal ions such as Cu?’" and Fe?" may reduce the bio-
accessibility of vitamin C by causing its decomposition (Dosedél et al.,
2021). These factors will cause differences in the release of vitamin C
from products containing the same amount of vitamin C, thereby
affecting bioaccessibility and thus supplement effectiveness.

In the early 20th century, vitamins in foods were isolated, purified,
and produced as dietary supplements (El Ati-Hellal and Hellal, 2021).
These vitamins are now commercially produced as mono- and
multi-supplements and placed on the market for consumer use. Espe-
cially during the pandemic period, the use of vitamin supplements by
consumers has increased significantly. Interestingly, vitamin C has been
one of the most preferred supplements by consumers (Hamulka et al.,
2020). According to the National Health and Nutrition Examination
Survey (NHANES) 2011-2014 data, multivitamin supplements account
for the vast majority of total dietary supplement use (Cowan et al.,
2018). Turkey Nutrition and Health Survey (TNHS) reported that
multivitamin supplements accounted for approximately 14 % of total
dietary supplement use in the Turkish adult population in 2017. How-
ever, the effect of amount and composition differences in vitamin sup-
plements on bioaccessibility has not been clearly clarified until now.
Brandon et al. (2014) reported that the bioaccessibility of vitamin C is
higher in mono-supplements compared to multi-supplements. The au-
thors suggested that the different bioaccessibility values were due to
differences in encapsulation of vitamin C between mono- and
multi-vitamin supplements. Similarly, we observed the average bio-
accessibility of vitamin C in multi- and mono-supplements as 21.5 % and
73.5 %, respectively. We also observed that the low bioaccessibility of
multi-supplements is independent of the capsule or tablet form of the
commercial dietary supplement.

The health effect value of vitamins in foods and food supplements is
difficult to predict due to their poorly known bioaccessibility. Therefore,
it is essential to clearly elucidate the micronutrients, vitamin binders,

Journal of Food Composition and Analysis 123 (2023) 105558

and gastrointestinal tract factors that affect the bioaccessibility of
vitamin C (Yaman et al., 2021). Actually, a balanced diet allows most of
nutrients to interact with vitamin C in the gastrointestinal tract. How-
ever, limited evidence has noted that the bioaccessibility of vitamin C is
not adversely affected by other food sources (Brandon et al., 2014; Cilla
et al., 2012). Overall, literature data has suggested that the bio-
accessibility of vitamin C in dietary supplements is affected by the
nutrient composition of the commercial product and the capsule tech-
nology used, rather than the nutritional status.

4. Conclusions

The vitamin supplements market attracts the consumers due to
various claims on overall human wellness. Especially vitamin C has been
one of the most popular supplements by consumers during the COVID-
19 pandemic. Consumption of 5 servings of vegetables and fruits can
provide adequate daily dietary vitamin C. However, supplementation
can be necessary when the level of vitamin C in the tissues is depleted.
Vitamin C is a highly unstable molecule, and its amount can decrease
significantly in a short time during storage. However, we found the
amount of vitamin C in dietary supplements close to or higher than the
declared amount. This may be due to overdosing and this may be a good
strategy for manufacturers to avoid reaching a concentration below the
declared amount of vitamin C and to validate their label claims during
the shelf life. Also, the encapsulated form of vitamin C had the most
stable characteristic and therefore the encapsulation of vitamins with
increased stability has great potential for pharmaceutical and food
industries.

Vitamin C can be easily oxidized by contact with factors specific to
the gastrointestinal tract such as enzymes, heat, and an alkaline envi-
ronment. As well as label claims and shelf life, determining the bio-
accessibility of vitamin C is also crucial to effective supplementation
strategies for both consumers and manufacturers. We found that the
bioaccessibility of vitamin C in commercial dietary supplements was
highly variable, ranging from 4.0 % to 88.0 %. The reasons why the
bioaccessibility of dietary supplements is widely variable may be due to
the different characteristics of the tablet coating and encapsulation
technology and materials used. Additionally, we observed that the bio-
accessibility of vitamin C was higher in mono-supplements compared to
multi-supplements and the low bioaccessibility of multi-supplements
was independent of the capsule or tablet form of the commercial di-
etary supplement. Some proteins, vitamins, and metal ions may affect
the bioaccessibility of vitamin C in multiple supplements. However, data
on ingredients such as vitamins, minerals, and non-nutrient compounds
that may affect the bioaccessibility of vitamin C in multi-supplements
need to be clarified by further studies.

In conclusion, we inferred that the bioaccessibility of vitamin C in
dietary supplements can be significantly affected by the nutrient
composition and the production technology of commercial products.
Therefore, both producers and consumers should focus on efficiency
rather than quantity for more effective supplement strategies.
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