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Since the 1980’s when the predominate focus of study 
and use of carotenoids in human nutritional formula-
tions was solely on beta-carotene, there has been a 
steady increase in research aimed to understand the 
role of a wide variety of carotenoids in human health. 
This work has increasingly demonstrated the benefits 
of a number of carotenoids, and there has been a cor-
responding increase in the number of carotenoids pro-
vided in nutritional supplements (multicarotenoids). 
Numerous published observations in both human and 
animal studies suggest significant interaction and com-
petition between various carotenoids during absorption 
and metabolism, resulting in the inhibition of uptake of 
one over the other. This competition has the end result 
of reducing the beneficial effects of the inhibited carote-
noid. To limit such competition and maximize carotenoid 
uptakes, a layered beadlet was designed to release a de-
fined ratio of carotenoids sequentially. Preliminary disso-
lution testing is presented showing the release profile in 
simulated digestive conditions of a combination of beta-
carotene, alpha carotene, lutein, zeaxanthin, lycopene 
and astaxanthin derived from natural sources. Compari-
son is made to an immediate release beadlet formula-
tion using the same combination of carotenoids. These 
results will be used to guide proof of concept clinical 
testing for effectiveness in humans.
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INTRoduCTIoN

The results of epidemiological studies over the last 
30 years consistently demonstrate an inverse relationship 
between carotenoid-rich fruits and vegetable consump-
tion and risk of chronic disease (Mayne, 1996), but hu-
man dietary intakes of fruit and vegetables are repeat-
edly found to be inadequate for optimal health (WHO 
technical report, 2002; Blanck et al., 2008). Therefore, it 
may be useful to provide the consumer a balanced and 
mixed carotenoid supplement to address this deficit. Su-
praphysiological doses of individual carotenoids have 
shown unexpected and worrisome results in the past, as 
in the case of β-carotene (Omenn et al., 1996). Such re-
sults indicate the need for special attention to be given 
to supplementation that approximates intakes found in 
healthy diets with nutritional amounts of naturally de-
rived carotenoids. 

A key factor in the efficacy of a mixed carotenoid 
supplement is the fraction of the ingested amount that is 

absorbed and reaches its target site(s). While the details 
remain unclear, much evidence suggests individual ca-
rotenoids compete with one another for micelle forma-
tion and intestinal absorption (van den Berg et al., 1998; 
1999; van het Hof et al., 2000; Maiani et al., 2009). The 
notion of a supplement designed to provide a balanced 
carotenoid mix that separates temporally the individual 
carotenoids within the intestinal tract is compelling for 
its potential to minimize competition, improve uptake, 
and maximize efficacy. 

In this study we designed and tested the dissolution 
of a combination carotenoid formulation that A) pro-
vides a mix of natural carotenoids in a balanced and op-
timized ratio and B) incorporates a sequential-release of 
individual carotenoids across gut transit time of approxi-
mately 6 hours. 

The carotenoids found in plasma that are associated 
with a variety of fruit and vegetable intake are β-carotene, 
α-carotene, lutein, lycopene, and zeaxanthin (Maiani et al., 
2009). We included each of these carotenoids, as well as 
astaxanthin because of its well-known health benefits and 
the fact that very few diets incorporate food sources rich in 
this nutrient (di Mascio et al., 1991). We determined our ca-
rotenoid ratio by incorporating key aspects of well-accepted 
dietary guidelines, and considered typical and wide-spread 
dietary inadequacies or imbalances, such as those exposed in 
the results from America’s Phytonutrient Report (Nutrilite 
Health Institute, 2010), a study which examined the food 
consumption records collected as part of the USA Nation-
al Health and Nutrition Examination Survey (NHANES). 
America’s Phytonutrient Report provided a carotenoid in-
take amount that would be found in a basic “prudent diet”, 
a diet that provides at least 5 servings of fruit and vegeta-
bles per day. The amount and balance of carotenoids found 
in a “prudent diet” served as our baseline to create an op-
timized ratio of carotenoids that, when consumed, would 
help convert an unbalanced and inadequate carotene in-
take of a “typical” diet into a more balanced and adequate 
amount, closer to what would be obtained from eating the 
more healthy “prudent diet”. Notably, the ratio was not de-
signed to simply increase the amounts of carotenoids but 
rather to promote a balanced intake level of mixed carot-
enoids. For example, the “typical” American diet has a re-
markably heavy usage of tomato-based sauces providing for 
higher lycopene intake in relation to other important carot-
enoids. Thus, since a “typical” diet is heavier in lycopene, 
we chose to supplement with a lower level of lycopene, in 
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order to keep the ratio between the individual carotenoids 
balanced, so a “typical” user will receive a carotenoids in a 
ratio of what is estimated to be found in the recommended 
“prudent diet” containing at least 5 servings of red, yellow, 
and green-pigmented fruits and vegetables per day. This ra-
tio is shown in Table 1. 

Supplementation with synchronous carotenoids presents 
the challenge of competition with one another for uptake 
within the enteric system. There is much interaction be-
tween various individual carotenoids during micelle forma-
tion and perhaps during receptor mediated uptake result-
ing in the inhibition of uptake of one over the other (van 
het Hof et al., 2000; Maiani et al., 2009). To mitigate such 
competition and potentially maximize uptake of individual 
carotenoids from a multicarotenoid formulation, we have 
designed a layered beadlet that sequentially releases indi-
vidual carotenoids over the transit time of the upper in-
testinal system of the human gut (6 hours). The sequence 
of release was designed by taking into consideration the 
known interactions between specific carotenoids and evi-
dence suggesting when each carotenoid might first appear 
in the triacylglycerol rich fraction of plasma after oral ad-
ministration (Cardinault et al., 2003; Bierer et al., 1995; van 
den Berg et al., 1999; Zaripheh & Erdman, 2002; Johnson 
et al., 1997; O’Neill & Thurnham, 1997; Tyssandier et al., 
2002; van het Hof et al., 2000). This sequence and pro-
posed dissolution timing is indicated in Table 1.

MATeRIAlS ANd MeThodS

Three multicarotenoid prototypes were prepared by 
Omniactive Health Technologies using proprietary tech-
nology. The controlled release formulations are described 
in Fig. 1. An inner sugar core has layers of carotenoid 
extracts applied along with functional release coats and 
an outer protective coat. The final form is a small bead-
let suitable for inclusion in tablet formulations. In ad-
dition, an immediate release prototype formulation was 
prepared for comparative experimentation. This beadlet 
had a very similar content of the carotenoid extracts as 
the controlled release beadlet, but in this case only the 
protective outer coat was applied. Once this layer dis-
solves, all the contents are intended to release at the 
same time. 

Dissolution tests. Each prototype was subjected to a 
dissolution test designed to observe the release of carot-

enoids into the medium over a 6 hour time period simu-
lating passage through the digestive system. The dissolu-
tion methodology was developed in-house at Omniactive 
Health Technologies based on a review of the US FDA 
(2011) access data for dissolution with consideration of 
the physio-chemical parameters of the carotenoids, par-
ticularly the limited solubility in aqueous solutions. The 
details of this process are given in Table 2. 

The dissolution test is initiated in the acid stage and 
the beadlets are added to the stirred vessels in a constant 
temperature water bath protected from light. At each 
sampling interval a 20 ml aliquot is removed and re-
placed with 20 ml of fresh 0.1 N HCl solution (add 8.5 
ml of conc. HCl to 1000 ml demineralized water). The 
sample is filtered with a 100 mesh ASTM stainless steel 
sieve to remove undissolved beadlet material into a 50 
ml centrifuge tube and 10 ml of ethyl acetate and 2 g of 
sodium chloride are added and the mixture shaken for 
30 minutes and centrifuged at 3 000 rpm for 5 minutes. 
1.5 ml of the upper organic layer is removed and made 

Table 1. Carotenoids and ratios included in mixed carotenoid 
beadlet formulation.
The ratio of carotenoids was established by evaluating the carot-
enoid levels between a) a diet that meets dietary guidelines for 
optimal health, and b) a typical consumer’s diet. The difference 
and imbalances between the carotenoid amounts of these two 
diets were used to create a ratio that will provide a balanced ca-
rotenoid intake that closely aligns to what would be found in a 
recommended prudent diet of at least 5 servings of yellow and 
green-pigmented fruits and vegetables per day. 

Carotenoid Suggested daily 
intake (mg) Selected ratio Release profi-

le (hours)

β-carotene 6 12 4–6 

α-carotene 1 2 4–6

Lycopene 2 4 3–4

Lutein 3 6 2–3

Zeaxanthin 0.5 1 2–3

Astaxanthin 0.5 1 1–2

Table 2. Parameters used for dissolution testing

Dissolution medium vo-
lume 500 ml

Type USP Type II Paddle  
(Model TDT–08L from Electrolab, 
Mumbai, Maharashtra, India)

RPM 100

Temperature 37°C±0.5°C

Time Intervals 2 hrs in 0.1N HCl, continued with 
6 hrs in pH 6.8 buffer with 1.5% 
SLS (Sodium Lauryl Sulfate)

Sampling time Hourly for 8 hours

Aliquots volume 20 ml

Aliquots replenish volume 20 ml

Beadlet quantity 700 mg

Figure 1. Controlled Release Beadlet design-Carotenoid.
Extracts from the indicated natural sources are sequentially lay-
ered on the inner core and two inner functional coats and one 
outer protective coat (proprietary) are added to control release in 
the digestive tract over the indicated time period of 6 hours. (1) 
NPS/Sugar Sphere (#60-80); (2) Beta carotene (Dunaliella algae, 
BASF Corp.) & Alpha carotene (palm, Chr Hansen Corp.); (3) Func-
tional coat I; (4) Lycopene (tomato); (5) Lutein & Zeaxanthin (mari-
gold); (6) Functional coat II; (7) Astaxanthin (Haematococcus algae, 
Alga Technologies); (8) Protective coat III.
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up to volume, filtered through a 0.45 μm nylon syringe 
filter and injected for HPLC analysis. After 2 hours the 
0.1 N HC solution is drained from the dissolution ves-
sels and replaced with 500 ml of a pH 6.8 phosphate 
buffer (Add 6.8 gm of potassium dihydrogen phosphate, 
15 g sodium lauryl sulfate and 0.89 g of sodium hydrox-
ide in 1 000 ml of demineralized water and adjust to pH 
6.8 with sodium hydroxide solution). As before, 20 ml 
aliquots are removed at the designated sampling inter-
vals and replaced with 20 ml of fresh pH 6.8 phosphate 
buffer and processed for HPLC analysis. 

HPLC analysis was carried out using a Waters Separa-
tion Module Alliance 2695 with a 2990 detector accord-
ing to the following methods and conditions for lutein, 
zeaxanthin, beta-carotene, alpha-carotene and lycopene:
• All standards used were from Chromadex:
1. Lutein, Cat#ASB-00012453-5MG, Lot#00012453-

0549, 95.90% purity.
2. Beta Carotene, Cat#ASB-00003211-5MG, Lot# 

00003211-316, 90.20% purity.
3. Lycopene, Cat#ASB-00012550-5MG, Lot#0012550-

171, 88.40% purity.
4. Alpha Carotene, Cat#ASB 00003204-1MG, Lot# 

00003204-10A, 85.60% purity.
• Column: YMC Carotenoid (C-30), 5.0 μm, 4.6×250 

mm
• Mobile Phase: Channel C: 80/20 Methanol/Chloro-

form, Channel D: 50/50 Methanol/Chloroform
• Flow Rate: 1.5 mL/min, Injection volume: 10 μL, 

Run time 50 min., Column temperature 30°C
• Analytical Wavelengths: 474 nm 
• Gradient Table:

Time %C %D

0.0 100 0

20.0 100 0

32.0 100 0

32.1 0 100

40.0 0 100

40.1 100 0

50.0 100 0

Astaxanthin analysis required a different method and 
was carried out as follows:
• Standard: Astaxanthin, Chromadex, Cat#SB-00001697-

2.5ML, Lot#00001697-102, 96.0% purity. 
• Column: YMC Carotenoids (C-30), 5.0 μm, 4.6×250 

mm
• Mobile Phase: Channel A: 100% Methanol, Chan-

nel B: 100% MTBE (t-butyl-methyl-ether) — for low 
loads, Channel C: 1% phosphoric acid — for high 
loads

• Flow Rate: 1.0 mL/min, Injection: 20 μL, Run time 
35 min., Column Temperature 25°C

• Analytical Wavelength: 274 nm
• Gradient Table:

Time %A %B %C

0.0 81 15 4

15.0 66 30 4

23.0 16 80 4

27.1 16 80 4

27.1 81 15 4

35.0 81 15 4

ReSulTS ANd dISCuSSIoN

The carotenoid composition of the three multicarote-
noids beadlet formulations is given in Table 3. The total 
carotenoid loading in the Immediate Release formulation 
was about 7.7% while the controlled release contained 
about 4% due to the additional functional coating vol-
ume required in the inner layers of the beadlet. 

The release profiles over the 6 hour period of the dis-
solution tests are presented for each of the prototypes in 
Figs. 2, 3 and 4. The dissolution study was performed in 
6 different units and the data was found to have an RSD 
of <6%. The Immediate Release formulation in Fig. 2 
performed as expected and within 1 hour essentially all 
the carotenoid content was released to the dissolution 
medium. In an in vivo digestive system the competitive 
uptake interactions described in the introduction would 
be demonstrated and we theorize that overall uptake and 

Table 3. Composition of Immediate Release (IR) and Controlled 
Release (CR) Beadlets (mg/g).

IR Proto- 
type

CR Proto- 
type 1

CR Proto- 
type 2

Beta carotene 34.30 16.34 18.83

Lutein 20.73 8.80 10.52

Lycopene 10.49 5.83 5.34

Alpha carotene 4.79 3.10 3.35

Zeaxanthin 5.13 2.52 2.28

Astaxanthin 1.57 1.50 1.53

Figure 2. dissolution profile of the Immediate Release Proto-
type expressed as the percentage of the original beadlet load of 
each carotenoid released to the dissolution medium over time.

Figure 3. dissolution profile of the Controlled Release Prototype I 
expressed as the percentage of the original beadlet load of each 
carotenoid released to the dissolution medium over time.
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bioavailability in the body would be reduced from what 
would be expected for the same concentrations provided 
individually. 

The Controlled Release I Prototype in Fig. 3 released 
the astaxanthin immediately and then lycopene, lutein 
and zeaxanthin very quickly after the dissolution medium 
was changed to the higher pH, but the beta-carotene 
and alpha-carotene were resistant to release and after the 
total 6 hours only released about 40% of the available 
total. Modifications were made in the composition of 
the release retarding polymers in the second Controlled 
Release Prototype in Fig. 4. This resulted in a similar 
complete release of the astaxanthin, lycopene, lutein and 
zeaxanthin, and an improved release of the beta-carotene 
and alpha-carotene that neared complete release at the 
end of the 6 hour experimental period.

These preliminary dissolution experiments demon-
strate the ability to provide significant separation of ca-
rotenoid release sequentially from a single beadlet prepa-
ration. Modifications in the preparation were shown to 
change the release profile and future formulations will 
attempt to further separate carotenoids during dissolu-
tion and to provide complete release within the 6 hour 
time period characteristic of maximal uptake in the hu-
man digestive system.

Once the beadlet formulation is optimized, the dis-
solution test data will be used to support a full clini-
cal comparison of the immediate and controlled release 
beadlets. The in vivo situation will be used to fully test 
the hypothesis that a controlled release formulation will 
improve the bioavailability of carotenoids for human nu-
trition.
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