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Z. M. S U N t ,  D. PONCELETf, J. CONWAYS" 
and R. J.  NEUFELD$ 
t Department of Chemical Engineering, 3480 University St., 
Montreal, Quebec, Canada, H3A 2A7 
$ Westmorland Fisheries Ltd., P.O. Box 120, Cap PelC, 
New Brunswick, Canada, EOA 1 JO 

(Received 2 February 1994; revised 9 August 1994; accepted 20 August 1994) 

The  use of natural pigments such as lobster carotenoids in fish feed formulations 
offers advantages over the use of the synthetic alternatives. Microencapsulation 
of the pigments, with or without the addition of antioxidants to the formulation, 
may be of benefit in terms of stabilizing pigment colour. In the present study, 
lobster carotenoids were extracted from lobster shell into petroleum ether and 
microencapsulated by phase separation and salt coacervation within poly(viny1 
alcohol) and poly(viny1 alocohol)/poly( D,L-lactic acid) membranes. Spherical 
microcapsules, with smooth, thin and resilient membranes were obtained with 
mean diameters ranging from 50 to 150pm, depending on the membrane 
material, and source of pigment. The microcapsules were pink-orange in colour, 
and colour stability was followed spectrophotometrically. Enhanced stability was 
observed in both membrane materials, in comparison to the non-encapsulated 
control. Rates of discoloration were determined under a variety of storage 
conditions, including the absence of light, reduced temperatures and under 
nitrogen atmosphere. The  best stability of lobster carotenoids was observed 
under a nitrogen atmosphere within PVA/PLA membranes, representing an 
11-fold enhancement of pigment stability in comparison to the controls. Under 
ambient conditions, the enhancement in pigment stability was approximately 
6-fold. The optimum concentration of PVA during microencapsulation was 
3-4%, and the microencapsulated pigments appeared most stable under acidic 
conditions. The  rate of discoloration appeared independent of pigment 
concentration. 

Keywords: Microencapsulation, lobster carotenoids, poly(viny1 alcohol), 
poly( D,L-lactic acid). 

Introduction 
Carotenoids are a group of aliphatic or aliphatic cyclic fat-soluble compounds 

widely distributed in nature (Emodi 1978). They are responsible for the brilliant red, 
orange and yellow colours of many fruits and vegetables, shrimp, salmon and 
lobsters. Synthetic carotenoids, such as p-carotene, 1-apo-8 carotenal (apocarotenal) 
and canthaxanthin have been manufactured for a variety of applications. Commer- 
cial utilization requires that the pigments be stabilized in a convenient form, and 
soluble in water or fat (Dziezak 1987). Pure carotenoids are sensitive to light and air 
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oxidation, resulting in colourless oxidation products unless stored under vacuum or 
inert gas. Insolubility of crystalline carotenoids in water and oils has been overcome 
by reduction in crystal size, preparation of emulsions in liquid and beadlet form, and 
development of colloidal preparations (Gordon and Bauernfeind 1983). 

One additional obstacle to the commercial utilization of synthetic carotenoids in 
food applications has been caused by the adverse health effects of pigments such as 
canthaxanthin, due to its deposition in the human retina (Food Chemical News 
1990). A convenient, stable and competitively priced natural product alternative 
would have a readily accessible market. 

The production of Atlantic salmon and rainbow trout was 150 000 and 10 000 
metric tons respectively in 1989 (Hardy et af. 1990). Pigmentation of the flesh was 
achieved by dietary supplementation of astaxanthin or canthaxanthin in the range 
of 35-75 mg/kg dry diet (Torrissen et af. 1990). Replacement of synthetic pigments 
by natural carotenoids may meet this potential new market. Carotenoids can be 
extracted from the millions of kg of lobster shell processed each year in Eastern 
Canada for fertilizer applications. 

The introduction of crustacean processing waste directly into feed for farmed 
salmon, trout and lobster has certain disadvantages. The  waste has a low and often 
variable pigment content, is prone to rapid degradation, is bulky and has a high cost 
associated with its handling and transportation. In addition, it has a high chitin and 
calcium content (Ramaswamy et af. 1991). Solvent extracted pigment results in high 
yields, providing a more concentrated form of the pigment, free of chitin and ash. 
Ramaswamy et af. (1991) described the trypsin/EDTA-aided extraction of 
carotenoproteins from lobster waste. The protein complex was shown to be stable 
to oxidation (Spinelli et al. 1974) and photo-oxidation was shown to be stable to 
oxidation (Spinelli et af 1974) and photo-oxidation (Cheesman et af. 1967). 

Extraction and isolation of crustacean pigments may involve oil extraction (Chen 
and Meyers 1982) and acid ensilage followed by extraction into soy oil (Chen and 
Meyers 1983, Omara-Alwala et af. 1985). Carotenoproteins have been recovered 
from shrimp using proteolytic enzymes (Simpsons and Haard 1985) and snow crab 
wastes (Manu-Tawaiah and Haard 1987). 

The stability of /?-carotenes has been shown to be related to the water activity 
of the food product, and may be stabilized by the use of anti-oxidants (butylated 
hydroxyanisole, propyl gallate), fatty acid methyl esters (methyl stearate and oleate), 
salt, and the presence of vegetables oils (Arya et af. 1979). The loss of carotenoids 
during foods processing and storage was reported to be of commercial significance, 
resulting in loss of colour, nutritional value and flavour. Meyers and Bligh (1981) 
reported 45% decrease in crawfish pigment over a 3-week period. The  presence of 
anti-oxidants and storage under nitrogen or reduced temperature reduced the rate 
of discoloration. 

Researchers at Hoffman-LaRoche reported on an encapsulation technique for 
synthetic /?-carotene, based on the formation of a gelatin-sugar beadlet, containing 
an emulsified solution of the pigment. While the technique of encapsulation was not 
clearly described, Bunnell et af. (1958) reported stable colour in the beadlet form 
(2.4% pigment). The beadlets were spherical (3&80 mesh) and hard, with an 
irregular surface. They contained a finely dispersed oil emulsion containing soluble 
pigment. The beads dispersed readily in water suspension, and were used as a 
colorant in beverages, butter and other food products. While colour stability was 
affected by relative humidity, oxygen, light and temperature, excellent stability was 
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Microencapsulation of lobster carotenoids 497 

reported due to encapsulation. The  researchers co-encapsulated an anti-oxidant 
together with the pigment, so it is unclear from the study whether the enhanced 
stability was due entirely to the encapsulation technique. 

The  molecular weight of yellow lobster shell pigment was reported as 4400, while 
that of the astaxanthine-protein pigment P-crustacyanin was 21 800 (Buchwald and 
Jencks 1968). The higher molecular weight of the carotenoid-protein complex, 
coupled with the enhanced stability to oxidative degradation, would make the 
encapsulation of this higher molecular weight complex more attractive. In the 
present study, lobster carotenoids were extracted from lobster shell by solvent 
extraction. Microencapsulation of the extracted pigment within poly(viny1 alcohol) 
and poly(D,L-lactic acid) membranes was examined to stabilize the pigment in a 
convenient form for storage and formulation. The  stability of the pigment in the 
encapsulated form was of particular interest. 

Materials and methods 
Reagents 

Poly(D,L-lactic acid) (50 000 MW) was purchased from Polysciences, and Poly 
(vinyl alcohol) was purchased from Anachemia (78 000 MW), from Polysciences 
(25000 or 133000MW), or from Sigma (70000 to 100OOOMW). Chloroform, 
acetone and petroleum ether were of reagent grade (ASC Amer. Chem. Ltd), and 
/?-carotene obtained from Fluka Biochemika. Sodium sulphate and sodium chloride 
were of reagent grade, and were obtained from Fisher. 

Extraction of carotenoids 
Lobster shells were frozen in sealed plastic bags and stored at - 20°C. Frozen 

shells (500 g) were ground and extracted with acetone overnight at 4°C in the dark. 
The extraction mixture was filtered through glass wool and water removed with 
sodium sulphate. Pigment was extracted three times into petroleum ether (500, 200 
and 2 0 0 m ~ ) ,  the phases separated in a separatory funnel and the pigment 
concentrated in a rotary evaporator. The  pigment concentration was determined b y  
absorbance at 472mnm using E = 2200 (Saito and Regier 1971). 

Preliminary extraction studies indicated that the choice of solvent did not 
influence the HPLC profile of the pigments and extraction of the pigments with 
acetone, isopropane or methanol showed no differences in the UV spectra or the 
HPLC profile in the extracts. Identification of the astaxanthin in the samples was 
done by spectrum comparison using the photodiode array detector. Spectrum 
comparison of an astaxanthin standard (Hoffman La Roche) and the extracted 
samples was 0.9999. 

Microencapsulation of pigments 
Poly(viny1 alcohol) (PVA) microcapsules were formed by dispersing 10 mL 

chloroform containing 5 mg /I-carotene or 1-2 mL lobster carotenoids into 100 mI, 
cold (OOC) 2%) PVA aqueous solution. After lOmin of vigorous stirring (350rpm), 
the dispersion was transferred into 200ml cold 4% NaCl solution, and stirring 
continued for 5min. Microcapsules were filtered, and washed with 4% NaCl 
solution. 

Poly(viny1 alcohol)/Poly(D,L-lactic acid) (PVA/PLA) microcapsules were 
prepared by dissolving 5 mg /?-carotene or 1-2 mL lobster carotenoids together with 
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50 mg PLA in 10 mL chloroform, and dispersing the solution for 10 min into 100 mL 
of cold (OOC), PVA aqueous solution (2%) with vigorous stirring (350rpm). The 
emulsion was then transferred into 200ml 4% NaCl solution for 5-l0min, the 
microcapsules were filtered and rinsed with 4% NaCl solution. 

Presence of an encapsulating membrane was demonstrated by rupture of the 
microcapsule membranes using micromanipulators under the light microscope. 

Pigment stability 
Colour stability of /I-carotene or lobster carotenoids was determined by 

absorbance at 497 and 472 respectively. Microencapsulated pigment was stored in 
aqueous suspension in sealed bottles, and tested for stability under the conditions 
described. Colour was determined by extracting 1 mL microcapsule suspension into 
9 mL chloroform and measuring absorbance. Since carotenoids are insoluble in 
water, it was assumed that extraction into excess chloroform yielded essentially full 
recovery. Colour half-life (t0.5), a measure of pigment stability, was calculated from 
the slope of the initial linear portion of the colour decay plot. 

Size distribution 
Volumetric (volume of microcapsules in each diameter class) and cumulative size 

distributions were determined by laser light scattering, with a Malvern Instruments 
2602-LC particle analyser (Poncelet De Smet et al.,  1989,1990). The mean diameter 
(dSO) and the arithmetic standard deviation ( (T~  = O*S[ds4 - dlb]) were calculated from 
the cumulative distribution curve. 

Results and discussion 
Lobster carotenoids demonstrated maximum absorbance at 470 nm in petroleum 

ether and 472 nm in chloroform. The yields from the solvent extraction ranged from 
35.4 to 56*5mp;/kg of lobster shell. /?-carotene showed maximum absorbance at 
497 nm in chloroform. Subsequent experiments involved measuring pigment 
concentrations in chloroform at the respective wavelengths. 

A typical size distribution of PVA microcapsules containing /?-carotene is 
presented in figure 1. Distributions were symmetrical about mean diameters of 
46 2 16 and 132 2 54pm for p-carotene and lobster carotenoids respectively within 
PVA membranes. Both PVA and PVA/PLA microcapsules were spherical with 
smooth, thin and resilient membranes. Previously, it has been shown that diameters 
and size distributions may be controlled by the formulation conditions, involving 
variations in mixing intensity, choice of reactor and mixer geometry, control of 
solution viscosity and through the addition of suitable emulsifiers (Poncelet De Smet 
et al. 1989, 1990). 

The colour stability of p-carotene encapsulated within PVA/PLA and PVA 
membranes is illustrated in figure 2. Enhanced stability of the microencapsulated 
pigment was observed in comparison to the control, with PVA/PLA providing the 
better protection from de-coloration. A decrease in pigment colour was observed to 
between 10 and 15 days, after which the OD appeared to asymptotically approach 
a minimum value. 

The initial linear decay in colour intensity observed in figure 2, was calculated 
as a slope, proportional to the rate of pigment discoloration. The pigment half-life 
(to.s), determined from the initial slope of the colour decay plot provides a 
quantitative measure of pigment stability as a basis for comparison from case to case. 
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Figure 1. Volumetric (A) and cumulative (0) size distributions of /?-carotene rnicroencap- 
sulated within PVA membranes. dso = 46 2 16 pm. 

., 
10 16 20 0.0’ 

tlnrfdq*> 
0 

Figure 2. Colour stability (OD487) of /?-carotene encapsulated with PVA/PLA (A) and PVA 
(0) membranes. Control (0) consisted of non-encapsulated pigment. 

A comparison of t0.5 values under a variety of storage conditions, within the two 
membrane materials considered is provided in table 1. The relative stability value 
represents the stability of the microencapsulated pigment relative to the non- 
encapsulated control. 

Table 1 demonstrates that the stability of the carotenoid pigments was enhanced 
overall upon microencapsulation in comparison to the controls. Enhancements in 
stability ranged to a factor of 11 -fold for lobster carotenoid microcapsules stored 
under nitrogen, corresponding to a half-life of 18 days. In general, it appears that 
the commercial P-carotene was more stable than the lobster carotenoids, but that the 
enhancement in pigment stability upon microencapsulation was more significant 
with the lobster carotenoids. Marginal benefits were achieved by storage of the 
microencapsulated pigments in the absence of light, and under reduced temperature. 
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Microencapsulated 8-carotenoids stored under nitrogen were actually less stable 
than the controls. Overall, PVA/PLA membrane provided a better protection for the 
lobster carotenoids, and the PVA membrane provided slightly better protection 
from discoloration for the 8-carotene, in comparison to the alternate membrane 
material. Lobster carotenoid microencapsulated within the PVA/PLA membrane 
showed a 5.6-fold enhancement in stability (to.5 of 9.5 days) while stored under 
ambient conditions. 

Figure 3 illustrates the effect of PVA concentration during membrane formation 

' 

' 

4 6 0  7 * 3pyA ( I )  
I 

0.21 
0 

Figure 3. The  effect of PVA concentration during membrane formation on the stability 
(0D472) of microencapsulated lobster carotenoids after 5 days. The  initial OD in all 
cases was 0.692, and the microcapsules were stored under ambient conditions. 

/ A 

0.2' 
0 I 4 6  0 7 * 3pvA ( I >  

Figure 4. The effect of PVA concentration during membrane formation on the stability 
(OD497) of microencapsulated b-carotene after 1 (0) and 5 (A) days storage under 
ambient conditions. The  initial OD in all cases was 0.502. 
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on the stability (OD472) of microencapsulated lobster carotenoids measured after 5 
days of storage. An optimum concentration of 4-5% PVA appeared to provide for 
the best enhancement in stability. Higher or lower concentrations of PVA, resulted 
in an increasing rate of discoloration. The effect of PVA concentration during 
membrane formation on the stability (OD497) of microencapsulated 8-carotene is 
illustrated in figure 4. The optimum concentration ranged from 3 to 4% PVA, slightly 
less than that necessary to stabilize the lobster carotenoids. A lower concentration 
of PVA (1%) resulted in short-term colour stability, however a considerable 
reduction in colour was observed after 5 days of storage. Pure carotenoids are light 

Figure 5 .  The effect of pH on the stability (OD) of &carotene (0) and lobster carotenoids 
(A) after 12 (lobster) or 15 (B-carotene) days storage. 

0.e 

0.1 ' 
2 0 8 10 

tim rdq*>  
0 ? 

Figure 6. The stability (OD497) of b-carotene with time at different initial concentrations 
of pigment. (0): 0.26 mg/ml; (A) 0.52 mg/ml. 
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and oxygen labile and are thus stabilized under vacuum or inert gas to prevent rapid 
degradation. With encapsulation, the physical structure of the membrane appears 
to be the most effective barrier to light and oxygen concentrations at 3 to 5% PVA. 

The effect of pH on the colour stability of microencapsulated /?-carotene and 
lobster carotenoids after 12-15 days of storage is illustrated in figure 5. Both 
pigments appeared to be more stable under acidic conditions, with a linear decrease 
in colour with increasing pH. Pigments appeared most stable under highly acidic 
conditions. 

The rate of discoloration of microencapsulated /?-carotene appeared to be 
independent of the initial pigment concentration within the microcapsules as seen 
by similar slopes in figure 6. Similar results were observed with the lobster 
carotenoids. 

It appears that in general, microencapsulation does enhance pigment stability to 
varying degrees depending upon the storage conditions. Microscopically, the 
microcapsules had a pink orange colour that was salmon-like in appearance. 

Pigments are generally oxygen labile, particularly in the presence of light. The  
presence of an encapsulating membrane barrier may provide a degree of protection 
from oxidation. Enhanced stability within PVA/PLA membranes may be due to 
some lactic acid contained within the membrane providing a degree of acidification. 
As noted, pigments were more stable under acidic conditions. 

The application of natural pigments in food formulations for animals and humans 
will depend largely upon the ability to stabilize the pigment from oxidative damage 
and from light. Microencapsulation is one method that has proven beneficial in the 
past, and appears to offer promise for stabilizing lobster carotenoids and other 
pigments for extended periods. 
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