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In this study, natural canthaxanthin (CTX) as one of the most important
carotenoids was extracted from Dietzia natronolimnaea HS-1. The changes of CTX
enriched in oil-in-water emulsions with vegetable oil (5 mg/100 ml), Arabic gum (5 mg/
100 ml), and potassium sorbate (0.5 g/100 ml) were investigated. The effects of different
pH (3, 5 and 7) and time treatment (3, 18 and 33 days) in the room temperature (24+1°C)
on the colour degradation were studied by response surface methodology (RSM). A second-
order polynomial equation fitted to the data was used to predict the responses in the
optimal region. The responses were Hunter values (L*, a*, and b*) and CTX concentration
(mg/1). Results illustrated more degradation of this pigment at low pHs (pH <4) by passing
the time (days>10) with high R? of 97.00%, 91.31%, 97.60%, and 99.54% for CTX, L*, a*,
and b* respectively. The predicted values were in good agreement with experimental data
and thus the model was found to be significant (p < 0.05).

Key words: Canthaxanthin degradation, Dietzia natronolimnaea HS-1,
Emulsion, Response surface methodology (RSM).

Carotenoids are one of the most
important and beneficial type of pigments in the
nature. Moreover, the diversity of these colours in
the vegetables, fruits, marine organizations, and
micro organizations is another applicable and useful
property of these kinds of pigments (Furr and Clark,
1997). Besides, among over 600 known carotenoids,
canthaxanthin [CTX] plays a vital role in protecting
the tissues, against free radicals and oxidizing
agents. The antioxidant activity, preventing serious
health disorders such as breast and lung cancers
and cardiovascular diseases are the major
responsibilities of CTX (Huang et al., 1992; Furr
and Clark, 1997; Liu, 2003; Patel et al., 2004; Mohd
Fadzelly et al., 2009; Vitek et al., 2009). The
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antioxidant ability of CTX is equal to astaxanthin,
higher than o-carotene, zeaxanthin, lutein,
B-criptoxanthin, and lycopene. Also, this
characteristic of CTX is 100 times more than
tocopherol (Palace et al., 1999). Because of some
beneficial aspects mentioned above, CTX is used
as an additive in processed food, fruit drinks, baked
food and different kind of sausages. Likewise, it is
applied in some tan creams for both the beneficial
properties and for golden bronze colour created
(Gharibzahedi et al., 2012).

Regarding to restriction of synthetic
carotenoids in food and cosmetic industries,
production of CTX from biological resources has
developed recently (Gharibzahedi et al., 2012).
Khodaiyan et al. (2007) reported that Dietzia
natronolimnaea HS-1 bacterium is one of the most
important sources for microbial production of
carotenoids especially CTX. They showed that D.
natronolimnaea HS-1 compared to the levels of
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CX produced by other main wild CTX producing
strains.

Although, CTX pigment such as other
polyene compounds is soluble in the oily solutions,
a little polarity is observed in this pigment by its
terminal groups (Higuera—Ciapara et al., 2004). In
this way, CTX can be bonded with two phases
existed in the oil-in-water emulsions. As a result,
the digestion, transfusion, absorption, and
ultimately the increasing the bio-availability of the
given pigment will be improved (Helmar et al., 2003).

Processing and preservation the baked
foods, drinks, and tomato products containing
these pigments are extremely difficult due to their
high sensitivity to operational and environmental
conditions such as pH, light, 02, temperature and
etc. The stability of carotenoids under different
treatment has been reported by several researchers.
In instance, the stability of carotenoids of tomato
and carrot during thermal treatment was studied
by Stahl and Sies (1992) and Mayer- Miebach et
al. (2005), respectively. The carotenoids stability
existed in watermelon and green beans were also
reported by Perkins-Veazie and Collins (2003) and
Sanches-Mata et al. (2002) respectively. The
Hunter colour values, L*, a* and b*, and the
pigment concentration were usually measured in
order to show and investigate the amount of the
colour degradation under different situations
(Giese, 2003; Eren and Kaymak-Ertekin, 2007).

Response surface methodology [RSM]
concern as an optimizing technique which is
investigating the effect of significant factors,
optimal conditions for each response and the
relationship existed between the independent
variables and the responses (Tiwari et al., 2008).
In addition, the reduction in total number of
experiments is another advantage of this method.

To the best our knowledge, detailed
measurements of the degradation of natural CTX
have not been investigated. Therefore, the aim of
this research was to determine the effectiveness
of different environmental parameters, different pH
and time at room temperature (24+1°C) on the
degradation of natural CTX obtained from D.
natronolimnaea HS-1, and enriched in the oil-in
water emulsion. RSM in terms of a central
composite design [CCD] was used to improve the
ability of predicting the amount of CTX which is
degraded under various combinations of different
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pH and temperature. It also was applied in order to
predict the amount of decreasing trend by
measuring Hunter values (L*, a*, b*).

MATERIALSAND METHODS

Materials

Peotone was purchased from Himedia
(Mumbai, India). Yeast extract, potassium sorbate,
Arabic gum, the pure acetone (99.5%), phosphoric
acid, and buffer solutions were obtained from
Merck Chemical Co. (Darmstadt, Germany). Beet
molasses was purchased from Qazvin Sugar
Industry (Qazvin, Iran), and the pure ethanol (96%)
provided from the Taghtir Khorasan Co. (Mashhad,
Iran). Moreover, the pure corn oil was purchased
from the domestic shopping center (Golden Maize,
Emirates Refining Company Ltd. Sharjah, United
Arab Emirate), and the CTX standard supplied by
Dr. Ehrenstorfer GmbH (Germany).
Production and extraction of natural canthaxanthin

The strain of bacterium D.
natronolimnaea HS-1 (DSM 44860) maintained on
YM (containing 5 g/l peptone + 5 g/l yeast extract
+ 40 g/l molasses at pH 7) was cultured in an
incubator at 28°C for 7 days. Afterward, the
biomass was washed by physiological serum
(NaCl; 9 g/l in deionized water), and centrifuged at
8,000xg for 5 min to separated from supernatants
(Khodaiyan et al., 2007). Subsequently, to split
the wall of D. natronolimnaea HS-1 and extract
the high amounts of pigments, each 2 ml of
biomass was suspended in the 10 ml of pure ethanol
while was vortexing for 5 min. Then, it was
centrifuged at 8,000xg for 5 min. Finally, ethanol
extracts were collected and filtered through a 0.2
um hydrophobic fluorophore membrane (Sigma-
Aldrich Co., United States). In this way, CTX was
extracted at high level and solved in ethanol.
QOil-in-water emulsion preparation

In order to prepare the emulsion, corn oil
was added to the CTX solved in ethanol, and
heated up to 38°C in RV10D evaporator (IKA,
Germany) to remove the ethanol and leave the CTX
in the oil. Afterwards, 5 g/100 ml of the vegetable
oil containing the CTX, 5 g/100 ml Arabic gum and
0.5 g/100 ml potassium sorbate (to prevent the
growing of fungus), were added to distilled water,
reached to 100 ml and mixed with Ultra-Turrax T-25
(IKA, Germany). Subsequently, the given solution
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was pressurized twice in 8 and 15 MPa by means
of the homogenizer (APV model, Denmark). The
pH of emulsion was adjust to 3, 5, and 7 using
phosphoric acid and buffer solutions and kept at
room temperature (24+1°C) for 33 days. The pH of
emulsion was measured with a digital pH meter
(ETS-D6 model, IKA, Germany) while being stirred
by a magnetic stirrer.
Colour evaluation

The amount of colour was measured by
spectrophotometer and the Hunter method. For
this purpose, the turbidity of emulsion should be
removed by the acetone. Vegetable oil containing
CTX was dissolved in acetone; however, the
acetone was already dissolved in the water. Based
on these, Arabic gum and the turbidity existed in
the emulsion was settled and the clarified homo-
phased solution was obtained. As the result, the
CTX was spread throughout the homogenous
solution. In the next step, L* (lightness/darkness),
a* (redness/greenness), b* (yellowness/blueness),
and the absorbance of CTX solution were
investigated by spectrophotometer (HACH DR/
4000U, USA). To obtain the concentration of
natural CTX in mentioned solution, the relation
between the amounts of CTX standard and its
absorption in the same solution was used and
compared with the experimental samples. All
experiments were conducted in triplicate.
Experimental design and statistical analysis

A CCD-RSM using the statistical
software package Design-Expert (trial version 7.1.6,
Stat-Ease Inc., Minneapolis, USA) in order to
demonstrate the degradation of colour, L*, a*, b*,
and CTX concentration were designed. The effects
of two independent factors including pH (X)) and
treatment time (X,, day) on the Hunter parameters
and the amount of CTX concentration were
investigated. The 14 runs of experimental data
based on three levels of 126 these factors were
examined while (X)) was ranged between 3 to 7
and, (X,) was between 3 to 33 days at 24+1°C (Table
1). Experimental data were suitably fitted to a
second-order polynomial model. The optimal
points were predicted according to the following
quadratic polynomial model (Equation 1):

Y = Bo+ Xioy BiXi + Xioy Bu X+ Ti X joien Biy XiX; (D)

where Y is the predicted value; f3; is the
constant coefficient, f3 is the linear coefficient, j3,
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is the quadratic coefficient, ﬂij is the cross product
coefficient, and Xi and XJ. are independent
variables. The suitability of the fit of the polynomial
model equation was tested by the R? (coefficient
of determination), adjusted-R® [R*-adj], the
prediction error sum of squares [PRESS] and
adequate precision. The PRESS statistic is
calculated as Equation (2) (Bas and Boyaci, 2007):

N
PRESS = Z(ypre,i - yexp,i)2
e~ (2

Adequate precision compares the range
of the predicted values at the design points to the
average prediction error. The definition of adequate
precision is in Equations (3) and (4) (Bas and
Boyaci, 2007):

Adequate precision

—Adequate precision = 22X minG)

o .3
n
_ 1 . po?
V(@)= - V() =—
(4
— (@)

In Equations (2)-(4), Yiexp is the

experimental responses, Y, ore ? is the predicted

responses, Visthe predicted value, pis the number

of model parameters, &” is the residual mean square
from analysis of variance [ANOVA] table, and nis
the number of experiments.

The significances of each of the
coefficients in the empirical model were selected
or rejected based on the p-value. The terms
statistically found non-significant (p>0.05) were
removed from the initial models and the
experimental data were refitted to produce the final
reduced model. It should be noted that some non-
significant variables (p< 0.05) were added again to
the model due to quadratic or interaction effects.
The correlation between the response and
independent variables can be readily seen in the
response surface and contour plots. These plots
show the simultaneous interaction of two factors
on the responses and find the location of optimum
experimental variables (Gharibzahedi et al., 2012).
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RESULTS AND DISCUSSION

Model fitting

The relationship between pH (X)) and
time (X)) as the independent variables and each
response was determined by ANOVA (Table 2).
The results show the independent variables have
the significant effect (p< 0.05) on the bacterial CTX
concentration and, L*, a*, and b* values. The
polynomial equations, describing the CTX amount
(Y,) and Hunter L* (Y), @* (Y,), and b* (Y,) values
as a simultaneous function of amount of pH (X))
and treatment time (X,), is shown in Equations (5)-
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(8), respectively.
CTX=5.36193+1.14350X - 1.58100X, +0.54850X,
+0.78800 X,, .(5)
L*=88.2737-0.7050X, +2.0100X, +1.3273X,, ...(6)
at=2.24329 +0.62500X - 1.34333X, -(7)
b* =43.8554 +3.9367X -9.4317X, +2.7403X , +
0.8875X.X, (8)
The lack of fit is an indication of the failure
for a model representing the experimental data at
which points were not included in the regression
or variations in the models cannot be accounted
for random error (Bas and Boyaci, 2007). If there is
a significant lack of fit which could be indicated by

Table 1. Central composite design (CCD) and the responses for the colour values

Run order Independent variables Response variables
pH Time (day) CTX (ppm) L* a* b*
1 3 18 4.773 89.80 1.20 39.01
2 5 3 8.258 87.84 3.80 57.00
3 5 33 4.072 91.23 0.82 36.62
4 5 18 5.219 88.11 2.29 44.24
5 7 18 7.078 86.62 3.27 47.94
6 5 18 5.368 88.18 2.37 43.51
7 5 18 5.262 87.73 2.03 44.38
8 5 18 5.538 88.87 245 43.78
9 7 3 8.958 87.18 3.83 57.63
10 3 3 7.099 87.91 3.72 52.06
11 7 33 6.727 91.72 2.02 41.30
12 5 18 5.432 88.61 2.23 43.61
13 3 33 4.030 92.04 0.45 32.18
14 5 18 5.272 87.97 2.14 43.59
Table 2. Regression coefficients, R?, probability values and
lack of fit for the final reduced models for the colour degradation
Terms CTX (ppm) L* a* b*
Coefficient p-value  Coefficient p-value Coefficient p-value Coefficient p-value
Model 5.36193 -0.0001 88.2737 -.0001 2.24329  -0.0001 43.8554  -0.0001
X, (pH) 1.14350 <0.0001 0.7050 0.040 0.62500 0.002 3.9367  <0.0001
X, (Time)  -1.58100 <0.0001 2.0100 <0.0001  -1.34333 <0.0001 -9.4317  <0.0001
X, 0.54850 0.036 0.0023 0.996 0.06367 0.748 - 0.5947 0.179
- 0.78800 0.007 1.3273 0.015 0.13867 0.490 2.7403  <0.0001
X X, 0.20950 0.269 0.1025 0.737 0.36500 0.034 0.8875 0.038
Lack of Fit 0.056 0.106 0.077 0.066
R 97.00% 91.31% 97.60% 99.54%
R- adj 94.42% 83.85% 95.55% 99.14%
PRESS 2.56 6.7 4.04 6.11
Adequate 21.99 10.79 22.45 54.02
precision
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a low probability value, the response predictor is
discarded. The lack of fit illustrated in Table 2, did
not result in a significant p-value for selected
variables, meaning that these models were
sufficiently accurate for predicting the relevant
responses. Table 2 also indicates the accuracy of
the second-order polynomial models via the R?,
R’-adj, PRESS and adequate precision. The
predicted values were correlated to the
experimental data with R? of 97.00%, 91.31%,
97.60%, and 99.54% for CTX amount, L*, a*, and
b*, respectively. However, a large value of R* does
not always imply that the regression model is a
good one. R*-adj is a modification of R? that adjusts
for the number of explanatory terms in a model.
Unlike R?, the R*-adj increases only if the new term
improves the model more than would be expected
by chance (Ghasemlou et al., 2012). The values of
Re-adj were 94.42%, 83.85%, 95.55% and 99.14%
for CTX, L*, a*, and b*, respectively (Table 2).
The low PRESS(2.56-6.71) values suggest for the
adequacy of the fitted quadratic models for
predictive applications (Table 2). Adequate
precision measures the signal-to-noise ratio. A ratio
greater than four is desirable. The proposed models
for CTX, L*, a*, and b* values had very good
signal-to-noise ratios in the range of 10.49 to 54.02
(Table 2). Thus, it can be concluded that the models
were statistically sound.
Colour degradation

As shown in Table 2, the CTX (Y,) was
significantly (p< 0.0001) influenced by the linear

T
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effect of pH and treatment time. The mutual
interaction between pH and treatment time and also
their quadratic effects were found to be
insignificant (p>0.05). pH and time are classified
as the significant factors on the degradation of
CTX. The time treatment in compared to pH showed
the more considerable effect. According to the
obtained results in this work, more degradation in
the room temperature was occurred approximately
in pH <4 after 10 days. From the optimization
results, a condition including pH of 6.97 and
treatment time of 3.10 days was predicted to be the
individual optimum region that resulted in highest
CTX stability (9.166 ppm). Nevertheless, the least
CTX stability (3.960 ppm) was estimated to be at
the combined level of pH of 3.5 and treatment time
0f 29.06 days (Fig. laand b). CTX (4,4'-diketo-[3-
carotene), a keto-carotenoid, is characteristically
included eight isoprenoid groups and eleven
double bonds as conjugated polyene called
chromophore along with carbonyl group
substitution at each end at positions C-4 and C-4'
on the molecule ring. It seems that low pH and
long treatment time probably led to generate free
radicals in the aqueous solution that may open
these aromatic rings and lead to partial oxidation
of products such as organic acids, aldehydes, and
ketones (Tiwari et al., 2008). Chen €t al. (1996)
reported high storage temperature (35°C) during
three months can significantly lead to decrease
lutein pigment in carrot juices. Tsimidou and
Tsatsaroni (1993) and Queiroz Zepka and

CTH ippm)

UL EE

Fig. 1. 3D response surface (a) and counter (b) plots for the effects of pH (X))
and treatment time (X,) on the CTX concentration during the colour degradation
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Fig. 2. 3D response surface and counter (d-f) plots for the effects of pH (X)) and
treatment time (X,) on the Hunter L* (a and d), @* (b and e) and b* (c and f) values
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Mercadante (2009) also observed the high
degradation of saffron carotenoids under low pH
and the presence of prooxidants such as
temperature and light.

As shown in Table 2, the linear effect of
all independent variables on Hunter L* (Y,), a* (Y,)
and b* (Y,) values was highly significant (p<
0.0001; p< 0.01; p< 0.05). The quadratic term of
treatment time was significant (p< 0.0001; p< 0.05)
on the L* and b* values. The results showed that
interaction of pH and treatment time was only
significant on the b* value (p< 0.05). The three-
dimensional (3D) response surface and counter
graphs was plotted to better visualize the
interaction effects of independent variables on the
Hunter color values (Fig. 2a—f).

Overall, the emulsions with higher
turbidity values would be considered as more
stable emulsions. Thus, the desirable emulsions
has high a* and b* values and a low L* value. The
individual optimization results according to this
fact indicated that the optimum conditions for the
highest turbidity value were pH of 7 and treatment
time of 3.87 days. The corresponding predicted
response values under the optimum conditions for
Hunter L*, a* and b* values of the CTX emulsions
were 86.80, 3.87 and 57.63, respectively. Queiroz
Zepka and Mercadante (2009) believed that some
of chemical changes such as changes in CTX
isomer and chain length can cause the colour
changes of an emulsion from orange-red to white-
yellow. Trans-CTX isomer has much better stability
and coloring effects than cis-CTX (Giese, 2003;
Mayer-Miebach et al., 2005). Moraru and Lee (2004)
also reported that lycopene isomerization occurs
under the simulated gastric digestion and low pH
during long treatment time. Therefore, it can be
concluded by declining the pH from 7 to 3 and
passing the time during 33 days likely the trans-
isomer to Cis-isomer were transformed and this fact
led to a slightly lighter colour.

Optimization and verification of the models

Optimum level for independent variables
was determined to obtain maximum CTX, a* and
b* values with minimum L* value. The optimization
procedures indicated the overall optimum region
to be at pH of 7 and treatment time of 3.87 by
overlaying all the responses and response
optimizers. The corresponding response values
predicted for CTX, a*, b* and L* values were
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estimated to be 9.050 ppm, 86.80, 3.87 and 57.63,
respectively. The suitability of the presented
models for predicting the optimum response values
was tested using the recommended optimum
conditions. Then, the adequacy of the response
surface models was checked by the comparison of
experimental and predicted values. The results
demonstrated that the corresponding experimental
values for CTX, a*, b* and L* values with the
optimum conditions were 9.032 + 0.008 ppm, 87.19
+0.32,3.66 +0.28 and 56.22 + 1.45, respectively. No
significant difference (p>0.05) was found between
the experimental and predicted values.

CONCLUSIONS

In this study, the amount of the
degradation of natural CTX produced by D.
natronolimnaea HS- 1 in the room temperature, in
different pH (3-7) for 33 days was investigated.
CTX was used in the oil-in-water emulsions to
increase its absorption, transfusion, and
bioavailability. RSM was applied to scrutinize,
model and predict the degradation trend. More
degradation of CTX was shown in pH d”4 after 10
days. As the result, the orange-red emulsion of
CTX was changed toward yellowness and
whiteness. L*, a*, and b* as the Hunter colour
values and the amount of CTX concentration
studied, significantly proved this trend (p<0.05).
High R was observed between experimental and
predicted values. These values were 97.00% for
CTX, 91.31% for L*, 97.60% for a*, and 99.54% for
b*. Because of the health beneficial of this
emulsion, it should be applied in some foods,
drinks, and even in tan creams. Likewise, the
attractive appearance of food products and tan
creams containing CTX would attracted more
customers.
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