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The storage-stability of extractable colour in paprika powder is strongly influenced by the processing steps. The purpose of this research work was 
to decrease the degradation rate of extractable colour of paprika powders to 3–4 ASTA units/month and increase the shelf-life. Fractional factorial 
experimental design and desirability function-based approach was applied to moderate the adverse effect of the key-importance processing steps on 
colour agent content. Photochemical-accelerated shelf-life test was used for the empirically-based quality improvement. Post-harvest ripening, drying, 
sorting (seed content), milling and additives (paprika seed oil, tocopherol extract) were identified as important for the degradation rate of extractable 
colour. The colour stability was very sensitive to the milling and drying intensity, while proper setup of other processing steps compensated the adverse 
effect of drying and milling parameters. The supplementation with cold-pressed spice paprika seed oil was demonstrated as a natural way of colour 
stabilization. At the  highest desirability value (0.986) the  rate constant of  accelerated colour stability test (k) and  shelf-life time (θS[100ASTA]) were 
-0.494 ASTA units/day and 2326 days, respectively. Alternative factor level settings enabled taking into account processing-tradition and efficiency 
expectation. In these cases, desirability values and the predicted shelf-life were 0.5–0.8 and 712–918 days, respectively. Validation study showed that 
the real observed rate constant and shelf-life values met the predicted values and their 95% confidence interval.
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INTRODUCTON

The Hungarian red spice paprika (Capsicum annuum L.) 
powder is a highly appreciated product by consumers, profes-
sional chefs and  food industry for its traditions and  unique 
characteristics as spice. Red paprika was brought to Hungary 
at the end of 1500’s [Moór & Somogyi, 2017]. Growers and re-
searchers have bred paprika cultivars that were most suitable 
for the  local agricultural conditions and  for the  production 
of unique quality ground paprika. Empirically-based processing 
tradition has been developed by several generations of growers 
keeping in mind the gentle-handling of the raw material and de-
veloping the characteristics of milled paprika. The red spice pa-
prika has become one of the most profitable agricultural prod-
ucts in Hungary after 1880 [Obermayer, 1934].

Spice paprika contains several valuable phytochemicals 
such as water- and  fat-soluble antioxidants: phenolic com-
pounds, capsaicinoids and carotenoids [Martí et al., 2011]. 
Epidemiological data have indicated possible roles of  these 
phytochemicals in  the  prevention of  numerous chronic 

diseases, including certain types of cancer, cardiovascular dis-
ease, stroke, and atherosclerosis [Chopan & Littenberg, 2017; 
Hamed et al., 2019; Spiller et al., 2008].

During maturation, the fruit undergoes visual colour trans-
formation due to the biosynthesis of carotenoids and the trans-
formation of chloroplasts to chromoplasts [Martí et al., 2009]. 
The  deep red colour of  ripe pepper fruits is  due to the  high 
content of fat-soluble carotenoid-type pigment [Márkus et al., 
1999]. More than 50 carotenoid-type compounds were identi-
fied in red pepper, mainly esterified with fatty acids in a form 
of  mono- and  di-esters [Daood et  al., 2006; Giuffrida et  al., 
2013; Márkus et al., 1999]. Carotenoids are fairly stable in their 
natural environment, but become sensitive to light, tempera-
ture, enzymes, metals or oxygen as the structure of pod tissue 
and cells injures during post-harvest handling and processing 
[Perez-Galvez et al., 2009; Schieber & Carle, 2005]. The colour 
stability of spice paprika was substantially influenced by the de-
gree of carotenoid-esterification, the level of antioxidants, such 
as ascorbic acid and tocopherols, formed during the ripening 
of pods [Daood et al., 2006; Márkus et al., 1999].
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In the industrial and commercial practice, the extractable 
colour determined by the American Spice Trade Association 
(ASTA) method and expressed as ASTA colour value is  in-
dicative of quality of spice paprika powder, which is easy to 
measure (photometric method) and  representative through-
out the  product shelf-life [ASTA, 1997]. The  degradation 
rate of extractable colour is a suitable indicator for evaluating 
the effect of processing factors.

The industrial mass production has pushed the experience 
of  traditional gentle processing into the  background. Long- 
-term experience of present research group showed that the deg-
radation rate of  extractable colour is 6–8 ASTA units/month  
with the  generally applied industrial processing of  spice pa-
prika. This means that the shelf-life is 360–400 days, calculated 
for 100 ASTA units of final colour value, as the minimum re-
quirement of 1st grade paprika powder [ISO 7540:2006].

Numerous research works are available in literature focus-
ing on the optimization of a selected single processing step 
[Daood et al., 1996, 2006; Hamed et al., 2019; Ibrahim et al., 
1997; İnanç et al., 2010; Karam et al., 2016; Koncsek et al., 
2019; Márkus et al., 1999; Singh & Goswami, 1999]. How-
ever, the processing of spice paprika is a complex technology. 
Simultaneous and comprehensive optimization of  industrial 
operations was required, taking into consideration the sensi-
tivity of  the valuable components in  spice paprika. The ob-
jective of this research work was to decrease the degradation 
rate of  extractable colour to 3–4  ASTA units/month in  red 
spice paprika powders and  increase the  shelf-life. During 
the fresh spice paprika processing, the improper post-harvest 
ripening, heat stress (drying and  milling) and  mechanical 
stress (surface increase due to milling) enhance the process 
of the colour degradation [Daood et al., 2006; Márkus et al., 
1999]. The  research team assumed that the  adverse effects 
of key-importance processing steps on colour agent content 
can be  moderated with the  help of  fractional factorial ex-
perimental design and desirability function-based approach. 
Three varieties of cultivated fresh spice paprika were involved 
in the investigations. Variety, post-harvest ripening methods, 
intensity of drying and milling, sorting (seed content), and us-
ing of additives (paprika seed oil and tocopherol extract) were 
simultaneously and comprehensively investigated.

MATERIALS AND METHODS

Raw materials
The  spice paprika varieties were cultivated on the  fields 

of  the  Gorzsa Agricultural PLC (Hodmezovasarhely, Hun-
gary), within the  traditional Szegedi Spice Paprika produc-
tion area. In  the  present study, varieties Meteorit, Fesztival 
and Mihalyteleki were used. The  ripe (deep red) pods were 
hand-harvested in the 2017 and 2018 season. 

Processing and experimental design
Seven processing variables (variety, post-harvest ripen-

ing, drying, sorting, milling, paprika seed oil and tocopherol 
extract as additives), as quantitative and qualitative factors, 
were investigated in the fractional factorial design at 3 levels, 
thus the experiment consisted of 81 runs (Table 1). The vari-
ables were decided earlier in  preliminary studies at Rubin 

Spice Paprika Processing Ltd. (Szeged, Hungary). The pilot 
factory technology is shown in Figure 1.

According to the traditional Hungarian processing princi-
ples, the hand-harvested fresh pods were stored for 1.5 weeks 
to reach post-harvest technological ripeness. The thermal de-
hydration was done in an industrial drying unit (Hans Binder 
HGI/18F, Marzling, Germany, 1986), with washing equip-
ment, manual sorting, chopper and drying tunnel. 

The  seeds were separated with the help of an industrial 
sorting sieving machine (Index Ltd., Kalocsa, Hungary, 1995). 
A screw oil press machine (OKB-1 models, 150 kg/h capacity, 
7.5  kW power, Seed-Imex Ltd., Kisbér, Hungary) was used 
for the  cold-pressing of  spice paprika seed oil. The  oil was 
cleaned through a 1.0 mm screen and  then by gravitational 
sedimentation.

The dry spice paprika lots were processed in a milling sys-
tem (Constructed by Zöldacél kft., Szeged, Hungary; id. no.: 
001/2017, 35 kW) including a pin mill followed by an in-line sieve 
that allowed fine particles (<450 μm) in a mixer. The coarse 
particles were sent back from the screen to the grinder. The pa-
prika powders were mechanically homogenized with additives 
(tocopherol and/or cold pressed seed oil) in the mixer.

The processing was repeated with the 2018 season’s crop 
in order to validate the optimized processing parameters.

Accelerated colour stability test
The colour stability of paprika powder samples was ana-

lysed by the photochemical-accelerated method as described 
previously by Koncsek et al. [2016]. Samples of 15 g for each 
(in triplicate) were spread in Petri dishes to maintain the equal 
laying thickness (approx. 5 mm) and exposed to illumination 
of 6,000 lux in a light chamber. The samples were mixed dai-
ly. The  chamber (420×1,040×500  mm) was equipped with 
two fluorescent lamps (Oshram Biolux T8  daylight, 30  W, 
colour temperature: 6,500  K) and  light intensity adjusting 
unit. The light intensity was monitored by a digital Voltcraft  
MS-1300 light meter (Conrad, Berlin, Germany).

The extractable colour of paprika samples was measured 
according to the ASTA 20.1 method [ASTA, 1997] at the be-
ginning of the experiment and after 7, 14 and 28 days, and ex-
pressed as ASTA colour value which was calculated according 
to the following formula:

 (1)

where: factor is 0.315 per absorbance of the standard colour 
solution.

Data analysis
The extractable colour loss was evaluated with chemical 

kinetics principles. The photochemical-accelerated degrada-
tion followed apparent zero order reaction model [Koncsek 
et al., 2016]:

 (2)

where: k is  the apparent reaction rate constant, C is  the ex-
tractable colour (ASTA colour value), and C0 is the initial ex-
tractable colour (initial ASTA colour value).



A. Koncsek et al. 93

Half-life time (t1/2) is described by Eq. 3:

 (3)

The relationship between the illumination level and reac-
tion time was expressed by a power function and the shelf-life 
to a specified ASTA colour value was estimated with empiri-
cally developed formula [Koncsek et al., 2016]:

 (4)

where: θS[100  ASTA] is  predicted shelf-life to 100  ASTA colour 
value, I  is  illumination level, and b is  the  slope of  shelf-life 
plot functions (-0.286). The bias of model was taken into con-
sideration in the calculation. 

Microsoft Excel (Microsoft, Redmond, WA, USA) 
and Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA, 2007) soft-
wares were used for the  fractional factorial design analysis 
and  kinetics computations. Shapiro-Wilk test was used for 

checking the  normal distribution. Box-Cox transformation 
was used for stabilizing variance and improving the data anal-
ysis. In all analyses, a 5% significance level was considered.

Desirability function-based approach was used for opti-
mizing processing parameters. This approach converts an op-
timization problem with multiple quality characteristics into 
a  single dimensionless response optimization problem. Re-
sponse variables (Yi) are transformed into desirability values 
di (0≤ di ≤ 1). If the product characteristic is in an unaccept-
able range, the desirability value (D) is 0 and if the product 
characteristic is at the optimum, the value is 1 [Pal & Gauri, 
2018]. The equations describe this approach: 

TABLE 1. Variables of spice paprika processing experiment design (fractional factorial design at 3 levels). 

Factors Setup Coded level Details

Variety (x1)

Meteorit -1

Fesztival 0

Mihalyteleki 1

Post-harvest ripening (x2)

Outdoors, spread -1 200 mm layer

Outdoors, heap 0 600 mm heap

Protected area 1 300 mm layer

Drying (x3)

Slow, 330 kg/h -1
Initial zone: 69–76°C

Middle zone: 43–55°C
Final zone: 25–30°C

Moderate, 416 kg/h 0
Initial zone: 75–85°C

Middle zone: 55–65°C
Final zone: 29–36°C

Intensive, 500 kg/h 1
Initial zone: 95–105°C
Middle zone: 72–80°C
Final zone: 35–40°C

Seed content (sorting) (x4)

3% -1 Without seeds: ~3%

10.5% 0 Medium seed content: 9–12%

20.5% 1 Total seed content: 19–22%

Milling (x5)

Slow, 110 kg/h -1 Stationary pin number: 63
Rotating pins: 86

Moderate, 140 kg/h 0 Stationary pin number: 84
Rotating pins: 115

Intensive, 170 kg/h 1 Stationary pin number: 105
Rotating pins: 145

Paprika seed oil (x6)

0% -1

3% 0

6% 1

Tocopherol additive (x7)

0% -1

0.1% 0

0.2% 1
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RESULTS AND DISCUSSION

The initial extractable colour (C0) of paprika powder sam-
ples is shown in Figure 2 as ASTA colour values. The pow-
der of Meteorit variety without seed sorting had the  lowest 
colour values (145–157  ASTA units) that showed no  sig-
nificant increase in the protected storage condition. For this 
variety, the  outdoors storage and  semi-protected arrange-
ment (in  600  mm heap) means satisfactory conditions to 
reach technological ripeness. The  extractable colour values 
of Fesztival and Mihalyteleki paprika were 162 and 194 ASTA 
units in the protected storage area, while colour values were 
10–18 ASTA units lower in the unprotected areas. In the case 
of Fesztival and Mihalyteleki paprika, the “de novo” extract-
able colour accumulation was remarkably aided by protected 
storage. The protected condition was set up in well-ventilated 
and dark warehouse. Thin layer arrangement of batches in-
creased the  adverse effects of  environment (light, tempera-
ture fluctuation) on extractable colour synthesis. As shown 
by other authors, sun-drying (exposure to light) caused a re-
markable decrease in the contents of carotenoids and antioxi-
dants [Daood et al., 2014; Topuz & Ozdemir, 2003]. The im-
portance of balanced and moderate storage temperature has 
been confirmed by Márkus et al. [1999] and Acedo [2010], 

because storage at 20  to 23°C improved the  development 
of  red colour in  partially ripe paprika. In  accordance with 
a study of Pola et al. [2020], the present results suggested that 
different Capsicum varieties have a  diversity of  post ripen-
ing demands (time, light or dark and temperature) to reach 
the best carotenoid accumulation. 

The  seeds do not contain carotenoids, thus total-seed-
-containing paprika powders had lower initial extract-
able colour, than sorted samples (Figure  2). Depending on 
post-ripening procedure, the available highest colour values 
were 171–178 ASTA units in Meteorit, 175–194 ASTA units 
in Fesztival and 211–233 ASTA units in Mihalyteleki paprika, 
when the  seed content was only around 3%. The  decrease 
of content or removal of seeds gave better initial quality of pa-
prika powder and its effect on the colour stability was investi-
gated with the help of kinetic parameters.

The  pigment degradation kinetic parameters (initial ex-
tractable colour, C0 and rate constant, k) and the estimated 
shelf-life time (θS[100ASTA]) were calculated for 81  runs (fac-
tor combinations). The outcome of simple linear regression, 
fitting the  regression line (R2, adjusted R2>0.9), results of  
F test (p<0.05) and  residual analysis, confirmed the  zero-
-order kinetic model. The estimated shelf-life was calculated 
for 100  ASTA units of  final colour value, as the  minimum 
requirement of  1st grade paprika powder [ISO 7540:2006]. 
The  rate constant and  the  estimated shelf-life of  acceler-
ated colour stability test showed wide range differences  
(k=-3.208–0.453 ASTA units/day, θS[100ASTA]=260–2240 days, 
all data is not shown), indicating the importance of process-
ing factor setups on colour stability. 

Figure 3 and  Figure 4 shows the normal probability plot 
of the standardized effects and Pareto plot to evaluate the sig-
nificance of each factor and its interactions on k and θS[100ASTA]. 
The standardized effects are ranked, and then plotted against 
the  expected normal probability. The  effects that are negli-
gible are normally distributed, with mean zero and  vari-
ance σ2 and tend to fall along a straight line [Montgomery, 
2013]. The significant real effects are separated in the upper 
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FIGURE 1. Flow chart of spice paprika processing technology in the pi-
lot factory (*investigated factors, “A”  – Processing without additives, 
“B” – Processing combined with cold pressed spice paprika seeds oil, 
“C” – Processing combined with tocopherol additive).

FIGURE  2. Effect of  variety, post-harvest ripening methods and  sort-
ing (seed content) on the initial extractable colour values (ASTA units) 
of spice paprika powder.
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right-hand and lower left-hand corner of the plots (Figure 3A 
and Figure 4A).

All processing variables, as main effects, were identified 
as important for rate constant. Positive position of variables 
(drying and milling) means that a change from a low to a high 
level increased the degradation rate of extractable colour (Fig-
ure  3A). The  Pareto chart with high absolute standardized 
effects of  these factors indicated their remarkable influence 
on the  degradation rate of  extractable colour (Figure  3B). 
High factor levels of other processing steps (e.g. seed content, 
supplementation with spice paprika seed oil or tocopherol) 
suggested the compensation opportunity against the adverse 
effect of drying and milling parameters.

Besides processing factors, the variety was significant for 
the shelf-life response variable. Drying and milling intensity 
negatively affected the shelf-life (Figure 4A). This prelimi-
nary analysis indicated that the proper setup of parameters 
contributes to the  extended stability of  products. The  plot 
shows that the colour stability is very sensitive to the milling 
and  drying intensity if the  parameters were at high levels. 

Variety factor appeared in  positive and  negative position 
in the normal probability plot as linear and quadratic vari-
ables of model. This suggested that this qualitative variable 
represents complex properties. The  shelf-life estimation 
formula indicated that the calculated time values depended 
on the  initial extractable colour of  paprika powders. This 
clearly appeared in the Pareto chart (Figure 4B), since stan-
dardized effects of variety and post-ripening control factors 
were the  largest among the  other factors. Earlier studies 
have found intensive esterification of capsanthin, capsoru-
bin and other xanthophylls with fatty acids during the post- 
-harvest ripening [Márkus et al., 1999]. These conversions 
promoted the stabilization of carotenoids during the further 
processing and  storage of  spice paprika, providing stabil-
ity against thermo, photo and enzymatic oxidation reactions 
[Arimboor et al., 2015].

The effect of processing variables on rate constant of ac-
celerated colour stability test is shown graphically in Figure 5. 
These marginal means plots averaged the  means across 
the  settings and  combinations of  settings of  the  factors. 

FIGURE 3. Normal probability plot (A) and Pareto chart of the standardized effects (B) on the (transformed) degradation rate constant (k) of extract-
able colour in spice paprika powder. (Red frames indicate the processing variables that were identified as important for degradation rate constant).

FIGURE 4. Normal probability plot (A) and Pareto chart of the standardized effects (B) on estimated shelf-life time (θS[100ASTA]) of spice paprika powder. 
(Red frames indicate the processing variables that were identified as important for shelf-life).
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The  indicated confidence limits were computed based on 
the respective estimates of the standard errors.

Outdoors post-ripening is  a  generally applied method 
in the case of industrial volumes. Thin layer (200 mm) storage 
was not advised because remarkable damages were observed 
in pods and higher degradation rate of extractable colour with 
rate constants of  -1.705  and  -1.530  ASTA units/day for in-
tensive and moderate dried samples, respectively (Figure 5A), 
indicating weaker colour stability in the final product. How-
ever, the  slow drying significantly compensated the  adverse 
effect of  thin layer outdoors post-ripening (k=-1.119 ASTA 
units/day). Storage in  600  mm heaps and  protected area 
combined with moderate or slow drying intensity revealed 
significantly lower degradation rate of  extractable colour  
(k ranged from -0.828  to -0.998  ASTA  units/day). Post-
ripening in  600  mm heaps protected the  deep layers from 
the  external conditions. Protected post-ripening was most 
advantageous on colour retention, and  seemed to compen-
sate the adverse effect of intensive drying. This method is less 
usable in industrial volumes because of remarkable place-de-
mand, but useful in craft-like processing tradition. These find-
ings were consistent with several previous studies. Ibrahim 
et al. [1997] have identified two stages in carotenoid content 

change during light-exposed and protected (in dark) natural 
drying of  spice paprika. The  first stage was a  biosynthetic 
and  the  second was degradative with more adverse effect 
of light-exposure than darkness. The retention of phytochem-
icals (ascorbic acid and  tocopherols), that play important 
role in carotenoid stability, has been found to be significantly 
worse in naturally dried paprika than in thermally-dried pa-
prika [Daood et al., 1996, 2014].

Exposure of  spice paprika to higher temperature (inten-
sive drying) resulted in  substantial deterioration of  extract-
able colour during the  accelerated storage-stability experi-
ment (Figure  5A). The  marginal means of  rate constants 
were 1.5–1.6  and  1.1–1.3  times lower, as compared with 
slow drying and moderate drying, respectively. Many authors 
have reported the  colour deterioration as proportional with 
the temperature and time of hot-air drying technology, which 
might be due to Maillard reactions and heat sensitivity of ca-
rotenoids and other antioxidants [Daood et al., 2006; Karam 
et al., 2016]. 

Reduction of  the  seed content to 3% accelerated the  ex-
tractable colour degradation, especially with more inten-
sive milling (Figure  5B). The  marginal means of  rate con-
stants (-1.187  ASTA·units/day) were 1.3–1.4  times lower 

FIGURE 5. The effect of processing variables on the degradation rate constant (k) of extractable colour in spice paprika powder. Plot A – processing 
in drying factory, Plot B – processing in milling factory, Plot C – processing combined with additives.
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in the slow- and moderate-intensity milled seed-less samples, 
than in  their medium seed-content and  non-sorted alterna-
tives (-0.874 ASTA units/day). Studies have demonstrated that 
the  oil and γ-tocopherol derived from seeds are essential el-
ements in the carotenoid stability of paprika powder [Daood 
et al., 1996; Koncsek et al., 2016]. There were no significant dif-
ferences between the effects of medium and total seed content 
on the rate constant. Omitting of sorting might be a reasonable 
decision to decrease degradation rate of extractable colour. 

The  slow and  moderate milling intensity was found to 
be  favourable, resulting in  slower degradation rate than in-
tensive milling (Figure  5A). Conventional grinding can rise 
the  temperature over 90°C due to the  friction-induced heat, 
causing important losses of aroma, nutrients and flavour com-
ponents, as well as considerable quality degradation [Karam 
et al., 2016; Singh & Goswani, 1999]. However, heat and me-
chanical forces played an important role in the quality of tra-
ditional spice paprika powders. During grinding, the heat en-
abled to release the oil from the seeds, which interacted with 
the pigment in  the pericarp particles to produce intense red 
colour [Berke & Shieh, 2001; Szegedi paprika, 2010].

The  supplementation with cold-pressed spice paprika 
seed oil and  tocopherol extract decreased the  degradation 

rate of  extractable colour of  paprika powder (Figure  5C 
and Figure 5D). The spice paprika seed oil was less effective  
(k=-1.180–1.147 ASTA units/day) than the combination of oil 
and  tocopherol additive (k=-0.801–1.034  ASTA units/day).  
However, at higher dose (6%), the oil was close to the efficacy 
of the 0.2% tocopherol additive (k=-1.193 ASTA units/day).  
The supplementation with oil is a natural way of quality sta-
bilization using the  original compounds of  spice paprika. 
Earlier studies have shown successful application of  high-
-oleic sunflower seed [Pérez-Gálvez et al., 2000], soybean oil 
[İnanç et al., 2010], δ-tocopherol [Osuna-Garcia et al., 1997] 
and  rosemary extract [Koncsek et  al., 2019] as additives to 
moderate the carotenoid degradation in paprika powders or 
products. The  principles of  the  processing technology, laid 
down in the related legislative regulations, restricted the pres-
ence of  non-paprika origin components in  the  traditional 
Hungarian spice paprika powder marketed in retail.

The effects of processing variables on estimated shelf-life 
time (θS[100ASTA]) are shown graphically in Figure 6. The vari-
ety-effect plot shows that Mihalyteleki variety with the highest 
initial extractable colour (203 ASTA units) revealed the best 
marginal mean of  estimated shelf-life time (1107  days). 
This can be attributed to the zero-order degradation kinetics 

FIGURE 6. The effect of processing variables on estimated shelf-life time (θS[100ASTA]) of spice paprika powder. Plot A – variety, Plot B – processing 
in drying factory, Plot C –processing in milling factory, Plot D – processing combined with additives.
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of  carotenoids, because in  this model the  degradation time 
depends on the initial concentration of the useful component 
[Koncsek et al., 2016; Peleg, 2017]. 

Both reduction of  the  seed content to 3% and  omitting 
of  seed sorting shortened the estimated shelf-life time (Fig-
ure 6C). As mentioned above, the seeds do not contain carot-
enoids and  thus total-seed-containing paprika powders had 
a lower initial extractable colour value (164±16 ASTA units), 
compared to the medium-sorted samples. This lower initial 
extractable colour decreased the  θS[100ASTA] (698–937  days). 
Higher initial ASTA colour values were available with help 
of  total seed content removal (193±20  ASTA units), than 
with medium sorting (180±18 ASTA units); however, signifi-
cantly longer shelf-life was not achieved (639–958 days). This 
confirmed that the  products were deprived of  useful com-
pounds of seeds, which play important protective role against 
the  oxidative degradation of  carotenoids. The  paprika seed 
oil and  tocopherol additives decreased the degradation rate 
of extractable colour, thus improving the estimated shelf-life 
time up to 1,230 days marginal mean (Figure 6D).

The desirability function approach enabled the inspection 
of  predicted dependent variables at different combinations 
of levels of independent variables. Figure 7 shows the searching 

result for the  predictor (processing) variables that produce 
the highest desirability value (0.986). This was available with 
the following factor settings: high extractable colour of paprika 
variety, protected post-harvest ripening, slow drying and mill-
ing intensity (330 kg/h and 110 kg/h), medium seed content 
(10.5%) and supplementation with spice paprika seed oil (6%) 
and  tocopherol extract (0.2%). The  predicted values of  rate 
constant of  accelerated storage-stability test and  shelf-life 
time were -0.494 ASTA units/day and 2,326 days, respectively. 
The  predicted shelf-life extremely exceeded the  preliminary 
goal of the present study (two years). This meant an oppor-
tunity for modified factor level settings that resulted in lower 
desirability values, but enabled taking into account some im-
portant expectations or practical considerations. 

Table 2 shows some alternative factor level settings with 
satisfactory dependent variables, meanwhile the  intensity 
of processing was increased and the tocopherol additive was 
omitted. The processing was repeated with No. 1, 2 and 3 set-
tings, using 2018  season’s spice paprika crop. The  ob-
served shelf-life values (with their 95% confidence intervals) 
were 926  days (894–958  days), 772  days (745–798  days) 
and 631 days (610–653 days) for No 1, 2 and 3 settings, re-
spectively. These results showed that the real observed values 

FIGURE 7. Desirability function-based approach for spice paprika processing at the highest desirability level. (Red vertical dashed lines – the best 
processing factor settings, blue horizontal dashed lines – the highest available shelf-life and lowest degradation rate constant, green points – shelf-life 
and degradation rate constant values, continous blue lines – 95%-level confidence prediction).
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of  dependent variables met the  predicted values and  their  
95% confidence intervals (Table 2).

CONCLUSIONS

This study demonstrated that the  desirability profiler, 
based on extended set of experimental data, is a useful tool for 
empirically-based quality improvement in spice paprika pro-
cessing. The model is suitable to take into account the chang-
ing conditions and some important expectations, for example 
productivity, additive-free requirements etc.

Post-harvest ripening, drying, sorting (seed content modi-
fication), milling and  additives (paprika seed oil and/or to-
copherol extract) were identified as important for the degra-
dation rate constant of extractable colour of paprika powders. 
Post-harvest ripening is crucial in  the biosynthesis of stable 
carotenoids. The  results suggested that different Capsicum 
varieties have a diversity of post ripening demands (time, light 
or dark and temperature) to reach the best extractable colour 
accumulation. The extractable colour stability was very sen-
sitive to the milling and drying intensity, while proper setup 
of other processing steps (e.g. seed content, supplementation 
with spice paprika seed oil or tocopherol) can compensate 
the adverse effect of drying and milling parameters. The study 
proved that processing steps have an additive impact on 
the  storage stability of  extractable colour of  spice paprika 
powder. The  presented technology with moderate intensity 
of processing steps and moderate treatments were found to 
be appropriate to maintain the achieved extended shelf-life. 

The results revealed that the planned fractional factorial ex-
perimental design methods, extended to entire processing line, 
lead to better optimal solution for colour stability improvement 
than the investigation of some selected processing steps.
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