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A b s t r a c t. Response surface methodology was used to 
optimize experimental conditions for ultrasound-assisted extrac-
tion of valuable components (anthocyanins and phenolics) from 
purple sweet potatoes using water as a solvent. The Box-Behnken 
design was used for optimizing extraction responses of antho-
cyanin extraction yield, phenolic extraction yield, and specific 
energy consumption. Conditions to obtain maximal anthocyanin 
extraction yield, maximal phenolic extraction yield, and minimal 
specific energy consumption were different; an overall desirability 
function was used to search for overall optimal conditions: extrac-
tion temperature of 68ºC, ultrasonic treatment time of 52 min, and 
a liquid/solid ratio of 20. The optimized anthocyanin extraction 
yield, phenolic extraction yield, and specific energy consumption 
were 4.91 mg 100 g-1 fresh weight, 3.24 mg g-1 fresh weight, and 
2.07 kWh g-1, respectively, with a desirability of 0.99. This study 
indicates that ultrasound-assisted extraction should contribute to 
a green process for valorization of purple sweet potatoes.

K e y w o r d s: purple sweet potato, ultrasound, anthocyanin, 
phenolic, extraction

INTRODUCTION

Sweet potatoes crops are important for food and feed, 
due to their high content in dietary fibres, minerals, vita-
mins, and antioxidants (Teow et al., 2007). Compared to 
those of white, yellow, or orange potatoes, purple sweet 
potatoes (PSP) contain an important amount of phenolics 
and anthocyanins (Wang et al., 2011). Thus, they are iden-
tified as a potential source of functional food ingredients 
(Bovell-Benjamin, 2007). 

Valuable compounds (phenolics and anthocyanins) in 
PSP extracts have various functional abilities, such as anti- 
oxidant (Zhang et al., 2010), hepato-protective (Hwang et 
al., 2011), and memory enhancing properties. Conventio- 
nally, extraction of anthocyanins and phenolics with de- 
sirable yields has been carried out with solvents such as 
methanol, ethanol, and ethanol in hydrochloric acid me- 
dium (Pedro et al., 2015). For example, although anthocya-
nins are soluble in water, researchers observed that ethanol 
and methanol PSP extracts had approximately 3-4 times 
higher values of anthocyanins compared to water extracts 
from (Bridgers et al., 2010). Currently, ethanol and organic 
acids are preferable because they are less toxic than metha-
nol and hydrochloric acid (Escribano-Bailón et al., 2004). 
However, these organic solvents are still considered toxic 
and hazardous to the environment.

Thus, it is important to investigate the technology of 
anthocyanin and phenolic extraction from PSP with more 
environmental-friendly solvents (eg water). Recovery 
of high-added value compounds from plant food materi-
als usually involves 5 stages: macroscopic pre-treatment, 
macro- and micro-molecule separation, extraction, isola-
tion and purification, and production formation (Galanakis, 
2012). To reach the ultimate goal of:
 – maximizing the yield of the target compounds,
 – suiting the demands of industrial processing,
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 – clarifying the high added-value ingredients from impuri-
ties and toxic compounds,

 – avoiding deterioration and loss of functionality during 
processing, and

 – ensuring the food grade nature of the final product, the 
application of emerging technologies has been investi-
gated over the last years (Deng et al., 2014; Galanakis 
2012, 2013).

Among the most frequently used emerging technolo- 
gies, ultrasound-assisted extraction (UAE) has been con-
firmed as one of the most economic and efficient extraction 
methods for recovery of valuable compounds, especially 
for extraction purposes (Galanakis, 2012; Galanakis and 
Schieber, 2014).

Ultrasound-assisted extraction is a novel technology 
based on a cavitation effect. Ultrasound wave propaga-
tion in the liquid phase causes extreme effects, especially 
under low frequencies of ultrasonic waves (between 20 and 
100 kHz). The propagation causes alternating pressure and 
leads to compression of cavitational bubbles at high pres-
sure and rarefaction of cavitational bubbles at low pressure. 
When these cycles are repeated, the bubbles implode and 
lead to damage of plant cell walls (Koubaa et al., 2015; 
Zinoviadou et al., 2015; Šic Žlabur et al., 2015). Thus, the 
cavitation encourages biomass diffusion, cell disruption, 
and solvent penetration (Galanakis, 2013; Kobus, 2008; 
Lagnika et al., 2014; Roselló-Soto et al., 2015). 

Among other novel extraction techniques, ultrasound 
is more favourable in terms of lower temperature condi-
tions of extraction and lower operation costs. Ultrasound 
has been applied in various research studies for intensifica-
tion of functional compound extraction (Chemat and Khan, 
2011; González-Centeno et al., 2014; Roselló-Soto et al., 
2014). For example, UAE was applied to recover polyphe-
nols, especially anthocyanins from blackberries and grape 
pomace (Barba et al., 2015a; 2015b; Corrales et al., 2008; 
González-Centeno et al., 2014) with promising results. 
Therefore, at this stage of development, it is interesting to 
investigate extraction of valuable compounds from PSP 
with ultrasound treatment.

Previous extraction tests showed that factors such as the 
solvent amount, extraction temperature, and time had a sig-
nificant influence on the extraction yield. The combination 
of these factors and determination of the optimal conditions 
are important to obtain a suitable yield of targeted com-
pounds. In order to obtain optimal extraction conditions 
with limited experiments, response surface methodology 
(RSM) is usually applied for optimization of the extraction 
process. It is an effective statistical tool for the optimization 
of multiple variables and prediction of best performance 
conditions with a minimum number of experiments. 

Response surface methodology (RSM) is widely used 
in food industry and other related fields (Iqbal et al., 2013), 
especially for extraction of valuable compounds, where 
interactions exist between processing factors (Cai et al., 

2012; Fang et al., 2014; Lai et al., 2014; Tabaraki et al., 
2012). For example, in the case of PSP valorization, Ahmed 
et al. (2011) optimized extraction conditions (drying tem-
perature, citric acid concentration, and soaking time) for 
isolation of anthocyanins and phenolics from PSP using 
RSM with a face-centred cube design. Liu et al. (2013) 
used RSM to investigate aqueous two-phase extraction pro-
cess conditions (liquid-solid ratio, concentration of ethanol 
and ammonium sulphate, and pH) for extraction of antho-
cyanins from PSP.

In the present study, the applicability of ultrasound to 
recover anthocyanins and phenolics using water as a sol-
vent was investigated. For this purpose, response surface 
methodology (Box-Behnken design) was used to evalu-
ate the influence of ultrasound extraction temperature and 
time as well as the solid to liquid ratio and to determine the 
optimal extraction conditions to recover anthocyanins and 
phenolic compounds from purple sweet potato.

MATERIALS AND METHODS

Purple sweet potatoes (PSP) were purchased from a local 
market at Wuhan (China). The average weights of PSP 
were 100 g. Fresh PSP were cut into slices with an average 
size of 1×2×50 mm for extraction purposes.

Ultrasound-assisted extraction was performed in a beak- 
er (500 ml in a pulsed mode every 5 s treatment with a pause 
of 2 s) with ultrasonic treatment generated by an ultrasonic 
processor FS-250N (Sonxi Ultrasonic Instrument, China) 
equipped with a sonotrode of 0.6 cm in diameter and 
wave amplitude of 60 μm. PSP slices with various weights 
(15-30 g) were placed into the beaker, and then 300 g of 
deionized water were added. The ultrasonic treatment pow-
er was 150 W, with a frequency of 20 kHz. The extraction 
temperature was varied from 30 to 70ºC and the ultrasonic 
treatment time was 30-60 min. In the extraction test, a hydro- 
chloric acid solution with a concentration of 4% (v/v) was 
added to obtain a pH ≈ 1 in the solvent, which is in the pH 
range of maximum anthocyanins colour stability, in order 
to prevent the degradation of these compounds (Lapornik et 
al., 2005). The extract was centrifuged for 5 min at 6 000 g 
and pre-filtered through a mesh to remove pulps, then 
divided into portions and stored at the temperature of -20ºC 
until further analysis and use. 

Response surface methodology (RSM) and, in particu-
lar a Box-Behnken design, was used in order to investigate 
the effects of three independent variables (extraction tem-
perature (T, X1), ultrasonic treatment time (tu, X2), and 
the liquid/solid ratio (L/S, X3)) on the extraction yield of 
anthocyanins (Yan), phenolics (Yph), and specific energy con-
sumption (Ean+ph). Regression analysis was performed on 
the data obtained from the experiments. The experimen-
tal design and statistical analysis were performed using 
a Design-Expert Version 7.0.0 software. Coded and actual 
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levels for process or independent variables are shown in 
Table 1. The correspondence between coded and actual va- 
lues can be obtained using the following formula (Eq. (1)):
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where: xi is the coded value, Xi is the corresponding actual 
value, Xi

0 is the actual value in the centre of the domain, 
and ∆Xi is the variation amplitude around the mean value. 

Experimental data for anthocyanin extraction and pheno- 
lic extraction were fitted to a quadratic model (Eq. (2)) 
and 2FI model (Eq. (3)), respectively. Data for specific 
energy were also fitted to a quadratic model and regression 
coefficients were calculated. The generalized model used in 
the response (y) surface analysis was as follows:
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where: x1, x2 and x3 correspond to coded independent va- 
riables, namely, temperature, ultrasonic treatment time, and 
liquid/solid ratio, respectively. The bn values represent cor-
responding regression coefficients.

Five replicates at the centre of the design were used 
for estimating errors in the sum of the squares. The experi-
ments were randomized in order to maximize the effects 
of unexplained variability in the observed responses due to 
extraneous factors. The experimental plan, along with the 
results, is presented in Table 2.

The responses of each independent variable are listed 
in Table 2. In order to ensure a good optimization model, 
a test of significance of the regression model and a test of 
lack-of-fit were performed. The F-value or p-value (also 
named ‘Prob. >F’ value) was generally used to evaluate the 
significance of the model. The larger the magnitude of the 
F-value and correspondingly the smaller the ‘p-value, the 
more significant is the model. 

Anthocyanin content (Can) was determined according to 
a pH-differential method based on colour change of antho-
cyanins with pH (Lee et al., 2005). For each sample, the 
absorbance was measured at pH 1.0 and 4.5. The observed 
absorbance difference was proportional to the anthocyanin 
content. Can (mg l-1) was calculated according to Eqs (4) 
and (5):

,1000DWM
L
sbAC na ε

=  (4)

with

Abs=(A541 nm – A700 nm) pH1.0 – (A541 nm– A700 nm) pH4.5 ,       (5)

where: Can is the total anthocyanin content expressed 
as a cyanidin-3-glucoside equivalent (CGE) (mg CGE l-1), 
A541 and A700 are absorbancies at 541 and 700 nm respecti- 
vely, MW is cyanidin-3-glucoside molecular weight 
(449.2 g mol-1), D is the dilution factor, ε is cyanidin-3-glu-
coside molar absorptivity (26,900 l mol-1 cm-1), L is the 
measurement cell path length (1 cm in the present study), 
and 103 is the conversion factor from g to mg. Anthocyanin 
extraction yield (Yan) (mg 100 g-1 fw) was determined as 
follows Eq. (6):
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where: V is the extracted volume (l), and mfw is the weight 
of fresh (fw) (g) PSP used.

Phenolic content (Cph) was determined by the Folin-
Ciocalteu assay. The Folin-Ciocalteu reagent was prepared 
in our laboratory. Standard solutions with different concen-
trations from 0-0.1 mg ml-1 were made up using gallic acid. 
Portions of 1 ml samples, 1 ml Folin-Ciocalteu reagent, and 
1.5 ml 20% (w/v) Na2CO3 were added successively to a glass 
tube, and then distilled water was added to increase the vo- 
lume to 10 ml. The solution was placed in a dark place for 
2 h at room temperature. The last absorbance was measu- 
ed at 760 nm. Phenolic content (mg GAE l-1) was expressed 
as a gallic acid equivalent (GAE). Phenolic extraction yield 
(Yph) (mg GAE g-1 fw) was determined as follows (Eq. (7)):

T a b l e  1.  Independent variable values of the process and their corresponding levels

Independent 
variable

Symbol Levels

Actual Coded -1 0 1

T (oC) X1 x1 30 50 70

tu (min) X2 x2 30 45 60

L/S X3 x3 10 15 20

T – temperature, tu – ultrasonic treatment time, L/S – liquid/solid ratio.

,
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The energy consumption per gram of extracted antho-
cyanins and phenolics (specific energy, Ean+ph) (kWh g-1) is 
represented by Eq. (8):
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where: Q is the energy consumed for ultrasonic treatment 
(kWh), and man+ph is the weight (g) of anthocyanins and 
phenolics extracted. 

RESULTS AND DISCUSSION

The combined effect of the extraction temperature, 
ultrasonic treatment time, and liquid/solid ratio on the 
anthocyanin extraction yield is shown in Fig.1. The analy-
sis of variance (ANOVA) for the RSM model is shown in 
Table 3. As can be seen in the figure and table, all the stu- 

died factors had a significant influence on the anthocyanin 
extraction yield ie a significant increase in the recovery of 
anthocyanins with the elapse of ultrasonic extraction time 
when temperature was increased (Fig. 1a).

Although some previous studies have demonstrated neg-
ative effects of high temperatures (>60ºC) (Buckow et al., 
2010; Kechinski et al., 2010) on anthocyanin stability, the 
increase in anthocyanin yield with augmented extraction 
temperatures could be explained by multiple effects of tem- 
perature on the mass-transfer process such as improved dif-
fusion, denaturation of the plant matrix, and improvement 
of solvent characteristics in terms of penetration and solu-
bility of anthocyanins. Ultrasonic treatment combined with 
heating can induce the formation of localized micro frac-
tures in cell walls, thus facilitating release of anthocyanins 
(Barba et al., 2015a, 2015b), which are mainly found in the 
upper cell layers of the hypodermis. 

Moreover, the liquid-to-solid ratio also played an im-
portant role in the recovery of anthocyanins. At a higher 
liquid/solid ratio, the anthocyanin concentration gradient 

T a b l e  2. Response surface methodology (RSM) design and its experimental values

Run

Independent variables Response variables

Temperature 
(oC)

X1(x1)

Ultrasonic time 
(min)
X2(x2)

Liquid/solid 
ratio
X3(x3)

Yan
(mg 100 g-1 fw)

Yph
(mg g-1 fw)

Ean+ph
(kWh g-1)

1 30 (-1) 30 (-1) 15 (0) 1.22 1.32 2.82

2 70 (+1) 45 (0) 10 (-1) 4.02 1.33 2.78

3 50 (0) 45 (0) 15 (0) 3.77 1.71 3.26

4 50 (0) 45 (0) 15 (0) 3.19 1.76 3.15

5 70 (-1) 45 (0) 20 (+1) 4.50 2.90 2.55

6 50 (0) 30 (-1) 20 (+1) 4.24 2.66 1.85

7 50 (0) 45 (0) 15 (0) 3.82 1.72 3.20

8 50 (0) 30 (-1) 10 (-1) 3.19 1.01 2.39

9 50 (0) 45 (0) 15 (0) 3.78 2.19 2.52

10 50 (0) 60 (+1) 20 (+1) 3.78 2.27 4.34

11 50 (0) 45 (0) 15 (0) 4.05 2.12 2.61

12 30 (-1) 45 (0) 20 (+1) 3.22 1.99 3.70

13 70 (+1) 30 (-1) 15 (0) 2.82 1.39 2.65

14 30 (-1) 60 (+1) 15 (0) 0.73 0.75 9.86

15 70 (+1) 60 (+1) 15 (0) 4.96 3.08 2.40

16 30 (-1) 45 (0) 10 (-1) 1.12 0.70 5.24

17 50 (0) 60 (+1) 10 (-1) 2.75 0.90 5.38

.
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is more important between the solid phase and the liquid 
phase, leading to an improved diffusion process and a high-
er anthocyanin yield (Fig. 1b). 

On the other hand, the anthocyanin extraction yield 
first increased slightly when the ultrasonic treatment time 
was augmented, reaching a plateau after 45 min (Fig. 1c). 
However, longer ultrasonic treatment times led to a de- 
crease in anthocyanin recovery. Due to the cavitation 
effect, an appropriate ultrasonic treatment could intensify 
solute extraction from plant matrix. As confirmed by other 

investigations, a prolonged ultrasonic treatment at a higher 
temperature may induce chemical decomposition of antho-
cyanins (Ramic et al., 2015; Tiwari et al., 2010).

According to the data shown in Table 2, amongst the 
experiments carried out in the present study, the experiment 
at the extraction temperature of 70ºC, ultrasonic treatment 
time of 60 min, and a liquid/solid ratio of 15 provided the 
highest anthocyanin extraction yield (4.96 mg 100 g-1 fw). 
In turn, the ultrasonic treatment (30ºC, 60 min/liquid/solid 
ratio of 15) led to the lowest anthocyanin extraction yield 
(0.73 mg 100 g-1 fw). 

As shown in Table 2, the extraction conditions to obtain 
the highest (3.08 mg GAE g-1 fw) and the lowest (0.75 mg 
GAE g-1 fw) phenolic extraction yield among all the 
experiments performed were the same as those obtained 
for anthocyanin extraction yield. Figure 2 shows the 3D 
surface response plots, representing the complex inter- 
action between extraction conditions on phenolic extraction 
yield. All factors (extraction temperature, ultrasonic treat-
ment time and liquid/solid ratio) had a significant influence 
on phenolic recovery. However, the behaviour of pheno- 
lic compounds after ultrasonic treatments was different 
from that found for anthocyanin recovery. As can be seen 
in Fig. 2a, phenolic recovery did not increase when ultra-
sonic treatment time and temperature were augmented. 
These results are in close agreement with those found by 
González-Centeno et al. (2014) when they studied the 
effect of ultrasonic extraction time on the recovery of total 
phenolics and total flavonoids from grape pomace. This 
fact can be attributed to the high temperatures and high 
pressures that can be generated when the cavitation bubbles 
induced by ultrasound reach a critical size, thus accelerat-
ing dramatically the chemical reactivity into the medium 
and inducing the degradation of some thermolabile and eas-
ily oxidizable phenolic compounds. 

However, when the effect of the liquid-to-solid ratio 
was plotted against the extraction temperature, a significant 
increase in phenolic recovery was found when the tempera-
ture was higher (Fig. 2b). The degradation of thermolabile 
and easily oxidizable polyphenols at prolonged ultrasonic 
treatment time may be compensated by additional extrac-
tion of other phenolic compounds. It should be noted that 
the effect of ultrasonic treatment time seems weaker than 
extraction temperature and liquid/solid ratio. Moreover, 
like previously reported by Wong et al. (2015), the liquid-
to-solid ratio had a significant influence on the recovery of 
phenolic compounds (Fig. 2c), giving the highest values 
when the liquid-to-solid ratio was 20. In this line, Spigno 
et al. (2007) and Cacace and Mazza (2003) also observed 
a significant increase in extracted compounds when higher 
liquid-to-solid ratios were used. For instance, the ultra-
sound-assisted extraction technology may be combined 
with other emerging purification technologies eg mem-
brane filtration, to purify the phenolic compounds in the 
extracts (Galanakis et al., 2013).

Fig. 1. Response surface plots showing the operating parameter 
effects on anthocyanin extraction yield (Yan): a – Yan vs. T and tu at 
fixed L/S of 15, b – Yan vs. T and L/S at fixed tu of 45 min, c – Yan 
vs. tu and L/S at fixed T of 50ºC, fw – fresh weight.
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In the experimental range, the highest (9.86 kWh g-1) 
and lowest (1.85 kWh g-1) specific energies were obtained at 
an extraction temperature of 30ºC, an ultrasonic treatment 
time of 60 min, a liquid/solid ratio of 15, and an extraction 
temperature of 50ºC, ultrasonic treatment time of 30 min 
and liquid/solid ratio of 20, respectively. The surface plots 
for the effect of extraction conditions on extraction yields 
and specific energy are presented in Fig. 3. It should be 

noted that energy consumption was lower at the higher ex- 
traction temperature as the anthocyanin and phenolic ex- 
traction yields were considerably augmented, compared to 
low temperature extraction conditions. Moreover, a slight 
increase in specific energy consumption was also observed 
when the liquid/solid ratio increased from 10 to 20. 
According to Fig. 3, the specific energy input increases 
with ultrasonic treatment time from 30 to 60 min. 

Fig. 2. Response surface plots showing the operating parameter 
effects on phenolic extraction yield (Yph): a – Yph vs. T and tu at 
fixed L/S of 15, b – Yph vs. T and L/S at fixed tu of 45 min, c – Yph 
vs. tu and L/S at fixed T of 50ºC, fw – fresh weight.

Fig. 3. Response surface plots showing the operating parameter 
effects on specific energy consumption (Ean+ph): a – Ean+ph vs. T and 
tu at fixed L/S of 15, b –  Ean+ph vs. T and L/S at fixed tu of 45 min, 
c – Ean+ph vs. tu and L/S at fixed T of 50ºC.

Y ph
 (m

g 
g-1

 fw
)

Y ph
 (m

g 
g-1

 fw
)

Y ph
 (m

g 
g-1

 fw
)

E
an

+p
h 
(k

W
h 

g-1
)

E
an

+p
h 
(k

W
h 

g-1
)

E
an

+p
h 
(k

W
h 

g-1
)

a a

b b

c c



RECOVERY OF ANTHOCYANIN AND PHENOLIC COMPOUNDS FROM PURPLE SWEET POTATO 119

Since maximal Yan, Yph, and minimal Ean+ph were achieved 
at different conditions, the RSM method was applied to 
optimize the operation conditions for all these responses 
(anthocyanin extraction yields, phenolic extraction yield, 
and specific energy). 

The optimum conditions, predicted and experimen-
tal values for anthocyanin extraction yield (Yan), phenolic 
extraction yield (Yph), and specific energy (Ean+ph) are pre-
sented in Table 4. As shown in the table, the conditions to 
achieve a maximum Yan, maximal Yph and minimal Eph+an 

are different. Thus, a compromise between the conditions 
for these responses is needed. Indeed, as noted in previous 
investigations, the current challenge of ultrasound-assisted 
extraction is to establish conditions aiming at techno-
economical optimization prior to industrial exploitation 
(Galanakis, 2013). Thus a desirability function approach 
was used to achieve this purpose (Hu et al., 2005; Pinzauti 
et al., 1996). The overall desirability function is a multipli-
cative model of individual desirability as follows (Zhu et 
al., 2014):

T a b l e  3. Analysis of variance (ANOVA) for the RSM model of anthocyanin extraction yield (Yan), phenolic extraction yield (Yph), 
and specific energy (Ean+ph) 

Source Sum of squares df Mean square F-value p-value Prob.>F

Yan*

Model 21.72 9 2.41 10.62 0.0026 significant

Residual 1.59 7 0.23

Lack of fit 1.18 3 0.39 3.89 0.1112 not significant

Pure error 0.41 4 0.10

Yph**

Model 7.63 6 1.27 20.67 0.0002 significant

Residual 0.82 10 0.061

Lack of fit 0.60 6 0.082 2.70 0.2956 not significant

Pure error 0.22 4 0.030

Ean+ph***

Model 54.73 59 6.00 16.66 0.0008 significant

Residual 2.74 7 0.36

Lack of fit 2.24 3 0.75 10.64 0.0584 not significant

Pure error 0.50 4 0.07

*R2= 0.93, R2
adjusted = 0.85; **R2 = 0.90, R2

adjusted = 0.85; ***R2 = 0.95; R2
adjusted = 0.89.

T a b l e.  4. Optimum conditions, predicted and experimental values of responses

Response
Optimum ultrasonic-assisted extraction conditions Optimal values

T (oC) tu (min) L/S predicted experimental

Yan
M (mg 100 g-1 fw) 66 54 20 4.94 -

Yph
M (mg g-1 fw) 68 57 20 3.34 -

Ean+ph
m (kWh g-1) 43 30 19 1.60 -

Yan
M + Yph

M + Em
an+ph 68 52 20 4.91 (Yan) 

+3.24 (Yph)  
+2.07 (Ean)

4.72 (Yan)  
+3.62 (Yph)  
+2.45 (Ean)

M – maximize, m – minimize.
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D = (d1 d2 ... dk)
1/k ,                             (9)

where: D is the overall desirability, 0 ≤D ≤1; dk is the indi-
vidual desirability for response number k (in this study 
k=3), 0 ≤ dk ≤1, and is defined by:

min

min
min max

max min

max

0,

1,

k k

k k
k k k k

k k

k k

if y y
y yd if y y y

y y
if y y

                           ≤


−= ,       < <                −
                           ≥

   

(10)

where: y is the value of response (Yan, Yph and Ean+ph), yk min 
and yk max are the minimal and maximal acceptable value 
of yk, respectively. In this study yk min and yk max were 
defined as the lowest and highest experimental values of 
Yan, Yph, and Ean+ph, respectively. The individual desirabi- 
lity was found using Derringer approach (Derringer, 1980), 
which converts each response yk into an individual de- 
sirability dk by using Eq. (10). The desirability scale ranges 
from 0 to 1; if the response is outside an acceptable range, 
it sets dk= 0, and if the response corresponds to the goal or 
target, it sets dk= 1.

The optimal conditions calculated from the regres-
sion equation were an extraction temperature of 68ºC, an 
ultrasonic treatment time of 52 min, and a liquid/solid ratio 
of 20, respectively. The corresponding Yan, Yph, and Ean+ph 
were 4.91 mg 100 g-1 fw, 3.24 mg g-1 fw, and 2.07 kWh g-1, 
respectively, with a desirability of 0.99. The overlay plot for 
the optimal region is presented in Fig. 4. The verification 
experiment under the optimal conditions was carried out 
in triplicate, and the results were close to the predicted 
values, as shown in Table 4, confirming the adequacy of 
the predicted models. According to the relevant literature, 
anthocyanin extraction yields from purple-fleshed sweet po- 

tatoes ranged from 9.5 mg 100 g-1 fw to 186.1 mg 100 g-1 fw 

(Ahmed et al., 2011; Bridgers et al., 2010; Brown et al., 
2005), higher than current investigated results. However, 
this study is considered interesting, due to the effort to de- 
velop an environmental-friendly PSP valorization method 
with assistance of ultrasonic treatment. More efficient ultra-
sonic treatment equipment is being designed to improve 
extraction efficiency. 

CONCLUSIONS

1. Response surface methodology using the Box-
Behnken method was successfully applied to optimize 
extraction conditions for important valorization of func-
tional components from purple sweet potatoes. 

2. The ultrasound extraction temperature, treatment 
time, and liquid-to-solid ratio had an important influence 
on anthocyanin and phenolic extraction yields as well as on 
specific energy consumption. 

3. An overall maximal anthocyanin extraction yield, 
phenolic extraction yield, and minimal specific energy 
consumption were predicted at a temperature of 68ºC, an 
ultrasonic treatment time of 52 min, and a liquid to solid 
ratio of 20. Under these conditions, the experimental 
anthocyanin extraction yield, phenolic extraction yield, and 
specific energy were 4.72 mg 100 g-1 fw, 3.62 mg g-1 fw, 
and 2.45 kWh g-1, respectively, which were close to the pre-
dicted values. 

4. This study showed the potential of ultrasound-assis- 
ted extraction as a promising green and sustainable process 
to recover anthocyanins and phenolic compounds from 
purple sweet potatoes. 
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