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Accelerated solvent extraction of bioactive compounds from
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Abstract: Carrot is considered to be rich in bioactive antioxidants, both lipophilic
(carotenoids) and hydrophilic (phenolic compounds). In the present study, the
conditions for accelerated solvent extraction (ASE) of bioactive compounds from
carrots (Daucus carota L.) were optimized using response surface methodology
(RSM). Box—Behnken design was employed for the experimental design to
obtain the optimized combination of extraction temperature, time, and number of
extraction cycles. Total carotenoid content (7Car), total polyphenol content
(TPh), free radical scavenging activity (S4) and reducing power (RP) of the
obtained extracts were used as responses for the optimization. Considering the
four quality indicators, the ideal extraction conditions were found to be: 120 °C,
60 min and three extraction cycles. Under these conditions, predicted values of
28.84 mg f-carotene/100 g for TCar; 530.81 mg GAE/100 g for TPh; 2572.29
pumol TE/100 g for S4 and 1336.26 umol TE/100 g for RP were obtained with
high desirability (0.975) and no significant difference (p < 0.05) with the
experimental values.

Keywords: carotenoids; polyphenols; scavenging activity; reducing power; ext-
raction.

INTRODUCTION

Bioactive compounds in plants have gained popularity for their beneficial
effects on human health.! Storage root of carrot (Daucus carota L.) provides an
important source of carotenoids and polyphenols in human diets. The extraction
process is the first step towards recovery of natural antioxidants from plants.
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Optimum extraction methods depend on the characteristics of the bioactive com-
pounds and the diversity of the tissue plant structures.2 Therefore, optimization
of the extraction conditions is a starting point in obtaining the highest yields of
target compounds. Accelerated solvent extraction (ASE) is an automated extract-
ion technique that uses elevated pressure and temperature to achieve efficient
extraction in a very short time, using lower solvent volume and resulting in
higher extraction yields.? Mustafa et al. reported that both time and temperature
and the interaction between these two factors significantly affect the extraction
yield of carotenes.* The aim of this study was to optimize the extraction con-
ditions, i.e., time, temperature and number of extraction cycles, for isolation of
bioactive compounds from carrots using the ASE technique, taking into account
the total carotenoid and polyphenol contents, free radical scavenging activity and
reducing power.

EXPERIMENTAL
Plant material

Fresh carrots (Daucus carota L.) were purchased from a local supermarket. After wash-
ing, fresh carrots were chopped in a kitchen blender (B 800 E, Gorenje, Slovenia), freeze-
-dried at 40 °C (Martin Crist Alpha 2-4, Osterode, Germany), ground and stored at —20 °C
until use.

Experimental design

The optimization of the extraction conditions was established by response surface
methodology (RSM). The experimental plan was based on three variables at three levels, referred
to as Box—Behnken design. The design consisted of 15 experimental runs, including three replicates
at the central point.> The independent variables were extraction time (X;: 20-60 min), temperature
(X5: 40-120 °C) and number of extraction cycles (X3: 1-3). The coded values of the independent
variables were —1, 0 and 1. The actual values were chosen from the preliminary studies, and the
corresponding coded values of three independent variables are given in Table I.

Accelerated solvent extraction procedure

A Dionex ASE 350 (Thermo Scientific, Waltham, MA, USA) system was used for the
extraction of the carrots using 100 % ethanol. For this purpose, a stainless-steel Dionex cell
was filled with a diatomaceous earth (to reduce the volume of the extraction solvent) and the
carrot sample (0.5 g) in the ratio 4:1. To prevent the collection of suspended particles in the
extract, a cellulose filter was placed at the bottom of the cell. Finally, the cell was placed in
the cell tray and used for extraction under the conditions obtained from the RSM guided
experimental design. Glass vials were used to collect the extracts, which were stored at —20
°C until further use.

Total carotenoid content (TCar)

The contents of carotenoids in the carrot extracts were analyzed spectrophotometrically
by the method of Nagata and Yamashita® using the extraction solvent as blank. The content of
total carotenoids was calculated using the equation:

TCar (mg p-carotene per100 ml) = 0.2164453—1.22A445—0.3044505+0.452 4455 9]
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where Aggz, Asas, Asos and Ays, represent the absorbance measured at 663, 645, 505 and 453
nm, respectively. The total carotenoid content is expressed as mg of f-carotene equivalents
per 100 g sample.

Total polyphenol content (TPh)

The total polyphenol content in carrot extracts was determined spectrophotometrically by
Folin—Ciocalteau method adapted to microscale.” The results are expressed as gallic acid equi-
valents (GAE) per 100 g sample.

Radical scavenging activity by DPPH assay (SA)

The levels of free radical scavenging activity (S4) of the carrot extracts on the 2,2-
-diphenyl-1-picrylhydrazyl (DPPH") radical were measured spectrophotometrically in a 96-
-well microplate, according to Girones-Vilaplana et al.® The SA4 values were calculated using
the following equation:

SA4 =100(Ac — 4s)/Ac 2)
where A is the absorbance of the control and Ag is the absorbance in the presence of extracts.
The results are expressed as pmol trolox equivalents (TE) per 100 g of sample.

Reducing power (RP)
The reducing power of the extracts was determined by the method of Oyaizu® adapted

for a 96-well microplate. A calibration curve was made with trolox and the results are expres-
sed as pmol TE per 100 g of sample.

RESULTS AND DISCUSSION

In order to understand the effect of the extraction parameters on the effici-
ency of carotenoids and polyphenols extraction, and antioxidant activity of carrot
extracts, experimental design was prepared and evaluated by RSM (Table I and
Figs. S-1 and S-2 and Table S-I of the Supplementary material to this paper).

The medium time (40 min), lowest temperature (40 °C) and one extraction
cycle (experiment 9) were the least suitable for the isolation of carotenoids, while
the longest extraction (60 min), medium temperature (80 °C) and 3 cycles (expe-
riment 8) yielded the highest amount of 7Car. Mustafa et al. obtained the highest
yield of a- and fS-carotene in extracts of carrot by-products using the following
ASE extraction conditions: 60 °C and 10 min extraction time (5 cycles of 2 min
each).* However, the carrot samples were fresh and the pressure was constant (50
bar), while in the present study, the carrot samples were freeze-dried and the
pressure varied in dependence on the temperature. The amount of 7Car in the
carrot extracts ranged from 8.42-29.01 mg 100 g1, which corresponds with the
reports of Mustafa et al.# for the content of a- and S-carotene in carrot by-pro-
ducts (10.3-27 mg 100 g1). The highest TPh amount was obtained using the
highest temperature (120 °C), with 3 cycles and a moderate duration of the pro-
cess (40 min, experiment 12), whereas the lowest 7Ph was obtained when the
extraction was performed longer (60 min), in 2 cycles and at a relatively low
temperature (40 °C, experiment 2). Liu et al. reported that elevated temperature
improves diffusion rates and solubility in extraction solvents.!0 According to
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Herrero et al. ASE with high temperature is an effective way to increase the
recovery of bioactive compounds.!! Longer extraction times, higher extraction
temperature, and more extraction cycles also resulted in higher S4 and RP of the
extracts. Both S4 and RP reached the highest values (2615.99 and 1324.80 pmol
TE 100 g1, respectively) when the extraction was performed using the para-
meters: 120 °C, 60 min and 2 cycles (experiment 4).

TABLE 1. Experimental design, total carotenoid (7Car) and polyphenol (7Ph) contents,
radical scavenging activity (S4) and reducing power (RP) of carrot extracts; the results are
presented as mean values of three replicates + SD

t/min ¢/°C n? b c d .
Ru x) %) X TCar TPh SA4 RP
1 20 (1) 40(-1) 2(0) 8.98+0.01 94.21+0.98 404.30+1.59 278.05+0.48
2 60 (+1) 40(-1) 2(0) 11.07+0.02 78.51+0.13 473.96+10.38 274.82+0.30
3 20 (1) 120 (+1) 2(0) 24.55£0.01 322.71+£0.69 1135.87+3.01 997.85+6.53
4 60 (+1) 120 (+1) 2(0) 24.20+0.01 470.01£3.03 2615.99+23.41 1324.80+5.27
5 20(-1) 80(0) 1(-1) 22.01+£0.01 127.79+0.37 619.30+6.90 569.97+1.91
6 60 (+1) 80(0) 1(-1) 23.72+0.01 157.11+0.43 532.43+1.29 730.67+8.40
7 20(-1) 80(0) 3(+1) 24.24+0.01 154.88+0.07 658.47+1.12 483.99+2.28
8 60 (+1) 80(0) 3(+1) 30.574£0.01 232.15+£0.37 949.60+0.02 649.73+0.85

9 40 (0) 40(-1) 1(-1) 8.42+0.01 87.26+0.50 733.54+1.07 192.66+1.40
10 40(0) 120(+1) 1(-1) 24.14+0.03 454.65£0.60 2356.49+1.41 921.57+0.81
11 40(0) 40(-1) 3(+1) 12.57£0.002 107.79+0.82 657.94+3.26 129.56+1.00
12 40(0) 120(+1) 3(+1) 29.01+0.02 472.74+0.84 2071.03+10.79 1040.04+6.07
13 40(0) 80(0) 2(0) 26.02+0.02 144.14£0.19 824.66+2.28 469.38+1.86
14 40(0) 80(0) 2(0) 26.95:0.01 143.26+0.01 997.4142.11 429.32+0.73
15 40(0) 80(0) 2(0) 27.50£0.01 208.80+0.21 837.78+1.72 514.45+2.13

@Number of cycles; bmg J-carotene/100 g; “mg GAE/100 g; dumol TE/100 g; *umol TE/100 g

The experimental values of all quality indicators obtained in the optimization
experiments (Table I) were analyzed by single and multi-response optimization
and the results are reported in Table II and Figs. S-1 and S-2.

TABLE II. Single and multi response optimization of the extraction parameters

Variable code  Variable value Optimal response
X Xo X5 X, X, Xy TCar* TPh® S4°  RPY

Optimization

Single response (7Car) 0 0.21 0.95 40 884 3 30.80 - - -
Single response (TPh) 1 1 -1 60 120 1 - 47278 - -
Single response (S4) 1 1 1 60 120 3 - - 257228 -
Single response (RP) 1 1 059 60 120 3 - - - 1325.67
Multi response 1 1 1 60 120 3 28.84 530.81 2572.29 1336.26

3mg B-carotene/100 g; bmg GAE/100 g; “umol TE/100 g; d|,1mol TE/100 g

It was found that single-cycle extraction applying a high temperature (120
°C) for a longer time (60 min) ensures the maximum extraction of carotenoids.
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The optimal conditions maximizing TPh were lower temperature and duration, in
several cycles. Considering sample 4 that showed the highest S4 and RP, it could
be concluded that the higher temperature (120 °C) and longer extraction time
(60 min) are the main contributors to these responses.

The simultaneous optimization of multiple responses is the main concern for
industrial applications, especially in view of energy cost reduction. The optimal
extraction conditions for all observed responses were 120 °C for 60 min with
three extraction cycles.

CONCLUSIONS

Response surface methodology (RSM) and Box—Behnken design were dev-
eloped to determine the optimum process parameters of carrot ASE extraction.
The optimal conditions to obtain the highest extraction yield of carotenoids and
polyphenols in carrot extracts, as well as maximum antioxidant activity were:
120 °C, 60 min in 3 extraction cycles. Under the optimal conditions, the experi-
mental values were in agreement with the predicted values.

SUPPLEMENTARY MATERIAL

Analysis of variance (ANOVA) of the modelled responses, as well as single- and multi-
-response optimization of the influence of extraction parameters on the total carotenoid
contents (7Car), total polyphenol contents (7Ph), scavenging activity (S4) and reducing
power (RP) of carrot extracts are available electronically at the pages of journal website:
http:// //'www.shd.org.rs/JSCS/, or from the corresponding author on request.
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U3BOL
OINITUMU3AIINJA EKCTPAKIIMJE BUOAKTHUBHHUX JEOTUILEDHA U3 IAPTAPEIIE
PACTBAPAYHUMA I10J ITPUTUCKOM METOIOOM OJ3MBHHUX TTIOBPIINHA

BAIbA IIIEPETE/b', BECHA TYMBAC IIATIOHAL', AHAMAPUJA MAHIIUR’, TOPIIAHA RETKOBUE', JACHA
YAHAZIAHOBUR-BPYHET', JEJTEHA BYJIUR' u CJIABAHA CTAJUHR'

"Texnonownu paxynines Hosu Cag, Ynusep3uiieii y Hosom Cagy, Bynesap yapa Jlazapa 1, 21000 Hosu
Cagu ZHayuHu UHCTUTIY T 3a ipexpambene wexHonoiuje, Ynueepauitewi y Hosom Cagy, Bynesap uapa
Jlaszapa 1, 21000 Hosu Cag

[ITaprapena ce cmarpa HoraTum M3BOPOM DHOAKTUBHUX aHTHOKCHIATUBHUX jeNubemna, U
IUNoQUIHNX (KapoTeHOUOW) U XUApopuIHMUX (nmonudeHonu). Y 0BOM pany H3BpLIEHA je
ONTHMH3alMja eKCTpakiuje OMOAKTUBHUX KOMIIOHeHaTa W3 wiaprapemne (Daucus carota L.)
pacTBapayMma Moj IPUTHCKOM, ynoTpedom MeTofe onsuBHUX mospmirHa (RSM). Excnepu-
MEeHTH Cy IulaHupaHd ynorpebom Box—Behnken nusajua y uwmwy ozmpehuBama ontumanse
KoMOMHalYje eKCcTpaklMoHe TeMIlepaType, BpeMeHa H dpoja Lukiyca ekcrpakudje. Cagpxaj
yKynHUX kaporeHoupa (TCar), ykynHux nonuderona (TPh), cnocodHOCT XBaTawa pajukaia
(SA) u penykunoHa criocodHoct (RP) nobujeHHX eKkcTpakara KOpHUITheHU Cy Kao OI3WUBH 3a
ontuMu3anyjy. Y3umajyhu y od3up ose on3use JoOHjeHH cy ciaesehy onTUMalHU yCII0BH €KC-
Ttpakuyje: 120 °C, 60 min ¥ Tpu eKCTpakuuoOHa LUKIyca. [1og OBUM €KCHEPUMEHTaTHUM
ycnoBuMa mpensubhene BpepHoctu TCar (28,84 mg B-xapoteHa Ha 100 g), TPh (530,81 mg
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1228 SEREGELJ et al.

GAE Ha 100 g), SA (2572,29 umol TE Ha 100 g) u RP (1336,26 pmol TE Ha 100 g) cy nobujene
ca BUCOKHUM (pakTopom noxesbHOCTH (0,975) 1 de3 ctaTuCcTUUKU 3Ha4YajHe pasnuke (p < 0,05)
y nopehemy ca exCriepuMeHTaIHO JoOUjeHUM BpeJHOCTHMA.

(ITpumspeno 19. mapra, peBunupaHo 9. arycra, mpuxsaheno 10. asrycra 2018)
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