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Tablel Independent variables levels

Indep endent Factors Levels
variables
+1 0 -1
Solvent X 100 50 0
Temprature(°C) X, 50 45 40
Time (Min) X3 20 15 10
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Table 2 Randomized trial treatments based on formulation variables

Treatment Time Temprature Solvent Efficiency Total Phenol Flavonoid
(Min) (°C) (% ethanol) (%) (mgGA/100gE)  (mgQE/100gE)
1 15 45 50 20.42+1.2 2396.55+12.1 890.52+15.1
2 15 45 100 18.29+2.9 2002.91+9.7 745.87+13.8
3 10 40 0 13.15£3.5 1345.06+7.3 506.57+£16.6
4 15 40 50 17.83+£3.2 2091.72+4.5 777.25+9.5
5 10 50 0 19.1£2.4 2241.5+5.8 832.9+12.7
6 15 45 50 20.35+4.5 2158.64+13.4 823.84+9.8
7 15 50 50 21.08+£3.3 2473.15+6.6 918.98+15.5
8 15 45 0 15.58+1.5 1843.21+£8.1 651.11£10.6
9 20 40 0 13.97£3.8 1639.72+9.4 609.29+11.9
10 20 45 50 21.95+1.3 2483.72+5.7 831.56+13.2
11 10 50 100 21.49+4.2 2521.45+3.9 936.93+9.3
12 15 45 50 20.40+2.7 2030.77+£7.4 684.24+8.8
13 15 45 50 22.33+1.4 2445 .62+8.1 734.77£5.3
14 20 50 100 19.67+3.6 2307.88+10.9 857.57+11
15 15 40 50 18.16+2.8 1857.22+11.1 693.21+12.7
16 10 45 50 18.81+4.9 2015.97+12.4 712.16+13.2
17 15 45 50 19.48+5.3 2285.28+13.8 849.17+14.7
18 10 40 100 17.42+3.8 1590.25+12.2 632.3£12.5
19 20 40 100 18.14+4.6 2128.07+£8.9 790.75+11.1
20 20 50 0 15.12+2.8 1774.48+9.4 659.37+£10.4

Table 3 Analysis of variance for extract efficiency in Response Surface Quadratic Model

Source df Sum of squares Mean square F value P value
Model 9 112.63 12.51 9.1 0.0009
X 1 32.72 32.72 23.79 0.0006
X, 1 27.37 2737 19.9 0.0012
X3 1 0.13 0.13 0.092 0.7677
XX, 1 0.28 0.28 0.2 0.6608
XiX; 1 0.53 0.53 0.39 0.5485
XX 1 6.73 6.73 49 0.0513
X’ 1 26.83 26.83 19.5 0.0013
X5 1 0.94 0.94 0.68 0.4278
X5 1 0.50 0.50 0.36 0.5609
Residual 10 13.76 1.38
Pure Error 5 443 0.89
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Table 4 Analysis of variance for total phenol in Response Surface Quadratic Model

Source df Sum of squares Mean square F value P value

Model 9 1.819x10° 2.021%10° 8.37 0.0013
X, 1 2.912x10° 2912x10° 12.07 0.006
X, 1 7.475%10° 7475%10° 30.98 0.0002
X; 1 38393.76 38393.76 1.59 0.2385

XX, 1 796.01 796.01 0.033 0.8595

X, X;3 1 30828.15 30828.15 1.28 0.2847

X,>X;3 1 2.862x10° 2.862x10° 11.86 0.0063
X2 1 2.856x10° 2.856x10° 11.83 0.0063
X,? 1 508.22 508.22 0.021 0.8875
X5 1 558.05 558.05 0.023 0.8821

Residual 10 2.413%10° 24128.54
Pure Error 5 1.44x10°
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Table 5 Analysis of variance flavonoid in Response Surface Quadratic Model

Source df Sum of squares Mean square F value P value
Model 9 2.056x10° 22848.46 577 0.0057
X 1 495873 49587.3 12.53 0.0054
X, 1 93485.28 93485.28 23.63 0.0007
X3 1 1630.37 1630.37 041 0.5354
XXz 1 3.08 3.08 0.007 09783
X1 X3 1 2808.75 2808.75 0.71 04192
XX 1 33032.21 33032.21 8.35 0.0161
X, 1 22963.32 22963.32 5.8 0.0367
X,? 1 4981.93 4981.93 1.26 0.2881
X5’ 1 689.44 689.44 0.17 0.6852
Residual 10 3957.03 3957.03
Pure Error 5 2.452x10°
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3. 3-acetyl-5- caffeoylquinic acid
4. 5-caffeoylquinic acid
5. N-caffeoylputrescine
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Fig 4 Antioxidant activity of eggplant peel extract
extracted by ultrasound

S5 s -0
Dlos 5 gl s il GV 0 aalllae cul s
3 G DL Ol gl QLdly  Dsel L les
gl S Sl eslial b Obmesl Gy oslae 35300
Tl Eas 2,08 b 0L s .8 8 515 s s el
Olmasly Cowgy 3l oslae mlmnal ang bl 5 8l s maly
o 2o Ssie Ol Sl slazel LB 5 Jae Sl

Obly 5 36 o mie lls C‘J}'J«.«.ﬂ\ sl 5 D> &

Yol

Bt LS Al iSO DS Sl Al 4 e
o o Lad bl e a V] Of s Jigdoes Lads 5506
Byt GAS PN 5 (Ji3 DS 5 Ol el 2l
iyl ams 55 S alS slad sl 05 I jlasl (il 5l
LS5O 5 Jas LS 5 5l g i polie (bl e Bl Les
23 S DS 5 Oln 2y [V S o sl
w300 glas () o) ORI ST IN Sl eslial dal 2

ol oy 4233 Ve sl b 0l g 5l Sl

Silwang -t
oA bl &S s mla Sl S sSK L
o 25 SASFOE 5 Jyb SLS 5l bl
/2L gl paal gl (YO NAVEAY) TSl P> s
Oliee el s i3 VY gl b Olog 5 o) Klo a3
53 okl ml gl ol al Al onsl 5 JS b JS A 53500
(mgQE/100gE) avy/Y:y v/t 55 w0 ang kil
doys WWAVELA 5 (mgGA/100gE) Yeve /vt g/0
Cogy J55 LS 5 0l VYT 0L 5 cpag ool ol
G Laged S eSS/ S e YAY 15 Olrasly
Olgee 5> S ol s Olmesl oline anyls 5 2l 5l
et V] 0lsssl 5 Wil el siel oty Jgb OS5
gl J58 OS5 Olpen s Obey 5 I clos Sl o
Oier 1 S ol Jolo 1y P g5 Bloasly oy S o2
o ol LS Laged SIS SlS Sl gl

2l Cuinllas
SIS s g Bl d s olas gl Sl ey
GleSlas e Sk Ve L slas e ezl
ST I Dlee iy 53 5 eslisel L TBHQ (s 5
ST Il Slge i aslis 55,8k ous K e s DPPH
Jsliee By 33 ooy & pably 0us K, s DPPH
Lied ab Glaeslas s 5T GGl Sl Sl
ST SISl s diS lee Il (6o 03 31 S Oloeasls [¥4]
S DS S Ol 4 aly Sl oS [ ] LSk s
53 bagsbossl 5 s gDl sy [F0] dle Obmasl

J}.&L;d odalin ¢ L}.{«.:)J G ok CJL:J“‘{Q[?:‘)L: C,.wjg_



Wb Olesl gy 5l oslae lemql Ll b gile g

O 5 (LS sl helol Lo,

(Solanum melongena L.) cultivars. Journal of
Agricultural and Food Chemistry, 51: 3448—
3454.

[6] Ichiyanagi, T., Kashiwada, Y., Shida, Y.,
Ikeshiro, Y., Kaneyuki, T., and Konishi, T.
2005. Nasunin from eggplant consists of cis-
trans  isomers of  delphinidin  3-[4-
(pcoumaroyl)- L-rhamnosyl (16)
glucopyranoside]-5-glucopyranoside. Journal
of Agricultural and Food Chemistry, 53: 9472—
9477.

[7] Braga, P.C., Scalzo, R.L., Sasso, M.D.,
Lattuada, N., Greco, V., and Fibiani, M. 2016.
Characterization and antioxidant activity of
semi-purified extracts and pure delphinidin-
glycosides from eggplant peel (Solanum
melongena L.). Journal of Functional Foods,
20:411-421

[8] Aruoma, O.I. 1998. Free radicals, oxidative
stress and antioxidants in human health and
disease. Journal of the American Oil Chemists’
Society, 75: 199-212.

[9] Kaneyuchi, T., Noda, Y., Traber, M.G.,
Mori, A., and Packer, L. 1999. Superoxide
anion and hydroxyl radical scavenging
activities of vegetable extracts measured using
electron spin resonance. Biochemistry and
Molecular Biology International, 47: 979-989.

[10] Hanson, P.M., Yang, R.Y., Tsou, S.C.S,,
Ledesma, D., Engle, L., and Lee, T.C. 2006.
Diversity in eggplant (Solanum melongena) for
superoxide scavenging activity, total phenolics
and ascorbic acid. Journal of Food
Composition and Analysis, 19: 594-600.

[11] Mennella, G., Rotino, G.L., Fibiani, M.,
D’Alessandro, A., Francese, G., Toppino, L.,
and Scalzo, R. 2010. Characterization of
health-related compounds in eggplant
(Solanum melongena L.) lines derived from
introgression of allied species. Journal of
Agricultural and Food Chemistry, 58: 7598—
7603.

[12] Prohens, J., Whitaker, B.D., Plazas, M.,
Vilanova, S., Hurtado, M., Blasco, M., and
Stommel, J.R. 2013. Genetic diversity in
morphological characters and phenolic acids
content resulting from an interspecific cross
between eggplant, Solanum melongena, and its
wild ancestor (S. incanum). Annals of Applied
Biology, 162:242-257.

Yoy

ooy GHiE s DLS S Ol slae 2l
Gl muly Ol Jb1 I 5 Las 2l L o b
Jles Ole3 e .23 il s g 4 edel et
o35 s olas lSUs OS5 glsaal p sl L
o33l el 4 e sl 3L Sleg Oley JE0580 5
El Sl ol A SNE 5 J5d DLS 5 Ol 5 2l
sl 0las Pl ods e s sl JCal, Lles glagsesl
omleSls Loy el Jlslis cdls chls oslas ol
5 pie o3l Cas 3 Jslbie sb 4 S TBHQ 6z
Oluls 5l Obmesl cowysy oSSl s w0 jls o, Ol
Ot hdbo 5S35 Gl 3 Slanilon IS Yy
SIKEn 5 andils (6 S wupn (S5t S pluSAS 4 s
Ll o 5 €2l 1 Lyls 0k sl S35 sl leSIas &

3L e sl iS¢l b J.J_<l>

@L..a 1

[1] Boulekbache-makhlouf, L., medouni, L.,
medouni-adrar, S., and arkoub, L.M. 2013.
Effect of solvents extraction on phenolic
content and antioxidant activity of the
byproduct of eggplant. Journal of industrial
crops and products, 49: 668-674.

[2]Ya-Qin, M., Jian-Chu, C., Dong-Hong, L.,
and Xing-Qian, Y. 2009. Simultaneous
extraction of phenolic compounds of citrus
peel extracts: Effect of ultrasound. Ultrasonics
Sonochemistry, 16: 57-62.

[3] Haminiuk, C.W.I.,, Maciel, G.M., Plata-
Oviedo, M.S.W., and Peralta, RM. 2012.
Phenolic compounds in fruits-an overview.
International journal of food science and
technology, 47:2023-2044.

[4] Falleh, H., Ksouri, R., Lucchessi, M.E.,
Abdelly, C.H., and Magné, C.H. 2012.
Ultrasound-Assisted Extraction: Effect of
Extraction Time and Solvent Power on the
Levels of Polyphenols and Antioxidant
Activity of Mesembryanthemum edule L.
Aizoaceae Shoot. Journal of Pharmaceutical
Research, 11:243-249.

[5] Whitaker, B.D., and Stommel, J.R. 2003.
Distribution of hydroxyl cinnamic acid
conjugates in fruit of commercial eggplant



\Y"W Jo.@_: Ao 692 LAiOJL&-\i’

[22] Do-Q, D., Angkawijaya, A.E., Tran-
Nguyen, P.L., Huynh, L.H., Soetaredjo, F.E.,
and Ismadji, S., Ju, Y.H. 2013. Effect of
extraction solvent on total phenol content, total
flavonoids content, and antioxidant activity of
Limnophila aromatic. Journal of food and drug
analysis, 1-7.

[23] Amarowicz, R., Pegg, R.B., Rahimi-
Moghaddam, P., Barl, B., and Weil, J.A. 2004.
Free radical scavenging capacity and

antioxidant activity of selected plant species
from the Canadian prairies. Food Chemistry,
84:551-562.

[24] Salar Bashi, D., Mortazavi, S.A., Rezaeli,
K., Rajaei, A., and Karimkhani, M.M. 2012.
Optimization of ultrasound-assisted extraction
of phenolic compounds from Yarrow (Achillea
beibrestinii) by response surface methodology.
Food Science and Biotechnology, 21(4): 1005-
1011.

[25] Sinha, K., Chowdhury, S., Saha, P.D., and
Datta, S. 2013. Modeling of microwave
assisted extraction of natural dye from seeds of
Bixa orellana (Annatto) using response surface
methodology (RSM) and artificial neural

network (ANN). Industrial Crops and
Products, 4: 165—171.
[26] Quanhong, L., and Caili, F. 2005.

Application of response surface methodology
for extraction optimization of germinant
pumpkin seeds protein. Food Chemistry, 92:
701-706.

[27] Lopez, A., Rico, M., Rivero, A., and Tangil,
M.S. 2011. The effects of solvents on the
phenolic contents and antioxidant activity of
Stypocaulon scoparium algae extracts. Food
Chemistry, 125:1104-1109.

[28] Boonkird, S., Phisalaphong, C., and
Phisalaphong, M. 2008. Ultrasound-assisted
extraction of capsaicinoids from Capsicum
frutescens on a lab- and pilot-plant scale.
Ultrasonics Sonochemisstry, 15: 1075-1079.

[29] Esclapez, M.D., Garcia-Pérez, J.V., Mulet,
A., and Carcel, J.A. 2013. Ultrasound-assisted
extraction of natural products. Food
Engineering, 3: 108—120

[30] Senji, S., Yuuya, 1. 2008. Comparison of
antioxidant properties of persimmon vinegar
and some other commercial vinegar in radical-
scavenging assays and on lipid oxidation in

Yoy

[13] Plazas, M., Lopez-Gresa, M.P., Vilanova,
S., Torres, C., Hurtado, M., Gramazio, P., and
Prohens, J. 2013. Diversity and relationships in
key traits for functional and apparent quality in
a collection of eggplant: Fruit phenolics
content, antioxidant activity, polyphenol
oxidase activity, and browning. Journal of
Agricultural and Food Chemistry, 61: 8871—
8879.

[14] Pinelo, M., Rubilar, M., Sineiro, J., and
Nufez, M.J. 2004. Extraction of antioxidant
phenolics from almond hulls (Prunus
amygdalus) and pine sawdust (Pinus pinaster).
Food Chemistry, 85: 267-273.

[15] Hayouni, A., Abedrabba, M., Bouix, M.,
and Hamdi, M. 2007. The effects of solvents
and extraction method on the phenolic contents
and biological activities in vitro of Tunisian
Quercuscoccifera L. and Juniperusphoenicea L.
fruit extracts. Food Chemistry, 105: 1126—
1134.

[16] Betancourt, A.O. 2008. Analysis, extraction
and recovery of poly-3-hydroxybutyrate in the
biomass. University of Quebec at Montreal
Thesis, 45-55.

[17] Dranca, F., and Oroian, M. 2015.
Optimization of ultrasound-assisted extraction
of total monomeric anthocyanin (TMA) and
total phenolic content (TPC) from eggplant
(Solanum melongena L.) peel. Ultrasonics
Sonochemisstry, 31: 637-646.

[18] Esmaceilzadeh Kenari, R., Mohsenzadeh, F.,
and Raftani Amiri, Z. 2014. Antioxidant
activity and total phenolic compounds of
Dezful sesame cake extracts obtained by
classical and ultrasound-assisted extraction
methods. Food Science and Nutrition Original
Reserch, 2(4): 426-435.

[19] Jayaprakasha, G.K. 2003. Antibacterial and
antioxidant activities of grape (Vitisvinifer)
seed extracts. Food Research International,
117-122.

[20] McDonald, S., Prenzler, P.D., and
Antolovich, M. 2001. Phenolic content and
antioxidant activity of olive extracts. Food
Chemistry, 73: 73-84.

[21] Chang, C.C., Yang, M.H., and Wen, H.M.
2002. Estimation of total flavonoid content in
propolis by two complementary colorimetric
methods. Journal Food Drug Analysis, 10:178-
82.



Wb Olesl gy 5l oslae lemql Ll b gile g

O 5 (LS sl helol Lo,

[38] Jung, E.J., Bae, M.S., Jo, E.K,, Jo, Y.H,,
and Lee, S.C. 2011. Antioxidant activity of
different parts of eggplant. Journal of
Medicinal Plants Research, 18: 4610-4615.

[39] Apak, R., Guclu, K., Demirata, B., Ozyurek,
M., Celik, S., Bektaflolu, B., Berker, K., and
Ozyurt, D. (2007). Comparative evaluation of
various total antioxidant capacity assays
applied to phenolic compounds with the
CUPRAC assay. Molecules, 12: 1496-1547.

[40] Cao, G., Sofic, E., and Prior, R.L. 1996.
Antioxidant capacity of tea and common
vegetables. Journal of Agriculture and Food
Chemistry, 44: 3426-3431.

[41] Yang, J., Meyers, K.J., vander Heide, J.,
and Liu, R.H. 2004. Varietal differences in
phenolic content and antioxidant and
antiproliferative activities of onions. Journal of
Agriculture and Food Chemistry, 52: 6787-
6793.

[42] Kriengsak, T., Unaroj, B., Kevin, C., Luis,
C., and David, H.B. 2006. Comparison of
ABTS, DPPH, FRAP, and ORAC assays for
estimating antioxidant activity from guava fruit
extracts. Journal of Food Composition and
Analysis, 19: 669-675.

[43] Somawathi, K.M., Rizliya, V., Wijesinghe,
D.G.N.G., and Madhujith, W.M.T. 2014.
Antioxidant Activity and Total Phenolic
Content of Different Skin Coloured Brinjal
(Solanum melongena). Tropical Agricultural
Research, 26: 152-161.

[44] Sultana, B., Hussain, Z., Hameed, M., and
Mushtaq, M. 2013. Antioxidant activity among
different parts of auberging (Solanum
Melongena L.). Pakistan journal of botany, 45:
1443-1448.

Yot

tuna homogenates. Food Chemistry, 107: 739-
744.

[31] Chatchawan, C., Soottawat, B., Jakul, H.,
and Nattiga, S. 2008. Antioxidant components
and properties of five long- grained rice bran
extracts from commercial available cultivars in
Thailands. Food Chemistry, 111: 636-641.

[32] Manach, C., Scalbert, A., Morand, C., and
Jimenez, L. 2004. Polyphenols: Food sources
and bioavailability. American Journal of
Clinical Nutrition, 79: 727-747.

[33] Ghitescu, R.E., Volf, 1., Carausu, C.,
Bithlmann, A.M., Gilca, I.A., and Popa, V.L
2015. Optimization of ultrasound-assisted
extraction of polyphenols from spruce wood
bark. Ultrasonics Sonochemisstry, 22: 535—
541.

[34] Corrales, M., Toepfl, S., Butz, P., Knorr, D.,
and Tauscher, B. 2008. Extraction of
anthocyanins from grape by-products assisted
by ultrasonics, high hydrostatic pressure or
pulsed electric fields: a comparison. /nnovation
Food Science Emerging, 9: 85-91.

[35] Singh, A.P., Luthria, D., Wilson, T., Vorsa,
N., Singh, V., Banuelos, G.S., and Pasakdee, S.
2009. Polyphenols content and antioxidant
capacity of eggplant pulp. Food Chemistry,
114: 955-961.

[36] Rostango, M.A., Palma, M., and Barr, C.G.
2005. Short-term stability of soy isoflavones
extracts: Sample conservation aspects. Food
Chemistry, 93: 557-564.

[37] Ramic, M., Vidovic, S., Zekovic, Z., Vladic,
J., Cvejin, A., and Pavlic, B. 2015. Modeling
and optimization of ultrasound-assisted
extraction of polyphenolic compounds from
Aronia melanocarpa by-products from filter-tea
factory. Ultrasonics Sonochemisstry, 23: 360—
368.



JFST No. 84, Vol. 15, Feb 2019 ABSTRACT

Optimisation of extraction conditions from eggplant peel by using
response surface methodology

Esmaielzadeh Kenari, R. ”, Razavi, R. 2, Mohammadi, A. 3, Jeghetai, M. 3

1. Associate Professor, Department of Food Science and Technology, Sari Agricultural Sciences and Natural
Resources University
2. Ph.D. Student of Food Science and Technology, Sari Agricultural Sciences and Natural Resources University
3. MSc in Food Science and Technology, Khazar Institute of Higher Education, Mahmoudabad

(Received: 2017/04/08 Accepted:2017/07/16)

Antioxidants by eliminating and neutralizing the harmful free radicals play very important role in
preventing oxidative deterioration of food. Eggplant is one of the vegetable has oxygen radical scavenging
capacity and its activity has been correlated to content of phenolic and flavonoid compounds in eggplant’s
peel. In this study the effects of solvent type (ethanol: water 100:0, ethanol: water 0:100, ethanol: water
50:50), time of ultrasound-assisted extraction (10, 15 and 20 min) and temperature (40, 45 and 50 °C) on
efficiency, total phenol content, total flavonoid content of extract was investigated and optimisation of
extraction conditions were done with response surface methodology by using central composite design.
The results of variance analysis showed that type of solvent and extraction temperature had the most effect
on extraction efficiency and amount of total phenolic content and flavonoids. The optimised condition of
extraction was obtained as ethanol: water ratio (25.19:74.81), 49.94 °C and 11.23 min for temperature and
time of extraction respectively. Then the extract obtained under optimised condition and antioxidant
activities of extract was compared to synthetic antioxidant (TBHQ) by useing of DPPH radical scavenging
and beta-carotene-linoleic acid tests. Antioxidant activity of extract was related to phenolic and flavonoid
content in both methods and by increasing in these compounds antioxidant activity of the extract
increased. Eggplant peel extract due to have phenolic and flavonoid compounds has antioxidant activity
and it can be suitable alternative for synthetic antioxidant.
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