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Fig. 1. Schematic of microwave-assisted extraction of bioactive compounds from bitter orange seed cotyledon
and in comparison with electromantle-assisted extraction method.
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Table 1. Experimental design matrix of response surface methodology based on the central composite design as well as physical properties of extracts of bitter orange seed
cotyledon, extracted using a microwave.

Run  Microwave Power (W; A)  Extraction time (min; B)  Sample weight (g; C)  Solvent volume (mL; D)  Refractive index —pH  Density (g/cm?) Color parameters
L* a" b*

1 100 5 5 100 1.3333 7.74 0.800 66.00 -2.00 6.00
2 100 5 5 200 1.3312 7.79 0.802 68.00 0.00 4.00
3 100 5 15 100 1.3356 7.61 0.750 65.00 0.00 8.00
4 100 5 15 200 1.3333 7.78 0.788 59.00 0.00 4.00
5 100 10 10 150 1.3320 7.70 0.750 66.00 -3.00 8.00
6 100 15 5 100 1.3344 7.75 0.810 53.00 -4.00 12.00
7 100 15 5 200 1.3315 7.72 0.782 62.00 -3.00 9.00
8 100 15 15 100 1.3355 7.65 0.750 60.00 -3.00 11.00
9 100 15 15 200 1.3332 7.74 0.773 64.00 -3.00 9.00
10 200 5 10 150 1.3310 7.67 0.820 67.00 -2.00 6.00
11 200 10 5 150 1.3334 7.78 0.819 65.00 -2.00 5.00
12 200 10 10 100 1.3349 7.69 0.825 66.00 -2.00 9.00
13 200 10 10 150 1.3331 7.69 0.790 66.00 -4.00 10.00
14 200 10 10 150 1.3304 7.73 0.792 69.00 -3.00 8.00
15 200 10 10 150 1.3306 7.66 0.786 66.00 -3.00 8.00
16 200 10 10 150 1.3333 7.75 0.790 69.00 -3.00 9.00
17 200 10 10 150 1.3328 7.78 0.787 70.00 -4.00 10.00
18 200 10 10 150 1.3307 7.68 0.786 69.00 -4.00 10.00
19 200 10 10 200 1.3317 7.75 0.806 73.00 -3.00 7.00
20 200 10 15 150 1.3330 7.73 0.810 69.00 -3.00 8.00
21 200 15 10 150 1.3308 7.71 0.799 67.00 -3.00 10.00
22 300 5 5 100 1.3308 7.80 0.784 73.00 -3.00 8.00
23 300 5 5 200 1.3299 7.81 0.748 71.00 0.00 5.00
24 300 5 15 100 1.3319 7.72 0.740 72.00 -2.00 8.00
25 300 5 15 200 1.3307 7.82 0.751 69.00 -3.00 8.00
26 300 10 10 150 1.3306 7.82 0.708 72.00 -3.00 8.00
27 300 15 5 100 1.3307 7.81 0.770 73.00 -2.00 7.00
28 300 15 5 200 1.3400 7.79 0.890 64.00 0.00 4.00
29 300 15 15 100 1.3317 7.68 0.729 64.00 -4.00 12.00
30 300 15 15 200 1.3329 7.75 0.713 63.00 -3.00 10.00
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Table 2. Analysis of variance of quadratic models applied for different responses of extracts of bitter orange

seed cotyledon, extracted using a microwave.

Property Model R? (coefficient of Adjusted  Predicted Coefficient of Adequate
(response) determination) R? R? variation (%) precision

P F-

value

Extraction yield <0.0001 178.94 0.9940 0.9885 0.9949 3.38 58.44
(%)
TPC! (ug GAE/qg) <0.0001 8251 0.9872 0.9752 0.9082 9.04 39.78
TFC? (ug QE/g) <0.0001 38.79 0.9731 0.9480 0.9101 10.55 29.59
1Cs0 (Mg/mL) <0.0001 117.28 0.9909 0.9825 0.9585 5.31 53.73
FRAP? (mg <0.0001 807.82 0.9987 0.9974 0.9809 8.01 151.90
ascorbic
acid/g)
CUPRAC* (mg <0.0001 51.69 0.9797 0.9607 0.8562 7.51 29.67
ascorbic
acid/g)
Chelating <0.0001 63.92 0.9835 0.9681 0.9355 7.64 37.81
capacity (mg
EDTA/g)

Total phenolic content; 2Total flavonoid content; Ferric ion reducing antioxidant power; *Cupric ion reducing

antioxidant capacity.

s Prakash Maran e cpl 55 [VY] b oo 35 4 500
VU5l aa,S0le Ol il L oS 53 S sdalie 00,100
B “;"“ﬁ)‘w“g‘(ﬂj"‘““ 235k Ol (ol EAY &
L35 0l laol .ol 15l (Citrullus lanatus) <l s
0303 & P 358 Ll o ms5,50ke 550 SRl S
4 65, & sl by oesls il 1y alS o s
.[Y‘Y]zjﬂ(..al)é Ll 04 = Ol ¢ o 5o 5 D

A3l e g JU el gl & BT
aalsl 233l Odomy b5 a0 b sl Ol 355 0 i)
SaS w gl dulp dsb s Y] sl el
Ol aes bl 53 IV L baeki sl 55,0 Le
Ll LS 5 o JUES 15 e ) sl Oley ol 331
ke Sl ol Slasl 5 SLS 5 e 5T eals il 58l
B S ) S5l cpl LY E] s il O
20k gl Bl Bl Lo S S el s
~ 3 DS o 28 Ol el kil o Sl 331 ) e
IYE] 3,05 355 55 Jeb

dﬁhb‘)b LJUA} J.:.AS 6uv.>=> L A e)Li‘ 45 ‘)j.bdl.o.ﬁ
Wm\ﬁ@\&:wqu\w\w.MLng
s il B OS5 e JUE Gl B

146

gl Al a5l -Y-F

Ol mss,Sole Oy Jld@h) Y b Ss s

Ol el (35l s I o 5 40505 05 (] A
AL ol oae S la ane <=Lm5 BRGSOV PR WY
w5l eSSl Ol il baisls OLLS Lasjlas
Sl Bl el asil Ol (Dls Yo
A3k Gl Rl 4 e (483510 4 0 D) ol Sl Ol
Ol s 6; V0 4 0 5l aised O3 SRl L s ol sl
e SRl Ll bl Sl sl assl
Pl 5 Sl 2l el el a5l (I
SYVY 5 s VYWY LS 5w C\fa.,.d\ A3k Ol
ﬁ)jjg.!.tﬂ Oy Julsil o8 Jizjf sdalin 34 Lo
35550 gl b e el (ansl (Rl o e
3 by Rtz Lpd e slge e DS oS sl
3edkd S3ades ks 2SS el (S sll Ols
58 el (Sl Ole 5o Lo g & les i
FB Gl xp Oad Jo amD 5 5 s s D
© [Ve] sl e Ul e glAed Solg 5o 5 gl A
b GRS ] il T8 e Lo I L (ke

oAb D 358w )s g RalS IV an i Ss s



VY Oié)ﬁjé AR 092 AEAY a_)Lo..f:

Sl GUls L Ll e 8 3 Ol 035 VL
Slr e 2L Slame Gl scnl 5L ol ea YL
S AlS e b ol JS (SaShl e b e
Jelss Olpsar Kl 5 005 63, 8as L Bl
SlhediS G 5 0jasds ol sdiS sl St
035 IS 4 3B Lol 51 & 5 503 S Jes K 050S]
D] sl e ddanls 36 lao s

Sl @ ls 53 e glubs s olS 5

Sl Sooden ladl (S WSk
o3l sla b (a0 s dlad 555 dad 51536 (Lad I 52U
dool Sgsless el aaly cpl ps Lles s sleS
SLS 5 ot Olgea SulsS=LL dl 5 SIS
15 IV Wlods sl b &l s Sk slase
2 P ez 5 sl O3yl Al Ol s Sl
o o3ls OLES (C-0) Y (sla S5 s Lo jlaae S Jib Ol e
;|J)&:—reo-)ay;oj;‘dfwwujéuﬁm.wl
oS o3 kzils baejlas S 8 Ol (sola sme
At edalie JS 5 Olsee cp 2 155,500 O o
Sl Al Oy op aeS B o JS J3 Olie 0 0
Lot S b Olpe J2alS w0 zmie diges O35 Ll
oRIP S 8 Ol ) e V00 B e 158
JS U8 Ol P e 55 e RIBI L e
oS S B Ol Blas s Slas sl Jhals
05 2 SIE sl dsles 0 55 Ko WAY/FA 5 VATV o0
ol Jlas! 55 SKole oS 05 5o JS I Olspe ST 3
S Ol s Ol s el Csay zlAl oS by b
b s DS 5 4ok )15 ol ol (255 S0
SolS OLes 5 Hayat dealy ool 55 Al e S
) Sk (sladad Ol5n 095 S0le A3 b oS s S
Sl s o4 lile gy (Joate s131 & g0
ks ladenl & sommn 503 513 2l el Ol 30 o
Oy adids V0w 0 3 gl sl Olay (il L sl
5 el fate) ate Spon S sladend Ol
Moy 8 dsls s Lol waal il (U8

147

Cdor GV e s D s 2l 655 o
I o= 48 5,5 )13 e Sl L ol Sl
Sl €500 Ol 520 5 505 JS OAS 55 absé
=0y hlie J oS s jasie ol gandlle s aSL
2k e T e 05 I~ =0k
S g )‘DL;.\M o lae

(b)

(@) Yield (%, wiv)

B: Extraction time (min)
=
D: Solvent volume (mL)

100
100 200 300 !
A: Microwave power (W)
(©) Total phenolic content (ng GAE/g)
15 =—
i) Y
g <
g w0 g 150
5 £
= o
£ 2
= A
= o]
5 100
100 300
A: Microwave power (W)
(e) 5 Total flavonoid content (g QE/g) ®) o

B: Extraction time (min)
=3

D: Solvent volume (mL)
3

100 200 300 5

A: Microwave power (W)

Fig. 2. Effect of different microwave-assisted
extraction conditions on extraction yield, total
phenolic content, and total flavonoid content of

extracts of bitter orange seed cotyledon.
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Fig. 3. Effect of different microwave-assisted
extraction conditions on 1Cso, ferric ion reducing
antioxidant power (FRAP), and cupric ion reducing
antioxidant capacity (CUPRAC) of extracts of bitter
orange seed cotyledon.
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Fig. 4. Effect of different microwave-assisted extraction conditions on the chelating capacity of extracts of
bitter orange seed cotyledon.
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Table 3. Comparison between the optimum condition of microwave-assisted extraction from bitter orange seed

cotyledon with the model as well as the electromantle.

Response Experimental (Microwave)  Predicted (model)  Error (%) Electromantle  Error (%)
TPC! (ug GAE/qg) 51268.00 52544.20 2.49 53088.84 3.55
TFC? (ug QE/g) 9651.80 9959.33 3.19 9938.28 297
1Cs0 (Mg/mL) 28.13 26.81 -4.69 27.56 -2.03
FRAP® (mg ascorbic acid/g) 9.84 10.34 5.08 10.08 2.44
CUPRAC* (mg ascorbic acid/g) 37.91 40.58 7.04 40.02 5.57
Chelating capacity (mg EDTA/Q) 1.30 1.38 6.15 1.39 6.92

Total phenolic content; ?Total flavonoid content; *Ferric ion reducing antioxidant power; “Cupric ion reducing

antioxidant capacity.
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In the present study, bioactive compounds were extracted from cotyledon of
bitter orange (Citrus aurantium) seed, as a waste of citrus processing, using a
microwave-assisted extraction method. The effects of four independent
variables including microwave power (100-300 W), extraction time (5-15 min),
sample weight (5-15 g), and solvent volume (100-200 mL) on responses of
extraction yield, total phenolic content, total flavonoid content, free radical
scavenging activity (ICsp), ferric ion reducing antioxidant power (FRAP),
cupric ion reducing antioxidant capacity (CUPRAC), and chelating capacity of
extracts were investigated. Response surface methodology based on the central
composite design was employed to investigate the effects of independent
variables on the responses and also to optimize the extraction conditions. The
optimum extraction condition included microwave power of 300 W, extraction
time of 15 min, sample weight of 5 g, and solvent volume of 200 mL. Regarding
the extraction yield, its amount increased significantly by increasing microwave
power, extraction time, and sample weight, while it decreased significantly by
increasing solvent volume. Also, the highest total phenolic content in the extract
was observed at the lowest levels of microwave power and extraction time.
Concerning the total flavonoid content in the extract, its amount increased
significantly by increasing extraction time and solvent volume, while it
decreased significantly by increasing sample weight. In addition, the CUPRAC
of the extract increased significantly by increasing microwave power,
extraction time, and solvent volume, as opposed to sample weight. In
conclusion, microwave-assisted extraction can be suggested as a suitable
method for extracting bioactive compounds from the bitter orange seed
cotyledon.
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