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Table 1. Matrix of the experimental design for extraction of bioactive compounds and evaluated
responses

S

o P>

Ol oly
T g T
(gl o )bas aloacs (S A A
Chemical properties of extract (responses) (¢S5 »
Solvent
/sample Time Power
ratio (mgl) (mB!n) (\2‘/) Number
el 515k o Js s ol IC L
Ol Ui S PO 50 [T
S oS 5K g5 K SIS Sl 5 Sr ¢ e ) 5
¥ g Ess T e
A
. . TOtaIA Total phenolic .
Beta%anm Beta)fjagnthm flavonoid content ICgsO Ylgeld
) ) ugcgfetrecrltﬁn (b Gallcacidy () 6]
—— ml
0.27 0.41 4.03 219.20 1.79 011 10 1 100 1
0.51 0.84 3.96 259.20 1.31 0.45 30 1 100 2
0.50 0.84 3.96 407.20 0.92 0.43 20 8 100 3
2.90 3.89 4.62 615.20 0.28 0.95 10 15 100 4
0.45 0.75 3.24 355.20 0.93 0.60 30 15 100 5
0.22 0.37 2.84 231.20 164 0.24 20 1 200 6
2.95 3.95 5.15 1575.20 0.22 0.84 10 8 200 7
0.98 2.30 4.62 839.20 0.71 1.07 20 8 200 8
1.08 2.70 4.75 903.20 0.63 1.23 20 8 200 9
0.94 2.30 5.08 779.20 0.71 1.13 20 8 200 10
1.10 2.60 4.82 815.20 0.72 1.00 20 8 200 11
1.30 2.10 4.88 839.20 0.69 1.04 20 8 200 12
1.08 2.40 4.83 839.20 0.69 1.09 20 8 200 13
0.84 1.20 3.76 503.20 0.22 0.97 30 8 200 14
2.00 2.70 5.01 979.20 0.73 152 20 15 200 15
0.61 1.20 4.69 559.20 0.79 0.36 10 1 300 16
0.09 0.18 3.76 135.20 322 021 30 1 300 17
0.09 1.40 4.82 607.20 0.75 0.73 20 8 300 18
3.29 5.60 6.66 1983.20 0.29 0.80 10 15 300 19
1.60 3.80 4.42 803.20 0.66 1.57 30 15 300 20
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Table 2. Equation models and linear adjustment for the experimental design

b
Olje
o RO 3k
oot G B e ICw .
‘f<+“;4 S - . f \—
\';J)i:') 25 55 (\ S35 (¢ I (_,5) (}-_;) e
33 . A Total A
Betacyanin  Betaxanthin Total phenolic ICso
(E) (E) flavonoid content (il) Yield
g g content (ug Gallic acid) m (5)
(ug Quercetin) ml L
ml
- - - - 0.09"**  0.05* Ay olg
- - - - 3.40 4.61 Power (W) A
- 0.04** 0.002* 0.03** 0.04** - B (4iss) 0l
- 4,95 13.89 6.09 5.06 - B (min) Time
€yl a4 Pl o
C (8 1 Ak
Solvent /sample ratio
i i ) i i e
- 0.03* - - 0.11 - (AB) 0ls; 5 ol 5 bz
B B _ Interaction between
5.70 2.95 power and time (AB)
. . N N s e s s 0l bl
0.05*** 0.003* 0.009* 0.01%* 0.04* 008" 2ol S
AC) « 55
Interaction between
4.37 12.41 8.90 7.47 5.36 3.52 power and solvent
/sample ratio (AC)
e . I el 5 0bey e
. 0.02* 0.01° 0.05"* . . 2o Jlee S
BC) 50w
Interaction between
- 7.12 4.37 4.29 - - time and solvent
/sample ratio (BC)
NI 5
0.150 0.579 0.597 0.438 0.401  0.243 ) 5
Adjusted R
olh o R2
0008 0546 0.504 0187 0209 0014 oo
Predicted R
Jsgme s some s gxe s me s gxe = e Al f_“"
B Lack of fit

€0

(P<0.01)"¢ (0.01<= P<0.05)"¢(0.05<= P<0.1) ™"
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Figure 1. Interaction between power and solvent /sample ratio on extraction yield
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Table 3. Obtained equations with coded variables

c.»b dslae
Response Equation
(d /e5) a5k =Yield (g/L) 0.82—0.25 A+ 0.24 AC
(s /6 5) =ICso 0.90 + 0.31A+ 0.38B+ 0.32AB - 0.43 AC
= Phenol content (ug/ml)
B o 730.40 — 263.60B+ 326.50 AC-247.50BC
Gdsbos /p53,50) 3 0 e
= Flavonoid content (ug/ml)
_ _ 4.50-0.61 B+ 0.54 AC-0.53 BC
G 768 5,550) A3 5555506 Ol ys
= Betaxanthin (ng/g)
o ' 2.08-0.66 B-0.79 AB+ 1.17 AC- 0.88 BC
(05 /oS 55 (ilsle
=Betacyanin (1g/g)
o 1.14 +0.65 AC
(65 e S5 oilemln
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Figure 4. Interaction among power, time, and solvent /sample ratio on total flavonoid content
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Abstract
Background and objective: Microwave-assisted extraction (MAE) is one of the
novel, fast, and efficient methods for extraction of bioactive compounds. The aim
of this study was the optimization of MAE of betalains from red beet (Beta
vulgaris) and evaluating antioxidant activity of its methanolic extract.

Materials and methods: The effects of independent variables, namely microwave
power level (100-300W), extraction time (1-15 min), and liquid-to-solid ratio (10-
30 ml/g) were investigated on total extraction yield, free radical scavenging
activity, phenolics, flavonoids, and betalains (betaxanthin and betacyanin) contents
using central composite design.

Results: According to obtained results, the total phenolic, flavonoid, and betalains
contents were decreased by increasing the extraction time, significantly.
Simultaneous increase of microwave power level and liquid-to-solid ratio resulted
in significant increase of total phenolic, flavonoid, and betalains contents (p<0.05).
The optimized condition of MAE of phenolics, flavonoids, and betalains was
microwave power level of 300 W, liquid-to-solid ratio of 30 ml/g, and extraction
time of 1 min. In contrast, the simultaneous increase of microwave power level and
liquid-to-solid ratio resulted in a significant decrease of total extraction yield
(P<0.05).The optimized condition of the highest total extraction yield was
microwave power level of 100 W, liquid-to-solid ratio of 10 ml/g, and extraction
time of 15 min.

Conclusion: We can apply MAE method for extraction of bioactive compounds at
a shorter extraction time and energy saving.
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