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Abstract

Aframomum melegueta seeds (AMS) is an African spice with well known traditional and therapeutic values. Its
pharmacological activities are attributable mainly to phenolics. This study aimed to investigate and optimize the parameters
affecting the ultrasound-assisted extraction (UAE) of AMS major constituents and total phenolic content (TPC) using
response surface methodology. 6-gingerol, 6-shogoal and 6-paradol were isolated from AMS and a Box-Behnken design (3
factors /3 levels) was used to determine the effect of three extraction parameters (extraction time, methanol concentration and
liquid/solid ratio) on their extraction yield. The results showed that methanol concentration and liquid/solid ratio have positive
and significant impact on the UAE of TPC and the three investigated compounds, while extraction time has no significant
effect. Under optimal conditions, each 1 g dry sample provides 9.32+0.02 mg, 3.72+0.01 mg, 12.32+0.04 mg and 10.71+0.19
mg/GAE of 6-gingerol, 6-shogoal, 6-paradol and TPC, respectively. The optimized UAE conditions were validated and are
recommended for the recovery of 6-gingerol, 6-shogoal, 6-paradol and TPC from AMS for further applications as alternative
to conventional extraction method.

Keywords: Aframomum melegueta, optimization, phenolic compounds, Response surface methodology, Ultrasonic-assisted extraction

Extraction is the main step for the recovery and
isolation of bioactive phytochemicals from plants.

1. Introduction Among the different extraction techniques,
ultrasonic-assisted extraction (UAE) was reported as

Aframomum melegueta K. Schum seeds (AMS) is eco-friendly, efficient, rapid and low-cost extraction

an African plant consumed not only as a spice but method  [16]. Combined physical mechanisms,
also for its valuable pharmacological activities such mainly cavitation, are involved in AUE and result in
as antihyperlipidemic  [1], antioxidant [2], increasing the material surface area as well as mass
antimicrobial [3], hepato-protective [4], anti-cancer ~ (ransfer process without affecting neither the
[5], anti-diabetic [6] and aphrodisiac [7] effects. ~ Structure nor the function of the extracts [17].
AMS contain a variety of bioactive phenolics, Additionally, AUE increases the extraction rate at
whereas 6-gingerol, 6-shogaol and 6-paradol were low temperatures; thereby prevent instability of
assigned as its major individual phenolic compounds ~ thermolabile active ingredients [18]. Recently, UAE
[8]. 6-gingerol [9-11] and 6-shogaol [12] exhibit has been successfully used for the extraction of
potent anti-inflammatory, antioxidant, anticancer, phenolics from different plants [19, 20]. However,
analgesic and antiemetic effects. Additionally, 6- the extraction efficiency depends on the plant
paradol and  6-shogaol showed  remarkable material [21]. Consequently, UAE should be studied
neuroprotective activity [13-15]. Despite the well for _eac_h |nd_|V|du_aI plant. Different parameters SL_Jch
documented therapeutic potential of these compounds as liquid/solid ratio, solvent concentration, extraction
and the positive impact of optimizing their extraction time affect the extraction process [22].  Thus,
on the activity of the whole plant extract, there is no optimizing these conditions is imperative to

available data about maximizing their yield in AMS.
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maximize the extraction yield of the bioactive
compounds.

The response surface methodology (RSM) is the
most widely used approach for process optimization
[23]. It allows evaluating the effects of multiple
factors and their interactions on one or more response
variables with reducing number of experimental runs,
cost and time [24]. Accordingly, the aim of this study
is to develop and validate the optimal conditions for
UAE of phenolics from AMS using RSM, which
could provide a basis for large-scale extraction of
these important phytoconstituents. Additionally, the
optimized UAE is compared with a conventional
extraction method.

2. Experimental

2.1. Chemicals and equipments

HPLC-grade methanol, Folin-Ciocalteu reagent
and gallic acid were obtained from Sigma-Aldrich,
Germany. All other chemicals were of highest
available analytical grade. Shimadzu UV-1650 PC
was used for spectrophotometric determination of
TPC.
2.2. Plant material and compounds isolation

AMS were purchased from the herbal store Haraz,
Cairo, Egypt and were identified by Prof. Dr.
Abdelhaleem A Mohamed, Flora  and
Phytotaxonomy research Department, Agriculture
museum, Dokki, Egypt. A voucher specimen (No.
3.7.2019) was deposited in the Herbarium of the
Pharmacognosy Department, Faculty of Pharmacy,
Cairo University. Dried powdered AMS (1.5 Kkg)
were extracted with methanol (3x3L) using
Ultraturrax blender and the obtained extracts were
concentrated using a rotatory evaporator (40°C). The
methanol extract (78 g) was suspended in water (500
ml), partitioned with chloroform (500 ml x5) and the
pooled fractions were evaporated to yield chloroform
fraction (55 @), which was further partitioned on a
silica gel column (70 cmx8 cm). Gradient elution was
performed with n-hexane:ethylacetate (5%~70% v/v)
then chloroform:methanol (10%~70%v/v) to afford
10 fractions. Subfraction (95% n-hexane in ethyl
acetate) was chromatographed on a silica gel column
(35 cm x 3.5 cm) using isocratic elution (n-hexane:
ethyl acetate, 95:5 v/v) to yield 4.5 g of compound
(C1). Subfraction (90% n-hexane in ethyl acetate)
was subjected to chromatography on silica gel
column (25 cmx2.5 cm) and the elution was carried
out using n-hexane:ethyl acetate (95:5 v/v). Similar
fractions were collected and vyielded upon
concentration 1 g of impure residue, which was
rechromatographed on Wakosil C-300 silica gel
column (20 cmx1.5 cm). Isocratic elution was
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performed using n-hexane:ethyl acetate (98:2 v/v)
and similar fractions showing pure spot yielded upon
concentration 254 mg of compound (C2). Subfraction
(70% n-hexane in ethyl acetate) was purified on silica
gel column (35 cmx3.5 c¢cm) using gradient elution
with n-hexane:ethylacetate (95%~85% v/v) to yield 2
g of compound (C3).
2.3. Experimental design

Box-Behnken experimental design (3-factors/3-
level) generated by Design Expert trial version 9.0
software (Stat-Ease, Inc., Minneapolis, MN, USA)
was used. Fifteen experiments, including three
replicates at the center point, were designed and
carried out in a random order with different
combinations of the independent variables; extraction
time (A:20-60 min), methanol concentration (B:40—
100%) and liquid/solid ratio (C:4 —10 mL/g).
2.4. Samples preparation
2.4.1. UAE method

Known weights (2-5 g) of powdered AMS were
mixed with 20 ml solvent (40-100% HPLC-grade
methanol) in falcon tubes. The samples were
sonicated in a sonic bath (Elmasonic P, Elma
Schmidbauer GmbH, Singen, Germany) with an
ultrasonic frequency of 37 kHz and temperature at
35°C to avoid degradation of the investigated
compounds. After varying time (20-60 min), the
extracts were centrifuged for 2 min, filtered
(Whatman No. 2, 8 um) and stored at 20 °C for
subsequent HPLC quantification and TPC estimation.
2.4.2. Conventional extraction method (maceration)

Two g powdered AMS was extracted with 70%
methanol (10 mL) for two hours in water bath at
room temperature. The extract was filtered and stored
at 20 °C for subsequent phytochemical analysis. The
experiment was performed triplicate and the results
were expressed as mean + SD.
2.5. HPLC quantification of the major compounds

Quantification of AMS major phenolics was
carried out using reversed phase HPLC. After
filtration through a 0.45-millipore membrane filter,
An aliquot (20ul) of the each extract was injected
into Hewlett Packard HPLC system (series1050)
equipped with an autosampling injector, a solvent
degasser, a quaternary HP pump (series 1050), a
Lichrosorb RP-18column (4.0 x 250mm, 5um,
Merck, Darmstadt) and a DAD detector set at 230
nm. The column was maintained at room temperature
and the flow rate was adjusted at 1.1 mL/min. The
gradient program with water as mobile phase A and
acetonitrile as mobile phase B was adjusted as
described by [25] with modification: 0-1.5 min, 35%
B; 1.5-2.2 min, 35% — 60% B; 2.2-6 min, 60% B; 6—
10 min, 60%-100% B; 10-12 min, 100% B; 12-12.1
min, 100-35% B. Serial dilutions of 6-gingerol, 6-
shogaol and 6-paradol were prepared from stock
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solution (1 mg/ml) and used to establish their
standard calibration curves.
2.6. Quantitative estimation of TPC

Spectrophotometric determination of the TPC was
carried out by Folin-Ciocaltu reagent method
according to the procedures reported in the European
Pharmacopeia [26]. The absorbance was measured at
Amax 760 nm and TPC in the extract was expressed as
mg of gallic acid equivalent per g of sample dry
weight (mg GAE/g DW).
2.7. Statistical analysis

Analysis of variance (ANOVA) and RSM
analysis, performed by Design Expert software, were
used to determine the statistical significance of the
model. The p-value less than 0.05 (p < 0.05) is
considered as statistically significant. A paired
comparison student's t-test was used to compare
values of optimized UAE and conventional extraction
method.

3. Results and discussion

The major isolates were identifies as C1, 6-
paradol [8]; C2, 6-shogaol [27] and C3, 6-gingerol
[28]. The structure, *H-NMR and *C-NMR spectral
data of these compounds are shown in Table S1 and
Figs. S1-S4. Box-Behnken design and the extraction
yield of 6-gingerol, 6-shogaol, 6-paradol and TPC at
different extraction conditions are presented in

was established correlating each response with the
selected factors.

The quadratic model was selected to predict the
four responses because it exhibit the highest
determination of coefficient (R? and show non-
significant lack of fit. Values of R? > 0.9 (Table 2)
showed good fitness of the models and indicated the
statistical validity and significance of the designed
polynomial equations for optimization [29].
Additionally, the adjusted R? values of 0.92-0.96
showed the lack of R? inflation effect due to
introduction of insignificant variables [30]. Predicted
R? values were in good agreement with the adjusted
R? i.e. the difference is less than 0.2. Adequate
precision, which measures the signal to noise ratio,
represented an adequate signal as a ratio greater than
4 is desirable [31]. Low values of Coefficient of
Variation indicated good precision and reliability of
the experiments [32]. A good agreement between the
predicted and actual values (Fig. 1) was observed as
they approximately fit the line, which further
indicated models validity.

For all responses a high significance (p < 0.01)
for the model was shown (Table 3). Moreover, the
lack of fit tests does not reach statistical significance
(p > 0.05), which further verify the validity of the
models [33]. The polynomial equations predicting the
extraction yield of 6-gingerol (Y1), 6-shogaol (Y>), 6-
paradol (Y3) and TPC (Y.) were represented by
equations (1-4).

Y= 504 + 0.3786A + 159B + 1.17C +

0.1099AB + 0.2782AC - 0.1435BC +
1.08A% + 0.0372 B? + 0.3818 C? (1)

Table 1: Experimental results for the three-factor/three-levels Box-Behnken design

Run Indep_egtljent 6-gingerol 6-shogaol 6-paradol TP

no. ———anavles content Content content ¢
A B C

1* 40 70 7 5.55 2.64 8.25 7.17
2 60 100 7 8.54 3.20 10.76 9.38
3 20 70 4 5.61 2.06 6.73 6.87
4* 40 70 7 4381 1.92 5.91 6.51
5% 40 70 7 4.76 1.93 5.95 5.85
6 60 70 4 5.36 2.01 6.76 6.42
7 60 40 7 4.98 0.77 1.37 4,78
8 40 100 4 5.79 2.16 741 7.59
9 20 40 7 3.99 0.50 0.86 413
10 60 70 10 7.94 3.23 10.98 10.10
11 40 40 10 5.42 0.86 1.50 5.52
12 40 100 10 8.16 3.35 11.28 10.18
13 20 100 7 7.12 2.75 8.86 9.84
14 40 40 4 2.47 0.29 0.49 2.18
15 20 70 10 7.08 2.89 10.11 9.35

A (extraction time, min), B (methanol concentration, %), C (liquid/solid ratio, mL/g). 6-
gingerol, 6-shogaol and 6-paradol contents are in mg/g DW and TPC is in mg/g GAE.

*central points

Table 1. Based on the experimental data,
mathematical modeling was designed, ANOVA was
performed and a first degree polynomial equation
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Y= 147 + 0.0476A + 0.4621B + 0.1742C —
0.0100AB + 0.0287AC -0.0071BC +
0.0943A2 — 0.3018B2 + 0.0279C2 (2)
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Ys= 6.70 + 0.4137A + 4.26B + 1.56C +

0.3475AB + 0.2100AC + 0.7150BC

+1.12A2 — 2.36B2 + 0.8246C2 (3)

Y4= 6.51+ 0.0612A+ 2.55B + 1.51C — 0.2775AB
+ 0.3000AC 0.1875BC + 1.17A2

0.6475B2 + 0.5050C2 (4)

Table 2: Statistical parameters calculated after implementation of
Box-Behnken experimental design

solvent ratio leads to significant increase in the
extraction vyield of total and individual AMS
phenolics. This could be also observed in the
generated 3D response surface graphs (Fig. 2).
Increasing extraction yield with increasing methanol
concentration could be explained by the non-polar
nature and low molecular weights of AMS phenolics.
Moreover, our result is in consistent with previous
studies [35], which reported direct proportional
relationship between solvent/sample ratio and the

Response CV.% Re Adjusted R? Adeq_u_ate i H H H
Precision extraction yield of phenolic compounds. A possible
Y, 786 09727 09235 15.4155 explanation is that with higher quuid/so!id ratio, the
Y, 6.98 0.9810 0.9469 16,5178 contact area between plant and_ §0Ivent increase and
Y, 1501 0.9761 0.9332 14.4654 subsequegtly%enhance solubility of extractable
Y, 5.97 0.9889 0.9689 23.6106 compounds [36].

Y, content of 6-gingerol (mg/g DW), Y, content of 6-shogaol
(mg/g DW), Y; content of 6-paradol (mg/g DW), Y, TPC (mg/g
GAE). C.V. Coefficient of Variation

It is noteworthy that positive sign of coefficient
indicates a linear effect to increase the yield of the
response, whereas negative sign of coefficient
indicates a linear effect to decrease it [34].

The results showed that methanol concentration
(B) and liquid/solid ratio (C) have significant impact
on all investigated responses (p < 0.01).

The most prominent effect was that of factor B
(methanol concentration) as revealed from its high F-
value (Table 3). Both factors (B and C) showed
positive sign of coefficient which indicates that
increasing the methanol concentration and liquid to

The results also indicated that linear term of time
(A) has no significant effect on the extraction yield of
AMS phenolics (p > 0.05). No interactive effects
between the three investigated extraction parameters
were observed. The effect of quadratic term of
methanol concentration (B?) on the extraction of 6-
shogaol and 6-paradol was significant while the
quadratic term of time (A?) positively and
significantly influence the extraction yield of 6-
gingerol and TPC.

Table 3: ANOVA for the quadratic response surface models of all responses

Source Sum of Squares df F-value p-value
Y, Y, Ys Y, Y; Y, Ys Y, Y; Y, Ys Y,
* *k * k%
Model 3753 237 19871 7892 9 1978 2875 2272 4946 (0001 00000 0.0015 0.0002
A 115 00181 137  0.0300 5.44 1.98 141 01693 00670  0.2184 0.2885 0.6978
sk Kk sk skk
B 2031 171 14527 5192 9633 18674 14950 2928 .00 (o001 0.0001 0.0001
k3k * * kk
C 1100 02428 1947 1827 1 5219 2654 2004 10305 o000 00036 0.0065 0.0002
AB 00483 0.0004 04830 03080 1 02293 00434 04971 174 06522  0.8432 05123 0.2446
AC 03097 00033 0.1764 03600 1 147 03598 0.1815  2.03 02797 05747 0.6878 0.2135
BC 00824 00002 204 01406 1 03907 00218 210 07931 05594  0.8884 0.2066 0.4140
* *
A2 429 00329 461 505 1 2033 359 474 2851 (oo 0.1166 0.0814 0.0031
* *
B2 00051 03362 2053 155 1 00242 3675 2113 873 08824 (o018 0.0059 0.0317
c 05382 00029 251 09416 1 255 03133 258 531 01710  0.5998 0.1689 0.0694
Residual 105 00457 486 0885 5
'F-ﬁ"k of 06646 00076 127 00153 3 114 01329 02358 00117 04994 09322 0.8665 0.9977
Pure 03895 00381 359 08712 2
Error
Cor 3859 241 20357 7981 14
Total

Significant difference at *p<0.01, **p<0.001, ***p<0.0001; A, B and C: linear regression coefficients for time, methanol concentration and liquid\solid ratio;
AB, AC and BC: regression coefficients for interaction between time x methanol concentration, time x ratio, methanol concentration x ratio; A, B and C:
quadratic regression coefficients for time, methanol concentration and liquid\solid ratio, df (degree of freedom).
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Fig. 2: 3D graphs for the effect of methanol concentration and liquid/solid ratio on the extraction yield of 6-ginerol, 6-
shogaol, 6-paradol and TPC at constant time (40 min)

Egypt. J. Chem. 64, No. 6 (2021)



3158

R. M. Abdou et.al.

3.2. Optimization of extraction by RSM

In current study, the optimal UAE conditions
for AMS phenolics are 59.3 min, 99.8% methanol
and 9.8 mL/g solvent to sample. The predicted values
under these conditions are 9.74 mg/g DW 6-gingerol,
3.86 mg/g DW 6-shogaol, 13.53 mg/g DW 6-paradol
and 11.31 mg/g GAE TPC, desirability = 1.0.
3.3. Model validation study

Three experiments with the predicted optimum
conditions were conducted to verify the adequacy of
the developed extraction model. The experimental
values (9.32+0.02 mg/g DW 6-gingerol, 3.72+0.01
mg/g DW 6-shogaol, 12.32 +0.04 mg/lg DW 6-
paradol and 10.71+0.19 mg/g GAE TPC) were in
consent with the predicted values obtained by RSM
because acceptable percentage error values (<10%)
were observed [37]. Thus, the validation study further
confirmed the accuracy and adequacy of the designed
model for predicting the responses. HPLC
chromatogram of AMS optimized extract is shown in
Fig. 3.

major constituents from AMS. The designed model
assigned methanol concentration and liquid/solid
ratio as the major parameters affecting the yield of
target responses. For extraction of AMS phenolics,
the optimized UAE conditions are recommended as
more efficient alternative to conventional method.
This study could provide a preliminary basis for large
scale extraction of the pharmacologically valuable
AMS phenolics.
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Fig. 3: HPLC chromatogram of the AMS optimized extract

3.4. Comparison of UAE with maceration method

Compared to conventional method of extraction,
optimized UAE has significant higher capacity for
AMS phenolics (Table 4). The results were in
agreement with published studies on the extraction of
phenolic compounds from peaches and pumpkin [38].
This could be attributed to that UAE allows
disruption of plant cell walls, which enhances solvent
penetration and facilitates the migration of the
extractable compound from plant matrix into solvents
[16, 39].

References
[1] S.0. Onoja, M.l. Ezeja, Y.N. Omeh, E.C.. Emeh,
Phytochemical and hypolipidemic effects of methanolic
extract of Aframomum melegueta seed, European J.
Med. Plants. 5 (2015) 377-383.

[2] S.0. Onoja, Y.N. Omeh, M.I. Ezeja, M.N. Chukwu,
antioxidant potentials of Aframomum melegueta
methanolic seed extract, J. Trop. Med. (2014).
https://doi.org/10.1155/2014/159343.

[3] V.F. Doherty, O.0. Olaniran, U.C. Kanife, antimicrobial

activities of Aframomum melegueta (Alligator Pepper),
Int. J. Biol. 2 (2010) 127-131.

Table 4: Content of AMS individual phenolics and TPC using optimized UAE and maceration extraction

Method 6-gingerol 6-shogaol 6-paradol TPC
mg/g DW mg/g DW mg/g DW mg/g GAE
Optimized UAE 9.32+0.02 3.72+0.01 12.32+0.04 10.71+0.19
Maceration extraction 7.94+0.23 3.23+0.06 10.89+0.08 9.35+0.26
4. Conclusion [4] AM. El-Halawany, R.S. EL Dine, N.S. El Sayed, M.

This study successfully developed valid and
accurate UAE protocol to optimize TPC and three

Egypt. J. Chem. 64, No. 6 (2021)

Hattori, Protective effect of Aframomum melegueta
phenolics against CCl 4 -induced rat hepatocytes
damage; Role of apoptosis and pro-inflammatory
cytokines inhibition, Sci. Rep. 4 (2014) 1-9.
https://doi.org/10.1038/srep05880.



https://doi.org/10.1155/2014/159343
https://doi.org/10.1038/srep05880

Optimization for Ultrasonic-Assisted Extraction of Aframomum Melegueta Phenolics 3159

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

V. Kuete, B. Krusche, M. Youns, |. Voukeng, A.G.
Fankam, S. Tankeo, S. Lacmata, T. Efferth, Cytotoxicity
of some Cameroonian spices and selected medicinal
plant extracts, J. Ethnopharmacol. 134 (2011) 803-812.
https://doi.org/10.1016/j.jep.2011.01.035.

A. Mohammed, V.A. Gbonjubola, N.A. Koorbanally,
M.S. Islam, Inhibition of key enzymes linked to type 2
diabetes by compounds isolated from Aframomum
melegueta fruit, Pharm. Biol. 55 (2017) 1010-1016.
https://doi.org/10.1080/13880209.2017.1286358.

P. Kamtchouing, G.Y.F. Mbongue, T. Dimo, P. Watcho,
H.B. Jatsa, S.D. Sokeng, Effects of Aframomum
melegueta and Piper guineense on sexual behaviour of
male rats, Behav. Pharmacol. 13 (2002) 243-247.
https://doi.org/10.1097/00008877-200205000-00008.

H. Hattori, K. Yamauchi, S. Onwona-Agyeman, T.
Mitsunaga, Identification of vanilloid compounds in
grains of paradise and their effects on sympathetic nerve
activity, J. Sci. Food Agric. 98 (2018) 4742-4748.
https://doi.org/10.1002/jsfa.9009.

L. Tian, W. Qian, Q. Qian, W. Zhang, X. Cai, Gingerol
inhibits cisplatin-induced acute and delayed emesis in
rats and minks by regulating the central and peripheral 5-
HT, SP, and DA systems, J. Nat. Med. 74 (2020) 353—
370. https://doi.org/10.1007/s11418-019-01372-x.

S. Wang, C. Zhang, G. Yang, Y. Yang, Biological
properties of 6-Gingerol: A brief review, Nat. Prod.
Commun. 9 (2014) 1027-1030.
https://doi.org/10.1177/1934578x1400900736.

H.Y. Young, Y.L. Luo, H.Y. Cheng, W.C. Hsieh, J.C.
Liao, W.H. Peng, Analgesic and anti-inflammatory
activities of [6]-gingerol, J. Ethnopharmacol. 96 (2005)
207-210. https://doi.org/10.1016/j.jep.2004.09.009.

X. Kou, X. Wang, R. Ji, L. Liu, Y. Qiao, Z. Lou, C. Ma,
S. Li, H. Wang, C.T. Ho, Occurrence, biological activity
and metabolism of 6-shogaol, Food Funct. 9 (2018)
1310-1327. https://doi.org/10.1039/c7f001354j.

A. Sapkota, S.J. Park, J.W. Choi, Neuroprotective effects
of 6-shogaol and its metabolite, 6-paradol, in a mouse
model of multiple sclerosis, Biomol. Ther. 27 (2019)
152-159. https://doi.org/10.4062/biomolther.2018.089.
S.L.S. Seow, S.L. Hong, G.S. Lee, S.N.A. Malek, V.
Sabaratnam, 6-shogaol, a neuroactive compound of
ginger (jahe gajah) induced neuritogenic activity via
NGF responsive pathways in PC-12 cells, BMC
Complement.  Altern.  Med. 17 (2017) 334.
https://doi.org/10.1186/512906-017-1837-6.

B.P. Gaire, O.W. Kwon, S.H. Park, K.H. Chun, S.Y.
Kim, D.Y. Shin, J.W. Choi, Neuroprotective effect of 6-
paradol in focal cerebral ischemia involves the
attenuation of neuroinflammatory responses in activated
microglia, PLoS One. 10 (2015) 1-17.
https://doi.org/10.1371/journal.pone.0120203.

J. Dai, RJ. Mumper, Plant phenolics: Extraction,
analysis and their antioxidant and anticancer properties,
Molecules. 15 (2010) 7313-7352.
https://doi.org/10.3390/molecules15107313.

C. Wen, J. Zhang, H. Zhang, C.S. Dzah, M. Zandile, Y.
Duan, H. Ma, X. Luo, Advances in ultrasound assisted
extraction of bioactive compounds from cash crops — A
review, Ultrason. Sonochem. 48 (2018) 538-549.
https://doi.org/10.1016/j.ultsonch.2018.07.018.

L. Wang, W. Lu, J. Li, J. Hu, R. Ding, M. Lv, Q. Wang,
Optimization of ultrasonic-assisted extraction and
purification of zeaxanthin and lutein in corn gluten meal,
Molecules. 24 (2019).
https://doi.org/10.3390/molecules24162994.

ILAM. Ahmed, F. Al-Juhaimi, AR. Adisa, 0.Q.
Adiamo, E.E. Babiker, M.A. Osman, M.A. Gassem, K.
Ghafoor, H.A.S. Algah, M.A. Elkareem, Optimization of
ultrasound-assisted extraction of phenolic compounds
and antioxidant activity from Argel (Solenostemma argel

Egypt. J. Chem. 64, No. 6 (2021)

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Hayne) leaves using response surface methodology
(RSM), J. Food Sci. Technol. 57 (2020) 3071-3080.
https://doi.org/10.1007/s13197-020-04340-6.

L. Dumitrascu, E. Enachi, N. Stanciuc, I. Aprodu,
Optimization of ultrasound assisted extraction of
phenolic compounds from cornelian cherry fruits using
response surface methodology, CyTA - J. Food. 17
(2019) 814-823.
https://doi.org/10.1080/19476337.2019.1659418.

G. Aguilar-Hernandez, M. De Lourdes Garcia-Magafia,
M. De los Angeles Vivar-Vera, S.G. Sayago-Ayerdi, J.A.
Sanchez-Burgos, J. Morales-Castro, L.M. Anaya-
Esparza, E.M. Gonzélez, Optimization of ultrasound-
assisted extraction of phenolic compounds from annona
muricata by-products and pulp, Molecules. 24 (2019) 1—
15. https://doi.org/10.3390/molecules24050904.

L.Y. Ng, Y.K. Ang, H.E. Khoo, H.S. Yim, Influence of
different extraction parameters on antioxidant properties
of carica papaya peel and seed, Res. J. Phytochem. 6
(2012) 61-74.
https://doi.org/10.3923/rjphyt0.2012.61.74.

A. Ciric, B. Krajnc, D. Heath, N. Ogrinc, Response
surface methodology and artificial neural network
approach for the optimization of ultrasound-assisted
extraction of polyphenols from garlic, Food Chem.
Toxicol. 135 (2020) 110976.
https://doi.org/10.1016/j.fct.2019.110976.

D.P. Xu, J. Zheng, Y. Zhou, Y. Li, S. Li, H. Bin Li,
Ultrasound-assisted extraction of natural antioxidants
from the flower of Limonium sinuatum: Optimization
and comparison with conventional methods, Food Chem.
217 (2017) 552-559.
https://doi.org/10.1016/j.foodchem.2016.09.013.

H. You, B. Ireland, M. Moeszinger, H. Zhang, L. Snow,
S. Krepich, V. Takagawa, Determination of bioactive
nonvolatile ginger constituents in dietary supplements by
a rapid and economic HPLC method: Analytical method
development and single-laboratory validation, Talanta.
194 (2019) 795-802.
https://doi.org/10.1016/j.talanta.2018.10.075.

C.H. Druckerei, European Pharmacopceia, 4th ed,
NOrdlingen, Germany: Beck, 2002.

D.W. Connell, M.D. Sutherland, A re-examination of
gingerol, shogaol, and zingerone, the pungent principles
of ginger (Zingiber officinale Roscoe), Aust. J. Chem. 22
(1969) 1033-1043. https://doi.org/10.1071/CH9691033.
N. Shoji, A. lwasa, T. Takemoto, Y. Ishida, Y. Ohizumi,
Cardiotonic principles of ginger (Zingiber officinale
Roscoe), J. Pharm. Sci. 71 (1982) 1174-1175.
https://doi.org/10.1002/jps.2600711025.

S.K. Kumari, I.. Babu, G. Rao, Process optimization for
citric acid production from raw glycerol using response
surface methodology, Indian J. Biotechnol. 7 (2008)
496-501.

A. Amiri, M.R. Sabour, Multi-response optimization of
Fenton process for applicability assessment in landfill
leachate treatment, Waste Manag. 34 (2014) 2528-2536.
https://doi.org/10.1016/j.wasman.2014.08.010.

Q.K. Beg, V. Sahai, R. Gupta, Statistical media
optimization and alkaline protease production from
Bacillus mojavensis in a bioreactor, Process Biochem. 39
(2003) 203-2009. https://doi.org/10.1016/S0032-
9592(03)00064-5.

O. Shechtman, The Coefficient of variation as an index
of measurement reliability, in: Methods of clinical
epidemiology reliability, Springer Verlag: Berlin, 2013.
https://doi.org/10.1007/978-3-642-37131-8 4.

F. Li, Y.D. Mao, Y.F. Wang, A. Raza, L.P. Qiu, X.Q.
Xu, Optimization of ultrasonic-assisted enzymatic
extraction conditions for improving total phenolic
content, antioxidant and antitumor activities in vitro from
Trapa quadrispinosa Roxb. residues, Molecules. 22



https://doi.org/10.1016/j.jep.2011.01.035
https://doi.org/10.1080/13880209.2017.1286358
https://doi.org/10.1097/00008877-200205000-00008
https://doi.org/10.1002/jsfa.9009
https://doi.org/10.1007/s11418-019-01372-x
https://doi.org/10.1177/1934578x1400900736
https://doi.org/10.1016/j.jep.2004.09.009
https://doi.org/10.1039/c7fo01354j
https://doi.org/10.4062/biomolther.2018.089
https://doi.org/10.1186/s12906-017-1837-6
https://doi.org/10.1371/journal.pone.0120203
https://doi.org/10.3390/molecules15107313
https://doi.org/10.1016/j.ultsonch.2018.07.018
https://doi.org/10.3390/molecules24162994
https://doi.org/10.1007/s13197-020-04340-6
https://doi.org/10.1080/19476337.2019.1659418
https://doi.org/10.3390/molecules24050904
https://doi.org/10.3923/rjphyto.2012.61.74
https://doi.org/10.1016/j.fct.2019.110976
https://doi.org/10.1016/j.foodchem.2016.09.013
https://doi.org/10.1016/j.talanta.2018.10.075
https://doi.org/10.1071/CH9691033
https://doi.org/10.1002/jps.2600711025
https://doi.org/10.1016/j.wasman.2014.08.010
https://doi.org/10.1016/S0032-9592(03)00064-5
https://doi.org/10.1016/S0032-9592(03)00064-5
https://doi.org/10.1007/978-3-642-37131-8_4

3160 R. M. Abdou et.al.

(2017) 396. https://doi.org/10.3390/molecules22030396.

[34] N.F. Azahar, S.S.A. Gani, N.F. Mohd Mokhtar,
Optimization of phenolics and flavonoids extraction
conditions of Curcuma zedoaria leaves using response
surface methodology, Chem. Cent. J. 11 (2017) 1-10.
https://doi.org/10.1186/s13065-017-0324-y.

[35] H.T. Vu, CJ. Scarlett, Q. V. Vuong, Maximising
recovery of phenolic compounds and antioxidant
properties from banana peel using microwave assisted
extraction and water, J. Food Sci. Technol. 56 (2019)
1360-1370. https://doi.org/10.1007/s13197-019-03610-
2.

[36] L. Yang, Y.L. Cao, J.G. Jiang, Q.S. Lin, J. Chen, L. Zhu,
Response surface optimization of ultrasound-assisted
flavonoids extraction from the flower of Citrus
aurantium L. var. amara Engl, J. Sep. Sci. 33 (2010)
1349-1355. https://doi.org/10.1002/jssc.200900776.

[37] M. Bimakr, R.A. Rahman, F.S. Taip, N.M. Adzahan,
M.Z. Islam Sarker, A. Ganjloo, Supercritical carbon
dioxide extraction of seed oil from winter melon
(Benincasa hispida) and its antioxidant activity and fatty
acid composition, Molecules. 18 (2013) 997-1014.
https://doi.org/10.3390/molecules18010997.

[38] A. Altemimi, D.G. Watson, R. Choudhary, M.R. Dasari,
D.A. Lightfoot, Ultrasound assisted extraction of
phenolic compounds from peaches and pumpkins, PLoS
One. 11 (2016) e0148758.
https://doi.org/10.1371/journal.pone.0148758.

[39] M.A. Rostagno, M. Palma, C.G. Barroso, Ultrasound-
assisted extraction of soy isoflavones, in: J. Chromatogr.
A. 1012 (2003) 119-128. https://doi.org/10.1016/S0021-

9673(03)01184-1.

Egypt. J. Chem. 64, No. 6 (2021)


https://doi.org/10.3390/molecules22030396
https://doi.org/10.1186/s13065-017-0324-y
https://doi.org/10.1007/s13197-019-03610-2
https://doi.org/10.1007/s13197-019-03610-2
https://doi.org/10.1002/jssc.200900776
https://doi.org/10.3390/molecules18010997
https://doi.org/10.1371/journal.pone.0148758
https://doi.org/10.1016/S0021-9673(03)01184-1
https://doi.org/10.1016/S0021-9673(03)01184-1

