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Enhancing microwave-assisted extraction of phenolic compounds from
Salacca zalacca fruit peel, assessing antioxidant activity and formulation

in sunscreen sticks
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Abstract
The objective of this research was to determine the optimal conditions for the microwave-assisted extraction
of total phenolic compounds from the peel of Salacca zalacca, and to evaluate the antioxidant activity of the extracts

including the stability of the sunscreen stick after incorporating the extract as a key ingredient. The conditions studied
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included the solid-to-solvent ratios (4:40, 8:40, 12:40 and 16:40 g/mL), microwave power levels (200, 400, 600 and 800
watts) and the number of cycles, each lasting 30 seconds. The optimal conditions were identified as a solid-to-solvent ratio
of 4 g peel to 40 mL ethanol, 3 extraction cycles and a microwave power of 600 W. The analysis of total phenolic contents using
the Folin-Ciocalteu method and the evaluation of antioxidant activity using the DPPH assay revealed that the S. zalacca
peel extract, prepared under the scaled-up extraction conditions, contained 86.25 mg GAE/g extract of total phenolic
compounds. The extract exhibited 50% radical scavenging activity of 19.17 ug TAE/mL and the extraction yield was 68%.
The findings suggest that S. zalacca peel extract holds potential for developing sunscreen stick formulations due to its
strong antioxidant properties. When incorporated into the sunscreen stick formulation, the extract maintained good

homogeneity after 7 days at temperatures of 25°C and 45°C. However, further studies are required to assess the stability

and efficacy of sunscreen sticks containing S. zalacca peel extract under different environmental conditions.
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formulation (%w/w)

ingredients function
F1 F2 F3

propylene glycol solvent, emollient 1 1 1
water solvent 19.77 14.77 9.77
witch hazel astringent pore tightening 5 5 5
pure-Succinic™ anti acne 2 2 2
phenoxyethanol SA preservative 1 1 1
papaya Extract antioxidant 0.50 0.50 0.50
zinc oxide sunscreen 6.68 6.68 6.68
oMC sunscreen 6.68 6.68 6.68
titanium dioxide sunscreen 3.33 3.33 3.33
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Table 1 Formulation of sunscreen stick (continue).

formulation (Y%ow/w)

ingredients function
F1 F2 F3

oxybenzone sunscreen 2.64 2.64 2.64
BEMT sunscreen 0.70 0.70 0.70
shea butter moisturizer 1 1 1
ozokerite wax thickener 6 6 6
synthetic white wax thickener 5 10 15
LipidSoft™ Lite emollient 15 15 15
olive ol antioxidant 3 3 3
sunflower oil moisturizer 1.50 1.50 1.50
tree tea oil anti inflammation 1.50 1.50 1.50
mineral oil moisturizer 3 3 3
jojoba oil moisturizer 3 3 3
cetearyl alcohol stabilizer 1 1 1
vitamin E antioxidant 0.50 0.50 0.50
polymethyisilsesquioxane soft-focus 3 3 3
xanthan gum thickener 0.20 0.20 0.20
hydrogenated castor oil moisturizer 5 5 5
Oil Blender™ emulsifier 2 2 2
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AfNNLATIa TR 98 (stability testing chambers)

a
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a

722 ﬂﬂ@‘&maﬂ&llﬁa&l (Annen) AALTA
UABANA <60 DIANLIALTS

NADNAIDENIANTUN WA A UL VIR b1
fninefliiazae qunsvidizmeiluiiimedaslu
o ] o o 59; b4 Y @ o o 1 o o U ug;
fnatinanniy A9l dndaatinanTunsa N

IS a I'e = s v

wastudimasaanaindninasuaaldaslunaan

v

noaaadlnaliifatnaii fuatmilafiuiaennaaag

1
ada o 1 o o

ﬁﬂﬂLLﬂuﬂ'Nﬁyﬁﬂuﬂuﬁnqmmw FRREAN T
VABNAZANENEARINTNGN 3 AXS uEavnAniade
8. NFIATIENdRYS
N199LATIZUNNAIUNINITNAADY 31
(mma'ﬂiSD) Apgzinnulslsauresdaya
(analysis of variance; ANOVA) 1AEN1TINLELNNT
NAABNLLLL completely randomized design (CRD)
NARELANNUANANSRIANLRRL TnEAT Turkey's test

NazAuriedAty 0.05

Table 2 Total phenolic contents and antioxidant

extracted using various methods.

NANIFANE

1. MsAnEMEnsanaTiuanzanlunng
anngrsdsznaunuaananilaandas

NN9ANHINATRIITN1TAT AN TU sENAY
AuadnannuailaenaasAoadanisanmnfae
n1swdndn n1saTAA283T UAE Lazn13ann
Fq838 MAEAINN1SANHINULNATNN94R A
foadt lulasianidiurniuednsanluansann
qaanet19llad1Ayn19ana (Table 2) Tned
NaRARTRHaT 43 UTnnmanslsznauuednsau
87.54 mg GAE/g extract dleflauduasniaaia
FneRRnsutmnuaz s nENeAa UAE uaziile

a

ﬁmmmmwmqméﬁm@%mmmmmmﬁm
Waenday WudnNAEn124inRaa3s MAE JAn
ANNANNNID NI U UNADATTAIRA TBIAINN
Ae NN3ANAAYE3T UAE Wazn1sananisuandn
AuaAU TaeaflAn 1C,, Winfiu 28.83, 30.04 uaz
38.57 ug TAE/ML ANNAN R FauAsdaLaan
Fansanauun MAE lAnEnvnaninsiimans as
lunnraimansdszneuuednainualasnaas

sl

activity of Salacca zalacca fruit peel extracts,

total phenolic contents antioxidant activity

extraction methods % Yield

(mg GAE/g extract) IC,, (g TAE/mL)
maceration 38 76.12°+0.00 38.57°+2.14
ultrasound assisted extraction (UAE) 40 82.23°+0.00 30.04°2.92
microwave assisted extraction (MAE) 43 87.54°+0.00 28.83°+2.32

remark: means followed by the same letter within a column are not significantly different according to Turkey’s test,

values of p<0.05 were considered statistically significant.
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Table 3 Total phenolic contents and antioxidant activity of Salacca zalacca fruit peel extracts,

extracted with the microwave-assisted extraction using various powders to solvent ratios.

total phenolic contents

antioxidant activity

powders to solvent ratios (g/mL) % Yield

(mg GAE/g extract) IC,, (Mg TAE/mL)
4/40 41 84.35°+0.02 29.93°+2.87
8/40 44 81.42°+0.01 32.82°+2.21
12/40 46 79.15°+0.00 53.24°+1.40
16/40 59 78.65°+0.00 63.35"+1.32

remark: means followed by the same letter within a column are not significantly different according to Turkey’s test,

values of P<0.05 were considered statistically significant.
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Table 4 Total phenolic contents and antioxidant activity of Salacca zalacca fruit peel extracts,

extracted with the microwave-assisted extraction using various irradiation powers.

total phenolic contents antioxidant activity

irradiation power (Watt) % Yield

(mg GAE/g extract) IC,, (Mg TAE/mI)
200 37 39.72°+0.00 37.51°+3.24
400 32 46.22°+0.00 40.16°+2.45
600 41 98.35"+0.00 27.93°+0.42
800 33 91.54°+0.00 43.87°+3.02

remark: means followed by the same letter within a column are not significantly different according to Turkey’s test,

values of P<0.05 were considered statistically significant.
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Table 5 Total phenolic contents and antioxidant activity of Salacca zalacca fruit peel extracts,

extracted with the microwave-assisted extraction using various irradiation cycles.

total phenolic contents

antioxidant activity

irradiation cycles (Cycle) % Yield
(mg GAE/g extract) IC,, (Mg TAE/mL)
1 43 65.43°+0.00 33.04°+0.33
2 42 68.21°+0.00 39.21°+0.06
3 44 89.54°+0.00 29.32°+0.85
4 45 58.38°+0.02 44.15°+0.19

remark: means followed by the same letter within a column are not significantly different according to Turkey’s test,

values of P<0.05 were considered statistically significant.
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Table 6 Total phenolic contents and antioxidant activity of Salacca zalacca fruit peel extracts,

extracted with the microwave-assisted extraction using various scales.

total phenolic contents antioxidant activity

extraction Scale % Yield temperature (°C)

(mg GAE/g extract) IC,, (Mg TAE/mI)
small scale 45 70 84.12°+0.00 22.32°+0.85
large scale 68 75 86.25°+0.00 19.17°+1.11

remark: means followed by the same letter within a column are not significantly different according to Turkey’s test,

values of P<0.05 were considered statistically significant.

Table 7 Physical properties evaluation parameters of 3 basic sunscreen stick formulas.

specific
physical properties

base sunscreen stick

characteristics

formulation 1

formulation 2 formulation 3

color

soft white white soft white soft white
odor odorless odorless odorless odorless
moisture
glossy glossy glossy
(dry/glossy)
texture
slipperiness high spread low spread low spread

whiteness (+/-)

physical appearance of basic formular

'_

S——,

3

" whiteness + (white), — (non-white)
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ATNNULARALLUANNAITENALLURandas

NMTANENAMNAIAIATUNNNTWANLNTTS

WP NAN.IOA 17-2561 YRR FLIATHTLMARLLILT

P o 2 =
PHAVNANIRIGTAN AUARNEAE 1 %w/w iﬂﬁlﬂﬂ‘t‘m

=

PNNANFINIRIRNTL MY DMNRTASN (2541 BANSIALT 81

q a

WaTATUANR 45+1 agAnLtATed 19an 19U uaz 7 41
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Table 8 Physical properties of sunscreen stick formulas containing Salacca zalacca fruit peel

extract various storage conditions.

physical properties

storage
day N drooping point melting point
conditions whiteness oily color odor .
(mm) °C)
25+1 °C 0 - glossy white odorous - -
1 - glossy white odorous 0 30+2
7 - glossy cream odorous 0 3312
45+1 °C 0 - glossy white odorous - -
1 - glossy cream odorous 3.00+0.52 35+2
7 - glossy light brown odorous 4.50+0.52 34+2

" whiteness + (white), — (non-white), drooping point <5 mm, melting point<60 °C.

Table 9 Physical appearance of sunscreen stick formulas containing Salacca zalacca fruit peel

extract various storage conditions.

storage conditions

physical appearance

0 day 7 day 14 day
25+1°C
45+1 °C .
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