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2. Response surface methodology
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Table 1. Face-centered central composite design (CCD) experimental design with natural independent variables and
experimental data for the observed responses.

Jors sla e [N C‘”L
il Independent variables Responses
O Les dol= 4 mle
Run o "t C
(Ruw) (Time (Temperature (LS ratio TEY® TPC® TFC* ICs
min; A) °C; B) mL g'; C)

1 165 50 10 50.8781 9.18 1.59 26554.8
2 165 30 25 71.6161 11.65 2.43 20306.2
3 165 70 25 72.0429 11.21 2.92 28209.5
4 165 50 25 71.8295 13.02 2.74 24266.7
5 300 30 10 50.5658 8.66 1.42 22667.7
6 30 30 40 77.2394 14.03 2.96 16911.6
7 165 50 25 72.1302 12.81 2.68 26297.3
8 300 70 40 77.8223 12.42 3.93 28608.6
9 30 70 40 77.3122 14.05 3.80 21954.6
10 165 50 25 72.0856 12.68 2.64 25000
11 165 50 40 76.968 14.38 3.33 23339.7
12 30 70 10 50.4783 8.75 2.15 24308.4
13 30 50 25 72.1709 13.63 3.10 20575.5
14 300 30 40 76.9479 13.37 3.10 19534.9
15 30 30 10 50.7781 8.76 1.64 19505.8
16 300 50 25 72.6831 13.01 2.90 28123.4
17 300 70 10 51.3028 8.23 1.99 34021.3
18 165 50 25 72.0002 12.59 2.68 25800

ol open S22 035 p S V0 (Sl i o jlas 08 e IS ]Sl 03l

obae St osle oSy SIS ol 05w Dslae oy IS U a0

eobas St esla o 5 i 35S 08 e dolas e IS A3 5500 ke ©

A ez 2855k v DPPH ST UGl (55133k doss 0w Oy (12 35 3550 0 lae el

2Total extraction yield is grams of dry extracts per 100 g of dry weight of jujube fruit.
b Total polyphenols content by mg Gallic acid equivalent /g of extract dry weight.

¢ Total flavonoid content by mg Quercetin equivalent /g of extract dry weight.

4 The extract concentration required to 50% inhibition of DPPH®; pg/mL.
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Table 2.The correlation extent between response variables actually assessed during heat-assisted extraction.

la st ls Sser ol 2
(ndices) (Correlation coefficients, R?)
TEY? EY? TPC* TPY4 TEC* TFY'

TEY - 1 0.99 0.91 0.91 0.79
EY 1 - 0.99 0.91 0.92 0.79
TPC 0.99 0.99 - 0.87 0.91 0.8
TPY 0.91 0.91 0.87 - 0.86 0.7
TFC 0.92 0.92 0.91 0.86 - 0.57
1Cs08 0.05 0.06 0.04 0.11 0.13 0.003

A e Ve s S esle 05 o il 03300 e e 3T S 05 8 Ve L it ojlas 0 S e IS s el
05 2 SIE dol 0 8 s Jsbas oy JS 3 518 (PPN s jlas 2 S s SIS dwl 0,5 e oles e IS b 5l s jlas
05 e Jolas oy I 435506 Sl T LPPM) 5las 1) G s 5 05 e Jobas oy S 43500 S o jlas i a3l

A e o855 i p DPPH ST JSGsl; 65133k s 00 4 0wy 8 5L 3590 ojlae ke ® o jlae St oslo o S 1 i S

Total extraction yield (TEY) is grams of dry extracts per 100 g of dry weight of jujube flour. ® Extraction yield (EY)
is grams of dried extract in 100 mL of the sample. © Total polyphenols content by mg Gallic acid equivalent /L of
extract (ppm). ¢ Total polyphenols content by mg GAE/g of extract dry weight. © Total flavonoid content by mg
Quercetin equivalent /L of extract (ppm). ¢ Total flavonoid content by mg Quercetin equivalent /g of extract dry
weight. ¢ The extract concentration required to 50% inhibition of DPPH® by pg/mL.
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Table 3. ANOVA results of regression models estimated from central composite design for heat-assisted extraction of
polyphenols from jujube fruit mill.

JSJ_}ZJ%)UL JSC\M'“\ujL. .
. . J:M
Regression Total phenol content RegreSSionTotal extraction yield ANOVA
Coofficient P-Value F-value Coofficient P-Value F-value Source
12.77 <0.0001 347.61 72.03 <0.0001 9655.28 Model
Ol -A
-0.35 0.0001 50.50 0.13 0.0242 7.69
(A-Time)
Ls -B
-0.18 0.0062 13.52 0.18 0.0057 13.98
(B-Temp.)
2.47 <0.0001 2490.59 13.23 <0.0001 74590.95
(C-LSY)
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@ The extract concentration required to 50% inhibition of DPPH®; ® Liquid-to-solid ratio (v/w); ¢ Coefficient of
variation; ¢ Adjusted determination coefficient; ¢ Predicted determination coefficient.
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Figure 1. Response surface plots showing combined effects of HAE parameters, namely time (A), temperature (B)
and liquid-to-solid ratio (C) on total extraction yield (a), total polyphenols content (b-c), total flavonoid content (d-e)
and ICso (f). For each surface plot, the other variable was kept constant at the central level.
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Table 4. Validation of results for quadratic models obtained from CCD in optimization experiments, as well as
representing the experimental results for the other probable extractions procedures.

, ol sl gl 2
s el polie & - L el
o (Response values) (Optimum conditions) Tr e
gl el Response )
WA N PERWY 5| s, “\”L?‘”'GL" le (ai33) Ol
‘ 20 ol o s o (Liquid-to- 2 “23) ) (variables
Hydroethanolic (Actual) (Estimated) Sqoli d) (Temp., °C)  (Time, min)
per gl S gl
Heat-assisted extraction (HAE)
79.44£0.15 2 77.67+£0.17° 77.28 TEY"
15.56+0.53 * 13.93+0.51° 14.38 TPC*
39.99:1 66.88 30
12.07£0.11 2 4.56+0.02° 3.76 TFC¢
14831.33+612° 21577.64+5342 21360.91 ICso°

2 JS gl u;u,b._),;uujgw}bwpgiwwwg&uﬁéﬂn old g Ll 3 3 (Ao £0) T JSBIL ol S ol sl
d.e)w&ﬁiiaau(ﬁjg p@@@'(ﬁ&w\):wWfJSJ)J)UMCVL&bﬂJ)I&A}Q)J r_}f\" 6|)L&AZ>A)L2$(J§W
Iy ulosl Aoy 0w Ol &l W 3530 oslas ClalE s jlas i o3l (ij:uwfji tﬁwd:wwﬁy.@)&ﬁ)ﬂé)lm

A e oS58 e DPPH 5151

@ Hydroethanolic HAE in optimal conditions obtained from HAE for comparative purposes.  Total extraction yield is
grams of dry extracts per 100 g of dry weight of jujube flour. © Total phenol content by mg gallic acid equivalent /g
of extract dry weight. ¢ Total flavonoid content by mg quercetin equivalent /g of extract dry weight. ¢ The extract
concentration required to 50% inhibition of DPPH®; pug/mL.
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Abstract

Background and objectives: Many of the biological functions of jujube fruit could be due to
its antioxidant compounds. However, antioxidants and antioxidant capacity of fruits could be
affected by several factors, such as cultivar, agronomic condition, postharvest manipulation, and
maturation of fruit. The aim of the present study was to optimize the conditions used in
extraction of aqueous extract from jujube cultivated in Iran, as well as comparing amounts of
jujube bioactive compounds with both hydroethanolic extract and literature.

Materials and methods: Response surface methodology was used to determine optimal
amounts of independent variables, namely liquid-to-solid (L/S) ratio (v/w), extraction period,
and temperature. Therefore, The samples were extracted using water, in well-sealed flasks with
different L/S ratios ranging from 10:1-40:1 for specific extraction periods ranging from 30-300
min, where the temperature of the extraction medium ranged between 30 and 70 °C (within + 1
°C) under constant stirring, (250 rpm). Finally, the responses, including total extraction yield,
total phenol content (TPC), total flavonoid content (TFC) and ICso, determined in optimal
extract was compared with those determined in hydroethanolic extract or BHT synthetic
antioxidant.

Results: The TEY, TPC, TFC and ICso in the extracts from HAE process were ranged from
50.48 to 77.97%, 8.23 to 14.38 mg GAE/g of extract dry weight, 1.42 to 3.93 mg Quercetin
equivalent/g of extract DW), and 16911.6 to 34021.3 ug/mL, respectively. The optimum HAE
conditions included an extraction time of 30 min, temperature of 66.88 °C, and 40:1 liquid-to-
solid ratio, resulting in the maximum TEY (77.67%), TPC (13.93 mg/g), TFC (4.56 mg/g) and
minimum ICso (21577 pg/mL). When aqueous ethanol (60%) was used as solvent during
extraction process, 1.22-, 2.65- and 1.45-fold increase were observed in the amounts of TPC,
TFC and antioxidant capacity, respectively. the radical-scavenging activity (free radical
inhibition percentage) of the optimum jujube extract at concentration of 10000 ppm (33.08%)
was found to be approximately equivalent to that measured for 500 ppm concentration of BHT
(35.57%).
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Conclusion: High levels of bioactive compounds were detected in the aqueous and
hydroethanolic extract from jujube. These extracts are not suggested to be used as alternative for
synthetic antioxidants due to their low levels of antioxidant capacity, as well as contradictory
reports for jujube antioxidant capacity which is changed depending on fruit ripening and
postharvest condition. However, the jujube fruit flour or extracts could be used as functional

additive in enrichment of food products.

Keywords: Jujube fruits; Optimization of aqueous extract; Response surface methodology;
Hydroethanolic extract; Synthetic antioxidant.
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