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Introduction: Iran is one of the main centers of date processing. The development of the industry leads to the
production of a large amount of waste. Recycling the waste can reduce environmental and health concerns,
besides it will create added value. One of the most important of date wastes is date seed which, depending on
the date variety, represents about 10-15% of the weight of the fruit. Date seed is mainly used as animal feed.
However, it is rich in bioactive compounds (e.g., carotenoids, tocopherols, and polyphenols). Despite the
diversity of plant bioactive compounds, the use of these valuable substances in the food industry is limited due
to the instability in adverse conditions and their poor water-solubility. Encapsulation is a good way to preserve
these compounds. Freeze-drying is one of the best methods for the encapsulation of heat-sensitive bioactive
compounds such as phenolic compounds. Regardless of the encapsulation method, various biopolymers can be
used to encapsulate the phenolic compounds. The type of wall materials may affect the encapsulation efficiency
of bioactive compounds and the morphology of the final powders. In the present study, soy protein concentrate
in combination with maltodextrin was applied as an available and cost-effective material for encapsulating the
bioactive compounds of date seed extract. Therefore, the present study aimed to investigate the effect of the type
and ratio of wall materials on the physicochemical characteristics of the encapsulated date seed extract isolated
by a combination method of ultrasound- and microwave-assisted extraction methods.

Materials and Methods: Date seed (Phoenix dactylifera L. cv Kabkab) were obtained from a local date syrup
manufacturer in Farashband region (Fars Province, Iran). The seeds, after being washed, soaked in water for 48
hours, air dried and roasted at 180 °C for 20 minutes. The date seeds ground into a fine powder and passed
through a sieve mesh 40. Date seed extract was isolated based on a combination of ultrasound assisted
extraction (25 £ 5 °C for 15 minutes) and microwave assisted extraction (2.30 minutes). Phenolic compounds of
the extract were identified by high-performance liquid chromatography (HPLC). The encapsulation process of
date seed extract was done based on the freeze-drying method. Soy protein concentrate and maltodextrin were
used as wall materials individually and in combination at different ratios (M(100): Maltodextrin 100 %; S (100):
Soy protein concentrate 100 %; MS (75:25): Maltodextrin: Soy protein concentrate (75: 25 % w/w); M(100):
Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (50:50): Maltodextrin: Soy protein
concentrate (50: 50 % w/w); MS (25:75): Maltodextrin: Soy protein concentrate (25: 75 % w/w)). The
morphology of obtained microparticles were determined by scanning electron microscope (SEM). Moisture
content, water activity, bulk density, solubility index, morphology of microparticles, and encapsulation
efficiency were measured based on standard methods. Moreover, the stability of phenolic compounds during 5
weeks storage at 35°C was also evaluated. All experiments were conducted in triplicate. ANOVA/General
Linear Model (GLM) was used for statistical analyses. The significant differences between the means were
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tested by Tukey’s test (P < 0.05). Statistical calculations were accomplished in Minitab software (version 20,
Minitab Inc. Pennsylvania, USA).

Results and Discussion: Gallic acid (536.87 mg 100 g™ dEx), ferulic acid (92.58 mg 100 g* dEx) and
Chlorogenic acid (79.23 mg 100 g™ dEx) were the three most phenolic compound and catechin (214.79 mg 100
g? dEx), Rutin (102.11 mg 100 g™ dEx) and Hesperedin (36.25 mg 100 g™ dEx) were the major flavonoid
compounds identified in date seed extract based on HPLC analysis. The moisture content of all obtained
powders was between 1.69 and 1.88%. Water activity less than 0.3 helps to maintain the quality of powders.
Less free water decreases the growth of microorganisms and biochemical activity and increases the shelf-life of
food products. The amount of aw of different particles was between 0.12 (MS(25:75)) to 0.17 (M(100)). The
type of wall material had no significant effect on the moisture content and water activity of microcapsules. The
bulk density of the encapsulated particles of date seed extract varied from 0.232 to 0.178 g cm, which the only
significant difference was observed between the M(100) and S(100) samples. The highest and lowest solubility
index were observed in M(100) (89.35 %) and S(100) (74.33 %), respectively (P < 0.05). The date seed micro-
particles showed a heterogeneous and irregular structure with flake- and sheet-shaped morphology. Several
cracks are also visible on the surface of the particles, especially in M(100) sample. The encapsulation efficiency
of various microparticles were between 79.41-88.27 %. The best encapsulation efficiency was achieved when a
combination of maltodextrin and soy protein (especially with a ratio of 50:50 % w w-1) was used as the wall
material of microcapsules. The difference between the encapsulation efficiency of MS(50.50) with MS(75.25)
and S(100) was not significant at the 5% level. Probably, the high solubility of maltodextrin has improved the
encapsulation efficiency of soy protein. Encapsulation of date seed extract (regardless of the type of wall) was
able to preserve phenolic compounds during storage. While 68.88% of the phenolic compounds of the free date
seed extract were destroyed after 35 days of storage at 35 °C, the encapsulation process resulted in retaining
61.79% (M(100)) to 76.69% (MS(50.50)) of the phenolic compounds of date seed extract.

Conclusions: Overall, due to the appropriate solubility, low moisture water activity and the ability to preserve
phenolic compounds of date seed extract, these microparticles have a good potential to be used in food
formulations including desserts, bakery products, and beverages. Therefore, date seed extract encapsulated in
maltodextrin-soy protein (especially MS(50.50)) could be proposed as an efficient and cost-effective bioactive
compound to preserve different food products and improve their nutritional. Encapsulated date seed extract can
be used in the formulation of caffeine-free coffee substitute. More research is required to investigate the
performance and stability of these extracts in food formulations.
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Table 1. Identification of flavonoid and phenolic compounds in roasted date seed extract by HPLC analysis

Polyphenols Flavonoids
. RT Amount . RT Amount
Coii Al (min) (mg 100 g™ dEX) Eiglinjp B (min)  (mg 100 g dEX)
1 Gallic acid 3.68 536.87 10 Catechein 8.34 214.79
2 Chlorogenic acid 10.24 79.23 11 Rutin 12.9 102.11
3 Caffeic acid 11.66 11.03 12 Hesperedin 18.5 36.25
4 Syringic acid 12.46 66.22 13 Rosmarinic acid 19.4 1.32
5 Vanilin 13.4 17.23 14 Quercetin 21.6 61.61
6 p-Coumaric acid 15.1 10.12 15 Hesperetin 224 10.40
7 Trans-ferulic acid 16.4 92.58
8 Coumarin 17.4 2.48
9 Ellagic acid 18.8 7.84
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Table 2- the effect of wall material on moisture content (%), water activity, bulk density (g cm™) and solubility index (SI) of date seed

microcapsules
Wall material E\gl/((; Aw (g?:r?ﬁ) (g’/(l))
M00) 1.88+0.08° 0.170+0.02% 0.232+0.02° 89.35 +0.837
S(00) 1.69+0.14° 0.137+0.02° 0.179+0.03° 69.20 +1.40¢
MS75.25) 1.80+0.06° 0.140+0.03% 0.211+0.01%* 80.37+0.86"
MSs0:50) 1.7740.06° 0.126+0.03* 0.195+0.01%° 78.53+1.14°
MS 575 1.68+0.06° 0.123+0.01% 0.178+0.01° 74.33+1.07°

Mean + standard deviation (n=3); Different superscripts within the same column indicate significant difference (P < 0.05)
M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate
(75: 25 % wlw); MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w); MS (25:75): maltodextrin: soy protein

concentrate (25: 75 % w/w)

MC: moisture content; aw: water activity; BD: bulk density; SI: solubility index
P < o] 0) cal (5 o cine Dslis aimd Lis (gm0 ilitre o eV (LS ¥) Jlae Bl £ - Silo
b gy 0,8LasS 0 S Sgille ;MS (75:25) €/ + + Lgw iy 0,5LucS :S (L00)€/) + + py y2uS 3 5:0le 2M(100)
MS  t((Hj9 2 (5539 9oy B0 :00) by (g 1 0 53luiS 10 ;S 3520l :MS (50:50) #(( 539 » (S9 20)s VO :VO)
($39 2 (Fr9 2250 YO TB) biga (a9 0,0l 0 1S 091l 1(25:75)
Cl> asls S g alls ails BD ¢ ol cullsd AW tCagh ) (slyios :MC

Slisngey, old sl [F] 0,108 oo b 5
Logo ol w55 5 Lo o cnimSagidle o ond
035 )90 (SEM) sy, (39Sl CooSimg S 51 oolictn]
s (1) S50 )0 ladiged polai a5 8,5 )18 = 4
oads fSas whd cul i &5 jeboles ol

O3 s59la990 F.YY
ot sooasls o] olail je5 5 Slidn, (s5als8 500
e HESle s b S 5,500 CukeS S 0
el Sl (Slign, anulp ks &l gy Soe
o JgmnsS 9,500 ((SoSTy g Codliw aiile) (oliosdogS, 58



SIS slo g ates ) Jols ojlas Slisys,05,

RUL CLP RIS v

&
N
s Ll ol o 0,5 sbul 1y 5in S5 Ly o, lele
052y Sy oojlas gl Gonzdlez-Ortega lawg  golie
OSSES gy @) eI dgille jo eald gy,
Sy90 ikie idg lge LFV] w35 55 (solexl
syl 5 659058550 olml cel Glbgin, sl oolanl
Ll Felate olyd o3l

wolezl (S Sz SaS a4 oad 4y LS gojladl
gl byl s 4 olyd S 5 ojlal ke 4 ol ooglas
Wad oo Glid el cpl aee N opm I 5SS S
e s S g b Sl 08,57 j0g a0l )8
odal s 4 &l (goslail anslie .ol Sguge 0,3 ojlusl
oslail Ty el Slado v umgh plo b pol> umgh o
Al Slandal s oolo 45 w0l oole Jgo,8 4 )3
9 48, 1 4 e ojll Sage aee 5l Slisiiyssen,
Lea] el annly 9,8 Sy GlwT s

{7
SEMHV: 5.0kV

WD: 9.01 mm
Det: SE
Date(mv/d/y): 08/10/22

View field: 132 pm
SEM MAG: 1.00 kx

WD 9.03 mm
Det: SE

2 ) Date(mvdy) 08/1022

A W UK gla8yg 5 ondd cplaial o Kanl (g Ll
3 5 @Sy atee Al 4SS leass 4l
P Sl ezl 0yt pia 4 SIS gl
J;&o S8 L OM@LABJQB)Q)J) ul)b LS‘)" ).u
anld Jsb o LEV-F0 Y¥] ol oot 355 solel
Jsle iz obel 4 e A odmal 05 S
slaad wil S 3l Gulele a 09l o o

LEA] a8 o ol 1) Too (slo Jobos (5ol
S8 5 S 03 ojll sl S(A00)wiges e il o
Shir bl @ plgee | el Gl e 65 G
2455y 9> S o] oz § M(L00) (sl Jgmr s Se
S b CryeSogille polie ol slaggendsel YL
dged 0 F 5,5 Ol ojlal 5 DS mess o Wil e
o3l Kew il j3jsSans Jsle 4> ,a .Zewl M(100)
Sl wmed LFA] ol 5oS ad S ) G @3
S S S oAl yeSeslle ) ol

S
SEM HV: 5.0kV
View field: 130 pm
SEM MAG: 1.00 kx

Date(m/d/

Date(m/d/y): 081022

E 5 MS (50.50) (D $MS (75.25) (C :S(100) (B M(100) (A Lo ,5 e o,las S35, (Shslsdrze  indsy LS 5 g5 3l (1) S

MS(25.75)
M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % wiw);
MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w); MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)

Fig. 1 The effect of wall material type on the morphology of date seed microparticles A) M100; B) S(100); C) MS(75.25); D) MS(5050)
and E) MS(25.75)
M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % w/w);
MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w); MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)
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M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % w/w);
MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w); MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)
Fig 2. The effect of wall material type on the encapsulation efficiency of date seed microparticles
M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % w/w);
MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w); MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)
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M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % w/w);

MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w);

MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)

Fex: free (non encapsulated) extract of date seed
Fig 3. The effect of wall material on the phenolic compound’s stability of date seed microparticles
M(100): Maltodextrin 100 %; S (100): Soy protein concentrate 100 %; MS (75:25): maltodextrin: soy protein concentrate (75: 25 % w/w);

MS (50:50): maltodextrin: soy protein concentrate (50: 50 % w/w);

MS (25:75): maltodextrin: soy protein concentrate (25: 75 % w/w)

;ex: free (non encapsulated) extract of date seed
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