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Introduction: In the food industry, various fruits and vegetables are processed to produce value-added
products. Large proportions of waste resulting from these processes can cause a lot of environmental pollution.
Moreover, these residues are a rich source of valuable bioactive compounds and dietary fiber and efficient use
of them is important for both nutritional and environmental reasons. The olive oil process produces a solid
residue called olive pomace. Olive pomace has a high antioxidant capacity and is rich in dietary fiber (DF), oil,
and polyphenolic compounds. However, the soluble fiber level of the pomace is low and limits the use of this
fiber. Therefore, converting insoluble fiber to soluble can improve its health benefits and functional properties.
Fiber extraction conditions can lead to changes in the proportion and concentration of the soluble and insoluble
fiber, as well as the physicochemical and nutritional characteristics of these compounds. Chemical extraction
(by Acidic and alkaline solvents) is the most common method for fiber extraction. Damage to the fiber structure
can occur as a result of the harsh conditions during chemical extraction (temperature, process time, and pH). In
addition, these methods lead to environmental pollution. therefore, green extraction methods have received
great attention. Thus, the current research aims to compare the effect of green (enzyme- and ultrasound-assisted
extraction) and conventional (by acidic and alkaline solvents) extraction methods on the yield, chemical
composition, purity, and hydration properties of the dietary fibers obtained from olive oil pomace flour.
Furthermore, by replacing wheat flour with different amounts (0, 5, 10, and 15%) of the soluble fiber obtained
from the most appropriate method, the rheological (i.e., farinograph and extensograph) properties of the
resulting dough are also estimated.

Materials and Methods: The olive pomace was obtained from biomass residue of the olive oil process which
was defatted using the Soxhlet method. This olive pomace was dried in an oven at 50 °C until reaching a
moisture content of around 10%. The dried sample was grounded and kept in a dark bottle at 4 °C until the fiber
extraction process. Fiber extraction was done based on the acid solvent- (citric acid: pomace = 40: 1; 2 hours; 40
°C); alkaline solvent- (1% NaOH: flour = 40: 1; 2 hours; 40 °C); Ultrasonic- (0.5% NaOH: flour = 40:1; 1 hour;
40 °C; W 400) and enzyme- (a-amylase; protease; amyloglucosidase; cellulase; 4.5 hours; 40 °C) assisted
method. Then soluble and insoluble fiber was separated. Extraction yield, chemical composition (moisture, ash,
protein, soluble and insoluble fiber), water holding capacity, swelling power, and solubility index of soluble and
insoluble fiber were compared. The effect of supplementation of wheat flour with different amounts of soluble
olive pome fiber (0, 5, 10, and 15%) on farinographic (water absorption rate (%), dough development time
(min), stability time (min), softening degree (BU) and Flourgraph quality number) and extensograph (Resistance
to Extension (BU); Extensibility (mm), Energy (cm?) and rate number; at three resting time: 45, 90 and 135
minutes) properties of doughs were evaluated. Experiments were performed in three replicates and data were
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reported as mean * standard deviation. Collected data were subjected to a one-way analysis of variance using a
random factorial experimental design. The Significant difference between the means was determined by
Tukey’s test at P < 0.05.

Results and Discussion: The yield of olive pomace fiber was 74.79 -90.2 % which 12.12 -21.68 % of them was
soluble fiber. The lowest and highest TDF yield was recorded for ultrasound and enzyme-assisted methods,
respectively (P < 0.05). The acidic and alkaline conditions can lead to the hydrolysis of fiber into
oligosaccharides and monosaccharides, which reduces the fiber yield. The yield of the alkaline method was
more than the acidic one (P < 0.05). While there was no significant difference between the yield of IDF of acid
(64.99%) and the alkaline (64.67%) method, the SDF yield of the alkaline method (16.45%) was significantly
higher than the acidic (60.60%) one. The moisture content of SDF was more than that evaluated for IDF. The
ash and protein contents of IDF were higher than SDF. In the IDF, the lowest moisture content was reported for
the ultrasound method (P < 0.05). In the SDF, there was no significant difference between the moisture content
of fibers extracted by different methods (P > 0.05). The extraction method had no significant effect on the ash
content (P < 0.05). The lowest protein content was observed in the fiber extracted by the enzymic method (P <
0.05). Moreover, the SDF was purer than the IDF and the extraction method had no significant effect on the
fiber purity. The water holding capacity of the SDF (7.68 to 11.43 g g-1) was higher than the IDF (2.09 to 2.81
g g-1). Swelling power, solubility index and water holding capacity of olive pomace fiber showed a positive and
significant correlation with each other. The higher swelling power and solubility index was obtained for the
fiber extracted by the enzymic method due to the higher water absorption of this fiber. The lowest water holding
capacity, solubility, and swelling power were obtained for samples extracted by the ultrasound-assisted method.
The investigation of rheological properties of doughs enrichment with soluble fiber extracted by enzymatic
method showed that the water absorption rate increased from 63.73 to 68.63 (P < 0.05) by increasing the fiber
portion in the doughs. Moreover, by increasing the fiber level to 10%, the Dough Development time, stability
time and FQN increased, but no significant effect was observed in higher fiber content. However, by increasing
the fiber content, the doftening degree decreased significantly. Replacing flour with 15% fiber led to increasing
resistance to the extension of doughs at a resting time of 45 minutes. While there was no significant difference
between the samples at the resting times of 90 and 135 minutes. At the resting time of 45 minutes, the
extensibility of the dough increased significantly with the addition of 5% fiber, while the addition of 10% fiber
reduced this index to less than the control value. at the resting time of 135 minutes, the extensibility of the
sample containing 15% fiber was significantly lower than others. At the resting time of 45 and 135 minutes,
adding 15% fiber caused a significant increase in energy index (P < 0.05).

Conclusions: Although the performance of the enzymatic method was significantly higher than other ones, this
method was very time-consuming which limits its application in the food industry. The use of a combination of
two or more green methods to accelerate the speed of extraction can be a topic for future research. Furthermore,
the replacement of 10 % of wheat flour with olive soluble fiber obtained by the enzymatic method also showed
acceptable rheological properties. This dough can meet the expectation for high-quality bread with higher
nutritional value. Further research is needed to optimize the formulation of dough bread for using more fiber, to
investigate the effect of total dietry fiber of olive pomace extracted by different methods on the nutritional and
functional properties of food, and to establish low-fat and free gluten formulation based on olive pomace fiber.
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Table 1. The effect of extraction methods on the yields and chemical compositions (g/100 g Dry base) of dietary fiber from defatted olive-

oil pomace flour

Fiber extraction method

PETEIRET | [FISCr e Acidic enzymatic Alkaline Ultrasounic
IDF  64.99+0.23%  70.44+0.47"%  64.67+0.22° 62.48+0.31°

SDF  15.60+0.50°  21.68+0.15"  16.45+0.24% 12.32+0.13°

Yield TDF  80.60+0.56%  92.12+0.51"  81.12+0.22®  74.79+0.39°
SDF/IDF  0.24+0.008°  0.31+0.003"*  0.25+0.004%  0.20+0.002°

SDF/TDF  0.1940.005°  0.24+0.002"  0.20+0.003®  0.16+0.001°

Moisture 3.24+0.14"8 3.34+0.12" 3.35+0.09" 3.01+0.06°
Protein DF 34T 0.03* 3.19+0.04° 3.20+0.03®  3.48+0.03"
Ash 5.14+0.18" 5.38+0.16" 5.25+0.19"  5.21+0.09"
Purity 88.15+0.28"  88.09+0.23”  88.10+0.26" 88.30+0.13"
Moisture 5.17+0.06" 5.55+0.06" 5.26+0.04"  5.37+0.49"
Protein SDF 2.30+0.06" 2.13+0.05° 2.39+0.04" 2.16+0.038
Ash 0.64+0.06 " 0.46+0.06 * 0.63+0.03”  0.55+0.08"
Purity 91.89+0.05"  91.86+0.17"  91.71+0.10"  91.92+0.53"

All data are presented in the manner of means + SD (n = 3). The diverse letters in the row indicate significant difference (P < 0.05). IDF:
insoluble dietary fiber; SDF: soluble dietary fiber; TDF: total dietary fiber.
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Matrix Plot of WHC, SI, SP
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WHC: Water holding capacity; SP: swelling power; Sl: Soloublity index; r= Pearson correlation coefficient; p< 0.001 shows very
significant correlation between two certain variables
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Fig 1. Pearson correlation between hydration properties of dietary fiber from defatted olive-oil pomace flour

oS S S8 Ol polidl pls e a Wlgs g0 pmd s yilo
Gy Sl el b Gle ey D)8 5 c D
e S50 ok aSil ol o)l el e 4y g0l 3
ol L] wal el cpl sl Jds o Wl oo ogual 3
Ol eJsloeel a4 Jolomo b Cond g b5 slo Sg
035 b sledsSse 4 ol hass 5 S5 sladsSse o 50
Sl 5 o5 Dpad Coled o 5 o] iz Wil oS
IrAl ssl 5e 0

gl 5o Jsloe ;b 203k e S onl 4 azgi L
A bl Gnol el g ad Jel el
al> e 40 09 et Al 5l ealds Cl):}dml sl s Ll
ez 0 Bl oy, 3l el Jslone sud iagh pgs
“ S99 ad 2l o) Kl VN0 5V B ho mhaw
s Sl b SRy > (Side, b
8,5 558 s 9590 (S pdy S

Sl el ©)le py55 &508 il (pS Ll g p 90 Wya8
a0 saimolis Cull> jadls 5 pd Ol Gix ol
3575 iz [PV] ol o5 0l Job 1o b Joloed
gy ol LA S50 ol ds ] Uyt eiiins (gkay]
oS Jeblen ol o ools isled (V) UK o ala, o]
Codlb g Col> adlih g opye8 Dyad Gl astie
Cote (St 505 Slowy 5l Jol> b Ol (gl
S JAVY P < ) 0) s e lis ;K0S b s, ls e s
5 py a8 cud el 4 sty Kass L (r=-/YYY
& o3 il Gagy ol pad cabio Sl
J.-.grm) ‘) s_j u» as 009 ).M_’S U"‘ 3T ‘$J>L> )L.>L» )‘
b Olyee aS0) peus (Correia et al., 2021) coul 00,5
h sroe gl (Jolowels 9 Jolows b ggomme) 5t
Posf p Ghaliil e e o8 05 oo el B SLLI T (sl
Slooyi> ;5 (Spge jLSle ST (pimes 095 o



V) Gl oF oylads )+ 0,90 dAE Caio [0 yaz slo s yalid dalilad O Y

05 Oy S ol ol (soudy b SLanol sl Thy 2 glyd (e, S () Jgo
Table 2. The effect of extraction methods on the hydration properties of dietary fiber from defatted olive-oil pomace flour

parameter Ftlsgg Fiber extraction method
Acidic enzymatic Alkalic Ultrasounic

WHC (g g™ 2.39+0.01° 2.81+0.02° 2.750.03 2.09+0.01°

Sl (%) IDF 2.79+0.03° 3.18+0.18° 3.00+0.09% 1.57+0.15°

SP (mL 100g™) 25.00+ 5.00 ¢ 126.67+2.89° 68.33+2.89" 11.67+2.89 ¢
WHC (g g™ 9.64+0.08° 11.43+0.05% 9.79+0.02° 7.68+0.07°

Sl (%) SDF 87.7120.11° 90.82+0.04% 87.80+0.07" 82.95+0.06°

SP (mL 100 g™) 166.70+47.71°  533.33+54.18*  266.77453.55°  166.75+57.73"

All data are presented in the manner of means + SD (n = 3). The diverse small letters in the row indicate significant difference (P < 0.05).
IDF: insoluble dietary fiber; SDF: soluble dietary fiber; TDF: total dietary fiber.
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Table 3. The farinograph properties of the doughs supplemented with different amounts of dietary fiber from defatted olive-oil pomace

flour
. Fiber level
Farinograph factor 0 5% 10% 5%
Water absorption rate (%) 63.73+ 0.32° 65.40 + 0.57° 66.31 + 0.43° 68.63 + 0.64°
Dough Development Time (min) 3.63+0.15" 3.31+0.10° 456 + 0.42° 4.03+0.15®
Stability (min) 4.37+0.16° 3.73+0.31° 12.43 +0.21° 12.27 +0.15°
Softening Degree (BU) 60.67 + 4.34° 55.83 + 1.62° 31.47 +1.94° 22.43+1.12°
Flourgraph quality number (FQN)  48.10 + 1.95" 55.57 + 2.40° 82.67 + 4.73° 77.67 +2.52°

All data are presented in the manner of means + SD (n = 3). The diverse small letters in the row indicate significant difference (P < 0.05).
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Table 4. The extensograph properties of the doughs supplemented with different amounts of dietary fiber from defatted olive-oil pomace

flour
. Fiber level
Farinograph factor 0 5% 10% 15%
Resistance 45 245.3+27.0 ™ 238.0+35.0 ™ 276.3+26.5™ 358.3+38.5°
Extension 90 235.3+17.5 219.3+19.5 ™ 281.3+29.5° 293.7+16.01%
(BU) 135 229.0+18.0 ™ 203.0+12.53¢ 242.3+37.6 ™ 272.3+18.5 ™
45 98.67+3.51™ 110.33+4.16° 93.00+4.58 104.67+5.51%®
Extensibility (mm) 90 96.67+5.51" 96.33+1.53" 92.00+2.00% 81.33+2.52°
135 92.67+2.08% 95.33+3.51° 96.33+3.06"“ 87.00+2.65%
45 2.50+0.20% 2.23+0.15° 3.10+0.27%®° 3.47+0.29°
Rate number (P.N) 90 2.37x0.12¢ 2.23+0.21° 3.10+0.36™° 3.57+0.15°
135 2.57+0.31° 2.10+0.30° 2.53+0.06° 3.20+0.17%®
45 39.67+0.56™ 41.00+1.73° 41.00+2.00° 57.67+1.16°
Energy (cm?) 90 35.67+2.52° 32.33+3.51% 40.33+4.51" 38.67+2.52"
135 34.00+3.61° 29.67+3.51¢ 34.00+3.0° 38.00+2.65

All data are presented in the manner of means + SD (n = 3). The diverse small letters for each parameter indicate significant difference (P <
0.05).
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