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artichoke by-products, This study was conducted to make functional cookies using powdered artichoke stems and bracts, which are rich in phyto-
bakery products, chemicals. The chemical composition and phytochemicals in wheat flour, artichoke bract powder, artichoke stem powder and the

antioxidant activity,
functional foods

produced cookies were determined. Physical properties, color and sensory characteristics were determined in wheat flour cook-
ies, artichoke bract powder cookies and artichoke stem powder cookies. The results showed that artichoke bract powder cookies
(15%) contained the highest levels of ash and protein being 2.07% and 9.65%, respectively. The cookies with powdered artichoke
stems (15%) had the greatest overall lipid content (14.65%). Furthermore, the highest total phenolic content, total flavonoid
content, and antioxidant activity were found in artichoke by-products (stems and bracts). The panelists approved of up to 15% ar-
tichoke by-product powder added to wheat flour. It can be seen from the results that the artichoke by-products are a good source
of phytochemicals, minerals, total protein and total lipids, which improves the quality of cookies. Therefore, it can be concluded
that using artichoke by-products up to 15% enhanced the antioxidant properties and nutritional value of the baked cookies.
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KJIIOYEBBIE CJIOBA: AHHOTALI S

no6ouHole npoamebl HpOBeLLEHO uccaeagoBaHMe 1o M3roToBJIEHUIO ClJYHKI_U/IOHafI])HOI‘O TI€4YeHb, CITIOJIb3YA nopomxoo6pa3mﬂe CTeOIU U npunBeT-
nepepa60m1<u HVKIM apTUIIOKA. Onpenenfmn XUMUYECKUI COCTaB U d)I/ITOXI/IMI/I‘{eCKVIe coeqVHEeHMs B MIIIEHUYHO MYKe, ITOPOIIKe IIPULIBET-
apmuuioka, MmyuHole HMKOB apTUIIIOKa, cTebsax APTUIIOKA M M3rOTOBJIEHHOM II€UEHbE. B neueHbe u3 MILIeHUYHON MYKH, ITI€e4YeHbe C MOPOIIKOM
KOHaumepCKue MSaEHUﬂ, TIPULBETHMKOB apTUIIOKA U I[TeYeHbe C TOPOILIKOM cTebnei AapTUIIOKa OIIpeneasain (bl/ISVI‘{eCKVIe CBOVICTB&, LBEeT 11 CeHCOPHbIE

AHMUOKCUOAHMHAs XapaKTepUCTUKA. Pe3yIbTaThl TOKa3ajn, YTO IIeUeHbe C IIOPOIIKOM MPUIIBETHUKOB apTuiioka (15%) comepskaio 6ojiee BbICO-
aKmueHoCMmo, Kue ypoBHU 301kl U 6enka (2,07% u 9,65%, cooTBeTCTBEHHO). [leueHbe ¢ TOPOLIKOM cTebieit apTuiioka (15%) umeno Hanb6o-
(hyHKYUOHAbHBIE Jiee BBICOKOE cofiepskaHme ooumx aununos (14,65%). Kpome Toro, HauBbIcIee ob1iee cogepskanme GeHoTbHbIX COeIMHEeH N,
npoodykmol obiee comepkanue GIaBOHOUAOB M AHTMOKCUIAHTHASI aKTUBHOCTb ObUIM BBISIBJIEHBI B TOOOUHBIX ITPOAYKTAX I1epepaboTK

apTUIIOKa (CTE€6IM M MPULBETHUKM). YIeHbl JeryCcTalMOHHOM KOMMUCCUM omo6pmwin no 15% mopoiika Mo60YHbIX MPOAYK-
TOB TIepepaboTKM apTUILIOKa, A0OABIEHHOrO K MIIEHNYHO MyKe. Kak BUAHO 13 pe3y/ibTaToB, TOG0YHBIE TPOAYKTHI ITepepa-
6OTKM apTUIIOKA SIBJISIIOTCS XOPOLIVMM MCTOYHUKOM (DUTOXMMUUECKUX COeMHEHNI, MIHePaJbHbIX BEIleCTB, 001ero 6emka
1 O6IIMX JUINUIOB, KOTOPbIE YIYYIIAIOT KAYECTBO IeveHbsi. TakuM 06pa3oM, MOKHO CHeaTh BbIBOJ, UTO MCIIOIb30BaHUE
MOGOYHBIX MTPOAYKTOB MepepaboTKy apTUILIOKA Ha YPOBHE 10 15% MoBbIIaeT aHTMOKCHUJAHTHbIE CBOVCTBA U MUTATEIbHYIO
LIeHHOCTH MCIIeYeHHOTO ITeYeHbsI.

1. Introduction

Food loss and waste are two of the biggest issues the global food sup-
ply chain is now dealing with. A 2011 survey by the Food and Agriculture
Organization of the United Nations found that around one-third of the
food produced for human use is lost or wasted annually [1]. Food waste
is the reduction in food quantity or quality that results from consumer,
food service, and retailer decisions and actions, whereas food loss is the
reduction in food quantity or quality that happens as a result of deci-
sions and actions made by food suppliers along the supply chain [1]. Food
processing generates a lot of by-products that are rich in valuable ingre-
dients that can be used as functional ingredients, such as antioxidants. It
would be advantageous to use these ingredients in food to give customers
healthier options [2]. There is a growing demand for functional foods en-
hanced with by-products as people become more conscious of the impact
their current dietary choices have on their health [3].

FOR CITATION: Ammar, A. S. M., Riyad, Y. M., Ebrahiem, A. A. A. (2024).
Utilization of artichoke (Cynara scolymus L.) by-products for enhancing nutri-
tional value and phytochemical content of cookies. Food Systems, 7(3), 438-443.
https://doi.org/10.21323/2618-9771-2024-7-3-438-443

Cynara scolymus L., also known as the globe artichoke, is a crucial part
of the Mediterranean diet. It is highly valued for its organoleptic quali-
ties, whether it is used as a fresh vegetable or processed food. The globe
artichoke is not only low in lipids but also a potential source of minerals,
vitamins, and dietary ingredients. It also has a high concentration of inu-
lin and a large number of naturally occurring antioxidants like flavonoids
[4]. Approximately 80 to 85% of the entire plant biomass is lost during the
industrial preparation of artichokes. The majority of this material is made
up of stems and bracts, or exterior parts of flowers, as they are generally
known. It is normally disposed of as solid trash because it is unfit for hu-
man consumption. However, an analysis of composition reveals that arti-
choke waste contains a significant amount of polyphenols [5].

Based on a 2018 FAO assessment, artichokes are widely cultivated in
the Mediterranean region, including Egypt. The total area planted with
artichokes in Egypt was 17287 hectares, with artichoke production around

[ UUTUPOBAHUS: Ammap, A. C. M., Pusig, 10. M., U6paxum, A. A. A.
(2024). Ucrnonb3oBaHKe MOGOYHBIX MPOAYKTOB HepepaboTku aptuinoka (Cynara
scolymus L.) 1jisi TIOBBILIEHVSI MUTATETbHON LIEHHOCTH U COmepskaHust QuToXm-
MMYECKMX COeIMHEHU B ieyeHbe. [Tuujessie cucmemol, 7(3), 438-443. https://doi.
0rg/10.21323/2618-9771-2024-7-3-438-443
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323866 tons [6]. Globe artichokes provide various nutritional benefits, in-
cluding high levels of water (91% of dietary portions) and minerals, as
well as high levels of vitamins, carotenoids, and polyphenols [7]. Accord-
ing to Rangboo et al., [8] globe artichokes have the ability to decrease the
production of reactive oxygen species, oxidation of low-density lipopro-
teins, lipid peroxidation, and increase the glutathione peroxidase activ-
ity. According to De Falco et al., [9] these effects are linked to artichoke
phenolics, which can modify several important enzyme pathways as well
as cell defensive antioxidants.

Eman et al. [10] studied the chemical composition of the globe arti-
choke by-products (bracts and floral stems) and found that raw bracts
contained 84.51% moisture, 15.71% crude protein, 1.78% crude ether
extract, 24.84% crude fiber, 7.33% ash and 50.34% nitrogen free extract,
while raw stems had 89.57% moisture, 17.12% crude protein, 2.55% crude
ether, 14.88% crude fiber, 10.45% ash and 55.00% nitrogen free extract
(on dry weight basis). Lavecchia et al., [11] reported that the polyphe-
nol content of stems was 51.10+0.74 mg GAE/g and that of bracts was
24.58+0.57 mg GAE/g. Using 50% aqueous ethanol provided the highest
extraction yields, with over 80% of phenolic compounds recovered.

According to Cappa et al. [12], cookies are typically made using wheat
flour, oil, and sugar, with a moisture content of no more than 20%. Cook-
ies are the most popular snack because they are available in a wide range
of flavors, kept well in storage for a long time, and can be eaten in be-
tween larger meals that do not provide enough nutrients [13]. Based on
the above-mentioned considerations, therefore, the aim of this study
was to assess and utilize the powdered artichoke by-products (either the
stems or the bracts) as a rich source of bioactive components to improve
the nutritional value and phytochemical content of cookies.

2. Materials and Methods

2.1. Materials

Artichoke bracts (outside portions of the flowers), artichoke stems
(floral stems), weak wheat flour (72% extraction —flour containing much
less bran and germ), sugar, salt, shortening and baking powder were pur-
chased from a local market in Cairo, Egypt. Folin—-Ciocalteu reagent and
DPPH reagent were purchased from Sigma Company (USA) and other
chemicals were purchased from EL-Gomhoria Company, Egypt.

2.2. Methods

2.2.1. Preparation of artichoke bract powder (ABP) and artichoke stem
powder (ASP)

The samples were washed with tap water and the stems were cut into
small pieces. Samples were dried using an oven (Astell Hearson, England)
at 50 °C for 24 h. The dried pieces were ground, and powder was sieved us-
ing a sieve of 425 pym (USA Standard Testing Sieve) to obtain a fine powder
and preserved in the freezer (Fresh, Egypt) at —18 °C until used.

2.2.2. Preparation of flour blends
Wheat flour (72%) was partially replaced by ABP (0, 10 and 15%) or by
ASP (0, 5 and 15%) as presented in Table 1.

Table 1. Ingredients used in producing different cookie blends
Taﬁm/n_{a 1. I/IHI‘peI[]/IEHT]:I, MCIIOJIb30BaHHBbIE IIPU MI3TrOTOBJICHUN
PpasINYHBIX cMeceit AJISI IIeYeHbsI

Artichoke bract powder

Ingredients Control cookies (ABPC)
(gram)
5% 10% 15%
WF 100 — 90 85
ABP — — 10 15
Artichoke stem powder
cookies (ASPC)
WF 95 — 85
ASP — 5 — 15
Powdered sugar 58
Shortening 28
Baking powder 1.1
Salt 0.9
Water 22
Baking conditions
Baking time (min) 25
Temperature (°C) 180

2.2.3. Preparation of cookies

In addition to the control sample, cookie samples with ABP or ASP were
prepared using the flour combinations as follows. Control cookies were
made with 100 g wheat flour (WF), 58 g sugar, 28 g shortening, 1.1 g baking
powder, 0.9 g sodium chloride, and 22 ml water as the ingredients. ABPC
and ASPC were prepared from wheat flour with addition of ABP or ASP at
the ratios indicated in 2.2.2 and Table 1 with all other ingredients being
the same. After the dough was ready, it was sheeted to a thickness of 1.1 cm
and cut into a circle with a diameter of 4.1 cm. In a preheated oven, cookies
were baked for 25 minutes at 180 °C as mentioned in Table 1. After cooling
to room temperature, the baked cookies were sealed in polythene bags.

2.2.4. Proximate chemical composition

Chemical analyses were performed on both the raw materials and the
final cookies. The A. O.A.C. [14] was followed in determining the contents
of moisture, ash, total lipids, and total protein.

Moisture determination: In a weighed clean crucible, 5 g of sample
were weighed. The crucible and the sample were put in an oven at 105 °C.
Then crucible was weighed, this was repeated until a constant weight was
reached.

Wy =Wy - (W5 - Wy)
Wy-W,

where: W; = weight of empty crucible; W, = weight of crucible + sample;
Wz = weight of crucible +dried sample.

Moisture, % =

x 100, (1)

Ash determination: In a weighed clean crucible, 5 g of sample were
weighed. Then the sample in the crucible was put in a muffle furnace at
550-650°C for more than 3 hours until getting ash. After that, the cru-
cible was cooled in a desiccator, and then weighed.

Ash, % = W, — W,/ Ws x 100, 2)

where: W; = weight of empty crucible; W, = weight of crucible with ash;
W5 = weight of sample.

Lipid determination: Using a weighed clean thimble (W), a 10-g sam-
ple was placed and re-weighed (W;). Soxhlet extractor was fixed and 200
ml of petroleum ether (40-60 °C) was used as a solvent. Then, lipids in the
sample were extracted for 4 h. After that, the thimble was removed, dried,
then cooled and weighed again (W5):

Lipids, % = (W, — W3)/ (W, — W) x 100. 3)

Protein determination: Protein was determined using the micro-
Kjeldahl distillation procedure. The samples were digested by heat-
ing with concentrated H»SO, in the presence of the digestion mixture
(K2SO4 + CuSOy). The mixture was then made alkaline with 40% NaOH.
Ammonium sulphate thus formed, released ammonia, which was col-
lected in 4% boric acid solution and titrated against standard HCl. The
percent nitrogen content of the sample was calculated as follows:

Nitrogen, % = 1.4 (ml HClgample — ml HClyjani) X conc. of HCI x “4)
x 100 / sample weight (g).

Total protein was calculated by multiplying nitrogen% with appropri-
ate conversion factor (6.25).

Protein, % = N% x 6.25. (5)

Total carbohydrate determination: Total carbohydrates were calculated
by difference as follows:

Total carbohydrates, %= 6)
=100 - (Moisture% + Lipids% + Protein%-+ash%)

2.2.5. Physical characteristics of cookies

Weight (g), height (cm), volume (cm?), specific volume (cm?® /g), diam-
eter (cm), and spread ratio (diameter/height) were measured according to
Rabie et al. [15] and Ganorkar and Jain [16].

2.2.6. Color measurement of cookies

The L* a* and b* uniform color space was used to determine the color
parameters of the cookies according to CIE [17] using a colorimeter (Mod-
el CR-410, Konica Minolta, Japan). The Hue angle (0) is defined as a color
wheel, with red-purple at angles of 0° and 360°, yellow at 90°, bluish-
green at 180°, and blue at 270°. Chroma (C) represents color saturation or
purity and is calculated from C = (a2+b?)"/2, The formula for calculating
hue angles (0) was 0 = tan™! (b/a).

2.2.7. Samples Extraction

Samples were extracted in accordance with Khanavi et al. [18] with
some modifications. A magnetic stirrer (IKA-Combimag RCT, Germany)
was used to mix about 0.2 g of powdered artichoke by-products with
50 ml of methanol in a flask at 1100 rpm at room temperature for one
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hour. The mixture was then filtered using Whatman No. 5 filter paper.
The total flavonoid and total phenolic contents, and antioxidant activity
of each extract were measured.

2.2.8. Total phenolic content (TPC)

Total phenolic content was estimated by the Folin—Ciocalteu method
[19]. Two hundred microliters of the diluted sample were added to 1 ml
of 1:10 diluted Folin—Ciocalteu reagent. An amount of 800 ul of saturated
sodium carbonate (75 g/1) was added after 4 min. After 2 h of incubation
at room temperature, the absorbance at 765 nm was measured. Gallic acid
(0-500 mg/1) was used for the standard calibration curve. The TPC was
expressed as milligrams of gallic acid equivalents per gram of the sample
(mg GAE/g).

2.2.9. Total flavonoid content

Total flavonoid content was determined according to the colorimetric
aluminum chloride method described by Zhishen et al. [20]. An amount of
1.25 ml of water and 75 pl of a 5% NaNO, solution were added to an aliquot
(250 pl) of each extract or standard solution. Then, 150 pl of 10% AICl;
solution were added after 6 minutes. Next, 0.5 ml of 1 M NaOH solution
was added after 5 minutes, and the total volume was then brought to 2.5 ml
with water. Absorbance was measured at 510 nm against a blank. Quercetin
acid was used as a standard and the total flavonoid content of the samples
was expressed as mg of quercetin equivalent per g dry sample.

2.2.10. Antioxidant activity

The DPPH" radical scavenging activity was measured by following the
method as described by Platat et al. [21]. Briefly, 3.9 mL of DPPH" solu-
tion (0.25mM) was added to 100 L of extract. Absorbance of the extract
was read at 515 nm at 0 and 30 min using methanol as blank. Percent (%)
DPPH" scavenging activity was calculated as follows:

Inhibition (%) = (Acontrol _Asample /Acontrol) x 100: (7)

where Ao the absorbance of the control; Agmpie: the absorbance of the
sample.

2.2.11. Sensory evaluation of cookies

Ten semi-trained panelists, including employees and students from
the Food Science Department of the Faculty of Agriculture, Cairo Univer-
sity, assessed cookie samples organoleptically. A ten-point hedonic scale
was used to rate appearance, color, texture, flavor, taste, and overall ac-
ceptability of each sample. A score of 10 indicated the qualities that were
most preferred, a score of 5 indicated the characteristics that were unac-
ceptable, and a score of 1 indicated the characteristics that were most
disliked [22].

2.2.12. Statistical analysis

Every measurement was carried out in triplicate, except for sensory
evaluation (n=10). Analysis of variance (ANOVA) was performed on the
data. The significance level was set at < 0.05.

3. Results and discussion
3.1. Artichoke bracts

3.1.1. Proximate chemical composition, phytochemical compounds
and antioxidant activity of wheat flour (WF) and artichoke bract
powder (ABP)
The proximate chemical composition, total phenolic and total flavo-
noid contents, and antioxidant activity of ABP and WF are presented in
Table 2. Data showed that significant differences (p < 0.05) were observed

Table 2. Proximate chemical composition (%), phytochemical
compounds and the antioxidant activity of WF and ABP
Ta6nuua 2. XuMmudeckuii coctas (%), GUTOXMMUYECKMEe COeIVHEeHUS
¥ aHTMOKCUJAHTHAsI aKTUBHOCTb NuieHnuHov myku (WF) u nmopomka
NPUIBETHUKOB apTuioka (ABP)

Parameters Constituent WF ABP

Moisture (%) 11.632£0.38 4.420+0.01
Ash (%) 0.57°+0.00 8.953+0.02
Total lipids (%) 1.002+0.00 0.45b+0.02
Total protein (%) 10.00°+0.00 19.572+0.23
Total carbohydrates™ (%) 76.802+0.38 66.61°+0.20
Total phenolic content (mg GAE/g) 0.16"£0.01 7.493£0.64
Total flavonoid content (mg QE/g) 0.00°%0.00 1.793+0.12
Antioxidant activity DPPH (%) 4.79°£0.00 74.672+0.45

* Total carbohydrates were calculated by difference. Means*(SD) followed by
different superscripts within rows are significantly different (p < 0.05).

among ABP and WF in their composition. In contrast to commercial
wheat flour, ABP contained significantly less moisture. ABP had high-
er protein and ash contents than WF. The protein content of ABP was
19.57%, whereas the ash content was 8.95%. These results are in agree-
ment with Boubaker et al. [23] and Eman et al. [10]. The content of pheno-
lic compounds in WF and ABP was 0.16 and 7.49 mg GAE/g, respectively.
The content of flavonoid compounds in WF and ABP was 0 and 1.79 mg
QE /g, respectively. The antioxidant activity as DPPH radical scavenging
activity in WF and ABP was 4.79 and 74.67%, respectively. The results are
in agreement with Sihem et al. [24] who noted that artichoke bracts and
stems have the high content of polyphenols and antioxidant activity.

3.1.2. Proximate chemical composition (%), total phenolic content
and antioxidant activity of wheat flour cookies (WFC) and artichoke
bract powder cookies (ABPC)

The addition of powdered artichoke bracts to cookies had an impact
on their chemical composition, as shown in Table 3. Compared to the
control, the cookie samples with the added artichoke bract powder had
higher contents of moisture, ash, and total protein. Cookies made with
artichoke bracts also had lower contents of total lipids and total carbo-
hydrates. These results imply that adding artichoke bracts to cookies im-
proved their mineral and total protein contents. The results are in agree-
ment with the results found by Eman et al., [10] who noted that artichoke
bracts have high moisture, high total protein and high ash contents, but
the low total lipid content. The ABPC (15%) showed significant differ-
ence (p<0.05) and the highest phenolic content, flavonoid content and
antioxidant activity followed by ABPC (10%). With an increase in the ABP
concentrations in cookies, the phenolic content and antioxidant activity
increased. An increase in the antioxidant activity in cookies may be due
to the high levels of polyphenols that are present in ABP. These results
are in agreement with those reported by Sihem et al. [24] who found that
ABP contains high levels of polyphenolic compounds.

3.1.3. Physical characteristics and color measurement of WFC and ABPC
The physical properties and color parameters of the cookies prepared
either from wheat flour (WFC) or from wheat flour with artichoke bract
powder (ABPC) are shown in Table 4 and Figure 1. Data show that supple-
mented cookies with artichoke bracts exhibited significantly (p<0.05)
lower values of volume, specific volume and diameter than the control
cookies. There were no significant (p<0.05) differences between the val-
ues obtained for weight, height and spread ratio of the cookies enriched
with 10 and 15% ABPC and the control (100% wheat flour) cookies. The

10% Artichoke
Bract Cookies

Control Cookies

15% Artichoke
Bract Cookies

Figure 1. Wheat flour cookies (control) and artichoke bract
powder cookies.
PucyHok 1. [leyeHbe U3 NMIIEHNYHONM MYKU (KOHTPOJIb) U ITIeUeHbe
C IMMOPOIIKOM MPUIIBETHUKOB apTUIIIOKA

Table 3. Proximate chemical composition (%), total phenolic
content and the antioxidant activity of WFC and ABPC
Ta6nuua 3. XumMuueckuii coctaB (%), puToxmMmmuueckme coegmMHeHUs.
¥ aHTMOKCUJAHTHASsI aKTUBHOCTD NeueHbs U3 nueHnyHo myku (WFC)
¥ eYeHbsI C MOPOIIKOM IPUIIBETHUKOB apTuiioka (ABPC)

Parameters Samples  ywpc  ABPC10%  ABPC 15%
Moisture (%) 5.40°%0.14  7.149£0.01  7.16%%0.10
Ash (%) 1.07¢£0.02  1.625£0.14 2.0720.13
Total lipids (%) 13.708£0.24 12.70°£0.01 10.9¢%0.14
Total protein (%) 6.15¢£0.07  8.15°£0.07  9.652+0.01
Total carbohydrates* (%) 73.682£0.14 70.39£0.22 70.22°+0.37
'(Fr‘l’l'g‘lcgl]‘;g‘)"lic content 0.015£0.00  0.86°0.07 1.75+0.11
Antioxidant activity DPPH (%) 6.55°£0.42 34.98°%0.67 58.46% +0.81

WFC — wheat flour cookies, ABPC — artichoke bract powder cookies.
Means *(SD) followed by different superscripts within rows are significantly dif-
ferent (p < 0.05). *Total carbohydrates were calculated by difference.
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Table 4. Physical characteristics and color measurement of WFC
and ABPC

Tabnuiia 4. ®u3nUeCcKMe XapaKTEePUCTUKY ¥ U3MEPEeHNe [BeTa IeYeHbs U3
numeHnyHoii Myku (WFC) 1 neyeHbs ¢ IOPOIIKOM NPUIIBETHUKOB apTUILIOKA

3.2. Artichoke stems

3.2.1. Proximate chemical composition, phytochemical compounds
and antioxidant activity of wheat flour and artichoke stem

(ABPC)
Samples
Parameters WFC ABPC 10%  ABPC 15%
Weight (g) 16.283+0.54  16.442+0.60 16.432+0.44
Height (cm) 1.303£0.00 1.152£0.07 1.153£0.07
Volume (cm?3) 29.502£0.70  20.5P£0.70  20.5°%0.70
Specific volume b b
(cm’ /g) 1.813£0.10 1.24°+0.00 1.24°+0.07
Diameter (cm) 4.60°£0.14  4.30’+0.00  4.30"+0.00
Spread ratio
(diameter/height) 3.532£0.10 3.743+0.22 3.743+0.22
L* 70.452+0.53  53.59Y£0.30  53.85Y+0.43
a* 1.55+0.06 3.313+0.10  3.163%0.15
Color b* 18.672+0.02  10.97°+0.36  10.40°+0.37
C 18.732£0.08 11.45+0.44 10.87+0.51
H 85.252%0.33  73.20°%0.77  73.09Y+0.32

powder (ASP)

The proximate chemical composition, total phenolic and total fla-
vonoid contents, and the antioxidant activity of artichoke stem powder
(ASP) and wheat flour (WF) are presented in Table 6. Data showed that
significant differences (p<0.05) were observed between ASP and WF in
their composition. In contrast to commercial wheat flour, ASP contained
significantly less moisture. WF had more protein than ASP, whereas the
ash content was higher in ASP than in WF. These results are in agree-
ment with the results reported by Boubaker et al. [23] and Eman et al.
[10]. The content of phenolic compounds in WF and ASP was 0.16 and
27.25 mg GAE/g, respectively. The content of flavonoid compounds in WF
and ASP was 0 and 1.77 mg QE/g, respectively. Moreover, the antioxidant
activity as the DPPH radical scavenging activity in WF and ASP was 4.79
and 77.96%, respectively. The results are in agreement with Sihem et al.
[24] who noted that artichoke bracts and stems have the high content of
polyphenols and antioxidant activity.

3.2.2. Proximate chemical composition, total phenolic content and the
antioxidant activity of wheat flour cookies (WFC) and artichoke stem
powder cookies (ASPC)

WFC — wheat flour cookies, ABPC — artichoke bract powder cookies.
Means *(SD) followed by different superscripts within rows are significantly dif-
ferent (p < 0.05).

results are in agreement with Canale et al. [25] and Eman et al. [10]. The
color was changed to green by the addition of artichoke ABP. The a* value
significantly increased, but b* L* C and H decreased, with a greater de-
crease at the 15% substitution level. According to the findings of Frutos
et al. [26], there was a tendency for the cookies to get noticeably darker
as more artichoke bract flour was added. According to Manonmani et al.
[27], the Maillard reaction is primarily responsible for the cookie color.

3.1.4. Sensory evaluation of WFC and ABPC

Sensory evaluation values of WFC and ABPC are presented in Table
5. Data showed that the panelists approved of all properties of all sam-
ples. Also, data showed that the sample that contained 10% artichoke
bracts was described as most liked. Statistical analysis revealed that
there were no significant differences between the cookies containing
0, 10, 15% ABP in all properties except taste and overall acceptability in
15% ABP that had lower scores. Overall acceptability refers to how cus-
tomers or panelists accept the product in general. The results of taste
and overall acceptability are in agreement with Natale et al. [28] who
reported that artichoke bracts may be a cause of bitter taste due to the
presence of flavanols.

The addition of powdered artichoke stems to cookies had an impact
on their chemical composition, as shown in Table 7. Compared to the
control, the cookie samples with the added artichoke stem powder had
higher contents of moisture, ash, and total lipids. Cookies made with ar-
tichoke stems also had lower contents of total protein. These results im-
ply that adding artichoke stems to cookies improved their mineral and
total lipid contents. The results of ash and total protein contents are
in agreement with Boubaker et al. [23]. The highest antioxidant activ-
ity, total phenolic and total flavonoid contents were found in the ASPC
(15%), followed by ASPC (5%). This difference was significant (p<0.05).
The total phenolic and antioxidant activity of cookies were all increased
by raising ASP concentrations. The high quantities of polyphenols
found in ASP may be the cause of the increased antioxidant activity in
cookies. These findings were supported by the findings of Sihem et al.
[24] who mentioned that ASP contains a significant amount of polyphe-
nolic compounds.

3.2.3. Physical characteristics and color measurement of WFC and ASPC
The physical characteristics of the cookies made with either wheat
flour (WFC) or wheat flour with artichoke stem powder (ASPC) are dis-
played in Table 8 and Figure 2. The data demonstrate that cookies
containing artichoke stems had significantly (p<0.05) lower values for
height, volume, specific volume, and diameter than control cookies. In

Table 5. Sensory evaluation of WFC and ABPC

Tab6nuiia 5. CeHCOpHast OLleHKa MevYeHbs 13 mueHnuHoi Mmyku (WFC) 1 me4eHbsI C MOPOLIKOM IPUI[BETHMKOB apTuiioka (ABPC)

Parameters Appearance Color Texture Flavor Taste Overall
Samples (10) (10) (10) (10) (10) acceptability (10)
WEFC 9.803+0.44 9.603£0.89 9.203£0.83 9.803+0.44 9.603£0.54 9.803+0.44
ABPC 10% 9.602£0.54 9.374+0.57 9.202£0.83 9.202£0.83 9.402+0.89 9.202+0.83
ABPC 15% 9.602£0.54 9.312£0.65 9.202£0.83 9.202£0.83 8.10+0.89 8.20°+0.44

WEFC — wheat flour cookies, ABPC — artichoke bract powder cookies. Means *(SD) followed by different superscripts within columns are significantly different

(p £0.05).

Table 6. Proximate chemical composition (%), phytochemical
compounds and the antioxidant activity of WF and ASP
Ta6nuua 6. Xumuueckuii coctas (%), GUTOXMMHUUECKME COeTUHEHMS
¥ aHTMOKCUIAHTHAs aKTMBHOCTD NMieHn4yHoi myku (WF) u nmopomika
cre6neit apTumoka (ABP)

Table 7. Proximate chemical composition (%), total phenolic
content and the antioxidant activity of WFC and ASPC
Ta6nuua 7. Xummuueckuii coctas (%), puToxMMudecKkme coesHEHUS
¥ aHTMOKCUAHTHAsI aKTMBHOCTD NeueHbs U3 nueHnyHoi myku (WFC)
M IeYeHbsI C IOPOLIKOM cTebieit apTuioka (ASPC)

Parameter Constituent WF ASP Parameters Samples  ype ASPC5%  ASPC 15%
Moisture 11.639£0.38 5.22£0.02 Moisture (%) 5.40b+0.14  6.222£0.04  6.182%0.04
Ash 0.57°%0.00 10.572£0.07 Ash (%) 1.07°£0.02  1.25%%0.31  1.692+0.05
Total lipids 1.00°+0.00 1.427%0.39 Total lipids (%) 13.70°£0.24 14.223+0.25 14.65%0.21
Total protein 10.00*+0.00 8.93°+0.01 Total protein (%) 6.153£0.07  5.55°*0.07  4.90°*0.00
Total carbohydrates™ 76.80°+0.38 73.86°+0.33 Total carbohydrates® (%) 73.68940.14 72.76°+0.61 72.582%0.22
g aytic content 0.16"+0.01 27.25'0.35 o molic content 0.01°40.00  0.58%+0.08  1.7°£0.00
Total flavonoid content (mg QE/g)  0.00°+0.00 1.77£0.26 Antioxidant activity DPPH (%) 6.55°£0.42  18.520£0.54 35.467£0.79
Antioxidant activity DPPH (%) 4.79°+0.00 77.96*+0.09 WFC — wheat flour cookies, ASPC — artichoke stem powder cookies.

* Total carbohydrates were calculated by difference. Means*(SD) followed by = Means*(SD) followed by different superscripts within rows are significantly dif-

different superscripts within rows are significantly different (p < 0.05).

ferent (p < 0.05). * Total carbohydrates were calculated by difference.
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Table 8. Physical characteristics and color measurement of WFC
and ASPC

Tabmuua 8. @PusuyecKye xapaKTepUCTUKN U M3MepeHMe BeTa IeYeHbsI U3
nmeHn4Hoi Myku (WFC) 1 rtledyeHbsI ¢ TOPOIIKOM cTe6uieii apTumoka (ASPC)

Samples

Parameters WFC ASPC5%  ASPC15%
Weight (g) 16.28°£0.54  16.1620.10  14.06°*0.10
Height (cm) 1.302£0.00  1.20%£0.00  1.15%+0.07
Volume (cm?) 29.502£0.70  25.25b+0.35  21.50°:0.70
fcl’rflﬁifgc) volume 1.81940.10  1.56%£0.03  1.52"0.03
Diameter (cm) 4.60°£0.14  4.30°:0.00  4.30°*0.00
?Cli”if:;‘;t?rﬁ/gei ght) 3.532£0.10  3.582+0.00  3.742+0.22
L* 70.459+0.53  61.33b+0.65 58.42¢+0.85

a* 1.55¢40.06  2.70°%0.09  3.172+0.24

Color b* 18.67°£0.02  15.10£0.50  13.37°£0.67
C 18.732£0.08  15.33b+0.14  13.74°£0.34

H 85.25040.33  79.86"%0.48  76.66°+0.22

WEFC — wheat flour cookies, ASPC — artichoke stem powder cookies. Means* (SD)
followed by different superscripts within rows are significantly different (p < 0.05).

«‘_ /7
- 15% Artichoke
Control Cookies 5% Artlchqke Ste;l Cookies
Stem Cookies

Figure 2. Wheat flour cookies (control) and artichoke stem

powder cookies
PucyHok 2. IleyeHbe 13 NIIEHNYHOI MYKM (KOHTPOJIb) U IleYeHbe
C MOPOIIKOM cTe6Jieit apTuiIoKa

terms of weight there were no significant differences between the control
samples of cookies made with 100% wheat flour and the enriched cook-
ies with 5% ASPC (P<0.05). Also, there were no significant differences
in spread ratio between the control samples of cookies made with 100%
wheat flour and the enriched cookies with 5% and 15% ASP (P<0.05). The
results of height, volume and specific volume are consistent with Canale
et al. [25] and Eman et al. [10]. The color was changed to green by the ad-
dition of artichoke stem flour. The a*value significantly increased, but b*,
L* C and H decreased, with a greater decrease at 15% substitution level.
According to the findings of Frutos et al. [26], there was a tendency for the
cookies to get noticeably darker as more artichoke stem flour was added.
According to Manonmani et al. [27], the Maillard reaction is primarily re-
sponsible for the cookie color.

3.2.4. Sensory evaluation of WFC and ASPC

Sensory evaluation values of WFC and ASPC are presented in Table 9.
Data showed that the panelists approved of all properties of all samples.
Also, data showed that there were no significant differences between
ASPC (5 and 15%) and WFC in appearance, texture and flavor. Cookies
made with artichoke stem powder had lower scores for color, taste and
overall acceptability. Overall acceptability refers to how customers or
panelists accept the product in general. According to Elhassaneen et al.
[29], color which can be a sign of baking completeness, has a significant
impact also on the initial acceptability of baked goods.

4. Conclusion

The current study showed that artichoke by-products were rich in
phenolic compounds, flavonoids, and minerals. Furthermore, artichoke
by-products demonstrated high levels of the inherent antioxidant activ-
ity. Artichoke by-product flour has a high mineral, total protein and total
lipid contents, which makes it a useful ingredient in many local foods,
including cookies and other bakery products. Artichoke by-products
were found to significantly affect the phytochemical properties of cook-
ies when added in small amounts (15%). Specifically, they increased the
amount of polyphenolic compounds compared to the control cookies.
The spread ratio of the cookies enhanced with 15% artichoke by-products
and was comparable to that of the control cookies. Additionally, a color
difference between the cookies with artichoke by-products and the con-
trol cookies was seen.

Table 9. Sensory evaluation of WFC and ASPC
Ta6muia 9. CeHCcOpHast OljeHKa MeveHbs 13 miueHnyHoi myku (WFC) 1 medeHsbs1 ¢ TOPoUIKoM crebiest aprumioka (ASPC)

Samples Appearance Color Texture Flavor Taste Overall
Parameters (10) (10) (10) (10) (10) acceptability (10)
WEFC 9.803+0.44 9.602+0.89 9.202+0.83 9.80%+ 0.44 9.603+0.54 9.803+0.44
ASPC 5% 9.802+0.44 8.7720+0.83 9.402+0.89 9.602+0.54 9.002°£0.70 9.4520£0,50
ASPC 15% 9.602+0.54 8.04°+0.71 9.404+0.83 9.602+0.89 8.80°+0.44 8.90°%0.12

WEFC — wheat flour cookies, ASPC — artichoke stem powder cookies. Means*(SD) followed by different superscripts within columns are significantly different

(p < 0.05).

REFERENCES

1. FAO. (2019). The State of Food and Agriculture (SOFA): Moving forward on food
loss and waste reduction, Rome. Retrieved from http://www.fao.org/publica-
tions/sofa/en/ Accessed April 12, 2024
2. Antonic, B., Dordevic, D., Jancikova, S., Holeckova, D., Tremlova, B., Kulawik, P.
(2021). Effect of grape seed flour on the antioxidant profile, textural and sensory
properties of waffles. Processes, 9(1), Article 131. https://doi.org/10.3390/pr9010131
3. Helkar, P.B., Sahoo, A.K., Patil, N.J. (2016). Review: Food industry by-products
used as a functional food ingredients. International Journal of Waste Resources,
6(3), Article 1000248. https://doi.org/10.4172/2252-5211.1000248
4. Rejeb, I. B, Dhen, N., Gargouri, M., Boulila, A. (2020). Chemical composition,
antioxidant potential and enzymes inhibitory properties of globe artichoke
by-products. Chemistry and Biodiversity, 17(9), Article e2000073. https://doi.
0rg/10.1002/cbdv.202000073
5. Carpentieri, S., Augimeri, G., Ceramella, J., Vivacqua, A., Sinicropi, M. S., Pa-
taro, G., et al. (2022). Antioxidant and anti-inflammatory effects of extracts
from pulsed electric field-treated artichoke by-products in lipopolysaccharide-
stimulated Human THP-1 macrophages. Foods, 11(15), Article 2250. http://doi.
org/10.3390/foods11152250
6. FAO. (2018). Crops and livestock products. Retrieved from http://www.fao.org/
faostat/en/#data/QC Accessed April 18, 2024

. Lombardo, S., Pandino, G., Mauromicale, G. (2018). The influence of pre-harvest
factors on the quality of globe artichoke. Scientia Horticulturae, 233, 479-490.
http://doi.org/10.1016/j.scienta.2017.12.036

8. Rangboo, V., Noroozi, M., Zavoshy, R., Rezadoost, S. A., Mohammadpoorasl, A.
(2016). The effect of artichoke leaf extract on alanine aminotransferase and as-
partate aminotransferase in the patients with nonalcoholic steatohepatitis. Inter-
national Journal of Hepatology, 2016, 1-6. http://doi.org/10.1155/2016/4030476

-

9. de Falco, B., Incerti, G., Amato, M., Lanzotti, V. (2015). Artichoke: Botanical,
agronomical, phytochemical, and pharmacological overview. Phytochemistry Re-
views, 14(6), 993-1018. http://doi.org/10.1007/s11101-015-9428-y

10. Eman, A.M., Zeitoun, M.A.M., Wafaa, A.A., Hanem, M.O (2018). Evaluation of
globe artichoke by-products for enhancing functional properties of some foods.
Journal of the Advances in Agricultural Researches, 23(1), 112-129.

11. Lavecchia, R., Maffei, G., Paccassoni, F., Piga, L., Zuorro, A. (2019). Artichoke
waste as a source of phenolic antioxidants and bioenergy. Waste and Biomass
Valorization, 10, 2975-2984. https://doi.org/10.1007/s12649-018-0305-y

12. Cappa, C., Kelly, J. D., Ng, P. K. W. (2020). Baking performance of 25 edible dry
bean powders: Correlation between cookie quality and rapid test indices. Food
Chemistry, 302, Article 125338. http://doi.org/10.1016/j.foodchem.2019.125338

13. Koten, M. (2020). Influence of roasted and unroasted terebinth (Pistacia terebin-
thus) on the functional, chemical and textural properties of wire-cut cookies.
Food Science and Technology, 41(1), 245-253. https://doi.org/10.1590/fst.17020

14. A.0.A.C. (2012). Official methods of analysis: Association of Analytical Chem-
ists. Association of Official Analytical Chemists. Washington, DC, USA, 2012.

15. Rabie, M.M., Ibrahim, F.Y., Youssif, M.R.G., Ezz El-Ragal, N.M. (2020). Effect of
Moringa oleifera leaves and seeds powder supplementation on quality charac-
teristics of cookies. Journal of Food and Dairy Sciences, 11(2), 65-73. https://doi.
org/10.21608/jfds.2020.78888

16. Ganorkar, P.M., Jain, R.K. (2014). Effect of flaxseed incorporation on physical,
sensorial, textural and chemical attributes of cookies. International Food Re-
search Journal, 21(4), 1515-1521.

17. CIE (International Commission on Illumination) (1976). Official recommenda-
tions on uniform colour spaces, colour difference equations and metric colour
terms, Suppl. 2. CIE Publication No. 15 Colourimetry. Paris.

442



Ammap A. C. M. u ap. | MALLEBDBIE CUCTEMDbI | Tom 7 No 3 | 2024 | C. 438-443

18. Khanavi, M., Saghari, Z., Mohammadirad, A., Khademi, R., Haji, A.A., Abdollahi,
M. (2009). Comparison of antioxidant activity and total phenols of some date
varieties. DARU Journal of Pharmaceutical Sciences, 17, 104-108.

Mohsen, S. M., Ammar, A. S. (2009). Total phenolic contents and antioxidant
activity of corn tassel extracts. Food Chemistry, 112(3), 595-598. https://doi.
org/10.1016/j.foodchem.2008.06.014

Zhishen, J., Mengcheng, T., Jianming, W. (1999). The determination of flavonoid
contents in mulberry and their scavenging effects on superoxide radicals. Food
Chemistry, 64(4), 555-559. https://doi.org/10.1016/S0308-8146(98)00102-2

. Platat, C., Habib, H.M., Al Magbali, F.D., Jaber, N.N., Ibrahim, W.H. (2014). Iden-
tification of date seeds varieties patterns to optimize nutritional benefits of
date seeds. Journal of Nutrition and Food Sciences, S8, Article 008. https://doi.
org/10.4172/2155-9600.S8-008

Poste, L.M., Mackie, D.A., Butler, G., Larmond, E. (2001). Laboratory meth-
ods for sensory analysis of food, 2. Journal of the Japanese Society for Food
Science and Technology (Japan), 48(5), 378-392. https://doi.org/10.3136/
NSKKK.48.378

Boubaker, M., Damergi, C., Ben Marzouk, C., Blecker, C., Bouzouita, N. (2016). Ef-
fect of artichoke (Cynara scolymus L.) by-product on the quality and total phenol
content of bread. Mediterranean Journal of Chemistry, 5(5), 548-553. https://doi.
org/10.13171/mjc55/01606041425/bouzouita

Sihem, D., Samia, D., Gaetano, P., Sara, L., Giovanni, M., Hassiba, C. et.al.
(2015). In vitro antioxidant activities and phenolic content in crop residues

19.

20.

2

—_

22.

23.

24.

AUTHOR INFORMATION
Affiliation

Abdalla S. M. Ammar, Professor, Food Science and Technology Department,
Faculty of Agriculture, Cairo University

1 Gamaa Street, Giza, 12613, Egypt

Tel.: +2-0101-997-17-99

E-mail: abdallaammar@agr.cu.edu.eg

ORCID: https://orcid.org/0000-0002-9919-8760

* corresponding author

Youssef M. Riyad, Professor, Food Science and Technology Department, Fac-
ulty of Agriculture, Cairo University

1 Gamaa Street, Giza, 12613, Egypt

Tel: +2-0102-332-1933

E-mail: yriyad74@yahoo.com

ORCID: https://orcid.org/0000-0002-1782-1599

Azza A. A. Ebrahiem, Master Science Student, Food Science and Technology
Department, Faculty of Agriculture, Cairo University
1 Gamaa Street, Giza, 12613, Egypt
Tel: +2-0115-786-9698
E-mail: azzaadel336 @gmail.com
ORCID: https://orcid.org/0000-0003-1336-4383
Contribution

Authors equally relevant to the writing of the manuscript,
and equally responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.

of Tunisian globe artichoke. Scientia Horticulturae, 190, 128-136. https://doi.
org/10.13171/10.13140/RG.2.1.5122.8568

Canale, M., Spina, A., Summo, C., Strano, M. C., Bizzini, M., Allegra, M. et al.
(2022). Waste from artichoke processing industry: Reuse in bread-making and
evaluation of the physico-chemical characteristics of the final product. Plants,
11(24), Article 3409. http://doi.org/10.3390/plants11243409

Frutos, M. J., Guilabert-Antén, L., Tomdas-Bellido, A., Hernandez-Herrero, J.A.
(2008). Effect of artichoke (Cynara scolymus L.) fiber on textural and sensory
qualities of wheat bread. Food Science and Technology International, 14(5 Suppl),
49-55. http://doi.org/10.1177/1082013208094582

Manonmani, D., Bhol, S., Bosco, S.].D. (2014). Effect of red kidney bean (Phase-
olus vulgaris L.) flour on bread quality. Open Access Library Journal, 1, 1-6.
http://doi.org/10.4236/0alib.1100366

Natale, A., Nardiello, D., Palermo, C., Muscarella, M., Quinto, M., Centonze, D.
(2015). Development of an analytical method for the determination of polyphe-
nolic compounds in vegetable origin samples by liquid chromatography and
pulsed amperometric detection at a glassy carbon electrode. Journal of Chroma-
tography A, 1420, 66-73. http://doi.org/10.1016/j.chroma.2015.09.082
Elhassaneen, Y., Ghamry, H., Elbassyouny, G. (July 16-17, 2018). Improvement of
rheological properties, bioactive compounds content and antioxidant activity in soft
dough biscuits with the incorporation of prickly pear peels powder. Proceeding of the
1st Scientific International Conference of the Faculty of Specific Education, Minia
University, Specific Education, Innovation and Labor Market. Minia Egypt, 2018.

25.

26.

27.

28.

29.

CBEJEHUMS OB ABTOPAX
IIpyHaA/Ie;XHOCTh K OpraHM3aum

Ammap A6pamna C. M. — npodeccop, kadenpa HayKM 0 MUTAHUU U TEXHO-
soruu, CebCKOX03s1/iCTBEeHHBII (hakyibreT, Kanpckuit YHUBepCUTET

12613, Eruner, I'n3a, ya. Famaa, 1

Ten.: +2-0101-997-17-99

E mail: abdallaammar@agr.cu.edu.eg

ORCID: https://orcid.org/0000-0002-9919-8760

* aBTOP J1J1s1 KOHTAKTOB

Pusp HOced M. — npodeccop, kadenpa HayKu O MUTAHUU U TEXHOIOTUU,
CebCKOX03SI/ICTBeHHDIN (hakynbTeT, Kanpckuit YHUBEpCUTeT

12613, Eruner, I'm3a, ya. Tamaa, 1

Ten.: +2-0102-332-1933

E mail: yriyad74@yahoo.com

ORCID: https://orcid.org/0000-0002-1782-1599

U6paxum As3za A. A. — acriupaHT, Kadeapa HayKy O TUTAHNUM U TEXHOIOTUM,
CebCKOX03SI/ICTBEHHBIN (akynbTeT, Kanpckuit YHUBEpCHUTET
12613, Erunert, ['m3a, yn. Famaa, 1
Ten.: +2-0115-786-9698
E-mail: azzaadel 336 @gmail.com
ORCID: https://orcid.org/0000-0003-1336-4383
Kpurepun apropcra

ABTO]J])I B PABHBIX OOJISIX MMEIOT OTHOLIEeHVEe K HallMCaHUI PYKOIIUCH
¥ OAMHAKOBO HECYT OTBETCTBEHHOCTD 3a IlJlarnar.

KoHQUIMKT MHTEpecoB
ABTOpBI 3asIB/ISIIOT 06 OTCYTCTBMM KOHGIIMKTA MHTEPECOB.

443



