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ASSESSMENT OF COOKIES PREPARED BY SUBSTITUTING WHEAT FLOUR
witH LUPINE, LENTIL AND COCONUT FLOURS TO COMBAT MALNUTRITION

Manal M. E. M. Shehata*
Abstract:

Low availability of healthy foods andadequate consumption of
protein-rich diets are the main causes of malnatritCurrent study was
designed to develop cookies from sweet lupine (Stég lentil (RLF) and
coconut flours (CF) and to assess the quality dbariatics of the product.
Ten formulations of samples were prepared from 10@@éat flour (WF)
(T1); 80%WF+10%SLF+10%CKT2); 60%WF+20%SLF+20%CKT3);
40%WF+30%SLF+30%CHT4); 80%WF+10%RLF+10%CHTS5); 60%
WF+20%RLF+20%CF(T6); 40%WF+30%RLF+30%CF(T7); 70%WF+
10%SLF+10%RLF+10%CF (T8); 55%WF+15%SLF+15%RLF+15%CF
(T9); 40%WF+20%SLF+20%RLF+20%CFET10). Results demonstrated
that SLF contained the highest value of protein§3%) and fat (7.85%),
while CF had the highest level of fiber (11.85%%l &sh (4.31%) than other
kinds of flour. The highest value of Ca, P, Mg amdwere recorded in SLF,
moreover RLF contained the highest level of K amdtiran other flours.
Cookies were acceptable up to 20%SLF+20%CF; 20%R0%CF and
15%SLF+15%RLF+15%CF. Protein levels of cookies (T8, and T9)
increased by 77.6, 59.7 and 79.1%, respectivelypeoing with (T1). Ash
levels in (T3, T6 and T9) were approximately 3-fbigher than (T1). Ca, P,
K, and Mg contents in cookies significantly incre&gP<0.05) as the
amounts of SLF, RLF and CF were increased. No fsgmt impact
(P<0.05) on diameter, thickness & spread ratio of sampl&s Tb and T9)
comparing to (T1). T3, T6 and T9 contained highalugs of amino acids
than (T1). Consumption of T3, T6 and T9 can providportant ingredients
to improve human nutritional quality and healthts$a so this study
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recommended using SLF, RLF and CF in food prodpceparation to
combat malnutrition.

Key words: Cookies quality; sensory characteristics; legunmesierals;
amino acids

| ntroduction:

Good nutrition puts children on the way survive and flourish.
Well-nourished children grow, learn, develop, plagarticipate and
contribute. whereas, malnutrition deprives childoéitheir whole potential,
with consequences for children, nations and théd((ovYHO, 2021a)

Malnutrition comprises undernutritiorstuynting, wasting and
underweight), insufficient minerals or vitamins, eoweight, obesity &
noncommunicable diseases associated with (Mi#4O, 2021b) In 2020,
149.2 million children (<5 years old) were recordedbe stunted; 45.4
million were estimated to be wasted; moreover 3&élion were
determined overweight globallin children less than 5 years old, about 45
percent of deaths are related to undernutritiope@ally in low & middle-
income countriegWHO, 2021a) In adults, 1.9 billion were recorded to be
overweight or obese, whereas 462 million were m®dras being
underweight globallf{WHO, 2021b) People in developing countries, such
as Egypt, mostly eat starchy diets, which lead &nnitrition, and children
being the worst affected. Protein Energy MalnuntiPEM) is the most
common cause of diseases in children like Kwasbior& Marasmus.
Malnutrition is considered a huge burden on Egypgsonomy.
Undernutrition is manifested by the high prevalentstunting, wasting &
deficiencies in micronutrients in children, and lyemic women of
childbearing age, which collectively consumes ad%gypt's yearly gross
domestic product through forgone productivity anealth care costs,
resulting in an annual economic hemorrhaging dioois of dollars per year
(Herbst et al., 2020) In Egypt, 20 — <30% (high level), 10 — <15% (high
level) and 5 — <10% (medium level) of children géars old affected by
stunting, overweight and wasting, respecti@¥HO, 2021a)

{(2006)
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Bakery and pastry products are consumedidwide in large
guantities on a daily basis and play a vital roldhuman nutrition. Among
bakery products, cookies hold an important placesriacks due to their
taste, crispness, eating convenience, long shelahd lowmanufacturing
cost, anda rich source of carbohydrate & fat. Generally, kies are
prepared from refined WF, shortening, sugar andesatier additives.
These kinds of ingredients are low in nutritive dmological valuebecause
refined WF is low in protein, fiber, minerals & aihins and rich in
carbohydrate @hauhan et al., 2016) Thus, the low nutritional value of
cookies is a main concern because cookies are tst popular snacks
eaten by children in school, who need more propsn unit weight than
adults. Accordingly, it is vital to produce cookiggth high nutritional
value. So, looking for a protein source that caovigle WF with an
appropriate amount of protein which turn will hetp improve the
nutritional value of cookies that can be utilized diet and nutrition
programmergObeidat et al., 2013)

Lupine is a legume that belongs toltbguminosae family. Lupine
(Lupinus albus) seeds, has higher protein (~40%), high numberseéntial
amino acids (EAAs), important dietary minerals &maer fat values which
attract it as a great food ingredigf@uemes-Veraet al., 2012) Lupine
seeds (LS) are a cheap alternative to other legarops importantly
soybean as it has comparable quantities of pretéim similar amino acid
profile. LS have significant contents of polyphenols, phigass,
carotenoids, tocopherols, alkaloids and peptidegsh wantioxidant,
antimicrobial, anticarcinogenic and anti-inflamnrgtactivities (Khan et
al., 2015)

Lentil Lens culinaris) is a nutritious and common food all over the
world especially in the developing countries. Lentil seddhve a high-
protein sourcg22 - 34.6%) and also rich in important vitamins (B2, B3,
B9, pantothenic acid and pyridoxine), minerals (Ca, Mg, Mn, Cu, Co,
Ni, B and Sernd soluble& insoluble dietary fibe(Devisetty et al., 2019)
lentil contains bioactive compounds like polyphen@lannins, flavones,

phenolic compounds), phytosterols, phytate, vitaniminerals, protein,
(2007)
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resistant starch, oligosaccharides, bioactive geptand saponins. All these
ingredients are responsible for health improvinée@s (Zhang et al.,
2014)

CoconutQocos nucifera) is one of the palm species belongs to the
family Arecaceae. Coconut flour (CF) is a vital by-product obtainedr
coconut residues produced through the wet proagssisoconut to extract
milk or dry processing to extract qihdeloye et al., 2020) CF has high
values of health promoting fiber, protein and othetrients.CF contains a
low level of digestible carbohydrate, does not aontgluten, and is
inexpensive than other nut flours and tastes wdudeCF can be utilized
much like WF to make of delicious breads, cookpmss, cakes, desserts
and snacks. CF provides many health benefits. ftiogrove digestion,
help prevent heart disease, diabetes and cancespwss aid in weight loss
(Ramaswamy, 2014)

There is urgent need to make stratege of low-cost and high-
protein resources that complement the balancedaatia profile of staple
diets to enhance nutritional value & combat maltiotr in developing
countries. Among processed foods, bakery foodpapelar with people of
all ages in both rural & urban aredsipine and lentil are lower in cost
comparing with other similar legumes. Coconut isxjmensive and highly
palatable. Therefore, this paper was designeddesasphysical properties,
nutritional composition & sensory evaluation of kms prepared from
lupine, lentil and coconut flours to combat malitign.

Materials and Methods:

Materials:

Sweet lupine, red lentil, coconut, whélaur (WF), shortening,
whole milk powder, sugar, salt, baking powder amahiNa were bought
from local market in Sharkia Governorate, Egyptef@icals used in the
current study were bought from EI-Gomhoriya CompmyTrading Drugs,
Chemicals and Medical Instruments, Sharkia Goveteor Egypt. All
chemicals and reagemre of analytical grade.

o002\
{2008)
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Methods:
Preparation of lupine, lentil and coconut:

Sweet lupine and red lentil seeds vgeceind in blender for getting
flour. Coconut flour was prepared Wfoakwah et al., (2019) method.
Grated coconut was put in boiling water and wasddel in a mixer to
obtain a smooth paste. The milk was separated usingjin cloth. The
residue was washed by hot water to decrease tloerigent and was dried to
a stable weight at 60°C. The dried sample was diiteflour, sieved and
packaged in air-tight plastic bags. All types ajfuit were stored in an air
sealed container till use.

Cookies Making:

Cookies were prepared by the proced@i@hoshal and Kaushik,
(2020) The basic ingredients used were WF (100g), suday)(4hortening
(259), whole milk powder (5g), baking powder (0.4galt (1g), vanilla
(0.2ml) and water as requiredihe experiment consisted of ten formula,
namely T1-Cookies made by 100g (WF); T2 — 80g (WHEPg (SLF) + 10g
(CF); T3 -60g (WF) + 20g (SLF) + 20g (CF); T4 — 40¢F) + 30g (SLF) +
30g (CF); T5 — 80g (WF) + 10g (RLF) + 10g (CF); ¥®0g (WF) + 20g
(RLF) + 20g (CF); T7 — 40g (WF) + 30g (RLF) + 30gF); T8 —70g (WF)
+ 10g (SLF) + 10g (RLF) + 10g (CF); T9 — 55g (WFL5%g (SLF) + 15¢g
(RLF) + 159 (CF); T10 — 40g (WF) + 20g (SLF) + 2®J_F) + 20g (CF).
All kinds of cookies were prepared as follows. Sugad shortening with
vanilla were creamed in a blender, and then whalk powder was added.
Samples flour, baking powder and salt were added,veere mixed with
water to get cookies dougfihe dough was rolled out to a thin thickness
(5.0 mm), and it was cut with a cookie cutter (3Bt diameter). Cookies
were baked at 160°C for 25 min in oven, and therevadlowed to cooat
room temperature. Cookies were packaged in polieteybags and stored
in air-tight containers till evaluation.
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Chemical composition of cookie samples & energy value:

Protein, fat, fiber, ash and moistureevMexamined for raw materials
& cookie samples as described ADAC, (2012) Calculations of total
carbohydrates were by difference. Calculation cérgn value (EV) was
done by utilizingthe Atwater factors (9, 4 andkéal/g) of fat, carbohydrate
and protein, respectivel{Chaney, 2006)Minerals level (Ca, K, Zn, Fe and
Mg) were estimated by Atomic Absorption Spectrophogter (Hitachi
Z6100, Tokyo, Japan) according AAC, (2012) While, phosphorus (P)
level was determined by the phosphovanado-molyb{stow) method
(AOAC, 2012)

Determination of physical quality of cookies:

Diameter, thickness and spread ratiocobkies were measured
according tdMan et al., 2017)

Color analysis of cookies:

The color analysis of the prepared te®kvas assessed using a
Hunter Lab color analyzer (Hunter Lab Color Flex, EISA) to estimaté.*
value (light — dark)a* value (red — green) arfaf value (yellow — blue).
The total color differencedE) was calculated aShresthaet al., (2012)
method.

Determination of amino acids:

Amino acids of different kinds of coekiwere obtained using an
automatic amino acid analyzer model S 433 (Sykaresikg, Germany)
according t)AOAC (2006).

Sensory characteristics of cookies:

Cookies were assessed for color, téestére, flavor, appearance in
addition overall acceptability. Sensory charactesswere carried out using
a 9-point Hedonic scalérom “like extremely” to “dislike extremely”.
Cookies were presented to twenty trained panelis were chosen from
Faculty's staff Sulthanaet al., 2018)

{ 2010)
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Statistical Analysis:

Results (three replicates) were evallidby using the Statistical
Package for Social Sciences (SPSS) version 25@7§2(IBM Corp.,
Armonk, New York). One-way analysis of variancet tess done to test
differences between treatments, followed by meapars¢ion using
Duncan’s analysis. Results with @<0.05) were considered to be
statistically significan{Bailey, 1995)

Results and Discussion:
Chemical composition of WF, SLF, RLF and CF flours:

The proximate chemical composition oF VBLF, RLF and CFare
clarified in Table (1). There was a significantiation (p<0.05) in overall
composition of four flours. Protein, fat, fiberhaand moisture values of CF
were 23.51, 4.86, 11.85, 4.31 and 5.51%, respédgtivikccording to
Makinde and Eyitayo, (2019) the chemical analysis of CF was 23.6%
protein, 5.4% fat, 5.21% ash, 11.14% fiber and %5&oisture. SLF
contained the highest level of protein 39.80% atd7f85%, but it had the
lowest carbohydrate content (29.45%) comparing WRth, CF and WF.
Meanwhile, CF contained the highest amount of fifkr.85%) and ash
(4.31%) comparting to SLF, RLF & WF, and WF con&inthe highest
value of carbohydrate (74.06%) and moisture (11Yiréeomparison with
SLF, RLF & CF.WF contained significantly lower valu@p<0.05) of
protein (12.10%), ash (0.51%) and fiber (1.00%) parmg with SLF, RLF
and CF.Man et al., (2021) recorded that WF contained 9.12% protein,
1.03% fat, 0.48% ash, 0.37% fiber and 74.45% canth@tte. Kefale and
Yetenayet, (2020)stated that SLF had 7.65% (fat), 4.20% (ash), 8.0
(protein) and 7.00% (moistureyrotein, fat, fiber, ash & moisture levels of
RLF were 25.30, 1.30, 4.40, 3.00 and 8.40%, resmdgt Chemical
analysis of RLF estimated during this study isamaurrence with obtained
results of Bouhlal et al., (2019) for protein, fat & carbohydrateCF
contained 4.37% moisture, 19.47% protein and 3.84%(Raczyk et al.,
2021)

{ 2011)



= Assessment of Cookies Prepared by Substituting Wheat Flour with Lupine, Lentil

Table (1): Chemical composition of WF, SLF, RLF andCF (on a fresh
weigh base).

I Raw Material

Component% SLE RLE CE

Moisture 11YV+0.26} 8.25+ .14 8.40+.1 5.51+0.10
Protein 1Y.)0+0.20 39.80+0.27 25.30+0.22 23.51+.20°
Fat 1.06 +0.G°¢ 7.85+0.2% 1.30+0.02 4.86+ .00
Fiber 1.0++0.0%¢ 10.75+0.28 4.40+0.18 11.85+0.24
Ash 0.51+0.0% 34.40.10° 3.00+0.13 4.31+0.1%
Carbohydrate 74.06+0.40 ¥9.45+0.25 57.60+0.48 49.96+0.38

Means having different letters within the row are ggnificant difference (p<0.05) according to
Duncan's test. WF:Wheat flour SLF: Sweet lupine flourRLF: Red lentil flour andCF: Coconut

flour.

Minerals content of WF, SLF, RLF and CF flours:

Minerals content of WF, SLF, RLF and Gexplained in Table (2).
A significant differenc&p<0.05) was noticed among WF, SLF, RLF and CF
in minerals content. Results indicated that theelstwcontent of calcium
(23.90), phosphorus (93.00), potassium (135.23gmasium (43.34), iron
(2.21) and zinc (1.40) mg/100g were recorded in S@mpared with SLF,
RLF and CF. Minerals content of RLF were 98.5, 4650, 135, 8.6 and
4.5 mg/100g for Ca, P, K, Mg, Fe and Zn, respebtiv€urrent results of
minerals level in WF and RLF showed some variatomparing with data
obtained byAwadElkareem and Al-Shammari, (2015)who found that
minerals content of WF were 16.21 (Ca), 118.12 (®).21 (K), 19.13
(Mg) and 4.54 (Feng/100g, whereas RLF contained 118.2, 226.12, 850.5
4.03 and 5.32 mg/100g of Ca, P, K, Mg and Fe, wspdy. The highest
amount of Ca, P, Mg and Zn were determined in Safmmaring to RLF,
CF & WEF. Moreover, RLF contained the highest cohteh K and Fe
compared with SLF, CF & WHRlahreis et al., (2016)stated that lupine had
220 (Ca), 407 (P), 116 (K), 162 (Mg), 4.6 (Fe) &nd (Zn) mg/100g.
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Table (2): Minerals content of WF, SLF, RLF and CF (on a freshweigh

base).

Mineral Raw Material

Calcium 23.90+0.4 280.00+1.08 98.50+0.96 110.00+1.0
Phosphorus 93.00+0.60 470.00+1.48 456.00+1.20 215.00+1.10
Potassium 135.23+1.11 650.00+1.70 1200.00+2.50 755.00+1.45
Magnesium 43.34+0.50 190.00+1.12 135.00+1.22 95.00+0.80
Iron 1.21+0.03 5.30+0.1% 8.60+0.20 3.00+0.16
zZinc 1.40+0.04 5.50+0.12 4.50+0.12 0.06+0.0%

Means having different letters within the row are gynificant difference (p<0.05) according to
Duncan's test. WF:Wheat flour SLF: Sweet lupine flourRLF: Red lentil flour andCF: Coconut
flour.

Chemical composition of cookies:

The chemical composition of cookiesciarified in Table (3).
Results indicated that replacement of WF by SLA~ RLF + CF and SLF
+ RLF + CF would result in a significant increg$<0.05) in protein, fat,
fiber, ash and moisture levels of cookies, whilebohydrate and energy
values significantly decreasg@<0.05) comparing with control cookies.
These results might be because of SLF, RLF andaE higher values of
protein, fiber, fat & ash comparing with WKI ingredients contents except
carbohydrate and energy values significantly ineeda(P<0.05) with
increasing the contents of SLF, RLF and CF flouldesl to cookie samples
comparing with (T1). Similar findingsere obtained from substituting tef
flour by lupine flour in injera (bread) productidor protein, fiber, fat,
carbohydrate and aglYyegrem et al., 2021) Cookies produced with lentil
flour and WF have a significant elevate in protaind insoluble fiber
(Portman et al., 2020) The rusk with 20% defatted coconut flour + 4% dry
gluten powder + 0.002% fungatamylase had 5.5, 1.6 times higher dietary
fiber and protein comparing with control rusk, regpely
(Chandrashekar et al., 2019) Findings indicated that the highest moisture
percentage (3.70%) was estimated in (T4), wheteatotvest level (2.00%)
was determined in control (T1These findings perhaps are resultthe
elevate in fiber amount of the cookies by the ipooation of SLF + CF,

T
C2013)
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RLF + CF and SLF + RLF + CRyhich probably causes a significant
elevate in water absorption capacityimilar result was published by
Afoakwah et al., (2019) for cake made from WF and CF. The highest
protein level (17.75%) was estimated in cookiepared with 30% SLF +
30% CF, whereas the lowest protein level (8.36%}% wlatermined in
control. Also, the highest fiber, ash & fat levelsre estimated in cookies
containing 30% SLF + 30% CF compared with (T1).skheesults might be
because of SLF and CF have higher values of profdiar, fat & ash
comparing with WFProtein values of cookies (T4, T7 and T10) incrdase
by 112, 84 and 104%, respectively, comparing to).(Ptotein levels of
cookies (T3, T6 and T9) increased by 77.6, 59.7 &nd %, respectively,
comparing with control (T1). Fat contents of coski@4, T7 and T10)
increased by 13.6, 5.2 and 9.5%, respectively, @im@ to control cookies
(T1), while fat levels of cookies (T3, T6 and T@gieased by 9.0, 3.7 and
6.9%, respectively, comparing with control (TAsh contents in (T4, T7
and T10) were approximately 4-fold more than cdnit¢hereas in (T3, T6
and T9) were approximately 3-fold higher than (THiher amounts in (T4,
T7 and T10) were approximately 7-times, 5-times @tiines, respectively,
more than control cookies. Whereas in (T3, T6 a@pwere approximately
5-times, 4-times and 5-times, respectively, highan (T1)Energy value of
cookies in treatments (T4, T7 and T10) was 3.823 &nd 3.58%ower
than control, respectively, whereas for (T3, T6 a8 was 2.79, 2.73 and
2.80% lower than (T1), respectively.

According to theVHO (2007) expert consultation, the protein
requirements of children aged 3-10 and 10-18 yeaes 0.73 and 0.7
g/kg/day, respectively. Based &tAO (2004) weight for age values, the
daily protein requirements for these children 11aRd 24-40 g/day for 3-10
and 10-18 years old, respectively. According to E#O/ WHO/ UNU
(2001) the energy requirements of children aged 7-8, 8-20, 10-11 and
11-12 years are 1623, 1764, 1916, 2078 and 224%d&yain the mean,
respectively. Cookies containing 20% SLF + 20% Gbvijgle 14.85g
protein and 447.98 Kcal energy per 100g weight.rdfoee, consumptions
of 50 and 100g of cookies would provide 50% ofdlaéy protein intake for
{2014)
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children aged 3-10 and 10-18 years, respectively, @ovide 27.6, 25.4,

23.4, 21.6 and 20.0%, respectively, from the darlgrgy requirements for

children aged 7-8, 8-9, 9-10, 10-11 and 11-12 yeaspectively. Results of

(T6) and (T9) are the same as T3 findings becawsehave approximately

the same range of protein & energy values as (T3).

Table (¥): Chemical composition of cookiesontaining SLF, RLF and
CF (on a fresh weigh base).

Sample Component
Moisture | Protein Fat Fiber Ash Carbohydrate EV

% % % % % % Kcal/100

T1 2.00 8.36 14.70 0.63 0.53 73.78 460.86
+0.10" +0.20 +0.24 | +0.0° | +0.01° +0.55° +2.32

T2 2.80 11.45 15.26 1.94 1.01 67.54 453.30
+0.11° +0.21° | +0.25° | +0.02" | +0.01° +0.45 +2.20F

T3 3.30 14.85 16.02 3.22 1.51 61.1 447.98
+0.12%° | 2022 | 024 | +0.0%° | +0.08° +0.3¢¢ +2.15

T4 3.70 17.75 16.70 4.45 1.90 55.5 443.30
+0.172 +0.23 | 0258 | +0.08 | +0.02 +0.35 +2.00

T5 2.60 10.75 14.96 1.52 0.97 69.20 454.44
+0.12¢ +0.21" | +0.23" | +0.00 | =+o0.00° +0.48 +2.22

T6 3.10 13.35 15.24 2.44 1.44 64.43 448.28
+0.13° | +0.23 | +0.22* | +0.0# | +0.02° +0.4C 212

T7 3.40 15.40 15.47 3.29 1.84 60.60 443.23
+0.14° +0.2%7 | +0.25¢ | +0.03° | +0.02° +0.39 +2.10

T8 2.70 12.70 15.43 2.16 1.17 65.84 453.03
+0.12° +0.21" | +0.23% | +0.02* | +0.03° +0.42 217

T9 3.20 14.97 15.71 2.95 1.50 61.67 447.95
+0.13° | +0.2F | +0.24° | +0.0% | 0.0 +0.41 +2.10¢

T10 3.60 17.07 16.10 3.65 1.79 57.79 444.34
+0.14 +0.28 | 2026 | +0.09 | +0.0%° +0.34' +2.00°

Means having different letters within the column ae significant difference (p<0.05) according
to Duncan's test. EV:Energy valueT1: 100% WEFE T2: 80% WF+10% SLF+10% CFT3: 60%
WF+20% SLF+20% CFT4: 40% WF+30% SLF+30% CH5: 80% WF+10% RLF+10% CFT6:
60% WF+20% RLF+20% CFT7: 40% WF+30% RLF+30% CFT8: 70% WF+10% SLF+10%
RLF+10% CF T9: 55% WF+15% SLF+15% RLF+15% Cénd T10: 40% WF+20% SLF+20%
RLF+20% CF.

Minerals content of cookies:

Table (4) shows minerals level of caski Ca, P, K, and Mg
contents of control cookies were 15.50, 59.30, 83A4d 26.60 mg/100,
which significantly increase(P<0.05) gradually as the level of substitution

T
(2015)
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of SLF, RLF and CF were increased. Similarly, the and iron amounts of
the samples with SLF, RLF and CF showed an inangasend as the value
of substitution increaseérom the analysis, the iron content of (T6), (T7),
(T9) and (T210) significantly elevatedP<0.05), moreover zinc level
significantly increased(P<0.05) in (T3), (T4), (T8), (T9) and (T10)
compared to (T1). Calcium, potassium, iron, magmasand zinc were
significantly elevated in lupine biscui{Stefanikovéa et al., 2020) Ca, Fe,
K, Zn and Mg values were significantly eleva{&0.05) in maize-defatted
coconut flour blends(Adeloye et al., 2020) A significant difference
(p<0.05) was noticed between WF and fortified wheat-leftiirs for zinc
and iron levels(Bouhlal et al., 2019) The highest level of phosphorus
(166.40 mg/100) was determined in (T10), which was almosbl@
comparing with (T1)This finding perhaps is attributed to elevate thkig
of phosphorus in SLF, RLF and CF than WF (Table 2)e fiaximum
potassium (395.00 mg/100) and iron (2.48 mg/10@I&ewere recorded in
(T7), which were approximately 5-times and 3-timesspectively, more
than control cookies. These results probably acaudmee of the highest level
of K and Fe in RLF compared to SLF, CF and WF (é&). The highest
calcium (80.00 mg/100) and magnesium (63.00 mg/J&@punts were
determined in (T4), which were about 5-times antinis, respectively,
more than (T1). These findings perhaps are resulhé highest content of
Mg and Ca in SLF compared to RLF, CF and WF (T&hl&he zinc value
of cookies ranged from 0.85 to 1.55 mg/100. Thenésy zinc value was
estimated in (T10), whereas the lowest content eiermined in control
cookies (T1).These findings probably are result to SLF and RbRta&in
higher values of zinc than WF.
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Table (4): Minerals content of cookies containing SLF, RLF andCF (on

Sample

a fresh weigh base).

Mineral (mg/100

Zinc

T2 Yoo 3.0, Yoy . YAAS 1.3 Yoo
+0.60° +0.95 +1.00 +0.57 +0.03° +0.02%

T3 AR YYY . YAV . oY v Y00 AL
+0.7¢° +1.13 +1.43 +0.62 +0.05%° +0.04%°

T4 Av o YOY A YAA R e YA Y¥e
+0.90" +1.258 +1.33 +0.7¢% +0.06"° +0.04"

T5 Yo . A4 Y YAQY Yo X. y.ve .44
+0.80" +0.819 +1.29" +0.55 +0.04%° +0.0%¢

T6 AR AEE Ydo .. €0 4 s Y40 1.02
+0.65 +1.1£ +1.4CF +0.7¢° +0.05" +0.03

T7 £0 A+ V€4 v L BAE Y €A Y1
+0.66° +1.20° +1.60° +0.75' +0.07 +0.04

T8 £ YIY A YAA TS TRE R 1.18
+0.60 +1.00 +1.40 +0.50° +0.03%° +0.03°

T9 oV v VEY T. YATY oy o Yoo 1.34
+0.7¢° +1.2(f +1.44 +0.63 +0.04" +0.03°

T10 A RS Yo. 4. 1) .0 Y £Y y.o1
+0.82 +1.30° +1.558 +0.75 +0.06" +0.04

Means having different letters within the column ae significant difference (p<0.05) according
to Duncan's test. T1:100% WE T2: 80% WF+10% SLF+10% CH3: 60% WF+20% SLF+20%
CF;, T4: 40% WF+30% SLF+30% CFT5: 80% WF+10% RLF+10% CFT6: 60% WF+20%
RLF+20% CE T7: 40% WF+30% RLF+30% CFI'8: 70% WF+10% SLF+10% RLF+10% CF9:
55% WF+15% SLF+15% RLF+15% GIndT10: 40% WF+20% SLF+20% RLF+20% CF.

Sensory characteristics of cookies:

The descriptive sensory analysis valtesprepared cookies are
clarified in Fig (1). The data indicated that nagr#ficant change$p<0.05)
were observed among control cookies (T1) and (B2,Tb, T6, T8 and T9)
in appearance, color, texture & overall acceptgbgicores. The colors of
cookie samples (T1, T2, T3, T5, T6, T8 and T9) wadisactive to the
panelists comparing with other cookies. The highsesire for taste was
estimated in (T9), whereas other samples did ntreiéne any significant
changeqp<0.05) in the score of taste comparing with contiidie flavor
significantly improved (p<0.05) in all cookie samples comparing with
control (T1). Biscuits containing 25% of lupine flour demonstdcateo

o
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significant difference in color comparing with teentrol (Stefanikova et
al., 2020) Cookies prepared with RLF were acceptable up tp&@ent,
without any significant negative impact in aromesté and textureAghraf

et al., 2012) Biscuit made from 50% WF + 25% CF + 25% almond rflou
did not estimate any significant changes in appearataste, aroma &
overall acceptability scores comparing with cont(bloah, 2018) The
content of CF up to 40 percent given the highestescin flavor, odor &
overall acceptability of the biscuit comparing tntrol (Jiamjariyatam et
al., 2021)

10 wAppearance ®Color mTaste w»Texture mFlavor mOverallacceptability

Hedonic scale

T3 T4 T5 T6 T7
Sample

Fig. (1): Sensory characteristics of cookies.

Physical quality of cookies:

Table (5) summarizes the finding of pg/sical quality of samples.
The replacement of WF with SLF, RLF and CF up t&28LF + 20% CF,
20% RLF + 20% CF and 15% SLF + 15% RLF + 15% CF had
significant impac{p<0.05) on diameter, thickness & spread ratio of samples
comparing to control cookies. Diameter in (T4) afid0) significantly
decreased(p<0.05), whereas spread ratio in (T4), (T7) and (T10)
significantly decrease<0.05) comparing to (T1). While, in (T4), (T7) and
(T10) thicknesssignificantly increasedp<0.05) comparing with control.
These findings probably are result to (T4), (T7¥ gm10) contained the
highest level of protein comparing with other caskiReplacing WF with
lupine flour up to 40 percent did not appear aificant impact on diameter
of biscuit, but thickness elevated at 20% comparing with control

{ 2018)
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(Jayasena and NasaAbbas, 2011) According to Sujirtha and
Mahendran, (2015) the diameter was increased in biscuits made from
defatted CF (9.2% fat), where the increase in #hedlue led to an increase
in the diameter, and biscuits thickness were retluae the value of
substitution of defatted CF increased. The diamedérbiscuit was
significantly elevated with increasing the lentddr level from 5 to 20%,
while no effect was shown on the thickness of big¢erah et al., 2014)

Table (5): Physical quality of cookiegontaining SLF, RLF and CF.

Sample Physical quality
Diameter (mm) Spread ratio

| 6.19:0.04
T2 35.8\+0.22 5.84+0.04 6.14+0.08
T3 35A040. 28 °.41+0.04° 1.0V+0.02
T4 35.40+0.28 6.0++0.05 5.£040.01°
T5 ' 35.91+0.3% 5.82+0.08 6.17+0.08
T6 35.92+0.36 5.90+0.08° 6.09+0.02
T7 35.94+0.33 6.Y0+0.04° 5.70+0.03
T8 ' 35.81+0.27 5.81+0.08 6.18+0.04
T9 35AV+0.25 5.92+0.08° 6.06+0.02
T10 35.60+0.2% 6.40+0.08 5.57+0.02

Means having different letters within the column ae significant difference (p<0.05) according
to Duncan's test. T1:100% WE T2: 80% WF+10% SLF+10% CH3: 60% WF+20% SLF+20%
CF;, T4: 40% WF+30% SLF+30% CFT5: 80% WF+10% RLF+10% CFT6: 60% WF+20%
RLF+20% CE T7: 40% WF+30% RLF+30% CFI'8: 70% WF+10% SLF+10% RLF+10% CF9:
55% WF+15% SLF+15% RLF+15% GIndT10: 40% WF+20% SLF+20% RLF+20% CF.

Color analysis of cookies:

In the current research, thfevalue of cookies was decreased while
the a* and b* values were increased comparing to ({Lable 6). The
elevate ina* andb* values perhaps result to increase redness in ROF a
yellowness in SLF. Thé* values representing lightness did not determine
any significant change@<0.05) in cookie samples (T2 and T3), whereas
the other cookies revealed a significant decre@s®.05) in lightness
because of the loss of white color of the WF with addition of SLF and
RLF comparing with (T1). Tha* values (red — green) for samples (T2, T3
and T4) did not appear significant chandps0.05), whereas the other
cookies significantly increase(p<0.05), especially in cookies prepared

5010\
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from RLF + CF comparing with (T1). This finding foably is as a result of
RLF has natural red pigments. Moreover, the higbéstalues (yellow —
blue) were recordedh cookies made from SLF + CF, comparing with
control. These findings perhaps are the result of SLF costaaturalellow
pigments. According tdayasenaet al., (2011),L* anda* values of lupine
biscuits did not determine any significant chan(pe®.05) up to 20 percent
substitutionL* value was decreased for raw & cooked pasta witeasing
RLF, while a significant elevai@<0.05) was observed for the cooked pasta
in a* value with 5-20% addition of RLF comparing withntwl. Also,
samples with RLF were marked by yellow coltw) (Teterycz et al.,
2020) 4E values that reflect the overall difference in edltom the control
cookies clarified a significant eleva{p<0.05) with the elevate in SLF +
CF, RLF + CF and SLF + RLF + CF. The highg&tvalue was noticed in
cookies produced with 30% RLF + 30% CF. A similemt was recorded
by Teterycz et al., (2020)for pasta with addition of RLF. Also, the same
findings were published byayasenaet al., (2011) who observed that an
elevate iME with the elevate in lupine flour substitution irsduits.

Table (6): Color analysis of cookiesontaining SLF, RLF and CF.

Cookie color

Sample
=
T1 | 79.) ++0.92 0.48+0.0 19.29+0.10

T2 7A.48+0.84 22.67+0.18 3.44+0.0

T3 78.11+0.86° 24.7+0.24 4.89+0.04
T4 7719+0.73° 25.23+0.28 6.13+0.08
T5 77.8610.7 3.25+0.04 2+.030.1 3.12+0.08
T6 75.93+0.78 °.64+0.0% 2+.40+0.16 6.160.04
T7 73A8+0.63 7.60+0.07 2:.84+0.18' 8.96+0.07
T8 775+0.77° 2.96+0.09
T9 71.0+40.65¢ Y.A++0.03 YV A +0.14° 4.29+0.08
T10 75.55+0.5% 5.61+0.04

Means having different letters within the column ae significant difference (p<0.05) according
to Duncan's test. T1:100% WE T2: 80% WF+10% SLF+10% CH3: 60% WF+20% SLF+20%
CF;, T4: 40% WF+30% SLF+30% CFT5: 80% WF+10% RLF+10% CFT6: 60% WF+20%
RLF+20% CFE T7: 40% WF+30% RLF+30% CFI'8: 70% WF+10% SLF+10% RLF+10% CF9:
55% WF+15% SLF+15% RLF+15% GIndT10: 40% WF+20% SLF+20% RLF+20% CF.

{2020)
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Amino acids of cookies:

The incorporation of cereal & legunretpins could provide better
overall EAAs balance. Most cereals contain a lovoant of protein, which
is one of the causes of malnutrition in most Afniceountries. Blending
cereals with a high level of protein & low-cost leges like lupine and lentil
may be recommendet@ihe amino acids of food products are a necessary fo
protein quality. The EAAs are needed for tissuentesiance and required
for growth of children. Findings clarified that tiseibstitution of WF with
SLF + CF, RLF + CF and SLF + RLF + CF elevated ggroamount and
protein quality (EAAs profile) as explained in Tal[7). Results indicated
that cookie samples (T3, T6 and T9) contained higihgounts of the EAAs
and non- essential amino acid (NEAAs) than contwbkies (T1). The
highest amount of leucine (0.921%) & threonine (8%) were estimated
in (T3), while valine (0.578%), methionine (0.476%spleucine (0.500%),
phenylalanine (0.545%) and lysine (0.697%) wereonmd®ed in (T9)
comparing with control (T1). These findings prolhalble result to SLF,
RLF and CF contain higher values of protein than Wikereas, the highest
content of total EAAs were recorded in (T3), therease was found to be
48% comparing with control (T1). Generally, thearmoration of 20% SLF
+ 20% CF, 20% RLF + 20% CF and 15% SLF + 15% RLE5% CF into
the produced cookies led to an elevate of all amitids comparing to the
control. All amino acids of biscuits were gradualhgreased by replacing
WF with SLF (4, 8 and 12%lEIl-Maasoud and Ghaly, 2018) Valine,
methionine, leucine, isoleucine, threonine andnlgssignificantly increased
(P<0.05) with increased substitution of CF and fluted pumpseed flour
(Oyet and Chibor, 2020) A significant elevates in leucine & phenylalanine
was noticed in pasta with R eteryczet al., 2020)
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Table (7): Amino acids content of cookiesontaining SLF, RLF and CF.

Amino acid (%)

[ o T = T 7 T 1

Essential amino acid (EAA

Valine 0.410 0.554 0.492 0.578
Methionine 0.323 0.564 0.352 0.476
Leucine 0.599 0.921 0.684 0.909
Isoleucine 0.291 0.491 0.367 0.500
Threonine 0.371 0.505 0.377 0.493
Phenylalanine 0.428 0.533 0.466 0.545
Lysine 0.444 0.674 0.533 0.697
TTotal (EAA) | 2.866 4.242 3.271 4.198
Non- essential amino acid (NEAA)
Histidine 0.229 0.313 0.252 0.315
Tyrosine 0.193 0.388 0.232 0.367
Cystine 0.112 0.156 0.115 0.147
Arginine 0.476 0.915 0.699 0.915
Serine 0.334 0.617 0.404 0.593
Glycine 0.488 0.598 0.462 0.574
Alanine 0.374 0.530 0.396 0.509
Aspartic acid 0.550 1.066 0.742 1.063
Glutamic acid 0.921 1.858 1.345 1.856
Proline 0.690 0.886 0.584 0.808
Total (NEAA) 4.367 7.327 5.231 7.147
Total amino acids 7.233 11.569 8.502 11.345

T1: 100% WE T3: 60% WF+20% SLF+20% CH6: 60% WF+20% RLF+20% CBndT9: 55%
WF+15% SLF+15% RLF+15% CF.

Conclusion:

SLF, RLF and CF were utilized to suioé¢i WF at various levels to
prepare cookies. Replacing WF with 20% SLF + 20% ZIF6o RLF + 20%
CF and 15%5LF + 15% RLF + 15% CF led to significant improvernan
protein,fat, fiber, ash, Ca, P, K, Fe, Zn, Mg and aminaladevels without
negatively affecting of physical, color and sensprgperties of cookies.
Compared to other natural protein sources, SLF, RbhBE CF are less
expensive. So, using of SLF, RLF and CF would ekvhe nutritional
value & quality of cookies at a relatively lowerstdn general, (T3), (T6)
and (T9) can provide important ingredients to inmerdiuman nutritional
guality & health status, so these cookies can lelmbat malnutrition.

o0\
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Findings obtained could be very valuable in decidior manufacturers to
use SLF, RLF and CF as a substitute or supplemsecereal flours for the
manufacture of different bakery foods and also auld be of economic
importance to exploit the local agriculture produict Egypt.
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