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Abstract

Current study investigated to clarify the potentigpoglycemic
effect of adding dry lemon Citrus limon peel, Siiriphus spina christi
leaves and their mixture on rats with hyperglycemna to evaluate the
quality attributes of cupcakes enriched with lerpeel, sidr leaves and their
mixture. A total of thirty five (35) male albino rats; Sprague-Dawley Strain
were used; the rats were divided into two main groups, (1) the negative
control (first group 7 rats), and the second regmeed diabetic rats (28 rats)
which subjected to intraperitoneal injection wittréptozotocin to induce
hyperglycemia and then sub divided into 4 groupglie/ rats) as follows:
(2) positive control group fed on standard die), 30 Sidr Leaves group,
(4) 5% lemon peel group and (5) mixture of 5% Lenpael+ 5 % Sidr
leaves group. By the end of study (4weeks) Reshltsved that, positive
control group had the highest levels of blood ghe;a@lycated hemoglobin,
HOMA-IR, serum triglycerides, total cholesterol alWiiDA compared with
negative control. Feeding on lemon peel, Sidr lsared their mixture had a
beneficial effects on blood glucose, glycated hdotng, HOMA-IR and
lipid profile with elevation of serum total antiaents and immunoglobin
productions and decrements of MDA, diet supplentemigh lemon peel,
Sidr leaves or their mixture had a protective d¢ffemn renal functions as
evident by decrements of serum urea and creatiuelity attributes of
cupcakes enriched with mixture of 5% Lemon peel+ 5 % Sidr leaves;
followed by 5% lemon peel showed the higher acd®itia score by
panelists compared to control sample. The resuoligcated the potential
positive impact of lemon peel and Sidr leaves intidling negative effects
of hyperglycemia.

Key words: Lemon peel, Sidr, hyperglycemia, lipid profile and
renal functions.
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Introduction:

Diabetes mellitus (DM) affects varied body orgagading to many
harmful health consequences; and in accordance twéhWorld Health
Organization(WHO, 2004), DM considered as one of the ten foremost
universal causes of deaths.

Vegetables and fruit of Plant kingdom are richrses of varied
metabolites, and they contain many bioactive phwaoacals. Phenolic
compounds, flavonoids, Alkaloids, glycosides, aadanins Devanooru et
al., 2015). Lemon Citruss Limon production in Egypt considered as high
yielding crop which processed into variety of pro and the peel of
Lemon are rarely used in food manufacturing; aridige amount of food
waste yields each year putting heavy burden onl l@®ironment,
meanwhile the lemon peels are rich sources of némgctive compounds
including polyphenols among other bioactive couostits. Gao et al.,
(2021) stated hat, in lemon peel the flavonoids are considered asbst
important bioactive compounds that might be utdizs natural sources that
have no adverse effects.

Sidr Tree Ziziphus spina-christi is a fruit tree with distinctive
unigueness and values. It is considered as anlemntsburce of a variety of
bioactive compounds, which aid in liver protectemmd improvement of the
antioxidant enzyme actions among other beneficigalth effects
(Brodowska, 2017).Sidr leaves are good source of antioxidants inolydi
flavonoids, polyphenols, saponins, triterpenoids] tannins(Rialdi et al.,
2023).

This study aims to investigatbe potential hypoglycemic effect of
adding dry lemorCitrus limon peel, SidrZiziphus spina christi leaves and
their mixture on Streptozotocin (STZ) induced diabeats and to evaluate
the quality attributes of of cupcakesriched with lemon peel, sidr leaves
and their mixture.
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Material and Methods:
Materials

Lemon fruits and leaves of Sidr were obtained frAgriculture
research center, institute of horticulture researCairo, Egypt. The
Streptozotocin and biochemical Kits were obtaimednf Gamma Trade Co.,
Egypt. Gallic acid, quercetin dihydrate and Folim¢&lteu phenol reagent
were supplied by Sigma-Aldrich. Dietary ingredienBL-Methionine,
cellulose, casein, and powdered cholioeloride were acquired from
Morgan Co. in Cairo, Egypt.

Preparation of Lemon peels and leaves of Sidr Powde

Lemons were washed under running water, a peesrtiaen used,
and the peels were equally distributed in dryiraydrand placed in a tray
dryer that was set to 50 °C for 96 hours. Driedgeere further grounded
into a powder using a grinder and sieved using@u@d mesh screen. The
leaves of Sidr were dried at room temperature Qrhand powdered by
electric mixture.The resultant powder was placed in airtight bags lept
in dedicators foadditional examination.

Total phenolic and flavonoids quantification:

Using the methods mentioned [8ingleton et al., (1999) and
Marinova et al., (2005)the total phenolic and flavonoids were determined,
respectively.

Ethical approval

The scientific Research Ethics Committee (AnimadseCand Use),
Faculty of Women for Arts, Science and Educatiom 8hams University,
Egypt, approved the study's biological experimaststhically acceptable.
Biological Experimental
Animals

Induction of Diabetes Mellitus. hyperglycemia induced in rats by
using an intra peritoneal injectiong) with 60 mg streptozotocin / kg body
weight (single dose) as mentioned Masiello et al., (1998). After 48
hours, blood samples were collected by retro-drimtathod and glucose
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levels in blood were estimated. Animals showed hylyeemia (blood
glucose levels >240 mg/dl) were assigned to théysfDECD, 2001).

Experimental design:

Thirty-five (35) male albino rat§prague-Dawley Strain weighing
(185+ 15g) were obtained from Vaccine and Immunaganization,
Helwan, Egypt. the rats were divided into two mgnoups, (1) the first
negative control group (7 rats), and the secondnngaoup represented
diabetic rats (28 rats) which subjected.po with Streptozotocin (60 mg/ kg
body weight) to induce hyperglycemia and then ttisted into 4 groups
(each 7 rats) as follows: (2) positive control grdad on standard diet, (3)
5% Sidr Leaves group, (4) 5% lemon peel group &)dn{ixture of 5%
Lemon peel+ 5 % Sidr leaves groul rats have free access to water and
diet; rats were maintained at temperatures of 18223n accord tdReeves
et al., (1993) the standard control diet was prepared. Diets%fL®mon
peel, 5% Sidr leaves and mixture of 5% lemon p&ébtSidr leaves groups
were prepared by adding of dry lemon peel and I8adres powder and their
mixture at predetermined levels.

Blood sampling: All rat groups at the end of study were
anesthetized and blood was collected. First path@fblood was collected
in heparinized tube for the determination of blogldcose and glycated
hemoglobin (HbAlc), and the remaining part was rifigied to obtain
serum which stored at -20° C till further analysis.

Biochemical analysis

Blood glucose and glycated hemoglobin (HbAlc) wesemated
according tofrinder (1969), andGoldsteinet al., (1986),respectivelyThe
determination of insulin Hormone was carried owcading toDefronzo et
al., (1979).Homeostatic model assessment for insulin resistdhOMA-
IR was computed as p&aumo et al., (2006)following equation:

HOMA-IR = fasting serum insulin X  fasting serum glucose
405
{ 856)



=  Research Journal Specific Education - I ssue No. 92 - may 2025

The methods oDraper et al., (1993)andMiller et al., (1993)were
used to determine Malondialdehyde (MDA) and Totati@xidant Capacity
(TAC), respectively. In accord to the method lom et al., (1994) the
Immunoglobulin was estimated. Serum triglycerideaswletermined as
described in the method &bssati and Prencipe, (1982); and the methods
of Allain et al., (1974), and Bursteinet al., (1970) were used for the
determination of total cholesterol and HDL, respety. The method of
Friedwald et al., (1972)was used to estimates LDL; and the VLDL was
calculated (VLDL= TG/ 5). Procedural methods S#arcy et al., (1967),
Caraway (1955),andBohmer, (1971)were applied to estimate serum urea,
uric acid and creatinine, respectively.

For the evaluation of sensory quality attributes@bcakes enriched
with 5% lemon peel, 5% sidr leaves and mixture%flBmon peel+ 5% sidr
leaves; the method ddubat, (2010)was used to produce cupcakes with
aforementioned levels of lemon peel and sidr learestheir mixture. The
backed products were cooled and submitted to pameisder to rate them
for sensory quality attributes using hedonic seaanentioned bioretti
et al., (2004).

Statistical Analysis: Data were analyzed by using SPSS software
(V.16), and analysis of variance (ANOVA) followed/ Ibuncan’s were
applied, and the differences among groups wereideresl significant aP
< 0.05(Snedecor and Cochran, 1967).

Results and Discussion:

As shown in table (1) Total phenolic of lemon paetl Sidr leaves
were 42.56+ 0.58 and 192.8+ 0.65 mg GAE/g DW reaspeyg, where
flavonoids in lemon peel and Sidr leaves were 34084 and 46.42+ 0.80
mg QE/ g DW, respectivelBarakat et al., (2024)found that, Sidr powder
had a total phenol content of 179.53 to 197.7 md&GA0 g DW. Also, the
total flavonoids of Sidr powder ranged from 411162455.03 mg/100 g
DW.
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TABLE (1): TOTAL PHENOLIC AND TOTAL FLAVONOIDS CONTENTS IN
LIMON PEEL AND SIDR LEAVES SAMPLES (MEAN+S.D).

Lemon Peel 42.56+0.58 34.16+0.84
Sidr Leaves 192.8+0.65' 46.42+0.8C0°

Means within the same column having different hstigere significantly differed & < 0.05.

Table (2) illustrated that, streptozotocin inducddbetic rats
(positive control group) showed significantly highévels of fasting blood
glucose (301.534.7.26 mg/ dl), glycated hemoglobin (9.20%0 %) and
HOMA-IR (5.20 £0.85) and significantly lowered serdnsulin (6.99 +0.72
plU/ml) in comparison with that of negative contgroup values. Adding
of 5% lemon peel to the diet of diabetic rats dffety and significantly
decreased blood glucose (118.841.11), HBAlc (4.07+0.16 %) and
HOMA-IR (2.24+0.14) with significant increments bfsulin (7.63 +0.85),
followed by diet containing 5% Sidr leaves whiclsuked in a significant
reductions of blood glucose(133.854%3 mg/ dl), HBAlc (4.590.23 %),
HOMA-IR (2.35%0.19) and significant increments of Insulin (7.0234)
compared to that of positive control group. The tome of lemon peel and
sidr leaves group had a significantly lowered lew#l blood glucose
followed by group of 5% lemon peel and group of S#dr leaves.

Table (2): Mean blood glucose, HBALlc, fasting blood InsulindadOMA-IR of
rat's groups fed on lemon peel, Sidr leaves andrtiméxture (Mean+ S.E.)

FBG HbAlc Insulin HOMA-IR
_ mg/dl % ~ plU/ml

Negative control 88.09°+3.19 2.97+0.08 8.0F+1.11 1.74+0.11
Positive control ~ 301.53°+17.26  9.27+0.50 6.99+0.72 5.20°+0.85
5% Lemon peel ~ 118.94+1.11  4.07+0.16 7.63+0.85 2.24+0.14
5% Sidr Leaves ~ 133.85°+5.53  4.59+0.23 7.12°+0.64 2.3%+0.19
5% Lemon peel+
5% Sidr leaves

Means within the same column having different sttgere significantly differed & < 0.05.

105.23%+3.82  3.7F+0.25 7.9F°+0.87 2.06°+0.16

FBG, fasting blood glucose; HBAlc, glycated hemoglobin and

T
{ 858)
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Naim et al., (2012) illustrated that in diabetic rats, lemon peel
polyphenols reduced glucose absorption and lowbetedd glucose level
through the inhibiting actions of polyphenols (hexsgin and eriocitrin) on
a- amylase and- glucosidase; the enzymes used in carbohydragstiog.
Where the results dfv et al., (2018)showed that treatment with lemon peel
extract may alleviate Type 2 Diabetes (T2D) symoby restoring
antioxidant activity. MoreoverAlor and Chinko, (2022) reported that, the
anti-hyperglycemic effect of lemon peel could be ¢l its enhancements of
glucose tolerance, reducing insulin resistance mudeasing of blood
antioxidants. These anti-hyperglycemic effectCotimon were positively
correlated with its flavonoids content especiallgsperidin, hesperetin,
naringin and naringenifLv et al., 2018).

Saaty (2019)concluded thaZizphus spina-christi extract possesses
anti-diabetic activities among other positive heaffects, which attributed
to its antioxidant actionsBen Younes, et al., (2018) reported that
flavonoids and tannins had an anti-diabetic effestiKhaleel et al., (2020)
confirmed that, sidr leaves. spina-christi were rich sources of phenolic,
flavonoids and alkaloids and tannins; these bigactompounds may be
attributed to the anti-hyperglycemia of sidr leav@ssults ofAbdel-Zaher
et al.,(2005, and Husseiret al., (2006), (Abdel-Zaheret al., 2005, and
Husseinet al., 2006)showed that, sidr leaves improved glucose metaholis
and utilization as it stimulated the secretion asulin and enhanced
carbohydrate metabolism.

Streptozotocin induced diabetic rats fed daiphus spina-christi
leaves extract showed decrements of blood glucB&Alc level and
increments of insulin levelMichel et al., 2011, Niamatet al., 2012 and
Khaleel et al., 2020) and that could be due to the saponin and polygken
in Ziziphus spina-chrsiti leaves which were reported to be responsible for
modifications in glucose metabolism and the sigaiifit increments of total
antioxidant capacity as mentioned (dichel et al., 2011)

RecentlyCao et al., (2024)illustrated that Saponins reduced blood
glucose through increments of insulin secretion a@edreasing insulin
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resistanceGoulas et al., (2022) showed that, 85% of plant samples from
Mediterranean region showed anti-diabetic effeots that was due to their
inhibitory effects onu- glucosidase and- amylase, both of these enzymes
were correlated to the postprandial hyperglyce(Wang et al., 2010).In
addition, Goulas et al., (2022) summarized the effects of flavonoids on
hyperglycemia and linked their anti-diabetic efteatith: (1) enhancement
secretion of insulin or its sensitivity, (2) enhamgeglucose utilization, and
(3) enhancing lipid oxidation.

Table (3) illustrated that, streptozotocin inducddbetic rats
(positive control group) showed significantly highéevel of MDA (8.55+
0.84 nmol/ mL) and significantly lowered serum TAC62+ 0.04 mmol/
L), IgM (72.34+1.12mg/dL) and IgA (76.35 +1.05mg/dL) in companso
with values of negative control rats group. Onaliger hand, adding lemon
peel, Sidr leaves and their mixture to the diethgperglycemic rats
effectively and significantly decreased MDA witlgsificant increments of
TAC, IgM and IgA when compared with the values afsiptive control
group. However, the best result was showed in maxguoup.

Table (3): Mean Serum MDA, TAC and immunoglobins of rat's goeded
on lemon peel, Sidr leaves and their mixture (Me&rk&.)

Serum MDA Serum TAC IgM IgA
nmol/ mL mmol/ L (mg/dL) (mg/dL)
Negative control | 3.46°+0.41 1.52+0.10 | 113.12 +Y.65 124.7F+Y .96
Positive control 8.55%+0.84 0.62+0.04 72.34£1.12 76.3%+1.05
5% Lemon peel 5.12°+0.19 1.07+0.05 94.76 +1.14 102.87 +Y.72
5% Sidr Leaves 5.22°+0.23 0.99+0.03 85.4% +1.05 90.95 +1.25
5% Lemon peel+ 4.10°+0.49 1.23+0.08 99.96 +1.87 111.38+Y.78

5% Sidr leaves

Means within the same column having different hstigere significantly differed & < 0.05.

Streptozotocin selectively destroys the pancreBtcells, reduce
their activity, and cause diabetg&zkudelski, 2001) andthe illustration of
Newsholme et al., (2019) demonstrated that, hyperglycemic resulted in

260
{ 860)




=  Research Journal Specific Education - I ssue No. 92 - may 2025

antioxidant imbalance by decreasing antioxidanelleand increments of
reactive oxygen species (ROS) production; whichy pda role in the
dysfunction of the pancreatfccell and consequently increased resistance to
insulin. Papachristoforou et al., (2022) postulated that, hyperglycemia
decreased body antioxidants through incrementsugtmh of glycation
endproducts (AGEs) which resulted in increment ndulin resistant and
impairment of insulin secretion with accompaniedidatve stress. In
addition, it was reported that lemon peel flavosofdPF) supplementation
in mice enhanced the level of SOD and CAT actisitigth lowering of
MDA (Bao et al., 2020). Furthermore,Gao et al., (2021) showed that,
Lemon peel polyphenols (LPP) contains gallic, némrcigenic, caffeic,
isochlorogenic, rosmarinic and proto-catechuic scid addition to (+)-
catechin, (-)-Catechin gallate; the treatment Wi resulted in decrements
of MDA with increments of SOD, Cat and GSH; whickayrmattributed to
the LPP protecting effect of cellgao, et al., (2022)confirmed thatCitrus
lemon considered as an excellent source of flavanonectein, which
effectively decreasing oxidative stress in hypergiyia Joséet al., (2017)
showed that diets enriched with dried lemon peél%% and 3% levels, for
a period of 15 days; showed improved humoral (seric immunoglobulin M)
and cellular (peroxidase activity) immunity. In @oln, Ramasamyet al.,
(2020)illustrated that, dried lemon peel enriched dethanced the rate of
growth and the antioxidant status as well as immuekted gene
expression; and dietary polyphenols reduce inflatima(Hira et al.,
2021).

From table (4), it is clearly obvious that hypexgyia negatively
affect the lipid profile in hyperglycemic rats (jiibge control); as levels of
TG (281.97+ 3.14mg/ dl), Cholesterol (200.67 3.11mg/ dl), and LDL
(111.51+ 2.01mg/ dl) were considerably increased compardti¢osalues
of negative control of 90.17 +.57mg/ dl, 89.8% 1.50 mg/ dI, and 20.64
1.75 mg/ dl, respectively. On the other hand grotipat fed on 5% lemon
peel had significantly lower triglycerides, Chokasi and LDL cholesterol
levels (122.01+2.28 mg/ dl, 1135+ 2.14 mg/ dl and 47.07%.36 mg/ dl,
respectively) compared with values of positive congroup; the group fed
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on 5% Sidr leaves as significant reduction of yegkides, cholesterol and
LDL cholesterol were 124.392.10 mg/ dl, 117.7% 2.10 mg/ dl and
48.15+1.49 mg/ dl, respectively, compared with valuepaditive control.
The rats fed on mixture of 5% Lemon peel+ 5% S#dwes had the lowest
TG levels (112.46+2.09 mg/ dl) compared to the values of the pasitiv
control group. Serum cholesterol level in groupb®§ lemon peel+5%Sidr
leave (1051Y + 2.02 mg /dl) was significantly lower in comparisaith
positive control group value, while LDL cholesteleVel reach 33.661.88
mg/dl which is lower than that of positive control.

TABLE

(4):

MEAN

SERUM

TRIGLYCERIDES

(TG),

TOTAL

CHOLESTEROL, VLDL, LDL AND HDL OF RAT'S GROUPS FEDON
LEMON PEEL, SIDR LEAVES AND THEIR MIXTURE (MEAN+S.E.)

5% Sidr leaves

Negative control ~ 90.17°+1.57 89.8f+150 18.03+1.71 20.6f+1.75 51.17+1.73
Positive control ~ 281.97°+3.14 200.67+3.11 56.39+1.27 111.51+2.01 32.77+1.71
5% Lemon peel  122.01°+2.28 113)5°+2.14 24.406+1.36 47.07+1.36 42.38+1.09
5% Sidr Leaves ~ 124.39°*2.10 117.78+2.10 24.88+1.98 48.15+1.49 44.76+1.66
5% Lemon peel+ 112.46°+2.09 105iv°+2.02 22.49+1.88 33.66+1.88 49.78+1.25

Means within the same column having different hstigere significantly differed & < 0.05.

As shown in table (4), the effect of hyperglycensia HDL in
positive control diabetic rats; as level 32.77 + 1.71 mg/ dl, was decreased
compared to the value of negative control 51.17.43 mg/ dl. While, the
rats fed on mixture of 5% Lemon peel, 5% Sidr |savand their mixture
had higher levels of HDL; and highest levels webserved in mixture of
lemon peel and sidr leaves comparing to the levelserved in
hyperglycemic positive control rats.

From results of a previous study, it was found ,tHavels of
triglycerides and cholesterol were decreased whe&ntreated with lemon
peel extract; and they attributed these effectsnkabition effects of D-

N—H
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limonene on the activity of HMG-CoA reductase (&@sbtérol synthesis key
enzyme); and further Hesperidin increases lipopmolipase activity and
lemon peel pectin bind with cholesterol and prewentits absorption
(Kurniyati, 2021). Additionally, Lemon peel flavonoids in particular,
hesperidin was found to modulate the metabolisnipads asLiu et al.,
(2023) demonstrated that, Hesperidin Methyl Chalcone (HM@hanced
the activity lipolysis enzyme namely lipase; andyented the liver from fat
accumulation.

Khaleel et al., (2020)rported thatextract ofZiziphus significantly
decreased triglycerides in diabetic rats, showiraj Sidr leaves may have
lowering effects on blood lipid in diabetic rataurthermore Al Ameri et
al., (2024) illustrated that, the extract af.Spina Christi leaves have
lowering effects on total cholesterol and low dgnsand that might be due
to its saponins and flavonoids content; which haveypolipidemic effects
in hyperlipidemic rats as indicated @hang et al., (2004).In additition,
Caoet al., (2024)reported that saponins bind with cholesterol ardease
its excretion as saponins inhibit lipase and desadigid digestion.

As shown in table9), the hyperglycemic positive control rats had
significantly higher serum urea, uric acid and tireae (38.02_+1.35, 8.63
+0.12 & 2.01+ 0.11 mg/ dl, respectively) in comparison with ttedues of
for the negative control group 24.10+9, 3.59 .07 and 0.91 6.03 mg/
dl, respectively,; while groups of rats fed on 5% lemon peel, 5% Sidr leaves
and their mixture showed significantly lower leve$ aforementioned
parameters.

Hassanet al., (2003) and Abdelhaliem and Sheha (2018}ktated
that, long time supplementation with peel of lenemianced renal function
parameters. Recent study lgo et al., (2022)revealed thatCitrus limon
considered as rich sources of flavanone eriocitich is more potent in
repressing ROS generation in hyperglycemic ratgcinin had powerful
antioxidant, anti-diabetic and anti-inflammatoryiates. In addition,Jing
et al., (2020) showed that, in rats eriocitrin have nephroproteceffects
against Cisplatin-induced renal toxicity by lessgnioxidative stress;
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== Potential Effectsof Lemon Peel and Sidr Leavesin Streptozotocin-Induced Diabetic Rats

eriocitrin lowered serum urea, creatinine, NO, dmgd peroxidation.
Furthermore,Huang et al., (2022) illustrated that limonene had an
inhibitory effect on Xanthine Oxidase; an enzymat ttatalyzes xanthine to
uric acid. On the other handidr leaf aqueous fractions showed dose
dependent nephroprotective effetdd Ghamdi et al., 2019); and Almeer
et al., (2019) attributed these nephroprotective effectsZofphus spina-
christi to its chelating, antioxidative and anti-inflamm@atoproperties.
Based on the findings @khil et al., (2018)Ziziphus sapina c. leaf extract
has resulted in decrements of MDA, NO and incresarit antioxidant
enzymes and most importantly it protect against atgga of the kidneys
provoked by hyperglycaemia.

TABLE (5): MEAN SERUM BLOOD UREA NITROGEN, CREATININE AND

URIC ACID OF RAT'S GROUPS FED ON LEMON PEEL, SIDREAVES AND
THEIR MIXTURE (MEAN+ S.E.)

Negative control 2417°+0.79 3.59+0.07 0.9f+0.03
Positive control 38.02*+1.35 8.63+0.12 2.0f+0.11
5% Lemon peel 26.47°+0.83 6.98+0.15 1.04+0.02
5% Sidr Leaves 2425°+1.14 6.15+0.20 1.02+0.08
5% Lemon peel+ 5% Sidr leaves 24.02°+0.43 5.14+0.10 0.95+0.08

Means within the same column having different ksttgere significantly differed & < 0.05.

From table (6) it could be noticed that, addindeshon peel at 5%
level and adding of mixture of 5% lemon peel+ 5%r $¢aves to cupcakes
have no significant effects on appearance, colod amerall quality
attributes; whereas adding of 5% sidr leaves resulted in a significant
reduction of aforementioned quality attributes. r@sofor sensory quality
attributes were highest in the control sample,uditlg appearance, color,
texture, taste and overall quality.

Gonzélez-Molinaet al., (2010)illustrated that, lemon peel essential
oils and flavonoids are main contributors of flawwrd that explain its role

in enhancing sensory scores; on the other hafid et al., (2021)

Y ThY
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demonstrated that, the strong herbal taste areridss in sidr leaves due to
its phenolic and alkaloids content are the reaswnt$ flavor. Mixing of
lemon peel with sidr leaves enhanced sensory piepen cupcake samples
and that could be due to the fact that the citiaxsof of lemon peel balanced
the bitterness of sidr leaves, and these intemastiof varied bioactive

compounds have been resulted in enhancement afryemsality attributes
(Chaudhary et al., 2020.

Table (6): Quality attributes of cupcakes enriched with lenpmel, Sidr
leaves and their mixture as predicted by Senscajuation (Mean + S.D)

Appearance Color Taste Texture Overall Quality
Control 0.73%9.6 9.70.65 9.6+0.43 9.44+0.66 9.5%+0.54
5% lemon peel  8.9%+0.05 9.#+0.34 9.5+0.24 7.8+0.28 8.8%+0.53
5% Sidr leaves  7.3+0.16 794052  7.7+0.41  7.00+0.12 7.8+0.56
5%lemon peel+
) P 9.1%0.75 9.£+0.60 8.9%+0.99  8.4+0.50 9.2+0.54

5% Sidr leaves

Means within the same column having different hstigere significantly differed & < 0.05.

TRy ¥

ummm!!m ‘Cupeakn with Siir Ingves st 5%

Control

Control Shed  ShodrSiheon  Shlemon

Picture (1): Control cupcake, cupcakes with 5%emon peels, 5%sidr leaves
and their mixture.
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Conclusion: previous results suggested that mixture of bothole
peel and Sidr leaves synergistically ameliorate tiegative effects of
hyperglycemia on lipid profile and renal functiomedto their bioactive
compounds’ actions against hyperglycemia, oxidatig&ress, and
inflammation. Lemon peel and Sidr leaves can besthir a backed product
to maintains high sensory appeal and improving tianal and nutritional
qualities.
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