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Abstract

Early dietary interventions for children with Down syndrome (DS)
reduce the onset of various DS-related disorders and improve their
quality of life. This study aimed to formulate a chocolate product
supplemented with functional foods and nutrients (i.e., wheat germ,
psyllium, choline, and mositol) to improve blood lipid profiles and
mtelligence quotient (IQ) in DS children. Seventeen children with
DS (nine boys and eight girls) aged 7 to 11 years were randomly
chosen from Egyptian medical facilities in Menoufia and Gharbia.
The children were divided mto two groups: the control group
(n=8), which received standard medical treatment and 30 g/day
placebo chocolate (with no supplements), and the wheat germ
group (n=9), which received standard medical treatment and 30
g/day chocolate supplemented with wheat germ, psyllium, choline,
and mositol. The dietary intervention lasted for 84 days. Results
showed that body weight decreased significantly (P<0.001) among
the WG group by 3.1 kg, while it increased by kilograms) kg among
the control group. In addition, the WG group had a significant
(P<0.001) decrease in BMI of 3.1 kg/m2. WG-supplemented
chocolate reduced LDH (-31.9%), total cholesterol (-16.19%), and
triglycerides (-34.59%). In comparison, the same parameters (LDH,
total cholesterol, and triglycerides) decreased slightly in the control
group (-2.5%, -7.8%, and -4.5%, respectively). Furthermore, WG-
supplemented chocolate ncreased verbal 1Q, 1Q battery, and
overall 1Q (+4.2%, +4.7%, and +8.6%, respectively). In conclusion
mcorporating of chocolate supplemented with wheat germ,
psyllium, choline, and mositol in the diets of DS children resulted
n significant improvements in obesity, blood lipids, and 1Qs.

Keywords: Choline, Psyllium, Inositol, 1Q, LDH, Cholesterol,
Triglycerides

1. Introduction:

DOWN SYNDROME (DS), often called trisomy 21, is the most common genetic
intellectual disability in humans [1]. DS 1s linked to metabolic disorders, tissue
dimorphism, organ abnormalities, cognitive problems, and phenotypic features [2,3].
Intellectual disability/mental retardation, Alzheimer's disease, narrow slanted eyes, a
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flat nose, and tiny stature are symptoms [4]. Thyroid problems, immunological
anomalies, and growth abnormalities are significant effects of DS [5]. Down
syndrome can cause a high IQ or modest mental disability [6]. Children with Down
syndrome are often overweight [7,8]. Obese-DS had increased waist circumference
(WCQC), % body fat, total fat mass, triglycerides, insulin, and HOMA-IR, and decreased
HDLc [9]. Obese DS also had a greater metabolic syndrome prevalence at an earlier
age [9]. DS patients had higher triglyceride levels but lower HDL cholesterol, apo
Al, and HDL cholesterol/total cholesterol ratios [10].

Down syndrome children make dietary mistakes that cause nutritional
problems [11, 12]. Children with DS prefer basic, easy-to-chew-and-swallow
carbohydrate meals, and their diet lacks fresh vegetables, fruit, vitamins, minerals,
and fiber [13,14]. Early dietary interventions by parents or guardians of DS children
reduce or delay the onset of various DS-associated disorders and improve their
quality of life [5].

Psyllium supplementation for three weeks or longer decreases blood
cholesterol in adults with high cholesterol and blood glucose in people with type 2
diabetes [15]. Jalanka et al. [16] found that psyllium supplementation increased stool
water, especially in constipated people. Blusztajn et al. [17] found that choline can
help DS models and improves cognitive performance by reversing hypermethylation
n animal neurons.

Wheat germ (Trticum aestivum L) 1s a flour byproduct; it is rich in
tocopherols, phytosterols, and policosanols [18]. Wheat germ (WG) contains
vitamins E, folate, phosphorus, thiamin, zinc, magnesium, vital fatty acids, and fiber
[19]. According to studies, WG oil has antihyperglycemic and antioxidant properties
[18,20]. Mohammedi [21] studied WG's effects on T2DM patients' metabolic control
and oxidative stress and found that consuming WG decreased overall cholesterol and
increased antioxidant capacity.

Studies indicated that a spermidine-rich wheat germ supplement improved
verbal memory and inflammation [22]. More recently, Liu et al. [20] discovered that
feeding hyperlipidemic rats with wheat germ for 28 days reduced blood T'C and LDL
cholesterol. According to Yun et al. [23], wheat germ could boost immunological
function.

The main objective of this study was to formulate a chocolate product
supplemented with some functional foods and nutrients (i.e. wheat germ, psyllium,
choline, and mositol) to improve blood lipids profile and 1Q in Down Syndrome
children.

2. Subjects and Methods
2.1 Subyects

Seventeen children with DS (9 boys and 8 girls) were randomly chosen from
Egyptian medical faciliies (Special centers for children with down syndrome) in
Menoufia and Gharbia governorates.

2.1.1 Inclusion and exclusion criteria

The mnclusion criteria were: (1) age between 7 and 11 years, (2) gender; males
and females, (3) residency; being born and residing in Egypt, (4) being diagnosed with
down syndrome, and (5) consenting to participate and signing a consent form (Parents
or guardian).
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Children with the following criteria were excluded from the study; (1) DS
without obesity, (2) serious diseases that may interfere with DS, (3) rigorous athletes,
(4) girls who began menstruation, (5) children who take medications that may
mterfere with DS measures, (6) hospitalized DS children, (7) children with severe
down syndrome, and (8) disabled DS children.

2.1.2 Sampling technique:

The targeted sample size was 20 DS children (aged 7 to 11 years old) plus
109% to account for missing data, overestimation and/or underestimation, and
withdrawal. However, due to chocolate allergy, a lack of data decreased adherence,
withdrawal, and refusal to sign the consent form; the final number of subjects was
seventeen (9 boys and 8 girls).

2.1.3 Sample sitting

The study takes place in a governmental institution for children with DS in
Gharbia Governorate, Egypt (Jammet Tanmeet Al Mogtama, Moatamadia, Mahla
Kobra, Gharbia Governorate, Egypt) during the period from October 2021 to April
2022.

2.2 Methods:
2.2.1 Manufacturing of chocolate:

The suggested chocolate was produced in the El-Mostafa Sweets Factory in
Elmehala El-Kobra. The factory has a strict hygiene protocol for infection control,
clean equipment and machines, and smooth surfaces to avoid bacterial growth. The
researcher and the employees followed the food safety instructions and used head
and mouth covers and gloves.

a. Ingredients
a.1 Chocolate bars

The processed chocolate was obtained from El-Mostafa Sweets Factory in
Elmehala El-Kobra city, Gharbia Governorate, Egypt.
a.2 Choline and Inositol Capsules

A Dietary supplement, 500 mg Veg Capsules, were obtained from Now
Company, manufactured and quality tested by NOW FOODS 3958S. Glen Ellyn Rd.,
Bloomingdale, IL60108, USA. This product was obtained via Amazon Company.
a.8 Wheat Germ

Natural raw grains (uncooked) were obtained from Bob's Red Mill Company,
USA (via Amazon). The wheat germ was powdered and added to the chocolate.
a.4 Psyllium

Psyllium Husk (10096 natural Plantago ovata Husk Fibers), the world's best-
selling fiber supplement, from Imtenan Company, Obour City, Egypt
b. The technique of chocolate manufacturing:

The chocolate bar was manufactured according to standards given by
Egyptian Organization for Standards & Quality (No 465-Part 3, 2005) and using the
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procedure described in Afoakwa [24]. The chocolate was then melted in large
containers at 60 degrees Celsius to avoid losing active components (such as
flavonoids) and other nutrients. The chocolate was then mixed and supplemented
with the suggested ingredients (Psyllium, Choline, Inositol). A large machine with
arms for stirring chocolate thoroughly mixed the ingredients. Finally, the
supplemented chocolate was mixed with powdered wheat germ. The single chocolate
piece weighed 15 grams and was packed in hard safety plastic to maintain the high
temperature of the chocolate. Finally, the chocolate was placed i the cooling
machine line and refrigerated until use (Pic 1).

Pictures (1): Chocolate manufacturing in EI-Mostafa Sweets Factory in Elmehala El-Kobra

City

c- Final composition of chocolate bars

The chocolate bars were prepared with standard methods and composed of
chocolate as a base material, nuts, psyllium (as fiber source), choline, and inositol

(table 1).
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Table 1: The composition of one chocolate bar (Composition per 15 gram).

Ingredients Regular chocolate Wheat germ chocolate
Raw chocolate 150¢ 11.1g

Wheat germ 0.0g 1.25 g

Psylllum ™ 0.0g 250¢g

Choline 00g 92.0 mg

Inositol 00g 92.0 mg

Total 15g 15g

* Source of fiber

d- Determination of Chemical composition

The moisture and ash content of chocolate was determined according to
methods described in Ranganna [25]. In contrast, the total protein, Carbohydrate,
Fat, and crude fiber were determined according to methods described in AOAC [26].
At the same time, the methods described by Singleton and Rossi [27] were used to
determine total phenols and total flavonoids.

e. Panel test of suggested chocolate

The 5-point Likert scale measures participants' levels of agreement with
statements. The options are (1) Strongly disagree, (2) Disagree, (3) Neither agree nor
disagree, (4) Agree, and (5) Strongly agree. Chocolate industry experts, ten children
with DS, and their mothers evaluated the proposed chocolate in terms of its color,
brightness, flavor, sweetness, texture, consistency, amount of filer, and general appeal.
All evaluators' feedback was considered and implemented into the final study
product.

2.2.2 Experimental Design of mtervention.

All children who met the inclusion criteria were enrolled in this study,
consumed the suggested formulas (Chocolate Bars), and were divided mto two
groups as follows:

I-Control group (n=8; 4 boys and 4 girls): DS children in this group received
their standard medical treatment and placebo chocolate bars (without any
supplement).

II- The wheat germ group (n=9; 5 boys and 4 girls): DS children in this group
received standard medical treatment in addition to chocolate bars supplemented with
wheat germ and other ingredients.

The mtervention lasted for eighteen weeks (126 days), each child got the
prescribed amount of chocolate (two bars or 30 grams/day). To curb their potential
for developing a chocolate addiction, each child was given two chocolate bars per day
for fourteen days, then none for seven days, and so on. Therefore, the net amounts
consumed by each child were 168 bars over 12 weeks (84 days), which amounted to
2,620 grams.

2.2.3 Data collected
2.2.3.1 Anthropometric measurements:

Using standard techniques given by Gibson, 2005 [28], the body weight (kg),
body height (cm), body mass index (BMI) (kg/m2), mid-upper arm circumference in
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centimeters (AC), triceps skin-fold thickness in millimeters (T'SF), and mid-upper
arm muscle circumference in centimeter (AMC) were measured at baseline and the
end of the experiments. All obtained data were compared with standard growth charts
for children with down syndrome given by CDC [29].

2.2.3.2 Nutrients intakes

Nutrient intakes were calculated using the 24-hour food recall method during
the week preceding and following the dietary intervention (obtained for three
different days, including one holiday). We also asked mothers about the number of
meals their children ate, the types of foods they ate, and their children's appetites
before and after the intervention.

The nutrient value for each type and quantity of food items was analyzed and
converted mto calories and macronutrients using the National Nutriion analysis
software program and Egyptian food composition tables.

The adequacy of energy and macronutrient intakes was compared to standard
dietary requirements. Energy requirements for each DS child were calculated using
the Harries Benedict Equations provided by the Institute of Medicine, Food and
Nutrition Board [2002] [30]. These equations were based on gender, age (years),
physical activity, body weight (kg), and height (cm) (m).

Protein (grams/day) was calculated to be 19 g for children aged 4 to 8 years
and 34 g for children aged 9 to 13 years [30]. For DS children, fat (gram/day) was
calculated as 25% of total energy [31], and carbs (gram/day) were calculated by
differences [30].

2.2.3.3 Brochemical Analysis:

Blood samples were collected from all of the children studied at baseline and
after the dietary intervention period to determine total cholesterol (T'C), high-density
lipoprotein cholesterol (HDIL-c), triglycerides (T'G), and lactate dehydrogenase
(LDH). Furthermore, very low-density lipoprotein cholesterol (VLDIL~c) and low-
density lipoprotein cholesterol (LDIL-c) were calculated using the Lee and Nieman
formula [32].

2.2.3.4 Intelligence quotient (1Q)

The 1Q for children with DS and children without DS were carried out by
professional psychologists using The Stanford-Binet and the Wechsler intelligence
scale for children at baseline and after dietary intervention [33]

2.2.3 Statistical Analysis

The statistical package for social sciences (SPSS) version 24 was used for the
statistical analysis. The string data were presented as frequency and percentage,
whereas the numerical data were presented as mean SD. The significant differences
between string variables were calculated using Chi2. On the other hand, the
difference between the two groups was calculated using the independent sample t.
test. While paired sample t. test was used to find the significance level between
baseline and intervention values. The value was considered significant when the
significance level was less than 0.05.

2.2.4 Ethical considerations

Down syndrome patients recruited in this study participated voluntarily and
were fully informed about the objectives and methods of the study. Consent was
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obtained from parents. This study was ethically approved by the Scientific Research
Ethics Committee (SREC), Faculty of Home Economics, Menoufia University,
Egypt; Approval: 15- SREC-11-2020.

3. Results

Table 2 describes the chemical composition of the suggested chocolates. Total
solids were 29.46 grams, ash was 0.48 grams, protein was 2.58 grams (9.25% of DRI),
fat was 10.98 grams (19.09% of DRI), carbs were 12.71 grams (3.52% of DRI), fiber
content was relatively high at 2.71 grams (9.969% of DRI), and total calories were 160.0
kcal (7.71% of DRI). It contains 40.23 mg of total phenols and 2.49 mg of total
flavonoids as active ingredients.

Table 2: Chemical composition of chocolate supplemented with wheat germ.

Per 30 g chocolate Chocolate with Wheat germ % DRI
1 Total solids 29.46 g -
2 Ash 0.48 g -
3 Fat 1098 g 19.0%
4 Protein 258 g 9.25%
) Fiber 2.71g 9.96%
6 Total carbohydrate 1271 ¢ 3.52%
7 Total calories® 160.0 kcal 7.71%
8 Total phenols 40.23 mg -
9 Total flavonoids 2.49 mg -
* Calculated by multiplying protein by 4, carbohydrate by 4, and fat by 9.

As shown, results in Table 3 did not reveal any significant differences between
studied groups concerning age, which 1s 9.0£1.1 years for the control group and
9.8+1.1 years for the wheat germ group.

The independent sample t-test revealed no significant differences between the
two groups at the baseline in terms of body height. The same trend was seen after the
dietary intervention period. The paired sample t-test, on the other hand, revealed
that all of the children in the study gained body height, and the values increased
significantly across the two groups.

Concerning body weight, the independent sample t-test revealed no significant
differences between the studied groups' pre-intervention. However, the body weight
of the WG group after the dietary intervention period was significantly lower than the
control group (85.3+4.0 vs. 42.6+£5.1 kg and P<0.01). The paired sample t-test
revealed that the body weight of the control group increased insignificantly by 0.5 kg,
while it decreased significantly (P<0.001) among the WG group by 3.1 kg (- 8.1%).

Concerning BMI, although the BMI of the WG group was lower than the
control group (26.0+1.1 vs. 29.2+4.9 kg/m2), the independent sample t-test revealed
no significant differences between the two groups prior to intervention. Post-
mtervention, the BMI of the WG group was significantly (P<0.05) lower than the
control group (22.9+1.0 vs. 28.2+4.4 kg/m2). The paired sample t-test revealed that
chocolate supplemented with wheat germ caused a highly significant (P<0.001)
decrease in BMI by 3.1 kg/m2, meanwhile, the BMI decreased significantly (P<0.01)
by 1.0kg/m2 among the control group.

Concerning arm circumference (AC), the mean value of the WG group was
significantly (P<0.05) higher than the control group (29.8+1.5 vs. 26.3+3.4 cm) prior
to itervention. Post-intervention, the AC of the WG group was also higher than the
control group, but the difference was not significant4 kg/m2). The paired sample t-
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test revealed that chocolate supplemented with wheat germ caused a highly significant
(P<0.001) decrease in AC by 1.8 cm; in contrast, the AC increased significantly
(P<0.05) by 1.0 cm among the control group.

Regarding triceps skinfold thickness (T'SF), the mean value of the WG group
was msignificantly higher than the control group (29.8+£2.9 vs. 28.4£4.0 mm) prior to
mtervention. Post-intervention, the TSF of the WG group was lower than the control
group, but the difference was not significant. The paired sample t-test revealed that
chocolate supplemented with wheat germ caused a significant (P<0.01) decrease in
T'SF by 1.8 mm, in contrast, the TSF increased insignificantly by 1.0 mm among the
control group.

Regarding arm muscle circumference (AMC), the mean value of the WG
group was significantly (P<0.01) higher than the control group (20.4£1.3 vs. 17.3+2.2
cm) prior to intervention. Post-intervention, the AMC of the WG group was also
higher than the control group, but the difference was not significant. The paired
sample t-test revealed that chocolate supplemented with wheat germ caused a
significant (P<0.001) decrease in AMC by 1.2 cm. In contrast, the AC increased
msignificantly by 0.7 cm among the control group.

Table 3: Anthropometric indices (mean+SD) of wheat germ groups and control positives
group after 18 weeks of dietary intervention.

Control(n=8) Wheat (n=9) Independent t.test
mean +SD mean +SD t Sig.
Age (years) 9.0 +1.1 9.8 +1.1 -1.48  0.160
Height (cm) Pre 119.8 +14.2 121.4 +6.9 -0.31 0.765
Post 123.8 +13.3 123.9 +6.8 -0.03  0.980
Paired Sample t-test tvalue Sig tvalue  Sig
-3.15 0 0.016%  -21.21 0.000***
Weight (kg) Pre 42.1 +5.6 38.4 +4.7 1.47 0.162
Post 42.6  £5.1 35.3 +4.0 3.35 0.004**
Paired Sample t-test tvalue Sig tvalue  Sig
-2.00  0.086 6.72 0.000***
BMI (kg/m2) Pre 29.2  +4.9 26.0 +1.1 1.80 0.111
Post 28.2 +4.4 22.9 +1.0 3.32 0.011*
Paired Sample t-test tvalue Sig tvalue  Sig
3.98  0.005"" 10.63 0.000***
AC (cm) Pre 26.3  +3.3 29.8 1.5 271 0.023*
Post 27.3  +34 28.0 +1.4 -0.57  0.579
Paired Sample t-test tvalue Sig tvalue  Sig
3.9  0.011"  8.00 0.000***
TSF (mm) Pre 284 +4.0 29.8 +2.9 -0.84  0.417
Post 294 £4.0 28.0 +1.9 0.93 0.369
Paired Sample t-test tvalue Sig tvalue  Sig
0.54  0.371 3.83 0.005**
AMC (cm) Pre 17.3  £2.2 20.4 +1.3 -3.06  0.003*"
Post 18.0  +2.2 19.2 +1.2 -1.35  0.206
Paired Sample t-test tvalue Sig tvalue  Sig

0.87  0.188 6.12 0.000"**

" P<0.05, ** P<0.01, and *** P<0.001
A paired sample t-test was used to determine the significant differences between pre and post-intervention values.
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Table 4 presents the mean and standard deviation of macronutrients intakes of
studied groups before and after the intervention.

In terms of calories pre-intervention, the values of the WG group and control
group were very close (1525.3+177.4 vs. 1547.4+269.2 kcal/day), and the
independent sample t-test revealed no significant differences between the two groups.
Post-intervention, the calories intakes of the WG group was insignificantly lower than
the control group (1544.4+147.9 vs. 1400.5£260.5 kcal/day). The paired sample t-
test revealed that chocolate supplemented with wheat germ caused a significant
(P<0.001) decrease in calories intake by 146.9 calorie (-9.5%), meanwhile, it
mcreased msignificantly by only 19.1 (+1.3%) among the control group.

Regarding daily protein intakes pre-intervention, the values of the WG group
and control were very close (52.6£6.0 vs. 51.5+8.4 g/day) and this trend did not
change after dietary intervention (53.3+£5.7 vs. 54.6£11.5 g/day). The paired sample
t-test did not reveal any significant differences between values pre and post
mtervention for both control and WG groups.

Concerning fat intake pre-intervention, the value of the WG group was higher
than control group (41.9+11.2 vs. 47.2+14.5 g/day), and the independent sample t-
test revealed no significant differences between the two groups. Post-intervention, the
fat intake of the WG group was insignificantly higher than the control group
(41.5+11.6 vs. 48.2+15.2 g/day). The paired sample t-test revealed no significant
differences for both control and WG groups.

Regarding carbohydrate intake pre-intervention, the values of the control and
WG groups were very close (234.4+38.6 vs. 229.1+38.8 g/day) and there was no
significant differences between the two groups. Post-intervention, the carbohydrate
mtake of the WG group was significantly (P<0.001) lower than the control group
(187.2+30.9 vs. 239.5+33.8 g/day). The paired sample t-test revealed that chocolate
supplemented with wheat germ caused a significant (P<0.001) decrease in
carbohydrate intake by 41.9 (-19.3%), meanwhile, 1t increased msignificantly by 5.1
(+2.29%) among the control group.

As for fiber intake pre-intervention, the value of the WG group was significantly
(P<0.01) higher than control group (3.9+1.1 vs. 5.1+1.1 g/day). Post-intervention, the
fiber intake of the WG group was also and significantly (P<0.001) higher than the
control group (8.3t1.1 vs. 3.7+1.0 g/day). The paired sample t-test revealed that
chocolate supplemented with wheat germ caused a significant (P<0.001) increase in
fiber intake by 3.2 62.7%), meanwhile, it decreased insignificantly by 0.2 (-5.1%)
among the control group.

Table 4: Energy and macronutrient intakes (mean+SD) of wheat germ groups and control
positives group after 18 weeks of dietary intervention.

Control(n=8) ‘Wheat (n=9) Independent t.test

mean +SD mean +SD t.value Sig.
Calories Pre 1525.3  +177.4 15474 +269.2 0.3 0.787
(kcal/day) Post 1544.4  +147.9  1400.5 +260.5 -1.9 0.074
Paired Sample t-test tvalue  Sig tvalue Sig

-1.4 0.170 30.2 0.000***
Protein (g/day) Pre 5H2.6 +6.0 51.5 +8.4 -0.4 0.671

Post 53.3 +5.7 54.6 +11.5 0.4 0.712

Paired Sample t-test tvalue  Sig tvalue Sig

-1.5 0.166 -1.9 0.083
Fats (g/day) Pre 41.9 +11.2 47.2 +14.5 1.2 0.262
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Control(n=8) Wheat (n=9) Independent t.test
mean +SD mean +SD t.value Sig.
Post 41.5 +11.6 48.2 +15.2 1.4 0.176
Paired Sample t-test tvalue  Sig tvalue Sig
1.2 0.242 -0.8 0.426
Carbohydrate ~ Pre 234.4 +38.6 229.1 +38.8 -0.4 0.706
(g/day) Post 239.5 +33.8 187.2  +30.9 4.5 0.000***
Paired Sample t-test tvalue  Sig tvalue Sig
-1.5 0.164 10.4 0.000**
Fiber (g/day) Pre 3.9 +1.1 5.1 +1.1 -3.2 0.003**
Post 3.7 +1.0 8.3 +1.1 -12.2 0.000***
Paired Sample t-test tvalue  Sig tvalue Sig
1.3 0.225 -37.3  0.000"**

* P<0.05, ** P<0.01, and *** P<0.001
A paired sample t-test was used to determine the significant differences between pre and post-intervention values.
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Results in Table 5 show the mean and standard deviation of lactate
dehydrogenase (LDH) and blood lipids of studied groups pre and post-intervention.

Concerning LDH, although the value of the WG group was slightly lower than
the control group (697.8+56.6 vs. 738.6+83.0 U/L), the independent sample t-test
revealed no significant differences between the two groups prior to intervention. Post-
mtervention, the LDH of the WG group was sharply and significantly (P<0.01) lower
than the control group (475.2+147.2 vs. 720.0+66.0 U/L). The paired sample t-test
revealed that chocolate supplemented with wheat germ caused a significant (P<0.05)
decrease m LDH by 222.6 U/L (-31.9%), meanwhile, the LDH decreased
msignificantly by only 18.6 U/L (-2.59%) among the control group.

Regarding Total cholesterol, although the value of the WG group was lower
than the control group (198.8£15.3 vs. 217.9+16.4mg/dL), the independent sample
t-test revealed no significant differences between the two groups prior to intervention.
Post-intervention, the Total cholesterol of the WG group was significantly (P<0.05)
lower than the control group (166.7+24.2 vs. 200.9+25.0 mg/dL). The paired sample
t-test revealed that chocolate supplemented with wheat germ caused a significant
(P<0.05) decrease in Total cholesterol by 32.1 mg/dL (-16.19%), meanwhile, the total
cholesterol decreased msignificantly by 17.0 mg/dL (-7.8%) among the control group.

Concerning Triglycerides, although the value of the WG group was shightly
higher than the control group (165.3+33.3 vs. 160.4+11.4 mg/dL), the independent
sample t-test revealed no significant differences between the two groups prior to
mtervention. Post-intervention, the Triglycerides of the WG group were sharply and
significantly (P<0.05) lower than the control group (108.3£37.6 vs. 153.2+14.0
mg/dL). The paired sample t-test revealed that chocolate supplemented with wheat
germ caused a significant (P<0.05) decrease in Triglycerides by 57.0 mg/dL (-34.5%),
meanwhile, the Triglycerides decreased insignificantly by only 7.2 mg/dL (-4.5%)
among the control group.

Regarding HDL, the value of the WG group was significantly (P<0.05) lower
than the control group (43.3£6.1 vs. 49.3+3.5 mg/dL) prior to intervention. Post-
mtervention, the HDL value of the WG group was also lower than the control group
(46.3+8.2 vs. 50.1£7.0 mg/dL). However, the independent sample t-test revealed no
significant differences between the two groups. Intervention with chocolate
supplemented with wheat germ caused an increase in HDL value by 3.0 mg/dL, but
this difference was not significant; in addition, the HDL value of the control group
mcreased by 0.8 mg/dL, but this increase was not significant as well.
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As for LDL, the value of the WG group was msignificantly lower than the
control group (122.4+8.1 vs. 136.3£17.9 mg/dl) prior to intervention. Post-
mtervention, the LDL value of the WG group was also lower than the control group
(108.0+£22.1 vs. 126.3£13.9 mg/dL); however, the independent sample t-test revealed
no significant differences between the two groups. Intervention with chocolate
supplemented with wheat germ caused an increase in LDL value by 14.0 mg/dL, but
this difference was not significant; in addition, the LDL value of the control group
mcreased by 10.0 mg/dL, but this increase was not significant as well.

Table 5: Lactate dehydrogenase (LDH) and blood lipids parameters (mean+SD) of wheat
germ groups and control positives group after 18 weeks of dietary intervention.

Control(n=8) Wheat (n=9) ANOVA
mean +SD Mean +SD ¥ s1g
Pre  738.6 +83.0  697.8  +£56.6 1.02 0.332

LDH (UL/L) Post  720.0 +66.0 4752 +147.2  3.76 0.008**
Paired Sample t-test t.value Sig tvalue Sig

1.94 0.100  3.61 0.015"
Total cholesterol Pre  217.9 £16.4  198.8 =£15.3 2.15 0.055
(mg/dL) Post  200.9 £25.0  166.7 +24.2 2.49 0.030*
Paired Sample t-test tvalue Sig tvalue Sig

1.51 0.182  3.15 0.026*

. : Pre  160.4 114 1653  +33.3 -0.31  0.761
Triglycerides mg/dL) 0539 +14.0 1083 376 251 0.034"
Paired Sample t-test t.value Sig tvalue Sig

1.51 0.205  2.74 0.041~
Pre  49.3 +3.5 43.3 +6.1 2.22 0.048*
HDL (mg/dL) Post  50.1 +7.0 463 +8.2 0.91  0.384
Paired Sample t-test t.value Sig tvalue Sig
-0.52 0.620 -1.00  0.363
Pre  136.3 £17.9 1224 8.1 1.84 0.100
LDL (mg/dL) Post 19263 1139 1080 +92.1 181 0.097
Paired Sample t-test t.value Sig tvalue Sig
1.59 0.163  1.92 0.113

* P<0.05, ** P<0.01, and *** P<0.001
A paired sample t-test was used to determine the significant differences between pre and post-intervention values.

Table 6 presents the mean and standard deviation of various intelligence
quotient (IQ) types of studied groups before and after the intervention.

In terms of verbal I1Q (VIQ) pre-intervention, the values of the WG group and
control group were very close (46.5£0.5 vs. 46.3+0.9), and the independent sample t-
test revealed no significant differences between the two groups. Post-intervention, the
VIQ of the WG group was significantly (P<0.001) higher than the control group
(50.5+£0.5 vs. 46.8+0.5). The parred sample ttest revealed that chocolate
supplemented with wheat germ caused a significant (P<0.001) increase in VIQ by 4.0
(+8.6%), meanwhile, it increased insignificantly by only 0.5 (+1.19%) among the control
group.

In terms of non-verbal 1Q pre-intervention, the value of the WG group was
significantly (P<0.05) higher than the control group (50.5£0.5 vs. 48.0£2.3). Post-
mtervention, the non-verbal 1Q of the two groups did not change and the paired
sample t-test did not any significant differences between values pre and post
mtervention.
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Concerning 1Q battery pre-intervention, the values of the WG group and
control group were very close (63.0+2.3 vs. 53.842.7), and the independent sample t-
test revealed no significant differences between the two groups. Post-intervention, the
1Q battery of the WG group was msignificantly higher than the control group
(55.5+0.5 vs. 53.812.7). The pared sample t-test revealed that chocolate
supplemented with wheat germ caused a significant (P<0.05) increase in 1Q battery
by 2.5 (+4.7%), meanwhile, it did not change among the control group.

Regarding Overall 1Q pre-intervention, the value of the WG group was
significantly (P<0.05) higher than the control group (47.5£0.5 vs. 44.8£2.7). Post-
mtervention, the Overall IQ of the WG group was significantly (P<0.001) higher than
the control group (49.5+0.5 vs. 45.3+2.2). The paired sample t-test revealed that
chocolate supplemented with wheat germ caused a significant (P<0.001) increase in
Overall 1Q by 2.0 (+4.2%), meanwhile, 1t increased significantly (P<0.05) by 0.5

(+1.19) among the control group.

Table 6: Intelligent quotient (IQ) (meantSD) of the positive control group and
mtervention groups.
Control(n=8) Wheat (n=8)
Mean +SD Mean +SD
Pre 46.3 +0.9 46.5 +0.5 0.68  0.506
Verbd IQVIQ b 468 205 505 +05 <1500 0.000%**
Paired Sample t-test t.value Sig t.value Sig
-2.65 0.033*  -10.58 0.000***
Pre 48.0 +2.3 50.5 +0.5 -3.04  0.0177
Nomverbal IQ =00 480 +9.3 50.5 +0.4 3.08  0.017*
Paired Sample t-test tvalue Sig tvalue Sig
0.00 1.000 0.00 1.000
1Q battery Pre 53.8 +2.7 53.0 +2.3 0.61 0.554
Post  53.8 +2.7 55.5 +0.5 1.825  0.108
Paired Sample t-test tvalue Sig t.value Sig
0.00 1.000 -3.04 0.019*
Pre 44.8 +92.7 47.5 +0.5 -2.87  0.022*
Overall 1Q Post  45.3 +9.9 19.5 +0.5 5.34 0.001%%
Paired Sample t-test tvalue Sig t.value Sig

-2.65 0.033*  -5.29 0.001"**

*P<0.05, " P<0.01, and *** P<0.001
A paired sample t-test was used to determine the significant differences between pre and post-intervention values.
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4. Discussion:

This study was designed to determine how down syndrome (DS) outcomes in
children with DS are affected by feeding supplemented black chocolate with some
mgredients known to have health benefits. Chocolate was produced by adding wheat
germ (2.5 g), choline (184 mg), inositol (184 mg), and psyllium (5 g). Seventeen DS
children were included in the study, and they were divided into two groups: the
control group (n=8), which received 30 g of chocolate without any additional
igredients or supplements, and the wheat germ group (n=9), which received 30 g of
chocolate with wheat germ. The anthropometric indices, LDH, blood lipids, and 1Q,
were assessed before and after the intervention, which lasted for 18 weeks.
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The findings showed that, compared with the control group, the DS children
who consumed wheat germ chocolate experienced significant weight loss, and their
BMI changed significantly.

These findings can be explained primarily by changes in calorie and
macronutrient intake among DS children who consumed supplemented chocolate.
The results of Table (4) revealed a significant decrease in the amount of calories and
carbohydrates consumed after eating supplemented chocolate and a significant
increase 1n fiber intake among this group. Also, the mothers of the WG group
reported a decrease in the number of meals and foods consumed and a decrease in
their children's appetite. At the same time, there was no change 1n the control group's
children.

Secondly, these could be explained by the favorable effects attributed to
psyllium, which 1s rich in water-soluble dietary fiber, representing about 70.0% of
total fibers [16]. Studies demonstrated that psyllium supplementation, when used as
a snack for type 2 diabetes patients, has decreased body weight [34]. Moreover,
Togawa et al. [35] discovered that feeding psylllum caused a significant decrease n
the relative weight of the fat tissue depots in mice fed a high-fat diet (HFD) plus
psyllium. Furthermore, Deng et al., [36] discovered that Psyllium husk aids in weight
loss by suppressing appetite.

Also, one study [37] suggested that supplementing choline above an animal's
recommended allowance may help to reduce body fat gain in growing Kkittens.
Therefore choline may help in reducing body weight.

Lactate dehydrogenase (LDH) 1s a cytoplasmic enzyme found in every cell of
the human body. This enzyme converts glucose to pyruvic acid during aerobic
glycolysis. When the body is subjected to oxidative stress or injury, LDH may be
produced, elevating its serum level. Extracellular leaking of this enzyme implies cell
mjury or death [38]. As a result, the greater concentration in DS children poses a
health risk. The current investigation found that the DS group's LDH levels were
significantly higher before dietary intervention. This study showed that providing
wheat germ-supplemented chocolate to DS children significantly lowered LDH.
These findings were consistent with those of Alamery et al. [39], who investigated the
effect of wheat germ o1l on LDH concentrations and discovered that it had a positive
effect. As a result, this chocolate supplemented with wheat germ may protect DS
children from a variety of health concerns connected with high LDH.

WG groups' total cholesterol and triglycerides significantly decreased after
receiving chocolates supplemented with wheat germ. Also, the LDL decreased, and
HDL increased, but the changes were not significant.

In agreement with current findings, Liaqat et al. [40] assessed the relationship
between wheat germ interventions and metabolic indicators based on biomarkers of
cholesterol and triglycerides. They observed a relationship between wheat germ
iterventions and the control of metabolic markers, including blood lipids. According
to Salehi-Sahlabadi et al. [41], consuming wheat germ may boost overall antioxidant
capacity and reduce the total serum cholesterol and triglyceride levels. Also, Arshad
et al. [42] found that wheat germ oil containing natural -tocopherol alone or in
combination with -lipoic acid increased levels of antioxidant enzymes superoxide
dismutase, catalase, and glutathione reductase while significantly lowering total
plasma cholesterol, LDL, and triglycerides and significantly raising HDL.

Adding psyllium contributes to the improvement of blood lipid profile among
DS children. However, psyllium supplementation, when used as a snack for type 2
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diabetes patients, has been shown to increase HDL and decrease LDL cholesterol
[34].

Also, a study by Brum et al. [43] indicated that when taken together with LDL-
lowering statins, psyllium reduced LDL cholesterol, equivalent to doubling the statin
medicine dose. Moreover, Deng et al., [36] discovered that Psyllium husk aids in
weight loss by suppressing appetite. The researchers assessed the effects of psyllium
husk treatments on mice with high-fat diet (HFD)-induced obesity utilizing obesity-
related indices, metabolism indices, and gut microbiota. Orlistat was more effective
at weight loss, whereas psyllum husk lowered serum, liver cholesterol, and
triglyceride levels. The expression of CYP7ALl in the liver and the structures of fecal
bile acids, on the other hand, differed between the two medicines. According to
studies [44,45], psyllium is known for its beneficial effects in lowering low-density
lipoprotein, attenuating blood sugar levels in diabetes, and preventing constipation.

According to Lim and Lee [46], psylllum seed husk (PSH) consumption
decreases myocardial (MI) I/R injury in rats by suppressing apoptotic cascades via
gene expression modification of multiple genes located upstream of apoptosis.
Nevertheless, Williams [47] found that eating psyllum for three weeks or longer
often lowers blood cholesterol levels in those with high cholesterol.

Regarding the four types of intelligence quotient, feeding chocolate
supplemented with wheat germ resulted in a notable and significant rise i VIQ.
People with Down syndrome may have significant cognitive impairments with an
mtelligence quotient (IQ) ranging from 30 to 70 [48,49].

When Alzheimer's disease (AD) rats were fed a dyslipidemia diet
supplemented with 30% wheat germ, all the studied biochemical and nutritional
parameters significantly improved to different degrees. The researchers concluded
that wheat germ was protective against rats' Alzheimer's model [50].

Mohammadi et al., [51] investigated the effects of wheat germ consumption on
mental health and brain-derived neurotrophic factor (BDNF) in patients with type 2
diabetes mellitus (T2DM). Their findings revealed that wheat germ consumption for
12 weeks could significantly reduce stress and depression in T2DM patients.

Also, this improvement in 1Qs may be due to choline, the memory vitamin, as
Velazquez et al. [52] discovered that offspring of choline-supplemented dams
performed much better than un-supplemented Ts65Dn mice in the murine model
of DS and AD. Their results imply that adding more choline to the maternal diet has
significant translational potential for DS.

5. Conclusion:

The DS children who consumed wheat germ chocolate experienced significant
weight loss. Feeding wheat germ-supplemented chocolate to DS children significantly
lowered LDH, total cholesterol, triglycerides, and LDL-c. On the other hand,
admiistration of WG-supplemented chocolate increased HDI-c and 1Qs.
However, this improvement proved that chocolate supplemented with wheat germ,
psyllium, choline, and inositol has a favorable impact on the health status of DS
children.

6. Study Limitations

The major limitation of this study was the small sample size, which may have
been caused by the fact that there were only two mstitutes for children with these
disabilities in the Governorates of Menoufia and Gharbia. There were approximately
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80 children with DS in each cohort. However, children between the ages of 7 and 11
comprised approximately 30 percent of the total population at that institution, and
we contacted the parents of all children in the target age range. Children with DS
whose parents signed the consent form were enrolled in the study, and those were
the final participants.
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