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1 Background

It is commonly believed that for teenagers, having a healthy diet is considered to be important since they need
to gain more nutrition to grow up compared to adults. Despite considering whether the amount of nutrition is
sufficient or not, it is more important to balance the diet. Three of the most important and essential nutrition
we need from our daily diets are carbohydrates (carbs), protein and fat, each has its own amount. Data displays
that teens require an average of 50—175 grams of protein each day which can be ingest from meats, fish and
dairy, [1]. For carbohydrates, teenagers should aim to consume a minimum of 130 grams per day, equates to 60
percent of daily calories. It is worth noting that carbohydrates from beans or vegetables are much better choice
than simple carbohydrates (sugars, syrups and sweetened drinks), [2]. Meanwhile, researches showed that fat
should make up 20% to 35% of an adolescent’s total daily intake. That is around 56 to 78 grams per day for a

teenager eating 2000 calories per day, [3].

Data show that the proportion of children in China who are picky eaters is as high as 59.3%, and children
who are not picky eaters not only have better physical development, but also significantly higher intelligence
than children who are picky eaters.Students may develop picky eating habits from an early age, which may be
difficult to break over time. In the questionnaire collected in the canteen some time ago, students reported that
they were not satisfied with the food in the canteen, so they often did not eat or eat a little, or only ate meat
without vegetables. Some students even develop very bad eating habits in order to lose weight. Taking into
account students’ different eating habits and increasingly mature pursuit of body shape, the canteen hopes to
customize the new menu by understanding their favorite dishes and incorporating scientific evidence of proper

nutrition intake.

In order to provide a healthier and more beloved menu, the canteen service of Shanghai Pinghe High School
has set a survey for students, asking for their body shape, including height and weight, to further calculate their
index of healthy condition, in this essay, BMI specifically. Meanwhile, we also include the proper amount of
each cuisine in our providing menu for different crowds(normal, obesity, thin). The survey also interested in
students’ sleeping hour, studying hour after class, sports hour and satisfaction toward food provided in cafeteria
and high school lives. In addition, the survey also made students list 3 favorite food. By counting on these

factors, school can provide a new menu both healthy and popular.



In this essay, we first examine the general health condition of Shanghai Pinghe School’s year 10 students
in §2. Then, we try to evaluate the relationship between health conditions and other variables such as sleeping,
sports, studying hours in §3. In §4, we determine the ideal menu for Shanghai Pinghe School students referring
to amount of different nutrition teens need to take in per day, also considering the students’ preferences from

the given data set in the survey. Processed data tables is shown in Appendix, §A.

2 General Health Condition

To examine students’ general health condition, we bring in the concept of Body Mass Index (BMI), also known
as the Quetelet Index. BMI is a measure for indicating nutritional status in adults, and is the most popular and
common method for nutritional status assessment. We choose the BMI measurement because in the survey we
only get height and weight of students and these are the only 2 variables considered in BMI measurement while
for other measurements, they need more data such as waist circumference and the hip widest diameter. The

BMI measurement is defined as
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Figure 1: This is the box and whisker diagram showing the distribution of year 10 students’ BMI. Some of the
outliers that reach 40 is maybe the result of some students messed up units of weight.



According to WHO'’s standard,[4], the range of BMI value and the nutrition status it reflect is shown in Tab.

BMI Nutritional status
Below 18.5 Underweight
18.5-24.9 Normal weight
25.0-29.9 Pre-obesity
30.0-34.9 Obesity class I
35.0-39.9 Obesity class II
Above 40 Obesity class 111

Table 1: WHO’s standard of BMI range and nutritional status.

As shown in Fig.1, most students in the middle 50% are at normal health condition. The lower quartile
is at 18.35, which means that more than 25% of total students are underweight. About 25% of students have
higher weight than standard. However, we need to notice that some of the outliers are mistakes when filling the
survey. So in total, Shanghai Pinghe School Year 10 students have a health condition, and some of them are

underweight while most are in normal states.

Some of students are outliers in the box and whisker diagram. This is mostly because students messed up
with the weight unit. So they fill in twice as much weight as they actually do, causing them to have BMI’s as

high as 40-50, which should actually be in the normal range.

: . 1 .. :
Because these data cause a lot difference, we change their data to 3 of original ones. By calculating the

BMI again, we get Fig.2 showing real distribution of Shanghai Pinghe School students’ BMI.
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Figure 2: This is the box and whisker diagram showing the real distribution of year 10 students’ BMI using
corrected value.



3 Correlation analysis

We set BMI as the dependent variable and sleeping, sports, studying hours and satisfaction of high school life
and cafeteria food as independent variables. Then, analyse the correlation between each independent variable

and BMI.

We use the Pearson correlation coefficient to determine whether the independent variable and dependent
variable have strong relationship. Pearson correlation coefficient is the covariance of the two variables divided
by the product of their standard deviations, [5]. Here, the survey was conducted on a sample of 210 individuals,

so we can obtain the Pearson correlation coefficient as

2 (i — ) (yi — 9)

Ty = . 2 2 _ )
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The coefficient can also be calculated by computer. Here we use Logger Pro to plot the scattered plots

graphs and also calculate the Pearson’s 7.

A rule of thumb for interpreting the strength of a relationship based on its r,,, value is listed in Table.2.

Absolute Value of » Strength of relationship

|r| < 0.75 None or weak
0.75 < |r| < 0.87 Moderate
|r| > 0.87 Strong
Table 2

The scattered plots of different variables (Fig.18-22) are listed in the §A.

Independent variable Pearson correlation coefficient (r,,)

Sleeping hours -0.09004

Sports hours -0.07484

Studying hours 0.03406

Cafeteria satisfaction 0.001966

Campus life satisfaction -0.04836
Table 3



From Tab.3, it is shown that Pearson correlations between 5 distinct independent variables and dependent
variable (BMI) are weak, that is to say, whether students have slightly healthier life styles or more positive
attitudes toward campus life or not is not the main cause of diversity in nutritional status, weight gain, or level
of physical development. For instance, there are still most of the students who aren’t satisfied with cafeteria
at normal growth level. Meanwhile, among the five independent variables, Sleeping hours(-0.09004) plays the

relatively strongest role and Cafeteria satisfaction(0.001966) obviously plays the weakest one.

4 Menu setting and explanation

We set the menu referencing students’ preference to each dish. Also, since some of the popular dishes are junk
food with high energy, we also take healthy diet into consideration, which means we will put at least one dish

of vegetables in each meal, which contain dietary fiber.

Also, because the 3 favorite dishes students listed on the survey are all food for lunch and dinner, we
determine the breakfast by traditional breakfast food, also referencing to Shanghai Pinghe School’s breakfast

menu, with roughly approximation for balancing of carbs, protein and fat.

Up to now, we can get a weekly menu with 5 distinct daily menu and each contains breakfast, lunch and

supper (for Friday we do not have supper because students go home) and each daily menu contains distinct

dishes.
breakfast falElE A W& Ry
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supper KB4 i g
breakfast FEJERN H*R JoesE
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supper UL TR il
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S Methodology

5.1 Constraints

For each meal, we have three dishes. We set that we need to eat zg of the first dish, yg of the second dish, zg

of the third dish.

Because we need to design healthy diets for students, the amount of dishes should be determined by the

total mass of carbohydrates, protein, fat.

According to [2], teens need an average of 50-175 grams of protein, [1], 225-325 grams of carbohydrates,
[6], and 56-78 grams of fat per day, [3]. We need to divide the total amount of nutrition intake per day to
every meal. According to traditional Chinese lifestyle, people mainly eat less for breakfast and supper, more

for lunch. We made the hypothesis that the nutrition intake proportion is 3:4:3, [7].

So the range of protein, carbohydrates, fat for breakfast, lunch, supper can be calculated. The intake
range for protein, carbohydrates, fat for breakfast and supper are 15-52.5g, 67.5-97.5g, 16.8-23.4g per meal,

respectively. For lunch, the suitable intake should be 20-70g, 90-130g, 22.4-31.2¢ for protein, carbs, fat.

It is worth noting that normal people will eat at lunch and dinner, so we subtract 1 bowl of rice’s nutrition
(5g of protein, 47g of carbs and 1g of fat) directly from the base of range. So the ranges excluding rice for
lunch becomes 15-65g of protein, 43-83g of carbs and 21.4-30.2g of fat. And for supper, the ranges excluding
rice becomes 10-47.5g of protein, 20.5-50.5g of carbs and 15.8-22.4g of fat.

Suppose the amount of carbs in 1g of the first dish is C; and C, Cs for the second, third dish respectively.
Similarly, the amount of protein in 1g of the dishes are P;, P», P; and the amount of fat in 1g of the dishes are

F17F27F3'



So we can get the inequalities below for breakfast:

for lunch:

and for supper:
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We search on https://www.boohee.com/ to get the constant C', P, F' for every dish, listed in Tab.6 in §A.3.

5.2 Objective function

Now we have designed the constraints. For different people, we can design different objective functions. For
ordinary students with no special needs, we can set the objective function to eat the most or least quality. For
breakfast and lunch, we set the objective function to be the maximum of the sum of mass of three dishes, which
is Max{z + y + z}. The average student can eat a little more to fill their stomach and keep them from feeling
hungry at other times. While for dinner, students should eat less so that they can digest the food in time, which
is Min{x + y + z}. For obese students, they need to eat less fat, so our objective function can be the least
amount of fat required. For people who need to get fit and lose fat, their objective function is the maximum

amount of protein.
So we can governing the objective functions for normal, obese and fitness students respectively.

For normal students, we have the objective function:

Max{x + y + 2}, (Breakfast, Lunch) (21)

Min{x 4+ y + z}, (Supper) (22)

And for obese students, the best way for them to lose weight is to intake less fat. So the objective function

should be

Min{Fy -z + Fy -y + F3 - 2} (23)

Students who pursuit fitness should eat more protein. Protein is essential for making muscle since it forms
the building blocks of muscle tissue. Eating adequate amounts helps us maintain muscle and promotes muscle

growth and repair, especially after resistance exercise. So the objective function should be

Max{P, -z + Py -y+ P3- 2} (24)



6 Conclusion and Reflection

6.1 Calculation Results

We use the MATLAB code in §A to determine the optimize solution. Fig.3-17 show the calculation results
given by solving the linear programming problem. To be specific, Fig.3-7 is solution for normal people, while
Fig.8-12 is for fitness seekers and Fig.13-17 is for obese people. Each group of solutions shown in one row
of graphs give the breakfast, lunch and supper from right to left in a specific day for normal, obese or fitness
group of people. The feasible region is shown as the blue area and the optimal solution for each group is shown

as the red point in the graphs.
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Figure 3: Feasible region of Monday breakfast, lunch and supper.
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Figure 4: Feasible region of Tuesday breakfast, lunch and supper.
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Figure 5: Feasible region of Wednesday breakfast, lunch and supper.
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Figure 6: Feasible region of Thursday breakfast, lunch and supper.
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Figure 7: Feasible region of Friday breakfast, lunch.
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Figure 8: Feasible region of Monday breakfast, lunch and supper for fitness seekers.
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Figure 9: Feasible region of Tuesday breakfast, lunch and supper for fitness seekers.
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Figure 10: Feasible region of Wednesday breakfast, lunch and supper for fitness seekers.
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Figure 11: Feasible region of Thursday breakfast,
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Figure 12: Feasible region of Friday breakfast, lunch and supper for fitness seekers.
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Figure 13: Feasible region of Monday breakfast,
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Figure 15: Feasible region of Wednesday breakfast, lunch and supper for obese people.
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Figure 16: Feasible region of Thursday breakfast, lunch and supper for obese people.

Feasible Region, Optimal Solution, and Geometric Center Feasible Region, Optimal Solution, and Geometric Center

[ Feasible Region [ Feasible Region
®  Optimal Solution ®  Optimal Solution
®  Geometric Center ®  Geometric Center

180 400
160 350
N 140 N 300
120 250
100 200
180 400 20.00, 100.00, 266.67)

106

00.00, 168%0, 100.00)
y 100 100 X

Figure 17: Feasible region of Friday breakfast, lunch for obese people.
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6.2 Reflection

In this essay, we determine the state of students’ health using the BMI measurement. However, the BMI
measurement is inaccurate. For example, people who have more muscle mass and less body fat may weigh
more, leading to higher BMI despite low-fat stores. Because BMI fails to distinguish between muscle, fat, and
water, it doesn’t accurately mention if the weight reflects the healthy or unhealthy version of an individual. For
other measurements, they need more data such as waist circumference and hip highest diameter which are not

included in the survey and hard to measure.

While determining health states of students, some of them messed up units of weight, so BMI became 2

times the real value. That causes some of the outliers and the correlations became less than real values.

While determine dishes, some of students write abstract answers due to inappropriate setting of the survey
and wrong attitude towards the research. Their abstract dishes were rounded off in the dishes popularity analysis
because in reality most people will not eat the abstract dishes. Also dishes with high cost and junk food which

have never provided in the cafeteria before are also neglected.

Here are some examples of the dishes that we neglect, listed in Tab.4.

Serial No. Dishes neglected Reason

21 Pizza, hotdog, hamburger Junk food

26 pizza, steak and ice cream Junk food

32 = AR SR S5 Never provided, High cost
41 T AR AL 2R Abstract dish

70 B2~ KR ~ KEXG - BEH UK - BBkEE  High cost, abstract dish
75 THREE, BFRLE, BIYLE Abstract dish

134 AT #Zsteak KFC Abstract dish

Table 4: List of students’ serial numbers, dishes neglected and the reason.

Theoretically, there is no limit to the quantitative relationship between the type of food and the number of
constraint functions in linear programming. However, if the two are not equal, it is possible that for some meals,
the requirement of a certain food is zero, which is not compatible with reality. So we set that the minimum

amount of food is 100g and the maximum amount of food is 400g.

15
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https://www.a-familychiropractic.com/blog/daily-nutritional-requirements-teens/#:~:text=Teens%20should%20aim%20to%20consume,60%20percent%20of%20daily%20calories.
https://www.a-familychiropractic.com/blog/daily-nutritional-requirements-teens/#:~:text=Teens%20should%20aim%20to%20consume,60%20percent%20of%20daily%20calories.
https://beekaynutrition.com/2022/05/24/adolescent-fat-needs/#:~:text=How%20much%20fat%20does%20an,eating%202000%20calories%20per%20day.
https://beekaynutrition.com/2022/05/24/adolescent-fat-needs/#:~:text=How%20much%20fat%20does%20an,eating%202000%20calories%20per%20day.
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://en.wikipedia.org/wiki/Pearson_correlation_coefficient
https://en.wikipedia.org/wiki/Pearson_correlation_coefficient
https://www.fuelingteens.com/teen-carbs/
https://www.fuelingteens.com/teen-carbs/
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A Appendix

A.1 MATLAB code to determine feasible region

We determine the feasible region of 3 variable linear programming using MATLAB code originally by Haokun

Shi.
import matlab.io.*

problem = optimproblem(’ObjectiveSense’, ’'minimize’ );
Yominimize when fat,

Ymaximize when protein

and supper for normal;

and breakfast, lunch for normal

YDdifferent in different meals

carbohydrate_min = 20.5;

carbohydrate_max = 50.5;

protein_min = 10;

protein_max = 47.5;

fat_min = 15.8;

fat_max = 22.4;

Yocarbs , protein, fat in [ gram of [Ist, 2nd, 3rd dish
carbohydrates = [0.03, 0.04, 0.02];

protein = [0.06, 0.18, 0.02];

fat = [0.04, 0.1, O01;

x = optimvar(’x’, ’'LowerBound’, 0, ’UpperBound’, 400);
y = optimvar(’y’, ’'LowerBound’, 0, ’'UpperBound’, 400);
z = optimvar(’z’, ’LowerBound’, 0, ’UpperBound’, 400);

JGobese objective function: fat(l) % x + fat(2)
%fitness objective function: protein(l) % x+ protein(2)
Y9normal objective function: x + y + 2

objective = x + vy + z;
problem.Objective

objective;

problem.Constraints.carbohydrate_min =
* y + carbohydrates (3) * z >= carbohydrate_min;
problem.Constraints.carbohydrate_max =
* y + carbohydrates(3) * z <= carbohydrate_max;
problem.Constraints.protein_min =

carbohydrates (1)
carbohydrates (1)

protein (1)
* z >= protein_min;

problem.Constraints.protein_max = protein (1)
* z <= protein_max;

problem.Constraints.fat_min

problem.Constraints.fat_max

fat (1)
fat (1)

* x + fat (2)
* x + fat (2)
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* X + protein(2)

* x + protein(2)

* y + fat (3)
= y + fat(3)

* y + fat(3) * z

% X+protein(3) % 2

* X + carbohydrates (2)
* X + carbohydrates (2)
* y + protein(3)
* y + protein (3)

* z >= fat_min;
* z <= fat_max;
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YGoconstraints of mass of different dishes
problem.Constraints.x_min = x >= 100;

problem.Constraints.y_min = y >= 100;
problem.Constraints.z_min = z >= 100;
problem.Constraints.x_max = x <= 400;
problem.Constraints.y_max = y <= 400;
problem.Constraints.z_max = z <= 400;
[solution, fval] = solve(problem);

disp ("Optimal Solution:");

disp("x = " + solution.x);

disp("y = " + solution.y);

disp("z = " + solution.z);

disp ("Objective Value: " + fval);

Ydata plot

num_samples = 100;

x_range = linspace (100, 400, num_samples);
y_range = linspace (100, 400, num_samples);
z_range = linspace (100, 400, num_samples);
[X, Y, Z] = meshgrid(x_range, y_range, z_range);

valid_points = carbohydrates(l) x= X + carbohydrates(2) % Y + carbohydrates(3)

Z >= carbohydrate_min &

carbohydrates (1) % X + carbohydrates(2) * Y + carbohydrates (3)

Z <= carbohydrate_max &

protein(l) * X + protein(2) * Y + protein(3) % Z >= protein_min

&

protein(l) * X + protein(2) * Y + protein(3) % Z <= protein_max

&

fat (1) = X + fat(2) *« Y + fat(3) = Z >= fat_min &

fat (1) » X + fat(2) » Y + fat(3) * Z <= fat_max;

K = convhulln ([X(valid_ points(:)), Y(valid_points(:)), Z(valid_points(:))1]1);

trisurf (K, X(valid_points), Y(valid_points), Z(valid_points),
"blue’, ’FaceAlpha’, 0.3, ’EdgeColor’, ’none’);
hold on;

’ ’

scatter3 (solution.x, solution.y, solution.z, 100, 'r’, ’filled’);

center_x = mean (X(valid_points));
center_y = mean (Y (valid_points));
center_z = mean (Z(valid_points));

scatter3 (center_x, center_y, center_z, 100, °'g’, ’filled’);
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"FaceColor ’,

*

*
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text (center_x, center_y, center_z, sprintf(’(%0.2f, %0.2f, %0.2f)’°, center_x,
center_y, center_z), ’'FontSize’, 10, ’Color’, ’k’);

text (solution.x, solution.y, solution.z, sprintf(’(%0.2f, %0.2f, %0.2f),
solution.x, solution.y, solution.z), ’FontSize’, 10, ’'Color’, ’k’);

xlabel (’x’);
yvlabel ('y’);
zlabel (’z’);

title(’Feasible Region, Optimal Solution, and Geometric Center’);

’

legend(’Feasible Region’, ’'Optimal Solution’, ’Geometric Center’);
grid on;

A.2 Popularity of different dishes

To determine the menu, we take both the nutrition and popularity of different dishes into consideration. The
popularity of different dishes is measured by the frequency of dishes appeared on the list of 3 favorite food
provided by year 10 students. The frequency of different food appeared on the list is listed below in Tab.5.
A.3 Nutrition in each dish

The data of carbohydrates, protein and fat for each food is provided by https://www.boohee.com/ and listed in
Tab.6.

A.4 Graph drawn to determine correlation

The graph showing relationship between sleeping hours (Fig.18), sports hours (Fig.19), studying hours (Fig.20),
cafeteria food satisfaction (Fig.21), campus life satisfaction (Fig.22) and BMI, with correlation ratio -0.09004,

-0.07484, 0.03406, 0.004678, -0.04836, respectively (shown in the box of every graph).
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Dish Frequency Dish Frequency Dish Frequency
LR TGS /X5 R 33 +5iR 4 TENW 1
JERS/RGAAE /A G TR 30 HRHE 4 fig 77 1
i) 28 AR 3 it 5 1
/NIEHER 20 7K 3 3 B N AT 1
= 18 ki 3 NN 1
AR 17 EE 3 W FALA 1
A4 (FR3R4I) 13 B 3 23R 1
KB (fried rice) 11 % K% (borsch) 3 e 1
5.8 (tofu) 11 =B AR 3 &3 1
22 %%(chips) 11 RE A 3 (BN 1
K fi(hotpot) 9 £ [N (lamb) 3 ZA 1
¥ 9 Pk 3 EH 1
CEQUMEEI=ES)! 8 [iif=via 2 BAAMN 1
F M AE 7 /INER A 2 I TRl 1
I ¥i(salad) 7 TERTER 2 LK 1
A A4 e/ = A 6 HHE 2 S5 DL 1
B 55 A 6 1 3% (spinach) 2 e 1
B 6 M+ 5= 2 HRER 1
fi R (R H) 6 K151 2 BERNYL 1
K EBRIR 6 R 2 AR 1
JEH 5 i 2 IR 1
HEFGED) 5 ZNHEE 2 I 1
ARE 4 Ap: 2 PEYIING; 1
KR 4 pes 2 PUEH 1
KB A 4 2B 1 A 1
AN 4 corn 1 7 )NA R 1

R 4 Jdi NG 1
Table 5

B Contribution

Cynthia: Popularity of dishes analysis, Menu translation.
Michelle: Background, Correlation analysis, Menu translation.
Stephanie: IXTEX essay writing, Graphs plotting.

Yvette: Menu artwork.
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Dish carbs/g (C) protein/g (P) fat/g (F)

VI RR- 0.01 0.14 0.15
K2 0.27 0.13 0.05
PRI 0.16 0.02 0.07
BR 0.04 0.03 0

FEIMAE 0.07 0.08 0.05
HE 0.04 0.02 0.04
KEH R 0.07 0.12 0.04
NEA 0.06 0.01 0.01
HEE 0.07 0.12 0.14
FREBAN 013 0.05 0.03
=B 0.02 0.01 0

Joe sk 0.52 0.07 0.12
pESoN 0.1 0.2 0.17
+ Sl A 0.16 0.06 0.03
HH 0.03 0.02 0

MIVEAE 0.06 0.11 0.15
TR 0.09 0.02 0.02
i 0.07 0.01 0.02
VN 0.08 0.01 0.01
NEAL 0.28 0.12 0.09
KEE 0 0.12 0.1
/INER A 0.17 0.1 0.25
iltas 0.03 0.08 0.01
ZNHEE 0.01 0.11 0.16
MESE  0.03 0.06 0.04
K35 0.04 0.18 0.1
A 0.01 0.02 0

JoRy 24, 0.1 0.01 0.03
JER/NEF 0.05 0.01 0

ERILE 0.04 0.05 0.06
KFEMH  0.03 0.16 0.07
22\ 0.14 0.01 0

= 0.06 0.09 0.08
[iif=vi 0.07 0.02 0

ZNHEE 001 0.11 0.16
TH& 0.51 0.07 0.18
RET 0.26 0.06 0.02
5k 4 0.01 0.03 0.02
FERY 0 0.28 0.17
TSR 0.03 0.04 0.01
AR 0.15 0.01 0

Table 6
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