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Abstract

Along with animal food sources, fruits and vegetables are also an important source of nutrients, adding abundant
vitamins, minerals for the growth of children. This study used the "Xiém" banana variety in combination with
other vegetable sources to produce convenient and diverse sources of nutrients for children. The quality of
bananas at three levels (more than 70% yellow on surface, fully yellow, yellow with some brown spots) was
evaluated and the effect of blanching time on the quality of ingredients used for the recipes was investigated.
Eight soup mixtures of banana and other vegetables were prepared. The product quality was assessed through
chemical, energy and sensory analysis. It was observed that fully ripe yellow "Xiem" bananas had a few brown
spots containing high levels of nutrients. A 5-min blanching time was suitable for raw materials, which
inactivated the enzyme and achieved good structure and bright color. Based on chemical, energy value and
distribution, together with sensory analysis, a formula containing 30% banana, 18% potato, 5% yellow flesh
sweet potato, 12% fat filled milk powder, 5% plant-based organic protein, 9% carrot, 8% pumpkin, 3% spinach,
and 10% green pea was selected with supplied energy 57 kcal/100 g product. The product had macronutrient
proportions that were within the Acceptable Macronutrient Distribution Range (energy distribution of
carbohydrates, protein and lipid was 65, 14 and 21%) recommended in the Dietary Reference Intakes. These
soup mixtures with high acceptability and quality can provide children with a high fraction of their requirements
from nutrients, especially supplementing fiber in the diet.
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1. Introduction

A child's development is greatly influenced by nutrition. As children get older, they form eating habits that
will follow them for the rest of their lives. Encouraging healthy food choices is a good way to start developing
healthy eating habits that they will follow as adults. The correlation between nutrients, food and diet is
important, especially in the prevention and avoidance of chronic diseases [1]. Usually in the Vietnamese diet,
too much meat is consumed, whereas little or not enough vegetables are included. The amount of vegetables
used is estimated to be about half of that recommended by the World Health Organization. Therefore,
community nutrition intervention programs are implemented with the aim of reducing malnutrition in rural
children and also reducing the rate of weight gain and obesity among children living in urban areas. In addition,
most children rarely use and often feel uncomfortable with vegetables in meals. As a result, they are often at risk
of nutrient deficiencies. Fruits and vegetables contain high amounts of minerals and vitamins, especially vitamin
C. In addition, vegetables contain vitamin B9 and are a good source of fiber and potassium [2]. The
phytochemicals in fruits and vegetables are believed to be important for health, potentially in reducing the risk
of cardiovascular disease and preventing cancer. When vegetables are combined to form an attractive and
delicious product, children are encouraged to eat them more, ensuring that children have enough sources of
important nutrients for growth and development.



“Xiém” bananas are grown over a very large area in Vietnam: it has high nutritional value, providing a good
source of fiber, vitamins (vitamin C, vitamin B6) along with a source of minerals (potassium) and
phytochemicals [3]. With readily available nutrients and sweet taste, bananas can be selected as the main food
source to be incorporated in a nutritious diet and suitable for children's taste. Carrots are rich in natural bioactive
compounds as phenolic compounds, carotenoids and ascorbic acid. These substances aid in reducing the risk of
cancer and cardiovascular diseases due to their antioxidant, anti-inflammatory, plasma lipid-modifying and anti-
tumor properties. High levels of a- and B-carotene are commonly present in carrots [4]. Pumpkin contains high
levels of carotenoids, carbohydrates and minerals: bioactive components, such as polysaccharides, para-
aminobenzoic acid, oils, sterols, proteins and peptides are also found in them. Eating pumpkin can help to
prevent skin diseases, eye disorders, reduce cell damage in the body, cancer and improve immune function [5].
Potatoes are considered a source of energy from carbohydrates present, but low in fat, high in vitamin C and a
good source of B vitamins, potassium and dietary fiber. The protein content in potatoes is quite low, but has a
high biological value, the polyphenol content in potatoes contributes to antioxidant activity, which benefits
health [6]. In addition, spinach is one of the most nutritious vegetables consumed worldwide [7], due to its
excellent source of essential minerals, vitamins, protein, fiber and chlorophyll [8]. Scientific studies are
increasingly providing evidence of the health benefits of eating spinach such as boosting human immunity levels
[9]. Yellow sweet potato is widely used in the preparation of bread and pasta products, due to the health benefits
of its bioactive compounds [10].

Fruits and vegetables are often blanched in processing to change the texture and inactivate enzymes.
However, blanching easily leads to tissue cell damage and color loss due to heat treatment. Hot steam is
considered an effective heat source for blanching, especially for mass production systems. This method is more
advantageous than blanching in hot water, but if the processing time is prolonged, it can lead to significant
changes, such as discoloration and loss of nutrients. At the same time, the product structure is also changed [11].

Research on forming healthy diets, that combine fruits and vegetables with natural colors (source of
phytochemicals) and essential nutrients, is still limited in Vietnam. This research, which will support good
health, especially for growth and immunity boosting of children, is a matter of concern today. New products can
supplement many required nutrients for children, save a mother's preparation time and take advantage of
micronutrients from abundant agricultural products, available in the country, in the most effective way. Faced
with malnutrition, the priority for preschool children is to promote good nutrition and healthy eating habits, to
address and prevent nutrient deficiencies, especially in the micronutrient group, and to ensure that no one is left
behind. This project created healthy soups for children from bananas and other vegetables. The finished
products were fully analyzed for necessary nutrients, high sensory values and especially the balanced nutritional
components in one serving was carefully calculated.

2. Materials and methods
2.1 Materials

“Xiém” bananas (Musa acuminate) were used as the main ingredient. The quality at three levels of ripening
was determined, before making soups, including (A) 2/3 yellow (more than 70% yellow on surface), (B) ripe
(fully yellow) and (C) overripe (yellow with some brown spots). Other vegetables such as carrot (Daucuscarota
subsp. sativus), potato, pumpkin, yellow flesh sweet potato and spinach were bought at a local supermarket. The
plant-based organic protein (Leanfit, Canada) and fat filled milk powder (28% of fat - Natur’lait, France) were
also used.

2.2 Effect of steam blanching time on chemical and physical characteristics of vegetables used in nutritional
soup recipes

Bananas, potatoes, carrots, pumpkin and yellow sweet potatoes were peeled, washed, sliced and blanched
with steam at 100°C for blanching times from 3 to 9 min. After intervals, a sample was removed and cooled
rapidly with cold water (5°C). The ability to inactivate oxidizing enzymes and some quality aspects (firmness
and pectin content) were identified.

2.3 Preparation and formulation of healthy soup making from banana and other vegetables

The tested formulae are presented in Table 1. All ingredients were mixed to formulate eight soup mixtures.
All blanched ingredients are pureed and combined with others ingredients to form a nutritious soup product. The
soup was cooked at boiling temperature for 5 min. Then 200 g was poured into a glass bottle and sterilized at
105°C for a holding time of 5 min. The product is cooled rapidly after removal from the sterilizer (DGS-280C,



China). The nutritional composition and sensory value of the products were analyzed. Total energy intake,
energy balance and percent daily value (%DV) along with nutrition information were determined.

After formulation, the sample was sterilized at 105°C for 3, 5, 7 and 9 min. The sterilized product was stored
at 28 = 2°C for 4 months and analyzed for total viable counts, on a Plate Count Agar medium [12].

Table 1 Formulae of the healthy soups from banana and other vegetables.

Ingredients (%DV) F1 F2 F3 F4 F5 F6 F7 F8
Banana 24 26 28 30 30 28 26 24
Potato 24 22 20 18 5 5 5 5
Yellow flesh sweet potato 5 5 5 5 18 20 22 24
Fat filled milk powder 12 12 12 12 12 12 12 12
Plant-based organic protein 5 5 5 5 5 5 5 5
Carrot 9 9 9 9 9 9 9 9
Pumpkin 8 8 8 8 8 8 8 8
Spinach 3 3 3 3 3 3 3 3
Green pea 10 10 10 10 10 10 10 10
Total 100 100 100 100 100 100 100 100
2.4 Quality analysis

The nutritional composition of materials and final products including fat, fiber and protein was determined
by AOAC methods [12]. The total carbohydrate content was analyzed following McCseady [13] and
Dubois et al. [14] The minerals - calcium, sodium and potassium - were measured by flame photometry [15].
The iron content was determined using a UV-Vis Spectrophotometer following Hailu et al. [16]. Peroxidase
activity was determined at 25°C with guaiacol [17], In the presence of H»O,, peroxidase catalyses the
transformation of guaiacol to Tetraguaiacol (brown product).

Vitamin C was determined by the indophenol method [18]. Total carotenoid analysis used a UV-Vis
Spectrophotometer to measure absorbance at 450 nm [19]. Pectin was determined as described by Wang et al.
[20].

Sterilization values at given temperatures and times were calculated as described by Doornmalen JPCM,
Kopinga K [21].

2.5 Total calories (kcal) and % DV

The total calories of the product were determined based on the macronutrients: fat, protein, and
carbohydrates, with fat at 9 kcal/g; protein and carbohydrates at 4 kcal/g [22]. The %DV listed on the Nutrition
Facts label is a guide to the nutrients in a serving. This %DV is based on a 2,000-calorie diet for healthy adults.
The %DV for each nutrient was calculated by dividing the amount of a nutrient in a serving by its daily value,
and then multiplying that number by 100 [23].

2.6 Sensory evaluation

Sensory evaluation used a Quantitative Descriptive Analysis (QDA) method with 20 selected members.
They were mothers with children between the ages of 1 and 5. These mothers fed their babies and based on how
much their babies ate and how the mother felt about the product; they determined a score following our
guidelines. The products were evaluated through different intensity sensory criteria on an intensity rating scale
of 0 to 5 (where 0 = not detected and 5 was extremely strong).

2.7 Data analysis and sensory analysis

STATGRAPHICS Centurion XV (USA) software was used to analyze collected data for means and standard
deviations. Principal component analysis (PCA), using XLSTAT software (2007, Addinsoft, New York), was
used to analyse sensory data obtained.

3. Results and discussion
3.1 Banana quality according to ripeness

The chemical composition of the “Xiém” bananas variety changed significantly during ripening from 2/3
yellow, ripe and overripe (Figure 1 and Table 2). The acid content in ripe bananas increased from 0.20 + 0.01 to
0.27 + 0.01% when the bananas turned from 2/3 yellow to ripe, then decreased to 0.25 + 0.01 for overripe
bananas (Table 2). It took 7 days stored at ambient temperature (28 + 2°C) for "Xiém" banana variety to reach
the ripe (fully yellow) and 8 days to reach the overripe state, with some brown spots [24].



Figure 1 Three levels of ripeness of “Xiém” bananas; (A) 2/3 yellow (more than 70% yellow), (B) Ripe (all
yellow), and (C) Overripe (yellow with some brown spots).

Table 2 Chemical characteristics of “Xiém” bananas at different ripeness levels (per 100 g).

Parameters 2/3 yellow Ripe Overripe

Acid content (g) 0.20+0.01" 0.27+0.01 0.25+0.01
Reducing sugar (g) 8.93+0.04 10.80+0.64 11.50+0.68
Starch (g) 11.81+0.98 1.84+0.12 0.55+0.01
°Brix 23.00+2.29 26.75+1.25 28.50+0.71
Vitamin C (mg) 9.50+0.42 8.70+0.04 8.20+0.23
B-carotene (pg) 343.28+1.77 294.8742.35 298.65+3.48
Total polyphenol (mgGAE) 50.85+0.25 73.13+1.30 82.2740.15
Potassium (mg) 282.57+3.25 376.14+2.89 380.05+4.75

"Values were expressed as mean + standard deviation.

Our results were similar to a previous study: Chandra et al. reported that the concentrations of malic and
citric acids in bananas increased and then began to decrease after they were fully ripe [25]. Adi et al. [26]
reported that fruit acidity increased from stage 1 (0.06%) to stage 7 (0.29%), where it peaked during respiration,
then decreased slightly at stage 8 and 9 (with 9 stages of ripening observed). The conversion of starch to sugar
that occurs during ripening is related to the transformation of the fruit from an inedible state to a ready-to-eat
state. Bananas contained 1.84+0.12% starch, when fully ripe, and 0.55+0.01% when overripe. The reducing
sugar content was 8.93+0.04% when 2/3 ripe, rose to 10.80+0.68% when ripe and to 11.50+0.68 when overripe.
The loss of pulp firmness was associated with an increase in reducing sugars and a decrease in starch content.
Therefore, the total soluble solid content (°Brix) of banana in our study was found to be 26.75+1.25 at fully ripe
and 28.50+0.71 when overripe. Although the vitamin C content decreased slightly with ripening, it still provides
a part of vitamin C when used to prepare mixed dishes with concentrations between 8.20 0.23 when ripe to 8.7 +
0.04 mg/100g when overripe. The total polyphenol compounds of was determined at 73.1+1.3 mg Gallic Acid
Equivalent (GAE)/100 g when ripe and 82.3+0.1 mg GAE/100 g when overripe.

Our results were similar to those of Aquino et al. [27]: ripe fruit showed a greater increase in the content of
phenolic compounds. Although fully ripe bananas are best eaten due to complete nutrient synthesis. However,
with large banana production, the shelf-life can be prolonged and bananas may be overripe. Several studies have
shown a positive and significant correlation between phenolic compounds content and antioxidant activities of
fruits and vegetables [28]. When people consume 1.3 to 1.4 grams of potassium daily, they can reduce the risk
of heart disease by 26% [29]. Ripe bananas also possess high levels of beta carotene, potassium and fiber (as
indicated in the table). Nutritionally, fiber is important for digestion because it provides beneficial bacteria in
the gut and can potentially help prevent blood sugar spikes after eating carbohydrate-rich meals. Both ripe
yellow bananas and overripe ones can be used well to make nutritional products for children with many health
benefits. The ingredients used to make the nutritious soup were also analyzed for macronutrients and fiber
(Table 3).

Table 3 Macronutrients and fiber of fruits and vegetables used in soup formulae (per 100 g).

Ingredients Carbohydrate (g) Protein (g) Lipid (g) Fiber (g)
Fat filled milk powder 39.27+0.75 24.53+0.67 28.10+£0.36 0.00
Banana 23.9740.15 0.80+0.10 0.25+0.00 2.20+0.02
Pumpkin 20.67+1.53 4.17+0.15 6.97+0.21 7.77+0.25
Spinach 4.08+0.10 2.85+0.05 0.43£0.06 2.5340.06
Green pea 11.05£0.50 4.20+0.26 0.25+0.05 4.0240.23
Potato 38.27+0.03 3.15+0.05 0.00 2.134+0.15
Yellow flesh sweet potato 21.80+0.20 1.52+0.49 0.00 3.20+0.10
Plant-based organic protein 7.00+0.00 21.40+0.10 0.00 4.97+0.06
Carrot 9.85+0.05 0.82+0.03 0.00 2.17+0.08

It was observed that that the ingredients used with high carbohydrate content included fat filled milk powder,
potato, banana, yellow flesh sweet potato and pumpkin which ranged from 21% to 39%. The remaining



ingredients constituted smaller proportions with concentrations ranging from 4% to 11%. High protein levels
were found in fat filled milk powder and plant-based organic protein. Also, high lipid content was found in fat
filled milk powder (28.1+0.4%) and pumpkin (7.0+0.2%). Other ingredients contained lower lipid content,
ranging from 0.25 to 0.43%. Some vegetables and fruits had virtually no fat. Pumpkin and plant-based organic
proteins contained high levels of fiber, 7.77+0.25% and 4.97+0.06%, respectively. These ingredients also
contained a variety of vitamins, minerals, and bioactive compounds (as mentioned in the Introduction), so if
they are combined in the diet, they will create a balanced and healthy nutritional food, which can be a
supplement for children and others, to meet national community nutrition goals.

3.2 Effect of steam blanching on the physico-chemical properties of vegetables

Steam blanching not only destroys enzymes, that catalyze food spoilage and dehydrate vegetables and fruits,
it also removes surface microorganisms, improves color and slows vitamin loss. In addition, blanching can
soften the ingredients, facilitate fine grinding in the next step and increase the sensory value of the product when
eaten. In our results, all materials that had been steam blanched had more attractive colors than untreated
samples. The colours of carrots and pumpkin were lighter after the treatment compared to untreated sample. It
could be suggested that blanching induces carotenoid isomerization that changes the structure from all trans to
partially cis, creating a lighter hue. Severini et al. [30] showed that the green color in samples was increased
when blanched with hot water and steam-similar to our results for spinach and peas. However, long-term
blanching (9 min) tended to destroy color, nutrients and bioactive compounds. Hardness of the ingredients
decreased with blanching time (3 to 9 min) (Table 4): the main reason was that insoluble protopectin were
converted to soluble pectin. The reducing sugar content tended to decrease with blanching time from 3-9 min.
The cause was probably the loss of solids with hot water blanching, that was mainly due to diffusion and
leaching as explained by Mukherjee and Chattopadhyay [31]. The actual starch content was shown to be
unaffected by steam blanching, with values being relatively stable for different blanching times. With blanching,
starch gelatinizes and becomes more digestible [32].

Pectin has a great influence on the structure and is the determining factor in the consistency of nutritional
products for children. The pectin content in all materials increased with blanching time (Table 4). PME in potato
tissue was activated by heat during the first two min of blanching, and a longer heat treatment rapidly
inactivated the enzymes in the vegetable tissue [33]. Protopectin in the raw material was converted to soluble
pectin, which softens the product structure. Thus, the steam blanching of raw materials will lead to a soft
structure and increase the amount of pectin needed. Further, peroxidase is the most thermostable enzyme in
fruits and vegetables [34]. When blanching is adequate, enzymes are deactivated. Our data shows that steam
blanching for 5 to 7 min led to visually attractive colors and peroxidase (POD) deactivation in all materials
(Table 5).

Table 4 Effect of steam blanching time on quality of fruit and vegetables used for healthy soup making.

Raw materials Blanching time (min)  Hardness (g force)  Starch (%) Reducing sugar (%)  Pectin (%)
“Xiém” banana 3 45.334 0.551% 11.525¢ 0.420°
5 33.00¢ 0.551% 11.330° 0.513b
7 28.00° 0.5502 11.135° 0.572¢
9 18.33° 0.551% 10.981° 0.616¢
Potato 3 764.67¢ 14.2042 3.332¢ 0.3872
5 245.00¢ 14.215° 2.8340 0.413°
7 182.67° 14.1932 2.755b 0.433¢
9 91.00? 14.181° 2.546° 0.452¢
Yellow flesh sweet potato 3 880.674 24.550° 6.2564 0.3812
5 385.00° 24.531° 5.367¢ 0.430°
7 257.33° 24.550° 4.770° 0.482°¢
9 199.00° 24.588° 42152 0.510¢
Pumpkin 3 333.334 1.8154 1.3172 1.8154
5 136.67¢ 1.504¢ 1.384° 1.504¢
7 98.67° 1.430° 1.423¢ 1.430°
9 57.33* 1.167* 1.463¢ 1.167%

Means with different superscript letters in each column represent significant differences at a 95% confidence level.



Table 5 Effect of blanching time on peroxydase inactivation.

Blanching time (min)  Banana Potato Yellow flesh sweet potato Pumpkin Carrot
3 + + + + +
5 - - - - -
7 - - - - -
9 - - - - -

Note: (+) The enzyme was not inactivated and (-) the enzyme was deactivated.

However, to limit the long-term exposure to heat, 5 min of blanching was chosen to minimize thermal
decomposition of the nutrients in the raw materials. The thermal stability of peroxidase POD and
polyphenoloxidase (PPO) was also investigated during steam blanching of mango slices by Ndiaye et al. [35],
who reported that POD was completely deactivated after 5 min and 7 min for PPO [34]. Severini et al. [30]
showed that 90% of POD activity was lost within 30 sec in steam blanching. Xiao et al. [11] reported that steam
blanching for 4 min was the best treatment, without altering the texture and reducing the enzyme activities of
POD by 93.5% and PPO by 92.2%. Our results also showed that the raw materials, blanched for 3 min, were
still hard, so that grinding was relatively difficult and caused discomfort when eating. The majority of
participants accepted the product when the materials were blanched for 5 to 7 min. The 5 min blanching time
can be considered the most appropriate time, both to improve the color and texture of the ingredients, to
maintain the nutrient content and to facilitate subsequent processing.

3.3 Effect of mixing ratio of ingredients (from eight recipes) on nutritional and sensory value of products

The composition of macronutrients of healthy soup was measured for eight recipes. The protein content in
all samples showed no significant difference and ranged from 1.80 to 1.98% (Table 6), because the protein
content was mainly derived from the added plant-based organic protein. The total calories of all the products are
shown in Table 7.

Table 6 Macronutrients of products in different recipes.

Formulas Protein (%) Carbohydrate (%) Lipid (%)
Fl1 1.80° 9.95¢ 1.30+0.02?
F2 1.822 9.30° 1.32+0.02%
F3 1.90° 9.30P 1.35+0.05°
F4 1.98¢ 9.35b 1.35+0.02°
F5 1.97b¢ 9.32b 1.30+0.042
F6 1.822 9.21° 1.30+0.02?
F7 1.80° 9.21° 1.30£0.012
F8 1.80° 9.22° 1.3240.01%°

Means with different superscript letters in each column represent significant differences at a 95% confidence level.

Analysis showed that the carbohydrate content of the products from the eight formulations had slight
differences. The high carbohydrate content was derived mainly from three sources - potatoes (20.4%), bananas
(17.8%) and yellow sweet potatoes (17.6%). Therefore, with high proportions of three materials in the formulas,
higher contents of carbohydrate in the products were observed, see formulas F1, F4 and F8. The lipid content
the eight formulations ranged from 1.30 to 1.35%, mainly from the cream powder supplement.

The energy requirements for a child's growth depend on many factors, such as gender, growth and physical
activity level. For children, the recommended levels of macronutrients and most micronutrients are usually
higher relative to body size, than as adults. Therefore, children need to be provided with a variety of nutritious
foods in main meals and snacks [22]. However, it is important not to overfeed a child as this can lead to obesity.

Table 7 Total calories from macronutrients and percentage of energy supply (for 100 g cooked soup).

Formulas _ Energy-yielding macronutrients (kcal) Total Percentage of energy supply from macronutrients
Protein Carbohydrate Lipid calories Protein Carbohydrate Lipid

F1 7.20 39.80 11.70 58.70 12.27 67.80 19.93

F2 7.28 37.20 11.88 56.36 12.92 66.00 21.08

F3 7.60 37.20 12.15 56.95 13.35 65.32 21.33

F4 7.92 37.40 12.15 57.47 13.78 65.08 21.14

F5 7.88 37.28 11.70 56.86 13.86 65.56 20.58

F6 7.28 36.84 11.70 55.82 13.04 66.00 20.96

F7 7.20 36.84 11.70 55.74 12.92 66.09 20.99

F8 7.20 36.88 11.88 55.96 12.87 65.90 21.23

Total calories provided from the eight soup recipes ranged from 55.7 to 58.7 kcal/100 g, with the highest
value found in the F1 recipe (58.7 kcal/100 g) and the lowest in F7 (55.7 kcal/100 g). The higher energy value
was due to the high carbohydrate and lipid content. The Acceptable Macronutrient Distribution Range (AMDR)
for each nutrient (within the macronutrient group) is expressed as a percentage of the total calorie requirement



for a person for the day. In addition, the food eaten every day provides many other essential nutrients, including
minerals and vitamins. The AMDR for carbohydrates is 45-65%, for proteins 10-30% and fats 20-35% of the
total daily energy requirement [23]. Our measurements showed that the percentage of energy provided ranged
from 65.1-67.8% for carbohydrates, 12.3-13.8% for proteins and 19.9-21.3% for fat%, for the formulations in
this study (Table 7). The percentage of energy distribution of protein and lipid were within the AMDR ranges;
however, the percentage of carbohydrates was over the limit in some formulations, only formula F4 was in the
recommended AMDR. High-fiber carbohydrates are important, because children must have a certain fiber intake
each day. Protein is of particular importance for a child's development, with a recommended amount of 0.95 g
of protein per kilogram of body weight daily [22]. Essential fatty acids also need to be provided to support
growth, although not as high as needed by infants and toddlers.

Along with nutritional composition analysis, sensory evaluation from consumers to decide on product
selection is also an important criterion for new products. It is desirable that a product have no strange taste or
smell or a defective structure. The distribution of product samples and properties is shown in Figure 2. We
observed that the different formulations had a great influence on the sensory properties. The samples and
sensory attributes that were located close to each other showed the highest level of perception of that sensory
attribute of the sample [36]. Formula groups F4, F5 and F2 were accepted by the majority of panelists with
positive attributes, such as vegetable smell, green color and sweetness. Sample groups F1, F3, F7 and FS8,
showed an poor estimate of the color, smell and taste. According to sensory attributes, F6 was at an average
level. Strange and sour taste attributes are undesirable attributes that negatively affect the quality of nutritional
products.
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Figure 2 Correlation of sensory attributes with the samples.

The reference map also showed the same results (Figure 3). The healthy soups were rated according to
preference scores, from 1 to 9. The reference map firmly confirmed that formulas F4, F5 and F2 were the most
accepted by consumers (80-100%). These samples had bright green colors, good taste, and flavor. On the other
hand, formulae F1, F7 and F8 had low consumer Overall, the healthy food product from formula F4 had the best
quality in terms of nutritional and energy. The macronutrients content in F4 were within AMDR guidelines.
This formula was characterized by positive quality attributes, and was well accepted by consumers.
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Figure 3 Reference map based on percentage of consumer acceptance with samples.

The nutrition details for a 200 g serving size and fraction of %DV are shown in Table 8. For children from 1
to 6 years old, the total energy required is in the range 1060-1350 kcal/day [22], so a nutritional product
providing about 115 keal in a 200 g serve can satisfy a good part of energy supply for meal. Because the product
was mainly composed of bananas and vegetables, the proportion of calories from protein was relatively lower,
so children need to be provided with an additional source of essential animal protein for growth. The %DV
shows how much a nutrient in a serving of food contributes to a total daily diet. This can help you determine if a
serving of food is high or low in a nutrient.

Table 8 Nutrition facts - 200g of nutritious soup made from bananas combined with other vegetables.

The nutrition source Serving size/ 200g % Daily value (DV)"
Potassium 0.00239 5.1
Vitamin A 0.00107 11.9
Sodium 0.0033 1.4
Calcium 0.0013 1.0
Vitamin C 0.009 11.0
Iron 0.00029 1.6
Total Carbohydrate 18.7 6.8
Dietary fiber 1.45

Total fat 2.7 34
Protein 3.96

Trans fat 0

Cholesterol 0 0
Total Carbohydrate 5.1
Calories 114.94

Calories from fat 24.30

"%DV represents the fraction of nutrients in one serving needed for a daily diet following general nutritional advice for
2,000 calories per day.

As a general guideline, a %DV< 5%, for each individual nutrient in a serving, is considered low and values
of 20% or more are considered high [22]. The calculated %DV showed less fat, iron and calcium per serving
(% DV< 5), but vitamins A and C, potassium and fiber were satisfactory (5% < %DV< 20%). In general, the F4
formula was completely suitable for the requirements of balanced nutrition, and can well support growing
children .This could help consumers choose products that are suitable for their health and nutritional status - if
the product was developed into a commercial product. Viscosity is an important property of liquid food. The
viscosity was measured after cooking as 4280+£36 cP, the product had a moderate consistency, was
homogeneous and smooth and was highly scored by the panellists.

3.4 Effect of sterilization on quality

The F4 recipe was chosen for assessment of sterilization due to consumer acceptance and nutritional
properties. Samples were sterilized at 105°C for 3-9 min to determine the appropriate time, as well the product
shelf-life. Sterilization, a common method in the food industry, may prevent the development of spoilage
bacteria as well as prolong storage time [37,38]. The results showed that the product could be sterilized at
105°C from 3, 5, 7 and 9 min with calculated sterilization values 3.14, 5.21, 7.17 and 9.30, rescpectively.
However, to ensure consumer acceptance, the 5 min sterilization was chosen. In addition, microbiological
analysis is important to confirm product safety. No coliform bacteria were found and the number of viable
counts in the soup was 1.1 X 10% colony-forming unit (CFU)/mL after 3 months and 1.6 X 10> CFU/mL after 4



months. Thus, these soups could be stored at ambient temperature (28 + 2°C) for 4 months without changing the
nutritional and sensory values and maintaining food nutrients, confirming that the heat treatment could prevent
microbial growth.

4. Conclusion

After analyzing the important macro- and micronutrients, calculating the energy balance and obtaining
sensory evaluations, a new healthy soup was developed from varied fruits and vegetables in one recipe. This
soup was especially diverse in nutritional composition, rich in fiber, thus it can be a component of main meals
for a child. This is an appropriate choice to meet the nutritional needs that are often lacking or in short supply in
child care. This can play a significant role in reducing malnutrition in Vietnam. The product also supports
children in rural areas, improving the distribution of macronutrients by reducing fat and increasing carbohydrate
intake for young children. This is a convenient and quick product to prepare children's meals. In addition, safely
processed foods help children avoid foodborne illnesses.
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