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Abstract: As is well known, apples are the most complex fruit in terms of nutritional compounds,
with a high content of fiber, vitamins (vitamins C, A, B3), and minerals. Both fruits and vegetables
are important sources of nutrients for infants’ nutrition and healthy development. The purpose of
this study was to develop and analyze baby food purees obtained from apples and vegetables. Ten
types of baby purees were obtained from the most-consumed varieties of apples from Romania,
along with purees of carrots, pumpkin and celery. The resulting samples were analyzed in terms of
moisture, ash content, titratable acidity, and vitamin C content. The total polyphenol content was
assessed by the Folin–Ciocalteu method, while total antioxidant capacity was determined by the
DPPH method; moreover, the color parameters and textural properties were also assessed. Following
the results obtained, the purees can be introduced into the diet of infants and children, providing
them with the necessary vitamins and minerals for optimal development. The analyses performed
on both fresh and sterilized products highlighted the effects of heat treatment on the components
of the product. The most important changes were observed in the vitamin C content, which was
decreased by 50–70% in all ten purees. Total polyphenol content (TPC) increased in sterilized samples
up to 70 mg GAE/100 g. Antioxidant capacity (AC) almost doubled its value in some samples
after the thermal process application. Regarding the adhesiveness and deformation at hardness,
which represented the main parameters for baby’s food, the value increased in the sterilized product,
making the product more suitable for infants. This survey provides a detailed description of the
development of baby food purees, showing the conveniences of developing purees for children based
on fruits and vegetables.

Keywords: apples; vegetables; baby food; food quality; children nutrition; bioactive compounds

1. Introduction

There is ample evidence that the quality and composition of children’s available food
products contribute to the present and future health status of young children. Infant food,
designed for children between 6 months and 2 years, is quite limited, so baby foods based
on fruits and vegetables, which are commercially available, are an important source of
energy, basic nutrients, vitamins, fiber and minerals [1,2].

In developing countries, micronutrient deficiency in the first two years of life is a
general public health problem for infants and children [3]. A good diet in childhood is
essential for optimal growth and development [4]. This is also the ideal time to introduce to
the child’s diet a variety of foods and flavors to develop healthy eating habits and a variety
of diets [5].
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Food based on fruits and vegetables provides the necessary vitamins, minerals, fiber
and other nutrients essential for the proper functioning of the body, strengthens the immune
system, provides protection and reduces the risk of cancer, cardiovascular disease and
oxidative risk [6].

Fruit and vegetable purees are a safe and fast option, suitable to provide the extra
energy needed by babies [7]. These products have appeared on the market as ready-to-
consume products, which allows the consumer to save the time required for obtaining
them at home. In recent years, the introduction of fruit and vegetable purees in children’s
diets has been increasing [8].

The rapid growth and normal and healthy development of children require a high
intake of nutrients and energy [9,10]. Infants’ nutrient reserves are limited, so low nutrient
intake can impair neuronal development [11].

Therefore, due to all the above-mentioned advantages of infants consuming fruits and
vegetables, and also because parents prefer to give children ready-to-eat products [12], the
aim of the present study was to develop purees from ten varieties of autumn apples and a
mixture of vegetables (carrots, pumpkin and celery), which are ideal for the nutrition of
children with ages between four months and two years, with four months being the earliest
age when the fruits should be introduced in the diet, according to [12]. The combination
of these components, namely apples, which are rich in fiber, vitamin C and phenolic
compounds, and the mixture of vegetables, which are rich in antioxidants, vitamins and
minerals, led to a product that could ensure the harmonious development of children [13].

2. Materials and Methods
2.1. Raw Materials

In order to obtain these baby food products, the following ingredients were used:
apples (Malus × domestica Borkh.), carrots (Daucus carota subsp. sativus), pumpkin (Cucur-
bita subsp. Cucurbita moschata Baby Pam) and celeriac (Apium graveolens var. rapaceum).
Apples, which represent the main component, were obtained from the Horticulture Re-
search and Development Institute, Mărăcineni, Pites, ti Mărului Street no. 402, Mărăcineni
117450, Romania (Figure 1), and the carrots, pumpkin and celeriac were obtained from the
Horticulture Research and Development Institute, Cluj-Napoca, 3-5 Manastur 119 Street,
Cluj-Napoca, 400372, Romania.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 2 of 15 
 

to the child’s diet a variety of foods and flavors to develop healthy eating habits and a 
variety of diets [5]. 

Food based on fruits and vegetables provides the necessary vitamins, minerals, fiber 
and other nutrients essential for the proper functioning of the body, strengthens the im-
mune system, provides protection and reduces the risk of cancer, cardiovascular disease 
and oxidative risk [6]. 

Fruit and vegetable purees are a safe and fast option, suitable to provide the extra 
energy needed by babies [7]. These products have appeared on the market as ready-to-
consume products, which allows the consumer to save the time required for obtaining 
them at home. In recent years, the introduction of fruit and vegetable purees in children’s 
diets has been increasing [8]. 

The rapid growth and normal and healthy development of children require a high 
intake of nutrients and energy [9,10]. Infants’ nutrient reserves are limited, so low nutrient 
intake can impair neuronal development [11]. 

Therefore, due to all the above-mentioned advantages of infants consuming fruits 
and vegetables, and also because parents prefer to give children ready-to-eat products 
[12], the aim of the present study was to develop purees from ten varieties of autumn 
apples and a mixture of vegetables (carrots, pumpkin and celery), which are ideal for the 
nutrition of children with ages between four months and two years, with four months 
being the earliest age when the fruits should be introduced in the diet, according to [12]. 
The combination of these components, namely apples, which are rich in fiber, vitamin C 
and phenolic compounds, and the mixture of vegetables, which are rich in antioxidants, 
vitamins and minerals, led to a product that could ensure the harmonious development 
of children [13]. 

2. Materials and Methods 
2.1. Raw Materials 

In order to obtain these baby food products, the following ingredients were used: 
apples (Malus × domestica Borkh.), carrots (Daucus carota subsp. sativus), pumpkin (Cucur-
bita subsp. Cucurbita moschata Baby Pam) and celeriac (Apium graveolens var. rapaceum). 
Apples, which represent the main component, were obtained from the Horticulture Re-
search and Development Institute, Mărăcineni, Pitești Mărului Street no. 402, Mărăcineni 
117450, Romania (Figure 1), and the carrots, pumpkin and celeriac were obtained from 
the Horticulture Research and Development Institute, Cluj-Napoca, 3-5 Manastur 119 
Street, Cluj-Napoca, 400372, Romania. 

Type of apples/Foto 
1. Champion 

 

2. Elstar 

 

3. Baujade 

 

4. Grimmes Golden 

 

5. Granny Smith 

 
6. Pătul 

 

7. Reinette Harbert 

 

8. Juliana 

 

9. Domnesc 

 

10. Parmen clone 

 

Figure 1. Varieties of apples studied. Figure 1. Varieties of apples studied.

2.2. Fresh Puree Manufacturing

As the current study determines the influence of apple variety in the composition of
the baby food puree, it was included in the highest proportion in the formulation, as seen
in Table 1. From the harvest time to utilization, apples were placed in vacuum bags of 1 kg
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and kept in the refrigerator at a temperature of 4–6 ◦C Vegetables were washed and dried,
except for the pumpkin, then stored at 10–12 ◦C at a relative humidity of about 50–60% in
the institute’s storage facility.

Table 1. Details regarding raw materials and proportions used to obtain purees for children.

Ingredients Proportions (%) Average Mass (g) Harvest Period

Apple
Champion 70 182.14 ± 34.38 a,b,c August–September

Elstar 70 101.04 ± 15.46 c,d,e August–September
Baujade 70 100.52 ± 10.97 c,d,e May

Grimmes Golden 70 199.94 ± 29.81 a September
Granny Smith 70 190 ± 27.81 a September–October

Pătul 70 75.16 ± 17.00 d,e,f September–October
Reinette Harbert 70 127.70 ± 33.81 b,c,d,e August–September

Juliana 70 142.14 ± 24.38 a,b,c September–October
Domnesc 70 184 ± 21.91 a,b,c September–October

Parmen Clone 70 117.60 ± 31.23 b,c,d,e September–October
Carrot 15 74.13 ± 28.17 August–October

Pumpkin 10 1866.37 ± 374.89 August–October
Celeriac 5 126.21 ± 26.43 August–October

Identical lowercase superscripts within columns indicate no significant difference (p > 0.05).

All ingredients were washed, peeled, mashed, and subjected to evaporation-concentration
operation in a vacuum chamber at 650–680 mmHg, which reduced the boiling temperature
to 50 ◦C (Figure 2). This operation can reduce the amount of product to be stored and can
ensure the shelf life of the product because its water activity is decreased below 0.7. To pre-
vent the development of spoilage microorganisms, the evaporation-concentration operation
was realized in a vacuum chamber, which can also prevent the loss of volatile compounds
(Dai et al., 2020) [14].
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The vegetables and apples were mashed in a Vegetable Masher Machine HL-617-1
(Zhengzhou Hongle Machinery Equipment Co., Ltd., Zhengzhou, China).

The purees obtained were dosed manually in glass containers of 125 g with the
following dimensions: 5.1 cm diameter and 7.8 cm height. Twist-off lids were used to close
the containers. Sterilization of the purees was performed in a vertical autoclave at 119 ◦C
for 15 min [15–17].

2.3. Determination Methods of Physico-Chemical Characteristics
2.3.1. Moisture Determination by Oven-Dry Method

Moisture determination (H) was conducted according to the AOAC Official Method
934.06 [18]. The determination consists of drying a quantity of vegetal material at the
temperature of 103 ± 2 ◦C until a constant mass is achieved.

Two parallel determinations were performed from the same sample preparation for
analysis [19].

2.3.2. Ash Content Determination

The ash content method was also conducted according to the AOAC Official Method
934.06 [18]. The ash content was determined by calcination at 550–600 ◦C until a white,
coal-free ash was obtained.

2.3.3. Titratable Acidity Determination

Titratable acidity was performed according to ISO 750:1998. The determination consists
of the neutralization of acidity with 0.1 n sodium hydroxide in the presence of phenolph-
thalein as an indicator.

2.3.4. Vitamin C Dosing—Iodometric Method

This method was performed according to Zhao et al., 2020 [20]. Chemical methods
of dosing vitamin C are based on its reducing properties. Ascorbic acid is converted by
oxidation to dehydroascorbic acid. After vitamin C has been completely oxidized, the
iodine generated will form with the starch, presenting an intense blue-colored inclusion
complex; the color must persist for 30 s.

2.3.5. Total Polyphenol Content Determination (TPC)

This determination was performed using the Folin–Ciocalteu method. and the ab-
sorbance of the samples was measured at 750 nm (UV-VIS Schimadzu, Kyoto, Japonia) [21].

Extraction of total polyphenols was performed for all ten experimental puree variants.
From each sample, 1 g was taken, homogenized with methanol and kept at refrigeration
temperature for 24 h. The extracts obtained were filtered and concentrated at 35 ◦C under
reduced pressure (Rotavapor Heidolph, Heidolph Instruments GmbH & Co., Schwabach,
Germany). The concentrate was recovered in 9 mL of methanol. A quantity of 25 µL of
the pre-prepared sample was mixed with 1.8 mL of distilled water and 120 µL of Folin–
Ciocalteu reagent in a glass vial and homogenized. After 5 min, 340 µL of 7.5% Na2 CO3
solution in distilled water was added in order to create basic conditions (pH~10) for the
redox reaction between the phenolic compounds and the Folin–Ciocalteu reagent. The
samples were incubated at room temperature. The control sample was methanol.

The total polyphenol content of the raw materials used and the finished product was
expressed in gallic acid equivalents, mg of GAE/100 g.

2.3.6. Antioxidant Capacity Determination (AC)

The antioxidant capacity was determined by evaluating the free radical scavenging
effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) following Dibacto et al., 2021 [22].

An amount of 150 µL of the methanolic extract of the analyzed samples was mixed
with 2850 µL of DPPH solution. The mixture was properly homogenized and kept in
the dark for 60 min. The absorbance of the samples was measured at 515 nm (UV-VIS
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Schimadzu) against a blank of methanol. The results were expressed as a percentage of the
absorbance of the standard DPPH solution. Results are expressed in µm TE/g fresh mass
(FM) [23].

2.3.7. Color Determination

The color of the puree was determined using an NR200 portable colorimeter (3NH,
Shenzhen, China). The puree color was scanned 4 times for each sample, and then their av-
erage was calculated. The color value was expressed as L*, a* and b*, where L* (brightness)
represents how dark the sample is, ranging from 0 (black) to 100 (white), a* represents the
color variation from green (−) to red (+), and b* represents the color variation from blue
(−) to yellow (+), according to the International Commission on Lighting. Measurements
were performed using a D65 illuminant with an opening of 8 mm. The colorimeter was
subjected to an automatic black-and-white calibration [24,25].

2.3.8. Texture Determination

Texture is important for fruit purees because it evaluates the specific sensorial at-
tributes appreciated by the consumers. The texture analysis was performed using a CT3
Brookfield Texture Analyzer (Brookfield, Middleboro, MA, USA) equipped with a TA39
probe (2 mm diameter rod, stainless steel 5 g, 20 mm length, flat end). A compression
test with a 5 mm target value was selected, the probe test speed was set to 0.5 mm/s, the
trigger load was 4 g, and 10 points/second were registered. The deformation curves were
analyzed, and 4 parameters were studied: cohesiveness (n.a), firmness (N), deformation
(mm), and adhesiveness (mJ), according to ISO 11036:2020 [26]. The computed textural
parameters are described in Table 2.

Table 2. Parameter definition and calculation for texture analysis.

Parameters Units Definition

Firmness N The force at the maximum peak during the compression test

Deformation mm The displacement at the maximum force during the puncture
compression test

Adhesiveness mJ Area under the Load vs. Distance curve, measured from where
cycle 1 first reaches zero load to where it ends

Cohesiveness n.a.
Indicates the strength of internal bonds of the product, being

computed as Hardness Work Done Cycle 2/Hardness Work Done
Cycle 1

2.3.9. Statistical Analyses

Registration data for the puree quality and index analysis elements were treated as the
mean and standard deviation (SD) and coefficient of variation for the traits. An analysis
of variance (ANOVA) was applied to the analyzed characteristics. The test yielded a
significant F statistic. Tukey’s test (α < 0.05) was used as a post hoc test for the analysis
of differences. Data were subjected to multivariate statistical analysis, namely principal
component analysis (PCA), using Unscrambler X v.10.5.1 software.

3. Results and Discussion
3.1. Moisture Determination by Oven-Dry Method

The high moisture content is attributed to the high binding water capacity of the
apple varieties’ starch, which is associated with weak molecular forces between the starch
granules [27]. On the other hand, the relatively low moisture content in purees can be due
to the low binding capacity of starch in apples resulting in the excessive loss of moisture
during ripening and storage [28–30].
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Following the determination, it was found that the highest moisture of the untreated
puree was 87.27% for the Baujade apple variety, which decreased by 84.59%, and the lowest
moisture value was 80.72% for the Juliana variety, which decreased by 78.14% (Table 3).

After sterilization, the puree moisture decreased in all varieties, but the largest decrease
was observed in the Parmen Clone apple variety, from 82.05% to 76.54%.

Other researchers obtained similar values for baby foods purees, where moisture
decreased between 1–5% in different types of apple purees [31–33].

3.2. Ash Content Determination

Total ash content determination in purees provides a measure of the total amount of
minerals since minerals cannot be destroyed by heating. The mineral content varies and
depends on many factors, such as the ripening grade of the apples and vegetables used,
the variety of plant species, the soil where the plantation is located, as well as fertilization
programs and the climate [34].

Regarding the ash content of fresh purees, we obtained very different values depend-
ing on the variety of apples used. Thus, the varieties with the highest ash content are Elstar
and Juliana (18.76% and 15.39%, respectively). The lowest values were registered for the
Champion, Granny Smith, Pătul and Parmen Clone varieties (2.91–4.09%) (Table 3).

Following the heat treatment applied, the ash content decreased in most of the varieties,
except for the apple varieties Granny Smith and Parmen Clone, for which the ash content
was higher after sterilization.

Other researchers reached similar values for some baby foods purees and also reported
a 1–3% increase in the ash content after thermal processing [2,35,36].

3.3. Titratable Acidity Determination

Titratable acidity is an important parameter in determining the puree quality, which
also denotes the degree of ripening of the apples and vegetables used. Previous studies
have shown that the trend in producing fruit purees is that organic acids increase during
the heat treatment process and during storage [37].

The acidity determined for the fresh puree was similar for all ten varieties of purees,
with values ranging between 0.30% and 0.45%. Following the application of heat treatment,
the acidity values decreased, reaching values of a maximum of 0.40% (Table 3).

Our findings were consistent with those reported by Usal and Sahan in 2020 [38],
who studied 24 fruit-and-vegetable-based baby food purees, for which values between
0.23–0.54% were determined.

Table 3. Moisture, ash content and titratable acidity determination.

Moisture
Determination% Ash Content% Acidity Determination

(mg/100 g)

Puree
Sample

Unsterilized
Product

Sterilized
Product

Unsterilized
Product

Sterilized
Product

Unsterilized
Product

Sterilized
Product

1 84.0 ± 0.2 81.1 ± 0.1 2.9 ± 0.1 3.3 ± 0.1 0.34 ± 0.01 0.29 ± 0.01
2 84.4 ± 0.1 82.3 ± 0.1 1.8 ± 0.1 2.7 ± 0.2 0.30 ± 0.02 0.26 ± 0.01
3 87.2 ± 0.2 84.5 ± 0.2 1.9 ± 0.2 3.0 ± 0.1 0.42 ± 0.01 0.27 ± 0.02
4 83.4 ± 0.4 82.6 ± 0.3 1.6 ± 0.3 1.1 ± 0.1 0.26 ± 0.01 0.19 ± 0.01
5 86.7 ± 0.2 83.7 ± 0.2 2.4 ± 0.1 2.7 ± 0.3 0.45 ± 0.02 0.4 ± 0.02
6 82.6 ± 0.1 81.1 ± 0.1 2.6 ± 0.3 2.9 ± 0.2 0.38 ± 0.01 0.37 ± 0.01
7 86.2 ± 0.1 84.7 ± 0.1 3.7 ± 0.2 2.6 ± 0.3 0.4 ± 0.02 0.21 ± 0.02
8 80.7 ± 0.3 78.1 ± 0.1 2.3 ± 0.1 3.9 ± 0.1 0.48 ± 0.01 0.32 ± 0.01
9 84.5 ± 0.3 81.0 ± 0.2 1.6 ± 0.2 3.4 ± 0.2 0.29 ± 0.02 0.24 ± 0.02

10 82.0 ± 0.2 76.5 ± 0.2 4.7 ± 0.1 4.0 ± 0.3 0.41 ± 0.01 0.34 ± 0.01
Puree sample column represents the apple variety used in order to obtain the puree: 1—Champion, 2—Elstar,
3—Baujade 4—Grimmes Golden, 5—Granny Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc,
10—Parmen Clone.
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3.4. Vitamin C Dosing—Iodometric Method

Regarding the vitamin C content of the fresh product, we obtained the highest values
for the Domnesc and Granny Smith puree apple varieties, with 4.21 mg% and 3.5 mg%,
respectively. The varieties of the baby food purees that had the lowest amounts of vitamin
C were those containing Champion and Parmen Clone apple varieties (2.11 mg% and
2.57 mg%, respectively). Following sterilization, the vitamin C content suffered significant
losses, between 50% and 70%, in all ten purees (Tables 4 and 5) since vitamin C is a thermo-
labile compound, which is very susceptible to thermal, chemical and enzymatic oxidation
during processing. The vitamin C and oxidative enzymes might come into contact when
the food matrix is disrupted by the thermal treatment. Therefore, the oxidative reactions of
vitamin C in thermally treated puree could explain the lowest bioaccessibility and vitamin C
content [39].

Other researchers obtained similar values for baby foods purees developed from fruit
and vegetables, while baby foods from apples demonstrated 3.5% mg/100 g vitamin C,
and the highest 20% mg/100 g was determined in purees with other components besides
apples, such as banana, oat, plum and broccoli [40]. Additionally, another study showed
similar values for vitamin C in baby puree with apple, apple juice, orange juice, banana,
mango and pear, namely between 1.9–2.4 mg/100 g [41].

3.5. Total Polyphenol Content Determination (TPC)

Regarding the content of total polyphenols in fresh puree, results range between
59.91 mg GAE/100 g for the puree with the Pătul apple variety to 86.31 mg GAE/100 g for
the purre with the Domnesc apple variety (Tables 4 and 5).

TPC almost doubled its values after thermal processing in some samples, such as the
puree containing the Elstar apple variety, which increased its TPC concentration from 64.36
to 126.65 mg GAE/100 g. The range of TPC after the thermal treatment in other purees was
between 76.87 and 139.67 mg GAE/100 g.

This increase is due to heat treatment, which breaks the cell walls and enhances the
mobilization of polyphenols from the food matrix, which makes them more available [42].

Similar results have been shown by multiple studies that presented a significant
increase in TLC in food products after heat treatment was applied [41,43,44] shows similar
values for TPC in baby purees with apple, banana, apricot, orange juice, lemon and peach
(values between 85 and 234.2 mg GAE/100 g).

3.6. Antioxidant Capacity Determination (AC)

The AC increased in line with the increase in the TCL based on the same consideration
that many antioxidant compounds are mainly present as covalently bound forms with
insoluble polymers [42].

The values obtained from the determination of the antioxidant capacity of the un-
treated puree varied depending on the apple variety used. The Juliana puree apple variety
had the highest antioxidant capacity of 0.91% inhibited DPPH, compared to the Reinette
Harbert puree apple variety, which had a much lower value of only 0.51% inhibited DPPH.

Antioxidant capacity was almost doubled in some cases after thermal process applica-
tion, with results after sterilization ranging between 0.83% (Elstar apple variety) and 0.93%
(Juliana apple variety) (Tables 4 and 5).

Heat treatment disrupts the cell wall and releases antioxidant compounds, leading to
an increase in antioxidant capacity [45,46].

Researchers Carbonell-Capella [41] determined higher values for AC in baby puree
with apple, banana, apricot, orange juice, lemon and peach, with values between 3.6 and
41.6%. Researcher Čížková [47] showed, for commercial fruit baby food, an AC between
1.87 and 4.75% in products based on apples, strawberries, bilberries, plums, pears and
peaches. These increased values are due to the presence of berries and plums in the
formulation, which have higher contents of natural antioxidants [48].
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Table 4. Vit. C, TPC and AC determination in unsterilized product.

Puree Sample Vitamin C (mg/100 g) Polyphenols Content
(mg GAE/100 g)

Antioxidant Capacity (µm
TE/g FM)

1 2.11 ± 0.1 73.67 ± 1.67 bc 0.62 ± 0.47 f

2 2.91 ± 0.3 64.36 ± 0.2 de 0.64 ± 0.31 e

3 3.27 ± 0.1 65.63 ± 0.1 de 0.88 ± 0.70 b

4 2.58 ± 0.1 61.9 ± 4.88 e 0.67 ± 0.31 d

5 3.5 ± 0.2 69.588 ± 0.59 cd 0.67 ± 0.47 d

6 2.8 ± 0.1 59.91 ± 0.1 e 0.81 ± 0.39 c

7 3.27 ± 0.2 70.492 ± 0.62 bcd 0.51 ± 0.15 g

8 3.28 ± 0.3 77.32 ± 1.95 b 0.91 ± 0.31 a

9 4.21 ± 0.3 86.31 ± 0.59 a 0.81 ± 0.78 c

10 2.57 ± 0.2 64.12 ± 1.03 de 0.81 ± 0.78 c

a–g—mean values in columns indicated with various letters are significantly different. Puree sample column
represents the apple variety used in order to obtain the puree: 1—Champion, 2—Elstar, 3—Baujade, 4—Grimmes
Golden, 5—Granny Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc, 10—Parmen Clone.

Table 5. Vit. C, TPC and AC determination in sterilized product.

Puree Sample Vitamin C (mg/100 g) Polyphenols Content
(mg GAE/100 g)

Antioxidant Capacity (µm
TE/g FM)

1 1.18 ± 0.1 125.63 ± 1.24 b 0.87 ± 0.15 b

2 1.88 ± 0.1 126.65 ± 1.21 b 0.83 ± 0.47 d

3 0.94 ± 0.01 139.67 ± 3.22 a 0.86 ± 0.78 bc

4 0.93 ± 0.1 125.44 ± 1.28 b 0.92 ± 0.62 a

5 0.7 ± 0.02 76.87 ± 3.08 b 0.92 ± 0.94 a

6 1.41 ± 0.1 80.57 ± 1.28 d 0.91 ± 0.78 a

7 1.41 ± 0.2 80.07 ± 1.86 d 0.87 ± 0.55 b

8 1.17 ± 0.1 81.66 ± 0.61 d 0.93 ± 0.78 a

9 1.87 ± 0.2 102.19 ± 0.62 c 0.85 ± 0.71 cd

10 1.87 ± 0.1 129.6 ± 1.06 d 0.83 ± 0.16 d

a–d—mean values in columns indicated with various letters are significantly different. Puree sample column
represents the apple variety used in order to obtain the puree: 1—Champion, 2—Elstar, 3—Baujade, 4—Grimmes
Golden, 5—Granny Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc, 10—Parmen Clone.

3.7. Color Determination

Food color is a major factor that affects the quality and acceptance of food. It can
also be used to predict the chemical and microbiological changes in food. In our case, the
effect of sterilization on the color of the product was significant. In addition, the amount of
yellow index and lightness decreased compared to the those of the unsterilized products.
Enzymatic browning (catalyzed by PPO) and non-enzymatic browning (Maillard reactions)
are also important factors regarding the color changing in the browning of the samples [49].

According to Särkkä-Tirkkonen et al. [50], sterilization, as a method used for baby
puree thermal treatments, causes structural, taste and color defects. In the current study,
we used a vertical autoclave for the sterilization process, and all values, L*, a* and b*, were
decreased after the thermal treatment. Consumers prefer infant food with no artificial colors,
revealing that over time, consumers became more aware of what they consume [4,51–53].
Therefore, the products with a lower color intensity did not affect the acceptability as
long as the color did not represent a quality defect. For the fresh puree, which was not
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subjected to heat treatment, the highest brightness value was in the puree obtained from the
Champion apple variety, 46.03, and the darkest in color was the Reinette Harbert variety,
32.72. The reddest variety of apples was the Elstar variety with a* value equal to 21.02, and
the yellowest were the Granny Smith and Reinette Harbert varieties, with similar results of
5.18 (Table 6).

After the sterilization was applied, the color parameters underwent changes, as fol-
lows: the brightness of the finished product decreased by 2–3 units for each variety, and the
values of the parameter a* decreased significantly, from the range 20.15–15.18 to 14.07–11.51,
so the shades of reddish decreased. At the same time, the values of the parameter b* were
much lower, from the range 21.71–14.42 to 20.98–14.26, and the shades of yellow decreased.

The thermal treatment caused a decrease in the L* value for the processed samples
when compared to the control samples. The purees were characterized by a darkened color
determined by various factors such as processing temperature and time, type of cultivar,
vitamin C content, and some pigments found in the raw material. Therefore, the brightest
(L* = 43.04) and reddest (a* = 14.07) puree was obtained from the Grimmes Golden apple
variety, and the yellowest was obtained from the Domnesc variety, with a b* value of 20.98.

According to a study conducted on 1200 subjects, age is one of the factors that influence
color preference. Generally, people prefer red when they are 1 to 10 years old [54].

For this reason, we tend to conclude that the purees from the Champion, and Elstar
apple varieties could be more preferred by infants.

Table 6. Effect of thermal treatment on color.

Puree Sample
Unsterilized Product Color Sterilized Product Color

L* a* b* L* a* b*

1 46.03 ± 0.74 a 20.25 ± 1.9 a 20.74 ± 1.81 a 31.77 ± 1.19 b 12.64 ± 0.29 cde 16.15 ± 0.3 de

2 43.56 ± 1.74 a 21.2 ± 3.01 a 19.72 ± 0.75 a 38.31 ± 0.18 ab 12.79 ± 0.09 cd 15.64 ± 0.08 ef

3 40.36 ± 0.38 ab 15.21 ± 0.52 cd 21.71 ± 1.44 a 38.26 ± 0.33 ab 12.4 ± 0.52 cde 18.07 ± 0.34 b

4 43.24 ± 0.56 a 16.14 ± 0.71 bcd 19.82 ± 0.52 a 43.04 ± 3.88 a 14.07 ± 0.15 b 17.33 ± 0.29 c

5 42.76 ± 0.61 a 15.18 ± 0.59 cd 20.16 ± 0.18 a 40.97 ± 0.19 ab 12.25 ± 0.11 de 18.09 ± 0.3 b

6 38.85 ± 0.59 ab 15.33 ± 0.78 cd 17.77 ± 0.75 a 38.26 ± 2.11 ab 11.51 ± 0.4 f 14.26 ± 0.21 g

7 32.72 ± 1.27 b 15.18 ± 0.78 cd 16.1 ± 0.83 a 31.71 ± 0.16 ab 12.99 ± 0.21 c 16.47 ± 0.31 d

8 36.88 ± 0.79 ab 14.33 ± 0.73 d 14.42 ± 0.42 a 35.66 ± 0.12 ab 12.01 ± 0.16 ef 15.38 ± 0.26 f

9 42.42 ± 2.13 b 19.02 ± 1.27 ab 21.41 ± 0.55 a 42.35 ± 0.8 a 14.9 ± 0.3 a 20.98 ± 0.36 a

10 36.58 ± 0.69 ab 18.1 ± 1.73 abc 17.3 ± 1.67 a 38.06 ± 0.25 ab 13.67 ± 0.09 b 15.98 ± 0.41 def

L* (brightness) represents how dark the sample is, ranging from 0 (black) to 100 (white); a* represents the color
variation from green (−) to red (+); b* represents the color variation from blue (−) to yellow (+); a–g—mean values
in columns indicated with various letters are significantly different. Puree sample column represents the apple
variety used in order to obtain the puree: 1—Champion, 2—Elstar, 3—Baujade, 4—Grimmes Golden, 5—Granny
Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc, 10—Parmen Clone.

3.8. Texture Determination

After analyzing the textural parameters of the purees, we noticed a significant difference
regarding the adhesiveness and firmness between unsterilized and sterilized products, while
cohesiveness and deformation at hardness parameters suffered insignificant modifications.

Firmness was determined as the maximum penetration force registered for the first
cycle. It was found that the firmness values of the purees obtained from the Champion and
Juliana apple varieties before sterilization were the highest, having values of 2.46 N and
2.78 N, respectively. After sterilization, the puree containing the Champion apple variety
registered a firmness of 3.5 N, while that containing the Juliana apple variety registered
a value of 2.07 N. On the opposite side were the Domnesc varieties and Parmen Clone
(Table 7). These results are due to the content of pectin in apples, which creates firm gels.
Since some apple varieties contain lower levels of pectin compared to others, it induces a
weaker texture of the puree samples.

Adhesiveness represents the work required to pull the probe away from the sample.
Before sterilization, the highest adhesiveness was observed in the purees obtained from
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the Champion and Parmen Clone apple varieties, with values of 1.85 mJ and 2.3 mJ, while
the Elstar apple variety had a much lower value of 0.35 mJ. After the sterilization process,
the highest value remained for the same purees obtained from the Champion and Parmen
Clone apple varieties, with 8.1 mJ and 5 mJ. This variation in adhesiveness is due to the
variation in the moisture of the samples.

Table 7. Texture determination.

Unsterilized Product Texture Sterilized Product Texture

Puree
Sample

Cohesiveness
(n.a) Firmness (N) Deformation at

Hardness (mm)
Adhesiveness

(mJ)
Cohesiveness

(n.a.) Firmness (N) Deformation at
Hardness (mm)

Adhesiveness
(mJ)

1 0.615 ± 0.049 a 2.46 ± 0.39 a 7.79 ± 0.03 a 0.55 ± 0.07 ab 0.32 ± 0.06 a 3.49 ± 0.12 a 7.97 ± 0.03 a 8.1 ± 0.7 a

2 0.619 ± 0.084 a 2.08 ± 0.09 a 7.985 ± 0.007 a 0.35 ± 0.35 b 0.355 ± 0.205 a 1.49 ± 0.31 bc 7.97 ± 0.03 a 4.1 ± 0.9 bc

3 0.425 ± 0.163 a 1.055 ± 0.007 a 7.68 ± 0.27 a 1.85 ± 0.92 ab 0.455 ± 0.106 a 2.455 ± 0.332 b 7.4 ± 0.8 a 3.4 ± 0.7 bc

4 0.585 ± 0.049 a 1.88 ± 0.08 a 7.945 ± 0.007 a 0.55 ± 0.64 ab 0.53 ± 0.27 a 1.44 ± 0.12 c 7.97 ± 0.03 a 2.8 ± 0.4 cd

5 0.55 ± 0.01 a 1.99 ± 0.41 a 7.97 ± 0.02 a 0.7 ± 0.1 ab 0.32 ± 0.01 a 2.09 ± 0.29 bc 7.97 ± 0.03 a 3.55 ± 0.49 bc

6 0.38 ± 0.05 a 1.49 ± 0.15 a 7.645 ± 0.431 a 1.35 ± 0.49 ab 0.475 ± 0.106 a 1.635 ± 0.091 bc 7.99 ± 0.01 a 3.8 ± 0.3 bc

7 0.525 ± 0.007 a 1.5 ± 0.2 a 7.99 ± 0.01 a 0.45 ± 0.21 ab 0.42 ± 0.01 a 1.7 ± 0.2 bc 7.995 ± 0.007 a 1.95 ± 0.63 cd

8 0.59 ± 0.05 a 2.795 ± 1.393 a 7.92 ± 0.01 a 1.2 ± 0.57 ab 0.41 ± 0.07 a 2.07 ± 0.23 bc 7.975 ± 0.035 a 0.9 ± 0.1 d

9 0.355 ± 0.106 a 1.17 ± 0.21 a 7.87 ± 0.11 a 1.15 ± 0.07 ab 0.405 ± 0.148 a 1.375 ± 0.233 c 7.862 ± 0.049 a 2.85 ± 0.35 bcd

10 0.411 ± 0.099 a 2.2 ± 0.2 a 7.795 ± 0.028 a 2.3 ± 0.6 a 0.585 ± 0.049 a 1.74 ± 0.41 bc 7.97 ± 0.03 a 5.1 ± 0.1 b

a–d—mean values in columns indicated with various letters are significantly different. Puree sample column
represents the apple variety used in order to obtain the puree: 1—Champion, 2—Elstar, 3—Baujade, 4—Grimmes
Golden, 5—Granny Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc, 10—Parmen Clone.

Adhesiveness and firmness are the main parameters for baby foods [55,56]. Smooth
baby foods and those with proper moisture have the highest acceptance rate by infants. This
was also confirmed by researchers from Alberta Health Services and the Centre for Taste
and Feeding Behavior, who conducted similar studies in 2017 and 2019, respectively [57,58].
The textural characteristics of the purees developed in the present study meet the textural
properties required for baby food.

3.9. Chemometric Comparison and Classification

The PCA model was applied to vitamin C, TPC and AC data for unsterilized and
sterilized purees to determine the most important variables that explain the relationships
between the ten selected genotypes of apples used and to identify any group patterns
(Figure 3). The results from the current study showed that using the chemometric technique
PCA, the physico-chemical quality attributes can be more comprehensively understood.
The results showed that with a relative distance of 10, all the genotypes were grouped into
four main clusters.

Principal component analysis (PCA) uses the maximum variance of the data in order
to transform the original axes (parameters) into new axes named principal components
(PCs) or factors. The PCs are orthogonal, and the intercorrelations are removed. The
graph representation of the translation coordinates provides the scores plot and reveals the
similarity/dissimilarity between cases (the grouping of the samples). On the other hand,
the graph representation of the cosines of the rotational angles provides the loadings plot,
which reveals the importance of the original parameters to the classification.
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Figure 3. PCA Bi-plot for the sterilized (_s) and unsterilized (_ns) apple purees based on antioxidant
capacity (AC), total phenolic compounds (TPC), and vitamin C. Numbers 1–10 represent the apple
variety used in order to obtain the puree: 1—Champion, 2—Elstar, 3—Baujade, 4—Grimmes Golden,
5—Granny Smith, 6—Pătul, 7—Reinette Harbert, 8—Juliana, 9—Domnesc, 10—Parmen Clone.

4. Conclusions

Following the studies and determinations performed in this paper, we can conclude
that a range of products for children obtained from apples, carrots, pumpkins and celery
has been developed. In order to develop the product, ten experimental puree variants
were developed, corresponding to the ten varieties of apples used. Although there are
a number of similar products on the market, the current study also aimed to choose the
right apple varieties for making a puree, which would ensure the proper functioning of the
young body.

The final products were analyzed from a physico-chemical point of view, using meth-
ods of determination according to the standards in force, and a comparison was made
between the apple varieties used to obtain the puree. Following the results obtained, the
puree can be introduced into the diet of infants and children, providing them with the
necessary bioactive compounds and minerals for optimal development.

The analyses performed on both the fresh and the sterilized products highlighted the
effects of the heat treatment on the components of the product.

TPC content is directly related to the AC of baby food analyzed. This relationship
indicates that the contribution of TPC to the free radical scavenging potential of baby
food is significantly related. Having the results that show the high content of puree in
polyphenol compounds and a high antioxidant capacity confirms the hypothesis that baby
food, which is considered a convenient food, is a source of nutritional value, so it can be
recommended for use and added effectively to children’s diets.

Puree texture and color parameters were evaluated, these being two important factors
in the perception of infants and children, being the ideal time to introduce the child to a
variety of foods and flavors to develop healthy eating habits. Our product is very suitable
in the parameters that correspond to baby food with the highest acceptance rate by infants,
which proves the quality of the puree texture obtained in this research.
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According to the present study, a suitable product for children based on Elstar apples,
pumpkins, carrots and celery was produced. Baby puree obtained from the Elstar apple
variety was, as the physico-chemical methods showed, the most suitable due to its high
content of vitamin C, 3.27 mg/100 g, antioxidant capacity and polyphenol content in the
sterilized product, 139.67 mg GAE/100 g, and 0.86 AC/100 g, respectively. Regarding the
color and texture determinations, it has also been proved that the puree from this type
of apple also fits in the parameters. We believe that this branch should be studied more,
due to children’s nutrition being an important factor in their development and fruits and
vegetables being a major source of nutrients that play a key role in achieving this goal.
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