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ABSTRACT

Sheet jam is the development of jam in the form of compact, plastic and non-sticky
sheets. It’s especially serving with bread. Apple fruit (Malus sylvestris (L). Mill.) and
Tomato (Solanum Iycopersicum L.) with polyphenol and lycopene as active
compounds have antioxidant activity and could reduce or eliminate other oxidants
and synthetic preservatives. This research aimed to find the best formula of apple
puree sheet jam added with differences of tomato extract concentration. There are 4
sheet jam formulas which are F1, F2, F3, and F4 use 100 g of apple puree and add
tomato extract of 0 g, 60 g, 75 g, and 90 g respectively. The parameter test used for
this research were hedonics test for panelists, water and ash content, pH value, total
plate count, mold/yeast test, and antioxidant activity. Formula 4 sheet jam is
preferred by panelists then evaluate of proximate (water, ash content),
phytochemical tests, pH value, microbiological test (total plate count, mold/yeast),
and antioxidant activity determination. Formula 4 is the preferred sheet jam from
30 panelists with pH value of 4.23. The proximate test was related to SNI 3746:2008,
positive test for alkaloid, flavonoid, saponin, and tannin. Total plate count of 7.5 x102
colonies/mL, and mold/yeast <10! cfu/mL. The antioxidant activity value of
Formula 4 sheet jam is 87.14 ppm which is classified as strong. The addition of 90 g
of tomato juice on 100 g of apple puree produces sheet jam with strong antioxidant
activity.

Keywords: Apple, tomato, sheet jam, antioxidant activity.

Introduction

Sheet jam is a modified version of traditional jam, transformed from a semi-
moist consistency into compact and non-sticky pliable sheets. Its convenient form
makes it practical for consumption and easy to use as bread filling. The production

of sheet jam involves three main ingredients, that are pectin, citric acid, and sugar,
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combined in specific proportions to achieve optimal results. The previous research,
sheet jam of apple puree and green tea liquid extract with antioxidant activity of
91.75 ppm (Zaddana et al., 2020).

Some fruits, including citrus fruits (such as lime and lemon), grapes,
pomegranates, and apples, along with green, yellow, and red vegetables like
cabbage, carrots, and tomatoes, are known to contain antioxidant compounds. The
consumption of fruits and vegetables, whether raw or processed, as part of a plant-
based diet rich in fruits and vegetables, can help reduce the risk of developing
chronic diseases in humans (Jideani et al.,, 2021). Manalagi apple (Malus sylvestris), a
subtropical plant commonly found in Indonesia, is a fruit that can be used as
functional food due to its natural antioxidant content. Tomato (Solanum
lycopersicum) contains the main compound lycopene, along with polyphenols
(flavonoids), carotenoids, ascorbic acid, vitamin A, and vitamin C in considerable
amounts (Hadi, 2023). The antioxidant activity of tomato juice is 60.86 ppm,
indicating strong antioxidant potential (Castro et al., 2021). The substitution of 15%
tomato juice in black soybean yoghurt preparation increased the vitamin C content
by 0.00107 IU (Ningrumsari et al., 2024). Fruits are essential for human nutrition
and play a key role in preventing chronic diseases such as cardiovascular and
cerebrovascular conditions, eye and nerve disorders, stroke, cancer, diabetes, and
hypertension (Jideani et al., 2021).

However, due to their perishable nature, fruits are generally processed into
more stable forms such as jams, jellies, juices, pickles, and many other products
(Laxmi et al.,, 2021; Zaddana et al., 2021). The sheet jam made from Manalagi apple
juice demonstrates antioxidant activity with an ICso value of 104.96 ppm, classifying
it as having moderate antioxidant activity (Zaddana et al., 2020). The production of
sheet jam made from apples and tomato juice is an innovative development of
traditional jam. When prepared with the appropriate formula and process, it results
in a sheet jam related to physical and chemical quality standards and is acceptable to
panelists. In the market we still only know cheese sheet jam, but we haven't found
fruit sheet jam yet. Further research is needed to formulate sheet jam containing

apples and tomatoes and determine its antioxidant activity.

Methodology
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The research was conducted at the Pharmaceutical Laboratory, Faculty of
Mathematics and Natural Sciences, Pakuan University, Bogor. The research methods
employed were:

1. Preparation of Apple Pulp and Tomato Juice

One kilogram each of apple and tomato, thoroughly washed and deseeded,
were chopped into small pieces. The apples were mixed with water in a 1:1 ratio and
blended to produce apple pulp (Zaddana et al., 2020). Tomato juice was extracted by
pressing or crushing the tomatoes using a juicer (Ningrumsari et al, 2024). The
yield of both the apple pulp and tomato juice was determined.

2. Phytochemical Tests

Flavonoid: The samples (apple pulp and tomato juice) were dissolved in 95%
ethanol. Magnesium (Mg) or zinc (Zn) powder and a few drops of concentrated HCI
were added from the side of the test tube, followed by gentle shaking. The
appearance of a red to orange color indicates the presence of flavonoids.

Alkaloid: The sample was treated with 2 N HCI and heated over a water bath
for a few minutes. After cooling, the mixture was filtered, and Dragendorff’s reagent
was added to the filtrate. The formation of an orange-brown precipitate confirms a
positive result for alkaloids.

Tanin: Each sample was treated with a 1% gelatin solution. The formation of
a white precipitate indicates the presence of tannins. Additionally, adding 2-3 drops
of 1% FeClz solution results in a dark green to ink-blue color, confirming the
presence of tannins (Novia et al,, 2023).

Saponin: The sample was mixed with hot water and 2 N HCI. The formation of
stable foam, which remains even after the addition of 2 N HCI, indicates a positive
saponin result.

3. Formulation of Apple Pulp and Tomato Juice Sheet Jam

The sheet jam was formulated into four different variations: F1, F2, F3, and
F4, as presented in Table 1 below.

Table 1. Formulation of Apple Pulp and Tomato Juice Sheet Jam

Formula Fl(g) F2 (g) F3(g) F4(g) Usability
Tomato Juice - 60 75 90 Antioxidant
Apple Pulp 100 100 100 100 Antioxidant
Sucrose 60 60 60 60 Sweetener
Glycerol 1.5 1.5 1.5 1.5 Humectant
Agar-agar 5 5 5 5 Gelling Agent
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Citric Acid 0.2 0.2 0.2 0.2 Preservative
Air 50 50 50 50 Solvent
Total 216.7 276,7 291,7 306,7

Sheet Jam Preparation

Agar-agar was dissolved in preheated water at a temperature of
approximately 95-100 °C for about 3 minutes. Apple pulp, tomato juice, glycerol,
and citric acid were mixed and then added to the agar solution. The mixture was
heated at 70 °C for 5 minutes, while sucrose was gradually incorporated with
continuous stirring until a homogeneous mixture was obtained. The cooking process
continued for 20 minutes. The jam mixture (17 gr each) was poured into molds
measuring 8 x 8 x 0.2 cm and evenly spread to form uniform sheets. The sheets were

then packaged in polypropylene plastic (Zaddana et al., 2020).

1. Hedonic Test

A sensory evaluation was carried out involving 20 panelists (both male and
female) aged 20-22 years. The test assessed the organoleptic characteristics of the
apple pulp and tomato juice sheet jam (formulations F1, F2, F3, and F4), focusing on
color, taste, aroma, and texture. The assessment was based on preference levels
using a 5-point scale: (5) strongly like, (4) like, (3) neutral, (2) slightly dislike, (1)
dislike. Data was collected through a questionnaire. The hedonic test data were
analyzed using SPSS version 18, employing a Completely Randomized Design (CRD)
method, followed by Duncan’s multiple range test (Zaddana et al,, 2020).
2.  Sheet Jam Evaluation
a. Water Content Determination

The water content of the apple pulp and tomato juice sheet jam was
determined using the gravimetric method. A sample of 2 gr of sheet jam was
accurately weighed and then dried at 105 °C for 5 hours. After drying, the sample
was placed in a desiccator to cool and subsequently weighed. The drying process
continued with intervals of 1 hour until the difference between consecutive
weighing did not exceed 0.25% (Ministry of Health, 2017). Calculate the water

content of the sample as Formula 1.
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Water content =

(mass of container and wet sample, g)—(mass of container and oven dry sample, g)

%Water content =

X 100%

(mass of container and oven dry sample, g)—mass of container,g

(1)

b. pH Determination

The pH of the sheet jam was measured using a pH meter that had been
calibrated at pH 4 and 7 (Ministry of Health, 2020). A 1 gr sample of sheet jam was
dissolved in 10 mL of water and stirred until completely dissolved. The pH meter
electrode was then immersed in the prepared solution and left undisturbed until a

stable reading was obtained.

c. Total Plate Count Test

A 25 g sample of sheet jam was weighed and placed into a bottle containing
225 mL of Buffered Peptone Water (BPW), resulting in a 107" dilution. Next, 1 mL of
the diluted sheet jam was mixed with 9 mL of BPW to achieve a 1:10 dilution (10%),
and serial dilutions were prepared up to 10*. From each dilution (10* to 10%), 1 mL
was pipetted into sterile petri dishes in duplicate. Then, 12-15 mL of molten Plate
Count Agar (PCA) at 45 °C was poured into each petri dish. The petri dishes were
incubated at 37 °C for 24-48 hours in an inverted position. Colony counts were
performed using a colony counter, and the number of colonies was multiplied by the

dilution factor (Rahmawati et al., 2022).

d. Yeastand Mold Count Test

One milliliter from each dilution (107! to 10™*) was transferred into sterile
petri dishes in duplicate. Inoculation was carried out using Potato Dextrose Agar
(PDA) as the culture medium. A blank sample was prepared by pouring 1 mL of
Buffered Peptone Water into a sterile petri dish, followed by the addition of PDA.
The petri dishes were incubated at room temperature for 5 days. After incubation,
colony counts were conducted, and the results were multiplied by the

corresponding dilution factor (Rahmawati et al., 2022).

e. Antioxidant Activity Determination
The antioxidant activity of apple pulp and tomato juice was evaluated using
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent. A DPPH stock solution was
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prepared by dissolving 40 mg of DPPH in 100 mL of methanol. The optimal
wavelength was determined within the range of 510-520 nm, while the incubation
time was optimized by measuring the absorbance at intervals of 10, 20, 30, 40, 50,
and 60 minutes. For the standard curve, 100 ppm vitamin C stock solution was
pipetted in volumes of 0.2, 0.4, 0.6, 0.8, and 1 mL into separate 10 mL volumetric
flasks to obtain standard concentrations of 2, 4, 6, 8, and 10 ppm, respectively.
Subsequently, 1 mL of 1 mM DPPH solution was added to each flask and diluted to
volume with methanol. Sample stock solutions were prepared at 1000 ppm. Aliquots
of 0.4, 0.6, 0.8, 1, and 1.2 mL were pipetted into 10 mL volumetric flasks to achieve
concentrations of 40, 60, 80, 100, and 120 ppm, respectively. Each sample was
mixed with 1 mL of 1 mM DPPH solution and then diluted to the mark with
methanol p.a. (Baliyan et al, 2022). The percentage inhibition of DPPH was

calculated using the formula 2:

% inhibition = ““;;“‘SXmO% .......... (2)

Description:
Ap = Comparative absorbance (blank)

As = Absorbance sampel

RESULT AND DISCUSSION

The apples and tomatoes used in this study were identified at the National
Research and Innovation Agency (BRIN) Cibinong. The identified plant species were
Manalagi apple (Malus sylvestris (L.) Mill) from the Rosaceae family, and tomato

(Solanum lycopersicum) belonging to the Solanaceae family.

1. Apple Pulp and Tomato Juice Production Results

A total of 800 g of tomato juice and 830 g of apple pulp were obtained from 1
kg of each fruit. The tomato juice appeared red with a slightly sweet and mildly
bitter taste, typical of tomatoes. The Manalagi apple pulp had a brownish color, a
sweet flavor, and a distinctive apple aroma. The yield of tomato juice was 80%,

while the yield of apple pulp was 83%.
2. Phytochemical Test Results

The apple pulp and tomato juice tested positive for the presence of

flavonoidalkaloids, tannins, and saponins, as shown in Table 2.
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Table 2. Phytochemical Test Results

No Identification Phytochemical Test Result Test Result
Result Apel Pulp Tomato Juice
1 Flavonoids
-Mg powder Red/Orange + +
-Zn powder Red/Orange + +
2 Alkaloids
-Dragendorff Brownish-Orange + +
Percipitate
3 Tannin
-Larutan White precipitate + +
gelatin 1%
-FeCl3 Blue-Green to + +
Black
4 Saponin Foam Formation + + +
HCI 2N unchanged

The flavonoids, alkaloids, and saponins present in tomato extract function as
antioxidants, enhancing the activity of glutathione (GSH) in the body (Junnaeni et al.,
2019). Tannins found in tomato seeds also demonstrate antioxidant properties. As a
widely occurring plant compound, tannins are not only present in the seeds but are

also found in the fruit of tomatoes (Jideani et al,, 2021; Kumar et al., 2021).

1. Sheet Jam Formulation from Apple Pulp and Tomato Juice Results

Formulas 1, 2, 3, and 4 produced sheet jams with a characteristic aroma and a
chewy texture. The color and taste profiles of these formulations are presented in
Table 3. The texture of the sheet jam obtained in this study is consistent with
previous research on sheet jams made from kolang-kaling (Arenga pinnata) pulp,
super red dragon fruit juice, and agar, all of which demonstrated a chewy, elastic
consistency. Sheet jam represents a modified version of spreadable jam,
distinguished by its solid yet pliable consistency, neither too soft nor excessively
firm. The resulting texture is compact, non-sticky, and easy to spread on bread. This
product is packaged in plastic, as demonstrated in the packaging design (Natan et al,,

2019).

The unique apple and tomato aromas observed in Formulas 1 and 4 are

crucial to the overall sensory experience of the product, significantly influencing
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flavor perception. In the food industry, aroma testing is vital as it directly affects
consumer acceptance and preference (Castro et al., 2021). The sheet jam, made from

apple pulp and tomato juice, was packaged in polypropylene plastic, as shown in

Figure 1.

Table 3. Sensory Attributes of Sheet Jam Formulas 1, 2, 3, and 4

Formula
Parameter F1 F2 F3 F4
Taste Apple Sweet Sweet slightly  Sweet and sour Sour slightly
sour sweet
Color Brownish Brownish Brownish Brownish

slightly reddish

Figure 1. Sheet Jam Formulation from Apple Pulp and Tomato Juice
Result
Note: F1, F2, F3, F4 represent Formulas 1, 2, 3, and 4

2. Hedonic Test Results

The results of the hedonic test for the sheet jam made from apple pulp and
tomato juice show that F4 was the most preferred by the panelists, with a flavor
profile of mildly sweet and slightly sour tomato. Aroma and taste evaluations are
essential in the food industry, as they play a significant role in shaping consumer

preferences (Natan et al,, 2019). Table 3 shows the hedonic test results, with the
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following scoring system: (5) strongly like, (4) like, (3) neutral, (2) slightly dislike,
(1) dislike.

Tabel 4. Hedonic Test Result

Formula Parameter Average
_Taste Flavor Color Texture
F1 3.23a 3.263 3.507 3.23a 3.30
F2 3.83b 3.562 3.93a 3.76b 3.77
F3 3.93b 3.602 4.102 3.80p 3.85
F4 4.03b 3.762 4.13b 3.93b 3.96

Note: Numbers followed by the same superscript letter within the same column
indicate no significant difference.

The aroma, color, and texture most preferred by the panelists were observed
in Formula 4, with hedonic scores ranging from 3.76 to 4.13. In contrast, Formula 1,
which did not contain tomato juice, received the lowest scores, ranging from 3.23 to
3.50. Color is one of the key parameters in determining product quality and
consumer preference. The red color of tomato juice acts as a natural colorant,
deemed safe and free from adverse health effects. Unlike synthetic dyes, which are
produced through chemical extraction, the trans-cis isomer of lycopene, formed via
oxidation, produces a pigment naturally found in plants or animals. Lycopene in
tomato juice exhibits antioxidant properties and can reduce the presence of

synthetic oxidizers or preservatives (Castro et al., 2021).
3. Sheet Jam Evaluation Results
a. Water Content

The water content of the sheet jam made from apple pulp and tomato juice
was 21.62 + 0.88%. The addition of sugar not only serves as a sweetener but also
acts as a moisture-absorbing agent, thereby reducing the water content of the jam.
The gel-like or semi-solid consistency of the sheet jam results from the interaction
between added pectin, sucrose, and citric acid. This interaction occurs at high
temperatures and remains stable after cooling (Arsyad, 2018). The water content
obtained in this study was lower compared to previous research on apple and green
tea sheet jam, which reported a water content ranging from 38.08% to 44.38%

(Zaddana et al., 2020).

b. pH Result

73



MEDFARM: Jurnal Farmasi dan Kesehatan, Vol. 14, No. 1, 2025, Page 65-78
e-ISSN : 2715-9957
p-ISSN: 2354-8487

The pH value of food products is often associated with both organoleptic and
microbiological quality. In jam production, pH not only influences the taste but also
affects the product’s shelf stability. The pH value of the sheet jam made from apple
pulp and tomato juice (Formula 4) was recorded at 4.23 + 0.05. This value complies
with the recommended range of 3.5 - 4.5, as outlined by the FDA (2007). Previous
studies have shown that the pH of apple juice with the addition of 16, 18, and 20 g of
sugar ranged between 4.60 and 4.86 (Naben and Pani, 2023). Additionally, tomato
paste was reported to have a pH between 3.4 and 4.4 (Sjarif and Rosmaeni, 2020).

c. Total Plate Count Test

The total plate count (TPC) test is used as an indicator of product sanitation,
environmental microbial analysis, and as a basis for determining the acceptance of a
product based on its microbiological content. In this study, the TPC test was

performed on the sheet jam Formula 4 with three serial dilutions.

ALT 10%2 103

Oy

Figure 2. Total Plate Count (a) and Yeast/Mold Count (b)

The Total Plate Count (TPC) result for Formula 4, as shown in Figure 2a, was
7,5 x 102, which complies with the Indonesian National Standard (SNI) of 2008 that
stipulates a maximum TPC of 1 x 103 for jam. Therefore, the sheet jam produced
from Formula 4 is deemed safe for consumption. The low microbial count observed
in the formulation is attributed to minimal contamination during the production
process and the application of heat during preparation, which significantly affects
the microbiological quality or TPC (Sadiyah and Puji, 2020). Furthermore, the
addition of sugar in the formulation acts as a preservative, inhibiting microbial
growth. Previous research demonstrated that sugar significantly enhances the
preservation of tomato paste, with TPC levels remaining at approximately 1,82x102

on day 32. In contrast, tomato paste without added sugar exhibited a significantly
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higher TPC of 3,77x 107 by day 8 (Sjarif and Rosmaeni, 2019).

d. Yeastand Mold Testing Results

After a storage period of 5 days, no visible yeast or mold growth was
observed (1 x 10! koloni/g), as presented in Figure 2b. According to the Indonesian
National Standard (SNI) 2008, the acceptable limit for yeast and mold in jam is 5 x
101 koloni/g. This indicates that the formulated fruit-based sheet jam is
microbiologically safe for consumption. The absence of yeast and mold proliferation
suggests that no oxidation occurred in the carotenoid components within the sheet
jam containing tomato juice. This finding aligns with previous research stating that
the addition of tomato juice can prevent oxidation processes in carotenoids, thus

maintaining the stability and safety of the final product (Sjarif and Rosmaeni, 2019).
e. Antioxidant Activity Test Results

The maximum wavelength of DPPH was obtained at 515 nm, with an
absorbance value of 0.8700. The optimal incubation time was determined to be 40
minutes, as it showed the most stable absorbance. These results are consistent with
the findings reported by Zaddana (2020), who identified a maximum wavelength of
516 nm and an optimal incubation time of 30 minutes. The antioxidant activity of
the sample is evidenced by the color change of the DPPH-methanol solution from
purple to yellow. This color transition indicates the reduction of the DPPH radical,
reflecting the presence of antioxidant compounds within the sample.

Tabel 5. Antioxidant Activity Test Results

Sample ICso (ppm) Value Activity
Vitamin C 6.46 Very Strong
F1 101.34 Moderate
F4 87.14 Strong
Tomato Juice 39.17 Strong
Apple Pulp 81.78 Strong

The standard series of Vitamin C produced a linear regression equation of
Y=6.5122 x + 7.8993 with a coefficient of determination Rz = 0.9954. The coefficient
of determination is used to assess the accuracy and suitability of the linear
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regression values relative to the sample data. A coefficient value approaching 1
indicates a high degree of correlation between the concentration and absorbance of
the Vitamin C standard. The formulated sheet jam combining apple pulp and tomato
juice (Formula 4) exhibited a weaker ICso value compared to that of pure apple pulp.
A slightly alkaline environment in food can enhance antioxidant activity, as the free
radical scavenging capacity is mainly derived from the hydroxyl groups present in
the food matrix (Comert et al., 2022). Formula 4 contains a higher concentration of
radical scavenging compounds, such as flavonoids, alkaloids, saponins, and tannins,
compared to Formula 1. Consequently, the ICso value of Formula 4 is stronger than
that of Formula 1, indicating enhanced antioxidant activity. The development of this
research aims to extend the shelf life of apple pulp and tomato jam, as well as for

functional food testing.

CONCLUSION

The most preferred sheet jam formula by the panellists is Formula 4, which
contains 100 g of apple pulp and 90 g of tomato juice. The sheet jam's form makes it
more convenient and practical to use. The slightly acidic nature (pH 4.23 + 0.05) of
Formula 4 contributes to the increased presence of hydroxyl groups, thereby
enhancing its antioxidant activity. The synergistic effect between apple pulp and
tomato juice demonstrates the potential antioxidant interaction within Formula 4
sheet jam, making it suitable for daily consumption with bread as a functional food
product. Storage at room temperature for 5 days indicates that the Total Plate Count
and Yeast Mold Count meet the required standards. For extended storage,

refrigeration is recommended.

The development of processed fruit products is an innovative form of sheet
jam, as an alternative to jelly jam and sheet cheese that are currently on the market.

Improve the way to practice of fruit sheet jam is diversification of local food product
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