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ABSTRACT 

Adding functional foods to confectionery can increase children's nutritional intake. Gummy candy is a type of 

confectionery that children enjoy. It contains high sugar but low nutritional value. The innovation of adding fruit 

extracts rich in vitamin C and antioxidants from abundant local foods, such as tomatoes and red guava, was expected 

to improve the gummy candy's chemical properties. This research contributes to improving the chemical 

characteristics and sensory acceptability of gummy candy by adding tomato and red guava extract. The ingredients 

are tomato and red guava juice, gelatin, high-fructose syrup, sucrose, and citric acid. Treatments Formula F0, F1, F2, 

and F3 received 0, 10, 30, and 30% tomato juice and 0, 10, 20, and 30% red guava. The results of sensory testing 

showed that the panelists preferred the F3 gummy candy formulation. Chemical characteristics show that the addition 

of red guava extract increases the moisture content, vitamin C, antioxidants, and total soluble solids. In F0, the 

moisture content was 31.14%, vitamin C 0.21 mg, antioxidant activity 21.63%, and total soluble solids 30.17 mg/L. 

The optimal treatment at F3 produced a moisture content of 40.19%, total soluble solids of 35.83 oBrix, antioxidant 

activity of 34.56%, and vitamin C of 1.61 mg. Adding tomato and red guava juice to gummy sweets can increase their 

vitamin C and antioxidant content. Gummy candy is a nutritious food that tastes good and has enough vitamin C and 

antioxidants for people to consume. 
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1. INTRODUCTION 

Children like candy as a snack, and the most popular type in the community is gummy candy. Food 

marketing has long been recognized to influence children's food preferences and consumption patterns in 

branded beverages,  fast food, and candy [1]. Gummy candy is quite popular because its main constituents 

are sucrose, which gives it a sweet taste, and gel, which gives it a chewy texture. The high sugar content 

makes gummy a source of energy but low in other nutrients [2], limited nutritional value and high levels of 

"empty calories" without any health-beneficial nutrients [3]. In order to transform gummy candy from a 

snack into a functional food, innovations are required. Fresh fruits or juices, and bioactive ingredients 

extracted from fruit peels or seeds, have been used in the Indian Ayurvedic system of medicine to treat 

various ailments in children and adults [4].  For instance, adding fruit juice can boost vitamins like vitamin 

C. L-ascorbic acid (LAA) and D-isoascorbic acid (DIAA) are two of the most important antioxidants in 

industrialized fruit products, such as mixed fruit juices, fruit concentrates, and jams, in which they are added 

as antioxidants and as a nutrient [5]. Known clinical conditions directly associated with a lack of vitamin 

C are scurvy, representing the terminal and lethal collapse following prolonged and severe vitamin C 

deficiency (depletion), and the potential chronic effects of a suboptimal vitamin C status, such as 
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hypovitaminosis C [6]. Vitamin C also has a role as a natural antioxidant. The body needs antioxidants 

because they can capture and stabilize free radicals [5]. 

Tomato production in East Java is abundant at harvest time, so prices are low and tomatoes are easy 

to obtain; this, in turn, supports the development of tomato-based products. Tomatoes have a slightly sour 

taste, so some people do not like consuming them directly. Tomatoes (Solanum lycopersicum) contain quite 

high levels of vitamin C, reaching 34 mg per 100 g, with lycopene as the main carotenoid. Tomato lycopene 

is an antioxidant compound. Lycopene, a powerful antioxidant, protects the body from free radicals. 

Tomatoes are easily damaged after being harvested, so they cannot be stored for a long time and can only 

be stored for 3 to 4 days [7]. Hence, they need to be processed into other processed products, such as candied 

tomatoes, tomato syrup, and tomato juice. Tomatoes are good for health and have the potential as a natural 

colorant because they contain carotenoid pigments. However, their utilization is still very limited [8], [9]. 

Red guava (Psidium guajava L.) has characteristics such as a sweet taste, soft, thick flesh, bright red 

color, fragrance, and freshness [10]. Vitamin C in guava fruit is very high, reaching 87 mg per 100 g, 

exceeding the vitamin C content of oranges, which is only 49 mg per 100 g [11]. The high vitamin C in red 

guava fruit is an antioxidant that has a role in helping fight free radicals and maintain endurance [4]. Red 

guava is also easily damaged after harvesting, so it cannot be stored for a long time and can only be stored 

for 3 to 4 days. The respiration rate of guava fruits reached the maximum at 4–6 days under ambient storage 

conditions, the fruit became softer, and it tasted best during this period. Hence, it needs to be processed into 

other processed products like gummy [12]. The strong aroma of tomato is due to the presence of several 

volatile compounds in it, such as acetone, hexanal, geranylaseton, ethanol, and over 400 volatile 

components have been identified in tomato [13], [14]. 

Research to combine tomato and red guava in making gummy candy has never been done before. 

The processing of tomato and red guava mixtures that has been carried out is for the production of juice, 

honey, and red wine [15], [16], [17]. Guava fruits had the highest vitamin C values, citric acid content, and 

sucrose [18], [19]. Guava contains the volatile compound, eugenol, which is responsible for giving it its 

distinctive aroma [20]. The vitamin C and bioactive compounds for characteristic sweet flavor and aroma 

make them ideal ingredients for functional products, usually in the form of mixed juice and pudding, but 

those are all perishable products [21], [22], [23]. The sour taste and carotenoid pigments in tomatoes can 

be used as a natural coloring for gummy candy. This research combined tomato and guava to produce 

gummy candy as a functional food. This study contributes to increasing the vitamin C content, antioxidants, 

and sensory acceptance of gummy candy so consumers get health benefits beyond just sugar when 

consuming candy. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The materials used were tomatoes and guava obtained from the Caruban market, granulated sugar 

(Gulaku), drinking water (Le Minerale brand), fructose syrup (Edna brand), gelatin (Hakiki brand), citric 

acid (R&W brand), powdered sugar (Edna brand), and tapioca starch (Rose Brand). Chemical reagents used 

in this research were 70% methanol (Sigma), 70% alcohol (JKcare), 0.01 N iodine solution, 1% amylum 

indicator, and distilled water (JKCare). 

 
2.2. Preparation of Gummy Candy with the Addition of Tomato Extract and Guava 

Sucrose and high-fructose syrup (HFS 55%) were dissolved, and then the solution was heated to 80 

°C for 5 minutes. Upon complete dissolution of the sugars, gelatine, tomato juice, red guava juice, and citric 

acid were incorporated. Subsequently, agitate the mixture at 70 °C until it attains a smooth and thicker 

consistency, for approximately 3 minutes. Ultimately, the solution was transferred into molds, permitted to 

cool, and enrobed with a blend of powdered sugar and tapioca flour in a 1:1 ratio. The formulation of tomato 

juice to red guava juice is presented in Table 1. 
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Table 1. Gummy candy formulation. 

Composition F0 F1 F2 F3 

Tomato extract (%) 0 30 20 10 

Guava extract (%) 0 10 20 30 

water (g) 40 0 0 0 

Gelatin (g) 18 18 18 18 

HFS (g) 28 28 28 28 

Sucrose (g) 13.7 13.7 13.7 13.7 

Citric Acid (g) 0.3 0.3 0.3 0.3 

 

2.3. Moisture Content Analysis 

The moisture content of the samples was analyzed using the oven thermogravimetry method. The 

analysis was performed in triplicate [24]. 

 

2.4. Vitamin C Content Analysis 

Determination of vitamin C content using the iodine titration method. The gummy candy was 

weighed at about 5 g, mashed, and placed into a 250 mL measuring flask; then, distilled water was added 

to the mark. Then the solution was filtered, and 25 mL of filtrate was taken to be put into an Erlenmeyer, 

followed by the addition of 1% amylum by 1 to 2 mL. The solution was titrated with 0.1 N iodine solution 

until a color change occurred. 

 

2.5. Antioxidant Activity Analysis 

The antioxidant analysis was performed using the DPPH method [25]. Gummy candy was weighed 

at 0.5 mg and then dissolved in 10 mL of technical methanol and mixed/stirred until homogeneous. 

Solutions made of various concentration variations were prepared using a 5 mL flask. Taking 2 mL of 

solution with different concentrations and 2 mL of DPPH solution added, technical methanol solvent was 

used as a control. The samples were allowed to stand for 30 minutes in a closed room, and then the 

absorbance was measured and calculated as % inhibition. 

 

2.6. Total Soluble Solid Analysis 

Five grams of gummy candy were weighed, mashed, and mixed with five mL of purified water (1:1). 

Applying the material to the refractometer prism and reading the blue hue of the refractometer lens in units 

of percentage brix allowed researchers to observe the total sugar values using a refractometer [26]. 

 

2.7. Sensory Analysis 

A total of 35 panelists ranked the level of liking for color, aroma, texture, and taste [27]. 

 

2.8. Data Analysis 

Data analysis using the ANOVA General Linear Model with a 95% confidence interval in the Minitab 

19 application. If there are significant differences, the results are further tested using the Tukey method. If 

there is an interaction, it is further tested with the DMRT method with a 95% confidence interval. 

 

3. RESULTS AND DISCUSSION 

3.1. Moisture Content 

Determining the moisture content of ingredients determines the product's shelf life. 

Most bacteria require a water activity above 0.91 to grow, while yeasts and molds can survive at 

progressively lower levels. Free water provides the perfect environment for these microorganisms [28]. The 

moisture content in this study ranged from 31.47 to 40.19%, whereas the SNI for gummy candy is a 

maximum of 20%. Adding fruit juice increases the moisture content of gummy candy. The moisture content 

(Table 2) in this study is lower than seaweed gummy candy with the addition of Kersen fruit pulp (42.46–

48.33%) [27]. 
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The F0 sample has a low moisture content because no tomato juice or red guava juice was added. 

Samples F1, F2, and F3 showed no significant difference, but F1 tended to increase. The higher percentage 

of tomato juice, followed by the lower percentage of red guava juice, results in higher moisture content. 

This relates to moisture content, as tomatoes have a higher moisture content than red guava. The impedance 

values were measured at moisture contents in tomato of 89–92.7% [28], higher than those in red guava 

fruit, which has a lower percentage of 72.3%. The moisture content of the raw materials used in the 

manufacturing process determines the final product's moisture content. 

 

Tabel 2. Moisture content of gummy candy. 

Sample 
Concentration of tomato extract 

(%) 

Concentration of guava extract 

(%) 

Moisture content 

(%) 

F0 0 0 31.47 ± 0.66a 

F1 30 10 40.83 ± 0.07b 

F2 20 20 40.33 ± 0.72b 

F3 10 30 40.19 ± 0.78b 
Note: The data presented is the average of 3 repetitions. The numbers presented with different notations show significantly different 

results based on the DMRT test (=0.05). The numbers after  are standard deviation values. 

 

3.2. Vitamin C Content 

Vitamin C levels in gummy candy without the addition of fruit juice are different from those in the 

group that gets the addition of fruit juice (Table 3). Vitamin C comes from fruit juice that became the main 

ingredient in gummy candy. Another study showed that real fruit affects the vitamin C content of gummy 

candy because the vitamin C in fruit juice comes from the fruit itself. The vitamin C content of a processed 

product will increase along with the amount of juice or other ingredients used [29]. 

 

Tabel 3. Vitamin C content of gummy candy. 

Sample 
Concentration of tomato extract 

(%) 

Concentration of guava extract 

(%) 

Vitamin C 

(mg/L) 

F0 0 0 2.05 ± 0.51a 

F1 30 10 9.68 ± 0.88b 

F2 20 20 13.49 ± 0.50c 

F3 10 30 16.13 ± 0.50d 
Note: The data presented is the average of 3 repetitions. The numbers presented with different notations show significantly different 

results based on the DMRT test (=0.05). The numbers after  are standard deviation values. 

 

In the samples F0, F1, and F2 showed significant differences, and F3 tended to increase. Vitamin C 

levels increased when red guava juice was added to this gummy candy. This is in accordance with the data 

showing that the vitamin C content of fresh ripe tomatoes is 193.82 ± 20.72 mg/L [30] while guava (ascorbic 

acid) has 277.62 ± 2.62 mg/L [19]. Therefore, the more guava juice added, the higher the total vitamin C 

content. 

The low amount of vitamin C can be caused by heating in the process of making gummy candy. The 

statement [31] corroborates this: vitamin C is readily oxidized by heat, light, and metals. Exposure to 

extreme heat for a prolonged period can reduce vitamin C levels. The amount of vitamin C will decrease 

proportionally to the length of heating time [32], [33]. Another study showed that vitamin C concentration 

tends to decrease as heating time increases. This can occur due to the vitamin C's easily oxidized nature, 

especially when heated at high temperatures [34]. Ascorbic acid can be oxidized by vitamin C to produce 

L-dehydroascorbic acid, which is chemically very unstable. Further transformation of L-dehydroascorbic 

acid is very unstable. Further transformation of L-dehydroascorbic acid can produce L-diketogulonic acid, 

which loses its vitamin C action. 
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3.3. Antioxidant Activity 

Antioxidants are compounds that can neutralize oxidation that hurts the body. To prevent harmful 

free radicals from affecting healthy body cells, antioxidants can help in the process of converting them into 

a more stable form. Ascorbic acid also has an important role in the intestinal absorption of non-haem iron 

and as a cellular antioxidant, independently or together with the antioxidant action of vitamin E [34]. The 

results of antioxidant activity in all treatments showed a significant difference, but F1 tended to increase 

(Table 4). The antioxidant activity of this gummy candy shows that the higher the ratio of tomato fruit, the 

greater the antioxidant activity tends to be. Tomatoes have high antioxidant activity, around 79.89%, and 

the addition of tomato fruit lycopene increases antioxidant activity to 89.79–92.10% [35]. Natural 

antioxidants contained in tomatoes include lycopene, flavonoids, and vitamin C [30]. 

 

Tabel 4. Antioxidant activity of gummy candy. 

Sample 
Concentration of tomato extract 

(%) 

Concentration of guava extract 

(%) 

Antioxidant activity 

(%) 

F0 0 0 21.63 ± 0.26a 

F1 30 10 41.44 ± 0.44d 

F2 20 20 39.43 ± 0.23c 

F3 10 30 34.56 ± 0.47b 
Note: The data presented is the average of 3 repetitions. The numbers presented with different notations show significantly different 

results based on the DMRT test (=0.05). The numbers after  are standard deviation values. 

 

Lycopene antioxidants are a powerful class of antioxidants, with the ability to prevent free radical 

damage, compared with α-tocopherol (vitamin E), which has five times more antioxidant activity [27]. 

Compared to tomatoes, red guava has lower antioxidant activity, with a value of about 51.28%. Antioxidant 

activities in red guava include lycopene, flavonoids, vitamin C, and beta-carotene [30]. The amount of 

lycopene increases along with the increase in antioxidant activity. The amount of lycopene extract added 

determines the antioxidant activity of soap containing lycopene; the more tomato extract added, the higher 

the antioxidant activity [36]. 

 

3.4. Total Soluble Solid  

Soluble solids in water, measured in °Brix, are known as total soluble solids. The total soluble solids 

content in this gummy candy was analyzed using a refractometer. The results of the analysis of total soluble 

solids in all treatments showed a significant difference, but in F3, it tended to increase (Table 5). The higher 

percentage of red guava juice, followed by the lower percentage of tomato juice, resulted in a greater value 

of total soluble solids. The content of total soluble solids is related to the amount of sucrose contained in 

the raw materials to make gummy candy. Tomatoes have a total sugar content ranging from 3.88% to 

5.35%, consisting of fructose and glucose, while red guava has a higher total sugar content of 10.3%, mostly 

glucose, sucrose, and fructose [37]. The addition of sugar produces a higher value of total soluble solids 

because sugar (sucrose) is composed of glucose and fructose and is very soluble in water, so the more 

sucrose content in fruit juice, the more total soluble solids the gummy candy will have [38]. 

 

Tabel 5. Total Soluble solids of gummy candy. 

Sample 
Concentration of tomato extract 

(%) 

Concentration of guava extract 

(%) 

Total Soluble solids 

(oBrix) 

F0 0 0 30.17 ± 0.28a 

F1 30 10 33.67 ± 0.57b 

F2 20 20 34.67 ± 0.57c 

F3 10 30 35.83 ± 0.28d 
Note: The data presented is the average of 3 repetitions. The numbers presented with different notations show significantly different 

results based on the DMRT test (=0.05). The numbers after  are standard deviation values. 
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3.5. Sensory Properties 

3.5.1. Color 

One key factor influencing consumer acceptance of food is its color. Color plays an important role 

in increasing consumer acceptance [39]. The results of sensory analysis showed a significant difference in 

all treatment samples. The F0 (control) sample is transparent yellow, significantly different from all 

treatments. The resulting color is due to the absence of tomato juice and red guava juice. This is in line with 

other research, which states that fruit juice is often added to gummy candy to impart a natural taste and 

color [40]. 

Figure 1 showed that the result of sensory analysis samples F1, F2, and F3 show a significant 

difference, but F3 tends to increase in the range 0.02 to 0.56 (in range scale likert 1–5, strongly disagree 

(score 1), disagree (score 2), neutral (score 3), agree (score 4), strongly agree (score 5) and then followed 

by ranking using yeath sensory table). Sample F1 has an orange-red color, sample F2 is bright red, and 

sample F3 is pink. This gummy candy produces an orange-red to pink color. This orange-red color is 

produced from the natural color of tomatoes. Tomatoes contain carotenoids, compounds derived from 

isoprene that give them an orange, yellow, or red-orange color [41]. The characteristic red color of guava 

in gummy candy becomes more intense with the addition of more red guava juice. The percentage of red 

guava juice added is in line with the increase in the intensity of the pink color in the gummy candy. This is 

in line with the research that state lycopene, a component found in red guava, is what gives the fruit its 

distinctive red color [42]. 

 

 

Figure 1. Color sensory analysis results. 

 

3.5.2. Flavor 

The results of organoleptic testing of the flavor of gummy candy showed significant differences in 

several treatment samples. Sample F0 (control) showed a significant difference from all samples. Sample 

F0 has a distinctive sugar aroma. Red guava juice and tomato juice are not present; instead, the addition of 

sugar yields the scent. Adding sucrose to food goods during the gummy candy-making process enhances 

their caramel scent. Consumers may hesitate to try food products with an aroma that is too strong or none 

at all [43]. 

Figure 2 depict that F1 and F2 showed no significant difference in the combination of the distinctive 

aroma of tomato and red guava. The comparison of the concentration of tomato juice and red guava juice 

contained in the two samples is also almost the same and significant in sensory analysis (in range scale 

likert 1–5, strongly disagree (score 1), disagree (score 2), neutral (score 3), agree (score 4), strongly agree 

(score 5) and then followed by ranking using yeath sensory table). Sample F1 with 30% tomato juice and 

10% red guava juice, while sample F2 with 20% tomato juice and 20% red guava juice. Tomato has a strong 

aroma, while red guava has a distinctive aroma. The strong aroma of tomato is due to the presence of several 

volatile compounds in it, such as acetone, hexanal, geranyl aseton, and ethanol. In contrast, guava contains 

the volatile compound eugenol, which gives it its distinctive aroma [44]. 
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Figure 2. Flavor sensory analysis results. 

 

3.5.3. Taste 

Organoleptic test results regarding the taste of gummy candy showed significant differences in 

several treatment samples. Sample F0 (control) showed a significant difference compared with all samples. 

Sample F0 has a sweet taste. The sweetness produced is due to the concentration of sucrose given, as well 

as the absence of tomato juice and red guava juice. In line with the statement in the other research, sucrose 

functions as a sweetener, preservative, and flavor enhancer [45]. 

Figure 3 showed that F1 and F2 showed no significant difference. Sweet and sour gummy candy was 

produced by samples F1 and F2 (in range scale likert 1–5, strongly disagree (score 1), disagree (score 2), 

neutral (score 3), agree (score 4), strongly agree (score 5) and then followed by ranking using yeath sensory 

table). Tomato juice and red guava juice combined to create a sweet-and-sour flavor. Guava juice tastes 

sweet and slightly sour, while tomato juice tastes sour with a little sweetness. The flavor of tomatoes is 

caused by the content of organic acids (citric acid and malic acid) and the content of sugar components 

(glucose and fructose). This statement is also supported by research, which indicates that red guava has a 

sweet-and-sour taste and a sugar content of up to 10.3%. F1 and F2 samples showed a significant difference 

from F3, but F3 tended to increase. Sample F3 has a red guava-like flavor with a slight sour sweetness. This 

is because guava juice has a high concentration. Other research reported that red guava has a total sugar 

content of 10.3%, which consists of glucose, sucrose, and fructose [46]. Among these simple sugars, 

fructose is the sweetest sugar and is widely found in various types of fruit. The sharper the sweetness of 

guava juice, the higher the concentration of red guava juice added. 

 

 
Figure 3. Taste sensory analysis results. 

 

3.5.4. Texture 

The results of organoleptic testing on the texture of gummy candy showed significant differences in 

several treatment samples (Figure 4). Sample F0 (control) with all treatments showed a significant 

difference. Sample F0 has a chewy texture; this is due to the absence of tomato juice and red guava juice. 

The amount of pectin in the fruit and the presence of gelatin, which also maintains the gel structure of the 

gummy candy, can affect the chewiness of the candy [47]. 
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F1, F2, and F3 samples showed no significant difference. However, in F3, there was an increasing 

trend (in range scale likert 1–5, strongly disagree (score 1), disagree (score 2), neutral (score 3), agree (score 

4), strongly agree (score 5) and then followed by ranking using yeath sensory table). This is due to the 

higher pectin content in red guava compared to tomatoes. Hydrocolloid substances called pectin function 

as gelling agents, adhesives, and stabilizers in gummy candy. Ripe tomatoes have a pectin content of 0.17–

0.25% [48]. Red guava in ripe condition contains higher pectin content [49]. The higher the ratio of red 

guava juice added, the higher the pectin content and the chewier the texture. The amount of solids will 

increase, and the moisture content of the material will decrease in proportion to the concentration of pectin 

in the material, resulting in a strong [50]. 

 

 
Figure 4. Texture sensory analysis results. 

 

4. CONCLUSION 

Adding tomato and red guava juice can increase the vitamin C content of gummy candy. The 

antioxidants obtained also showed an increase from the control group to F3. Sensory gummy candy 

produces an orange–red to pink color. The pinker color of F3, which received the reddest guava juice, was 

the one panelist liked most. Because red guava juice provides a more dominant in providing aroma, the 

aroma sensory in F0 shows a distinct sugar scent, while the aroma in F3 is more positive. Taste and texture 

sensory results indicated that F3 was the favored option. 

 

AUTHOR CONTRIBUTION 

All author contributed equally to the main contributor to this paper. All authors read and approved 

the final paper. Fitriyah Zulfa: Writing (review & editing), writing (original draft), and formal analysis. 

Alfi Nur Rochmah: Writing (review & editing). Yenny Febriana Ramadhan Abdi: writing (original 

draft). Dininurilmi Putri Suleman: investigation, and formal analysis. Dini Nadhilah: Investigation, 

writing (review & editing), supervision. Prajwalita Rukmakharisma Rizki: translation. Dea Yoana 

Putri: conceptualization, and funding acquisition. 

 

CONFLICTS OF INTEREST 

The authors declare that they have no conflicts of interest. 

 

ACKNOWLEDGMENT 

The authors thank Universitas Sebelas Maret for facilitating the research (Grant Number:  

371/UN.27.22/PT.01.03/2025) through Penelitian Hibah Grup Riset (Penelitian HGR-UNS) B. 

 

REFERENCES 

[1] C. Elliott, E. Truman, and J. E. Black, “Tracking teen food marketing: Participatory research to 

examine persuasive power and platforms of exposure,” Appetite, vol. 186, p. 106550, 2023, 

https://doi.org/10.1016/j.appet.2023.106550. 

[2] L.-H. Pan, C.-L. Wu, S.-Z. Luo, J.-P. Luo, Z. Zheng, S.-T. Jiang, Y.-Y. Zhao, and X.-Y. Zhong, 

“Preparation and characteristics of sucrose-resistant emulsions and their application in soft candies 

0

0.1

0.2

0.3

0.4
F0

F1

F2

F3

https://doi.org/10.1016/j.appet.2023.106550


Zulfa, et al.  Journal of Agri-Food Science and Technology (JAFoST) 7(2) 2026: 86 – 97 

94 

 

with low sugar and high lutein contents and strong antioxidant activity,” Food Hydrocoll., vol. 129, 

p. 107619, 2022, https://doi.org/10.1016/j.foodhyd.2022.107619. 

[3] H. Gómez-Llorente, M. D. Ortolá, I. Fernández-Segovia, J. M. Barat, and É. Pérez-Esteve, 

“Reformulating gummy candies with carob flour: A nutritional strategy to enhance bioactive 

compounds and functional properties,” Food Hydrocoll. Heal., vol. 9, p. 100262, 2026, 

https://doi.org/10.1016/j.fhfh.2025.100262. 

[4] P. Jaglan, H. S. Buttar, O. A. Al-bawareed, and S. Chibisov, “Potential health benefits of selected 

fruits: Apples, blueberries, grapes, guavas, mangos, pomegranates, and tomatoes,” Functional Foods 

and Nutraceuticals in Metabolic and Non-Communicable Diseases, Elsevier, 2022, pp. 359–370. 

https://doi.org/10.1016/B978-0-12-819815-5.00026-4. 

[5] J. F. S. Neto, S. de S. Khan, C. A. de A. Filho, A. G. de C. Neto, A. G. Torres, and E. P. P. Azevedo, 

“Photostability of vitamin C in industrialized fruit juices and isomers determination by HPLC-DAD,” 

J. Chromatogr. Open, vol. 4, p. 100103, 2023, https://doi.org/10.1016/j.jcoa.2023.100103. 

[6] M. Gandhi, O. Elfeky, H. Ertugrul, H. K. Chela, and E. Daglilar, “Scurvy: Rediscovering a forgotten 

disease,” Diseases, vol. 11, no. 2, p. 78, 2023, https://doi.org/10.3390/diseases11020078. 

[7] Z. Li and F. Yu, “Recent advances in lycopene for food preservation and shelf-life extension,” Foods, 

vol. 12, no. 16, p. 3121, 2023, https://doi.org/10.3390/foods12163121. 

[8] B. G. Nabi, K. Mukhtar, W. Ahmed, M. F. Manzoor, M. M. A. N. Ranjha, M. Kieliszek, Z. F. Bhat, 

and R. M. Aadil, “Natural pigments: Anthocyanins, carotenoids, chlorophylls, and betalains as 

colorants in food products,” Food Biosci., vol. 52, p. 102403, 2023, 

https://doi.org/10.1016/j.fbio.2023.102403. 

[9] M. S. Islam, M. S. Rahman, M. Khatun, M. Hajibeigy, M. N. Uddin, and M. M. Khatun, “Extraction 

of organic pigments from tomato (Solanum lycopersicum L.), turmeric (Curcuma longa L.) and red 

amaranth (Amaranthus tricolor L.) for safe use in agro-products,” Heliyon, vol. 10, no. 3, p. e25278, 

2024, https://doi.org/10.1016/j.heliyon.2024.e25278. 

[10] E. Butt, A. B. Altemimi, A. Younas, M. S. Butt, M. Jalal, M. Bhatty, G. Abdi, and R. M. Aadil, 

“Guava (Psidium guajava): A brief overview of its therapeutic and health potential,” Food Chem. X, 

vol. 31, p. 103027, 2025, https://doi.org/10.1016/j.fochx.2025.103027. 

[11] A. Yadav, N. Kumar, A. Upadhyay, O. A. Fawole, M. K. Mahawar, K. Jalgaonkar, D. Chandran, S. 

Rajalingam, G. Zengin, M. Kumar, and M. Mekhemar, “Recent advances in novel packaging 

technologies for shelf-life extension of guava fruits for retaining health benefits for longer duration,” 

Plants, vol. 11, no. 4, p. 547, 2022, https://doi.org/10.3390/plants11040547. 

[12] L. Xu, M. Pan, X. Cheng, Z. Liu, B. Pang, R. Zhang, Y. Liu, and Q. Wang, “Comparative analysis 

of the aroma characteristics of three different cultivars of guavas under different storage conditions 

using HS-SPME-GC–MS and HS-GC-IMS,” Food Chem. X, vol. 31, p. 103193, 2025, 

https://doi.org/10.1016/j.fochx.2025.103193. 

[13] Z. Yang, Z. Feng, J. Bi, Z. Zhang, Y. Jiang, T. Yang, and Z. Zhang, “Characterization of key aroma 

compounds of tomato quality under enriched CO2 coupled with water and nitrogen based on E-nose 

and GC–MS,” Sci. Hortic. (Amsterdam)., vol. 338, p. 113709, 2024, 

https://doi.org/10.1016/j.scienta.2024.113709. 

[14] Z. Hu, Y. He, S. Gu, W. He, P. Zhan, G. Fan, H. Tian, H. Wei, and P. Wang, “Machine learning-

assisted aroma profile prediction in tomato puree based on flavoromics,” Food Chem., vol. 496, p. 

146915, 2025, https://doi.org/10.1016/j.foodchem.2025.146915. 

[15] W. P. Mohr, “Colour retention of ‘high colour’ lines of tomatoes canned as juice,” Can. Inst. Food 

Sci. Technol. J., vol. 9, no. 1, pp. 20–24, 1976, https://doi.org/10.1016/S0315-5463(76)73587-9. 

[16] Hasneli, Safyanti, and A. Mardhiyah, “The effectivity of tomato and guava combination juice and 

guava juice administration on blood glucose level in patients with type II diabetes mellitus,” KnE 

Life Sci., vol. 2019, pp. 74–81, 2019, https://doi.org/10.18502/kls.v4i15.5739. 

[17] M. I. Tousif, M. Nazir, M. Saleem, S. Tauseef, N. Shafiq, L. Hassan, H. Hussian, D. Montesano, D. 

Naviglio, G. Zengin, and I. Ahmad, “Psidium guajava L. an incalculable but underexplored food 

crop: Its phytochemistry, ethnopharmacology, and industrial applications,” Molecules, vol. 27, no. 

https://doi.org/10.1016/j.foodhyd.2022.107619
https://doi.org/10.1016/j.fhfh.2025.100262
https://doi.org/10.1016/B978-0-12-819815-5.00026-4
https://doi.org/10.1016/j.jcoa.2023.100103
https://doi.org/10.3390/diseases11020078
https://doi.org/10.3390/foods12163121
https://doi.org/10.1016/j.fbio.2023.102403
https://doi.org/10.1016/j.heliyon.2024.e25278
https://doi.org/10.1016/j.fochx.2025.103027
https://doi.org/10.3390/plants11040547
https://doi.org/10.1016/j.fochx.2025.103193
https://doi.org/10.1016/j.scienta.2024.113709
https://doi.org/10.1016/j.foodchem.2025.146915
https://doi.org/10.1016/S0315-5463(76)73587-9
https://doi.org/10.18502/kls.v4i15.5739


Zulfa, et al.  Journal of Agri-Food Science and Technology (JAFoST) 7(2) 2026: 86 – 97 

95 

 

20, p. 7016, 2022, https://doi.org/10.3390/molecules27207016. 

[18] B. Choi and Y. Shin, “Comparative analysis of physicochemical characteristics, antioxidant 

compound contents, and antioxidant activities of five guava (Psidium guajava L.) cultivars harvested 

in Korea,” Foods, vol. 14, no. 21, p. 3645, 2025, https://doi.org/10.3390/foods14213645. 

[19] W. Maeaba, P. Singh, and S. Prasad, “Development of method for simultaneous determination of 

water-soluble vitamins (B2, B3, B6, B9 and C) in guava (Psidium guineense) fruit by HPLC-

photodiode array detection,” J. Food Compos. Anal., vol. 144, p. 107569, 2025, 

https://doi.org/10.1016/j.jfca.2025.107569. 

[20] J. Zhang, Y. Zhang, S. Zou, E. Yang, Z. Lei, T. Xu, and C. Feng, “Characterization of the aroma and 

flavor profiles of guava fruit (Psidium guajava) during developing by HS-SPME-GC/MS and RNA 

sequencing,” Food Chem. Mol. Sci., vol. 9, p. 100228, 2024, 

https://doi.org/10.1016/j.fochms.2024.100228. 

[21] B. S. Kalsi, S. Singh, M. S. Alam, and S. Bhatia, “Application of thermosonication for guava juice 

processing: Impacts on bioactive, microbial, enzymatic and quality attributes,” Ultrason. Sonochem., 

vol. 99, p. 106595, 2023, https://doi.org/10.1016/j.ultsonch.2023.106595. 

[22] M. Romero-Martínez, R. Andrade-Pizarro, and C. De Paula, “Functional compounds in tropical fruit 

processing by-products and intrinsic factors affecting their composition: A review,” Curr. Res. Food 

Sci., vol. 10, p. 101028, 2025, https://doi.org/10.1016/j.crfs.2025.101028. 

[23] A. Cendrowski, J. L. Przybył, and M. Studnicki, “Physicochemical characteristics, vitamin C, total 

polyphenols, antioxidant capacity, and sensory preference of mixed juices prepared with rose fruits 

(Rosa rugosa) and apple or strawberry,” Appl. Sci., vol. 14, no. 1, p. 113, 2023, 

https://doi.org/10.3390/app14010113. 

[24] S. N. Rahmadhia, R. S. Dewi, and S. K. Putri, “Physicochemical properties of ambarella fruit leather 

with variations in gum arab concentration,” J. Keteknikan Pertan., vol. 13, no. 4, pp. 627–641, 2026, 

https://doi.org/10.19028/jtep.013.4.627-641. 

[25] R. Apriadi, K. Sari, M. Racmawati, M. R. N. Fauzan, and M. Rohmah, “Evaluation of antioxidant 

activity in traditional Indonesian herbal medicine (jamu) using ABTS and DPPH testing methods,” 

J. Agri-Food Sci. Technol., vol. 6, no. 4, pp. 219–227, 2025, 

https://doi.org/10.12928/jafost.v6i4.13005. 

[26] A. A. Mahmoud, A. A. Owayss, J. Iqbal, and H. S. A. Raweh, “Modified equations to calculate water 

content and refractive index of honey based on its total soluble solids,” J. Food Eng. Technol., vol. 

12, no. 1, pp. 29–33, 2023, https://doi.org/10.32732/jfet.2023.12.1.29. 

[27] E. Sulastri, M. Ikram, and Y. Yuliet, “Stability test and antioxidant activity of tomato lycopene 

(Solanum lycopersicum L.) microemulsion,” J. Farm. Galen. (Galenika J. Pharmacy), vol. 3, no. 1, 

p. 10, 2017, https://doi.org/10.22487/j24428744.2017.v3.i1.8134. 

[28] Z. Berk, “Chapter 1 - Physical properties of food materials,” in Food Science and Technology, Z. B. 

T.-F. P. E. and T. Third E. Berk, Ed., Academic Press, 2018, pp. 1–29. https://doi.org/10.1016/B978-

0-12-812018-7.00001-4. 

[29] S. Fatima and V. Kumar, “Sustainable valorization of amla pomace: Optimization of a sweetmeat 

using the fuzzy logic approach and its quality characterization,” Sustain. Food Technol., vol. 3, no. 

5, pp. 1542–1555, 2025, https://doi.org/10.1039/d4fb00301b. 

[30] T. Motlhalamme, A. G. Kaningini, R. Maropeng, F. T. Thema, K. C. Mohale, and M. Maaza, 

“Tomato lycopene, total flavonoids, vitamin C content and mineral composition as affected by 

biosynthesized calcium carbonate nanoparticles foliar application,” J. Food Compos. Anal., vol. 139, 

p. 107173, 2025, https://doi.org/10.1016/j.jfca.2024.107173. 

[31] X. Yin, K. Chen, H. Cheng, X. Chen, S. Feng, Y. Song, and L. Liang, “Chemical stability of ascorbic 

acid integrated into commercial products: A review on bioactivity and delivery technology,” 

Antioxidants, vol. 11, no. 1, p. 153, 2022, https://doi.org/10.3390/antiox11010153. 

[32] S. Lee, Y. Choi, H. S. Jeong, J. Lee, and J. Sung, “Effect of different cooking methods on the content 

of vitamins and true retention  in selected vegetables.,” Food Sci. Biotechnol., vol. 27, no. 2, pp. 333–

342, 2018, https://doi.org/10.1007/s10068-017-0281-1. 

https://doi.org/10.3390/molecules27207016
https://doi.org/10.3390/foods14213645
https://doi.org/10.1016/j.jfca.2025.107569
https://doi.org/10.1016/j.fochms.2024.100228
https://doi.org/10.1016/j.ultsonch.2023.106595
https://doi.org/10.1016/j.crfs.2025.101028
https://doi.org/10.3390/app14010113
https://doi.org/10.19028/jtep.013.4.627-641
https://doi.org/10.12928/jafost.v6i4.13005
https://doi.org/10.32732/jfet.2023.12.1.29
https://doi.org/10.22487/j24428744.2017.v3.i1.8134
https://doi.org/10.1016/B978-0-12-812018-7.00001-4
https://doi.org/10.1016/B978-0-12-812018-7.00001-4
https://doi.org/10.1039/d4fb00301b
https://doi.org/10.1016/j.jfca.2024.107173
https://doi.org/10.3390/antiox11010153
https://doi.org/10.1007/s10068-017-0281-1


Zulfa, et al.  Journal of Agri-Food Science and Technology (JAFoST) 7(2) 2026: 86 – 97 

96 

 

[33] Z. Fartoosi, M. Kolahi, F. Heidarizadeh, and A. Goldson-Barnaby, “The impact of thermal and non-

thermal processing on the phytochemical characteristics and nutritional value of Daucus carota 

(carrots),” Appl. Food Res., vol. 5, no. 1, p. 100732, 2025, 

https://doi.org/10.1016/j.afres.2025.100732. 

[34] K. M. Phillips, M. Council-Troche, R. C. McGinty, A. S. Rasor, and M. T. Tarrago-Trani, “Stability 

of vitamin C in fruit and vegetable homogenates stored at different temperatures,” J. Food Compos. 

Anal., vol. 45, pp. 147–162, 2016, https://doi.org/10.1016/j.jfca.2015.09.008. 

[35] Z. Kotíková, J. Lachman, A. Hejtmánková, and K. Hejtmánková, “Determination of antioxidant 

activity and antioxidant content in tomato varieties and evaluation of mutual interactions between 

antioxidants,” LWT - Food Sci. Technol., vol. 44, no. 8, pp. 1703–1710, 2011, 

https://doi.org/10.1016/j.lwt.2011.03.015. 

[36] Y. Jiang, J. Ye, Y. Hu, J. Zhang, W. Li, X. Zhou, M. Yu, Y. Yu, J. Yang, W. Yang, J. Jiang, J. Cui, 

and Y. Hu, “Extraction and synthesis of typical carotenoids: Lycopene, β-carotene, and astaxanthin,” 

Molecules, vol. 29, no. 19, p. 4549, 2024, https://doi.org/10.3390/molecules29194549. 

[37] M. Y. Ali, A. A. I. Sina, S. S. Khandker, L. Neesa, E. M. Tanvir, A. Kabir, M. I. Khalil, and S. H. 

Gan, “Nutritional composition and bioactive compounds in tomatoes and their impact on human 

health and disease: A review,” Foods, vol. 10, no. 1, p. 45, 2020, 

https://doi.org/10.3390/foods10010045. 

[38] A. Vojvodić Cebin, M. Bunić, A. Mandura Jarić, D. Šeremet, and D. Komes, “Physicochemical and 

sensory stability evaluation of gummy candies fortified with mountain germander extract and 

prebiotics,” Polymers (Basel)., vol. 16, no. 2, p. 259, 2024, https://doi.org/10.3390/polym16020259. 

[39] S. M. Vanmathi, M. Monitha Star, N. Venkateswaramurthy, and R. Sambath Kumar, “Preterm birth 

facts: A review,” Res. J. Pharm. Technol., vol. 12, no. 3, pp. 1383–1390, 2019, 

https://doi.org/10.5958/0974-360X.2019.00231.2. 

[40] M. Roudbari, M. Barzegar, M. A. Sahari, and H. A. Gavlighi, “Formulation of functional gummy 

candies containing natural antioxidants and stevia,” Heliyon, vol. 10, no. 11, p. e31581, 2024, 

https://doi.org/10.1016/j.heliyon.2024.e31581. 

[41] P. Swapnil, M. Meena, S. K. Singh, U. P. Dhuldhaj, Harish, and A. Marwal, “Vital roles of 

carotenoids in plants and humans to deteriorate stress with its structure, biosynthesis, metabolic 

engineering and functional aspects,” Curr. Plant Biol., vol. 26, p. 100203, 2021, 

https://doi.org/10.1016/j.cpb.2021.100203. 

[42] T. Tufail, H. Bader Ul Ain, S. Noreen, A. Ikram, M. T. Arshad, and M. A. Abdullahi, “Nutritional 

benefits of lycopene and beta‐carotene: A comprehensive overview,” Food Sci. Nutr., vol. 12, no. 

11, pp. 8715–8741, 2024, https://doi.org/10.1002/fsn3.4502. 

[43] J. Liu, Y. Niu, J. Zhu, R. Zhou, Z. Guo, Z. Miao, Q. Lu, Y. Yu, J. Zhang, Z. Xiao, and Q. Xiao, 

“Sweetness enhancement and mechanism by sweet aroma compounds in the sucrose solution using 

sensory, electronic tongue, molecular docking, and molecular dynamics simulation,” Food Chem. X, 

vol. 35, p. 103753, 2026, https://doi.org/10.1016/j.fochx.2026.103753. 

[44] D. Radványi, L. Csambalik, D. Szakál, and A. Gere, “Identification of cherry tomato volatiles using 

different electron ionization energy levels,” Molecules, vol. 29, no. 23, p. 5567, 2024, 

https://doi.org/10.3390/molecules29235567. 

[45] N. Dragomir, D.-M. Grigore, and E. N. Pogurschi, “Beyond sugar: A holistic review of sweeteners 

and their role in modern nutrition,” Foods, vol. 14, no. 18, p. 3182, 2025, 

https://doi.org/10.3390/foods14183182. 

[46] K. S. Gill, “Guavas,” in Encyclopedia of Food and Health, Elsevier, 2016, pp. 270–277. 

https://doi.org/10.1016/B978-0-12-384947-2.00363-9. 

[47] N. S. Said, I. F. Olawuyi, and W. Y. Lee, “Pectin hydrogels: Gel-forming behaviors, mechanisms, 

and food applications.,” Gels (Basel, Switzerland), vol. 9, no. 9, 2023, 

https://doi.org/10.3390/gels9090732. 

[48] Y. Liu, W. Qu, Y. Liu, and H. Ma, “Chemical, structural and functional properties of pectin from 

tomato pulp under different peeling methods,” Food Chem., vol. 403, p. 134373, 2023, 

https://doi.org/10.1016/j.afres.2025.100732
https://doi.org/10.1016/j.jfca.2015.09.008
https://doi.org/10.1016/j.lwt.2011.03.015
https://doi.org/10.3390/molecules29194549
https://doi.org/10.3390/foods10010045
https://doi.org/10.3390/polym16020259
https://doi.org/10.5958/0974-360X.2019.00231.2
https://doi.org/10.1016/j.heliyon.2024.e31581
https://doi.org/10.1016/j.cpb.2021.100203
https://doi.org/10.1002/fsn3.4502
https://doi.org/10.1016/j.fochx.2026.103753
https://doi.org/10.3390/molecules29235567
https://doi.org/10.3390/foods14183182
https://doi.org/10.1016/B978-0-12-384947-2.00363-9
https://doi.org/10.3390/gels9090732


Zulfa, et al.  Journal of Agri-Food Science and Technology (JAFoST) 7(2) 2026: 86 – 97 

97 

 

https://doi.org/10.1016/j.foodchem.2022.134373. 

[49] A. S. Formiga, E. M. Pereira, J. S. P. Junior, F. B. Costa, and B.-H. Mattiuz, “Effects of edible 

coatings on the quality and storage of early harvested guava,” Food Chem. Adv., vol. 1, p. 100124, 

2022, https://doi.org/10.1016/j.focha.2022.100124. 

[50] Y. Zhang, H. He, S. Feng, J. Bi, X. Huang, J. Xiong, L. Chen, H. Chen, X. Li, L. Chen, J. Sun, and 

K. Liu, “Effect of grapefruit peel pectin on the structure, pasting characteristics, and in vitro 

digestibility of starch under different moisture content and temperature,” Int. J. Biol. Macromol., vol. 

307, p. 142284, 2025, https://doi.org/10.1016/j.ijbiomac.2025.142284. 

 

https://doi.org/10.1016/j.foodchem.2022.134373
https://doi.org/10.1016/j.focha.2022.100124
https://doi.org/10.1016/j.ijbiomac.2025.142284

