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Basil (  L.) leaves as a natural pathogenic bacterial inhibitor in beef

Yurliasni, Y., Zuraida, H. and Halimatus, S.H.

Available Online: 11 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).300

Yurliasni . studied on the applicability of basil ( L.) leaves as a natural pathogenic

bacterial inhibitor in beef.

Physicochemical, nutritional and functional properties of  L: a review

Obregón-La Rosa, A.J., Alfaro-Cruz, S.C. and Rojas-Naccha, J.C.

Available Online: 11 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).001

Obregón-La Rosa reviewed the physicochemical, nutritional and functinal properties of

 L.

Influence of aqueous green tea extract on microbiological activity and biogenic amines formation on

minced mutton

Alnori, H.M., Saeed, O.A., Alnoori, M.A., Taha, M.M., Sani, U.M., Leo, T.K., Al-Rubeii, A.M.S. and Ahmed,

N.K.

Available Online: 11 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).369

The influence of aqueous green tea extract on microbiological activity and biogenic amines formation

on minced mutton was evaluated by Alnori
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Annona muricata

 et al.  Annona

muricata

 et al. 
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Development of lemon spice powder from seedless lemon ( ) juice by freeze-drying

method

Nguyen, T.T.N.H., Van, C.K., Huynh, X.P., Ton, N.T.A., Pham, B.A. and Vu, D.N.

Available Online: 11 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).112

Nguyen developed lemon spice powder from seedless lemon ( ) juice by the

freeze-drying method.

Improvement of shelf life of strawberry using gelatin as an edible coating

Ansar, A., Lestarini, I.A. and Hidayati, A.R.

Available Online: 19 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).301

Ansar . improved the shelf life of strawberry using  gelatin as an edible coating.

Effect of edible coating chitosan and Citronella essential oil to reduce weight loss and discoloration

of banana fruits during storage

Nadia, L.S., Suharman and Pradeka, B.P.

Available Online: 19 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).364

The effect of edible coating chitosan and Citronella essential oil to reduce weight loss and discoloration

of banana fruits during storage was evaluated by Nadia 

Optimization of arabica cascara ( ) ethanolic extract nanoparticle synthesis via ionic

gelation using response surface methodology

Kunarto, B., Larasati, D., Haslina, Rohadi and Azkia, M.N.

Available Online: 19 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).222

Kunarto  optimised arabica cascara ( ) ethanolic extract nanoparticle synthesis via

ionic gelation using response surface methodology.

Chemical and sensory characteristics of analog rice with a low glycemic index based on arrowroot

(  L.) flour, sago ( spp.) starch, and cowpea ( L.) flour

Kurniati, D., Triwitono, P. and Yanti, R.

Available Online: 19 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).055

Kurniati characterised the chemical and sensory properties of analog rice with a low glycemic

index based on arrowroot (  L.) flour, sago (  spp.) starch, and cowpea

(  L.) flour.
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Investigate factors affecting the extraction of pomelo essential oil ( ) in laboratory and

pilot scale

Pham, V.P., Nguyen, B.V., Le, X.T., Nguyen, T.N.L., Nguyen, P.T.N., Tran, T.T.T. and Mai, H.C. 

Available Online: 28 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).021

Pham investigated the factors affecting the extraction of pomelo essential oil ( ) in

laboratory and pilot scale

Quality assessment of potato chips in the local market of Bangladesh

Nahid, M., Zaber, M.A., Ahmed, S. and Bhuiyan, M.N.I

Available Online: 28 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).026x

The quality assessment of potato chips in the local market of Bangladesh was performed by Nahid 

Total phenolic and flavonoid contents and antioxidant activity of red ginger (  var.

) rhizomes from seven different regions in the island of Java, Indonesia

Widyastuti, D.A., Fatimah, S., Nuringtyas, T.R., Santosa, D. and Rohman, A.

Available Online: 28 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).296

The total phenolic and flavonoid contents and antioxidant activity of red ginger (  var.

) rhizomes from seven different regions in the island of Java, Indonesia was studied by

Widyastuti 

Effects of storage temperature and packaging method on the physical characteristics of gelatin-

based chewable gummies made from moringa leaf extract

Dewi, S.M.K., Jayani, N.I.E. and Rani, K.C.

Available Online: 28 NOVEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).318

Dewi evaluated the effects of storage temperature and packaging method on the physical

characteristics of gelatin-based chewable gummies made from moringa leaf extract

Enhancing cacao fermentation for small-scale farmers: quality comparison with traditional process

Bobiles, S.C. and Millena, C.G.

Available Online: 3 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).241

Bobiles and Millena conducted a quality comparison on the ways to enhance cacao fermentation for

small-scale farmers.  

Philippine langkauas ( Blume) rhizomes as potential functional food ingredient:

characterization, safety assessment, and product development 
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Yula, J.M.B.  and Millena, C.G.

Available Online: 3 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).208

The Philippine langkauas (  Blume) rhizomes were reviewed as a potential functional

food ingredient by Yula and Millena. 

Combination of Plackett-Burman and Box–Behnken designs in optimization for integrated enzyme-

and microwave-assisted co-extraction of polysaccharides and polyphenols from mangosteen peels

Kieu, T.A.T. and Le, N.L.

Available Online: 3 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).049

Kieu and Le combined Plackett-Burman and Box–Behnken designs to optimise integrated enzyme- and

microwave-assisted co-extraction of polysaccharides and polyphenols from mangosteen peels.

Impact of glycerol concentration on the physicochemical properties of phosphorylated Banggai yam

starch edible films

Chaniago, R., Hasanuddin, A., Rahim, A. and Lamusu, D.

Available Online: 3 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).197

The impact of glycerol concentration on the physicochemical properties of phosphorylated Banggai

yam starch edible films was studied by Chaniago 

Production of α-glucosidase inhibitory peptides during milk fermentation using indigenous lactic

acid bacteria  subsp. Dad-13

Miftakhussolikhah, Utami, T., Lisdiyanti, P. and Rahayu, E.R.

Available Online: 9 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).014

The production of α-glucosidase inhibitory peptides during milk fermentation using indigenous lactic

acid bacteria subsp. Dad-13 was studied by Miftakhussolikhah 

Developing halal edugastronomy tourism framework based on maqasid shariah among muslim local

food providers in Malaysia: a conceptual paper

Che Mat Safiee, W.N., Saffinee, S.S., Jamaludin, M.A., Mohd Noor, K., Mohd Salleh, M.M. and Mohd, N.S.

Available Online: 9 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).136

Che Mat Safiee  developed halal edugastronomy tourism framework based on maqasid shariah

among muslim local food providers in Malaysia.
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Predictors of health awareness regarding the consumption of tuak amongst the people of longhouses

in Malaysia

Marcus, A., Latif, N., Paul, B.T., Mustafa, S., Hanafiah, M.H.M.A., Malahubban, M., Abit, L.Y., Wan, K.L.,

Hussain, S.S.S. and Kamaludeen, J.

Available Online: 9 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).053

Marcus . evaluated the health factors and awareness on the consumption of tuak amongst the

people of longhouses in Malaysia. 

Development and characterization of biscuits made from local raw materials for type 2 diabetes

mellitus

Azima, F., Desmawati, Syukri, D. and Iqbal, M.

Available Online: 9 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).076

Azima . developed and characterised biscuits made from local raw materials for type 2 diabetes

mellitus.

Nutritional and quality properties of nori snack derived from midin ( )

Mohamad Basri, S.N., Ahmad, A., Abdul Shukri, F.S., Ab Razak, A.F., Abdullah, M.S. and Abidin, M.Z.

Available Online: 12 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).221

The nutritional and quality properties of nori snack derived from midin ( ) was

studied by Mohamad Basri

Effect of printing temperature on the viability of Dad-13 in protein-

based 3D food printing product

Pertiwi, A.R.A., Ristiarini, S., Trisnawati, C.Y., Nugerahani, I. and Srianta, I.

Available Online: 12 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).267

Pertiwi studied the effect of printing temperature on the viability of 

Dad-13 in a protein-based 3D food printing product.

Effect of oleogel (beeswax and canola oil mixture) as a fat replacer in diet on anti-obesogenic and

anti-atherosclerotic effect in the rat model

Issara, U.

Available Online: 12 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).180

​Issara evaluated the effect of oleogel (beeswax and canola oil mixture) as a fat replacer in diet on anti-

obesogenic and anti-atherosclerotic effect in the rat model.
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Development of fortified snack bar from  (Dawson, 1954) 

Barranco, A.A., Broce, M.M., Lobo, H.D., Hontiveros, G.S., Fagutao, F.F. and Besoña, J.F.

Available Online: 12 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).290

Barranco . developed fortified snack bar from  (Dawson, 1954).

Food price fluctuations and accessibility to nutritious foods by households during COVID-19 in the

Senqu local municipality, South Africa

Webber, S., Tambe, B.A., Zuma, M.K. and Mbhenyane, X.G.

Available Online: 19 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).099

Webber  studied the food price fluctuations and accessibility to nutritious foods by households

during COVID-19 in the Senqu local municipality, South Africa.

Rapid classification and quantification of mixture containing Sumbawa’s horse milk and soybean milk

using Near Infrared spectroscopy combined with chemometrics

Arifah, M.F., Pratama, N.P., Lestari, D. Windarsih, A. and Rohman, A.

Available Online: 19 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).142

Arifah  develop a rapid classification and quantification of mixture containing Sumbawa’s horse

milk and soybean milk using Near Infrared spectroscopy combined with chemometrics

The applications of betel-leaf in traditional therapeutic practices among the Mualang Dayaks in

Western Kalimantan

Chong, S., Hendrikus, M. and Pan, H.

Available Online: 19 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).075

Chong evaluated the applications of betel-leaf in traditional therapeutic practices among the

Mualang Dayaks in Western Kalimantan.

Physicochemical properties and antimicrobial activity of glucan from mushroom by-products by

ultrasonic extraction compared to the conventional hot water method

Saenmuang, S., Chumnanka, C., Srikram, A., Sirijariyawat, A., Phothiset, S. and Prommakool, A.

Available Online: 19 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).253

The physicochemical properties and antimicrobial activity of glucan from mushroom by-products by

ultrasonic extraction compared to the conventional hot water method was evaluated by Saenmuang 
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Impact of gelling agents on the texture and stability of herbal gummy candies

Zambry, M.S., Aridi, A.S., Baharuddin, S.A., Abu Bakar, F.I., Abdullah, N. and Malik, N.H.

Available Online: 24 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).247

Zambry . evaluated the impact of gelling agents on the texture and stability of herbal gummy

candies. 

Preliminary study on ginger ( ) pulp-fortified squash (  Duch) and

taro ( ) milk jam

Miranda, F.Z.

Available Online: 24 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).063

Miranda conducted a preliminary study on ginger ( ) pulp-fortified squash (

Duch) and taro ( ) milk jam.

Comparative analysis of the effect of ultra-heat and ultraviolet treatment on milk exosomes and

their miRNAs

Rani, P., Vashisht, M., Onteru, S.K. and Singh, D.

Available Online: 24 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).344

Rani . compared the effect of ultra-heat and ultraviolet treatment on milk exosomes and their

miRNAs.

Optimization of pyrodextrin hydrolysis from rice starch to produce resistant maltodextrin

Binh, P.T., Loi, N.V., Lam, N.D. and Tuan, P.A. 

Available Online: 24 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).280

Binh  optimized the pyrodextrin hydrolysis from rice starch to produce resistant maltodextrin.

Chemical composition and mineral profile of different white brined cheeses from cow’s milk

produced in Kosovo

Rysha, A. and Alijaj, I.

Available Online: 31 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).285

​Rysha and Alijaj evaluated the chemical composition and mineral profile of different white brined

cheeses from cow’s milk produced in Kosovo. 

Profitability and market performance of pineapple and arabica coffee in Jambi province, western

Indonesia 

et al
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Available Online: 31 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).196

The profitability and market performance of pineapple and arabica coffee in Jambi province, western

Indonesia was studied by Kaido 

Development of probiotic fruit juice powder using foam-mat drying and tablet form

Tanganurat, P. and Prakhumkrong, C.

Available Online: 31 DECEMBER 2025│https://doi.org/10.26656/fr.2017.9(6).338

Tanganurat and Prakhumkrong developed probiotic  fruit juice powder and in tablet form using foam-

mat drying. 

et al. 
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Abstract 

Moringa oleifera leaf extract contains antioxidants and, therefore, has the potential to be 

designed and marketed as nutraceutical products like chewable gummies. While previous 

research suggests using 10% gelatin as the optimal formula, the favorable storage 

temperature and packaging remain unknown. This study aimed to optimize both factors 

using different conditions: stored at cool temperatures (8-15°C) or controlled room 

temperatures (15-30°C) in single-serve or bulk packaging in a squeezable bag. Also, the 

effects of their interactions on the product’s required physical characteristics (dispersion 

time, swelling ratio, and syneresis) were examined using a factorial randomized control 

trial to be later considered in the optimization. Chewable gummies showed a generally 

less accepted quality when kept at controlled room temperatures instead of cool ones, as 

indicated by a higher swelling ratio (1.17-1.37%) and higher syneresis (0.64-0.69%). 

Also, increased hardness and decreased chewiness and gumminess were observed in 

gummies stored at controlled room temperature for both packaging methods. From these 

results, it can be inferred that storage temperature significantly influences the physical 

characteristics of chewable gummies, while the packaging method and its interaction with 

storage temperature have less significant effects. Therefore, storage at cool temperatures 

(8-15°C) was recommended to maintain the physical quality.  

1. Introduction 

 Moringa oleifera contains medicinal substances, 

nutrients, and vitamins. Many parts of this plant, 

including leaves, flowers, seeds, and pods, have been 

developed into functional food, traditional medicine, 

cosmetics, and industrial products (Coppin et al., 2013). 

Because of their flavonoid and phenolic contents, 

moringa leaves are known as a great source of 

antioxidants. Using high-performance liquid 

chromatography combined with ultraviolet and 

electrospray ionization-mass spectrometric detector 

(HPLC-UV-ESI-MSD), previous research identified 12 

flavonoids in the leaves, including quercetin and 

kaempferol glycosides (malonyl glycosides, acetyl 

glycosides, and succinyl glycosides) (Coppin et al., 

2013). Meanwhile, the ethanol extract contains phenolic 

compounds like gallic acid, itaconic acid, catechin, and 

catechol (Sohaimy et al., 2015). With these phenolic and 

flavonoid contents, moringa leaves can be formulated 

into nutraceutical and pharmaceutical products that 

potentially prevent disease and maintain or improve 

health.  

Chewable gummies, or chewable oral gels according 

to the U.S. Pharmacopeia (USP), are a type of 

nutraceutical product that is rapidly developed as a 

health supplement (Davydova, 2018). This product has a 

chewy structure and is made of gelatin or other suitable 

gelling agents and several excipients. It is consumed as a 

health supplement, not regular food (Badan Pengawas 

Obat dan Makanan (BPOM), 2019). According to the 

USP Chewable Gels Monographs, it contains 5-10% 

gelatin, 15-20% water, 28-50% sucrose, and 40-55% 

corn syrup (Davydova, 2018). Chewable gummies can 

address problems in supplement intake by pediatric and 

geriatric patients who often experience difficulty 

swallowing. Their rapid disintegration time and high 

public acceptability also increase demand and thus 
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positively affect this product’s development.  

Gelatin is a scientifically proven gelling agent that 

can be used to make chewable gummies from M. oleifera 

leaves (Rani et al., 2021). With its excellent gelling 

ability, gelatin forms thermos-reversible gels that are 

stable at a wide range of pH and unaffected by ionic 

strength. Because gelatin can thicken the structure of 

chewable gummies (Bagal-Kestwal et al., 2019), adding 

it at an optimized concentration of 10% can produce the 

desired physical appearance, elastic and gummy texture, 

a low swelling ratio, and no syneresis during storage 

(Rani et al., 2021). In addition, to ensure the stability of 

nutraceutical chewable gummies made from moringa 

leaf extract, it is necessary to study and optimize storage 

conditions, including temperature and packaging, which 

potentially cause physical and chemical modifications.  

Storage temperature affects water activity and shelf-

life (Matulyte, Marksa and Bernatoniene, 2021). 

Previous research found that chewable gummies of 

Myristica fragrans were less vulnerable to weight loss 

and texture change when kept at cool temperatures than 

at controlled room temperatures (Matulyte et al., 2021). 

However, a stability study discovered that storing 

chewable gummies at room temperature was sufficient to 

maintain water activity, moisture content, and microbial 

parameters (bacterial and mold contamination) (Matulyte 

et al., 2021). Chemical quality assessments must also 

calculate active ingredient contents and monitor 

dissolution during storage to ensure good quality 

(Čižauskaite et al., 2019). 

Packaging materials and methods control product 

stability. Single-serve or bulk packaging in squeezable 

bags or closed plastic boxes determines weight variation 

and water loss during storage. Previous research on the 

shelf-life of chewable gel-based tablets of Myristica 

fragrans explained that storage conditions and selected 

containers affected weight, texture, and bacterial 

contamination (Matulyte, Marksa and Bernatoniene, 

2021). A similar study on chewy Santol candies revealed 

that packaging helped maintain color, water activity, 

moisture content, total acidity, pH value, and sensory 

evaluation (Renumarn and Choosuk, 2020).  

Therefore, using a factorial random design, this 

preliminary stability study aimed to explore the effects of 

storage temperature and packaging on the physical 

stability of chewable gummies made from M. oleifera 

leaf extract. To investigate if different physical contacts 

between gummies affect stability and shelf-life, two 

packaging methods were used: single-serve in a plastic 

bag and bulk packaging (10 tablets) in a squeezable bag. 

Further, storage at cool temperatures (8-15°C) and 

controlled room temperatures (15-30°C) were observed 

in this study as a parameter that significantly influences 

water activity and weight. 

 

2. Materials and methods 

2.1 Materials 

Moringa oleifera leaf powder was obtained from 

Bogo Village, Kapas District (Bojonegoro, Indonesia). 

All the excipients used in this study were pharmaceutical 

grade. Gelatin, mannitol, citric acid, benzoic acid, and 

Saccharum lactis were purchased from Planet Kimia 

(Indonesia). Other ingredients were sucrose (Sugar 

Group Companies, Indonesia), propylene glycol (Down 

Chemical Company, Thailand), flavoring agent (KH 

Roberts, Singapore), and coloring agent (PT. Anggana 

Catur Prima, Indonesia). 

2.2 Preparation of Moringa oleifera leaf extract 

Moringa leaf extract was prepared by maceration. 

First, 500 g of the leaf powder was weighed and 

macerated using 5000 mL of 70% ethanol with a 1:10 

ratio. After 3×24 h, the macerated mixture was filtered. 

The filtration result (filtrate I) was macerated again using 

2500 mL of 70% ethanol at a 1:5 ratio for 24 h. Then, the 

resulting filtrate II was evaporated using a rotary 

evaporator at 50°C (Indonesia Ministry of Health, 2017). 

2.3 Preparation of chewable gummies  

Table 1 shows the formulas used to produce 

chewable gummies from moringa leaf extract using 

gelatin as the gelling agent. The formula was composed 

of 10% gelatin, according to the optimized concentration 

in the previous study (Rani et al., 2021), and 2% 

moringa leaf extract as the active ingredient. The 

chewable gummy was designed to weigh 3 g and have a 

square shape with a dimension of 1.5 cm × 1.5 cm 

(length, width). Each manufacturing batch produced 250 

chewable gummies. The preparation was conducted in 

triplicate.  

All the components were weighed based on the 

percentage shown in Table 1. The first step was 

preparing the sucrose solution and gelling agent. Sucrose 

was dissolved in purified water, and the temperature was 

maintained at 80°C until a sucrose solution was obtained. 

It was then gradually added with gelatin powder until a 

gel-like structure was formed. In the next step, the gel 

mixture was added with mannitol and then gradually 

with propylene glycol, a sodium benzoate solution, and a 

citric acid solution. This mixture was then stirred and 

heated at 80°C while being added with the flavoring and 

coloring agents. After lowering the temperature to 60°C, 

the ethanol extract of moringa leaves was added little by 

little while being stirred for 10 min until a dough mass of 
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chewable gummy was formed. Afterwards, the dough 

mass was poured into the mold slowly until fully filled, 

stored in an air-tight container at 25-30°C for 24 h, and 

then unmolded. The gummies were allowed to set for 12 

h before further tests. 

2.4 Design of storage temperature and packaging 

method 

 The prepared chewable gummies were divided 

randomly into four groups to receive different treatments 

for physical stability tests, i.e., storage temperature and 

packaging method. Groups 1 and 2 were kept at 

controlled room temperatures (20-25°C) but with 

different packaging: single-serve in plastic bags and bulk 

in squeezable bags, respectively. Similarly, groups 3 and 

4 were packed in single-serve plastic bags and in 

multiple-share squeezable bags and stored at cool 

temperatures (8-15°C). Details on each of these groups 

are presented in Figure 1.  

 

2.5 Physical stability evaluation  

Samples of the grouped chewable gummies were 

observed organoleptically for any changes in their 

organoleptic features after 0 (initial condition), 1, 4, and 

6 weeks of storage. The characteristics observed were 

shape, odor, taste, and color. Their textures were also 

evaluated by mildly rubbing the chewable gummy 

between the thumb and index fingers to determine 

stickiness and grittiness (Prakash et al., 2014). Other 

physical stability parameters evaluated in this study 

included product dimension, weight variation, swelling 

ratio, dispersion time, syneresis, and texture properties 

(chewiness, gumminess, and hardness), as explained in 

the sections below. 

2.5.1 Measurement of product dimension 

 The chewable gummy's length, width, and thickness 

were measured using a vernier caliper to evaluate 

stability and estimate the size of the primary or most 

favorable packaging. It is required that the dimension 

should not deviate more than 5.0% during storage 

(Augsburger and Hoag, 2008). 

2.5.2 Weight variation test 

This test aimed to assess the uniformity of active 

ingredients among the prepared chewable gummies. 

Firstly, twenty chewable gummies were weighed 

individually, and the average weight was then calculated. 

These products are accepted if the weight of each 

chewable gummy does not change by more than 7.5% of 

the average. If this specification was not met, an 

additional test of another 20 samples of chewable 

gummies should be conducted. However, the acceptable 

limit for the second test would be no more than 10% of 

the average weight (Davydova, 2018).  

2.5.3 Swelling ratio assessment 

The swelling ratio estimated the extent to which the 

product’s matrix could absorb water into its gel structure. 

First, the chewable gummy was weighed (Wd, initial 

weight) and immersed in 100 mL of purified water for 10 

s at room temperature (25-30°C). Upon removal, the 

surface was cleaned with filter paper to remove any 

remaining water molecules (Kowalski et al., 2019). As 

seen in the equation below, a swelling ratio is a function 

of the product’s initial weight (Wd) and weight after 

immersion (Ws):  

  

2.5.4 Determination of dispersion time  

This test aimed to observe the disintegration profile 

of chewable gummies in an aqueous medium (Rani et 

Component Function 
Percentage 

(%) 
Moringa oleifera leaf 

extract 
Active ingredient 2 

Gelatin Gelling agent 10 

Mannitol 
Sweetening and 

firming agent 
10 

Sucrose Bulking agent 30 
Citric acid Acidulant 1 
Sodium benzoate Preservative 0.5 
Propylene glycol Plasticizer 4 
Melon flavor Flavor 2 
Coloring agent 

(green) 
Coloring agent 0.01 

Purified water Solvent 40.49 
Saccharum lactis Coating agent - 

Table 1. Composition of chewable gummies made from 

Moringa oleifera leaf extract. 

Figure 1. Designs of storage temperature and gummy 

packaging method for physical stability evaluation. 
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 al., 2021). The dispersion time was determined by 

placing a chewable gummy in a beaker containing 

purified water, and the temperature was maintained at 

37°C during the evaluation. The chewable gummy was 

constantly stirred during this test using a magnetic stirrer 

until dispersed homogenously in the medium (purified 

water). The time it took for the chewable gummy to 

disperse completely was recorded as dispersion time 

(Matulyte, Marksa and Bernatoniene, 2021).  

2.5.5 Syneresis evaluation 

Syneresis refers to the shrinking or contraction of gel 

when water molecules are extracted or expelled from the 

gel structure during storage, which can be used as an 

indicator of gel stability. Syneresis was evaluated at a 

controlled room temperature (Kadhim and Ali, 2019). A 

filter paper was weighed (A, initial weight), placed on 

the surface of a chewable gummy to absorb any existing 

water, and then weighed again (B) (Kaya et al., 2015). 

The syneresis was calculated using this equation:  

 2.5.6 Texture analysis 

Texture analysis comprised evaluation of the 

product’s chewiness, gumminess, and hardness. These 

parameters determined if the chewable gummy produced 

in this research was easy to chew and swallow, which is 

a determining factor in public acceptance (Mahat et al., 

2020). A chewable gummy was placed in the sample 

compartment of TA.XTplusC texture analyzer. The 

probe, weighing 5 g, was set to apply 100 g of force at a 

speed ranging from 50 to 100 mm/s. Two-pressure action 

was conducted to measure chewiness and gummies (slow 

press 2) and the hardness test (slow press 1). The test 

ended when the probe was back in its initial position. A 

curve that correlated force and time was generated to 

explain chewiness, gumminess, and hardness (Matulyte 

et al., 2021).  

2.6 Data analysis 

Descriptive analysis was employed to process data 

acquired from organoleptic observation, weight 

variation, dimension measurement, and texture analysis. 

ANOVA using a factorial completely randomized design 

was used to statistically analyze data on swelling ratio, 

dispersion time, and syneresis. The results of the 

statistical analysis could determine the predominant 

factors and describe the interaction between the 

components. 

 

3. Results and discussion 

After unmolding, the chewable gummies made from 

M. oleifera leaf extract were allowed to stabilize for 12 h 

prior to the visual and sensory examination, and samples 

from each group were observed in weeks 0, 1, 4, and 6. 

The parameters observed included organoleptic 

properties, weight variation, dimension, swelling ratio, 

dispersion time, syneresis, and texture. Results showed 

that the chewable gummies had a square shape, light 

green color, melon odor, and sweet taste with a subtle 

sour flavor. Also, they were elastic, chewy, and non-

sticky when rubbed between fingers in week 0. Table 2 

shows the dimensions of chewable gummies in all 

groups during the six-week storage. Except for group 1 

(room temperature, single-share packaging), where 

changes in shape and dimension were observed, all 

chewable gummies maintained their physical qualities, 

including shape, texture, color, and dimension 

(deviations were below the accepted limits, 5.0%). In 

group 1, the chewable gummies became softer and 

thinner after six weeks of storage. The thickness 

decreased from 0.87±0.02 cm in Week 0 to 0.80±0.10 

cm in Week 6. Such a decrease might stem from 

moisture loss that can be attributed to the nature of 

gelatin, which tends to lose more moisture over time than 

other gelling agents. Besides, gelatin is more sensitive to 

moisture loss at higher temperatures (Čižauskaite et al., 

2019). Moreover, single-share packaging was believed to 

Group Dimension Week 0 (cm) Week 1 (cm) Week 4 (cm) Week 6 (cm) 

1 (room temperature, 

single-serve) 

Length 1.54±0.03 1.54±0.13 1.55±0.53 1.55±0.53 

Width 1.55±0.03 1.55±0.23 1.56±0.83 1.56±0.83 

Thickness 0.87±0.02 0.87±0.12 0.80±0.52 0.80±0.10 

2 (room temperature, bulk 

in squeezable bag) 

Length 1.53±0.02 1.53±0.02 1.55±0.02 1.55±0.03 

Width 1.55±0.03 1.55±0.03 1.53±0.03 1.54±0.02 

Thickness 0.92±0.01 0.92±0.01 0.94±0.02 0.93±0.02 

3 (cool temperature, single

-serve) 

Length 1.52±0.02 1.52±0.02 1.54±0.02 1.54±0.02 

Width 1.53±0.01 1.53±0.01 1.54±0.01 1.54±0.01 

Thickness 0.92±0.02 0.92±0.02 0.94±0.02 0.93±0.02 

4 (cool temperature, bulk 

in squeezable bag) 

Length 1.52±0.01 1.52±0.01 1.54±0.02 1.54±0.02 

Width 1.52±0.01 1.52±0.01 1.53±0.02 1.54±0.02 

Thickness 0.97±0.01 0.97±0.01 0.95±0.02 0.93±0.02 

Table 2. Dimension measurements of chewable gummies during storage. 
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contribute to the dimension change because the space 

between the gummy and the packaging layer could not 

sufficiently accommodate water loss from the gummy’s 

structure.  

According to the USP Chewable Gels Monographs, 

a weight variation test ensures the homogeneity of the 

active ingredient in this product (Davydova, 2018). 

Table 3 shows the weight variations of all groups during 

storage. The prepared chewable gummies weighed 

between 2.80 and 3.05 g, and the individual weight did 

not vary by more than 7.5% of the average weight even 

after six weeks of storage. Based on this standard 

deviation, it can be concluded that all the chewable 

gummies uniformly contain moringa leaf extract. This 

also applies to group 1, whose weights substantially 

decreased from 2.8124±0.01 g in week 0 to 2.8041±0.00 

g in week 6 due to moisture loss, or about 0.29% 

reduction. 

A swelling ratio was calculated to determine the 

ability of the product’s matrix to swell in an aqueous 

medium (Park et al., 2010). It was based on the 

percentage of water molecules that penetrated the 

internal structure of its hydrogel, and immediately 

initiated the diffusion process (Kipcak et al., 2014). 

Figure 2 compares the swelling ratios of all the chewable 

gummy groups. Groups 1 and 2 (room temperatures) had 

a swelling ratio of greater than 1.0% for both packaging 

methods, while groups 3 and 4 (cool temperatures) had a 

swelling ratio in the range of 0.43-0.52%. ANOVA 

revealed a significant difference between the swelling 

ratios of chewable gummies kept at room and cool 

temperatures (p<0.05). Higher swelling ratios in groups 

1 and 2 can be attributed to the ability of gelatin 

molecules to entrap more water molecules from the 

environment at room temperatures that promote higher 

humidity (Matulyte, Marksa and Bernatoniene, 2021). 

This condition leads to syneresis and dimensional 

instability (Witono et al., 2014). In contrast, the swelling 

ratios of groups 3 and 4 remained stable because gelatin 

can form and maintain stable hydrogen bonds with water 

molecules at cool temperatures, resulting in a stable three

-dimensional gel structure (Chandra and Shamasundar, 

2015).  

Dispersion time represents the rate at which a 

chewable gummy disintegrates in an aqueous medium. 

The faster the dispersion time, the faster the active 

ingredient is released from the product (Ruheena and 

Sirisha, 2018). Figure 3 compares the dispersion times of 

the prepared chewable gummies. It shows that all the 

groups required not more than 15 min to disintegrate, but 

those kept at cool temperatures broke down more slowly 

than the ones stored at room temperature. This difference 

was further confirmed to be statistically significant 

(p<0.05). In contrast, the packaging methods do not 

influence the dispersion time because the gelatin’s 

hydrogel network is more sensitive to temperature than 

to friction. The hydrogel network becomes more rigid at 

cool temperatures, making it more difficult for water 

Group Week 0 (g) Week 1 (g) Week 4 (g) Week 6 (g) 

1 (room temperature, 

single-serve) 
2.8124±0.01 2.8122±0.13 2.8112±0.00 2.8041±0.00 

2 (room temperature, bulk 

in squeezable bag) 
2.8134±0.01 2.8130±0.02 2.8070±0.01 2.8060±0.03 

3 (cool temperature, single

-serve) 
2.8124±0.02 2.8122±0.01 2.8110±0.02 2.8100±0.05 

4 (cool temperature, bulk 

in squeezable bag) 
2.8154±0.01 2.8054±0.01 2.8062±0.01 2.8042±0.03 

Table 3. Weight evaluation of chewable gummies during storage. 

Figure 2. Swelling ratios of chewable gummies stored at cool 

and room temperatures with different packaging designs. 

Figure 3. Dispersion times of chewable gummies stored at 

cool and room temperatures with different packaging designs. 
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molecules to penetrate (Park et al., 2020). 

Syneresis is the shrinking of a gel-like structure due 

to the loss of water molecules (Kadhim and Ali, 2019), 

which is expressed as a percentage. The higher the 

percentage, the more quickly the gel structure loses 

moisture and softens, and the poorer the quality will be 

(Prakash et al., 2014). Therefore, syneresis is often used 

as the main parameter to measure the physical stability 

of chewable gummies. Figure 4 compares the groups' 

syneresis profiles during six weeks of storage. It showed 

that the syneresis remained below 1.0%, which further 

confirmed that the combination of storage temperature 

(particularly cool temperatures) and packaging method 

can protect chewable gummies against moisture loss and 

quality decline during storage. Because the gelatin’s 

polymer hardens at cool temperatures, water molecules 

cannot easily escape (Dille et al., 2018), and, similarly, 

moisture in the environment cannot penetrate the 

polymer structure (Matulyte et al., 2021). On the 

contrary, higher moisture at room temperatures makes 

the gelatin network easily contract, causing changes in 

water activity and syneresis. Decreased free energy in 

the system affects the gel’s ability to retain water 

(Prakash et al., 2014). 

The texture analysis used two compressive cycles to 

imitate mastication in the mouth cavity to obtain 

information related to the product’s hardness, 

gumminess, and chewiness (Mahat et al., 2020). 

Hardness is the required amount of force exerted on an 

object to cause deformation (Kusumaningrum et al., 

2016). Chewiness, as the combined result of hardness, 

cohesiveness, and springiness (Čižauskaite et al., 2019), 

refers to the energy required to chew a chewable gummy 

before swallowing. Gumminess is a deformation 

characteristic related to the hardness and cohesiveness of 

a gel matrix. Chewable gummies are sticky when made 

with a high adhesion force, but can be compact due to a 

high cohesion force (Kusumaningrum et al., 2016). 

Table 4 summarises the texture analysis results of 

different groups of chewable gummies. It shows that 

groups 3 and 4 (cool temperatures) were more chewy, 

sticky, and compact than groups 1 and 2 (room 

temperatures). This finding can be linked to the 

thermoreversible character of gelatin. Gelatin molecules 

assume a strong coil conformation at cool temperatures, 

increasing hardness, chewiness, and gumminess/

stickiness (Gilsenan and Ross-Murphy, 2000).  

Furthermore, Table 4 shows an increase in hardness 

and a decrease in chewiness and gumminess of chewable 

gummies in groups 1 and 2 (room temperatures) after 

four and six weeks of storage. This condition can be 

associated with gelation and dehydration. While the 

extensive interaction between gelatin, sucrose, and water 

resulted in a firm and chewy structure, chewable 

gummies lose moisture over time and thus cause an 

increase in hardness (Delgado and Bañón, 2015). In 

contrast, groups 3 and 4 (cool temperatures) showed a 

decrease in hardness, chewiness, and gumminess during 

storage, which can be linked to the cooling process of the 

gelatin matrix. With faster cooling and higher holding 

temperatures, the gels produced will be less elastic, 

chewy, and sticky (Fonkwe et al., 2003).  

 

Figure 4. Syneresis profiles of chewable gummies stored at 

cool and room temperatures with different packaging designs. 

Group Parameter Week 0  Week 4  

1 (room temperature, single-

serve) 

Chewiness (Nmm) 18.01 51.31 

Gumminess (Nmm) 44.03 128.29 

Hardness (N) 542.00 1427.00 

2 (room temperature, bulk in 

squeezable bag) 

Chewiness (Nmm) 36.89 24.24 

Gumminess (Nmm) 73.77 60.61 

Hardness (N) 597.00 974.67 

3 (cool temperature, single-

serve) 

Chewiness (Nmm) 111.07 91.72 

Gumminess (Nmm) 271.50 229.31 

Hardness (N) 2249.00 2174.67 

4 (cool temperature, bulk in 

squeezable bag) 

Chewiness (Nmm) 76.77 62.90 

Gumminess (Nmm) 170.66 157.25 

Hardness (N) 1317.00 1592.33 

Table 4. Texture analysis of chewable gummies made from Moringa oleifera leaf extract. 
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The statistical analysis (factorial ANOVA) revealed 

that storage temperature significantly affected the 

physical characteristics of chewable gummies made from 

moringa leaf extract, particularly swelling ratio, 

dispersion time, and syneresis (p<0.05). In contrast, 

these characteristics did not differ significantly between 

the two packaging methods and between the storage 

temperature-packaging interactions. Storage temperature 

only slightly influenced the gelation process, polymer 

network mobility, and the ability of the gel matrix to 

absorb moisture from the environment. When kept at 

cool temperatures, chewable gummies maintain their 

initial swelling ratio, dispersion time and have a lower 

percentage of syneresis than those stored at room 

temperatures. 

 

4. Conclusion  

Compared to the packaging method, storage 

temperature was the most influential factor on the 

physical stability of chewable gummies made from M. 

oleifera leaf extract. In contrast, the packaging method 

and the interaction between storage temperature and 

packaging method have less significant effects. Storage 

at cool temperatures (8-15°C) is recommended to 

maintain the desired physical characteristics of the 

chewable gummies.  

 

Conflict of interest  

The authors declare no conflict of interest.  

 

Acknowledgments 

The authors would like to thank the Faculty of 

Pharmacy and the Institute for Research and Community 

Service, University of Surabaya, for facilitating and 

funding this research (Grant No. 040/ST-Lit/LPPM-01/

FF/V/2022). Gratitude is also expressed to the 

government of Bogo Village (Bojonegoro, Indonesia) for 

providing the main ingredients, Moringa oleifera leaves.  

 

References 

Augsburger, L.L. and Hoag, S.W. (2008). 

Pharmaceutical Dosage Forms - Tablets. In 

Augsburger, L.L. and Hoag, S.W. (Ed.) 

Pharmaceutical Dosage Forms: Tablets. Vol. 2: 

Rational Design and Formulation. Boca Raton, USA: 

CRC Press. https://doi.org/10.3109/9781420020298 

Bagal-Kestwal, D.R., Pan, M.H. and Chiang, B.H. 

(2019). Properties and applications of gelatin, pectin, 

and carrageenan gels. In Visakh, P.M., Ogus, B. and 

Menon, G. (Eds.) Bio Monomers for Green 

Polymeric Composite Materials, p. 117-140. New 

Jersey, USA: John Wiley and Sons Ltd. https://

doi.org/10.1002/9781119301714.ch6 

Badan Pengawas Obat dan Makanan (BPOM.) (2019). 

Peraturan Badan Pengawas Obat Dan Makanan 

Nomor 17 Tahun 2019 Tentang Persyaratan Mutu 

Suplemen Kesehatan. Perka Bpom 17 No 17 Tahun 

2019, p. 1-5. Indonesia: BPOM. [In Bahasa 

Indonesia]. 

Chandra, M.V. and Shamasundar, B.A. (2015). Texture 

profile analysis and functional properties of gelatin 

from the skin of three species of freshwater fish. 

International Journal of Food Properties, 18(3), 572

-584. https://doi.org/10.1080/10942912.2013.845787 

Čižauskaite, U., Jakubaityte, G., Žitkevičius, V. and 

Kasparavičiene, G. (2019). Natural ingredients-based 

gummy bear composition designed according to 

texture analysis and sensory evaluation in vivo. 

Molecules, 24(7), 1442. https://doi.org/10.3390/

molecules24071442 

Coppin, J.P., Xu, Y., Chen, H., Pan, M.H., Ho, C.T., 

Juliani, R., Simon, J.E. and Wu, Q. (2013). 

Determination of flavonoids by LC/MS and anti-

inflammatory activity in Moringa oleifera. Journal of 

Functional Foods, 5(4), 1892-1899. https://

doi.org/10.1016/j.jff.2013.09.010 

Davydova, N. (2018). USP Chewable Gels Monographs. 

USP Dietary Supplements Stakeholder Forum. 

Retrieved from website: https://www.usp.org/sites/

default/files/usp/document/stakeholder-forum/

chewable-gels.pdf 

Delgado, P. and Bañón, S. (2015). Determining the 

minimum drying time of gummy confections based 

on their mechanical properties. CYTA - Journal of 

Food, 13(3), 329-335. https://

doi.org/10.1080/19476337.2014.974676 

Dille, M.J., Hattrem, M.N. and Draget, K.I. (2018). Soft, 

chewable gelatin-based pharmaceutical oral 

formulations: a technical approach. Pharmaceutical 

Development and Technology, 23(5), 504-511. 

https://doi.org/10.1080/10837450.2017.1332642 

Fonkwe, L.G., Narsimhan, G. and Cha, A.S. (2003). 

Characterization of gelation time and texture of 

gelatin and gelatin-polysaccharide mixed gels. Food 

Hydrocolloids, 17(6), 871-883. https://

doi.org/10.1016/S0268-005X(03)00108-5 

Gilsenan, P.M. and Ross-Murphy, S.B. (2000). 

Viscoelasticity of thermoreversible gelatin gels from 

mammalian and piscine collagens. Journal of 

Rheology, 44(4), 871–883. https://

doi.org/10.1122/1.551118 

Indonesian Ministry of Health. (2017). Indonesian 

Herbal Pharmacopeia. 2nd ed. Jakarta, Indonesia: 

Indonesian Ministry of Health. 



94 Dewi et al. / Food Research 9 (6) (2025) 87 - 94 

 https://doi.org/10.26656/fr.2017.9(6).318 © 2025 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Kadhim, Z.M. and Ali, W.K. (2019). Preparation and 

evaluation of granisetron chewable pediatric oral 

jelly. International Journal of Drug Delivery 

Technology, 9(3), 145-149. https://doi.org/10.25258/

ijddt.v9i3.4 

Kaya, A.O.W., Suryani, A., Santoso, J. and Syahbana, 

M. (2015). The effect of gelling agent concentration 

on the characteristic of gel produced from the 

mixture of semi-refined carrageenan and 

glukomannan. International Journal of Sciences: 

Basic and Applied Research, 20(1), 313-324. 

Kipcak, A.S., Ismail, O., Doymaz, I. and Piskin, S. 

(2014). Good paper for swelling studies and swelling 

models Modeling and Investigation of the Swelling 

Kinetics of Acrylamide-Sodium Acrylate Hydrogel. 

Journal of Chemistry, 2014, 281063. https://

doi.org/10.1155/2014/281063 

Kowalski, G., Kijowska, K., Witczak, M., Kuterasiński, 

L. and Lukasiewicz, M. (2019). Synthesis and effect 

of structure on swelling properties of hydrogels 

based on high methylated pectin and acrylic 

polymers. Polymers, 11(1), 114. https://

doi.org/10.3390/polym11010114 

Kusumaningrum, A., Parnanto, N.H.R. and Atmaka, W. 

(2016). Kajian Pengaruh Variasi Konsentrasi 

Karaginan-Konjak Sebagai Gelling Agent Terhadap 

Karakteristik Fisik, Kimia Dan Sensoris Permen 

Jelly Buah Labu Kuning (Cucurbita maxima). Jurnal 

Teknosains Pangan, 5(1), 1-11. [In Bahasa 

Indonesia]. 

Mahat, M.M., Mohmad Sabere, A.S., Shafiee, S., 

Nawawi, M.A., Hamzah, H.H., Jamil, M.A.F.M., 

Che Roslan, N., Abdul Halim, M.I. and Safian, M.F. 

(2020). The Sensory Evaluation and Mechanical 

Properties of Functional Gummy in the Malaysian 

Market. Preprints, 2020, 2020100213. https://

doi.org/10.20944/preprints202010.0213.v1 

Matulyte, I., Marksa, M. and Bernatoniene, J. (2021). 

Development of Innovative Chewable Gel Tablets 

Containing Nutmeg Essential Oil Microcapsules and 

Their Physical Properties Evaluation. 

Pharmaceutics, 13(6), 873. https://doi.org/10.3390/

pharmaceutics13060873 

Matulyte, I., Mataraite, A., Velziene, S. and 

Bernatoniene, J. (2021). The effect of myristica 

fragrans on texture properties and shelf-life of 

innovative chewable gel tablets. Pharmaceutics, 13

(2), 238. https://doi.org/10.3390/

pharmaceutics13020238 

Park, H.E., Gasek, N., Hwang, J., Weiss, D.J. and Lee, 

P.C. (2020). Effect of temperature on gelation and 

cross-linking of gelatin methacryloyl for biomedical 

applications. Physics of Fluids, 32, 033102. https://

doi.org/10.1063/1.5144896 

Park, H., Guo, X., Temenoff, J.S., Tabata, Y., Caplan, 

A.I., Kasper, F.K., Mikos, A.G. and Box, P.O. 

(2010). NIH Public Access, 10(3), 541-546. https://

doi.org/10.1021/bm801197m.Effect 

Prakash, K., Satyanarayana, V.M., Nagiat, H.T., Fathi, 

A.H., Shanta, A.K. and Prameela, A.R. (2014). 

Formulation development and evaluation of novel 

oral jellies of carbamazepine using pectin, guar gum, 

and gellan gum. Asian Journal of Pharmaceutics, 8

(4), 241-249. https://doi.org/10.4103/0973-

8398.143937 

Rani, K.C., Jayani, N.I.E., Feneke, F. and Melanda, S. 

(2021). Preparation and evaluation of gelatin and 

pectin-based Moringa oleifera chewable-gummy 

tablets. IOP Conference Series: Earth and 

Environmental Science, 913(1), 012082. https://

doi.org/10.1088/1755-1315/913/1/012082 

Renumarn, P. and Choosuk, N. (2020). Influence of 

Packaging and Storage Conditions on the Quality 

and Shelf-life of Chewy Santol (Kraton-Yee) 

Candies. E3S Web of Conferences, 141, 02002. 

https://doi.org/10.1051/e3sconf/202014102002 

Ruheena, T. and Sirisha, M. (2018). Soft Chewable Drug 

Delivery System: Oral Medicated Jelly and Soft 

Chew. Journal of Drug Delivery and Therapeutics, 8

(4), 65-72. https://doi.org/10.22270/jddt.v8i4.1784 

Sohaimy, S.A. El, Hamad, G.M., Mohamed, S.E., Amar, 

M.H. and Al-hindi, R.R. (2015). Biochemical and 

functional properties of Moringa oleifera leaves and 

their potential as a functional food. Global Advanced 

Research Journal of Agricultural Science, 4(4), 188-

199. 

Witono, J.R., Noordergraaf, I.W., Heeres, H.J. and 

Janssen, L.P.B.M. (2014). Water absorption, 

retention and the swelling characteristics of cassava 

starch grafted with polyacrylic acid. Carbohydrate 

Polymers, 103(1), 325-332. https://doi.org/10.1016/

j.carbpol.2013.12.056 


