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Abstract 

Gac fruit is widely cultivated in Thailand. It has elevated amounts of phytochemical 

compounds such as lycopene and β-carotene, with the aril section being the richest in 

these compounds. Lime juice is a healthy drink that is generally consumed for its nutritive 

value. The purpose of this study was to carry out an assessment to identify the appropriate 

proportion of lime for blended lime and gac fruit juice processing. This research consisted 

of four experiments. Fresh gac fruit juice (as a control sample; 0% and blended gac fruit 

juice with 5%, 10% and 15% concentrations of lime juice were analysed. Physical 

properties were examined, including brightness and colour (L*, a* and b* values), as well 

as chemical properties such as total acidity percentage, pH, vitamin C, total soluble solids, 

β-carotene, antioxidant inhibition percentage (DPPH assay) and lycopene. For the 

assessment of microbiological properties, a total plate count was carried out. A sensory 

evaluation for colour, odour, flavour, mouthfeel as well as overall acceptability was 

performed by thirty untrained panelists using the 9-point hedonic scale. Concerning the 

physical properties, it was determined that an increase in the amount of lime juice caused 

an escalation in external colour, odour and sediments. Analysis of the chemical properties 

revealed that all treatments were significantly different (p<0.05), except for β-carotene 

and total soluble solids. The chemical properties showed that lycopene, antioxidant 

inhibition percentage (as DPPH assay) and β-carotene were within the ranges of 647.32-

650.48 µg/g, 4.23-4.65% and 441.95-444.16 µg/g, respectively; they were not 

significantly different except for the antioxidant inhibition percentage and β-carotene. An 

increase in the amount of lime juice caused an increase in the external appearance of 

vitamin C sediments and total acidity percentage. The findings of the microbiological 

analysis demonstrated that the total plate count met the standard regulations, while the 

sensory evaluation revealed that the flavour, mouthfeel and overall acceptability for 

experiment no. 3 (10% of lime juice) obtained the highest values of 7.37, 6.90 and 7.33, 

respectively.  

1. Introduction 

The scientific name for the gac fruit is Momordica 

cochinchinensis Spreng. It can be found in several Asian 

countries and is called “Fak khao” in Thailand. It is a 

tropical plant that has been utilised in traditional 

medicine as well as food for a long time in Southeast 

Asian nations, including Vietnam and Thailand. In 

Thailand, the immature green fruit of this plant is 

consumed as a vegetable, while the ripe fruit is utilised 

as an important preliminary material for fruit and 

vegetable juice processing. Previous studies have 

demonstrated that gac fruit is an essential starting point 

for compounds such as carotenoids, especially lycopene 

and β-carotene, which are principally found in the 

membrane of seeds and are reddish in colour. 

Carotenoids are well-known natural antioxidants that are 

beneficial for human health (Reungpatthanaphong et al., 

2018). The aril of gac fruit as well as in gac fruit 

products have been known to possess significant 

antioxidative benefits because of their exceedingly high 

amounts of compounds in carotenoid form, particularly 

lycopene. Lycopene compounds have been determined to 

be the most bioactive carotenoid compounds 

(Bhuvaneswari and Nagini, 2005; Mordente et al., 2011; 

Hazewindus et al., 2012). The membrane of the gac fruit 

aril has been recognised as an important source of major 

carotenoids (Kubola and Siriamornpun, 2011). The total 
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concentration of lycopene in the ripened samples is 

around 3 mg/g as fresh weight (FW). For comparison, 

the concentration in tomatoes from commercial sources 

consists of 0-50 µg/g FW (Ishida et al., 2004). Gac fruit 

exhibits significant potential for use in nutritional 

products as it contains bioactive compounds such as 

carotenoids and fatty acids as well as polyphenolics 

(Aoki et al., 2002). The compounds of phytochemicals in 

gac fruit possess antioxidant activity and may relieve the 

effects of cancer. They also motivate appropriate cell 

membrane development and can stimulate vision 

(Kubola and Siriamornpun, 2011; Kubola et al., 2013). 

Gac fruit (gac) (immature fruit or green fruit) is often 

used in cooked food, though it can be eaten normally as a 

vegetable. Recently, the manufacture of gac fruit has 

expanded throughout Thailand. The aril as well as the 

pulp of ripened fruit are taken, while other sections are 

removed. It has also been reported that the other sections 

of gac also exhibit antioxidant activity in extracts from 

methanol (Kubola and Siriamornpun, 2011). 

Lime (scientific name Citrus aurantifolia) is a type 

of citrus fruit that is customarily cultured in Asian 

countries. It is an interesting component utilised to stress 

the flavour of beverages as well as Thai food items 

(Chuacharoen, 2017). Many reports on citrus lime have 

educated people about phenolic compounds as well as 

vitamin C, together with flavonoid substances, which are 

prototypes of antioxidants from natural sources (Ghafar 

et al., 2010). The antioxidant properties of lime have 

many practical health advantages, such as for heartburn, 

vitamin C deficiency, and some forms of cancer, as well 

as nausea and a variety of respiratory disorders (Attaway, 

1993; Theansuwan et al., 2008). Further, it is highly 

advantageous to convert lime aliquot into dried powder 

form, which enables beneficial characteristics such as 

high levels of nutritional value from powdered lime juice 

obtainable throughout the year. 

Although the bioactive compounds and antioxidant 

activity of gac fruit and lime have been researched 

previously, there remains a lack of knowledge 

concerning the ideal methods for Thai herbal drink 

production. Further, information about the conditioned 

contents remains limited. Due to the reasons mentioned, 

the appropriate proportions and formula, such as for 

blended gac fruit juice and lime juice, have not been 

recorded by earlier investigations. 

Several researchers have reviewed the possibility of 

utilising vegetable products and herbs to produce healthy 

drink products. This investigation focused on the 

application of gac as well as lime as initial precursors as 

they are easily obtainable as well as inexpensive. 

Further, appropriate lime quantities for blended lime as 

well as gac fruit juice were assessed. The benefits of 

these raw materials include rejuvenation of the body as 

well as an increase in important bioactive compounds. 

Recently, gac fruit and lime juice have been added to 

numerous food and drink products, such as pasteurised 

juice. Accordingly, the application of both gac juice and 

lime juice for healthy juice processing may be an 

appropriate approach for expanding the juice products 

industry in the future. Accordingly, research on Thai 

herbal juice products is important for developing novel 

health products, with blended gac as well as lime serving 

as the principal model (Theansuwan et al., 2008; Kubola 

and Siriamornpun, 2011; Chuacharoen, 2017). 

Consequently, the research results and the development 

of mixing one or more kinds of abundant Thai herbal raw 

materials could be applied to launch new products for 

businesses (as SMEs) and would also benefit the 

cultivators. The outcomes from such contributions could 

include boosted annual earnings from by-products as 

well as new opportunities for business people in the 

future (Wirivutthikorn, 2022a, 2022b). The principal 

objective of this work was to determine the most suitable 

amounts of lime juice for blended gac fruit juice and 

lime juice. Physicochemical qualities were examined and 

measured in terms of appearance as well as L, a* and b* 

values (colour) pH, percentage of total acidity, total 

soluble solids, vitamin C, β-carotene, lycopene and 

antioxidant inhibition percentage (as DPPH assay), and 

microbiological properties (total plate count) as well as 

sensory evaluation. 

 

2. Materials and methods 

2.1 Raw materials  

Lime and gac fruit samples (Figures 1 and 2) were 

obtained from the Talad Thai in Pathum Thani Province, 

which is the largest central market for agricultural 

products in Thailand. Samples were collected and 

transported to the laboratory before analysis. The 

selected limes were polished thoroughly with tap water 

to remove any dust pollutants as well as microorganisms. 

was extracted with the help of a juice extractor or 

squeezer. The juice was filtered through cheesecloth to 

remove seeds and then blended with gac fruit juice in a 

subsequent step (Jittanit et al., 2013).  

The selected mature gac fruit was cleaned 

thoroughly with running water and then separated into 

four parts including the peel (red-orange), pulp (yellow-

orange) seed, and seed membrane (red) by using a spoon, 

after which the parts were cut into small pieces (Kubola 

and Siriamornpun, 2011; Hazewindus et al., 2012; 

Reungpatthanaphong et al., 2018). The maturing of gac 

fruit juice is accomplished by mixing gac fruit aril and 

gac fruit pulp in a ratio of 1:1, The aliquot obtained was 

blended with water in an electrical blender for five 
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minutes until homogeneous, after which it was filtered 

through cheesecloth 3 times until the aliquot was 

translucent (Kubola and Siriamornpun, 2011; 

Hazewindus et al., 2012; Mongkontanawat et al., 2018; 

Reungpatthanaphong et al., 2018).  

2.2 Preparation of raw materials  

For the preparation of blended gac fruit juice and 

lime juice (Figure 3), lime juice was initially added at 

0% (as a control sample), followed by 5%, 10% and 

15%, respectively, to prepare gac fruit juice (mentioned 

above). The juices were also blended using an electric 

mixer, filtered with filter cloth, and filtered (1 time) with 

a filtering bag. The blended gac fruit and lime juice was 

then heated (pasteurisation process) at 85°C for 3 

minutes followed by cooling at 4°C (Kubola and 

Siriamornpun, 2011; Hazewindus et al., 2012; 

Mongkontanawat et al., 2018; Reungpatthanaphong et 

al., 2018).  

2.3 Physicochemical quality of blended gac fruit juice 

and lime juice product 

2.3.1 Colour (L*, a* and b*) 

The lightness and colour of the tests were also 

analysed using a colourimeter (Hunter Associates, 

Reston, VA) in terms of L*, a*, and b* values. L* 

represents lightness (0 ≤ L ≤ 100), whereas (±)a*, (-)a*, 

(±)b* and (-)b* represent red, green, yellow and blue, 

respectively, as well as serially (Association of Official 

Analytical Collaboration (AOAC) International, 2000). 

2.3.2 Total soluble solids 

The assessment of total soluble solids was analysed 

by using a hand refractometer with a few drops of the 

sample at 20°C. Samples were taken using 2-3 drops on 

the hand refractometer and immediately adjusting the 

prism to suitably illuminate the field of view. This value 

brought the line dividing the light and dark sections of 

the surface view to the crossing of the threads, and the 

measured values were recorded (AOAC International, 

2000).  

2.3.3 pH value 

The measurement of pH value was analysed using a 

pH meter (AOAC International, 2000) (HI98103 Hanna 

model, USA). First, 40 mL of pH 4.00 as well as 7.00 

buffers were poured into individual 50 mL beakers. To 

practice two wash beakers throughout calibration, the pH 

electrode was rewashed with deionised water, and the 

electrode was positioned in the calibration beaker. The 

pH electrode was rewashed with deionised water, and 

then the electrode was positioned in the sample to mark 

it (AOAC International, 2000).  

2.3.4 Vitamin C (ascorbic acid) 

A titration approach using the DCIP (2,6-

Dichloroindophenol) reagent as the standard solution 

was adapted to test vitamin C (ascorbic acid) 

(Wirivutthikorn and Lapsongphon, 2021). The endpoint 

of the reaction fluctuates until a light red or pale pink 

transpires that lasts longer than 30 s until at least three 

triplicates are within 5% of one another, a minimum of 

three titrations should be carried out and then repeated as 

necessary (Wirivutthikorn and Lapsongphon, 2021). 

 

(a) (b) 

(c) 

Figure 1. (a) ripen gac fruit (b) gac fruit pulp (c) blended gac 

fruit aril and pulp ratio 50:50. 

(c) 

(a) 

(b) 

Figure 2. (a) fresh lime (b) extracted lime juice (c) ingredients 

for production. 

(a) (b) (c) (d) 

Figure 3. Blended gac fruit juice and lime juice products (a) 

0% of lime juice (as a control) (b) 5% of lime juice (c) 10% of 

lime juice (d) 15% of lime juice. 
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 2.3.5 Percentage of total acidity 

The percentage of total acidity, calculated equivalent 

to citric acid, was measured using titration (direct 

method). Subsequently, 10 mL of homogenous solution 

was pipetted and diluted to 100 mL with distilled water 

or recently boiled water and then cooled. The solution 

was titrated with 0.1N NaOH using phenolphthalein as 

an indicator for each of the solutions, which changed to a 

light pink colour at the endpoint, remaining for 30 s 

(AOAC International, 2000).  

 Where N is NaOH concentration, V is the NaOH 

titrant volume (mL) and the citric acid equivalent is 70.  

2.3.6 DPPH as antioxidant inhibition percentage 

assay 

The prepared samples were weighed to 

approximately 2 g and then blended with 20 mL of 

prepared 95% ethanol solution. These samples were 

oscillated with a vibrating incubator (Korea, NB-205V, 

N-Biotek,) under controlled conditions at 25°C (2,000 

rpm) for 3 days. Afterwards, they were centrifuged at 

4,000 rpm for 20 mins (Hettich, D-78532, Germany). 

The supernatant was kept in an amber glass bottle at 4°C 

prior to analysis. For the sample aliquot, 1 mL of the 

sample against 10 mL of 50% ethanol solution was 

weighed as well as blended in a centrifuged tube. The 

sample was prepared using the same method as a 

standard solution. The DPPH assay (2,2-diphenyl-1-

picryhydrazyl) was analysed. A 100 µL prepared sample 

was mixed with 3 mL of 60 µM DPPH, followed by 

storage under dark conditions for 10 mins. The 

absorbance value of the prepared sample was measured 

at a wavelength of 517 nm; 100 µL of 95 % ethanol for 

the extracted sample was used as the control sample. The 

capacity of the antioxidant value was calculated by 

Equation 2 below (Norhaiza et al., 2009). 

2.3.7 β-carotene 

The β-carotene was analysed using a spectrometer 

(Shimadzu UV Mini-1240) to ensure the extraction 

solvent of acetone: hexane (3:7) assays as well as β-

carotene standard (Fluka BioChemika 22040). The 

recording of absorbance was performed at a wavelength 

of 440 nm versus a blank. The β-carotene content was 

calculated using Equation 3 below (Davis et al., 2003). 

 

2.3.8 Lycopene 

Lycopene was analysed using a spectrometer 

(Shimadzu UV Mini-1240) to ensure the assays with the 

extracting solvent of hexane: ethanol: acetone (1:1:2). 

The recording of absorbance for the non-aqueous aliquot 

was recorded at a wavelength of 503 nm versus a blank. 

The lycopene value was computed using Equation 4 

below (Davis et al., 2003).  

Where 8 mL is the volume of extracting solvent, 537 

g/mole is the molecular weight of lycopene, 0.10 g is the 

weight of sample, 172 mM-1 is the extraction coefficient 

for lycopene in hexane, 0.55 is the volume ratio of the 

upper layer to the extracting solvent. 

2.4 Microbiological quality of blended gac fruit juice 

and lime juice product  

All samples of blended gac fruit juice and lime juice 

were assessed to calculate the number of living 

organisms (total plate count) using the pour plate 

technique. By adding 10 mL of the previous dilution 

(101) 90 mL of sterile phosphate-buffered saline (PBS) 

tubes separately as a diluent, serial dilutions (ten-fold) of 

10-1, 10-2, 10-3, 10-4 were prepared, as was other 

necessary food homogenate using separate sterile pipets. 

The nutrient agar was allowed to set. Hardened petri 

dishes were immediately flipped over and incubated for 

48±2 hrs at 35°C. (Association of Official Analytical 

Chemists, 2000).  

2.5 Sensory evaluation  

At the Rajamangala University of Technology 

Thanyaburi (RMUTT) Rangsit campus, thirty untrained 

panelists consisting of faculty, staff, and bachelor’s 

degree students at the Agro-Industrial Technology 

Department under the Faculty of Agricultural 

Technology evaluated the samples with varying lime 

juice contents. The panelists analysed the samples using 

a 9-point hedonic scale ranging from extremely disliked 

(1) to extremely liked (9), with (5) indicating neither 

liked nor disliked. Each panelist evaluated the samples 

for colour, odour, flavour, mouthfeel, and overall 

acceptability (Watts et al., 1989; Wiriyajari, 2018). 

Blended samples were made each day prior to the 

process of sensory analysis and then stored at a 

refrigeration temperature. The blended gac fruit juice and 

lime juice were taken in solutions of 40 mL in 

transparent labelled cups with lids using random three-

digit codes. All samples were represented randomly to 

the untrained panelists, ensuring a confident study (Watts 

et al., 1989; Wiriyajari, 2018). 

 (1) 

 (2) 

 
(3) 

 
(4) 
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2.6 Statistical analysis 

The RCBD (Randomised complete block design) 

was used for sensory evaluation analysis. The CRD 

(Completely randomised design) was used for the 

analysis of physicochemical properties. The analysis of 

treatment differences was performed using DMRT 

(Duncan’s new multiple-range test). ANOVA (Analysis 

of variance) was applied to compute data with a 0.05 

confidence level. Every experiment was investigated in 

triplicate for each treatment, and data were recorded for 

values (Watts et al., 1989; Wiriyajari, 2018). 

 

3. Results and discussion 

Regarding changes in the brightness (L*) and colour 

(a*and b*), the values are shown in (Table 1). The 

outcomes showed that the gac fruit juice and lime juice 

had varied brightness, redness, greenness, and 

yellowness. The findings of this study were supported by 

Jittanit et al. (2013), Pinthong et al. (2019), and Marnpae 

et al. (2022). According to the findings (Table 2), it was 

found that the fresh gac fruit juice and lime juice had 

significantly different quantities of total soluble solids, 

pH, and total acidity percentages. In Iran, traditional and 

commercial lime juice had mean pH results that were 

virtually identical at 2.43 and 2.48, respectively (Arian et 

al., 2019). According to Taghizadeh et al. (2014), the 

average pH of Iranian lime juice samples was 2.52 and 

2.49, respectively, which is close to the results of the 

current investigation. The standard limit was satisfied 

with a total acidity percentage value of 5.87. According 

to Arian et al. (2019), a lime juice sample has an average 

acidity value of 5.49 g citric acid/100 mL. The overall 

acidity percentage of citrus fruit plays a significant role 

in assessing the overall quality of the juice and choosing 

when to harvest the fruit (Ansari and Rezaei, 2008). The 

two subjects of this study were Suriyajunhom and 

Phongpipatpong (2017). According to Aoki et al. (2002), 

this substance is found predominately in the gac seed 

membrane at levels up to 380 mg of seed membrane. In 

comparison to known lycopene-rich fruits and 

vegetables, the lycopene concentration in the gac seed 

membrane was nearly ten times greater. According to 

Ishida et al. (2004), the primary carotenoids in the cis- 

and trans-isomers of this fruit were separated for 

reversed-phase HPLC analysis of the carotenoid content. 

The average amounts of trans-, cis-, and total lycopene, β

-carotene, and -carotene/g FW found in aril tissues were 

1342 µg, 204 µg, and 2227 µg; 597 µg of trans-, 39 µg 

of cis- and 718 µg total b-carotene; and 107 µg of a-

carotene/g FW, respectively, while 11 µg of trans-, 5 µg 

of cis-, trace quantities of α-carotene and no lycopene 

were found in the mesocarp. Thus, it is clear that gac 

fruit is an excellent source of lycopene and β-carotene, 

two carotenoids that have been demonstrated to have 

antioxidant protective properties against the negative 

effects of several important degenerative disorders. Lime 

juice has a lower pH than gac fruit juice. Lime juice 

scored higher than gac fruit juice on both the total 

soluble solid and total acidity scales (Suriyajunhom and 

Phongpipatpong, 2017; Yuenyongputtakal et al., 2017). 

The total soluble solid was 7.21°Brix and related to a 

study by Rangel et al. (2011), which discussed the 

results of total soluble solids at 8.42°Brix and 7.63°Brix 

for CL and BL samples, respectively (González-Molina 

et al., 2010). The vitamin C content of gac fruit juice had 

little value when compared with lime juice. This value 

was sufficient to inhibit microbial growth due to its high 

vitamin C (Ghafar et al., 2010). The result was 34.89 

mg/100 mL, which was higher than the 22.86 mg/100 

mL of the CL sample and 22.80 mg/100mL of the BL 

sample (González-Molina et al., 2010; Surin et al., 

2022). 

The brightness (L*) and colour values (a* and b*) in 

Table 3 show that yellowness and redness were 

significantly different from one another, with the 

exception of lightness, when compared to the results in 

Table 1. The findings showed that the gac juice blended 

with lime juice altered the green value measured in 

Physical properties 
Values 

Gac fruit juice Lime juice 

Brightness 35.36±1.01b 47.25±0.65a 

Redness/greenness 41.67±0.76a -5.33±1.21b 

Yellowness 36.44±0.34a 6.24±0.84b 

Table 1. Brightness, redness, greenness and yellowness values 

of fresh gac fruit juice and lime juice. 

Values are presented as mean±SD. Values with different 

superscripts within the same row are statistically significantly 

different p≤0.05. 

Chemical properties 
Values 

Gac fruit juice Lime juice 

Total soluble solid  

(°Brix) 
6.80±0.23b 7.21±0.69a 

Total acidity percentage 

(calculated as citric acid) 

(g/100 ml) 
0.08±0.25b 5.87±0.55a 

pH 6.32±0.31a 2.25±0.17b 

Vitamin C (mg/100ml) non detected 34.89±0.72 

Lycopene (mg/g) 825.33±1.32 non detected 

β-carotene (mg/g) 551.59±1.19 non detected 

Table 2. Chemical properties analyzed as fresh gac fruit juice 

and lime juice. 

Values are presented as mean±SD. Values with different 

superscripts within the same row are statistically significantly 

different p≤0.05. 
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(Table 1) into red (Table 3 and Figure 3). Although some 

of the enzymes in the blended gac fruit juice and lime 

juice may have been rendered inactive by the heat 

treatment used during processing, many enzymes were 

still present in active form. The reduction in greenness 

values was caused by the degradation of chlorophyll 

initiated by the remaining enzymes and light exposure 

during chemical reaction modifications (Ghafar et al., 

2010). This modification is connected to a study by 

Ishida et al. (2004), which found that ripe gac fruit 

contains a significant amount of carotenoid pigments, 

thus giving it its yellow, orange, and red-orange colour. 

As a result, the value of the gac fruit mixed with lemon 

juice turning red from green reduced as the amount of 

lemon juice was increased (Aoki et al., 2002; Ishida et 

al., 2004; Kubola et al., 2013). The brightness could 

have been caused by non-enzymatic browning reactions 

that occurred during pasteurisation as the other causes 

were the same. Some browning events, including the 

Maillard and caramelisation reactions, which take place 

during the pasteurisation process, may also cause the 

intensification of red and yellow colours. The sugar 

content of the final products as well as the heat from the 

aliquots could both contribute to these reactions (Kubola 

et al., 2013; Yuenyongputtakal et al., 2017). The 

browning reaction (caramelisation), which can be 

enzymatic or non-enzymatic, may be the cause of the 

rising ±a* and ±b* readings. When the phenolic 

compounds in lime and gac fruit are exposed to air, they 

undergo oxidation, which is facilitated by the presence of 

the enzyme polyphenol oxidase. Monophenol 

(colourless) is transformed into diphenol (colourless), 

which is then transformed into o-quinone. A big, brown 

substance termed melanin or melanoidin is created when 

the amino acid or protein o-quinone reacts with it 

(Yuenyongputtakal et al., 2017; Surin et al., 2022). 

Regarding the obtained pH, total acidity percentage, 

vitamin C, antioxidant inhibition percentage (as DPPH 

assay) and β-carotene (Table 4), it was shown that there 

were differences among these values, except for the total 

soluble solid and lycopene (Vuong et al., 2006; Ghafar et 

al., 2010; Jittanit et al., 2013; Surin et al., 2022). The 

assessment of total soluble solids revealed that there 

were no significant differences. This is likely because the 

amount of dissolved soluble solids in raw materials and 

the ingredients had similar values (Vuong et al., 2006; 

Ghafar et al., 2010; Jittanit et al., 2013). 

The pH of all treatments varied greatly in the range 

of 3.33-6.06. The effect of lime juice content on pH in 

the sample was significantly different (Wirivutthikorn, 

2022a, b). The pH values tended to decrease as the lime 

juice content increased (Ghafar et al., 2010; González-

Molina et al., 2010; Jittanit et al., 2013; Wirivutthikorn, 

2022a, 2022b). The possible reason might be that lime is 

a low-pH fruit, with pH usually in the range of 2.0-3.0 

(Ghafar et al., 2010; González-Molina et al., 2010; 

Jittanit et al., 2013; Wirivutthikorn, 2022a, 2022b). The 

total acidity percentage for all treatments varied widely, 

ranging between 0.08-0.68, which tended to decrease as 

the pH value increased. This value had an inverse 

relationship with the pH value. The measured total acid 

percentage tends to be greater when the pH is low 

(Ghafar et al., 2010; González-Molina et al., 2010). Acid 

lime is a major source of vitamin C, which is likely the 

most significant water-soluble antioxidant and an 

effective scavenger of reactive oxygen species (Ansari 

and Rezaei, 2008). Vitamin C plays a significant part in 

determining how well a juice has been pasteurised and in 

determining the quality of the juice. Vitamin C also helps 

determine how well a juice has been protected by the 

Lime juice (%) 
Values 

L*(ns) a* b* 
0 29.02±0.76 38.30±0.77ab 38.18±0.51b 
5 29.34±0.33 39.37±0.32a 35.33±0.34c 

10 29.19±0.43 37.62±0.85b 39.51±0.66a 
15 29.66±0.88 37.37±0.44b 35.09±0.52c 

Table 3. Physical properties analyzed as blended gac fruit 

juice and lime juice. 

Values are presented as mean±SD. Values with different 

superscripts within the same row are statistically significantly 

different p≤0.05. ns no significant difference. 

Chemical properties 
Lime Juice (%) 

0 5 10 15 

Total soluble solid (Brix)ns  18.03±0.08 18.03±0.12 18.10±0.11 18.10±0.09 

pH 6.06±0.16a 5.94±0.22b 3.98±0.21c 3.33±0.32d 

Total acidity percentage (calculated as citric acid) (g/100 mL) 0.08±0.34d 0.23±0.21c 0.36±0.15b 0.68±0.22a 

Vitamin C (mg/100 mL) 22.12±0.43d 25.36±0.55c 28.14±0.76b 30.85±0.23a 

Antioxidant inhibition (%) (DPPH assay)ns 4.23±0.98 4.63±0.77 4.57±0.87 4.65±0.55 

Lycopene (g/g) 650.48±0.77a 649.54±0.87a 647.38±0.68b 647.32±0.54b 

β-carotene (g/g) ns 444.16±0.77 443.55±0.67 442.92±0.43 441.95±0.98 

Table 4. Chemical properties analyzed as blended gac fruit juice and lime juice. 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

p≤0.05. ns no significant difference. 
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carrier agents used (Arian et al., 2019). According to the 

heat condition and lime juice content, the initial ascorbic 

acid in fresh lime juice (Table 2) (34.89 mg/100 mL 

fresh lime juice) was degraded roughly in the range of 

11.58-37.35% (Table 4) (Ghafar et al., 2010). Due to the 

low stability of vitamin C as a water-soluble vitamin that 

degrades easily when exposed to heat, oxygen, some 

metal ions and light, the amount of vitamin C in the food 

is reduced. Additionally, when vitamin C is heated or 

pasteurised, it is destroyed, hastening its decomposition 

if it is in the form of L-ascorbic acid. Additionally, 

because of how long the product will be stored, oxidation 

processes could happen and come from the oxygen gas 

that was still in the container after it was filled. A major 

factor in degradation is vitamin C. The reason for 

vitamin C deterioration is significantly correlated with 

increased oxygen concentration and storage time. In 

addition, vitamin C modification involves oxidation-

related degradation. The amount of oxygen and light has 

an impact on this loss change. A very long period can 

pass before vitamin C starts to degrade. Trans-isomers 

can trigger it (Ghafar et al., 2010; Arian et al., 2019; 

Wirivutthikorn, 2020). For antioxidant inhibition 

percentage, this research used a DPPH assay for analysis. 

The addition of 15% lime juice revealed the highest 

values. The measured values in each experiment were 

similar. It was observed that increasing the amount of 

lime juice did not affect the antioxidant DPPH content. 

This might be because of the production process through 

pasteurisation or that the added gac aril and gac pulp 

may be insufficient, resulting in a decrease in antioxidant 

DPPH. The potential of extracts to function as hydrogen 

donors or free radical scavengers can be tested using the 

stable free radical known as DPPH, which is also used to 

measure the antioxidant activity of a food matrix (Rangel 

et al., 2011). Significant research has been performed on 

the antioxidant qualities of gac fruit. Research on the 

aril, peel, pulp, and seed revealed that the aril portion 

had the maximum antioxidant capacity. The antioxidant 

content of the pulp and peel was reported to decrease 

from the immature to the ripe stages, though the 

antioxidant capacity of the seed rose from the mature to 

the ripe stages. The decline in total phenolic content and 

total flavonoid levels during the fruit development stage 

was associated with the decline shown in the antioxidant 

capacity of DPPH (González-Molina et al., 2010). 

Immature gac fruit (25 days after pollination) contains 

45.06 and 5.84 mg AAE/100 g ascorbic acid for DPPH, 

according to Bharathi et al. (2014). The lycopene and b-

carotene in gac fruit are rich in bioactive 

phytochemicals, including carotenoids like lutein and b-

carotene, as well as phenolic compounds that may have 

antibacterial properties (Bharathi et al., 2014; Putta et 

al., 2014; Tinrat, 2014). Gac fruit contains essential 

pigments called carotenoids. Gac fruit juice also has 

higher levels of lycopene and β-carotene than lime juice, 

which comes from yellow fruits. The body converts gac 

fruit juice and lime juice into b-carotene and carotenoids, 

which are both forms of vitamin A that contain organic 

acids like citric acid as well as high levels of malic acid, 

giving them a sour taste. Lycopene and β-carotene had 

values between 647.32 and 650.48 µg/g and 441.95 and 

444.16 µg/g, respectively. The measured values dropped, 

although not significantly. This is because the heat 

employed in the production process causes the lycopene 

to create a thermal isomer when natural carotenoids are 

in the form of trans. A cis form, which is more active in 

the reaction than a trans form and absorbs light at a 

shorter wavelength, will result in a lower value when 

heated or radiation is modified, as well as vitamin C 

modifications and oxidation-related degradation. The 

amount of oxygen and light has an impact on this loss 

change (Wirivutthikorn, 2020, 2022a, 2022b, 2023). 

Not all experiments revealed the presence of 

microorganisms, as shown in Table 5 (Taghizadeh et al., 

2014). Citric acid, which has a pH range of 3.33 to 6.06 

and an acidity percentage of 0.08 to 0.68, prevents germs 

from growing in these items. The antibacterial efficacy 

of gac aril and pulp extracts was investigated on both 

gram-negative and gram-positive bacteria. The majority 

of juice manufacturers are prepared to finish the 

pasteurisation process and maintain good hygiene 

following GMP specifications, which may be the cause 

of the prevention of the growth of food spoilage bacteria 

in traditional juices (Taghizadeh et al., 2014). According 

to previous research, mature fruit extract containing 

acetone has less antibacterial activity than unripe fruit 

extract. This suggests that the bioactive components of 

the fruit, which are responsible for its antibacterial 

activity, may have undergone some transformation 

during ripening. With methanol and acetone, the ripe 

fruit extracts displayed greater antibacterial activity than 

the unripe fruit extracts. Plant extracts were more 

effective against gram-positive strains than gram-

negative strains. It was determined that Pseudomonas 

aureginosa ATCC 27853 was the most sensitive to all 

extracts. This is most likely brought on by variations in 

the chemical composition and structure of the cell wall 

(Putta et al., 2014; Tinrat, 2014). According to 

Chantarangsee (2015), the peel extract had the strongest 

Lime juice (%) Values (CFU/mL) 

0 non detected 

5 non detected 

10 non detected 

15 non detected 

Table 5. Microbiological properties analyzed as blended gac 

fruit juice and lime juice. 
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antibacterial effects, particularly against Staphylococcus 

aureus. Gac fruit appears to have antibacterial and 

oxidation-inhibitory properties in various regions. 

According to Table 6, the sensory assessment is 

based on the colour, flavour, mouthfeel, and overall 

acceptability levels. The sensory study revealed that, 

except for colour, there were differences in odour, 

flavour, mouthfeel, and overall acceptability. The ratio of 

lime juice in various proportions had an impact on the 

acceptance score in most categories, including odour, 

flavour, mouthfeel, and overall acceptability, but the 

colour was unaffected. The addition of 10% lime juice 

received the highest approval from panelists when 

flavour, mouthfeel, and overall acceptability scores were 

taken into account, meaning lime juice was an 

appropriate addition. One explanation could be that the 

appropriate amount of lime juice enabled balance in the 

original formula. The panelists gave the best overall 

score for acceptance (Wirivutthikorn, 2020, 2023). The 

consumers' preference for the lime juice proportion may 

have been the cause of this. Lime juice is not very sour 

and has a pleasant flavour. Both lime juice and gac fruit 

juice undergo relatively little flavour alteration 

(Wirivutthikorn, 2020, 2022a, 2022b, 2023). 

 

4. Conclusion  

This research provides preliminary findings to study 

the optimum conditions for Thai herbal drinks with good 

quality. Further study could apply the results to launch 

new drink products. In addition, research could also be 

carried out to study the application of these raw materials 

by selecting other appropriate Thai herbs that can 

enhance the processes. The results should be 

encouraging for farmers aiming to generate additional 

income from agricultural careers and value-added 

agricultural products. 

 

Conflict of interest  

The authors declare no conflict of interest.  

 

 

 

Acknowledgements 

The author would like to acknowledge the Bachelor 

students and supporting staffs of the Department of Agro 

Industrial Technology, the Faculty of Agricultural 

Technology Rajamangala University of Technology 

Thanyaburi (RMUTT) ,Pathum Thani Thailand for their 

contribution and coordination throughout this research. 

The research work was funded by Grant’s name (Grant 

No.) 2023/001. 

 

References 

Ansari, F. and Rezaei, K. (2008). Quality control of lime 

juices from Iran. Asian Journal of Chemistry, 20(5), 

3913-3918.  

Aoki, H., Kieu, N. T., Kuze, N., Tomisaka, K. and 

Chuyen, N.V. (2002). Carotenoid pigments in gac 

fruit (Momordica cochinchinensis S.). Journal of 

Bioscience Biotechnological Biochemistry, 66(11), 

2479-2482. https://doi.org/10.1271/bbb.66.2479 

Arian, A., Alizadeh, E., Mazroii, N. and Chaleshtori, 

R.S. (2019). Chemical and microbiological quality of 

traditional and industrial lime juice produced in 

Kashan, Iran. Journal of Nutrition and Food 

Security, 4(4), 272-278. https://doi.org/10.18502/

jnfs.v4i4.1725 

Association of Official Analytical Collaboration 

(AOAC) International. (2000). Official methods of 

analysis of AOAC International. 17th ed. 

Washington, DC, USA: AOAC International 

Attaway, J.A. (1993). Citrus juice flavonoids with 

anticarcinogenic and antitumor properties. Food 

Phytochemicals for Cancer Prevention I, 19, 240-

248. https://doi.org/10.1021/bk-1994-0546.ch019 

Bharathi, L., Singh, H., Shivashankar, S., 

Ganeshamurthy, A. and Sureshkumar, P. (2014). 

Assay of nutritional composition and antioxidant 

activity of three dioecious (Momordica spp.) of 

South East Asia. Proceedings of the National 

Academy of Science India Section B Biological 

Sciences, 84, 31-36. https://doi.org/10.1007/s40011-

013-0205-7 

Bhuvaneswari, V. and Nagini, S. (2005). Lycopene: A 

review of its potential as an anticancer agent. 

Lime juice 

(%) 

Liking scores 

Colourns Odour Flavour Mouthfeel Overall acceptability 

0 6.13±1.12 5.30±0.77b 6.33±0.45b 6.13±0.55b 6.00±0.77b 

5 6.07±0.98 6.63±0.60a 5.23±0.77c 6.73±0.88ab 5.60±0.61bc 

10 6.40±1.23 6.60±0.53a 7.37±0.98a 6.90±0.38a 7.33±0.79a 

15 6.07±0.78 6.53±0.33a 5.13±0.85c 6.60±0.63ab 5.17±0.33c 

Table 6. Sensory evaluation of blended gac fruit juice and lime juice. 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

p≤0.05. ns no significant difference. 



 Wirivutthikorn / Food Research 8 (5) (2024) 164 - 173 172 

 https://doi.org/10.26656/fr.2017.8(5).195 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Journal of Current Medicinal Chemistry: Anti-

Cancer Agents, 5(6), 627–635. https://

doi.org/10.2174/156801105774574667 

Chantarangsee, M. (2015). Antioxidant and antibacterial 

activities of ethanolic extracts from different parts of 

gac fruit. Journal of Khon Kaen Science, 43(3), 490-

502.  

Chuacharoen, T. (2017). Development of spray-dried 

lime juice powder with improved bioactive 

compound retention. Journal of Suan Sunandha 

Science and Technology, 4(2), 7-12.  

Davis, A.R., Fish, W.W. and Perkins-Veazie, P.A. 

(2003). Rapid spectrophotometric method for 

analyzing lycopene content in tomato and tomato 

products. Journal of Postharvest Biology and 

Technology, 28(3), 425-430. https://doi.org/10.1016/

S0925-5214(02)00203-X 

Ghafar, M.F., Prasad, K.N., Weng, K.K. and Ismail, A. 

(2010). Flavonoid, hesperidine, total phenolic 

contents and antioxidant activities from citrus 

species. African Journal of Biotechnology, 9(3), 326-

330.  

González-Molina, E., Domínguez-Perles, R., Moreno, 

D.A. and García-Viguera, C. (2010). Natural 

bioactive compounds of citrus lemon for food and 

health. Journal of Pharmaceutical and Biomedical 

Analysis, 51(2), 327-345. https://doi.org/10.1016/

j.jpba.2009.07.027 

Hazewindus, M., Haenen, G.R.M.M., Weseler, A.R. and 

Bast, A. (2012). The anti-inflammatory effect of 

lycopene complements the antioxidant action of 

ascorbic acid and a-Tocopherol. Journal of Food 

Chemistry, 132, 954-958. https://doi.org/10.1016/

j.foodchem.2011.11.075 

Ishida, B.K., Turner, C., Chapman, M.H. and McKeon, 

T.A. (2004). Fatty acid and carotenoid composition 

of gac (Momordica cochinchinensis S.) fruit. Journal 

of Agricultural Food Chemistry, 52(2), 274-279. 

https://doi.org/10.1021/jf030616i 

Jittanit, W., Suriyapornchaikul, N. and Nithisopha, S. 

(2013). The comparison between the quality of lime 

juices produced by different preservation techniques. 

Journal of Procedia – Social and Behavioral 

Sciences, 91, 691-696. https://doi.org/10.1016/

j.sbspro.2013.08.470 

Kubola, J. and Siriamornpun, S. (2011). Phytochemicals 

and antioxidant activity of different fruit fractions 

(peel, pulp, aril and seed) of Thai gac (Momordica 

cochinchinensis S.). Journal of Food Chemistry, 127

(3), 1138-1145. https://doi.org/10.1016/

j.foodchem.2011.01.115 

Kubola, J., Meeso, N. and Siriamornpun, S. (2013). 

Lycopene and b-carotene concentration in aril oil of 

gac (Momordica cochinchinensis S.) as influenced 

by aril-drying process and solvents extraction. 

Journal of Food Research International, 50(2), 664-

669. https://doi.org/10.1016/j.foodres.2011.07.004 

Marnpae, M., Chusak, C., Balmori, V., Kamonsuwan, 

K., Dahlan, W., Nhujak, T., Hamid, N. and 

Adisakwattana, S. (2022). Probiotic gac fruit 

beverage fermented with Lactobacillus paracasei: 

Physiochemical properties, phytochemicals, 

antioxidant activities, functional properties, and 

volatile flavor compounds. Journal of Lebensmittel-

Wissenschaft and Technologie - Food Science and 

Technology, 169, 113986. https://doi.org/10.1016/

j.lwt.2022.113986 

Mongkontanawat, N., Laohkitikul, S. and 

Lertnimitmongkol, W. (2018). Fermentation of gac 

juice mixture by probiotic lactic acid bacteria. 

International Journal of Agricultural Technology, 14

(7), 1455-1470.  

Mordente, A., Guantario, B. and Meucci, E. (2011). 

Lycopene and cardiovascular diseases: An update. 

Journal of Current Medicinal Chemistry, 18(8), 

1146–1163. https://

doi.org/10.2174/092986711795029717 

Norhaiza, M., Maziah, M. and Hakiman, M. (2009). 

Antioxidative properties of leaf extracts of a popular 

Malaysian herb, Labisia pumila. Journal of 

Medicinal Plants Research, 3(4), 217-223.  

Pinthong, S., Judprasong, K., Tangsuphoom, N., 

Jittinandana, S. and Nakngamanong, Y. (2019). 

Effect of different drying processes on physical 

properties and carotenoid content of gac fruit 

(Momordica cochinchinensis Spreng.). Journal of 

Food Science and Agricultural Technology, 5(Spcl. 

Iss.), 61-70.  

Putta, S., Kumar Kilari, E. and Sastry, N. (2014). 

Evaluation of phytochemicals and antimicrobial 

activity of (Momordica cochinchinenesis S.) against 

some pathogenic microorganisms. Journal of Global 

Trends in Pharmaceutical Science, 5(4), 2181–2185. 

Rangel, C.N., Carvalho, L.M.J.D., Fonseca, R.B.F., 

Soares, A.G. and Jesus, E.O.D. (2011). Nutritional 

value of organic acid lime juice (Citrus latifolia T.), 

cv. Tahiti. Ciência e Tecnologia de Alimentos, 31(4), 

918-922. https://doi.org/10.1590/S0101-

20612011000400014 

Reungpatthanaphong, S., Kirdin, T., Chinnawong, M., 

Bamrungchai, M. and Reungpatthanaphong, P. 

(2018). Anti-oxidant activity of accelerated solvent 

extraction from different fractions of Thai gac fruit 

(Momordica cochinchinensis Spreng). Thai Journal 

of Pharmaceutical Sciences, 42(Supplement Issue), 



173 Wirivutthikorn / Food Research 8 (5) (2024) 164 - 173 

 https://doi.org/10.26656/fr.2017.8(5).195 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

37-40.  

Surin, S., Pimonlat, P., Chantadirokporn, N., 

Bunbanterng, S. and Ngamnikom, P. (2022). The 

study of melon pulp color on physicochemical 

properties and antioxidant activity of melon juices 

and melon powders, presented at the 11th 

Rajamangala University of Technology International 

Conference, May 18-20, 2022. Pattaya, Thailand: 

Rajamangala University of Technology.  

Suriyajunhom, P. and Phongpipatpong, M. (2017). Effect 

of drying temperature, maltodextrin and gum arabic 

on physiochemical characteristics of gac powder 

produced by double drum drying, presented at the 

18th TSAE National Conference and the 10th TSAE 

International Conference. Thailand: Thai Society of 

Agricultural Engineering 

Taghizadeh, M., Asemi, Z., Shakeri, H., Gholsorkhi, F. 

and Takhtfiroozeh, S.M. (2014). The sensitivity and 

specificity of spectrophotometer and polarimeter 

methods in the detection of fraud of produced lemon 

juice in Iran. Journal of Tabriz University of Medical 

Sciences and Health Services, 36(5), 16-21.  

Theansuwan, W., Triratanasirichai, K. and Tangchaichit, 

K. (2008). Continuous production of lime juice by 

vacuum freeze drying. American Journal of Applied 

Sciences, 5(8), 959-962. https://doi.org/10.3844/

ajassp.2008.959.962 

Tinrat, S. (2014). Comparison of antioxidant and 

antimicrobial activities of unripe and ripe fruit 

extracts of Momordica cochinchinensis Spreng (Gac 

fruit). International Journal of Pharmaceutical 

Science Review and Research, 28(1), 75-82.  

Vuong, L.T., Franke, A.A., Custer, L.J. and Murphy, 

S.P. (2006). Momordica cochinchinensis Spreng 

(gac) fruit carotenoids reevaluated. Journal of Food 

Composition and Analysis, 19(6-7), 664-668. https://

doi.org/10.1016/j.jfca.2005.02.001 

Watts, B.M., Yumaki, C.L., Jeffery, L.E. and Elais, L.G. 

(1989). Basic sensory methods for food evaluation. 

Ottawa, Canada: The International Development 

Research Centre.  

Wirivutthikorn, W. (2020). Appropriate tomato and 

mandarin ratios on development of blended tomato 

juice and mandarin juice products. Journal of 

Current Research in Nutrition and Food Science, 8

(1), 340-348. https://doi.org/10.12944/

CRNFSJ.8.1.32 

Wirivutthikorn, W. and Lapsongphon, N. (2021). 

Development of powdered blended green tea and 

okra beverage product. Pathum Thani, Thailand: 

Faculty of Agricultural Technology, Rajamangala 

University of Technology Thanyaburi. 

Wirivutthikorn, W. (2022a). Development of powdered 

mixed green tea and okra beverage product by spray 

drying. Journal of Current Research in Nutrition and 

Food Science, 10(3), 994-1006. https://

doi.org/10.12944/CRNFSJ.10.3.16 

Wirivutthikorn, W. (2022b). Study of gac fruit aril 

powder enrichment in the production of ready-to 

drink from medicinal mushrooms blended 

chrysanthemum. Journal of Rajamangala University 

of Technology Srivijaya Research, 14(3), 594-607.  

Wirivutthikorn, W. (2023). Effect of gac fruit aril 

amounts on the corn milk qualities. Journal of 

Burapa Science, 28(1), 517-533.  

Wiriyajari, P. (2018). Sensory Evaluation. Chiang Mai, 

Thailand: Faculty of Agro-Industry, Chiang Mai 

University.  

Yuenyongputtakal, W., Limroongreungrat, K., Chaipan, 

P. and Srimuang, T. (2017). Effect of hot air drying 

temperature and time on qualities of Enoki 

mushroom (Flammulina velutipes) powder produced 

from uncommonly consumed Part. Journal of 

Science and Technology, 25(6), 1001-1014.  

about:blank
about:blank

