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ARTICLE INFO ABSTRACT

Keywords: The objective of this research was to develop a nutritionally-enriched gummy jelly product
Low glycemic index food incorporating nipa palm vinegar powder (NPVp; a nutrients-rich vinegar) and nipa palm syrup
Gummy jelly

(NPS), a nutrients-rich sweetener with a low glycemic index. A gummy jelly product was
developed based on sensory acceptance tests. The water activity and the moisture content of the
final product were within the acceptable range for preservation under ambient conditions. The
final product had a total phenolic content of 861 pg gallic acid equivalent (GAE) per g and an
antioxidant activity (2,2-diphenyl-1-picrylhydrazyl (DPPH) inhibition) of 72.7 %. The final
product had the following nutritional attributes (per 100 g dry mass): 319.7 kcal of energy, 8.8 g
protein, 0.2 g fats, 70.6 g carbohydrates, 59.9 g total sugars, 0.7 g of total dietary fibers, 34.6 mg
calcium, 0.3 mg iron, 168.0 mg sodium, and 774.7 mg vitamin C. The in vitro glycemic index of
the product was 27.4. Based on their nutrients-content, NPVp and NPS were suitable for use in
other functional food products.

Nipa palm syrup
Nipa palm vinegar powder

1. Introduction

Functional foods have become increasingly popular due to a growing awareness of the link between diet and health [1]. Gummy
jelly products are particularly appealing for delivering functional ingredients because they are easy to consume, have an enjoyable
texture, and can be made in diverse flavors and colors [2,3]. Ingredients such as antioxidants, fiber, vitamins, and low-glycemic
sweeteners are easily incorporated into gummy jelly products to enhance their nutritional value without compromising their con-
sumer appeal [3-6]. Suitably formulated gummy candies can be used to control glycemic response [4].

Nipa palm (Nypa fruticans Wurmb), or mangrove palm, occurs naturally in coastal regions of South East Asia. This palm species is a
source of many useful products. Nipa palm vinegar powder (NPVp), a nutrients-rich material, is a potential functional ingredient for
enhancing the nutritional properties of foods [7]. Diverse health benefits have been attributed to consumption of nipa palm vinegar,
including boosting immunity [8], antilipidemic activity [9], and inhibition of free radicals [10]. Nipa palm vinegar also kills
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pathogenic bacteria in foods [10]. Another useful product is nipa palm syrup (NPS), a nutrients-rich [11,12] natural sweetener with a
low glycemic index (GI) [13,14]. NPVp and NPS can be produced from material harvested sustainably from the renewable nipa palm
tree, contributing to sustainability in food production [15] and responsible consumption [16].

Although traditional gummy jelly typically has a high sugar content and a high glycemic index (GI) [4], this can be changed by
using alternative natural sweeteners. This study is distinctive in incorporating NPS as a natural sweetener to create a low-GI product.
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Fig. 1. Schematic overview of preparation and analysis of the final gummy jelly product.
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Foods with low Gl release glucose gradually, resulting in a lower insulin response, compared to foods with high GI [17,18]. Such low GI
foods are widely recognized as healthier. A gummy jelly enriched with nutrients and formulated with nipa palm syrup, is potentially a
superior alternative to conventional sugary gummy jellies. A synergistic use of nipa palm syrup and nipa palm vinegar powder to
produce nutritionally enhanced gummy jellies has not been previously reported.

Antioxidants in food are known to provide numerous health benefits [19] and this has led to development of antioxidants-rich
gummy jelly products [5,20,21]. Antioxidants-enriched functional foods are useful [22], as foods naturally rich in antioxidants are
often consumed in limited amounts. In the present work, the naturally antioxidants-rich NPVp and NPS are combined into a
nutritionally-enhanced and uniquely tasty gummy jelly product.

The present work reports on development of a tasty, nutritious, and healthy gummy jelly product based on nipa palm vinegar
powder (NPVp) and the low-GI nipa palm syrup (NPS). The most palatable recipes were subjected to detailed sensory acceptance tests.
The antioxidant activity, physicochemical composition, and nutritional characteristics, of the final product are reported. The devel-
oped product was characterized for storage stability under the typically used storage conditions.

2. Materials and methods
2.1. Overview of the gummy jelly production and product evaluation

A schematic of the production of gummy jelly from nipa palm sap and the physicochemical assessment of the product, is shown in
Fig. 1. Nipa palm sap was obtained from a commercial enterprise in Kanapnak sub-district (Pak Phanang district), Nakhon Si
Thammarat province, Thailand. The sap was fermented to produce nipa palm vinegar (NPV) as previously described [9]. The NPV was
then spray-dried to generate a nipa palm vinegar powder (NPVp) product [7].

The nipa palm syrup (NPS) was purchased from a local shop (Kanapnak sub-district, Pak Phanang, Nakhon Si Thammarat,
Thailand) and had been produced using the traditional method of boiling the nipa palm sap until it became viscous (Fig. 1) and the
total soluble solids (TSS) reached to around 70 °Brix. The NPS was allowed to cool before being packed in bottles.

NPVp and NPS were the two key ingredients used for preparing the gummy jelly product (Fig. 1). The product samples were
analyzed for their total phenolics content, the antioxidant activity (DPPH inhibition), sensory acceptance, physicochemical and
nutritional properties, and storage stability (Fig. 1).

2.2. Chemicals and reagents

All chemicals and reagents used were of analytical grade and purchased from Sigma-Aldrich (St. Louis, MO, USA) unless specified
otherwise. Maltodextrin (DE (dextrose equivalent) = 10) was obtained from Perfect Natural Food Powder and Flavor 2002 (Thailand)
Co., Ltd. (Kratumban, Samutsakorn, Thailand).

All consumable products were made using food-grade or better-quality ingredients. Hygienic practices for preparation of food were
followed.

2.3. Materials

2.3.1. Spray-dried nipa palm vinegar powder

Spray-dried nipa palm vinegar powder was prepared following a published procedure [7]. First, the stabilizing agent, maltodextrin
DE10 (15 % w/v; g/100 mL), was mixed with the NPV (Section 2.1). The mixture was then spray-dried using a pilot-scale spray drier
with a rotary atomizer (model SDE-10, JCS Technic Line Co., Ltd., Samutsakorn, Thailand). The inlet air temperature was held at
170 °C while the outlet air temperature was maintained at 90 °C. The blower fan speed and the atomization air flow rate were fixed at
13,000 revolutions min~* and 5 m® h™}, respectively. After drying, the NPVp product was collected and vacuum-packed in an
aluminum-laminated polyethylene bag. The product was kept at room temperature (25 °C, 75 % relative humidity) [7].

The NPVp sample was reconstituted as liquid vinegar by mixing the NPVp (6 %, or 8 % w/w; g/100 g) in water for use as the main
ingredient (Table 1). The rehydrated NPVp was coded as R-NPVp. Reconstitution from a powdered material ensured a consistent
concentration of the vinegar ingredients in the different batches of the product, guaranteeing uniformity in both flavor and nutritional

Table 1
Recipes of NPVp-gummy jellies (NPG).
Recipe” Ingredients (% w/w) Total weight (%)
NPVp® Sucrose Glucose syrup Gelatin Citric acid Honey Water
NPG-1 8.00 25.00 21.00 5.30 0.00 4.00 36.70 100.00
NPG-2 8.00 25.00 21.00 5.30 0.70 4.00 36.00 100.00
NPG-3 6.00 25.00 21.00 5.30 0.00 4.00 38.70 100.00
NPG-4 6.00 25.00 21.00 5.30 0.70 4.00 38.00 100.00

@ All gummy jelly products were colored with 0.15 % v/w lemon-yellow color (Best Odor, Thailand) and flavored with 0.10 % v/w honey flavor
(Chemipan, Thailand).
b NPVp, Nipa palm vinegar powder.
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Fig. 2. Spider charts of the sensory evaluation scores of the developed gummy jelly recipes. A 9-point hedonic scoring scale (1 = dislike extremely;
9 = like extremely) was used. (A) Sensory evaluation scores for NPVp-gummy jelly recipes NPG-1, NPG-2, NPG-3, and NPG-4, generated by 50
individuals (n = 50). (B) Sensory evaluation scores for NPVp-gummy jelly supplemented with NPS recipes NGS-1, NGS-2, NGS-3, and NGS-4,
generated by 60 individuals (n = 60). (C) Sensory evaluation scores for NGS-3Y (NGS-3 supplemented with lemon-yellow color and honey fla-

vor) and NGS-3R (NGS-3 supplemented with strawberry red color and strawberry flavor) variants of NPVp-gummy jelly supplemented with NPS,
generated by 60 individuals (n = 60).
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composition.

2.4. Experiment set up

2.4.1. Production of NPVp-gummy jelly (NPG)

The NPVp was used as a main ingredient for producing NPVp-gummy jelly (NPG). Four different gummy jelly product recipes
(NPG-1, NPG-2, NPG-3, and NPG-4; Table 1) were produced for initial assessments. These recipes contained the components shown in
Table 1.

The NPG gummy jelly recipes were prepared by bringing to boil the mixed solutions of gelatin and glucose syrup in an electric
induction cooker (Emjoi Induction Cooker, 2100W, UEIC-390, China). Then, adding sucrose, citric acid, and honey in the specified
quantities. R-NPVp (Section 2.3.1) was added to the heated mixture and stirred to homogeneity. Food color (0.15 % v/w lemon-yellow
food color; Best Odor, Thailand) and 0.10 % v/w honey flavor (Chemipan, Thailand) were added (Table 1). The hot mixture was then
poured into molds and kept at 4 °C for 4 h to develop the shape. The NPG product was then removed from the molds and sprinkled with
a mixture of cassava starch and powdered sugar (cassava starch to sugar ratio of 3:1 w/w), to prevent the jelly pieces form sticking.
These gummy jelly samples were stored at 4 °C for further analysis.

The products of all four recipes were analyzed for total phenolic content and antioxidant activity (DPPH inhibition) (Section 2.5),
and subjected to sensory tests (Section 2.6, Fig. 2A). Based on the outcome of these assessments, the recipe NPG-2 was characterized as
best overall, and used in subsequent experiments.

2.4.2. Production of NPVp-gummy jelly supplemented with nipa palm syrup (NGS)

The selected recipe NPG-2 (Section 2.4.1) was further developed to replace some of the glucose syrup with NPS. This effort led to
products designated as NGS-1, NGS-2, NGS-3, and NGS-4 (Table 2). Vitamin C (0.5 % w/w) was added to the formulations as a
nutritional supplement. In the gummy jelly recipes NGS-1 and NGS-2, the ingredients were as noted in Table 2. The recipes NGS-3 and
NGS-4 had different quantities of certain components, as indicated in Table 2.

All products were analyzed for total phenolics content and antioxidant activity (DPPH inhibition) (Section 2.5; Table 3) and
subjected to sensory evaluations (Section 2.6, Fig. 2B). Based on sensory assessment, the recipe NGS-3 (Table 2) was selected and
supplemented with 0.15 % v/w strawberry red color and 0.1 % v/w strawberry flavor, to produce the red recipe NGS-3R (Table 4).

2.4.3. Effects of food color and flavor

The impact of color and flavor on consumer preference of gummy jelly was assessed using the basic recipe NGS-3 gummy jelly
(Table 2). In separate preparations of NGS-3, the following food colors and flavors were used: 0.15 % v/w of lemon-yellow, or
strawberry red (Winner’s, Thailand) and 0.10 % v/w of honey flavor, or strawberry flavor (Winner’s, Thailand). The identification
codes for the differently colored products were NGS-3Y (lemon-yellow color and honey flavor) and NGS-3R (strawberry red color and
strawberry flavor) (Section 2.6, Fig. 2C).

2.4.4. The storage stability

For storage stability assessment, the gummy jelly samples NPG-2 (Table 4, Fig. 3A) and NGS-3R (Table 4, Fig. 3B) were separately
packed in aluminum foil-lined plastic zip lock bags and stored at 25 °C for 30 days. Entire bags were sampled at 30 days for analysis.
Each sample (10 g) was enumerated for yeasts and molds by using standard methods [23,24].

2.5. Total phenolic content and the antioxidant activity

The total phenolic content of the gummy jelly samples was determined using the method of Chatatikun and Kwanhian [9], with
gallic acid as the reference standard. A sample extract was prepared as follows: gummy jelly (1 g) was mixed with 10 mL of
MeOH/water (80:20, v/v) and left for 24 h at 4 °C. This mixture was centrifuged (5465xg, 4 °C, 10 min) (Sorvall Biofuge Stratos,
Heraeus; www.thermoscientific.com). An aliquot (20 pL) of the supernatant was mixed with 100 pL of Folin-Ciocalteu reagent and 80
pL of sodium carbonate solution (75 g L™!). The absorbance was measured at 765 nm after 30 min of incubation at room temperature.

Table 2
Recipes of NPVp-gummy jellies supplemented with nipa palm syrup (NGS).
Recipe” Ingredients (% w/w) Total weight (%)
NPVD® Sucrose NPS® Gelatin Citric acid Honey Vitamin C Water
NGS-1 8.00 21.00 24.00 5.30 0.70 4.00 0.50 36.50 100.00
NGS-2 8.00 21.00 24.00 5.60 0.70 4.00 0.50 36.20 100.00
NGS-3 8.00 20.00 21.00 5.30 0.70 4.00 0.50 40.50 100.00
NGS-4 8.00 20.00 21.00 5.60 0.70 4.00 0.50 40.20 100.00

@ All gummy jelly products were colored with 0.15 % v/w lemon-yellow color (Best Odor, Thailand) and flavored with 0.10 % v/w honey flavor
(Chemipan, Thailand).

b NPVp, Nipa palm vinegar powder.

¢ NPS, Nipa palm syrup.
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Table 3
The total phenolic content (TPC) and the antioxidant activity (DPPH inhibition) of the developed gummy
jellies.
Recipe TPC (ug GAE g~ ! sample)™” DPPH inhibition (%)>"
NPVp-gummy jelly (NPG)
NPG-1 160.52 + 3.48° 23.75 + 1.64°
NPG-2 300.44 + 2.74% 37.19 +1.02%
NPG-3 155.70 + 2.01° 20.88 + 1.79°
NPG-4 288.16 + 4.74* 35.22 + 1.88*
NPVp-gummy jelly supplemented with nipa palm syrup (NGS)
NGS-1 881.99 + 9.00%° 73.00 + 0.88"
NGS-2 887.35 + 10.98%" 73.20 + 0.37*
NGS-3 861.07 + 10.25" 72.67 + 0.55%
NGS-4 853.53 + 6.94¢ 72.62 + 0.22%

Abbreviations: DPPH, 2,2-diphenyl-1-picrylhydrazyl radical; TPC, total phenolic content; GAE, gallic acid
equivalent.

@ Different superscript lowercase letters within a column indicate a significant difference (p < 0.05).

b Each treatment was analyzed in triplicate.

Table 4
Formulation of NPVp-gummy jelly (NPG) and NPVp-gummy jelly supplemented with nipa
palm syrup (NGS).

Ingredients” Recipe

NPG-2° NGS-3R*
NPVp (%, w/w) 8.00 8.00
NPS (%, w/w) - 21.00
Sucrose (%, w/w) 25.00 20.00
Glucose syrup (%, w/w) 21.00 -
Gelatin (%, w/w) 5.30 5.30
Citric acid (%, w/w) 0.70 0.70
Honey (%, w/w) 4.00 4.00
Vitamin C (%, w/w) - 0.50
Water (%, w/w) 36.00 40.50
Total weight (g) 100.00 100.00

& NPVp, nipa palm vinegar powder; NPS, nipa palm syrup.

® NPG-2, NPVp-gummy jelly recipe 2 (with 0.15 % v/w lemon-yellow color and 0.1 % v/w
honey flavor additives).

¢ NGS-3R, NPVp-gummy jelly incorporated with NPS and vitamin C recipe 3 (with 0.15 % v/
w strawberry red color and 0.1 % v/w strawberry flavor additives).

o»r
Y

Fig. 3. The developed gummy jelly products: NPVp-gummy jelly recipe 2 (NPG-2, A); NPVp-gummy jelly supplemented with NPS recipe 3 with
strawberry red color and strawberry flavor (NGS-3R, B).
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Gallic acid solutions (31.25, 62.5, 125, 250, and 500 pg mL ™) were treated the same way as the extract of the sample and the measured
absorbance values were used to generate a calibration plot. The linearity of the calibration plot was confirmed by the high value of its
regression coefficient (R? = 0.993). The total phenolic content was determined as pg gallic acid equivalent per g (ug GAE g~ 1) sample.

The antioxidant activity was measured as the 2,2-diphenyl-1-picrylhydrazyl (DPPH.) radical-scavenging activity, using a slight
modification of a published method [5,25]. A 20 pL aliquot of the sample extract was mixed with 980 pL of 0.3 mM DPPH solution
(prepared in methanol). The mixture was shaken and placed in a dark chamber for 30 min. The absorbance was measured at 517 nm
using a microplate reader (UV-2401 PC spectrophotometer, Shimadzu, Kyoto, Japan) against a blank of the DPPH solution without the
sample extract. The calibration curve was prepared using various concentrations of vitamin C (20-100 pg mL ™).

The DPPH- radical-scavenging activity (%) was calculated using the following equation:

Ap — Ay
DPPH scavenging activity (%) = ( hA ) x 100 (€))]
b

where A, was the absorbance of the blank and A; was the absorbance of the gummy jelly extract treated as above.

2.6. Sensory testing

Human panelists did the sensory testing. The testing had been approved by the Ethics Committee in Human Research, Walailak
University, Thailand (approvals WUEC-21-169-01 dated July 20, 2021, and WUEC-22-243-01 dated August 16, 2022).

A 3-part sensory evaluation was performed. In the first part, the effects of two NPVp doses (6 %, or 8 % w/w) and two citric acid
concentrations (0 %, or 0.7 %, w/w) on the properties of the gummy jelly recipes NPG (NPG-1, NPG-2, NPG-3, and NPG-4; Table 1)
were assessed using a nontrained panel of 50 individuals. The panelists were provided with the gummy jelly placed on white plastic
plates, each bearing a different three-digit code of random numbers. The samples were served with a glass of water and before testing a
sample, the panelists washed their mouths with water. The panelists evaluated the color, odor, taste, texture, and overall acceptance of
the samples. The panelists scored each attribute of the sample on a 9-point scale [3] (Fig. 2A) (see Supplementary Material; Ques-
tionnaire for sensory evaluation of recipes NPG-1 to NPG-4).

In the second part of sensory evaluation, the panel comprised of 60 nontrained individuals. The samples had been prepared using a
selected NPVp dose (8 % w/w), the NPS added at one of two doses (21 %, or 24 % w/w), and vitamin C added (0.5 % w/w). The
samples contained different levels of sucrose (20 %, or 21 % w/w) and gelatin (5.3 %, or 5.6 % w/w). The panelists rated the four
gummy jelly products (NGS-1, NGS-2, NGS-3, and NGS-4; Table 2) in terms of the earlier specified attributes using the above-
mentioned 9-point scale (Fig. 2B) (see Supplementary Material; Questionnaire for sensory evaluation of recipes NGS-1 to NGS-4).

In the third part of sensory evaluation, the two gummy jelly recipes, NGS-3Y and NGS-3R, were presented to 60 panelists to obtain
their judgment on product attributes (Fig. 2C) (see Supplementary Material; Questionnaire for sensory evaluation of recipe NGS-3Y
and NGS-3R).

2.7. Moisture content and water activity

The moisture content of the gummy jelly products was measured according to AOAC Method 950.46 [26].

The water activity (a,,) was determined using an Aqualab Series 3 TE a,, meter (Decagon, Pullman, WA, USA) with an accuracy of
0.003. The gummy jelly sample was placed in the sample holder to perform the measurements. Measurements were made in triplicate,
at 25 °C, after 3 min of an stabilization period [3].

2.8. Color analysis

The developed gummy jellies’ color parameters (L*, a*, and b*) were measured using the Hunterlab/ColorFlex EZ Spectropho-
tometer (10° standard observer, illuminant D65; Hunter Associates Laboratory, Reston, VA, USA). The device had been calibrated to a
white and black standard. For the measurements, a gummy jelly sample was placed on the clear plastic plate of the instrument and the
color parameters L*, a*, and b* were recorded [3].

2.9. Texture analysis

Textural characteristics of the developed gummy jellies were quantified using a texture analyzer (TA-XTplus, Stable Micro Systems
Co. Ltd., Surrey, UK). Samples (1 x 1 x 0.5 cm) were cut from 10 randomly selected gummy jellies. The tests were performed at 25 °C.
All refrigerated (4 °C) gummy jellies were equilibrated to the test temperature before testing. For texture analysis test, the samples
were penetrated by a cylindrical probe (35 mm diameter). The analyzer speed settings were as follows: a pre-speed of 1 mm s}, a test-
speed of 5 mm s}, and a post-speed of 5 mm s~!. The distance was set to 75 % strain, and the trigger force was 5 g. Hardness,
springiness, cohesiveness, and chewiness were recorded by the instrument’s software [27].

2.10. Nutritional profile

The nutritional profiles of the nipa palm syrup and the gummy jelly products were examined using the following AOAC [26]
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methods: ash (Method 923.03), protein (Method 981.10), fat (Method 948.15), cholesterol (Method 976.26), total dietary fiber
(Method 985.29), total sugar (Method 925.35), calcium (Ca), sodium (Na), and iron (Fe) (Method 984.27). The calorie content and
total carbohydrates were determined using the method of Sullivan and Carpenter [28].

The amounts of vitamin A (retinol), vitamin B1 (thiamin), vitamin B2 (riboflavin), and vitamin C (ascorbic acid) were quantified
using adaptations of the published methods [29].

The glycemic index of the developed gummy jelly samples was determined using an adaptation of a published method [30].

2.11. Statistical analysis

The data are presented as the mean values (+ standard deviation) from three independent replicates. One-way ANOVA and Tukey’s
test were used to evaluate the data in Table 3. The independent samples t-test was used compare the relevant data in Table 5 and
Table 6. The paired t-test was utilized for data analysis in Table 7. In all instances, a p-value of <0.05 was considered statistically
significant.

3. Results and discussion
3.1. Effects of NPVp and citric acid on the gummy jelly product

The NPVp served as the main functional component in the gummy jellies. The NPVp had been prepared from nipa palm sap as
previously described [7]. The four formulations of NPVp-gummy jellies (NPG-1, NPG-2, NPG-3, and NPG-4; Table 1) varied only in the
concentrations of NPVp (6 % or 8 % w/w) and citric acid (0 % or 0.7 % w/w). An optimal recipe was chosen based on its high total
phenolic content (TPC), high antioxidant activity (DPPH inhibition), and high sensory acceptance score.

The total phenolic content and antioxidant activity of the products are shown in Table 3. The two products with the highest levels of
total phenolics were NPG-2 and NPG-4 and the same two products displayed the highest antioxidant capacity (Table 3). Both these
products contained citric acid in addition to NPVp. NPVp in the absence of citric acid (products NPG-1, NPG-3) did not result in high
levels of total phenolics or a high antioxidant activity in the products. Pure citric acid does not have any phenolics. Therefore,
enhancement of the phenolics content in products containing citric acid was a consequence of its reaction with some of the components
of NPVp. Thus, the product that combined the highest level of NPVp with citric acid (i.e., product NPG-2) had the most total phenolics
and also the highest antioxidant capacity among the NPG products (Table 3). NPVp contained phenolic compounds [7] and was
therefore a direct source of these compounds in the NPG products, but its concentration alone could not explain the observed phenolics
levels in the four NPG products. In studies with entirely different products such as wheat sprouts [32] and fruity jelly candies con-
taining propolis extract [33], supplementation with citric acid has enhanced the total phenolics content.

The antioxidant capacity of the NPG products correlated directly with their total phenolics content (Table 3). In other work,
presence of fruit purees in gummy jelly has enhanced DPPH inhibition capacity of the product [34]. In jelly candies based on
pomegranate juice, antioxidant activity could be enhanced by supplementing with 1 % citric acid [33].

Table 5

Physicochemical properties of the developed gummy jelly products (recipes NPG-2 and NGS-3R).
Parameter Unit NPG-2° NGS-3R"
Water activity - 0.73 + 0.00° 0.67 + 0.00°
Moisture % (w/w) 20.63 + 0.85" 19.32 + 0.20"
Color
L* - 57.18 £ 1.15" 55.98 + 0.76"
a* - 5.21 + 0.21° 20.93 + 1.28°
b* - 52.35 + 1.45 8.00 + 0.53"
Texture
Hardness® N 95.59 + 3.10" 94.74 + 3.93"
Cohesiveness - 0.89 + 0.04" 0.70 + 0.03"
Springiness® mm 0.94 + 0.04" 0.91 + 0.07"
Chewiness' N mm 80.21 + 2.72" 60.56 + 6.74"
Gumminess® N 85.07 + 2.08" 66.32 + 2.70"

Results are mean values + standard deviations of the selected pieces of the same final product. Within the same row, the superscript §
denotes significant differences (p < 0.05), and n indicates a nonsignificant difference (p > 0.05), as determined by the independent
samples t-test.

# NPG-2, NPVp-gummy jelly recipe 2 (with 0.15 % v/w lemon-yellow color and 0.1 % v/w honey flavor additive).

b NGS-3R, NPVp-gummy jelly incorporated with NPS and vitamin C recipe 3 (with 0.15 % v/w strawberry red color and 0.1 % v/w
strawberry flavor additive).

¢ Hardness, the force required to compress the material by a given amount [31].

d Cohesiveness, the strength of the internal bonds in the sample [31].

¢ Springiness, the elastic recovery that occurs when the compressive force is removed [31].

f Chewiness, the energy required to chew a solid food into a state ready for swallowing [31].

8 Gumminess = Hardness x Cohesiveness, the energy required to break down a semi-solid food ready for swallowing [31].
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Nutritional analysis of nipa palm syrup (NPS), the NPVp-gummy jelly recipe 2 (NPG-2), and the NPVp-gummy jelly supplemented with NPS recipe 3,
with strawberry red color and strawberry flavor (NGS-3R).

Component or characteristic Unit/100 g*" NPS Recipe NPG-2¢ Recipe NGS-3R!
Energy keal 291.5 + 1.0 311.7 + 0.6 319.7 + 0.5
Protein g 1.21 + 0.01 0.78 + 0.02° 8.84 + 0.16°
Fat g 0.14 + 0.00 0.66 + 0.01° 0.22 + 0.00°
Cholesterol mg Not detected Not detected Not detected
Carbohydrate g 71.35 + 0.35 75.66 + 0.22° 70.60 + 0.90°
Total dietary fiber g 0.39 + 0.00 0.88 + 0.00° 0.73 + 0.00°
Total sugars g 67.11 + 0.52 38.46 + 0.32° 59.89 + 0.95°
Ash g 2.21 +0.01 0.27 + 0.00° 1.02 + 0.01°
Minerals

Sodium (Na) mg 348.63 + 0.20 55.58 + 0.10° 167.98 + 0.30°
Calcium (Ca) mg 29.57 + 0.31 17.59 + 0.14° 34.58 + 0.03°
Iron (Fe) mg 0.12 + 0.00 0.26 + 0.00° 0.33 + 0.00°
Vitamins

Vitamin A (retinol) g 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Vitamin B1 (thiamin acid) mg Not detected Not detected Not detected
Vitamin B2 (riboflavin) mg Not detected Not detected Not detected
Vitamin C (ascorbic acid) mg Not detected 0.59 + 0.00° 774.72 + 0.82%
Other characteristics

DPPH inhibition (%) % - 37.2+ 1.0° 72.7 + 0.6°
TPC g GAE g ! - 300.4 + 2.7 861.1 + 10.3
In vitro glycemic index (GD* — 22.1 — 27.4

@ One sample of each of the final gummy jelly product was analyzed in triplicate. Data are average values + standard deviations.

> Dry weight basis.

¢ Measured as in Phimolsiripol et al. [30].

4 Each nutritional characteristic of Recipe NPG-2 and Recipe NGS-3R was statistically compared: in the same row, the superscript § signifies
significant differences (p < 0.05) as determined by the independent samples t-test.

Table 7
The gummy product recipe NPG-2 and recipe NGS-3R after storage at 25 °C for 30 days.
Recipe Appearance Moisture Water activity Color Molds Yeasts
(% w/w) - L* a* b* CFU g~} CFU g~}
NPG-2° 20.67 + 0.01" 0.73 + 0.00" 57.04 + 0.05" 5.22 + 0.06" 52.44 + 0.15" 00.00 + 0.0 00.00 + 0.00
4
NGS-3R® 19.61 + 0.01" 0.69 + 0.01n" 55.94 + 0.05" 20.72 + 0.03" 8.04 + 0.07" 00.00 + 0.00 00.00 + 0.00

Data represent mean values + standard deviations. All measurements were in triplicate.
5 The measured data shown for the Recipe NPG-2 and Recipe NGS-3R were not significantly different (n) from initial values (Day 0) at 25 °C (paired t-
test, p > 0.05).

The sensory assessments of gummy jelly product recipes NPG-1, NPG-2, NPG-3, and NPG-4 by the 50 panelists are summarized in
Fig. 2A. The recipe NPG-2 received the highest overall acceptance score of 7.7 4 1.1 (Fig. 2A). Its scores for specific attribute were: 7.3
=+ 1.3 for color, 6.7 + 1.6 for odor, 7.3 + 1.7 for flavor, and 7.6 + 1.4 for texture (Figs. 2A and 3A). The two recipes without citric acid
(i.e., NPG-1 and NPG-3) had noticeably lower scores for taste and overall acceptance compared to the two products that had citric acid
(i.e., NPG-2 and NPG-4) (Fig. 2A). Thus, citric acid enhanced two important sensory attributes of the gummy jelly [3,33]. The best
recipe was NPG-2 in terms of overall acceptance. The physicochemical properties of NPG-2 were characterized in detail (Table 5) and it
became the basis for further experiments.
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3.2. Effects of NPVp, NPS, and vitamim C on the gummy jelly product

To further develop the gummy jelly by incorporating NPS and vitamin C, the concentration of NPVp (8 % w/w), citric acid (0.7 %
w/w), and honey (4 % w/w) in the formulations were fixed at the same level as in NPG-2 (Table 1), but vitamin C (0.5 % w/w) was
added to all new recipes, and they had the other components at following different levels: NPS (21 %, or 24 % w/w), sucrose (20 %, or
21 % w/w), and gelatin (5.3 %, or 5.6 % w/w). This led to the four recipes NGS-1, NGS-2, NGS-3, and NGS-4 (Table 2). These recipes
ranged from around 853 to nearly 887 pg GAE g~ sample, in terms of their total phenolics content (NGS recipes; Table 3), although the
total phenolics in NGS-1, NGS-2, and NGS-3 were not significantly different. The DPPH inhibition values of all NGS recipes were nearly
the same at ~73 % (NGS recipes; Table 3). The addition of NPS as a sweetener and vitamin C as a nutrient resulted in the NGS recipes
having significantly increased values of total phenolics and antioxidant activity (DPPH inhibition) compared to the NPG recipes.
Depending on the NGS recipe, NPS contributed around 17-44 mg GAE/100 g of phenolics to the recipe [12] and vitamin C, a known
antioxidant, contributed to enhancing DPPH inhibition relative to NPG recipes. Literature evidence suggests the phenolic compounds
in combination with vitamin C synergistically boost the antioxidant capacity compared to the same quantity of phenolics alone [35,
36].

A sensory investigation was conducted with a new set of 60 untrained individuals to assess potential acceptability of the gummy
jellies NGS1-4 (Table 2). The results of the sensory assessment are shown in Fig. 2B. The amount of NPS and sucrose was higher in the
products NGS-1 and NGS-2 compared to the products NGS-3 and NGS-4 (NGS1-4; Table 2), therefore, they were overly sweet, reducing
their consumer acceptance (Fig. 2B). Use of NPS may have had some effect on product acceptability, because NPS imparted a darker
color to the products and contributed an enhanced caramel flavor, a consequence of the Maillard reaction and characteristic car-
amelization that occurred in making of the nipa palm syrup from the sap (Fig. 1) [13]. Despite these factors, the panelists gave high
overall acceptability scores to all NGS recipes, but the NGS-3 was the most well-liked. For this product, the sensory scores (Fig. 2B,
NGS-3) were as follows: 6.7 & 1.4 for color; 6.6 & 1.5 for odor; 7.5 + 1.3 for taste; 7.3 & 1.0 for texture; and 7.5 £ 0.9 for overall
acceptance.

3.3. Effects of food colors and flavors

The best recipe, i.e., the NGS-3, developed in the previous section was further enhanced by improving the appearance by including
food colors and flavors. Thus, two NGS-3 variants were developed. These were a lemon-yellow colored product with a honey flavor,
designated as NGS-3Y, and a red strawberry colored product with strawberry flavor, designated as NGS-3R (Table 4, Fig. 3B). The 60
panelists assessed the textures of both products to be statistically comparable, but in terms of color, odor, and overall approval they
rated the red product (i.e., NGS-3R) to be distinctly (p < 0.05) more attractive (Fig. 2C). The sensory scores for the NGS-3R were: 8.2 +
1.0 for color; 7.6 + 1.2 for odor; 8.0 + 1.0 for taste; 7.7 + 1.5 for texture; and 8.0 + 0.9 for overall acceptance (Fig. 2C, NGS-3R).

3.4. Physicochemical properties

The water activity values of the gummy jelly NPG-2 and NGS-3R products were 0.73 and 0.67, respectively (Table 5). These values
were close to a water activity of 0.70 reported for other gummy jellies [21]. The water activity of soft candy products generally ranges
from 0.45 to 0.75 [2,37]. These low water activities effectively prevent microbial growth on, or within, the product [2,37].

The moisture content of NPG-2 and NGS-3R (19-21 %; Table 5) was not significantly different, and it was within the 18-25 % range
reported for other gummy jellies [6,25], although some gummy jelly products may have a moisture content as high as 42 % [27] and as
low as 10 % [38]. The mouthfeel and handling attributes of gummy products correlate with their moisture content: products with a low
moisture content tend to be harder to chew, whereas too much moisture results in a sticky product [2].

The L*, b*, and a* color parameters of the products NPG-2 and NGS-3R are shown in Table 5. In terms of the lightness L*, measured
on a scale of 0 (black) to 100 (white), both products tended to be a little towards dark (Table 5). The a* and b* values of the two
products differed significantly (Table 5): the product NGS-3R with a red strawberry color, had an a* value of nearly 21 whereas the
lemon-yellow product NPG-2 had an a* value of around 5 (Table 5). This was consistent with expectations, as the parameter a*
indicated color in the red-green spectral range [3] and a high a* was indicative of a color tending more towards red than green,
whereas a low a* was indicative of a color tending towards green. The color parameter b* was also quite different for the two products:
the product NPG-2 with its bright yellow coloration had a much higher b* (~52, Table 5) compared to the red colored product NGS-3R
(b* = 8) (Table 5). This agreed with expectations, as the parameter b* indicated a value in the yellow-blue spectral range [3] and
therefore NPG-2 had a much higher b* compared to the red product NGS-3R. The appearance of the two products is shown in Fig. 3.

The texture of gummy jelly product affects its mouthfeel [3]. Texture is influenced by numerous factors, including the production
process, and the amounts of water, sugar, lipids, air, and other components in the product [2].

In terms of hardness, both products were quite similar with hardness values of around 95 N (Table 5). For similar products con-
taining gelatin and pectin, hardness values have previously been reported to be in the range of 89.6-106.1 N [27], in keeping with the
data in the present work on gummy jellies. Both products had a gelatin content of 5.3 % (Table 4) that was comparable to a typical
gelatin content of between 5.0 and 5.5 % in gummy jellies [38].

The product cohesiveness is a measure of the strength of its internal linkages [39]. Both the gummy jelly products had cohesiveness
values (0.70-0.89; Table 5) that were not significantly different, suggesting that the changes in composition within the limits used
(Table 4) did not substantially affect the internal networks in these products. This was consistent with other similar reports [4,40].

The springiness is a measure of elasticity of a product. Both NPG-2 and NGS-3R were similar in springiness with no significant
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difference, although NPG-2 was a little springier (Table 5). Both products were somewhat more springy compared to similar products
in the literature that have been reported to range in springiness from 0.73 to 0.84 [27].

Chewiness is the amount of energy required for masticating solid food to prepare it for swallowing [31]. The product NPG-2 was
chewier than the product NGS-3R (Table 5), although the difference was not significant. This difference in chewiness was associated
with the much higher content of sucrose and glucose in NPG-2 compared to NGS-3R. In gummy sweets and other products, presence of
glucose suppresses crystallization of sucrose [2,41,42], allowing more of it to remain in solution and this contributes to chewiness.

Gumminess is defined as the product of cohesiveness and hardness [31]. The sample NPG-2 had a substantially higher gumminess
than the sample NGS-3R mainly because of the higher cohesiveness of the former (Table 5). Both the gummy jellies had higher
gumminess values compared to the range of 42.4-58.8 N typical for gummies [27]. However, the textural characteristics of gummy
jellies depend on the product and there are no particular optimal attributes for them [3,6,27].

3.5. Nutritional characteristics

Nutritional values for the nipa palm syrup (NPS), and the gummy products NPG-2 and NGS-3R, are shown in Table 6. The measured
data for nipa palm syrup (Table 6) were generally comparable to the literature data [12]. The measured energy content (Table 6) was
around 77.5 % of the lower value in the previously reported range (376-413 kcal per 100 g [12]); the protein content was around 60.5
% of the lower value in the earlier reported range (2.0-2.9 g protein per 100 g [12]), the total carbohydrate content was 76.8 % of the
lower value in the earlier reported range (92.9-94.2 g carbohydrate per 100 g [12]), the total sugars were 72.1 % of the lower value in
the earlier reported range (93.1-93.6 g per 100 g [12]). Except for calcium, the minerals content of NPS in the present work were
generally lower, or comparable, to the values reported in the literature. The calcium content was around 49-fold more than the higher
value in the literature-reported range (0.3-0.6 mg calcium per 100 g [12]), the iron content was 80 % of the lower value in the
literature reported range (0.15-0.23 mg iron per 100 g [12]), and the sodium content was around 2.5 % higher than the lower value in
the literature reported range (340-474 mg sodium per 100 g [12]). NPS is a natural product and its composition can vary a lot
depending on the palm cultivar, the production process, the soil conditions, the local climate, the season, as well as other possible
factors [12,13].

Relative to the product NPG-2, the product NGS-3R had been fortified with NPS and vitamin C (Table 4). This fortified product
contained around 2.6 % more calories than the product NPG-2, but had nearly 11-fold more protein, nearly 67 % less fat, ~7 % less
carbohydrate, ~56 % more total sugars, and 17 % less fiber (Table 6). The fortified product had higher minerals content (Na, Ca, Fe)
than did NPG-2 (Table 6). The fortified product contained 774 mg of vitamin C per 100 g (Table 6); therefore, consumption of just 10 g
of this product (equivalent to about 4 pieces in a typical commercial packet of gummy jellies) would provide 77.4 mg of vitamin C to an
individual. This compares favorably with a 70 mg recommended daily dose of this vitamin for adult males and a 75 mg recommended
daily does for adult women. Consuming more than a few pieces of the gummy jelly would not harm, as too much vitamin C does no
harm, and the upper daily limit on its intake may be as high as 2000 mg. The antioxidant capacity of the fortified product NGS-3R was
nearly 2-fold that of the product NPG-2 (DPPH radial inhibition; Table 6) and the fortified product had a nearly 3-fold higher content of
phenolics compared to the product NPG-2. Clearly, the nutritional value of NGS-3R was greatly enhanced by inclusion of NPVp, NPS,
and vitamin C in its formulation. The two gummy jelly products differed significantly (p < 0.05) in terms of all their nutritional at-
tributes (Table 6).

The glycemic index (GI) of a food indicates how rapidly the carbohydrates in it raise the blood glucose level [43,44]. Foods with a
GI of less than 55 are considered as low-GI foods whereas those with a GI value between 55 and 70 are classified as medium-GI foods.
The GI value of high-GI foods exceeds 70 [18,45]. Patients with Type 2 diabetes are better able to regulate their blood glucose level
using low-GI foods compared to high-GI diets [46]. Based on measured data (Table 6), the product NGS-3R could be classified among
the low-GI food products.

The NPS had a glycemic index (GI) of 22.1, whereas the NPS-containing gummy jelly product NGS-3R had a comparable GI of 27.4
(Table 6). Sweeteners derived from various palms have generally been reported to have relatively low GI values, comparable to the
data measured for NPS and NGS-3R in the present work. The reported GI values of products such as palm sugar, coconut sugar and
coconut syrup, have been in the range of 35-42 [14]. For comparison, the GI of glucose is 100 whereas that of sucrose is 68. The
relatively low GI of NPS and other palm sweeteners suggests that the sugars in these products occurred in the form of natural complexes
with materials such as fiber [13]. This apparently slows sugar release in the digestive tract.

The United States Department of Agriculture (USDA) has published the following typical nutritional data for commercial gummy
jellies (per 100 g) [47,48]: 333 kcal of energy, 77.8 g of carbohydrates including 55.6 g of added sugar and unknown quantities of
protein, minerals, and vitamins [47]. For commercial gummies with fruit puree, USDA has published the following nutritional data
(per 100 g): 290 kcal of energy, 80.6 g of carbohydrates including 48.4 g of added sugar, 12.9 g of fiber, and 226 mg of sodium [48].
Compared to these data for commercial gummy products, the product NPG-2 had less total sugars (Table 6). In contrast, the product
NGS-3R was higher in total sugars, but still had a sufficiently low GI to qualify as a low-GI food (Table 6).

3.6. Product stability during storage

The appearance and other stability attributes of the gummy jellies NPG-2 and NGS-3R after storage for 30 days at 25 °C, are shown
in Table 7. In terms of the electronic color parameters L*, a*, and b*, the colors of both products showed a slight change after storage
compared to the freshly made product samples (Table 5). However, these differences were not significant as indicated in Table 7, and

the visual appearance of the products was not affected by storage.
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The moisture content and water activity of the products were barely affected by storage (Table 5, Table 7) and there was no
microbial growth during storage (Table 7) because the water activity was too low for growth [2,37].

4. Conclusions

In conclusion, a tasty, low glycemic index (GI) gummy jelly product rich in natural antioxidants from nipa palm vinegar and nipa
palm syrup, was developed. The product offered new opportunities for making commercial use of sustainably produced ingredients
from nipa palm, a currently underutilized resource. For a potential consumer, the product offered a visually attractive flavorful snack
combining a low GI, natural food antioxidants, and a long shelf-life. Low-GI gummy jellies rich in natural antioxidants are uncommon.
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