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Abstract
Coconut snowball (Naru/ Ladoo) is a conventional Indian sweet made out of coconut endosperm and sugar/ jaggery. 
However, coconut snowball has a limited shelf-life (3–4 weeks) and lose their textural properties with time in refrigerated 
conditions, due to the presence of high amounts of saturated fatty acids. This present study is aimed to utilize tender 
endosperm (Talsas/ Nungu) of Palmyra palm (Borassus flabellifer) as an ingredient for coconut snowball to improve its 
nutritional and sensory attributes. In this study, the optimum cooking time, amount of coconut, and Talsas endosperm 
obtained through Box-Behnken model were 22.5 min, 52.25% and 22.5%, respectively. Fortification increased the levels 
of total polyphenol content, total flavonoid content, ferric reducing antioxidant activity, and 2, 2′-Azinobis (3-ethylben-
zothiazoline-6 sulfonic acid) radical scavenging property by 45.39%, 3.25-fold, 6.68-fold and 2.34-fold, respectively. HPLC 
analysis of Naru samples revealed the presence of six polyphenols (kaemferol, myricetin, gallic acid, protocatechuic acid, 
quercetin, rutin). Additionally, in-vitro lipid digestibility, lipid oxidation studies microbiological analysis, and sensory 
studies were conducted to determine the role of Talsas endosperm substitution in coconut snowball. Based on these 
experiments, it can be concluded that fortification of Coconut Naru with Talsas endosperm significantly enhanced its 
nutritional profile, antioxidant capacity, sensory characteristics, and shelf life by only up to 75 days. 
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1  Introduction

The coconut palm (Cocos nucifera L.), is a monocotyledon that is a member of the Palmae or Arecaceae family [1]. Coco-
nut is made up of an inner rigid protective endocarp, or shell, and an exterior fiber coat, or husk, known as an exocarp. 
Endosperm, or coconut meat, is a white albuminous portion, and coconut water fills the interior cavity. The coconut 
tree holds immense importance in tropical places as it offers food, work, and economic prospects to millions of people 
[2]. Because of its innately rich source of macronutrients and micronutrients for human nutrition and health, this fruit 
is also known as a "miracle fruit." Commercial processing yields a variety of products, including coconut oil [3], coconut 
sugar [4], water [5], milk [6], raw kernels [7], and dried coconut [8]. Fresh, mature coconut kernels are used to extract 
Virgin Coconut Oil (VCO) mechanically, either with or without heat. In order to preserve all of its natural qualities, VCO 
extraction avoids refining, bleaching, or deodorizing [9]. Virgin Coconut Meal (VCM) is the term for the white residue, or 
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meal, that remains following the extraction of VCO. It can be ground into flour to produce dietary fiber-rich flour, which 
is therefore appropriate for use as an ingredient in functional food recipes [10]. Recently, coconut flour has been used 
worldwide as an alternative to wheat flour for the preparation of many bakery [11], snacks [12], sweets [10], and extruded 
products [13]. Food items made from coconut are often devoid of gluten, and have anti-cancerous, antidiabetic, and 
cardiovascular disease prevention properties, as well as immune system strengthening properties [14]. Globally the top 
three coconut-producing countries are Indonesia, Philippines, and India accounting for 70% of the World’s copra produc-
tion [15]. Worldwide, coconut production in India stands third [16]. In 2023, India was expected to produce 13.5 million 
metric tons of coconuts overall, with an increase of 1.50% from than previous year [17]. In India, Karnataka’s coconut 
production is 30.83%, followed by Tamil Nadu (27.47%), Kerala (24.22%), Andra Pradesh (8.25%) and West Bengal (2.04%), 
which accounts for about 92.81% of total coconut production in the country.

"Naru" refers to a customary confection or sweet in several South Asian nations, including India [18]. A common and 
traditional dessert prepared from coconut, sugar, and occasionally additional components [19]. Coconut Naru is also 
known as Coconut Ladoo. It is frequently made for celebrations and other special occasions. However, coconut snowball 
has a limited shelf-life (3–4 weeks) and due to the presence of high amounts of saturated fatty acids it loses its textural 
properties with time in refrigerated condition [20]. Like many confectioneries and sweets, Coconut Naru’s shelf life can 
be affected by several factors, such as the ingredients used, storage system, and usage of preservatives. Apart from that, 
as storage time increases, the hardness of Coconut Naru increases making it difficult to consume. Several reasons, includ-
ing overcooking, sugar crystallization, excessive moisture level, and fat content, can be considered for the hardness issue 
in preserved Coconut Naru (coconut ladoos). The tissue that envelops and feeds the growing embryo inside a flowering 
plant seed is called the endosperm [21]. The endosperm of coconuts is an important source of nutrients, especially lipids 
[22]. Because of its high lipid content, the coconut endosperm is different from many other plant endosperms. Medium-
chain triglycerides (MCTs), or saturated fat, make up the majority of the fat in coconut endosperm. An extended cooking 
duration increases the temperature, hastening the disintegration of oil bodies found in seed endosperms [23]. Therefore, 
overcooking the mixture of coconut and sugar releases oil, which may result in a more rigid texture. Researchers have 
found that certain food items can have their shelf life extended by using vegetable and fruit seeds. Tender endosperm 
(Talsas, Nungu) of Palmyra palm (Borassus flabellifer) is highly consumed and well-demanding in off season, due to its 
various health potentials [24]. Tropical fruits like sugar palms (Borassus flabellifer) are widely consumed in Southeast Asia 
and the Indian subcontinent. In addition to sugar palm fruit pulp (SPFP), the people of Bangladesh also frequently eat 
germinated and immature endosperms. The jelly-like endosperm of young palmyra fruit (60–70 days) can be eaten raw 
or cooked, sun-dried, or in a variety of other ways. While this soft endosperm (moisture: 9.27 ± 0.04 g/100 g, crude protein: 
5.20 ± 0.02 g/100 g, carbohydrate: 73.80 ± 0.16 g/100 g, crude fiber: 7.79 ± 0.06 g/100 g, crude fat: 0.60 ± 0.02 g/100 g, ash: 
2.80 ± 0.01 g/100 g) gradually hardens to form a fibrous, yellow-colored mesocarp [25]. Additionally, they generate a pulpy 
extract that is combined with rice, peppers, herbs, and chilies to make porridge. Palmyra palm is sweet and palatable when 
raw, while the juice of ripe fruit is used to produce "Pitha", or rice flour porridge “Bara” [26–29]. In addition of being an 
excellent source of micro and macronutrients, the tender endosperm of Palmyra palm has a variety of pharmacological 
properties, including antibacterial, anti-inflammatory, analgesic, anti-arthritic, antioxidant, hypoglycemic, and antipyretic 
properties [26]. Jana et al. [30] showed that the seed coat of Palmyra palm has antimicrobial activity [30]. According to 
Rahman et al. [25], the endosperm’s fiber, zinc, and phytochemical content may be the reason for restoring pancreatic 
β-cell function in alloxan-induced diabetic rats [25]. To the best of our knowledge, there is no information available on 
the usage of tender endosperm of Palmyra palm as a fortifying agent. Textural properties of raw tender Palmyra palm 
endosperm are well described in previous literature [24]. Mathanghi et al. [24] analyzed the hardness, springiness, cohe-
siveness, gumminess, and chewiness of Palmyra palm endosperm. Additionally, XRD and SEM analysis of galactomannan 
isolated from Borassus flabellifer (L.) revealed pores and cervices in its rough surface. This confirmed its amorphous nature. 
Further, rheometer studies showed non-Newtonian and pseudo-plastic behavior of BFG [31]. In this study, these potentials 
of immature Palmyra palm endosperm have been studied to address the issues of Naru.

In light of the aforementioned, the current study’s goal was to create Talsas-fortified Coconut Naru by combining 
refined sugar and Talsas endosperm. This study aims to compare the antioxidant potential of conventional Coconut Naru 
with Coconut Naru that has been combined with Talsas endosperm. Eventually, lipid oxidation analysis, microbiological 
analysis, and sensory analysis were also used to investigate the effect on the shelf-life of fortified Naru. Enhancing the 
nutritional value and storage capacity of Naru with natural items may attract more consumers. The nutritional compo-
sition, in-vitro digestibility, phytochemical profile (using HPLC), and structural profile (using XRD) of the control and 
supplemented Naru samples were also examined. This is the first approach to identify and quantify the phytochemical 
composition of Coconut Naru, or coconut snowball, a traditional Indian treat, and its Talsas endosperm fortified moiety.
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2 � Materials and methods

Mature coconuts (Cocos nucifera) and immature Palmyra palm (Borassus flabellifer) seeds or Talsas were purchased from 
the local supermarket of Behala, Kolkata, West Bengal, India (22.4981°N, 88.3108°E). The fruits are cultivated and marketed 
widely in the local market, and the collection of the coconut and Talsas used in this study complied with local (West 
Bengal agriculture marketing guidelines) guidelines. Coconuts were selected according to their size and the presence 
of coconut water whereas palmyra palm seeds (Talsas) were selected according to their age, softness, and pulpiness. 
The seed coats of Talsas were hand-picked and washed thoroughly with distilled water and the Talsas endosperm was 
isolated. Then the Talsas endosperm was cut into small pieces and a paste was made with the help of a mixture grinder 
(Lexus MG 1853, 550 W) for 2–3 min. This Talsas paste was kept aside. Refined cane sugar was procured from local shops, 
in Kolkata, West Bengal.

Two solvents distilled water (HPLC grade), ethanol (HPLC grade) and standards needed for HPLC analysis (rutin, 
protocatechuic acid, catechin, epicatechin, myricetin, kaempferol, quercetin, p-chlorogenic acid, ferulic acid, apigenin, 
and gallic acid) of chromatography grade were procured from Sigma-Aldrich, India and Merck, Germany. Other solvents 
used in this study such as chloroform (99%), ethyl alcohol, isooctane solutions, distilled water and 0.1% peptone water 
were obtained from HiMedia, India. Other reagents used in this experiment such as sodium carbonate (NaCO3); sodium 
bicarbonate (NaHCO3); sodium hydroxide (NaOH); sodium chloride (NaCl); aluminum chloride (AlCl3); ammonium 
carbonate ((NH4)2CO3); ferric chloride (FeCl3); trichloroacetic acid (TCAA, N); hydrochloric acid (35%); 2,2-diphenyl-2-
picrylhydrazyl (DPPH); phenolphthalein; bovine bile extract; Folin-Ciocalteus’s phenol reagent; sodium nitrite (NaNO2); 
potassium iodide (KI); potassium ferricyanide (K3[Fe(CN)6]); potassium iodide (KI); potassium dihydrogen phosphate 
(KH2PO4); potassium chloride (KCl); corn starch; 2,20-azinobis(3-ethylbenzothiazoline-6-sulfonicacid) (ABTS); sodium 
thiosulphate (Na2S2O3); pepsin from porcine gastric mucosa (2500 U/g protein); magnesium chloride (MgCl2(H2O)6); 
calcium chloride (CaCl2); ascorbic acid, gallic acid, quercetin; acetic acid; phosphoric acid; 2-thiobarbituric acid and 
phosphate-buffered saline (pH 6.4); were of analytical grade. All these chemicals were procured from Sigma-Aldrich, 
India and Merck, Germany.

2.1 � Preparation of Coconut Naru & Talsas Naru

Firstly, fresh coconut endosperm was grated. Then a pan was heated on a medium flame and the grated coconut (300 g) 
was added. This grated coconut endosperm was sautéed until it became slightly aromatic. In the case of Coconut Naru 
preparation, only sugar (100 g) was added to the coconut mixture. This mixture was then cooked (with continuous stir-
ring) until the sugar was melted and well combined with the coconut endosperm. Once the mixture became consistent, 
it would start to come out together. Thereafter, this consistent mixture should be removed from heat, allowed to cool 
down and rolled into small balls, each weighing about 10 g (Fig. 1).

In the case of Talsas Naru preparation, similarly, grated coconut (90–225 g) was sautéed until it became slightly 
aromatic. Then Talsas paste (15–120 g) and sugar (100 g) were added (Table 2). This mixture was then cooked (with 
continuous stirring) for different time periods (10–35 min). Thereafter, this mixture should be removed from heat, allowed 
to cool down and rolled into small balls, each weighing about 10 g (Fig. 1).

2.2 � Evaluation of textural characteristics

Textural properties of Naru samples (cohesiveness, hardness, adhesiveness, springiness, chewiness, and gumminess) were 
evaluated by using a Texture Profile Analyser or TPA (TA.HD Plus Texture Analyzer, USA) [32]. This TPA had an aluminum 
cylinder P5 probe, with a diameter of 5 mm. In this current study, the deformation range for TPA was 30–80% and cross-
head speed was 0.1–2 mm/sec. The Naru sample was placed on the aluminum base (containing a hole at the center) 
of TPA. The P5 probe was then allowed to move down freely with pre-test speed of 1 mm/sec, test speed of 5 mm/sec, 
post-speed of 5 mm/sec, trigger force of 5.0 g and strain 75%, in order to compress the Naru sample. The compressive 
force’s direction was adjusted to be perpendicular to the core of the Naru sample. Three sets of experiments were carried 
out and the TPA data were obtained by using an inbuild software (Texture Expert Exceed version 2.55). Lastly, average 
values of triplicate data had been reported.
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2.3 � Response surface methodology (RSM) optimization

Every experiment was run three times, and average observations were recorded. Design-Expert Version 7.0.0 (Statease 
Inc.; Minneapolis, USA) was used to analyze every observation. The independent variables or processing parameters 
were the percentages of coconut endosperm (30–75%) and Talsas endosperm (5–40%) and cooking time (10–35 min). By 
taking into account Box–Behnken design (BBD), mathematical optimization of these independent factors was considered 
to reduce the hardness value (N) of Talsas Naru generated. The Coconut Naru is coded as CN in this study, while the 
optimized Talsas fortified Coconut Naru is coded as TN.

2.4 � Sample extract preparation

In a glass beaker, 1 g of Naru sample was added in the extraction solution (distilled water and ethanol in a 1:1 ratio) and 
homogenized thoroughly. After that, extraction was carried out using ultrasonication (Trans-O-Sonic, Mumbai) for 30 min 
at a temperature of 35 °C and 40 kHz. Whatman filter paper No. 1 was used to filter the ultrasonicated solution. Lastly, 
for further analysis those filtrates were stored at 4 °C.

2.5 � Analysis of nutritional composition

Based on earlier research [33–35], the moisture, carbohydrate, protein, fat, ash and fiber content were measured.

Fig. 1   Preparation of Coconut 
Naru & Talsas Naru
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2.6 � Color analysis

The total color difference (ΔE), chroma, hue, whiteness index (WI), and yellowness index (YI) of the Naru samples were 
determined using the procedure described by [36–38] and the equations provided below, using the values of L, a, and b.

LTN, aTN, bTN, LCN, aCN, and bCN depict lightness, green–red, and yellow-blue values for TN and CN respectively.

2.7 � Quantitative analysis of phytochemicals

The technique of Sarkar et al. (2021) was followed in order to estimate the total phenolic content (TPC) of Naru samples 
[39]. To put it briefly, 1.58 ml of distilled water was used to dilute 20 µl of sample extract and 20 µl of blank solution (50% 
ethanol), individually. Subsequently, NaCO3 solution (300 µl) and Folin-Ciocalteu reagent (100 µl) were added to each 
test tube and thoroughly mixed. Following thorough homogenization, each test tube was incubated for 30 min at 40 °C 
in the dark. Finally, absorbance was measured at 765 nm by using a UV–visible spectrophotometer (U-2000, Hitachi, 
Japan). A standard curve of gallic acid (50–250 µg/ml) was used as reference. The obtained TPC values were expressed 
as mg of gallic acid equivalent (GAE) per 100 g of dry basis (DB).

The technique of Sarkar et al. [39] was followed in order to estimate the total flavonoid content (TFC) of Naru samples 
[39]. In summary, 150 µl of 5% aqueous NaNO2 was homogenized with sample extract (2.5 ml) and 2.5 ml of blank solution 
(2.5 ml), individually. A 5-min incubation was done (27 ± 3 °C), followed by addition of 1 M NaOH (1 ml) and 10% aqueous 
AlCl3 solution (150 µl). Finally, absorbance was measured at 510 nm by using a standard curve of quercetin (10–70 µg/
ml) as reference. The obtained TFC values were presented as mg quercetin/100 g DB.

2.8 � Antioxidant activities

2.8.1 � Ferric reducing Antioxidant potential (FRAP)

The FRAP of Naru samples was measured by using a previously established technique [40, 41]. K3[Fe (CN)6] solution (1%, 
2.5 ml) and phosphate buffer (2.5 ml, 0.2 M, pH 6.6) were added to sample extract (1 ml) and the blank solution (1 ml), 
individually. Following a 20-min incubation period at 50 °C, 10% TCAA (2.5 ml) was added. Thereafter centrifugation 
(3000 rpm, 10 min) was carried out, followed by addition of 0.1% FeCl3 solution (0.5 ml) and distilled water (2.5 ml) to the 
supernatant. Finally, absorbance was measured at 700 nm by using a standard curve of ascorbic acid (25–100 µg/ml) as 
reference. The results were given as millimoles of ascorbic acid equivalent (mM AAE) per 100 g of dry matter.

2.8.2 � ABTS radical scavenging activity

The ABTS radical scavenging activity of Naru samples was measured by using a previously established technique 
[39, 42]. After treating every sample extract (40 µl) and the blank solution (40 µl) with 4 ml of ABTS reagent, all test 
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√
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2 + (aTN − aCN)
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2
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tubes were incubated for 6 min in the dark. Later, absorbance was measured at 734 nm by using a standard curve 
of Trolox (20–200 µM/L) as reference. Percentages (%) were used to express the readings by using equation no. 2.6.

2.8.3 � DPPH radical scavenging activity

All Naru samples’ DPPH radical scavenging activity was measured by using the technique outlined in [40]. After 
treating every sample extract (0.1 ml) and the blank solution (0.1 ml) with 3.9 ml of DPPH reagent (2 mg in 50 ml 
ethanol), all test tubes were incubated in the dark for 45 min. Later, absorbance was measured at 515 nm by using a 
standard curve of ascorbic acid (25–100 µg/ml) was as reference. Percentages (%) were used to express the readings 
by using equation no. 2.6.

2.9 � HPLC analysis of phenolic compounds

For sample extract preparation: 1 g of each Naru sample was extracted with 30 ml of HPLC-grade ethanol by ultra-
sonication for 30 min. It was then filtered by using syringe filter (with pore size 0.2 µm). This filtrate (40 mg/ml) was 
used as sample for HPLC analysis. The approved procedures of Harbone et al. (1984) and Boxi et al. (2010) were used 
to identify and quantify phenolic chemicals from the ethanolic extract of the Naru samples [43, 44]. An RP-HPLC 
system (Alliance2695 HPLC system, Waters Corporation, Massachusetts, USA) with a C18 reversed-phase column 
(250 mm × 4.6 mm and 5 μm particle size) was used to analyze the sample extracts. Two solutions were employed 
as eluents: solvent B was a 9:1 mixture of methanol and water, while solvent A was a 0.5% aqueous H3PO4 solution. 
The flow rate was 1 ml per minute in the subsequent order: 100% A for the first eight minutes, for the next 7 min 
(A: B in a 7:3), next 5 min (A: B in a 1:1 ratio), next 5 min (A: B in a 2:3), next 10 min (A: B in a 3:7), and lastly 5 min 
(100% B). Empower 2 software (Waters Corporation) was utilized for data processing during the identification and 
quantification processes, which were conducted at 38 °C using a dual lambda (λ) absorbance UV detector 2487 at 
280 nm [39, 45]. 280 nm is the maximum absorption wavelength for most of the phenolic compounds as per the 
previously published literature [46–50], so a fixed wavelength of 280 nm was maintained. The standards used for 
RP-HPLC were: rutin, protocatechuic acid, catechin, epicatechin, myricetin, kaempferol, quercetin, p-chlorogenic acid, 
ferulic acid, apigenin and gallic acid. These standards’ chromatographic peaks were utilized as reference phenolic 
compounds. Every computation was performed using a dry basis (DB).

2.10 � XRD

All Naru samples underwent XRD analysis utilizing a Rigaku MiNiflex diffractometer. Every Naru specimen was 
positioned on a Quartz slide with a grove size of (0.5 × 100 × 50) mm. The XRD analysis of Naru samples was conducted 
under the following operating conditions: step angle (0.02°), 30 mA, diffraction angle (5–50°), 35 kV, wavelength 
(0.15 nm), and a scan rate of 1 s/step was maintained. Similar operating conditions were observed in Sarkar et al. 
(2020) [36].

2.11 � In‑vitro digestibility of lipids

In-vitro digestibility of lipids for all Naru samples was measured by using a previously established technique with 
slight modifications [51, 52]. Briefly, this static in-vitro digestion consists of three stages: oral, gastric, and intestinal 
as per the cost action-INFOGEST. In the oral stage, the Naru sample (5 g) was homogenized with 5 ml of stimulated 
salivary fluid (SSF; pH 7) by using a mixer grinder for 3 min. In the gastric stage, stimulated gastric fluid (SGF; pH 3) 
and oral bolus were mixed in a ratio of 1: 1 (v/w). The addition of pepsin was done till the concentration of the gastric 
mixture was 2000 U/ml. Thereafter, PERT dose 2000 LU/g lipid, resistant to gastric digestion was added to stimulate 
the oral administration of the supplemented enzyme mixture. pH was adjusted to pH 2.8 by using HCl (1 N). After pH 
adjustment, an Intell-Mixer RM-2 (Elmi Ltd, Riga, LV-1006, Latvia) was used for head-over-heels rotation of all samples 

(2.6)%Activities =

(

1 −
Absorbance of the sample

Absorbance of the control

)

× 100
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for 2 h at 55 rpm, 37 °C. In the intestinal stage, stimulated intestinal fluid (SIF; pH 6 or 7) containing bile salts (10 mM) 
was mixed with the gastric chyme in the ratio of 1: 1(v/w). pH was adjusted to pH 7 by using NaOH (1N), followed 
by head-over-heels rotation for 2 h at 55 rpm, 37 °C. During incubation, pH should not be less than 5.7 as lipase is 
inactive at pH below 5.7. After 2 h of incubation, lipase activity was stopped by raising the pH to pH 9. Finally, the 
released FFA content after in-vitro digestion was measured by following this protocol [52].

2.12 � Lipid oxidation analysis

The Naru samples were stored for 90 days at room temperature to study lipid oxidation analysis, including free fatty acid 
(FFA) concentration, ultra-violet absorptivity (UA), and peroxide value (PV). Periodically, readings were obtained every 
15 days. All experiments were done at least three times and average values were calculated.

2.12.1 � FFA analysis

Naru sample (25 ± 0.5 g) was combined with 65 ml of chloroform and blended for 4–5 min using a mixer grinder. This was 
followed by centrifugation at 5000 g for 25 min and the supernatant was filtered by using Whatman no. 1 filter paper. 
Then ethanol (99.9%) and filtrate were combined in a conical flask at a 1:1 ratio for each treatment. The mixture was then 
titrated against a NaOH solution (0.1 N), with phenolphthalein serving as an indicator [53]. The values were expressed 
in percentages (%).

2.12.2 � UA analysis

The isooctane solution (15 ml) and the Naru sample (5 g) were blended together by using a mixer grinder. Considering 
this isooctane solution as blank, the absorbance of the filtrate was measured by UV scanning between 230 and 320 nm 
[39]. Absorbance at 235 nm was found to be maximum for all Naru samples in an isooctane solution. UA was measured 
by using the formulae given below:

2.12.3 � PV analysis

The acetic acid-chloroform solution (25 ml), saturated KI solution (0.5 ml), and Naru sample (5 g) were well combined. 
The mixture was then filtered by using Whatman no. 1 filter paper. Next titration of this solution was done against 0.1 M 
Na2S2O3 solution, using starch as an indicator [39]. The milliequivalent of oxygen/kg oil (MEO/kg oil) was used to display 
the results.

2.12.4 � TBA value determination

Thiobarbituric acid (TBA) value determination of all Naru samples was performed by using a previously established 
technique outlined in Witte et al. (1970) [54]. Naru sample (20 g) was blended with 50 ml of chilled extracting solution 
(20% TCCA in 2 M phosphoric acid). This slurry was then diluted to 100 ml and homogenized with vigorous shaking. A 
Whatman No. 1 filter paper was used to obtain the filtrate. Then, 5 ml of filtrate was homogenized with 2-thiobarbituric 
acid (5 ml; 5 mM), followed by incubation at room temperature (15 h, in dark). After incubation, absorbance was measured 
at 530 nm by using a calibration curve of malonaldehyde was considered as reference. The results were expressed as 
the mg malonaldehyde/kg sample.

(2.7)UA value =
Absorbance at 235 nm

Concentration of the Naru Sample in isooctane solution
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2.13 � Microbial analysis

10 g of the Naru sample was homogenized in 90 ml of 0.1% (w/v) peptone water by using a mixer grinder (Lexus MG 
1853, 550 W), for microbiological examination. For plating, 1 ml of the homogenized sample was serially diluted up to 
108 times. Petriplates with plate count agar (DIFCO, USA) were made. 1 ml of the 108-fold diluted material was streak 
plated (in triplicate) on petriplates, and it was then incubated for 48 h at 37 °C. Using a colony counter (Bentex, India), 
colony forming units (CFU) were tallied and reported as log (cfu/g of the sample). Potato-dextrose agar (DIFCO, USA) 
petriplates were made to count the yeast and mold. After that, 1 ml of the 108-fold diluted material was streak plated (in 
triplicate) on petriplates and it was then incubated for 72 h at 30 °C.

2.14 � Sensory analysis

Sensory characteristics of the Naru samples were carried out following ISO 8586-1 (1993). Due to the widespread 
consumption of the sample (Naru) as a food product and there is no maximum permissible limit associated with 
the consumption of both coconut and Talsas, the study was exempted from requiring ethics approval (IRB Jadavpur 
University). For this study, a panel of individuals between the ages of 25–35 was chosen, with 21 men and 24 women (All 
participants have informed consent to participate). The panelists received a detailed explanation of the product, and it 
was observed that they had no objections to the prepared food. Juárez-Barrientos et al. [55] stated some modifications 
in addition to the standard for triangular discrimination (ISO 4120:2004), competency for identifying taste and odor (ISO 
5496:2005), and the ability to distinguish between two samples based on the sensory attribute (ISO 10399:2004) [55]. With 
a small adjustment, the ISO 11035:1994 sensory evaluation of prepared Talsas fortified Coconut Naru (TN) was compared 
to Coconut Naru (CN). Color, texture, flavor, and overall acceptability were all assessed by the panel. Each sample was 
placed into a distinct white plastic cup that was coded with a three-digit number to account for each attribute and 
individual identity [36]. After tasting each sample, it was required to rinse with warm water.

2.15 � Statistical analysis

The findings were analyzed using a one-way analysis of variance (ANOVA) and presented as the average of three distinct 
experiments, each carried out in triplicate. 95% probability was used in the Tukey test. The experimental sensory data 
were analyzed using the Statistical Analysis System (SAS) University Edition (SAS® 9.4 TS1M8, 2014, USA).

3 � Results and discussion

3.1 � RSM optimization

The level of variables for defining the coordinates of axial (3.1), central (3.2), and factorial (3.3) points are given in the 
following equations:

where, H = independent variables, δ = 2number of variables/4

The model was constructed by the below-mentioned equation:

(3.1)−h, 0 = Hmin, 0; h, 0 = Hmax

(3.2)0, 0 =

(

Hmax + Hmin

)

2

(3.3)−1, 0 =

(

Hmax + Hmin

)

2
−

(

Hmax − Hmin

)

2δ
; 1, 0 =

(

Hmax + Hmin

)

2
+

(

Hmax + Hmin

)

2δ

(3.4)N = f (A, B, C)
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where, N is response; A, B, C are the independent variables.
Nevertheless, the anticipated or predicted response was expressed as the following second-degree polynomial 

equation, which is:

where, N′ = predicted response.
δ = equation constant.
δi = linear factor.
δii = quadratic factor.
δij = coefficient of interaction.
n = number of parameters.
ȇ = error in this model.
As per the experimental observations, the model can also be expressed by the following equation:

where, H′′: n × 1 vector of the experimental output;
H: n × m matrix of independent variables;
δ: m × 1 vector of regression coefficients;
ȇ: n × 1 vector of the errors.
The ANOVA table (Table 1) for the developed RSM model shows that coconut amount, Talsas amount, and cooking 

time have a significant (p < 0.05) effect on the hardness value of Naru samples. The effect of independent variables on the 
hardness of Naru samples is shown in Figs. 2, 3, 4. Maximum hardness value (5.34 N) was found in Naru containing 75% 
coconut amount, 22.5% Talsas amount, and 35 min of cooking time. However, the minimum hardness value (4.1 N) was 
found in Naru containing 30% coconut amount, 22.5% Talsas amount, and 10 min of cooking time (Table 2). The Model 
F-value of 94.54 implies the model is significant. There is only a 0.01% chance that a "Model F-value" this large could 
occur due to noise during cooking time. The regression model associated with hardness of the Naru samples contented 
the lack of fit test (p > 0.05). This showed an R2 value and Adj R2 value of 0.9918 and 0.9813 respectively.

The final equation of this BBD model in terms of actual factors:

(3.5)N� = 𝛿 +

n
∑

i=1

𝛿iHi +

n
∑

i=1

𝛿iiHiHi +

n
∑

i=1

𝛿ijHiHj +
⌢

e

(3.6)H
�� = H𝛿 +

⌢

e

Table 1   ANOVA table for RSM 
model developed

A = Direct effect of coconut amount (%); B = Direct effect of Talsas amount (%); C = Direct effect of cooking 
time (minutes); AB = Interaction between coconut and Talsas amount; AC = Interaction between coconut 
amount and cooking time; BC = Interaction between Talsas amount and cooking time; A2 = Quadratic 
effect of coconut amount; B2 = Quadratic effect of Talsas amount; C2 = Quadratic effect of cooking time

Source Sum of squares df Mean square F value p-value Prob > F

Model significant 2.08 9 0.23 94.54  < 0.0001
A-Coconut amount 0.56 1 0.56 227.88  < 0.0001
B-Talsas amount 0.14 1 0.14 58.60 0.0001
C-Cooking time 1.04 1 1.04 424.55  < 0.0001
AB 6.400E-003 1 6.400E-003 2.62
AC 0.093 1 0.093 38.09
BC 0.018 1 0.018 7.46
A2 0.036 1 0.036 14.91
B2 0.13 1 0.13 54.63
C2 0.060 1 0.060 24.62
Residual 0.017 7 2.442E-003
Lack of Fit sign 0.015 3 5.125E-003 11.92 0.0783
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Fig. 2   Effect of Coconut amount (A) and Talsas amount (B) on Hardness (N)
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Fig. 3   Effect of Talsas amount (B) and Cooking time (C) on Hardness (N)
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Fig. 4   Effect of Coconut amount (B) and Cooking time (C) on Hardness (N)

Table 2   Process parameters 
and response for JSK

Run Coconut amount 
(%)

Talsas amount 
(%)

Cooking time 
(minutes)

Hardness (N) RSM predicted 
hardness (N)

1 52.5 22.5 22.5 4.61 4.59
2 52.5 22.5 22.5 4.58 4.59
3 75 5 22.5 5.36 5.3
4 30 22.5 35 4.52 4.51
5 52.5 22.5 22.5 4.57 4.59
6 75 40 22.5 4.94 4.95
7 52.5 40 35 4.86 4.81
8 75 22.5 35 5.31 5.34
9 52.5 5 10 4.31 4.36
10 52.5 22.5 22.5 4.59 4.59
11 30 5 22.5 4.71 4.69
12 75 22.5 10 4.31 4.32
13 30 40 22.5 4.45 4.51
14 52.5 40 10 4.25 4.23
15 30 22.5 10 4.13 4.1
16 52.5 22.5 22.5 4.62 4.59
17 52.5 5 35 5.19 5.21
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3.2 � Validation of experimental results

TN was prepared by a series of studies including various combinations of processing parameters to determine the 
ideal hardness value using the RSM methodology. Through a comparison of the expected and obtained hardness 
values, the prediction power of the BBD modeling approach was estimated.

Hardness is an important textural characteristic of any food item. Hardness is the measure of how much resistance 
a food item can withstand from an external force. In other words, the force needed to make the first deformation of 
food is known as hardness. In this study, we tried to develop Talsas fortified Coconut Naru, by substituting a portion 
of coconut endosperm with Talsas endosperm. Here, refined sugar was used as a sweetener. Different cooking times 
(10–35 min) and various amounts of coconut (30–75%) and Talsas endosperm (5–40%) were the process parameters. 
As a result, a wide range of hardness values in the fortified Narus was developed. From the optimized BBD model, it is 
evident that higher cooking time and the presence of a higher amount of coconut endosperm have a positive effect 
on increasing the hardness value of Naru samples. However, the presence of a higher amount of Talsas endosperm 
has a negative effect on increasing the hardness value of Naru samples. A longer cooking time raises the temperature, 
which accelerates the breakdown of oil bodies present in seed endosperms. This released oil helps in the proper 
binding of seed endosperm with caramelized refined sugar and give Naru samples a compact structure. Compactness 
of a food item is directly proportional to its hardness value. Other than that, a longer cooking time results in a greater 
amount of moisture loss. As a result, food items with minimal moisture content become harder on their own. Since 
coconut endosperm has a far higher fat content than Talsas endosperm, the presence of more coconut endosperm 
implies the presence of more oil bodies. Thus, maximum hardness (5.36 N) was observed in Talsas Naru containing 
75% coconut endosperm, 40% Talsas endosperm, and a cooking time of 22.5 min. Minimum hardness (4.13 N) was 
observed in Talsas Naru containing 30% coconut endosperm, 22. 5% Talsas endosperm, and a cooking time of 10 min. 
In this study, the RSM-optimized processing parameters were a fixed cooking time (22.5 min), 52.25% coconut 
endosperm, and 22.5% Talsas endosperm.

3.3 � Nutritional composition

The proximate composition of Naru samples is given in Table 3. The optimized TN contains 52.25% of coconut 
endosperm and 22.5% of Talsas endosperm. The moisture content of CN was 34.99 ± 0.34% which is comparable to 
previous literature [18]. The initial moisture content of coconut endosperm and Talsas endosperm was 47.02 ± 0.87% 
and 8.97 ± 0.12%, respectively. Parallelly, a decrease of 31.54% in moisture content was observed in TN samples. This 

(3.7)

Hardness (N) = + 4.28023 − 0.017481 × Coconut Amount − 0.021522 × Talsas Amount + 0.041692 × Cooking Time

− 1.01587E − 004 × Coconut Amount × Talsas Amount + 5.42222E

− 004 × Coconut Amount × Cooking Time − 3.08571E − 004 × Talsas Amount × Cooking Time + 1.837

04E − 004 × (Coconut Amount)2

+ 5.81224E − 004 × (Talsas Amount)2 − 7.64800E − 004 × (Cooking Time)2

Table 3   Nutritional 
composition of Coconut Naru 
(CN) and Talsas Naru (TN)

All calculations have been done on a dry basis. The values are expressed as mean ± standard deviation 
(SD) of experiments performed three times. Significant differences (p < 0.05) have been coded as 
superscripts a and b, for the same parameters of different samples as shown in the table

Nutritional parameters (%) CN TN

Moisture 34.99 ± 0.34a 26.60 ± 0.91b

Protein 3.38 ± 0.08a 3.53 ± 0.06a

Fat 18.19 ± 0.28a 13.05 ± 0.83b

Carbohydrate 36.62 ± 1.02b 49.72 ± 0.91a

Ash 0.93 ± 0.05b 1.28 ± 0.03a

Fiber 5.02 ± 0.03b 5.27 ± 0.08a
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difference was found to be significant (p < 0.05) in comparison to CN samples. However, the fat content of coconut 
endosperm was found to be significantly (p < 0.05) higher in comparison with Talsas endosperm. Thus, in case of 
fat content a decrease of 39.38% was observed in TN samples, which is significant (p < 0.05) in comparison with CN 
samples. According to Rahman et al. (2021), the endosperm of sugar palm (Talsas) is a rich source of protein, carbo-
hydrates, and fiber [25]. A similar observation was found in this study. A significant increase (35.77%) in the carbo-
hydrate content of TN samples was observed, due to higher carbohydrate content of Talsas endosperm. The high 
protein content of both coconut and Talsas endosperm contributed to an insignificant increase (0.04%) in protein 
content of TN, in comparison with CN. The high fiber and ash content of Talsas endosperm resulted in a significant 
(p < 0.05) increase of 4.98% and 37.63% in the fiber and ash content of TN samples, respectively. Higher ash content 
of TN samples denotes the presence of a higher amount of minerals compared to CN.

3.4 � Color analysis

Whiter coconut endosperm contributed to the higher lightness value of CN. The addition of Talsas endosperm in CN 
has lowered the lightness value (L*) and redness/ greenness value (a*) by 15.05% and 0.05%, respectively. This lowering 
in L* was significant (p < 0.05), while lowering in a* was insignificant (p > 0.05). This resulted in an off-white color of the 
fortified product. However, an insignificant increase (0.01%) in yellowness/ blueness value (b*) was observed in TN in 
comparison to CN. The L*, a*, and b* values of CN are relatable in comparison with optimized milk-coconut sweet [56]. The 
total color difference (∆E) between Talsas fortified Coconut Naru (TN) and Coconut Naru (CN) sample was 8.77%. These 
values also contributed an insignificant (p > 0.05) increase of chroma and hue angle in TN than that of CN. The Whiteness 
Index (WI) of CN and TN was 63.90 ± 1.24 and 55.68 ± 1.02, respectively. While the degree of yellowness (YI) of CN and 
TN was 30.83 ± 0.85 and 36.05 ± 0.52, respectively. According to [57, 58], sugar and virgin coconut meal (VCM) have a 
significant (p < 0.05) linear detrimental effect on L* of VCM-based instant suji halwa mix. But here, the addition of Talsas 
endosperm showed a negative effect on lightness value. Again, a significant increase in a* was observed with increasing 
sugar amount in milk-coconut sweet [56] and VCM-based instant suji halwa mix [58]. Again, b* of milk-coconut sweet 
and VCM-based instant suji halwa mix increased with increasing sugar amount [56, 58]. Similarly, a significant (p < 0.05) 
increase in WI (14.76%) and YI (16.93%) was observed in TN, in comparison with CN.

3.5 � Texture profile analysis (TPA)

Texture profile analysis is an essential parameter for evaluating any food material. It deals with measuring certain char-
acteristics such as cohesiveness, hardness, adhesiveness, springiness, chewiness, and gumminess. Analysis of textural 

Fig. 5   Textural properties 
of Naru samples. All calcula-
tions have been done on 
a dry basis. The values are 
expressed as mean ± SD of 
experiments performed three 
times. Significant differences 
(p < 0.05) have been coded as 
superscripts a and b, for the 
same parameters of differ-
ent samples as shown in the 
figure
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properties of coconut-based food products such as milk-coconut sweets, VCM-based instant suji halwa mix, and VCM 
ladoo, under various conditions and ingredients, has been reported, previously [56, 58, 59]. Textural characteristics of 
Naru samples have been portrayed in Fig. 5.

The force needed for the first bite of a food is defined as hardness. A vivid deformation is obtained during this 
compression cycle due to this force [60]. In this study, a significant decrease (11.49%) in hardness value of TN was 
observed, in comparison with CN. The fat content of TN was found to be significantly lower (p < 0.05), while the protein 
content of TN was found to be significantly higher (p < 0.05) in comparison with CN. According to previous literature, the 
higher fat content has a negative impact on the hardness of any food material. Whereas, the opposite is true in the case 
of protein content. According to [61], an increase in protein degradation of a food product lowers the hardness of that 
product. Thus, the hardness of the Naru samples is dependent on their fat and protein content.

Adhesiveness is defined as the work done to pull away the compressing plunger from the food material, before the 
second bite [60]. Researchers have also found protein content of a food item is directly proportional to its adhesiveness 
value [62]. In the case of Naru samples, a similar result has been found here. In this study, an insignificant increase (p > 0.05) 
in protein content has been found in TN in comparison with CN. Thus, an insignificant increase (p > 0.05) in adhesiveness 
has been found in TN in comparison with CN.

Cohesiveness is defined as the extent of compression a food substance can resist between teeth, without breaking it. 
Numerically, the ratio between the area of the second and first bite (A2/A1) is known as cohesiveness [60]. Springiness 
is the distance covered by a food item, within the time interval after the first bite and before the second bite [60]. In 
this study, both the cohesiveness and springiness of TN was significantly higher than CN. Researchers have seen that 
increasing fat content has a negative effect on both the cohesiveness and springiness of a food item [63]. Cohesiveness 
and springiness values of TN was found to be significantly (p < 0.05) higher than CN, due to significantly lower fat content 
of TN.

Numerically, the gumminess of a food product is defined as the product of hardness and cohesiveness, while chewiness 
is the product of gumminess and springiness of a food product. As hardness, springiness, and cohesiveness of TN were 
significantly (p < 0.05) higher than CN, gumminess and chewiness of TN were significantly (p < 0.05) higher than CN.

3.6 � Quantitative analysis of phytochemicals

Plant parts mainly fruits and vegetables are natural sources of phytochemicals. Phytochemicals such as alkaloids, 
glucomannan, albuminoids, anthracene, flavonoids, steroids, free anthraquinone, betulinic acid gums, glycoside, 
quercetin, tannin, terpenoid, phenols, carotenoids, saponin, and lupeol are found in Talsas endosperm [25]. Coconut 
cotyledons also contain various phytochemicals such as phenol, flavonoids, tannins, and alkaloids [64]. Phenolic 
compounds are a category of phytochemicals that exhibit antioxidant properties [65]. The Total Phenolic Content (TPC) 
of coconut endosperm was 9.01 ± 0.21 mg GAE/100 g DB, which is comparable to a previous study [66]. Whereas, the TPC 
of Talsas endosperm was 42.12 ± 0.23 mg GAE/ 100 g DB. According to [67], the TPC of Nypa fruticans endosperm was in 
the range of 0.14–7.93 mg GAE/g. In TN, 30% of coconut endosperm was replaced with Talsas endosperm. Thus, the TPC 
of TN was found significantly higher (p < 0.05) in comparison to CN (Table 4).

Similar to phenolic compounds, flavonoids also fall under a significant class of polyphenols found in a wide range of 
plant species. They contain benzopyrone, which is employed for scavenging free radicals [68]. The Total Flavonoid Content 

Table 4   Quantitative analysis 
of phytochemicals in Coconut 
Naru (CN) and Talsas Naru (TN) 
and their antioxidant activities

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a and b, for the 
same parameters of different samples as shown in the table

Samples CN TN

Quantitative analysis of phytochemicals
 TPC (mg GAE/ 100 g DB) 16.40 ± 0.53b 23.84 ± 0.45a

 TFC (µg QE/ g DB) 6.76 ± 0.12b 28.77 ± 0.31a

Antioxidant activities
 FRAP (μM Trolox/ 100 g) 26.40 ± 0.56b 202.83 ± 1.89a

 ABTS (%) 6.76 ± 0.23b 22.58 ± 0.76a

 DPPH (%) 58.70 ± 1.01a 60.37 ± 2.65a
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(TFC) of coconut endosperm was 50.55 ± 1.21 µg QE/ g DB which is comparable to a previous study [64]. Whereas, the 
TFC of Talsas endosperm was 1015.12 ± 41.23 µg QE/ g DB. According to [67], the TFC of Nypa fruticans endosperm was 
in the range of 1.03–27.27 mg QE/ g. In TN, 30% of coconut endosperm was replaced with Talsas endosperm. Thus, a 
significant (p < 0.05) increase in TFC was observed in TN, compared to CN (Table 4).

3.7 � Antioxidant activities

In order to get a better understanding of antioxidant activity of a complex material, such as plant extract, essential 
oil, etc., one test is not adequate. A series of test such as, determination of ABTS radical scavenging activity, DPPH 
activity and FRAP assay need to be performed. DPPH is a generic approach that is sensitive to phenolic compounds 
and organic acids, while FRAP assesses the reducing power. However, antioxidant capacity of chemicals that are 
soluble in water can be evaluated via ABTS radical scavenging activity assay.

When assessing the antioxidant activity of plant polyphenols, ferric-reducing antioxidant power (FRAP) is 
frequently employed. The FRAP assay primarily uses a redox-linked colorimetric process to treat the antioxidants 
in the sample as reductants. The intensity of the dark blue color produced by the reduction of Fe3+ to Fe2+, via 
accepting an electron (released from an antioxidant) is measured at 700 nm. In our study, CN showed an FRAP value 
of 26.40 ± 0.56 μM Trolox/100 g, while TN showed an FRAP value of 202.83 ± 1.89 μM Trolox/100 g (Table 4). FRAP 
value of coconut endosperm was 30.12 ± 0.45 μM Trolox/ 100 g, which falls under the range of 29.89–34.84 μM Trolox/ 
100 g [69]. Whereas, the FRAP value of Talsas endosperm was significantly higher (788.31 ± 5.14 μM Trolox/100 g) than 
that of coconut endosperm. According to [70], at 200 μg/mL TFC of Nypa fruticans endosperm was in the range of 
147–819 mmol Fe2 + /100 g. In TN, 30% of coconut endosperm was replaced with Talsas endosperm. Thus, a significant 
(p < 0.05) increase in FRAP value was observed in TN, compared to CN.

A potent antioxidant can reduce ABTS, by preventing persulfate-induced radical cations. This results in decolorizing 
the blue color of ABTS to a light blue tint. This decolorization can be detected at 734 nm. The concentration of 
antioxidants directly correlates with the change in absorbance. In our study, CN and TN showed ABTS radical 
scavenging activity of 6.76 ± 0.23% and 22.58 ± 0.76%, respectively (Table 4). ABTS activity of coconut endosperm was 
7.13 ± 0.42%, which falls under the range of 4.00–7.69 μM Trolox/ g [71]. Whereas, ABTS activity of Talsas endosperm 
was significantly higher (72.45 ± 1.25%) than that of coconut endosperm. According to Prasad et al. (2020), it was 
well-established that at 200 μg/mL, ABTS activity of Nypa fruticans endosperm was in the range of 55–78% [70]. In 
TN, 30% of coconut endosperm was replaced with Talsas endosperm. Thus, a significant (p < 0.05) increase in ABTS 
activity was observed in TN, compared to CN.

The stable free radical DPPH is frequently employed to study radical scavenging action because it can take on an 
electron or a hydrogen radical to produce a stable diamagnetic molecule. Antioxidants react with DPPH to produce 
yellow-colored α, α-diphenyl-β-picryl hydrazine. The degree of discoloration reveals the antioxidant’s capacity to 
scavenge radicals, which is quantified at 515 nm. In our study, CN and TN showed DPPH activity of 58.70 ± 1.01% 
and 60.37 ± 2.65%, respectively (Table 4). DPPH scavenging activity of coconut endosperm was 65.44 ± 1.43%, which 
falls under the range of 57.77–77.54% [71]. Whereas, DPPH activity of Talsas endosperm (81.55 ± 1.56%) was higher 
than that of coconut endosperm. According to [70], at 200 μg/mL DPPH activity of Nypa fruticans endosperm was in 
the range of 32–85%. In TN, 30% of coconut endosperm was replaced with Talsas endosperm. Thus, an insignificant 
(p > 0.05) increase in DPPH activity was observed in TN, compared to CN.

Table 5   HPLC analysis of 
phenolic compounds for 
normal Naru (NN) and Talsas 
Naru (TN) samples

All calculations have been done on a dry basis (DB). The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a and b, for the 
same parameters of different samples as shown in the table

Phenolic compounds (mg/100 g DB) NN TN

Kaempferol (mg/100 g DB) 4.59 ± 0.14a 4.34 ± 0.42a

Myricetin (mg/100 g DB) 4.12 ± 0.19a 4.04 ± 0.35a

Gallic acid (mg/100 g DB) 3.59 ± 0.11a 2.70 ± 0.15b

Protocatechuic acid (mg/100 g DB) 3.12 ± 0.25a 3.43 ± 0.08a

Quercetin (mg/100 g DB) 2.58 ± 0.17b 3.87 ± 0.12a

Rutin (mg/100 g DB) 1.02 ± 0.07b 1.31 ± 0.09a
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In this study, significantly (p < 0.05) higher (45.36%) TPC value was obtained for TN in comparison with CN sam-
ples. Similarly, 6.6-fold, 2.34-fold and 2.84% higher values of FRAP, ABTS and DPPH radical scavenging activity was 
obtained for TN in comparison with CN samples. Wang et al. [72] have suggested that the ability of any plant extract 
to scavenge free radicals is highly correlated on their polyphenolic contents [72]. As Folin-Ciocalteu (FC) reaction 
and antioxidant assays like FRAP both are based on single electron transfer [72, 73], so their results were found to 
be relatable. Again, ABTS activity assay is also based on electron transfer mechanism, thus good correlation was 
obtained between FRAP, ABTS, and FC reactions, respectively. However, DPPH antioxidant assay which is based on 
hydrogen atom transfer showed mere relatability with Folin-Ciocalteu reaction. This might be due to its different 
reaction procedure from other assays [74].

Fig. 6   HPLC analysis of phenolic compounds for a Coconut Naru (CN) and b Talsas Naru (TN) samples
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3.8 � HPLC analysis of phenolic compounds

Secondary metabolites such as phenolic acids, flavonoids, terpenoids, and carotenoids are found in different plant 
body parts. Identification of bioactive compounds in NN and TN samples was done by HPLC analysis (Table 5). 
Reverse-phase HPLC was chosen for polar bioactive components such as phenolic acids and flavonoids. Six phenolic 
compounds were quantified, where kaempferol and myricetin were predominant in both NN and TN samples. Gallic 
acid, protocatechuic acid, quercetin, and rutin were the other four phenolic compounds detected in the chromato-
gram. Fortification of CN with Talsas endosperm considerably boosted the level of three polyphenols in TN samples 
(Fig. 6). Here, TN samples showed an insignificant (p > 0.05) decrease in myricetin and kaempferol levels of 1.98% 
and 5.76%, respectively. A significant decrease (p < 0.05) of 32.96% in gallic acid level was observed in TN samples. 
It was evident that coconut meat contains a high amount of gallic acid at different maturity stages [75]. Thus, the 
substitution of 30% of coconut endosperm with Talsas endosperm might be the probable reason for the lowering of 
gallic acid content. It was previously reported that several phenolic compounds such as rutin, quercetin, myricetin, 
catechin, and kaempferol are present in extra virgin coconut oil [76]. However, during Naru making process some 
coconut testa might have mixed with coconut endosperm. Thus 3.12 ± 0.25 mg/100 g and 3.43 ± 0.08 mg/100 g pro-
tocatechuic acid content was observed in CN and TN samples, respectively. The presence of protocatechuic acid in 
coconut testa was confirmed by Arivalagan et al. [77]. Here, quercetin and rutin content of TN samples were elevated 
significantly (p < 0.05) by 50% and 28.43% respectively, in comparison to CN samples. The reason for this elevation 
might be due to higher quercetin and rutin content in Talsas endosperm in comparison to coconut endosperm. 
The presence of twenty-five phytochemicals in pulp, immature & germinated endosperm of palmyra palm is well-
established in Rahman et al. [25]. Apart from that, previous researchers have stated both coconut and palmyra palm 
haustorium are rich in phytochemical components [78, 79].

3.9 � X‑ray diffraction studies (XRD)

Structural properties such as crystallinity or amorphous nature of a food sample can be evaluated through X-ray diffrac-
tion studies. The crystalline nature of a food item is depicted by the presence of vivid peaks in the diffractogram. The 
diffractogram of an amorphous food product is depicted by its broad background and absence of any vivid peaks. The 
diffractogram of Naru samples is shown in Fig. 7. In this study, both CN and TN samples showed crystalline nature. This 
crystallinity is mainly due to the crystalline nature of refined sugar. Moreover, refined cane sugar consists of three types 
of sugars such as glucose, fructose, and sucrose [80]. These low-molecular-weight sugars undergo crystallization when 
the temperature is higher than 50 °C [81]. Naru preparation requires a temperature higher than 50 °C. Thus, the crystalline 
nature of all Naru samples is expected, as an equal amount of refined sugar was added in all samples. Therefore, refined 
cane sugar has a positive role in crystal formation. A similar XRD pattern was observed for desiccated coconut power [82].

Fig. 7   X-ray diffraction analy-
sis of Naru samples
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3.10 � In‑vitro digestibility of lipids

In-vitro digestibility of fermented coconut meal [83], and traditional cooked rice with coconut milk [84] has been found. 
In this study, in-vitro digestibility of lipids of all Naru samples was evaluated. In-vitro digestibility of TN was found 
to be significantly (p < 0.05) higher in comparison with CN. This is due to the significantly higher fat content in CN in 
comparison with TN. Whereas, the protein content of TN and CN are almost similar with insignificant increase in TN. Again, 
carbohydrate content of TN is significantly (p < 0.05) higher than CN. Thus, lipid-carbohydrate binding and lipid-protein 
binding will be much higher in TN in comparison with CN. These lipid-protein and lipid-carbohydrate interactions have 
a significant effect on lipolysis. As CN is a type of food having high fat and less carbohydrate content, more amount of 
lipids will be free for lipolysis. According to [52], the in-vitro lipid digestibility of a food item decreases with decreasing 
fat and increasing protein or carbohydrate content. Therefore, 5.96% higher in-vitro lipid digestion was observed in CN 
than that of TN.

3.11 � Lipid oxidation analysis

3.11.1 � FFA content

The hydrolytic rancidity of a food sample can be evaluated by measuring its free fatty acid (FFA) content. Previously, 
the FFA content of VCM ladoo [59], traditional coconut-based sweets [85], and coconut burfi [86] has been done. 
In this study, the FFA content of different Naru samples is displayed in Table 6. Initially, the FFA content of all Naru 
samples was similar. Till the 30th day, the difference in FFA content of CN and TN samples was insignificant (p > 0.05). 
During 90 days of storage, the FFA content of CN ranged from 0.17 ± 0.02 to 0.53 ± 0.04% while the FFA content of 

Table 6   The free fatty acid 
(FFA; %) content for Coconut 
Naru (CN) and Talsas Naru (TN) 
samples over the storage time 
of 0–90 days

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a–d (within 
columns) and subscripts x, y (within rows) for the same parameters of different samples as shown in the 
table

Storage time Samples

CN TN

Day 0 d0.17 ± 0.02x
c0.15 ± 0.04x

Day 15 d0.20 ± 0.02x
c0.17 ± 0.01x

Day 30 c0.25 ± 0.03x
c0.19 ± 0.04x

Day 45 bc0.31 ± 0.04x
c0.22 ± 0.03y

Day 60 b0.39 ± 0.03x
b0.27 ± 0.04y

Day 75 ab0.42 ± 0.04x
ab0.31 ± 0.05y

Day 90 a0.53 ± 0.04x
a0.41 ± 0.06y

Table 7   The peroxide value 
(PV; meqO2/kg oil) for 
Coconut Naru (CN) and Talsas 
Naru (TN) samples over the 
storage time of 0–90 days

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a–g (within 
columns) and subscripts x, y (within rows) for the same parameters of different samples as shown in the 
table

Storage time Samples

CN TN

Day 0 g6.17 ± 0.17x
f4.85 ± 0.21y

Day 15 f8.47 ± 0.24x
f5.45 ± 0.32y

Day 30 e10.88 ± 0.12x
e6.11 ± 0.10y

Day 45 d12.29 ± 0.18x
d7.36 ± 0.27y

Day 60 c15.10 ± 0.11x
c9.75 ± 0.23y

Day 75 b18.12 ± 0.17x
b12.08 ± 0.19y

Day 90 a22.15 ± 0.26x
a16.40 ± 0.35y



Vol.:(0123456789)

Discover Food            (2024) 4:28  | https://doi.org/10.1007/s44187-024-00098-4	 Research

TN ranged from 0.15 ± 0.04 to 0.41 ± 0.06%. In this study, the change in FFA content of CN samples was increasing 
insignificantly. However, the change in FFA content of CN samples significantly (p < 0.05) increased (47.05%) on day 
30. A 24% increase was observed for CN on day 45, although this increase was statistically insignificant (p > 0.05). 
As per sensory qualities, the critical value of FFA content is 0.35%. After 45 days, the FFA content of CN had crossed 
0.35%. On the 60th day of storage, the FFA content of CN was again found to be statistically significant (p < 0.05). 
On the 90th day of storage, the statistically highest FFA content of CN was observed. The FFA content of TN samples 
also increased with storage time. The TN samples showed a significant increase in FFA content until the 60th day 
of storage. However, on the 90th day of storage, the FFA content of TN crossed its critical value of 0.35%. A similar 
critical value of FFA content was observed in the case of coconut burfi [86]. The fat and moisture content of coconut 
endosperm is much higher than that of Talsas endosperm. Thus 30% substitution of coconut endosperm with Talsas 
endosperm plays an important role in lowering the FFA content of TN samples. Moreover, CN samples have shown 
higher lipolysis, which infers they have more FFA content in comparison to TN samples.

3.11.2 � PV measurement

Oxidation of oils and fats can be evaluated by estimating peroxide value (PV). Previously, the peroxide value of VCM ladoo 
[59], traditional coconut-based sweets [85], and coconut burfi [86] has been done. In this study, the PV measurement 
of different Naru samples is done for 90 days and displayed in Table 7. The PV of CN ranged from 6.17 ± 0.17 meqO2/
kg to 22.15 ± 0.26 meqO2/kg while, the FFA content of TN ranged from 4.85 ± 0.21 meqO2/kg to 16.40 ± 0.35 meqO2/
kg. In this study, a significant (p < 0.05) increase in PV of CN was observed after every 15 days of storage. While PV of TN 
was found to be statistically insignificant until 30th day of storage. All PV of CN was found to be significantly (p < 0.05) 
higher in comparison with TN. However, 2.58-fold and 2.38-fold increase in peroxide value have been observed in CN 

Table 8   The absorptivity value 
(UA) for Coconut Naru (CN) 
and Talsas Naru (TN) samples 
over the storage time of 
0–90 days

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a–e (within 
columns) and subscripts x, y (within rows) for the same parameters of different samples as shown in the 
table

Storage time Samples

CN TN

Day 0 e0.13 ± 0.09x
d0.11 ± 0.04x

Day 15 e0.21 ± 0.02x
d0.17 ± 0.02x

Day 30 d0.58 ± 0.12x
c0.31 ± 0.11y

Day 45 c0.91 ± 0.09x
bc0.56 ± 0.14y

Day 60 bc1.12 ± 0.15x
b0.72 ± 0.19y

Day 75 b1.39 ± 0.16x
ab0.93 ± 0.14y

Day 90 a1.93 ± 0.47x
a1.21 ± 0.35y

Table 9   The 2-thiobarbituric 
acid value (TBA; mg 
malonaldehyde/kg) for 
Coconut Naru (CN) and Talsas 
Naru (TN) samples over the 
storage time of 0–90 days

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments 
performed three times. Significant differences (p < 0.05) have been coded as superscripts a–e (within 
columns) and subscripts x, y (within rows) for the same parameters of different samples as shown in the 
table

Storage time Samples

CN TN

Day 0 g0.19 ± 0.03x
e0.15 ± 0.01x

Day 15 f0.34 ± 0.05x
e0.27 ± 0.08x

Day 30 e0.53 ± 0.04x
d0.38 ± 0.03y

Day 45 d0.86 ± 0.04x
c0.49 ± 0.05y

Day 60 c1.12 ± 0.04x
bc0.52 ± 0.04y

Day 75 b1.41 ± 0.06x
b0.65 ± 0.08y

Day 90 a1.75 ± 0.07x
a0.87 ± 0.05y
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and TN samples, respectively. The fat and moisture content of coconut endosperm is much higher than that of Talsas 
endosperm. Thus 30% substitution of coconut endosperm with Talsas endosperm plays an important role in lowering 
PV of TN samples. As CN samples have shown higher lipolysis, which infers they have more FFA content in comparison 
to TN samples. Therefore, more fatty acids will be free for oxidation in CN samples than that of TN samples.

3.11.3 � UV‑absorption

Qualitative analysis of food samples can be done by utilizing UV–Vis Absorption Spectroscopy. In this study, the UV 
absorption of different Naru samples was done for 90 days and displayed in Table 8. The absorption of CN ranged 
from 0.13 ± 0.09 to 1.93 ± 0.47, while the FFA content of TN ranged from 0.11 ± 0.04 to 1.21 ± 0.35. Here, absorption of 
both CN and TN samples increases significantly (p < 0.05) from the 30th day. A significant (p < 0.05) increase (56.89%) 
in the absorption of CN was observed on the 45th day of storage. After the 30th day, a significant (p < 0.05) increase 
(1.32-fold) in the absorption of TN was observed on the 60th day of storage. As per sensory qualities, the critical value 
of UV absorption was found to be 1.10. CN and TN samples exceeded this critical value on the 60th day and 90th 
day, respectively. Initially, all Naru samples showed similar absorbance. From the 30th day, insignificantly different 
absorbance was observed for CN and TN samples. On day 30, CN showed 87.09% higher absorption than TN. The 
working principle of UV–Visible spectroscopy focuses on the relative absorption of oxidized fatty acids. Thus, the 
oxidation of fats plays a major role in UV absorption values. Therefore, for all samples, an increase in absorbance 
corresponds to a comparable trend of an increase in FFA content.

3.11.4 � TBA value determination

Determination of 2-thiobarbituric acid value is a quantitative method of detecting the presence of malonaldehyde in a 
food product [87]. The oxygen retention in the packaging primarily controls the rate of lipid autoxidation in packaged 
foods. In this study, TBA of all Naru samples has been done and displayed in Table 9. A significant (p < 0.05) rise in the 
TBA value of CN samples has been observed in every 15 days of storage. A rise in the TBA value of TN samples was 
also observed, however, this rise was statistically insignificant until the 15th day. The value of TBA ranged from 0.19 
to 1.75 mg malonaldehyde/kg. No rancidity was observed in CN samples until the 30th day. However, after day 30, 
CN samples started showing rancidity. CN samples having TBA values ranging from 1.12 to 1.75 mg malonaldehyde/
kg were not acceptable from the 60th day of storage. According to [88], TBA values ranging from 0.04 to 0.54 mg 
malonaldehyde/kg showed no rancidity, while TBA values ranging from 0.65 to 1.44 mg malonaldehyde/kg showed 
rancidity but were acceptable. In the case of TN, a significant (p < 0.05) increase (1.53-fold) in TBA value was observed 
on the 30th day of storage. TN having a TBA value of 0.65–0.87 showed rancidity but was acceptable until the 75th 
day. Similar results have been observed by [89]. Therefore, for all samples, an increase in TBA value corresponds to a 
comparable trend of increase in FFA content and PV measurements.

Table 10   Microbial analysis of Naru samples

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments performed three times. Significant 
differences (p < 0.05) have been coded as superscripts a–f, for the same parameters of different samples as shown in the table

Samples Storage time (days)

0 15 30 45 60 75 90

Total Plate Count (TPC; 103 cfu/g)
 CN 0.19 ± 0.09f 0.75 ± 0.34f 4.9 ± 0.15e 9.87 ± 0.17d 12.34 ± 0.18c 16.45 ± 0.12b 19.11 ± 0.05a

 TN 0.18 ± 0.08d 0.28 ± 0.03d 0.52 ± 0.27d 0.86 ± 0.39d 5.10 ± 0.13c 8.62 ± 0.08b 11.05 ± 0.11a

Total Mold Count (TMC; cfu/g)
 CN 10.68 ± 1.15f 21.42 ± 7.28f 45.13 ± 0.59e 97.69 ± 1.18d 123.22 ± 1.48c 142.34 ± 2.16b 169.25 ± 2.85a

 TN 10.12 ± 1.12d 15.45 ± 4.22d 31.52 ± 13.61d 52.56 ± 0.52d 71.84 ± 1.01c 95.12 ± 1.04b 133.41 ± 1.13a
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3.12 � Microbial analysis

Microbial contamination is the leading cause of spoilage of dairy products. If ambient environmental conditions and 
proper nutrients are available bacteria and molds start to grow in foods. Here, the total plate count (TPC) and total 
yeast and mold count (TMC) of all Naru samples are displayed in Table 10. Initially, the TPC and TMC of both samples 
were found similar. A significant (p < 0.05) increase in TPC (24.78-fold) and TMC (3.22-fold) values for CN samples 
was observed on the 30th day of storage, compared to TN. Thereafter, a significant (p < 0.05) increase in TPC and 
TMC values of CN was observed in every 15 days. In the case of TN, a gradual insignificant increase in TPC and TMC 
was noticed till the 45th day of storage. On the 60th day, a significant (p < 0.05) increase in TPC (27.33-fold) and TMC 
(6.09-fold) values for TN samples was found. According to CDA recommendations, the permissible aerobic plate count 
and yeast and mold count of desiccated coconut were found to be 10,000 CFU/g and 100 CFU/g, respectively [90]. In 
this experiment, the TPC of CN and TN exceeded the microbiological permissible limit after the 45th and 75th day of 
storage. Similarly, the TMC of CN and TN exceeded the microbiological permissible limit after the 45th and 75th day 
of storage. [86] also showed the microbiological permissible limit of yeast count for coconut burfi was < 100 CFU/g.

3.13 � Sensory studies

The primary stage any new food product has to pass is its sensory analysis. Analysis of sensory characteristics such 
as color, texture, flavor, and overall acceptability of all Naru samples have been done by using a 0 to 9-point hedonic 
scale (Table 11, Fig. 8).

Table 11   Sensory characteristics of Naru samples

All calculations have been done on a dry basis. The values are expressed as mean ± SD of experiments performed three times. Significant 
differences (p < 0.05) have been coded as superscripts a–f, for the same parameters of different samples as shown in the table

Sensory characteristics Samples Storage period (days)

0 15 30 45 60 75 90

Color CN 9 ± 0.02a 8.84 ± 0.15a 8.51 ± 0.32a 8.42 ± 0.49a 8.08 ± 0.61a 7.7 ± 0.03b 7.43 ± 0.02c

TN 8.97 ± 0.03a 8.85 ± 0.16a 8.68 ± 0.35a 8.54 ± 0.45a 8.23 ± 0.67a 7.85 ± 0.04b 7.52 ± 0.05c

Texture CN 8.45 ± 0.11a 8.22 ± 0.21a 7.78 ± 0.18b 7.12 ± 0.13c 6.54 ± 0.04d 6.12 ± 0.28e 5.57 ± 0.13f

TN 9 ± 0.01a 8.88 ± 0.13a 8.75 ± 0.29a 8.52 ± 0.43a 8.34 ± 0.58a 8.12 ± 0.05b 8 ± 0.05b

Flavor CN 9 ± 0.01a 8.98 ± 0.23a 8.54 ± 0.03b 8.01 ± 0.45b – – –
TN 9 ± 0.00a 9 ± 0.01a 8.79 ± 0.41a 8.63 ± 0.24a 8.31 ± 0.09b 8 ± 0.12b –

Overall acceptability CN 9 ± 0.01a 8.51 ± 0.31a 7.55 ± 0.03b 7.1 ± 0.06c – – –
TN 9 ± 0.00a 8.82 ± 0.35a 8.67 ± 0.48a 8.12 ± 0.65a 7.92 ± 0.12b 7.53 ± 0.02c –

Fig. 8   a Coconut Naru (CN); b 
Talsas Naru (TN)
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The color of a food product is the primary attraction for customers. In this study, the white color of CN attracts 
customers more than the off-white color of TN. Thus, initially, on day 0, CN scored 0.33% higher (p > 0.05) than that 
of TN. As the storage time increases the color score for both CN and TN gradually decreases. The color difference of 
CN (11.38%) and TN (9.35%) was found to be insignificant (p > 0.05) until the 75th day of storage. The texture of the 
Naru plays a big role in customers’ acceptability. The texture of TN was better (6.50% higher score in TN) than that 
of CN from the very beginning. As storage time increases, the hardness of both CN and TN increases. However, the 
rate of decrease in texture score of CN was significantly (p < 0.05) higher in comparison to TN. A significant (p < 0.05) 
decrease (8.61%) in texture scoring of CN was observed on the 30th day of storage. In the case of TN, a significant 
(p < 0.05) decrease (12.50%) in texture scoring was observed on the 75th day of storage. The rancidity of coconut-
based food products is a major factor in lowering their shelf-life. CN containing 75% coconut endosperm becomes 
rancid within 45 days of storage. While TN containing 52.25% coconut endosperm and 22.5% Talsas endosperm show 
rancidity after the 75th day of storage. This increase in rancidity has an impact on decreasing the flavor score in Naru 
samples. A significant (p < 0.05) decrease (19.20%) in the overall acceptability of CN was observed on the 30th day of 
storage. Whereas, the overall acceptability of TN insignificantly decreases until the 45th day of storage. A significant 
(p < 0.05) decrease (19.52%) in the overall acceptability of TN was observed on the 75th day of storage. After the 45th 
day of storage, flavor analysis of CN couldn’t be performed due to spoilage. In the case of TN, flavor analysis couldn’t 
be performed after the 75th day of storage due to spoilage.

3.14 � Conclusion

This study was the first approach to utilize RSM optimization during preparation of Talsas fortified Coconut Naru 
(TN), for obtaining optimum hardness for differently processed TN samples. In this present study, the polyphenolic 
compounds present in Coconut Naru (CN) and its Talsas endosperm fortified moiety were identified and quantified 
using HPLC analysis. Other than that, in-vitro digestibility, structural profiling (using XRD), and storage studies of CN 
and TN samples were also determined. To the best of our knowledge, this present work is first-of-its-kind concerning 
shelf-life enhancement of Coconut Naru or coconut snowball, a traditional Indian treat by using underutilized 
Palmyra palm endosperm. In this current study, the predicted and observed datasets of BBD model underwent 
rapid optimization of the processing parameters (amount of coconut endosperm, the cooking time required, and the 
amount of Talsas endosperm). It has been observed that with increasing cooking time, the hardness value of Naru 
samples increases. Higher coconut endosperm addition has a positive role whereas, higher Talsas endosperm addition 
showed a negative role in increasing the hardness of TN samples. A fixed cooking time (22.5 min), 52.25% coconut 
endosperm, and 22.5% Talsas endosperm were the optimized process variables by RSM. TPC and TFC values increased 
significantly (p < 0.05) by 45.36% and 3.25-fold respectively, in TN in comparison to CN. Similarly, FRAP and ABTS 
values increased significantly (p < 0.05) by 6.68-fold and 2.34-fold respectively, in TN in comparison to CN. In HPLC 
analysis, it was found that the level of three polyphenols (protocatechuic acid, quercetin, rutin) considerably boosted 
in TN when compared to CN. XRD analysis of Naru samples showed that both TN and CN samples are crystalline. 
In-vitro lipid digestion of CN was found to be 5.96% higher than that of TN. The rate of increase in FFA, PV, UA, and TBA 
values was found to be significantly higher in CN than in TN. The reason for this significant rise might be the higher 
fat and moisture content of coconut endosperm than that of Talsas endosperm. Lastly, microbiological analysis and 
sensory studies of the Naru samples confirmed that fortification of CN with Talsas endosperm significantly enhanced 
its sensory characteristics and shelf life by up to 75 days. Therefore, the potential of Palmyra palm endosperm or Talsas 
as a fortifying agent for improving the nutritional, sensory and storage attributes of traditional coconut snowballs is 
well-established in this current study. In this way, industries can also preserve seasonal fruits by incorporating them 
into value-added food products. This can also be an alternative method for valorizing of fruit-based wastes in food 
industries. In the future, researches should pay more attention to these underutilized plant resources in order to 
maintain food security and good health for mankind.
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