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Abstract

This study aimed to determine the physicochemical properties of coconut flower nectar
(CFN) powder produced by spray drying. The powder product of the best sample (with malto-
dextrin—CFN ratio of 26%, w/v) appeared as white, spherical, or oval particles. Its physico-
chemical properties were as follows: recovery yield (42 + 2 %), moisture content (3.1 = 0.6 %),
particle size (3—12 pm), bulk density (0.380 + 0.006 g mL™"), hygroscopicity (22 + 2 %), wa-
ter solubility index (97 + 1 %), angle of repose (42.2 + 0.7°), and wettability (366 + 11 s).
The obtained results offer valuable insights for future research on spray drying of food products
and pave the way for potential large-scale use of spray-dried CFN in a great variety of products
due to easier preservation and longer shelf life.

Keywords: coconut flower nectar, spray drying, physicochemical properties, powder,
sugar

Introduction

The coconut tree, Cocos nucifera L. (Arecaceae), is the most common plant in
tropical regions. Some major coconut-producing countries are Indonesia, the Philip-
pines, India, and Vietnam. The coconut industry is playing a very important role in the
socio-economic development of Vietnam and should be considered an indispensable
part of the country’s development strategies. Vietnam has more than 132 000 ha of
coconut trees, with a potential coconut growing area of about 220 000-250 000 ha [1].

Among many coconut products, coconut flower sap, also known as coconut flower
nectar (CFN), stands out as the most remunerative one for farmers. It can be used as a nu-
trient-rich health drink or processed into syrup, honey, coconut sugar, and vinegar [2, 3].
This material offers numerous health benefits. It aids in digestion and fights diabetes,
cancer, electrolyte deficiency, and even hair loss [4]. CFN has good antioxidant prop-
erties and is rich in vitamin C (116.19 pg mL™), ash (0.27%), as well as potassium
(960.87 mg L), sodium (183.21 mg L), magnesium (22.91 mg L), etc., thus sug-
gesting a high content of minerals [5]. In addition, it has a low sugar content (15%)
and a low glycemic index (GI 35), making it beneficial for people with diabetes [3].

Spray drying, a mechanical microencapsulation technique developed in the 1930s,
has become a popular method to maintain the nutritional quality and extend the shelf
life of food products. It is also especially effective for converting a liquid into a pow-
der. The process involves using spray drying equipment to dry solutions and suspen-
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sions in a dispersed state and to remove moisture from the material, which helps in-
crease durability and preservation. The carrier acts as a protective barrier for the raw
material, limiting the influence of the external environment, preventing the loss of
volatile substances, and maintaining the desired product conditions [6]. Microencap-
sulated materials are colloids such as gum arabic, starch derivatives, sugars (lactose,
sucrose, maltose), maltodextrin, etc. [7]. Among them, maltodextrin (MD), which is
a carbohydrate derivative, has been the most widely used carrier agent in spray dry-
ing. The quality of the spray-dried product depends on the dextrose equivalent (DE).
MD is often used alone or in combination with other carriers (gum arabic) to improve
the desired product properties [8]. Furthermore, MD is both very cheap and easy to buy,
so it is extensively applied in the food industry, particularly in spray drying technology.

CFN is readily available in rural areas and undergoes natural fermentation easily
due to the high sugar content in the initial raw material. To diversify products and in-
crease the preservation time of CFN, spray drying is necessary: it decreases the water
activity in the nectar and transforms it into a powder. In this study, spray drying is
explored as an option to create an unfermented CFN product, which can be stored for a
long time. The physicochemical indexes of this CFN product are analyzed for potential
large-scale application in the future.

1. Material and Methods

1.1. Material. CFN was collected from 3 to 10-year-old coconut plants in Ben Tre
province (Vietnam) in January 2023 (16°Brix) and frozen until use. MD (DE 12) was
purchased from Roquette Fréres (France).

1.2. Sample preparation. CFN was defrozen and mixed with MD at different
concentrations (18, 22, 26, and 30%, w/v). The samples were coded M ., M, , M, , and
M,,, respectively. The sample with the initial MD concentration was coded M. The
samples M, . were adjusted with distilled water to obtain total soluble solids (TSS)
of approximately 22°Brix. The mixture was spray-dried using a SD-Basic spray dryer
(LabPlant, UK) with inlet/outlet air temperatures 180 °C/70 °C, pressure 4 bar, air
flow rate 70 m* h'!, and feed flow rate 750 mL h''. The resulting powder product was
vacuum-packed and stored at 25 °C.

1.3. Encapsulation yield (EY). EY was measured as the ratio of the dried mass of
the obtained powder to the dried mass of the initial substances [9].

1.4. Bulk density (BD). The powder (2 g) was added into an empty graduated
cylinder (10 mL) and shaken by hand for 1 min. The BD value was determined by the
ratio of the mass of the powder to the volume occupied in the cylinder [10].

1.5. Water solubility index (WSI). According to the procedure described
by Quoc with minor modifications [8], the CFN powder (2 g) and deionized water
(25 mL) were vigorously mixed and incubated in a water bath for 30 min at 37 °C.
Then, the mixture was centrifuged for 30 min at 6000 rpm. The supernatant was sep-
arated and dried in an oven at 103+£2 °C. The WSI value (%) was expressed as the
percentage of dried supernatant to the amount of the original powder.

1.6. Flowability. According to Geldart et al. with slight modifications, flowability
was determined by measuring the angle of repose (AOR) [11]. A funnel was held at a
fixed height on a flat base (5 cm), and the powder (15 g) was slowly poured through
the funnel to form a cone. Then, the AOR was calculated as the inverse tangent of the
ratio of the height and half of the width (radius) of the base of the cone.
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1.7. Wettability. The powders were poured into a funnel positioned at a fixed
height and dropped into 100 mL of water in a beaker (250 mL) at room temperature.
After that, the time for the whole amount of the powder to visibly sink beneath the
water surface was recorded as an indicator of wettability [12].

1.8. Hygroscopicity. About 1.5 g samples were placed in an airtight plastic con-
tainer with a saturated solution of sodium carbonate and stored at 25 °C. After 7 days,
these samples were weighed. Their hygroscopicity was determined as the amount (g)
of adsorbed moisture per 100 g solids (g 100 g') [13].

1.9. Scanning electron microscopy (SEM). The morphology of the spray-
dried powder was examined under a Jeol JSM-IT200 scanning electron microscope
(JEOL Ltd., Japan) at 1000x magnification.

1.10. Statistical analysis. The experimental data were processed using the one-
way analysis of variance (ANOVA) method, and significant differences among the
means from triplicate analysis at p < 0.05 were determined by Fisher’s least signif-
icant difference (LSD) test using Statgraphics Centurion XV software (StatPoint
Technologies, USA). The values obtained were expressed as the mean + standard
deviation (SD).

2. Results and Discussion

2.1. Moisture and EY of the CFN powder. Table 1 shows that the moisture
content of all powder products (M, , ) varied from 1.0 + 0.3 % to 4.7 = 0.2 %. These
findings are consistent with previous studies. For instance, the moisture contents of
the spray-dried pineapple and saffron petal powder range from 1.66 to 3.85% [12, 14].
With the addition of MD, the TSS content of the initial solution increases, leading to a
decrease in the moisture content of the product [15]. The low moisture content indicates
that the material has been effectively spray-dried and can be preserved for a long time.
The EY values of the spray-dried samples from this study were relatively low, rang-
ing from 12.4 + 0.6 to 42 = 2 %. Among them, the M, sample possessed the greatest
EY of 42 +2 %, which is still lower than in the Polygonum multiflorum Thunb. extract
powder (60.4—65.17 %) [16], but significantly higher than in the Morinda citrifolia L.
and Beta vulgaris L. fruit extract powder (5.67-8.02 %) [17].

Table 1.

Encapsulation yield (EY) and moisture content of the CFN powder

Sample Moisture (%) EY (%)
M, 4.7+0.2¢ -
M, 1.0£0.3° 124+ 0.6
M,, 4.5+0.4¢ 16 +£2°
M, 3.1+0.6° 42 £2¢
M,, 3.2+0.6° 32+£6°

Within the columns, the letters ** indicate significant differences (p < 0.05).

Normally, the recovery efficiency of most spray-dried products does not exceed
90% due to the product residue that remains on the chamber wall after drying, thereby
leading to a decrease in the recovery efficiency. The TSS concentration in the initial
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material and the carrier properties also significantly affect the recovery efficiency of
the product. In addition, according to Phisut, EY depends on many factors, such as
drying temperature, pump flow rates, raw material source, etc. [15].

2.2. Bulk density (BD), hygroscopicity, and water solubility index (WSI) of
the CFN powder. Based on the results of Table 2, the BD value of the M, powder
(0.52+0.01 g mL") was lower than that reported by Quoc (0.67 g mL™") for the spray-
dried pineapple juice powder with MD as a carrier agent [8]. However, the BDs of the
CFN powder (M, ,,) decreased more rapidly compared to that of M and fluctuated
from 0.30 £ 0.02 to 0.39 + 0.02 g mL"'. When compared to other carrier agents, such
as gum arabic, the BDs of both the initial material and the powder product were sig-
nificantly lower than those in the study by Quoc and Muoi [16]. The obtained results
prove that the BD of a powder product strongly depends on the carrier nature. A low
BD means that the powder product requires a larger packaging volume, which is also
a weak point.

Table 2.

Bulk density (BD), hygroscopicity, and water solubility index (WSI) of the CFN powder

Sample BD (g mL") Hygroscopicity (%) WSI (%)
M, 0.52+0.01¢ 10 £2° 94 +2
M, 0.30+0.02¢ 17 +£2° 98 + 1
M, 0.330 + 0.006° 20 £ 1% 94 +2
M, 0.380 + 0.006¢ 224£2¢ 97 +1
M,, 0.39 +£0.02¢ 21 43¢ 97+2

Within the columns, the letters *¢ indicate significant differences (p < 0.05).

The hygroscopicity of the initial material (MD) only reached 10 + 2 %. However,
after the spray drying process, the hygroscopicity of the M, ., products dramatically
increased from 17+ 2 to 22 + 1 % (p < 0.05), especially for the samples with a higher
amount of MD. These findings contradict the results of Mishra et al. [18]. MD can
also be considered a long-chain sugar with hygroscopic properties. A higher amount
of MD may lead to an increase in hygroscopicity and make preservation difficult.
In fact, many factors directly affect hygroscopicity, including inlet temperature, air
flow rate, feed flow rate, particle size, atomizer speed, as well as carrier agent type
and concentration [15]. Therefore, adjusting hygroscopicity as desired is not easy for
a spray drying process.

The water solubility index (WSI) of the CFN powder was high, ranging from
94 +2 % to 98 + 1 %. It remained almost unchanged when MD was added to the initial
material. There was a direct relationship between WSI and the powder product quali-
ty—the higher the WSI, the better the quality. These results were very similar to those
in the study by Mishra et al. (93.28-94.11 %) [18], but higher when compared to gac
powder (37.13-37.62 %) [19]. The good WSI of the CFN powder could be due to the
significant level of carbohydrates (MD and sugar) in the materials.

2.3. Wettability and flowability of the CFN powder. The flowability before and
after spray drying was evaluated through the angle of repose (AOR) tests (Table 3).
The AOR of the powder products (M, , ) ranged from 41.0 + 0.8° to 42.2 + 0.7°,
while that of the MD (M) was 59 + 3°. This means that the flowability of the samples
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decreased significantly after the spray drying process, resulting in reduced adhesion.
The flowability of the CFN powder was quite similar to that of the pineapple juice
powder with MD used as a carrier agent (40.54°) [8], and the powder product showed
cohesiveness properties (30° < AOR < 45°) [20, 21]. Generally, differences in flow-
ability values of materials can be attributed to storage temperatures, moisture content
of particles, relative humidity, particle shape, and particle size.

Table 3.
Wettability and flowability of the CFN powder
Sample Flowability (AOR, °) Wettability (s)
M, 59 £ 3° 497 £ 23¢
M, 41 £ 1° 224 4+ 370
M, 41.0+0.8° 206 + 332
M, 422 +0.7° 366 £ 11°
M, 42 £32 409 £ 28°

Within the columns, the letters ** indicate significant differences (p < 0.05).

Table 3 shows that the wettability of the CFN powder sharply decreased from
497 £ 23 to 206 + 33 s after the spray drying process. These results were also higher
than those for the pineapple juice (179 s) and P. multiflorum extract powder (155 s)
[8, 16]. Wettability is influenced by many factors, with the shape, particle size, mois-
ture content, and particle cohesiveness being particularly important.

2.4. Microstructure and particle size of the CFN powder. The M, sample had
the highest EY, and its other properties were similar to those of other powder products.
The MD (M,) and M, microstructures were observed, and the particle sizes were es-
timated. As shown in Fig. 1, a, the size of the M, particles varied greatly, from 20 to
44 pm in length and from 11 to 21 pm in width. The M, particles had amorphous
shapes. Compared with previous studies, their shapes were similar to the SEM results
obtained by Khazaei et al. [14] and Quoc [12] who used MD (DE 16-20) and gum
arabic as a carrier agent. However, the CFN powder products were spherical in shape,
with mutual adhesion between the particles, and the sizes of the particles were quite
diverse, ranging from 3 to 12 pm (Fig. 1, b).

St-PC 150  HighVac, [x1,000 _ 10 [lﬁ‘.[

Fig. 1. SEM microphotographs of MD (a) and M, sample () at 1000x magnification.
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The particle sizes of the CFN powder were also in agreement with those of the
Orthosiphon stamineus extracts powder in the studies by Pang et al. [22] with the par-
ticle sizes ranging from 4.87 to 6.93 pm when using MD and from 4.09 to 9.3 pm using
whey protein isolate as the carrier agent.

There were no wrinkles or indentations on the particle surface. They were rounded
and smooth, which is different from what was found by Quoc and Muoi [16] and Pang
et al. [22]. The spray-dried products from these studies often had dents and wrinkles
due to grain shrinkage as a result of moisture loss during the spray drying and cooling
in the drying chamber. However, this phenomenon was not observed in our study.
According to Loksuwan [23], the smooth surface of the product particles could be at-
tributed to the high sugar content. Sugars may act as a plasticizer preventing shrinkage
of the surface during drying.

Conclusions

CFN microencapsulation with the use of MD as an encapsulating agent proved
to be effective during spray drying. It was found that CFN has great potential for
commercial production of coconut sugar. The physicochemical properties of the spray-
dried CFN are comparable to some other spray-dried plant materials. Depending on
the MD concentration, the resulting powder products differ in their physicochemical
properties and can be either spherical or oval-shaped. The M, sample turned out to be
the best encapsulating material for spray drying of CFN, with an EY of 42%. Overall,
the results contribute to a better understanding of the CFN powder characteristics and
the production of spray-dried powders with desired properties.
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OIIeHKa (l)l/l?.l/IKO-Xl/IMI/I‘leCKI/lX CBOWCTB MOPOIIKOB U3 HEKTapa IBETKOB KOKOCOBOM
nmajabMbl, NOJYYCHHBIX METO10M paCHbIJIHTeJIBHOﬁ CYIIKHA

XHK. Anv, JL.D.T. Kyox

Hncmumym 6uomexnonozuii u nuujegvlx mexuonozui, IIpomvlunennulil ynueepcumem Xowumuna,
2. Xowumun, 700000, Beemnam

AHHOTANMSA

B crarbe mpoananu3npoBaHbl (PU3NKO-XUMHUYECKHE CBOWCTBA MOPOIIKOB, N3TOTOBICHHBIX M3 HE-
KTapa IBETKOB KOKOCOBOM MaJbMBI IyTEM PACHBUINTEIBHON CyIIKH. Hammydinne mokasarenu moiryde-
HBI JUTs 00pasia ¢ KOHIEHTpaIned MambToAeKCcTprHa 26% (Macc.), MOPOIIOK KOTOPOro MMeld Bua Oe-
TBIX, chepUIEeCKUX WM OBAJBHBIX I'PaHyJ, a TaKkke 00Jaan CIeIyIONMMI XapaKTePUCTUKAMH: BBIXOL
nponykra (42 + 2 %), Bmaxsocth (3.1 £ 0.6 %), pasmep yactur (3—12 MKM), HacbIIHAs MJIOTHOCTD
(0.380 £ 0.006 r/mi), TUTpOCKOMUYHOCTH (22 + 2 %), mHAEKC pacTBOpHUMOCTH B Boze (97 £ 1 %), yron
ecTecTBEHHOTo oTKoca (42.2 £+ 0.7°) u cmaunBaemocth (366 + 10 c). [lomyueHHBIE pe3ybTaThl HUMEIOT
3HAUCHME JUTA JaTbHEHIINX UCCIECIOBaHNI B 00IACTH MPUMEHEHHUS PACTIBUTUTEIBHON CYIIKA B MUIIEBON
MIPOMBIIIUICHHOCTH U OTKPBIBAIOT HOBBIE MEPCIIEKTHBBI AJISI MIMPOKOTO MCIONB30BAHUS MOPOIIKOB KOKO-
COBOTO HEKTapa 3a CYET YIPOLICHHUS MMPOIIecca ero MepepadOTKH U YIYUIICHNS COXPAaHHOCTH.

KitroueBble €/10Ba: HEKTap [IBETKOB KOKOCOBOI1 MaJIbMbl, PACIIBUINTEIbHAS CYILIKa, (GU3MKO-XUMU-
YeCKHe CBOMCTBA, OPOLIOK, caxap

Baarogapnoctu. VccienoBanue BbimonHeHO Ha 0aze MHCTUTyTa OMOTEXHONOTHH M MHINEBBIX
TexHosyoruii [lpombinieHHoro yHnBepcutera XommmuHa (BeeTHaM). ABTOpBI BBIPaXKaIOT HCKPEHHIOKO
6naronaprocts kouteram Yan Kour Bu u Jlu Aup TXy 3a 1IeHHBIE pEKOMEH/IAIIMHA OTHOCUTEIILHO Psaa
TEXHUUYECKUX BOIIPOCOB, pacCMaTPUBAEMbIX B HACTOALIEH CTaThe.

KongumkT untepecoB. ABTOPHI 3asBILIIOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

IToctrynuna B pegaxuuto 02.10.2023
Ipunsra k myomukanum 24.11.2023
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