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Abstract 
Powder from jambolan fruit is rich in bioactive compounds, such as pigments, and they present the potential to be 
used as a food colorant. This study aims to evaluate color and total anthocyanin content (TAC) and stability in freeze-
dried powder of jambolan fruits at four different degrees of maturity during storage in low-density polyethylene 
(LDPE) and metalized films at room temperature, thus simulating the storage after opening the package. The powder 
of fully mature fruits showed the highest anthocyanin content, evidenced by its intense purple color, as well as the 
highest anthocyanin degradation rate during storage after opening the package. The metalized film showed an 
anthocyanin concentration loss of 44%, however, the loss was 56% for the LDPE film. Immature fruits became darker, 
whereas the matured ones kept stable lightness within 90 days. The hygroscopicity increased with maturation, being 
related to the stability of anthocyanins with storage time. The metalized packaging assured stronger color and 
anthocyanin protection, besides enabling lower moisture gain in jambolan powders than LDPE packaging. 

Keywords: Lyophilization; Java plum; Jamun; Anthocyanins; Color; Food quality; Hygroscopicity. 

Resumo 
Produto em pó de frutos de jambolão é rico em compostos bioativos, como os pigmentos, apresentando potencial 
para ser usado como corante alimentício. O objetivo deste estudo é avaliar a estabilidade da cor e o conteúdo de 
antocianinas em pó de fruto liofilizado de jambolão em diferentes estádios de maturação, durante 90 dias de 
armazenamento em temperatura ambiente, em embalagens transparente (PEBD) e metalizada, simulando o 
armazenamento após abertura das embalagens. A cor roxa se intensificou com o amadurecimento do fruto. Pós 
dos frutos maduros apresentaram maior teor de antocianinas, evidenciado pela cor roxa mais intensa, assim como 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0901-3356


Storage stability of freeze-dried powder of jambolan (Syzygium cumini (L.)) fruits at different degrees of maturity and packages 
Mussi, L. P., & Pereira N. R. 

 

Braz. J. Food Technol., Campinas, v. 25, e2021096, 2022 | https://doi.org/10.1590/1981-6723.09621 2/13 

maior taxa de degradação durante o armazenamento após abertura das embalagens. Filmes metalizados resultaram 
em redução do conteúdo de antocianinas de 44%, enquanto esta perda foi de 56% para os filmes transparentes. 
Frutos imaturos escureceram, enquanto frutos maduros mantêm a luminosidade estável após 90 dias de 
armazenamento. A higroscopicidade aumentou com a maturação e está relacionada com a estabilidade das 
antocianinas com o tempo de armazenamento. A embalagem metalizada assegurou maior proteção às antocianinas 
e à cor, além de proteção ao ganho de umidade no produto, quando comparada à embalagem transparente. 

Palavras-chave: Criodessecação; Jamelão; Antocianinas; Cor; Qualidade de Alimentos; Higroscopicidade. 

Highlights  

• Powder from fully matured jambolan fruits showed the highest anthocyanins degradation rate during 
storage of previously opened packages. 

• Hygroscopicity increased with maturation and correlates with lower stability of anthocyanins with 
storage time.  

• Metalized film packages showed better protection against anthocyanins degradation than low-density 
polyethylene.  

1 Introduction 
The interest in using jambolan (Syzygium cumini (L.)) fruits and extracts has been growing fast in the last 

decades due to their several benefits to human health. The fruit is composed of several substances, which 
present nutraceutical and functional properties, such as antioxidant, anticancer, antimicrobial and antidiabetic 
activity, as well as cardiovascular protection (Ayyanar & Subash-Babu, 2012; Benherlal & Arumughan, 
2007; Faria et al., 2011; Grover et al., 2000; Longo et al., 2007; Menezes et al., 2013; Santos et al., 2020; 
Sharma et al., 2016; Singh et al., 2016; Vikrant et al., 2001). 

The composition of bioactive compounds in fruits varies at different degrees of maturity. Unripe fruits 
present high hydrolyzable tannins (gallo- and ellagitannins, and ellagic and gallic acids) and flavonoid 
contents, which make them suitable for nutraceutical use. On the other hand, the contents of hydrolyzable 
tannins decrease and anthocyanins increase as the ripening process progresses. Anthocyanins are responsible 
for the typical purple color of jambolan fruits (Lestario et al., 2017; Patel & Rao, 2014). Therefore, dried 
products from anthocyanin-rich mature fruits could be recommended as a food colorant, consisting of the 
advantage of presenting biological activities (Bezerra et al., 2015; Freitas-Sá et al., 2018). 

Several drying processes such as convective drying in a Fixed or Fluidized Bed Dryer (FBD), Freeze-
Drying (FD), Foam-Mat Drying (FMD), and Spray Drying (SD) are reported to enable the commercialization 
of dried fruit and extracts (Borges et al., 2016; Iasnaia Maria de Carvalho et al., 2017; Mussi et al., 2015; 
Santiago et al., 2016; Soares & Pereira, 2020). The drying method and process conditions influence both the 
degradation of unstable compounds and the extraction efficiency. Freeze-drying is recognized as a process 
that can minimize the degradation of unstable compounds during processing compared to other drying 
methods, mostly due to low-temperature exposure (Cheng et al., 2017). Though, it yields high-quality 
products and is often used as a reference method (Franks, 1998; Waghmare et al., 2021). (Nemzer et al., 
2018) reported that freeze-drying exhibited better retention of anthocyanins, vitamin C, phenolics, and 
Oxygen Radical Absorbance Capacity (ORAC) antioxidant capacity in several berries than other drying 
methods. In addition, it can enhance the extraction efficiency of bioactive compounds probably due to 
structural changes during the process (Eliasson et al., 2017). 
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However, some degradation of bioactive compounds during freeze-drying may occur, and it can be 
related to higher oxygen exposure due to the porous structure formed during freeze-drying 
(Fujita et al., 2013; Hazarika & Gosztola, 2020). (Fujita et al., 2013) reported that freeze-drying 
preserved the content of proanthocyanidins and decreased ascorbic acid by 18% with respect to camu-
camu powders, whereas Spouted Bed Dryers (SBDs) showed a decrease of 45-64% in ascorbic acid 
and 15.5-18.4% in proanthocyanins. In fact, anthocyanins may present instability depending on 
temperature, oxygen, moisture, and light (Ayyanar & Subash-Babu, 2012; Cavalcanti et al., 2011; 
Damodaran et al., 2007; Hendry & Houghton, 1992; Sharma et al., 2016; Veigas et al., 2007). Color 
is an important food quality attribute, besides being associated with fruit ripeness due to the presence 
of pigments (Damodaran et al., 2007; Usenik et al., 2009). The structure of anthocyanins and, 
consequently, their color, may change depending on factors affecting its stability during processed-
food storage. Thus, drying method, storage conditions and dry-food packaging may affect products’ 
shelf life, which is controlled by properties of the food itself, as well as by specific barrier properties 
of each packaging (Wrolstad, 2004; Tonon et al., 2010; Zorić et al. 2016; Udomkun et al., 2016; 
Sinela et al., 2017). Freeze-dried bayberry powders showed better retention of total polyphenols, 
gallic acid, protocatechuic acid, cyanidin-3-o-glucoside, and anthocyanins during storage than spray 
dried ones (Cheng et al., 2017). 

The authors did not conduct a previous study about the storage stability of jamolan fruit powder at different 
maturation despite the health-beneficial effects of jambolana fruit consumption and the changes in fruit 
composition during maturation and storage. Therefore, the current study aimed to evaluate the color and TAC 
stability of freeze-dried edible fractions of jambolan fruits at different degrees of maturity during storage at 
room temperature in transparent and metalized packaging after opening the package. 

2 Materials and methods 

2.1 Raw material 

Jambolan fruits were manually collected from trees located at the University campus in Campos 
dos Goytacazes, in the state of Rio de Janeiro, in Brazil, from February to March 2016. Fruits were 
sorted into four different degrees of maturity based on visual observation of peel color. The 
aforementioned degrees of maturity were green (D1), green-pink (D2), pink-light-purple (D3), and 
purple (D4). The selected fruits were washed in tap water, immersed in 100 mg.L-1 sodium 
hypochlorite solution for 15 min, rinsed in distilled water (once), and dried at room temperature (25 
ºC). The whole fruits were stored in plastic bags at -18 ºC for one month before the edible fractions 
(consisting of pulp and peel) were manually separated from the seeds with a sharp knife. Right after 
the separation, the edible fractions were stored at -18 °C in individual portions for further drying and 
analysis. 

2.2 Freeze drying 

The edible portions of fruits at all maturation degrees were freeze-dried in a benchtop manifold 
freeze dryer (LIOTOP, L202, Brazil) until a constant weight was reached. Freeze-drier vessels were 
wrapped in aluminum foil to protect the samples from light during the process. Moisture content and 
water activity in the initial and dried samples were measured. The moisture content was determined 
by the AOAC Method 925.23 (Association of Official Analytical Chemists, 1998), i.e., samples were 
dried in an oven at 105 °C for 24 h. Water activity was determined in a dew point water activity meter 
at 25 °C (Aqualab 4 TEV, Decagon, USA). After the freeze-drying, samples were grounded for 20 s 
in a stainless-steel electric coffee grinder (PC-KSW 1021, ProfiCook, Germany) adapted with external 
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insulation, which consisted in a frozen gel bag. The ground sample size was homogenized through a 
0.71 mm Tyler sieve (mesh 25) to obtain a powder with particle diameters smaller than 0.71 mm. 

2.3 Hygroscopicity 

The hygroscopicity was determined based on previous publications (Cai & Corke, 2000; Tonon et al., 
2008). An aluminum pan with 1.0 g of sample was placed in a desiccator containing NaCl saturated solution 
(water activity 0.75) at 25 °C. After 1-week samples were dried until constant weight at 105 °C. The 
hygroscopicity was expressed as the mass of absorbed moisture per 100 g of dry solids. 

2.4 Color 

The CIE Lab color space parameters of powder samples were measured in a colorimeter (MiniScan XE 
Plus, HunterLab, USA) following manufacturer instructions. The color difference (ΔE*), the cylindrical 
coordinates, chroma (C*) and hue angle (hab) resulted from L*-, a*- and b*- values, according to Equations 
1, 2, and 3, respectively (Konica Minolta, 1998). 

∆𝐸𝐸 ∗= �(𝐿𝐿∗ − 𝐿𝐿0∗ )2 + (𝑎𝑎∗ − 𝑎𝑎0∗)2 + (𝑏𝑏∗ − 𝑏𝑏0∗)2 (1) 

𝐶𝐶 ∗= √𝑎𝑎 ∗2+ 𝑏𝑏 ∗2 (2) 

ℎ𝑎𝑎𝑎𝑎 (°) = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �𝑏𝑏∗
𝑎𝑎∗
� (3) 

wherein L0*, a0* and b0* represented the color values of the initial samples and L*, a*, and b* represented 
the color of samples at t storage time. Ten grams of powdered sample were poured into a glass vessel (64 
mm diameter) covered with a black lid to avoid influence from external light. Readings were conducted every 
90° of vessel rotation (horizontal plane). This procedure was repeated at least three times for every sample 
after powder homogenization. 

2.5 Total anthocyanins 

The anthocyanin extraction consisted of extracting 0.5 g of samples using 5 mL of methanol acidified 
with HCl to pH 2.0. The extraction was performed as follows: agitation in a vortex for 5 min at 120 rpm; 
sonication for 30 min; and centrifugation for 10 min at 1100 rpm (mod 8BT, ITR, Brazil). Then, samples 
were kept for 24 h at 5 °C and protected from light to complete anthocyanin extraction. They were 
centrifuged for 10 min after 24h of cold extraction. The extract was centrifuged for 10 min at 110 rpm 
and the supernatant was pipetted for anthocyanin determination. Total anthocyanins were quantified 
based on the pH-differential method (Lee et al., 2005), using a UV-visible spectrophotometer 
(ThermoScientific, Genesys 105 UV-VIS, China) at 520 and 700 nm. The anthocyanin content (mg 100 
g-1 dry matter) was expressed as cyaniding-3-glucoside equivalents by taking into consideration the 
molar extinction coefficient 26,900 and the molecular weight 449.2 g mol -1. 

2.6 Packaging and storage stability 

Powder samples (14 g) at four degrees of maturity were stored in sealed packaging (made of two 
different materials) at room temperature (25 ± 2 °C) after the drying process. The transparent bag was 
made of low-density polyethylene (LDPE) film 0.035 (± 0.001) mm thick (Talge, Brazil). The 
laminated pouch (Metalized) had a film thickness of 0.125 (± 0.001) mm and comprised an external 
laminated polyester layer and an internal polyethylene layer (TradPouch, Tradbor, Brazil). 

Samples were withdrawn from the packaging for color measurement at time intervals (7, 14, 21, 
30, 45, 60, and 90 days) until 90 days of storage. After the color-reading, a 0.5 g aliquot was taken 
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for anthocyanin determination, whereas the remaining powder was placed back in the packaging to 
continue the storage. This procedure subjected samples to environmental conditions, i.e., oxygen, 
humidity, and temperature, simulating storage by consumers. Additionally, the water activity in the 
samples was measured at the 60th and 90th storage days to assess moisture gain during storage. 

The anthocyanin stability during storage was considered as a first-order kinetic reaction. Data of TAC 
versus time were fitted to Equation 4 to estimate first-order kinetic rate constant (k) and half-life (t1/2) 
(Equation 5). 
𝐶𝐶
𝐶𝐶0

= 𝑒𝑒−𝑘𝑘𝑘𝑘 (4) 

𝑡𝑡1/2 = ln 2
𝑘𝑘

 (5) 

wherein C is the TAC (mg 100 g-1) at storage time t (min) and C0 is the initial TAC. 

2.7 Statistics 

All analyses were repeated at least three times and values were expressed as average ± standard deviation. 
The experimental data of the physical-chemical analyses and the color of the four degrees of maturity were 
subjected to Analysis of Variance (ANOVA) and Tukey’s test in the Basic software (XLStat, USA). The 
average values were considered to be significantly different at a 95% confidence level (p ≤ 0.05). The 
anthocyanin degradation kinetics data fitting was done by nonlinear regression and evaluated by the 
determination coefficient (R2). 

3 Results and discussion 

3.1 Characterization of freeze-dried jambolan edible fractions 

Table 1 presents moisture and anthocyanin contents in edible fractions of jambolan fruits at the 
four degrees of maturity. The moisture content and hygroscopicity of freeze-dried products were lower 
in the edible fraction of green fruits and higher in the ripest ones (purple-black). Final moisture content 
linearly was correlated with hygroscopicity (R2 = 0.99) and maturation (R2 = 0.96). Previous studies 
reported water accumulation and increased sugar content in fruits throughout maturation, with an 
intense increase of glucose and fructose contents (Mussi, 2018; Sturm et al., 2003). Thus, water 
molecules may be strongly bonded to sugars, and to the cellular structure as maturation progressed. 
This hinders the water loss during freeze-drying due to high viscosity, and low vapor pressure, 
diffusion, and mobility of watery solution of fruit tissue (Maltini et al., 2003), thus increasing final 
moisture and hygroscopicity of more mature fruits. 

As expected, the TAC increased as the fruit maturation progressed; such pigment was not observed 
in green fruits (D1). The evolution in anthocyanin formation presented an exponential character since 
there was an abrupt anthocyanin increase in the last degree of maturity. Similar results were reported 
by Lestario et al. (2017), who showed that the anthocyanin content increased, and its composition 
changed during fruit maturation. All color parameters presented statistical differences between 
powders from jambolan fruits at different degrees of maturity (p ≤ 0.05). The fruit powders became 
darker (decreased L*-values) and presented a more red color (increased a*-values) as the maturation 
progressed (Figure 1). The b-values indicated that the color of the fruit powders changed from less 
yellow to more blue (decreased b*-values). Both a* and b*-values contributed to the purple color 
characteristic of the fully-ripe fruit powders (D4), with the hue moving from yellow-orange to purple 
values (h*ab). 
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Table 1. Moisture, hygroscopicity, total anthocyanin contents, and color of jambolan powder at four degrees of 
maturity. 

Degrees of maturity Green  
(D1) 

Green-pink  
(D2) 

Pink-light purple 
(D3) 

Purple-black  
(D4) 

Moisture content (g/100 g) 2.7 ± 0.3d 4.8 ± 0.4c 7.9 ± 0.5b 12.9 ± 0.5a 

Hygroscopicity (%) 10.3 ± 0.3d 11.6 ± 0.1c 13.5 ± 0.1b 18.43 ± 0.02a 

TAC (mg/100 g)1 nd 26 ± 1c 209 ± 7b 891 ± 32a 

Color parameters     

L* 63.1 ± 0.2b 66.33 ± 0.09a 50.6 ± 0.4c 22.0 ± 0.1d 

a* 3.106 ± 0.007d 5.8 ± 0.2c 17.6 ± 0.3a 13.6 ± 0.3b 

b* 25.85 ± 0.03a 14.5 ± 0.2b -3.2 ± 0.3d -6.5 ± 0.5c 

C* 26.0 ± 0.2a 15.6 ± 0.2c 17.9 ± 0.2 b 15.0 ± 0.3d 

h*ab (°) 83.19 ± 0.02c 68.1 ± 0.6d 350 ± 1b 335 ± 2a 

Values are the average ± standard deviation of at least three determinations; values in the same line followed by the same letter are not 
significantly different (p > 0.05). TAC = Total Anthocyanin Content; nd = not detected; 1expressed in dry matter. 

 
Figure 1. Visual observation of fruits and freeze-dried jambolan powders from different degrees of maturity stored in 
low-density polyethylene (LDPE) and metalized packing. Maturity degree: Green (D1); Green-pink (D2); Pink-light 

purple (D3) and Purple-black (D4) 
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3.2 Effect of maturation degree and storage conditions on moisture gain 

Due to hygroscopic character, water activity increased in all samples after opening the package during storage in 
both packaging materials in comparison to the initial samples (data not shown). However, powders stored in 
metalized packaging showed a lower increase in water activity than the ones stored in LDPE bags, as expected (p ≤ 
0.05) (Table 2). Water activity increased by 3.4 and 3.0 times, on average, in samples packed in LDPE and metalized 
films, respectively. The protection against moisture is affected by the nature of the packaging material and by layer 
thickness (Zorić et al. 2016). Similar results were reported by (Henríquez et al., 2013), who observed higher moisture 
gain in apple peel powders stored in high-density polyethylene than in high-barrier metalized film pouches. Water 
gain plays a key role in the quality and shelf-life of dried powders. Powders from fully mature fruits (D4) showed 
agglomeration within 90 storage days, because of water gain after opening the package. Thus, a low relative humidity 
atmosphere is needed to handle and store those products. 

Table 2. Water activity of jambolan powder at four degrees of maturity after storage in low-density polyethylene 
(LDPE) and metalized packing. 

Degrees of maturity 

Storage time 

60 days  90 days 

LDPE Metalized  LDPE Metalized 

Green (D1) 0.63 ± 0.02A 0.580 ± 0.002B  0.66 ± 0.02A 0.612 ± 0.003B 

Green-pink (D2) 0.595 ± 0.002A 0.523 ± 0.001B  0.648 ± 0.002A 0.610 ± 0.004B 

Pink-light purple (D3) 0.579 ± 0.001A 0.4821 ± 0.0001B  0.647 ± 0.001A 0.571 ± 0.003B 

Purple-black (D4) 0.5687 ± 0.0003A 0.483 ± 0.001B  0.645 ± 0.001A 0.575 ± 0.001B 

Values are the average ± standard deviation of at least three determinations; values in the same line followed by the same letter are not 
significantly different (p > 0.05) for the same storage time. 

3.3 Anthocyanin stability 

Anthocyanins are the main pigment responsible for the color of jambolan fruits and show increased content as 
ripening progresses, as mentioned previously (Figure 1). Therefore, powders from the most immature fruits (D1) 
were not evaluated for anthocyanin stability during storage, as anthocyanins are not present in their composition. 

Anthocyanin degradation data fitted well to the first-order kinetics model (Equation 4) (R2≥0.91) (Table 3), except 
for samples from the green-pink (D2) degree of maturity. The model explained 88% and 62% of anthocyanin data 
for D2 samples in the LDPE and metalized packaging types, respectively. Even though, the model was considered 
and was used to express the trend of anthocyanins stability for powders from different degrees of maturity during 
storage in two different packings. 

Table 3. First-order kinetics parameters for anthocyanin degradation during storage of jambolan powder at three 
degrees of maturity in LDPE and metalized packing. 

Degrees of maturity 
LDPE packing  Metalized packing 

k (day-1) t1/2 (day) R2  k (day-1) t1/2 (day) R2 

Green-pink (D2) 0.011 ± 0.002 62 0.88  0.004 ±0.001 156 0.62 

Pink-light purple (D3) 0.008 ± 0.001 83 0.91  0.004 ± 0.003 188 0.93 

Purple-black (D4) 0.011 ± 0.001 62 0.95  0.008 ± 0.006 91 0.95 
R2 = coefficient of determination. 
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As expected, the metalized packaging provided stronger protection against anthocyanin degradation than 
the LDPE one throughout the storage of all samples (Figure 2). The half-life of samples stored in the 
metalized packaging was 2.5, 2.3, and 1.5 times higher than in the LDPE one at the green-pink (D2), pink-
light purple (D3), and purple-black (D4) degree of maturity, respectively. However, those values were 
considerably lower than the one found for foam mat-dried jambolan juice powder stored at 25 ºC 
(Tavares et al., 2020). The authors suggest that this high stability can be attributed to the maltodextrin 
protective effect, which is used in the foam formulation. 

It is well known that light, oxygen, and moisture content accelerate anthocyanin degradation during storage 
(Gradinaru et al., 2003; Sari et al., 2012; Sharma et al., 2016; Wrolstad, 2004). The anthocyanin 
concentration losses were lower than 2% after 7 days of storage when the packages were first opened, 
showing some accordance with the reported stability of jambolan foam-mat dried powders (Iasnaia Maria de 
Carvalho et al., 2017). As previously mentioned, our samples presented hygroscopic character and the 
samples absorbed water from the environment after several package openings. Thus, the losses might be 
related to the increase in water activity. In fact, the metalized packaging provided stronger protection against 
moisture migration during storage. Anthocyanin concentration showed statistical differences after 90, 30, and 
14 days of storage between samples stored in LDPE and metalized packages (p ≤ 0.05), for green-pink (D2), 
pink-light purple (D3), and purple-black (D4) degree of maturity, respectively. 

 
Figure 2. Kinetics of anthocyanin degradation of jambolan powders from different degrees of maturity stored in low-

density polyethylene (LDPE) and metalized packing. Maturity degrees: (a) Green-pink (D2); (b) Pink-light purple 
(D3); and (c) Purple-black (D4). The error bars represent the standard error of average values. 

Fully mature samples (D4) showed the highest anthocyanin degradation rate, achieving 44% and 56% loss 
of anthocyanin concentration after 90 days (p ≤ 0.05), similar to results reported by (Braga & Rocha, 2015) 
for milk-blackberry pulp powder and (Cheng et al., 2017) for freeze-dried and spray-dried bayberry powder. 
The anthocyanin content of this sample (D4) (before storage) was 97 and 77% higher than the ones from 
maturity degree D2 and D3, respectively (Table 1). Higher TAC may favor more intense degradation 
reactions than lower contents since the reaction rate is proportional to reactant concentrations 
(Damodaran et al., 2007). At the same time, higher hygroscopicity, fruit composition (sugars, ascorbic acid, 
other organic acids, and minerals), and the profile of anthocyanins and other polyphenolics can explain the 
higher anthocyanin reduction in powders from purple-black samples throughout storage. 

Anthocyanin degradation reaction produces brown pigments (Skrede et al., 2000; Wrolstad, 2004) or 
colorless compounds (Sari et al., 2012) by enzymatic or non-enzymatic mechanisms. Anthocyanins showed 
a higher degradation rate in the presence of sugars and their degradation compounds (Amr & Al-Tamimi, 
2007; Cavalcanti et al., 2011). The maturation process involves anthocyanin biosynthesis (Table 1), as well 
as an increase of sucrose and reduced sugars concentrations (data not shown). According to (Lestario et al., 
2017), jambolan fruit anthocyanins are mainly composed of delphinidin-3,5-diglucoside, which accounts for 
37-48% of TAC, followed by petunidin-3,5-diglucoside (29-33%), malvidin-3,5-diglucoside (19-27%), 
cyanidin-3,5-diglucoside (3%), delphinidin-3-O-glucoside (2-3%) and peonidin-3,5-diglucoside (1-2%). The 
same proportion of anthocyanins remains throughout fruit ripening, except for delphinine-3-O-diglucoside 
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and peonidin-3,5-O-diglucoside, which were detected at the green-pink degree of maturity. A similar 
anthocyanin profile of fully mature jambolan extract was also reported elsewhere (Faria et al., 2011; 
Sharma et al., 2016). 

Different anthocyanins may present different stability against external factors as well. (Türkyılmaz et al., 
2022) reported that co-pigmentation with amino acids and aspartic acid, by hydrophobic 
interactions/hydrogen bond, can slow down the degradation effect of ascorbic acid on anthocyanins in 
pomegranate and orange juice blend heated at 90-150 °C. According to (Sharma et al., 2016), the storage 
stability study of jambolan crude extracts showed that malvidin-3,5-diglucoside decreased more than 
petunidin-3,5-diglucoside, and it was followed by delphinidin-3,5-diglucoside. In addition, anthocyanins 
present different colors depending on their chemical structure (Cavalcanti et al., 2011). Therefore, the 
difference in anthocyanin stability, as well as fruit composition, may be responsible for the different 
degradation rates recorded for powders deriving from different fruit maturity degrees. 

3.4 Color stability 

Figure 3 presents the color parameters of powders from jambolan fruits at the four degrees of maturity 
during storage at 25 °C. The L*-value decreased (p ≤ 0.05) during storage time in powders from fruits at the 
first three maturity degrees (D1 to D3), i.e., samples became darker throughout storage after opening the 
package, seeing that L*-values reduced by 3 to 6 units. Both packaging materials recorded the same behavior, 
and no difference was observed between them, except for D4 (p ≤ 0.05). L*-values of powders from fully 
ripened fruits (D4) were stable, oscillating 3 units for both packings. The minor changes observed might not 
be significant for practical applications. Similar results were observed for microencapsulated powders of 
anthocyanins from Hibiscus sabdariffa L. (Idham et al., 2012). 

 
Figure 3. CIE Lab color parameters of jambolan powders from different degrees of maturity during storage in low-
density polyethylene (LDPE) and metalized packing. Green (D1); Green-pink (D2); Pink-light purple (D3); Purple-

black (D4) 
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The hue angle decreased with storage time for powders from less mature fruits (D1 and D2) (p ≤ 0.05). 
This might be attributed to the chlorophyll degradation, as less mature fruits were richer in chlorophyll in 
comparison to the mature ones. On the other hand, the samples from mature fruits (D3 and D4) showed 
increased hue angles as storage time increased (p ≤ 0.05). These samples were darker and more purple than 
the immature ones due to pigment formation, mainly anthocyanins and carotenoids, as well as to chlorophyll 
decrease (Faria et al., 2011; Hendry & Houghton, 1992; Lestario et al., 2017; Mozetič et al., 2004). The 
increase of hue values with storage time means that the color moves from violet-purple towards reddish-
purple hue. An increase in hue was also observed during storage of foam-mat dried jambolan pulp powder 
for 150 days (Iasnaia Maria de Carvalho et al., 2017) and SBDs jambolan pulp with egg white-maltodextrin 
for 40 days (Soares & Pereira, 2020). 

Anthocyanins present different colors and stability depending on their chemical structure 
(Cavalcanti et al., 2011). The main anthocyanins found in mature jambolan fruit, delphinidin-3,5-
diglucoside, petunidin-3,5-diglucoside, and malvidin-3,5-diglucoside, present blue/violet hues. As discussed 
earlier, malvidin and petunidin are less stable than delphinidin, which has a red hue and is a minor 
anthocyanin found in the fruit (Ananga et al., 2013; Sharma et al., 2016). Therefore, one hypothesis is that 
powder degradation during storage reflects in less violet/purple hues mainly due to degradation of the major 
anthocyanins. Hue data showed a good correlation with anthocyanin concentration (0.61≤R2≤0.88) for 
anthocyanin-rich powders (D4 and D3). 

The color difference (Equation 1) increased throughout storage time for samples from four degrees of 
maturity, ranging from 3 to 7 units on average. This minor color change of powder after several opening of 
the packages during 90 days of storage, does not impair in loss of the purple attractive color of fruit powder, 
particularly the ones from the most mature fruits (Figure 1). Concerning the effect of packaging on color 
stability, the metalized packaging slightly protected the color of all powders. 

4 Conclusions 
Anthocyanin stability of freeze-dried jambolan fruit powders was significantly affected by storage time, 

maturity degree, and less affected by package material. The powder of the ripe fruit (D4) was more 
susceptible to degradation in both packaging types and can be related to the higher hygroscopicity and 
anthocyanin concentration. Water activity increase was more significant in the transparent packaging (LDPE) 
type than in the metalized one, with package opening. Overall, the color slightly changed throughout the 
storage period and the metalized packaging provided stronger protection against color loss and anthocyanin 
degradation than the transparent one to all jambolan powders. Therefore, to help to preserve the anthocyanins 
of jambolan powders, it is necessary to store them in high light, oxygen, and moisture-barrier metalized 
packaging even after opening the package. A period of 90 days retains anthocyanin content by 56% 
(metalized) to 44% (LDPE) in an opened packing, keeping the pink-purple (D3) and dark-purple (D4) 
attractive color of powders. Thus, jambolan powders could be indicated as a natural food colorant, with good 
retention of anthocyanins even after opening the package for 90 days. 
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