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 In this study physicochemical properties of foam-mat freeze-dried and spray-dried powders of Shahani grape 
pomace were investigated. DPPH radical scavenging activity (RSA), anthocyanin and polyphenol compounds in 
Shahani grape pomace extract (SPE) were 84%, 133 mg/100 mL and 957 mg GAE/g; respectively. The effect of 
Maltodextrin (MD) and Arabic gum (AG) as foam stabilizers and carriers were evaluated. The foam stabilizers 
improved foam properties in expansion, density, and stability. According to the results, foam-mat freeze-dried 
(FMFD) powders had higher amounts of anthocyanin, total phenolic content, RSA, Carr’s index, degree of caking, 
solubility, hygroscopicity as well as tapped and particle density in comparison to spray-dried (SD) powders. 
However, the FMFD powders had lower cohesiveness in comparison to SD powders. According to the results, the 
addition of MD and AG has led to some improvements in the quality properties of Shahani grape pomace beverage 
powder, and freeze drying was determined as the more suitable method for production of the beverage powder based 
on SPE. 
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1. Introduction 

Grape (Vitis vinifera) is considered a nutritious food and a rich 
source of bioactive compounds. Different varieties of this fruit are 
widely cultivated worldwide and consumed. Peel, pulp, and seeds 
are constituent components of grapes, with chemical composition 
dependent on grape species and variety, the climate of the cultivation 
area, and processing factors. Grapes contain different 
phytochemicals, such as polyphenols, that function as antioxidants, 
anti-inflammatory, cardioprotective, anticarcinogenic, and 
neuroprotective activities (Gomes et al., 2019). According to FAO 
(2020), about 1945930 tons of grapes were produced in Iran, and the 
area under cultivation of grapes was 155203 ha (FAO, 2020). Grape 
juice is produced via the pressing of grapes, and the residual grape 
marc, also known as grape pomace, is obtained. Grape pomace 
produced through grape juice production is immediately discarded. 
Besides, in the filtration and stabilization steps, additional residues 
are removed from grape juice (Spigno et al., 2017). Small pieces of 
stalk, seeds, skin, and some amounts of pulp are components of the 

grape pomace. However, pomace is a biodegradable food by-
product, and its disposal causes in triggering massive industrial 
waste poses some environmental problems (Theagarajan et al., 
2019). Grape pomace considers a source of bioactive compounds. 
Shahani grape variety (Vitis Vinifera L.) mainly include phenolic 
compounds, anthocyanins, flavonols, flavan-3-ols, and phenolic 
acids (Goula et al., 2016). Malvidin, cyaniding, petunidin, 
delphinidin, and peonidin are some of the most abundant 
anthocyanin aglycones. Anthocyanins aglycones are glycosidically 
linked to sugars in the C-3 position of the anthocyanidin. 
Anthocyanins are pigments liable for the red color of grape skin and 
are produced during the ripening of this fruit (Kedage et al., 2007). 
Grape pomace is mainly characterized by two fractions: (I) seedless 
pomace (containing skin, residual pulp, and some stems) and (II) the 
seeds (Bordiga et al., 2019). These agro-industrial by-products are 
mainly used as animal feed, distillation, compost, or buried in the 
soil, causing some problems for the environment. These components 
gained increasing attention for use in value-added products (Valls et 
al., 2017). The possibility of adding grape pomace powder to 
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different products such as pasta, tea infusion, tomato puree, snacks, 
biscuits, cookies, and other products has been evaluated (Marchiani 
et al., 2016).  

Due to the high moisture content, grape pomace is highly prone 
to spoil (Goula et al., 2016). Drying is one of the best ways to 
preserve food products (Qadri et al., 2020). Foam-mat drying is an 
excellent method of producing powdered food products. The process 
of foam-mat drying is described as the alteration of liquid or semi-
liquid foods into stable foams using foaming agents and stabilizing 
additives, followed by intense agitation and drying (Hajiaghaei and 
Sharifi, 2022). Foam-mat freeze-drying is a process that involves the 
freeze-drying of food foams (Qadri et al., 2020). The spray drying 
process involves contacting hot air with atomized concentrated 
liquid or slurry, then separating the produced powdered product 
(Sharifi et al., 2015). Foam properties significantly impact the 
physicochemical properties of powders produced in the foam-mat 
drying process (Gao et al., 2022). Low dextrose equivalent (DE) 
maltodextrin is a low-cost ingredient suitable for providing dried 
powders with good physical properties due to the high glass 
transition temperature (Franceschinis et al., 2014). High-molecular 
weight drying aids such as maltodextrin and Arabic gum reduce the 
stickiness of powder (Seerangurayar et al., 2018). 

Several types of research have been conducted in the field of 
foam-mat drying. To the best of our knowledge, no information is 
present about the production of beverage powder based on Shahani 
grape pomace via spray-drying and foam-mat freeze-drying 
methods. This study aims to (1) production of beverage powder 
based on grape pomace extract via foam-mat freeze-drying and 
spray-drying and (2) investigate the effect of these methods and foam 
stabilizers and carriers, i.e., maltodextrin and Arabic gum on the 
physicochemical attributes of produced powders. 

 
 

2. Material and Methods 
The grape pomace was obtained from the Shahani grape variety 

(Vitis Vinifera Linné Subsp. Vinifera), locally harvested in the 
summer of 2022 from vineyards in Qazvin province, Iran. The grape 
pomace was prepared after grape juice processing, followed by the 
separation of seeds. Maltodextrin (MD, DE 12), albumin powder, 
Folin-Ciocalteu reagent, sodium carbonate, gallic acid, chloridric 
acid, 2,2- diphenyl-1-picrylhydrazyl (DPPH), petroleum ether, 
methanol, and ethanol were purchased from merk (Darmstadt, 
Germany), and Arabic gum was acquired from Sigma-Aldrich (St. 
Louis, MO, USA).  

Grape pomace was dried using a vacuum drying oven (Behdad, 
Iran) at 45 ℃ for 4-5 hours, powdered with a blender (Moulinex, 
Germany), and sieved (35 mesh) to obtain uniform particles. The 
pomace powder was put into dark glasses and kept at -18 ℃ for 
further analysis. Shahani grape pomace extract (SPE) was extracted 
using the method of Rajaei et al. (2010) with some modifications. 
Briefly, the SPE was prepared using the ratio of 1:8 pomace powder 
to water (w/v) in an ultrasonic water bath (Technology- Up200h, 
Germany) operating at a frequency of 35 kHz for 15 min at 55℃. 
The prepared extract was separated from the solids using a vacuum 
pump (KNF N838.3KT.45.18, Germany) and filter papers 
(Whatman No.5, Wallingford, UK).  
 
2.1. Extract analysis 
 
2.1.1. Total anthocyanin content (TAC) 

The TAC of the extract was determined by the 
spectrophotometric pH differential method (Sharifi and 
Khoshnoudi-Nia, 2022). A total amount of 0.1 g extract was added 
to the 10 ml acidic methanol. After centrifugation at 6000 rpm for 15 
min, the supernatant was incubated in a dark place for 24 h. The 
absorbance of the solution was read at 510 and 700 nm using a 
UV/Visible spectrophotometer (Perkin Elmer, Inc., USA, model: 
Lambda 35). TAC of the extract was calculated using equation (1) 
and expressed as mg cyaniding 3-Glucoside equivalent per 100 mL 

of extract: 
 

𝑇𝐴𝐶	(𝑚𝑔	/100	𝑚𝐿) = 𝐴 ×𝑀𝑊 ×𝐷𝐹 × 1000/𝜀 × 𝐿 (1) 
 

Where A is the difference of absorbance of anthocyanin, 
calculated as (A510 nm-A700 nm) pH1 - (A510 nm-A700 nm) pH4.5, 
MW is the molecular weight of Cyanidin 3-Glucoside (449.2 gmol-

1), DF is the dilution factor, L is the path length of the cell (1cm), 
and ε is the cyanidin 3-Glucoside molar absorptivity (26900 Lmol-1 
cm-1). 

 
2.1.2. Total phenolic content (TPC) 

 
The TPC of the extract was determined using the method of 

Zareei et al. (2019) with some modifications. Briefly, 1 ml of extract 
was added to 9 ml distilled water and 1 ml Folin-Ciocalteu reagent. 
After 5 min, sodium carbonate (7%) solution was added to the 
mixture and incubated for 60 minutes at room temperature. The 
sample's absorption at 725 nm was read in a spectrophotometer 
against a blank. The blank sample was prepared without extract. The 
TPC in the extract was reported as Gallic acid equivalent (GAE)/ g 
of sample (wet weight). A standard curve was used for the 
determination of TPC. 

 
2.1.3. DPPH radical scavenging activity (RSA) 

 
The RSA of the extract was determined according to the method 

described by Kalantari et al. (2020) with a brief modification. 
Briefly, 50 ml extract was mixed with 1 ml methanolic solution of 
DPPH (1,1-diphenyl-2-picryhydrazyl) (0.2 mM). The mixture was 
incubated for 30 min at room temperature in a dark place, followed 
by a vortex for 1 min. The reduction of adsorption at 517 nm was 
read in a UV/Visible spectrophotometer and calculated using 
equation (2). Methanol was used as the blank sample. 

 

(RSA%) = (1 −
𝑆𝑎𝑚𝑝𝑙𝑒	𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛	
𝐵𝑙𝑎𝑛𝑘	𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 ) × 100      

             (2) 
 
2.2. Drying processes 
 

Preparation of foam for foam-mat freeze-drying based on 
Shahani grape pomace extract (SPE) was done using albumin 
powder as a foaming agent at a constant level of 3% (w/w) and a 
mixture of Arabic gum (AG) and Maltodextrin (MD) as foam 
stabilizers at different levels, followed by mixing using a mixer (IKA 
LABORTECHNIK, Germany) for 8 minutes. AG and MD used for 
spray-drying just as carrier. 

The drying process of samples was done via two different 
methods: foam-mat freeze-drying and spray-drying. To this purpose, 
different percentages of AG and MD were tested, and some of the 
more compatible formulations for each drying method were taken 
for further analysis. Results showed that the preferred formulations 
for foam-mat freeze-drying were 7.5% MD+7.5% AG and 15% 
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MD+15% AG, and those for spray-drying was determined as 8% 
MD+8% AG, 12% MD+4% AG, 4% MD+12% AG. Samples 
produced in foam-mat freeze-drying and spray-drying methods are 
labeled as FMFD and SD, respectively. The control sample (without 
MD and AG) was produced via foam-mat freeze-drying. Produce 
control sample of SD without MD and AG was not possible. 

In order to foam-mat freeze-drying, a roughly 1 cm layer of foam 
was spread on glass plates and kept at -70℃ in a deep freezer for 24 
h. The drying process was conducted in a freeze dryer (Zist Farayand 
Tajhiz Sahand, Iran) for 24 hours at -50℃ and a vacuum chamber 
pressure of 190 mtorr (Hajiaghaei and Sharifi, 2022). The dried 
foams were grounded and sieved (60 mesh).  

To perform the samples for spray-drying process, SPE with 
carriers were spray-dried in a BUCHI Mini Spray Dryer (B-290, 
Switzerland) at an air inlet temperature of 160℃, the outlet 
temperature of 90℃, and feed volumetric flow rate of 0.3-1.1 ml/s 
(Sharifi et al., 2015).  

The prepared powders resulting from these two approaches were 
kept in the dark glasses at 4℃. Samples were labeled as control, 
7.5% MD+7.5% AG: FMFD, 15% MD+15% AG: FMFD; 8% 
MD+8% AG: SD, 12% MD+4% AG: SD, 4% MD+4% AG: SD. 

 
2.3. Experiments of powders 
 
2.3.1. Moisture content 
 

Approximately 2 grams of the powder samples were put into 
Petri dishes and dried in an oven (Binder, USA) at 105℃ for 3h. The 
moisture content was evaluated using differences between the 
weight of samples before and after drying (Eq. 3) (Affandi et al., 
2017): 

Moisture	(%) =
𝑊! −𝑊"

𝑊! −𝑊#
× 100            

                                 (3) 
 

Where W1 = weight of the wet plate (g), W2 = weight of wet plate 
containing wet sample (g), and W3 = weight of plate containing 
sample after drying (g) 

 
2.3.2. Solubility 

 
The solubility of powders was determined using the method of 

Seerangurayar et al. (2018). An approximate amount of 1 gram of 
powder was added to 10 ml of distilled water, followed by stirring 
using a magnetic stirrer for 10 min. After keeping it for 30 min at 
37℃, the solution was centrifuged (model: Hermle Z 323 K, Hermle 
Labortechnik GmbH, Germany) at 3500 rpm for 15 min. The 
supernatant was dried in an oven at 105℃, and the solubility was 
determined using equation (4). 

 
𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦	(%) =

𝑚!

𝑚#
× 100                                        (4) 

                            
  

 Where m1 is the weight of the dried supernatant (g), and m2 is 
the weight of the initial sample (1 g). 

 
2.3.3. Hygroscopicity 

 
The hygroscopicity was measured using the method of Samyor 

(2017) with some modifications. About 1 g of powder was put into 
a petri dish of 9 cm diameter and placed in a sealed desiccator 
containing the super saturated salt solution of NaCl (75% RH) and 
kept at 25℃. The Petri dishes were weight in regular periods, and 

after reaching a constant weight, the hygroscopicity was evaluated 
using equation (5). 

Hygroscopicity = (
𝑏 + 𝐻
𝑎 −𝐻) × 100                             

                                (5) 
 

Where a is the primary weight of powder (g), b is the amount of 
increase in weight of powders (g), and H is the primary moisture 
content of powder (1 g). 

 
2.3.4. Degree of caking 

 
Caking degree of powders was determined according to the 

method explained by Seerangurayar et al. (2018). After evaluating 
the hygroscopicity, the wet powders were placed into the oven at 
105℃ and dried for one hour. After cooling, samples were weight 
and sieved for 5 min. The weight of the powder that remained on the 
surface of the sieve was measured. Caking degree was determined as 
follows: 

 
𝐶𝑎𝑘𝑖𝑛𝑔	𝑑𝑒𝑔𝑟𝑒 = 
𝑚𝑎𝑠𝑠	𝑜𝑓	𝑝𝑜𝑤𝑑𝑒𝑟	𝑟𝑒𝑚𝑎𝑖𝑛𝑒𝑑	𝑜𝑛	𝑡ℎ𝑒	𝑠𝑒𝑖𝑣𝑒	(𝑔)
𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑤𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑡ℎ𝑒	𝑠𝑒𝑖𝑣𝑒𝑑	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑔) × 100 

    
 
     (6) 

 
 

2.3.5. Bulk and tapped density 
 
The bulk density of powders was determined by putting 1 g of 

beverage powder into a graduated cylinder without tapping the 
cylinder, followed by measuring the volume of powders (Eq. 7). The 
cylinder containing powder was tapped 15 times from a height of 
about 10 cm, and the volume of powder was recorded (Jinapong et 
al., 2008). The tapped density was calculated following Equation (8). 

 

𝜌𝐵𝑢𝑙𝑘 =
𝑚𝑎𝑠𝑠	𝑜𝑓	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑐𝑚") 
            (7) 

 

𝜌𝑇𝑎𝑝𝑝𝑒𝑑 =
𝑚𝑎𝑠𝑠	𝑜𝑓	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑡𝑎𝑝𝑝𝑒𝑑	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑐𝑚") 

 
            (8) 

 
2.3.6. Particle density 

 
About 1 g of powder was placed into a 10 ml graduated cylinder, 

followed by adding 5 ml petroleum ether. The tube was shaken for 
some seconds to ensure the complete suspension of particles. To 
rinse the lumps of powders probably attached to the wall of the 
cylinder, 1 ml of additional petroleum was added. The total volume 
of the mixture was taken, and the particle density (g/cm3) was 
determined as follows (Jinapong et al., 2008): 

 
𝜌𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 = 

𝑤𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑝𝑜𝑤𝑑𝑒𝑟	(𝑔)
𝑇𝑜𝑡𝑎𝑙	𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑠𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑	𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠	𝑎𝑛𝑑	𝑝𝑒𝑡𝑟𝑜𝑙𝑒𝑢𝑚	𝑒𝑡ℎ𝑒𝑟	(𝑚𝐿) − 6 

    
 
 
(9) 

                                                                                                 (9) 
 

2.3.7. Cohesiveness and flowability of powders 
 
The cohesiveness and flowability of powders were determined 

in terms of the Hausner ratio (HR) and Carr’s index (CI), 
respectively. The cohesiveness of powders was determined by 
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dividing the tapped density by the bulk density. The CI was 
determined according to equation (10) (Jinapong et al., 2008). 

 

𝐶𝐼 =
𝜌𝑇𝑎𝑝𝑝𝑒𝑑 − 𝜌𝐵𝑢𝑙𝑘

𝜌𝑇𝑎𝑝𝑝𝑒𝑑 × 100               
                           (10) 

 
2.3.8. Total anthocyanin content (TAC) 

 
The TAC of powders was determined by the spectrophotometric 

method based on the pH differential approach (Hajiaghaei and 
Sharifi, 2022). TAC was calculated using Eq. (1) and expressed as 
mg cyaniding 3-Glucoside equivalent 100 mL. 

 
2.3.9. Total phenolic content (TPC) 

 
The TPC was determined in accordance Folin–Ciocalteau 

method. The absorbance was calculated at 765 nm by a 
spectrophotometer (UV/visible, Shimadzu, Japan) and the results 
were expressed in terms of mg Gallic Acid Equivalents per gram of 
sample (mg GAE/100 mL) (Seerangurayar et al. 2018).  

 
2.3.10. DPPH radical scavenging activity (RSA) 

 
The RSA of powders was determined as the ability of the powder 

to scavenge free radicals of DPPH, followed by the method 
described by Kalantari et al. (2020) (Eq. 2). 

 
2.4. Statistical analysis 

 
This research was done as a complete randomized design project 

using the statistical analysis software (SAS) (9.2, USA). An analysis 
of variance was used for statistical analysis, and a comparison of 
means was done using the Duncan test (α=0.05) at three replications.  
 
 

3. Results and Discussion 

3.1. Extracts analysis 
 

Results showed DPPH radical scavenging activity, anthocyanin 
and polyphenol compounds in Shahani grape pomace extract (SPE) 
were 84%, 133 mg/100mL and 957 mg GAE/g; respectively. 

 
3.2. Powder properties 
 
3.2.1. Moisture content 
 

Statistical analysis showed that adding Arabic gum (AG) and 
Maltodextrin (MD) decreased the moisture content of Freeze-dried 
powders (Table 1). The most and the least moisture content of 
powders belonged to the control and the 8% MD+8% AG: SD, 
respectively. In the SD process, increasing the ratio of AG to MD 
has led to the elevation of moisture content compared to an equal 
ratio of MD and AG. In the FMFD process, although different 
percentages of carrier concentration had no significant effect on 
moisture content, it reduced the property compared with the control. 
The decreasing effect of carrier agent on moisture content was also 
reported in foam-mat drying of beetroot, quince fruit, and cinnamon 
extract instant beverage powder and freeze-dried mulberry powder 
(Hajiaghaei and Sharifi, 2022, Tchabo et al., 2018).  

3.2.2. Solubility 
 

The solubility of beverage powders based on SPE produced with 
various concentrations of foam stabilizes MD and AG, are presented 
in Table 1. According to the results, adding carrier agent increased 
the solubility of FMFD powders (p≤0.05). Increasing the 
concentration of carriers at various ratios also positively affected the 
solubility of SD powders. A similar trend was also reported in the 
Foam-mat freeze-drying of date powder (Seerangurayar et al., 2018).  
 
3.2.3. Hygroscopicity 
 

The hygroscopicity of samples is presented in Table 1. It is 
evident that the most and the least hygroscopicity belonged to 15% 
MD+15% AG: FMFD and 12% MD+4% AG: SD, respectively. The 
hygroscopicity of FMFD powders increased as the concentration of 
carriers increased (p≤0.05). According to Seerangurayar et al. 
(2018), as the hygroscopicity of powders increases, the free flow 
behavior decreases, and they become more sticky. 

 
3.2.4. Degree of caking 
 

Statistical analysis showed that adding MD and AG has led to a 
decrease in the degree of caking in FMFD powders (p≤0.05) (Table 
1). The lowest amount of caking degree belonged to the 8% MD+8% 
AG: SD sample. Results showed that FMFD samples had a higher 
caking degree in comparison to SD samples. Caking of powders is 
defined as contacting and also interacting of some macro particles so 
that they become unable to have an independent transitional 
movement (Seerangurayar et al., 2018). The control sample had the 
highest degree of caking. A similar result was also reported by 
Seerangurayar et al. (2018) in foam-mat drying of date powder. The 
reduction of caking degree concomitant with increasing career 
concentration is attributed to the increase of glass transition 
temperature and equilibrium moisture level. 

 
3.2.5. Bulk and tapped density 
 

Density is an important parameter affecting powders’ functional 
properties (Asokapandian et al., 2016). The most value of powder’s 
bulk density in each method of drying belonged to the samples 7.5% 
MD+7.5% AG: FMFD and 12% MD+4% AG: SD (Table 2). 
Treatment 8% MD+8% AG: SD had the lowest bulk density among 
all the samples, even in comparison to the control sample (p≤0.05). 
Bulk density is a property related to the moisture content of particles 
(Jakubczyka et al., 2011). 

 
3.2.6. Particle density 
 

As presented in Table 2, FMFD powders had higher particle 
density in comparison to SD powders. The particle density of FMFD 
powders increased as the MD and AG concentration increased 
(p≤0.05). The most and the least particle density of powders 
belonged to the samples 15% MD+15% AG: FMFD and 8% 
MD+8% AG: SD, respectively.  

 
3.2.7. Total anthocyanin content (TAC) 
 

The fresh grape extract had a total anthocyanin content of 133 
mg/100 mL. FMFD powders had significantly higher TAC in 
comparison to SD powders (p≤0.05) (Fig. 1). 
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Carrier concentration had no significant effect on TAC among 
samples produced via FMFD or SD processes. Anthocyanins are 
some kinds of water-soluble flavonoids that cause the pink or purple 
color of leaves and other parts of plants. Higher concentrations of 
these pigments in FMFD powders are attributed to the lower 
temperature and non-detrimental effect of this method. The higher 
amount of anthocyanin retention of FMFD compared to SD samples 
was also reported by Darniadi et al. (2019) in the drying of blueberry 
powder and Turan et al. (2015) in microencapsulation of blueberry's 
bioactive compounds. 

 

 
Fig. 1. Effects of carriers (MD and AG) and drying methods on total 
anthocyanin content (TAC) of beverage powders based on SPE. Mean  ± 
standard deviation (n=3);  significant statistical differences are shown with 
different small letters (p≤0.05). 
 
3.2.8. Total phenolic content (TPC) 
 

Phenolic compounds are of great importance among different 
natural antioxidants. Phenolic compounds with special structures can 
scavenge free radicals, chelate metals, and inhibit the oxygen-

reactive species produced due to stress (Sharma et al., 2019, Rizk et 
al., 2018). The TPC of the fresh extract was measured as 957.5 mg 
GAE/g. Statistical analysis of powders showed that FMFD samples 
had higher TPC than SD samples (Fig. 2). Similarly, Darniadi et al. 
(2019) reported that the SD process caused a lower TPC of blueberry 
powders in comparison to the FMFD process. They reported that 
increasing the ratio of carriers improved TPC retention. Such a trend 
was also reported in comparison of freeze and spray-dried blueberry 
powder using maltodextrin as a carrier agent (Franceschinis et al., 
2014). An increase in TPC was observed with increasing the ratio of 
AG in the blend of carriers. Similarly, a higher amount of TPC in 
date powders containing AG in comparison to MD added powders 
was also previously reported by Seerangurayar et al. (2018). 

 

 
Fig. 2. Effects of carriers (MD and AG) and drying methods on total phenolic 
content (TPC) of beverage powders based on SPE. Mean ± standard deviation 
(n=3); significant statistical differences are shown with different small letters 
(p≤0.05). 

 
3.2.9. DPPH radical scavenging activity (RSA) 
 

The RSA of the fresh extract of grape pomace was measured as 
84.27%. The RSA of powders is shown in Fig. 3. Similar to TAC 

 

Table 1. Physical properties of the beverage powders based on Shahani grape pomace extract (SPE). 
 

Drying method Treatments Moisture content(%)  Solubility (%) Hygroscopicity (%) Degree of caking (%) 

FMFD 
Control 5.44±0.17a 94.14±0.97b 10.52±0.47c 83.9±0.6a 

7.5%MD+7.5%AG 5±0.19b 96.66±0.89a 17.33±0.39a 82.63±0.76a 

15%MD+15%AG 4.94±0.16b 96.03±0.96a 17.45±0.46a 74.41±0.92b 

SD 
8%MD+8%AG 4.5±0.21c 89.05±0.91d 16.23±0.41b 63.61±0.23d 

12%MD+4%AG 5.02±0.18b 91.34±0.88c 9.47±0.38d 67.42±0.57c 

4%MD+12%AG 5.05±0.19b 91.65±0.79c 10.75±0.39c 68.62±1.25c 

Mean ± standard deviation (n=3). Significant statistical differences are shown with different small letters (p≤0.05). FMFD: Foam-mat freeze-
drying, SD: Spray-drying, MD: Maltodextrin, and AG: Arabic gum. 

 
 

Table 2. Density, flowability, and cohesiveness of beverage powders based on Shahani grape pomace extract (SPE).  
 

Drying method Treatments Bulk density(g/cm3) Tapped density(g/cm3) Particle density(g/cm3) Flowability(%) Cohesiveness 

FMFD 
Control 0.25±0.008c 0.28±0.01c 1.42±0.02b 12.49±0.54d 1.14±0.008c 

7.5%MD+7.5%AG 0.33±0.009a 0.4±0.01a 1.423±0.02b 16.67±0.64b 1.18±0.012b 

15%MD+15%AG 0.28±0.009b 0.33±0.009b 1.66±0.029a 14.28±0.29c 1.16±0.008bc 

SD 
8%MD+8%AG 0.22±0.008d 0.28±0.009c 1.1±0.41d 22.22±0.80a 1.29±0.009a 

12%MD+4%AG 0.33±0.008a 0.33±0.01b 9.47±0.38c 14.28±0.57c 1.01±0.02d 

4%MD+12%AG 0.28±0.004b 0.33±0.008b 10.75±0.39c 16.67±0.50b 1.14±0.01c 

Mean ± standard deviation (n=3). Significant statistical differences are shown with different small letters (p≤0.05). FMFD: Foam-mat freeze-drying, SD: Spray-
drying, MD: Maltodextrin, and AG: Arabic gum. 
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and TPC; the FMFD powders had higher RSA than SD powders 
(p≤0.05). No significant effect of the concentration of carriers or 
their ratio on RSA was observed among samples dried via the same 
procedure. Antioxidants could decrease the harmful effects of free 
radicals. The reduction of antioxidant activity followed by the 
reduction of phenolic compounds was also reported by Turan et al. 
(2015). 

 

 
Fig. 3. Effects of carriers (MD and AG) and drying methods on DPPH radical 
scavenging activity (RSA) of beverage powders based on SPE. Mean  ± 
standard deviation (n=3);  significant statistical differences are shown with 
different small letters (p≤0.05). 
 
 

4. Conclusion 

This study evaluated the production of beverage powder based 
on Shahani grape pomace extract (SPE). The drying process of 
samples was performed using foam-mat freeze-drying and spray-
drying. Experiments of foam-mat freeze-dried powders showed that 
adding maltodextrin and Arabic gum has increased bulk, tapped and 
particle density, cohesiveness, solubility, and hygroscopicity of 
powders while decreasing moisture content, flowability, and degree 
of caking. The statistical analysis of the above-mentioned 
characteristics of spray-dried samples showed that sample 8% 
MD+8% AG: SD had the most suitable properties. Results showed 
maltodextrin and Arabic gum improve consequently produce high-
quality beverage powders. Freeze drying method was determined as 
the more suitable method for production of the beverage powder 
based on SPE.  

Conflict of interest 

The authors declare that there is no conflict of interest. 

References 

 
Affandi, N., Zzaman, W., Yang, T. A. & Easa, A. M. 2017. Production of 

Nigella sativa beverage powder under foam mat drying using egg 
albumen as a foaming agent. Beverages, 3, 9. 

Asokapandian, S., Venkatachalam, S., Swamy, G. J. & KUPPUSAMY, K. 
2016. Optimization of foaming properties and foam mat drying of 
muskmelon using soy protein. Journal of food process 
engineering, 39, 692-701. 

Bag, S. K., Srivastav, P. P. & Mishra, H. N. 2011. Optimization of process 
parameters for foaming of bael (Aegle marmelos L.) fruit pulp. 
Food and bioprocess technology, 4, 1450-1458. 

Bordiga, M., Travaglia, F. & Locatelli, M. 2019. Valorisation of grape 
pomace: an approach that is increasingly reaching its maturity–a 
review. International Journal of Food Science and Technology, 
54, 933-942. 

Darniadi, S., Ifie, I., Ho, P. & Murray, B. 2019. Evaluation of total 
monomeric anthocyanin, total phenolic content and individual 
anthocyanins of foam-mat freeze-dried and spray-dried blueberry 
powder. Journal of Food Measurement and Characterization, 13, 
1599-1606. 

FAO. 2020. Food and agricultural organization statistical yearbook. 
[Online]. Available: http://www.fao.org [Accessed]. 

Franceschinis, L., Salvatori, D. M., Sosa, N. & Schebor, C. 2014. Physical 
and functional properties of blackberry freeze-and spray-dried 
powders. Drying Technology, 32, 197-207. 

Gao, R., Xue, L., Zhang, Y., Liu, Y., Shen, L. & Zheng, X. 2022. Production 
of blueberry pulp powder by microwave-assisted foam-mat 
drying: Effects of formulations of foaming agents on drying 
characteristics and physicochemical properties. LWT-Food 
Science and Technology, 154, 112811. 

Gomes, T. M., Toaldo, I. M., Da Silva Haas, I. C., Burin, V. M., Caliari, V., 
Luna, A. S., De Gois, J. S. & Bordignon-Luiz, M. T. 2019. 
Differential contribution of grape peel, pulp, and seed to 
bioaccessibility of micronutrients and major polyphenolic 
compounds of red and white grapes through simulated human 
digestion. Journal of Functional Foods, 52, 699-708. 

Goula, A. M., Thymiatis, K. & Kaderides, K. 2016. Valorization of grape 
pomace: Drying behavior and ultrasound extraction of phenolics. 
Food and Bioproducts Processing, 100, 132-144. 

Hajiaghaei, M. & Sharifi, A. 2022. Physicochemical Properties of Red 
Beetroot and Quince Fruit Extracts Instant Beverage Powder: 
Effect of Drying Method and Maltodextrin Concentration. 
Journal of Food Quality, 2022, 7499994. 

Jakubczyka, E., Gondeka, E., Tamborb, K., Jakubczyk, E., Gondek, E. & 
Tambor, K. 2011. Characteristics of selected functional properties 
of apple powders obtained by the foam-mat drying method. ICEF 
11 International Congress on Engineering and Food. 

Jinapong, N., Suphantharika, M. & Jamnong, P. 2008. Production of instant 
soymilk powders by ultrafiltration, spray drying and fluidized bed 
agglomeration. Journal of food engineering, 84, 194-205. 

Kalantari, S., Roufegarinejad, L., Pirsa, S. & Gharekhani, M. 2020. Green 
extraction of bioactive compounds of pomegranate peel using β-
Cyclodextrin and ultrasound. Main Group Chemistry, 19, 61-80. 

Kedage, V. V., Tilak, J. C., Dixit, G. B., Devasagayam, T. P. & Mhatre, M. 
2007. A study of antioxidant properties of some varieties of 
grapes (Vitis vinifera L.). Critical reviews in food science and 
nutrition, 47, 175-185. 

Li, T. S., Sulaiman, R., Rukayadi, Y. & Ramli, S. 2021. Effect of gum Arabic 
concentrations on foam properties, drying kinetics and 
physicochemical properties of foam mat drying of cantaloupe. 
Food Hydrocolloids, 116, 106492. 

Marchiani, R., Bertolino, M., Ghirardello, D., Mcsweeney, P. L. & Zeppa, G. 
2016. Physicochemical and nutritional qualities of grape pomace 
powder-fortified semi-hard cheeses. Journal of food science and 
technology, 53, 1585-1596. 

Ng, M. L. & Sulaiman, R. 2018. Development of beetroot (Beta vulgaris) 
powder using foam mat drying. Lebensmittel-Wissenschaft & 
Technologie, 88, 80-86. 

Qadri, O. S., Srivastava, A. K. & Yousuf, B. 2020. Trends in foam mat drying 
of foods: Special emphasis on hybrid foam mat drying 
technology. Critical Reviews in Food Science and Nutrition, 60, 
1667-1676. 

Rajaei, A., Barzegar, M., Hamidi, Z. & Sahari, M. 2010. Optimization of 
extraction conditions of phenolic compounds from pistachio 
(Pistachia vera) green hull through response surface method. 
Journal of Agricultural Science and Technology, 12, 605-615. 

Rizk, M., Borai, I., Ezz, M., El-Sherbiny, M., Aly, H., Matloub, A. & Fouad, 
G. 2018. Possible therapeutic role of grape (Vitis vinifera) leaves 
polyphenolic extract in the regression of aluminium-induced 
Alzheimer's disease in rats. Journal of Materials and 
Environmental Science, 9, 2098-2108. 



Madani et al.                                                                                                                                                                                       JFBE 7(1): 58-64,2024  

 

 64 

Samyor, D. 2017. Foam mat drying of purple passion fruit and 
characterization of the powder. Doctor of Philosophy 
Development of functional extruded food product using red rice 
(Oryza sativa L.) and passion fruit (Passifloraedulis Sims) and its 
antidiabetic potential, Tezpur University. 

Seerangurayar, T., Manickavasagan, A., Al-Ismaili, A. M. & Al-Mulla, Y. A. 
2018. Effect of carrier agents on physicochemical properties of 
foam-mat freeze-dried date powder. Drying Technology, 36, 
1292-1303. 

Sharifi, A. & Khoshnoudi-Nia, S. 2022. Ranking novel extraction systems of 
seedless barberry (Berberis Vulgaris) bioactive compounds with 
fuzzy logic-based term weighting scheme. Sustainable Chemistry 
and Pharmacy, 25, 100561. 

Sharifi, A., Niakousari, M., Maskooki, A. & Mortazavi, S. 2015. Effect of 
spray drying conditions on the physicochemical properties of 
barberry (Berberis vulgaris) extract powder. International Food 
Research Journal, 22, 2364. 

Sharma, A., Shahzad, B., Rehman, A., Bhardwaj, R., Landi, M. & Zheng, B. 
2019. Response of phenylpropanoid pathway and the role of 
polyphenols in plants under abiotic stress. Molecules, 24, 2452. 

Spigno, G., Marinoni, L. & Garrido, G. D. 2017. State of the Art in Grape 
Processing By-Products. In: GALANAKIS, C. M. (ed.) 
Handbook of grape processing by-products. United states: 
Academic Press  

Tchabo, W., Ma, Y., Kaptso, G. K., Kwaw, E., Cheno, R. W., Wu, M., Osae, 

R., Ma, S. & Farooq, M. 2018. Carrier effects on the chemical and 
physical properties of freeze-dried encapsulated mulberry leaf 
extract powder. Acta Chimica Slovenica, 65, 823-835. 

Theagarajan, R., Malur Narayanaswamy, L., Dutta, S., Moses, J. A. & 
Chinnaswamy, A. 2019. Valorisation of grape pomace (cv. 
Muscat) for development of functional cookies. International 
Journal of Food Science & Technology, 54, 1299-1305. 

Turan, F. T., Cengiz, A. & Kahyaoglu, T. 2015. Evaluation of ultrasonic 
nozzle with spray-drying as a novel method for the 
microencapsulation of blueberry's bioactive compounds. 
Innovative Food Science & Emerging Technologies, 32, 136-145. 

Valls, J., Agnolet, S., Haas, F., Struffi, I., Ciesa, F., Robatscher, P. & 
Oberhuber, M. 2017. Valorization of Lagrein grape pomace as a 
source of phenolic compounds: analysis of the contents of 
anthocyanins, flavanols and antioxidant activity. European Food 
Research and Technology, 243, 2211-2224. 

Zareei, E., Zaare-Nahandi, F., Oustan, S. & Hajilou, J. 2019. Effects of 
magnetic solutions on some biochemical properties and 
production of some phenolic compounds in grapevine (Vitis 
vinifera L.). Scientia Horticulturae, 253, 217-226. 

 
 

 

 
 


