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A B S T R A C T

We were experimentally obtained the sorption characteristics of full-fatted grape seeds flour (FGSF) of different
grape varieties locally grown in Bulgaria. The scientific research was investigated at temperature - 10 �C, 25 �C
and 40 �C and water activity within the range from 11% to 90%. We were selected the modified Oswin and
Chung-Pfost models suitable for describing the adsorption and desorption isotherms. Monolayer moisture content
of FGSF is calculated – from 2.48% to 4.59%. Antioxidant capacity was proven through DPPH
(578.42� 23.06mMTE/g extract), ABTS (1352.12� 144.31mMTE/g extract), FRAP (966.45� 127.31mMTE/g
extract) and CUPRAC (1789.44� 180.11mMTE/g extract). The values are also shown in mM TE/g flour
(578.42� 23.06mMTE/g flour); (1352.12� 144.31mMTE/g flour); (966.45� 127.31mMTE/g flour) and
(1789.44� 180.11 mMTE/g flour), respectively. Furthermore, we evaluated the changes in moisture content,
microbiological load and particle size distribution during short-term storage study for a period of three months.
FGSF were packed in plastic bags under the conditions - temperature 18 �C�25 �C and relative air humidity
45%� 55%.
1. Introduction

The consumption of grapes and grapes products was reported to have
positive effects on human health. Grapes are a good and a natural source
of essential nutrients for the organism of humans [1]. Scientific studies
confirmed that grapes are a good healthy alternative substitute for syn-
thetic antioxidant agents due to a higher reduction capacity compared to
Vitamin E proven by the DPPH and ABTSmethods [2]. It has been proven
that the fruit has antimicrobial compounds that can inhibit some diseases
[3]. During the process of winemaking, large quantities of waste are
generated, approximately 20% [4,5]. Grape seeds, including other solid
parts of the grape, constitute a substantial waste material. The techno-
logical usage of grape seeds in the food industry is a solution to both
ecological and economic problems [6,7]. The essential aim at utilization
of excess waste and avoidance of undesirable contamination gives
additional benefits from applications of grape seeds retrieved after
alcoholic fermentation [8]. Furthermore, grape seeds are major source of
lipids and are frequently used for animals feed [9,10]. Grape seeds are
used in the pharmaceutical and cosmetic industries as well [11]. Ac-
cording to Ghouila et al. [12], the worldwide trend is to search natural
sources of antioxidants (from fruits, vegetables and plants) fighting
against chronic degenerative diseases. Numerous scientific publication
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confirmed that grape seeds are rich in bioactive compounds including
antioxidants. They are added to foods as a functional nutritional sup-
plement [13,14]. According to Abdrabba and Hussein [4] the highest
antioxidant activity reported in grape seeds compared to skins and pulp
of the grape. Grape seeds in different forms - flours (full- and de-fatted)
and flakes, facilitates their incorporation into various food products.
Grape seeds flakes contain approximately the same composition of fat as
nutritional values and antioxidants [15,16]. Grape seeds exhibit antidi-
abetic, antibacterial, anti-cancer, anti-inflammatory, aromatic and anti-
fungal properties. Furthermore, they contain dietary fiber, polymeric
flavan 3-ols, oleic, linolenic, palmitic and stearic acids [17–19].

Knowledge of the moisture sorption characteristics (relative humidity
and MMC), is related to the optimal conditions of storage regime and it
can contribute to the preservation of nutritional qualities and techno-
logical properties [20–22].

Moisture value corresponding to MMC is an important sorption
characteristic, which influences directly the stability of the product
[23–25]. Conditions (temperature and relative air humidity) where the
product is with a certain MMC can be indicated as optimal for its storage.
Iglesias's and Chirife's [26] analysis provided data for MMC of over 50
products.

The objectives of the present analysis were to:
.G. Durakova).
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(1) characterize the sorption isotherms at 10, 25 and 40 �C at different
water activities (aw¼ 0.11� 0.90) of full-fatted grape seeds flour
(of different grape varieties of Bulgarian origin, namely Mavrud,
Cabernet Sauvignon, Syrah, Merlot, Dimyat and Sauvignon
Blanc);

(2) Adequate description of the obtained sorption isotherms through
modified model, distribution of residuals and calculation of MMC;

(3) determine the antioxidant activity of powdered full-fatted grape
seeds;

(4) examine the changes of microbial parameters, particle size dis-
tribution and moisture content during short-term storage at three
months at 18 �C � 25 �C and at 45%� 55% relative air humidity
(packed in co-extruded barrier film with copolymer covering for
heat sealing) at moisture content of product approximately equal
to the calculated MMC.

2. Materials and methods

2.1. Materials

An experimental institute located in Parvenets, Bulgaria delivered
powdered full-fatted grape seeds (of different grape varieties of Bulgarian
origin, namely Mavrud, Cabernet Sauvignon, Syrah, Merlot, Dimyat,
Sauvignon Blanc). Grape seeds were extracted after alcoholic fermenta-
tion of wine as a sub - product. They were dried under atmospheric
conditions and milled to obtain a powdered product. Grape seeds were
full fat and their high fat content (20.05%) was confirmed by Soxhlet
extractor at the Department of Technology of grain, fodder, bread and
confectionery products at the University of Food Technologies, Plovdiv,
Bulgaria.

For the aims of the storage study, the product was packaged in a co-
extruded barrier film with copolymer covering for heat sealing designed
for food industry, produced by Itaplast “ET - Ilko Tyanevita Plast”,
Assenovgrad, Bulgaria.

2.2. Procedure

A static gravimetric method of the sorption isotherms obtained was
used in the present work, recommended by Project COST 90 [27] and
upgraded by Bell & Labuza, (2000) [28]. Saturated salt solutions (LiCl,
CH3COOK, MgCl2, K2CO3, MgNO3, NaBr, NaCl, KCl) assure the water
activity over them surface within the range from 11% to 90%. Supported
temperatures in thermostats are 10 �C, 25 �C and 40� 0.2 �C [28]. After
EMC (equilibrium moisture content) was reached (20–30 days) the
moisture content of the product was determined by drying method ac-
cording to AOAC 960.39 [29]. Method description is detailed by Dura-
kova et al., 2013 and Durakova et al., 2017 were used for the studies [30,
31].

2.3. Analysis of data

The following three-parameter models of modified Chung-Pfost,
modified Halsey, modified Oswin, modified Henderson recommended
by American Society of Agricultural Engineers (ASAE), (2002) are
selected to verify the description of the sorption isotherms obtained [32]:

2.4. Modified Chung-Pfost

aw ¼ exp
� �A
t þ B

expð�CMÞ
�

(1)

Modified Halsey

aw ¼ exp
��expðAþ BtÞ

MC

�
(2)
2

Modified Oswin

M¼ðAþBtÞ
�

aw
1� aw

�C

(3)

Modified Henderson

1� aw ¼ exp
�� AðtþBÞMC

�
(4)

Where:

М is the average moisture content, % d.b.;
aw is the water activity, decimal;
A, B and C are coefficients;
t is the temperature, �C.

On the base of obtained experimental data the different modified
models were surveyed through a nonlinear least-squares regression
program. Lomauro et al., (1985) consider as an objective criterion for
determining model fit is the average relative error P, % [33]. The same
analysis concludes that if P� 10% the model can be considered fit. Chen
& Morey, (1989) propose to compare the suitability of the models use
three criteria: the mean relative error P (%); the standard error of
moisture (SEM) and the randomness of residuals [34]. These criteria has
been adopted until today [30,31,35]:

P¼ 100
N

X����Mi � bMi

Mi

���� (5)

SEM¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPðMi � bMiÞ2

df

s
(6)

ei ¼Mi � bMi (7)

Where:

Mi and M î are experimentally observed and predicted by the model
value of the equilibrium moisture content;
N is the number of data points;
A, B and C are coefficients.
df is the number of degree of freedom (number of data points minus
number of constants in the model).

According to literature review, the monolayer moisture content
(MMC) is determined through the calculation of Brunauer-Emmett-Teller
(BET) equation. Our obtained results include water activities up to 0.45
for three temperatures – 10 �C, 25 �C and 40 �C [36]:

M¼ MeCaw
ð1� awÞð1� aw þ CawÞ (8)

Where.

M is the MMC, % d.b.;
aw is the water activity, decimal;
C is the coefficient.
2.5. Methods

2.5.1. Antioxidant activity
The sample of full-fatted grape seeds flour was triple extracted with

10ml 70% ethanol. The obtained 70% ethanol extract was subjected to
investigation for antioxidant capacity with DPPH (2,2-diphenyl-1-pic-
rylhydrazyl), ABTS (2,20-azobis (3) -ethylbenzothiazoline-6), FRAP
(ferric reducing antioxidant power) and CUPRAC (cupric reducing anti-
oxidant capacity). These four methods are based on different mechanisms



Table 1
Antioxidant activity of 70% ethanol extract of full-fatted grape seeds flour
expressed as mM TE/g extract and mM TE/g flour.

METHODS mM TE/g extract mM TE/g flour

DPPH 578.42� 23.06 72.61� 1.78
ABTS 1352.12� 144.31 104.21� 11.12
FRAP 966.45� 127.31 74.48� 9.81
CUPRAC 1789.44� 180.11 137.91� 13.88
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action and reaction conditions and confirmed the presence of antioxidant
activity [37]. Full description of procedure is detailed in an article by
Bogoeva et al., 2017 [16].

2.5.2. The microbial load
The microbial load of the product was determined during the three-

month storage via [38]:
Mesophilic aerobic and facultative anaerobic bacteria, according to

Bulgarian State Standard (BSS EN ISO 4833–1, 2013) [39]; Yeasts and
fungi, according to BSS EN ISO 21527–2, 2011 [40]; Escherichia coli,
according to BSS EN ISO 16649–2, 2014 [41]; Salmonella spp., according
to BSS EN ISO 6579–1, 2017 [42]; Coagulase-positive staphylococci,
according to BSS EN ISO 6888–1, 2005/A1:2005 [43].

2.5.3. Particle size distribution and moisture content
We were put 100 g of sample on sieves with different size using

“ProMel LP – 200” apparatus. The fraction (K) was determined according
to procedure described by Bogoeva et al., 2017 [16].

2.5.4. The moisture content (%) was determined according to AOAC, 1990
[29]

All tests were run in triplicate. Data presented are mean values and
standard deviations.
Table 2
Equilibrium moisture content Ma (% d.b.) of full-fatted grape seeds flour by adsorpti

Sel 10 �C 25 �C

aw Ma sdb aw

LiCl 0.113 4.09 0.09 0.113
CH3COOK 0.234 5.03 0.12 0.225
MgCl2 0.335 5.32 0.02 0.328
K2CO3 0.431 6.12 0.01 0.432
MgNO3 0.574 8.38 0.14 0.529
NaBr 0.622 8.61 0.09 0.576
NaCl 0.757 14.06 0.33 0.753
KCl 0.868 18.41 0.23 0.843

*a Mean of three replications.
*b Standard deviation based on three replications.

Table 3
Equilibrium moisture content Ma (% d.b.) of full-fatted grape seeds flour by desorpti

Sel 10 �C 25 �C

aw Ma sdb aw

LiCl 0.113 3.68 0.07 0.113
CH3COOK 0.234 5.61 0.25 0.225
MgCl2 0.335 5.86 0.10 0.328
K2CO3 0.431 7.78 0.18 0.432
MgNO3 0.574 8.12 0.08 0.529
NaBr 0.622 12.16 0.14 0.576
NaCl 0.757 14.95 0.05 0.753
KCl 0.868 17.66 0.35 0.843

*a Mean of three replications.
*b Standard deviation based on three replications.
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3. Results and discussion

3.1. Antioxidant activity

An extract of 77.1mg (7.71%) was obtained after extraction of 1 g of
full-fatted grape seeds flour. The obtained data (mean� standard devi-
ation) are presented in Table 1 expressed as mM TE/g extract of full-
fatted grape seeds flour and as mM TE/g full-fatted grape seeds flour.

According to these values, the analyzed extract of full-fatted grape
seeds flour possesses antioxidant activity for all of the tested methods.
There was no information in the scientific studies about antioxidant ac-
tivity of full-fatted flour from Bulgarian varieties of grape seeds. Bogoeva
et al., (2017) [16] is reported similar data for defatted grape seeds flour
retrieved after alcoholic fermentation in wine elaboration. The results
obtained from other authors about the antioxidant activity of grape seeds
flour are significantly lower than our results for the Bulgarian full-fatted
grape seeds flour. In a study by Binzer et al. [44], the results obtained by
the DPPH method for 70% ethanolic extract of grape seeds flour of
different varieties (Chardonnay, Concord, Norton, Ruby Red, White)
varied between 0.5mMTE/g flour - 7.0mMTE/g flour. Lutterodt al.
[45], also reported significantly lower antioxidant capacity of seeds
flours of varieties Muscadine, Concord, Ruby Red, Chardonnay, Soybean
defined by DPPH method (11.8mMTE/g flour - 15.0mMTE/g flour).
The antioxidants composition of grape seeds depends largely on a heat
treatment according to Kim et al., [46]. Probably these differences in the
results were due to the varietal and climatic conditions as well as the
differences in the oenological practice in wine production and powder
technology.

3.2. Moisture sorption analysis of full-fatted grape seeds flour

In Table 2 and Table 3 are showed the obtained results for the equi-
librium moisture content (EMC) of Bulgarian grape seeds flour, respec-
tively for adsorption and desorption process under the conditions of the
experiment (t¼ 10 �C, 25 �C and 40 �C and aw¼ 0.1� 0.9). The calcu-
lated initial moisture content for the adsorption process is 3.36% and for
on at different water activities (aw) and temperatures t (�C).

40 �C

Ma sdb aw Ma sdb

2.89 0.06 0.112 2.75 0.04
4.58 0.35 0.201 4.23 0.20
4.97 0.08 0.316 4.84 0.21
5.75 0.08 0.432 5.18 0.03
6.68 0.09 0.484 5.98 0.21
7.11 0.20 0.532 6.49 0.30
8.12 0.20 0.747 8.86 0.07
9.51 0.09 0.823 8.99 0.20

on at different water activities (aw) and temperatures t (�C).

40 �C

Ma sdb aw Ma sdb

3.41 0.01 0.112 2.82 0.10
4.26 0.31 0.201 3.99 0.24
5.81 0.07 0.316 4.99 0.07
5.96 0.18 0.432 5.79 0.13
6.67 0.21 0.484 6.04 0.24
7.93 0.34 0.532 7.63 0.28
9.09 0.22 0.747 8.16 0.10
11.23 0.09 0.823 9.41 0.16



Fig. 1. Comparison of isotherms at 10 �C, Desorption and Adsorption.

Table 4
Model coefficients (A, B, C), mean relative error (P, %), standard error of mois-
ture (SEM) and correlation coefficient (R) for adsorption.

Model А В С Р SEM R

Oswin 8.81530 �0.08904 0.37761 13.19 1.28 0.946
Halsey 3.77427 �0.01195 2.07484 10.55 1.49 0.976
Henderson 0.000214 2.03567 2.54942 14.26 1.63 0.911
Chung-Pfost 547.982 0.33870 61.6750 9.57 1.93 0.968

Table 5
Model coefficients (A, B, C), mean relative error (P, %), standard error of mois-
ture (SEM) and correlation coefficient (R) for desorption.

Model А В С Р SEM R

Oswin 9.68658 �0.10298 0.35869 10.06 1.11 0.962
Halsey 3.46661 �0.01567 1.79188 13.08 1.57 0.969
Henderson 0.000153 2.879898 0.18056 17.33 2.21 0.949
Chung-Pfost 305.881 0.27126 39.46184 12.98 1.58 0.955

Fig. 2. Plot of residuals fit for modified Oswin, Halsey, H

A.L. Bogoeva, A.G. Durakova Journal of Agriculture and Food Research 2 (2020) 100026

4

the process desorption - 19.25%. EMC values under the selected storage
conditions (relative air humidity - 45%–55% and temperature -
18 �C–25 �C) are within the range from 5.75% to 8.38%. The results show
that the EMC varied from 3% to 18% over the whole period of the study,
with the increase of the temperatures the EMC decreases at a constant aw.
Based on the literature review, similar conclusions are reported for many
foods [47,48].

Fig. 1 compares the equilibrium isotherms obtained for the two
processes - adsorption and desorption at 10 �C.

According to Brunauer et al., 1940 [49] our graphical analysis is a
confirmatory S-shape profile (type II). Similar results were obtained for
the other two studied temperatures.

In Table 4 and Table 5 are showed the calculated results of co-
efficients of the three-parameter modified models and the corresponding
mean relative error (P, %), standard error of moisture (SEM) and corre-
lation coefficient (R).

Adsorption lowest mean relative error (P) value is reported for the
modified Chung-Pfost model and standard error of moisture (SEM) - the
enderson and Chung-Pfost model to adsorption data.



Fig. 3. Plot of residuals fit for modified Oswin, Halsey, Henderson and Chung-Pfost model to desorption data.

Fig. 5. Full-fatted grape seeds flour: Linearization of the BET model for different
desorption temperatures.
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modified Oswin model. We recommended the two models to describe
isotherms. For desorption isotherms we offered a modified Oswin model
that meets commonly accepted standards (lowest P and SEM values).

The graphical analysis of residue distribution presented in Fig. 2 and
Fig. 3(for adsorption and desorption respectively) confirms the suit-
ability of the modified Oswin model which for both processes is of a
random nature. On the basis of obtained results we can offer (recom-
mended) both modified Chung-Pfost and Oswin models which we
consider satisfactory to describe the sorption isotherms of Bulgarian full-
fatted grape seeds flour.

To calculate the BET monolayer moisture content (MMC) the model
(8) is linearly transformed in Fig. 4 for adsorption process and Fig.5 for
desorption process:

aw
ð1� awÞM¼Pþ Qaw (9)

The values of MMC presented in Table 6, based on the coefficient of
linear equation (see Fig.4 and Fig. 5) , were varied within the range from
2.48% to 4.59% d.b. The hysteresis effect is present, the desorption re-
sults are higher than the adsorption results of 0.2% d.b. to 1.2% d.b. The
lowest values for the flour are observed at a temperature of 25 �C.
Fig. 4. Full-fatted grape seeds flour: Linearization of the BET model for different
adsorption temperatures.
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Based on the linearization of the BETmodel (see Fig. 4 and Fig. 5), the
monolayer moisture content of the Bulgarian grape seeds flour was
calculated. The obtained values assure an extended shelf life of the
product, i.e. when the moisture is within the range of the corresponding
MMC.

3.3. Tracking the changes in parameters - moisture content,
microbiological load and granulometric composition at three months

Moisture content is a significant parameter influencing the quality of
food products. In case of powdery products its growth leads to regrouping
of the powdered particles (agglomeration) which affects both the
Table 6
BET monolayer moisture content MMC (% d.b.) of full-fatted grape seeds flour at
several temperatures.

t (�C) Adsorption Desorption

10 3.34 4.59
25 2.48 2.70
40 3.11 3.55



Table 7
Moisture content changes of full-fatted grape seeds flour during short-term
storage for three month.

Day/Month Day 1 Month 1 Month 2 Month 3

Moisture content, % 4.1 5.8 5.8 6.0

Table 8
Particle size distribution during short-term storage of full-fatted grape seeds
powder.

Particles size class, μm Quantity of break stock, %

Day/Month Day 1 Month 1 Month 3

1000/600 7.4 7.2 7.9
600/400 49.5 70.6 79.4
400/200 43.1 22.2 12.7
200/ – – –
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granulometric composition and the microbiological load.
The aim of the study is to trace the change in moisture content (MC)

of the studied new products for the Bulgarian market during short-term
storage. MC changes are tracked for samples taken to a MC correspond-
ing to the previously calculatedMMC of 2.48%–4.59%.Major attention is
paid to the change in MC of the products studied and the time to reach
their equilibrium moisture content for the conditions of the experiment.

During the analyses the products were packaged in a co-extruded
barrier foil with a copolymer coating for heat treatment intended for
the food industry.

Experiment conditions correspond to those under which flour products
are stored in storehouses - a temperature within the range from 18 �C to
25 �Cand a relative air humidity of 45%–55%.The sampleswere driedover
P2O5 to attain the moisture content corresponding to the calculated MMC.

The results do not claim sufficiency with a view to setting regimes and
storage deadlines but we believe they are a good basis for developing in-
depth research in this area.

The change in MC values at short-term storage at three months is
presented in Table 7. The duration of the reported period considered the
high value of fat in the product - 20.05%.

MMC values varied from 4.1% to 6.0% during three-storage. A
noticeable change is observed from the first day to the first month with
the increase being 1.7%while over the remaining equal reporting periods
the values were approximately the same.

The analyses continue with the determination of the granulometric
composition of full-grape seeds flour presented in Table 8.

The degree of milling of grape seeds to full-fat flour is little as their fat
content is high and makes the process difficult. About 80%–90% of the
fractions have a particle size of 200 μm–600 μm. Most likely (Probably),
the increased amount of fat causes agglomeration of particles of the 400/
200 class fraction to the 600/400 class fraction in the storage process.
Table 9
Microbiological parameters changes of full-fatted grape seeds flour during three-mon

Sample/Storage
period (days)

Total numbers of mesophilic aerobic and facultative
anaerobic bacteria, CFU/g

Escherichi
CFU/g

Day 1 2.0� 105 <10
Month 1 7.2� 105 <10
Month 2 6.3� 105 <10
Month 3 5.5� 104 <10
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The low moisture content of the product corresponding to MMC is the
basis of an increase in the 600/400 fraction by about 21.1% in the first
month. In the experimental short-term storage the basic amount of break
stock was of 600 μm� 400 μm as their ratio changes over the whole
period. On the first day the quantity is 49.5%, for the first month there is
an increase - 70.6% and in the third month for the same fraction the
quantity increases to 79.4%. From the presented data we confirm the
appearance of a partial agglomeration. According to the data presented
we can note that the particles size distribution depends on the MC which
depends directly on which season storage takes place. Based on the ob-
tained data base we consider that full-fatted grape seeds can be included
as a functional ingredient in a base whole flour.

3.3.1. The microbial load
During the storage the microbiological parameters for Escherichia coli,

Salmonella sp., coagulase-positive staphylococci, total numbers of mes-
ophilic aerobic and facultative anaerobic bacteria, yeasts, and fungi were
tracked.

The change in microbiological parameters during short-term storage
is presented in Table 9.

The presence of pathogenic micro-organisms, in particular Escherichia
coli, coagulase-positive staphylococci, total number of mesophilic aerobic
and facultative anaerobic microorganisms, yeasts and yeasts are below
the admissible norms and Salmonella sp. is not detected for the entire
period of the short-term storage. The results demonstrate that the
microbiological purity of the product is maintained from the first to the
last day of storage. There is a visible decrease in growth of molds when
stored with MMC relative to the storage at the product's original moisture
content. This gives us reason to believe that the product can be stored for
experimental conditions without disturbing its microbiological flora.

4. Conclusions

1. The antioxidant activity of Bulgarian grape seeds flour is confirmed
via DPPH, ABTS, FRAP and CUPRAC (578.42� 23.06mMTE/g
flour); (1352.12� 144.31mMTE/g flour); (966.45� 127.31mM
TE/g flour) and (1789.44� 180.11mMTE/g flour), respectively.

2. The sorption capacity of full-fatted grape seeds flour (FGSF) of
different grape varieties of Bulgarian origin, namely Mavrud, Caber-
net Sauvignon, Syrah, Merlot, Dimyat and Sauvignon Blanc decreases
with increasing the temperature for both adsorption and desorption
process at each water activity condition.

3. The modified Oswin and the modified Chung-Pfost models are suit-
able for describing the obtained sorption isotherms of the Bulgarian
full-fatted grape seeds flour.

4. According to linearization of BET equation, the monolayer moisture
content is calculated at 10 �C, 25 �C and 40 �C (for adsorption – from
2.48% to 3.34% and for desorption – from 2.70% to 4.59%).

5. During three months storage at MMC the reached moisture value is
within the range of equilibrium moisture content (from 5.75% to
8.38%).
th short-term storage.

a coli, Staphylococcus aureus,
CFU/g

Salmonella sp./
25 g

Yeasts,
CFU/g

Fungi,
CFU/g

<100 Not detected <10 5.0� 103

<100 Not detected <10 5.0� 103

<100 Not detected <10 4.7� 103

<100 Not detected <10 4.5� 103
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