Original Article
Food Science and Technology

DOI: https://doi.org/10.1590/fst.78421

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

@)

Rheological, pasting and sensory properties of biscuits supplemented with grape
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Abstract

The research aimed to study the effects of 0-20% substitution of wheat flour with grape pomace powder (GPP) on the rheological
and pasting properties of wheat dough, and on sensory properties, digestive and antioxidant activities of the prepared biscuits. The
results of rheological analysis showed that incorporation with GPP concluded in reduced water absorption (WA) and increased
dough stability. Rapid visco-analyser (RVA) results suggested GPP could increase the breakdown value of the starch paste
system but decrease the setback and peak viscosity. With respect to biscuit properties, it was found that 5%-15% GPP resulted
in increased chewiness and hardness of biscuits. Also, it was recorded that GPP significantly improved antioxidant activity and
DPPH and hydroxyl radical scavenging capabilities. Although the in vitro digestibility results showed that the addition of GPP
displayed minor influence on digestion rate, the sensory analysis results showed that the biscuits supplemented with GPP to a
level of 10% resulted in products with good overall acceptability. Additionally, biscuits incorporated with an addition amount
of 10% GPP exhibited nailing oxidation resistance and can be considered as a food with a high fiber content, which is a good
option for people to pursue modern healthy foods.

Keywords: grape pomace; biscuit; dough properties; antioxidant activities; digestibility.

Practical Application: This work is expected to deliver reasonable guidance on the addition of grape pomace powder into
wheat flour for food production. One can envision that appropriately using grape pomace powder in food processing for
nutritional value enhancement and popularity improvement will boost the grape economy, reduce resource waste, and even

solve environmental problems related to direct disposal.

1 Introduction

Grape is one of the most abundant fruits and approximately
80% are used in the winemaking industry annually
(Mildner-Szkudlarz et al., 2013). Approximately 20% (by weight
percentage) of this is transformed into grape pomace (GP) as
a by-product, which is promising for food fortification. Thus,
GP has drawn attention in both academia and industry. It has
been estimated that one litre wine generates 17 kilograms
of GP. Disposal of GP and associated environmental issues
(Tolve et al., 2020) are a considerable challenge because of its
under exploitation. Accordingly, effective GP utilization has the
potential to reduce waste and concomitantly increase profits,
leading to a more sustainable economy.

GP isrich in dietary fiber and polyphenols (Nowshehri et al,
2015). The dietary fiber content is generally 43-75% by dry
weight (Teixeira et al., 2014). Dietary fiber in fruit exerts various
beneficial physiological effects, including improving stomach
function and postprandial insulin response, and reductions
in total cholesterol and low-density lipoprotein cholesterol
contents. The polyphenol content varies among grape sources
(Chamorro et al., 2021; Liang et al., 2020). This diversity can be

explained by (1) intrinsic genetic variation along with differences in
maturation stages and agro-climatic conditions and (2) differences
in winemaking technologies and/or extraction procedures.
Polyphenols mainly include anthocyanins, flavonols, flavanols,
phenolic acids, and resveratrol and have various biological
activities (e.g. antioxidant, antimicrobial, and anti-inflammatory
effects) with potential health benefits under rational utilization
(Lee et al., 2009; Mildner-Szkudlarz et al., 2010).

In food fortification, the utilization of valuable components
with the potential to promote the specific functionality of products
is a key goal to meet the diversified, escalating market demand.
In practice, pomace powder and specific component extracts
have been utilized as additives for food production. Mango skin
powder has been used as an additive in wheat dough and has
improved the dietary fiber and antioxidant contents (Ajila et al.,
2008). Potato skin powder has been introduced in biscuit
production to increase the dietary fiber content (Devinder et al.,
2012). Dietary fiber and antioxidant extractives from apple
pomace have been shown to impact physicochemical properties
of biscuits (Kohajdova et al., 2014).
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To improve the utilization of by-products from food
processing and to meet consumer demand for healthy foods, there
is growing interest in the application of dietary fiber and natural
antioxidants in baked food products (Pasqualone et al., 2014; Anil,
2007; Mildner-Szkudlarz et al., 2013). However, the effects of the
partial substitution of wheat flour with grape pomace powder
(GPP) in biscuit production are not clearly elucidated. In this
study, GPP was added to wheat flour at various ratios for biscuit
production and its influence on rheological properties, pasting
and aging properties of dough were evaluated. Additionally, its
impacts on biscuit nutrition, physicochemical properties, and
sensory characteristics were systematically studied. This work
is expected to deliver reasonable guidance on the processing
of dough-based foods containing GPP. One can envision that
appropriately using GPP in food processing for nutritional value
enhancement and popularity improvement will boost the grape
economy, reduce resource waste, and even solve environmental
problems related to direct disposal.

2 Materials and methods
2.1 GP preparation and materials

GP was derived from a lab-scale winemaking process with
Cabernet Sauvignon (grown in Huailai city, Hebei province
of China) as a raw material. In brief, grapes were mixed with
Saccharomyces cerevisiae and fermented at 25°C for 7 days.
GP and wine were separated by squeezing. GP was subjected to
natural drying to remove 70% water and then transferred to an
oven operated at 60 °C for 72 h for further dehydration. GPP was
obtained using a high-speed pulveriser (Beijing Zhongxing
Weiye Instrument Co., Ltd., Beijing, China), and an 80-mesh
filter was used to collect particles, followed by storage at -20°C.
GPP was composed of crude protein (13.61 + 0.97 g/100 g),
dietary fiber (65.10 + 2.1 g/100 g), ash (5.12 + 0.87 g/100 g),
crude lipid (17.42 +1.15 g/100 g), and water (5.86 + 0.55 g/100 g),
on a dry weight basis. Low-gluten flour (lipid 0.6 g/ 100 g, total
carbohydrates 78.1 g/ 100 g, protein 8.3 g/ 100 g, and Na 0.06 g/
100 g), egg, salt, baking soda, gluconolactone, ammonium acid
carbonate, soft sugar, and palm oil were purchased from a local
market. Absolute ethyl alcohol (analytical grade) was obtained
from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).

2.2 Determination of physicochemical properties of
composite flour

Low gluten wheat flour and GPP were used as raw materials.
Various amounts of GPP (i.e. 5, 10, 12.5, and 20 wt%) were added
to wheat flour and subjected to thorough mixing. Rheological
properties were measured according to previously described
methods (Girard et al., 2016). Pasting characteristics of the
blended flour systems were measured using RVA (TecMaster,
Perten Instruments, Warriewood, Australia), with reference to
the standard method AACC 76-21 (AACC International, 2000).
Each experiment was repeated three times.

2.3 Biscuit production

The biscuit recipe consisted of composite flour or wheat
flour (57.5 wt%), water (5.2 wt%), sugar (20.2 wt%), palm oil

(4.1 wt%), egg (8.0 wt%), milk (2.7 wt%), baking soda (0.5 wt%),
salt (0.5 wt%), gluconolactone (0.6 wt%), and ammonium acid
carbonate (0.7 wt%). The materials were mixed to form a dough,
transferred to a mould, and heated for 13 min in a baking
oven, with upper and lower temperatures of 165°C and 155 °C,
respectively. After biscuits were cooled to room temperature,
they were packed. For GC-MS analyses, biscuits were crushed to
fine powders and stored in a refrigerator at -20 °C. For sensory
evaluation, biscuits were made on the same day.

2.4 Sensory evaluation

Biscuits with various amounts of GPP were evaluated by
a quantitative descriptive sensory analysis, using a hedonic
9-point scale as follows: 9, like extremely; 8, like very much;
7, like moderately; 6, like slightly; 5, neither like nor dislike;
4, dislike slightly; 3, dislike moderately; 2, dislike very much;
and 1, dislike extremely. Twenty participants, aged 19-21, were
included. First, sensory attributes and intensity criteria were
established. The terms included colour, appearance, flavour, and
texture. Second, participants were trained six times (one hour
each time) to enable a rational evaluation. Third, biscuits with
random codes were randomly placed and evaluated by each
member after rinsing the mouth. Sensory evaluation results are
described as x (mean) + SD (n = 3).

2.5 Texture analysis

Biscuit hardness, fracturability, and chewiness indexes were
determined using a TA-XT2i textural analyser (Stable Micro
Systems, Surrey, UK). The parameters were as follows: speed
before, during, and after the test were 1.0, 1.0, and 2.0 mm/s,
respectively; compression ratio was 70%. Each experiment was
repeated three times. The results are expressed as x (mean) *
SD (n = 3).

2.6 Colour characterization

Biscuits were made into round slices with a diameter of
2 cm and thickness of 5 cm. The L* (brightness), a* (red and
green chroma), and b* (yellow and blue chroma) values were
determined using an ADCI-60-C automatic colorimeter (Beijing
Chentech Instrument Technology Co., Ltd., Beijing, China).
For L*, 0-100 represent colours from dark to light. The value of
a* indicates the degree of red and green, where high values are
associated with red and vice versa. With respect to b*, yellow
and blue and indicate high and low values, respectively. Each
experiment was repeated three times, and mean values were
obtained.

2.7 Composition analysis

Water, ash, protein, and lipid contents were measured
according to the 44-15, 08-01, 46-11, and 30-10 standards
(AACC International, 2000). Total dietary fiber (TDF) was
determined by the standard enzymatic-gravimetric method
(991.43, 17* edition) recommended by Association of Official
Analytical Chemists (AOAC International, 2000). The total
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polyphenol content was measured using a modification of the
Folin-Ciocalteu assay (Yang et al., 2010).

2.8 Digestive characteristics

The contents of rapidly digestible starch (RDS), slowly digestible
starch (SDS), and resistant starch (RS) were determined according
to previously proposed methods (Mahasukhonthachat et al,,
2010; Englyst et al., 1992), and the reducing sugar content was
determined by 3, 5-dinitrosalicylic acid colorimetry. The equations
were as follows:

(G120-G20)x0.9
SDS (%) =-—————x 100 (1)
‘N
(G20-G0)x0.9
RDS (%) X 100 @)

TS - (SDS+RDS) |x0.9
7S

RS (%) :[ x 100 3)

(the weight of hydrolysed glucose) x100
Hydrolysis rate (%) = 4)
( thetotal sample Weight)

(thc area under the hydrolysis rate curvc) x100
Hydrolysis index (H] ) =

®)

(the area under the hydrolysis rate curve of the control group)

where G, G,, and G, are the glucose contents (mg) at 120,
20, and 0 min, respectively; 0.9 is the transformation factor;
and TS is the sample weight (mg). The predicted glycaemic
index (pGI) was determined by a previously described method
(Goili et al., 1996), and the in vitro simulation of the human
intestinal digestive system was used. The hydrolysis rate was

fitted by first-order kinetics:
o =coox(1—e*"’) ©)

where C_is the equilibrium concentration and k is the equilibrium
coefficient. The area under the sample hydrolysis curve was
calculated as follows:

AUCCw(t/»to)(c%j{lek(tfto)} )

where C_ is the equilibrium concentration (t ), t; is the final
time (90 min), t, is the initial time (0 min), and k is the reaction
constant.

2.9 Determination of antioxidant properties

Briefly, 0.5 g of sample powder was added to 10 mL of
an 80% methanol solution at 25°C and placed in the dark
for extraction for 24 h. The mixture was then centrifuged at
10000 r/min to obtain the upper supernatant liquid, which
was used for subsequent measurement to assess the DPPH
radical scavenging ability (Wang et al., 2015), hydroxyl radical
scavenging activity (Chimi et al., 1991), and iron ion reducing
activity (Sakanaka et al., 2004).
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2.10 Data processing and statistical analysis

Microsoft Excel 2013 and SPSS 22.0 (SPSS Inc, Chicago,
IL, USA) were used for data processing and statistical analyses,
respectively. Differences among groups were evaluated by one-
way ANOVA, and p < 0.05 indicated a significant difference.
Origin was used to generate plots.

3 Results and discussion
3.1 Rheological properties of dough

The effects of various amounts of GPP on the rheological
properties of dough are shown in Figure 1. Water absorption
indicates the water consumption for dough formation with a
certain, targeted density (Moon & Kweon, 2021). WA of the
dough decreased significantly (p < 0.05) as the proportion of
GPP in wheat flour increased (Figure 1a). The results are different
from those of studies using fiber or fiber extractives in composite
dough, which increase water absorption (Ar1 Akin et al., 2021;
Alyetal., 2021). This difference can be attributed to the fact that
lignin, which account for 44% of grape seed, is insoluble part of
dietary fiber in water and has hydrophobic binding ability. This
fraction mainly contributes to the decrease of water absorption
(Mildner-Szkudlarz et al., 2013). Development time (DT) is the
interval between the initial time point and the point at which
dough shows the maximum torque. Stability time (ST) is the
duration of the maintenance of a constant torque of 1.1 Nm
during the kneading process. These two parameters are indicators
of dough strength and are positively correlated (Nogueira et al.,
2021). As shown in Figure 1c, the DT of dough with GPP was
highest at 15 wt%, and the ST increased significantly (p < 0.05)
with increasing amounts of GPP, suggesting that GPP could
improve the strength of dough and subsequent processing
properties. This is probably due to high lipid content in grape
seeds, which can form lipoprotein complexes between starch
and other hydrophobic gluten components, resulting in dough
compaction and stability (Mironeasa et al., 2012; Kuchtové et al.,
2018).

In terms of gluten weakening, C2 (Nm) is the minimum
torque value for the sample (e.g. dough) under mechanical
agitation and thermal treatment. C1-C2 (Nm) represents the
degree of weakening, estimated as the difference between torque
at the end of the period of stability at 30°C and C2. It reflects
the ability of dough to withstand mechanical agitation and is
negatively correlated with C2, low values correspond to a high
gluten strength. As shown in Figure 1b, compared with values
in the control group, the C1-C2 values were significantly lower
(p < 0.05) in the GPP groups, except for 5 wt%, consistent with
C2 results. These findings suggested that GPP increased the
gluten network strength, which might improve the toughness
of resulting biscuits and thus decrease brittleness. In addition,
polyphenols have a complex influence on dough. There is a trade-
oft between their weakening effects associated with disulphide
linkage cracking and gluten strength reinforcement via interactions
with gluten (Girard et al., 2016; Blanco Canalis et al., 2020; Han
& Koh, 2011). The influence of polyphenols on the final baked
food depends on their relative amount, antioxidant capacity,
and hydroxy content. When GPP exceeded 5 wt%, increased
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Figure 1. Effects of GPP on rheological and pasting properties of dough

gluten strength outweighed weakening, resulting in a general
improvement in global gluten strength, thereby facilitating
subsequent dough processing.

3.2 Pasting properties of dough

The pasting properties of flours are particularly important
in the cookie-making process, Figure 1 depicts the effect of GPP

on the pasting properties of dough. As shown in Figure 1d,
compared with the control group, increase in GPP concentration
among all studied levels did not significantly influence the
pasting temperatures. According to literature (Manifigat &
Juliano, 2010; Marshall et al., 1990), both lipids and proteins
can improve the starch gelatinization temperature by forming
complex with starch, resulting in a slower swelling of the starch
granules, therefore, the fluctuation of gelatinization temperature
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of composite powder in a minor range is attributed to the protein
and lipid contained in grape pomace.

Breakdown viscosity refers to difference between the peak
and trough viscosity. As the breakdown value reflects the starch
grain stability, lower values lead to a higher thermal stability of
the paste and better shear and agitation resistance (Shahzad et al.,
2019). The setback parameter is the difference between the final
viscosity and trough viscosity, indicating the starch retrogradation
during the cooling stage (i.e. degree of aging). The large setback
value relates to high reassociation of amylose molecules in the
paste (Xiong et al., 2021). Starch pastes with GPP concentration
under study were ruptured to higher extent than control, because
their breakdown viscosity values were also higher (Figure 1e),
thus probably making the GPP pastes less resistant to thermal
and mechanical disruption (Galkowska et al., 2013). Since
the measurement conditions of the pastes were the same, it is
assumed that the difference in fragmentation degree depends
on the properties of particles. Compared with that of the control
group, the setback value was significantly lower in GPP groups
(p < 0.05) and decreased with increasing GPP levels. Because
starch granules have similar amylose / amylopectin ratios, the
short-term retrogradation tendency of GPP paste is low, which
may be due to the interaction between polyphenols, lipids in
GPP and starch granules, thus space steric hindrance reduces the
trend of scattered, linear debris rearrangement (Krishnan et al.,
2021; Gao et al., 2021). Starch particles are usually insoluble in
water when the temperature is below 50 °C. However, when a
certain temperature is reached, starch particles show considerable
water absorption and simultaneously expand in volume to
several times the initial value, resulting in a sudden increase
in viscosity. The trough viscosity was derived at 95 °C under
agitation, at which point starch grains were broken into small
molecules and rearranged in solution. The final viscosity is the
value determined at 50°C after cooling. The peak, trough, and
final viscosities are associated with the starch particle morphology,
amylose to amylopectin ratio, relative molecular weight, and
starch particle size, among other factors (Al-Ansi et al., 2021).
Upon cooling stage, because the increased hydrogen bonding
under low temperatures (Kim et al., 1997), the viscosity of
the paste increased rapidly. These three viscosities decreased
significantly (p < 0.05) as GPP increased (Figure 1f), majorly
due to the starch dilution effect in GPP pastes, which leads to
a decrease in dough stability (Biao et al., 2019).

3.3 Sensory evaluation

A sensory evaluation of biscuits with various GPP contents
is summarized in Table 1. With respect to appearance and
texture, there were no significant differences between the GPP
groups and the control group. With respect to colour, the score
differed significantly between the 5 wt% group and the control
group (p < 0.05), with values of 7.85 and 8.25, respectively, while
there was no difference between the scores for 10 wt% (7.30) or
12.5 wt% (7.75) compared with 5 wt% (7.75). The appearance
scores showed a similar trend to that of colour scores, which
could probably be explained by the influence of the latter on
the former, to a certain degree. This was consistent with results
of a previous study (Ajila et al., 2008). In this study, the colour
score increased slightly when the GPP level reached 12.5 wt%,
reflecting a favourable chocolate colour. When GPP exceeded
12.5 wt%, a rough granular surface was clearly observed, along
with an astringency, thus contributing to reduced scores. In terms
of flavour, at 10 wt%, the score was highest (8.05), and increases in
GPP led to decreased scores. Accordingly, 10 wt% GPP conferred
a sufficient grape flavour and was favourable to consumers. This
was similar to previous results (Kohajdova et al., 2014), wherein
apple pomace was used to improve biscuit fragrance. With regard
to texture, increasing GPP resulted in a decreased score, which
could probably be attributed to a reduced size and elevated surface
roughness. For GPP below 12.5 wt%, acceptability did not differ
substantially from that of the control group, suggesting that the
biscuits could be accepted by consumers. Overall, using 10 wt%
GPP, the corresponding biscuits exhibited a chocolate colour,
regular appearance, relatively smooth surface, rich fragrance,
appropriate grape taste, crispy characteristic, and distinct cross-
section structure with small and well-distributed pores, among
other features.

3.4 Biscuit colour measurement

Table 2 shows the results of colour measurements of biscuits
made with different levels of GPP preparations. Compared
with those of the control group, the values of L* and b* were
significantly lower in GPP groups (p < 0.05), and decreased as
GPP increased (p < 0.05), indicating a reduced brightness and
lustrousness and increased degree of blue colour. This effect was
mainly due to natural pigments such as anthocyanins in GPP
(Aksoylu et al., 2015). In contrast, the value of a* displayed the
opposite trend, suggesting an increased degree of red. Combining

Table 1. Sensory evaluation of biscuits incorporated with grape pomace powder.

evaluation score

Addition level (wt%)

colour appearance flavour texture acceptability

8.25+0.80* 8.05+0.83* 7.75 +0.75 7.85+0.89* 8.00 +0.74*

7.85 £ 0.75® 7.65 + 1.05° 7.65 + 0.88* 7.60 +0.77* 7.45 +0.32°

10 7.30 £ 1.00% 7.70 £ 0.94* 8.05 % 0.93* 7.66 % 0.85* 7.85 % 0.45*

12.5 7.75 + 0.96® 7.85 + 1.00° 7.55 +0.76 7.35+0.73* 7.60 +0.47°
15 6.25+1.02° 7.35+£0.75* 5.85+0.78" 6.65 = 0.84° 7.15 + 1.01®

20 4.20 +0.85¢ 7.20 £ 0.89* 4.45 + 0.56¢ 6.35 +0.48° 6.10 +0.94°

Values are means + SD of three independent determinations. Means followed by different superscript letters within a column are significantly (p < 0.05) different.
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the results of the colour analysis with a sensory evaluation of
colour could enable rational quality estimation.

3.5 Textural properties of biscuit

Hardness is the force needed for sample deformation
(Zhang et al., 2020). Fracturability refers to the force at which
a sample cracks during the first compression, it is negatively
correlated with the crispy characteristic in a sensory evaluation
(Mohsen et al., 2010). Chewiness depicts the force required to
transform a sample from a chewable state to a swallowable state.
These parameters are closely related to human perception of
freshness, thereby attracted much attention in the evaluation
of baking products (Kuchtova et al., 2018), as shown in Table 2,
hardness displayed maximum value at 15 wt% GPP, which was
significantly higher than the control group. Our results was different
form the report by Kuchtova et al. (2018). This phenomenon
was probably related to the linkage between polyphenols in GPP
and protein or starch, leading to an increased gluten network
strength and improved dough strength (Zhang et al., 2010),
which consistent with previous rheological results. Further
increase in GPP resulted in reduced relative gluten protein
contents, thereby decreasing hardness. Chewiness displayed
a trend identical to that of hardness. Fracturability increased
with increasing GPP. Generally, lower hardness is more easily
accepted by consumers (Assis et al., 2009). In view of this, the
addition of grape pomace should be minimized to ensure that
biscuits are within acceptable hardness.

3.6 General composition of biscuit

Table 3 summarizes the general composition of biscuits with
different GPP contents. Compared with the control group, GPP
groups showed significantly higher (p < 0.05) crude protein,

Table 2. Textural properties and colour measurement of biscuits.

crude fat, and total polyphenol contents. When 12.5 wt% GPP
was used, levels of these three components increased 14.01%,
24.79%, and 44.59%, respectively; for 20 wt%, these increased
by 25.14%, 31.96%, and 71.62%, respectively. The total dietary
fiber content was positively correlated with the GPP content.
According to the claim a foodstuft contains a high fiber content
may be given only if the product has at least 6 g of fiber per 100 g
that pointed out by regulation of the European Parliament of
the Council (EC). The ash and water contents did not differ
significantly between the GPP groups and the control group.
Taken together, Cookies incorporated with an amount of >
10 wt% GPP can be considered as a high fiber content food.

3.7 Antioxidant properties of biscuits

The antioxidant activity of biscuits with GPP are shown
in Figure 2. Compared with those in the control group, DPPH
and hydroxyl radical scavenging activities were significantly
higher (p < 0.05) and increased as the GPP content increased.
For 5 wt% GPP, scavenging activity on DPPH and hydroxyl
radicals increased by 40.95% and 47.01% over that in the control,
respectively. In addition, the observed increases with increasing
GPP levels suggested the excellent antioxidant effect of GPP in
vitro. These results were consistent with those of Santa Cruz
Olivos et al. (2021). Reducing activity (Figure 2b) increased
with increasing GPP, with an increase in polyphenol content.
Accordingly, GPP could be a promising natural antioxidant,
improving the shelf life and quality of biscuit products.

3.8 In vitro digestion characteristics

Based on the Englyst method, starch can be categorized
into RDS, SDS, and RS. Table 4 shows the RDS, SDS, and RS
contents in biscuits made with GPP. In all biscuits, the RS content

Addition level (%) Hardness (g) Chewiness (g) Fracturability (g) L a* b*
0 2810.24 + 125¢ 34.80 + 6¢ 651.28 + 90° 68.58 £ 0.15° 6.22 +0.03¢ 29.84 £ 0.02°
5 3051.12 + 136¢ 265.15 + 834 1052.33 + 43¢ 57.40 +0.23° 6.38 +0.14¢ 19.59 + 0.06°
10 4821.75 + 158¢ 702.44 + 150¢ 1257.23 +47¢ 49.08 + 0.72¢ 8.38 £ 0.15° 17.15 £ 0.12¢
12.5 5639.23 + 246° 1354.36 = 109° 2349.50 + 88¢ 48.73 + 0.46¢ 8.67 £0.16" 16.80 + 0.23<¢
15 6577.13 £ 379* 1854.47 + 88* 2638.28 + 89° 47.82 +0.16¢ 8.99 +0.22° 16.48 + 0.04¢
20 4696.01 + 375¢ 685.20 + 90¢ 3174.39 £ 101* 43.60 + 0.51¢ 9.87 £ 0.08* 14.14 £ 0.06¢

Values are means + SD of three independent determinations. Means followed by different superscript letters within a column are significantly (p < 0.05) different.

Table 3. General composition of biscuits.

GPP addition level (wt%)

Component (%)

0 5 12.5 15 20
Moisture 1.85 +0.32%® 2.14 £ 0.25* 1.36 £ 0.28" 2.01 £ 0.54% 1.47 £ 0.52* 1.33 £0.34°
Ash 2.08 £0.13* 2.21 £0.28° 2.38 £0.33* 1.67 +0.48* 1.83 +£0.36° 2.02 +£0.42°
Crude fat 9.48 +0.38¢ 9.43 +0.264 10.24 + 0.14¢ 11.83 £0.25° 11.96 + 0.18" 12.51 £0.33*
Crude protein 8.99 + 0.46¢ 9.00 £ 0.32¢ 9.58 £ 0.24¢ 10.25 +0.14° 10.63 £ 0.12° 11.25 £ 0.06*
Total carbohydrate 68.45 + 3.78° 65.32 + 5.23° 61.74 + 3.57%® 61.80 + 5.25® 56.21 + 3.60% 53.47 + 4.24¢
Total polyphenols 0.74 = 0.05¢ 0.82 £ 0.14¢ 0.99 +0.03" 1.07 £ 0.11° 1.23 £0.05* 1.27 £ 0.12°
TDF 0.92 + 0.05° 4.12+0.12¢ 6.53 +0.14¢ 7.98 £0.32¢ 9.05 +0.27° 11.21 + 0.45*

Values are means + SD of three independent determinations. Means followed by different superscript letters within a column are significantly (p < 0.05) different.
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Figure 2. Chemical antioxidant activities of biscuits with various GPP amounts. (a) DPPH radical scavenging activity, (b) reducing power, and
(c) hydroxyl radical scavenging activity

Table 4. Starch composition and hydrolysis parameters for biscuits.

Addition level (%) RDS (%) SDS (%) RS (%) Ceo k Kinetic formula of
hydrolysis rate
0 13.14 0.15° 1.67 +0.23¢ 76.48 + 1.78° 23.16 +0.14¢ 0.11 % 0.01° o011
G :23.16><(1—e : )
5 11.65 + 0.21° 3.82+0.16° 76.17 + 0.85° 23.13 £ 0.20¢ 0.08 +0.01° 0.08¢
C, =23.13x (1 e )
10 10.42 + 0.08¢ 4.05+0.13° 75.02 + 1.54° 25.49 +0.23 0.09 + 0.02°
C, =25 49><(1 e 09’)
15 9.83 +0.10¢ 5.40 +0.21° 73.97 + 1.57° 24.74 +0.12° 0.08 +0.01°
C, =24, 74><(1 e °8f)

Values are means + SD of three independent determinations. Means followed by different superscript letters within a column are significantly (p < 0.05) different.

ranged between 73% and 77%, which is the main component ~ 2019). Interestingly, the RS content measured here in biscuit
of biscuit starch. The RS contents related incomplete starch  is 35-fold higher than that in GP-fortified pasta reported by
gelatinization and the occurrence of starch retrogradation during ~ Tolve et al. (2020). This difference indicates once again that there
cooling phase (Agama-Acevedo et al., 2019; Palavecino et al.,  are incompletely gelatinized and undigestible starch fraction in
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Figure 3. Kinetics of the enzymatic digestion of biscuits

biscuit products, and this incomplete gelatinization of starch
is related to water consumption. Moreover, this difference
cannot ignore the influence of different processing techniques
of various products and the composition discrepancy of flour
on RS content. A slight but significantly reduction of reaction
constants (i.e. k) and RDS(table 4)suggested that the structure
arrangement of starch components in GPP enhanced biscuits
was more extensive, which limited the hydrolysis of digestive
enzymes (Agama-Acevedo et al., 2019; Williamson, 2013;
Palavecino et al., 2019; Li et al., 2020). The lower reaction constant
in grape pomace biscuits is consistent with its lower RS content.
However, the sum of RS and SDS account for 78% -80% of total
starch, and they are the main ingredients of biscuits. From this
perspective, grape pomace can be used as a potentially healthy
food processing ingredient.

Figure 3 displays the in vitro digestion rate curves of biscuits
with and without GPP. No significant difference was observed
in the samples with different GPP additions compared with
the control group. In all cases, within the first 45 min of the
reaction, the hydrolysis rate rapidly and continuously increased,
and then decreased until 120 min, the hydrolysis rate further
decreased. However, The predicted glycemic index was calculated
by using the empiric equation pGI = 39.71 + 0.549 (HI90) (r =
0.96) (Goni et al., 1996). It was found that all the biscuis include
control was surprisingly high (290), therefore, further in vivo
studies are needed to clarify the actual postprandial blood glucose
response of the cookies.
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4 Conclusions

The impacts of various amounts of GPP were systematically
evaluated, including analyses of rheological and pasting properties
of dough as well as the quality of the final biscuit product, focusing
on sensory characteristics, nutritional properties, digestive and
antioxidant activities. With respect to rheological properties, GPP
reduced the water absorption for dough formation but increased
development time and dough stability. GPP at greater than
5 wt% increased gluten strength, thereby facilitated the dough
processing properties. GPP addition had limited effect on pasting
temperature but significantly decreased the setback value of the
paste system, which indicated that active polyphenol fraction
in grape pomace can effectively prevent amylose association
in starch paste upon cooling stage. However, an increase of
breakdown viscosity suggested that GPP could reduce the
thermal stability and mechanical damage resistance of starch
granules. A sensory evaluation suggested that less than 12.5 wt%
GPP does not significantly affect acceptability and 10 wt%
GPP delivered the best taste with a grape flavour. An in vitro
antioxidant activity test indicated that GPP could significantly
improve antioxidant activity of biscuit. GPP addition had minor
influence on digestibility but significantly increased dietary fiber
and polyphenol contents of biscuit. And up to 10 wt% GPP in
biscuits makes it meet the needs of modern “high dietary fiber”
healthy food. Taken together, these results provide valuable
insights into the effects of GPP on biscuit production and thus
provide a basis for its effective utilization in the food industry.
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