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Abstract In order to investigate the effects of celery
powder (CP) on bread quality, wheat flour was replaced by
CP which was produced from two celery varieties (‘Jinnan
Shigin’ and ‘Ventura’) at different levels (1, 2, 3 and
5/100 g flour). For both kinds of CPs, Mixolab analysis
showed that the water absorption of dough increased with
the increase of CP, while the protein network weakening
(C2), peak viscosity (C3) and crystallinity of starch (C5—
C4) decreased. The specific volume of bread decreased at
higher CP level, whereas its crumb hardness and chewiness
showed a reverse trend. The addition of CP significantly
increased the total phenolics content of bread, and thus
caused a significant improvement in antioxidant activities.
The addition of CP significantly reduced the content of
rapidly digestible starch in bread, while the contents of
slowly  digestible starch and  resistant  starch
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were increased. Additionally, bread prepared with a higher
CP content showed a lower predicted glycaemic index.
Based on the results of sensory analysis, bread incorporated
with 2 g/100 g flour for ‘Jinnan Shiqgin’ or 1 g/100 g flour
for ‘Ventura’ didn’t show significant effect on its overall
acceptability. The present study indicated that addition of
CP could be an effective way to produce a bread with
higher antioxidant activity and lower starch digestibility.

Keywords Celery powder - Dough - Bread - Antioxidant
activity - Starch digestibility

Introduction

Celery (Apium graveolens L.), a member of Umbelliferae
family, is widely cultivated and used not only as everyday
vegetable, but also as an ingredient in the food and cos-
metic industries (Ross and Kasum 2002). Celery is rich in
vitamins, carotene, protein, cellulose and other nutrients
and is a good source of volatile oils and antioxidants (Li
et al. 2018). All parts of the celery plant have been reported
to possess medicinal properties such as anti-bacterial, anti-
inflammatory, lowering blood glucose and serum lipid
levels, strengthening heart, and preventing cardiovascular
disease (Atta and Alkofahi 1998; Sowbhagya et al. 2010;
Kooti and Daraei 2017).

Bread is one of the most widely consumed grain prod-
ucts in the world and traditionally produced from wheat
flour. It is rich in carbohydrate and fat but low in functional
components. With increasing living standards and health
awareness, supplementing bread with nutritious additives
in order to boost its physical and nutritional properties has
become more common and desired (Reshmi et al. 2017). In
recent years, many researches have been reported about
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bread supplemented plant ingredients in order to increase
its functional properties, such as dried onion skin (Gawlik-
Dziki et al. 2013), green tea powder (Ning et al. 2017),
mallow powder (Fakhfakh et al. 2017) and plant essential
oils (Gavahian et al. 2018).

Despite the scientific knowledge on the functional
properties of celery, celery is widely used as daily veg-
etable consumption and there is a shortage of other celery
food products in the market. Due to the high content of
active ingredients in celery, the addition of celery into
bread may significantly increase its functional properties.
However, studies on celery have mainly focused on culti-
vation, breeding and chemical composition (Li et al. 2018).
Therefore, the purpose of this study is to investigate the
effects of the addition amounts and different varieties of
celery powder (CP) on bread quality. Two commonly
grown celery varieties (Ventura and Jinnan Shiqin) were
used in this study. ‘Ventura’, a variety developed in the
United States, is tall and compact with thick, glossy leaves.
‘Jinnan Shiqin’, a variety developed in China, is tall, and
light green in color with hypertrophic leaves. The effects of
CP on dough rheological properties and textural, antioxi-
dant, starch digestibility, sensory properties of breads were
investigated in the present study.

Materials and methods
Materials

Commercial bread wheat flour was supplied by Fengzheng
Milling Company (Shandong, China), and instant dry yeast
was purchased from Angle Company (Hubei, China). CPs
from the varieties of ‘Ventura’ and ‘Jinnan Shiqin’ were
provided by Hongsheng Food Co. Ltd. (Jiangsu, China).
CPs were stored in plastic bags at — 18 °C until use.

Chemical analysis of wheat flour and celery powder

Dry matter, fat, ash, and protein were determined by
AACC approved methods (AACC 2000). Total starch and
dietary fiber were measured using AOAC Official Methods
996.11 (AOAC 1996b) and 991.43 (AOAC 1996a),
respectively.

Mixolab testing of dough

According to AACC method 54-60.01 (2010b), the mixing
and pasting properties of dough were determined using
Mixolab (Chopin, Villeneuve-La-Garenne, France). Water
absorption (%), development time (C1 time, min), stability
time (min), protein network weakening (C2, Nm), starch

gelatinization (C3, Nm), the crystallinity of starch (C5-C4,
Nm) and final viscosity (C5, Nm) were measured.

Bread preparation

The formulation of control bread was: wheat flour (300 g,
14% mb), water (92% Mixolab water absorption), instant
yeast (4.5 g), sugar (16 g) and salt (3 g). To prepare CP
bread, wheat flour was replaced by CP at five levels (0, 1,
2, 3 and 5 g/100 g wheat flour). Before dough mixing,
yeast, salt and sugar were dissolved in water, respectively.
The dough was mixed in a spiral mixer (B20, Ye Chang
Instruments Co., Ltd, Shanghai, China) for about 15 min
until fully developed. Then the dough was divided into
170 g pieces and fermented at 30 °C, 80% RH in a dough
fermentation cabinet (Shengheng Instruments Co., Ltd,
Guangzhou, China). The fermented dough had its first and
second punch at 105 min and 155 min of fermentation.
After 180 min of fermentation, the dough was placed into a
baking pan (13.9 x 8 x 5.8 cm) and proofed for 45 min.
The proofed dough was baked in an oven (SJ943, Sinmag
Equipment Co., Ltd, Wuxi, China) at 210 °C for 23 min
and cooled for 60 min at room temperature for the further
study.

Physical properties of bread

The volume of bread was determined by rapeseed
replacement according to AACC approved method
10-05.01 (2010a). Specific volume (cmS/g) was determined
using bread volume divided by weight. Bread slice (25 mm
thickness) was used to determine the textural profile anal-
ysis (TPA), and compressed to 50% of its original height at
a speed of 1 mm/s by the TA.XT Plus Texture Analyzer
(Stable Micro Systems, Goldalming, UK) with a 36 mm-
diameter cylinder probe. The software used for TPA was
Exponent 6 (Stable Micro Systems, Goldalming, UK).
Crumb hardness, springiness, chewiness and resilience
were measured.

Total phenolics content and antioxidant activity
of bread

Preparation of extraction samples

To obtain bread powder, bread slices without crust were
freeze-dried, ground and sieved through 80-mesh screen.
Then bread powder or CP (1 g dm) was extracted with
25 mL of methanol: water (80:20) at 50 °C for 3 h in a
rotary shaker (Yiheng Technology Co., Ltd, Shanghai,
China). After the extract was  centrifuged (3200 g,
20 min), the supernatant was collected as extraction sample
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and stored at — 18 °C in darkness until the total phenolics
content (TPC) and antioxidant activity were determined,
within 1 week.

Determination of total phenolics content

The TPC of CP or bread was determined using Folin-cio-
calteu method as reported by Sumczynski et al. (2015), and
the result was expressed as Gallic acid equivalent (pg
GAE/g dm).

Determination of antioxidant activity

DPPH radical-scavenging activity of bread samples was
determined according to the method of Das et al. (2012)
with some modifications. The DPPH radical solution was
made by dissolving 10 mg of DPPH in 250 mL of
methanol: water (80:20). The above extract sample (2 mL)
was mixed with DPPH radical solution (2 mL), shaken
vigorously and reacted in darkness for 30 min at room
temperature. The absorbance of the solution was measured
at 515 nm using a spectrophotometer (o-1900S, Shanghai
Lab-Spectrum Instruments Co., Ltd, China) against a blank
of methanol: water (80:20) without DPPH solution. The
control was made from dissolving 2 mL of DPPH radical
solution in 2 mL of methanol: water (80:20). The percent
inhibition ~was calculated as follows: Inhibition
(%) = (Abscontrol - Abssample) X IOO/Abscontrol'

The Ferric reducing power (FRAP) of bread samples
was determined according to the method of Seczyk et al.
(2017). Extract (1 mL), phosphate buffer (2.5 mL,
200 mmol/L, pH 6.6) and potassium ferricyanide aqueous
solution (2.5 mL, 1 g/100 mL) were mixed. After the
mixture was incubated (50 °C, 20 min), trichloroacetic
acid (0.5 mL, 10 g/100 mL) was added and centrifuged
(3000 g, 10 min) to obtain the upper layer of solution. The
upper layer (2.5 mL), distilled water (2.5 mL) and FeCl;
(0.5 mL, 0.1 g/100 mL) were mixed. The absorbance of
the solution was measured at 700 nm using a spectropho-
tometer (a-1900S, Shanghai Lab-Spectrum Instruments
Co., Ltd, China) and FRAP was calculated as trolox
equivalents (mg TE/g dm).

In vitro starch digestibility of bread

In vitro starch digestibility of bread was determined
according to the method of Chen et al. (2017), with some
modifications. Bread powder (200 mg) prepared as above
was mixed with sodium acetate buffer (15 mL, 0.2 mol/L,
pH 5.2) to obtain a suspension. After the suspension was
equilibrated in a shaking-water bath at 37 °C for 10 min,
five glass balls (diameter: 5 mm) and 15 mL of an enzyme
solution (o-amylase and amyloglucosidase mixed in a
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proportion of 120 U/80 U/mL) were added to start
hydrolysis in a shaking water bath (160 rpm). Samples
(1 mL) of the digestive solutions were taken out at 0, 10,
20, 60, 90, 120, and 180 min from when the enzyme
solution was added. To inactivate the enzymes, 4 mL of
ethanol was added. The solutions were -centrifuged
(4000 g, 10 min) and the supernatants were used for the
determination of glucose content using the DNS method
(Miller 1959).

The percentages of rapidly digested starch (RDS),
slowly digested starch (SDS) and resistant starch (RS) were
calculated as follows: RDS = 0.9 x (G20 — FG), SDS =
0.9 x (G120 — G20), RS = 0.9 x (TG — G120). Where
FG, G20, G120 and TG are the glucose contents (%)
released after 0, 20, 120 and 180 min, respectively.

According to the method used by Bae et al. (2016), the
kinetics of starch hydrolysis was calculated using the
equation: C = C*(1 — e™), where C, C* and k denote
the hydrolysis degree at each time, the maximum hydrol-
ysis extent and the kinetic constant, respectively. The
hydrolysis index (HI) was obtained as the ratio of the area
of samples to the area of a standard material (glucose)
under the hydrolysis curve (0-180 min). The pGI was
calculated by the following equation: pGI = 39.71 + 0.549
HI.

Sensory evaluation

The sensory evaluation of the freshly baked bread was
measured according to the method used by Seczyk et al.
(2017). The crumb color, aroma, taste, texture and overall
acceptability were evaluated by a panel of 40 untrained
consumers (18-50 years old) consisting of 20 males and 20
females. A nine-point hedonic scale (where 1: dislike
extremely, 5: neither like nor dislike, and 9: like extremely)
was used. Bread samples were sliced (slices about 1.5 cm),
coded and served. All participants were informed about the
purpose of this study and signed the informed consent
forms prior to sensory tests. Before and after each test, they
were asked to drink plain water to rinse the mouth.

Statistical analysis

All measurements were repeated at least 3 times. Statistical
analyses were carried out in SPSS 20.0 (SPSS Inc., Chi-
cago, USA) using one-way analysis of variance (ANOVA).
P < 0.05 was considered to be significant using Duncan’s
test.
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Results and discussion
Chemical composition

The major components of the two types of CPs and wheat
flour are shown in Table 1. In comparison to wheat flour,
the CPs had higher contents of fat, ash and protein. Fur-
thermore, high levels of dietary fiber and TPC were also
found in CPs. Therefore, CP could be considered as a
natural ingredient with bioactive components that could be
incorporated in wheat products. In addition, there were
significant differences between the two kinds of CPs.
‘Ventura’ had higher protein, fat and dietary fiber contents
but lower ash content than ‘Jinnan Shiqin’. These differ-
ences between the CPs could be due to varietal differences,
indicating they might have different effects on dough
properties and bread qualities when added to wheat flour.

The mixing and pasting properties of doughs

A typical Mixolab curve can be divided into two phases.
The first phase determines the protein properties during
dough mixing at 30 °C and the water absorption, devel-
opment time, stability time and C2 value of dough are
shown in Table 2. For both CPs, a slight increase was
observed in the water absorption of dough with increase of
CP. This might attribute to the high fiber content in the CPs
(as shown in Table 1). The large number of hydroxyl
groups in the structure of fiber would result in greater
interactions with water through hydrogen bonds, and thus
would increase the water absorption of dough (Rosell et al.
2010). For ‘Jinnan Shigin’, the development time (C1 time)
increased with increasing CP content. However, addition of
CP produced from ‘Ventura’ did not result in a significant
effect (P > 0.05) on the C1 time at levels of 1.0-5.0 g/
100 g flour. The stability time represents the mixing

resistance of dough, with longer time associated to stronger
dough to some extent. The addition of CPs from the two
celery varieties differentially affected the stability time.
Addition of CP from ‘Jinnan Shiqin’ increased the stability
time, while addition of ‘Ventura’ CP decreased the stability
time with increasing CP content. In a study of nonstarch
polysaccharides, increasing or decreasing trends in devel-
opment and stability times when added to dough depended
upon their chemical nature and water absorption capacity
(Saeed et al. 2016). The content and chemical structure of
the fiber, protein and starch in the two types of CPs (as
shown in Table 1) are different, which might result in the
different effect on the development and stability time of
dough between them. C2 is the minimum torque recorded
during mixing and increasing system temperature, which
represents the weakening of the protein on the basis of
mechanical action and elevated temperature. As it can be
seen in Table 2, addition of the two kinds of CPs decreased
C2 values of dough. When the same amount of CP was
added, dough supplemented ‘Ventura’ showed a lower C2
value than ‘Jinnan Shiqin’, indicating addition of ‘Ventura’
had more detrimental effect on the formation of gluten
network in dough.

In the second phase of the Mixolab analysis, the starch
pasting properties of dough were determined under mixing
and heating constraints. Addition of either ‘Jinnan Shiqin’
or ‘Ventura’ CP decreased the C3 value. With increasing
CP content, the C3 value further decreased, which possibly
due to the lower starch content in CP when compared to
wheat flour. In addition, the higher fiber content in CP
could compete with starch for water absorption, and thus
limit the swelling of starch granule (Chareonthaikij et al.
2016). The C5-C4 value represents the degree of starch
retrogradation. With increasing of CP levels, the C5-C4
value decreased, indicating a decreased degree of starch
retrogradation. This trend is consistent with those reported

Table 1 Compositional
characteristics of wheat flour
and celery powder

Parameters Wheat flour Celery powder
‘Jinnan Shigin’ ‘Ventura’

Fat (g/100 g dm) 0.99 + 0.21* 1.33 & 0.09° 1.62 £ 0.02°
Ash (g/100 g dm) 0.66 + 0.13* 12.46 £ 0.16° 11.45 + 0.02°
Crude protein (g/100 g dm) 12.75 + 0.05* 12.97 + 0.65° 16.72 + 0.04°
Total starch (g/100 g dm) 73.40 £ 0.12° 8.68 + 0.03* 10.23 + 0.01°
TDF (g/100 g dm) 3.60 + 0.32° 32.09 + 0.49° 36.82 + 0.46°
SDF (g/100 g dm) nd 20.58 + 0.04* 25.30 + 0.43°
IDF (g/100 g dm) nd 11.51 £ 0.71° 9.70 £+ 1.36*
TPC (ug GAE/g dm) 787.1 £ 37.5* 3678.0 + 72.3¢ 2908.4 + 20.7°

Results are reported as mean + SD. Values with different letters in the same line are significantly different

(P < 0.05)

TDF total dietary fiber, SDF soluble dietary fiber, IDF insoluble dietary fiber, TPC total phenolics content
expressed as gallic acid equivalent (ug GAE/g dm), nd not detected
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Table 2 Mixolab thermo-mechanical parameters of wheat flour or wheat flour with celery powder

Samples® WA® (%) CI time (min) Stability (min) C2 (Nm) C3 (Nm) C5-C4 (Nm) C5 (Nm)

Control]ll 619 &+ 0.1° 2.89 + 0.35% 5.13 + 0.21¢ 0.42 + 0.03¢ 1.66 + 0.01° 0.90 + 0.02° 248 + 0.05°
1 62.3 +0.1° 293 + 0.21% 5.17 + 0.19¢ 0.40 + 0.01¢ 1.64 £ 0.02>  0.76 + 0.01¢ 231 +0.03°
2 62.2 + 0.0° 3.04 + 0.06" 5.10 + 0.31¢ 0.39 + 0.03 ¢ 1.62 + 0.00° 0.75 £ 0.01° 229 +0.05°
13 62.3 + 0.1° 3.19 £ 0.13° 5.90 £ 0.06° 0.36 + 0.03* 1.62 + 0.04° 0.67 + 0.02° 229 +0.15°
5 62.5 + 0.1° 3.30 + 0.26° 6.02 + 0.27° 0.32 & 0.02° 1.56 + 0.03° 0.66 & 0.02° 2.28 4+ 0.09°
Vi 624 4+ 0.1 287 + 0.25° 451 £ 0.27° 0.41 % 0.00¢ 1.64 £0.04>  0.78 £ 0.01° 231 £ 0.16°
V2 62.5 + 0.1° 275 + 0.07* 4.18 £0.13° 0.36 + 0.02" 1.60 + 0.05° 0.73 + 0.01° 223 +0.16™
V3 62.5 + 0.0° 2.81 4+ 0.34% 3.88 + 0.06° 0.34 + 0.02° 1.56 + 0.07° 0.64 + 0.01° 2.19 £ 0.11°
V5 62.6 + 0.1° 2.80 + 0.19° 3.46 + 0.35° 0.28 + 0.03° 1.53 £ 0.11° 0.62 + 0.01° 2.16 + 0.09°

Results are reported as mean + SD. Values with different letters in the same column are significantly different (P < 0.05)
dControl: 0.0 g celery powder/100 g flour; J1, J2, J3, J5:1.0, 2.0, 3.0, 5.0 g ‘Jinnan Shigin’ celery powder/100 g flour; V1, V2, V3, V5:1.0, 2.0,

3.0, 5.0 g “Ventura’ celery powder/100 g flour

"WA water absorption (14% moisture basis)

in Ktenioudaki et al. (2013) and Khan et al. (2013), in
which apple pomace and spinach powder, respectively,
decreased starch retrogradation when added to wheat
dough.

Specific volume and textural properties of breads

Loaf volume is one of the most important visual charac-
teristics, that strongly influences consumer choice. Hence,
it is a key parameter in evaluating bread quality. The
specific volume of bread added with CP was found sig-
nificant (P < 0.05) lower than control bread. Increasing
levels of CP caused further decreases in this parameter
(Table 3). Similar results were reported in breads after
addition of quinoa leaves (Swieca et al. 2014) and green tea
powder (Ning et al. 2017). The reduction of specific vol-
ume is primarily due to the dilution of gluten in the flour
blends. In addition, replacing wheat flour with CP could

disrupt the homogeneity and continuity of the gluten net-
work (Laukova et al. 2017). Between the two kinds of CPs,
bread supplemented with ‘Jinnan Shiqin’ showed higher
specific volume than “Ventura’ at the same addition level.
This result agrees with the higher stability and C2 value
observed in dough with ‘Jinnan Shigin’ when compared
with “Ventura’ (Table 2).

The textural parameters of breads are shown in Table 3.
Hardness is strongly correlated with consumer perception
of bread freshness (Giil and Sen 2017). For both celery
varieties, CP addition significantly (P < 0.05) increased
crumb hardness, which might be due to its lower specific
volume. According to De la Hera et al. (2014), bread with a
lower specific volume has more compact gas cells and thus
increase the crumb hardness. Chewiness signifies the
energy that food is chewed into a state which can be
swallowed, and a lower chewiness is associated with a
better tasting property. Hardness of bread has been found to

Table 3 Effect of celery

powder on the specific volume Samples®  Specific volume (cmS/g) Hardness (N) Springiness Chewiness (N)  Resilience

and textural properties of bread  onio] 354 + 0.04° 1046 + 044 092+ 0.01°  7.12+0.51° 042 + 0.01°
Bl 3.36 £ 0.04¢ 12.43 £ 0.51° 091 £0.01° 859 +£0.70°  0.38 & 0.02°
12 3.32 + 0.08¢ 14.60 £ 0.20°  0.89 + 0.02°> 878 +£0.58°  0.37 + 0.02°
13 3.19 £ 0.04° 15.42 £ 0.69  0.87 £ 0.01*™® 1032 £ 0.92° 0.37 £ 0.02°
J5 278 + 0.05° 17.63 £ 0.14°  0.86 + 0.01* 11.53 £ 0.55¢  0.35 + 0.02°
Vi 3.30 + 0.01¢ 11.64 £ 027° 091 +£0.01°  7.50 &+ 048" 043 + 0.03°
V2 3.15 £ 0.06° 14.68 £ 1.63°¢ 0.89 £ 0.02° 992 +1.31°  0.39 £ 0.03°
V3 3.10 £ 0.03¢ 16.82 £ 0.56°  0.88 £ 0.01°  8.79 + 0.94°° (.35 £ 0.02°
V5 2.65 £ 0.05° 2299 + 1.77°  0.85 £+ 0.02* 1330 &+ 1.73°  0.33 % 0.03°

Results are reported as mean + SD. Values with different letters in the same column are significantly
different (P < 0.05)

#Abbreviations (Control, J1, J2, J3, J5, V1, V2, V3, V5) are the same as in Table 2
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have positive correlation with chewiness (Patil et al. 2016).
As shown in Table 3, changes in the chewiness of bread
exhibited the same pattern as hardness. Similarly, Ning
et al. (2017) observed that hardness and chewiness of
whole wheat bread increased after addition of green tea
powder. Low springiness and resilience values are associ-
ated with a loss of elasticity, and high values are associated
with freshness in bread (Ozkaya et al. 2017). Opposite to
hardness and chewiness, addition of CP significantly
(P < 0.05) decreased springiness and resilience of bread,
revealing a disadvantageous effect of CP on bread texture.
In the study of Luyts et al. (2013), they found pound cake
baked by ohmic heating method showed a softer texture
than that baked in an oven during 12 days of storage.
Therefore, further studies are needed to develop new
baking methods in order to reduce the disadvantageous
effect of CP on bread texture.

Total phenolics content and antioxidant activity
of breads

The TPC and antioxidant activity of bread are presented in
Fig. 1. As the level of CP in the bread increased from 1.0 to
5.0 g/100 g flour, the TPC increased from 524.4 to
1222.4 ng GAE/g dm for ‘Jinnan Shiqin’ and 606.0 to
973.8 ng GAE/g dm for ‘Ventura’. The most abundant
phenolic compounds in wheat kernel are insoluble fractions
(Zhu et al. 2016). In a study of whole wheat bread, Borczak
et al. (2016) found fruits could be a complementary
material in other phenolics, and thus created the possibility
to enhance the TPC and antioxidant properties of wheat
bread. However, Zhu et al. (2016) found the increase of
TPC in steamed bread was lower than expected after
addition of black tea. The processes (mixing, fermentation
and baking) applied during bread production could signif-
icantly affect TPC and antioxidant activity (Seczyk et al.
2017). In this study, there were strong correlations between
the addition levels of CP and the TPC (R2 = (0.989,
P < 0.01 for ‘Jinnan Shiqin’; R? = 0.954, P < 0.05 for
‘Ventura’), indicating addition of CP into bread is an
effective method to enhance its TPC.

Antioxidant activity of bread samples determined by
two different methods (DPPH radical-scavenging activity
and FRAP) is presented in Fig. 1. Similar to TPC, addition
of CP significantly (P < 0.05) increased the antioxidant
activity in breads depending on the addition level. The
bread at the level of 1.0-5.0 g/100 g flour of CP increased
DPPH radical-scavenging activity by about 44.9-67.2% for
‘Jinnan Shiqin’ and 39.8-65.3% for ‘Ventura’, respec-
tively. An increase of FRAP by about 23.5-213.3% for
‘Jinnan Shiqin’ and 27.6-196.0% for ‘Ventura’ was also
observed. These results indicated addition of CP could be a
practical way to increase the antioxidant activity of bread.
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Fig. 1 Total phenolics content (A), antioxidant activities (B) and
slices (C) of breads supplemented with different amounts of celery
powder Results are reported as mean £ SD. Means with different
small letter superscripts are significantly different at P < 0.05. TPC:
total phenolics content and expressed as gallic acid equivalent (pg
GAE/g dm). FRAP: Ferric reducing power and expressed as trolox
equivalents (mg TE/g dm). Abbreviations (Control, J1, J2, J3,J5, V1,
V2, V3, V5) are the same as in Table 2

Starch digestibility and predicted glycaemic index
of breads

The contents of RDS, SDS, and RS in bread samples are
shown in Table 4. Compared to control bread, a decrease
of RDS by about 17-25% for ‘Jinnan Shiqin’ or 12-27%
for ‘Ventura’ was observed. Previous study has found a
high relationship between RDS levels and the glycaemic
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Table 4 Effect of celery a b c c c c
powder on the in vitro starch Samples RDS™ (%) SDS™ (%) RS™ (%) HI™ (%) paI
dig““b}h?yda“d l;r]e)dlctjed Control 42754+ 0.22¢ 4476 + 0.85° 1249 + 0.04°  66.03 + 0.88°.  75.96 + 0.48
cemicC 1ndex o reat . .
giycemic fndex 1 3548 + 0.88°  51.00 + 1.26°  13.52 4 032"  60.67 + 1.02°  73.02 «+ 0.56°
) 3520 + 1.22°  49.62 + 0.88™  15.18 £ 0.12° 57.62 + 0.66° 71.34 + 0.36°
13 3458 + 0.36° 4937 £ 0.54*  16.05 £ 0.08° 56.78 + 0.54  70.88 + 0.30*
15 3222 + 1.64° 4778 + 0.66°  20.00 + 0.12° 5465 + 0.86°  69.71 + 0.47°
Vi 37.49 + 0.12° 4958 + 1.26™ 12,93 + 0.54® 6327 + 1.32¢ 7444 + 0.72°
V2 3458 + 046" 5137 + 0.66°  14.05 4+ 058"  61.89 + 0.76°  73.69 + 0.42°
V3 3253 + 075" 5161 +0.30° 1586 + 044 6072 + 0.56°  73.04 + 0.31°
V5 3138 + 1.02° 5112+ 022°  17.50 + 0.76° 5539 +2.52°  70.12 + 1.38%

Results are reported as mean + SD. Values with different letters in the same column are significantly

different (P < 0.05)

#Abbreviations (Control, J1, J2, J3, J5, V1, V2, V3, V5) are the same as in Table 2
"RDS rapidly digested starch, SDS slowly digested starch, RS resistant starch, HI hydrolysis index, pGI

predicted glycemic index

response in humans (Englyst et al. 2003). Therefore, a
decrease in RDS indicates that bread enriched with CP
might be favorable for the controlling of acute increase in
postprandial blood glucose level after ingestion. SDS is
slowly digested in the small intestine, causing a gradual
increase in postprandial blood glucose and insulin levels.
RS comprises the sum of intact starch and retrograded
starch that passes into the large intestine (Liu et al. 2016).
Addition of both kinds of CPs significantly increased the
contents of SDS and RS in bread. Similar trends in the
changes of RDS, SDS and RS were also reported by Bor-
czak et al. (2016) in whole wheat bread after addition of
wild grown fruits. In addition to its own structural char-
acteristics and physical state, the presence of other con-
stituents in a food matrix can also affect the digestion rate
of starch (Seczyk et al. 2017). Many studies reported that
bread enriched with phenolic or fiber samples, such as
onion skin (Gawlik-Dziki et al. 2013), quinoa leaves
(Swieca et al. 2014), apple dietary fiber (Bae et al. 2016),
and flax fiber (Kurek et al. 2018) all decreased the starch
digestibility. Therefore, the high contents of phenolics and
fiber in CPs might be the main ingredients which resulted
in the decrease of starch digestibility in bread.

The HI and the corresponding pGI are also presented in
Table 4. The control bread showed the highest HI (66.03%)
and pGI values (75.96), which decreased with increasing
levels of CP. Reshmi et al. (2017) sorted foods by their GI
values, labeling them low (< 55), medium (56-69) and
high GI (> 70). In this study, even for the CP breads with
highest addition level (5.0 g/100 g flour), their pGI values
were 69.71 for ‘Jinnan Shiqin’ and 70.12 for ‘Ventura’,
which still belong to high GI foods. Further study should be
done to optimize the processing method of CP bread in
order to reduce its pGI value.

@ Springer

Sensory evaluation

Figure 1 shows the slices of breads with or without CP and
their consumers’ sensory assessments are shown in
Table 5. Color is one of the most important visual char-
acteristics of bread to determine its acceptability. The
control bread, without any CP, has the highest crumb color
score. This score decreased as the level of added CP
increased. However, there was no significant influence
(P > 0.05) on bread acceptability except for bread sup-
plemented with ‘Ventura’ at 3, 5 g/100 g flour. Because of
chlorophyll and other pigments in CP, CP gave greenish
color characteristic to bread. The altered color of cereal
food products may be an attractive character for con-
sumers. The aroma scores (ranging from 6.6 to 7.8) showed
a decreasing trend with the increase of CP. The inherent
aroma of celery was similar to herbs, which was somewhat
unacceptable to the panelists. Higher levels of CP also
imparted a stronger taste and coarser texture to the bread.
At the same addition level, bread supplemented with
‘Ventura’ showed a coarser crumb grain than that con-
taining ‘Jinnan Shiqin’. This result is consistent with the
Mixolab analysis of dough (Table 2). The dough supple-
mented with ‘Ventura’ during processing formed a higher
degree of gas cell coalescence, which could be explained
by their weak dough characteristics (low stability time and
C2 value) that exhibited poor gas cell stability (Peressini
and Sensidoni 2009). In terms of overall acceptability,
bread supplemented with 1, 2 g/100 g flour for ‘Jinnan
Shiqin’ and 1 g/100 g flour for ‘Ventura’ did not cause
significant difference (P > 0.05) to the control bread. It is
therefore concluded that highly acceptable quality breads
can be prepared using up to 2 g/100 g flour for ‘Jinnan
Shiqin’ and 1 g/100 g flour for ‘Ventura’.
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gc‘?x:leersor]::ifstsgrflsi)erl;rguality Samples® Crumb color Aroma Taste Texture Overall acceptability
of bread Control 8.1 + 0.6° 78 +£0.8° 8.1+ 1.0° 78 + 1.6° 8.0 + 1.6°

11 77 £ 1.1¢ 7.6+ 1.1° 7.8 £ L.1° 7.5+ 1.0° 7.4 4 0.7¢

12 7.6 £ 1.0° 73+ 1.0° 7.1 £ 1.0* 7.2 4 0.9¢ 724 1.2¢

13 73 4 1.2° 6.9 & 0.8 6.5+ 1.0° 7.0 £ 1.2° 63+ 0.8°

J5 73 £ 1.4° 6.7 +0.8° 6.5+ 1.4° 6.8 £ 1.0° 62+ 0.8°

Vi 754 1.2° 7.7 4+ 14° 7.0 £ 1.0* 6.7 £ 1.6° 6.9 £+ 1.0

V2 7.2 4 1.0° 7.6 +1.2° 6.4 + 1.4° 6.2+ 1.5° 6.6+ 1.1°

V3 6.1+ 1.1° 6.7 + 1.0° 6.0 £ 0.9 6.0 £ 0.8%° 6.1+ 0.7°

V5 53 £ 0.6° 6.6 + 1.0° 49 + 1.0° 55+ 1.0° 47 + 1.0°

Results are reported as mean + SD. Values with different letters in the same column are significantly
different (P < 0.05). Nine-point hedonic scale with 1, 5 and 9 representing extremely dislike, neither like
nor dislike, and extremely like, respectively

#Abbreviations (Control, J1, J2, J3, J5, V1, V2, V3, V5) are the same as in Table 2

Similar to our results, many studies have reported that
breads enriched with plant materials showed lower sensory
scores than the control bread. A survey of the literatures
showed that bread supplemented with up to 3-5% of
functional ingredients (e.g. onion skin, black tea, spinach
powder, mallow powder, coriander leaf powder) gave sat-
isfactory consumer acceptability (Das et al. 2012; Gawlik-
Dziki et al. 2013; Khan et al. 2013; Zhu et al. 2016;
Fakhfakh et al. 2017), which were little higher than the CP
in our results.

Conclusion

In the present study, the dough properties and bread qual-
ities were significantly influenced by the addition of CP.
Generally, supplementation of wheat bread with CP was a
successful approach to increase its phenolics content and
antioxidant activity. Furthermore, the addition of CP sig-
nificantly decreased the in vitro digestibility of starch and
predicted glycemic index. The addition of CPs, especially
at higher concentrations, affected bread quality parame-
ters—causing a decrease in bread volume and an increase
in crumb hardness. Based on sensory evaluation, we rec-
ommend that CP can be incorporated into breads at levels
up to 2 g/100 g flour for ‘Jinnan Shiqgin’ and 1 g/100 g
flour for ‘Ventura’ without decreasing the sensory quality
of bread.
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