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Abstract: Pectin has been widely used as a hydrocolloid in foods, but its effectiveness based on
hydrodynamics radius (Rh), average side chain length (ACL) and degree of esterification (DE) has
been less studied. This study investigated the effect of 4 types of pectin (with different molecular
weight and structures) at a level of 1.5% w/w of wheat flour on functional, structural and water
binding properties of sugar snap cookies partially substituted with fish meat. The results showed
that pectin (CU-201 and CU-601) with higher ACL and Rh controlled excessive expansion, while
the improved rheology of dough in terms of behavior as viscous matrix compared to control and
other pectin. Texture was found to be highly dependent on Rh and ACL compared to DE of pectin.
The pasting properties, especially peak viscosity and final viscosity, were significantly (p < 0.05)
increased with increasing DE, as well as ACL, by entangling and increasing the interaction between
starch and pectin. The scanning electron microscopy (SEM) analysis exhibited that control sample
showed wide voids and more intercellular spaces, while samples prepared with CU-601, CU-201, and
CUL displayed compact structure, which was also evidenced by controlled expansion and improved
hardness of the cookies. Low field nuclear magnetic resonance (LF-NMR) analysis showed that
T21 relaxation time and amplitude were found to be shorter for CU-601 and CU-201 treatments,
signifying the high amount of tightly bound water compared to control. The findings endorse the
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feasibility of adding CU-601, and CU-201 as an efficient hydrocolloid for the improved structural and
functional properties of cookies.

Keywords: pectin; average side chain length; rheology; LF-NMR; cookies

1. Introduction

Snack foods have attracted a lot of attention and appeal because of their huge diversity
in terms of ready-to-eat convenience, distinctive taste, price competitiveness, high nutrition,
and long shelf life [1]. The starch–protein network, processing methods, and micronutrients
present in the formulation all have a significant impact on the qualitative attributes of
snack foods. These days, snack foods including cookies are made from various ingredients,
e.g., fish meat [2], cricket powder [3], lupin seed protein [4], dietary fiber [5] for taste, and
nutrition and as alternatives of traditional ingredients (wheat and rice flour). However,
these novel ingredients influence mechanical stability, rheology, and physico-chemical as
well as the structural properties of cookies. Thus, understanding of dough function and the
evolution of the starch–protein network are critical considerations for optimizing cookies
manufacturing.

In order to improve the mechanical stability and functional characteristics of finished
goods, functional hydrocolloids and food additives, such as enzymes [6], antioxidants,
emulsifiers [7], modified starches [8], gums, and more recently, pectin [9], are commonly
used. These functional ingredients have been widely employed in a range of bakery
and meat products, either alone or in mixture, to improve the quality, especially the
textural, rheological and pasting qualities associated to sensory acceptability. Among
these, hydrocolloids can be preferentially used in heat-induced processes to enhance the
physicochemical characteristics (water binding throughout the product and water holding
capacity) and change the interaction of hydrophilic and hydrophobic phases [10]. The
synergistic nature could be due to the interaction of different hydrocolloids molecules with
opposite or similar charges within food matrix. Oppositely charged hydrocolloids are likely
to interact and produce a precipitate, but there is evidence that interaction results in gel
formation for some stiff polysaccharide molecules [10]. Thus, by incorporating appropriate
hydrocolloids into the food matrix, the qualitative attributes of goods can be restored.

Pectin, a polysaccharide found in plant cell walls, is widely used in the food, phar-
maceutical, and biotechnology industries [11]. The versatile application of pectin stems
from its complex molecular structure, diverse chain length distribution (mostly monosac-
charides), degree of methyl esterification (DE), and hydrodynamic radius (Rh). Precisely,
the diverse use of pectin arises from its complicated molecular structure, which consists
mostly of galacturonic acid (GalpA), rhamnose (Rhap), galactose (Galp), arabinose (Arap),
and other monosaccharide units. The monosaccharide composition consists of three main
structural segments of pectic polysaccharides: homogalacturonan (HG, a linear polymer
formed by 1, 4-linked α-D-galactopyranosyluronic acid residues), rhamnogalacturonan-I
(RG-I, with repeating GalpA-Rhap disaccharide blocks as backbones and side chains at-
tached to Rhap), rhamnogalacturon (XGA) [8]. Primary molecular architectures (various
monosaccharide compositions), molecular sizes, and DE of carboxyl groups in GalpA can
all change amongst pectin [11]. The physicochemical characteristics and physiological
activities of pectin are intimately linked to its molecular structure. The physico-chemical
and functional properties of pectin greatly depend on molecular weight and average side
chain length distribution [9]. For example, pectin classic 051/13 (soluble apple pectin) and
citrus peel with different DE (37 and 63%, respectively) and hydrodynamic radius (7.6 and
13 nm) have different gelling properties [9]. Thus, studying various types of pectin with
different structural and functional characteristics is of high importance.

Numerous studies reveal the addition of pectin as hydrocolloids in snacks and
starches [8,12], but the effect of various pectin with different structure and DE on structural
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and physiochemical properties of cookies has not been reported. In addition, the partial
addition of dried fish meat powder in cookies is also novelty of our study. Since fish meat
forms weak gel upon heating, thus, addition of pectin could strengthen the dough and
starch-protein network. Therefore, the prime objective of this study was to investigate the
effects of various pectin on dough rheology, microstructure, pasting and water binding
properties of cookies that were prepared with partial addition of freeze-dried mince fish
meat. The effectiveness of pectin was evaluated based on their average chain length, DE,
and hydrodynamic radius. Finally, water binding within cookies was studied, and the
effects with pectin and without pectin were explored. The study will provide meaning-
ful information about the appropriate type of pectin to be used for cookies with diverse
ingredients including meat.

2. Materials and Methods

Four commercial pectin were used in this study: citrus peel pectin (CP, P9135, Lot#
SSBS8828) was procured from Sigma-Aldrich Inc. (Natick, MA, USA). Pectin classic
(CU-201 and CU-601) and pectin classic CU-L 051/13 (CUL) were gifted by Prof. Hans-
Ulrich Endress Herbstreith and Fox KG, Germany, respectively. All-purpose high gluten
wheat flour (moisture 10%, ash 0.45%, 12% protein content) of Jinsha River Industry Ltd.,
Chengdu, Sichuan, China, sucrose sugar, skimmed milk powder (brand: Devondale, Saputo
Dairy Australia Pvt. Ltd., Australia Saputo, Allansford, Australia), salt and shortening
were purchased from the local supermarket of Yangzhou University, Yangzhou, Jiangsu,
China. The characteristics of pectin are shown in Table 1. Minced fish meat of Grass carp
(Ctenopharyngodon Idella) was purchased from local supermarket and freeze-dried by means
of freeze dryer using the following conditions: −70 ◦C, chamber pressure of 0.02 mbar for
24 h. Other chemicals used in this study were of analytical grade and used without further
purification.

Table 1. Structural characteristics of pectin samples.

Samples/Parameters Degree of
Esterification (%)

Average Side-Chain
Length Average Rh (nm)

CP 63.8 ± 2.7 c 2.8 ± 0.1 a 13.7 ± 1.6 a

CUL 36.6 ± 3.5 a 3.1 ± 0.2 a 14.4 ± 1.8 ab

CU-201 68.2 ± 1.4 d 4.9 ± 0.3 c 16.9 ± 1.9 c

CU-601 53.7 ± 2.7 b 3.7 ± 0.7 b 15.2± 1.7 b

Small letters (a–d) represent the significant difference within rows using one way ANOVA and Duncan’s Multiple
range test. Reported results are mean and standard deviation of triplicates.

2.1. Preparation of Cookies

Cookies were prepared according to the procedure of AACC (method No.10-52) and
methodology of Zhang, et al. [12] with a small modification. Briefly, for control sample,
48 g sugar, 2.4 g skimmed milk powder, 0.8 g NaHCO3 were mixed together in order to
make a cream by adding 24 g Cirsco® vegetable shortening through micro-mixer (Bear
Kitchen Aid, SJJ-B10T2, Jinhua, Zhejiang, China, 1 min for each at low (270 rpm), medium
(360) and high speed (430 rpm), followed by the cleaning of the scrap blade after every step.
Then, 8 mL solution A (79.8 g NaHCO3 in water to make final volume of 1 L) and 4 mL
of solution B (101.6 g NH4Cl and 88.8 g NaCl in distilled water to make a final volume of
1 L) were added to 75.2 g of creamed mass with 17.4 mL of total water. This creamed mass
was mixed for 3.5 min at medium speed, meanwhile 80 g wheat flour (moisture content:
14 g/100 g), 1 g freeze-dried fish meat was added, which was further mixed for 30 s. The
dough was scraped from blades and bowl, cut into small portion and placed on pre-greased
baking sheet. The sheet was cut into thickness of 15 mm and diameter of 55 mm using a
stainless-steel shaper. The cookie dough was placed in a pre-greased baking paper, which
was baked at 206 ◦C for 12 min in a baking oven (Model: HGB-20D, Rudong Jiahua Food
machinery, Co., Ltd., Jiangsu, China). The baked cookies were subjected to cooling for
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30 min at room temperature, which were stored in sealed plastic bags for further analysis.
Similarly, for other treatments, pectin (1.5% w/w of wheat flour) was added along with
wheat flour and a total of 5 treatments were prepared as follows: Control, CP, CUL, CU-201
and CU-601.

2.2. Dynamic Rheological Properties of Dough

Dynamic rheological characteristics of dough or viscoelasticity of dough used for
making cookies were assessed by a Discovery Hybrid Rheometer (HR1, TA instruments,
Wakefield, MA, USA), which was attached with parallel plate geometry with a diameter of
40 mm following the methodology elsewhere [12]. Dough, as prepared for cookies, was
loaded between parallel plates, and the gap was reduced to 1.5 mm. Paraffin oil was used
to cover the edges in order to prevent moisture loss. The measurements were performed
after 5 mints of loading in order to relax normal stresses produced during loading. A
strain sweep (0.01–100%) at a fixed frequency of 1 Hz was used to measure the linear
viscoelastic region of cookie dough. Rheological properties including storage modulus (G′),
loss modulus (G′ ′) and tan δ were measured at 25 ◦C using a frequency range of 0.1–10 Hz
at 1.5% strain within the linear viscoelastic region. Measurements were done in triplicate
for accuracy, while graphs were plotted by calculating a mean value of triplicates.

2.3. Diameter and Expansion

Diameter and thickness (expansion) were measured before and after backing using a
digital Vernier calliper (Mitutoyo Digital Caliper, Osaka, Japan), following the methodology
of Nawaz, et al. [13]. Results were reported in the form of mean and standard deviation.
For each treatment, six readings were recorded while mean values were reported.

2.4. Texture Profile Analysis

A texture profile analysis of cookies was measured by TA-XT2 plus texture analyzer
(TMS-TOUCH; Food Tech., Co., Slinfold, West Sussex, UK), which came from Stable Micro
System, London, UK. The methodology of Zhang, Fan, Yang, Li, Gilbert and Li [12] was
adopted using a three-point bending HDP/3PB probe with the following conditions:
20 mm probe travel distance, trigger force: 5 g, distance between two points of probe:
45 mm, penetrating distance: 5 mm, test speed 1.0 mms−1. Hardness (N) and fracturablity
(mm) were calculated at the point of break in six cookies for each treatment.

2.5. Pasting Properties

Pasting properties of baked cookies (ground to make a powder using pulverizing
mill (Hc-280T2, Yongkang Green Food Machiery Co., Ltd., Yongkang, Zhejiang, China)
for 2 min to pass through a 60-mesh) were measured by a rapid visco analyzer (RVA)
following the methodology of Nawaz, Xiong, Xiong, Irshad, Chen, Wang, Ahsan, Walayat,
and Qamar [7]. All measurements were recorded in triplicate for each treatment, and mean
values were reported.

2.6. Scanning Electron Microscopy (SEM)

Scanning electron microscopy analysis of baked cookies was done using SEM (S-4800-
II, Hitachi, Tokyo, Japan), as described in the study of Gu et al. [14]. All samples in the
form of cross-section pieces were freeze-dried prior to analysis. A cross-sectional piece of
cookies was placed on aluminum slid, which was fix by double-sticky edges and coated
by gold before observation. All images were captured at a voltage of 10.0 KV and room
temperature.

2.7. Low Field Nuclear Magnetic Resonance (LF-NMR) Analysis of Cookies

LF-NMR analysis was done to evaluate the water binding of cookies inside the matrix,
following the methodology of Bosmans et al. [15] with slight modifications. Briefly, a
Minspec mq 20 Low-field pulsed NMR spectrometer of Bruker, Ettlingen, Germany was
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used to measure transverse relaxation time (T2) at 25 ◦C and 20 MHz, using a sequence
based on Carr–Purcell-Meiboom–Gill (CPMG). The amount of proton in the population
was proportional to the peaks obtained. Three regions: T21 (0.1–1 ms), T22 (1–100 ms), and
T23 (100–1000 ms) were obtained and expressed in graphs.

2.8. Statistical Analysis

All experiments and analyses were performed in triplicate. The obtained data were
processed for statistical analysis using SPSS (Version 19.0 for Windows (SPSS Inc., Chicago,
IL, USA) in order to examine the statistically significant difference. All data were evaluated
by one way analysis of variance (ANOVA) and Duncan multiple range’s test, at a significant
level of p < 0.05.

3. Results and Discussion
3.1. Dynamic Rheological Properties of Dough

The properties and functional characteristics of pectin are highly dependent on source,
bonding nature, monosaccharides units, functional groups, and extraction methods [9,16].
The results of dynamic rheological properties are shown in Figure 1. Storage modulus
(G′), and loss modulus (G′ ′) were calculated in order to assess elastic solid or viscous
liquid behavior. G′ and G′ ′ were increased with the increase in frequency. However, it was
observed that G′ was increased in all samples, and it was highest in CU-601 followed by
CU-201, while it was lowest in control followed by CUL. The same trend was observed for
G′ ′, which was highest in CU-201 and CU-601 treatments, while it was lowest in the control
sample. In addition to this, G′ > G′ ′ in all observed samples, suggesting the elastic solid-like
behavior of cookie dough. This indicates that viscosity was increased with the addition of
pectin as compared to the control sample, which ultimately indicated the strong interaction
of the starch–protein network with pectin. With loss modulus (G′ ′), indicating the viscous
properties, an increasing trend was observed for pectin samples, which was high in CU-201
and CU-601 treatments. G′ ′ was lower in the control sample followed by CUL batch,
while it was highest in CU-201 and CU-601 groups, suggesting the low and high solution
viscosity of two different pectins. Reflecting from the results of rheological properties, it can
be suggested that CUL and CP treatments pectin might have formed entangled network
instead of crosslinking, as dough behaved as a viscous matrix. In addition, the increase
in ACL also caused more viscosity, which was also evidenced in CU-201 and CU-601
treatments, reaching maximum ACL compared to CP and CUL batches. However, some
carboxylic groups, including methylesterified or uronic acid salt located in the HG and RG
regions, influence the polymer charge balance in a solution [17]. Similarly, high DE inclines
to form gel at lower pH, which is actually stabilized by hydrophobic interaction; on the
other hand, low DE forms gel is electrostatically stabilized by metal cation [10]. The results
of tan δ are also presented in Figure 1, which show that tan δ increased with the increase in
frequency in the following order: CUL > CU601-CU201 > control > CP. Generally, lower
value (close to 1) implies a more elastic solid-like behavior, while higher values indicate a
rather viscous-like behavior, like solid behavior, while lower values indicated the thinning
behavior. Liu, et al. [18] also reported the solid-like behavior of dietary fiber when added
in dough. The increase in solid-like behavior with the addition of pectin can be explained
in such a way that, during thermal processing, dietary fibers compete with starch and
gluten for water, which reduce lubrication [19] and enhanced viscosity, as dietary fiber also
acts as filler in the matrix [20]. Regarding rheological properties, the relative quantities
of interconnected HG and RG-1 regions regulate extensibility and rheological properties:
HG region induces the molecular interaction while RG-1 regions or branched regions
indorse the development of entangled structures. Thus, it can be concluded that pectin
(CU-201 and CU-601), with a higher number of side-chain length and higher molecular
weight, interacted strongly with starch and protein matrix, which resulted in the improved
rheological properties of dough.
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3.2. Expansion

In the present study, sugar snap cookies were prepared with the addition of 1% freeze-
dried fish meat. Since cookies contain a low amount of water, thus, fresh meat was not
added to the cookies. The addition of fish meat was done in the form of freeze-dried
powder, in order to preserve the native characteristics of fish meat. Based on initial trails
(date not shown here), a high amount of fish meat was not desirable, as fish meat proteins
associate into weak gel upon heating. The results of expansion in terms of change in
diameter and width (expansion) are displayed in Figure 2. Our findings revealed that
expansion was significantly (p < 0.05) highest in the control group, followed by CUL and CP
samples, while it was lowest in CU-201 and CU-601 treatments. There was no statistically
significant (p < 0.05) difference between CU-201 and CU-601 groups. On the other hand,
the same trend was observed for change in diameter, which was highest in control and
lowest in CU-201 batch. The reason for the highest expansion in control might be due to
the addition of fish meat in matrix, which interrupts the continuity of the gluten network
and results in a weaker structure upon heating [21]. It is worth mentioning that only 1%
of freeze-dried fish meat was added in each formulation, which is equal to 5% of fresh
meat. A higher amount of fish meat was not possible, especially in cookies, as its shape and
structure were disrupted, owing to the viscoelastic properties of fish meat upon heating.
Even with the addition of 1% dried fish meat, there was extensive expansion, and thus,
we added pectin to investigate the impact of various pectin for a smooth structure and
physico-chemical properties.

The addition of pectin improved the expansion and diameters, which controls not
only the viscoelasticity of fish meat, but also controls the excessive unfolding of gluten
protein upon heating [22]. The expansion values in CUL near to control samples might be
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associated with the anionic property of both hydrocolloids; consequently, repulsive forces
can take place. However, this can be improved by adding some calcium that can improve
the share stress of gel [10]. However, different pectins behave differently, which signifies
the role of structural differences. Since excessive expansion in cookies is not desirable, the
addition of pectin especially with higher chain length and molecular weight has potential
to control excessive expansion of cookies fortified with fish meat.
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3.3. Texture Profile Analysis

The texture of cookies is usually assessed by its hardness and fracturability. Hardness
is defined as a substantial resistance to deformation when force is applied. Usually, hard
texture is preferred in cookies, which is mainly because of sugar and less water in the
formulation. The results of texture profile analysis are given in Figure 3. It was disclosed
that control sample showed significantly (p < 0.05) less hardness, indicating the fragile or
loose structure. Even this hardness was less than the hardness of snacks prepared from 5%
whole fish meat [23]. The decreased hardness was associated with the addition of fish meat
and gluten protein that show viscoelastic properties upon heating. However, this hardness
was improved when pectin was added into formulation. Significant increase (p < 0.05)
in hardness was observed in pectin sample, and it was maximum in CU-601 treatment
followed by CU-201 batch. On the other hand, there was no statistically significant (p < 0.05)
difference between samples, which were prepared by the addition of CP and CUL. DE of
pectin plays a great role in the hardness of the end-product. Some studies reported that
flexibility is directly proportional to DE, while rigidity is inversely proportional to the
DE of pectin [17]. However, our results are in contrast with previous study [17]: a higher
degree of DE resulted in increased hardness. This difference might be due to the different
use and processing method for which pectin has been added. The reason on contrast to
this study might be due to another phenomenon: hardness is inversely proportional to
expansion [23]. The increased hardness as a result of less interstitial spaces and compact
structure results in the decreased expansion. From these findings and property of pectin
(dietary fiber) to be used as filler in thermal processing, it can be inferred that pectin might
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improve the hardness of cookies by decreasing the intercellular space within the matrix,
which was also evidenced by a previous study that dietary fiber inclusion increased the
hardness [24,25]. The improved hardness may be due to hydrogen bonds between pectin
with DE and myofibrillar protein, as reported elsewhere [10]. In addition, due to high
molecular size and chain length, the branched structure of CU-201 and CU-601 groups
promoted the cross-linking reaction, which resulted in increased hardness.
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3.4. Pasting Properties

Pasting properties predict the gelling ability of material and ability to withstand during
thermal processing. In addition, gelatinization characteristics of starch in heterogeneous
system determine the stability and structural attributes of end product. Moreover, the
extent of starch–protein interaction during thermal processing can better predict the internal
interaction of ingredients within the heterogeneous system. Usually, the pasting behavior
of dough is determined, but our aim was to assess the stability of pectin after heating.

The pasting properties of cookies prepared with and without pectin and partially
added fish meat are shown in Figure 4 and Table 2. The results showed that peak viscosity
was significantly (p < 0.05) increased in those samples prepared with pectin (CU-201 and
CU-601 treatments), presenting higher average side chain length and hydrodynamic radius
(Rh). On the other hand, it was noticed that control sample displayed lowest peak viscosity
followed by CP and CUL groups. It was obvious that the addition of pectin increased
the peak viscosity as compared to control in line with a previous study [16], but our
aim was to screen the best gelling ability of the studied pectin based on their structural
differences for snack food. Since peak viscosity reflects the binding strength of ingredients
at the molecular level, it is possible that longer side chain (as seen for CU-201 and CU-601
treatments) promoted the interaction within matrix and peak viscosity increased. Moreover,
peak viscosity is related to the paste formation, mostly by starch due to its gelatinization
and the addition of hydrocolloids, such as pectin, can contribute to the increase of this
parameter, due to the increasing viscosity of the formed paste. In this regard, Luo, Chen,
Huang, Liang, Liu, and Chen [16] proposed that structural features greatly influence the
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pasting properties of pectin: 10% increase in degree of methoxylation (DM) of pectin
resulted in improved peak viscosity of rice starch, but degree of amidation (DA) negatively
affected the peak viscosity and breakdown values. This strongly suggests the dependence
of physiochemical and structural characteristics on molecular size, weight as well as the
degree of esterification and amidation [26]. The reason for the increased pasting viscosities
in case of more DM could be as follows: as DM of pectin increases, ability of pectin to
compete for water decreases, which would result in a greater availability of water for starch,
suggesting an increase in pasting properties.
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Table 2. Pasting properties of cookies prepared with pectin with different molecular structure and molecular weight.

Test/Samples CU-601 CU-201 Control CP CUL

Peak viscosity (RVU) 294 ± 10.32 c 312 ± 11.45 d 276 ± 09.61 b 266 ± 5.28 a 292 ± 15.50 c

Trough Viscosity (RVU) 256 ± 6.97 ab 290 ± 11.93 c 251 ± 11.89 ab 232 ±15.74 a 248 ± 13.20 b

Breakdown Viscosity (RVU) 12 ± 6.38 a 12 ± 8.99 a 21 ± 3.50 c 34 ± 8.60 d 14 ± 5.33 ab

Final Viscosity (RVU) 471 ± 13.44 c 534 ± 30.50 d 430 ± 15.44 a 450 ± 10.22 b 474 ± 17.34 c

Setback (RVU) 207 ± 12.50 c 222 ± 15.87 d 184 ± 06.44 a 194 ± 06.28 b 202 ± 11.87 bc

Peak Time (min) 5.73 ± 0.20 a 5.93 ± 0.10 c 6.00 ± 0.11 d 5.88± 0.09 b 5.83± 0.20 b

Pasting Temperature (◦C) 92.23± 0.22 ab 92.12 ± 0.09 ab 93.76± 0.11 d 93.23 ± 0.20 c 92.98 ± 0.10 b

The results of pasting properties are mean and standard deviation of triplicates of each treatment, respectively. Different letters (a–d) in
rows indicate the significant difference between processing methods at p < 0.05 using one way ANOVA and Duncan’s multiple range test
CUL, CP, CU-601, and CU-201 indicate the names of pectin, which were added in cookies.

Trough viscosity indicates the stability of paste during the cooling process. The results
revealed a different trend compared to peak viscosity and was in the following order:
CU-601 > CU-201 > control > CUL > CP. Breakdown viscosities (generally, lower values
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are believed to be good indication) were found to lower in CU-601 and CU-201 treatments,
but no statistically significant (p < 0.05) difference was noticed between these two samples.
Only one significant difference was observed between control and CP batches. It was
interesting to note that the CP group showed highest breakdown values even greater
than control samples. Final viscosities and setback vales indicated the strength of starch
granules to withstand and degree of rearrangements of starch granules after gelatinization,
respectively [23]. The observation of final viscosity and setback indicated that there was
statically significant difference (p < 0.05) in samples. Minimum final viscosity was found
in control sample compared to all samples, indicating the additive effect of pectin, which
promoted crosslinking of starch within matrix. However, there was no statically significant
difference between CUL and CU-601 treatments. The setback values highly depend on
molecular weight and are positively related to molecular weight [27]. Generally, higher
molecular weight and long side chain entangle during thermal processing, wriggle and
disentangle more quickly, which make a viscous matrix and provide resistance to flow.
Our results agree with the previous studies conducted on the effects of molecular weight
of dietary fibers (pectin and xanthan gum) on the pasting properties of starch [27–29].
This might be due to the fact that higher molecular weight of pectin will have stronger
thermodynamic compatibility among starch granules and pectin [28]. Thus, having higher
molecular weight and especially the number of side chain could effectively increase the
setback of cookies.

The findings of peak time and temperature disclosed that peak time for CU-601
treatment was minimum compared to all samples, while it was highest in the control group.
However, CP and CUL batches showed no statistically significant difference (p < 0.05) when
compared with other samples. Similarly, for peak temperature, which is an indication of
cooked food, was found to be the lowest in CU-601, whereas it was highest in control. The
reason for the decreased time and temperature for the above pectin sample might be that
these pectins acted as the best fillers in the matrix, which reduced the intercellular spaces
between molecules by crosslinking or interacting with other ingredients of formulation;
thus, more heat was transferred through solids, which reduced the temperature and time.
Summarizing the findings of pasting properties, it can be inferred that DE and ACL are
important factors that determine the pasting properties of pectin, and samples (CU-601
and CU-201 batches) with longer ACL and DE showed the best possible pasting properties.

3.5. Microstructure

Microstructure represents and verifies the other findings at molecular level. The
results for microstructure of cookies for all samples are shown in Figure 5. Micrographs
were taken at a same magnification level for uniformity and consistency. Control sample
showed more voids and scattered structure indicating more interstitial spaces within the
matrix. These interstitial spaces were also evidenced in terms of increased expansion of
control samples and less hardness, as high expansion (bubble formation) caused more
intercellular spaces. Some irregular particles were uniformly distributed in the control
sample. This phenomenon can be explained as during thermal processing, starch molecules
swell to their maximum size prior to fragmentation owing to the hydration of water. The
maximum expansion in control sample might be attributed to the lack of pectin, which
creates competition with starch granules for water molecules; thus, the absence of pectin
creating excessive expansion. However, excessive expansion is not desirable in cookies,
which can deform the shape. Another possibility for higher expansion in control samples
might be fish meat, which could not crosslink with starch and gluten protein, increased
air cell size, and decreased the bulk density, which was also observed in terms of low
hardness in control sample. The addition of pectin controlled this excessive expansion,
which was also observed in terms of less voids and holes, ultimately improving hardness
and bulk density. Bulk density was not measured, but from hardness and expansion, it can
be postulated that bulk density would be improved, as samples with pectin expanded less
compared to control.
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The compact structure was observed in CU-601 and CU-201 with embedded starch and
protein molecules. This compact structure might be due to the crosslinking and interaction
between pectin and starch–protein matrix by means of esterified homogalacturonic acids
regions and hydrophobic bonding [10]. This was also evidenced in expansion values,
which were decreased for CU-601 and CU-201 for control.

3.6. Low Field Nuclear Magnetic Analysis (LF-NMR) Analysis

The water binding and water mobility properties are monitored by measuring the
relaxation time values (T2) by means of LF-NMR analysis, which can be divided into
three regions: T21 ranging from 0.1–1 ms indicates tightly bound water. Meanwhile, T22
(1–100 ms) corresponds to immobilized water and T23 (100–1000 ms) signifies the unbound
water. It is believed that short relaxation time and amplitude indicate the strong association
between solids and water within matrix.

The results of LF-NMR relaxometry analysis of cookies prepared with diverse types
of pectin are given in Figure 6. All samples showed 3 major peaks showing different com-
partments of water. This number of water regions is consistent with previous studies [7,23].
According to results, T21 amplitude and relaxation time were highest in CP followed by
control, suggesting that less tightly bound water was found for these samples; whereas,
CU-601 and CU-201 treatments displayed short relaxation time and amplitude, which im-
plies that water was tightly bounded within matrix for these samples. The high proportion
of tightly bound water in CU-601 and CU-201 samples may be due to the hydrophilic
nature of these types of pectin. As discussed earlier, if molecules are closely arranged or
have a shorter distance, a high energy efficiency is achieved, which will produce shorter
T2 relaxation time [30]. Similar findings were observed by Han and Bertram [31] when
pectin was added to meat-based products. The dominance of T21 relaxation time for the
above said sample might be due to higher DE and DM, which created strong thickness of
aqueous layers around starch and pectin molecules. On the other hand, high amplitude
and relaxation time in CP and control samples may have some surface activity or slightly
hydrophobic behavior.
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Water binding in cookies is usually assessed by T21 and T22 proton population, owing
to the limited amount of water in cookies [3]. However, in our study, cookies were prepared
with the addition of fish meat, which could behave differently; thus, we divided water
binding into 3 groups, considering the possibility of high amount of water retained inside
the matrix after baking [32]. T22 relaxation region showed fewer peaks in all samples.
However, from results, it was evidenced that only CU-601 treatment showed minimum
relaxation amplitude and time, suggesting the presence of a high percentage of immobilized
water in this sample. Regarding T23 region, two peaks were observed, however, due to
short relaxation time and amplitude from 900–1000 ms, a smaller peak was ignored with no
significant effect. This T23 region is very important, which displayed unbound water. The
presence of a high amount of unbound water affected the textural, gelling and shelf-life
characteristics. Moreover, unbound water causes rapid deterioration and increases the risk
of microbial growth under favorable condition, as well as facilitating mold growth. A longer
relaxation time and amplitude were observed for CP group followed by control, whereas
shorter relaxation time and amplitude were observed for CU-601 treatment followed by
CU-201 batch. This might be attributed to the strong crosslinking and entanglement of
these pectin with starch and protein molecules, which promoted the gelling behavior and
improved the rheological properties, as evidenced in rheology and pasting properties of
these respective pectin. A previous study also showed that crosslinking promotes rigid
behavior [33], which leads towards the formation of compact structure, increased hardness,
decreased expansion, and improved pasting properties.

4. Conclusions

The study was done to get deep insights into the influence of molecular weight and
average chain length, as well as degree of esterification of various pectin on the structural
and physio-chemical properties of cookies prepared with partially substituted freeze-dried
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fish meat. The major findings revealed that molecular weight in terms of Rh and ACL were
important considerations, which greatly affected the rheological properties of dough with
the recommendation of higher Rh and ACL of pectin, as seen for this study. These findings
can be used as a reference for other snack foods. Texture was found to be highly dependent
on DE and improved in case of higher DE; however, it was conflicted from previous studies.
Pasting properties were improved for those samples prepared with pectin having high
ACL, which crosslinked and entangled, resulting in more viscous and less lubrication in
the matrix.

The findings suggest the feasibility of adding CU-601 and CU-201 pectin as an efficient
hydrocolloid for cookies for a proper structure, texture and water binding properties. There
are some limitations of this study: the study did not include the investigation of DM of
pectin which could be a future prospective of this study. In addition, the comparative study
of pectin with other hydrocolloids with different Rh, ACL and DE for cookies (especially
meat-based) can be another future prospective of this study. With all these implications,
the addition of pectin can be described as a suitable hydrocolloid for improving the
physiochemical and structural properties of cookies.
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3. Smarzyński, K.; Sarbak, P.; Kowalczewski, P.Ł.; Różańska, M.B.; Rybicka, I.; Polanowska, K.; Fedko, M.; Kmiecik, D.; Masewicz,
Ł.; Nowicki, M.; et al. Low-Field NMR Study of Shortcake Biscuits with Cricket Powder, and Their Nutritional and Physical
Characteristics. Molecules 2021, 26, 5417. [CrossRef]

4. Mota, J.; Lima, A.; B Ferreira, R.; Raymundo, A. Lupin seed protein extract can efficiently enrich the physical properties of cookies
prepared with alternative flours. Foods 2020, 9, 1064. [CrossRef] [PubMed]

5. Canalis, M.B.; León, A.E.; Ribotta, P.D. Incorporation of dietary fiber on the cookie dough. Effects on thermal properties and
water availability. Food Chem. 2019, 271, 309–317.

6. Olawuyi, I.F.; Kim, S.R.; Hahn, D.; Lee, W.Y. Influences of combined enzyme-ultrasonic extraction on the physicochemical
characteristics and properties of okra polysaccharides. Food Hydrocoll. 2020, 100, 105396. [CrossRef]

7. Nawaz, A.; Xiong, Z.; Xiong, H.; Irshad, S.; Chen, L.; Wang, P.-k.; Ahsan, H.M.; Walayat, N.; Qamar, S.H. The impact of hydrophilic
emulsifiers on the physico-chemical properties, microstructure, water distribution and in vitro digestibility of proteins in fried
snacks based on fish meat. Food Funct. 2019, 10, 6927–6935. [CrossRef]

8. Bai, Y.; Zhang, M.; Chandra Atluri, S.; Chen, J.; Gilbert, R.G. Relations between digestibility and structures of pumpkin starches
and pectins. Food Hydrocoll. 2020, 106, 105894. [CrossRef]

9. Bai, Y.; Atluri, S.; Zhang, Z.; Gidley, M.J.; Li, E.; Gilbert, R.G. Structural reasons for inhibitory effects of pectin on α-amylase
enzyme activity and in-vitro digestibility of starch. Food Hydrocoll. 2021, 114, 106581. [CrossRef]

10. Ramírez, J.A.; Uresti, R.M.; Velazquez, G.; Vázquez, M. Food hydrocolloids as additives to improve the mechanical and functional
properties of fish products: A review. Food Hydrocoll. 2011, 25, 1842–1852. [CrossRef]

http://doi.org/10.1111/ijfs.13974
http://doi.org/10.1080/10498850.2020.1789255
http://doi.org/10.3390/molecules26175417
http://doi.org/10.3390/foods9081064
http://www.ncbi.nlm.nih.gov/pubmed/32764433
http://doi.org/10.1016/j.foodhyd.2019.105396
http://doi.org/10.1039/C9FO01312A
http://doi.org/10.1016/j.foodhyd.2020.105894
http://doi.org/10.1016/j.foodhyd.2020.106581
http://doi.org/10.1016/j.foodhyd.2011.05.009


Foods 2021, 10, 2692 14 of 14

11. Adetunji, L.R.; Adekunle, A.; Orsat, V.; Raghavan, V. Advances in the pectin production process using novel extraction techniques:
A review. Food Hydrocoll. 2017, 62, 239–250. [CrossRef]

12. Zhang, Z.; Fan, X.; Yang, X.; Li, C.; Gilbert, R.G.; Li, E. Effects of amylose and amylopectin fine structure on sugar-snap cookie
dough rheology and cookie quality. Carbohydr. Polym. 2020, 241, 116371. [CrossRef]

13. Nawaz, A.; Xiong, Z.; Li, Q.; Xiong, H.; Irshad, S.; Chen, L.; Wang, P.; Zhang, M.; Hina, S.; Regenstein, J.M. Evaluation of
physicochemical, textural and sensory quality characteristics of red fish meat-based fried snacks. J. Sci. Food Agric. 2019, 99,
5771–5777. [CrossRef]

14. Gu, F.; Gong, B.; Gilbert, R.G.; Yu, W.; Li, E.; Li, C. Relations between changes in starch molecular fine structure and in thermal
properties during rice grain storage. Food Chem. 2019, 295, 484–492. [CrossRef] [PubMed]

15. Bosmans, G.M.; Lagrain, B.; Deleu, L.J.; Fierens, E.; Hills, B.P.; Delcour, J.A. Assignments of proton populations in dough and
bread using NMR relaxometry of starch, gluten, and flour model systems. J. Agric. Food Chem. 2012, 60, 5461–5470. [CrossRef]
[PubMed]

16. Luo, S.-J.; Chen, R.-Y.; Huang, L.; Liang, R.-H.; Liu, C.-M.; Chen, J. Investigation on the influence of pectin structures on the
pasting properties of rice starch by multiple regression. Food Hydrocoll. 2017, 63, 580–584. [CrossRef]

17. Morris, G.; Foster, T.; Harding, S.E. The effect of the degree of esterification on the hydrodynamic properties of citrus pectin. Food
Hydrocoll. 2000, 14, 227–235. [CrossRef]

18. Liu, N.; Ma, S.; Li, L.; Wang, X. Study on the effect of wheat bran dietary fiber on the rheological properties of dough. Grain Oil
Sci. Technol. 2019, 2, 1–5. [CrossRef]

19. Wang, M.; Hamer, R.J.; van Vliet, T.; Gruppen, H.; Marseille, H.; Weegels, P.L. Effect of water unextractable solids on gluten
formation and properties: Mechanistic considerations. J. Cereal Sci. 2003, 37, 55–64. [CrossRef]

20. Uthayakumaran, S.; Newberry, M.; Phan-Thien, N.; Tanner, R. Small and large strain rheology of wheat gluten. Rheol. Acta 2002,
41, 162–172. [CrossRef]

21. Nawaz, A.; Li, E.; Khalifa, I.; Irshad, S.; Walayat, N.; Mohammed, H.H.H.; Zhang, Z.; Ahmed, S.; Simirgiotis, M.J. Evaluation of
fish meat noodles: Physical property, dough rheology, chemistry and water distribution properties. Int. J. Food Sci. Technol. 2021,
56, 1061–1069. [CrossRef]

22. Wang, P.; Zou, M.; Gu, Z.; Yang, R. Heat-induced polymerization behavior variation of frozen-stored gluten. Food Chem. 2018,
255, 242–251. [CrossRef] [PubMed]

23. Nawaz, A.; Khalifa, I.; Walayat, N.; Lorenzo, J.M.; Irshad, S.; Ahmed, S.; Simirgiotis, M.J.; Ali, M.; Li, E. Whole fish powder snacks:
Evaluation of structural, textural, pasting, and water distribution properties. Sustainability 2021, 13, 6010. [CrossRef]

24. Han, Y.J.; Tran, T.T.T. Corn snack with high fiber content: Effects of different fiber types on the product quality. LWT 2018, 96, 1–6.
[CrossRef]

25. von Borries-Medrano, E.; Jaime-Fonseca, M.R.; Aguilar-Mendez, M.A. Starch–guar gum extrudates: Microstructure, physico-
chemical properties and in-vitro digestion. Food Chem. 2016, 194, 891–899. [CrossRef]

26. Liu, L.; Fishman, M.L.; Hicks, K.B. Pectin in controlled drug delivery—A review. Cellulose 2007, 14, 15–24. [CrossRef]
27. Viturawong, Y.; Achayuthakan, P.; Suphantharika, M. Gelatinization and rheological properties of rice starch/xanthan mixtures:

Effects of molecular weight of xanthan and different salts. Food Chem. 2008, 111, 106–114. [CrossRef]
28. Xie, F.; Gu, B.-J.; Saunders, S.R.; Ganjyal, G.M. High methoxyl pectin enhances the expansion characteristics of the cornstarch

relative to the low methoxyl pectin. Food Hydrocoll. 2021, 110, 106131. [CrossRef]
29. Zheng, J.; Liu, M.; Zhang, M.; Kan, J.; Zhang, F. Effects of pectin on the pasting, rheological, and textural properties of lotus root

starch. Starch-Stärke 2019, 71, 1700347. [CrossRef]
30. Akkaya, S.; Ozel, B.; Oztop, M.H.; Yanik, D.K.; Gogus, F. Physical characterization of high methoxyl pectin and sunflower oil wax

emulsions: A low-field 1h nmr relaxometry study. J. Food Sci. 2021, 86, 120–128. [CrossRef]
31. Han, M.; Bertram, H.C. Designing healthier comminuted meat products: Effect of dietary fibers on water distribution and texture

of a fat-reduced meat model system. Meat Sci. 2017, 133, 159–165. [CrossRef] [PubMed]
32. Nawaz, A.; Alhilali, A.H.T.; Li, E.; Khalifa, I.; Irshad, S.; Walayat, N.; Chen, L.; Wang, P.-K.; Tan, Z.Y. The effects of gluten protein

substation on chemical structure, crystallinity, and ca in vitro digestibility of wheat-cassava snacks. Food Chem. 2021, 339, 127875.
[CrossRef] [PubMed]

33. Vitz, E.; Moore, J.W.; Shorb, J.; Prat-Resina, X.; Wendorff, T.; Hahn, A. Cross-Linking. 31 July 2021. Available online: https:
//chem.libretexts.org/@go/page/49490 (accessed on 5 October 2021).

http://doi.org/10.1016/j.foodhyd.2016.08.015
http://doi.org/10.1016/j.carbpol.2020.116371
http://doi.org/10.1002/jsfa.9845
http://doi.org/10.1016/j.foodchem.2019.05.168
http://www.ncbi.nlm.nih.gov/pubmed/31174785
http://doi.org/10.1021/jf3008508
http://www.ncbi.nlm.nih.gov/pubmed/22553963
http://doi.org/10.1016/j.foodhyd.2016.10.016
http://doi.org/10.1016/S0268-005X(00)00007-2
http://doi.org/10.1016/j.gaost.2019.04.005
http://doi.org/10.1006/jcrs.2002.0478
http://doi.org/10.1007/s003970200015
http://doi.org/10.1111/ijfs.14761
http://doi.org/10.1016/j.foodchem.2018.02.047
http://www.ncbi.nlm.nih.gov/pubmed/29571473
http://doi.org/10.3390/su13116010
http://doi.org/10.1016/j.lwt.2018.05.014
http://doi.org/10.1016/j.foodchem.2015.08.085
http://doi.org/10.1007/s10570-006-9095-7
http://doi.org/10.1016/j.foodchem.2008.03.041
http://doi.org/10.1016/j.foodhyd.2020.106131
http://doi.org/10.1002/star.201700347
http://doi.org/10.1111/1750-3841.15560
http://doi.org/10.1016/j.meatsci.2017.07.001
http://www.ncbi.nlm.nih.gov/pubmed/28692849
http://doi.org/10.1016/j.foodchem.2020.127875
http://www.ncbi.nlm.nih.gov/pubmed/32866701
https://chem.libretexts.org/@go/page/49490
https://chem.libretexts.org/@go/page/49490

	Introduction 
	Materials and Methods 
	Preparation of Cookies 
	Dynamic Rheological Properties of Dough 
	Diameter and Expansion 
	Texture Profile Analysis 
	Pasting Properties 
	Scanning Electron Microscopy (SEM) 
	Low Field Nuclear Magnetic Resonance (LF-NMR) Analysis of Cookies 
	Statistical Analysis 

	Results and Discussion 
	Dynamic Rheological Properties of Dough 
	Expansion 
	Texture Profile Analysis 
	Pasting Properties 
	Microstructure 
	Low Field Nuclear Magnetic Analysis (LF-NMR) Analysis 

	Conclusions 
	References

