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Abstract

This article considers the effect of protein—starch interaction on the gelling, textural, and
sensory properties of keropok lekor used as a fish protein—starch model. A two-level facto-
rial design was employed to analyze the quality and acceptability of different formulations
of keropok lekor crackers depending on the ratios of minced fish (MF, 20-50 g (w/w)), sago
starch (SS, 1040 g (w/w)), and water (W, 10-35 g (w/w)). The parameters measured were the
onset (7)) and peak (7)) temperatures of gelatinization, storage modulus (G’), and loss modulus
during gelatinization (G"). The samples were rated by a group of 30 panelists during texture
profile analysis and sensory evaluation. The most preferred samples had the MF : SS : W ratio
0of 20 : 10 : 10 and were characterized by the lowest onset and peak temperatures of gelatiniza-
tion. Therefore, this formulation was singled out as optimal for keropok lekor.

Keywords: keropok lekor, fish sausage, sago starch, protein—starch interaction, gelatiniza-
tion, storage modulus, sensory evaluation

Introduction

Keropok lekor is a popular Malaysian fried snack [1-3] distinguished by a unique
combination of protein to starch [4, 5]. “Fish sausage” is what it is often dubbed, which
is the most straightforward description [6]. Originating from the Terengganu state, it is
also known as keropok batang and keropok tongkol in the Kelantan and Pahang states,
respectively [7]. The love for this traditional delicacy among Malaysians, regardless of
their race and ethnicity, is incredibly strong.

Keropok lekor crackers are made from a variety of fish species, including macker-
el, purple-spotted bigeye, yellow goatfish, sardine, threadfin bream, and sea bass [§].
Besides minced fish, the main ingredients are tapioca starch, sugar, salt, crushed ice,
sago flour, and an approved flavor enhancer [9]. The traditional way the ingredients are
processed for keropok lekor differs from contemporary small or medium-scale back-
yard production.
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Understanding the specific synergistic effects of protein-starch interaction in food
systems is important to adjust texture and replace certain ingredients [10]. Namely, the
gelatinization parameters of starch in blends upon heating vary depending on the pres-
ence of other ingredients, such as proteins [11-13]. The latter can inhibit the swelling
of starch granules [14—16], thus altering the gelling properties of the final product [17].
Multiple studies have examined the gelling properties that occur when proteins and
starch interact in food systems [18], as this interaction determines texture, stability,
and mouthfeel [19]. Additionally, it affects thermal properties, especially in the case
of fish protein [20-23]. The development and strength of the protein—starch system is
influenced by temperature, ingredient concentration, and phase stability [24]. Uncon-
trolled heating of the protein—starch system can lead to unpredictable changes in gel
structure and rheological properties [25], potentially disrupting the overall structure
and texture of the system.

This study was performed in the Selangor state (Malaysia) and aimed to investi-
gate the rheological, textural, and sensory properties of keropok lekor as a model fish
protein—starch system.

1. Material and Methods

1.1. Experimental design. A two-level full factorial experimental design was
employed to assess the effect of three independent variables—minced fish (MF),
sago starch (SS), and water (W)—on the onset (7;) and peak (7 ,) temperatures
of gelatinization, as well as storage (G') and loss (G"”) modulus in keropok lekor.
Texture profile analysis (TPA) and sensory evaluation of the samples were car-
ried out. All statistics (see Table 1) were conducted using Minitab 17 software
(Minitab Inc., PA, USA).

1.2. Preparation of keropok lekor. Keropok lekor samples were prepared as de-
scribed by Kyaw [26]. First, fish flesh was transferred into a silent cutter (Kinn Shang
Hoo Iron Works, Taiwan) and processed for 3 min. Then, crushed ice was added, fol-
lowed by sago starch. The mixture was blended for 20 min until a dough-like consis-
tency was achieved. Finally, the fish “dough” was pumped into cellulose casings using
a sausage stuffer (F. Dick Company, Germany).

1.3. Gelling properties. The dynamic rheological properties of the keropok le-
kor formulations were analyzed by a temperature sweep from 30 to 90 °C for 5 min.
Rheological measurements were performed as outlined by Ould Eleya et al. [27], on a
RotoVisco RT-20 controlled-strain rheometer (Hakke Inc., Germany) with cone-plate
geometry (diameter 35 mm, cone angle 2°). The gel of each keropok lekor sample was
loaded into the 0.5 mm gap between an upper cone and a lower flat plate. Kerosene oil
was applied onto the samples to create a thin film and prevent evaporation during the
measurements. The samples were scanned from 30-90 °C at a rate of 12 °C - min" and
held at the final temperature for 5 min. The temperature was maintained by a Peltier
heat pump (DS 50, Haake Inc., Germany) situated on the bottom plate of the rheom-
eter. The cooling process from 90 to 30 °C occurred at the same rate as the heating.
The measurements were carried out in three repetitions, and the mean values were
used for subsequent statistical analysis.
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Table 1.
Formulation matrix of keropok lekor according to central composite design (CCD)
Treatment runs Blocks Minced fish | Sago starch Water
1 1 20 10 10
2 1 50 40 10
3 1 50 10 35
4 1 20 40 35
5(C) 1 35 25 22.5
6 (C) 1 35 25 22.5
7 2 50 10 10
8 2 20 40 10
9 2 20 10 35
10 2 50 40 35
11 (C) 2 35 25 22.5
12 (C) 2 35 25 22.5
13 3 20 25 22.5
14 3 50 25 22.5
15 3 35 10 22.5
16 3 35 40 22.5
17 3 35 25 10
18 3 35 25 35
19 (C) 3 35 25 22.5
20 (C) 3 35 25 22.5

C = central points

1.4. Texture profile analysis. The gels were cut into 20 x 20 mm (diameter x
length) cylindrical pieces and tested, according to the method of Martinez et al. [28],
on a TA-XT?2 texture analyzer (Stable Micro Systems, UK) equipped with a cylindrical
probe (P/50, diameter 50 mm) connected to a 25 kg load cell. The obtained samples
were compressed twice using the probe with the test speed of 2.0 mm/sec, following the
standard TPA procedure. The data were collected with the help of Texture Expert 1.17
software (Stable Micro Systems, UK). The parameters calculated were hardness
(N)—the maximum force needed to compress the sample, fracturability (N/cm?)—the
force during initial compression at which the material fractures, springiness (m)—the
ability of the sample to recover its original shape after the deforming force has been
removed, cohesive force—the extent to which the sample could be deformed prior to
rupture, and chewing force (N/cm)—the force required to chew the solid sample to a
uniform swallowing state.

1.5. Sensory evaluation. The stuffed casings (20 mm) were steamed for 15 min.
The resulting gels were then immediately immersed in iced water to prevent shrink-
age and to ease separation of the casings. The steamed keropok lekor sausages, each
2.5 cm long, from all the formulations were deep-fried in oil for 5 min using a fryer
(model DF 30 A 1 T, Japan) adjusted to 180 °C. The cooked samples were labeled with
arbitrary three-digit codes and presented to the panelists (30 students) in a random
order under white fluorescent lights according to Ayo et al.’s modified method [29].
The sensory tests were carried out at the Sensory Laboratory, Faculty of Food Sci-
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ence and Technology, Universiti Putra Malaysia. The panelists were asked to rate the
texture and overall acceptability of the keropok lekor samples on a nine-point scale
(dislike extremely (1), neither like nor dislike (5), and like extremely (9)). In between
each sample evaluation, the panelists rinsed the mouth with room-temperature water.

1.6. Statistical analysis. The experimental design matrix and ANOVA test were
implemented in Minitab 17 software (Minitab Inc., PA, USA). The data were pro-
cessed using the fish protein—sago starch formulations as the experimental units.
The differences were assessed by Duncan’s test at 95% confidence level.

2. Results and Discussion

2.1. Effect of protein—starch interaction on 7 values. 7, varied from 52.5 to
77.5 °C. Its dependence on the ratio of added minced fish, sago starch, and water is
shown in Table 2 and Fig. 1, a—c.

Table 2.

Rheological properties of various keropok lekor formulations determined as the functions of
independent (MF, SS, and W) and dependent (onset temperature of gelatinization (7,), peak
temperature of gelatinization (7 p), storage modulus (G’) and loss modulus of gelatinization
(G ")) variables measured by rheometer

Independent
Formu- variables Dependent variables
lation Blocks g (W/w)
MF|SS| W T, (°C) T, (°C) G’(Pa) G”(Pa)
Fl 1 20| 10| 10 | 525+£0.2% | 61.9+0.5* | 2.95+0.10° |2.48+0.01®
F2 1 50 40| 10 | 740£03° | 86.0£0.2" | 570+ 0.01° [4.48+0.01°
F3 1 50|10 | 35 | 740+£0.3" | 82.5+0.1° | 450+0.01¢ |3.60+0.34¢
F4 1 20 | 40 | 35 | 70.0+0.3¢ | 85.0+£02¢ | 490+0.01¢ |430+0.01°
F5 1 35 125]225|75.0+0.2° | 86.0+£0.2° | 3.90+0.02¢ | 4.00+0.03°
F6 1 3525|225 775+02¢|850+0.39| 478+0.02¢ |2.70+0.02®
F7 2 50|10 | 10 | 72.0+0.3° | 84.0+0.4° | 4.60+0.03¢ |4.00+0.06°
F8 2 20 |40 | 10 | 67.5+£0.27 | 82.9+0.1° | 4.85+0.02¢ |430+0.56"
F9 2 20 | 10| 35 | 70.5+0.6° | 83.0+£0.4° | 430+0.02¢ |4.00+0.04°
F10 2 50 |40 | 35 | 59.5+0.4" | 66.0+03"| 3.78+0.02¢ |2.85+0.01®
F11 2 35|25|225|760+03"|87.0+0.38| 3.78+0.01¢ |4.48+0.01°
F12 2 35125|225|760+04" | 86.0+0.3° | 3.70+0.03¢ [3.00+0.02°
F13 3 20 | 25| 225| 70.0+0.5¢ | 85.0+0.3¢ | 448+0.01¢ [431+0.01°
F14 3 50 | 25|225|740+04" | 82.0+0.5° | 4.85+0.01¢ [3.30+0.02°
F15 3 35110 | 225 | 70.0+0.4¢ | 88.5+0.1" | 3.48+0.02¢ |2.95+0.01®
F16 3 35|40 | 225 | 555+0.2° | 63.0+0.2" | 5.30+0.02° [4.48+0.01°
F17 3 35125| 10 | 70.5+0.2¢ | 86.0+0.3" | 430+0.03¢ |4.00+0.01°
F18 3 35125| 35 | 585+0.28 | 62.0+£0.4* | 3.60+0.02¢ |2.90+0.03®
F19 3 35125|225| 625+02" | 82.7+0.3° | 4.60+0.03¢ [3.42+0.01°
F20 3 35125(225|703+03¢ | 87.5+0.4¢ | 461 +0.08¢ [3.95+0.02¢

MF: minced fish, SS: sago starch, W: water. Means with the same superscript within the column
were not significantly different at p < 0.5
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Fig. 1 Response surface plot for the onset temperature of gelatinization of the fish protein—sago
starch system as a function of minced fish and sago starch ratios (a), minced fish and water
ratios (b), and sago starch and water ratios (c) based on the rheometer measurements.

The lowest T, value was observed in the keropok lekor samples made with
20 : 10 : 10 minced fish, sago starch, and water, respectively. The highest 7 value
was obtained when these ingredients were mixed in the ratio of 35 : 25 : 22.5. In all
the keropok lekor formulations, the gelatinization of the fish protein—sago starch sys-
tem began at 7, above 50 °C (52.5 °C). This finding fits well with the earlier studies
by Kong et al. [30] on the interaction between the fish-meat gel with starch: proteins
began to produce a gel when the temperature was higher than 50 °C, which might be
due to the changes in the diameter of starch granules binding not only with water but
also with fish protein. In Fig. 1, the surface plot demonstrates an upward trend in 7,
as the ratio of minced fish and water increase, while adding more sago starch leads to
a decrease in the 7| value (i.e., the system with the low ratio of water and sago starch
had a lower value of 7). According to Scott and Awika [31], proteins and starch can
form complexes through physical interactions, potentially affecting the accessibility of
water to starch granules and thus altering the gelatinization process. This interaction
might either increase or decrease 7;, depending on the complex nature. Proteins can
enclose starch granules [32] in a protective surface coating that determines the abili-
ty of water to penetrate starch granules and initiate gelatinization. Depending on the
coating size, 7, may either increase or fall. Therefore, the protein—starch interaction
can be synergistic, enhancing the gelatinization properties, or antagonistic, potentially
reducing 7, values [33].

2.2. Effect of protein—starch interaction on 7' , Values. Table 2 shows that
T values of the studied keropok lekor formulations, increased significantly, from
61.0to 88.5 °C, depending on the MF : SS : W ratio. It was found that the structure
and behavior of starch granules changed considerably during gelatinization. These
findings are consistent with previous results. For instance, Aguilera and Rojas [34]
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studied whey protein—cassava starch gels and reported that starch granules intensive-
ly soaked up water while undergoing gelatinization, thereby swelling, and eventual-
ly solubilizing. Our data also suggest that a temperature rise of up to 65.5 °C caused
starch granules to swell and adsorb heat, resulting in their deformation, disruption
and melting, as in [35]. Some interesting observations concern proteins. In Kyaw’s
experiments on the protein—starch system of keropok lekor [26], the temperature
of starch gelatinization shifted to a higher value when fish-meat paste was added.
Mohamed and Rayas-Duarte [36] explored the effect of starch—protein interaction
in hard red spring wheat on the peak temperature of the system and revealed that
the peak temperature of starch gelatinization increased with the amount of protein
extract added to the starch. In this study, the lowest 7' . value was 61.5 °C in the
MEF : SS: Wratio of 20 : 10 : 10, which indicated a disruption/melting of sago starch
granules, as in [37]. Additionally, the gels of most keropok lekor formulations had a
T, peak above 80°C, with the highest recorded value being 88.5 °C in the MF : SS: W
ratio of 35 : 10 : 22.5.

The response surfaces for the obtained T . values are shown in Fig. 2, a—c to aid
visualization. The trend seen in 7, was also pronounced in 7' . i.e., an increase in the
ratios of minced fish and water led to a higher peak of gelatinization temperature.
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Fig. 2. Response surface plot for the peak temperature of gelatinization of the fish protein—sago
starch system as a function of minced fish and sago starch ratios (@), minced fish and water
ratios (b), and sago starch and water ratios (c¢) based on the rheometer measurements

Li [38] reported that the interaction between protein and starch can influence the
peak temperature of gelatinization, which is the temperature at which the maximum
swelling and viscosity occur during the gelatinization process. This parameter deter-
mines the texture, mouthfeel, and other functional properties of food products [39].
Bresciani et al. [40] noticed that the peak temperature of gelatinization may rise if
protein—starch complexes are formed. Jia et al. [41] discovered that the presence of
protein—starch complexes can alter the water absorption and swelling properties of
starch granules, potentially leading to high values of peak temperature. However,
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when proteins coat the surface of starch granules, they can create a barrier that affects
the penetration of water into them. According to Shao et al. [42], this coating may
impact the kinetics of gelatinization, potentially influencing the peak temperature of
the food system [42].

2.3. Effect of protein—starch interaction on storage modulus (G") during gela-
tinization. The storage modulus (G) is a measure of a material’s elastic or solid-like
behavior [43]. In the context of gelatinization, G’ is commonly used in rheology to
describe the stiffness or rigidity of a gel or gelatinized material [44]. As starch gran-
ules undergo gelatinization, they absorb water and swell, which ultimately leads to
the formation of a gel network [45]. G’ is a key rheological parameter that reflects the
ability of the gel to store and recover energy under deformation [46]. A higher G "value
indicates a more elastic or solid-like behavior, while a lower G’ value suggests that the
material is viscous or more likely to behave like a liquid [47].

Table 2 and Fig. 3, a—c show how different ratios of the ingredients used in
keropok lekor affected the G’ values in this study depending on the temperature vari-
ations. A gradual increase in the G’ values was noted, indicating enhanced elasticity
while the system was heated [48]. The storage modulus increased with the higher
ratios of both minced fish and sago starch, but decreased as more water was added.
This finding is consistent with that of Chen et al. [49]. The higher storage modulus
suggested that the starch—protein interaction in keropok lekor led to the formation
of a network structure during the gelation of the system by heating [50]. In the work
by Hoti et al. [51], the storage modulus increased progressively with higher density
of the cross-link system. However, in the HPMC enhanced horse mackerel surimi,
the storage modulus increased with temperature and decreased with higher water
content [52].
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Fig. 3. Response surface plots for the storage modulus of the fish protein—sago starch system as
a function of minced fish and sago starch ratios (a), minced fish and water ratios (), and sago
starch and water ratios (c) based on the rheometer measurements.
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2.4. Effect of protein—starch interaction on loss modulus (G"") during gelatini-
zation. The loss modulus, often denoted as G”, is a measure of the viscous or dissipa-
tive properties of a material in the context of rheology. Starch gelatinization entails the
disruption of hydrogen bonds within the starch granules, allowing water molecules to
penetrate and swell them. The loss modulus (G") of the keropok lekor formulations is
presented in Table 2 and Fig. 4, a—c: G" exhibited a pattern similar to G'. The system
showed an initial increase in G" at 2.48 Pa and reached the maximum value of 4.48 Pa.
The same trend was observed by Matou et al. [53] in their study of starch-meat com-
posite, where the higher ratios of minced fish and water resulted in the lower modulus
values of keropok lekor. Increasing the ratios of sago starch led to a significant rise in
the loss modulus value (p < 0.05) (Fig. 4, a—c). Li and Yeh [54] studied the effect of
high amylose and waxy corn starch, tapioca starch, potato starch, sweet potato starch,
pea starch, mung bean starch, and rice starch on the rheological properties of starch—
meat complexes. They claimed that the higher loss modulus was associated with the
temperature sweep increase. The addition of 30% starch to meat in the starch—meat
complex with 76 + 0.5% adjusted water resulted in an increase in the loss modulus
value for starch and starch—meat composite, and the starch—-meat complexes yielded a
high G", which is associated with the gelatinization of starch. The maximum G" (5.3 kPa)
was observed at 69.3 °C. In Kerry et al. [55], a similar increase in G'"" was found by
adding modified potato starch in whey protein concentrate.
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Fig. 4. Response surface plot for the loss modulus of the fish protein—sago starch system as a
function of (a) minced fish and sago starch ratios, (b) minced fish and water ratios, and (c) sago
starch and water ratios based on the rheometer measurements.

2.5. Texture profile analysis. The results of the texture profile analysis (TPA)
for different keropok lekor formulations are shown in Table 3. The variations in the
TPA values among them are associated with the differences in hardness, fracturability,
springiness, cohesiveness, and chewiness.
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Table 3

Texture profile analysis parameters of the fish protein—sago starch system formulated with
different protein and starch ratios.

Formu- | MF:SS:W | Hardness | Fracturability | Springiness |Cohesiveness|Chewiness
lation (N) (N/cm?) (cm) (ration) (N/cm)
F1 20:10:10 | 30.0+04*| 27.0+0.1* 0.72+0.01* | 0.32+0.022 | 5.0+ 1.6°
F2 50:40:10 | 50.9+0.9* | 303+0.6° | 0.75+£0.30° | 0.31+0.03°|11.6£2.0°
F3 50:10:35 | 30.1 £0.5¢ 6.2+0.1° 0.79+0.05* | 0.33£0.01*| 5.5+0.6°
F4 20:40:35 | 354084 | 224+0.41 0.76 £0.02* | 0.32+0.02* | 8.0+ 1.9¢
F5 [35:25:22.5]| 36.4 +0.6° NA 0.85+£0.02° | 0.41+0.01° | 8.1 +£0.1¢
F6 35:25:22.5| 32.1£0.2f NA 0.80+0.01° | 0.40+0.01° | 6.3+0.5°
F7 50:10:10 | 33.7+0.4* | 21.0£0.8° 0.66+0.01° | 0.22+0.02¢ | 4.8+1.2f
F8 20:40:10 | 35.7+0.4¢| 18.0+0.3" | 0.67+0.01° | 0.31 +0.04* | 6.5+2.1¢
F9 20:10:35 | 33.2+0.8° | 18.0+0.7" | 0.67+0.03° | 0.22+0.01° | 5.3 +2.9°
F10 | 50:40:35 | 43.0+04¢ | 258+0.2¢8 | 0.68+0.02° | 0.32+£0.03* | 7.6 £1.9°
F11 [35:25:22.5]| 36.3+0.3¢ NA 0.82+£0.04> | 0.42+£0.02° | 7.7£1.6°
F12 |35:25:22.5133.9+0.5* | 21.2+0.8° | 0.64+0.02° | 0.23+0.02° | 5.2 +0.9°
F13 |20:25:22.5|30.3+0.9" | 18.7+0.1" | 0.74+0.03* | 0.34+£0.03* | 7.6 £0.5°
F14 [50:25:22.5|30.2+0.3" | 20.1£0.1¢ 0.66 £0.02° | 0.22+£0.01° | 6.1 £0.7F
F15 |35:10:22.5| 32.8+0.7" NA 0.76 £0.03* | 0.32+0.01* | 5.3+0.1°
F16 |35:40:22.5| 45.0£02" | 29.3+£0.6° | 0.68+0.05° | 0.33£0.04* | 9.2+£0.7°
F17 35:25:10 | 33.3+£0.5* | 22.1+0.5¢ 0.68 £0.01¢ | 0.23£0.01¢ | 5.0+£0.5¢
F18 | 35:25:35 | 38.1+0.4' | 247+0.3¢ | 0.64+£0.04° | 0.22+0.03° | 5.6 £ 1.7°
F19 |35:25:22.5| 34.0 +0.9¢ NA 0.77+0.03% | 0.42+0.04° | 6.7+0.1°
F20 |35:25:22.5|36.0+0.3¢| 232+0.8" | 0.64+0.03° | 0.23+0.04¢ | 54+1.3°

Means with the same superscript within the column were not significantly different at p <0.5.
Readings were means of triplicate measurements. NA: not available, N: Newton (kg-m/s?),
MF: minced fish, SS: sago starch, W: water

The keropok lekor samples with the MF : SS : W ratio of 5 : 4 : 1 had the highest
hardness value (50.9 N). The second highest hardness value (45.0 N) was observed
in the formulation with the MF : SS : W ratio of 3.5 : 4 : 2.25. This could be attribut-
ed to the higher proportion of minced fish, as in [3] where the keropok lekor texture
strengthened as the fish content was increased from 30 to 70%. In Kyaw et al. [48],
there was a notable rise in the hardness of keropok lekor (from 9.9 N to 15.4 N) when
the fish content in the product was from 30 to 50%. Being rich in protein, fish boosts
the hardness of food products by increasing their viscoelastisity. Another crucial point
here is that the lowest hardness value (20.1 N) was recorded in the sample formulated
with the MF : SS : W ratio of 5 : 1 : 3.5, followed by 22.1 N in another sample, which
might be related to the low ratio of starch. In the work by Kyaw [26], the reinforcing
effect of starch in the composite was not significant when the starch matrix contained
too much fish protein (60—80 %), thereby leading to the disruption of the matrix con-
tinuity. Increasing the MF ratio enhanced the hardness of keropok lekor. Hardness is
closely linked to cohesiveness, which refers to the strength of the internal bonds mak-
ing up the body of the sample [56]. In this study, cohesiveness was positively correlat-
ed with the ratio of minced fish, but this relationship was not significant (p > 0.05).
In most food systems, the adhesion force is a combination of adhesive and cohesive
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forces, and a food material is perceived as being sticky when its cohesive force is low
[57]. The cohesiveness values in all the analyzed samples were not close to 1.0, which
may indicate that increasing the minced fish and sago starch ratios in the system de-
creased the recovery of the samples after the first compression. This finding aligns with
the study by Tabilo-Munizaga and Barbosa-Canovas [58], in which the cohesiveness
value in the texture profile of the samples was close to 1, indicate sample recovery
after the first compression. Allais et al. [59] added starch to frankfurters and found that
an increase in the starch content improved the hardness and chewiness, decreased the
springiness, but had no significant effect on the cohesiveness values. Hughes et al. [60]
revealed the higher gel strength in frankfurters formulated with added starch. As the
starch granules within the protein gel matrix swell, they contribute to the formation
of stronger heat-induced structures. Chen et al. [61] suggested that this phenomenon
could increase the water-binding capacity of the gel matrix, resulting in a firmer, more
compact structure after cooking.
2.6. Sensory evaluation. The scores given for the sensory attributes of the kero-
pok lekor samples are given in Table 4.
Table 4.

Scores attributed to the texture and overall acceptability of the fish protein—sago starch system
in the sensory evaluation.

Formulation | MF:SS:W Taste Texture Color Flavor aci;f;gﬂi ty
F1 20:10:10 |54 £12°|5.6 £1.2°|54 £1.2°| 6.3+0.8" 6.6 +0.8°
F2 50:40:10 | 4.8+1.1* | 4.8+1.1* | 48+1.1*° | 53+1.2° 53+1.2°
F3 50:10:35 | 4.8+1.0° | 4.8+1.0° | 48+1.0° | 5.5+1.1° 55+1.1°
F4 20:40:35 | 39+£13°| 3.6+£13°|43+£13°| 51+1.1* 51+1.1°
F5 35:25:22.5| 54 +12° | 54+1.2° | 55+£1.2°| 6.0+0.7° 6.0+0.7°
F6 35:25:22.5| 4714 | 4714 | 4714 | 6.1£0.9° 6.1 +0.9°
F7 50:10:10 | 5.3+ 1.1° | 5.3+ 1.1° | 53+£1.1°| 55+0.9° 5.5+0.9
F8 20:40:10 | 5.0+£1.3°| 5.0+£1.3% | 5.0+ 1.3 | 5.6+1.0° 5.6+ 1.0°
F9 20:10:35 | 48+1.4* | 48+14* | 48+1.4°| 58+0.9" 5.8+0.9
F10 50:40:35 | 53+1.3° | 53+1.3% | 53+£1.3°| 59+0.8° 5.9+0.8°
Fl11 35:25:22.5| 4714 | 4714 | 4714 | 5.9+£0.9° 5.9+0.9°
12 35:25:22.5| 5.0+ 1.2° | 5.0+1.2° | 5.0+1.2° | 6.0+0.8° 6.0 £0.8°
F13 20:25:22.5| 48+1.1* | 48+1.1* | 48+1.1° | 55+1.1° 55+1.1°
F14 50:25:22.5| 48+1.5 | 48+1.5 | 48+1.5* | 49+1.0° 52+1.0°
F15 35:10:22.5| 52+ 1.1° | 5.2+ 1.1° | 52+ 1.1° | 58+0.9° 5.8+0.9°
Fl16 35:40:22.5| 49+1.5 | 49+15 | 49+1.5 | 5.6+1.2° 5.6+1.2°
F17 35:25:10 | 52+ 1.1° | 52+ 1.1° | 5.2+ 1.1 | 58+0.9° 5.8+0.9
F18 35:25:35 | 5.3+£1.5° | 53+£1.5° | 53+£1.5| 5.6+1.0° 5.6+ 1.0
F19 35:25:22.5| 5.0+£1.5° | 5.0+£1.5° | 5.0+1.5° | 6.2+0.8" 6.4+0.8°
F20 35:25:22.5| 52+09° | 52+0.9° | 52+0.9° | 6.2+0.8° 6.2+0.8°

Different superscript letters within the columns are significant differences (p < 0.05).
MF: minced fish, SS: sago starch, W: water
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Their values were statistically different (p < 0.05) and ranged as follows: 3.9-5.4
for taste; 3.6-5.6 for texture; 4.3-5.4 for color; 4.9-6.5 for flavor, and 5.2-6.6
for overall acceptability. The sample formulated with the MF : SS : W ratio of
20 : 10 : 10 received the highest scores across all attributes. The lowest score for the
texture attribute was obtained in the sample formulated with the MF : SS : W ratio
of 20 : 40 : 35, mainly because of the excess starch content (twice as much as the
fish ratio) causing the texture to turn firmer after frying. Local producers add more
starch while making keropok lekor to maximize their profits. The panelists generally
preferred the formulations with the MF : SS ratios of 20 : 10 and 35 : 25. According
to Kyaw [26], keropok lekor crackers should contain 60% minced fish, 30% sago
starch, and 10% tapioca starch.

Conclusions

The rheological, textural, and sensory properties of keropok lekor can be improved
by adjusting the amounts of its key ingredients—fish protein, sago starch, and water.
Among the formulations tested, the one with the MF : SS : W ratio of 20 : 10 : 10 was
marked by the lowest onset and peak temperatures of gelatinization, as well as the
lowest values of hardness and chewiness. With the highest scores in overall accept-
ability, this particular formulation was identified as the optimal and preferred choice
for keropok lekor.
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with the Declaration of Helsinki (2000).

Informed Consent Statement. Informed consent was obtained from all subjects
involved in the study.

Acknowledgments. We thank the staff at the Food Processing Laboratory, Universiti
Putra Malaysia for their assistance and advice during the preparation of keropok lekor.

Conflicts of Interest. The authors declare no conflicts of interest.

References

1. Igmal-Afifi L., Arifin N., Huda-Faujan N., Ramly N. Physicochemical properties and
sensory preference of keropok lekor with partial replacement of fish flesh with oys-
ter mushroom. Malays. J. Sci. Health Technol., 2023, vol. 9, no. 2, pp. 128-135.
https://doi.org/10.33102/mjosht.v9i2.357.

2. Zim AFM.LU., Akter A., Ali M.S., Anik W.A., Ahmed S., Zamri A.I.B. Proximate compo-
sition, texture analysis and sensory evaluation of keropok lekor formulated with herbs and
spices. Food Res.,2019,vol. 3, no. 6, pp. 635-639. https://doi.org/10.26656/11.2017.3(6).050.

3. Cheow C.S., Yu S.Y., Howell N.K. Effect of salt, sugar and monosodium glutamate on the
viscoelastic properties of fish cracker (“keropok™) gel. J. Food Process. Preserv., 1999,
vol. 23, no. 1, pp. 21-37. https://doi.org/10.1111/j.1745-4549.1999.tb00367 .x.

4. Nur Liyana N., Nor-Khaizura M.A.R., Ismail-Fitry M.R. Effect of substituting tapioca
starch with various high protein legume flours on the physicochemical and sensory prop-
erties of keropok lekor (Malaysian fish sausage). Food Res., 2018, vol. 3, no. 1, pp. 40-48.
https://doi.org/10.26656/r.2017.3(1).217.

5. Hussain H., Bustamam M.A., Vimala B., Lai T.C., Mahiyuddin W.R.W., Fitrianto A.,
Razak M.F.A.,, Mohamud W.N.W., Bakar J., Ghazali H.M. Screening biogenic



PROTEIN-STARCH INTERACTION IN KEROPOK LEKOR 249

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

amines and fish-based food (keropok lekor) extracts in induction of inflammation
using Principal Component Analysis. Res. Square, preprint (ver. 1), 2019, pp. 1-17.
https://doi.org/10.21203/rs.2.12436/v1.

Abd Rashid N.Y., Manan M.A., Pa’ee, K.F., Saari N., Faizal Wong F.W. Evaluation of an-
tioxidant and antibacterial activities of fish protein hydrolysate produced from Malaysian
fish sausage (Keropok Lekor) by-products by indigenous Lactobacillus casei fermentation.
J. Cleaner Prod., 2022, vol. 347, art. 131303. https://doi.org/10.1016/j.jclepro.2022.131303.

Nor-Khaizura M.A.R., Zaiton H., Jamilah B., Rusul R.A.G., Ismail-Fitry M.R.
Histamine and histamine-forming bacteria in keropok lekor (Malaysian fish sau-
sage) during processing. Food Sci. Technol. Res., 2009, vol. 15, no. 4, pp. 395-402.
https://doi.org/10.3136/fstr.15.395.

Hatta W.INNN.W.Md. The authentic of ‘keropok lekor’ process. Arts Des. Stud., 2015,
vol. 27, pp. 1-7.

Bakar J. Keropok lekor—boiling and steaming methods of processing. Pertanika, 1983,
vol. 6, no. 3, pp. 56-60.

Kumar L., Brennan M.A., Mason S.L., Zheng H., Brennan C.S. Rheological, past-
ing and microstructural studies of dairy protein—starch interactions and their applica-
tion in extrusion-based products: A review. Starch, 2016, vol. 69, nos. 1-2, pp. 1-11.
https://doi.org/10.1002/star.201600273.

Chakraborty I, N P, Mal S.S., Paul U.C.,, Rahman Md.H., Mazumder N. An in-
sight into the gelatinization properties influencing the modified starches used in food
industry: A review. Food Bioprocess Technol., 2022, vol. 15, no. 6, pp. 1195-1223.
https://doi.org/10.1007/s11947-022-02761-z.

Adedara O.A., Taylor JR.N. Roles of protein, starch and sugar in the tex-
ture of sorghum biscuits. LWT — Food Sci. Technol., 2021, vol. 136, art. 110323.
https://doi.org/10.1016/j.1wt.2020.110323.

Boonkor P., Sagis L.M.C., Lumdubwong N. Pasting and rheological properties of
starch paste/gels in a sugar-acid system. Foods, 2022, vol. 11, no. 24, art. 4060.
https://doi.org/10.3390/foods11244060.

Woodbury T.J., Grush E., Allan M.C., Mauer L.J. The effects of sugars and sugar alcohols
on the pasting and granular swelling of wheat starch. Food Hydrocolloids, 2022, vol. 126,
art. 107433. https://doi.org/10.1016/j.foodhyd.2021.107433.

Woodbury T.J., Pitts S.L., Pilch A.M., Smith P., Mauer L.J. Mechanisms of the different
effects of sucrose, glucose, fructose, and a glucose—fructose mixture on wheat starch ge-
latinization, pasting, and retrogradation. J. Food Sci., 2022, vol. 88, no. 1, pp. 293-314.
https://doi.org/10.1111/1750-3841.16414.

Desam G.P.,, Jones O.G., Narsimhan G. Prediction of the effect of sucrose on equi-
librium swelling of starch suspensions. J. Food Eng., 2021, vol. 294, art. 110397.
https://doi.org/10.1016/j.jfoodeng.2020.110397.

Sarker M.Z.1., Elgadir M.A., Ferdosh S., Akanda M.J.H., Aditiawati P., Noda T. Rheological
behavior of starch-based biopolymer mixtures in selected processed foods. Starch, 2012,
vol. 65, nos. 1-2, pp. 73-81. https://doi.org/10.1002/star.201200072.

Zhang B., Qiao D., Zhao S., Lin Q., Wang J., Xie F. Starch-based food matrices containing
protein: Recent understanding of morphology, structure, and properties. Trends Food Sci.
Technol., 2021, vol. 114, pp. 212-231. https://doi.org/10.1016/j.tifs.2021.05.033.

Chen Q., Zhang J., Zhang Y., Kaplan D.L., Wang Q. Protein-amylose/amylopec-
tin molecular interactions during high-moisture extruded texturization toward plant-
based meat substitutes applications. Food Hydrocolloids, 2022, vol. 127, art. 107559.
https://doi.org/10.1016/j.foodhyd.2022.107559.



250

M. ABD ELGADIR et al.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Peng D., Tang D., Zhong C., Wang K., Huang H., He Z., Lv C., Chen J,, Li P, Du B.
Interactions between Fuzi (Aconiti Lateralis Radix Preparata) total alkaloids and Fuzi
starch: Structural, physicochemical, and rheological properties. LWT — Food Sci. Technol.,
2023, vol. 182, art. 114879. https://doi.org/10.1016/j.Iwt.2023.114879.

Carvajal-Mena N., Tabilo-Munizaga G., Pérez-Won M., Herrera-Lavados C., Lemus-
Mondaca R., Moreno-Osorio L. Evaluation of physicochemical properties of starch-protein
gels: Printability and postprocessing. LWT — Food Sci. Technol., 2023, vol. 182, art. 114797.
https://doi.org/10.1016/j.1wt.2023.114797.

Sun B., Qian X., Zhou M., Gu Y., Ma S., Wang X. Changes of gelation behavior, wa-
ter distribution and digestibility of protein-starch mixtures in the oat dough/bat-
ter model affected by water. LWT — Food Sci. Technol., 2023, vol. 182, art. 114860.
https://doi.org/10.1016/j.1wt.2023.114860.

Wang M., Shen Y., Wang B., Liu S., Zhu P. Effect of starch type on the physicochemical and
emulsifying properties of amorphous starch—-whey protein isolate mixtures. LWT — Food Sci.
Technol., 2023, vol. 185, art. 115134. https://doi.org/10.1016/j.1wt.2023.115134.

GuiY.,ZouF., ZhuY., LiJ., Wang N., Guo L., Cui B. The structural, thermal, pasting and gel
properties of the mixtures of enzyme-treated potato protein and potato starch. LWT — Food
Sci. Technol., 2022, vol. 154, art. 112882. https://doi.org/10.1016/j.1wt.2021.112882.

Mauro R.R., Vela A.J., Ronda F. Impact of starch concentration on the pasting and rheo-
logical properties of gluten-free gels. Effects of amylose content and thermal and hydration
properties. Foods, 2023, vol. 12, no. 12, art. 2281. https://doi.org/10.3390/foods12122281.

Kyaw Z.Y. Protein—hydrocolloids interactions in “keropok lekor”. PhD Thesis. Univ. Putra
Malays., 2004, 207 p.

Ould Eleya M. Turgeon S.L. Rheology of «-carrageenan and [-lacto-
globulin mixed gels. Food Hydrocolloids, 2000, vol. 14, no. 1, pp. 29-40.
https://doi.org/10.1016/s0268-005x(99)00043-0.

Martinez O., Salmeroén J., Guillén M.D., Casas C. Texture profile analysis of meat pro-
ducts treated with commercial liquid smoke flavourings. Food Control, 2004, vol. 15, no. 6,
pp. 457-461. https://doi.org/10.1016/s0956-7135(03)00130-0.

Ayo J., Carballo J., Solas M.T., Jiménez-Colmenero F. Physicochemical and sensory pro-
perties of healthier frankfurters as affected by walnut and fat content. Food Chem., 2008,
vol. 107, no. 4, pp. 1547-1552. https://doi.org/10.1016/j.foodchem.2007.09.019.

Kong C.S., Ogawa H., Iso N. Compression properties of fish-meat gel as affec-
ted by gelatinization of added starch. J. Food Sci., 1999, vol. 64, no. 2, pp. 283-286.
https://doi.org/10.1111/j.1365-2621.1999.tb 15883 .x.

Scott G., Awika J.M. Effect of protein—starch interactions on starch retrogradation and im-
plications for food product quality. Compr. Rev. Food Sci. Food Saf-, 2023, vol. 22, no. 3,
pp- 2081-2111. https://doi.org/10.1111/1541-4337.13141.

Kett A.P., Chaurin V., Fitzsimons S.M., Morris E.R., O’Mahony J.A., Fenelon M.A.
Influence of milk proteins on the pasting behaviour and microstructural character-
istics of waxy maize starch. Food Hydrocolloids, 2013, vol. 30, no. 2, pp. 661-671.
https://doi.org/10.1016/j.foodhyd.2012.08.002.

Kumar L., Brennan M., Brennan C., Zheng H. Thermal, pasting and structural stud-
ies of oat starch-caseinate interactions. Food Chem., 2022, vol. 373, pt. B, art. 131433.
https://doi.org/10.1016/j.foodchem.2021.131433.

Aguilera J.M., Rojas E. Rheological, thermal and microstructural properties of

whey protein-cassava starch gels. J. Food Sci., 1996, vol. 61, no. 5, pp. 962-966.
https://doi.org/10.1111/.1365-2621.1996.tb10911 .



PROTEIN-STARCH INTERACTION IN KEROPOK LEKOR 251

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Tsai M.-L., Li C.-F, Lii C.-Y. Effects of granular structures on the pasting
behaviors of starches. Cereal Chem., 1997, vol. 74, no. 6, pp. 750-757.
https://doi.org/10.1094/cchem.1997.74.6.750.

Mohamed A.A., Rayas-Duarte P. The effect of mixing and wheat protein/gluten on
the gelatinization of wheat starch. Food Chem., 2003, vol. 81, no. 4, pp. 533-545.
https://doi.org/10.1016/s0308-8146(02)00487-9.

Yeh A.-L, Li J.-Y. A continuous measurement of swelling of rice starch during heating.
J. Cereal Sci., 1996, vol. 23, no. 3, pp. 277-283. https://doi.org/10.1006/jcrs.1996.0028.

Li C. Recent progress in understanding starch gelatinization — an important pro-
perty determining food quality. Carbohydr. Polym., 2022, vol. 293, art. 119735.
https://doi.org/10.1016/j.carbpol.2022.119735.

Zhao Y., Dai X., Mackon E., Ma Y., Liu P. Impacts of protein from high-protein rice on ge-
latinization and retrogradation properties in high- and low-amylose reconstituted rice flour.
Agronomy, 2022, vol. 12, no. 6, art. 1431. https://doi.org/10.3390/agronomy12061431.

Bresciani A., Emide D., Saitta F., Fessas D., lametti S., Barbiroli A., Marti A. Impact
of thermal treatment on the starch-protein interplay in red lentils: Connecting mole-
cular features and rheological properties. Molecules, 2022, vol. 27, no. 4, art. 1266.
https://doi.org/10.3390/molecules27041266.

Jia R., Cui C., Gao L., Qin Y., Ji N., Dai L., Wang Y., Xiong L., Shi R., Sun Q. A re-
view of starch swelling behavior: Its mechanism, determination methods, influencing
factors, and influence on food quality. Carbohydr. Polym., 2023, vol. 321, art. 121260.
https://doi.org/10.1016/j.carbpol.2023.121260.

Shao Y., Jiao R.,, Wu'Y., Xu F., LiY,, Jiang Q., Zhang L., Mao L. Physicochemical and func-
tional properties of the protein—starch interaction in Chinese yam. Food Sci. Nutr., 2023,
vol. 11, no. 3, pp. 1499-1506. https://doi.org/10.1002/fsn3.3189.

Ramli H., Zainal N.F.A., Hess M., Chan C.H. Basic principle and good practices of rheology
for polymers for teachers and beginners. Chem. Teach. Int., 2022, vol. 4, no. 4, pp. 307-326.
https://doi.org/10.1515/cti-2022-0010.

Polo-Mufioz M.P., Garcia-Parra M.A., Roa-Acosta D.F. Viscoelastic behavior of gels ob-
tained from five cultivars of quinoa at altitude gradient. Front. Sustainable Food Syst., 2023,
vol. 7, art. 1222277. https://doi.org/10.3389/fsufs.2023.1222277.

Lavoisier A., Aguilera J.M. Starch gelatinization inside a whey pro-
tein gel formed by Cold Gelation. J Food Eng., 2019, vol. 256, pp. 18-27.
https://doi.org/10.1016/j.jfoodeng.2019.03.013.

Ding C., Zhang M., Li G. Rheological properties of collagen/hydroxypropyl methylcellu-
lose (Col/HPMC) blended solutions. J. Appl. Polym. Sci., 2013, vol. 131, no. 7, art. 40042.
https://doi.org/10.1002/app.40042.

Mohamed A.A., Hussain S., Alamri M.S., Ibraheem M.A., Abdo Qasem A.A., Yehia H.
Camel milk-sweet potato starch gel: Steady shear and dynamic rheological properties. Food
Sci. Technol., 2022, vol. 42, no. 1, art. €20021. https://doi.org/10.1590/fst.20021.

Kyaw Z.Y., Yu S.Y., Cheow C.S., Dzulkifly M.H., Howell N.K. Effect of
fish to starch ratio on viscoelastic properties and microstructure of fish crack-
er (‘keropok’) dough. Int. J. Food Sci. Technol., 2001, vol. 36, no. 7, pp. 741-747.
https://doi.org/10.1046/j.1365-2621.2001.00481.x.

Chen S.-D., Chen H.-H., Chao Y.-C., Lin R.-S. Effect of batter formula on qualities of
deep-fat and microwave fried fish nuggets. J. Food Eng., 2009, vol. 95, no. 2, pp. 359-364.
https://doi.org/10.1016/j.jfoodeng.2009.05.016.

Taewee T.K. Cracker “Keropok™: A review on factors influencing expansion. /nt. Food Res.
J., 2011, vol. 18, no. 3, pp. 855-866.



252 M. ABD ELGADIR et al.

51. Hoti G., Caldera F., Cecone C., Rubin Pedrazzo A., Anceschi A., Appleton S.L.,
Monfared Y.K., Trotta F. Effect of the cross-linking density on the swelling and rheological be-
havior of ester-bridged B-cyclodextrin nanosponges. Materials, 2021, vol. 14, no. 3, art. 478.
https://doi.org/10.3390/ma14030478.

52. Chen H.-H. Rheological properties of HPMC enhanced Surimi analyzed by
small- and large-strain tests: I. The effect of concentration and temperature on
HPMC flow properties. Food Hydrocolloids, 2007, vol. 21, no. 7, pp. 1201-1208.
https://doi.org/10.1016/j.foodhyd.2006.09.007.

53. Li J.-Y., Yeh A.-I. Functions of starch in formation of starch/meat com-
posite during heating. J. Texture Stud., 2002, vol. 33, no. 4, pp. 341-366.
https://doi.org/10.1111/j.1745-4603.2002.tb01353 .x.

54. Li J.-Y, Yeh A.-I Effects of starch properties on rheological characteris-
tics of starch/meat complexes. J. Food Eng., 2003, vol. 57, no. 3, pp. 287-294.
https://doi.org/10.1016/s0260-8774(02)00309-6.

55. Kerry J.F., Morrissey P.A., Buckley D.J. The rheological properties of exudates
from cured porcine muscle: Effects of added polysaccharides and whey protein/
polysaccharide blends. J. Sci. Food Agric., 1999, vol. 79, no. 10, pp. 1260-1266.
https://doi.org/10.1002/(SICI)1097-0010(19990715)79:10<1260:: AID-JSFA354>3.0.CO;2-S.

56. de Huidobro F.R., Miguel E., Blazquez B., Onega E. A comparison between two methods
(Warner—Bratzler and texture profile analysis) for testing either raw meat or cooked meat.
Meat Sci., 2005, vol. 69, no. 3, pp. 527-536. https://doi.org/10.1016/j.meatsci.2004.09.008.

57. Hoseney R.C., Smewing J. Instrumental measurement of stickiness of
doughs and other foods. J. Texture Stud., 1999, vol. 30, no. 2, pp. 123-136.
https://doi.org/10.1111/j.1745-4603.1999.tb00206.x.

58. Tabilo-Munizaga G., Barbosa-Canovas G.V. Color and textural parameters of pressurized
and heat-treated surimi gels as affected by potato starch and egg white. Food Res. J., 2004,
vol. 37, no. 8, pp. 767-775. https://doi.org/10.1016/j.foodres.2004.04.001.

59. Allais 1., Viaud C., Pierre A., Dufour E. A rapid method based on front-face fluorescence
spectroscopy for the monitoring of the texture of meat emulsions and frankfurters. Meat Sci.,
2004, vol. 67, no. 2, pp. 219-229. https://doi.org/10.1016/j.meatsci.2003.10.009.

60. Hughes E., Mullen A.M., Troy D.J. Effects of fat level, tapioca starch and whey pro-
tein on frankfurters formulated with 5% and 12% fat. Meat Sci., 1998, vol. 48, nos. 1-2,
pp. 169-180. https://doi.org/10.1016/s0309-1740(97)00087-9.

61. Chen J.S., Lee C.M., Crapo C.R. Linear programming and response surface meth-
odology to optimize surimi gel texture. J. Food Sci., 1993, vol. 58, no. 3, pp. 535-538.
https://doi.org/10.1111/j.1365-2621.1993.tb04318.x.

Received December 19, 2023
Accepted February 10, 2024

Abd Elgadir Mohamed, PhD in Food Science and Technology, Associate Professor, Department of Food
Science and Human Nutrition

College of Agriculture and Veterinary Medicine, Qassim University
Buraydah, 51452 Saudi Arabia

Universiti Putra Malaysia (UPM)
Serdang, Selangor, 43400 Malaysia
E-mail: mam.qassim@gmail.com
Bakar Jamilah, PhD in Food Processing & Preservation, Professor, Faculty of Food Science & Technology
Universiti Putra Malaysia (UPM)
Serdang, Selangor, 43400 Malaysia
E-mail: jamilah@upm.edu.my



PROTEIN-STARCH INTERACTION IN KEROPOK LEKOR 253

Abdul Rahman Russly, PhD in Food Technology, Professor, Faculty of Food Science & Technology
Universiti Putra Malaysia (UPM)
Serdang, Selangor, 43400 Malaysia
E-mail: russly@upm.edu.my
Karim Roselina, PhD in Food Technology, Professor, Faculty of Food Science & Technology
Universiti Putra Malaysia (UPM)
Serdang, Selangor, 43400 Malaysia
E-mail: russly@upm.edu.my

Mariod Abdalbasit Adam, PhD in Food Science, Professor, Department of Biology, College of Science;
Professor, Indigenous Knowledge and Heritage Centre
University of Jeddah
Jeddah, 21931 Saudi Arabia
Ghibaish College of Science and Technology
Ghibaish, 110 Sudan
E-mail: basitmariod58@gmail.com

OPUTHUHAIJIBHAA CTATHA
VK 547.96:612.392.73 doi: 10.26907/2542-064X.2024.2.238-254

B3aumopneiicTBue 0esika 1 KpaxMaja B PhIOHBIX KpeKepax Keponok J1ekop
U ero BJIMSIHUE HA HX Pe0IorHYecKHe, TEeKCTYPHbIe H OPraHoJIeNTHYeCKHe CBOICTBA

M. 460 Dnveaoup'?, J]rc. Baxap?, P. A6oyn Paxman?, P. Kapum?®, A.A. Mapuoo**
!Konnedoic cenbeko2o xo3aticmea u 6emepunapHotl meouyunsl, Yuusepcumem ans-Kacoim, Bypaiioa,
51452, Cayooscras Apasus
?Vuusepcumem ITympa Manaiizus, Cepoane, Cenaneop, 43400, Maratizus
3Konneoac nayxu, Yuusepcumem oicuoowl, oicudoa, 21931, Cayooscras Apasus
‘Ifenmp 3nanuil u HacLeOust KOpeHHviX Hapo0os, Konnedoc nayku u mexnonoauu I'ubauwa, I'ubauw,
110, Pecnybonuxa Cyoan

AHHOTALMS

B crarbe paccMaTpuBaloTCs 0COOCHHOCTH B3aUMOJCHCTBHS Oelka 1 KpaxMmalia U ero BIUSHUC Ha
resneoOpasyoline, TeKCTypPHBIC H OPraHOJICIITHYECKIE CBOMCTBA CHCTEMbI PHIOHBIH OEI0K — Kpaxmai Ha
IIpUMeEpe TPAANIIHOHHOTO MaJIa3HHCKOT0 OJII0/1a Keponok iekop. MeToioM IByX(haKTOPHOTO aHAIHN3a U3-
YUEHBI PELCIITYPHBIC COCTABBI KPEKEPOB KEPONOK JIeKOP € PA3INYHBIM COOTHOLICHHEM PhIOHOTO dapiia
(MF, 20-50 t ot obmiei maccer), kpaxmana caro (SS, 10—40 r ot obmeit maccsr) u Bogsl (W, 10-35 1
OT 0bmieit maccer). PaccunTanst ux HavansHas (7,) u mukosas (T p) TEeMIIEPaTyPhl JKEIaTHHU3ALNH, TU-
HaMHUYECKHI MOIyJb yrnpyroctu (G'), a Takke MOAYIb MOTEPh YIPYTOCTH MpH kenaruHuzanun (G”).
OpraHoJenTHYECKHE U TEKCTYPHBIC CBOWCTBA 00pa3IloB OLCHUBAIN B XOJE JCTYCTALMU C IpUBIICYE-
HueM 30 pecrnoHIeHTOB. HanBEICIITYI0 OLIEHKY MOTYYHIIN 00pa3Libl, B KOTOPBIX COOTHOIIECHHE PHIOHOTO
(apma, kpaxmana caro u Bogasl coctaBuio 20 : 10 : 10. ITo pesynbsraraM mpoBeIeHHOTO HCCICI0BAHUS
HMMEHHO 3TOT BapUaHT PELCNTYPbI ObLIT BEIOpaH B KauecTBE HANOO0JIEE ONTHMAIILHOTO JUISl TPUTOTOBIIC-
HHS KEPONOK JIeKOP.

KiroueBble cioBa: xeponox sexop, pelOHBIM Kpekep, KpaxMal caro, B3aMMOJCHCTBHE Oenka U
Kpaxmasa, )KeJaTHHU3ALMS, MOIYJIb YIIPYTOCTH, OpraHOJIeNTHYECKas OlIEHKa

3axiouenue Komurera no stuke. VccienoBaHue NpoBeAEHO B COOTBETCTBUU C XeIbCUHKCKOM
nexnapanueit 2000 1.

Hudopmuposannoe cornacue. upopmupoBaHHOE coracye ObUIO MOIYYEHO OT BCEX CyOBEKTOB,
y4YacTBOBABIINX B UCCIIEIOBAHUM.
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BaarogapHocTH. ABTOPBI BRIPXAIOT HCKPEHHIOK O1arofapHOCTh Kojuieram n3 Jlaboparopuu mnu-
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