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ABSTRACT It was noted the modern tendencies of the cultivated mushrooms using as a fat substitutes in the technology of low-fat
meat products. It was states that variety of low-calorie, low-fat foods have come to the fore, and quickly become the mainstream of
the future development of food. The mushrooms are worldwide cultivated and rich in protein, vitamins, dietary fiber, amino acids,
polysaccharides, minerals, but low in fat and calories In order to develop low-fat meat products, the compound of Agaricus bisporus
and Flammulina velutipes mushrooms were used as fat substitute to replace the pork-back fat in chicken batters. The amino acids
content of these mushrooms allows receiving a nice flavor and can be use in the minced meat. It was use a chicken meat as a well-
liked raw material for emulsified products. For preparation of meat batters was used chicken breast, salt and sodium
tripolyphosphate. The chicken meatballs were prepared with the cultivated mushrooms as fat-substitutes.The mushrooms were
compounded to replace fat in chicken batters, and the effect of compounding these mushrooms on the quality of chicken mince was
investigated to find the optimal ratio of fat replacement. The cooking loss, water holding capacity, color, texture and rheological
properties of chicken batters were studied. The results showed that the compound of Agaricus bisporus and Flammulina velutipes
improved the texture, increased the water holding capacity, redness and yellowness, and reduced the cooking loss and brightness of
chicken batters. When the ratio of Agaricus bisporus and Flammulina velutipes was 2:1 to replace 30% pork-back fat, chicken
batters showed the best quality. In conclusion, the combination of Agaricus bisporus and Flammulina velutipes is a promising fat
substitute in the development of low-fat meat products.
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BIIJIMB I'PUBIB AGARICUS BISPORUS I FLAMMULINA VELUTIPES HA
AKICTb KYPAYOI'O PAPITY

T. I. ®OTIHA", A. CHOHI?, O. IO. KOLIEJIB’, C. M. CABAJIAIIP, P. B. IHKOBChKHI’

; . . . . s .
Dakynvmem semepunapHoi meouyuru, Cymcovrull Hayionanvrul aepapruil ynigepcumem, Cymu, YKPAIHA
2 . .. . . o
Koneoxc xapuoeoi nayku, Xenanvcokuii incmumym nayku i mexnonozii, Cincano, KUTAU
3 i N . . s .
Daxynemem xapyosux mexronoeiti, Cymcoruti nayionanvuuti acpapruii ynisepcumem, Cymu, YKPAITHA

AHOTALIA Poszensinymo cyuacHi meHOeHYyii 6UKOPUCMAHHS KYIbMUBOBAHUX 2pUbie sIK JHCUPO3AMIHHUKIE Y MEXHOA02H M SICHUX
NPOOYKMi6 3i ZHUIICEHUM 6MICIMOM dicupy. Bcmanosneno, wo pisHOMAHIMHICIb HU3bKOKAIOPIUHOL IICI 3 HUZLKUM 6MICHIOM JICUpPY
GULUIA HA nepuuil WIaH | WEUOKO CMAd OCHOGHUM HANPIMKOM MAuOymHb020 pOo36UMKY Xap4ogoi npooykyii. I'pubu, ski
BUKOPUCMOBYBANUCS NIO 4AC OOCHIOJNCEHHs, KYIAbMUBYIOMbCS 6 YCboMy cimi ma 0Oazami OIIKOM, GIMAMIHAMU, XAPYOGUMU
B0JIOKHAMU, AMIHOKUCIOMAMU, NOAICAXAPUOAMU, MIHEPATAMU, NPOTEe MAIOMb HUSLKUL BMICI JHCUPY Ma HEeBUCOKY Kalopitnicmy. /s
PO3POOKU M ACHUX NPOOYKMI6 3a 3HUNCEHUM 6Micmom ocupy cymiw 2pubie Agaricus bisporus ma Flammulina velutipes
BUKOPUCOBYBANAC OISl 3AMIHU CEUHAYO020 JHCUPY 8 Kypsayomy @apwi. Bmicm aminokuciom y epubax 0036018€ ompumamu
npueMHUIl cmMax i euxopucmosgyeamu ix y ¢hapwi. Byno euxopucmano Kypsue m'sico, sK NONYAAPHY CUPOBUHY OISl eMYTbe0BAHUX
npooykmie. [ns npucomyeanms MSCHO20 dapuiy SUKOPUCTIOBY8ANU KypAuY 2pyoKy, cine i mpunonigpoccpam wnampino. 3
BUKOPUCTNAHHAM KYIbMUBOSAHUX 2PUOI8, K JCUPOZAMIHHUKA, OYU 8ucomosneni Kypaui pukadenvku. I pubu 6yau sukopucmani ons
3amMiHU JICUPY 8 Kypsauomy hapuii, 610 00CIIONCEeHO Gnaus cymiuii epubié Ha AKiCmb Kypsuo2o apuiy, 3 Memoio GU3HAYeHHs
ONMUMANBHO2O ~CNiggiOHOWeHHsT makoi 3aminu. byno eusueno mennosi empamu, 6000YMPUMYBANLHY 30AMHICMb, KOTID,
KOHCUCMENYII0 Ma peonociyHi enacmusocmi Kypawozo gaputy. Pesynomamu noxkazanu, wo cymiw Agaricus bisporus i Flammulina
velutipes noxkpawuia mexcmypy, 30i1buuna 8000YMPUMYBATbHY 30AMHICMb, KONIPHI XAPAKMEPUCTNUKY, d MAKOHNC 3MEeHWULa
empamu npu meniosii oopodyi ma Ackpagicmv Kypsuoeo gaputy. Bemanoenerno cniggionowenns Agaricus bisporus i Flammulina
velutipes, wo cmanosuno 2:1 ona 3aminu 30% ceunaw020 dHcupy, Koau Kypauuii apui eusaeus nausuwyi nokasHuxu akocmi. Taxum
yunoM, noeonanust Agaricus bisporus i Flammulina velutipes € nepcnekmusHum 071 3aMiHU JCupy npu po3pooyi M ACHUX NRPOOYKMIE
31 3HUIICEHUM EMICTNOM JHCUD) .

Knrouogi cnosa: xynvomusosani epubu; Agaricus Bisporus; Flammulina velutipes; m’sco Kypxu; sicup

Introduction nutrients in food, fat provides human body with the

nutrients they need, but excessive intake of fat can lead to

Health issues become particularly important with  hypertension, myocardial infarction, stroke and other

the development of society. As one of the three major  serious disecases and also easily lead to metabolic

© T. FOTINA, XIONG ANQI, O. KOSHEL, S. SABADASH, R. YANKOVSKIY, 2023

56 BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

syndrome, neuropsychiatric disorders and other diseases
in obese people. Therefore, a variety of low-calorie, low-
fat foods have come to the fore, and quickly become the
mainstream of the future development of food [1].
However, fat has important influence on the physical
properties of food, such as appearance, flavor, texture and
rheology during food processing, the reduction or removal
of fat will result in significant decrease in food quality. In
view of this, the use of fat substitutes to develop and
produce low-fat products that are as consistent as possible
with the taste of traditional full-fat products has become a
major development trend in the production of low-fat
food products, showing great challenges and development
potential [2].

Agaricus Bisporus (Ab) and Flammulina velutipes
(Fv) mushrooms are cultivated worldwide and rich in
protein, vitamins, dietary fiber, amino acids,
polysaccharides, minerals, but low in fat and
calories [3,4].

One of the most well-liked emulsified meat items
around the world is chicken products. Typically, a
chicken sausage comprises 20-35% fat, which is
crucial for the water holding capacity, cooking loss,
flavor, colour and textural qualities of emulsified
products [1]. In this study, for the first time, Ab
and Fv mushrooms were compounded to replace
fat in chicken batters, and the effect of compounding
Ab and Fv mushrooms on the quality of chicken mince
was investigated to find the optimal ratio of fat
replacement. Many studies have demonstrated that
proteins and dietary fibers contribute to the formation of
the gel system of minced meat[5,6]. The abundance of
amino acids in Ab and Fv mushroom also adds flavor to
minced meat. Therefore, Ab and Fv mushroom should be
ideal fat substitutes. The results of this study can be used
as a reference for the development of low-fat meat
products.

The purpose of the work

The goal of the work is investigation of Agaricus
bisporus and Flammulina velutipes as a valuable raw
materials for fat substitutes in meat products.

Materials and Methods

Materials. Fresh chicken breast meat, pork-back
fat, Agaricus bisporus (Ab) mushroom, Flammulina
velutipes (Fv) mushroom, sugar, white pepper powder,
sodium polyphosphate were obtained from Silpo
Supermarket, Sumy, Ukraine. Methyl silicone oil was
analytically pure grade.

Raw material treatment. 4> and Fv mushrooms
were washed, dried (45°C for 12 h) and ground. 4b
powder sieved through a 200 mesh sieve and Fv powder
sieved through a 40 mesh sieve. The excess fat and
connective tissue of the fresh chicken breasts and the
excess connective tissue of pork-back fat were removed,
and then chicken breasts meat and pork-back fat were

placed into vacuum bags respectively after being
ground separately using a grinder with a 6 mm perforated
plate, (MM-12, Guangdong, China).Then they were
stored at -40°C.

Chicken batters preparation. The chicken
meat and pork-back fat were thawed. The preparation of
meat batters was carried out in an ice water bath as
follows: chicken  breast, salt and sodium
tripolyphosphate were mixed in a cutter bowl (Joyoung
S2-A808, Jinan, China) for 30 seconds. After a 3-minute
break, the One-third of the ice water was added, and
the mixture was then chopped for 30 seconds. Pork-back
fat, Ab and Fv mushroom powder, white pepper
powder, sugar, one-third of the ice water were added,
and the mixture was then chopped for 2 minutes after
a 3-minutes pause. Finally, the remaining one-third
of the ice water was added, and the mixture was
then chopped for 1 minute after a 3-minutes pause.
The meat batters was placed into a 50 ml centrifuge
tube and centrifuged at 500 x g for 5 minutes to
remove the residual air. The rheology was determined
for the raw meat batters after the above treatments. The
rest of the meat batters was boiled at 80 °C in a
constant-temperature water bath for 30 minutes, and
then cooled in the ice-water bath for 20 minutes. The
cooked chicken batters were taken out for the
determination of cooking loss, water holding capacity,
color and texture.

Determination of cooking loss (CL). According
to Choe et al. [7] with a slight modification, m; gram of
raw chicken batters wad placed into a 50ml centrifuge
tube and cooked at 80°C. Next, the cooked chicken
batters were weighed to obtain m, after absorbing the
surface moisture with absorbent paper. Finally, the CL
was calculated according to the following formula. For
each formulation, the measurement was performed
three times.

ml —m2

1
7 X100 (1)

CL (%) =

Determination of water holding capacity
(WHC). According to the method of Wang et al.[8] with
a slight modification, about 10 g (m1) of cooked chicken
batters was wrapped in absorbent paper and placed into a
50 mL centrifuge tube and then centrifuged at 8000 r/min
for 10 minutes. Next, cooked chicken batters was
weighted after removing the absorbent paper to obtain m,.
For each formulation, the measurement was performed
three times.

Determination of color. According to the method
of Zahari et al.[9] with a slight modification, the cooked
chicken batters was cut into 2 cm cylinders. The colour of
its center part was measured with CR-400 color meter,
and the L* value, b* value and a* value were recorded.
Where L* represented the brightness, a* represented the
redness, and b* represented the yellowness. The colour of
the Standard white colorimetric plate was L*=96.15,
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a*=(0.70, b*=1.83. For each formulation, the measurement
was performed five times.

Determination of texture profile analysis
(TPA). According to the method of Li et al. [10]
with a slight modification, the cooked chicken batters
was cut into 2 cm small cylinders, and the hardness,
springiness, cohesiveness and chewiness of chicken
batters were measured by a texture analyzer with a
P36R probe at 20°C. The texture properties of the
sample were determined according to the following
parameters: compression ratio, 50%; pre-test rate,
2.0mm/s; test rate, 2.0mm/s; post-test rate, 5 mm/s;
test time, 5 s; trigger force, 5.0g. For each
formulation, the measurement was performed three
times.

Determination of rheological properties.
According to the method of Xu et al.[11] with some
modification, an appropriate amount of raw chicken
batters was placed on the sample table of rheometer
with a probe of p35TiL and a gap of 1 mm and
sealed with silicone oil. Dynamic temperature scanning
was carried out in the linear viscoelastic region of
oscillation mode and 1% strain. Dynamic temperature
scanning conditions as follows: the sample was held at 20
°C for 2 min; Heating procedure, 20~80 °C; heating
rate, 2 °C/min. During the heating process, the sample
was continuously shear in an oscillating mode and at a
fixed frequency of 0.1 Hz, and the change of the storage
modulus (G") during the dynamic scan was recorded. For
each formulation, the measurement was performed
three times.

Statistical analysis. The one-way ANOVA and
means comparison test (Duncan) were used to examine
the impact of the various formulations using SPSS 20.0
(IBM) statistical software, and the significance threshold
was set at 5%. The data was expressed as mean + standard
deviation.

Results and analysis

Effect of Ab and Fv mushrooms on the CL of
chicken batters. Table 1 shows the effects of
different proportions of 4b and Fv mushrooms on the CL
of chicken batters. As can be seen from Table 2,
compared to CK, the CL of chicken batters decreased
significantly when adding Ab and Fv mushrooms

(P <0.05). There was no significant difference between
the CLs of Ty, T,, T; (P>0.05). Meanwhile, T, had a

significantly lower CL (P <0.05). The low CL were

attribute to the rich dietary fiber in the mushrooms, which
has the ability to absorb water, showing high water
retention [12].

Effect of Ab and Fv mushrooms on the WHC
of chicken batters. Table 2 shows the effects of
different proportions of Ab and Fv mushrooms on
the WHC of chicken batters. As can be seen from
Table 3 that WHC increases gradually with the

increase of the amount of Ab and Fv mushroom. WHC
of T, group was significantly lower than that of CK

group (P<0.05), ie., the WHC of batters with

only the addition of Ab decreased. WHC of T, and
T; groups was not significantly different from that of

CK (P>0.05), WHC of T, group was significantly

higher than that of CK(P <0.05). Ab and Fv mushrooms

are rich in dietary fibers and carbohydrates. Dietary
fiber dispersed in water can form a spherical gel
solution, which can effectively enhance the water
retention of chicken batters; carbohydrates combined
with water molecules to form a reticulated gel that
can retain a large amount of water[10]. This study
showed that the addition of Ab and Fv compound
effectively  enhanced the WHC  of  chicken
batters.

Effect of Ab and Fv mushrooms on colour of
chicken batters. Table 3 shows the effects of
different proportions of 4b and Fv mushrooms on
the colour of chicken batters. From Table 4, it can be
seen that the addition of A4b and Fv mushrooms
complex decreased the brightness (L*) and increased
the yellowness (b*) and redness (a*) of chicken
batters. As the amount of Ab and Fv mushrooms
increased, the brightness decreased significantly

(P <0.05), and the yellowness and redness did not change

significantly(P > 0.05). The main reason for this was

the browning of Ab and Fv mushrooms during
drying, which deepened their color and accordingly gave
them a low brightness and high redness and
yellowness [13].

Effect of Ab and Fv mushrooms on the TPA of
chicken batters. Table 3 shows the effects of
different proportions of A4b and Fv mushrooms
on the TPA of chicken batters. From Table 4, it
can be seen that 4> and Fv mushrooms changed the
TPA of the chicken batters. The hardness and
chewiness of the chicken batters increased

significantly (P <0.05) with the increase in the amount

of Ab and Fv mushrooms, but there was no significant
difference in chewiness between the T3 and T4

groups (P >0.05). Springiness was significantly

increased in T, group compared to CK (P <0.05).

The increase in hardness, chewiness and elasticity
should be relative to the increased WHC and
decreased cooking loss of the chicken batters due to
the dietary fiber in the mushrooms [14]. The
significant decrease in the cohesiveness of T; and Ty
groups compared to CK attribute to the ash contained
in the mushrooms [6]. Taken together, the T, group
showed improved firmness, chewiness and
springiness ~ without decreasing the cohesiveness
of the chicken batters, and the T2 group was the
most effective in improving the TPA of the chicken
batters.
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Table 1 — Cooking loss of chicken batters

Treatments CK T1

T2 T3 T4

Cooking loss /% 2.98+0.25a

2.45+0.22b

2.2340.11b | 2.09+0.21b | 1.61+0.20c

a-« Means within a line with different letters are significantly different (p < 0.05)

Table 2 — WHC of chicken batters

Treatments CK T,

TZ T3 T4

WHC/% 93.10+0.25bc | 90.63+0.09d

92.77+0.20c | 93.63+0.45b | 94.55+0.37a

a-d Means within a line with different letters are significantly different (p < 0.05).

Table 3 — Colour of chicken batters

*

*

*

Treatments L a b
CK 87.89+0.30a 0.13+0.10b 12.63+£0.47b
T, 69.01+£0.58b 2.77+£0.19a 16.46+0.41a
T, 68.34+0.59b 2.58+0.14a 16.21+£0.26a
T; 64.63+1.14c 2.39+0.26a 16.69+0.25a
Ty 61.76+0.38d 2.75+0.10a 16.25+£0.21a

Effect of Ab and Fv mushrooms on the G' of
chicken batters

Myofibrillar ~ proteins and  protein-protein
interactions, particularly those involving the myosin
protein, are constantly changing processes that are
reflected in dynamic rheological properties. These
processes are strongly related to the intramolecular
and intermolecular binding in protein molecules. The
matrix strength and elastic characteristics of the meat
gel network are indicated by variations in the storage

25000

20000

= 15000 -
&

7 10000 -

5000 A

0 :

modulus (G') [15]. As can be seen from Fig. 1, the
changes of G' of chicken batters with different
amount of Ab and Fv mushrooms had a similar
trend, which was roughly divided into five stages. G'
increased slightly (21~25 °C); G' slowly decreased
(26~53 °C); G' continued to increase (54~59 °C) ,
the myosin head polymerization in chicken batters
made the reaction between proteins to form a weak
gel in this stage[16]. G' appeared to fall sharply to

20 30 40

50 60 70 80 90

Temperature / °C

—+—CK —&—TI

—&— T2 T3

*

T4

Fig. 1 — G' of chicken batters

reach the bottom (60~63 °C) due to the denaturation
of the myosin tail in chicken batters, resulting in the

formation of the structure of the protein gel damage
[5,17]. G' increased sharply (64~80 °C), the proteins
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aggregated and formed a gel, and the semi-soluble
gel formed an elastic gel after being heated, and
then the chicken batters was transformed from a
viscous-elastic sol-gel state to an elastic gel network
structure  in  this  stage[6,18]. Throughout the
temperature rise, the G' of chicken batters with Ab
and Fv mushrooms compound were greater than that
of CK and increased with increasing mushroom
amount. Higher G' values indicated a more compact
meat gel structure, which was similar to the change
in hardness values [19]. The addition of dietary fiber
could effectively improve the solubility of proteins,
thus increasing the G' value of the system, and the
pattern of the change of its G' value is related to
the gel denaturation temperature [10,20].

Conclusion

Partial replacement of pork-back fat in chicken
batters with 4b and Fv mushrooms compound
reduced cooking loss, increased redness and yellowness,
decreased  brightness and improved rheological
properties of chicken Dbatters. Water holding
capacity, chewiness, hardness and springiness of
chicken batters were increased, and the cohesiveness
decreased  significantly = when  fat  substitution
exceeded 30%. In conclusion: all the qualities of
chicken batters were improved when A4b and Fv
mushrooms were compounded at 2:1 to replace 30% of
pork-back fat in chicken batters. Ab and Fv mushrooms
compound is a promising fat substitute for producing low-
fat meat products.
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