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Abstract

Chicken nuggets are considered to have a high level of sodium, thus, increased consumption
might affect consumers’ health. This study aimed to reduce the salt content in chicken nuggets by
using mushroom powder instead because mushrooms contain protein, fiber, and glutamic acid, which
acts as a stimulant that makes taste receptors more sensitive. Regarding the chemical composition
analysis of four mushroom species, shiitake mushrooms had the highest salt content (1.63%), and
their protein and fiber contents were 24.11% and 10.22%, respectively. Thus, shiitake mushrooms
were chosen to replace salt in chicken nuggets. The levels of shiitake mushrooms used to replace
salt were 0%, 25%, 50%, and 100%. It was found that the presence of shiitake mushroom powder
decreased the lightness (L*), hardness, and cohesiveness of chicken nuggets. Replacing salt with
shiitake mushroom powder at 50% also received liking scores on appearance, outside and inside
color, saltiness, overall texture, and overall liking at the levels of ‘like moderately’ to ‘like very
much’ (7.0-8.0). However, there was no significant difference compared to the control formula (no
shiitake mushroom powder was added). Therefore, the use of shiitake mushroom powder to partially

replace salt in chicken nuggets is an interesting concept for developing healthy chicken nuggets.

Keywords: Chicken nuggets; Shiitake mushroom; Salt
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Table 1 Proximate composition and salt content (NaCl) of four different mushrooms.
Proximate composition (% dry weight) and salt content (%)
Mushrooms : P
Moisture Fat Protein Ash Fiber Carbohydrates NaCl

Sajor-caju  6.90°+0.24 1.26°+0.02 20.15°¢0.25 5.99°+0.07 12.95°+0.49  52.74°+0.31  1.49°+0.06
Straw 7.40°+0.08 0.89°40.07 35.73°+0.86 10.67°+0.04 14.78°+0.60 30.54%+0.44 1.03°+0.03
Phoenix 7.12°+0.07 0.75°:0.03 24.96°:0.40 13.65°+0.05 12.09°+0.48  41.43x0.77  0.66°+0.03
Shiitake 7.10°+0.08 1.67°+0.07 24.11°+0.16 6.98°+0.04  10.22°+0.34 49.92°+0.47 1.63°+0.01

Values expressed as mean + standard deviation.

Means with different lowercase superscript letters in each column are significantly different (p<0.05).

'Calculated using the conversion factor of N x 4.38.

“Calculated by differences.
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Control

Figure 1

SHM 100

Reduced-sodium chicken nuggets with various levels of shiitake mushroom powder.

Table 2 Color (L* a* b*) of reduced-sodium chicken nuggets with various levels of shiitake

mushroom powder.

Outside color Inside color
Formulas
L* a* p* N L* a* p* N
Control 5157°+1.93  454°+0.74  2656+1.21  61.74°+2.87  1.09+0.53  16.56+1.21
SHM 25 48.18°+1.68 5.87+120  26.29+1.60  60.61°+2.13  1.26™+0.34  16.26+0.70
SHM 50 46.80°+2.59 6234125  2596+1.21  57.68°+337  1.45+0.63 2596+1.21
SHM 75 43.81°43.64  7.41°°+1.80  26.32+1.64  56.40°+2.71 1.80°+1.19  17.06+2.84
SHM 100 43.69+3.06  7.93°+1.60  26.59+1.69  55.17°+2.31 1.96°+053  16.91+1.33

Values expressed as mean + standard deviation.

Means with different lowercase superscript letters in each column are significantly different (p<0.05).

NS=not significant difference.
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Table 3 Texture properties of reduced-sodium chicken nuggets with various levels of shiitake

mushroom powder.

Formulas Hardness (N) Springiness™® Cohesiveness Chewiness (N)"*°
Control 31.82°+1.31 0.91+0.04 0.84°+0.02 22.60+1.14
SHM 25 28.68°+£1.02 0.88+0.03 0.82°+0.01 21.94+1.53
SHM 50 27.15°+3.57 0.86+0.08 0.83%+0.02 22.50+2.47
SHM 75 28.93°+£0.99 0.86+0.04 0.81°+£0.02 22.14+1.44
SHM 100 28.63°+2.67 0.90+0.04 0.80°+0.02 22.16+2.78

Values expressed as mean =+ standard deviation.

Means with different lowercase superscript letters in each column are significantly different (p<0.05).

NS=not significant difference.
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Table 4 Sensory evaluation of reduced-sodium chicken nuggets with various levels of shiitake

mushroom powder.

Sensory attributes

Formulas

Appearance  Outside color  Inside color Flavor  Saltiness  Texture  Overall liking
Control 7.6°+0.9 7.4°+1.0 7.7°+1.1 7613 72415 7.7°x1.1 74°+1.1
SHM 25 7.7°+0.9 7.6°+1.0 7.6°+1.0 7.9°+09  74°+14 76711 7.7°+1.1
SHM 50 7.6°+1.0 7.7°40.9 7.5%+1.2 7.1°+12  73°+1.2 7.3+l 7.3°+1.0
SHM 75 7.5°+1.1 7.6"+1.1 76°+1.0 64410 58°+1.6 6.6°+16 6.5°+1.3
SHM 100 7.3°1.2 7.3°£1.2 7.1°+1.3 53%+14 4.4+14 58+18 5.2°41.6

Values expressed as mean + standard deviation.

Means with different lowercase superscript letters in each column are significantly different (p<0.05).

3.4 WavBIN1sANYIBIAUTENBUNINLATYDY
nAnAnaTInAn AW LE
PMNNANTIATIZYOIAUTENBUMLATILAE
Uuaundeveatiniinlngnsmuauwaziniiala
anndedenadiaveuiisziudesas 50 (SHM 50)
(Table 5) WU SHM 50 SUSunaumnudutiosnia
ansmuAuegaiudfameana (p<0.05) osan
n1sanUsunanndeainnisunuiidiensiinveu
Junsanenududuveslusiuiiatnesnun vy
wysndalusiu-lusiuanas 3udunisanainy
anunsalunsiniiuin demaldiinssmesanain
dnifliluszrinamanen shlvigadeartures
tifnlilusgwiemstssemnslél [27) dlefansan
USunadlasfunuinnisiiuuSunamadioney vk

58

Unifelafiusnaluiufiuiu Govay 14.36) unnsing
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Table 5 Proximate composition and salt content of reduced-sodium chicken nuggets with various

levels of shiitake mushroom powder.

Proximate composition and salt content (%, dry basis)

Formulas - . = S =
Moisture Fat Protein Ash Fiber Carbohydrates NaCl
Control 47.80*+0.25  13.52+0.13 19.50+0.09  2.79*+0.04  0.54+0.11 63.65+0.10 2.26*+0.15
SHM 50 46.45£0.20  14.36*+0.10  19.56+0.39 1.79+£0.01  1.21*+0.18 63.08+0.46 0.94+0.01

Values expressed as mean + standard deviation.

4. a3U
A15ANEIVRAVDUTAALAL AT TR ALIND 6. References
anUSunanndelundndueidniall wuidievey [1]  Pérez-Montes, A., Rangel-Vargas, E.,

fUsinaundenniian uazdnaamislusiuuasle Lorenzo, J.M., Romero, L. and Santos,

g3 Wethumaunundslundadaeidniinla E.M., 2021, Edible mushrooms as a novel

nuvihbidniialndaianueaing Aenlassdnuae trend in the development of healthier

ileduiasuauuduazauanansalunisinie meat products, Curr. Opin. Food Sci. 37:
118-124.

SIUAIAUAAAY LLaxﬁfﬂLﬁm"l,fiqmﬁlﬁmuﬁwau
[2] Wong, K.M., Decker, E.A., Autio, W.R,,

Toong, K., DiStefano, G. and Kinchla, A.J.,

2017. Utilizing mushrooms to reduce

Sowaz 50 vesUsuannie Wuansninisifunain
MeuINIAANEAsanvaleneUsEaMdulan
anwazUsing Adenduuen Alesuly sahu
L o oo Mo e overall sodium in taco filling using phys-
Weduda wazanuveulneTinegliwandneiugns
ical and sensory evaluation, J. food
sci. 82(10): 2379-2386.
[3] Yogesh, K., Ahmad, T., Manpreet, G,
Mangesh, K., Das, P., 2013, Characteristics

of chicken nuggets as affected by added

AR Bnituilvivinaleomsnnndt uas
fivsinaundetiosningnmuny frduniafusadia
veamaunindeazyilildnansasiinuinlnisnmils
ymadeniiregunmuesiuilng Ineldndnsusiin

[ i ! A a & a A &
mmlﬂmmmmmﬂmmmimwmu UUsuLNg® . .
k fat and variable salt contents, J. Food Sci.

Technol. 50: 191-196.
ANINGATAIUA [4] Nayak, N.K., Pathak, V., Singh, V.P., Goswa-
mi, M. and Bharti, S.K., 2015. Quality of

carrageenan incorporated low fat chicken

Yoras widapsdlasiuuaAuaususaAdlulLnn

5. AaAnssuUsEnIA

YOVDUAMANUIVTIVEAEn Sasmnalulad nuggets during refrigerated storage at
N991M3 AR SazmAlulal N Aneay a4oC, Livest. Res. Int. 3(1): 7-13.
sesuans Auesidn warvauduiannududanig [5]  Akesowan, A, 2021 Partial salt reduction
YINITAUINYIAER TULAZ UIRNTTUNIOINIT LA in gluten-free chicken nugget extended
uninedusssumans Alvuganyunideuas with white button mushroom and qual-

auATIzvigUNIal LASesllauavan uinlunYinidy

59



Thai Science and Technology Journal

Vol. 30 No. 6 November-December 2022

(10]

ity development with eggplant flour, J.
Food Sci. Technol. 58(12): 4738-4745.
Pitakthong, C., 2008, Mushroom Cultiva-
tion, 2nd Ed., Kasetsart Siam Books,
Bangkok, 200p. (in Thai).

Cheung, P.CK., 2010, The nutritional and
health benefits of mushrooms, Nutr.
Bull. 35(4): 292-299.

Buruleanu, L.C., Radulescu, C., Georgescu,
AA., Danet, F.A,, Olteanu, R.L., Nicolescu,
C.M. and Dulama, I.D., 2018, Statistical
characterization of the phytochemical
characteristics of edible mushroom ex-
tracts, Anal. Lett. 51(7): 1039-1059.
Ferreira, I.C,, L. Barros and R. Abreu., 2009,
Antioxidants in wild mushrooms, Curr.
Med. Chem. 16: 1543-1560.

Randive, S.D., 2012, Cultivation and study
of growth of oyster mushroom on differ-
ent agricultural waste substrate and its
nutrient analysis, Adv. Appl. Sci. Res. 3:
1938-1949.

Miller, A.M., Mills, K., Wong, T., Drescher,
G., Lee, S.M,, Sirimuangmoon, C., Schae-
fer, S., Langstaff, S., Minor, B. and Guinard,
J.X., 2014, Flavor-enhancing properties of
mushrooms in meat-based dishes in
which sodium has been reduced and
meat has been partially substituted with
mushrooms, J. Food Sci. 79(9): 1795-
1804.

Guinard, J.-X., Miller, A.M., Mills, K., Wong,
T., Lee, S.M,, Sirimuangmoon, C., Schae-
fer, S.E. and Drescher, G., 2016, Consum-
er acceptance of dishes in which beef

has been partially substituted with

60

mushrooms and sodium has been
reduced, Appetite. 105(1): 449-459.
Mattar, T.V., Goncalves, C.S., Pereira, R.C,,
Faria, M.A., de Souza, V.R. and Carneiro,
J.D.D.S., 2018, A shiitake mushroom ex-
tract as a viable alternative to NaCl for a
reduction in sodium in beef burgers: A
sensory perspective, Br. Food J. 120:
1366-1380.

Association of Official Chemist (AOAC),
2000, Official Method of Analysis of Anal-
ysis of Association of Official Analytical
Chemists, 17th Ed., Maryland, 2200 p.
El-Anany, AM., Ali, R.F.M. and Elanany,
A.M.M., 2020, Nutritional and quality
characteristics of chicken nuggets incor-
porated with different levels of frozen
white cauliflower, Ital. J Food Sci. 32(1):
45.

Barros, J.C., Munekata, P.E.S., Pires, M.A,,
Rodrigues, I., Andaloussi, O.S., da Costa
Rodrigues, C.E. and Trindade, M.A., 2018,
Omega-3-and fibre-enriched chicken
nuggets by replacement of chicken skin
with chia (Salvia hispanica L.)
flour, LWT - Food Sci. Technol. 90: 283-
289.

Udousoro, |. and Ekanem, P., 2013,
Assessment of proximate compositions
of twelve edible vegetables in
Nigeria, Int. J. Modern Chem. 4(2): 79-89.
Sriket, P., 2014, Chemical components
and antioxidant activities of Thai local
vegetables, Curr. Appl. Sci. Technol.
14(1): 18-23.



T 30 atvil 6 woASN1EU-5UIIAY 2565

5a15mermansiasimalulad

(19]

(20]

Ahlawat, O.P., Manikandan, K. and Singh,
M., 2016, Proximate composition of
different mushroom varieties and effect
of UV light exposure on vitamin D
content in Agaricus bisporus and
Volvariella volvacea, Mushroom Res. 25:
1-8.

Srikram, A. and Supapvanich, S., 2016,
Proximate compositions and bioactive
compounds of edible wild and cultivated
mushrooms from Northeast Thailand. Agr.
Nat. Resour. 50: 432-436.
Tepsongkroh, B., Jangchud, K. and
Trakoontivakorn, G., 2019, Antioxidant
properties and selected phenolic acids
of five different tray-dried and freeze-
dried mushrooms using methanol and
hot water extraction, J. Food Meas. Char-
act. 13(4): 3097-3105.

Gengcelep, H., Uzun, Y., Tunctirk, Y. and
Demirel, K., 2009, Determination of
mineral contents of wild-erown edible
mushrooms, Food Chem. 113(4): 1033-
1036.

Mallikarjuna, S.E., Ranjini, A., Haware, D.J.,
Vijayalakshmi, M.R., Shashirekha, M.N.
and Rajarathnam, S., 2013, Mineral com-
position of four edible mushrooms, J.
Chem. 2013: 1-5.

61

Wang, X.M., Zhang, J., Wu, L.H., Zhao, Y.L,
Li, T., Li, J.Q., Wang, Y.Z. and Liu, H.G,,
2014, A mini-review of chemical compo-
sition and nutritional value of edible
wild-grown mushroom from China, Food
chem. 151: 279-285.

Kristanti, D. and Setiaboma, W., 2021,
March. The colour and texture properties
of mushroom chicken nugget with vari-
ous flour as a filler, IOP Conference Se-
ries: Earth and Environmental Science.
672(1): 012051.

Han, M. and Bertram, H.C., 2017, Design-
ing healthier comminuted meat prod-
ucts: Effect of dietary fibers on water
distribution and texture of a fat-reduced
meat model system, Meat Sci. 133: 159-
165.

Wang, Y., Neadi, M.O. And Adedeji, AA,
2010, Shrinkage of chicken nuggets during
deep fat frying, Int. J. Food Prop. 13:
404-410.

Martinez-Flores, H.E., Maya-Cortés, D.C.,
Figueroa-Cardenas, J.D., Garnica-Romo,
M.G. and Ponce-Saavedra, J., 2009,
Chemical composition and physicochem-
ical properties of shiitake mushroom and
high fiber products, CyTA-J. Food. 7: 7-14.



