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Physicochemical Properties and Sensory Evaluation of Meat Analog Mixed
With Different Liquid Materials as an Animal Fat Substitute
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Department of Food Science and Biotechnology of Animal Resources, Konkuk University

Abstract

In this study, the physical and sensorial properties of the meat analog were studied for the purpose of improving
sensory preference and mimicking animal meat. The meat analog was made with different types of liquid materials
such as oil, water, lecithin, polysorbate 80, or the emulsion of these components. At the aspect of density, the sam-
ple mixed with oil was higher than the sample mixed with water. Cooking loss value was higher at the sample with
water than the sample with oil and this was the result opposite to the liquid holding capacity analysis. Also, texture
profile analysis result showed that the samples with medium chain triglycerides (MCT) oil only showed the highest
values in all attributes except for adhesiveness. Principal component analysis was carried out to analyze sensorial
properties and it showed that the overall acceptance was high when the juiciness and softness increased. This result
was highly related with the addition of emulsion. Therefore, emulsion technology can be a good candidate for
improving the quality of meat analog and for mimicking the taste of animal meat.
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AEZFE o] &3 g/ e 317] kel ik A7t %
=7 ATH(Vries & Boer, 2010; Mark, 2012; Herrero et
al,, 2016). ©] FAXNE FEA TS djA|st7] f18) 2
A ©E s Ivte g AzE Az sk A4 9 st
718 frAReE A e A7) AlEel tigk d4lol St
3l Ath(Hoek et al., 2011). ATt o} &7k S7<] O
AEZA AP A] A2 =] UA] FAL, AL
A& 5ol F-Eate] a7)eh e A3E 7HAIAL ] W
ol 27|12 71k &H|Rbe] SR HojA= Aol &
AL 4 A 2 tH(Hoek et al., 2011; Hoek et al., 2013).
AEA A 2719 71s=r olAe 7t 2 olfe
SEA 7I7F KA AL e A Fv)e] BEo =2, o5
A A1 E)el gk A7 2P = 5L lom, o] g
A A GL7] A Fel AR EE 7182 tE-E AEA 7]
52 2 Medium-chain triglycerides (MCT) oil2 ¥& A 2
. MCT oil caproic acid (C6), caprylic acid (C8), capric
acid (C10), lauric acid (C12)2] S7HALE A|WHito g 4]
o] o™, coconut oil, palm oil, olive oil & ©]&3}
of AAEE S MCT oil®] 7P & 5422 AWl F55
of - vlZ duR|YPoz AMgEE oz duix ¥
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Aol g} B tol]oE §ERE ARE-o] F 3L JltH(Marten
et al., 2006). EF F3k ABolA ] MCT oil& $AE
WE =/ (Ostwald ripening)®] A E= AWS T3 &F
ngite] EAS FoFe 988 o A U
(Chen et al., 2017).

A= 2] AT AR 23S sk e
2 A7} o] FAR| AL o, 53] S/ FAM S 2
& 2 EA A (textured vegetable protein, TVP)7l &
of FZ % o] AtHLin et al, 2000; Asgar et al, 2010;
Dekkers et al., 2018; Geerts et al., 2018). 2 &4 ZA
ul Zol| A FZ2A ekl (textured soy protein)S Fol|A] X H
S AASEA A7 FAER Exuhy B m= 58 1
o] =] kO 2 Archer Daniels Midlandol4] 196013

FHz=2 /M= A THRiaz, 2006; Wikipedia, 2019). I
S &85 AEA 7] e SUelM e TR, F
AA, F], 37k o AFol MEEHIAL, Fol=
impossible foods, beyond meat, hampton creek 52| 3|A}
oA I, 2AA, ALY FE 52 Fol NLE AT
CES FEA 1S AR BeE 5AES FEs] 9
3l Fo] HFW AAE =l Fo| B FFAtoldd mE
HwAd % 13 = ATKCho et al, 2014; Shin et al,
2014). SHAIRE 2 EA 7)o A AEE Tl FE
4 7178 Ad OFA, st A Fe) ol e A
= 37] ojgth

uebd & Ae 7S AEA 7] A He A
A teds M) ek e a1E AT o
AHEEE HA AEE A &3t o|gsty EA W #5A
AFE 1o | A28 g A A S Al&stazat skt

i

P 1= 5L o2

ME 2w
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2 A AHgE AEA 3719 AER AN TG
(Textured vegetable protein, TVP, Supromax 5050%, Su-
promax 5010%, Solae do brasil Ind. ¢ Com. de alimentos
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@l (Soy protein isolate, SPI, 90%+ Protein (dry basis)
Avention, Incheon, Koera)2 AF&-3tSG T f3ke Ao
lecithin (from soybean, Samchun, Seoul, Korea)Z} polysor-
bate 80 (polyoxyethylene (20) sorbitan monooleate, Samchun,

Seoul, Korea)S A}-&-3+1 T}

2154 7719 £33 731 (emulsion)?] FAIE-<1 YA}
ANF} lecithin®] $HFe] HAH|ES AYATE Tl A
A3 ). Polysorbate 80 (polyoxyethylene (20) or tween
#80)= CODEX =4 2% 49193 A5E 2A=Z 3
o A4 2 (CODEX, 2018), 3kl <A 2 A
FEEE 1Hst AW SR HlES 37E AR
ok 3t 0.5% lecithino] &3¥ MCT oil3} 3.5%
polysorbate 80°] € FFHTE 3.7 (Ww)E S35t
3% #247)(IKAT25, Digital ULTRA-TURRAX®, Staufen,
Germany)® 2%, 20,000 RPMO.2 #2381t HZ3
o7 ANEA 2719 EHHIE Table 1614 vebd nke}
2t
AEN W HxE Y

TVPEHS] sale] &S Yil 1208 & Fsta, &
7](ws-6600, Hanil Electric, Seoul, Korea)E A}-& 3}
min &< BT 2 AlEE Table 134 7Fo] vl &of &
FH A AL, blender (MultiQuick 3 Vario MQ3145, Braun,
Kronberg im Taunus, Germany)Z 60% 5<F &35ttt
TFE W= oF 195¢S 958 ERHE 30mm, =o] 25
mm)< o]-&3ted At A3 AEe S E(M4207,
Simfer, Istanbul, Turkey)S ©]-83}o] 180°CollA] 7& <t
zg8laL, 2ol 308 Wy 3k

o b

-

ASN 17| Mot g
2584 27]9 dHe YRd7 2350, Sony, Tokyo,
Japan)2 g ste] @] 545 AEsl)

Ltda., Esteio, Brasil), Z22Z A|(Meatline 2714, Danisco, 722k
Copenhagen, Denmark), MCT oil (Liquid coconut oil, AEAM 317 AlBE X3 Ao FAY FE T 30
Chemrez technologies Inc., Quezon, Philippines), Z&ItHF & st A5 FAE 45t ALttt
Table 1. The major ingredients of meat analog dough
Samples TVP (g) SPI (g) Binder (g) Liquid (g) Lecithin (%) Polysorbate 80 (%)
Mo 100.0 43 32 27.8 0 0
MoL 100.0 43 32 27.8 0.5 0
Wa 100.0 43 32 27.8 0 0
WaP 100.0 4.3 32 27.8 0 3.5
MWSP 100.0 43 3.2 8.4 :19.4 (oil : water) 0.5 3.5
Em? 100.0 43 3.2 8.4 :19.4 (oil : water) 0.5 3.5

" MWS, all components were added separately in meat analog.

2 Em, homogenization of MCT oil with 0.5% lecithin and water with 3.5% polysorbate 80 before adding into meat analog.
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W,: weight for dough (g)
W,: weight for sample (g)
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3174 (Pietrasik & Shand, 2004)0ll 4] WAL = Qe S5

I 78S FA5] HA B8 (liquid holding capacity,
LHC)o|2F 833 ol & ofgje} 22 WHo= ALt
stth LHCE AAFs7] fiste] Alsell ARE| A &
AHEE, 3kE TVPY S, =8 AF 98 5

Ao, ZelH ANEE 4 58I T oF 194102 HIFAZ
7F €910 = 15mL conical tubedll 23, FAEE]7](1736R,
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TAD x DBC

TL(2) =

100

LL (g) = DBC{CL (17%) x(l%)}

Liquid Holding Cacity (LHC) (%) = T x 100

TL: total liquid (g)

LL: liquid loss (g)

LA: liquid additive (g)

MCDT: moisture content of dehydrated textured vegetable
protein (g)

CL: cooking loss (%)

TAD: total amount of dough (g)

DBC: dough before cooking (g)

SBC: sample before centrifugation (g)

SAC: sample after centrifugation (g)

TPA ZA}

EAAAN] AR AlEE 28] & S S AEE A
3R] 3L texture analyzer (CT3-1000, Brookfield En-
gineering Laboratories, Inc., Middleboro, MA, USA)E ©]
83l =243t Texture profile analysis (TPA) typeS
2 deformation= 50%, trigger load<= 100 g, test speed<
| mm/s, Probe= TA4/10002 ©o]&3tHom, X2+ T 10
3] whE g st
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2 Qrketa L, 7155 Ah0), ETH7)E B 78k
SHXE
o|3}etx BA A= SPSS FA| ZE 13 (Statistical

Package for the Social Science, Ver. 24.0 IBM., Chicago,
IL, USA)S Fato] ArEatslem, A8 7k zole 4
Hj X FAFEA] (one-way ANOVA) ¥, A% 73S Duncan's
multiple range testE ©|&std o2 AolE HF AT
SHAA A= F4% 24 (Principal Component Analysis,
PCA)"—E‘ AHEste] AR ' g 7|55t Al 7He]
HAE el o]stetd 4, ds AL Aot 7 AR
ko] #AA L B3 R FH A< (Partial Least
Squares Regression, PLSR)S &-&3}4th FAE 43
BE LA HS XLSTAT Z223(XLSTAT ver. 2018.
06. 54124, Addinsoft, New York, NY, USA)S A}-&3}]
A5

AlENM 17| B
AIAEE t=2A 3 HEA 279 ©HS Fig 19
e At MCT oil® 713k A

o Ha] XEg 22& Ah 7hek Al &2k
&3} polysorbate 807} H7HE AlZEE X270l MCT oil
TS H7beE Algl HlE) = 24 2 E AW F

B ojde 23y Foll A o
BHoe AUS B85l AggS HO]‘LH](Gao et al.,
2015; Paglarini et al., 2019), & Ao ALgE )
T gl AzbA| 7} o) 7+ A28 o] MCT oiltr A7}

st Alg7E g AEe 25 7HAA FHa BS HEe A
B 2EAY T &A= Aty o] =&dR] AL
2 Bt}
olstey E4

AYANEE =24 3 A EA 317]9 o]5shs EA
3] Table 29 YERAATE 7tE733e Fdjdoz &5

A71sk Alge} E3} polysorbate 807 H7FE Al&27F =4
UERAL Qlom, F7t2 o] Eoj7EA] 23 MCT oil
o] M7k A&7t 7P B o2 YERTh LHCE 7t
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Fig. 1. Cross section of cooked meat analog. Mo, MCT oil; MoL, MCT oil with 0.5% lecithin; Wa, water; WaP, water with 3.5%
polysorbate 80; MWS, MCT oil with 0.5% lecithin and water with 3.5% polysorbate 80 added separately to meat analog; and Em,
homogenization of MCT oil with 0.5% lecithin and water with 3.5% polysorbate 80.

Table 2. Effects of the treatment on cooking loss, LHC, and TPA of meat analogs

TPA
Cooking loss
Samples O/g LHC (%) Hardness Adhesiveness . Springiness ~ Gumminess Chewiness
(%) Cohesiveness
() (mJ) (mm) (8 (mJ)
Mo? 7.3+0.54 74.0£2.8*  5,140.3+318.9° 0.040.0° 0.4+0.0°* 10.4+0.1*  2,038.1+179.3* 207.8+19.5"
MoL 9.5+0.8° 61.7£4.0°  3274.5+168.0°  0.1£0.1° 0.3+0.0° 9.7+0.3* 938.4+54.1"  89.6+£7.0
Wa 14.6+1.2* 52.1+4.5¢  2,468.0+407.9° 0.0+0.1° 0.34+0.0° 6.1£1.0° 630.9+131.1°  39.0+14.0°
WaP 15.1£1.2° 46.0£2.9¢  1,868.4+165.9°  0.1£0.1° 0.2+0.0¢ 5.5£0.6° 442.0£39.0¢  24.1+4.6°
MWS 13.5+1.1° 59.9+0.7°  2,259.4+£237.3¢ 0.1+0.1° 0.340.0° 6.9+1.0° 603.2+103.0¢  41.8+12.7°
Em 13.8+0.8° 59.7+2.3°  1,926.9+95.3¢ 0.0+0.1° 0.2+0.0¢ 5.8+0.7¢ 413.24+46.4¢ 23.8+5.4¢
Y Mean=SD.

9 Mo, MCT oil; MoL, MCT oil with 0.5% lecithin; Wa, water; WaP, water with 3.5% polysorbate 80; MWS, MCT oil and 0.5% lecithin and water witt
3.5% polysorbate 80 added separately to meat analog; and Em, homogenization of MCT oil with 0.5% lecithin and water with 3.5% polysorbate 80.
=4 The mean value with different superscripts within a column indicates significantly different at p<0.05 by Duncan’s multiple range test.

el Aol As AdEe A=, MCT ol A7t
gk A&7} 7P =4 YEbs e w, &3 polysorbate 807}
A7bd A&7 7P WA dEide AE Sleidn
(»<0.05). &3} polysorbate 802 7}k A&, MCT oil#
Eof lecithinZ} polysorbate 802 713 A&, F3tN S
71 A& Zlle 2]"’]7} e Ao =2 YEFITHp>0.05).
o] 22 A A Fol EHHE AL 2
o a7 Q3 T 7"51§ Aol xg ol St
St A4S Hol7|E A TtHKim et al., 2010; Zhuang et
al, 2016). TPAT= F-ZAAHE A9 A%, 34 &5,
AEA, A elM MCT oilg &3 Al87F 7P =9k

3, 3 polysorbate 802 3 71s A|59} F3slS H7ish
NBEE Autzxog 7bg e Zlog UrE}kkE}(p<0 05).
Pagiarini et al. 2019y A&A1A] Az a3 A &
2 0 A9 Ax, QY4 ddgel Z.%idvh R |
I, 2 Aol dAs A, R4, A, NP4
o4 MCT oil3%} lecithjnol 538tE AJZ7F MCT oiltt &
FE ABRT Yo e Hole AL st} o9t
e A= 1ec1thm°l A g gdFe] T g el
B3} oils} Aggsle] v 7he] wxt e AUHo=
Aetale] gA 7he] 2UwS w2 3 AFE gzt
wo] JthXia et al, 2018). frate Az F 224 oy
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Fig. 2. PCA results indicating the relationship sensory attributes and meat analog samples treated with different ingredients. I,
Intension; P, Preference. Mo, MCT oil; MoL, MCT oil with 0.5% lecithin; Wa, water; WaP, water with 3.5% polysorbate 80; MWS, MCT
oil with 0.5% lecithin and water with 3.5% polysorbate 80 added separately to meat analog; and Em, homogenization of MCT oil with 0.5%

lecithin and water with 3.5% polysorbate 80.
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Fig. 3. PLSR results indicating the relationship between sensory attributes and physicochemical property of meat analog samples.
I, Intension; P, Preference; Mo, MCT oil; MoL, MCT oil with 0.5% lecithin; Wa, water; WaP, water with 3.5% polysorbate 80; MWS, MCT
oil with 0.5% lecithin and water with 3.5% polysorbate 80 added separately to meat analog; and Em, homogenization of MCT oil with 0.5%

lecithin and water with 3.5% polysorbate 80.
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