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Abstract

This study aimed to evaluate the effect of pork backfat replacement using a canola oil emulsion and emulsion beads
on pork patty's physicochemical and sensory properties. Formulations of partially fat replacements were processed:
control (C), canola oil (O), canola oil, water, and emulsifier (EC), emulsion (E), low-fat (LF), hydrogel bead (BC),
emulsion bead (EB). Compared with the C, the hardness, springiness, gumminess, and chewiness showed signifi-
cantly reduced in all samples (p<0.05). The bead-treated group showed the lowest shrinkage value (p<0.05) and was
similar to the appearance of the C. Moreover, the bead-treated group showed significantly reduced cooking loss and
increased water holding capacity than the C (p<0.05). These results were affected at sensorial preference, and the
emulsion bead-added patty scored high in tenderness, juiciness, and overall acceptability. In conclusion, the fat
replacement with plant-based fat beads showed feasibility for low-fat technology application in meat products.
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Aol A ES AF5IL Santos et al. (2020)> T Mz 3
A, olEd, ZYYEEZ A 43 A|FREY2EAUAS

o ddol A&sta AWk oAl E4S vlud A5E S AE M=

U Ao} ol o] o EAe] HgA S =ola thAAl B AFolA AREE HA 7] Sveds AN 2
29| AME 7HFeA S ERIsET ol AEAY fAE ol S A% w7 (Seoul, Korea)oll A E2ste] st &
23 A A HELS EXsx|Ate] FHle] & 1AM} EF (Duksan, Ansan, Korea), ¥ Z A EHE, 93}

s

SAFo] JgFey 4 A t}(Palarini et al., Z4(Daejung, Siheung, Korea), 7= 2+ (Haepyo, Seoul,
2019). 3FAEE ol&fgk A W2 A FEjl 54 A Korea), Tween 80% (Daejung)S AH&-3}93th.
ol Al A9 7S
3, 22 7& 59 AR BFH O™ 2 ™ HIE M=
F4o] AslElE 3HAIE 7FF thJohnson, 2000; Baek et NEHL 1% (wiw) FJZJLIEFET 1% (w/w) Tween

5 2016). Wb 224 Qo] JdEH AHE FAE 80°E FHTol Wol BakA T, ol F Th=Erot 6:4 (w/
DW A Eo] %39 fEYXAE FAS L tFA A w) H| &2 &3tslo] 172 #27](IKAT25, Digital ULTRA-
S 9% FE B 58S /RAE Aol e A7 22 TURRAX®, Staufen, Germany)Z 15,000 rpmoll A 5E7F o

3Fch(Savadkoohi et al., 2014) Aslslo] Fv)s3dT).

&= Y| °]EE B-d-mannuronic acid3} o-l-glucuronic acid HE A ZE 93 NEAL 1% (wiw) I i‘ﬂﬂ'L}E%-ﬂ]’
7F 1,4 Ao FAE A8 vHEXY HA gdFolH 1% (w/w) Tween 80°3 1% (w/w) AU EFS S/T
(Khazaeli et al., 2008), 27} ol H7tell sl YA 3 o Yol AT, FhH=E4} 6:4 (wiw) ngi 533}

Ble] AL FAFTHLui et al, 2003). ©|21F slol=2A o & FHI|(IKAT25, Germany)E AH&-8Fa] 15,000

< 52 Y FAE B e Y 7 de 89S mpmollA 587 425t A xsdnh B = Al X (Lupo et
He3it=E 534 o] Atk (Peppas et al., 2000). YRFE o2 al, 2015; Aguirre Calvo & Santagapita, 2016)E 2% (W/v)
AU o) E Hl=E Ao FofllX FEs Haststo] & Aspdggdo] qPd Ee 1% (ww) SUNHEFE
A F9eA aFE E F UEF ste oFE AY Uy S gojmy Ha A7 3 mmE AR5 o, 2087 vt
(Supramaniam et al., 2016), == 7|54 A2 &4 3% 3 T, SHRITE MAHS dEA v= " Slo|l=24

=5 Aestste] sk HH(Qin et al, 2018), HP F2sh  HEZ ARSI
A 2 Foly gs kA sb7] 9l ARS-E T Almurisi
et al, 2020). AT LAY|O|E H]=9] FA] BFHely == IHE| M=

7Y T AHE &85t ”I"ﬂ A AgstAY A= =5 e AZE WHE Lee et al. (202002 WHES F
g 71 o HAE &85 A E H=EE AHS A gsto] ARR-EFATE =5 el 23HE A g A=A A
ke FEHE AR AgtE v sk Aot W OjA A 9] vl )= Table 10 YA ZHzke] vl §

A 2 AFeM e F=Ad A HAAEA 2= H&2 ANEE AL F, F ¥57](Model 5KS5SS,
Aoz AzxH AHEAY H=E Hrlste] =5 g Kitchen aid, St. Joseph, MI, USA)Z 3&7F WF=315i o)
A gate] = slety 548 wAleta dS X3 A% HE AT =5 A A= stel==4 H=9)
EXol mAl= FFS Brtetarat g odd HEE A3 AEE WA 287 EFT F, H|=

£ W=l Hrbste] 187F Este] Azt Alxd

Table 1. The formulation of pork patty with various plant-based fat replacements

Patty ingredients (%) Additives ingredients (%) Total

* - - . ota

Treatments Fresh Pork fat Water Salt SO(.hum Sodium Tween 80° Distilled Canola oil (%)

meat alginate  pyrophosphate water

C 74.00 20.00 5.00 1.00 - - - - - 100.00
o 74.00 10.00 5.00 1.00 - - - - 10.00 100.00
EC 74.00 10.00 5.00 1.00 - - 0.06 5.94 4.00 100.00
E 74.00 10.00 5.00 1.00 - - 0.06 5.94 4.00 100.00
LF 74.00 10.00 5.00 1.00 - - - - - 90.00
BC 74.00 10.00 5.00 1.00 0.06 0.06 - 9.88 - 100.00
EB 74.00 10.00 5.00 1.00 0.06 0.06 0.06 5.82 4.00 100.00

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate emulsion bead.
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Ak 2PH AF 1g& " A=E 9S 15mL conical
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=4=H (texture profile analysis)
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2 x o], 2x2x15ecm)Z APF3I F texture analyzer
(CT3, Brookfield Engineering Labs Inc., Stoughton, USA)
£ o] &3] 7 % (hardness), -2 (adhesiveness), =4
(cohesiveness), B2 (springiness), 7/d(gumminess), &
’d(chewiness)S =7 3t th. Cylindrical probe (TA4/1000,
AE 381 mm)E AHESHR oM, #4272 deformation
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(tenderness), 2+ @ o] A& 7](roughness)®] 7F=<} 2]
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FAEA L SPSS T A ZZ 2 1Y (Statistical Package for
the Social Science, Ver. 24.0 IBM., Chicago, IL, USA)<
ARSI o T, AlBZE 783 el E AFEH] 28] A
B X2 AHEA -, AR5 Duncan’s multiple range test
£ p<0.05 FoA AAIEHA
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= Ve,
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3l 0, EC, Ee= & A4 #Hol tix7 KB} ¢
e e A th(p<0.05). HEe 424 7=

Ol 7H =2 #s vedllen, 24 A 4
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Table 2. Color of pork patties with various plant-based fat
replacements

Treatments* L* a* b*
C 43.88+2.43" 8.14+1.68° 5.61+0.88"
o 44.80+2.46° 9.57£1.04™  6.65+0.56"
EC 44.5942.25° 9.73£0.38™  6.54+0.16"
E 44.57+0.52° 10.18+0.34* 6.85+0.30°
LF 39.33+£0.45° 8.42+0.42" 5.00+£0.37°
BC 41.86+0.84" 8.114+0.58° 5.11+0.45°
EB 43.06+3.25° 8.65+1.88b° 5.50+£0.84"

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and
emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate
emulsion bead.

“Means with different superscripts in a column are significantly different

(p<0.05).

AMESE XX ET W gro] B =A YERd Asuming-
Bediako et al. (2014)°] ZA¥9} dA8HH, tiFf H7F =
+ A A 7159 H7Egel S7HE W Bt
Y =A YElS TS Jung et al. (2013)9] Aot A3}
Ak ARSE FAe] FRER ofYe}l R g FE <
AE wstel] JFe e 89dow 2483 ZAow Hrtd
o AEA 71E°] 10% T8 0°l Hlal] 2E4 7]&°l
6% THr¥ ECo EC] M7} o] WA S4% 3= =5
e SEH A4S HIHES W §Fo] Sl wet
HEle] Hrert foFo g AT THE Lee et al. (2020)2)
A= R

=
U HEY AY PAAE 488 E

3 =5 o] Fi
9 A LS Table 300 YERQT, SRS 24 A
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Ao 9% s3] AsHo] Be 3

Fig. 1. Appearance of pork patties with various plant-based fat replacements. (A) Surface and (B) cross-section. C, control; O, oil;
E, emulsion; EC, composed with water, oil, and emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate emulsion bead.
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Table 3. Moisture and total fat content of pork patties with
various plant-based fat replacements
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Table 4. Diameter reduction and thickness reduction of pork
patties with various plant-based fat replacements

Treatments* Moisture content (%)  Total fat content (%)
C 55.01+0.18¢ 13.26+0.04¢
(6} 52.63+0.26 18.26+0.35*
EC 57.25+0.18° 17.37+0.68"
E 53.89+0.26° 15.88+0.08"
LF 58.01+£0.55" 11.97+0.63¢
BC 61.43+0.08" 12.23+0.57
EB 58.16+0.45 14.71£0.65"

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and
emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate
emulsion bead.

*"Means with different superscripts in a column are significantly different

(p<0.05).

deEn, 22 o 54 A3 AANeE AT LFst

BCE A9 i) APl dzTnd g 24
T 9% & HeAs B B BT 3 ATE

o] 7} AJEH (p<0.05), B FE-Z0]

el ZA] 2AFEH o] WA= YEYAZL
SE 3, oo wet e F3 wstrt DA
(Velioglu et al., 2010). T}t 21 EA A5 tiAAE 44
st =& sEle] #7 9 F ¥sh= Table 49 YERAS
ok ¥l= A2l BCS EBE A9d UwA] A=
xzFET =2 3H 7&&‘3 YEFA th(p<0.05). H1= A2
.;Lo] o ;(17:] ]—_/J\_ 94"1‘(F1g l)oﬂ/th_ _,,].?‘jl—@_} f[: (o))
ol =7t 28 & %‘HEl A gkown o] FEE #
Aetiom, ool wet B =7t ThlE Y| EL A Alo]o] &
Aoz 2Ae] o g WAPS AORE ALRHET
A Wsks AT FoHQl AfolE HolA] kot
(p>0.05), & (Fig. Yo 2= 2EA 715 H7HS O
EC, B9l Z4%7F U4mA) Ago] us) Fhx 253
FEiQl Aol AFEAT v, A HER] LFeF Hl=
222l BC, EBE tiZ27HT v 7 I ES BS
tH(p<0.05).

A= A AAE 483 =5 e x2
£d3 By 34 23 Table 59014 UebiIT =2
S 2olN 7 =R (p<0.05), W= A2l

1
o HA 2ol Gt AL FAY

Diameter reduction Thickness reduction

%
Treatments (%) (%)

C 7.78+1.43¢ 20.07+1.16®
(0] 10.48+3.87% 21.07+2.24*
EC 13.04+2.06* 20.04+1.42%

E 17.97+6.07* 20.14+2.41%
LF 15.4942 .49 19.16+1.10%
BC 5.52+43.10¢ 19.98+1.78
EB 8.55+4.19 18.05+0.96"

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and
emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate
emulsion bead.

*dMeans with different superscripts in a column are significantly different

(p<0.05).

Table 5. Physicochemical properties of pork patties with
various plant-based fat replacements

Cooking loss Water holding capacity
E3
0 0
Treatments (%) (%)
C 41.65+1.69° 90.53+0.57*
(0] 36.61+1.54 87.93+1.71°
EC 40.304+2.57® 80.61+2.56¢
E 40.1242.91* 84.09+2.91°¢
LF 40.1742.49% 85.39+1.36°¢
BC 37.9242.66" 90.14+1.25®
EB 34.49+0.49¢ 92.55+0.52*

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and
emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate
emulsion bead.

*Means with different superscripts in a column are significantly

different(p<0.05).
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Table 6. Texture profile analysis of pork patties with various plant-based fat replacements

Hardness Adhesiveness . Springiness Gumminess Chewiness
Treatments* Cohesiveness
N) (mJ) v (mm) N) (mJ)
C 66.28+6.16" 0.02+0.04° 0.43+0.03¢ 6.44+0.18* 27.20£1.55° 184.56+20.36"
o 43.42+9.04% 0.03+0.05° 0.47+0.02° 6.19+0.22% 19.89+4.72% 127.76£29.75°
EC 28.86+8.28¢ 0.07+0.08° 0.46+0.03° 6.09+0.25¢ 13.32+4.56¢ 74.68+26.00¢
E 42.67+13.41% 0.02+0.04° 0.54+0.02* 6.32+0.29® 22.87+8.05% 138.74+46.17°
LF 50.33+2.78° 0.04+0.05° 0.48+0.03° 6.39+0.11%° 23.96+1.99% 152.95+21.16°
BC 49.87+6.27° 0.05+0.05° 0.40+0.04¢ 6.25+0.18** 20.62+5.08% 130.60+25.08°
EB 39.98+5.85¢ 0.15+0.19* 0.40+0.03¢ 6.44+0.15* 16.80+4.51 101.22+13.17¢

*C, control; O, oil; E, emulsion; EC, composed with water, oil, and emulsifier; LF, low fat; BC, bead control without emulsion; EB, alginate emulsion bead.
*dMeans with different superscripts in a column are significantly different(p<0.05).

Dzudie et al. (2004)¢] Aol tlF/F2 A SAHS o
Aste] Az AR 0] B4 o] Rt Cheetangdee
(2017)] Az}t fAbeE A4S VYEITE 2 A F oA
ZeEA3 28] #AE Dzudie et al. (2004)0] HLgH
ZEEA ] Aol By Aoldf] 7|Q1d 4+ Jlom W
FHo] oW ZE|&Ho] agiths Aot dAs

=454

TFE A2 A AAE A8 =5 el 24
=74 A= Table 6o YERASIT. tiZ27ol Hls) =&
ATl AErh st o w (p<0.05), HA A E
HER 7158 - diAlstd =4 7152 FEek A

To wt o d7 548 24 k(Koo et al., 2009;
Lee et al,, 2020). °]= A &Y 7§22 T84 AWS
A A A FHE|(Park et al., 2005) L AR (Lee
et al,, 2015)¢] A=t A ote AF Aol dX|eH3
ot AEe} A g, A4, AR A aeke A
S JERATHp<0.05). =g BA4LS RE ugn)
Hol s tiz7Ro fo% o2 1HAs =t (p<0.05),
ds 7tsh7] A vlEs o] &Aool Ao xB &

=

o

i)

Supplementary data 1. Appearance of the pork patty with
emulsion bead (EB). (A) Before texture measurement and (B)
after texture measurement.

HI =7} dstElo] Ax F7Hel & S FA= 2 3L
2 FFE tH(Supplementary data 1).

ZESZHAL

thekst 224 A hAAES 2 8F =5 dEY A5
AAF A= Fig 29 2tk FEHR s gzl ¥
3 Bl= A2H(EB, BC)°l =A Yelg e oe et
MEw BT 7P Skl ol ¥A AFRe] HE A
gl 2T Atz s JFe e Aoz HAvkE)

(A) moisture
7.0
6.0
Roughness Compactness
Tenderness Chewiness
Fat feeling Juiciness
Appearance
7.0
Overall acceptability 6.0 Surface moisture
5.0
Roughness Compactness
Tenderness Chewiness
Fat feeling Tuiciness
—~C —0 —FE ——EC ——LF —BC —+—EB

Fig. 2. Sensory eveluation of pork patties with various fat
replacements. (A) Intensity and (B) preference. *C, control; O,
oil; E, emulsion; EC, composed with water, oil, and emulsifier; LF,
low fat; BC, bead control without emulsion; EB, alginate emulsion
bead.
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