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Effects on Quality Characteristics of Extruded Meat
Analog by Addition of Tuna Sawdust

Sung Young Cho and Gi-Hyung Ryu

Department of Food Science and Technology, Kongju National University

ABSTRACT In this study, tuna sawdust was added to extruded meat analog in order to develop a meat analog
with high quality. Addition of tuna sawdust has merit for utilizing a byproduct from poultry processing. Physicochemical
characteristics were examined through the extrusion cooking process. The basic mixture of sample mixed with 65%
deffated soy flour 25% isolated soy protein, and 10% corn starch was setup as the raw material. Three kinds of
samples were made in total by addition of 15% and 30% tuna sawdust to this mixture. The extrusion process had
a screw speed of 250 rpm, die temperature of 140°C, and moisture content of 50%. As addition of tuna sawdust
increased, breaking strength and density decreased, specific length increased, and integrity and water holding capacity
decreased. Likewise, nitrogen solubility index and protein digestibility decreased as addition of tuna sawdust increased.
DPPH radical scavenging activity increased as addition of tuna sawdust addition, whereas it decreased as storage
period increased to 30 or 60 days. The value of rancidity decreased as addition of tuna sawdust increased. However,
60 days later, radical scavenging activity increased more or less, and a significant difference was detected 150 days
later. In conclusion, addition of tuna sawdust increased soft texture, and nutrition of the basic mixture sample. The
process promoting functionality such as improvement of antioxidant function was confirmed through this study.

Key words: defatted soy flour, isolated soy protein, tuna sawdust, meat analog, quality characteristics
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A5 w5
Haz)sh waz)(11), A7) A7Ha2)el
Agslo] glon] o Fe] Hrtel gt A=
ct.

wtebA] 2 Aol A E Liu 5(12)0] 159 223}
A s Sl 7 oA

B23eh(10). AL OF G0 42 Y
g AT
5 2

L
3 2

TR ZAY 7HE Aol A E
—ErE(Asan Korea)oﬂ/ﬂ A A=A
3] (Sam-
chang, Anseong, Korea), %—’Ffﬁ ﬁ—f(CJ, Ansan, Korea),
u]=Ak E2] 5@ (Solae Co., St. Louis, MO, USA)<

Aste] ARE3lA T A A9k ninhydrin(Duksan Chem-
ical Co., Ansan, Korea), ethylene glycol(Daejung Chem-—
ical Co., Goryeong, Korea), acetic acid(Daejung Chem-
ical Co.), sodium acetate(Duksan Chemical Co.), stan-
nous chloride(Kokusan Chemical Co., Kita-saiwai Nishi

-ku, Japan)E Tste] ARSI

gt d2

e YEEQ ARk AE2 AACC W 93le] =
A5 TH13). %”X]EH—EFE—(defatted soy flour)9] 3=
2 7.31£0.82%, 292 70.12+0.31%, ZA9-2 0.18+
0.57%g on Ha] ¥ vl (isolated soy protein)e] &
st 5.6310.82%, =ML 93.45+£0.27%, =AY
0.35% 3 &4 A E(corn starch)?] 3= 12.5+
0.95%, =T 0.35+0.53%, =AW 0.94+0.24%%)
o}, #A] &4 tuna sawdust)«] oS 2.540.23%%
on ZeWLe 60.32+0.34%, FAH-E 6.89+0.90%2]
< YERSAT
Y=SdE 33

2 A4 2188 dE8FVIE P8 sHEF ASYE

438 7] (THK31T, Incheon Machiney Co., Incheon, Ko-
rea)® ~3%F AL 30.0 mm, 2o1¢ A9 B(L/D ra-

#719

tio)i= 231013k, AbE e Hig o5 Ael7) of 4.4 cm,
Al S AAEE PR ] 1 cm, %°]7F0.45 cm?!
& AHEsiglem, ~3% 9] wide Fig. 13 &t} &%
2 A8 ARl A =& FYste] 245l
= Ad7let A5 Apgate] 2tk
100 g/mm 2~35F 3H £= 250 rpm, AME
RS o=
65%, 2T
bk A& 7] w2 st
]E HHEL 100% 85%°1 A FWE 15%, 7] &
w g 70%90 &A1 %H—g 30%5 Z+7F A2olA FAH o R
£33te] 60 mesh Aol FHAIH oW A m= A A8 9
3 WAL A 12A13F Baet 3 kEAY Stk 4=
ok A= 50°Coll A 8AIE Txste] E8ld §A4S 54
R a1, 7FA -8 471 (FM-909T, Hanil, Haman, Korea)
st 14~30 meshe] =LS AR E ALL3l] 31814
=83t
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S 78283 2 (CD-15C, Mitutoyo Co., Tokyo, Ja=-
pan)& 103] SA3 AlET9 dHAS FEAFEY &
W vl HFgo T AEsATH14).

H|Z0|
ERL

n

zol ujzolt= QA G
$o| Zojs} FAlo| M= 108 ZHF F 4
AR 2AE FHATHE). R G B

d
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0,

3 2 (CD-15C, Mitutoyo Co.)E ©]&3}3la, FA= At
A<(MW-1, CAS Co., Gyeonggi, Korea)S AF&3}3 ).
Specific length _ Length of extrudate (cm) 1)
(cm/g) Weight of extrudate (g)
e f=1] =
ASAAF B 2ALEE A2 E o] &S T2 XFHO
2 F 1038 WHEsle] A (2)F o]&38to] A THI6).
Pr= M 2
M+ Mo-M1

Pr: Piece density of extrudate
P: Bulk density of waxy millet

diiiitiiziziiz ¥ IS ESNENS NSNS Yy I )
N Ty )

1 | - 1 1| 2

2 |2 132]|3]3]| 1

1. 1/2 Pitch screw
2. 2/3 Pitch screw 4.

3. Full pitch screw
1/2 Pitch reverse screw

L/D ratio 23:1
2: 3.0 cm

Fig. 1. Screw configuration used in this experiment (Model THK 31T).



M: Mass of waxy millet in 125 mL cup

Mo: Mass of extrudate

M;i: Mass of extrudate and waxy millet in 125 mL
cup
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AEEo] v3 3L Sun Rheo-meter(Compac—-100
I, Sun Sci. Co., Tokyo, Japan)S A}-&-3}o] 103] =43+
T Fags AEsIY. S4dx72 probe angle type
(65°), AN-53 10 kg, AAW )5 %% 60 mm/min, A|#|
ol 2+l A 3 cm$ith FAHXAE Ryest Ng(17)9] W&
olg-sto] 3 H(Fbs)& 4 (3o ALts3it

Fm

S (3)

Fbs: Breaking strength (N/m?)
Fm: Maximum stress of extrudate

Fbs=

S: Cross—sectional area (m?)

M

243t 4P EE E38ke] 14~30 mesh Akl 9] Al
2E AAA(Chroma Meter CR-300, Minolta Co., Ltd.,
Osaka, Japan)& ©]-&3} ® =(ightness, L), & =(red-
ness, a), M E(yellowness, b) #k& 33 SA S Hd ke
2 Yelfa 4 4)2 A W3l (color, difference, AE) #k
S YeERSY FEA3e] 3k L=97.22, a=0.32, b=2.47
o)At

AE=\(L—L,)*+(a—ay)*+ (b—b,)? 4)
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Dry residue wt.
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& WEAZY. 2ol Wl Alge] FAE A

(6)ell wet 2F&E3F T
Water holding capacity=

e 4

Wet sample wt.—Dry sample wt.

<
Dry sample wt. 100 ©)

E-XSFZ
TFohe FEARESY =A% A4S 98 A8 Texture
analyzeri= Sun Rheo-meter(Compac-1001II, Sun Sci.
Co.)E 100°Coll Al 2023 3221 &4 8 &S Bourne
(20)¢] ¥4 o] we}l 2% (hardness), 3% 4 (cohe-
siveness), ¥4 (springiness), % @A (chewiness)< 103]
A S48t ks A=t $A4 %12 probe angle
type(65°), -5 10 kg, A °]& %% 60 mm/min,
AA A 7k A7 3 cm$ith.

= Iz

HI

) |7 da Ag9] A2 Caprita 5(21)
o] S AFEE T AR 1.5 g2 0.5%2 KOH €9 75
mLel €3 30°Ce] Shaker(SI-300R, Jeiotech, Seoul,
Korea)oll 120 rpm o 2 18}t :LT 50 mLE s}
2,000 rpmell A 204 <t YAEE ¢ ¥ 0.5 mLe| AT
& HFH o2 FH3o] Starcher(22)9] W 2 2 ninhydrin
S AHgEle] B4 #hE SAEY B4 % @2 AR
15 g& 6 N9l 94F 100°Coll 24417 51§13 7Hital
3te] 75 mLe] TRl 52 ¥

A5 0.5 mLE 38t
ninhydrin o2 SAste] tha 4 (Ml didaitt

NSI (%)= Soluble nitrogen content <100 (5)

Total nitrogen content in sample

A8 Mertz 5(23)9] 1
L o A® 0.2 g& Hato]
ninhydrin B o2 gt 2315 A e vl A o
~ak° N 0.2 g& 0.084 N9l 44HE 718 pepsin Jc_Louoﬂ
23 37°Ce] &&EeA 150 rpme2 ke & 2 M9
NaOH &9 2 mLE 7}8l4 3,000 rpme 2 Y4l #2] 31
o Ae s A F At 0.1 M9 potassium phos-
phate bufferE 2ol YLD gt FES F H w5319
G FALE 30°CY] Edto] QB Y 943 7
ZEAke] A2 S ninhydrin B 0.2 54310
(8)ell tHsiskA Tt

Protein digestibility (%)=

N
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S
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Total protein—undigested protein

x100
Total protein X
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DPPH ajC|Zt

ot=A 8 = o] DPPH a}ﬂﬂ 27 &7 492 Brand-
Williams 5(24)2] WS AL A& 1 g8 PBS A
°F 10 mLel] Y1 2/\]7} o F&3% & 3,000 rpmo.&E
308 ZoF AR st 1F A5 0.1 mLE FH st
g0l 591 DPPH AleF 3.9 mlLoll ¥ir A-22] oFalof A
0% &<t RFEAIZ 3 335 A 515 nm Il A &%
d3tqith. TAIEE 2 o s Agstal AhEE

%8 ol gl thg 4 (@) Bee

A7 M

w

r-{u:

=

N

T

ol m

ol ﬂlﬂl

Radical scavenging _

=—""" = x
activity (%) AO 100 ®

AQ: Absorbance of the blank
Ai: Absorbance of the sample

ERRFE] Adele 54S 919 TBAZH= Pyun 5(25)
o W& AFRSkith 5 g9 A RE Al Tt F ko] g
2o =9l 3% BHT €9 0.3 mL$} pH 2.09] 3¢ 422k8o)
45 mLZ 7}3 Fo 3,000 rpmo & 308 E¢F 942y
ato] s s ZO] oAativt. Aozl ofd 5 5 mLE
2] Alg el %% ¥ glacial acetic acid 99.5%°l 2-thio—
barbituric acid 0.69%& &31A1Z1 TBA Al¢F 5 mLE 217}
o] Alg ol 71sleit). o] & 100°Col Al 35+ &<t % 7t
shar =] W@2g o] 33 %A 531 nm ol A F

E SAA AEE 22 YHo R Adsta 4=
FEE o]g3st g 4 (10l tdste] AlE kgd
malonaldehyde®] & mgo = FA|SFAT

TBARS (mg/kg)=(a—hb)*3x100/s (10

a: Absorbance of the sample

b: Absorbance of the blank

s: Weight of sample (g)

o
=]

SAX2

Aol EA A8l SPSS(Statistical Package for the
Social Science) version 23.0 X213 (SPSS Inc., Chi-
cago, IL, USA)& O]J‘lé}oi A Ll X FAHEA (one-way
ANOVA)E AA g & f91% Zpol7} 9l ol tisfA
X0.05 ¢4 2 Z3= Duncan’s multiple range test
2 AAsA

w3t Ed
%ﬁ}% v o], 24 E dEAYE 3
H 2= QAR FEAFEY FHE AAshe U Fa3)
ﬂr(26) Ha P ehge 7 1
74 sk gkar 7)1 gl A 59 15%E H7He
7.4240.51, 712 wjge] A B9 30%E H7bg Ao
8.01+£0.01% 7Fg =4th. vido] A 71& Hg} A
zkol 40.09£0.81 cm/g o & 71 Wkt 7] gl
a9 15%% ih}ﬂ Aol 43.8940.52 cm/g, FX
30%E 713 Aol 48.2140.23 cm/go. & FHA]| 5
o]l &5 S8 tHTable 1). 27 We+
H gk Alse] Flo l 0.70£0.13 g/cm’& 7} =9rom,
Hjghel A HFy 15%=2 H7Fe Ze] 0.55£0.22 g/em’,
0%—8— HA74ek 7o) 0.4940.13 g/em’® X

)
e

NI
5
NN @b oo oy

otk N oo O o o

Y,
R
ot
ol o
o 2

sleko] H&E 7143 tHTable 1). Gui 5(27)9 A+
Ao w2 223} FEAFE UErt vow BeE
o] AZItkal B e v} x| ] /bR Qlte] 7] g}t Al
Fo A&t fAasta 7|F 240 AXEA AErt dojt
Aoz AzteEch
oo

gy Aeg, Wi, 7T F2Rol 4TS won dE
AYE FAS AAG = T AAT28). FA Fit
A7) deFo] 2 vty Ee] W3l 32 Table 13 #t.

1B g 8ol ¥ Ee 87.90£0.52 N/em® 2 7+
Eokomw, 71 wigtel A 59 16%E H7hek Alo] 70.25
+0.16 N/em®, &2 B4 30%= H7Hek Aol 62.3840.28
N/cm®= 7}% shetth o= #H7bE HA Fo Qs =
Aol 71 T2}t SVt ZEETL YolA] QAgo] wtt
Al FrAE A R3] wjEeolm, Eek 7] wigt Alse] 3t
e gho] 7hg =& AL AU TFEY FEuTaye] 2
o F=] 7} ?M WY A7) WEo g AztE o)E
gl A o] Fv) FrbEeE AE ) 4o vikstal XY
o} Sain(29)9] Huetx dx|stE Aotk

Table 1. Expansion properties and breaking strength of extruded mixture and mixtures with added tuna sawdust

Expansion ratio Specific length Dens1ty Breaking strength
Formula
(cross-section) (cm/g) (g/cm ) (N/cm )
Mixture 100% 6.91£0.11°"? 40.09+0.81° 0.70+0.13° 87.90+0.52°
Mixture 85%-+ttuna sawdust 15% 7.42+0.51° 43.89+0.52° 0.55+0.22° 70.25+0.16"
Mixture 70%+tuna sawdust 30% 8.01+0.01° 48.21+0.23° 0.49+0.13° 62.38+0.28°

"Mean=SD.

?Means with different letters within a column are significantly different by Duncan’s multiple range test (P<0.05).
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Table 2. Change in color value of extruded mixture and mixtures with added tuna saw dust
Formula L a b AE
Mixture 85%+tuna sawdust 15% Ext?;l‘a:es gggiiggis gzgig?;s 2i§;ig§§ 3.21+0.15°
Mixture 70%+ttuna sawdust 30% Extlr{l;(i:tes ;i;giggg: gggigégz 2:32;?332 3.97+0.09"

L: lightness, a: redness, b: yellowness.
YMean+SD.

?Means with different letters within a column are significantly different by Duncan’s multiple range test (P<0.05).

Zrel 53.60+0.91%2 7b¢ wokar, 7182 wigte] x| Hy
15%% 748k Aol 54.23+0.83, 3= FH 30%S H7H3h
29 e 58.12+0.328 A Fyrel 17t o] o
2 Z7lelE AL Hlon AATE At FAE
= A e A7 dFol #&E ta faslARt
ol ARl A Apel & Wolxl gttt A FF A 7E FHgel
EETFE W gol S7F A A w9 dEU Ad 1
ol &710h w2 W wiel 4EAE T4 T 243
A A Dol Az} Ao}l FAE T o
TS & e Yzdn

SA = WSt A= A el HU ol =S5
T SUFeRAL A Ao} A= haste] ARE Fel

5
Table 3% #th A Fih-& H7bshA] & 71 g

7} 55.00+0.91%=% 7} =9kar, 7] wldhd] 15%2] X
ERrS Hrhe A8 7) 51.57+0.25%, 71

A Bure AUe A 87} 46.52+£0.52% % 33| Eito
A7} ol =&

o
N
o
>

B2 HAp S7ksk Al @rk31). w2 pH7F stolbA W
S G2 Alo]o] RS R 4 v ol FobA
B5Eo] gagth ol Fig. 2014 4E4Y ArEy 1
3t phis Aegol A ¢ & otk nadelA 13
T2 #s UE A2 7] i AR = 3.04£0.230]%00
8 -
a
7 4
b
6 4
c
5 4
5 4
3 4
2 4
14
0 T
Mixture 100% Mixture 85% +tuna Mixture 70% +tuna
sawdust 15% sawdust 30%
3.5 a
34 b
> c
‘S 25
Q.
©
o 24
o
£
2 154
<
g 1
©
=
0.5 1
0 T T .

Mixture 100%

Mixture 85% +tuna

sawdust 15%

Mixture 70% +tuna
sawdust 30%

Fig. 2. The pH and water holding capacity of extruded mixture
and mixtures with added tuna sawdust. Values with different
letters (a-c) above the bars differ significantly (P<0.05).

Table 3. Textural properties of extruded mixture and mixtures with added tuna sawdust

Formula Integrity Water holding  Hardness  Cohesiveness  Springiness  Chewiness
index (%) capacity (N/crnz) (%) (%) (kg 1)
Mixture 100% 55.00£0.91*Y?  3.04+0.23° 4.69E+05"  41.45+0.09°  13.45+£0.09° 47.49+0.01°
Mixture 85%-+tuna sawdust 15%  51.57+0.25" 2.64+0.15° 2.89E+05°  32.02+0.12°  11.19+0.21° 34.55+0.01°
Mixture 70%-+tuna sawdust 30%  46.52+0.52° 2.23+0.32° 1.81E+05°  24.84+0.81° 8.36+0.08° 26.774+0.24°

"Mean=SD.

?Means with different letters within a column are significantly different by Duncan’s multiple range test (P<0.05).



470 497719

v, 712 el 15%9 A S HUrek Aol 2.64+ 100 - @ Nitrogen solubility index
0.15, 71% Wil Fx FiF 30%E H7HE Aol 2.23+ 0f 2 p ' Protein dgestblity
0322, A2 Bl A7k Il ¥ L4 ge Pasln o1 ° . .
(Table 3). oli= A &4 tlFRolt S5 Axnct e o
AEE AW AR Fike A7 21w AR pHE < 5
stEo] BaEo] At Aow AZEn. 40

XA B A AEE 72 wE AlE7F 4.69E+ 05 N/ 30
em’E 7H Eoka, FA By 15%2 I AR 30%E 20
A7k Ao] 7b7F 2.89E+ 05 N/em®, 1.81E+05 N/em®= 17
A el A7E dRel seas ARV Aasglon, ’ Mixture 100 | Mixture 85% +tuna | Mixture 70% +tuna
S8 J1E wjg A 87 41.45+0.09% 9 1 A S5 sawdust 15% sawdust 30%
15%% A 7138k Ao] 32.02+0.12%, Fx &% 30%S A7} Fig. 3. N.itrogen solubiAlity inde){ and protein digestibility of ex-
10 20ROSITE Y S B e B s o i wied e,
AA] 718 gk Al=7) 13.45+20.09%= 7HE =2 #S Y (P<0.05).
Ebdl wkdo] X 59 15%E #H7bek Z1e] 11.19£0.21%,
&2 =9 30%5 H7FE Alo] 8.361£0.08%% 7HE w2 ¢ Aow Azt
e UeErdileh o)= A ERke] A7 uinA A whild AshE 2 QA A Wi E X Al FaE = v
A9 243t g A7 S AAElE W 9S A Fe SAshs HPor JF A7 VAR 2 989
7Fel7] ol AR HEokrbs A B S oy FFetA 7HAE AAsk= d v B9l AR du
= aRle® AZHEY. Ed Guinee(32)= A IS A (34).
oF S84, gAde =3 Aol v Aold \f 7 oA aslgo 7|2 ujE A 27} 86.98+0.31%= 7+
ek Az HeAde] 47.49£0.01 ke-f, A w5 15%S F2 @S Ve e, 713 wigtel] 15%9] A FiE
748k Aol 34.55+0.01 kg-f, A B4 30%E H7het H7FeE Aeo] 81.3440.23%, 71 vigtell A w1 30%=
o] 26.77+0.24 kg-f= o]¢t A3t A W7} o+ H7FgE Aol 78.54+0.18%= A ikl H7F el =
ol o 4k, A4, B4, A4S Haste] ke S5 Wl sk A e Btk ol 78
HEAPEEY] =23 B4 g 8l 24 3AA] 9 2 4 Ao et Aol dAsHt(Fig. 3). @A AshE
= AEE UehlATh ol 713 wigk Al S A E o] 84 i AT Hr ti 12 Jlor Hol 84
HArbekele o =49 Ao Hastal FEdHt= AAES AW ot iest Ahe A B FEE 3loR
Liu 5(12)¢] ®aet= dA|sk= Aolvh g, sj#ary] 3 Azt e,
7 gapel 30% W 713 Hjg AlRe] Ange dasge
U Heg bl = TP e 2AES B A3 Ze](12), DPPH 2iC|Zt A7 &AM
A ] A7F ol 25 UEAY VIS We A E HELE B 9 BaEgid A 59] DPPH &2 &
o 247 Ao} WA Ao Az A @A) ke 71 gt AR ghol 25.40£0.32%% 7

]
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Fig. 4. Change of DPPH radical scavenging activity of extruded
mixture and mixtures with added tuna sawdust during storage
periods. Values with different letters (a-c) above the bars differ
significantly (P<0.05).
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Fig. 5. Change of TBARS (2-thiobarbituric acid reactive sub-
stances) of extruded mixture and mixture with added tuna saw-
dust during storage periods.
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