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Effects of Surimi and Starch on the Quality Properties of
Mackerel Scomber japonicus Sausage
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Hong-Min Park' and Dong-Hyun Ahn'*

Institute of Fisheries Sciences, Pukyong National University, Busan 619-911, Korea
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This study was conducted to evaluate the qualities of mackerel Scomber japonicus sausage prepared with Theragra chalcogramma
surimi (TS, A grade), Nemipterus virgatus surimi (NS, A grade) (0, 5, 7, 10%), and 7% NS with starch (0, 1, 2, 3%). The whiteness
of the mackerel sausage was significantly increased by adding TS and NS, but that of the NS with starch groups was decreased
compared with the control. The hardness increased significantly with the addition of TS, whereas the NS and NS with starch groups
showed no considerable differences compared with the control. The gel strength was not significantly different among the mackerel
sausage additive groups. In the sensory evaluation, the mackerel sausages containing 5% TS, 7% NS, and 7% NS with 2% starch
had the highest overall preference. In conclusion, these results suggest that 5% TS, 7% NS, and 7% NS with 2% starch improve the

quality, texture and sensory properties of mackerel sausage.
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Surimi 75 AIE-2 B, o5, AAFARAATE L RS o1F
AL ok, = Aol A e 574 9 oAk il R E Y AL Q)
o] A W3t Hzol AT ESAlE Aol A ¥IS Sl AR
% _O
|

o]

A5 It (Chun and Yoon, 2011). 1L S0l A= o] &
01| Mgzl 65% ol4kel A2, 17] F(surimi)
= 2gsto] 2u|E 9 AR R Zu|stal of 7] o K&,
J o, 718k Sk A2, Al8Al ARPEAA, BE
WA EE W7kehA) 9 2 4lo] 98hAIR1 A
ATt $ 71E At g A0 ® A oE o] QITH(KATS,
2009). ]S AA| A= Y& ¢ surimiol] 25+ G484 LA
Sl o] QuiAel ojste] FAH PATER Qla) nh
Z A7 7HAA Hot o]oF 2 2 AR AR A S E

sy

o A& g3 ml A
TH(Park, 2005).

H Lol A Y= 2 AMEE 115-0](Scomber japonicusy= &
ATF8l g ol R R A% Asr} og whel w2 w5 %]
WAREo] FA 4ksE el = o] 4]0 HA, A 7k= R 3ot
= Ao R QI EHF A, Fe A G2 Q1% pH
O] F&55k Aot W A o] whE ¥ A (Lingnert and
Eriksson, 1980)¢] 2HA¥sh, thefo] 32 ol ol gohs
S, Al H3tol| mhE A ko) Fyle M3t 5O 2 s
HAAE= A2 A AFY gel =7t oFstal Aol EafsiH
o] 3|7} EHAgRhe}. whebA] a1G-ol= of kol ] A749] ol
o & YsFolu 52, 94F 59 FHE o]&o] ARt
I Qlom, oot 7k AlE o= o]-8517| 7t of Frkal A
Qlth(Lingnert and Eriksson, 1980; Park et al., 1998).
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Surimi 7} A5 22402 surimi 9] F3 9fof| = F7HA L
2 RAARR ARG A, B, el SRo|=0 g
=
o

2 W 502 (Park, 2005), & gel FA5-E 71| 150l
2 0] g3 2412 A A HHI RURE WA A e 2

2AE S7HA 4= & Aolet 7]t E e

A At dAAlEol A o] 8L Q= F ¥R 59 5t
Lol g W7k 24, FE 0 74, S5, AAIE 7 59
EX 07 o] §ral glr}. o]ef wdsl Mo FRE 23|

2 AAE9] B HIKLee, 2000), 7t ol 9J3t geld}
ol Aol o] Gkl thet A-(Jung et al., 1993)7} 2%
of Qlem pAF AAEE] g of ek A2 o] HAk mitof| thisf
Me AEe 71414 A=, B 52 Elakeha] Aol A
Skl Qli= Zlo] A AL Qlth(Lee, 1996).

Surimi= W&} WE A AstL A3 of K5 npafste] 4~
Al 348& sl Z9AR ST 553 AlE o= (Park
and Morrissey, 2000) T}eFst =AFA 9] 7155 §13t S7kA
A= AREAL Qlom, 7FE Ao 7|53 B4 FHol 27
A R Ego) ool 2R E R 7 YR Es HAS of
ST a7t of 7ol WiAG o 77b 2= ARG ol th(Park et
al.,, 2003). SHA|TF A A Z4=7-9] o] YAH HT F A} F=rofl A
surimi®] 24| Z7H(Park and Morrissey, 2000), B3} ot
f28te] 7L A% 8] utet g1 07t 27 571
Sl SRA] 44k AR 7HE B v surimi AR
7155 T IEOR A% Wbk ARt 4ol 4o] e
fillet} dress el 2] A4kl F=H3HA = o] AlAA ] surimi &
B RS WS S ABp A0 o 2 AR B T
7 S 2T A surimi®] 4228 Z7kA AcHKim
and Choi, 2011).

wheba] 2 dAtofl A= a5o] AR Al Al W E( Theragra
chalcogramma) A5 surimi (0%, 5%, 7%, 10%)%} A1 2=
(Nemipterus virgatus) A= surimi (0%, 5%, 7%, 10%)E 27}
3l Z2ke) 24, A W 5A7hE ANjsheon, toprt A
(0%, 1%, 2%, 3%) A7} Al2] B4, A 2 95971 5
5ol AAAE AxSHE ] AGHE BrhE) (A 20L
st s,

ME Y
N

150] 52 FAbol] A5l Q= G F 24l A Al
o AL o] 4] 88 40| Rks}ol Ao] ALBI Y.
Surimi+ Korea seafoodAHBusan, Korea)2] HEe] A5 A
2% AFS AREelT) S5 HE(SHAE, Dacgu, Ko-
rea), 24 (F)eH4+, Ahnsan, Korea] Y AECIA| LAS
(57), Seoul, Korea] H-AF t| A5 AR 2| 2] nfEo A Lufj3}
Ao, Z35 QQAE-2 EIMSC (Kyeongnam, Korea)ol| A A5

wol g5t
DS0f AAX HZE

Gl A 250] %] 5 vjgo] AjFel BSES a9
o} oldf &2 FrE =5 ARSIkl e 5o £ A8 &
o 184 77 2 ke: 3 ke The 2 510] 152 59 15] 4] &
13} 2 A= wAlstel 1587 thA| 24 hic. ol
A7 W AZE o] gsto] 57]1E AASIH 2t S
Z}¥7}2] 7= silent cutter (ST11, ADE Co., Hamburg, Ger-
many) 4 5% <t Toe 9 GoFEE FAste] A2telol
U55F3LE o] % 40T ol A 3027t E5 72 7](WFO-600SD,
RIKAKIKAI CO., Tokyo, Japan)& ©]-&5}¢ setting}4- 7
2]aL 80T A A 5087 7FE A THKim et al., 2013). 7148 &
Yol A 4027t Yztsto] g o] ARg-SHRITE lEo] A2AlA]
E A x5 A%t Al 240 H7HES vie vle vh3 a2
oh 24 23] 5 3 Sl 4 2%, AR 2%, JAFE 0.5%E
H7F g & Fe A surimi 0, 5, 7 9 10%E 78kl A
2155 Ad surimi 0,5,7 2 10%E H718l Tt A el= AH su-
rimi®} &4 A5 S5 270 Al A AR e]E A surimi 7%
ofl 22 230, 1,2 1 3% 715}o] Aglol Agelsic

=4

I

x
o

Gel strength= A|2E YEI(B.5X3 cm)o 2 A2 hHe
P/0.25S (1/4 inch diameter ball probe)= force 100 g, distance
15 mm, test speed 1.0 mm/s®] 7oA texture meter (T1-
AT2, SMS Co., Tokyo, Japan)Z o|-&3}0] 2% 5}¢1 01, 43
ol 54 T Batgke Fehth B AIRE2X2X 1.5 em
2 AE & A, MR, B2, e, S, A4, A
A wl BolMdo =435t ojufl P/45 (45 mm diameter alu-
minium cylinder probe)= force 100 g, distance 10 mm, test
speed 2.0 mm/s2] Z=7 of| A] texture meter (T1-AT2, SMS Co.,
Tokyo, Japan)& ©]-§-5t9] S45H 20, 53] o4 Wk oF &
BFatgke FHskch

Mg =3

A=2E Y5P(3.5%3 em)o= 2 TS AMAA|(JC 801,
Color Technosystem Co., Japan)2 =435}%1%, L (lightness,
W), a’ (redness, ZA %), b (yellowness, S x) ZHo &2 L
ERQlct. w2 (whiteness) = WA= X|3E, L'-3b'E o]&
5o} AArIAThPark, 2005). oju] AREE TZuTke] 7he
L'=93.73, a'=-0.12, b’=0.110]¢}c}. ZHL 43] oA} HlE 3
F Baghow et
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Table 1. Change in color of mackerel Scomber japonicus sausage by adding surimi and starch
0% 5% 7% 10%

Lightness 6773 £021° 69.08+022% 6919 +0.35" 69.44 + 0.03*

Theragra Redness 249 £ 032N 244 +0.21 249 +0.13 2.93 +0.23
chalcogramma AB A A s

Surimi Yellowness 14.01 £ 0.21 14.31 £ 0.14 14.06 £ 0.24 13.46 + 0.08
Whiteness 2571+ 019° 2616+ 040C 27.02+064°  29.06 + 0.21"

(L-3b)

Lightness 67.55+0.04° 67.75+004° 6828 +037" 6881+0.09"

Nemipterus virgatus Redness 139+ 000 143 +0.23 121 £ 0.15 1.35  0.11

surimi Yellowness 14.66 £ 0.04 ™  14.73 £ 0.14 14.47 + 0.07 14.49 + 0.03
W*(‘Lt%’;)‘“;ss 2356 +054° 2357 +035° 2489 +035% 25324011 "

Starch
0% 1% 2% 3%

Lightness 68.49 + 026" 6841 +022" 67.31+0.03° 6659 +0.15°
Redness 1.06 + 0.21 " 0.34£021° 0.31 £0.13° 0.84 +0.00°®
Nemipterus virgatus 5 N A s

surimi (7%) and starch Yellowness 16.27 + 0.26 17.66 + 0.06 18.39 + 0.33 16.42 £ 0.22
W?I'_t%’:)"sss 1967 £ 025" 1543+ 023° 1215+ 080° 17.35+0.54°

'"Means in the same column (A-C) bearing different superscripts are significantly different (P<0.05).

*Not significantly different.

4%, o] 9%, 2126 A3to] 1ol gl chaf, 4, Fel,
97, S 2 AAE 75 ) FHOE T
B AT S o, 68: Foh 59: o F 49 BB
A: OFzF Uik, 27: e, 13: wh S e o 2

>

A3 Auto] FA A 2= SAS program (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)= ©|-8-5}
BARRAG AN 24 FBE 112 014 WL Dun-
can®] th5 774 WO 2 P<0.05 S50l A4 AABH3T

o s
Znt 9 m3

A

Hel Ad surimis 0, 5, 7 € 10%E F7ksto] g, A e,
St gl WA e S 2% AN Table 1), A4 =0] -9 2]
T ZFe] -9 A Q1 2fo 7k glgl om A O] A9 el A su-
rimi 5% 2 7%°l A 912 Q1 ZFo] 7}k il om 10% 7ol

A 71 w2 kS Vb olk. T3 HEf A surimis H71eE
FE WM T FTlekgl on, £3] 10% WEl A surimi 7}
Al FoJA o8 7Hg g STttt AnelE A surimis
0,5,7 % 10%E H7leto] B, AMe, e g WS =
A5t ZATKTable 1), A7 25 AF surimiS H7}F Al 7% 2 10%
H7Hroll A P w7} §-01 4 0 & FTfshgl on] A
O} S = O] AR Apol & HolA] ghghrt. o]t A= 2
efju] ol Wl surimiE 75 WA w7} F71ek ekl Bl
gt A} FARSE (Jin et al, 2013), 2] 9] ¥ o= ¢
3l 5ol AR WA ETL F71eE A 0] Hlt AnaE
A+ surimi 7%0] FE 0, 1,2 E 3%E E3t6lo] Wi, A,
A gl A S Z405E ATK(Table 1), B, 214 = 9l w4y
E0] A AR Ao 20 ikl AES 7 A
0] A, 1%24 2% A 7ol A= FAf 2lte} vl a A §
oA 07 tha F7Ietgl oL, thE ATt gholl A= 2 Aol
£ UE A ghgleh £5] W0 A9 3% A X7F A, A=
S WA O] 9 2% H7E A 7P RS 3k THAT ol = F
QAT S HE O] 3t Aol W2 o] 5ol welo) A
TS 175 ATHKwon et al., 1985), AE-S H7}t42 v
w7hyobylekar B gk A n Ax|skglt.
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Table 2. Changes in texture of mackerel Scomber japonicus sausages by adding surimi and starch

0% 5% 7% 10%
Har?g’;ess 473073+ 82.85° 534096+ 20.13" 5326.66+179.78" 5378.91 + 144.85"
Fracturability 109.47+ 3.07"° 10556+ 6.00 10717+ 220 11588+ 6.38
Theragra Adhesiveness -83.36+ 3.35° 63.38+ 7.72" 5081+ 197° -89.81+ 1.25°
chalcogramma Springiness 074+ 0.08" 067+ 0.01 068+ 0.03 0.71+ 0.00
surimi Cohesiveness 023+ 0.03% 021+ 0.00 022+ 0.02 023+ 0.00
Gumminess  1,140.74+ 656" 1,098.13+ 19.52° 1,059.37+ 31.65° 1,220.62+ 35.00"
Chewiness 785.07+ 9.89% 77164+ 1832 818.15 + 202.02 864.75+ 6.27
Resilience 0.06+ 0.00" 0.06+ 0.00 0.06+ 0.01 0.06+ 0.00
Har(dg';ess 754225+ 37.47°  629251+100.30° 618284+ 69.59°  6864.49 + 136.53°
Fracturability 10721+ 278" 10963+ 3.13 109.11+ 1.69 108.67+ 4.95
Adhesiveness ~ -105.99+ 7.17° 6294+ 592° 12323+ 859° 10032+ 7.20°
Nemipterus virgatus ~ Springiness 076+ 0.01" 077+ 0.00 072+ 0.05 072+ 0.02
surimi Cohesiveness 022+ 002" 022+ 002 021+ 0.00 021+ 001
Gumminess 1517.66+ 22.36"  1373.69+ 76.89® 129578+ 9.01° 1458.13+ 28.30"
Chewiness 980.88+ 6.33° 1016.04+ 207° 98035+ 2.98° 1052.87+ 10.46"
Resilience 0.07+ 0.00* 0.06+ 0.00* 0.06+ 0.00* 0.06+ 0.00*®
Starch
0% 1% 2% 3%
Har(dgr;ess 10,122.75+195.01"  9,837.21+208.81" 7,842.74+ 68.24° 6764.72+ 81.30°
Fracturability 10514+ 0.03° 1160+ 023" 11092+ 1.40° 108.84+ 0.33"
Adhesiveness -60.83+ 5.36" 68.82+ 594 7272+ 338 -80.54+ 7.69
Nemipterus virgatus ~ Springiness 0.80+ 0.00° 080+ 0.01° 087+ 0.01* 0.87+ 0.00*
surimi (7%) and starch - oo iveness 027+ 000 027+ 0.00 029+ 0.01 029+ 0.01
Gumminess  2,968.19+ 35.19* 231360+ 10.60° 2261.05+ 96.88° 1,932.73+ 22.13°
Chewiness 1,636.47 + 53.05° 1,818.66+ 28.47"° 1,961.18+109.57" 1,973.08% 92.73"
Resilience 0.08+ 0.00° 0.08+ 0.00° 0.09+ 0.00* 0.09+ 0.00*

" Means in the same column (A-C) bearing different superscripts are significantly different (P<0.05).

*Not significantly different.

TPA (Texture profile analysis— two bite test)

e Ad surimiE H7RRE 3150 AR 24 HEE &
g7t BIN(Table 2), Fee =2fv] A7k Al 734710l vlshA
FOH L2 ST, A7t o] uhE ARol= WERHA
AUTE ol AL AR =5 RAIA] Az Qo] A[Ho]
U 5] diAAZ e E A2 Al2et surimiE AR 23,
10-40%= s=2|u] 7} A 27] 8% FEolAe FrErt S7ts)
GAth= 231 (Murphy et al., 2004)2k FAFEE A2} gh2 LER

ik A4, B, S, WA W B Fbet

A7HE 719 F5-912 81 Afol= UehbA] oRgteh F2HE 5%
A 7% A7Frol A FA kel vl A fo)A o g FTskgl o
™, 10% H7Hroll A= 24 Q1 Ao 7k LhehubA] ekglet. 4
& 5% 9 7% F7HE= 7Rl v oA o= skl
aL, 10% F7He ol ez 7H =2 3 vErlislth A
/3 (gumminess)> 73 =2t -5- 5 A ol Al A o] A HBAE 7HAH,
FL2kA (adhesiveness)2 S AT BLo] ARHAIE JIAER2
3E 10% 7oA S7FsHRAL, A 5%8F 7% A
28t Ao AbRE L Ane]E A surimi H7}F Eo) u}
50 AR 9] B4 =4 ATNTable 2), == AnglE

ST =N
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Table 3. Gel strength of mackerel Scomber japonicus sausage by adding surimi and starch

Gel strength (gecm)

0%

5% 7% 10%

Theragra chalcogramma

NS
surimi 517.68+£10.53

534.83+12.58

521.28+13.62 552.40+46.67

Nemipterus virgatus surimi 655.77+11.92"° 604.31+15.88 621.25+36.12 641.62+22.19
Starch
0% 1% 2% 3%
Nemiplerus virgatus surimi 997.85+3.32"° 974.21+6.76 996.15+17.74 980.95+20.26

(7%) and starch

"Not significantly different

o surimi F7}of| o8l f-o]F 07 ZFastglon, 5% 9 7%
A7R7E 7 W 2hS Vel @it Shin (2011)2 4=2]0] 2]
Saol Rord4E AL HAshglrhal B arste], B oot
of| A ¢] el Ad g=2in] H7F Al F o] F7He} WE) Aol v
o FA o) W2 Anelis Ag 7 Al A= A Al e
u] o] F4 Zpolef 7]l gt Ao &2 AtrHTh FAA, B4, &
A8 B B2 7o F7HEe] 904 Q1 Aol 7t
ERLA] Rttt SR 5% 7ol A 8] A o & Fho] =9k
o, th& Hrhte BT 942l Aol 7E e A] ¢
ek A2 749 10%001 4 7HY =2 A ghe UErgle
H, 7% 7= F7EeE Zpol7F Y] gkl Alare]
E A+ surimi 7%0°] AEE 0-3% FE2 H7slo] A2 3 4
AR 8] E/dE 577 AXK(Table 2), B =9] 75 1% A 2|4+
7ot 2ol 7} Al Sl o, RS 2%9} 3% H7E Al =0
O]&sto] Z4stgiet. Cha et al. (2009)9] A-+-A ol A= A
AEA @A o S HES 0-5% H7FA 52757
ghofl whel A =7t Fksto] 2 Aok Aol gt AaE Bt
7178 0](Choi and Choi, 2003)%} 88 % 7](Park et al., 2003)°]] =
T A J7HA Y n] 9] 27k E HAsdt A Bl
o] & uf (Choi and Choi, 2003), 2 =7} ZFA S-S 933t 4=
Qo] & A Aol fAfetGLh o|eh o] T T HES
ARgto e 24 O] Bk AYolste], 4=2ju| YRl uhet &4
o] gafo] v A& AlmEch FARAES 1-3% A& A7t
Al Thas Z7FsE o ol whE -2l 9l Zpol= ¢l F
293§ 32 A7 Fs ol Aglo] 94 %1 Afo] & Kol
oForth v 9 B, A A2 A 7l whet Sk 9
31 2%} 3% 7ol A =2 ghS UrER Qi SRR A4 2
7852 At Z7holl whet Fhaste] 3% H7btoll A 7 W
2 & Uetl gl o= A=) Aate] JFS 2 Ao R
AEE T o] 4te] AiE & uf, e A surimiE F7HEl 115
o] 2AAE Al x| Slo] 5-10% FEtoll= 724 2o
7hleng HAA 5 s o 5% HrhegFo] Agtsirial
Ao, 7 0] 79 W] A surimi H7F Al S7HeEREA, A
He)E Ao surimi 7} Al Fhashs AE Belskgitt Egt

AR e A surimi 7%0] HE 2% 2 3%E WIS
sk &l st v, B AR T
St 2 SISk whebA] Aarels A surimi 7% Z1+
2-3%2] H7kro] Agsirial Ak )

oo

Gel strength

TS AdsurimiE F7Fsto] Al 23t algo] AA[X] 6] A =
43t AYK(Table 3), B8 Aw surimi J7H= F47H-
912121 2jol7t LR Sgket. el A surimiS Al
& AW surimi2 tiA|sko] H7kek a1Go] A[x] o] A e
74 A7KTable 3)= FH 7o H 7o) A} ghe -9
P<0.0590 A 5212 Q1 2ol 5 Kol ] ohqlet. We Avat A
22] A surimi 717F A e S Al SAIA Q] Afol= K
o A gFatom, Wel A surimi 7} A] A Z=7} ohas St
o Bglouh APE AT surimi H7} Al $HIT B
4 FFadhe B eFe B3l ol= Shin (2011)0] Al g Ef
surimi 2 A| 23+ AA| 2] gel strength 23 | A] surimi®] 5+
o] 943krg = UEhgTlaL ek vie} fAka Aol
AR e As surimi 7% FH7HeF A A 0-3% sEHEE
Wrlstol Az TEo] £4179] 2 7 24 ATHTable 3)
A A7} ol wAYle] mA ek} Hel7rte] o1l
Aol LFEREA] it ol AE51E(0-9%)7} 271kl o}
2} 7 7b5 7} 2h45eks B ek Aolst Ato|chZhang
etal., 2012). o] A= 89| A7} 5% (0-3%) 7} ol At gk
of 2 W37} e o 702 pheEict,

HoEN e ot e

Lo
o

e

S8t

e A surimi 37} 271 0f| whE 2150 AKX 9 M Bk v
A%, A, e 2 A4 A 3= E H71g Ai(Table 4),
e A surimi 371 Al A, gt g, A gl Ado] 7 5FAl e
o el A surimi 5% 7HE0] 739 Mat of, ot A% AE
2 e Aol 4] ZFzE 4.00, 3.69, 3.88, 4.19, 4.00, 4.00, 4.007]
o2 7 5o B okt AA s E A9 W A
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Table 4. Changes in sensory evaluation of mackerel Scomber japonicus sausage by adding surimi and starch

0% 5% 7% 10%
Color 3.81+0.66"" 4.00+0.37 4.00+0.52 3.94+0.57
Smell 3.25+ 0.58"° 3.69+ 0.70 3.63+0.62 3.50+ 0.63
Taste 3.50+ 0.82"° 3.88+0.89 3.87+0.83 3.87+0.83
Theragra chalcogramma Texture 4.00+ 0.63" 4.19+0.83 3.69+0.95 3.50+ 1.03
Hardness 3.75+ 0.68"° 4.00+0.73 3.75+ 1.00 3.88+ 1.31
Springiness 3.69+ 0.70"° 4.00+0.89 3.81£1.05 3.81£1.33
Overall preference 3.56+ 0.51% 4.38+0.62% 4.13+ 0.50* 3.60+ 1.06°
Color 3.56+ 0.51" 3.63%0.50 3.75+ 0.58 3.75+ 0.58
Smell 3.19+ 0.66™° 3.31+ 0.60 3.50+0.73 3.44+0.73
Taste 3.13£0.89"° 3.44+0.89 3.75+ 0.86 3.81+£1.05
Nemiplaius virgatis Texture 3.50+ 0.97" 3.75+ 1.00 4.06+1.18 3.88+ 1.31
Hardness 3.31+0.87"° 3.75£ 1.06 4.31+1.08 4.25+ 1.34
Springiness 3.19+0.83° 3.69+ 0.87"° 4.06+ 1.00* 3.94+ 1.00™
Overall preference 3.06+ 0.68° 3.69+ 0.60™° 4.13+0.81" 3.88+0.96"
Starch
0% 1% 2% 3%
Color 3.53+0.74"° 3.73+ 0.59 3.73+ 0.59 3.67+0.49
Smell 3.53+0.64™ 3.73+0.70 3.67+0.62 3.67+0.82
Taste 3.47+0.64™ 3.60+ 0.91 3.80+ 1.08 3.80+ 1.08
SC’ner’n’:"(’;‘i/’;‘)’Z ;’ggsat;ﬁh Texture 3.67£0.90" 3.93+0.96 4.00£1.20 3.93+1.22
Hardness 4.47+1.06" 4.80+0.94 4.80+ 1.01 4.80+ 1.21
Springiness 3.87+0.83" 427+1.10 427+1.16 407+1.16
Overall preference 3.40+£0.74™ 4.00+0.93 413+ 1.06 3.73+1.28
"Not significantly different.
*Means in the same column (A-B) bearing different superscripts are significantly different(P<0.05).
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