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Abstract

Phosphate is a widely used food additive for manufacturing processed meat product due to its water holding capacity
by increasing the pH of meat batter. However, excessive phosphate consumption has been associated with the occur-
rence of some diseases including metabolic bone disease and chronic kidney disease. Therefore, this study evaluated
the quality properties of chia seed (CS) as a replacement for phosphate in dry sausage. CS [1%-3% (w/w)] was added
to produce dry sausage as a phosphate replacer. Quality characteristics including pH, emulsion stability and lipid oxida—
tion were significantly improved in CS-added dry sausage, compared with phosphate free-dry sausage (¢{0.05). The low-
er lightness, redness and yellowness of CS significantly reduced color parameters of dry sausages (¢X0.05). Particularly,
addition of 3% CS has the highest apparent viscosity and the lowest shear force among the groups (£X0.05). Collectively,
our data suggest that CS can replace phosphate in dry sausage without compromising quality characteristics.
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ME al., 2008; Ruusunen et al., 2003). £3], A A& H7[E AL
QAtL Al lmEo] Ya o]QEe HrlEa 2k ol Ol HiRE AF ARRIS] U2 A AU AEH 0= FTs)

o] AA 9 HEulQA4l BgHo] sl fuF WRe] mae g L AST, ol= ANAES] B W RAE Awel w2

Aol 70jsk= A0s A rh(Fonseca et al, 2011). ojg]  DE=eF H2 Aol GltH(Carocho et al., 2015).

3t goloz Qlitale A1QrlmEol AxlE, 93k obgA] I Ao} S| AT T K Salvia hispanica)®] WSt chia seed (CS);

pHO] FFAto] 7]ojele A0 ® Za|oAtES(sodium tri-  ACPAE] AT WAL of=E] FgofA e FEo] o F
polyphosphate)o] & o] &EITHKim et al,, 2014). 1L} H] AER, 2 Ao]df ¢ S ghaotarl Qo] A 29t
WA oS A7FEE QlAlEo] gl 7]Eo] Hioks g, o] Hojtt &= HQItKCoorey et al., 2014). XJopREL] F=
QMRS A&HoT HASH] B A 24, A, uiadlgent 7 8 A eHVBR A dEAE HASH ARtlA F2
<2 o] I E84 HE FAoto] w A3 {EE shAY A FEEoR dA lom, TRt Pt avm ]let
ok Aol AR A AL Z7IZ 4 Qrhs A By Ay ita s 712 4 9Ith(Mohd Ali et al., 2012; Kwon et
7} 9ltk(Sherman and Mehta, 2009; Uribarri, 2009). ©]o] 212 al, 2019). 3], Ao Ex= &3 APcH 484 JHZ 9
7FEE ) AZo|u} ofFANY HylERS ol oiLEn} oy 1jof] A5t 5/ AL F42HCamara et al., 2020). ]
2} QIS HjAIStE = ojg] o] o]RojA| 1L QrhPark et B3 B o]8sto] I hAAEA XK EF EE-
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St =8 AAR| 9 £ EA, oA XS(Echium plantagineum L.)
et Ao E BoS ggoto] At 24 AT EEL
2AR] A T FE AL A Bt AS TRl oY o]
A9 A A 5 o] 5% 10%9] AOPAE 2 A7}
W54 B4 RAH JPS Fi Aoz W
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9%o] AMEE HopWE Buke ThelelE|ulAd(Suwon,
Gyeonggi, Korea)ol 4 72J31o] AM&3190m, A% 4417
T 712 22 1%, 2%, 3% $FEA] T Axo] AH851%
o Az 2479 Azo] Wast A feklel SAu R
£ 8 Aol 715 AMESISTT
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4] Hehe)e Aegh A A4 22E A|Aste] F8ls5)
AL, A HAopel FAHS 22 E4171E o]85te] 3 mm
7182 Zafste] ARSIt AAA] feHEe] Alxe E71H
(Cutter C4 VV, SIRMAN, Venezia, Italy)S ]85} Q=33
A, = AlEsHAA AR Sl thste] A 1%, Al
23 12%5 H7Isto] Eedsiqith. AP Table 13} o]
AP} XopEO] 7} of R 9l vl FEsto] 5 At
=, QMHEZ 0.3% H7IRE A=HPOT MAHFS H7FHA] &
< AYFHNC) E ZOPEE 1% FH7IRE AFTH(CS1), X|otA
EE 2% F7RRE APEH(CS2), A[OMEE 3% H7I’t A&
(CS3)2& o] 7 f3lEs AXsISith AoNE 7} A
279] 79 Hop= Zahugold A A8} Seko] B
& A8a5] TR0 AL BN QT Sk AopHEE
A7elginh. AlxE f2kHE2 $%17](1S-8, Sirman, Marsango,
Italy) = AF&310] 130 mm =27 #|0]A)(COLFAN, Lodi, CA,
USA)o|| 3XIst3lth. %= Kim 5(2020)9] WS 1 9
Hgolo] 55ColA] 1208, 65TOllA 180%, 80TOlA 6027t 1

Table 1. The formulation of dry sausages

Dry sausage groups
PC CS1T (CS2 (CS3 NC

Ingredients (%)

Lean meat 70 70 70 70 70
Pork backfat 10 10 10 10 10
Ice (water) 20 20 20 20 20
Chia seed 0 1 2 3 0
Sodium 0.3 0 0 0 0
tripolyphosphate

Salt 1 1 1 1 1
Seasoning 1.2 1.2 1.2 1.2 1.2

PC, dry sausage with sodium tripolyphosphate; CS1, dry
sausage with 1% chia seed; CS2, dry sausage with 2% chia
seed; CS3, dry sausage with 3% chia seed; NC, dry sausage
without sodium tripolyphosphate.
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pH 27E Az 1 3123t 212 24140 s olFolz
Z7F AR 5 gf} Z8% 20 mLE FA7|(DAIHAN
Scientific Co., Ltd., Gangwon, Korea)& ©|-&3f 10,000 rpmoj|
A 187 #2519 #2- AL pH 74 7|(LAQUA pH meter,
Horiba, Kyoto, Japan)E ©]-8&3}o] 43] HHE3slo] =435}9iTh

ME &9

et Ao B 9 A% 4A17]2] wRo] oo} A
(CR-210, Minolta Camera, Osaka, Japan)S o]-&3}o] HE(L"),
AME (@), FAED)E SR, 27 33, 123] WHEs &
ole] e T3k

g2 H: 54

Az A e 2E7] dxe g F2UE(MCR92,
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2 29515tk SIFES 50 mL ATFT] 7} 25 g2 SHFHT
Urjstglon] sl S0CR 3087 71T 3 AR
A 1A17E GAAZTE ARl Belg o v 2AS
A et GEnlE AREAC] §4 1050 A% 24



Quality characteristics of chia seed-added dry sausage for replacement of phosphate 101

2 SRt g2l L AN B A

5
- T
=T, TR ASY TR AEES oY Aol SJste] A=E:

5]

[EEd HAe] FA) / #ERE2] ()] x 100

(== AA FAg) + AZEAIL Fl(g) -
Az 5 AFEA (g} / FeREe] (9] > 100

o=l Fl(g)] x 100

.
1%,

L. de Huidobro 5{(2005)2] ®WHoj wh
AAE AF 2.5 em, Z0] 5 cm®] FEj

A2 & FAA(TA-XT2i, Stable Micro Systems, Surrey,
UK)oll V blade 415]5}od HEtele 2451910} 242 73]
v sto] AT, peako] 3 BFslol Lhehct. 27
Z 7L pre-test speed 3.0 mm/s, test speed 1.0 mm/s, post-test
speed 3.0 mm/s, distance 3.0 mmo]|it}.

o
A
o
ol
R
O
)
BN or
B

K& e 4

Az 2AA9] A& AT Shin 5(20172)2] HrHof| wet
thiobarbituric acid reactive substances(TBARS) A|d¥H-& o]-&
sjo] ZAaILt. WA A2 2AA 10 g A O T 2R
4= 50 mLe} $HA 2 7](Model AM-7, Nissei, Tokyo, Japan)Z
10,000 rpmof|A] 187 TSI HHEE2 SF(47.5 mL),
4N HCI(2.5 mL), 23A|(1 mL, KMK-73, Shin-Etsu Silicone,
Seoul, Korea)?} 3 -5 EtAT0] &4 HaL, 575t 40
mLe] ZRo4S FesiTh ZRS mLyS 0.02 M TBA Ao}

Table 2. pH and color of dry sausages

(5 mLyTH 510} 95T 9] FesxolA 3087 Fhdsta g
745t & 538 nmoll A SHES 24519} TBARS ZE Han
£(2007)9] BpEo] et 247 Fho] 7.89) @71E Bl
o Aralgit.

sAH 24

= AE 33 o} HHESto] ZPEQIAL, 11 A4S EA
I 273 SPSS Ver. 24.0(SPSS Inc., Chicago, IL, USA)E ©]
83510f One-Way ANOVAE AAStct. Aghe Ho+1E
HAZ Y oH, Duncan®] H5HES 53l 5% &
ozl A 2 Holol PRt oY AEsHAh

QMAtE-S SAIFANA pHE F7HeF eAlG T o] 83
IS F 40 HUIlER, pHY| S7h= Q4HE A A
Tofl o] T2 A FE = A THJeong et al., 2020). Hx A
FSET Ax AR pHE XoM = H7t ATt 7t &
oA a7k UehA] o H(p>0.05), AE AAAS] pHE=
Ao E 7F A7t it H7FHA] 22 ARl NC
Hoh foA08 #2 k& H3ItKTable 2, p<0.05). & A-Ho]|
A AREE Ao E EH] pHE 6.24+0.022 =8-2] pHET}
Tk =2 4 Aol et Ao E9] 77 HE AAIA]9]
pHE =1 Zo=E Almgrt

A% 2AAY #H HEE S5 1) Ao =] k=
A% 2R Aol {9491 Fke LERTTable 2, p<0.05).
AxE 2AR| 9 M= Xop =S| H7lgo] 7Rt wet
HEL)2 FHE(b)7F st o]He] Aol A4
Yt 22 AR SAIRL] o] Ko EE A el o,
FolHo s e LghE Uehd Zo] B EQUtHDing et al,
2018). b'gre] fa Ao ARSE XoPWEO] vk bk

N

Dry sausage groups

Parameters
PC CS1 CS2 CS3 NC
¥ Batter 5.89+0.04°" 5.80+0.01° 5.83+0.01° 5.82+0.01° 5.81+0.04°
P Sausage 6.08+0.02° 6.02+0.01° 6.03+0.01° 6.02+0.01° 5.99+0.01°
L* 9.86+0.47° 5.91+0.37° 5.30+0.23¢ 5.13+0.79° 6.64+0.48°
CIE a* 18.46+0.59° 17.18+0.76° 16.63+0.72° 16.51+0.93° 17.02+0.77°
b* 20.93+0.61° 18.17+0.83° 17.46+0.70° 17.29+1.10° 18.28+0.78°

YData are written as mean+SD.

TdSignificant difference was represented with different letters in each row (£X0.05).
PC, dry sausage with sodium tripolyphosphate; CS1, dry sausage with 1% chia seed; CS2, dry sausage with 2% chia seed;
CS3, dry sausage with 3% chia seed: NC, dry sausage without sodium tripolyphosphate.
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(8.9240.79)2] 3l Zog ket ML (a)9] 7L X]ot
NE 7k 2 o149l Aol YehtR] gkoront, QikA
A7t AgEch foFoE W a'ghe U oM (p<0.05), ©]
ESH RO E0] W2 2'31(2.32+0.23)9] PRI Ao woH
t}. o]d AFollNE HAE H7E Al AAE ZHAQ] Mo] AE
Ao JFS & & 930l EAE9iHJeong et al., 2020;
Jeong et al., 2021). WetA] B =Fo|A ot =9] Hrl= A
Z AAR 9] Mo JFe uH AoZ AlsHr;

ZH7| Hx

AZ A G8HE(meat batter)o]] thst 2R 7] = XopA=
2 Aleiol Wt kg Avle pert e 2] HE
£ YERTHFig. 1, p<0.05). A= H7IF 1% Ex= 2%
AE PCO FARRE HEo] Hrg B o, XoRE 3% A7t
3 CS39M = A0 R =2 HEE UERtH(p<0.05). o]
St A= RO o] 9hfE Alodfo] AdtE AtaE: 4
oldf7t FHE HAESZ H7IE SAIEN gt o] Ao
A= olet fARRE Z¥p7F B =] {t Ham 5(2017)2 A% &
T2 A7IRE 71 Aol tigh AtollA A% S H7IRE
17] FEkES A7PeHA 92 AeET w2 2RV s B
FO™, Zhao 5(2018)> A HEZ QA /d-{regenerated
cellulose fiber)S 715 §51d AAA] AFoA AEZQA
M Algo] e Aol Auy] Hert ekt B
najolh AM7] e 95 g} HaEo] 241l
F= = 5 22T (Shin et al, 2017b), & =EoMe= A= &
AA kel A EE F7Ishs o] RV AXE A5
2g s

Q3 otay

Az £A1A0] 93} PP QIS A e NC
oA 1507% 7MY B F AETS Lrehia, XopEY)
Sarol Z7Klo] wrel AH&epo] Z23HAEK Table 3, p<0.05).
oleigt ArHs XoHE Aol gl O3t HE %50 Yo
& e, Choi (20111 R3129] s f3t g4

Table 3. Emulsion stability of dry sausages
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Fig. 1. Apparent viscosity of meat batters containing
chia seed. Measurement of apparent viscosity was
conducted at 10C and shear rate was from 0.1 to 100
1/s. Each line with different symbol means different
treatment. PC, dry sausage with sodium tripolyphosphate;
CS1, dry sausage with 1% chia seed; CS2, dry sausage
with 2% chia seed; CS3, dry sausage with 3% chia seed,
NC, dry sausage without sodium tripolyphosphate.

LA A3o] rkal Harstelet o] AtollM = EE2UF &
AR G] A A EHO R o dHd ZAof| 2o g H7Ielo
< o BEiFchiS Hdrist odd AE F AR 73t
QFgAJo] A Aog HIEQOm(de Souza Paglarini et
al,, 2019), I TR AFolA AR A tiA] HAoR
L-Argininee 37}t 49oll= QA 7t A2e} 53t <F
ol A 724 Zfol7t gleZ ERISHATHKIm et al., 2014).
SAE AR Al F7HE JAELS SR S Bofjof ofgh
FEA Tl 50 Toishr] wizel 3} Ay 4y
3t BAE YERATHOFlynn et al,, 2014). °]o] Wb & =7
A= AR AAROfA oK EE H7I6k= Alo] 1A
AAZA 53t PG FE Pt S ERlsknh

rx
Ju

=4

AR AS7FEE9] Ak(tendernessy= AZEo] EAS 2
Sk $a3% 89 F shUE IEA SloH, o= AHRY
e} 272191 o] QIthMiller et al., 2001). ATt &4

N PN

e o
Mo mx oX

Dry sausage groups

Perameters PC CS CS2 CS3 NC
_ Total (%) 10.63+0.31%V  15.45+0.43° 14.21+0.92° 12.87+0.73° 16.07+0.41%
Fuid Water (%) 10.04+0.29°  1455+042° 13374085  12.04+0.69°  14.19+039%
Oil (%) 0.59+0.02° 0.91+0.02° 0.84+0.07° 0.83+0.04° 0.88+0.01°

YData are written as mean+SD.

TdSignificant difference was represented with different letters in each row (£X0.05).
PC, dry sausage with sodium tripolyphosphate; CS1, dry sausage with 1% chia seed; CS2, dry sausage with 2% chia seed;
CS3, dry sausage with 3% chia seed: NC, dry sausage without sodium tripolyphosphate.
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Table 4. Shear force and thiobarbituric acid reactive substances (TBARS) value of dry sausages
Dry sausage groups
Parameters
PC CS1 CSs2 CS3 NC
Shear force (kg) 5.49+0.59%" 6.26+0.40°° 5.91+0.41% 5.25+0.73¢ 6.78+0.54°
MDA (mg/kg) 1.06+0.01° 3.60+0.01° 2.04+0.01° 1.70+0.01¢ 4.64+0.03°

"Data are written as mean=3D.

“*Significant difference was represented with different letters in each row (£X0.05).
PC, dry sausage with sodium tripolyphosphate; CS1, dry sausage with 1% chia seed: CS2, dry sausage with 2% chia seed;
CS3, dry sausage with 3% chia seed; NC, dry sausage without sodium tripolyphosphate; MDA, malondialdehyde content in

TBARS assay.

>
Ho

JfeEo] Aug JAHoR SHehe YHos
S 7 AR7IEEL AHRLY] 75 ko] B0l
<= QItH(Culioli, 1995; Destefanis et al., 2008). Table 4+= AUAL
U XopA= A/l st A% AAX9] Heke 24 A
Sl Holth. 71 2A1A19] HEFle NC2F HoPE. 1%
7k J277H 71 0 e omipe0.05), AobAE 1%
| 571to] wet frojdo e Hekelo) Ziashes ARE ekl
THp<0.05). olzjgt ATMe HopEo] FHFE AlolAR(18%-
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B mg )

[¢]

XA Aie

o EE A5 AR AXR| Y A A 24 AT
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2o E 7] e A AfEe] A= Rop =] 3
A aatg A 4= Qlok Ao o= EFHE, To|EA
H|E(phytosterol), 7I2E]|z0|E U W= SighE 50| At
e B dgs sk AeE dEA Sltida Silva
Marineli et al., 2015). oA AFA&= Ao = Bk H7t
g AS AAIRQ] AR 717t e AE AfE &7 A3 A
oA E JFFo] F7Igol| wEt felF o W2 Ad A s
Ho]7|& 3}t Mohamed and Safaa, 2019). WehA] X[oP =
£ At At B 2111 QA F37F A2]tof] Hlsy
o oR 2 A4 AfEE B, o e 28 37t
gt xR AAR Y A o] fesittar T

= e

0]
Q

£ d7e As7REel ol8Ee it diAAl=A #[of

HE 7Pt A% 2A140) DX G Slst] 9As) 5o
Hoick. & 7o) ALSE AoMEL Rk R4 Sotkst
of A% 2414 Azol A8k AR AAA) pH 24 2
3}, NC(QUAH] F37}F Jei el vlef Xobi= 47t Helrt
2 pHE Uehont, Xopi= Hrlge] dEs oz Fts
A) glokeh. o] 49 Hopsel vhe L, o B b'gie] 9%
2 v} AzAAIA0] G010l GRS 7Fh S5 2w
HE0] 29 Aoh= kel sk A Bow, of
= AoH= U] Aoligel ofF Aow Awmelh A3t ok
139 79 PO 7k HEk 7V Al AR B
oL}, oA 3% 7} A2l Neof Hjste] ejzoz
=2 f3} FYHS BATNP009). AoWE Hrtol 271
ol ue fojHoR AHuelo] HAstEom(p<0.05), Ad
AbEL Hob= F7lo] uhet o180 e MDA FHe
UERItkp<005). 2 @70] AROEA, oPES] HrMe
AE 371] mE 3} g 51 % i g T 5710
HE A 44% 59 R AE ZHE A4 Al
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