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Abstract

This study was performed to develop low-fat comminuted sausages (LFSs, <3%) manufactured with 126 single
(Konjac flour, KF; kappa-carrageenan, k—-CN and Locust bean gum, LBG) or mixed hydrocolloids and to select the
best combination which had similar textural characteristics to those with regular—fat (~25% fat) control. In ex—
periment 1, LFSs were formulated with each 1% hydrocolloid, smoked and cooked to an internal temperature of
71.7°C. The pH range of LFSs was 6.29 to 6.34 and approximately 23 ~249% of fat was removed in the final products,
resulting in the higher moisture and protein contents (%) in LFSs, as compared to regular—fat control. No differ—
ences (p>0.05) in cooking loss (CL, %), expressible moisture (EM, %), and hunter color values (L, a, b) were ob-
served with the addition of each 1% hydrocolloid. However, LFSs containing 1% k-CN had textural hardness values
similar to those with low—/regular-fat controls, whereas LFSs having either KF or LBG had similar cohesiveness
values to those with regular—fat counterpart. In experiment 2, two or three mixed hydrocolloids were added to
the low—-fat sausage formulation. The addition of mixed KF+LBG (KLL) and KF +CN+LBG (KCL) reduced EM
and textural hardness values, as compared to low-fat control. Among the treatments, LFSs containing two or three
combinations of CN with KF or/and LBG had similar textural characteristics to those with regular—fat control.
These results suggested that multiple addition of CN with other hydrocolloids (KF or LBG) for the replacement
of fats in LFSs would be recommended for the proper functional and textural properties.

Key words: low-fat comminuted sausages, hydrocolloids, multiple addition, textural characteristics -

M B

ﬁ‘_‘ﬂz}%ﬂ 255Fo] Folx kel upet AlS-& v Z3 4]

7150] A o] &S Aty A A AHE

) Z (healthier foods) 2.2 & 2} 1 7 8Fo] vl o] 7}
CdUR19) g & A Fodk oy ] 9] A F el A
Hé-g]{:__ Hlmho 2 o] & Qg o} wdoly BAE A A ghe)
22 odulA sheh). wpeba] AR alEL o9 22 A
£ 3Hsta sl 7haA Ax A 7154
3l s Aol

ol

T

fCorresponding author. E-mail: kbchin@chonnam.ac.kr
Phone: 82-62-530-2121. Fax: 82-62-530-2129

2] &

=

Z kol AA F 50 & A Ea 23S
Fit} 28l g y|&9 ok 209% oAk A kS T3k 3513
A Z(emulsified meat products, <30% *1¥h)3} #-AHH
e e AEE S gL A AgE 2 gk o] 4m)
2pEo] A}, AGAEFLS AssHAME ok ¢n D 223
27129 f3Hy SAE 2L A4S A AFS A
u] Fo]th(2,3). whebA] o] 9} e AR50 &5 FF AT
7] $13ted chekat Aub A At HEE S ok

A A A 2= AHE-E 2 glE AR 7R EA ol o]
Fo|th4). »1=r2] %A (United States Department of Agri-
culture)?] FAA AE(6) 2A1A] 7HF3A ol “40% rule”] 3L
=l o} A2 A A 9] A 2A] HyFeE 23 2 SA F| A

o\N

o
=
Al

}‘N o?.i.



630 P

[«

greko] 40% 2 WA UE=S FA ST 2 g Akl ake 309%
148 298 4 g == A sl o] FA ol Qspd A wgt
o] 0%} &-geko] 4090l A1 58] x| uktake] 30%9} =&
greFol 10%el o1 27174 vhekit A E-S AT £ 9lg-L @
Bl8ks gt - o] #ol] 79} O F 2 Aot 259
Hl S5 whil o) de) AREE 3 9l 2(6-10) L 99 BrEtE
2 F 2 ApA] Z 20 = (hydrocolloids) A Al S-7H2-E-2] )
A A7bE o] RpE s 7ld 8-S FF T A A7 S
P gl RS WAIEk] ml B FaloA)
FEak oh2l 715 & B Fa 22 7HE FRAA
] AR5 2 ¢leh(11). Konjac flours A} &
Jub ol b g A A wt opE} O E A
€9 A ¥} carrageenanst A28 oo
3]'5‘3‘4(12) ol¢} e AFAINE 7|22 A
2.2 AMEHE Wt Bt w AMEglE
*]XILH-4 7164 o A7) WEkE Atena
33 2o v g ez A Migzd-g Al
A 52 F] Az ooty AlsH
= o8} -2 A A KA FL AxAle Fasgh

A ERo|=E olAe] RdATE F3lo Pl HEHE
(13) B2 A A 222 o] Al 2A] Arbslgd sz vl 2 E3hd
7hell 218k o)3}stAe Ak BEAAANE B3le] 7129 £3589
AR et feAbgE Ay A F] g 9lste] AAlstsc)

[+

n°‘

do ¢

&
gl
A o&;ﬂ.
nlln

2

N O

1

2 oox N
m{tiru]oé
o .

el
}-Jmlm—“ér-{

s

B> TrT
mlm

I‘

é—bm‘ﬂﬂnﬁ-{)l:&ri}-}l

2o 4
g

)

Zo

P E fn

_\;,u

P

2 Lo

ey
e

. & o N
—E‘ﬁi

D
iy

by

ME W U™

o]z o] melledf(13)ol| A2} Zo| £-5-2 4] (ham) ¥ &-&

Tt 52 AA 22 & AAS L HSAZ] F A8
2 AN W71A] A 5EA 5 ES-S 7 Al
WAl el A o L7 FoF HMEA L F AR Th oF 3027
5 3i2ke @V E #FAAF]7] 98k A2 7] (Silent cutter,
Crypto Peerless Ltd., EF-20, England) 2 Zro}a & X H}el) A
A2 AHE A F2o)2k 23 SRS 14082 &
A7) Abel 2 A 7bsisich A9, efalaba, of 2] A2 R4k (so-
dium erythorbate), 414+ (sodium tripolyphos—phate, STPP)
2 AL ulge] Aukg Avlated 13 AlA A Al &rhalA]o)
2 85E QT oF 3~42 7 A A A AL, 221 Al A] AL
B zvig 2 FujAe} 2] ¥eE Yo A Egsiedd
(Table 1). £FA1Z 2752 cellulose casing©ll 3314 7
2 F49971(Smoke chamber, Nu-Vu, ES-13, Food System,
USA)lA Table 29} 32 Fdx7e= WF FA2=7)
71.7°C 2 Wi7HA] v Az 7l F REE 2R 4
S27}F40°C o1 3t 2 WA =8 Y2HA) 7], YA el 4] 35
T WA F oolstehA At A 2AAALE AA sk

Experiment 1: XM Z20|=2] clH7lof 28t X
Xlgh SAX S M= g "ot

2 Qe 2AATUNE 7122 se] A4y FRol=

R

Table 1. Meat and non-meat ingredients incorporated into low-
fat sausages

Ingredients Amount (%)
Meat (pork ham) 60.0
Water 32.0
Fat replacement” 1.0
Non-meat mgredients 7.0
Salt 1534
Sugar 2.00
Nonfat dry milk (NFDM) 1.00
Hydrolyzed milk protein (HMP) 1.00
Sodium tripolyphosphate (STPP) 0.40
Spices 1.00
Sodium erythorbate 0.05
Salt/Sodium nitrite blend 0.016

UFat replacement: Konjac flour, carrageenan, locust bean gums,
each 1% or a combination of two or three mixture at the total
of 1%.

Table 2. Smoking and cooking conditions for the manufacture
of low-fat meat products

Time  Temperture Humidity

Steps (min) (°C) system Smoking
Redning 30 50 10 off
Drying 30 50 0 off
Smoking 30 55 0 on
Heating 1 30 68 4 off
Heating 2 30 77 6 off
Steam” 30 82 10 off

Cold shower”

"Humidity system: Humidity control system (0~10) in smoke
chamber (Nu-Vu, ES-13, Food system, USA).

D3team: Until product reaches internal temperature (IT) of 71.7°C.

YCold shower: 20 min until 1T <40°C.

4l konjac. flour{KF), carrageenan(CN) ¥ locust bean gum
(LBG, Korean Carrageenan Co. Ltd, Seoul, Korea)3- A A%
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Table 3. pH and chemical compositions of low-fat sausages
manufactured with single hydrocolloids
Moisture Fat Protein
(96)
Mean 651 558 269° 13.2°
SD 021 090 108 065
Mean 633 746* 251° 17.3°
SD 017 121 134 015
Mean 633 756" 2570 158"
SD 031 245 097 055
Mean 634 748 238 1617
SD 027 203 148 004
Locust bean gum (LBG) Mean 629  756° 237" 15.1°
SD 026 169 114 063

YRFC: regular-fat control; ?LFC: low—fat control (<3% fat).
¥Means with same row having the same superscript are not
different (p>0.05).

Treatments pH

RFCY
LFC?
Konjac flour (KF)

Carrageenan (CN)
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Fig 1. Expressible moisture (EM, %) and cooking loss (CL, %)

of low-fat and regular-fat sausages manufactured with each

hydrocolloid.

RFC = regular—fat control; LFC = low-fat control; KF = konjac flour;

CN = carrageenan; LBG = locust bean gum.

# “Means with same letters among treatments are not different
(p>0.05).
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Fig. 2. Fracturability (g) and hardness (g) values of low-fat

and regular-fat sausages manufactured with each hydrocolloid.

RFC = regular-fat control; LFC = low-fat control; KF = konjac flour;

CN = carrageenan; LBG = locust bean gum.

#dMeans with same letters among treatments are not different
(p>0.05).

Table 4. Hunter’s color values of low-fat sausages manufactured with single hydrocolloids at different location (core vs surface)

Hunter’s color values

Treatments Core Surface
HLY Ha Hb HL Ha Hb
RFC? Mean 7367 10.4° 9.75 60.8° 187 23.3°
SD 0.44 0.39 1.16 1.22 116 261
LFC? Mean 67.6° 11.2* 820 56.6° 189 19.4°
SD 0.45 0.38 166 3.63 0.78 217
Konjac flour (KF) Mean 66.0° 115® 9.00 52.4° 199 19.2°
SD 1.28 0.26 1.06 318 327 243
Carrageenan (CN) Mean 67.9° 11.9° 7.90 522 187 181°
SD 287 1.07 1.66 2.87 1.93 157
Locust bean gum (LBG) Mean 66.4° 124° 9.07 56.6™ 181 e
SD 1.04 1.77 1.77 329 2.15 1.23

DHL = lightness; Ha = redness; Hb = yellowness.
2RFC: regular-fat control; FLFC: low-fat control (<3% fat).

“Means with same row having the same superscript are not different (p>0.05).
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Fig. 3. Springiness (cm) and cohesiveness values of low-fat

and regular-fat sausages manufactured with each hydrocolloid.

RFC = regular—fat control; LFC = low~fat control; KF = konjac flour;

CN = carrageenan; LBG = locust bean gum.

*“Means with same letters among treatments are not different
(p>0.05).
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A Arkg ook 9 ArHA 9} ek 2 f3E 247 9
A% el 4R st 7deko) Y& whd, A AW 27= KF
+LBG(KLL) == KF+CN+LBGKCL) Rt} frejs22] &
o] Egtoml KF+LBG(KLL)E &8 e]lFrr} 7hd e
o] =gktH(p<0.05). wheha] AAju}k o2 of] u]ste] KF2t LBG
(KLL)9] 23 A7be Bad Bk ohel 7ld 88 22l
KFo} CN¥ LBG(KCL)Y #3 A7k m53E SAARAS
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N4A F2olxe] E3 Yy &5 A7EAI 9} vk EA 2
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o

Table 5. Proximate composition, physico-chemical and textural properties of low-fat sausages manufactured with mixed hy-

drocolloids
Treatments’ RFC LFC KCC KLL CLL KCL
Moisture () 555" 775 7678 76.9° 76.1° 76.1°
Fat (%) 973 25° 2.1° 27° 26° 26°
Protein (%) 13.1° 178 16.2® 155° 162 15.1°
Expressible moisture (EM, %) 17.7° 356" 334" 25.1° 339™ 284>
Cooking loss (CL, %) ]9° 152 14.0% 13.2° 146® 14.4%
Hunter L 72.4° 66.4° 65.3° 65.5° 65.7° 65.0°
Hunter a 11.8° 12.3° 11.3° 125 11.9° 117
Hunter b 9.2 5.7 6.2 77 6.7>¢ 7.4%
Fracturability (g) 5630° 5678 5257% 2031° 4273 2821°
Hardness (g) 6401 7520° 6453 3739° 5474 4522
Springiness (cm) 0.26° 0.34° 0.30°" 0.17° 0.27° 0.21%
Gumminess 957° 1774° 1312 671° 1100° 805°
Chewiness 247° 603 432% 120° 3017 173°

UTreatments: RFC = regular fat control; LEC = low—fat control (<3%); KCC = konjac flour (KF)+ carrageenan (CN) by 1:1 ratio; KLL
= KF +locust bean gum (LBG) by 1:1 ratio; KCL = KF+CN+LBG by 1:1:1 ratio.
?Means with same row having the same superscript are not different (p>0.05).
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