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Physicochemical and Textural Properties, and Shelf—Life Effects of
Low—fat Sausages Manufactured with Various Levels of
Activated Lactoferrin during Refrigerated Storage

In Hye Kang, Hong Chul Lee, and Koo Bok Chin*

Department of Animal Science and Biotechnology Research Institute, Chonnam National University,
Gwangju 500-600, Korea

Abstract

Low-fat sausages (LFS) containing various levels (0, 0.3, and 0.6%) of activated lactoferrin (ALF) which was prepared
by dialysis to chelate irons of native lactoferrin, were manufactured and measured the physicochemical and textural prop-
erties, and shelf-life effect during refrigerated storage (8°C). LFSs contained 72-76% moisture, 1-2% fat, 12-14% protein
and a pH range of 6.04-6.08. No differences in physico-chemical and textural properties were observed with the increased
ALF (p>0.05). Microbial growth of Listeria monocytogenes (LM), which inoculated at the levels of 10* CFU/g, was
increased with increased storage time. ALF at the amount of 0.6% slightly inhibited the microbial growth on the LFS
(p<0.05), as compared to those of LFSs without ALF, however it had lower antimicrobial activity than those of 3.3% sodium
lactate. These results indicated that the addition of ALF at the level of 0.6% affected the antibacterial activity of LFSs,
resulting in the suppression of microbial growth in LFSs without quality defects.
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frafat Q1 RESU REANRTRE WA g
)3k #Alo] Z7}slsr YUtkCho et al., 1995).
o|9} AHste] vlE(Cho and Jhon, 1988), 714+ Ahn and
Shin, 1999), 71E4H} AXR}IEF(Kook et al., 2003), A
Wik(Lee et al., 2002) 53 22 A FgTFEA i3t
A7} o) Fof Rt

IHEEY /A8 S Bol T dv FE
SaE-S AT JojA] Al A3 nfeli
18 AAAF= 7Is°] e din et al, 1996), H]
g Mol ot 7HA AW oZHE frols st
SItHCha er al., 1999). E3], &
B2l A ol Ag] 5AJo] gadel it Fa3t
71do] 52l 9t Lonnerdal, 2003). SFEHYUL {124 &
I A3 5 e Vi A FHE 7T 9o, o
AgR-2lo] & o] nEe T, ofd, ¢V, IY
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Table 1. The formulation of low-fat sausages (LFS) with var-

ious levels of lactoferrin (unit: %)
| Added Non-meat Lacto- Sodium
Treatments' Meat . . .

Water  ingredient ferrin  lactate
LFS 55 35.1 9.9 - -
LES+LF0.3% 55 35.1 9.9 0.3 -
LFS+LF0.6% 55 351 9.9 0.6 -

LFS+SL 33% 55 338 9.9 - 33

'Treatments: low-fat sausage (LFS); lactoferrin (LF); sodium lac-
tate (SL, 60% solution).

Table 2. Non-meat ingredients incorporated into low-fat sau-
sages

Non-meat ingredients Amount (%)

Fat replacer’ 2.50
(KF: CN: SPI) (0.5: 0.5: 1.5)
Salt 1.30
Sugar 1.00
Corn syrup 1.00
Sodium tripolyphosphate 0.30
Non-fat dry milk 1.00
Maltodextrin 1.00
Hydrolyzed beef stock 0.50
Spices #5 1.00
Sodium erythorbate 0.05
Cure blend (salt/NaNO, 150 ppm) 0.25

'Fat replacer: konjac flour (KF), carrageenan (CN), soy protein
isolate (SPI).
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gste] YT PP A FFLEECPIA
AR 5 2 HFog o|HHA, 224 54 %

Listeria monocytogenes2| HE X O|M4E ZA

AR 2AA HEE TS wWidstr] S8t Listeria
monocytogenes(LM)Z tryptic soy agar(TSA)| 2-3d A%
B3 FAZ] T brothell S8R 1947 F< shaking
incubatoroll A W{FAIZTE. ©]Zle 9mL B STl
B Aate] 25 g¥ FuHlE Alge] ¥Wol Zzb 1 mLy A
Fat AT st 4 A8 g T o 10-10* CFU°] &
TE 2839t £33 dEHeME LMo Aol
FAHEE AFLEE 8°CE B, A 5 AAW
2AA Y AE FE 5T F 1IF HHOE HE 7
AEY A4S Btk I $93%] YA
& oA HS ARSI, FETE S8 A F
<= HjX](Plate count agar, Difco, USAYE A|Z3}9oH,
AET LMY a5E 3387 el AdHH)A| (Palcam
agar base, Oxoid Ltd., England)®l| }.%#](Palcam selective
supplement SR150E, Oxoid Ltd., EnglandyE 7}t A
ZatAch. Az F@uAe 3A3 AEE 0.1 mLY
STEG %, 37°C v 7]o)] 48417t FRF vzt &, colony
£ At #F a5 378813, log CFU/ge. R ¥
7¥atdet.

pH &4

AZzH AAY 2AA] ARE 5 FEOE B85t 4
Zto] ZZ}-& 1A|§ pH-meter(Model 340, Mettler-
Toledo, Switzerland)E ©|-83}c] 248}P 1 HAgoZ
Bk 1=

Sz

Color Reader(CR-10, Minolta Corp. Ltd., Japan)& ©|-&
3t AAIR Y BhHS Zbzd g =&} hunter color
¢} L(lightness), a(redness), b(yellowness)®] g2 3}

At

UM E BN
2AA A EE TS £, AOAC(1995)H ) uhe}
Algo] PRHERAE ER18IH. dry-oven S ©]8-3}
FE-S ZA3IA T, soxhlet FEHE o]§she] A
seke- 2351k 8 kjeldahl ¥ (Kjeltec Auto System
Buchi-322, BUCHI, Switzerland) 0.2 2chila &}eks =
A3t

=
Z+ Al AAAY 7ME AZ A IAplE A

ZTFEA Y g AAA| 9 RS Hrle
7+ 7 2 (Cooking loss, CL, %) =

o1 A AlggE -7l 3 AR x 100
7HE A Als

el g (Expressible Moisture, EM)

Al 1.5 g2 93X (Whatmann #3)E 38 2 T, 944l
E 2 7)(Model VS-5500, Vision Science Co., Ltd, Korea)
of ¥, 3000 pm2E 2087t AHS § FE|Fe] o3t
Ao F8 FE9] ¥ 94 £l AeY AR FA
o)l 5 =A3te] Hr)slth(Jauregui et al., 1981).

A9 (Expressible moisture, EM, %) =
ARA | fElE T2 & x 100
Mg A

ELHEN

A ZH 2A A9 227+ Bourne(1978)9] HIHo 2
Instron Universal Testing Machine(Model 3344, Instron,
USAYS ©|-83} texture profile analysis(TPAYS 2 A]8}5
o} Z2te] MEE 13emE AW &, A7 1.25em9
punctureZ AAZ8 3}, 500 N9 load cell2 )-8l 214
2YNBL AU, A Qe Hole] oF 757z 4
Z43la1, 300 mm/min®] £5 2 I F W EE &
A 3, A== A% (hardness, gf), 1734 (fracturability,
gf), &% X(springiness, cm), 74 (gumminess), 3T
(chewiness), 2734 (cohesiveness)S 2elsle] ]z

Hlnl 78kt

SHXz2

SPSS 10.1 BAEA =2 13:(2001)S o] &3ty X+
9 Azl S a9l o) AEAEE BT,
5G] Y& BT-(p>0.05)00= A2te] el w4
ot 13 AR A9E 242 22 3l pooldt
al AAsle F-2]2H(p<0.05)71 E1E -5
Dunnett's T-testt} Duncan®] TFEAAHE AAjslo] Az}
£ Hl Frisisitt

my

RO

24z 0.35 0.6%2 SEHAT 3.3%2] JLHEFS 3
74 AR 2AIAE 8°C WAIAA 67 A7) F2t
o|ssha, AT A4 9 HF nAE] tig A%
B A S vlal Frlsidd $HE, AR
W 2AAY A 2 ARSI el Al Tet
AA717E] B AE-S e A}, T Q1] A
80 YRS EE(p>0.05), T8 T A7 EH2
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ANE Z3te] 2k A gEM U219 FAE B
ole Zzte) HFE }Isly] s HeT7E [Rle=
3t W7ol A= Dunnett's-T testS Q183 1, SEHY F
H7F iz A7) Zolg vl 71 ArhTable
4). =3t A7 82l 3 HrlAE Duncand] th
ZAAUS ol&3te] A7)t g AP HAE
H|3l 37}8t A tH(Table 5).

pH, YEIME Mz J)5d W =EZ ZAl

AzE HAA AAA9 pH, YRR 2 stazte
AT Table 33 2t} pHE 6.04-6.08, 2 72.3-
76.0%, A|8h& 1.41-1.70%, YHIAL 12.2-14.0%Z H7}=

Lo

Ax, Agghge] 3% olE AALYE skt 7t
Aztere FEAHY dgolu MIEF A7t o8 &
o}AQl o= HolA] eIt i(p>0.05), 7.73-10.0%Z =
A} o]2d A= Lee9} Chin(2006)°] BEigk &
EHAL H7H0.05, 0.1, 02%)8F AAH 2AIX = £ A
FA) SARSF ZuFeHeE(1.40-1.66%)22 AZE o A
A AAAR BFEHUAL, SEFHY H7FH0.05, 0.1,
02%) 23l pH, 4%, A%, @A & 9 M
ol Fol#sl FEe FA drhe 2#s vRR7AR £
AT ATE B 03-0.6%2) HEAY Hrks AA
A9 pH, Y¥HAE D A7 e JTE T2 P9

tHp>0.05).

Table 3. pH and proximate composition, and cooking loss of low fat sausage with various levels of lactoferrin (LF) and compared

to those of sodium lactate (SL)

Low-fat sausages (LFS)

Parameters'

LF 0.0% LF0.3% LF 0.6% SL3.3%
pH 6.04+0.04 6.08£0.01 6.05+0.01 6.06x0.00
Moisture (%) 72.3 £1.32 75.0 £1.67 75.5 £0.18 76.0 £0.21
Fat (%) [.41+£0.24 1.70+£0.45 1.56+0.12 1.70+0.13
Protein (%) 14.0 +0.88 12.3 +0.51 12.5 #0.12 12.2 £0.49
CL (%) 10.0 =1.54 11.4 £4.36 7.73+£1.32 8.11£1.32

Treatments: LF 0.0%, low-fat sausage (LFS) counterpart (fat<3%); LF 0.3%, LFS containing 0.3% lactoferrin (LF); LF 0.6%, LFS con-
taining 0.6% LF; SL 3.3%, LFS containing sodium lactate 3.3% (60% solution).

'Parameters: cooking loss (CL, %).

Table 4. Dunnett's-T test of mean values for physicochemical, textural properties and microbial counts of pooled low-fat sau-
sages as affected by various levels of lactoferrin (LF) and sodium lactate (SL)*

Low-fat sausages (LFS)

Parameters
LF 0.0% LF0.3% LF0.6% SL 3.3%

Physicochemical properties’

pH 5.78+0.18 5.71£0.36 5.82+0.18 5.87+0.15

Hunter L 66.7+1.93 67.2+0.99 67.7+2.01 66.5+1.63

Hunter a 12.2x1.14 11.9+0.99 12.5£1.40 12.6+1.51

Hunter b 7.04£1.32 6.59+0.91 7.07£1.35 6.86x0.91

EM (%) 28.8+1.30 27.8+1.60 28.4+2.48 28.5+1.98
Textural properties*

HA (gf) 4021286.2 4363322 4576x491 4369+439

ER (gf) 2781£208 3098+390 32134425 28704378

SP (cm) 0.22+0.03 0.23+0.03 0.24+0.05 0.26x0.04

GU 859+125 904+87.7 926+62.4 960+94.5

CH 199+54 .4 209+£45.2 224+59.5 267+80.7

cO 0.21+0.03 0.22+0.04 0.22+0.02 0.23+0.03
Microbial counts®

TPC 6.77£1.63 6.50£1.47 6.16+1.38" 4.97+0.79°

LPA 6.70<1.54 6.49£1.43 6.28+1.52 5.32+1.25°

Treatments; shown in Table 3.

! Physicochemical properties: hunter color values = lightness (L), redness (a), yellowness (b), expressible moisture (EM, %).
2Textural properties: hardness (HA, gf), fracturability (FR, gf), springiness (SP, cm), gumminess (GU), chewiness (CH), cohesiveness

(CO).

3 Microbial counts: total plate count agar for total bacteria (TPC), palcam agar base for Listeria monocytogenes (LPA) (unit: log CFU/g).
“All values are the mean+S.D.; significant differences (p<0.05) are expressed by the asterisk (*) (LF 0.0% vs. other treatment).
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Table 5. Mean values for physicochemical, textural properties of pooled low-fat sausages as affected by storage time*

Storage time (wk)
Parameters
0 2 4 6

Physicochemical properties'

pH 6.06+0.02° 5.84+0.08° 5.760.15° 5.53+0.31°

Hunter L 68.4+1.15 66.7+1.47 66.2+2.04 66.9+1.31

Hunter a 11.8+1.35 12.8+0.68 12.7+1.74 11.9£0.75

Hunter b 6.02+1.27 6.92+0.56 7.02+1.09 7.62+0.87

EM (%) 26.3+3.83 28.8+3.50 27.9+2.03 30.3+2.63
Textural properties®

HA (gf) 4724+432* 4177359 4415£510° 4012x474°

FR (gf) 3308+342* 2887+312° 3037379 2729+299"

SP (cm) 0.19+0.03 0.25+0.08 0.23+0.04 0.27£0.02

GU 790+79.2 927+260 940+£269 993£187

CH 146+31.2 250+142 2254972 278+81.6

CO 0.17£0.02 0.23+0.06 0.22+0.06 0.25+0.03
Microbial counts® 0 1 2 3 4 5

TPC 4.34£0.09° 5.03£0.51¢ 5.82+0.90° 6.621.51° 7.25¢1.15° 7.53£1.01°

LPA 4.37£0.12° 5.04+0.53¢ 5.83+0.93° 6.75+1.32° 7.28+1.14% 7.91+0.38°

'Physicochemical properties: hunter color values = lightness (L), redness (a), yellowness (b), expressible moisture (EM, %).
2 Textural properties: hardness (HA, gf), fracturability (FR, gf), springiness (SP, cm), gumminess (GU), chewiness (CH), cohesiveness

(CO).

* Microbial counts: total plate count agar for total bacteria (TPC), palcam agar base for Listeria monocytogenes (LPA) (unit: log CFU/g).
*All values are the mean+S.D.; “*Means with the same superscripts are not significant different (p>0.05).
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