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Abstract

This study was aimed to analyze the changes in rheological properties of sausages added tenderizer made with over-
matured used-up fruits such as kiwifruit, grape, and pear. The tenderizers were manufactured by various concentra-
tion of fruit extract and added to the sausage at different heating temperatures. Failure stress and stress relaxation
of beef sausage mixed with different tenderizers were measured with Rheometer, and analyzed with 3-element Max-
well model. As a result of the rheological measurements, over-matured kiwifruit extract showed the best tenderness
effect among other fruit extracts, and the more kiwi contents were added, the beef texture turned to softer. The
instantaneous stress and elastic component of beef mixed with various tenderizers were decreased at higher concen-
trations and lower heating temperatures. This study was well expressed the numerical magnitude of viscoelastic
components of beef sausages to determine the tenderizer effect
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Fig. 1. Schematic diagram of a 3-element solid model.

A3} tH(Hamann & Macdonald, 1992).
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stress at time t, o,:equilibrium stress at
viscous element constant, E,: series elastic
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Fig. 2. Failure stress of sausages made by different concentra-
tions of fruit enzyme extracts.
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Fig. 3. Failure stress of sausages made with fruits enzyme
extract at different temperatures.
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Fig. 4. Stress relaxation curves of sausages made by different concentration of each fruit enzyme extract.
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Table 1. Factors of three element model at different extract concentration

Over-matured Constants
fruits variety S, o, E, E, T, s
Control 76.6 16.6 306.3 85.1 14.8 5792.0
1 74.4 15.8 297.4 80.0 14.0 5283.3
P rati % 2 71.0 15.5 284.1 79.5 14.4 5236.2
ear concentrations (%) 3 66.6 13.5 2663 68.0 15.6 5215.1
5 62.1 13.3 248.6 67.8 14.0 4429.1
1 70.0 14.7 279.6 74.1 14.0 4952.7
G rati o 2 68.8 133 2752 66.1 13.8 4709.3
rape concentrations (%) 5 59.9 13.1 239.7 67.0 14.2 4355.4
5 522 11.1 208.6 56.4 15.8 4187.1
1 64.4 13.3 257.5 67.2 15.0 4869.2
Kiwi rati % 2 62.1 13.1 248.6 66.4 13.2 41571
iwi concentrations (%) - 56.6 1.7 226.4 59.0 13.8 3938.8
5 48.3 8.9 193.1 43.5 14.8 3501.7
G, : instantaneous stress (kPa)
o, : equilibrium stress (kPa)
E, E, : elastic components in three element Maxwell model (kPa)
1, : viscous component in three element Maxwell model (kPa-sec)
7, : Relaxation time (sec)
Table 2. Factors of three element model at different heating temperatures
Constants
Over-matured fruits variety
Oy Oe E, E, T e
70 333 6.7 1332 333 17.0 2829.7
Pear heating temperatures (°C) 80 433 8.9 173.1 447 16.8 3658.8
90 494 11.1 197.5 57.3 15.8 4025.5
70 30.0 4.9 119.8 233 11.0 1575.0
Grape heating temperatures (°C) 80 422 7.9 168.7 38.8 13.4 2779.6
90 47.7 10.0 190.9 50.5 11.0 2655.3
70 20.5 3.6 82.1 17.2 7.4 734.8
Kiwi heating temperatures (°C) 80 41.6 8.4 166.5 423 8.0 1670.1
90 43.0 9.2 172.0 46.5 8.0 1748.2
G, : instantaneous stress (kPa)
o, : equilibrium stress (kPa)
E, E, : elastic components in three element Maxwell model (kPa)
T, : viscous component in three element Maxwell model (kPa-sec)
7, : Relaxation time (sec)
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¥ 36014 9.2kPaZ 30| F7IsI e, & & 1 A4S TN E 5



IGHE ASHIE AR A0 2 AT 121

o ok
i) =

G HREo F53 2T4LNS ASAE AFRslY
XA Az A ol Hrt & BT Al WskE
] g

9, 2=, 1] ol 719971 7P Hojd A a3E
Aon shgko] ZypekEE AstEe Fwr) i

TE 70°CAA Hoje] 98 35 Yepglon &
E=UFE FJe o] AHo] A yekdth 7 Alxx
sEHes} AFoME RE 27138

T

~

w -
2t ro

il
o

o olo
4 b B

B ATE 20099 AH@EEHIIE)e) Ao &
FAFA T A YE wrol FPE Aol ofof Al =
HYthNo. 20090071131).

i
rok

it

Kim EM, Choe IS, Hwang SG. 2003. Effects of singular manner
or mixed type treatment of proteases isolated from pear, pineap-
ple and kiwifruit on actomyosin degradation. Korean J. Food
Sci. Ani. Resour. 23: 193-199.

Kim HJ, Kim BY, Kim MH. 1995. Rheological studies of the tofu
upon the processing conditions. Korean J. Food Sci. Technol.
27: 324-328.

Bai YH, Roh JH. 2000a. Application of proteolytic enzymes in
fruits for meat tenderization. Korean J. Soc. Food Sci. 16: 367-
371.

Bai YH, Roh JH. 2000b. The properties of proteolytic enzymes in
fruits (pear, kiwifruit, fig, pineapple and papaya). Korean J. Soc.
Food Sci. 16: 363-366.

Choi C, Son GM, Cho YJ, Chun SS, Lim SI, Seok YR. 1992.
Purification and characteristics of bromelain from Korean pine-
apple. J. Korean Agric. Chem. Soc. 35: 23-29.

Guan HL, Mandal PK, Lim HK, Oyungerel B, Lee CH, Jeon GIJ,
Choe IS, Choi KD. 2009. Purification and characterization of a
protease from Korean pear (pyrus serotina L.) as meat tender-
izer. Korean J. Food Sci. Ani. Resour. 29: 157-163.

Hamann DD, MacDonald GA. 1992. Rheology and texture prop-
erties of surimi and surimi-based foods. In: Surimi Technology,
Lanier TC and Lee CM (ed). Marcel Dekker, Inc., NY, USA.
pp- 429-500.

Han SK, Chin KB. 2004. Study on meat tenderness of a protease
extracted from domestic pear. Korean J. Food Sci. Ani. Resour.
24: 326-328.

Lee KS, Kang CM, Motoki K, Chung SY. 2005. Hydrogen pro-
duction of Enterobacter cloacae YJ-1 from fruit wastes of agri-
cultural products market. J. Mater. Cycles Waste. 22: 294-300.

Lee JR, Jung JD, Hah YJ, Lee JW, Lee JI, Kim KS, Lee JD.
2004. Effects of addition of mugwort powder on the quality
characteristics of emulsion-type sausage. J. Anim. Sci. Technol.
46: 209-216.

Lee SA, Song YS, Cho JW, Lee JH, Cho JS. 2001. Effect of the
Sarcodon aspratus on the physicochemical and sensory proper-
ties of cooked beef. J. Korean Soc. Food Sci. Nutr. 30: 266-272.

Lee SI, Kim BY, Cho JS. 1992. A mechanical model for texture
changes and rheological properties of radish during salting.
Korean J. Food Sci. Technol. 24: 335-340.

Oh SH. 2004. Trend in the utilization of enzyme in food industry.
Food Ind. Nutr. 9: 1-9.

Park CJ, Park CS. 2001. Quality characteristics of pork by cook-
ing conditions. Korean J. Soc. Food Cookery Sci. 17: 490-496.
Savell JW, Branson RE, Cross HR, Wise JW, Hale DS, Wilkes
DL. 1989. National consumer retail beef study; interaction of tri
level, price and grade on consumer acceptance of beefsteaks and

roasts. Food Qual. 12: 251-274.

Soda I, Kaneko M, Sato T, Nakagawa H, Ogura N. 1987. Studies
on utilization of kiwifruit, 2: Studies on utilization of kiwifruit
[Actinidia chinensis] protease. J. Jpn. Soc. Food Sci. 34: 35-41.

Tsuji RF, Hamono M, Koshiyama I, Fukushima D. 1987. Condi-
tioning of the meat with raw soysauce and its proteinases; Their
effects on the quality of beef. J. Food Sci. 52: 1177-1179

Wenham LM, Locker RH. 1976. The effect of marinading on
beef. J. Sci. Food Agric. 27: 1079-1084.

Yamaguchi T, Yamashita Y, Takeda I, Kiso H. 1982. Proteolytic
enzymes in green asparagus, kiwi fruit and mint; Occurrence
and partial characterization. Agr. Biol. Chem. 45: 1983-1986.

Yang CY. 2006. Physicochemical properties of chicken jerky with
pear, pineapple and kiwi extracts. Korean J. Culinary Res. 12:
237-250.

Yoo MS, Song WJ, Rho YT, Pyun YR. 1992. A linearization
model of the stress relaxation curves for fruits and vegetables.
Korean J. Food Sci. Technol. 24: 226-231.

Youn JE, Yang R. 1974. Studies on the aging of beef at adding
the proteolytic enzyme. Korean J. Food Sci. Technol. 6: 163-
168.



