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보고 고 고 체내, 항암 항비만 항, ,

당뇨 항심혈 계질환 등 다양한 보고 고 다, .

보리 다 곡 에 비해 베타 루칸 등 양 및 물질 함 량 많

뿐만 아니라 친환경 가 겨울철 재배 물 많 가지고 에도 하고

식생활 변화에 라 후 그 비량 줄어 수준 체 어 한1990 ,

계약 수매 수 감 재배 과 생산량 줄어들고 다.
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I. Title

Development of healthy meat products using domestic barley

II. Goals and significance

Due to westernized diet and extended life span, Korean people become suffering from various

degenerative diseases such as high blood pressure, cardiovascular disease, obesity. Increasing medical

expenses have also been been a public concern. Accordingly, needs for healthier food are being

increasing.

Especially, people's awareness of the relationship between fat consumption and cardiovascular

disease have increased significantly for last 20 years, which in turn increased needs for low

fat./calorie foods. Therefore, food industry have put efforts to develop various types of fat replacers.

This trend also applies for meat products. Reduction of fat in meat products brings about

many positive health effects such as reduction of calorie and cholesterol. For these reasons, various

reduced-fat meat products are being on the market. Generally, they have not been so successful

because of problems in low-fat meat products on tastes, price, etc.

Reduction of fat in meat production requires addition of proper fat replacers. Without them

general quality of meat products especially on juiciness, color, flavor, and stability is deteriorated.

One of the candidates for fat replacers in meat products is -glucan, which is a water solubleβ

hydrocolloid having various advantages to be used as a fat replacer such as high viscosity, gel

forming capability, water holding capacity.

Moreover, -glucan has been report to have various physiological functions such as reductionβ

of total blood cholesterol, LDL and total liver cholesterol, increase of HDL, and alleviation of
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obesity, cancer, diabetes, cardiovascular diseases.

Weven though, barley contains high amount of -glucan and other functional cmpoundsβ

compared to other cereals, its production and consumption have been continuously decreasing in

Korea, because of the changes in diet pattern.

Therefore, in this study, high -glucan fraction ofβ barley flour was used as a fat replacer to

produce healthier meat products. This research will not only contribute to produce healthier foods,

but also generate new demand for barley.

III. Contents and scopes of research

The ultimate goal of research team 1 is to develop specialized reduced-fat meat products

using high -glucan barley fractions. During the 1st year, high -glucan barley fractions wereβ β

collected using a convenient sieving method, and their physicochemical properties were analyzed

aiming to use them as fat replacers. During the 2nd year, these fractionated barley flour was used

to prepare reduced-fat sausage and its feasibility as a fat replacer was investigated. In the 3rd year,

supplements such as gums and transglutaminase were incorporated in sausage making to support

barley flour and to increase the amount of fat replacement.

In research team 2, in vivo physiological functionality, focused on weight change and blood

lipids, of fractionated barley flour was investigated using mouse during the 1st year. This was

continued in the 2nd year, but focused on cholesterol metabolism. In vivo lipid metabolism study

was performed for reduced-fat sausage prepared using fractionated barley flour during the 3rd year

of research.

Research team 3 conducted research on the optimization and scale-up of the reduced-fat

sausage production throughout the research periods. In the 1st year reduced-fat sausage was

produced using unfractionated barley flour to test its general feasibility as a fat-replacer. During the

2nd year, the optimum formulation for reduced-fat sausage with fractionated barley flour was

determined using response surface method. In the 3rd year, the amount of fat replacement and

quality of sausage were improved by means of additional supplement, transglutaminase, and the
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scale-up production was conducted.

IV. Results

Using a convenient sieving method, high -glucan fractions of barley flour were successfullyβ

collected. Those fractions contained almost twice of -glucan content as in the original barley flour,β

and showed high water holding capacity and viscosity, which were desired properties as a fat

replacer for reduced-fat sausage making.

High -glucan barley flour fractions were used to prepare reduced-fat sausage throughβ

cooperative research of teams 1 and 3. Response surface methodology was adopted to optimize

formulations and resulting products showed similar textural and sensory properties as control high

fat sausage.

The amount of fat replacement increased to 50% with the help of transglutaminase. With the

supplement, fat content could be further decreased without serious effects on texture and sensory

properties of sausage.

The effects of healthy meat products using domestic barley on metabolic disease were also

evaluated. First, we found that barley powder, which had 150-355 m of particle size with highμ

levels of -glucan, reduced plasma cholesterol levels by inducing bile acid excretion in C57BL/6Jβ

mice. Thus, the barley powder was selected and used to produce meat products. In C57BL/6J mice,

the meat products also tended to reduce plasma cholesterol levels. These suggested that the healthy

meat products using domestic barley containing high levels of -glucan may contribute toβ

prevention of metabolic disease.

The sausage containing fractionated barley flour was also subject to in vivo tests. The mouse

group fed with barley sausage showed less weight increase and lower level of total cholesterol and

triglycerides compared to control sausage.

The best formulations that allowed maximum fat replacement with minimum deteriorative

effects such as cereal tastes and textural damage. were determined with the help of sensory tests.
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The final formulations were applied for scale-up production of barley sausage and the produced

sausage was verified as acceptable products. The utilization of high -glucan barley fractions couldβ

be applied to other meat products.

V. Research outcomes and utilization plans

High -glucan barley fractions were produced using a sieving method.β

Barley flour fractions of different particle sizes, components, and physical properties were

produced using a sieving method. These different fractions could be utilized to different purposes

depending on food products

The amount of fat replacement increaed to 50% of total fat added without seriously affecting

the quality of sausage using fractionated barley flour and transglutaminase. Techniques relating to

this are being tried for industrial application.

The feasibility of applying barley flour in sausage making will be advertised to other related

companies to encourage them to apply it to other meat products.

Utilization of fractionated barley flour in sausage making and the optimization of production

condition have been published in Food Science and Biotechnology.

The patent on the production of barley sausage using fractionated barley flour is being

prepared.

The manuscript on the effect of the transglutaminase addition on the physicochemical

properties of reduced fat sausage is being prepared.

The manuscript on the effect of the gum addition on the physicochemical properties of

reduced fat sausage is being prepared.

The effect of high -glucan barley fractions on the reduction of blood cholesterol through theβ

increase of bile acid discharge has been published in Journal of Agricultural and Food Chemistry.
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-glucanβ Starch Protein Fat

Unsieved

barley flour

5.02±0.06 49.61±2.56 12.18±1.12 3.10±0.04

Fraction 1 10.40±0.53 31.73±0.83 12.81±1.10 3.49±0.02

Fraction 2 10.68±0.73 28.29±1.94 14.34±0.08 4.33±0.02



- 54 -

Concentratio

n (%)

Type of gum UF F1 F2

Swelling

power at 95℃

0.05

No gum 12.08±0.50 12.46±0.48 10.34±1.20

Xanthan gum 14.63±1.61 14.75±0.87 11.47±2.05

Locust bean gum 13.70±3.83 12.87±0.54 10.33±1.18

Guar gum 13.29±2.06 12.52±0.56 10.60±1.03

Carrageenan 13.96±1.48 12.07±0.73 10.30±0.98

0.1

No gum 12.08±0.50 12.46±0.48 10.34±1.20

Xanthan gum 15.91±0.12 14.12±0.14 14.20±0.56

Locust bean gum 13.51±0.67 12.71±0.19 11.70±0.77

Guar gum 13.84±0.24 12.73±0.37 11.52±2.58

Carrageenan 12.93±1.16 12.37±0.42 13.44±2.58

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2
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Samples Pasting

temperature

(℃)

Viscosity (RVU)

Peak Trough Final Breakdown Setback

UF

- no gum

64.5 912.0 523.0 826.5 389.0 -

UF-XG 64.0 997.5 637.0 1012.5 360.5 15.0

UF-LBG 64.1 979.0 594.5 965.5 384.5 -

UF-GG 65.3 1064.5 635.5 997.0 429.0 -

UF-CG 64.5 833.0 450.5 769.5 382.5 -

UF-F1

- no gum

63.2 2042.0 1617.5 2565.0 424.5 523.0

UF-F1

- XG

62.7 1908.5 1550.0 2442.0 358.5 533.5

UF-F1

- LBG

63.2 2083.0 1670.0 2689.0 413.0 606.0

UF-F1

- GG

62.7 2203.0 1754.0 2690.5 449.0 487.5

UF-F1

- CG

63.2 1926.0 1537.0 2511.0 389.0 585.0

UF-F2

- no gum

64.1 1269.5 999.0 1942.0 270.5 672.5

UF-F2

- XG

63.6 1385.0 1075.0 1938.0 310.0 553.0

UF-F2

- LBG

63.6 1425.5 1090.5 2113.5 335.0 688.0

UF-F2

- GG

62.8 1562.5 1180.5 2154.0 382.0 591.5

F-F2

- CG

64.5 1319.5 1021.0 1988.5 298.5 669.0

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2

XG : xanthan gum, LBG : locust bean gum, GG : guar gum, CG : carageenan gum
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Samples Flow behavior

index n (-)

Consistency
index

K (Pa·sec
n
)

Apparent
viscosity

ηa,100(Pa·sec)
1)

UF-no gum 0.38±0.01 4.66±0.60 0.27±0.03

UF XG– 0.24±0.02 11.30±0.42 0.35±0.01

UF LBG– 0.42±0.00 4.73±0.56 0.33±0.03

UF GG– 0.45±0.01 5.27±1.99 0.30±0.00

UF CG– 0.36±0.03 5.74±1.11 0.30±0.02

F1-no gum 0.47±0.01 2.50±0.19 0.22±0.04

F1- XG 0.06±0.00 13.62±3.19 0.18±0.03

F1- LBG 0.11±0.01 3.67±2.19 0.06±0.02

F1- GG 0.11±0.01 2.29±1.13 0.04±0.01

F1- CG 0.09±0.01 2.43±0.40 0.04±.001

UF-F2-no gum 0.50±0.01 1.81±0.01 0.18±0.01

F2-XG 0.06±0.00 7.66±1.02 0.10±0.01

F2-LBG 0.12±0.01 0.92±0.13 0.02±0.00

F2-GG 0.12±0.01 1.45±0.16 0.02±0.00

F2-CG 0.10±0.01 2.04±1.17 0.03±0.01

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2

XG : xanthan gum, LBG : locust bean gum, GG : guar gum, CG : carageenan gum



- 58 -



- 59 -

μ

μ μ

μ μ

μ



- 60 -



- 61 -



- 62 -



- 63 -



- 64 -



- 65 -



- 66 -



- 67 -

μ

μ μ

μ μ

μ



- 68 -



- 69 -

μ



- 70 -



- 71 -



- 72 -



- 73 -

α



- 74 -

α



- 75 -



- 76 -



- 77 -



- 78 -



- 79 -



- 80 -



- 81 -



- 82 -



- 83 -



- 84 -



- 85 -



- 86 -

수 
 리  리 지 

 리  리후   리 지  리후지 



- 87 -



- 88 -

ρ

ρ



- 89 -

ρ



- 90 -

0.000 

1.000 

2.000 

3.000 

4.000 

5.000 

6.000 

7.000 

0% 5% 10% 15%

경도 1

0.000 

1.000 

2.000 

3.000 

4.000 

5.000 

6.000 

0% 5% 10% 15%

경도 2

0.000 

0.010 

0.020 

0.030 

0.040 

0.050 

0.060 

0.070 

0.080 

0% 5% 10% 15%

부착성

0.000 

0.100 

0.200 

0.300 

0.400 

0.500 

0.600 

0.700 

0.800 

0.900 

1.000 

0% 5% 10% 15%

탄력성



- 91 -

0.000 

0.100 

0.200 

0.300 

0.400 

0.500 

0.600 

0.700 

0% 5% 10% 15%

응집성

0.000 

0.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

0% 5% 10% 15%

질깃한정도

0.000 

0.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

0% 5% 10% 15%

씹히는정도



- 92 -

ρ



- 93 -



- 94 -

 ′ 
  




  




  





- 95 -



- 96 -



- 97 -



- 98 -



- 99 -



- 100 -



- 101 -



- 102 -

ρ



- 103 -



- 104 -



- 105 -



- 106 -



- 107 -



- 108 -



- 109 -



- 110 -



- 111 -



- 112 -



- 113 -

1 . 0

57 7~10 . 15

, 22 T2 1

. 30 1~4 .

7 Log CFU/g

. 30 7

Log CFU/g 30

ρ



- 114 -



- 115 -

�

�

�



- 116 -

�

�



- 117 -



- 118 -



- 119 -

μ μ



- 120 -



- 121 -



- 122 -



- 123 -

1. Dawkins, N.L., Gager, J., Cornillon, J.P., Kim, Y., Howard, H. and Phelps, O., Comparative

studies on the physicochemical properties and hydration behavior of oat gum and oatrim in

meat-based patties, Journal of food science, 66(9): 1276-1282 (2001).

2. Inglett G. and USDA's, Oatrim replacers fat in many food products, Food technol., 44(10): 100

(1990).

3. Yokoyama, W.H., Knuckles, B.E., Stafford A., and Inglett G., Raw and processed oat ingredients

lower plasma cholesterol in the hamster, Journal of food science, 63(4): 713-715 (1998).

4. Kalra, S. and Jood, S., Effect of dietary barley beta-glucan on cholesterol and lipoprotein

fractions in rats, Journal of cereal science, 31: 141-145 (2000).

5. Laurie A. Drozdowski, Rayene A. Reimer, Feral temelli, Rhonda C. Bell, Thava vasanthan, Alan

B.R. Thomason, Beta-glucan extracts inhibit the in vitro intestinal uptake of long-chain fatty acids

and cholesterol and down-regulate genes involved in lipogenesis and lipid transport in rats, Journal

of nutritional biochemistry, 21: 695-710 (2010).

6. Jeong, H.-S., Kang T.-S., Jung, I.-S., Park, H.-J. and Min Y.-K., Beta-Glucan Contents with

Different Particle Size and Varieties of Barley and Oats, Korean journal of food science

technology, 35(4): 610-616 (2003).

7. Lee, Y.-T., Seog, H.M. and Cho, M.K., Beta-Glucan Enrichment from Pearled Barley and

Milled Barley Fractions., Korean journal of food science technology, 29(5): 884-894 (1997).

8. Lee, Y.-T. and Lee, C.K., Effect of varietal variation in barely on -glucan and melting qualityβ

characteristics, Korean journal of food science technology, 26: 172-177 (1994).

9. Kim, S.R., Choi, H.D., Seog, H.M., Kim, S.S., and Lee, Y.T., Physicochemical characteristics of

-glucan isolated from barely,β Korean journal of food science technology, 31: 1164-1170 (1999).

10. Rojas, J.A., Rosell, C.M., and Benedito de Barber, C., Pasting properties of different wheat

flour-hydrocolloid systems, Food Hydrocolloids, 13: 27-33 (1999)

11. Song, J.Y., Kim, Y.C., and Shin, M.S., Textural properties and structures of wheat and maize

starch-gum mixed gels during storage, Food Sci. Biotechnol., 17: 20-25 (2008).

12. Lee, M.H., Baek, M.H., Cha, D.S., Park, H.J., and Lim, S.T., Freeze-thaw stabilization of sweet

potato starch gel by polysaccharide gums, Food hydrocolloids, 16: 345-352 (2002).

13. Zheng, G.H., Rossnagel, B.G., Tyler, R.T., and Bhatty, R.S., Distribution of -glucan in theβ

grain of hull-less barley, Cereal Chem., 77: 140-144 (2000).



- 124 -

14. Jauregui, C.A., Regenstein, J.N. and Baker, R.C., A simple centrifugal method for measuring

expressible moisture, a water-binding property of muscle foods, Journal of food science technology,

46: 271 (1981).

15. Morin, L.A., Temelli, F. and McMullen, L., Interactions between meat proteins and barley

(Hordeum spp.) beta-glucan within a reduced-fat breakfast sausage system, Meat Sicence, 68 :

419-430 (2004).

16. Bernal, V.M., Smajda, C.H., Smith, J.L. and Stanley, D.W., Interactions in

protein/polysaccharide/calcium gels, Journal of Food Science, 52, 1121-1125, p. 1136 (1987)

17. DeFreitas, Z., Sebranek, J.G., Olson, D.G., and Kropf, D.H., Carrageenan effects on salt-soluble

meat proteins in model systems, Journal of food science technology, 62, 539-543 (1997).

18. Chiya Kuraishi, Jiro Sakamoto1, and , Takahiko Soeda,, The usefulness of transglutaminase for

food processing.,Biotechnology for improved foods and flavors,

Chapter 3, pp 29 38(2010)

19. Lee D.S., Improvement of emulsion stability of food protein by microbial transglutaminase,

Korean journal of food science technology, 37(2): 164-170 (2005).

20. Aleson-Carbonell, L., Fernandez-Lopez, J., Perez-Alvarez, J.A. and Kuri, V., Functional and

sensory effects of fibre-rich ingredients on breakfast fresh sausages manufacture, Journal of food

science technology, 11(2):89-97 (2005).

21. Lucca, P. A., and Tepper, B. J., Fat replacers and the functionality of fat in foods, Trends in

food science and technology, 5(1)12 9 (1994).–

22. Shao, C. H., Avens, J. S., Schmidt, G. R., and Maga, J. A., Functional, sensory, and

microbiological properties of restructured beef and emu steaks, Journal of Food Science, 64(6) 1052

054 (1999).–

23. Alan P. Imeson, David A. Ledward and John R. Mitchel, On the nature of the interaction

between some anionic polysaccharides and proteins, Journal of the science of food and agriculture,

Vol.28,66-668(1977).

24. , , , ., ,

Korean journal of food science technology, vol.27, No.1, pp. 1-5 (1995).

25. Pietrasik Z and Duda Z., Effect of fat content and soy protein/carrageenan mix on the quality

characteristics of comminuted, scalded sausages, Meat Sci, 56: 181-188 (2000).

26. Shand PJ, Texture, water holding, and sensory properties of low-fat pork bologna with normal

or waxy starch hull-less barley, Journal of food science technology, 65: 101-107 (2000).



- 125 -

27. Morin LA, Temelli F, and Mcmullen L., Physical and sensory characteristics of reduced-fat

breakfast sausages formulated with barley -glucan,β Journal of food science technology, 67:

2391-2396 (2002).

28. Cofrades, S., Guerra, M.A., Carballo, J., Fernandez-martin, F. and Jimenez Colmenero, F.,

Plasma protein and soy fiber content effect on bologna sausage properties as influenced by fat level,

Journal of food science, 65(2): (2002).

29. Osburn, W.N., and Keeton, J.T., Evaluation of low-fat sausage containing desinewed lamb and

konjac gel, Meat science, 68: 221-233 (2004).

30. Pinero, M.P., Parra, K., and Huerta-Leidenz, N., Effect of oat’s soluble fibre ( -glucan) as a fatβ

replacer on physical, chemical, microbiological and sensory properties of low-fat beef patties, Meat

Science, 80: 675-680 (2008).

31. Pietrasik, J. and Jarmoluk, A., Effect of sodium caseinate and k-carrageenan on binding and

textural properties of pork muscle gels enhanced by microbial transglutaminase addition., Food

research international, 36: 285-294 (2003).

32. Abdulatef, M., Ahhmed, Tstsuo Nasu, Michio Muguruma., Impact of transglutaminase on the

textural physicochemical, and structural properties of chicken skeletal, smooth, and cardian muscles,

Meat science, 83: 759-767 (2009).



- 126 -


	국내 보리를 이용한 건강 기능성 육제품의 개발
	요약문
	목차
	제1장 연구개발과제의 개요
	제1절 연구개발의 필요성
	제2절 연구의 목적 및 범위

	제2장 국내외 기술개발 현황
	제3장 연구개발수행 내용 및 결과
	제1절 연구내용
	제2절 세부과제별 연구수행결과
	제1세부과제 : 보리 이용 기능성 육제품의 물리화학적 특성 분석
	가. 서론
	나. 연차별 연구방법 및 결과

	제2세부과제 : 보리 이용 육제품의 대사질환 기능성 검증
	가. 서론
	나. 연차별 연구방법 및 결과

	제3세부과제 : 보리를 이용한 건강 기능성 육제품 제조 공정 개발
	가. 서론
	나. 연차별 연구방법 및 결과



	제4장 목표달성도 및 관련분야에의 기여도
	제5장 연구개발 성과 및 성과활용 계획
	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌


