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Prof. Nadia A. Abou-Zeid The composition, proteolysis, sensory characteristics of low-fat
Dairy Science and Domaiti cheeses (70% fat reduction) made from buffaloes milk and

el D EpEEL containing our laboratory made fat replacers (fat replacer from whey or

Faculty of Agriculture, . .
y_ 9 _ ) fat replacer from wheat bran) were examined throughout aging for

Menoufia university, Shebin

=l o, Zapit 60 days. The low-fat variant without fat replacers (L) and the full-fat

cheese (F) were also studied. All the control low-fat products showed
reduced yield, whereas the moisture and protein content significantly increased; however, the
cheeses containing fat replacers had higher moisture and yield values than the L product. The
extent of proteolysis and lipolysis in the low-fat cheeses made with the fat replacers
significantly increased compared to the F cheese. The sensory testing showed an
improvement in body and appearance in the low-fat cheeses containing fat replacers, the
product was rated as a harder cheese than its full-fat counterpart, but cheeses containing fat
replacers wheat bran did not have clearly evident odor intensity. Overall, the full-fat and
simplesse cheeses had more flavor and odor intensity scores than all low-fat variants. Total
cholesterol (TC), triglycerides (TG), and low density lipoprotein cholesterol (LDL-c) in the
serum significantly (P< 0.05) decreased by fat replacement Calculated atherogenic index
significantly decreased (P< 0.05) by fat replacement.
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| -INTRODUCTION

Domiati cheese is the most popular soft cheese in Egypt. It can be consumed fresh or after
pickling (Ayad 2009 monira 2017). Cardiovascular disease has risen steadily as a
proportionate cause of mortality for both men and women, from 5 to 39.1% for men and from
2.9 to 27.2% of deaths for women (Galal, 2002). Chronic diseases associated with excessive
fat intake including diabetes, heart diseases and obesity (Krauss, 2001 Wylie-Rosett, 2002
and Johns and Eyzaguirre, 2006).

Consumer demand for low fat foods has encouraged research on low fat cheese (Duxbury.
1989 and Simard, 1991). Problems of inferior organoleptic and physical properties in these
products suggested the use of fat replacers to provide the desirable qualities of Domiati
cheese. Many commercial fat replacers are now available to make superior low fat products
(Hewitt 1993, Hoffmeister 1993, Mitchell 1993, Philipp Schenkel et al 2013, Lepilkina et al
2017 and Muge urgu 2019).

Fat replacers are used to provide some or all of the functional properties of fat while
providing fewer calories than the fat being replaced. (Kun Liu et al 2015). They are either fat
substitutes or mimetics. Fat substitutes are lipid- like substances intended to replace fats on a
one to one basis. Fat mimetics are protein or carbohydrate ingredients which function by
imitating the physical, textural mouth feel and organoleptic properties of real fats (Shaltout
and Youssef, 2007, KunLiua et al 2014). Whey proteins and carbohydrate that have been
microparticulated by heat and mechanical action are the only protein- and carbohydrate based

fat replacers that have been proposed for use in cheese.

The objective of this work was to design and manufacture simple machine for this
microparticulation process on a laboratory scale and test the resulting replacers to improve

the quality of low fat Domiati cheese.

II-MATERIALS AND METHODS

1-Manufacture of microparticulation machine

In our project we design and carry out the manufacture of a simple microparticulation
machine for students training. The machine manufacture fat replacer from either whey or
agriculture waste on laboratory scales. This machine use extremely high shear during the
denaturing process (fig. 1). The machine is a jacketed vat surrounded by either circulating hot

or cold water. The machine is provided with a thermometer and a device which quickly rotate
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at a speed of 3000 rotation / min causing extremely high shear during the mixture denaturing

process.

2-Manufacture of fat replacer from whey (LS)

A mixture containing 100g dried whey, 100g skim milk powder, 5g pectin, two eggs, 19
citric acid and 1 liter water is prepared. This mixture must be in a condition to promote
denaturation by heating immediately to 74 °C and then heating at 80 °C for 15 sec during
extremely high shear in our microparticulation machine then quickly cooling to 20 °C. The

product is then dried at 70 °C and minced to fine powder.

3-Manufacture of fat replacer from wheat bran (LZ2)

A mixture of 300g wheat bran, calcium 20 parts per million, a amylase and 1 liter water with
pH adjusted at 5.5.mixture is prepared and kept at room temperature for 3 hours. It is then
heated to 90 °C with extremely high shear during the denaturing in our microparticulation
machine followed by Cooling to 20 °C and adjusted pH to 3.5 to stop enzyme action. The

product is then dried at 70 °C and minced.

4-Manufacture of Domiati Cheese

The buffalo milk was used. Whole milk adjusted at 5%fat and low fat milk adjusted at 1.5
%fat were used to make controls cheeses (full-fat cheese (F) and the low-fat cheese without
fat replacers (L)). Milk of 1.5 % fat was used for the manufacture of the low-fat cheeses
made with fat replacers. Domiati cheese was made by the method of (Nadia 2008). Samples

were taken for analysis from fresh cheese and cheese stored for 8 weeks at room temp.

5-Cheese analysis

Cheese samples were analyzed for moisture content, pH, fat total nitrogen, soluble nitrogen,
non protein nitrogen according to ling 1963.The total volatile fatty acids were determined as
given by Kosikowaski (1978). Sensory evaluation was performed by fifteen staff members.

Cheese were evaluated for the flavor, body & texture and appearance.

6-Biological assay

Male albino rats of Sprague Dawely strain (n=4), weighing (100-110g) were kept under
hygienic conditions for one week acclimatization period. Rats were fed on a basal casein diet
according to Reeves et al., (1993). The water was supplied ad libitum. The rats were divided

into five groups of five rats. The experiment lasted for a period of 4 weeks. Blood samples
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were obtained. Triglycerides (TG), Total cholesterol and High Density lipoprotein cholesterol
(HDL-cholesterol) were determined in serum as described by Fossati and Prencipe, (1982),
Allian et al., (1974) and Lopez- Virella et al., (1977), respectively. Low density lipoprotein
cholesterol (LDL-cholesterol) was calculated as described by Wardlaw and Snook (1990) as

following:
LDL-cholesterol= Total cholesterol - HDL—cholesterol-(Triglyceride/5).

Atherogenic index was calculated using the following equation as described by Kawase etal.,
(2000). Atherogenic index= (Total cholesterol- HDL—cholestrol)/ HDL-cholestrol.

7-Statistical Analysis
All the obtained data were statistically analyzed by SPSS computer software according to
(Abo- Allam, 2003).

Fig (1): Micoparticulation machine.

I1l. RESULTS AND DISCUSSION

1-Cheese Composition

Data in Table (1) clearly showed that pH of all cheese decreased significantly during storage
period. The decrease in the first month in pH was higher than that occur in the second month
of pickling Abdou et al (2003) and El Abd et al (2003). LS and LZ cheeses had significantly
lower pH compared with L cheese. The pH of full-fat Domiati F cheese was lower than of the
low-fat Domiati L cheeses during cheese ripening. Similar results have been obtained by
Volikakis et al. 2004, Katsiari and Voutsinas 1994 and Tareq Alnemr 2017.
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Table (1) also showed a significant decrease (P < 0.05) in moisture content (P < 0.05)of
cheese during cheese ripening (Kaya 2002; Melilli et al. 2005; Khosrowshahi et al. 2006;
Madadloua et al. 2007; Sadowska et al. 2009). There was a difference (P < 0.05) in the
moisture content of the cheeses as a result of adding fat replacers (Table 1). Low fat cheeses
made with the whey-based replacers (LS) or carbohydrate-based fat replacers (LZ) had higher
moisture contents, respectively, than did the control cheese. This agrees with the observations
of Lucey and Gorry (12). The low fat cheeses contained the lowest moisture. This may be due
to the high water holding capacity of both fat and fat replacers, Ayat 2016 monira 2017 and
Tareq Alnemr 2017.

There is a significant increase in total nitrogen content (TN) of low fat cheese( L ,LS and LZ
cheeses) (P < 0.05) (Table 1). These results are in agreement with the literature (Madadloua
et al. 2007;Korish and Abd Elhamid 2012 , Philipp Schenkel et al 2013, Tareq Al -Nemr et al
2016 ,Ayat 2016 and Tareq Al —Nemr et al 2017 Monira 2017 ). These differences in protein
content between the full-fat Domiati cheese and low-fat Domiati cheeses may be attributed to
their moisture content. Korish and Abd Elhamid 2012 Abeer 2013) cheeses made by full-fat
milk or low-fat milk with fat replacer were within the normal composition range for Domiati
cheese (Kebary et al. 2006; Ayad 2009 Treq EI -Nemer et al 2016 and Ayat 2016 ).

Table (1): Chemical properties of low fat Domiati cheeses.

TREATMENTS *
- F | L | LS | LZ
Months
0 1 2 0 1 2 0 1 2 0 1 2
PH 58 | 49 | 44 | 60 | 52 | 45 | 55 | 45 | 40 | 51 | 4.2 | 38
Moisture % | 62.6 | 58.2 | 55.3 | 58.5 | 55.6 | 52.4 | 7.2 | 64.2 | 60.6 | 66.9 | 63.3 | 59.1
F/IDM % | 469 | 465 | 46.1 | 157 | 169 | 184 | 16.2 | 175|199 16.4 | 186 | 20.5
TNDM% 61 58 | 55 | 77 68 | 62 | 79 | 66 61| 78 65 | 6.0

* F: Full fat cheese (control), L: Low fat cheese,

LS: Low fat cheese with simplesse resemble and LZ: Low fat cheese with Z-trim resemble

3- Ripening properties

Water soluble nitrogen (SN) and non protein nitrogen (NPN) of all cheese significantly
increased (P < 0.05) as pickling period advanced Table (2). Similar results were found by EI
Abd et al (2000), Abd El Khader (2003), Kebary et al 2006, Ayat 2016 and Monira et al
2017.The increase was more pronounced after the first month than the second month .low fat

cheese (L) had significantly the lowest SN which might be due to low moisture content which
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in turn suppress the growth of proteolytic bacteria and also inhibit protease enzymes activity
Kebary et al 2006 and Ayat 2016 .Addition of fat replacers caused significant increase in SN
content(P < 0.05).

Total volatile fatty acids (T .V.F.A) significantly increased (P < 0.05) after pickling storage
period, Table (2). The same trend was found by Mehanna et al (2002) and Abd El Khader
(2003).The first month showed higher increase in T .V.F.A than the second month. Results
appeared that F cheese had higher (T .V.F.A) than L cheese. These may be due to the
increase in moisture content which increase the water activity that stimulate the bacterial

growth.

Cheese yield Table (2) significantly decreased (P < 0.05) as pickling progressed Mehanna et
al (2002) and Abd El Kader (2003)the decrease during the first month was greater than the
second month .L cheese recorded the lowest yield these may be due to the effect of fat of
reducing whey synersis (Kebary et al 2006, Tareq al nemer 2016, Ayat 2016 and Monira et al
2017).Cheese LS had the highest yield followed by F cheese

Table (2): Ripening properties of low fat Domiati cheeses made from milk containing a

fat replacer during ripening at room temp.

Treatment *

F | L | LS | LZ
Month

Item 0 1 2 0 1 2 0 1 2 0 1 2
SN (%) 0.231 | 0.402 | 0.490 | 0.241 | 0.378 | 0.481 | 0.499 | 0.740 | 0.816 | 0.302 | 0.581 | 0.693
NPN (%) | 0.058. | 0,188 | 0,194 | 0,057 | 0,086 | 0.188 | 0.159 | 0.263. | 0.302 | 0.068 | 0.219 | 0.268
T V.FA

iml 0.AN| 11.8 | 156 | 176 | 98 | 138 | 154 | 123 186 | 208 | 108 | 162 | 184
NaOH

Yield% 28.2 | 254 | 237 | 249 | 207 | 186 | 304 | 263 | 245 298 | 256 | 248

* See table 1 for details

3-Sensory evaluation

The means of sensory scores of all sensory attributes are given in Table (3). The addition of
both fat replacers had a significant effect (P < 0.05) on improving the appearance, flavor,
body & texture of the low fat Domiati cheeses. LS cheese received approximately the same

scores for body & texture, flavor and appearance of the full-fat cheese (control).
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These results were in agreement with the finding of Ayat 2016 and Tareq Alnemr et al
(2017).

Table (3): Organoleptic properties of low fat Domiati cheeses made from milk

containing a fat replacers during ripening at room temp.

Treatment *
Item F | L | LS | LZ
Month

0 1210 1] 2] 0] 1] 2] 0] 1] 2
Flavour 50 points 8 | 43| 8 |29 2 8 7 3 7 2 9 | 43
Body and texture 32 5 829 | 1| 3| 5| 8| 9 33| 36 38
40 points
Appearance 10 points 8 9 9 |6 7 7 8 9 10| 7 8 9
Total : 100 points 78 | 87 95 64 70| 78| 80| 90| 96| 2 | 83| 90

* See table (1) for details.

4. Serum lipid assay

Serum lipid profile for rats fed on basal diets, full fat Domiati cheese diets and low fat
Domiati cheese diets at the end of experimental period are presented in Table (4). It was clear
that the highest cholesterol content was found to be in full fat Domiati cheese diets groups,
while L,LS,LZ groups had lowest content of cholesterol. However., HDL values were not
significantly affected (p<0.05) by fat replacer. It was noticed that the highest TG content was
found to be in rats fed on full fat Domiati cheese, the lowest TG was found to be in L, LS and
LZ Domiati cheese. There were no significant differences in TG content between rat groups
fed on low fat cheese control and rat groups fed on cheese with fat replacers The highest LDL
was found to be in rat groups fed on full fat Domiati cheese diets. The lowest LDL was in rat
groups fed on L, LS and LZ Domiati cheese. EL-Refai et al., (2011) reported that TG, total
cholesterol and LDL were significantly affected by fat replacers level and not affected by the

fat replacer type.

Table (4): Serum lipids profile of rats fed on low fat Domiati cheese made from milk
containing a fat replacers.

ltem After four weeks
c* F L LS | LZ**
Triglycerides 105 | 115 | 86 89 84

Cholesterol HDL 71 73 72 71 74

Cholesterol LDL 72 85 | 61.8 |64.2| 58.2
Total cholesterol 164 | 181 151 | 153 | 149
Atherogenic index | 1.30 | 1.47| 1.09|1.15| 1.01
C: Rats feed on basal diets

* * See table (1) for details
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The atherogenic index is an indicator for the susceptibility for atherosclerosis (Kawase et al.,
2000). Table (4) showed the atherogenic index for rats fed full fat and low fat cheese. These
results indicated that the atherogenic index significantly (p < 0.05) decreased as a result of fat

replacement.

The highest value in atherogenic index was found in F group and the lowest level in
atherogenic index was found in LZ group. All low fat cheese had significant lower

atherogenic index compared with full fat cheese group.

REFERENCES

1. Abeer M Abd ElI Hamid Influence of carboxymethylcellulose on the physicochemical,
rheological and sensory attributes of a low-fat Domiati cheese, 2013.

2. Abdel Kader Y. I. Changes of nitrogen fractions of domiati cheese made with microbial
and recombinant rennets during ripening .Egypt J Dairy Sci., 2003; 31: 111.

3. Abdou S.M; Osman, S.G.; Shenana, M.E.and Sadek, A. M. Production of low —fat
Halloumi cheese .Egypt. J.Dairy Sci., 2003; 31: 101.

4. Abo-Allam, R. M. Data Statistical Analysis Using SPSS Program.1st Ed., Publication for
Universities, Cairo, 2003.

5. Allian, C.C.; Poon, L. S.; Chan, C. S. G.; Richmond, W. and Fu, P.C. Enzymatic
determination of total serum cholesterol. Clin Chem., 1974; 20(4): 470- 475.

6. Ayad E H E Starter culture development for improving safety and quality of Domiati
cheese. Food Microbiology, 2009; 26: 533-541.

7. Ayat A. A. Kheder M.Sc. Application of Xanthan and Tragacanth gum, Maltodextrin and
Rice Bran Oil for improving of Low fat white soft cheese attributes. Faculty of
Agriculture Cairo University EGYPT, 2016.

8. Claudia Felicia Ognean, Neli Darie, M. Ognean. FAT REPLACERS — REVIEW Journal
of Agroalimentary Processes and Technologies, Volume XII, No. 2 (2006), 433-44

9. El-Abd,M.M.; El Fattah,A.M.A.; Osman,S.G.; and Sadek,A.M.2003.Ebacteria on the
propertiesof low salt Domiati cheeseffect of some lactic acid Egypt. J.Dairy Sci., 31: 125.

10. EL-Refai, A.A., Domah, M.B, Kassem, A.E. and Asker, M. Biological evaluation of low
fat cake. J. Food and Dairy Sci., Mansoura University, 2011; 2: 429-441.

11. Fossati, p. and Prencipe, L. Serum triglycerides determination color —imetrically with an
enzyme that produces hydrogen peroxide. Clin. Chem, 1982; 28(10): 2077-2080.

www.wjert.orq 173




Nadia. World Journal of Engineering Research and Technology

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Galal, O.M. The nutrition transition in Egypt: Obesity,undernutrition and the food
consumption context. Public Health nutrition, 2002; 5(1A): 141-148.

Hewitt, L. The low fat no fat boom. Food Manuf, 1993; 68: 23.

Hoffmeister, A. A new milk protein concentrates for low fat foods. Food Marketing
Technol, 1993; 7: 4.

Johns, T.E. and Eyzaguirre, P.B. Linking biodiversity, diet and health in policy and
practice. Proceedings of the Nutrition Society, 2006; 65: 182—189.

Katsiari M C and Voutsinas L P Manufacture of low-fat Feta cheese. Food Chemistry,
1994; 29: 53-60.

Kawase, M.; Hashimoto, H.; Hosada, M., Morita, H. and Hosono, A. Effect of
administration of fermented milk containing whey protein concentrates to rats and healthy
men on serum lipids and blood pressure. J. Dairy Sci., 2000; 83: 255-263.

Kaya S Effect of salt on hardness and whiteness of Gaziantep cheese during short term
brining. Journal of Food Engineering, 2002; 52: 155-159.

Khosrowshahi A, Madadlou A, Mousavi M E and Emam-Djome Z Monitoring the
chemical and textural changes during ripening of Iranian White cheese made with
different concentrations of starter. Journal of Dairy Science, 2006; 89: 3318-3325.
Kosikowski, F.V. Cheese and fermented milk foods 2nd Ed.Cornell Univ.Ithaca,New
York, 1978.

Kebary K M K, Hamid A I, Zedan A N and El-Beheary A F Manufacture of low fat
Domiati cheese using Novagel. Egyptian Journal of Dairy Science, 2006; 34: 175-184.
Korish M and Abd Elhamid A M Improving the textural properties of Egyptian kariesh
cheese by addition of hydrocolloid Journal of Dairy Technology, 2012; 65: 237-24.
Krauss, R.M., Eckel, R.H., Howard, B., et al. American Heart Association’s (AHA):
AHA Dietary Guidelines — Revision 2000: A statement for Healthcare Professionals
From the Nutrition Committee of the American Heart Association, Journal of Nutrition,
2001; 131: 132-146.

Kun Liu, Yujie Tian, Markus Stieger ,Erikvan der Linden and Fredvan deVelde Evidence
for ball-bearing mechanism of microparticulated whey protein as fat replacer in liquid and
semi-solid multi-component model Food Hydrocolloids, 2015; 52: 403-414.

Lepilikina O. V.; Loginova | V.;Smykov I. T. Emulsification of milk fat replacersat
cheese products manufacture .Magazine cheese and butter making, 2017; 3.

Ling E.R. A Text Book of Dairy Chemistry Vol 2, 3 ed Chapman & Hall Ltd., London,
1963.

www.wjert.orq 174



https://www.sciencedirect.com/science/article/pii/S0268005X15300266#!
https://www.sciencedirect.com/science/article/pii/S0268005X15300266#!
https://www.sciencedirect.com/science/article/pii/S0268005X15300266#!
https://www.sciencedirect.com/science/article/pii/S0268005X15300266#!
https://www.sciencedirect.com/science/article/pii/S0268005X15300266#!

Nadia. World Journal of Engineering Research and Technology

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lopez- Virelle, M.F.; Stone, P.; Ellis, S. and Colvell, J.A. Cholesterol determination in
high — density lipoproteins separated by three different methods. Clin. Chem., 1977; 23:
882-884.

Madadloua A, Mousavi M E, Asl A K, Emam-Djome Z and Zargaran M Effect of cream
homogenization on textural characteristics of low-fat Iranian White cheese. International
Dairy Journal, 2007; 17: 547-554.

Mehanna N.M. Al-Ahwala,r.i. andAl-Khamy, A.F. The use of recombinant chymosin in
making Domiati cheese. Egyptian Journal of Dairy Science, 2002; 30; 191.

Melilli C, Carco D, Barbano D M, Tumino G, Carpino S and Licitra G Composition,
microstructure, and surface barrier layer development during brine salting. Journal of
Dairy Science, 2005; 88: 2329-2340.

Mitchell, H. L. Novel milk protein concentrate for low-fat foodsmilk protein concentrate
for low-fat. Int. Food Ingres, 1993; 5: 25.

Monira M.M. Basiony; Amal M.M. Elnimer and A.A. El Gandour Effect of fat replacers
on the quality of low fat munster like cheese Journal Food and Dairy Science Mansoura
Univ, 2017; 8(2): 93-98.

Muge urgu,Aylin Turk and Nurcan koca Milk fat substitution by microparticulated
protein in reduced —fat cheese emulsion The effect on stability ,microstructure
,rheological and sensory properties.Food Sciece of animal resources, 2019; 93(1): 23-34.
Nadia A. AbouZeid Cheese and its fractions..first Edition Alzahraa Publishers, Inc.,El
Reyad, Soadia Arabic kingdom pages, 2008; 102-106.

Philipp Schenkel Ravi Samudrala, Jorg Hinrichs The effect of adding whey protein
particles as inert filler on thermos physical properties of fat-reduced semi hard cheese
type Gouda .International J. Of Dairy Technology, 2013; 66(2): 220-230.

Reeves, P.G.; Nielsen, F. H. and Fahey, O. C. AIN-93 Purified diets for laboratory
rodents: Final report of the American Institute of Nutrition Ad Hoc writing Committee on
the Reformulation of the AIN- 76. A Rodent diet. J. Nutr., 1993; 123: 1939-1951.

Ruthig DJ ,Sider D, Meckling —Gill Health Benefits of dietary Fat Reduction by anovel
fat replacer :mimix J FOOD SCI NUTR, 2001; 52(1): 61-9.

Sadowska J, Biatobrzewski I, Jeli nski T and Markowski M Effect of fat content and
storage time on the rheological properties of Dutch-type cheese. Journal of Food
Engineering, 2009; 94: 254-259.

Shaltout, omayma, E. and Youssef, M.M. Fat replacers and their application in food
products: A review. Alex.J. Fd Sci. and Technology, 2007; 4: 29-44.

www.wjert.orq 175



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Schenkel%2C+Philipp
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Samudrala%2C+Ravi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hinrichs%2C+J%C3%B6rg
https://onlinelibrary.wiley.com/toc/14710307/2013/66/2

Nadia. World Journal of Engineering Research and Technology

40. Tareq Alnemr, Ahmed Helal, Amal Hassanand Khaled Elsaadany Utilizing the Functions
of Hydrocolloids as Fat Mimetic to Enhance the Properties of Low-fat Domiati Cheese J
Food Process Technol, 2016; 7: 11.

41. Tareq Alnemr M. M. Basiony; Amal M. M. EI-Nimer and A. A . El-Gandour. Effect of
Fat Replacers on the Quality of Low-Fat Munster-Like Cheese J. Food and Dairy Sci.,
Mansoura Univ., 2017; 8(2): 93 — 98.

42. Volikakis P, Biliaderis C G, Vamvakas C and Zerfiridis G K Effects of a commercial oat-
b-glucan concentrate on the chemical, physico-chemical and sensory attributes of a low-
fat white brined cheese product. Food Research International, 2004; 37: 83-94.

43. Wardlaw, G.M. and Snook, J.T. Effect of diets high in butter, corn oil, or high oleic acid
sunflower oil on lipids and apolipoprotiens in men. Am. J. Clin. Nutr., 1990; 51: 815-821.

44. Wylie-Rosett, Judith Fat Substitutes and Health — An Advisory From Nutrition Committee
of the American Hearth Association, Circulation, 2002; 105: 2800-2804.

45. Wylie-Rosett, Judith Fat Substitutes and Health — An Advisory From Nutrition
Committee of the American Hearth Association, Circulation, 2002; 105: 2800-2804.

46. Journal of Agroalimentary Processes and Technologies, 2006; X11(2): 433-442.

www.wjert.orq 176




