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The effect of 0% (all-beef) and 30% replacement of beef by hydrated 

soy protein concentrate (beef-soy) on vitamin B, retention in meat 

loaves was investigated. Vitamin B,, moisture, fat and nitrogen contents 

were determined in raw meat loaf mixtures, as well as in freshly baked, 

held, chilled and microwave reheated all-beef and beef-soy loaves. 

Baking time, internal temperature, weight of the loaves, and volume and 

weight of the drip were recorded. Retention of vitamin Bfi and heating 

losses of the all-beef and beef-soy loaves were calculated, based on 

the raw meat loaf samples. 

The beef-soy loaves required less time than the all-beef ones to 

reach an internal temperature of 740C in a 1770C oven. Compared to the 

all-beef loaves, the weight of the bee£-soy loaves was higher (P<0.05) 

and the volume of the drip was lower (P<0.05). The all-beef and beef-soy 

loaves were similar in fat and nitrogen content. Microwave reheating 

lowered (P<0.05) moisture in both all-beef and beef-soy loaves. 

Retention of vitamin Bfi in the all-beef and beef-soy loaves was 

affected by treatment.  In freshly baked loaves approximately 91% of 



the vitamin B^ was retained in the all-beef loaf, and 97% in the beef- 

soy ones. Additional losses of vitamin B. occurred during holding at 

950C for one hour followed by 70oC for 15 minutes:  all-beef and beef- 

soy loaves, respectively, retained 80 and 89%. For the all-beef and 

beef-soy loaves, respectively, 88 and 94% of the vitamin B, was retained 

after chilled storage at 2.80C for 24 hours; and 89 and 98% with micro- 

wave reheating for four minutes. For the freshly baked and held all- 

beef loaves, 4.3 and 5.7% of the vitamin B,, respectively, was transferred 

to the drip; and for the beef-soy loaves 0.6 and 0.8% of the vitamin Bfi 

was recovered in the drip. 
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Vitamin B, Retention in All-Beef and Beef-Soy Loaves 

Processed by Two Foodservice Systems 

INTRODUCTION 

Since the cost of meat is rising, the use of soy products such 

as soy protein concentrate (SPC) has increased as a partial replace- 

ment of meat in the Type A School lunch and in some other institu- 

tional foodservices such as hospitals.  In 1971-1972, approximately 

23 million pounds of textured vegetable protein were used in the 

school lunch program; this figure doubled the following year (Butz, 

1974). 

Several investigators (Nielsen and Carlin, 1974; Williams and 

Zabik, 1975; and Bunch, Matthews, and Marth, 1976) reported wide 

acceptance of soy in the meat dishes by the consumer. Only one 

study (Nielson and Carlin, 1974) compared the nutritional quality of 

all-beef and beef-soy meat loaves.  It was found that 58% of thiamin 

was retained in ground beef products containing SPC as compared to 

90% thiamin retained in the all-beef products. 

Intentional storage of cooked food between preparation and 

service has become a common practice in quantity food systems. In 

the conventional foodservice system, cooked food is usually held a 

period of time before service.  In the cook/chill foodservice system, 

cooked food is held at 0-3oC for one to three days, reheated before 

service (Rinke, 1976). Our knowledge of the loss in nutritive values 

of foods during processing, handling, storage and reheating is 

limited. 
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Since meat loaf is popular in the American diet, 30% hydrated 

soy products is allowed (Food and Nutrition Service Notice, 219). Soy 

proteins retain fat and moisture. Meat loaf containing 0% (all-beef) 

and 30% (beef-soy) SPC were selected for this study. All-beef and 

beef-soy loaves were tested in the conventional foodservice system 

(after baking and holding) and in the cook/chill foodservice system 

(after chilling and reheating). A survey conducted by Murphy, Koons 

and Page (1969) in the 1960's, showed that more than half of 300 

school lunches did not meet the nutritional goal for vitamin Bfi. 

Vitamin B,. is water soluble and is considered heat labile, and is 
o 

destroyed by ultraviolet light and oxidation (Goodhart and Shils, 1980) 

The content and retention of vitamin Bfi was the major concern in this 

study on all-beef and beef-soy loaves. 

The yield of food has economic implications for the control of 

portions in foodservice operations. Therefore, cooking and drip 

losses were recorded. The percentage of moisture content was deter- 

mined in the raw and cooked meat loaves, because moisture retention in 

food has sensory implications and possibly nutritional ones.  In 

addition, the cooking time and internal temperature were recorded. 

The percentage of fat and nitrogen content were also determined in the 

raw and cooked meat loaves reported in this thesis. 

This investigation was undertaken (1) to observe the vitamin B, 

retention of all-beef and beef-soy loaves when processed in both con- 

ventional and cook/chill foodservice systems, and (2) to observe 

whether or not SPC added to the meat loaves had am effect on the 

retention of vitamin B,. 



REVIEW OF LITERATURE 

I. Background on Vitamin B, 

The term "vitamin B " was applied by Gybrgy in 1934 to the rat 

pellagra-preventive component of the vitamin B complex found in yeast, 

liver and rice bran. By 1938, vitamin Bfi was isolated and identified 

(GyOrgy, 1971). Vitamin B, is the group name, for pyridoxine, pyri- 

doxal, and pyridoxamine, the three free forms of the vitamin (Fig. 1). 

CH2NH2 

HO ^y^^^y  CH„OH     H0^^\^CHo0H      HO 

CH20H 

CH OH 

H.C ^v^ H,C 

CH2OH 

Pyridoxine 

^^ 

Pyridoxal 

CH2OH 

H3C^V' 

Pyridoxamine 

Fig. 1. Chemical structures of the three free forms 
of vitamin B, 

The biological activity of the three forms have been demonstrated 

in experimental animals and test organisms.  In rats, all three free 

forms of vitamin B, have equivalent biological activity, but their 

stability during processing is variable (National Academy of Sciences, 

1980). Among the organisms used for microbiological assay of vitamin 

Bfi (see review by Storvick and Peters, 1964), by far the most widely 

used one is Saccharomyces uvarum. Most cultures of this yeast grow 

with approximately equal efficiency in response to all three free forms 

of vitamin B, (Sebrell and Harris, 1968; Miller and Edwards, 1981). 

The coenzyme activities of vitamin B, were recognized with the 



discovery and identification of pyridoxal-5-phosphate. The phosphory- 

lated form of pyridoxamine was subsequently shown to occur naturally 

(Goodhart and Shils, 1980). 

Physical and chemical characteristics of vitamin B, 

Vitamin Bfi is freely soluble in water.  It is unstable when 

exposed to light, especially in neutral or alkaline media. 

Pyridoxine hydrochloride is a remarkably heat-stable substance 

in comparison with most other members of the vitamin B complex. 

Because of its heat stability, pyridoxine as well as pyridoxal and 

pyridoxamine are not destroyed during acid or alkaline hydrolysis and 

extraction. Since most of the vitamin Bfi in nature is protein-bound, 

the usual method of hydrolysis is to heat the biological sample with 

acid or alkali by autoclaving, in some cases up to five hours, depending 

on types of sample. 

Vitamin B. in food 
D 

Vitamin B, is widely distributed in foods. Among the most abun- 

dant sources of vitamin B, are kidney, liver, and muscle tissues with 

20-30 yg/g (Orr, 1969). Pyridoxal, pyridoxal-5-phosphate, and pyridoxa- 

mine are the predominant forms of the vitamin in animal tissues 

(Toepfer et al., 1963; Polansky and Toepfer, 1969; DeRitter, 1976). 

Pyridoxine is found in vegetable materials at levels usually equal to 

or greater than pyridoxal and pyridoxamine (Sauberlich and Canham, 1973). 

Vitamin B, occurring in natural food is present in the free or 

phosphorylated form bound to protein. For the determination of vitamin 

Bfi-active compounds, the yeast £. uvarum is well suited for the esti- 



mation of total vitamin B, in food. The vitamin B, values, as micro- 
O D 

biologically assayed, ranged for meats from 3 to 8 yg/g (Polansky and 

Toepfer, 1969). Raw beef contains 3.3 yg/g of vitamin B, (Orr, 1969). 

The total vitamin B6 in an unchromatographed sample of raw chuck beef, 

as reported by Polansky and Toepfer (1969), was 3.0 yg/g. 

Milk, not a rich source, contains 0.48 yg/g of vitamin Bfi 

(Hassinen, Durbin and Bemhart, 1954). Hard whole wheat supplies 4.7 

Vg/gJ whole wheat and white bread contain 1.8 yg and 0.4 yg per gram of 

vitamin B,, respectively (Orr, 1969). Except for avocados and bananas, 

fruits tend to be low in vitamin B,, containing generally less than 1 

yg per gram of vitamin Bf (Polansky and Murphy, 1966). On the other 

hand, vitamin Bfi, for the most part, in fresh vegetables ranges from 

0.5 to 4 yg/g; in the dried beans from 3,9 to 6.2 yg/g (Polansky, 1969). 

Vitamin B, in diet 
 o  

Many dietitians and managers of institutional foodservices are 

concerned about the nutritional adequacy of the foods they serve. 

The Type A school lunch pattern was designed to provide one-third or 

more of the Recommended Dietary Allowances (RDA). Murphy, Koons and 

Page (1969) reported that more than half of the 300 schools they inves- 

tigated did not meet this nutritional goal for vitamin Bfi. 

At present, the Food and Nutrition Board of the National Research 

Council (1980), RDA for vitamin Bfi is 2.0 mg/day for adult females, 

2.2 mg/day for adult males, and 1.6 to 2.0 mg/day for grade to adole- 

scents school age. 

The average woman in the U.S. may be consuming only between 1.2 

and 1.6 mg/day of vitamin B, (Donald et al., 1971; Driskell, Geders 
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and Urban, 1976; Miller, Dow and Kokkeler, 1978).  In a study by 

Kirksey et al., (1978) female adolescents were ingesting 1.24 mg of 

vitamin B, per day, about 79% of the RDA for the 11-14 year old age 

group. Males usually met the RDA for vitamin B, (Driskell et al., 

1976). 

Deficiency of vitamin Bfi 

According to Passmore et al. (1974), vitamin B, is so widely 

distributed in foods that it is extremely rare for an adult human being 

to show signs of deficiency. Researchers generally agree that 1.0 mg/ 

day of vitamin B, is not sufficient and that 2.2 mg/day restores most 

biochemical parameters to normal, preventing vitamin B, deficiency. 

Thus, an intake of between 1.5 mg and 2.0 mg/day is generally consi- 

dered adequate. 

Snyderman et al. (1953), Coursin (1954), Molony and Parmelee 

(1954), Tower (1956), and Bessey, Adam and Hansen (1957), reported 

that certain anemias, sensory neuritis, skin lesions and convulsions 

in infants may develop when the dietary intake of vitamin B, is inade- 

quate. Greenberg et aK (1949) and Vilter et al. (1953) reported that 

adult human beings receiving diets deficient in vitamin Bfi excreted 

large amounts of xanthurenic a:cid in the urine following a test dose 

of tryptophan. Therefore, vitamin B, is required for normal trypto- 

phan metabolism in human beings. Dietary deprivation of vitamin B, 

in an adult may result in depression and confusion (Hawkins and Barsby, 

1948). Electroencephalographic abnormalities, followed by convulsions 

was observed by Canham, Nunes and Eberlin (1964), but not by Grabow 

and Linkswiler (1969) in experimentally produced vitamin B. deficiency 



in adult men. 

II. The Retention of Vitamin B, in Processed Food 
o 

Meat, a good source of vitamin B,, is cooked before consumption. 

The effects of cooking and processing on the retention of vitamin B, 

have been published by numerous investigators. Although vitamin Bfi 

usually is classified as being heat stable, early researches indicated 

considerable loss of this vitamin during the cooking of meat. 

Henderson, Waisman and Elvehjem (1941), who observed the growth 

of rats to determine the vitamin B, content of meat and meat products, 

reported that, depending on the cooking method, cooked meats retained 

only 14-50% of vitamin B, in the raw muscle. Mclntire, Schweigert 

and Elvehjem (1944), using a microbiological method, observed that the 

average retention after roasting veal and lamb was 34% and 28%, 

respectively.  In the boiled lamb the average retention of vitamin B, 

was 34%.  In stewed veal and lamb, the retention of vitamin Bfi was 18% 

and 16%, respectively; in braised veal, retention was 19%. An average 

of 57% of the vitamin B, was retained in ham after it had been cured. 
o 

Drippings, from the same cooked meat, contained less than 6% 

of the total vitamin B,. in the meat. Both a microbiological yeast 
b 

assay and a rat bioassay were employed by Lushbough, Weichman and 

Schweigert in 1959, to determine the vitamin B, content in different 

meats. The percentage retention values ranged from 42 to 67% in muscle, 

with 1-13% of vitamin B. in the drip. These values were considerably 

higher than those reported previously. 

Gamma radiation of raw ground beef (approximately 3,0 megarads) 

resulted in the destruction of about 25% of the vitamin B, (Day £t al., 



1957).  Richardson, Wilkes and Ritchey (1961) compared the retention 

of vitamin Bfi in various canned foods preserved by conventional heat 

treatment and gamma radiation. After fifteen months of frozen storage, 

beef liver retained 82% and chicken 77% of the original vitamin B£ o 

content. After the same period of storage, at 24 to 270C, canned beef 

liver and chicken retained 36% and 82% of the initial vitamin B, content, 

and irradiated beef liver and chicken retained 56% and 67%, respectively. 

In 1969, Meyer, Mysinger and Wodarsky determined the average retention 

of vitamin B, in cooked beef. They reported that in oven-braised beef 

round, 49% of vitamin B, was retained in the meat and 34% was trans- 
o 

ferred to the drip.  In oven-roasted beef loin, there was 72% vitamin 

B6 retention with 16% recovered in the drip. This report was 

consistent with the generally accepted heat-stable nature of vitamin 

v 
Wing and Alexander (1972)  reported significantly greater retention 

of vitamin B, in chicken breasts heated for 1.5 minutes in a microwave o 

oven than in those heated 45 minutes in a conventional oven.  Bowers, 

Fryer and Engler (1974a, b) used turkey and pork muscles cooked in 

microwave and conventional electric ovens. The turkey cooked in the 

microwave oven had more vitamin B,,, calculated on a cooked weight basis, 
b 

but differences were not statistically significant when calculations 

were on a moisture-free basis. The pork muscle cooked by either method 

was not significantly different on the basis of cooked weight. Calcu- 

lated on the basis of dry weight, however, samples baked in the micro- 

wave oven contained slightly less vitamin Bfi than those baked in the 

conventional oven. 

Engler and Bowers (1975a) reported that turkey breast and thigh 



muscles roasted from the frozen, partially thawed or the thawed 

states contained significantly less vitamin B, than the same muscle 

in the raw state. These results indicated that the vitamin B. is 
6 

either transferred to the drip during cooking or is destroyed by the 

particular heat treatment employed. The other research, done by the 

same authors (Engler and Bowers, 1975b) had studied the effect of 

reheating and holding on the vitamin B, content of turkey breast. 

They found that when vitamin B, was calculated on the basis of cooked 

weight, no significant differences were observed among treatments. 

However, when calculation was on a moisture- and fat-free basis, 

freshly roasted meat contained significantly more (P<0.05) vitamin B, 

than reheated or held meat. Bowers and Craig (1978), using column 

chromatography with Dowex 50 W-X8 (k ) to separate the three forms of 

vitamin Bfi, found that pyridoxine and pyridoxal were higher in the raw 

turkey muscle than in the cooked; and that pyridoxamine was higher in 

the cooked than in the raw muscle. No significant differences were 

found in the sum of the three forms of vitamin Bfi or in total vitamin 

B6 between cooked and raw muscle. 

In studies using other types of products, the retention of vitamin 

B, was variable. A review of the stability of vitamin B, in milk in 
D O 

many different heat treatments has been published by Woodring and 

Storvick (1960). They concluded that pasteurization, drying and 

homogenization did not appreciably change the vitamin B^. content in 

milk. Sterilization and evaporation lowered vitamin B values; 
6 

irradiation and storage may further decrease the vitamin Bfi content 

in milk. Hassinen, Durbin and Bemhart (1954) reported that the vitamin 
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B remaining in spray-dried milk products ranged from 69 to 89% of the 

initial amount in milk. Hodson in 1956 proposed a mechanism to explain 

this loss of vitamin Bft during processing and storage of evaporated 

milk. He observed that pyridoxal and pyridoxal phosphate in milk were 

bound to protein or amino acids, and then converted to pyridoxamine 

and other unknown forms of vitamin B, which were less readily available 

or less measurable by microbiological assay. 

For vegetables, Schroeder (1971) reviewed data from the literature 

and calculated that the losses of vitamin B, in canned vegetables was 

between 57 to 77%, and in frozen vegetables from 37 to 56%. Studies 

on vitamin B retention during drying were done by Holmes et aK, (1979) 

Losses of vitamin B, in home-dried vegetables and berries were between 

4 and 41%; tomato puree retained 79%; unblanched green beans, 75%; 

zucchini squash, 92%; boysenberry leather, 90.5%; and raspberry leather 

had the greatest retention of vitamin B, at 96%. 

In cereals, in a study by Bunting (1965), the storage stability of 

naturally occurring vitamin Bfi plus added pyridoxine hydrochloride 

was 90 to 95% in com meal and 100% in macaroni. Similar retention 

of vitamin B, in pyridoxine-enriched flour and cornmeal after storage 

was reported by Cort £t al. (1976). 

Losses of vitamin Bfi may be caused by heat destruction and/or 

leaching into the cooking medium. Factors which may affect cooking 

losses are the method of cooking (Henderson et al., 1941; Mclntire 

et al., 1944; Day et al., 1957; Meyer et al., 1969; Wing and Alexander, 

1972; Bowers et  al., 1974; Engler and Bowers, 1975), the internal 

temperature reached (Hassinen et al., 1954; Davis, Gregory and Henry, 
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1959; Richardson et al., 1961), the length of the cooking period 

(Engler and Bowers, 1975), and the volume of water used (Daoud, Luh 

and Miller, 1977; Raab, Luh and Schweigert, 1973). Additional 

variables are the frozen or thawed status of the meat, its size and 

shape, and the amount of surface area exposed to oxygen (Engler 

and Bowers, 1975).  In various types of foods, the proportion of pyri- 

doxine to pyridoxal and pyridoxamine, as well as the extent of inter- 

conversion among the three forms during processing (Gregory and Kirk, 

1977, 1978) may account for the wide variation in the retention of 

vitamin B,. 
o 

Thus, it appears that the chemical composition of the food in 

addition to processing conditions, affects the net retention of vitamin 

B,. The bioavailability of vitamin B, in foods may be significantly 

affected by thermal processing (Gregory and Kirk, 1981). 

III. Concepts of Foodservice Systems 

Foodservice systems 

There are three major foodservice systems: conventional, con- 

venience, and automated. The conventional foodservice system now 

generally pertains to preparing meals on the premises from raw foods 

prior to each meal. The convenience foodservice system is usually 

divided into several groups, such as for total convenience food, 

chilled food, frozen food, and ready food. Totally automated systems 

begin after the diet order and the diet information have been recorded 

on punch cards and end when the patient has received his meal. To 

accomplish this, production, packaging, assembly, transportation, and 

distribution of food must be completely automated (Rinke, 1976). 
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For the project presented in this thesis, we chose the conven- 

tional system and cook/chill food system, one of the convenience food- 

service systems. Fig. 2 presents a flow chart illustrating the 

sequence of operations in a cook/chill system compared with those of 

the conventional system. Food storage, preparation, cooking and 

portioning are common to both systems. 

Holding methods of the conventional foodservice system 

In a conventional foodservice system, it is necessary for all 

operations to flow in sequence from the storage of purchased food to 

the service of the cooked food, and, in many catering situations, it 

is also necessary to store the cooked food in a warming oven (warmer) 

for some time before service (Glew, 1973). One of the major problems 

in this system is how to provide food at a proper temperature to 

customers. 

Hot holding 

In many systems "hold hot" equipment is needed to insure a steady 

supply of ready food to the serving area during the meal period 

(Livingston, 1968). Equipment used to hold food for servive must be 

carefully checked. Kahrl (1973) said that if the temperature is too 

high, the food will continue to cook; if too low, it will be cold 

when, served or microorganisms will grow. The so-called danger zone 

for food, as described by the U.S. Public Health Service and other 

people who have studied effects of temperature on the growth of 

microorganisms is 45° to 140oF (7.2° to 60oC). For ease in remembering, 

the 40° to 150oF (4.4° to 660C) range is suggested as a good zone for 
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FOOD STORAGE 

t 
PREPARATION 
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COOKING 

PORTIONING 

f 
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"1 
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CHILLED STORAGE 

PORTIONING 

I 
■► SERVICE ^ REHEATING 

Figure 2. Comparison of conventional (left) and 
cook/chill (right) foodservice systems 
(Adapted from Glew, p. 28, 1973) 
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foodservice people to follow, allowing for some inaccuracy in tempera- 

ture measuring devices and equipment (Eshbach, 1979). 

Hot serving 

Holding food on a steam table, hot cabinet, or under infrared 

warming lamps for extensive periods of time will downgrade its quality 

by altering factors such as texture, flavor, color, and nutritional 

content, and also cause some shrinkage. Foods will become mealy, 

mushy, soggy, or dried out (Eshbach, 1979; Thormer and Manning, 1976). 

Nutritional value and microbial spoilage 

A few studies were reported about the retention of some vitamin B 

complex in meat during holding. Westerman (1948) found that 91% of 

the thiamin was retained, when sliced roast pork was held for 30 

minutes over rapidly boiling water. Erickson and Boyden (1947) reheated 

turkey and held it on a steam table; they concluded that this institu- 

tional practice had little destructive effect on thiamin or riboflavin. 

Boyle and Funk (1972) reported thiamin loss of 21.2% when beef was 

sliced and served immediately, compared with 20.8 and 23.5% loss for 

unsliced and sliced beef, respectively, held for 90 minutes over dry 

heat. Relatively large amounts of thiamin, riboflavin, and ascorbic 

acid may be lost from vegetables held on a steam table (Head, Weeks 

and Gibbs, 1973; Nagel and Harris, 1943; Wood et al., 1946; Munsell 

et al., 1949). 

Little information was found about vitamin Bfi losses during 

holding. The only study, which was mentioned previously, was made by 

Engler and Bowers in 1975; these workers reported that the held turkey 



15 

breast had significantly lower vitamin B, content than the freshly 
o 

roasted samples when calculated on a moisture- and fat-free basis. 

In addition, microbial spoilage may become a problem (Thormer 

and Manning, 1976). Eshbach (1979) recommended that food not be held 

more than four hours, and preferably no longer than two hours. 

Besides time and temperature, humidity can also be controlled in many 

holding units to produce better food. 

Cook/chill foodservice system 

In many respects, the chilled food concept functions like a 

modernized conventional foodservice system (see Fig. 2). The major 

difference is that all foods are prepared one to three days in 

advance. Efforts are made to ensure that the food reaches an internal 

temperature of at least 80oC during cooking. Then the hot food is 

quickly chilled and kept refrigerated at 30C or lower. Prior to 

service, the food is taken out and reheated by various methods, such 

as microwave energy, integral heat, or convection heat (Rinke, 1976; 

Livingston, 1972). 

The advantages of the cook/chill food system are improved quality 

of food, increased productivity of foodservice employees, and 

decreased food and labor costs. Also, foods can be served at their 

proper temperatures (Koncel, 1976; Kaud, 1972; McGuckian, 1969). How- 

ever, as the food is not served fresh, quality must be controlled 

through very precise microbiological audits and taste testing (Koncel, 

1976). Also, a correct reheating procedure must be followed to insure 

properly heated food (Glew, 1973). 
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Chilled storage 

Several refrigerated holding systems have been described by 

Keskinel, Ayers and Snyder (1964), Sato and Hegarty (1971). Glew 

(1973) said that at temperature between 20C and 50C (35° to 410F), the 

growth of most microorganisms is very much retarded, but not entirely 

stopped. Chilled food can be used up to 48 hours and even 72 hours 

after it has been cooked and chilled. Some nutritional and palati- 

bility losses occur, depending on such factors as time, temperature 

and packaging materials (Lachance, Ranadive and Matas, 1973). 

Reheating 

Before service to the consumer, chilled food must be reheated to 

80oC (1760F) if it is to be served hot. Methods for reheating pre- 

cooked chilled food involve the use of: 

(1) dry heat, such as hot air or radiant heat, 

(2) moist heat, such as steam or hot water, 

(3) microwave heating. 

The use of microwave oven reheating is gaining widespread acceptance 

(Glew, 1973) and was chosen for our study presented in this thesis. 

The heating time of foods in the microwave oven depends on the 

temperature, consistency, shape, and quantity of the food, and type 

of container. This method reduces the possibility of flavor deterio- 

ration, texture changes, loss of nutrients, and unappealing appearance 

(Glew, 1973). 

Reheating and warming table operations slowly destroy nutrients, 

primarily through oxidative changes (Harris and Von Loesecke, 1975). 

In such operations, losses of thiamin could range from 4 to 72%; 
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riboflavin from 8 to 77%; and ascorbic acid from 0 to 94%. For most 

fruits and vegetables, loss in vitamin content due to reheating of 

processed products ranges from 20 to 50%. 

Thus, in foodservice operations, duration of cooking and storage, 

and the time before serving may vary considerably, leading to 

variations in moisture content and in retention of water-soluble and 

heat-labile nutrients. This problem is important in interpreting the 

results of dietary surveys and in providing the proper nutrient 

requirements to consumers. 

IV. Research on Meat Loaves 

Meat loaf was chosen for the research presented in this thesis, 

because it is a common menu item in the American diet, and, in compari- 

son with some other foods, contains only a few major ingredients, and 

it is relatively compact and homogeneous. This homogeneous character 

was desirable for this study to eliminate as much variation as possible 

that could occur in recording temperatures, nutrient analysis and 

making other evaluations (Bunch, Matthews and March, 1976). 

Use of meat substitutes 

Critical meat shortages o;: 1973 and current high cost of meat have 

caused many foodservice administrators to increase the use of meat 

substitutes in their operations (Phillips, 1973). The U.S. Department 

of Agriculture's Food and Nutrition Service issued Notice 219 (1971, 

February 22) which permitted the use of rehydrated textured vegetable 

protein products to replace up to 30% of the meat or meat alternate 

portion in the Class A School Lunch menu. Approximately 23 million 
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pounds of textured vegetable protein (hydrated weight) were used in 

the school lunch program during the 1971-1972 school year; this figure 

doubled the following year. Since this approval of the use of textured 

vegetable protein products, there has also been a tremendous increase 

in their use in hospitals and other institutional foodservices (Butz, 

1974). 

Characteristics of soy proteins 

Soy is the leading source of vegetable proteins, and soy deriva- 

tives are currently being introduced as components in meat dishes in 

the form of soy protein isolates, soy protein concentrates, soy flours 

and soy grits (Rakosky, 1970). When added to meat, the soy products 

can contribute flavor, increase juiciness, help to retain shape, and 

provide economical protein (Rakosky, 1974; Wolford, 1974; Judge et al., 

1974; and Wolf, 1970). 

Since soy proteins are hydrophilic, they have the ability to 

absorb and retain water. Another important function of soy proteins 

is their ability to bind fat (Williams and Zabik, 1975). As had been 

expected, the incorporation of textured soy protein resulted in a 

decrease in total cooking losses, a subsequent decrease in cooking drip, 

and a possible decrease in volatile losses (Williams and Zabik, 1975). 

Experimentation with meat loaves 

Some early studies were made in the effect of cooking and storage 

on the quality of meat loaves. Most of these studies dealt with 

microbial growth and sensory evaluation. 

Kylen et al. (1964) tested the palatability of beef and ham loaves. 
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and the retention of thiamin in these loaves cooked in microwave and 

conventional ovens. Nielson and Carlin (1974) evaluated various 

aspects of frozen raw or precooked all-beef loaves, and precooked 

beef-soy loaves with and without an antioxidant. The storage period 

was zero, two, four, or six months at -20oC. The beef-soy loaves 

resulted in a 50% reduction in cooking loss compared with the all-beef 

loaves. The eating quality of the all-beef loaves was not affected 

by storage, while the soy flavor in the beef-soy loaves was pronounced. 

The moisture content of the precooked, reheated loaves was significantly 

lower for the beef-soy loaves than for the all-beef loaves. Storage 

did not affect the fat content, but the beef-soy loaves retained more 

fat after cooking. After the loaves had been precooked and reheated, 

thiamin retention was approximately 90% for the all-beef loaves and 

58% for the beef-soy loaves. The explanation by the authors for the 

lower retention of thiamin in the beef-soy loaves was that the synthetic 

thiamin added to fortify soy protein is more heat labile than naturally 

occurring thiamin. 

Zallen, Hitchcock and Goertz (1975) studied the effects of chilled 

holding on the quality of beef loaves. They found statistically sig- 

nificant differences between the freshly prepared beef loaf and the 

stored loaf. The freshly prepared beef loaf had a shorter heating 

time, less cooking losses, higher moisture content, lower thiobar- 

bituric acid (TBA) scores, and higher taste panel scores. Pasteurized 

loaves were not significantly different from refrigerated ones in 

eating quality. Over the nine-day storage period, TBA scores increased 

and the taste panel scores decreased significantly. One of the conclu- 

sions by these authors was that refrigerated holding systems for cooked 
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food may offer economic advantages to a foodservice system and also 

require fewer personnel. 

Williams and Zabik (1975) investigated the effect of including 

rehydrated textured soy protein on the characteristics of ground beef, 

pork and turkey loaves. The substitute of 30% of the meat by soy did 

not seem to adversely affect the quality of the meat loaves. No 

difference was found in the total lipid content of the cooked 0% and 

30% soy meat systems. However, the 30% soy-substituted product 

appeared to have a slightly lower TBA value during refrigeration and 

frozen storage. 

Bunch et al. (1976) investigated the chilled foodservice system 

in a hospital, and reported the acceptability of beef-soy loaves. The 

loaves contained 25% rehydrated textured soy crumbs, and after having 

been precooked, the loaves were stored at ±30C for 24, 48, and 72 hours. 

Overall acceptability scores for the final product were almost identi- 

cal, regardless of the duration of the chilled storage. As for 

microbiological characteristics, the aerobic bacteria greatly increased 

during chilled storage. After the loaves had been reheated in a micro- 

wave oven, only part of the viable bacteria were killed due to the 

short heating time. 

Bobeng and David (1978) utilized Hazard Analysis Critical Control 

Point (HACCP) models for quality assessment of beef loaves. They 

found that the scores for overall acceptability of beef loaves in the 

conventional system were significantly higher (p<0.05) than for those 

of the cook/chill and cook/freeze systems. Thiamin retention was not 

significantly different among the systems. Dahl and Matthews (1979) 
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varied internal end temperature (ET) of beef loaf after initial cooking 

(from 45° to 90oC) in a simulated cook/chill system. They reported 

that use of an ET of less than or equal to 60oC for initial cooking 

increased yield, moisture content, and possibly nutritive value of 

beef loaf after microwave heating. 
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MATERIALS AND METHOD 

Ground beef was made into meat loaves containing either 0% or 

30% rehydrated soy protein concentrate (SPC) based on the weight of 

meat. The preparation of all-beef and beef-soy loaves simulated 

product flow of hot entrees in conventional and cook/chill foodservice 

systems (Fig. 2). 

The all-beef and beef-soy loaves were tested:  (1) before baking; 

(2) immediately after baking; (3) after holding baked loaf at 950C for 

one hour followed by holding at 70oC for 15 minutes; (4) after chilling 

baked loaf at 30C for 24 hours; and (5) after reheating in a microwave 

oven. Moisture, fat, nitrogen and vitamin B,  contents were deter- 
o 

mined in the meat loaves submitted to these treatments. Preliminary 

studies were done to standardize the procedures for food and equipment 

handling as well as to develop the sampling methods that were to be 

controlled during the three replications (blocks) of the experiment. 

Ingredients 

For each replication, ten pounds of frozen ground beef, five 

packages of two pounds each, were purchased from the Meat Laboratory 

at Oregon State University three days before the meat loaves were 

prepared. After delivery from the Meat Laboratory, the frozen ground 

beef was held at -160C overnight, then thawed at 10C two days before 

the loaves were fabricated. 

After the ground beef was completely thawed, it was mixed five 

minutes in a floor-mixer at the lowest speed, twice, a total of ten 

Floor-mixer:  Hobart Model A200 
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minutes. Then three 40-gm samples were removed from the batch to 

obtain the values for the fat, moisture, nitrogen and vitamin Bft 

content that were representative of that lot of ground beef. Dried 

egg powder, non-fat dry milk, dried bread crumbs, salt and soy protein 

concentrate were purchased all at one time as a total lot for the 

entire research project. 

Procedure for making meat loaves 

The formulas for producing the all-beef and beef-soy loaves were 

slightly modified from those given by Nielsen and Carlin (1974). 

Dried egg powder was used instead of fresh egg in this experiment. 

The formulas are shown in Table I. 

The ingredients of each meat loaf were combined by manual and 

mechanical mixing to assure uniform distribution. The same floor- 

mixer was used, and the procedure was: 

(1) mix egg powder with water at speed one for one minute, 

(2) add bread crumbs, salt, non-fat dry milk and water, then 

mix one minute at speed one, 

(3) rehydrate soy protein concentrate with water and allow to 

stand for five minutes, then add to the mixture and mix at 

speed one for one minute (omit this step for all-beef loaves), 

(4) add ground beef and mix two minutes at speed one, then 

scrape the mixture around the beater, and mix by hand ten 

beats, follow by mixing one minute at speed one, two more 

times. 

After all-beef and beef-soy loaves were mixed, three 40-gm samples 

of each raw meat loaf mixture were randomly taken from the bowl of the 
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Table I. Formulas for all-beef and beef-soy loaves 

All-Beef Beef-Soy 

Ingredients 
Total Amt. 
Mixed 

Amt. in 
one loaf 

Total Amt. 
Mixed 

Amt. in 
one loaf 

g g g g 

Ground beef 2592 516 1812 361 

Hydrated SPC  , 
Fortified SPCD 

Tap Water 
0 
0 

0 
0 

312 
468 

62 
93 

Reconstituted Egg 
Egg powder0 

Tap Water 
68.4 
191.6 

14 
38 

68.4 
191.6 

14 
38 

Non-fat dry milk 56 11 56 11 

Dry bread crumbs. 304 60 304 60 

Tap water 784 156 784 156 

Salt 24 5 24 5 

Total weight 4020 800 4020 800 

Ground beef: Block I Block II Block III 
Moisture (%) 59.7 53.3 53.1 
Fat (%) 23.2 31.1 31.8 
Nitrogen (%) 3.0 2.9 2.9 
Vit. B6 (yg/g) 2.2 2.2 2.4 

"SPC" stands for soy protein concentrate;. PROCOON TM2000 manufactured 
by A. E. Staley manufacturing company, Decatur, Illinois 62525. The 
vitamin B, value of SPC is 1.05 yg/g; Nitrogen value is 11.5%. 

"Gold.n. Eg" Egg powder by Wilsey Foods, Inc., Los Angeles, California. 
The vitamin B, value of egg powder is 1.43 ug/g- 
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mixer for moisture, fat, nitrogen and vitamin Bfi determination. 

The meat loaf mixture was then packed into four preweighed 20 cm 

by 9.9 cm by 5.4 cm pans. The net weight of each raw loaf was 800 gm. 

Each loaf pan was covered with waxed paper, and pressed with a weight 

of 800 gm for five minutes to obtain uniform packing in each loaf. 

The loaves remained in the same pans for baking and storage. Before 

baking, all loaves were held at 3CC for one hour to equalize the 

internal temperature. 

Baking 

For each replication, four loaves of the same kind were removed 

from the walk-in refrigerator and baked uncovered in a preheated 

2 
institutional electric oven   which was regulated at 1770C. During 

baking, the temperatures of the four loaves were monitored by meat 

thermometers inserted in the geometric center of each loaf. When, the 

internal temperature of each loaf reached the desired temperature, 

740'C, that loaf was removed from the oven.  Immediately after baking, 

the loaves were weighed. Then the drip was poured out into graduated 

cylinders for measurement of aqueous and lipid fractions, and the meat 

loaves were weighed again. Three of them were loosely covered with 

waxed paper and allowed to cool one hour at room temperature. 

Holding 

The fourth one for conventional foodservice simulation was cut 

into six pieces, replaced in a Pyrex pan, covered with aluminum foil 

2 
Institutional electric oven: Despatch Oven Co., Model 150-R 
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and held at a 95±30C  in a covered waterbath for "hot holding" 60 

minutes. After this the meat loaf was removed to another 70±5oC, 

uncovered waterbath to simulate "hot serving." At this period, the 

meat loaf was uncovered in the waterbath for 15 minutes. Then it was 

removed and reweighed. 

Chilling 

After one hour cooling at room temperature, two of the loosely- 

covered meat loaves were covered with aluminum foil and placed in the 

same walk-in refrigerator for 24 hours chilled storage. To compare 

the effects of refrigerated storage and reheating on the loaves, one 

cooked loaf which had been in chilled storage was taken out of the 

refrigerator and analyzed directly. The weight of the loaves was 

recorded before and after the storage treatment at 2.80C. 

Microwave reheating 

Following the chilled storage, eight equally sized portions were 

cut from the whole loaf. Four randomly selected portions from each 

of the two kinds of meat loaves were placed individually on a pre- 

weighed pyrex plate. The plate was placed in the center of the micro- 

3 
wave oven and reheated four minutes. After heating, the portions of 

meat loaf were allowed to set for two minutes at the ambient tempera- 

ture of the microwave oven to provide time for temperature stabilization. 

Reheating times to achieve a final temperature of 550C were established 

by prior study, and the time of microwave heating was monitored auto- 

3 
Microwave - Sharp Electronics Corp., Model No. R-6770 
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matically. Weights of the four portions of meat loaf before and right 

after microwave reheating were determined. 

Sampling of meat loaf 

A homogeneous mass was made by grinding one whole loaf with a 

meat grinder, then three 40-gm samples were taken and frozen storage 

in plastic bottles until analyzed. 

Calculations 

Total heating loss was calculated as the difference between raw 

weight and cooked, drained weight. Drip loss was the difference between 

the cooked weight and the cooked, drained weight. The difference 

between total heating loss and drip loss represented volatile loss. 

Following holding of the loaves and microwave reheating of the stored 

loaves, the same procedures were followed to determine losses due to 

holding and microwave reheating. Also, after storage in the refrigerator, 

loaves were weighed to determine storage loss. 

Nutrient Analyses 

Moisture 

Duplicate samples of each loaf were dried at 60oC in a vacuum 

oven to a constant weight, according to a modification of the procedure 

of the Association of Official Analytical Chemists (1975). Percent 

weight loss of the samples from the drying process was determined as 

percentages of total moisture content. 

Fat 

Duplicate samples of each loaf were used to estimate the fat 
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content by a chloroform-methanol extraction method proposed for foods 

by Southgate (1971). 

Nitrogen 

Total nitrogen of the duplicate samples of each loaf was measured 

by the boric acid modification of the Kjeldahl method by Scales and 

Harrison (1929). 

Vitamin B, 

Total vitamin B, content of the meat loaves and drip was deter- 

mined by the method of Toepfer and Polansky (1970) based on the growth 

response of the yeast S^ uvarum. A standard curve with pyridoxal was 

used to calculate the amounts of total vitamin B, in the samples. 

For each treatment the unit was sampled in duplicate. Bound vitamin B, 

was released by autoclaving a two gram sample in 200 ml 0.055N hydro- 

chloric acid at 102 K Pa for five hours.  Five dilutions of each sample 

were prepared, and vitamin Bfi in each dilution was determined in tripli- 

4 
cate. A Bausch and Loma Spectronic 20 was used at 550 nm for trans- 

mittance readings. 

Total vitamin B, was calculated on the wet-weight (ordinarily 

consumed) basis, moisture- and fat-free basis and nitrogen basis. 

Percent retention of vitamin B, was calculated using the following 

formulas: 

(1) Wet-Weight Basis (true retention ) 

4 
Bausch and Lomb Analytical Systems Division, Rochester, New York. 

Murphy, Criner and Gray (1975) 
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(a) %  Retention 
ugBfi/g x total wt. of cooked meat loaf 

,.      , ' ,. ugB./g x total wt. of raw meat loaf (in meat alone)  & 6 & 

(ugBfi/g x total wt. of cooked meat loaf) 
+ 

,-v>>  o r, ^ ^-             (ugB,/g x total wt. of drip) (b) % Retention    = ^ & 6' 6 V) 

(including drip) ugB^/g x total wt. of raw meat loaf 

(2) Moisture- and Fat-Free Basis (apparent retention ) 

ugB6/g T [1 -(%M + %F)] of cooked meat loaf 
% Retention = —-—;—;—?-; ^— O^FVT—s ^^i—J-— ugB-/g T [1 -(%M + %F)] of raw meat loaf 

-2 
(M: Moisture; F:  Fat; moisture and fat times 10 ) 

(3) Nitrogen Basis 

ugB,/g * % N of cooked meat loaf 
% Retention = 

ugB-Zg -r % N of raw meat loaf 

Statistical analyses 

A randomized complete block design was used to determine whether 

the difference in the various treatments of the two kinds of meat 

loaves affected yield, fat, moisture, nitrogen and vitamin B^ content 

at any treatment before service. Data from the three replications 

were subjected to analysis of variance as follows: 

Murphy, Criner and Gary (1975) 
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Source of Variation DF 

Block (A) 2 

Subject (B) 1 

A x B 2 

Treatment (C) 4 

(A x C) + (A x B x C)             16 

B x C 4 

Error 30 

TOTAL 59 

In the multiple comparison t-test (Cochran and Cox, 1953; Duncan, 1957), 

differences among the treatments were considered significant when P 

was less than or equal to 0.05. 
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RESULTS 

Means and standard deviations for the three replications of all- 

beef and beef-soy loaves within each treatment are presented in this 

thesis. All data are shown by types of foodservice system as well as 

by method of holding, chilling and reheating of baked loaves. For the 

conventional foodservice system, the loaf analyzed after baking is 

designated as freshly "baked;" after hot holding at 950C followed by 

hot serving at 70oC is designated as "held." For the cook/chill food- 

service system, the loaf chilled for 24 hours is designated as "chilled;" 

the loaf reheated in a microwave oven is designated as "MW reheated." 

The unbaked loaf is designated as "raw." 

Heating times and temperatures 

Means for heating times and temperatures for the all-beef and 

beef-soy loaves are given in Tables II and III, respectively. The 

beef-soy loaves required significantly less (P<0.01) time to reach an 

internal temperature of 740C than the all-beef loaves; the all-beef 

loaves required a mean of 68 minutes, compared with 56 minutes required 

to bake the beef-soy loaves. Both types of loaves, however, required 

four minutes to raise the internal temperature to 550C when reheated 

in a microwave oven. 

The total heating time for the held loaves was 143 minutes for 

the all-beef loaves, and 132 minutes for the beef-soy ones. These 

periods of time were significantly longer (P<0.05) than for the reheated 

products, 71 minutes and 61 minutes for the all-beef and beef-soy 

loaves, respectively. 
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Volume and weight of drip and meat loaf 

The mean weights of the two kinds of meat loaves after the four 

treatments, and the weights and volumes of the drip are presented in 

Table IV (all-beef) and Table V (beef-soy). In the cook/chill food- 

service system, the weight and volume of the drip were measured right 

after the initial baking but not after 24 hours of chilling and four 

minutes of microwave reheating. The total drip volume was divided into 

lipid and aqueous parts. 

For all-beef (Table IV) and beef-soy (Table V), the weights of 

the held meat loaves were significantly lower (P<0.05) than those of 

the freshly baked and chilled meat loaves, respectively. The weight 

of the microwave reheated all-beef loaves, but not beef-soy, were sig- 

nificantly lower than those of the freshly baked loaves (P<0.05). For 

every heat treatment, the all-beef loaves had a significantly lower 

weight than the beef-soy ones (P<0.05). 

The total drip volumes from freshly baked and held all- 

beef loaves were 106 ml and 115 ml, with 66 ml and 70 ml in the lipid 

part, respectively, the remainder being aqueous portion (Table IV). 

In contrast, the total drip volumes from freshly baked and held 

beef-soy loaves were 19 ml and 22 ml, with 14 ml and 17 ml in the lipid 

part, respectively (Table V). The statistical analyses showed that 

there was no difference in the total drip volume, or in lipid and 

aqueous parts, for each kind of meat loaf in the different conventional 

heating treatments. Due to variations among the three replications, 

the differences in the lipid part between these all-beef and beef-soy 

loaves were not statistically significant. But in every heating treat- 
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ment, there was a significantly higher (P<0.05) total drip volume and 

aqueous part in the all-beef than in the beef-soy loaves (Fig. 3). 

The mean weight of drip for the all-beef loaf was 102 gm after 

freshly baking, and 117 gm after holding; for the beef-soy loaves, the 

weights were 19 gm and 25 gm, respectively. There was no statistically 

significant difference in drip weight between freshly baking and holding 

of each kind of meat loaf.  But there was a significantly lower drip 

weight value (P<0.05) in loaves that had 30% SPC added to them. 

Heating- losses 

Data including total, drip and volatile losses of all-beef and 

beef-soy loaves, respectively, are also summarized in Tables IV and V. 

Calculations of percentage of these heating losses were based on weight 

of the raw loaf (800 gm). 

Analysis of variance indicated that significantly lower (P<0.C5) 

total heating losses were found in all four different treatments of 

30% soy-substituted loaves (Fig. 4). For both all-beef (Table IV) and 

beef-soy (Table V) loaves, there were no significant differences in the 

losses between conventional and cook/chill foodservice systems. The 

17% and 5% total heating losses for the freshly baked all-beef and beef- 

soy loaves, respectively, were similar to the 18% and 6% losses for the 

all-beef and beef-soy loaves after 24 hours of storage at 30C. Calcu- 

lations were made of these heating losses just after the loaves were 

removed from the oven and refrigerator. Data indicated a 1% loss 

during chilled storage. In all comparisons, greater total heating 

losses were observed after holding and microwave reheating. These were 

significantly greater (P<0.05) for the all-beef loaves than the beef- 
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soy loaves (Fig. 4). Again, the two foodservice systems had no effect. 

The 23% and 10% total heating losses for the held all-beef and beef- 

soy loaves were similar to the 22% and 9% losses for the all-beef and 

beef-soy loaves baked to 740C, chilled, and microwave reheated to 550C. 

This was surprising since one would expect higher losses for the held 

loaves that were held a total of 75 minutes, compared with only four 

minutes for the microwave reheated ones. 

Mean drip losses for all-beef and beef-soy loaves right after being 

baked were 13% and 2%, respectively; for the held loaves, losses were 

15% and 3%, respectively. The drip losses of chilled and microwave 

reheated loaves were calculated based on only one heating treatment. 

Drip losses from both kinds of meat loaves were approximately the same 

under different heating treatments. As expected, 30% soy-substitution 

decreased drip loss significantly (P<0.05) in all four heating treatments 

(Fig. 4). Drip losses consist of fat and water that have melted out 

during the cooking process, whereas volatile losses are a result of 

the evaporation of water and other volatile compounds (Paul and Palmer, 

1972). 

The replacement of 30% of the ground beef with SPC significantly 

lowered (P<0.05) volatile losses (Fig. 4). During holding and micro- 

wave reheating of the all-beef (Table IV) and beef-soy (Table V) loaves, 

volatile losses were increased almost twice, resulting in a highly 

significant difference (P<0.01) compared with those of the freshly 

baked and chilled ones. Volatile losses, previously found to be 

directly related to cooking time (Funk and Boyle, 1972), are in agree- 

ment with the findings of this study. 
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Moisture, fat, and nitrogen content 

The values for the moisture, fat and nitrogen content for the 

all-beef and beef-soy loaves of each treatment are presented in Tables 

VI and VII, respectively. 

Among the four treatments, plus unbaked,  the all-beef and beef-soy 

loaves retained the least (P<0.05) percentage of moisture after micro- 

wave reheating. The percentages of moisture in the 30% soy-substituted 

microwave reheated loaves (Table VII), but not in the all-beef loaves 

(Table VI), were significantly lower (P<0.05) than in the raw samples. 

The mean percentage of moisture for service was lowered, but not sig- 

nificantly, in the two kinds of held loaves as compared with that of 

the freshly baked and chilled ones. Among the various treatments, there 

were no significant differences in moisture content between the all-beef 

and beef-soy loaves. Except for the raw beef-soy loaves, all of the 

other treatments of beef-soy loaves were only slightly lower in moisture 

content than those of the all-beef loaves. 

The fat content in the 30% soy-substituted loaves (Table VII) was 

not affected by treatment. Although heating treatments did not affect 

the fat content of the all-beef loaves (Table VI), the raw all-beef 

loaves were significantly higher (P<0.05) levels of fat (19%) than 

the beef-soy loaves (14%). However, after being baked and submitted 

to other treatments, the fat contents of the loaves with 0% and 30% 

SPC were not significantly different, the beef-soy loaves containing 

slightly less total lipid than the all-beef loaves. 

Among the various treatments, the nitrogen content of the raw 

all-beef loaf was significantly lower (P<0.01) than that of the all-beef 
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loaves which were either freshly baked, held, chilled or microwave 

reheated (Table VI). Also, there was a noticeable difference in nitro- 

gen content (P<0.05) between freshly baked and held, freshly baked and 

reheated, and held and chilled all-beef loaves.  In the beef-soy loaves, 

the only differences were that the raw loaf had significantly lower 

nitrogen content than the beef-soy loaves which were either freshly 

baked, held or reheated (Table VII); the other treatments did not have 

any significant effect on nitrogen content. Analysis of variance 

indicated significant differences (P<0.05) among nitrogen values of the 

all-beef and beef-soy loaves in all five treatments. The multiple 

comparison t-test indicated that the amount of nitrogen in the raw 30% 

soy-substituted loaf (2.6%) was significantly higher than in the raw 

all-beef loaf (2.2%). 

Vitamin B, content 

The vitamin B, content of the all-beef and beef-soy loaves and 

their respective drippings are also shown in Tables VI and VII, respec- 

tively. The values of the total vitamin Bfi contents of the meat loaves 

are reported on a wet-weight basis (as consumed), a moisture- and fat- 

free basis, and a nitrogen basis. 

The vitamin Bfi content of beef-soy loaves was similar for all five 

treatments, including raw, when calculated on a wet-weight basis 

(Table VII). The various treatments, however, caused significant 

differences in the all-beef loaves (Table VI). On a wet-weight basis, 

the freshly baked and reheated all-beef loaves contained more yg 

vitamin B, /g (P<0.05) than did the raw all-beef loaf. On the same 

basis, the held all-beef loaf contained less vitamin B, (P<0.05) than 
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did the microwave reheated one.  In all treatments, due to very low 

vitamin B, content of the SPC, the vitamin B, values of the all-beef 
o o 

loaves' were higher (P<0.05) than those of the beef-soy loaves (Fig. 5). 

Differences in vitamin Bfi concentration of the all-beef or beef-soy 

drip were not significant when calculated on a wet-weight basis. 

For the various treatments of the beef-soy loaves, on a moisture- 

and fat-free basis of vitamin Bfi, no significant differences were 

observed (Table VII). However, the raw all-beef samples contained sig- 

nificantly more yg vitamin B, /g of moisture- and fat-free (P<0.05') 
b 

than those that were freshly baked, held, chilled or microwave reheated 

(Table VI). The held all-beef loaf had the lowest vitamin B, content 

on a moisture- and fat-free basis, which was also significantly lower 

(P<0.05) than that of the freshly baked all-beef loaf. The average 

vitamin Bft content per gram moisture- and fat-free of the raw all-beef 

loaf was 6.13 yg, and that of the raw beef-soy loaf was 4.20 yg 

(Tables VI and VII); these findings indicate a marked difference between 

them (P<0.01). Besides the big difference between the raw all-beef 

and beef-soy, in all other treatments between the two kinds of loaves, 

there was a significant difference at the 5% level (Fig. 6). 

On a nitrogen basis, the means of vitamin B, content of both 

kinds of meat loaf are also summarized in Tables VI and VII.  In general, 

the patterns of vitamin Bfi values expressed on a per gram of nitrogen 

basis usually parallel those of the moisture- and fat-free 

basis. The significant differences (P<0.05) were due to 30% SPC added 

to the loaf in each treatment. The multiple comparison t-test indicated 

that the vitamin B, content of the raw all-beef loaf (on a nitrogen 

basis) was higher (P<0.05) than that of the held, chilled or microwave 
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reheated all-beef loaves. The held all-beef loaf had significantly 

lower (P<0.05) vitamin B, content than that of the freshly baked and 

microwave heated all-beef loaves. However, calculated on a nitrogen 

basis of vitamin B^, no significant difference was found in the beef- 

soy loaves among all treatments. 

Retention of vitamin B, 

Data on the true and apparent retention of vitamin Bfi in the all- 

beef and the beef-soy loaves are presented in Tables VIII and IX, 

respectively. True retention of vitamin B, was calculated with and 

without the drip. The weights of the loaves and drippings (Tables IV 

and V)  were used to calculate percent of true retention of vitamin B. 

in the meat loaves. 

True retention in the all-beef loaves ranged from 80.4 to 90.7 

percent, and 4.3 to 5.7 percent recovered in the drip. True retention 

in the beef-soy loaves ranged from 89.3 to 98.4 percent, and transference 

to the drip was 0.4 to 0.8 percent (Tables VIII and IX). Analysis of 

variance indicated no significant differences among percentages of 

vitamin B, retained in any treatment of the all-beef and beef-soy'loaves 

and drips (Fig. 7). However, the multiple comparison t-test indicated 

that the true retention of total vitamin B, (meat and drip) in both 

kinds of loaves after freshly baking (baked) and microwave reheating 

(reheated) was significantly higher (P<0.05) than after the loaves had 

been held for 75 minutes (held). 

Apparent retention of vitamin B,, on a moisture- and fat-free 

basis, was calculated in loaves only and did not include the drip. 

Analysis of variance indicated that the vitamin Bfi retention in the 



all-beef and beef-soy loaves in the cook/chill foodservice system 

was not different from the conventional foodservice system. Although 

the retention of vitamin B, on a moisture- and fat-free basis of the 

beef-soy loaves in every treatment was higher than that of the all- 

beef loaves, no significant differences were found. 

Apparent retention of vitamin Bfi in the meat loaves was calculated 

also on the basis of nitrogen content. The only significant difference 

was found in the freshly baked all-beef and held all-beef loaves. The 

former was significantly higher than the latter at the 5% level. The 

other treatments in either all-beef loaves or beef-soy loaves were not 

significantly different. The vitamin B, retentions were higher in the 

beef-soy loaves than those in the all-beef loaves, however, the statis- 

tical analysis showed no difference between them. 



Table II. Average times and temperatures for all-beef loaves' 
in two simulated foodservice systems 

Factor 
Conventional 

Baked Held 

Cook/Chill 

Chilled    MW Reheated 

Initial baking time (min) 

Internal baking temp. (0C) 

Chilling time (hr)/temp (0C) 

Hot holding time (min)/temp (0C) 

Hot serving time (min)/temp (0C) 

Reheating time (min) 

Internal reheating temp (0C) 

Total heating time (min) 

68 ± 0.6 68 ± 3.5 

75 ± 1.6 74 ± 0.0 

N.A.b N.A. 

N.A. 60/95 ±3.0 

N.A. 15/71 ± 6.1 

N.A. N.A. 

N.A. N.A. 

68 ± 0.6 143 ± 3.5 

70 ± 2.7     67 ± 3.1 

76 ± 1.6     74 ± 1.0 

24/2.8 ± 0.5  24/2.8 ± 0.5 

N.A. N.A. 

N.A. N.A. 

N.A. 4.0 ± 0.0 

N.A. 55 ± 0.0 

70.0 ± 2. ,7 71 ± 3.1 

Means and standard deviations were based on three loaves of each treatment 

Not applicable 

o 



Table III.  Average times and temperatures for beef-soy loaves' 
in two simulated foodservice systems 

Factor 
Conventional 

Baked Held 

Cook/Chill 

Chilled MW Reheated 

Initial baking time (min) 

Internal baking temp (0C) 

Chilling time (hr)/temp (0C) 

Hot holding time (min)/temp (0C) 

Hot holding time (min)/temp (0C) 

Reheating time (min) 

Internal reheating temp (0C) 

Total heating time (min) 

56 ± 1.0 57 ± 1.7 

74 ± 0 74 ± 0.3 

N.A.b N.A. 

N.A. 60/95 ±3.0 

N.A. 15/70 ± 5.0 

N.A. N.A. 

N.A. N.A. 

56 ± 1.0 132 ± 1.7 

58 ± 2.1     57 ± 2.5 

74 ± 0       74 ± 0 

24/2.8 ± 0.5  24/2.8 ± 0.5 

N.A. 

N.A. 

N.A. 

N.A. 

58 ± 2.1 

N.A. 

N.A. 

4.0 ± 0.0 

55 ± 0.0 

61 ± 2.5 

Means and standard deviations were based on three loaves of each treatment 
b. 
Not applicable 



Table IV. Weight and volume (including lipid and aqueous parts) of drip, 
and weight and heating losses of all-beef loavesa in two 
simulated foodservice systems 

Factor 
Conventional 

Baked (B) Held (H) 

Cook/Chill 
Statistical 

Chilledc(C) MW Reheatedc(M) Significance13 

Weight of loaf (gm) 

Total drip volume (ml) 
lipid part (ml) 
aqueous part (ml) 

Weight of drip (gm) 

Drip loss (%) 

Volatile loss (%)e 

Total heating loss (%) 

663.6  ±  24.6       613.2  ±   17.5       656.5  ±   23.1       623.0  ±   15.4 B>C>M>H 

106.2 ± 27.7 
66.0 ± 19.0 
40.2 ± 8.4 

102.1 ± 27.7 

12.8 ± 3.5 

4.3 ± 0.4 

17.1 ± 3.1 

114.7 ± 20.3 
69.7 ± 16.1 
45.0 ± 5.6 

116.9 ± 22.8 

14.6 ± 2.8 

8.7 ± 0.8 

23.4 ± 2.2 

104.7 ± 24.5 
63.7 ± 21.9 
41.0 ± 3.5 

104.7 ± 24.7 

13.1 ± 3.1 

4.9 ± 0.2 

17.9 ± 2.9 

107.3 ± 20.5 
67.2 ± 19.8 
40.2 ± 6.4 

104.0 ± 17.5 

13.0 ± 2.2 

9.1 ± 0.3 

22.1 ± 1.9 

M>H>C>B 

H>M>C>B 

'Vleans and standard deviations were based on three loaves of each treatment 

Values underscored with the same line are not significantly different 

Volume and weight of drip as well as percent drip loss were determined immediately after loaves 
were baked.     Weight of loaves and volatile and total losses were determined after chilling 
and microwave reheating. 

Significant at the 5% level 

Volatile loss is the difference between total heating loss and drip loss 
f 
Significant at the 1% level 



Table V.  Weight and volume (including lipid and aqueous parts) of drip, 
and weight and heating losses of beef-soy loaves3 in two 
simulated foodservice systems 

Convent ional Cook/Ch ill 
Factor Statistical 

Significance Baked (B) Held { :H) Chilled lc(C) MW Reheated0(M) 

Weight of loaf (gm) 758.5 ± 

18.5 ± 

5.8 

3.0 

718.8 

22.3 

+ 

+ 

3.0 

4.7 

752.6 

17.6 

+ 

+ 

2.6 

3.5 

728.3 

15.1 

+ 

+ 

1.9 

3.8 

B>C>M>Hd 

Total drip volume (ml) 
lipid part (ml) 13.7. ± 3.0 16.7 + 0.9 14.1 + 4.9 11.4 + 4.7 
aqueous part (ml) 4.8 ± 3.9 5.6 + 4.9 3.4 + 1.7 3.7 + 2.4 

Weight of drip (gm) 19.0 ± 1.4 24.6 + 3.1 17.3 + 4.8 17.1 + 1.1 

Drip loss (%) 2.4 ± 0.2 3.1 + 0.4 2.2 + 0.6 2.1 + 0.1 

Volatile loss (%)e 2.8 ± 0.6 7.1 + 0.1 3.8 + 0.3 6.8 + 0.1 H>M>C>Bf 

Total heating loss (%) 5.2 ± 0.7 10.2 + 0.4 5.9 + 0.3 9.0 + 0.2 H>M>C>Bd 

"Means and standard deviations were based on three loaves of each treatment 

Values underscored with the same line are not significantly different 

Volume and weight of drip as well as percent drip loss were determined immediately after loaves 
were baked.  Weight of loaves and volatile and total losses were determined after chilling 
and microwave reheating. 

Significant at the 5% level 

Volatile loss is the difference between total heating loss and drip loss 
£ 
Significant at the 1% level 



Table VI. Moisture, fat, nitrogen, and vitamin B^ content of all-beef loaves' 
and drip in two simulated foodservice systems 

Conventional Cook/Chill 
Factor 

Raw (R)   Baked (B) 
      Statistical , 
Held (H)   Chilled (C) MW Reheated (M)  Significance 

Mositure 
content (%)  59.9 ± 1.0  60.7 ± 0.4 

Fat content 
(%)        19.3 ± 1.0  n.9 ±  0.6 

Nitrogen 
content (%)  2.22 ± 0.08 2.61 ± 0.08 

59.3 ± 0.5 

14.0 ± 0.6 

2.87 ± 0.07 

Vitamin B, 
in drip 
(ug/g) 

Vitamin B 
in loaf 
on wet-weight 
basis (yg/g) 1.28 ± 0.08  1.40 ± 0.04 

Vitamin B 
content on 
moisture- and 
fat-free basis 
(Mg/g)      6.13 ± 0.24 5.52 ± 0.14 

Vitamin B^ 
content on 
nitrogen basis 
(yg/g)      57.6 ± 3.1  53.5 ± 2.1 

0.42 ± 0.07   0.50 ± 0.06 0.42 ± 0.07f  0.42 ± 0.07f 

5.02 ± 0.19   5.42 ± 0.18   5.43 ± 0.25 

46.8 ± 2.2 51.6 ± 1.2    52.3 ± 2.4 

60.8 ± 0.5    58.3 ± 0.6     C>B>R>H>M 

13.9 ± 0.8    14.7 ± 1.1     R>M>H>B=CC 

2.66 ± 0.10   2.81 ± 0.06    H>M>C>B>R€ 

1.34 ± 0.05   1.37 ± 0.04   1.47 ± 0.05    M>B>C>H>R 

R>B>M>C>H 

R>B>M>C>H 

'Means and standard deviations were based on three loaves of each treatment, and duplicate samples 
in each loaf 

■£»■ 



Table VI.  Continued 

Values underscored with the same line are not significantly different 

Significant at the 5% level 

Significant at the 1% level 

Significant at the 5% or less than 1% level 
f 
Measured right after removing the loaves from the oven, instead of from the refrigerator or 

the microwave oven 

C/1 



Table VII.  Moisture, fat, nitrogen, and vitamin B, content of beef-soy loaves' 
and drip in two simulated foodservice systems 

Conventional Cook/Chill 
Factor 

Raw (R)   Baked (B) 
       Statistical , 
Held (H)   Chilled (C) MW Reheated (M)  Significance 

Moisture 
content (%)  60.9 ± 0.6  60.2 ± 0.4 

Fat content 
(%) 14.2 ± 0.5  13.1 ± 0.6 

Nitrogen 
content (%)  2.56 ± 0.08 2.75 ± 0.07 

Vitamin B 
in drip 

(yg/g) 

Vitamin B, 
m loaf 
on wet-weight 
basis (pg/g) 1.05 ± 0.04 1.07 ± 0.06 

Vitamin Bfi 
content on 
moisture- and 
fat-free basis 
(yg/g)      4.20 ± 0.14 3.99 ± 0.21 

Vitamin B, 
content on 
nitrogen basis 
(Pg/g)      40.9 ± 1.0  38.8 ± 1.3 

58.7 ± 0.9 

13.4 ± 0.5 

2.78 ± 0.12 

60.3 ± 0.6 

13.3 ± 0.4 

2.72 ± 0.08 

58.2 ± 0.7 

13.5 ± 0.4 

2.86 ± 0.04 

0.23 ± 0.15   0.24 ± 0.15   0.23 ± 0.15   0.23 ± 0.15 

1.04 ± 0.05   1.05 ± 0.08   1.13 ± 0.08 

3.72 ± 0.13   3.97 ± 0.30   4.0 ± 0.25 

37.4 ± 1.0 38.5 ± 2.1 39.6 ± 3.0 

R>C>B>H>M 

M>H>B>C>R 

Means and standard deviations were based on three loaves of each treatment, and duplicate samples 
in each loaf ON 



Table VII.  Continued 

Values underscored with the same line are not significantly different 

Significant at the 5% level 

Measured right after removing the loaves from the oven, instead of from the refrigerator 
or the microwave oven 



Table VIII. Retention of vitamin B, for all-beef loaves in two simulated foodservice systems 

Factor 
Conventional Cook/Chill 

Baked (B) 
      Statistical , 
Held (H)    Chilled (C) MW Reheated(M)  Significance 

True retention 

% of meat 

% of drip 

% of total (meat § 
drip) 

Apparent retention 

% on moisture- and 
fat-free basis 

% on nitrogen basis 

90.7  +     3.4 80.4  ±     2.3 87.9  ±     3.6 89.4  ±     1.3 

4.31±     2.48 5.71±     1.25 4.43±     2.46d       4.51±     2.44 

94.8 ± 5.0   86.1 ±  2.9   -92.3 ± 4.8   93.9 ± 2.8 

90.1 ±  2.7   81.9 ± 3.1   88.5 ±  2.9   88.7 ± 3.9 

92.0 ±  1.8   80.4 ±  2.5   88.7 ±  2.7   90.0 ±  5.1 

B>M>C>H 

B>M>C>H 

B>M>C>H 

"Cleans and standard deviation were based on three loaves of each treatment, and duplicate samples 
in each loaf 

Values underscored with the same line are not significantly different 

Significant at the 5% level 

Measured right after removing the loaves from the oven, instead of from the refrigerator or the 
microwave oven 

GO 



Table IX. Retention of vitamin B for beef-soy loaves 
in two simulated foodservice systems 

Factor 
Conventional Cook/Chill 

Baked (B) 
       Statistical , 
Held (H)   Chilled (C) MW Reheated (M)  Significance 

True retention 

% of meat 

% of drip 

% of total (meat 3 
drip) 

Apparent retention 

% on moisture- and 
fat-free basis 

% on nitrogen basis 

96.8 ± 2.7   89.3 ±  2.2   94.3 + 4.7   98.4 ± 4.8 

0.65 ± 0.36  0.77 ± 0.51  0.44 ±  0.25d 0.49 ± 0.32d 

97.4 ±  2.5   90.1 ±  1.9   94.7 ± 4.5   98.9+ 4.6 

95.1 ± 3.6   88.6 ±  2.6   94.6 ±  5.4   95.3 ± 4.8 

95.1 ±  2.7   91.4 ±  2.3   94.3 ±  2.7   96.8 ± 6.9 

M>B>C>H 

M>B>C>H 

Means and standard deviations were based on three loaves of each treatment, and duplicate 
samples in each loaf 

Values underscored with the same line are not significantly different 
Co- Significant at the 5% level 

Measured right after removing the loaves from the oven, instead of from the refrigerator or 
the microwave oven 

4^ 
ID 
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Figure 3.  Volume of drippings for all-beef and beef-soy loaves in 
each treatment. 

For all treatments, the volume of drippings from the 
beef-soy loaves was significantly lower (P<0.05) than 
that from the all-beef loaves.  Aqueous portion of the 
drip from beef-soy loaves is small (approximately 5%). 
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Figure 4. Heating losses of all-beef and beef-soy loaves in each 
treatment. 

For all treatments, the heating losses from the beef-soy 
loaves was significantly lower (P<0.05) than that from 
the all-beef loaves. 
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Figure 5.  Vitamin B, content on wet-weight basis of all-beef and 
beef-soy  loaves in each treatment. 

The significant difference (P<0.05) in vitamin B, 
content between the all-beef and beef-soy loaves 
was due to the low vitamin B, content of the SPC used 
in the beef-soy loaves. 
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Figure 6. Vitamin'B^ content on moisture- and fat-free basis of all- 
beef and beef-soy loaves in each treatment. 

Except for the raw loaves, the vitamin B, content in all 
of other beef-soy loaves was significantly lower CP<0-05) 
than that in the all-beef loaves. The difference between 
raw all-beef and beef-soy loaves was in the 1% level. 
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Figure 7. True retention of vitamin B, of all-beef and beef-soy 
loaves in each treatment. 

No significant difference was found between all-beef and 
beef-soy loaves. 
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DISCUSSION 

I.  Influence of Treatments on Vitamin B, 
o 

Retention in All-Beef and Beef-Soy Loaves 

The meat loaf entree is commonly served hot. The usual method 

for handling the hot food in foodservice institutions is to hold it 

on the steamtable, or to reheat it in a conventional or microwave 

oven. Some institutions may also use the chilled leftovers of meat 

loaf to serve in sandwiches. Thus, in this study, the effect on the 

vitamin B, content in different treatments of all-beef and beef-soy 
o 

loaves was determined. To calculate the vitamin B, content of the 
o 

meat loaves, the raw meat loaf mixture was considered to contain 100% 

of the vitamin. According to Murphy et_  al. (1975), apparent retention 

over-estimated true retention in nearly all instances of cooked food 

products.  Both methods calculating retention were reported without 

bias in this study. 

Since vitamin Bfi is heat labile and water soluble, we hypothesized 

that holding meat loaves at "hot holding" temperatures and that drip 

formation will result in lower vitamin B, content.  In addition to 
o 

vitamin B,, we measured drip and volatile losses as well as moisture, 

fat and nitrogen content in the meat loaves. 

Heating losses 

At the point of service, after holding (held loaves) and microwave 

reheating, greater total heating losses were observed in both the all- 

beef and beef-soy loaves (Tables IV and V) than in the freshly baked 

and chilled ones. These results are in agreement with those obtained 
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by Bowers et al_.   (1974) and Wing and Alexander (1972) who reported more 

shrinkage and greater cooking losses in poultry held in a warmer or 

reheated in a microwave oven than in the freshly cooked meat. 

During holding and microwave reheating of the all-beef and beef- 

soy loaves, volatile losses were almost double that of freshly baked 

and chilled loaves. The longer heating time of the held loaves caused 

volatile losses from the surface of the two types of the meat loaves. 

Even though heated for a shorter period of time, reheating by micro- 

wave caused similar volatile losses as the held loaves. Usually in 

conventional cooking, heat is applied to the surface of the food and 

then conducted unevenly to the inner parts.  In contrast, microwaves 

generate heat throughout the bulk of the food, resulting in an even 

temperature rise when the food is homogeneous. This may explain the 

greater volatile losses in the microwave reheated loaves to the loaves 

of other treatments. 

However, there was almost no difference in drip loss and moisture 

content between the baked and held loaves. Moisture from the waterbath 

used to hold the loaves may have prevented any further drip and mois- 

ture loss of the held loaves. The loaves were covered during the hot 

holding at 950C and uncovered during the 70oC one. Despite this mois- 

ture contributed by the waterbath, the surface of the held loaves was 

hard and dried out after holding. 

Moisture, fat and nitrogen content 

Due to the solubility of vitamin B, in water, moisture content or 

loss was interpreted in this study as a factor indicating potential 

retention or loss of vitamin B, in the meat loaves.  Although the heating 
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loss (drip + volatile) was greater .(P<0.05) in the held all-beef 

(Table IV) and beef-soy (Table V) loaves, there was no significant 

difference in total moisture content between the baked and held 

loaves, and between the chilled and held ones (Fig. 4). Of the four 

treatments, compared to the raw meat loaf mixture, the microwave 

reheated all-beef and beef-soy loaves lost the greatest percentage 

of moisture. 

Variations in heating processes, handling procedures, and storage 

conditions were evidently not sufficient to markedly influence the 

fat content of the all-beef (Table VI) and beef-soy (Table VII) loaves 

at the point of service. The only difference was that the raw all-beef 

loaf had a much higher (P<0.01) percentage of fat content than did the 

other all-beef loaves, due to the loss of fat in the drip during baking. 

In the beef-soy loaves, percentages of fat content in the raw loaf 

mixture were not significantly different from that of the other beef- 

soy loaves.  SPC, which is low in fat, binds the fat melted out from 

the meat during heating, explaining the small difference in fat content 

among the various treatments of beef-soy loaves. 

The raw all-beef and beef-soy loaves mixtures contained signifi- 

cantly less nitrogen than those submitted to the various treatments. 

When the temperature rises a little above 60oC, some proteins start to 

coagulate and meat starts to shrink. Shrinkage results in some of the 

juice in the meat loaf being squeezed out. These heating losses caused 

a more concentrated nitrogen content in the cooked loaves. Compared 

to the other treatments, the higher nitrogen content in the held and 

microwave reheated all-beef and microwave reheated beef-soy loaves 
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reflected the greater heating losses. 

Vitamin B, content 
 6  

The higher moisture and lower nitrogen content of the raw beef-soy 

loaf mixture explain the lack of differences in the vitamin B, content 

among the different treatments of the beef-soy loaves, when calculated 

on a wet-weight, moisture- and fat-free, or nitrogen basis.  In con- 

trast, the vitamin B, content, calculated on each of these bases, 

of the raw all-beef loaf was significantly higher (P<0.05) than that 

of any other samples of the all-beef loaves. These differences indi- 

cate either that vitamin B, was transferred to the drip or was 

unstable during cooking. 

The fact that while being held the meat loaves were exposed to 

heat, light, and oxygen for an extended time, may account for their 

lower vitamin B, content (Tables VI and VII). This loss was higher 

in the held all-beef loaves than in the beef-soy ones, probably due 

to the lower vitamin Bfi loss in the drip from the held beef-soy loaf. 

Under the conditions of this study, it was impossible to determine 

whether vitamin B, loss after holding was due to heat or light destruc- 

tion, oxidation, or other factors. 

Apparently the microwave heat source did not affect the stability 

of vitamin B,. Weight losses after microwave reheating were almost 

entirely volatile losses (Tables IV and V). The presence of vitamin B, 

in the volatile losses of meat has not been reported. Vitamin B, per 

gram of meat loaf was more concentrated after microwave heating, pro- 

bably because volatile losses did not contain an appreciable amount of 

vitamin B,. 
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Retention of vitamin B, o 

Among the various treatments of all-beef loaves, the greatest 

mean percent retention of vitamin B, is in the freshly baked ones 

(Table VIII). But among the various treatments of beef-soy loaves, 

the microwave reheated ones retained slightly more vitamin B, (Table 

IX), probably because of handling procedures, sampling errors, and/or 

a lack of sensitivity of the test used. 

As expected, the least vitamin B, was retained after holding the 

all-beef and beef-soy loaves.  In a study by Dahl and Matthews (1980), 

microwave reheating generally accounted for an additional one-third 

loss of thiamin in all-beef loaves.  This was not true in our study, 

probably because vitamin B, is stable when subjected to microwave 

reheating. 

In calculating true retention of vitamin B,, the weight and vitamin 

B. content of the held all-beef and beef-soy loaves was lower than 
o 

those of the other treatments (not including raw mixtures), causing 

the significantly lower (P<0.05) vitamin B, retention of the held 

loaves. The microwave reheated all-beef and beef-soy loaves had higher 

vitamin B, content than the held ones. This would explain the signi- 

ficant difference in the true retention of vitamin B, between microwave 
o 

reheating and holding. 

In calculating apparent vitamin Bft retention in the two types of 

loaves, no difference was found on a moisture- and fat-free basis, 

probably because two factors (water and fat) were being considered in 

the calculation. On nitrogen basis, the only difference was found in 

the baked and held all-beef loaves.  The reason was that the nitrogen 
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content of the held loaf was significantly higher than that of the 

baked one.  Other treatments did not indicate any difference. 

II. Differences Between All-Beef and 
Beef-Soy Loaves in Vitamin B, Retention 

The hypothesis we proposed was that the 30% SPC added to the meat 

loaf may result in a decreased loss of vitamin Bfi. As shown in Tables 

VIII and IX, the percent true and apparent retention of vitamin B^ was 

higher in the beef-soy loaves than in the all-beef loaves. However, 

these higher values were not statistically significant in either true 

or apparent retention. Since two of the important functional properties 

of soy proteins are their ability to bind fat and to retain moisture 

(Wolf, 1970), it was expected that the incorporation of SPC would result 

in a decrease in total cooking losses, a subsequent decrease in cooking 

drip and a possible decrease in volatile losses (Williams and Zabik, 

1975). These factors caused the variation in vitamin B. retention seen 
b 

among the different treatments of the two types of loaves in this study. 

Heating losses 

The addition of soy to the meat loaves decreased drip and volatile 

losses (Fig. 4). According to Funk and Boyle (1972), volatile losses 

are directly related to cooking time.  In this study, twelve minutes 

less were required to bake the beef-soy loaves than to bake the all- 

beef loaves to the same internal temperature. This may be an explanation 

for the significantly lower volatile losses (P<0.05) in the beef-soy 

loaves. 
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Drip losses consist of fat and water that has melted out. during 

the cooking process. Since the soy protein binds fat and retains 

water, less fat and water melted out. This caused significantly 

smaller drip losses (P<0.05) from the beef-soy loaves than from the 

all-beef ones (Fig. 4). Consequently, the total heating losses (drip 

losses + volatile losses) were evidently less (P<0.05) in the beef- 

soy loaves. 

Moisture, fat and nitrogen content 

According to Wolf (1970), soy proteins are hydrophilic, and would 

therefore be expected to absorb and retain water. Nevertheless, 

except for the raw samples, the moisture content for the 0% and 30% 

soy-substituted meat loaves (Table VI and VII) were quite similar. 

This result had also been reported by Williams and Zabik (1975), 

Shafer and Zabik (1975). The effect of the amount of water used to 

hydrate the SPC on the final moisture content of the baked beef-soy 

loaves is not known. 

Since the fat content of SPC (A. E. Staley Manufacturing Company) 

was 0.3%, the addition of 30% SPC to the meat loaf should have had a 

diluting effect on the fat content of the loaf. Table VII indicates 

that the fat content of the raw beef-soy mixture was less than in the 

raw all-beef one. As shown in previous studies, however, the use of 

SPC has a binding effect on the fat (Williams and Zabik, 1975; Shafer 

and Zabik, 1975; Nielsen and Carlin, 1974).  Therefore, before being 

baked, the all-beef loaves (Table VI) contained significantly higher 

levels of fat (P<0.05) than the loaves substituted with 30% SPC 

(Table VII). However, after being baked more fat was retained in the 
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beef-soy loaf, resulting in almost the same fat content in both kinds 

of loaves. 

The hydrated SPC contained about 4.6% nitrogen compared to 2.9% 

nitrogen content in the ground beef (Table I footnote). Thus, the 30% 

soy-substituted meat loaf had a higher nitrogen content than the 0% 

soy-substituted one.  Before being baked the difference in nitrogen 

content between the all-beef (Table VI) and the beef-soy loaves (Table 

VII) was greater (P<0.05) than after the loaves had been baked, pro- 

bably because of more drip and weight loss from the all-beef loaves. 

Vitamin B^ content 
D 

The vitamin Bfi content of the raw ground beef was 2.25 pg/g com- 

pared to 1.05 vig/g in the SPC (Table I, footnote). Thus, replacing 

30% of the meat with hydrated SPC lowered the vitamin Bfi content by 

approximately 22% in the beef-soy loaves on a wet-weight basis. When 

calculated on a moisture- and fat-free basis or a nitrogen basis, the 

differences became greater. Since SPC can partially substitute for 

meat and since meat is a good source of vitamin B,, it is suggested 

that foodservice managers use SPC enriched with pyridoxine, the form 

of vitamin B, which is heat-stable, 
o 

As vitamin B^ is water-soluble, it seems reasonable that some of 
o 

the vitamin would be recovered in the drip. The drip weight was sig- 

nificantly higher in the all-beef loaves, the vitamin B, contained 

per gram of the drip was almost the same for both the all-beef and 

beef-soy loaves. Although the total vitamin B, content of drip (ug 

vit. Bft/g x g wt of drip) was greater in the all-beef than the beef- 

soy, this difference was not statistically significant because of 
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variation among replications. 

Retention of vitamin B. 
D 

The mean true and apparent retention of vitamin Bfi in the all- 

beef and beef-soy loaves in this investigation were considerably high. 

The unaccounted for loss of vitamin B, in the calculation of true 
o 

retention suggests that vitamin B, is heat-labile. 

In true retention, although the vitamin B, content was higher in 

the all-beef loaves, the weight of the cooked all-beef loaf was 

remarkably lower (P<0.05) than that of the cooked beef-soy loaf. These 

would explain the lack of difference in vitamin B, retention between 

the all-beef and beef-soy loaves when calculated on a wet-weight basis. 

In apparent retention, higher fat content and lower nitrogen content 

in the raw all-beef loaf mixture (Table VI] would explain the lack of 

difference in vitamin B, retention between two kinds of meat loaves 

when calculated on a moisture- and fat-free basis and a nitrogen 

basis, respectively. 

III. The Advantages of Using Beef-Soy Loaves 
and the Cook/Chill Foodservice System 

Two major problems in today's foodservice institutions stand from 

a shortage of money and energy resources.   The cook/chill foodservice 

system, as described in Chapter Two, saves the employee's working time, 

and microwave reheating saves energy and more nutritious compared to 

the conventional holding. 

According to this study, the beef-soy loaves required less baking 

time than did the all-beef loaves, another means of saving energy. 
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Also, the nitrogen content was higher in the beef-soy loaves than in 

the all-beef loaves. As nitrogen is an estimate of protein content, 

evidently the beef-soy loaf contains slightly more protein than the 

all-beef one for lunches of school children.  From the standpoint of 

economics, the cost of meat is getting higher and higher.  If SPC is 

blended with ground beef, it significantly saves the consumer money. 

As for yield, because of less shrinkage, the 800 gm (raw) freshly 

baked beef-soy loaves produced one and a half more servings than did 

the all-beef loaves (on the basis of 3 oz per serving).  In a large 

quantity foodserivce, this is another important economic factor to 

consider. 

Future work might include:  separate the three forms of vitamin 

B, in meat loaf; determine which factor (such as light, heat, or 

oxygen) affects the loss of vitamin B, during holding and reheating; 

define nutrient loss for other categories of food (such as fast food) 

submitted to different foodservice systems. The effect of SPC on the 

retention of vitamin Bfi in beef-soy loaves should be investigated on 

an actual foodservice unit. 
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SUMMARY AND CONCLUSION 

The present study was undertaken to measure the vitamin B, content 

of meat loaves made with ground beef (all-beef) and in those in which 

30% of the beef is replaced by hydrated SPC (beef-soy).  In addition 

to vitamin B,, moisture, fat, and nitrogen contents were determined in 

the all-beef and beef-soy loaves that were freshly baked; and in pre- 

baked loaves that had been held at 950C for 60 minutes followed by 70oC 

at 15 minutes; chilled at 2.80C for 24 hours and microwave reheated 

for four minutes. Baking time, internal temperature, weight of baked 

loaves, as well as volume of drip were recorded. These results were 

obtained: 

(1) for  800 gm of raw meat loaf to reach an internal tempera- 

ture of 74"C in a 1770C oven, 68 minutes were required for 

the all-beef loaves and 56 minutes for the beef-soy ones; 

(2) the weight of the freshly baked all-beef loaves was 664 gm 

and for that of the beef-soy loaves was 759 gm. The 

weight of the drip from the all-beef loaves was 102 gm and 

beef-soy was 19 gm. The weight of held all-beef loaves was 

613 gm and the drip was 117 gm; for the held beef-soy loaves 

it was 719 gm and drip, 25 gm; 

(3) the total drip volume from freshly baked and held all-beef 

loaves was 106 ml and 115 ml; that from the beef-soy loaves 

was 19 ml and 22 ml, respectively; 

(4) the average moisture content ranged from 58 to 61% in the 

all-beef and beef-soy loaves. The means obtained for fat 

content ranged from 14 to 19% in the all-beef loaves and 
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from 13 to 14% in the beef-soy ones.  The average nitrogen 

content ranged from 2.2 to 2.9% in the all-beef loaves and 

from 2.6 to 2.9% in the beef-soy ones; 

(5) the means obtained for vitamin B, ranged from 1.28 to 1.47 
b 

yg/g in the all-beef loaves and from 1.04 to 1.13 yg/g in 

the beef-soy loaves; from 0.42 to 0.50 yg/g in the all-beef 

drippings and from 0.23 to 0.24 yg/g in the beef-soy drippings; 

(6) retention of vitamin B, in the all-beef loaves ranged from 

80.4 to 90.7% and 4.3 to 5.7% was recovered in the drip. 

Retention of vitamin B, in the beef-soy loaves ranged from 

89.3 to 98.4%, and transference to the drip was 0.4 to 0.8%. 

Retention of vitamin B, in both all-beef and beef-soy loaves 

was better in the cook/chill foodservice system than the 

conventional foodservice system. Values for true and 

apparent retention of vitamin B, were comparable. 

Since the SPC used in this research was lower in vitamin B, 
o 

content than the all-beef ones, it is recommended that vitamin Bfi- 

enriched SPC be used as a meat replacement. The addition of SPC to 

beef loaves saved energy, reduced the cost of the meat, and yielded 

more portions. 
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