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FORE~ORD 

In the freeze drying of foods moisture is removed, but the volume 
remains essentially unchanged . Th~s, there is a substantial saving 
in weight, but no saving in volume. However, it has been shown that 
freeze dried foods can be compressed to save volume with the use of 
plasticizing agents so that they will rehydrate to their original 
size and shape. 

Work at NLABS has shown that freeze dried precooked pork sausage and 
meat balls can be compressed using approximately 10 per cent moisture 
as a plasticizer and will rehy~ate very rapidly. However, they tend 
to over rehydrate when placed in an excess of water, becoming larger 
than originally and containing water like a sponge. This contract 
was designed to investigate the rehydrati on charact eristics of com­
pressed freeze dried precooked pork sausage and meat balls and to 
determine ways in which the rehydration could be controlled. 

The study was conducted under Project Number 1J662713A034 • . P~oc. ··Edward 
Seltzer was the Principal Investigator and Mr. J.M. Tuomy the NLABS 
Project Officer. Mr. Richard Helmer was the alteruate Project Officer . 
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INVES'riGA'riON OF REHYDRATION CHARAC'rERISTICS 
OF COHPRESSED COWUNU'rED MEATS 

I. Introduction ~ 

A. Gene ral: 

Freeze dried foods often have the advantages of good 
shelf stability, good color of rehydrated product, good 
flavor and light weight. Also in freeze dehydrated foods 
volume reduction is negligible and hence density of these 
products i~ very low . Science and technology are not being 
utilized to profit potentially from simultaneous weight and 
volume reduction of the freeze dried food, and consequently, 
a new class of foods, compressed foods, is being developed. 
Although compressed foods can be classified into two cate­
gories, reversible and nonreversible, we are de aling here 
only with reversible type compressed foods (name1y, those 
capable of being restored to their pre- compression volume 
when rehydrated) . 

The overall objective of this study is to improve 
the formulation and/or process for the manufacture of com­
pressed freeze dried meatballs and pork sausage links . 
Hamdy (1960) has reviewed literature on compression of 
mostly air dried foods. Hamdy (1962) also worked on the 
development of freeze-dried compressed spinach and ground 
beef. He reported the importance of remoistening of the 
products before compression. Ishler (.1.96-8} also worked on 
a wide range of compressed freeze dried products from fruits 
and vegetables to chicken, fish and rice . 

Buscemi et al. (1964) have done some work on fried, 
freeze - dried meatballs and pork sausages, and Fitzmaurice 
et al. (1969) . continued the work on the development of com­
pressed freeze- dried meatballs and pork sausages. Further 

· formulation and methods of preparation are in the Hilitary 
Specifications MIL-M43506, 23 June 1967 and MIL- P-43383A, 
30 September 1969. These specifications emphasize 2% moisture 
content being required in the freeze- dried non- compressed 
foods, formerly a common goal for assuring uniformly or 
completely dried products when freeze dehydrated. 

Both product formulations relied on the combination 
of the appropriate meats with the added mixture of salt, 
spices. and pregelatinized corn meal. The latter binder used 
at the level of 2.5 to 5.4% of formula weight is critical to 
the matrix formation during the va~ious processing steps, 
especially the final rehydration. After mixing all ingre­
dients, the steps consist of forming into balls or links, 
respectively, deep fat frying, an~ then freeze drylng . · The 
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freeze dried products were then remoistened adequately .to . 
permit compression for volume reduction. Shelf life, 
rehydratabili ty, texture, and panel acce:ptabili ty have e.ll 
been reported as being satisfactory . 

The products thus prepared, however, have a ten­
dency to overLmbibe water when rehydrated with an excess 
of water. Our major objective in this research project 
has been to retain existing capability for rehydration of 
the formulated, deep- fat fried, freeze dried and com­
pressed meat products into cooked form having close to the 
original moisture content, shape, and volume of the predried, 
precompression units of food while avoiding over- rehydration 
by too much water imbibition. 

B. Theoretical Considerations end Practical Approach: 

Carbohydrates, p:roteins, and gums may alone or in 
combination serve to form mat:ri.ces binding together the meat 
pieces and permitting a(! Cess of ·water between and into the 
comminuted meat pieces. This matrix network with wate:r 
ingress made favorable, as well, by the nature of freeze 
dehydration (i.e. , voids left by water removal) can~ in 
addition to the skin effect, control critically the degree 
of rehydration as well as texture. 

A typical alternative to the use of gelatinized corn 
meal might be a combination of gelatinized starch and iso­
lated protein such as ·wheat gluten . Wheat gluten would 
impart structure to the products which in compressed state 
can store the memory of the orig:Lnal shape allowing the 
product to rehydrate w~thin .limits and to restore its 
original size and shape. 

Other isolated proteins such as soy or cottonseed 
protein and egg white solids also looked promising in this 
research. 

;Freeze Drying : Heldman et al. (1972) in their work 
on the energetics of water binding in dehydrated foods, the 
effect of platen temperatm·es during freeze drying, and the 
water sorption capacity of freeze dehydrated f oods, found 
that products freeze d1•ied v<i th a p.laten temperature of 105°F 
(40.5°C) had consistently h:i.gher wa;l;er sorption capacity· 
than products freeze dried at l!~0°F (60°C) . In addition, 
at higher platen temperatures the products tended to darken. 
Platen temperature of 130°F has been specified for this 
present project, and it has been ad.1'1ered to carefully 
(e.g., 130 ± 3°F or 54.5 ± 1.5°C) . 

10 



Remoistening: Since freeze-dried products with 2% 
moisture are fragile , they cannot be compressed as such. It 
is, therefore, very important that these products attain a 
certain plasticity before they can be compressed without 
fragmentation. Hamdy (1962) found that spinach can be success­
fully compressed at 9% moisture content and ground beef at 13%. 
Ishler (1965) studied the use of water, glycerine and propylene 
glycol as plasticizing agents. He reported that water in the 
range of 5- 20% and propylene gly.col or glycerine in the range 
of 5-15% can be used successfully to compress the foods. One 
should, however, recognize the n eed to optimize the proper 
moisture level for each food since the properties of individual 
foods vary to a large extent*. Consequently, too high moisture 
or too low moisture could deteriorate product quality. This 
added moistqre is removed from foods after compression by a 
secondary drying. This further drying step also poses many 
other problems since it involves one more major step in 
handling and processing. 

Redrying: If compressed foods are to have final 
moisture content of about 2% (as in r~gular freeze-dried 
foods), they have to ·undergo redrying · after compression. 
Since compression needs from 5-15% moisture in foods, redry­
ing involves removal of the excess 3-12% moisture from foods. 
From drying rate curves, it is apparent that removal of part 
of this moisture from monomolecular moisture (BET) layer and 
second molecular layer needs more drastic drying conditions. 
Ishler and Knipper ( 19 6 8) · have found i.e.¢i:;~dng in a vacuum 
oven at t emperatures ranging from 40-600C for approximately 
5 hours was needed to reduce the moisture content to less 
than 2%. This also. means that products during this redrying 
step would undergo additional cooking. Such additional 
processing inevitably would result in some lowering of the 
product quality achieved by the initial freeze drying. 

Shelf-life Stabilities : Any convenience food 
system is of little use if the system has poor shelf­
stability. Dehydrated foods usually have good shelf or 
storage stability if prepared with a good technique and if 
appropriate'ly packaged. However, more complex dry food 
systems such as compressed redried foods h ave to undergo 
some drastic processes. These treatments could, and in fact 
do, ~lter the shelf-~tability of these foods. 

1969). 
Lipid oxidation is a function of aw (Labuza, e t al. ·· : ... ·: · 
It was shown that water was protective for dehydrated 

* For the two products with which this project is concerned, 
a range of 10 to 13% moisture was found to be o~timu~ for 
compression. 
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food1 and as water activity increased!' the oxidation rate 
decreased (an optimum range for protection against oxidation 
being aw = 0 .2 - 0 .5). This is characteristically true in 
low water ac t ivity range (Fi g. 1) (Labuza , 19 73). F r eeze­
dried foods at a w near 0.05 are susceptible to the c lassic 
type of rancidity involving unsaturated neutral lipids. 

I f o ne is looking for shelf-stabl e products , h e 
should question the prudence of redrying the food to 2% 
(aw ~ 0.05) moisture content. One way to cope wi th this 
problem would be to find an optimum moisture level at which 
products would be l east susceptible to fat oxidation, non­
enzymatic browning and microbial deterioration. 

The relationships between aw or RH at equilibrium 
moisture concentration i n a system are summarized by a 
moisture sorption isotherm . The physical-chemical mechanism 
unde rlyi ng water activity as revealed by moisture sorption 
isotherms is discussed elsewhere (Labuza , 1968). Fig. 1 
shows the relationship bet ween aw and l ipid oxidation , 
moisture i sotherms , non-enzymatic brm•m ing , and microbial 
spoilage. 

Non~enzymati c browning is a nother type of chemical 
change to which freeze-dried foods are quite susceptible. 
Brockmann (1966) has discussed e xtensively the effects of 
non- enzymic browning on the deterioration in stored , 
freeze - dried meats. Browning causes the development .of a 
b i tter off - flavor and also leads to a loss of protein solu­
b ility. The latter reaction 'decreases the nutritional 
quality o f protein. Mizrahi, e t al. (1970) working on non­
e nzymati c browning of dehydrated cabbage, have found that 
rate and the extent of browning increased as the moisture 
content increased from 1 . 2% to 17.9 %. No t muc h work has 
been published on the browning of redried food products. 
As d iscussed in our results and discussion part of this 
report, the e ffe c t of redrying appears to be a major 
factor ~n the non- enzymatic browning of foods at low 
moisture levels . 

Microbial stability is anothe r factor that s hould 
be considere~ whi le studyi ng the shelf-stability of foods. 
However, sin ce mos t dehydrated foods have water activities 
much below 0.7, microbial spoilage is a l most impossible , as 
can be s een in Fig. l. Surfac e condensations can give rise 
to h igh water activity areas on dry foods which can suppo r t 
microbial growth. This possibility necessitates the moni­
toring of mi crobial stability of dry foods in storage . Jn 
this present p roject, microbiological examinations have been 
a scrupulously c areful part of our research , especially in 
order to show the acceptabi lity of moisture l evels much 
h igher t han 2% (i . e. , 4.5 % and 10 + % moisture). 

12 
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II. ~roduct Development 

1. Formulations: 

1.1. Preliminary Work on Product Formulation and 
Techniques: 

1 .1.1. Pork Sausages. 

Pork sausages were made according to the 
foll owing general formula: 

Ingredient 

Pork, raw 
Binder(s) 
salt 
Pepper 
Rosemary 
Sugar 

As Percentage of Raw Pork 

100 
Variable (typically 2.5) 

2.07 
0.107 
0.08 
0.321 

Various binders and their CQmbinations used 
·.are ! listed in Table 1. 

The dry ingredients were weighed and mixed. 
The boneless pork loin (Swift Co., New Brunswick, N.J.) con­
taining about 15- 20% fat was then ground through a Hobart 
auger mill plate having l/2 in. diameter holes. Then the 
mixed ingredients were sprinkled evenly on the pork and the 
whol e mixture ground through a plate having 3/16 in. diameter 
hol es. Alternatively, in l ater formulation work a Hobart 
r otary food cutter ·was u'sed for the first corrnninution during 
whi ch the mixed ingredients were sprinkled into the meat. 

In some batches, pork was ground through a 
pl ate having 1/2 in. diameter hol es . Then it was mixed with 
the required amount of salt for 30 minutes. At the end of 
thi s period, other ingredients were. added and the total mix 
gr ound through the plate having 3/16 in. diameter ho.les. 

The salt level shown above is considered 
high for consumption in freshly made sausages . Much of this 
sal t (and some spices) is leached out during the final cook­
i ng when the dehydrated product is reconstituted. 

In a few batches, pork was treated with 
papain. Controlled treatment of meat with a proteolytic 
enzyme like papain partially hydrolyzes the long protein 

14 



chain and helps tenderize the structure. Water holding 
capacity of the meat also increases owing to increased 
number of both - NH2 and - COOH groups . Thirdly , protein 
solubilized due to this treatment acts as self binder 
providing structural network. 

The pork was ground through a plate having 
1/2 i n. d iameter holes, mixed with enzyme solution (papain 
0.0005 %) and let react at room temperature for 30 minutes. 
At the end of this period, other ingredients were mixed in 
and the combined material wasground through a plate having 
3/16 in. diameter holes. 

Sausage mixes \vere prepared and ~~ Jr.ape.1 
into hlinks u using a 2 1/2 in . x 1/4 in. x 1/2 in. die (a 
pla9tic slab with cylindrical cut- outs, Fig. 2). Sausages 
were immersion fried at 375°F in cottonseed oil (Wesson Oil) 
for 2.5 minutes , or until internal temperature reached 1600F. 
Sausages were then immediately placed in a cold room, -22°F, 
to be frozen. Freeze drying of the frozen links was · 
accomplished by using a laboratory model VirTis freeze dryer 
during this e arly' formulation work· . 

. 15 



TABLE 1 

Sauaage _:~orm~la~~Pn~: Tests of Binde r Types and Combinations 

Formula 
No . 

7 

8 

9 

1 0 

ll 

12 

13 

14 

15 

16 

17 

Binde r(s) 

Corn l11eal , 
pregelatinized 

Corn Neal, 
pregelatinized 

Egg Albumin 

t-1odified Starch 
Soy Protein 

Modified Starch 

Modified Starch 
Soy Protein 

Modified Starch 
liJheat Gluten2 

l-1.od ified Starch 
Wheat Gluten 

Egg Al b umin 
Whe at Glute n 

Modified Starch 
Wheat Gluten 

Egg Albumi n 
~vheat Gluten 

Hodif.ied Starch 
Egg Albumin 
Wheat Gluten 

Modified Star ch 
Locust Bean Gum 

Modified Starch 
Soy Prote in 
Locust Bean Gum 

Modified Starch 
Soy Protein 
Wheat Glute n 

Modified Starch 
Wheat Gluten 

Gelatinized Durum Flour 

Amount of Binder 
( % of Raw Heat) 

4.3 

3.4 

3.4 

2.6 
1.3 

1.25 

1.0 
1.0 

1.0 
1.0 

7. ~ 0 
0.25 

1.0 
0.25 

2.0 
0.1 

2.0 
0.1 
1.0 
1.0 
0 . 1 

2.0 
0.25 

1.0 
1.0 
0.5 

1.0 
1.0 
0.02 5 

2.0 
0.05 

0.28 

1The se sausag es were stuffed into collagen casings provided 
by Devro Co. , Somerville, N.J . (Div. of Johns on & Johnson 
Co. , Inc , ) . 

2
wheat Glute n was supplied by Paniplus Co., Div. of ITT , 
Kansas City , Mo. 
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Formula 
No. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

3L<4.1, t' 1 Na 1ona 
Starch & 

5r-1.odified 
supplied 

TABLE 1 (continqed) 

Binder(s) 
Amount 6f Binder 
(% of Ra\'i Meat) 

Gela tinized Durum Flour 
Modified Starch 

Modified Starch 
Wheat Gluten 

Modified Starch 
Gelatinized Corn Meal 
Wheat Gluten 

Modified Starch 
Wheat Gluten 

Pork treated with papain for 
30 min. 

Modified Starch 
Wheat Gluten 

Pork treated with papain prior 
to making sausage 

Egg Albumin 
Wheat Gluten 

Modified Starch 
(National 1'0)3 
Geiatihized Corn Meal 
Wheat Gluten 

Modified Stardh 
(Supergel 30)5 
Gelatinized Corn Meal 
Wheat Gluten 

Modified Starch 
(Supergel 40) 5 
Gelatinized Corn Meal 
Wheat Gluten 

fviodified Starch 
(National 10) 
Wheat Gluten 

Starch (National 10) 
Gelatinized Sta~ch 
(National 711) 4 

Wheat Gluten 
(Paniplus) 

:L~O 
1.0 

2.0 
0.025 

1.0 
1.0 
0.025 

2.0 
0.025 

2.0 
0.05 

2.0 
0.05 

2.0 
0 . 4 
0.15 

2.0 
0.4 
0.15 

2.0 
0.4 
0 .l.S 

2.25 
0.1 

2.25 

0.2 

0.15 

10 and 711 starch which were supplied by National 
Chemical Corporation, Plainfield, New Jersey. 

starches ·-· Supergel 30 and Supergel 40 were 
by Stein Hall, New York. 
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1.1.2. Beef Meatballs. 

Meatballs were prepared according to the 
following general formula~ 

Formula 

Beef 

Binder(s) 

Salt 

Pepper 

Onion Powder 

Water 

Amounts 
As Percentage of Raw Meat 

100 

Variable 

1. 26 

0.08 

0.92 

20. 

Various binders and their =combinations are 
listed in rrable 2 . (Results of this are tabula.ted in Table 2 
of the Results Section). 

The dry ingredients were weighed and mixed. 
Fresh beef (square and cross - cut chuck, lean) was grourid 
through a plate having 1/2 in. diameter holes . Then the rest 
of the ingredients were evenly spread over the meat and the 
combined material was ground through a plate having 3/16 in. 
diameter holes . 

In some batches, beef was ground through a 
plate having 1/2 in. diameter holes. Then it· was mixed with 
required amount of salt for 30 seconds. At the end of . this 
period, other ingredients were added and the combined ma~erial 
ground through the plate having 3/16 in. diameter holes. 

In a few other batches, beef was treated 
with papain. Beef was ground through a plate having 1/2 in. 
diameter holes, mixed with enzyme solution when enzyme was 
being tested (papain 0.0005%) and let react at room tempera­
ture for 30 minutes. At the end of this period, other 
ingredients were added and the mix was ground through a plate 
having 3/16 in. diameter holes. 

Meatballs were then prepared by shaping 
batch- wise either using a die (Fig. j ·) (1 in. d. x 1/2 in. 
thicRJ ~ or made manually. Meatballs were deep fat fried at 
3750F for 2 . 5 minutes or to internal temperature of l SOOF. 
Polyunsaturated Wesson pure vegetable oil was U'sed for deep 
frying in a Sears cooker fryer. 

·· lg ... ' 



Fig. 2 Plastic slab with cylindrical cut-out for 
making sausage links (6.3 em x 1.3 em x 1.3 em 
dia.) 

Fig . 3 Plastic die for making meat balls 
(2.5 em dia. x 1 . 3 em thick) 
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TABLE 2 

Evaluation of Binders for Meatball Formulations 

Formula ~ 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Tests of Binder Types 

Binder(s) 

Corn r-1eal 

Modified Starch 
Soy Protein 

Modified Starch 
Wheat Gluten 

Egg Albumin 
Wheat Gluten 

Hodified Starch 
Wheat Gluten 

Modified Starch 
Wheat Gluten 

Modified Starch 
Locust Bean Gum 

Modified Starch 
Wheat Gluten 

Modified Starch 
Egg Albumin 
Wheat Gluten 

Modified Starch 
Soy Protein 

Hodi fied Starch 
Gelatin 
Wheat Gluten 

Modified Starch 
Gelatinized Durum Flour 

Modified Starch 

Amount of Binder 
({~ of Raw 1-'leat) 

3..16 

1.0 
1.0 

2.0 
0.25 

1.0 
0.25 

2.0 
0.1 

2.0 
0.05 

2.0 
0.5 

2.0 
0.025 

1.0 
1.0 
0.025 

1.0 
1.0 

1.0 
1.0 
0.025 

1.0 
0.28 

Durum Flour (ungelatinized) 
1.0 
0.29 

National 10 and 711 starches were provided by National Starch 
& Chemical Corporation, Plainfield, N.J. 

Supergel 40 starch was provided by Stein Hall Company. 

Wheat Gluten was supplied by Paniplus Company. 
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TABLE 2 (continued) 

Formula .Binder(s) Amount of Binder 
No. (% of Raw Meat) 

14 - Modified Starch 1.0 
Gelatinized Durum Flour 1.0 

15 Modified Starch 2 . 0 
Wheat Gluten (meat treated 
with papain) 0 . 250 

16 Modified Starch 
(National 10) 2.5 
Pregelatinized Starch 
(National 711) 0.2 
Wheat Gluten 0.1 

17 Ivlodified St<;l.rch 
(National 10) 2.5 
Pregelatinized Starch 
(National 711) 0.2 
Wheat Gluten 0 . 125 

18 Ivlodified Starch 
(National 10) 2.5 
Pregelatinized Starch 0.2 
Wheat Gluten 
(Amylomaize VI~ 0.15 

19 Starch 
(Amylomaize VII) 2 . 5 
Wheat Gluten 0.1 

20 Ivlodified Starch 
(Supergel 40) 2.5 
Wheat Gluten 0.1 

21 Modified Starch 
(National 10) 2.5 
Wheat Gluten 0.1 

\mylomaize VII was upplied by American Maize Co . , Hammond, Ind. 
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2. Formulation of the Products - Accepted by Panel and 
Approved for Storage Studies . 

Fresh and freeze - dried compressed products acce~ted by 
the panel were studied for their storage stability. These 
were prepared for 100 pounds of raw mixture according to 
the following formulas: 

2.1 . Pork Sausages: 

Final Formulation Used for Pork Sausage 

Ingredients 

Pork 

Starch (National No. 10) 

Pregelatinized Starch 
(National No. 711) 

Wheat Gluten (Paniplus) 

Salt 

Pepper (black) 

Sugar 

Ginger (powder) 

Rosemary 

Sage 

·rhyme 

11ace 

Potassium Sorbate 

Pounds 

94 

2 

l 

Ounces 

1. 92 

3.04 

2.24 

11.2 

1. 63 

4.86 

0.45 

1. 22 

1. 76 

0.91 

o·. 91 

1. 44 

All the ingredients (except pork) were we ighe·d 
and mixed. The boneless - pork loin containing about 14- 17% 
fat was t hen cut into pieces. The pieces were then put 
into a rotary Hobart Food Cutter (Model T215 GA) and t he 
mixed ingredients were then sprinkled evenly on them. The 
food cutter was then switched on until the pan cont aining 
pOX~ - went 5-6 · full turns under the rotating scimitar 
knives. The chopped spice-binder mixed pork was t hen 
ground through a plate having 3/16 inch diameter holes. 

Then the iinks we re formed (in the plastic cut­
out d i e ) and fried at 375°F. for 2 min . and 30 seconds . 
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2.2. Meatballs: 

Ingredients Pounds Ounces 
Beef' 86 8 
Starch (National No. 10) 2 2.72 
Wheat Gluten (Pani:plus) 1.39 
Salt 1 3.52 
Pepper (black) 2.27 
Ginger (:po·wder) 0.32 
Onion Powder 1 2.18 
K - sorbate 1.39 
Water 8 10.56 

Meatballs were then :prepared as described in 

3. Freezing: 

All the :products were frozen slowly by storing 
t hem enclosed in an aluminum foil cover in still air at 
-22°C f'or 18 to 48 hours :prior to freeze drying. 

4. Freeze Drying: 

1.1.1. 

Freeze drying of the :products was carried out both 
in the l aboratory and in the :pil ot :plant. 

4 .1. Fr·eeze-drying at room temperature (Lab. scale 
dryer). Products for compression were :prepared by usi ng a 
VirTis Laboratory model freeze dryer. 

Products frozen by t he method described :pre­
viously (II-3) were placed in :precooled sampl e chambers. 
The latter were then quickly attached to the apparatus, 
evacuated and allowed to war..m with the :progression of drying 
to the room temperature (22-25°C). The vacuum was maintained 
at the highest .level :possibl e (usually 1 :rrnn . :pressure) • In 
this process :product wa.s never warmed above room temperature. 

4 . 2. Freeze Drying in P,ilot Plant : 

Freeze drying of large batches of products was done 
in an F.J. Stokes 42 sq. ft . (shelf area) freeze dryer. This 
enabled. us to :prepare 1.arge quantities of samples at one tLrne . 
Table 3 shows the log record of a typical freeze drying run . 
Freeze drying W<U> usuall.y carried out at :platen temperatures at 
l30°F (not rising abov·e 135oF) and was stopped when geometrical 
centers of the :product reached 125-130°F. The :product temperatures, 
plate temperatures and condenser temperatures were monitored by 
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thermocouples attached to a continuous recorder. Vacuum in 
the drying chamber was maintained at 75 -2 00 microns of 
mercury (positive pressure). Typical freeze drying opera­
t~ons l as ted for 8 - 9 hrs. in which products were dried to 
2 - 3~ moi s ture l e ve l s. 

5. Humidification ?nd Compression : 
I 

Meatballs and sausages prepared by the formulations 
described earlier (2.1 and 2.2) were found to be suitable 
for further studies in detail. After freeze drying, the 
products needed to be remoistened before compression. The 
following agents were tried for s uccessful remoistening for 
compression : 

5.1. Propylene glycol by itself as well as with 
wate~ was tried for remoistening- of the product. 

5.2. Glycerine was used by itself and in combina­
tion with water for remoistening of the product. 

5 . 3. Pure distilled water was used as remoisten­
ing agent. 

5.4. Steam was used as remoistening agent. 

Products were remoistened with the above 
agents in the range of 3 to 17 percent by weight (on dry 

* basis) by use of a Crown-Spra-tool (No. 8011 Power Pak ) . 
This is a can containing water and a propellant which 
~tomizes the water to give a fine mist spray and permits 
efficient , uniform moistening by the two-fluid nozzle 
principle. After remoistening the surfaces, the products 
were held under vacuum in order to effect the equilibra­
tion of mois ture in product. This system proved to be 
simple and highly effective. Addition of moisture was 
virtually quantitative, since the added liquid was drawn 
or displaced from a graduated 8 ounce transparent bottle 
attached by a bridge- holder with the propellant can and the 
trigger--operated hvo-· fluid atomizer device. An extremely 
fine and uniform water mist is nebulized thereby. 

* Crown Industrial Products Co., Hebron, Illinois 60034 



Products were compressed in cylindrical (1 in. 
or 2.53 em inside diameter) or rectangular cells (5 in. x 
3/4 in. x 3 in., or 12.7 em x l.91 em x 7.62 em) in a 
Carver hydraulic press. Compression pressures were in the 
range of 1,500-2,000 lbs. (or 68.2-90.9Kg) and tamperatures 
maintained were either 20-22°C (ambient) or 5°C (cold room). 

A new compression cell (5 in. x 3/4 in., or 
12 .7 em x 1.91 em) was designed so that three to four 
sausages could be piled one on top of another in two rows . 
This minimized the breakage of sausages during compression 
which occurred when a 3 in. x 1 in. (or 7.62 em x 2.54 em) 
cell. was used to compress four sausages at a time. 

6. Final Drying: 

Crunpressed products were finally vacuum oven dried 
at 50-70°C to various moisture levels from 8 to 2% . Typical 
drying time was 4- 5 hrs . at vacuum of 29 in. Hg. 

7. Use of Gelatin for Stacking Sausage and Meatballs: 

Stacking of the pressed products can facilitate 
packaging efficiently without disorientation, thereby 
assuming best volumetric space saving. Dry Knox unflavored 
gelatin U.S .P., in solutions at 10% and 25% concentration, 
were used. Drops of 10% or 25% of gelatin solutions were 
used between each sausage or meatball during compression. 
After compression, the stacked product \. was · tested for 
their rehydration performance as indicated in Section III 
B-2. 

The method of causing the unit products to adhere as 
stacks was developed in response to an oral request by Natick 
Project Officers. It appeares simple and effective, especially 
since the gelatin bond can be expected to dissolve during 
the reconstitution in hot wo,ter thereby releasing the unit 
products as separate pj.eces. 

A..D outline or preparation of the products is given 
in the following Fig . 4 . 



F . r. " lg. '+ . . • Flow Diagram for Preparation of Freeze Dried and 
Compressed Beef I1eatballs and Pork Sausages. 

Raw .. Nea.t·· 
(.Beef) (.Pork) 

I I 
I I 

Coarse Grind ing 
5/8" (1.59 c~ r.p . plate 

Pork Food Cutter 
(Hobart) 

4-
Storage \•li th 

10 - 12 % Hoistu r e 

Mixing with 
Spices & Binders 

l 

Fine Grindi ng thru 
3/18 in. (0. 42 em) r.p. plate 

Temperature 
at 0-4°C for 1/2 hr. 

Molding 
in Pl~stic Die Plate 

Deep Fat Frying 
376°F ll9 0.6°C~ 2~ min. 

Weighing & Labe ling, e tc. 

Freezing, covered 
-22oc, for 24- 48 hrs. 

Freeze Drying in Stokes 
42 sq. ft. Freeze Dryer 

Remoistening to 11% 
Moisture for Compression 

Moisture Equilibrati.6n : ~ 
Under Vacuum for 24 hrs. 

Compression 
at 1,500-2 , 000 lbs. 

(.68.2-90.0 Kg ) 

Redrying in 
Vacuum Oven 

+ 
Stored with 
4.5% Moisture 

+ 
Redrying in 
Vacuum Oven 

+ 
S t6re·d with 

2% t-1oisture 
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III. Experimental Methods 

A. Chemical Studies 

1. · Moisture Content: AOAC 

The product was pulverized with a cold mortar and 
pestle. Five grams of the samp l e vTere accurately weighed on 
an analytical balance and dried in either: 

a . 

i:l . 

Vacuum oven - 65° for 18 hrs. 

Air oven - 100° to 105°C or 1 05° to 110°C for 
24 hrs. 

Pe rcent of moisture was t hen calculated as follows : 

Hoisture % = Dry ~vt. 
X 100%. Sample Wt . 

c. Toluene Distillation Method ~ (AOAC) 

2. Moisture Content - Measurement by GLC. 

Moisture content of sample was measured by a Gas­
Liquid Chromatograph technique after extraction with 
anhydrous me thanol . 

A s ample of ten grams of p ulverized p roduct was 
extracted by refluxing at 70oc for 2 hrs . with anhydrous 
methanol . 'rhe extract \vas then collected and made up to 
100 ml using an air-tight moisture free chamber. The 
moisture 6ontent was then measured by injecting 5 ~1 of 
extract into a GLC . · 

A standard curve was prepared at the same time by 
injecti ng me thanol solution of known water concentrations. 
The conditions for the GLC technique were as follows: 

Chromatograph: Varian TC Gas Chromatograph 
Aerograph- 1520 

Column: A 3 ' x 1/4 11 Column was used packed 
with Porapack Q. 

Column Temperature: 120°C 
Detect or Temperature ~ 22soc 
Injector Temperature : 240°C 
Carrier Gas: 38 ml{min. 
TC Cell at 150 m Amps. 
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Figure 5. shows a standard curve for emu of the 
representative runs. 

One importa nt point shou ld be mentioned, the pre­
cau tion being t hat one hour befor e the methanol extract and 
standard soluti ons were injected , 10 ~1 of pure disti lled 
water were injecte d into the GLC. This aided in saturating 
the column and conseque ntly gave very consistent peak area 
values. 

3. Fat Determination: By Soxhlet Method 

Th~ fat is extracted in previously weighed round 
bottom flask (W2) . A sample of 10 grams of dry prod u ct was 
extracted ~ith 125 ml of CC!4 for 6 hrs. using the Soxhlet 
extraction apparatus. At the end of extraction period, ~he 
flask was cooled and CC!4 was removed by distillation assembly. 
After distillation was completed, the flask was kept in a 
vacuum ·desicca.tor and vacuum was pulled continuously for 
4-6 hrs . to remove the last traces of solvent1 the flask was 
weighed (W1 ) . All weighing operations were carried out using 
an analytical balance. Perc ent fat in the product can be 
calculated as follows: 

% Fat = 
(W1-~J2 ) X 100 

%. 
Sample Weight 

In the case of ra,w me at and pork, a representative 
sample o f about 100-150 grams was f irst fr eeze dried and the 
pe~cnntage of moisture in the raw product WRS determined. 
'£hen 10 grams of this d r y product were used for fa·t 
determination . The a mount of fat was expre ssed in i.~rrns of 
raw fresh weigh t. 

4. Pe roxide Value: (A.O . C. S . Method 8:53) 

Representative samples of sausages and meatball s con­
taining betwee n 0.5 ···1.0 g lipid \vere weighed into 1 25 rnl, 
Erl e nmeyer f l ask and 40 ml of chJ.oroform : me t hanol 3 . l(V/Y ) 
were added ;- the flasks s h aken for 1/2 lu. and their co:n fcnt.s 
filtered under v acuum on a Bu c hner Funnel us ing 40 ml of 
solve nt to wash the residue. The filtrate was co l lected into 
a t ared f lask and solvent evaporated . The wei ght of the 
lipid was t h e n calculated by weighing the flask. 

The lipid in the flask was dissolved with 10 ml of a 
mixture o f gla cial ace tic acid ; chlor oform (3:2). Then 0.5 ml 
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of freshly prepared potassium iodide (saturated,solution) 
was added and after exactly 2 min., 15 ml of distilled 
water were added to stop the reaction. The mixture was 
then titrated with O. OOlN Na2s 2o3 using 1 ml 5% starch 
solution as an indicator. The thiosulfate was standardized 
periodically against potassium dich~omate. The ps r6xide . 
value was given below: 

meq o2 
I<g fat = 

(Ml. Na2s 2o3 ) x (Normality of Na2S2Q3 ) x 1000 

grams fat 

5. Non-Enzymatic Browning 

a. Hot water extraction method: 
1 962) 

(Pearson, et al ., 

Four grams of pulverized product were accurately 
weighed on a n analytical balance and put into a 250 ml 
Erlenmeyer flask. Then 75 ml of distilled water were added 
to the flask and contents heated to 80-900C for 1 hr. At 
the end of this period, 0.5 ml of 40°c acetic acid was added 
and pH adjusted to 5.5. The contents were then made up to 
100 ml. using distilled water, shaken vigorously and filtered 
through livhatman No. 41 filter paper. .A portion of 25 ml of 
this filtrate was then centrifuged at 2,500 rpm for 1/2 hr. 
The aliquots were then collected and O.D. (optical density) 
read in a Varian recording spectrophoto~eter at 375 nm and 
420 nm. Distilled water was used as the blank. 

b. Enzymatic extractio~ method (for b:r:owni~1g) 

(Modified Choi, et al. (1949) by Labuza) 

0. 5 to 2 ~ 0 gram!=J pulverized sample was . .::. suspended 
in 22.5 ml. of 0.125 to 0. 5 % trypsin solution (0 .. 0.3.1-q!·;_l _2_5; grams 
trypsin in 22.5 ml H2o): . The system was then "ih-cubated in 
4SOC water shaker for 2 hrs. at 120 cpm (cycles per. min.). 

Following a 2 hr. incuhation period , trypsin was 
denatured with 2 ml 50% (wt./vol.) trichloroacetic acid, and 
o:.l g Celite (filter aid)was adde'd. 

The system was filtered v1ith Whatman #3 filter 
paper and O.D. of filtrate read at 420 nm with Varian record­
ing spectrophotomete~. 

Blank (0.00 O.D.) had no sample added to trypsin 
solution, but treated otherwise as regular samples. 

B. Physical and Physico-Chemical Studies 

1. De termination of 0 2 in Headspace by GLC Method 
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Varian Aerograph, A9 O- p3, wa·s used· to deter-
mine oxygen content in the headspace of the storage jars. 
0.3 ml of samples were injected. The peak height was measured 
and e xpre sse d as percent of 02 using a volume of 0.3 ml of air 
as a standard. 

The conditions of Varian Aerograph A90-p3 used for 
h e adspace o2 d e termination were as fo llows: 

Column: Molecular Sieve A-5 , 80/100, 6' x 1/4" 
Inj e c ·tor ~l'emperature ; 46°C 
Co l umn: .Temperature : so o r:: 
De t e ctor Te mperatu re: 115°C 
Filame n t Curre nt : 150 m. a . 
He lium Pressure : 60 p s i 
Flow Rate : 30 ml/in. 

2 . Rehydration 

Products were reh~drated for 10 min. in excess of hot 
water maintained at 75-85 C. The products were then taken out 
of the water, blotted with filter ·paper and weighed. The 
rehydration ratio is expressed as: 

R = Rehydrated Weight (= We t Wt.) 
Dry Wt. of One Product Unit 

3. Density of the Products 

De nsity of the products before compression , after com­
pression and after rehydration were determined according to the 
followi ng e quation : 

d( /cm3) = ·weight of Product (g) 
g Volume of. Product (cm3) 

The volume of these pr.oducts was calculate d as fol l ows: 

(a ) An average diame t e r o f meat ball , before compres­
Slo n . and after rehydration, was me asured with caliper and 
t he volume was then calc ulated; 

3 4 3 
V MB ( qn ) = 3 7T r 

3 in wh ich VMB is the volume o f meatball (em ) and r is t he 
ave raged r aaius of meatb all (em) . 

(b ) For 
tion, the vo lume 

sausage , before c ompre ssion and 
Vs was calculated aA follows : 

tE:-- L ~ 

·"I@ (~) :JDr~ 
3). 

a f ter :rehydra-



in which A 

,, 
s. 

i s 

L 

( L~m3 ) 2 3 3 = AL + 3 7T (rl + r2) 
~ 

U : r-: average cross section 

i s the length of sausage 

2 area of sausage (em ) 

(em) 

r 1 is the radius of one end of sausage 

r
2 

is the radius of another end of sausage. 

(c) For compressed meatball and sausage, the volume 
wa~ obtained by multiplying one major surface by the thick­
·ness . 

4. Adsorption and Desorption Isotherms of Freeze Dried 
Meatballs and Sausages 

r1oisture adsorption and d e sorption isotherms were 
determined for freeze dried meatballs and sausages at 20°C 
and 30°C using the weight equilibrium (Wink) method. Since 
meatballs and sausages are heterogeneous materials larger 
samples were n e cessary for this study . Accordingly, one 
freeze-dried me atb all or sausage (weighing about 4 to 5 
grams) was used per humidity chamber in each run. A (R.H.) 
values from 0 . 11 to 0.96 for different R.H. chamberswwere 
obtained by using saturated salt solutions of various salts 
(Table 4) . The values of aw (R . H.) of these salt solutions 
at different temperatures were taken from literature. 
Sometimes the aw values were actually determined in the lab . 
Periodically , the samples were weighed on an analytical 
balance until equilibrium was reached (usually within 2-3 
weeks). Afterwards, equilibrium moisture content of the 
samples was determined us i ng the G. L wC' • . method. 

For the determination of desorption isotherms, the 
products following adsorption isotherms determination were 
sprayed with H2o and placed in a chamber with 100% R.H. and 
allowed to take up water in orde~ to equilibrate to a 
constant weight in this chamber; products (meatball or 
sausage) were returned to their respective chambers and 
allowed to equilibrate at their respective aw value chambers . 
Weights were again measured periodically until constant 
weights were obtained. 

For determination o f monomolecular moisture content 
of freeze dried beef meatballs a nd pork sausages, BET 
isotherm (Brunauer- Emmett- Teller) is employed. A modified 
BET Equation by Salwin ' (equation) is u s ed for determining 
the BET isotherm. 

R 1 
m (I- R)= m:

1
c 

32 



in which R dencites relative humidity P/P· .and a 
m = equilibrium moisture conten~, dry ~asis 
~1= moisture content corresponding to mono-

molecular adsorption 
C = a constant at a given temperature 
~ _ (E - L) /rT · . 

E = ~eat of sorption of first layer 
L

1= heat of condensation of water 
r = gas constant 
T ·- absolute temperature 

at R 

Plotting R/m(l··R) _ vs R, gives a linear relationship . From 
the s _lope and intercept of t his line , the monolayer . 
cove-rage value can be calculated (Labuza, 1968). ReQults 
for our products are given in a later section of this 
report . 

TABLE 4 

* Equi librium Relative Humidities for Satura~ed Salt Solutions 

% Relative Humidity 
at Stated Temperature 

Saturated Salt Solution 68°F(20°C) 
: 

86°F (3 0°C ) 

Lithum Chloride LiCl·_ H2 '0 12.4 11.8 

Potassium Acetate KC 2 H
3
o2 23 . 3 22.0 

L'llagnes ium Chloride ~gC12 ·6H2o 33.6 32.8 

Potassium Carbonate K2co 3 · 2H2o 44 . 0 43.5 

Potassium Nitrite KN02 49.0 4 7 -.2 
' 

!Magnesium Nitrate Mg (N03 ) 2 · 6H2o 54.9 52.0 

Sodium Chloride NaCl 75.5 75 . 6 

IAmmpnium Sulfate (NH
4

) 
2

so 4 80.6 80.0 
"" ... 

Potassium Nitrate KN0
3 

93.2 90 . 7 

Potassium Sulfate K2so 4 97.2 96.6 

* Ref. Hygrodynamics Technical BUlletin No. 5, Hygrodynamics, 
Inc., 949 ·s-elim Road, Silver Spring, Mary land 20910 
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5 . Texture of the Products 

The initial and final textures of meat products were 
determined using t h e Kramer "shear c e ll", and peak force 
measured from the analog r ecording 0~H . e xpressed as peak 
deformation force in l bs . 

Fre eze dried compre ssed products stored at different 
temperature and periods were run by thi s test. 

C . Microbiological Examination: 

Microbial examinations to determine the total organism 
count and the number of Escherichia coli, molds and yeast per 
gram of sample were conduc ted on both fresh meat samples prior 
to the preparation of meatballs and sausages and o n freeze 
dri ed compre r,sed meatballs and sausages stored f or vary ing 
pei~iocls of time at 50°C and 22°C. Subsamples we r e taken from 
t he }fresh meat used for the preparation of meatballs and sau­
sages and analyzed immed iate l y. Fre eze dried and compressed 
samples were analyzed immediately afte r removal from storage. 

1. Preparation of Homogenate: 

Ten grams of the meat sample, representative of the 
food specimens, were aseptically weighed into a s t erile 
blender jar. In a sterile Waring Blender , this 10.0 g meat 
sample a nd. 9 0 ml of sterile peptone dilution fluid (0 .1% were 
homogenized at a high spe e d for 1!:; minutes. Dilutions of t h e 
s lurry were made with sterile peptone dilution fluid to 
cover t he range of lo - 1 to lo - 5 organisms/ml. 

2. Aerobic Plate Count: 

Decimal dilutions of 10-1 , 10-2 , 10-3 , 10-4 and 10 - 5 

of food homogenate were prepared. All dilutions were shaken 
25 times in 1 foot arc in 7 seconds. One ml of each dilution 
was pipetted i nto each of appropriately marked duplicate petri 
dishes. Twelve to 15 ml of PCA agar (Difc~ standard methods 
Agar or plate count Agar were sterilized a t J.21 °C f or 15 min., 
adj usted final pH to 7.3 + 0.2, and cooled to 440·- 46oc; ·.an.c;l_ 
poured into each dish within 15 minu·tes of time of original 
dilution. Before pouring the agar was cooled to ~ 45°C so as 
not to kill any organisms. Plates \vere immediately rotated 
to insure mixing of the sample dilution and agar medium. 
Dilution water and agar control plates were also prepared for 
each series of samples. The petri dishes were inverted a nd 
incubated promptly at 35 + 1°C for 48 + 2 hrs. After incuba ­
tion, plates containing 30- 300 colonies were counted using a 
colony counte r. Average counts were obtained and reported 
as aerobi c p l ate count/gram. 



3. E. Coli Determination~ 

A three tube Most ':Probable Number (HPN) Procedure wh ich 
uses the multiple tube fermentation technique for enumeration 
of coliforms was employed to determine most probable numbers. 

3.1 . Presumptive Test~ 

. Decimal dilutions of lo-1 to 10-5 were prepared 
(same dilutions used in Aerobic Plate Count) • All dilutions 
were shaken 25 times in a 1 foot arc in 7 seconds. Each of 
three lauryl tryptose 2% broth fermentat~on tubes were inocu­
lated with 1 ml volume (Difco"'pH 6 .8, autoclaved 15 mi n. at 
1210C) of each dilution. These tubes were incubated for 
48 + 2 hours at 35oc. Tubes were examined at 24 + 2 hours 
for-gas formation. Displacement of liquid in fermentation 
tube (gas formation) and/or vigor ous e ffervescence were 
looked for when tubes were shaken gently. (This denotes a 
positive presumptive test . ) _After the first 24 hour period, 
negative tubes were reincubated for an additional . 24 hours. 
Gas in any quantity within 48 + 2 hours denotes a · positive 
presumptive test for coliform organisms. Cohfirmatory t e sts 
were done on all positive presumptive tests. 

A schematic procedure for presumptive te.s ·t of MPN 
method i s s hown as follows: 

Presumptive Test 

~ · ... . . . . Incubation 

(Lauryl tryptose broth fermentation tubes) 

( +) 
-!-

gas formation 
-!­

confirmed test 

,. 
0 

0.5 C, 24 hours(-) 

-!-
no gas format~on 

-1-

reincubation 

( +) + 35 + 0.5°C, 24 hrs .. (-) 

gas formation 
+ 

confirmed test 

35 . 

no gas 
formation 

discard 



3.2. Confirmed Test: 

Transfer a sterile 3 rom diameter loopful from 
each positive tube of Lauryl · tryptose broth to a separate tube 
of Brilliant Green Lactose Bile Broth 2% fermentation tubes. 
When transferring, insert loop in such a manner as to avoid 
any pellicle. Incubate for 48 + 3 hours at 32 + O.S°C. 
Read positive tubes same as in presumptive tests. 

From each positive Brilliant Green Lactose Bile 
er.oth fermentation tube, streak 1 plate of Eosin IVlethylene 
Blue agar. Insert needle· into fermentation tube approximately 
5 rom into broth, taking care to avoid the pellicle . Streak 
the plate in a manner which will obtain discrete colonies 
separated by at least 0.5 em. Incubate plates at 35 + .5°C 
for 24 + 2 hrs . Examine plates for typical nucleated- with or 
without-green sheen colonies. Pick two of these colonies from 
every plate by touching the needle to the center of the colony . 
Inocula-te a lauryl tryptose broth fermentation tube with one 
of the typical colonies chosen . Incubate the completed test 
of ferme ntation. tubes at 35 ·+·· 0 . soc for 48 + 3 hours. Gas 
formation denotes a positive-result. A positive result indi­
cates that these bacteria can be considered coliforms (using 
three tubes -MPN tables to determine the IVIPN on a number of 
positive completed fermentation tubes). Results are reported 
as most probab le number of ~coli per gram of sample. 
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A schematic procedure fOr confirmed test is 
shown as follows: 

Confirmed Test 

Brilliant Green Lactose Bile Broth 

(+) 

"' gas formation 
+ 

incubation 

Incubation 

4 8. + J . hours 

no gas formation 

"' discard 

(Eosin- methylene 
Agar Plates) 

blue 

+ 3 5 + 0.5°C, 

<-·-) 24 + 2 hrs. 

+ 
other non--nucleated 
green s heen 
col.onies present 

{+) 

Nucleated green 
sheen typl.cal 
colonies 

"' 
Completed Test 

Incubation 

(Secondary Lauryl Tryptose Broth Fermentation Tubes) 

+ : .3 5; + 0 • 5° C , 4 8 hr s . 
( - ) (+) 

"' gas formation no gas f_ormation 

"' bacteria tested can be 
conside red coliforms 
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4. Yeast and Mold : 

Prepare decimal d ilutions o f lo-1 to lo-5 of sample 
homogenate. Shake a ll dilutions 2~ times in one-foot arc in 
7 second s. One ml of each dilutio11 ·is pipetted int o e ach of 
the appropriately marked d uplicate petri dishes. Pour plates 
with 15-20 ml of Potato Dextrose Agar (Difco - autoclave at 
121oc for 15 min . } acidified to pH 3.5. Immediately rotate 
plates to mix dilutions and agar medium. Incubate at 21oc for 
5 days , obs erving plates afte r 3 days for possible mold over­
growth. Report average counts as number of yeast and mold 
colonies per gram of sample. 

D . Sensory Evaluation; 

Fres hly prepared meatballs and sausages and freeze dried 
compressed mea t balls and sausage's (dehydrated) at various 
moisture content level s (2%, 4.5%, · and 10%) were submitted to 
a t aste panel at various interval s during the course of this 
project. During the s helf life studies, samples withdrawn from 
storage we r e evaluated by the pane l ever y 2 or 4 weeks. 

The panel consisted of 20 members, all graduate students 
or faculty members in the Department of Food Science, Rutgers 
University . All panel members were familiar with sensory 
evaluation techniques. It should be me ntioned that t he 
modern bobbh - type faci lities located in the new Food Science 
Build ing we r e used. The a ir conditiohed individual panel 
rooms can accommodate 12 pe ople at one sitt i ng . Samples we r e 
se~ved into the pane l booths from an adjoining preparation 
kitche n. All tes t ing sessions we r e scheduled for 11:00 A . M. 
or 2;00 to 3 : 00 P . M. 

Freshly prepared meatballs and sausages were submitted to 
the pane l imme diat e ly aft er preparation . 

In preparation for each panel session involving freeze 
dried compressed products, tap wa ter was heated to a tempera­
ture of 75·- 85°C in 4 quart cooking pot s. Separate pot s of 
water were prepared for each s e t of sa~ples. Twenty me at­
balls (or sausages} were soake d in e ach pot for e.xac:t:_ly·: ten 
minutes . At· the e nd of the t en miimte period, s amp les were 
removed with a straining spaon ancl t r ansferred to cooking 
pansJ e xcess . water was dra ine d o ff . Thes e pans were p laced 
in a lmv t emp e rature ove n (150°F ) fo r a pproximately 10 
minutes prior to pane ling. This wa rming period aide d in 
keeping t he samples warm while paneling a nd i n r emoving 
excess wa t e r; yet did not over- dry the sample. Sampl es were · 
removed from the oven and submitted to the panel for evalu­
ation, one sausage or one me atball p e r disposable cup (with 
p l astic spoon or fork } . 



Depending on the day of paneling, a maximum of three 
samples was served to the judge per session. Samples were 
placed in separate paper cu~s, labeled (A . B. c . , etc . ) 
and served to the evaluator on a plate. One score sheet 
per sample and a preference sheet and/or a description of 
the intended use of the product were provided to the 
judges with samples. 

One Product Evaluation Score Sheet per sample tested 
was distributed to each panelist (Table 5). This score 
sheet ratei several parameters of the product (appearance, 
aroma/flavor, texture, consistency) on a 9 point hedonic 
scale (6 acceptable). Additional commen.ts were encouraged. 
These numerical values were listed on the chart following 
its collection by the test supervisor- judge. However, 
these values were not shown to the panelists. An overall 
product rating are determined by the judge and marked · in 
the final column . Mean values of scores were calculated 
for each column and reported comments were recorded with 
the results. Comparisons were made between products 
(by the supervisor-judge) using the values computed . for. 

each of these categories. 

When original formulations were being tested, Product 
Evaluation Score Sheets and a preference sheet reading, 
11 Do you prefer sample A or B? Why?'' were distributed; 
answers were tabulated,and comments , recorded with the 
results. Formula elimination or modification were often 
based on these data. 

A description of the intended use of the freeze dried 
and compressed produc~s accompanied the score sheet for 
all freeze dried and compressed samples; they read : 

These sausages and meatballs are intended to be used 
by Army and Navy personnel in situations where bulk 
food storage may present a problemf e.g., submarine 
voyages . 
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TABLE 5 

PRODUC'L' EVALUATION SCORE' SHEET 

·Name ; Brand: ------------------------- ---------------------
pate : ------------------------- Product Flavor : -----------

Descr iptive Product Rating 

Texture 
Appearance Aroma/Flavor Consistency Ov e rall 

-

Excellent 

Good 

Poor 

-

Unacceptable 

COMl1ENTS ~ (Use other side if n e ede d) . 
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IV . Results . 

1 . Sausage Formulation - Tests o f Binder Types . 

The ge neral formula used for sausage formulation was in­
dicated in Section II- 1.1 . 1 . It was necessary to find a 
suitable binder for a successful product . Various types 
of binders were tested for their performance on rehydrat i on 
and overall taste panel acceptance. Re sults ' are~ shown in 
Tables 6 and 7 . 

The t es ts clearly indicated that por k sausage made with 
2 . 25 % modified cros:.s ··-linked amylose starch, National No . 10 , 
(National Starch and Chemical Corp . ) , 0 . 15% wheat gluten and 
0 .2 0% pre ge latinized amylose starch (National No . 711) , 
produced a good final product - products C and D ih t h8 above 
table. Thi~ product(s) did not fragment on compression . The 
rehydration (of the product containing ~ 10% moisture con ­
tent initially) and textural qualities were also very good. 
Water imbibition gave good rehydration with~n the -meat a s 
well as betwee n the meat particles without sloppy over­
imbibition . Whe~using only National Ho. 10 starch, the 
above prodtict tended to resist inhibition through the 
e xterior crust , and the imbibed water tended tb r e side 
s.ponge- like betwe.en the meat particles instead of penetra­
ting and moistening the meat particles . By a dding the 
appropriate amount of pregelatinized high- amylose starch , 
National No. 711, the barriers of the other starch were 
opened sufficiently to accomplish the desired crust porosity 
and meat piece moistening without the sponge- like wetne ss 
effect. 1he k inds and amounts of these binders constitute 
a major bre akthrough in accomplishing the proper remoisten­
ing without ove r - or under- imbibition of any or all parts 
of the product. Additionally , this system successfully 
replaces pregelatinized corn mea~ and fulfills the ·needed 
1'fat pocke t control " in high fat sausages. 

2. Beef Meatballs Formulation - Tes~of B±nder Types 

Tests of binders used for meatball formulation were 
conducted by mixing binders with raw material and -other 
ingrediBnts as indicated in section II- 1.1.2 . The results 
of screening tests are given in Table 8 . 
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Effect of Binders on Rehydration Performance and Overall Taste Panel Acceptance 

Formula 
No. 

11 

21 

31 

41 

51 

61 

7 

Binder (s ), 
% of Ra\,7 Meat 

Corn I·1eal 3.4 

Corn I'1eal 3.4 

Egg Albumin 3.4 

14odified2 

Starch 2.6 
Soy Protein 1.3 

~1odified 
Starch 1.25 

Soy Protein 1. 25 

Hodified 
Starch 1.0 

Soy Protein 1.0 

Hodified 
Starch 1.0 

Wheat Gluten 1. 0 

TABLE 6 

Overall Quali-
Rehydration fications3 

Poor 4 

Poor 4 

Poor 4 

Poor 4 

Poor 4 

Fair 3 

Poor 4 

Comments 

Excessive water uptake and 
became . · soggy . 

Casing inhibited the rehyd.ra-­
tion. 

Casing hindered drying as well 
as rehydration process. 

Product stayeddry in the center. 
Also a tough cover formed may 
be due to corr~ination of collagen 
casing and s oy protein. 

Some dry spots remained in the 
sausage. Also , sausage did not 
recover its original form. 

Hard covering formed on sausages 
probably due to high levels of 
wheat gluten. 

1 These sausages were stuffed into collagen casings provided by Devro Co., Somerville, 
N.J. (Div. of Johnson and Johnson Co., IncJ 

2Modified Starch = National Starch ~lo. 1 0 \vas supplied by National Starch & Chemical 
Corporation , Plainf ield , N.J. . 

3Qualification Scoring : 1 = Excelle nt; 2 = Promising; 3 = Fair - questionable; 
4 = Poor. 
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Formula 
No. 

8 

9 

10 

ll. 

12 

13 

14 . 

Binder(s) 
% of Rav1 Meat 

Hodified 
Starch 

Wheat Gluten 

Egg Albumin 
Wheat Gluten 

I·1odified 
Starch 

"l-Jhe at Gluten 

Egg Albumin 
Wheat Gluten 

l"iodified 
Starch 

Egg Albumin 
~vheat Gluten 

Modified 
Starch 

Locust Bean 
Gum 

Hodified 
Starch 

Soy Protein 
Locust Bean 

Gum 

2.0 
0.25 

1.0 
0 .25 

2.0 
0.1 

2.0 
0 .1 

1.0 
1.0 
0.1 

2.0 

0.25 

1.0 
1.0 

0.5 

TABLE 6 (cont'd) 

·ove rall Quali·-
Rehydration fica~ions3 

Poor 4 

Good 3 

Fair 3 

Fair 3 

Poor 4 

Fair 2-3 

Fair 3 

Comments 

Rehydration was poor due to 
hard covering formation. 

Texture very bad, rubber-like 
and very difficult to bite. 

Rehydration was slow. Also, 
product d i d not return to t he 
original shape but rather 
stayed rectangular and com­
pressed . 

Rehydration was slow. Product 
did not regain its original 
shape. 

Hard casing formed. Also,. 
center remained dry. 

Product rehydrated completely 
in about 3-4 minutes. Had good 
texture and color. Product had 
gummy feeling. 

Few dry spots in the sausages 
after 1 min. rehydration. 
Product did not regain the 
original shape and size. Attri­
butable to soy protein effect . 
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Formula 
No: 

15 

16 

17 

18 

1 9 

2 0 

21 

TABLE 6 (cont 1 d) 

Binder(s) 
(% of Raw Heat} Rehydration 

Overall Quali­
fications3 

Hodified 
Starch 

Soy Protein 
Wheat Gluten 

Modified 
Starch 

~meat Gluten 

Gel. Durum 
Flour 

Hodified 
-s tarch 

Ge L .. Dun .1m 
F Lour . 

Modi fied 
Star ell · 

Modified 
Starch 

Wheat Gluten 

Modified 
Starch 

Gel . Corn 
Meal 

Wheat Gluten 

I1odified 
Starch 

Wheat Gl ute n 

( Pork treated 
with papain 
for 30min .) 

1 . 0 
1.0 
0.025 

2.0 
0 . 05 

0.28 

1.0 

1.0 

1.0 

2 . 0 
0 . 025 

1.0 

1. 0 
0 . 025 

2.0 
0 .025 

Poor 4 

Poor 4 

4 

4 

Poor 3 

Poor 4 

Fair 2- 3 

Comments 

Did not . r ehydrate comple t e l y 
even afte r 1 0 min. Also , 
~rpd~ct ~ad ftnde sirable g r e y 
color. 

Product showed dry spot s ev2n 
after 1 0 min . rehydration . 

Very poor cohesive properties . 

Product h a d very poor cohesive 
properties a nd was very crumbly 
in dry state . 

Product d i d not regain it.s 
original shape and ~ize. 
(Good for meatballs , however ). 

Product did not completely 
rehydrate in 1 0 min. Fin al 
dryi ng temperature did not 
improve product quality (kept 
at 5 0°C ) • 

Rehydra tion almost complete . 
Product did not regain origin a l 
shap e and size . 



TABLE 6 (cont'd) 

Formula ·Binder ( s ). Overall Ql:lali-
No. % of Raw !-1eat Rehydration fications3 Conunents 

' 
22 l-1odified 2.0 Poor 4 Tough casing Wa$fOrmed on the 

Starch surface of the sausage. 
~f'neat Gluten 0.05 

(Pork treated 
with papain 
prior to 
making 
sausage) 

23 Egg· Albumin 2.0 Poor 4 Tough casing:. f9rmed on the 
Wheat Gluten 0.05 sausage. Rehyd ration very slow. 

24 Modified Tough casing formed on the 
Starch 
(Na~l.) 2.0 Poor 3 sausage. Rehydration slow. 

. ;-
-\!l Gel. Corn 

· Heal 0.4 
Wheat Gluten 0.15 

25 ~ Modified 
Starch 2.0 Poor 4 Did not rehydrate well, very 
(Supergel ,· 

Ger~>corn 
tough. 

Meal 0.4 
Wheat Gluten 0.15 

26 !-'lodified Tough casing formed on the 
Starch sausage. Rehydration very 
(Supergel slow. 
40) 2.0 Poor 4 

Wheat Gluten 0.15 
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Formula 
No~ 

27 

28 

TABLE 6 (cont'd) 

Binder(s) 
% of Raw I..fe at Rehydration 

Overall Quali­
fications3 

11odified 
starch 
(Nat'l. 
No. lO) 2.25 

Wheat Gluten 0.1 

Starch 
(Nat ' 1. 
No. 10) 2.25 

Pregelatinized 
Starch (Nat ' l. 
No. 711) 0. 2 

Wheat Gluten 
(Paniplus) 0. 15 

Fair 3 

Good 1 - 2 

Comments 

Rehydrated well but loss in 
structure. 

Eehydration good. Nice 
app~arance. 

All of the above ''overall qualifications" represent organoleptic screening 
opinions usually only of the researchers rather than of formal panel testers. 

Table 6 indicates that none of the sing~e or combined oinders is suitable for 
building up a good texture and proper rehydratability for sausage. Therefore, 
additional study on binders was done on overall panel rating. The results are 
shown in Table 7. 



TABLE 7 

Effect of Binder Combination on Overall Panel Rating for Pork 
Sausages 

A 

B 

c 

D 

E 

F 

G 

( 1) 

(2) 

Binders % Overall (l) 
Remarks Panel Score 

Gelatinized Corn Meal 2.50 6.4 Deep-fat fried but 
(original Natick Labs undehydrated 
formulation) 

Starch (NationcU 10) 2.00 6.8 II 

Gelatinized Corn Meal 0.40 
Wheat Gluten 0.15 

Starch (National 10) 2.25 7.6 " 
Pregelatinized Starch 0.20 
(National 711) 

Wheat Gluten 0.15 

Same as c 7.5~6.3~6.5 Fried as above, then 
freeze dried 
compress~d(2) 

Same as B 6.2;5.2 1r 

St.arch (Stein Hall 2.00 5.8 II 

Suler9"el 30) 
··Ge a t~ni zed Corn Meal 0.40 
Gluten 0.151 

Starch (Stein Hall 2.00 6.1 If 

Supergel 40) 
Pregelatinized Starch 0.20 
(National No. 711) 
Gelatinized Corn Meal 0.40 
Gluten 0.15 

Overall panel score is based on hedonic scale from 1 to 9. 
Scores of 6.0 or above for meat products indicate an acceptable 
product. 

All the compressed products were compressed with 10-12% 
moisture and panel tested in 24 to 48 hrs. 
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Formula 
No. 

1 

2 

3 

4 

5 

'.rABLE 8 

Meatballs Formulations ; Tests of Binder Types 

Binder 
% of Raw i•1eat 

Corn Meal 3.16 

Modified 
Starch 1 .0 
(Nat'l. No. 
10) 

Soy Protein 1.0 

HodifiecPJ 
Starch 2.0 

Wheat Gluten 0.25 

Egg Albumin LO 
Wheat Gluten 0 . 25 

Hodified 

Overall- Quali-
Rehydration ficationsill 

Poor , 4 

Poor . 4 ' 

Poor 4 

Fai,r 4 

Comments 

Over-imbibition of water 

Very low water uptake 

Very slow water uptake due 
to hard casing 

Slow water uptake, tough 
texture, rubbery 

.;.-

Starch 2.0 Fair 3 Slow water uptake, dry feeling 
Wneat Gluten 0.1 

6 Hodified 
Starch 2.0 Fair 3 

Wheat Gluten 0.05 

(UOverall Qualifications (i.e., preliminary screening) 

Complete rehydration in 
2-3 min. 

1 = Excellent; 2 = Promising; 3 = Fair. - questionable; 4 = Poor. 

l~Modified starch used in these i$ National No . 10, which was supplied by 
National Starch and Chemical Corporation. 
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TABLE 8 (Cont' d) 

Binder Overall Quali-Formula 
No. % of Raw Meat Rehydration ficationdU 

7 Hodified 
Starch 

Locust Bean 
Gum 

8 Modified 
Starch 

~meat Gluten 

9 Modified 

10 

11 

12 

Starch 
Egg Albumin 
Wheat Gluten 

Hodified 
Starch 

Soy Protein 
Wheat Gluten 

Hodified 
Starch 

Gelatin 
Wheat Gluten 

Mouified 
Starch 

Gel. Duru_m 
Flour 

2.0 Good 

0.5 

2.0 Very "Good 
0.025 

1.0 
1.0 
0.025 

1.0 
1.0 
0 . 025 

1.0 
1.0 
0.025 

1.0 

0.28 

Fair 

Fair 

Fair 

Fair 

2 

1- 2 

3 

3 

4 

4 

Comments 

Product was slimy, sticky due 
to locust bean gum. 

Slight cracking during 
compression 

Product tasted -and felt ~ dry 
in the mouth. 

Some areas fe ·lt slightly dry. 

Product did not regain its 
original shape and size. 
Also, product loo~ dry. 

Product did not regain the 
original shape. A~so, product 
tendedto imbibe extra water 
and beca me .. soggy. 
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Formula 
No. 

13 

14 

15 

Binder 
% of Raw Meat 

I1odified 
Starch 1.0 

Durum Flour 
{ungel . ) 0.29 

r-1odified 
Starch 1.0 

Gel . Durum 
Flour 1.0 

I-1odif.ied 
Starch 2.0 

Wheat Gl uten 0.025 
(meat 
treated 
with 
papain) 

TABLE 8 (Cont' d) 

Overall Quali-
Rehydration fication~) Comments 

Poor 4 Product looks soggy and crumbly 
outside. Inside has a few dry 
spots. Product doe~ not regain 
original shape and size. 

Fair 4 Product looks soggy .and crumbly 
outside. Inside has a few dry 
spots. Product does not regain 
shape and size. 



The above screening tests led to a formulation of beef 
meatballs made with 2.5% modified cross- linked high-amylose 
(National No. 10) · and 0.1% wheat gluten (Paniplus) which pro­
duced an exceptionally good product. This product did not 
fragment on compression . Rehydration (of the product con­
taining ~ 10% moisture content ini t.ially) and the texture 
quality were also very good (see B&D in Table 6). The follow­
ing effect of binder combination on overall panel rating was 
evaluated and the results are shown in Table 9. 

,5~ · ,·· ·· 



TABLE 9 

Effect of Binder Combination on Overall Panel Rating . 

I. Meatballs, Deep- Fat Fried but Undehydrated 

Product Binders 

A 

B 

c 

Gelatinized Corn Meal 2.5% 

Modified Starch (National No. 10) 2.5% 

Modified Starch (National No. 10) 2.25% 
Pregelatinized Starch 
(National No. 711) 0.2% 
Gluten 0.1% 

Overall 
1 Panel Scor~ ) 

5.6 

7.6; 6.5 

7.6 

II . Meatballs, Fried, Freeze Dried, Moistened, Compressed (2) 

D 

E 

F 

G 

H 

I 

J 

Same as in B 

Starch (American Maize Amylomaize 
VI I) 2. 5% 
Gluten 0.1% 

Starch (Stein Hall Supergel 40) 2 . 5% 
Gluten 0.5% 

Starch (National No. 10) 2.5% 
Pregelatinized Starch (National No. 711) 
0.25% 
Gluten 0.1% 

Starch (National No. 10) 2 . 5% 
Pregelatinized Starch 
(National No . 711) 0 . 2% 
Gluten 0.1% (quite similar to C). 

Starch (National No. 10) 2 . 5% 
Pregelatinized Starch 
(National No . 711) 0.2% 
Gluten 0.125% 

Starch (National ·No. 10) 2.5% 
Pregelatinized St~rch 
(National No . 711) 0.2% 
Gluten 0.150% 

7.2 

5.6 

5.6 

5.3 

6.2 

5.9 

5 . 6 

---------------------------------------------------
(lbverall panel score is based on hedonic scale from 1 to 9. 

Scores of 6.0 or above indicate the acceptable product. 

~~11 the compressed products were compressed with 10 - 12% 
moisture and panel tested in 24 to 48 hrs. 



The results of overall panel score further strengthen the 
conclusion that meatballs made with modified cross- linked · 
starch (National Starch Co.) 2.5% and wheat gluten (Paniplus) 
0.1% were the best products. Before dehydration, B & c were 
essentially equal in panel tests. -After dehyd ration , the 
simple formulation , with only one kind of modified starch, 
was preferred. The second pregelatinized amylose (National 
711) was not needed for ··fat pocket control " as with sausage 
meat. 

3. Rehumidification and Compression 

It was previously mentioned that following freeze drying 
the product needed to be remoistened before compression. 
Behavior upon compressing after using different remoistening 
agents is shown in Table 10. It was found that the propylene 
glycol by itself in the range of 5-15% by weig~t resulted in 
excessive fragmentation . Also, rehydration of the product 
was poor. In combination with water, it shows no additional 
advantages since the final drying step was still necessary . 

~vhen us_ing glycerine by itself . for remoistening of the 
products, ·it was found that the product fragmented when com­
pressed. At higher concentration of glycerine, the -surfaces 
of the product became soft, yet the interior of the product 
still remained brittle. When used in combination with water, 
the product fragmented upon rehydration in an excess of 
water. 

Steam rehydration of the product tended to cook the product 
besides rehydrating it . Also, the compression of the products 
fol~owing steam rehydration resulted in more fat than usual 
being squeezed out. A typical moisture uptake curve during 
steam remoistening i _s _shown in Fig. 6. · 

Pure distilled water was used as a remoistening agent with 
great success. It was easy to handle, and easy to sterilize if 
necessary. After spraying of water, equilibration which was 
carried out in a desiccator under vacuum. was attained more 
slowly but more uniformly. 

Moisture levels of 10 to 12 percent wore found to be 
suitable for compression of the product without fragmentation. 

53 .-. 



I. 

II. 

TABLE 10 

Rehumidification and Compression 

Humidification Agent(s) 

Propylene Glycol (P. G. ) 

8% water + 2% P.G. 

10% water + 2% P.G. 

12% water + 2% P.G . 
5% P.G. 

14% P .·G. equilibrated 
at room temperature 

14 % P.G. equilibrated 
at 50°C 

12% P. G. 

17% P. G. 

Glycerine (G) 

6% water + 5 % G. 
7% water + 5% G. 
8% water + 5% G. 
9% water + 5% G. 

10% water + 5% G. 

11% water + 5% G. 

12% water + 5% G. 

Observations Rehydration1 
Ratio 

Cohesion of bar good 
Rehydration fair 
Cohesion of bar poor 
Rehydration good 
Poor cohesiveness 
Rehydration good for 
meatballs 

v. good cohesive proper­
ties 
Product crushed, disin­
tegrated during compre­
ssion and rehydration 
v. good cohesive -proper­
ties - Poor rehydration 
Good rehydration but 
excessive fragmentation 
Cohesiveness of bar good 
but rehydration poor. 

Excessive fragmentation 
Considerable fragmentation 
Considerable cracking 
Slight cracking 
No cracking, Rehydra­
tion good 

No cracking; Rehydra­
tion good 

Product slightly relaxed 
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2.31 
2.33 
2.3 
2.4 

2.32 

2.3 

2.32 



TABLE 10 (cont'd) 

Humidification Agent(s) 

III . Water 

5% 

6% 

7% 

8% water 

9% water 

10 % water · 

11% water 

12 % water 

17 % water 

21% water 

Observations 

Excessive fragmentation 
occurred . 

I, 

II 

Considerab l e crackin~. of 
the produc t ocburred . 

Slight cracking, rehydra­
tion· good. 

No cracking , rehydration 
complete and uniform. 

Very good rehydration. No 
breakage. 

Very good product, slight 
relaxation after removal 
of pressure. 

Product relaxation after 
removal of pressure is 
excessive . 

Product relaxation after 
removal of pressure is 
excessive . 

Rehydrationi 
Ratio 

2.13 

2.1 3 

2.1 

2.2 

l. A hypothetical '- standard 1' rehydration ratio is estiina t eCi. (for 
both meatballs and s~usages) to be 2.5 to 2~7 based on the 
moisture condition of the products following deep-fat f rying. 
Such frying serves to cause some moisture evaporation. 

After remoistening, prod.ucts were compressed to reduce -t heir 
volume . The pressure that was used for compression was, 
therefore, a very important factor which would ultimately affect 
the rehydration properties of the compressed products. Table ~1 
indicates the effect of C.OITipre ssion pressure on the product at. 
1 0% moisture leve l. · 
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TABLE 11 

Effect of Compression Pressure on J:.1eatballs 

Total Compression 
Pressure, :lbs-r·. Observation 

-1000 No . cohes·i veness among internal 
meat pieces . Rehydration good , 
no breakage. 

20&0 No cohesiveness among internal 
pieces. Rehydration good, no 
breakage. 

· 4008 No cohesiveness among internal 
pieces. Rehydration good, no 
breakage. 

&000 Cohesiveness slightly better. 
Product cracked and fragmented. 

1
see footnotes on Table 10. 

I 
R.R. 

2.33 

2.3 

2.6 

2.6 

Results' showed that increasing the comp_l;"E?Ssion pressure 
frOm;l>QpO to 4000 lbs.' had little or no effect on increasing 
the . 'rehydration ratio. When compre.s.sion was carried out at 
~,000 lb~ - cracking fragmentation of the product occuried. 
tJsin:g·, these results, a compression p,ressu,r.e between lt500 

· ~ 2,000 lbs . . was decided upon under the following conditions : 
2 rows•of · meatballs, 3 high; 6 total meatballs in one die. 
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4. Redrying. 

The effect of redrying on rehydration properties of compressed 
products is shown in Table 12. 

Product 

Sausage 
(10% moisture) 

Meatballs 
(10% moisture) 

12% M + 2% 
Propylene 
Glycol 

9. 7% M + 5% 
Glycol 

8r{o M + 2% 
Propylene 
Glycol 

TABLE 12 

The Effect of Redrying on Rehydration 
Properties of Compressed Products 

Redried To 

10% Moisture 
(Ito redrying) 

5% Moisture 

4% 

3% 

10% Moisture 
(no redrying) 

4.5% 

2.0% 

3% (Freeze 
dried) 

2.5% M. 

2% M. 

Observation 

Complete rehy.:. 
dration. 

Complete rehy­
dration. No 
dry spots; 
good flavor & 
texture. 

Incomplete 
rehydration. 
Dry spots 
visible. 

Incomplete 
rehydration. 
Dry spots 
visible. 

Complete rehy­
dration. 

Complete rehy ... 
dration. No 
dry spots. 

Complete rehy­
dration. Dry 
spots visible. 

Cohesiveness 
good. But in­
complete rehy­
dration. 

Incomplete rehy­
dration. Product 
did not regain 
original shape . 

Rehydration com­
pletely in­
hibited. Product 
like rocks. 

lsee footnotes on Table 10. 

Rehydratlon 
Ratiol 

2.22 

2.07 

1.75 

1.61 

2.69 

2.43 

2.39 



These results indicate that redrying compressed products to 
below 10% would decrease the rehydration ratios. In other 
words, when redried to lower moisture levels, the products 
usually did not rehydrate as well as they did at the 10% level. 
Upon rehydration, dry spots were sometimes found in those 
products which had been dried to lower levels of moisture 
content following compression. Table 9 data further strengthen 
the view that the product with a 10 to 12% moisture level was 
the best, and that ~edrying is an undesirable st ep from the 
rehydratabili ty standpoint. Incomplete rehydration at the center 
of meatballs or sausages redried to 2% or 4.5% moisture content 
was experienced, however, only when the cooking cycle was 
shortened or at lower cook-water temperature. When the speci­
fied rehydration conditions (i.e., 75-8$0C for 10 minutes) was 
observed faithfully, all the products of the final recommended 
formulations, even at lowered initial moistures, rehydrated 
sati sfactorily at the very centers. A mean cooking tempera-
ture of 80°C for 10 minutes was found to give good rehydration 
results. 

The redrying process was also carried out by air drying 
in our pilot plant using an electrically heated Blue-M Air 
Dryer. After remoistening and compression, the products were 
redried in perforated-bottom trays to 4 .. 5% and 2% moisture 
content, respectively. Drying time with cross-circulating air 
at :1 $4/i)tJ was approximately 3t and 5t hours, respectively. 

Table 13 compares the results of air drying with vacuum 
oven drying. In general, vacuum oven dried products give 
a better (higher) rehydration ratio and smaller peroxide 
value, but a little higher browning rate was found in beef 
meatballs. But because of the insignificances of differences 
obtained, it appears that either of the two methods (air or 
vacuum) can be appropriately used for drying purposes. 
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TABLE 13 

Comparison o f Vacuum- oven Driea and Air-dried Meat Products 

Drying Hethods: Air Dri ed ~~3fr°F) Vacuum Oven Dried {122°F, 29 in. Hg) 
' -- -

.Product! · Pork Sausages Beef Heatball s Por k Sausages Beef · f.leatballs 

Moisture Level % t 2.0 4.5 2.0 4.5 2.0 4.5 2.0 4.5 

~ 

Rehydration I 

Ratio 2.10 2.23 2.17 2.26 2.2 7 2.30 2.29 2.33 

Peroxi de Val ue 3.10 2·. 30 3 . 20 2.60 2.70 2.30 2.50 2.40 

-
Browning, A375 0.195 0.165 0.185 0.165 0.190 0.170 0.215 0.193 

" ~ ------ - -
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s. Stacking 

Various methods were employed to get uni ts of the com­
pressed products t'o stick together. One fuethod which was 
used unsuccessfully was to sprinkle d ry 9elatin between the 
products before they were then compressed. The dry gelatin 
p~rticles remained visible and the sausages immediately 
separated. Using a few drops of 10 % to 25% (w .b. ) gelatin 
solution before compression, the sausage became "glued 11 

together and remained in this state until rehydration. 
Table 14 gives the results of using 10% gelatin solution on 
stacking the products together. · 

TABLE 14 

Water Gain and Rehydration Ratio of Freeze Dried Compressed 
Meat Product Stacked with 10 % of Gelatin Solution 

.. 

Amount of 10% Weight of Weight of Rehyd;ea - Amount of % of 
Gelatin Solu- Sausage Sausage . tion ~l]ater, Water 
tion (Drops) Before Re- After Re·- Ratio Gain Gain 

hyd~~rion 

1 11. dl) 

3 21. o(2) 

(~eight of two sausages . 

~~ight of four sausages. 

hyd~~rion (g) 

23.7 2.15 12.7 

41.7 1. 98 20.7 

It was indicated that 1 drop of 10% gelatin solution gave 
the best results on stacking compressed meat products. The 
gelatin dissolved in hot water during the sausage reconstitu­
tion and did not seem to impair rehydration or flavor. · 

6 . Ivloisture 

115.5 

. 9 8. 6 

Moisture contents in raw and storage product were deter­
mined by either oven-dry or GLC methods. It was found that in 
raw pork and beef the moisture level was about 66%. After 
freeze drying , the moisture levels dropped to 2.5-3%. 

By using G L C for determining the moisture levels, a 
standard curve was prepared as indicated in Secti on III-2. 
Using this curve, the amounts of water in the product could be 
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calculated from its peak heights. The results from GLC 
determination correlated to those found in oven drying. For 
comparison of these ·two methods, remoistened samples , were 
selected at random, and results obtained from oven drying 
method and GLC method are compared in Table 15. 

TABLE 1 5 

Moisture Determination : Vacuum Dry vs. 
GLC Methods for Meatballs and Sausages 

Products 
% of Moisture 

Vacuum Dry GLC Method 

Meatball #1 6.90 7.00 

~f 2 7.15 7. 50 

Sausage #1 9.05 9.25 

#2 9 . 75 9.90 

This table (Table 15) indicates that moistures deter­
mined by GLC were higher than by vacuum drying, but the 
difference in the results between these two methods could 
be ign·ored within the practices of the processing involved 
in this development work. Hence, either one of these two 
methods may be adopted for moisture de~ermination. 

Compa rable to the Kar l Fischer method which also uses 
methanol as solvent for water, higher results are to be 
expected by the GLC method. More bound, relatively non­
volati le water is extracted by methanol. 

7. Fat Content 

By Soxhlet extraction method, it was .found that the 
t rimmed raw pork used contained about 1 8% fat and raw beef 
contained about 17% fat. rt·was also found that the 
finished products' had a higher fat content than either of 
the raw products. This was believed to be the result of 
deep frying during which fat was absorbed into the products 
as well as the loss of some moisture which naturally 
raised the solids and fat content. There was almost no change found 
in fat content in products found in a twelve weeks storage 
study (as would be expected) . 
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8. Peroxide Value 

Peroxide value was used to determine the degree o f rancid­
ity in the stored products. A summary of data for peroxide 
values for freeze dri ed compressed meat products (sausage and 
meatbal ls) is g i ven i n Table 16. 

TABLE 1 6 

Peroxide Values for Freeze Dri ed Compressed 
Meat Products During Storage 

' PRODUCTS 
\ 

Pork Sausage Beef Heatballs I Storage Moisture Level % Time Storage 
(wks . ) Temp. ' 0 c 2 4.5 10 2 4.5 10 

Peroxid ::! Value (l-1eq 02/Kg fat) 

5 3 . 2 2 .. 6 2.09 2.50 2.AO 1.0 

0 .·· . , • 22 3.2_ 2.6 2 . 09 2.50 2.40 1 .0 

38 3.2 2.6 2.09 2.50 2.40 1.·o 

5 . 4 .1 2.7 2. 16 2.10 2.0 1.97 

4 22 5.2 4.4 3.04 2.110 1.9 2.48 

38 9.3 7.9 5.55 2.00 2.20 2.9.7 

5 2.0 2.1 2.20 2.10 2.2 2.40 

8 22 2 •. 8 2.5 2.30 2.50 2.0 3.20 

38 3 . 2 2 . ·2 -· 2.30 2.03 2.1 3.80 
.. 

5 2 .2 2 .so 2.80 2.50 2. 0 . 1. 85 

1 2 22 3.3 2.60 2.70 4.60 3.0 2.25 

38 3 .4 3.10 2.6 0 3.70 2 ... 7 2.20 . 
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9. Browning 

Quantitative estimation of the browning reaction was 
carried out using hot water (8S-90°C) extraction method 
(Pearson, et al., 1962) or e nzyme (trypsin) extracti on 

method (Labuza , 1973) . The effect of enzyme concentra­
tion upon the amount of browning pigme nt released from 
the meat products is shown in Fig. 7 , which illustrates 
that for trypsin concentration below 0.2S% , t he pigment 
released increased almost line~riy with the amount of 
enzyme and thereafter exh ibitedan &symptotic behavior. 
Therefore, 0.2S% of trypsin was considered to be a 
suitable and economic concentration for extraction. 

The results comparing t he hot water and enzymatic 
extraction methods are presented in Fig. 8 , which illus­
trates that 0.12S% and 0.2S% of trypsin (in warm water 
@ 40°C) give less effective extraction of brown pigment 
than hot water without proteolytic enzyme. This comparison 
confirms the feasibility of using simple hot water extrac-­
tion without costl y e n zyme . 

Browning reaction was affected by t he mo isture con·­
tent in , the meat p roducts, The results are also shown in 
Fig. 8 , _which indicates paradoxically that with i ncreased 
moisture l evel in the products, the browning r eaction was 
less advanced. Actually , the anomaly demonstrates that 
secondary drying ini tiate. temporarily a greater extent 
of browning. The resul ts of browning reaction of pork 
sausages during 12 weeks storage at three stored tempera­
tures (S0 , ?.0 ° and 38°C) are shown in Fig. 9 which 
i ndicates t hat slight difference ~asfound between S°C and 
20oc, but significant increase in browning reacti on 
apparently occurs in products stored at higher tempera­
t ure (38°C). The temperature effect on browning reaction , 
th~refore, can be expressed as follows: 

38°C>> 22°C >S°C. 

As can be seen from Fig . 9 for pork sausage, the 
elevated storage temperature sho~d a highly significant 
effect on the browning reactions . A rapid browning occurred 
during the first four weeks of storage at al l t emperatures , 
but thereafte r, the changewas ~lower , being quite signifi-

. cant at 38°C and practically negligible at S°C. An almost 
. simi lar behavior wasexhibited by the meatballs. This is 

.... ' . seen in Fig. 1 0.-
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For some reason that we could not understand, non­
rep~oducible results were often obtained when hot water 
extract \oJas measured at 420 nrn; but at 375 nrn the data 
were more consistent in measuring the browning pigment. 
Therefore, all hot water extracts were measured at 375 nrn . 
However, 420 nrn was used for comparison of enzymatic and 
non-enzymatic browning pigment extraction procedures, 
since 420 nrn happens to be conventional for enzyme-treated 
extracts. 
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10. Oxygen Determination ~ 

Freeze dried compressed meat products, pork sausages 
and beef meatballs were packed in 16 ' o~ Mason jars and stored 
under nitrogen. Oxygen in headspace was determined as 
described in Sec . II- lB- 1. Results are shown in Table 17. 

TABLE 17 

Change of Oxygen Content in Jar Headspace During 
St6rage at Three Different Temperatures 

Beef Meat~alls Pork Sa_usages 

Storage Hoisture Sto~~ge Temperature0 c 
Time Level % ... 

(wks) 5 22 38 5 22 38 

% Oxygen 

2. 0 2.06 2.06 2.06 2.06 2.06 2.06 

0 4.5 2.06 2.06 2.06 2.06 2.06 2.06 

10.0 1. 74 1. 74 1. 74 1. 74 1. 74 1.14 

2.0 1.01 1. 30 0.00 1. 36 1.53 Q.ll 

4 4.5 1. 26 1.19 0.00 1.34 1.24 0.23 

1o.o · 0.82 0.00 0.00 1. 45 0~52 0.72 

2.. 0 0.98 1.01 o . oo 1. 28 1.08 0.00 

8 4 .5 0.75 0.52 0.00 1. 30 1.09 0.00 

10.0 0.85 0.00 0.06 1. 36 1. 34 0.07 

2.0 0.98 0.60 0.00 1.09 0. 9 4 o.oo 

1 2 4.5 0.79 0.22 0.00 1.10 0.65 0.00 

10.0 0.91 0.04 0.03 1.30 0 . 79 0.00 

These results illustrate that o2 uptake by the product is 
lower at soc than ·that of 38°C. It generally · indicates that 
headspace 02 was ·.transferred to product during the first period 
of storage (4 weeks). Thereafter there was no significant change 
of o2 content in headsp_ace. 



11. Rehydra tion 

Store d me at p roduc t s • rehyd ration pe rformances were 
examined in an e xcess of hot water ('75 - 85° C) . The criteria 
for exami nati on wer e amount of wate r absorb e d and return to 

·-e -r.i:gi rral - si ze and shape. Re sults are s hown in Tab le 18 . 

TABLE 1 8 

Effect of Storage Time and Te mperature on Rehydration: .. 
Ratio of Meat Products at Different Moisture Leve ls 

Products 

Stor age Hois·ture Be ef He atballs Pork Sausage 
Time Level % 
(wks) Storage Temperature oc 

5 22 38 5 22 38 .. 

Rehydra tion Ratio 

2. 0 1. 97 1. 97 1. 97 1. 95 1. 95 1. 95 

0 4.5 2.22 2. 22 2 . 22 2.19 2.19 2 . 19 

10.0 2 . 35 2 . 35 2. 35 2.33 2.33 2.33 

2.0 1. 98 1.97 2.02 2 . 07 2 .01 2 .15 

4 4.5 2. 04 2 . 15 2. 18 2.07 2.01 2.15 

10 . 0 2 . 28 2 .20 2.24 2 . 23 2 . 08 2.28 

2. 0 2 .0 2 1. 96 1. 98 1. 90 1. 96 2.24 

8 4.5 2 . 12 2 .05 2.10 2 . 00 2.19 2 . 31 

10 . 0 2 . 30 2.28 2 . 18 2.05 2.15 2.23 

2c0 1. 97 1 . 90 2. 02 2.00 1. 99 2. 22 

12 4.5 2.12 2 .12 2 .15 2.03 2.05 2. 15 

10.0 2 . 55 2 . 29 2. 05 2.04 2 .08 2 . 08 

The datain the above table indi cate that samples stored at 
5°C do not give a significant change i n rehydration properties, 
but a s light d ecr e ase in the rehyd ration::ratio is f ound with the 
products stored at 22oc . A larger decrease in rehydration 
ratio with increase of storage t i me was observed in products 
witb 10 % moisture and s tore d at 3 8oc . 

'70 



12 . Density : 

Density of 
was determined . 

meat products, before and after compression, 
Results are sh~wn in Table 19. 

TABLE 19 

CO!l\parison of Density Cliange of Products, 
Before and After Compression 

DENSITIES ( / 3 ) ,g, em 
-· 

Sausage Me~a-tballs 
Block. Shaped Round Shaped 

Before After · Before After 'Before After 
Comp. Comp. Comp • . Comp. Comp. Comp. 

0.6640 0.7810 0.6913 0.8650 .. 0 .,626 7 0.9571 

VOLUME (cm3 ). I 

12.15 8.12 8.18 I 6.25 8.58 5.10 

Significant increa~es {n·:product density and reductions 
in volume ar~ . seen from the above table. · 

The rehydration· performance of block and roun~ shaped 
meatballs ~s shown in Fig. :u. 

~ig. II. The rehydration per(ormance of block and 
round shaped meatballs. 

BEFORE REHYDRATION 

Block-Shape4_ 

+ 
· AF'I'ER mmYDRA'l'ION 

Round-Shaped (disk 
or wafer) 

(spherical) 



It was indicated that meatballs w.ere able to rehydrate 
into their original spherical form from either block or 
round shaped forms. The rehydration ratiaJ ~re2.20 and 2.37 
for block and round shaped meatballs, respectively. 

It was found that either round (cylindrical) or block 
shaped units rehydrated equally well as regards wholeness or 
lack of cracking. 

13 . Adsorption and Desorption Isotherms of Free ze Dried 
Meatballs and Sausage~ 

The adsorption and desorption, at 20 and 30°C, of freeze 
dried meat products are shown in Figs . 1~ and 13 for pork 
sausages and Figs. l4· and 15 for beef meatballs. The relation­
s hips between moisture content in products a nd its water 
activity can be seen in these figures. A comparison of these 
relationships on our meat products is listed in Table 20. 

TABLE 20 

Water Acti vities of Freeze Drio d Meat 
Products Related to its Moisture Leve l 

Pork Sausage Beef Meatballs 

Ivloisture Level Temperature' QC 

(%) 20 30 20 30 
a w 

2 0.080 0.098 0 . 045 0.140 

4.5 0.225 0.262 0.125 0.285 

10.0 0.560 0.595 0 .515 0.585 

·When __ comparing these results to Fig. 1, the low magnitudes of 
~ indicate -prqducts with 2 , 4.5 and 10% of moisture content 
will not support the growth of mold, yeast and bacteria. 
'rherefore, Erom viewpoint of microbial growth , products with 
a moisture level about -10% will be considered as stable and 
saf~ against microbiological dete~ioration. 

Throughout this treatise there . i~ · admitted bias : 
to leaving the moi s tened p~oducts (following 
the compression) .at_ othe 10 to 12% ' moisture level 
rather than redrying · to 2% or 4 .5'%. There is a .. 
recog~ized cost in more extensive browning en­
countered but; there are several compensating 
values (e . g ~ ~ red~c~d processing steps). 
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For monomolecular layer moisture contents of freeze 
dried beef meatballs and pork sausage, the BET isotherms 
are shown in Fig. 16: and 17, respecti vely. Based upon 
these data, an average value of 4.5% moisture was adopted 
f or the redrying of many test products for comparison with 
the specified 2% moisture levels. 

14. Microbiology: 

Owing to some persuasion on the part of these researchers 
to justify a 10 - 12% (unredried ) moisture leve~i microbiologi ­
cal activity in the processed meat products was studied 
throughout the P+Oject in order to ascertain safety at the 
higher as well as the lower moisture levels. Total 
bacterial counts were made using total -plate counts. Yeasts 
and molds count were determined using Potato Dextrose Agar, 
Lauryl tryptose broth was used to test for ·the presence of 
coliforms. The methods used for these determinations are 
described in Section II-C. Results of these investigations 
are shown in Table 21 and 22. 

P:r:o d uc·ts ··· 
: .. 

. ~ ... 

Beef 

Pork 

Specifica-
tion 

TABLE 21 

Amount of Microorganisms Present 
in Fresh Pork and Beef 

Ihcroorganism 

Standard Plate E. coli Mold and Yeasts 
Count Per Gram Per Gram Per Gram of 

of Product of Product Product 

1.7 X 10 5 25-45 30-40 

9.6 X 10 4 25-45 30-40 

2.0 X 10 5 40 not defined 
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TABLE 22 

Effect of Storage 'l' ime and Storage Temperature on the Amount 
of Microorganisms Present in Freeze Dried and Compressed Meat 
Products at Three Diff~rent Moisture Levels 

Storage 
Time S·toragc' 
(wks) '.L'u mp. °C 

·-
0 -

-

5 

1 2 22 

38 

( l) 
Meatballs 

(2 )sausage 

Moistur~ . 
Level (%) 

' 

2.0 

4.5 

10.0 

10.0 

10. 0 

10.0 

11_ 

Standard 
Plate Count 
Per Gram 

of Product 
at 22°CaX 104 
(I-1) 1 (S) ~ 

1.8 5.2 

2.5 7.4 

2.5 9.4 

0.4 2.4 

1.6 0.5 

3.5 1.2 

Mold and 
Yeast 

E . coli Per Gram 
Per Gram of Product, 

of Pxoduct x .o2 
(M) .L (S) ~ (I-1 ) l (S) ~ 

0 0 3 6 

0 0 6 3 

0 0 8 2 

0 0 0.3 2.4 

0 0 4 1.9 

0 0 ' 1 1.1 

Despite the fact that the production of the meatbal l s and 
sausages was a hand operation, the number of organisms was not 
above the critical 2 x 105 gram level (per specification). 
Yeast , but not mold, was found to be present but also at low 
levels. (No defined standard is given by Natick Lab.) No 
coli forms were found in any samples. Of the three tests, the 
resul ts of the Lauryl tryptose broth .tubes were the most 
significant. In some cases gas was found in the Lauryl 
tryptose Broth gas tubes, bOt upon running further tests with 
the positive samples in Brilliant Green Bile Broth, the tell­
tal e gas indicating coliform presence did not form. 
(Standard of E. co l i is 40/gram.) In fact , there is a decrease 
in bacterial population in the 10 % moisture samples stored at 
any of the temperature conditions tested. 

Storing samples at. higher temperatures had l ittle effect 
on the number of organisms . This favorable effect is 
undoubtedly due to the low water activity, even at the highest 
moisture level, 10-12%. 
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15. Texture Study: 

Texture eval uation - with compression plates of the Instron 
machi ne (Mode l No. T.M ., Instron Corp., Canton , Mass. ) , single 
p l ate (1/8 11 wi de ) through cel l , and expressed as peak deforma­
tion force (lbs.)-was i nvestigated for r ehydr ated freeze-dried 
and compressed meat products at t h ree di f ferent temperatures 
and three d i ffe r e nt moisture contents. Tab le 23 shows the 
resul ts, and t ypica l c urves are g i ven in Fig. 18~ a nd 19. 

Storage 
Time 
(wk s ) 

0 

1 2 

1 2 

1 2 

1 2 

12 

12 

1 2 

12 

12 

TABLE 23 

Texture Ch a nge of F reez,e-Dri ed a nd Compressed 
Meat Pr oducts (fol l owing rehydration) 

St orage Moisture 
Peak Defor mation Force 

( l bs . ) on Rehvdiated Products 
Temp . Level 
(oc ) (%) Beef f·1eatballs Pork Sau sage 

2. 0 3.44 2.59 

4.5 3.38 2.52 

1 0 .0 3.32 2.38 

2 .0 3.41 2.56 

so 4 .5 3. 14 
I 

2.43 

10 .0 2.97 2.32 

2.0 3 . 34 2.48 

22° 4.5 2 . 86 2 . 46 

10.0 1.95 2.16 

2 .0 3.25 2.56 

38° 4.5 2.64 2.40 

t o. o 1.20 2.00 
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As it can b e s een, the o r igi n a lly higher moi sture leve ls 
of the products co~respond { to a de crease · in deformation force 
(decrease rv i ncreased tenderness) • In othe·r -words, products 
stored with 10% moisture indicate a more tender texture after 
rehydration than products with 4 . 5 and 2% moisture. These 
latter moisture contents showed less significant change in 
their peak deformation force at the three different t empera­
tures (after 1 2 weeks storage) . On the other hand, the 
storage t emperature does affect the texture of the product 
with higher - moistur~ leve l ; a significant decrea$€ in the peak 
deformation force . is shown in both meatballs . or sausages 
stored for 12 weeks at 10 % moisture level. Howeve r, t he change 
is more dramatic with the meatballs. 

16. Sensory Evaluation 

The final formulations used to make pork sausage and beef 
meatballs were based on the results of the sensory ~anel 
acceptance as well as the pre- screening by the developmental 
scientists. (Overall panel scores of the various binder com­
binations used for product formulation are given in Table 7 
for pork sausage and Table 9 for beef meatballs). Pork 
sausage made with the defined binders resulted in the highest 
panel score , 7.6 on a nine point scale; beef meatballs with 
the defined binders also had a score of 7.6. Such scores 
correspond to good acceptability. 

The conce ntrahi on of gluten was one of the major fnctors 
influencing the r e hydration performance of the freeze uried 
compressed meat products. The gluten provided a valuable 
texture property by virtue probably of forming a very thin 
three- dimensional web like an ove rex tended chewing gum 
(bubble gum). Table 24 shows that a conspicuous increase 
of gluten in the meatballs significantly reduced the panel 
score. Therefore , a level of 0 . 1% gluten was used {n the 
final formulation for beef meatballs (0.15% gluten was used 
in pork sausage ) . The higher level of gluten in sausage 
was nece ssitated by the higher fat content. 

TABLE 24 

Effect of Gluten Concentration on Panel Acceptance 

Product(l) Amount of Gluten( 2 ) Overall Panel Ra~ing 
Meatballs I 

Heatballs II 

Meatballs III 

0 . 1% 

0.125 % 

0.150 % 

6.2 

5 . 9 

5.6 

(l)These products are freeze dried and then compressed with 
10 - 12% moisture content . 

(2 )other .binder~ used at the time of this test were Starch 
(National No. 10) 2 . 5% and pregelatinized Starch 
(National No. 711) 0.2 %. 



Sensory panel studies on the effect of moisture level 
at the time of compression indicate (Table 25) that products 
containing 10 - 12 % moisture gave the best compressed product. 
Products with moisture levels below 8% usually disintegrated 
during compression . All panel tests were on rehydrated 
products (cooked 10 min . at 80°C). 

) 

TABLE 25 

Effect of Moisture Content at t he Time 
of Compression on Panel Acceptance 

Product % Hoisture Panel Rating 

Meatballs I 12 7.2 

8 5 .0 

IJ!eatballs II 11.5 6.2 

8.5 5.6 

Meatballs III 11 5.6 

8 4.8 

Meatballs IV 7 Product disintegrated 
on compression. 

6 Product disintegrated 
on compression. 

4 Product d~sintegrated 
on compression. 

Sausage I 'Vl2 6. 2' 6.5 

8 5.1 

Sausage II 'Vl2 6. 5' 6.3 , 7.5 

'V 8 5.9 



Panel tests also illustrated that redrying the products 
following compression decreased acceptability . This is shown 
in Table 26 . 

TABLE 26 

Effect of Redrying of Compressed Products on Panel -Acceptance 

Product % Hoisture Panel Rating 

Meatballs I 12 7 .2 

4.5 6 . 9 

2.0 6 . 3 

Heatballs II 8 . 5 5.6 

4.5 5 . 7 

2.0 5 . 5 

Sausages I 12 7 . 5 

4.5 6.1 

2~0 5.8 



A series of preliminary screening studies was carried 
out on beef meatballs and pork sausage in order to ascertain 
the most acceptable formulation for these product s. The 
panel usually comprised of 18 or more judges . was experienced 
in sensory testing. The formulations selected were used in 
subsequent storage tests of freeze dried and compressed 
products . 

Previous experience on using the testing procedures in 
which appearance, flavor, texture and an overall rating~ere 
evaluated on a nine - point scale indicated that a panel score 
of 6.0 was acceptable. Initial scores on sausages were 
within the acceptable range although flavor on the 4.5 
percent moisture sample was slightly .1~ss t h an 6. 0 (Table 27). 
Flavor a n d overall rating scores are nearly i dentical in mos t 
cases as can be noted in the data on the sausage. In 2% 
moisture-content samples stored at soc essentially no change 
occurred over 12 weeks. At 22°C, there was a slight drop as 
was true at 4ooc*. In the 4.S % moisture-content samples, 
the initial evaluation was slightly low and there was a 
minor trend upward over the .12 weeks storage period. The 10 % 
moisture sRmples stayed constant for 12 weeks at S°C and 
d ropped s lightly after 1 2 weeks when stored at 22oc or 40°C 
('l' ab 1 e 2 7 ) . 

For some reason, the pattern on t he ~aatballs varied 
somewhat. Initial evaluations on both the 2% moisture­
content and 4.S% moisture- content samples were considerably 
l ower than anticipated. Although there was some variability 
at the sample times, these samples remained essentially the 
same over an 12week storage period. Only the 10 % moisture 
samples exhibited any really dramatic changes. At S0 ( 
there was a one point drop in flavor acceptability; at 22° 
about a one and a half point drop, and close to two points 
at 40o. Beef is normally considered more stable than pork 
in so far as flavor is concerned. However, the additional 
spices and fats could be creating interactions not usually 
apparent in beef. 

. , 1' •• 

* . . .. 
S.torage temperature was .changed from 40<:' to 38° after 8 weeks 
storage. Whereas 31:ioc storage was specified in·. the contract, 
it was e l ected .to use a room already set at 40°C for another 
project. This election was approved by Natick's representa­
tive as acceptable with the understanding that this contractor 
was willing to bear the risk of the additional 2°C ( 3o6°F) . · As 
of October 3, 1973, the research that .relied on 40°C was con­
cluded, and the storage temperature was then reduced to 380C 
for the remainder of the storage time. 
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Although acceptance levels were sometimes lower than 
ho~ed for, it should be remembered that testing procedures 
were quite rigorous. One does not normally consume a plain 
sausage or meatball; they are usually served in a sauce of 
some type. It is suggested that properly sauced, following 
rehydration, an acceptable product woul~ .. result even after 
prolonged storage at high temperatures. 

One kilogram quantities of freeze dried and compressed 
meatballs and sausage products, contract samples, were 
submitted by E. Huang a nd E. Seltzer to Natick Laboratories 
on October 15, 1973 for Natick panels test, and results 
phoned by Dr. M. Brockmann indicated that the submitted 
samples have been approved by the Natick panelists. These 
samples were first demonstrated for rehydratability, texture, 
appearance, etc., on October 16th to Messrs. Tuomy, 
Brockmann -and Helmer in Natick. 

~ * 
This rationalization, as well as the preceding two para-
graphs, was contributed by Dr. Elizabeth Stier under whose 
supervision the taste tests were carried out. 
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TABLE 27 

Sensory Evaluation of Freeze Dried and Compressed Pork 
Sausage and Beef Meatballs for 12 Weeks Storage 

The fresh meatballs have the following panel scores: Appearance: 6.9, Flavor: 7.5, 
Texture ! 7.1 , and Overall 7.1. 

The fresh pork , sausages have the following panel score: Appearance: 7.0 , Flavor ; 7.5, 
Texture; 7.1 , and Overall : 7.2. · 

Product I ., Pork Sausage 

Moisture 1· 2 Level (%) 

Storage 5 I 22 I 401 
Temp. (°C) . 

$ 

1

stor·~ 
Time Fla- Tex- Over- Fla- Tex- Over- Fla- Tex- Over-
(wks App~ vor ture all App. 2 vor ture all App~~vor l ture l all 

0 6.2 6.3 6.2 6.3 6.2 6.3 6.2 6.3 6.2 6.3 6.2 6.3 

4 6.2 6.3 6.5 6.4 6 .1 5.7 6.0 5.8 5.8 6 .1 5.8 5.8 

8 6 .2 6.6 6.3 6.5 5.9 5.5 5.3 5.5 6 .5 5.5 5.8 5.7 

12 6.1 6.5 6.0 6.0 6.4 6.1 6.1 6.2 5.8 5.6 5 .8 5.9 

1 0 0 Storage temperature was changed from 40 C to 38 C after 8 weeks storage. 

2 App. - Appearance 



'.rABLE 2.7 (cont' d) 

Product Pork Sausage 

Hoisture 4.5 Level (%) 

Storage 
Temp. (oc) 5 22 I 40 1 

(wks.) 2 Fla- Tex- Over- 2 Fla- Tex- Over- 2 Fla- Tex- Over-. vor ture all A . vor ture all A . vor ture all 

-..() . 0 6.2 5. 8 6.0 5.8 6.2 5.8 6.0 5.8 6. 2 5. 8 6.0 5 .8 
0 

I 

15.6 16 .7 15.8 4 5.4 5.5 6 . 3 5. 8 6 . 4 5 .8 6.3 6 .3 5.8 

8 6.4 6 .5 6.5 6.4 5.8 6.5 6.8 6.6 6.4 16.0 16.4 16.4 

12 15.1 15 .5 16 .3 5.5 5 . 5 5.5 5.6 15 .3 15 .4 15.4 15 .1 15 .9 

1 0 0 Stor age temperature was changed from 40 C to 38 C after 8 wee ks storage. 

2 
App. = Appearance 



TABLE 27 (cont'd) 

Product I Pork Sausage 

Moisture 1 0 
Level (%) 

Storage I 5 I 22 I 401 
Temp . (°C) 

Stora~\ fi~ ~ 
(wks.) A ~ Fla- Tex-IOver~~ 2 1Fla-, Tex-~Over-~ 2 1Fla- ,Tex-,Over-

pp vor turefall App. vor ture all App. vor ture all 

0 6 . 6 7.2 6 . 8 6 . 9 6 .6 7.2 6 . 8 6.9 16.6 17 .2 16.8 16.9 

-~ 4 5.9 6 .9 6 .3 6 .7 5.9 5 . 6 6. 1 6 . 0 6 . 9 4 .7 5.7 15.0 

8 5.0 5.9 5.8 5.9 5.4 5.6 5.0 5.3 5 .2 4.8 4 . 9 5.1 

12 16.9 16.5 16 .3 6.8 6.3 6.1 6 . 3 6 .2 6.3 6. 1 6 . 3 6.2 

1storage temperature was changed from 40°C to 38°C after 8 weeks storage . 

2 App. = Appearance 
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Product 

Hoisture 
Level (%) 

Storage 
Temp. (0 c) 

1 
: 2 t.App. 

0 15.8 

4 6. 7 

8 6 .·5 

12 6.4 

5 

Fla- Tex-
vor ture 

5.6 15.1 

6 . 2 5.6 

6.4 5.8 

6.0 5.4 

TABLE 27 (cont t.d) 

Beef Heatballs 

2 

I 22 I 40 1 

' ' 

Over- 2 Fla- Tex- Over- IFla- , Tex- ,Over-
all App. vor ture all App~ vor ture all 

5.5 5.8 5.6 5.1 5.5 5.8 15.6 15.1 15.5 

5.9 6 . 5 5.3 4.6 5.0 6.2 6.1 15. 4 15.8 

6.2 5.9 5.1 5.6 5.5 5.9 4.6 15.6 15.0 

5.5 6 . 1 5.1 5.8 5 . 3 5.8 5.4 15.4 15.3 

1storage temperatur e was changed from 40°C to 38°C after 8 weeks storage. 

2 App . = Appearance 
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TABLE 2 7 (cont'd) 

Pr oduct Beef l1eatballs 

Hoisture 
4.5 Leve l (%) 

St orage 
Temp. (0 c) 

5 22 40 1 

K : Stora 
rn ' 1 Fla- Tex- Over - Fla- Tex- Ov.er ·- Fla- Tex- Over-~ lme . 2 2 2 (wks . 1 App . vor ture a l l App . vor t ure a l l App. v or ture all 

0 6.2 5 . 8 5.7 5~8 6 . 2 5.8 5.7 5 .8 6 . 2 5.8 5.7 5·. 8 

4 7.1 6.1 5.9 6 . 2 6 . 9 5.4 5. 7 5.8 6 . 7 5 . 2 5 . 9 5 . 3 

8 6.1 5. 3 6 . 1 5 . 6 6 . 1 5.8 5 . 4 5 . 9 6 .2 5.9 5 . 5 5.8 

12 6 .2 5 . 6 5 . 7 5.3 5.8 5. 6 5 .0 5.4 5.5 4 . 8 5 . 1 4 . 7 

1 0 0 Storage tempe r a ture was cha nged f r om 40 c to 38 C af t er 8 week s storage. 

2 
App. = Appearanc e 

I 
I 
I 

! 
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TABLE 27 (cont 1 d) 

Product Beef Meatballs 

Moisture 10 I 

Level (%) 

Storage 5 22 40 1 
Temp . (OC) 

~! 
' 

Stora 1 
Time 1 2 F l a - Tex- Over- 2 Fla- Tex- Over- 2 Fla- Tex- Over-
(wks. !App. vor ture all App. vor ture all App. vor ture all 

0 6 .7 6 .5 5.2 6.3 6 .7 6 .5 5.2 6 .3 6.7 6 .5 5.2 6.3 

4 6.6 6.6 5.7 6.5 6. 3 - 5 . 7 5.4 5.7 6.4 4.5 4.7 5.1 

8 6.8 6.7 6.3 6.7 6 . 6 6.1 6.1 6 .1 6.0 5. 0 5.3 5.1 

12 6 . 3 5.6 4.8 5.3 l 5.7 5 . 1 4.7 4.8 5.9 3.9 4.8 4 . 6 

1 0 0 Storage temperature was changed from 40 C to 38 C after 8 weeks storage. 

2 App. = Appearance 

·.:: :. 



Discussion 

Dehydrated meats and meat products are especially suit­
able as military rations owing to their light weight and 
excellent keepi ng qualities (in the absence of moisture). If 
the product is precooked, it can be prepared for consumption 
in a mini..mu:.m amount of t:ime and with little effort . With sta­
bility and convenience features such as these types of products 
demonstrate, they have the potential of being a boon to the 
civilian population. 

ConventionaJ. freeze-drying, in which the product re­
mains frozen throughout the drying cycle, dries the product 
to moisture levels of 2% or less with no appreciable change 
in the original size and shape. A compression step though 
can only be carried out if the freeze-dehydrated product has 
been rehydrated to a slightly higher level of moisture and 
allowed to equilibrate to uniform moisture throughout. If 
the dry product is compressed without such remoistening, it 
will be crushed to powder. The level of moisture content to 
which these products need to be rehydrated before compression 
was established as being at 10-12%. At this level of moisture 
the products could be compressed without fragmenting yet 
maintained the ability to return to their original shape when 
completely rehydrated at the time of consumption. 

The product quality (which includes rehydration pro­
perties , flavor, and t exture) depended mainly on the type or 
types of binders used. Various binders and combinations of . 
binders were tried until a combination was discovered which 
gave good flavor and texture and rehydrated well. The final 
binder combinat ion used in pork sausage consis ted of protein­
r eactive modified starch (National 10), pregelatinized modi­
fied starch (National 711), and wheat gluten. For meatballs, 
the final binder combination cons isted of wheat gluten and 
protein-reactive modif i ed starch (National 10) .* 

Both modified starches were supplied by the National 
Starch and Chemical Corporation of Plainfield, New Jersey. 
The National 10 product is described as a "Food-Starch-Modi­
fied", which i s refined from regular corn, and prepared in 

* Patent ~pplied for by the National Starch & Chern. Corp. to 
cover i ts appl i cation spec:tfically as binder for comminuted 
meats b ecause of its unique r eactivity with meat protein. 
The combination of t his starch with wheat gluten is a Rutgers 
devel opment and i s not expected to be part of National Starch 
Company's claim of invention. 
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accordance with the F.D . A . Food Additives Regulation 121 . 1031. 
It is labelled 11Food-Starch- Modified u as required by said re­
gulation . It is understood that this modified starch is a 
mildly inhibited cross - linked starch which is prepared by 
treating the starch with a cross-linRing agent. These cross ­
linking age~ts have at least two functional groups each. 
National 10 binds excellently to the water and proteins of 
the beef and pork when it is used at levels of 2 - 4%. The 
final product exhibits a reduced tendency to break apart 
(eve n with rough: handling) and has an improved bite. 

Prege latinized modified starch (National Starch 711) 
is an easily dispersed 11 Food- Starch- Modified 11 that has been 
refined from waxy corn (almost 100% amylopectin) . These two 
starches associate by means of secondary forces such as hydro­
gen bonds and/or van der waal's forces, to form a continuous 
three- dimensional network to reinforce the meat products . 
When the products are rehydrated , the s tarch granules swell, 
thereby entrapping water within the product. The cross -
linked structure of the National Starch 10 allows good rehydra­
tion by resisting overabsorption of water. It is also believed 
that National Starch 10 tends to cross - bind with the meat 
particles to form a more continuous network. This character­
istic imparts the compressed meat with a "memory", enabling 
it to return to its original shape upon rehydration. Alterna­
tive starches to the National starches have been obtained from 
Stein·--Hall Co. , and American Maize Co. Some of these have in 
common a ·high amylopectin content and a pregelatinization. ** 
Cross-linked starches are also available from these sources. 

It was observed that deep fat fried meatballs and 
sausages offer resistance to freeze- drying owing to a . surface 
film which develops during the frying. The exact nature of 
the surface film is unknown, but it is believe to be the 
result of an interaction between the meat . proteins and the 
binder systems brought ·about by the high · frying temperatures. 

After freeze- drying, the products require remoistening 
before compression. If the products are compressed immedia~ 
t .ely following the drying step (moisture 2-3%,, they will be 
crushed to powde r. A possible explanation of this phenomenon 
may be that during the drying cycle the starch returns to its · · 
original "powdefed state 11

• This tends to weaken the strong 
interlinked system, allowing the product to be crushed. When 

* 

** 

Patents assigned to National Starch that relate to comparable 
modijied starch are: U.S. Patent 3,052,545, Sept. 4, 1962. 
J . J ; · Ducharme and H.S. Black, Jr., 11 Deep- Fried Food Batter Mix". 
U.S. Patent 3,208,851, Sept. 28, 1965, J.A. Antonori and 
1'-1 . W. Rutenberg, 11 Process for Preparing a Breaded Deep- Fried 
Food 11

• 

For example, Stein Hall Co.has tapioca starch (high content of 
amylopectin) modified by cross - linkage or by hydr9xy-propylation. 
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the product is remoistened to a level of between 8- 10%, the 
three- dimensional starch system is reactivated and the starch­
protein skin is strengthened, thereby imparting the meat 
product with a resistance to compression. A pressure of 
15 00 - 2000 lbs. in a hydraul ic press was found to be the ideal 
pressure for compressing the 10% moisture products without 
causing them to break up. Propylene glycol and glycerine 
were experimented with as remoistening agents, b ut they were 
not as effective as simple distilled water . Propylene glycol 
has a strong affinity for water , and it is t h i s characteristic 
which made it a poor remoistening agent . There was a competi­
tion for the water between the meat and s tarch and the propylene 
glycol . This competition prevented complete adsorption of 
water into the product and created fragmen·tation upon compression. 

Following remoistening of the freeze dried products, 
they were placed under vacuum to equi l ibrate, usually overnight. 
This vacuum equilibration process is faster than one carried 
out at atmospheric pressure, but t h e resulting product is one 
of uniform moisture throughout which can permit compressing 
without breaking up. Thi s equilibration occurs by diffusion 
of the water molecules from t h e outside of the product to the 
interior (movement from a region of greater moisture concen­
tration to that of a lesser concentra tion) . I f a n incomp l etely 
r ehydrated product is compressed , it will be crushed. 

Having solved the problems of formulation , rehydration, 
compression, and equ ilibration, it became necessary to study 
the problem of storage. Some of the compressed meat products 
(moisture l evels being 10 -12%) ~ere dried in a vacuum oven to 
lower moisture leve ls, 4.5% and 2% being the chosen targets . 
The purpose of this step was to determine the optimum mois­
ture level consistent with ease of processing, good storage 
stability 1 good rehydratability and taste panel acceptab ility. 
Storage studies were conducted by p l acing 30 meatballs or 
sausages in 1 6 oz. Mason jars. These jars were evacuated and 
flooded with n i trogen. A successful evacuation operati on 
reduced the oxygen in the headspace to.a leve l of 2% or less 
in ear l ier work. The oxygen content in the headspace was 
determined using the gas chromatograph. Levels of 0.1% oxygen 
could be reached in later work using the cabine~ of the freeze­
dryer as a buffer between the vac uum pump and the vacuum 
source orifice to a desiccator containing one o r more Mason 
jars. The latter jars had perforated caps which were sealed 
with silicone cement after three cyclic vacuum and nitrogen 
e xposures. A typical graph and the results of this operation 
are shown in 'I'abJ.e 28. 

The presence of oxygen i n the headspace was thought to 
be a factor con tributing to the de terioration (brownipg and 
lipid oxidation) of the stored product. The oil used for deep 
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fat frying was a relatively unsaturated vegetable oil (Wesson). 
Deep fat frying in this kind of oil ma~<.es the product susceptible 
to rancidity if there is much oxygen l e ft in the jar. Choice 
of frying fats and shortening was made for Wesson oil after a 
seemingly intelligent and diligent effort to find fats that 
would qualify more precise ly under MIL-P-43383 A(3.2.3). Such 
hydrogenated fat or oil is difficul t (if not impossible) to 
procure at retail, and an inquiry was made unsuccessfully via 
Prof. StephenS. Chang 1 s industry relations. It was understood 
after discussion with Natick personnel at an early stage of 
this project t hat some freedom of choice was permissibl e since 
modern oil manufacture now skillfully utilizes powerful trace 
antioxidants and sequestrants such that required AOM stability 
and other characteristics are usually avai lable in retail oils . 
Wesson oil which is labelle d as 11 soybean-cottonseed oil \l is 
believed to be partially hydrogenated. It was chosen because 
of ease of local procurement with the p recaution that its use 
per batch would be for only five consecutive frying cycles , 
lSO seconds per frying cycle, within not over two hours of 
elapsed time 1 after which the oil was discarded. This use of 
Wesson oil constitutes a freedom of procedure assumed by the 
r esearchers here with some risks of stability during storage. 

The jars were then stored at three d iffere nt tempera­
tures for twelve weeks. The three storage temperatures were 
so, zoo, and 4ooc. Within the twelve weeks period , it was 
found that the oxygen utilization and , therefore, the develop­
ment of rancidity was accelerated at 4QOC. The samples stored 
at S0 and 20°C e ach contained a s mall q uantity of oxygen and 
had not deteriorated to the extent of the 4ooc sample. 

TABLE 28 

Perce nt of o2 in Headspace of Mason Storage Jar 

After Evacuation and N2 Gassing. 

-----·-
% of Oxygen i n Heads pace 

l{un do. of Mason Jar (by GC) 

1 0.0 98 

2 0.096 

3 0.101 . 

4 0.092 

Average 0.097 
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The peroxidation o f an unsaturated fatty acid is one of the 
major problems. It is a free radical reaction, and leads to 
the formation of hydroperoxides. As the oxidation progresses, 
the hydroperoxides break down and products of their breakdown 
begin to accumulate. These reactions are sensitive to tempera­
ture, electromagnetic radiation (light and heat) and the dis­
persion of reaction end products, as well as to the presence 
of catalys t s and inhi b itors . This sequence of reactions 
explains why the peroxide values are higher for samples which 
have been in storage for 8 weeks than t hey are for samples 
stored for 12 weeks. As oxidation progresses, the formation 
of the non··radical products will reduce the amount of peroxide 
titratab l e in peroxide determinati on analyses. 

One of the more distinctive qualities of a freeze­
dried product is its ability to rehydrate to its original 
size and weight. The property of a material t o both freeze­
dry and rehydrate upon the addition of water depends on said 
material's ability to form an open porous structure which 
contains no barriers that may be impermeable to water. This 
kind of structure is one which would be formed during the 
freeze- drying step. 

It seems that the ability of freeze-dried compressed 
products to return to their original size and shape upon 
rehydration in an excess of water depends upon the penetra­
tion of water due to capi llary action . This penetration , in 
the freeze-dr ied compressed products , is aided by the meat 
proteins which become moistened and the starch granules 
which begin to swell and entrap water in their three-dimensional 
network. It was discovered that as the moisture levels of the 
compressed products were incre ased the rehydration ratios 
rose also . All the products (i.e., those at 2 , 4.5, and 10-12% 
moisture) were rehydrated under t he same conditions to obtain 
these r esults. The conditions for rehydrating these products 
were as follows: The products were placed in an excess of 
water, which was held at tempe ratures of between 75-85°C, 
usually 80°C . They were removed afte r ten minutes , held on 
filter pape r for approximately 15 seconds, and weighed to 
determine the rehydaration ratio. 

An explanation for these differing rehydration ratios 
may be traced to the starch binders. In the products ~hich 
were rehydrated to the 10- 12 % l evels, the amount of water 
added may have served to cause swelling of t he starch granules 
and wheat gluten thereby reactivating their three- dimensional 
network. This network. as previously mentioned has a "memory·· 
and will entrap water molecules, allowi ng the product to 
return to its original shape. The redried products {2% and 
4.5 % moisture ) have so little moisture that they are at or 
below the monomolecular water level area. At such low 
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moisture levels, the starch and wheat gluten might have a 
tendency to form a coating around the meat particles . A meat 
particle with s u ch a 11 skin" would have to undergo a two- step 
rehydration. The first step would entail absorption of water 
to remoisten both the starch and wheat gluten coating and the 
meat particle. The second would i nvolve furthe r absorption 
of water to facilitate the swelling of the product. It is 
also believed that at lower moisture levels the meat proteins 
become denature d , and this combined with the migration of 
soluble solids or fats, tends to make the product less hydro­
phylic, thereby slowing the rate of water penetration into 
the product. 

Changes in the me at proteins during extreme drying can 
bring about physical changes in the product which can adversely 
affect both t he functional properties and those which make 
the product palatable. Publications of Karel . indicate that 
the lipid- protein complexes present in meat products are in­
volved in bringing about these changes. He showed that in 
foods derived from muscle, which were stored in a frozen or 
a dried state, the products of peroxidation of the lipid 
constituents could interact with the protein constituents to 
bring about the aforementioned physical changes. Myosin is 
one protein which is particularly susceptible to these 
reactions. These peroxidation product-protein interactions 
can lead to the formation of colored, insoluble, or partially 
soluble complexes, all of which could be detrimental to the 
products• quality . 

Rates of browning in freeze dried and compressed meat 
prouucts were studied at three different temperatures and at 
three different moisture contents for each temperature. It is 
believed that there are thre e environmental factors affectin~ 
~he stability of freeze-drie d and compressed meat products, 
these being moisture, tempe rature, and reactants. When these 
products are stored at the aforementioned environmental 
conqitions two types of deterioration may occur~ (1) the 
development of a brown color and charred taste, and (2) the 
devel9pment of an off flavor. It is believed that both types 
of d~fe~ioration are accelerated with increased storage 
temperature , moisture ' and sugar content . 

Rate of browning correlated with moisture content has 
been known to be one of the important factors in the storage 
stability· in that the rate of deterioration is commonly in­
creased with increasing moisture level. It is believed that 
at higher moisture contents carbonyl - amine browning ~ccurs 
readily , this phenomenon having been experienced by ~ost 
workers (Regier and Tappel 1956, Sharp 1957, and Seltzer, 
1961) . As mentioned before, the water content of dried meat 
has an importan·t bearing on its behavi or when compressed. If 
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too dry, the dried meat products are brittle and the joined 
particles become broken down; while if the dried meat prod·­
ucts are too moist~ the fibres are so elastic that a consi ­
derable expansion takes place after the block has left the 
press and may culminate in the complete disruption of the 
block. Therefore , our freeze-dried products are r emoistened 
to have moisture content about 10% and products later are 
redried to either a 4.5% or 2% of water level by mild vacuum 
oven drying. This redrying process was believed to add never­
t he l ess . a secondary ';cooking" which will initiate an early 
~tart of a browning reaction. Hence our results do indicate 
that secondary drying gives the redried products a darker 
color t han the higher moisture, c ompressed but unredried 
products (at 10 - 1 2% moisture) . But it was agreed among most 
workers that during storage the products with higher moisture 
content eventual l y "catch up" and then begin to show more 
developed browning reaction compared to the lmqer moisture 
stored samples at any of three storage temperatures . This 
catch- up time is considerably accelerated by storage at 
e l evated temperatures. 

High storage temperature is very important in acce l er­
ating the formation of brown pigments. High temperature not 
only increases the rate of chemical reaction b ut also 
accelera~es the generation of off-flavor, such as typical 
strong burnt flavors attributed to aqueous soluble substances 
of the meat. The insoluble protein residue which reacts with 
glucose to give a brown product is , however , relatively 
tasteless. At l ow moisture contents of 2% and 4.5% , the rate 
and degree of deterioration of freeze-dried and compressed 
meat products do not give as significant increases in forma­
tion of browning pigment a~ t he three storage temperatures 
(compared to 10 % moisture ) . This is believed to be due to the 
lack of water mol ecules which will ac t as an important medium 
for carbonyl - amine browning reac tions. On the other hand, 
storage at 10% moisture content and 38oc coul d give an exten­
sive browning reaction owing to th~ presence of sugar'and 
starch in the system. When one increases the storage time at 
10 % mois ture content and 3?°C , starch sugar parti cles may 
possibly react with the amino groups of p r otein molecules 
according to the Maillard reaction. Thus, increase in .storage 
life of freeze-dried and the compressed meat products can be 
obtained by using low reducing sugar contents , low moisture 
content , low storage temperature and packaging in an inert 
gas (i.e., absence of oxygen). 

The sorption isotherm of a food material is usually 
prese nted as a plot of the amount of water adsorbed as a 
function of the r elative humidity or water activity of the 
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vapor space surrounding the materi al; meatballs and sausage~ 
are shown in Fig. 1. 2, 13, 14, and 15. They indicate that the 
adsorption and desorption curves are rather close. This 
closeness might be due to the characteristics of a combination 
of ingredients rather than single components. On the same 
curve (Figs. 12 to 15), the effect due to hysteresis is also 
shown (adsorption vs. desorption experiment). This phenomenon 
may be a typical property of freeze dried and compressed meat 
product. It is known that the desorption hysteresis loop 
usually e nds at or near the monolayer moisture content, but 
in our product it was found to go down to an activity of zero 
in most cases. Several theories have been proposed to 
explain hysteresis. The theories are usually based on the 
effect of water condensation in the capillaries. 

Since our isotherms are not to be used in predicting 
the drying time of freeze dried meat product, therefore, it 
has no significant importance for our study. It was the 
basis, however, for assuming that redrying to 4.5% moisture 
content (an average approximation of the monomolecular moisture 
layer amount for these dehydrated meats) might be a more 
rational level for optimum final product moisture than the 
exaggerated lower level of 2% moisture. 

Air-borne contamination of food products after process­
ing and before packa~ing significantly reduces shelf life. 
In addition, the exposure of food products to air during or 
after any food processing operation , such as freeze-drying, 
introduces the chance of contamination by microorganisms which 
could be harmful to the consumer's health. Our studies on the 
microbial quality of freez e dried and compressed meat products 
at three moisture leve ls have shown low populations of bacte­
ria, yeasts, and molds and· no E . coli. These results were 
expected since the highest moisture content used is 10 % which 
corresponds to a water activity of 0 . 58 to 0 . 63 in which range 
microbial growth should be practically complete l y retarded. 
Other reasons such as good working conditions , sanitary 
equipment, good handling of samples, and efficient sealing with 
nitrogen helped in eliminating all kinds of contamination. 

It is agai n indicated that storage temperature and 
moisture content in the products are two important factors 
that affect storage stability. The functional properties of 
isolated dry wheat gluten in powder form dissipate unless it 
is stored unde r refrigeration (Wollermann, of Paniplus Co. 1973). 
Therefore , this isolated dry wheat gluten should be kept under 
refrigera~ion before use. 

There is almost no change of de formation force in 
sausages but a significant change of deformation force was 
found in thre e temperature storaged meatballs. This is believed 
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to be due to a different binder system. The pregelatinized 
starch was used in the sausage binder system, but not in 
meatballs. It is believed that certain kinds of interaction 
between gluten and starch molecules form a stronger network 
after the product is rehydrated. The lack of this pregelatin­
ized starch in meatballs caused the texture of the product to 
be rather loose at 38°C. This loosened structure in meatballs 
is also believed to be one of the important factors in 
decreasing t he panel score. The tasters seem to wish a more 
typically chewy texture , not a weak, soft texture. If further 
formula research is carried out, there may be justification 
(in the . light of our complete experience) to add some 

bJational 711 to the meat.ball formula. 

Appearance, co lor, texture and flavor were the primary 
important fac tors in the panel evaluation. An extensive 
evaluation was derived from a repeatedly- used panel of our 
graduate students in the Food Science Department. Panel score 
indicated the acceptance of the product. It was seen that our 
panelists constituted a uniform group and their organoleptic 
results did correlate with other physical or chemical aspec ts 
used also as criteria for storage stability studies. 

Summary and Conclusions 

An entirely new concept of sausage making has been 
derived. In this metho d , a new binder system was used instead 
of conventional sausage casings. A binder composed of 2.25% 
modified starch (National No. 10), 0.15% wheat gluten and 0.2% 
pregelatinized starch (National No . 711 ) was found most s uit­
able for sausage making. A binder with 2.5% mod ified cross­
linked starch (National No. 10) and 0.1% wheat gluten yielded 
an exceptionally good meatball product. 

After freeze drying, both the sausage and the meatballs 
were partially_ and uniformly remoistened followed by com­
pression. To achieve the best compression results, d istilled 
water was used to increase the moisture content of the produts 
to 10% or slightly highe r . 

The rehydration ratio is a simple test for degree of 
reconstitution as well as for observ i ng phvsical damage to a 
foodstuff during freeze-drying. 'l'lw r ehydrati on· ratio in­
creases with the moisture content l e ft in the freeze-dried 
products as well as in the compre ssed meat p roducts . 

Peroxide values proved to be of little value in pre­
dicting the acceptability and rancidity of freeze-dried and 
compressed me at products . Therefore, lipid oxidation does 
not appear to be as important a deteriorative mechanism as 
color darke ning. However, product stored at 5°C retained 
better flavorf texture and panel acceptability. 



At the start of storage and for about four weeks of 
storage, the products redried to 2% or 4.5% moisture showed 
an etevated browning lavel. Thereafter the higher moisture 
products showed an· extensive increase in: .non- enzymatic brown­
ing reaction (product containing 10% moisture). Likewise, 
with an increase of storage temperatures similar relative 
results were obtained. Products with lower moisture content 
did not give significant browning effects during the storage 
study. · 

No sign~ficant change in sensory evaluation score was 
encountered in products with 2 and 4.5% moisture content 
when stored below 22°C. Pork sausage was found to be com­
pletely accepted at all three levels of moisture content -and 
thLee storage temperatures. Beef meatballs with 2% moisture 
cont~nt and at all three storage temperatures were found' 
completely accepted by panelists after 12 weeks storage, 
whereas meatball products with 4.5% moisture content were also 
found to be accepted when stored below 22°C for 12 weeks, but 
were found unacceptable after 12 weeks at 40°C. Meatballs 
with 10% moisture were found to be rejected by tasters at any 
storage temperature for 12 weeks storage. There is a direct 
correlation among texture, temperature, and moisture content 
of a product during storage. A 'lloosened" texture of product 
(in meatballs) was found at 10% moisture and at 38°C storage 
temperature. Products with lower moisture content and stored 
at lower temperature did not exhibit a significant change in 
texture. 

Generally speaking, reduct~on in weight and volume due 
to freeze drying and compression woulq facilitate and economize 
shipping. However, to obtain a shelf life of 12 weeks, the 
moisture of the product has to be kept below 4.5% Of even 
lower to 2%, and the storage temperature has to be ~ept as 
close as possible to refrigeration temperature for best 
stability. 
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