INTRODUCTION

PARTIALLY DEFATTED (PD) chopped
beef and PD beef fatty tissue are products
which according to USDA specifications,
are produced in low temperature render-
ing of beef tissues particularly at a maxi-
mum temperature of 48.9°C.

Low temperature rendering originated
because it is capable of producing high
quality lard and tallow with improved
color, odor and taste (Pavia, 1950; Swift
and Hankins, 1952; Kramer, 1954a, b;
Orsi, 1957; Downing, 1958, 1959; Sulli-
van, 1959; Christianson, 1961; Little and

filleville, 1963). This rendering is eco-
nomically most feasible when profita-
ble uses can be made of the resulting par-
tially defatted tissues. One use was made
possible as a result of USDA regulations
which permit the use of limited amounts
in meat products, i.e., 15% of the meat in
frankfurters labeled “with by-products.”

The products and by-products are
designated according to species source
and composition of the material ren-
dered, PD chopped beef and pork being
prepared from tissue containing at least
12% lean, classified as meat products, and
PD fatty tissue from material containing
none to an amount less than 12% lean,
classified as by-products. (Currently,
there is a proposal by USDA to amend its
meat inspection regulations which in-
cludes reclassifying PD chopped beef and
PD chopped pork as meat by-products.)
The present study was concerned with
products of bovine origin, PD beef fatty
tissue, PD chopped beef and a third type,
PD cured cooked chopped beef.

This study represents cooperative ef-
fort between the Animal & Plant Health
Inspection Service and the Agricultural
Research Service, USDA, to obtain ana-
lytical and nutritional data on samples of
the above edible rendered tissues.

EXPERIMENTAL

TWO PD chopped beef, one PD cured cooked :

chopped beef, and three PD beef fatty tissue

samples from six commertcial establishments
were analyzed for proximate and amino acid
composition. Protein efficiency ratios (PER) of
the partially defatted products were obtained.
PER’s were also obtained on lean beef, on a
sample of collagen, and on combinations of

. lean beef protein with one each of a PD

chopped beef or of two PD beef fatty tissue,
and with combinations of whey or soy protein
concentrates with one each of two PD beef fat-
ty tissue samples.

Preparation of samples

Partially defatted products. The samples
consisted of six boxes, 22.7 kg each, of partial-
ly defatted frozen products: three of beef fatty
tissue, two of chopped beef, and one of cured,
cooked chopped beef. They were stored in the
range —23.3 to —20°C for a maximum of 2 wk.
In preparation for freeze drying samples for
feeding tests and analyses, each 22.7 kg frozen
sample was cut into slabs with a band saw,
ground in a Hobart meat grinder using a 1/2-in.
plate opening and well mixed in a Buffalo rib-
bon blender for 5 min, using dry ice to keep the
samples frozen. Aliquots of 1.5 kg and 4.5 kg
of each ground frozen product were stored
frozen until used for proximate analysis of the
original materials and for preparation of freeze-
dried samples, respectively.

Samples of each partially defatted product
were freeze dried to less than 1% moisture in a
Stokes shelf dryer at 41.6-43.3°C with a
vacuum of 0.5 mm mercury. The dryer trays
were each loaded with 2.3 kg of a ground fro-
zen partially defatted product: 18 hr total dry-
ing time was necessary. During drying of the
cured cooked chopped beef sample fat sepa-
rated from the tissue and defatting was required
pefore grinding. A 2.5-kg sample was washed
successively with about 2 liters of Skellysolve F
on Whatman #2 filter paper. The washed sam-
ple after drying weighed about 1.2 kg.

Fach of the above products, after mixing
with powdered dry ice, was ground as quickly
as possible in a dry-ice cooled Wiley mill to pass
a 2-mm screen. The ground samples were placed
in loosely tied plastic food storage bags and
refrigerated at 3-5°C until the carbon dioxide
was vaporized. They were then well mixed and
aliquots of each ‘were removed for proximate
and amino acid analyses and for feeding tests.

Lean beef. Six eye-of-round muscles (semi-
tendinosus) were trimmed to remove outside
fat, ground through a Hobart meat grinder us-
ing a 1/2-in. plate to prepare a 12 kg sample of
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lean beef, and well mixed in the Buffalo mixer.
Because fairly large pieces of meat remained in
the mixture, it was again ground in the Hobart,
using a 3/16-in. plate, and again well mixed.
The lot was sampled for proximate analyses by
taking several aliquots of the ground beef, total-
ing 660g, combining and mixing them. The re-
mainder of the sample was frozen in Stokes
shelf drying trays, 1.8 kg of lean beef per tray,
and dried in the Stokes dryer as described
above in 12—14 hr. The dried samples were
ground, stored, mixed and sampled as described
above.

Collagen. The dried collagen used in this
study was a sample removed from a large-scale
lot prepared as follows: 200 1b of food-grade,
limed cattlehide splits from a tannery were cut
1/4 in. wide by a Taylor-Stiles stripper and re-
cut through a Taylor-Stiles granulator with 1-in.
screen openings; the hide pH was adjusted to
about 6 with lactic acid solution in a tanning
drum, followed by water washing of the hide
pieces. The pieces were then cut to 0.060 in.
with the Urshel “Comitrol” and freeze dried as
described for the partially defatted products.
The dried samples were ground, stored, mixed
and sampled as described above.

Chemical analyses

Official methods of the AOAC (1970) for
meat and meat products were used to deter-
mine moisture, ash, fat (petroleum ether ex-
tractables) and Kjeldahl nitrogen. Percentage
protein was calculated from the total nitrogen
using the factor for the protein(s) analyzed, i.e.,
N X 6.25 for meat protein.

Amino acid - analyses were determined in
duplicate using the Piez and Morris system
(1960) on samples that were extracted with
petroleum ether to remove the fat, dried in a
vacuum oven at 50°C, and then hydrolyzed
with 6N HCl for 24 hr. Tyrptophan was deter-
mined on a separate sample hydrolyzed with
methanesulfonic acid (Liu and Chang, 1971).
Each amino acid in Table 3 was calculated as
grams of amino acid residue per 100 grams of
total amino acid residues.

Protein efficiency ratios

Protein efficiency ratios (PER) were deter-
mined at the USDA Western Regional Research
Center, ARS, on the partially defatted prod-
ucts, lean beef, collagen, a whey protein con-
centrate (ENRPRO 50), a soy protein concen-
trate (PROMOSOY-100), and on several
combinations of these proteins using the meth-



Table 1—Analyses of PD chopped beef, PD beef fatty tissue and

lean beef

As received Moisture free
Total H, 0,
Protein prot, fat Protein

Product2 Moisture N NX6.25 Fat® Ash & ash N NX6.25 Fatb Ash
No. Description (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
5 PDCcCB 488 3.07  19.2 291 1.8 98.9 5.99 374 567 3¢
6 PDCB 71.4 291 182 95 09 100.0 10.15 634 332 33
2 PDCB 63.5 385 241 13.0 0.8 101.4 10.54 659 356 23
3 PDBFT 60.7 317 198 174 1.4 99.3 8.12 50.8 442 34
4 PDBFT 63.7 = 296 185 16.7 - 1.0 99.9 8.15 50.9 46.0. 23
1 PDBFT - 61.8 3.30° 206 171 09 100.4 8.63 53.9 449 25
LB 72.6 348 218" 46 1.1 100.1 12.72 795 166 40

2 Product code: PDCCCB, partially defatted cured cooked chopped beef; PDCB, partially defatted chopped beef; PDBF T
partially defatted beef fatty tissue; LB, lean beef
Extracted with petroleum ether (30—60°C boiling temperature ranae)

- mrer g v vy

* o vnvppou weel, 'L DeeT Tatty tissue, lean beef, and other protein sources

Freeze-dried products

As dried Moisture free
Total H, 0,
prot, fat,
Producta Moisture N Protein FatP Ash & ash N Protein -~ Fatb Ash
No.  Description (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
N X 6.25 N X 6.25
5 PDCCCB 9.0 1234 77.1 6.5 7.7 100.3 -13.56 84.8 71 85
6 PDCB 3.4 9.79 61.2 33.0 3.4 101.0 10.13 63.3 342 36
2 PDCB 4.0 9.93 62.1 33.7 2.2 102.0. 10.34 64.6 351 23
3 PDBFT 3.2 8.05 50.3 43.8 3.0 100.3 8.32 52.0 452 3.1
4 - PDBFT 6.8: 7.72 48.3 43.0 26 100.7 8.28 51.8 46.1 - 28
1 ‘PDBFT 3.6 8.24 51.5 43.7 24 101.2 8.55 53.4 453 25
LB ¢ 50 11.94 746 16.1 4.0 99.7 12.56 78.5 170 4.2
: N X 5.62 N X 5.62
- Collagen 66 15.20 854 5.0 2.0 99.0 16.28 915 54 22
Othér proieir{s broducts
; NX 6.38 N X 6.38
WPCe. 6.7 8.15 52.0 0.8 10.1 69.6 8.72 55.6 0.9 108
. NX6.25 N X 6.25
SPC 10.47 65.4 6.1 80.2 11.23 70.2 20 66

ially derattea chopped beet; PDBFT,

partially defatted beef fatty tissue; LB, lean beef; WPC, whey protein concentrate; SPC, soy protein concentrate.

od of Derse (1965). The method involved feed-
ing rats a diet containing 10% protein (N X
6.25, ‘except N' X 6.38 for whey and N X 5.32
for collagen), supplied by the test protein only,
for 4 wk. Rats of the Sprague-Dawley strain (5
per group) were used. Casein was fed as the
protein in the control diet for each PER Trial.
The PER values were corrected to that of casein
at 2.5. Standard deviation was determined and
Duncan Multiple Range tests were calculated on
the actual PER values beforé correction to 2.5.

RESULTS & DISCUSSION
BEEF fatty tissue ranges around 85-93%

fat, 6-13% water and 2—3% protein. Fat-
ty tissue with meat would contain con-
siderably less fat' and more protein and
water, depending on the percent of meat
present. During low-temperature render-
ing, the fat cellular tissue retains some fat
and’ only relatively small quantities of
water are evaporated. The resulting tissue
residues contain appreciable: quantities of
fat and water, and proteins in the range
18.0—-24.0%. The proteins are those of
connective tissue, principally collagen,
and those of muscle tissue, which include
about 1% collagen, proteins of the acto-

myosin complex, and water-soluble pro-
teins, such as myoglobin, enzymes and
nucleoproteins.

Products as received

All partially defatted products ap-
peared to be rope-like extrusions, about
1-1/2 in. in diameter, coiled into a cop
rugated box and hard frozen. The;
chopped beef products were light beige
and pinkish in color. The beef fatty tissue
products were pinkish to reddish brown
in color.

Table 1 shows the proximate analyses



ance of the protein in a food product is
45g if the PER of the total protein in the
product is equal to, or greater than
that of casein; and 65g if the PER of the
_ total protein in the product is less than
that of casein. Total protein in a food
product with a PER less than 20% of the
PER of casein is to be labeled “not a sig-
nificant source of protein” (Federal
Register, 1973). These considerations
indicate that a partially defatted chopped
beef with a PER of 2.38 would be nutri-
tionally acceptable when used alone al-
though is is not the equal of meat (PER
2.85). The other partially defatted
chopped beef and the partially defatted
beef fatty tissue products would be ac-
ceptable as food ingredients, provided
they are blended with meat, whey protein
concentrate, or vegetable protein foods,
the amino acid composition of which
supplements the amino acids of the par-
tially defatted products.
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Table 4—Rat PER data on PD beef products, lean beef,

casein and combinations of these protein sources?

a whey proteinconcentrate, a soy protein concentrate, collagen,

- f
Dietary protein sourcebs¢ ) Final mean body wte PER
- % Nitrogen — Actual std deve -
No. Description digestibilityd g * std dev + Corrected
5 PDCCCB 92 182+ 21 3.66 + 0.25B(1)h 2.58
6 PDCB 20 179+ 185 3.38+0.11B(1) 2.38
2 PDCB 90 103+ 4 2.28 + 0.11C(1) 1.61
3 PDBFT 85 117+ 11 2.42 + 0.17C(1) 1.70
4 PDBFT .91 11713 . 2.39 +0.19C(1) 1.68
1 PDBFT 88 - 84+ 6 1.61 £ 0.19D(1) 1.13
LB 93 231+15 4.05:0.12A(1) 2.85
Collagen 88 43ix 1 Wtiloss (1) -
Casein 94 146+ 15 3.55 + 0.16B(1) 2.50
WPC 920 192 + 23 3.84 + 0.20A(3) 2.74
Casein - 172+ 13 3.51 + 0.17B(3) 2.50
- SPC. 90 142 + 21 3.05 + 0.19CD(5) 2.18
: . Protein combinations :
2/3 LB+ 1/3 of #1 88 182+ 20 3.24 £ 0.22CDE(4) 240
2/3 LB+ 1/3 of #2 920 194+ 34 3.39 + 0.26A(2) 246
2/3 LB+ 1/3 of #3 89 199 + 20 3.50 + 0.14A(2) 2.54
Casein 94 - 168 + 15 3.45 + 0.16A(2) 2.50
2/3 WPC +1/3 of #1 86 162+ 14 3.47 + 0.24BC(4 257
2/3 WPC + 1/3 of #3 88 187+ 10 3.68 + 0.08AB(4 2.72
Casein 93 164 + 24 3.38 £ 0.31BCD(4) 2.50
2/3 SPC + 1/3 of #1 86 141+ 7 2.78 + 0.09D(5) 1.99
2/3 SPC+ 1/3 of #3 87 139 = 11 2.79 + 0.13D(5) 1.99
1/4 LB + 1/4 WPC + :
1/4 SPC + 1/4 of #1 88 194 + 24i 3.47 + 0.14B(5) 2.48
1/4 LB + 1/4 WPC +
1/4 SPC + 1/4 of #3 89 219+ 5 3.67 + 0.06AB(5) 2.62
Casein 93 173 £ 19 3.50 + 0.14B(5) 2.50

2 Rat feeding tests ran 27 or 28 days

All diets contained 10% protein
¢ Product code: PDCCCB, partially
partially defatted beef fatty tissue;
Nitrogen digestibility = N intake —
€ Five weanling male rats per group.
PER = protein efficiency ratio =

& Within each PER trial, means without a superscript lett

h (1) = PER trial No.

"1 Data on three rats, one death
1 Data on four rats

(1956). They found that the 18 amino
acids assayed accounted for approximate-
ly 85% of the total nitrogen present in
the meat.

There was no significant difference be-
tween the PER values of one chopped
beef (2.38) and of the cured cooked
chopped beef product (2.58) or between
either one and the PER for casein (2.5).
Chopped beef samples by definition or
requirement are prepared from materials
containing 12% or more separable lean; it
can be presumed that the lean beef pro-
tein in the chopped beef samples reflects
the percentage of protein from this
source. One chopped beef, product 2, and
two beef fatty tissue products had signifi-
cantly lower PER values, 1.61, 1.70 and
1.68, respectively. There was no signifi-
cant difference between these three. One
beef fatty tissue had a low PER value,

defatted cured cooked chopped beef; PDCB, partially defatted chopped beef; PDBFT,

LB, lean beef; WPC, whey
fecal N/N intake X 100.
Initial age, 21 days;

1.13, significantly different from the
values for all other products and lean
beef. The results indicate that a statisti-
cally significant variation existed between
beef fatty tissue products, undoubtedly
relating back to variations in the stock
material rendered.

PER values for combinations of pro-
teins were: 2.40 for 2/3 of the protein
supplied by lean beef and 1 /3 by product
1, beef fatty tissue; 2.46 for 2/3 supplied
by lean beef and 1/3 by product 2,
chopped beef; and 2.54 for 2/3 supplied
by lean beef and 1/3 by product 3, beef
fatty tissue. These values were significant-
ly greater than those of the three prod-
ucts separately, and were close to or the
same as that of casein at 2.5.

The PER value was 2.57 when 2/3 of
the protein was supplied by a whey pro-
tein concentrate and 1/3 by product 1,

protein concentrate; SPC, soy protein concentrate

initial mean body weight, 54, 55, or 569
weight gain (grams)/ protein intake (grams)
er in common are significantly different. Probability = <0.01.

beef fatty tissue, and was 2.72 when 1/3
of the protein was supplied by product 3,
another beef fatty tissue. These values
were significantly greater than the value
for either beef fatty tissue product sepa-
rately.

PER values for combinations of two
proteins, 2/3 from a soy protein concen-
trate and 1/3 from either product 1 or
product 3, were 1.99. The data indicate
that the proteins of lean beef or the whey
concentrate supplement the PD beef fatty
tissue proteins better than the proteins of
the soy concentrate.

PER value for a combination of pre-’
teins, 1/4 from lean beef, 1 /4 from whey\
protein concentrate, 1/4 from soy protein
concentrate, and 1/4 from either product
1 or product 3 was the same or better
than that of casein.

The U.S. Recommended Daily Allow-



of the six partially defatted products and
the lean beef sample. The fat content,
ipproximately 17%, and the moisture
content, 60.7—63.7% of the three PD
beef fatty tissue products were fairly uni-
form. There was greater variation of fat
and moisture in the PD chopped beef
products. Generally, the moisture present
was inversely proportional to the fat.
When the analyses were calculated on a
moisture-free basis (m.f.b.), each type
product tended to have a distinctive com-
positional pattern.

Products after freeze drying

The dried and ground PD products had
a ground-fiber appearance. The beef fatty
tissues were mainly brown with a reddish
tint with some light colored material in-
termixed. The chopped beef and cured
cooked chopped beef were mainly beige
intermixed with brown. Lean beef was
uniformly light brown with a reddish tint.

Bacteriological tests, conducted to
determine the wholesomeness of the
materials, indicated that after freeze dry-
ing all products, lean beef and collagen
were negative for coliforms and Salmonel:
lae except one chopped beef product
which had a count of 23 coliforms per
gram.

The proximate analytical data are in
Table 2. When the proximate data are cal-
culated m.f.b., there is agreement be-
tween the nitrogen, fat and ash analyses
of the products as received (Table 1) and
after freezing drying (Table 2), excepting
the cured cooked chopped beef. This
product was extracted with Skellysolve F
to lower the fat, which facilitated grind-
ing and produced a more uniform sample.

Table 3 shows the amino acid compo-
sition grouped as essential and nonessen-
tial amino acids, and PER values for the
proteins of each product, and of lean beef
and collagen. Histidine is included in the
list of essential amino acids because it is
essential in the rat diet. Cystine and tyro-
sine also have been included with the
essential amino acids because cystine can
replace part of the methionine require-
ment and tyrosine part of the phenylala-
nine requirement (Rama Rao et al., 1961;
Rose and Wixom, 1955a, b).

The data show that in these partially
defatted products and collagen, the
quantity of nonessential amino acids
varies, and that this variation is largely
accounted for by the differences in gly-
cine, hydroxylysine and hydroxyproline.
Collagen has the greatest amounts of
these three nonessential amino acids
(Table 3). Lean beef and the products
“with the highest totals of essential amino
acids, one chopped beef and the cured
cdoked chopped beef, had the lowest
quantities of glycine and little or no
hydroxylysine and hydroxyproline, indi-
cating that the collagen content was low
in these products. The amounts of gly-

Table 3—Amino acid analyses and PER values of PD beef products, lean beef and collagen
(Grams of amino acid residue per 100 grams of total amino acid residues)?

Partially defatted products

Chopped beef

Beef fatty tissue

Lean Cooked, cured
Amino acid beef - 5 6 2 3 4 1 Collagen
Essential amino acids

His. 3.6 2.9 3.0 21 1.8 19 1.9 0.8
lle 5.0 5.2 4.1 3.2 29 27 26 16
Leu 8.3 7.8 7.2 6.1 58 5.7 53 3.0
Lys 8.8 8.6 79 53 53 5.2 49 3.7
Met 2.6 2.7 1.9 1.2 1.3 1.2 1.0 0.7
1/2 Cys 1.3 1.0 1.0 1.3 1.1 1.1 09 -
Phe 4.9 44 42 39 38 36 34 2.1
Tyr 39 3.7 3.1 23 23 22 20 0.9
Thr 4.4 4.2 38 27 3.0 32 27 1.9
Tryp 1.3 0.7 0.6 trace trace trace trace —
Val 5.5 46 46 58 48 49 46 2.3

Total 49.6 45.8 414 339 32.1 31.7 293 17.0

Nonessential amino acids

Ala 6.0 5.9 64 89 79 84 85 8.6
Arg 6.5 7.3 75 6.8 71 6.7 7.2 8.6
Asp 9.6 9.2 86 6.5 73 7.1 6.7 5.7
Glu 156.7 15.0 14.5 10.7 11.3 116 106 10.2
Gly 4.9 6.0 86 14.9 146 153 16.5 21.5
Hyl - 0.7 1.0 09 08 09 11 1.3
Hyp — 1.8 29 56 65 64 7.0 10.8
Pro 4.2 4.6 5.7 838 93 85 99 13.3
Ser 36 3.7 3.7 3.0 34 35 33 3.0

Total 50.5 54.2 58.9 66.1 68.2 684 708 83.0
Approx % of total

N accounted for 81.9 88.5 82.7 85.8 836 840 85.6 92.8
PER value 2.85 2.58 2.38 1.61 1.70 1.68 1.13 <0

a Grams of amino acid residue per 100 grams

of total amino acid residues may be converted to

grams amino acid residue/100 grams of protein by multiplying by the % total nitrogen
accounted for, and dividing by 100. For example, the value for histidine in lean beef becomes

2.95.

cine, hydroxylysine and hydroxyproline
in the other chopped beef and the three
beef fatty tissue products indicate that
the proteins of these products contained
larger amounts of collagen.

Although the sum of glycine, hydroxy-

lysine and hydroxyproline varies among

lean beef and the six products, the totals
of the remaining nonessential amino acids
remain rather constant, ranging from
44.7-46.4%. The total nonessential
amino acids supply nitrogen for the
synthesis in the body of any nonessential
amino acids which may be lacking (Rose
and Wixom, 1955c).

Results of the PER tests are shown in
Table 4. Based on nitrogen digestibility,
the range was 85—93% indicating that the
observed nutritional value of the product
proteins should be related directly to
their amino acid composition. Such a
relationship between the amino acid com-
position of each product analyzed and its
PER value is apparent from the data.
Examination of the PER values of these
products and lean beef shows they are

directly proportional and highly cor-
related (r = 0.97) to the total quantity of
essential amino acids present. The propor-
tion of each essential amino acid present
to .the total essential amino acids also can
be expected to be reflected in the PER
values. In fact, the correlation coefficient
(1) of the linear regression ranges from
0.92—0.98 for the individual essential
amino acids excepting valine. A correla-
tion coefficient could not be calculated
for tryptophan.

The data further indicate that the
presence of small amounts, even traces, of
tryptophan, the most limiting amino acid
in partially defatted products, had a
strikingly beneficial effect on the PER
value. :

Lean beef had the highest essential
amino acid composition and the highest
PER value, 2.85, significantly better than
those of the six products. It is included as
a reference meat protein and, as intended,
supplied a parameter for interpreting the
data. This amino acid analysis of lean beef
is similar to that of Schweigert and Payne



