
Implications of Biotechnologies for 
Control of Meat Animal Growth 
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Competitiveness is no less keen in the meat industry than 
any other, both in the domestic and international markets. 
Survival of the various segments of the industry depends 
ultimately on survival of the producer, whose most critical 
management option is to improve efficiency and reduce 
costs of production while maintaining or improving consumer 
preference for and confidence in the nutritional aspects and 
safety of fresh and processed meat products. Recent ad- 
vances in biotechnology have engendered investigations of 
meat animal growth regulation that were not formerly possi- 
ble. These include purification and synthesis of hormones, 
growth factors and monoclonal antibodies as well as isola- 
tion, cloning and insertion of genes which produce metabolic 
or somatotropic hormones and growth factors, into fertilized 
ova of farm animal species. Biotechnology is defined here as 
the application of biological techniques to produce or modify 
products of interest, and to manipulate the cell genome and 
cell function. 

Demonstrated responses to and potential application of 
these techniques in meat production carry with them many 
potential implications for effects on the producer, packer, 
processor and consumer. Eight areas come to mind where 
these implications may be important, but I will concentrate 
today on five areas which I think are important to meat and 
animal scientists and to those involved with various aspects 
of the meat industry. These include the following: 
1. Potential for improving efficiency of growth, increasing 

lean meat yield and simultaneously decreasing fat in meat 
animals. 

2. Possible changes in nutrient requirements of meat ani- 
mals in which growth rate and composition of gain is 
altered. 

3. Potential for altering composition of skeletal muscle and 
adipose tissue with possible impact on meat quality and 
palatability. 

4. Impact on consumer perception of the nutritional aspects 
and safety of fresh and processed meat products, and the 
food supply in general. 

5. Possible impact on processing technology and raw mate- 
rials for further processing. 
Other areas where implications must be considered in- 

clude potential effects on the animal’s immune system, im- 
pact on reproduction and lactation and economic impact on 
various segments of the meat industry. Readers are referred 
to recent papers by Kelly and Edwards (1 989), and Day et al. 
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(1989) for details of the effects of somatotropin on the 
immune system and reproduction and lactation, respectively. 
An excellent discussion of the potential economic implica- 
tions of commercial adoption of exogenous porcine 
somatotropin administration on the pork industry is found in 
the proceedings of a recent symposium held in Wageningen, 
The Netherlands (Hayenga et al., 1989). 

I will briefly describe my perceptions of the implications of 
growth regulation biotechnology in these areas and address 
the question of where we as AMSA members need to 
respond. 

Implications for Improving Efficiency 
and Composition of Growth 

Dramatic improvements in efficiency of feed conversion, 
increase in muscle growth rates and reduction in carcass 
lipid accretion rates have recently been demonstrated with 
exogenous administration of somatotropin (ST) or growth 
hormone releasing factor (GRF) in growing pigs (Boyd et al., 
1986; Etherton et al., 1986, 1987; Campbell et al., 1988b, 
1989b; Dubreuil et al., 1990; McLaren et al., 1990; Pommier 
et al., 1990) and lambs (Johnsson et al., 1985, 1987; Zainur 
et al., 1989; Beermann et al., 1990). Growth and composition 
response to ST in cattle appear to be smaller (Peters, 1986; 
Wagner et al., 1988). Similar achievements are possible with 
dietary administration of select beta-adrenergic agonists in 
ruminants (Baker et al., 1984; Ricks et al., 1984; Beermann 
et al., 1986; Kim et al., 1987; Moloney et al., 1990) and swine 
(Anderson et al., 1987a, 1987b; Wallace et al., 1987). 

The recent ban on hormone growth promotant use in 
meat animals in the European Economic Community has 
focused attention on alternatives to exogenous hormone 
administration. Immunological approaches to enhancing the 
rate of secretion of somatotropin, enhancing the physiologi- 
cal action of somatotropin with monoclonal antibodies with 
specific antigenic determinants or idiotypic antibodies which 
mimic the effects of somatotropin (Aston et al., 1986; Holder 
and Aston, 1989) all hold promise for potential use in enhanc- 
ing rate, efficiency and composition of gain in meat animals. 
Recent advances in gene isolation, cloning and insertion 
techniques also provide us the opportunity to alter the 
genome of meat animals for enhancing productive function. 
Excellent reviews on the current status of transgenic animal 
experiments directed toward improving meat animal produc- 
tion have recently been published (Purse1 et al., 1989; 
Polge et al., 1989). Insertion of various promoter-linked 
somatotropin genes has resulted in successful integration 
and passage of the gene to offspring, with significant im- 
provement in rate of gain and feed efficiency. However, the 
positive effects of gene integration also carry with them 
negative aspects of over-production of ST and health-related 
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Table 1. Dose Response Relationships for Porcine Somatotropin Effects on 
Growth Performance and Dressing Percentage in Growing Swine'. 

PST Dose (i.alkq BW) 
Observation 0 50 100 150 200 

Number of Animals 10 10 9 8 10 
Growth Performance 
Average Daily Gain, kg .904 + 8.0' +13.1* + 13.3' + 13.3* 
Feed: Gain 3.22 -21.1' - 28.0"* - 31.4** -35.1** 
Daily Feed Intake, kg/d 2.90 - 14.8" -18.V -22.1" - 26.9** 

Percentage Difference from Controls PA) 

Carcass Yield 
Dressing Percentage, ?Lo 76.6 - 1.4* - 3.5'* - 4.6*' - 4.2** 
'Somatotropin was administered by daily injections and adjusted biweekly from 30 kg to 90 kg live weight. Growth 
performance data were analyzed by analysis of variance using live weight as the covariate, (Krick and Boyd, unpublished 
data). Carcass data are summarized from Thiel et al., 1990. J. Anim. Sci. 68 (Suppl. l):(in press). 
'(Pi.05) vs. control 
"(P<.Ol) vs. control 

problems. As we come to understand the control of gene 
expression and learn how to meet nutrient requirements of 
animals in which we regulate growth, significant improve- 
ment in production efficiency will be achieved. Pending FDA 
approval, these biotechnologies may be applied in commer- 
cia1 practice in the near future. 

includes a dose-dependent 8% to 20% increase in average 
daily gain, a 15% to 35% decrease in feed:gain ratio, and a 
10% to 30% decrease in feed intake. The early observation 
of peak growth performance response at intermediate pST 
doses and lesser response at higher doses (Boyd et al., 
1986) has not been seen when dietary amino acid balance 
and density are changed to account for the expected reduc- 

Potential Magnitude of Response 

Dose-response data from studies using daily administra- 
tion of recombinantly derived porcine somatotropin (pST) in 
growing-finishing pigs provide vivid evidence of the potential 
for improving efficiency and yield of lean tissue production. 
These data also provide the basis for my comments regard- 
ing other implications of pST use in commercial pork produc- 
tion and of biotechnologies for growth regulation. The more 
recent data are both qualitatively and quantitatively different 
from those obtained from the early studies in 1986 and 1987, 
primarily because effects on feed consumption were not 
known and knowledgeable assumptions made then regard- 
ing nutrient requirements were incorrect. 

A summary of data from recent studies indicates that 
growth performance of barrows and gilts administered pST 

tion in feed intake (Table 1). Average daily gain plateaus at 
the moderate dose (1 00 pgikg), and feed efficiency improves 
from 20% to 35% with 50 pg increments in pST dose from 50 
to 200 pg/kg in barrows treated from 30 to 90 kg live weight. 
Carcass protein accretion rates of these pigs were improved 
between 46% and 72% as pST dose increased from 50 
pg/kg to 200 pg/kg live weight (Krick and Boyd, personal 
communication). Lipid accretion rates are decreased 47% to 
88% at these same doses. The magnitude of response 
appears to be greater during the 50 to 100 kg phase of 
growth than at the 20 to 50 kg phase. This may be related to 
the allometric pattern of growth which shows a marked shift 
toward increasing rates of lipid accretion beyond 45 kg in 
normal pigs fed ad libitum a high-energy diet (Shields et al., 
1983), and the apparent independent effects of pST on 
protein and lipid accretion (Boyd et al., 1988; Campbell et al., 

Table 2. Effects of Ovine Somatotropin (oST) and hGRF on Growth 
Performance and Composition of Gain in Lambs'. 

Treatment 
Response Control 160 pg oST 20 pg hGRF 40 pg hGRF 

Percentage Difference From Control 
Average Daily Gain, g 304 + 1 1.8%' + 13%* + 1.6% 
Feed:Gain 4.99 - 22.4%' - 18%* - 19%* 
Composition of Carcass Gain 

Protein Accretion Rate, gld 17.2 + 36%" + 30.8%* + 34.9%* 
Lipid Accretion Rate, gld 79.9 - 30.4%** - 21.2%' - 28.4%' 
Ash Accretion Rate, gld 5.0 + 18% + 32%** + 42%** 

'Lambs received saline/buffer or one-fourth of the indicated dose per kg live weight of oSTor hGRF at 0100,0700, 1300 and 
1900 hours for 96 days. Live weight and carcass weight were used as covariates for growth performance and composition of 
gain data analysis, respectively. 
'(Pi.05) vs. control 
"(Pi.01) vs. control 
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Somatotropin was administered by daily I.M. injection in barrows 
from 30 kg to 90 kg live weight. Data represents half-carcass 
dissected tissue weights (N = 10 per porcine somatotropin dose). 
Control carcasses weighed 76.6% of live weight and contained 30.9 
kg of skeletal muscle, 22.8 kg of adipose tissue, 7.3 kg of bone and 
3.7 kg of skin. 

1988a). These and other data from studies at several loca- 
tions clearly show that even the lower doses of pST will 
provide significant economic benefit to the producer if cost of 
the hormone is less than the savings from reduced feed and 
time required to reach market weight (Hayenga et al., 1989). 
Similar improvement in growth performance is observed in 
growing lambs, when a moderately high dose of ovine or 
bovine somatotropin is used (Table 2). 

One common question regarding somatotropin use is 
"What is the net yield of carcass weight and lean tissue yield 
of the carcass?" Both ruminants and nonruminants exhibit 
dose-dependent small decreases in dressing percentage 
because certain organs (liver and kidneys in particular) are 
also increased with somatotropin treatment. These variety 
meats are of value, and should not reflect a decreased value 

Table 3. Effects of a Moderate Dose of 
Porcine Somatotropin on 

Carcass Tissue Yield and Distribution. 

Typical Market 
Hog1 

Live Weight, kg 105 
Dressing Percentage, % 74 
Hot Carcass Weight, kg 77.4 
Dissected Muscle, kg 39.0 

Dissected Adipose, kg 23.3 

Dissected Skin. ka 4.1 

(with fat) 

Dissected Bone, kg 9.1 

Administered 
PST (50 ,,q.kq-l.d-1)2 
105 
73 
76.3 
49.0 

12.6 
10.0 
4.7 

'From: Orcutt et al., 1990. J. Anim. Sci. (in press). 
2Derived from dose-response data from Thiel et al., 1990. J. Anim. 
Sci. 68 (Suppl. l):(in press). 

of the live animal. Yield of lean tissue (skeletal muscle) is 
also increased significantly. Recent dissection studies by 
Thiel and co-workers (1 990) demonstrate that at a constant 
live weight, total skeletal muscle mass is increased between 
28% and 38% with increasing dose of pST (Figure 1). Ac- 
companying this increase is a 35% to 74% reduction in 
dissected adipose tissue weight and 10% to 17% increase in 
bone. The amount of skin increases between 14% and 38% 
over that obtained from controls. What is the potential impact 
of these changes on the industry at the national level? 

These changes in tissue yields may have a major impact 
on supply of raw materials for further processing, assuming 
nearly uniform adoption of pST use, when approved by FDA. 
Commercial adoption of pST would probably result in prep- 
arations targeted to deliver a dose near 50 pg/kg live weight, 
but the pattern and rate of release will be determined by the 
formulation and site of administration of the preparation. A 
typical market hog weighing 105 kg (230 Ibs) would yield 39 
kg of lean tissue (Orcutt et al., 1990), and this dose of pST 
would increase the yield by 10 kg to 49 kg (Table 3). This 
dose of pST would reduce total separable fat from 23 to 13 kg 

Table 4. Effects of [desamino-Tyr' ,PAla2-Alas]hGRF(1-29)NH2) 
on Pork Carcass Tissue Distribution'. 

Observation Primal Cut 
Loin Shoulder Ham Belly 

Control hGRF Control hGRF Control hGRF Control hGRF 
Primal Cut Wt. 10.79 10.69% 10.15 11.18%* 9.34 9.52% 7.44 7.1 9% 

(kg, Yo change) 

(kg, Yo change) 

(kg, O h  change) 

(kg, o/o change) 

(kg, Yo change) 

Muscle Wt. 4.83 +17.4%' 5.69 +16.2%* 5.35 +13.3%* 6.59 -7.1% 

- Adipose Wt. 4.28 -30.8%* 2.70 -13.1% 2.65 -26.8%' - 

Bone Wt. 1.27 + 1 6.5%* 1.36 + 26.5%' .92 + 12.0%' .47 + 14.9% 

Skin Wt. .36 +50°/o' .36 +33.3%' .35 +28.6%* .37 +40.5%* 

'Pigs were injected with saline or 6.66 pg hGRF analogue per kg live weight three times daily from 50 kg to 105 kg live 
weight. Data are adapted from Pommier et al. (1990). 
'(Pc.05) 
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and increase bone and skin weight 10% and 15'70, respec- 
tively. Sixteen percent increase in muscle mass and similar 
changes in distribution of the other tissues have been ob- 
served in market hogs treated with a potent analogue of 
growth hormone releasing factor ([desamino-Tyr' , 
D-Ala2,Ala5]hGRF (1-29)NHz) from 50 kg to 105 kg live 
weight (Pommier et al., 1990; Table 4). 

Approximately 88.2 million head of swine were slaugh- 
tered in 1988 (Meat Facts, 1989). If we assume that 5% of 
these animals are breeding animals culled from herds 
(Judge, personal communication), then the remaining 83.8 
million typical market-weight hogs could theoretically 
produce an additional 838 million kg (1.84 billion pounds) of 
lean pork and an equal amount less trimmed fat if they were 
all treated with a 50 pglkg dose of pST. A weighted-average 
price differential of $.80 per pound for lean tissue (with no 
adhering fat) over separable fat (Akridge et al., 1990) pro- 
vides a conservative estimate of approximately $1.47 billion 
increased processing (packer) value of those 83.8 million 
hogs produced annually (Table 5). 

The actual price differential between lean and fat is de- 
pendent upon how the carcass is fabricated and further 
processed, which dramatically influences the value of the fat. 
A boneless ham and loin marketing system demands a 
higher differential than a marketing system in which all of the 
carcass is merchandised as primal cuts, where fat and lean 
are sold at the same price. The range in credits or discounts 
on live prices would be greater over the range of carcass 
fatness if the boneless ham and loin marketing system is 
used than when a total primal cut system is used (Akridge et 
al., 1990). Whether the fat is sold as separated tissue, 
rendered edible or inedible lard, or as a component of a 
sausage product also influences these differentials. The 
short-term consequences are thought-provoking, at the 
least. However, it must be kept in mind that even with a 100% 
adoption rate, less than optimum production management 
may reduce the magnitude of response achieved. In particu- 
lar, attention must be directed to meeting nutrient require- 
ments of the pig, which are already understated by the 
current NRC (National Research Council) requirements for 
swine. 

Implications for Altering 
Nutrient Requirements 

The indication that nutrient requirements of swine may be 
changed with pST administration came from early studies 

Figure 2 
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Theoretical protein dose-response curves for growing pigs adminis- 
tered porcine somatotropin (pST) in two growth phases: 20-50 kg 
and 50-100 kg live weight (from Boyd and Krick, 1990). Relative 
increases in protein accretion rates are given as percentages greater 
than control and are typical of published results with moderate doses 
of pST. Effects of constant efficiency of use of dietary protein vs 
increased efficiency on protein requirement are represented by the 
arrows on the x-axis. 

Table 5. Potential Changes in Packer Value of All Pork 
Carcasses From Market Hogs Produced In The U.S.' 

Number of market hogs slaughtered in 198a2: 
Potential increase in total lean tissue yield: 

(and equal decrease in adipose tissue yield) 
Potential increase in value of all market hoas3: 

83.8 million head 
1.84 billion Ibs 

$1 .47 billion 
'Assumes 100% adoption of pST by commercial producers and comparable changes in carcass composition as observed 
with a moderate pST dose (50 pgikg live weight) in the Cornell dissection study (Thiel et al., 1990). 
=Based upon breeding animals representing 5% of all hogs slaughtered (Judge, personal communication). 
3Ba~ed upon industry cost data for a pork carcass boneless ham and loin marketing system which generates an 
$.80/pound price differential for lean tissue (skeletal muscle) over fat and a fixed by-product and inedible credit of $9.80 per 
carcass (Akridge et al., 1990). 
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which revealed that carcass and empty body protein accre- 
tion rates are increased in a dose-dependent manner by 20% 
to 60% while feed intake is reduced by up to 20% (Boyd et 
al., 1986; Campbell et ai., 1988b). Data from Goodband et al. 
(1 988) and calculations by Boyd et al. (1 988) suggested that 
daily lysine requirement may be increased by 35% for pigs in 
the 25 to 55 kg growth phase and 60% in the 55 to 100 kg 
growth phase. This is based upon known relationships be- 
tween pST administration and protein accretion rates in this 
phase of growth (Figure 2). Different predictions are formu- 
lated if efficiency of protein accretion is altered, compared 
with no change in efficiency. Assuming no change in effi- 
ciency, an increase in protein requirement would be eminent. 
However, the reduction in days on feed would reduce the 
absolute requirement to about half the daily requirement 
increase. If, on the other hand, efficiency was increased, 
requirements may be increased in reciprocal proportion with 
the change in efficiency. 

Subsequently, studies were conducted with a wide range 
of "ideal protein" levels, where amino acid profiles of the diet 
were matched to those of muscle accretion. These diets were 
fed ad libitum to control and pST-treated pigs (100 pg/kg live 
weight) from 30 to 60 kg. Results demonstrate that protein or 
lysine requirement is not significantly (2.6%) increased, and 
that efficiency of absorbed amino acid utilization is increased 
to accommodate the greater rates of protein accretion 
(Campbell et al., 1989a; Boyd and Krick, 1990; see Figure 3). 
Data from two separate studies with pigs treated with pST 
from 50 to 100 kg live weight are not in total agreement with 
regard to requirement changes, but indications are that daily 
protein and lysine requirements are not increased in finishing 
barrows and gilts when protein accretion rate is increased by 
60% to 70% (Krick and Boyd, personal communication). This 
is interesting because the range of pST-induced increase in 
protein accretion is 20% to 35% in the early growth phase 
and 35% to 70% in the finishing phase. 

The question of whether nutrient requirements are altered 
in ruminants administered somatotropin, or other agents 
which increase protein accretion rate, is less easily answered 
because rumen degradation and production of protein 
markedly influences quality and quantity of amino acids 
absorbed. Increasing amino acid availability by feeding 
fishmeal in lambs administered somatotropin improves feed 
efficiency in an additive manner with somatotropin treatment 
(Beermann et ai., 1990), and abomasal infusion of casein in 
growing steers improves nitrogen retention in additive man- 
ner with somatotropin administration (Houseknecht et al., 
1990). Because these responses are not associated with 
increased intake, results indicate that efficiency of use of 
absorbed amino acids was increased without increasing 
protein requirement. However, larger responses are routinely 
observed in growing pigs as compared with growing lambs or 
cattle and maximizing response to biotechnologies of growth 
regulation in ruminants will require continued efforts to 
modify diets or nutritional management to enhance lean 
tissue production. 

100 I BO 

Implications for Meat 
Quality and Palatability 

The effects of somatotropin GRF or adrenergic agonists 
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Effect of exogenous porcine somatotropin on the relationships be- 
tween "ideal" protein intake and protein accretion rate in intact male 
pigs between 30 and 60 kg live weight (panel A, Campbell et al., 
1989a) and in castrate males and females between 20 and 55 kg 
(panel B, Boyd and Krick, 1990). Diets were fed restrictively (A) or ad 
libitum (B). Each point is the mean of 6 pigs. 

on meat quality have been addressed in recent reviews 
(Merkel, 1988), symposia (Bekaert et ai., 1987; Cole et ai., 
1987; Bechtel et al., 1988; Beermann et al., 1988; Allen and 
Enright, 1989; Demeyer et al., 1989; Henning et al., 1989; 
Prusa, 1989; van der Wal et al., 1989) and individual publica- 
tions (Pommier et al. 1990). One of the consistent effects of 
these repartitioning agents is to reduce carcass and 
intramuscular lipid concentration. Intramuscular lipid concen- 
tration is linked to sensory perception of juiciness and overall 
acceptability of beef (Savell and Cross, 1987; Dikeman, 
1987) and pork (Saffle, 1962; Rhodes, 1970; Wood et ai., 
1986; DeVol et al., 1988), although cooking method also has 
a strong influence on both beef (Berry and Leddy, 1990) and 
pork (Simmons et al., 1985). It is apparent that pSTadminis- 
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Table 6. Effects of pST on Longissimus Lipid and 
Cholesterol Concentration - Genotype and Sex Effects. 

Longissimus Lipid Concentration (%) 

pST Dose (p,g/kg BW) 
Group 0 50 100 150 200 

Fat Strain Barrows 3.43 2.50 1.77 2.60 1.32 
Lean Strain Barrows 3.38 1.54 1.49 1.20 .77 
Lean Strain Boars 2.57 1.54 1.03 1.01 .49 
SF = .96 pST = P<.OOl Genotype = P<.002 Sex = P<.08 

Cholesterol Concentration (mgll OOg) 
pST Dose (kglkg BW) 

Group 0 50 100 150 200 
Fat Strain Barrows 56.0 58.9 55.4 62.2 57.2 
Lean Strain Barrows 56.4 58.9 59.0 57.4 61.2 
Lean Strain Boars 55.4 55.7 54.0 55.9 57.1 
Pooled S y  = 7.06 

'Recombinant porcine somatotropin was administered daily by I.M. injection from 30 kg to 90 kg live weight (N=10 per 
subclass). Data are expressed on a wet-weight basis. 

tration reduces intramuscular lipid concentration in a dose- 
dependent manner to 20% of control animal values when 
dose is adjusted for live weight throughout the treatment 
period (Beermann et al., 1988, Table 6), and when doses of 
approximately 100 pg/kg or higher are used. Administration 
via long-term injectable or implant and daily injection of a 
fixed amount of somatotropin (which results in diminishing 
dose over the growth period) would not be expected to 
achieve responses equivalent to those observed with daily 
administration adjusted for live weight. 

The sensory evaluation and shear force data indicate 
either no difference or only small decreases in tenderness 
associated with moderate or high-dose pST administration 
(Bechtel et al., 1988; Beermann et al., 1988; Evock et al., 
1988; Kanis et al., 1988; Prusa, 1989), which should not have 
a negative influence on consumer acceptance of pork from 
pigs administered the suggested commercial application 
dose of approximately 50 Fgikg. Administration of GRF to 
growing-finishing pigs appears to reduce carcass and muscle 
lipid concentration equivalent to moderate doses of pST 
(Pommier et al., 1990). Effects of pST or GRF on other 
indices of pork quality (i.e., pH, objective color measure- 
ments and subjective evaluation of firmness, wateriness and 
color) appear to be insignificant. 

Although lipid concentration in muscles is reduced, cho- 
lesterol concentration of muscle is not altered by pST admin- 
istration (Prusa, 1989; Beermann, unpublished data; Table 
6). Lipid composition appears to be affected little by pST 
administration (Prusa, 1989). However, Pommier et al. 
(1990) observed a 31%, 25% and 40% increase in the 
proportion of linoleic acid in the separable fat of the loin and 
shoulder and the intramuscular fat of the longissimus in pigs 
treated with a GRF analogue. More research is needed to 
fully characterize effects of elevating circulating levels of ST 
on tissue lipid composition. 

The adrenergic agonists apparently have no significant 

effect on pork quality indices or on objective and subjective 
assessment of sensory traits (Merkel, 1988; Cole et al., 
1987). High doses of select adrenergic agonists do cause 
decreased tenderness in ruminants (reviewed by Merkel, 
1988), but compound, dose and length of administration all 
appear to influence these changes. Evidence has accumu- 
lated for implicating reduced KM calcium-dependent 
proteinase activity (Wang and Beermann, 1988) or increase 
in calpastatin activity (Kretchmar et al., 1989, 1990) as a 
causative effect. Electrical stimulation (Beermann et al., 
1989) or calcium chloride infusion (Koohmaraie, personal 
communication) at slaughter alleviate most of the loss of 
tenderness effect. Again, compound, dose and length of 
treatment influence these measurements. 

Implications for Consumer Acceptance 
Changes in nutritional composition of meat should be a 

positive factor in seeking consumer acceptance of animal 
growth regulation strategies. The reduction of carcass and 
intramuscular lipid concentration in meat animals manipu- 
lated by growth regulants should enhance consumer accep- 
tance of biotechnologies for growth regulation. Never before 
have consumers been so sensitized to dietary recommenda- 
tions to reduce intake of calories as fat, and as saturated fat, 
as well as to reduce intake of cholesterol. A recent survey by 
the Food Marketing Institute (1990) on consumer trends 
indicates that fat, cholesterol and salt ranked one, two and 
three on their nutritional worry list. The major sources of 
these nutrients in the diet are meat and dairy products: 
56.6% of total fat, 74.2% of saturated fatty acids and 100% of 
cholesterol (Designing Foods, 1988). Ironically, between 
1965 and 1985 total fat consumption increased approxi- 
mately 34%, and this increase was due solely to increased 
vegetable fat consumption ( + 64%), while consumption of fat 
from animal sources decreased 22% (Designing Foods, 
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1988). Many consumers perceive that consumption of animal 
products is detrimental to their health and life expectancy. 
Many are unaware that significant reductions in fat content of 
fresh and processed meat products have already occurred 
through increased fat trim of retail cuts and through reformu- 
lation of processed meat products. 

Somatotropin, GRF and the beta agonists have been 
shown to reduce carcass and intramuscular lipid in many, but 
not all, cases (see review by Prusa (1989) and Table 6). The 
consumer must be educated concerning the independent 
nature of total lipid content or concentration of lean meat (no 
adhering fat) and associated cholesterol concentration. Dra- 
matic reduction in total extractable lipids has no effect on 
cholesterol content of a fixed mass of skeletal muscle (Table 
6), primarily because cholesterol is associated with cell mem- 
brane rather than cell contents in muscle and adipose tissue. 

Biotechnology strategies must also be evaluated from the 
perspective of effects on sensory traits of fresh meat, particu- 
larly when significant reductions in intramuscular lipid result, 
or when aspects of myofibrillar protein or collagen metabo- 
lism or biochemistry are affected. Review of the data cur- 
rently available indicates that moderate doses of 
somatotropin, GRF or select beta agonists do not pose 
significant adverse effects on visual characteristics of meat 
or meat palatability. The minimal decreases in juiciness, 
tenderness or overall acceptability noted in some studies 
should not have a significant impact on consumer accep- 
tance of the product, unless intramuscular lipid content is 
already low and inappropriate cookery methods are used. 

Perceived Effects on Food Safety 

Commercial use of animal growth regulators (naturally 
occurring or synthetic compounds) occurs only after thor- 
ough evaluation and review by the Food and Drug Adminis- 
tration, as described by the preceding speaker. A recent 
USDA report sent to Congress has been quoted in a recent 
AMI Newsletter (1 990) to indicate that “Scientific evidence 
shows that consumers face very little health risk from chemi- 
cal residues in meat and poultry - less risk in fact, than from 
microbiological hazards.” The same Newsletter quotes the 
Food Safety and Inspection Service (FSIS) Assistant Deputy 
Administrator Richard Carnevale regarding public disclosure 
of a recent detailed residue report: “Only 0.3% of the 41,505 
samples tested in our domestic routine monitoring program 
last year showed illegal levels of residues.” The bulk of the 
violations are antibiotic and sulfonamide residues. Rapid test 
surveillance programs for sulfamethazine in hogs and for 
antibiotics and sulfonamide in bob veal calves, and the new 
certification program for bob veal calves all serve to increase 
producer awareness and compliance with drug use guide- 
lines. These must be maintained to bolster consumer confi- 
dence in the safety of meat and meat products. 

Use of somatotropin is unlikely to give rise to human 
safety issues. The delivery system and associated aspects 
will receive full evaluation as applications for somatotropin 
use are reviewed by the FDA. Approval has been requested 
for at least one adrenergic agonist, but this author is not 
aware of whether application for approval of GRF or other 
strategies for growth regulation are in process. 

Consumers are aware of illegal use of banned hormones 

in meat animals in Europe (Graham, 1989), and it is the 
continued occurrence of violations of the ban on use of 
hormone growth promotants in Europe and elsewhere that 
fuels consumer suspicion and skepticism regarding food 
safety of meat and meat products. The combination of con- 
sumer awareness or perceptions of the relationships be- 
tween diet and health, public opinion of food safety in general 
and growing exposure to and concern for animal welfare, all 
impact on the potential adoption and success of new animal 
growth regulation strategies. No matter how safe and effica- 
cious any form of animal growth regulation may be, if con- 
sumer perception of the end product is negative for any 
reason, success of the new technology will be doomed. 
Education of the consumer, both regarding the nutritional 
composition of the product, freedom from residues and as- 
pects of changes in animal production practices will be the 
key to acceptance of new biotechnologies. The proactive 
information campaign on nutritional aspects of meat in the 
diet is slowing the trend of reduced beef consumption and 
increasing poultry consumption, and improving the public 
image of meat. Pending FDA approval of new 
biotechnologies for animal growth regulation, tremendous 
educational efforts will be necessary to insure consumer 
acceptance of that technology as part of the process in safe 
and wholesome food production. 

I should hasten to add that other factors will also be of 
significant importance in making decisions regarding 
biotechnologies. These may include economic, environmen- 
tal, social and employment factors. These should be consid- 
ered in formulating educational information dissemination 
programs. 

Implications for Processing Technology 
and Raw Materials for Processing 

Implications for effects of growth regulation biotech- 
nologies on processing have recently been described by 
McKeith and co-workers (1989). Although little data are 
available, they list increased by-product mass, accelerated 
carcass cooling rate, changes in cooler shrinkage, difficulty 
in cutting soft, pliable tissue, muscle separation and changes 
in proximate composition of raw materials as areas which 
may make modifications necessary. 

The conventional approach and equipment used for car- 
cass fabrication may need to be modified if 50% reductions in 
subcutaneous fat thickness would be achieved in commercial 
application of pST administration. Removal of skin and sub- 
cutaneous fat for generating primal cuts is difficult if backfat 
is less than 1.8 cm. Data from many studies indicate that at 
the dose chosen for commercial application (approximately 
50 Fg/kg), backfat would be reduced approximately 20% to 
25% bringing tenth rib and last rib averages to approximately 
2.0 cm. (Orcutt et al., 1990). Use of high pST doses does 
result in little or no subcutaneous fat, and separation of fat 
and skin would be very difficult if very lean pigs (Le., such as 
limit-fed intact males which are used for pork production in 
many countries). 

Cuts used for cured meat processing will be leaner with 
pST, GRF or beta agonist use, and bellies will be thinner and 
lighter when pST is used at an effective dose (Kanis et al., 
1988; Thiel et al., 1989). Linear dose-response effects of 
pST on weight, thickness, processing yield, moisture and fat 
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content and slice integrity of bellies cured for bacon have 
been reported (McKeith et al., 1989). No differences in 
sensory traits were observed. 

Raw materials used for sausage manufacture (trimmings 
and fat trim) from pST-treated pigs would exhibit different 
proximate composition than those from non-treated pigs. Not 
only is intermuscular and intramuscular fat content reduced 
in a dose-dependent manner, but lipid concentration of 
adipose tissue is also reduced, while protein and water 
content of same is increased (Thiel, personal communica- 
tion). Pommier et al. (1990) observed similar changes in 
adipose proximate composition in finishing pigs treated with 
an hGRF analogue. Little information is available regarding 
the functional properties of muscle and adipose tissue from 
pST-treated animals. We must conclude that most of the 
variables mentioned above may need to be re-evaluated with 
the FDA-approved commercial pST preparation(s), once 
available. 

Summary 
Implications of biotechnology applications for meat animal 

growth and regulation will touch all segments of the meat 
industry: the producer, the packer, the purveyor, the proces- 
sor, the retailer and the consumer. I view these various forms 
of biotechnology which are currently being developed, or 
currently being reviewed by FDA for commercial use, as 
extensions of the earlier ongoing efforts to use technology to 
enhance efficiency and profitability of agricultural production. 
These technologies are no more dramatic in their impact than 
development of artificial insemination, the boxed-beef distri- 
bution system or automatic meat processing equipment. 

Implications for the producer include strict awareness of 
the relationships between composition of gain, nutrient re- 
quirements and gains in efficiency which can be expected. 
“Growth vaccines” such as the CCK-8 (cholecystokinin frag- 

ment) immunization to increase feed intake will not provide 
significant production efficiency benefits if nearly all the 
increase in feed intake represents excess nutrients above 
requirements. The fundamentals of nutritional physiology 
indicate that excess protein and energy intake will increase 
rate of gain as fat more than protein gain. 

Immunization techniques may be perceived as “more 
acceptable” to consumers than administration of recom- 
binantly derived hormones, yet this is totally unwarranted. 
FDA in March approved use of a biotechnology-derived 
“rennin,” an enzyme which causes milk to coagulate, for 
cheese production. I think it is fascinating that this rennin 
product received hardly a note of criticism or concern 
throughout the entire development and regulatory process. It 
is no different from recombinantly derived hormones in re- 
gard to the production process and safety in human food 
products. I think this exemplifies the magnitude and nature of 
the negative impact activists, media and legislators can have 
on useful, economically important advances we can achieve 
with biotechnology. It is apparent that all segments of our 
society must be made aware of the facts regarding biotech- 
nology applications. They also need to be informed that food 
safety aspects related to these technologies will be ade- 
quately evaluated through our Federal Agencies, such as the 
FDA. We all need to take part in this effort. 
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