
R. T. Stanko, T. L. Ferguson, C. W. Newman and R. K. Newman 

Dihydroxyacetone and Pyruvate
Reduction of Carcass Fat in Swine with Dietary Addition of

 1989. 67:1272-1278. J Anim Sci

 http://jas.fass.org
services, is located on the World Wide Web at: 

The online version of this article, along with updated information and

 www.asas.org

 by on August 20, 2010. jas.fass.orgDownloaded from 

http://jas.fass.org
http://www.asas.org/
http://jas.fass.org


REDUCTION OF CARCASS FAT IN SWINE WITH DIETARY 
ADDITION OF DIHYDROXYACETONE AND PYRUVATE 1 

R. T. Stanko 2, T. L. Ferguson 3, 
C. W. Newman 3~s and R. K. Newman 4 

Montefiore Hospital, University of Pittsburgh, Pittsburgh, PA 15213 
and Montana State University, Bozeman, MT 59717 

ABffI'I~OT 
Swine weighing 80 to 85 kg were fed a basal corn-soybean meal diet plus a mixture of 

dihydroxyacetone and pyruvate (3:1) (triose) or Polycose| (control), a glucose polymer, as 
3.85% of calories (4% of the diet). Twenty-four pigs were pair-fed the triose mixture or 
control diet for 28 d in litter-mate pairs of the same sex. Weight gain and feed 
consumption were recorded and carcasses were evaluated for fat and muscle accretion. The 
right rear leg and rear one-third of the right loin were skinned, deboned, ground and 
analyzed for protein, fat, moisture and ash content. Average backfat depth and backfat 
depth at the first, last and 10th rib were reduced by 12, 15, 14 and 12% (P < .01), 
respectively, in lriose-fed pigs. Loin eye area and untrimmed lean cuts were not altered by 
diet, but percentage trimmed lean cuts was higher (P < .02) in triose-fed pigs (57.6 vs 
55.3%). Leg and loin tissue samples from pigs fed the triose mixture had a lower (P < .01) 
percentage of fat and a corresponding increased (P < .01) percentage of protein. Organ 
weights and the blood biochemical profile were not altered by triose feeding. Liver 
function tests were not altered in animals consuming the trioses, except for an 18% 
decrease (P < .05) in serum glutamic pyruvic transaminase. Ingestion of dihydroxyacetone 
and pyruvate will reduce body fat in limit-fed swine without reducing muscle protein 
deposition. 
(Key Words: Swine, Carcass Composition, Trioses, Pyruvate.) 
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InVoauotion 

The reduction of carcass fat with a concur- 
rent increase in protein deposited as lean meat 
in market swine has been a major goal of 
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swine geneticists and animal nutritionists for 
several decades. Recently it has been demon- 
strated that major reductions in carcass fat of 
swine can be accomplished through the use of 
the ~-adrenergic agonists clenbuterol and ci- 
materol (Dalrymple et al., 1984; Moser et al., 
1984; Ricks et al., 1984; Jones et al., 1985). 
Others have approached this problem with 
daffy injections of porcine growth hormone 
(Machlin, 1972; Chung et al., 1985; Rebhun et 
al., 1985). 

In 1978 it was found that a mixture of 
pyruvic acid, dihydroxyacetone and riboflavin 
when added to the diet of a rat inhibited 
alcohol-induced steatosis despite 30 d of 
alcohol ingestion (Stanko et al., 1978). These 
results were confirmed by others (Goheen et 
al., 1981; Rao et al., 1984). Recently we 
reported that addition of the glucose metabo- 
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TABLE 1. PERCENTAGE COMPOSITION 
OF BASAL DIET, AS FED BASIS" 

Ingredient % 

Ground corn 67.9 
Polycose or triose mixture' 4.0 
Soybean meal 16.0 
Extruded soybeans 8.5 
Salt .4 
Dicalcium phosphate 2.2 
Calcium carbonate .4 
Vitamin, trace mineral 
and antibiotic mix b .6 

Total 100.0 

"Polycose| (control) from Ross Laboratories, Colum- 
bus, OH, or triose mixture (treated). 

bContributed the following per kg diet: 3,300 IU vitamin 
A, 1,650 IU vitamin D, 5.5 mg riboflavin, 8.8 mg 
pantothenic acid, 22 nag niacin, 33 Ixg vitamin B12, 13.2 IU 
vitamin E, 2.2 mg vitamin K, 70 nag Fe, 4 mg Cu, 55 mg Mn, 
80 mg Zn, 300 I.tg I, 120 I.tg Se, 44 mg oxytetracycline. 

lites to an adequate diet of the rat decreased 
body fat but not body protein content (Stanko 
and Adibi, 1986). These observations indicated 
the likelihood of metabolic control of hepatic 
and adipose lipid content and suggest the 
possibility of favorably altering the fat:protein 
ratio in meat animal carcasses with the 
ingestion of dihydroxyacetone and pyruvic 
acid. The purpose of the present study was to 
evaluate the effect of these compounds on 
carcass backfat, external fat of wholesale cuts, 
chemical composition of deboned loins and 
legs, organ weights and selected blood parame- 
ters of market swine. 

Materials and Methods 

Twenty-four Yorkshire x Duroc x Hamp- 
shire swine (12 male castrates and 12 females) 
weighing 80 to 85 kg were housed in 
individual pens and littermates of the same sex 
were pair-fed for 28 d either the control or the 
treatment diet twice daily, at 0830 and 1600. 
Diets consisted of either a 3:1 mixture of 
dihydroxyacetone and calcium pyruvate 6 or 
Polycose| a glucose polymer (control as 
3.85% of the calories in the same basal corn-  
soybean meal diet; Table 1). Dihydroxyacetone 
and pyruvate collectively are called trioses in 

6Chemical Dynamics Corp., South Plainfield, NJ 07080. 
7Baker Instruments Corp., Allentown, PA. 
~Medical Analysis Systems, Inc., Camarillo, CA. 

this report. Caloric composition of both diets 
was 80% carbohydrate, 16% protein and 4% 
fat. Calculated digestible energy content 
(NRC, 1988) was 3,400 kcal/kg. Water was 
available ad libitum. On the 29th d of the 
study, approximately 18 h after feeding, blood 
samples were taken by vena cava puncture and 
the animals were slaughtered by exsanguina- 
t.ion. Blood samples were placed on ice and 
later analyzed. Hot carcass weight was deter- 
mined, and heart, liver, kidney and spleen were 
removed, rinsed in saline and weighed. After 
chilling (24 h at 1 ~ cold carcass weight was 
determined, leaf fat was removed and weighed, 
and medial backfat was measured with a steel 
ruler at the in'st and last rib and last lumbar 
vertebrae. Loin eye area (longissimus muscle) 
and 3/4 fat depth at the 10th rib interface were 
measured following published procedures 
(USDA, 1981). Leg (ham), loin, shoulder 
(Boston butt and picnic) (lean cuts) and the 
belly were removed and weighed before and 
after trimming of excess external fat as 
normally done prior to marketing the fat- 
trimmed wholesale cuts. All carcass separation 
and fat trimming of external fat was performed 
uniformly by one technician. The right ham 
and rear one-third of the right loin were 
skinned, deboned, ground and frozen for later 
analysis of fat, protein, water and fish. The 
loin eye area of six carcass pairs was dissected 
from exterior fat and the loin was analyzed for 
fat, protein, water and ash. 

Blood samples were analyzed by conven- 
tional laboratory techniques for hemoglobin 
concentration, hematocrit, erythrocyte and leu- 
kocyte count, using a Coulter counter for cell 
count differential. Blood samples also were 
analyzed for alkaline phosphatase, serum glu- 
tamic oxaioacetic transaminase (SGOT), se- 
rum glutarnic pyruvic transaminase (SGPT), 
gamma glutamyl transpeptidase and choles- 
terol using a Baker Instruments CentrifiChem 
500 auto-analyzer 7 and Medical Analysis Sys- 
tems, Inc. s reagents. Triglycerides were deter- 
mined using CentrifiChem Triglycerides/INT 7 
with the CentrifiChem 500. Water content of 
leg and loin were determined by subtracting 
weight before and after freeze-drying for 96 h. 
Freeze-dried samples were analyzed for protein 
by Kjeldahl digestion and lipid by ether 
extraction (AOAC, 1980). A sample also was 
burned at 550~ for 12 h to determine ash 
content. The paired t-test was used for 
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TABLE 2. GROWTH PERFORMANCE AND ENERGY INTAKE OF 
SWINE FED CONTROL AND TRIOSE-SUPPLEMENTED DIETS 

Item' Control Triose 

Digestible energy 
intake, Kcal/d b 10,475 5:306 c 10,577 5:306 

Feed intake, kg/d 3.08 + .09 3.11 + .09 
ADG, kg/d .76 5: .02 .74 + .04 
Feed]gain 4.05 5: .12 4.20 • .12 

'N = 12 per treatment. 

bCalculated from diet components (NRC, 1988). 

~ + standard error. 

statistical analysis of  the data (Dixon and 
Massey, 1969). 

Results 

During the 28-d feeding period, none of  the 
animals developed diarrhea or other obvious 
abnormalities. Feed and energy intake, weight 
gain and feed:gain ratios were similar in 
control and treated animals, respectively (Ta- 
ble 2). At slaughter, live weight (101.5 + 1.7 
kg vs 99.6 + 1.8 kg), hot carcass weight (74.7 
+ 1.2 kg vs 74.6 + 1.3 kg), cold carcass weight 
(72.2 + 1.3 kg vs 72.3 + 1.3 kg) and carcass 
yield (71.8% vs 72.2%) were similar in control 
and treated animals, respectively. 

Backfat measurements are presented in 
Table 3. Animals ingesting the trioses had 12 
to 15% less ( P < .01) fat depth at the first and 
last rib than did animals ingesting the control 

diet. Backfat depth was not different at the last 
lumbar vertebrae, but average backfat depth 
was reduced (P < .01) in triose-fed pigs by 
12.0%. Fat depth at the 10th rib was reduced 
(P < .02) similarly by the triose mixture. Leaf 
fat and external trimmable fat (Table 4) also 
were decrea~d  (P < .05) in the treated 
animals. Trimmed belly weights were similar 
in both groups. Percentage untrimmed lean 
cuts was similar or equal in both groups, but 
trimmed lean cuts percentage was higher (P < 
.02) in the triose-fed animals. Due to a 
generalized decrease in external carcass fat in 
treated animals, there was an increase in the 
percentage of  trimmed lean cuts, although 
neither the percentage of trimmed belly nor 
loin eye area was changed from control 
animals (Table 4). 

Water, fat, protein and ash content of  
untrimmed loin and leg are presented in Table 

TABLE 3. EFF~CT OF DIHYDROXYACETONE AND PYRUVATE 
ON Tile BACKFAT DEPTH OF SWINE CARCASSES 

Item" Control Triose 

c m  

First rib 4.32 + .21 ~ 3.68 + .19"** 
Last rib 2.35 + .08 2.03 + .09*** 
Last lumbar vertebrae 2.15 + .11 2.06 + .10 
Tenth rib c 2.54 + .12 2.23 + .08** 
Average backfat d 2.94 + .11 2.59 5: .10'** 
Adjusted average backfat c 2.92 5:.10 2.57 5: .08*** 

"N = 12 per treatment. 

bMean + standard error. 

cUSDA (1981). 

dAverage of measurements taken at the first rib, last rib and last lumbar vertebrae. 

CBackfat adjusted to 100 kg live weight (USDA, 1981). 

**Differs from control at P < .02. 

***Differs from control at P < .01. 
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TABLE 4. EFFECT OF DIHYDROXYACETONE AND PYRUVATE 
ON THE WASTE FAT, LEAN CARCASS CUTS, BELLY AND 

LOIN EYE AREA OF SWINE CARCASSES 

1275 

Item" Control Triose 

Leaf fat, g 1,260 • 95 b 1,079 
%~ 1.7 • 1.2 1.5 

Trimmed fat, kg 10.3 • .8 9.3 
% 14.6:1: .8 13.1 

Untrimmed lean cuts, kg ~ 53.0 + 1.4 53.7 
% 73.5 • 1.5 74.1 

Trimmed lean cuts, kg d 39.9 • .6 41.6 
% 55.3 • .5 57.6 

Untrimmed belly, kg 12.6 • .3 12.1 
% 17.5 + .3 16.8 

Trimraed belly, kg 8.4 • .2 8.2 
% 11.7 • .1 11.3 

Loin eye area, cm z 31.8 • .9 31.5 
cm 2, adjusted e 31.7 • .9 31.3 

• 72** 
• .9** 
4- .6* 
4- .8* 
• 1.6 
5: 1.5 
4- .6 
4- .9** 
• .3 
5: .3* 
• 
• .6 
4- 1.0 
• .9 

'N = 12 per treatment. 

bMean 5: standard error. 

~Percentage of cold carcass weight. 

%ean cuts = leg, loin, boston butt and picnic shoulder. 

"Loin eye area adjusted to 1120 kg live weight (USDA, 1981). 

*Differs from control at P < .05. 

**Differs from control at P < .02. 

5. P e r c e n t a g e  fa t  was  less  in  the  u n t r i m m e d  
lo in  (P  < .06) and  leg ( P  < .01) in  t rea ted  
an imals .  A s  pe rcen t age  fa t  d e c r e a s e d  in  the  
loin (P  < .06) and  in the  leg ( P  < .01), 
pe rcen t age  p ro t e in  inc reased  (P  < .01) in  b o t h  
o f  these  cuts  o f  t rea ted  an imal s .  P e r c e n t a g e  ash  
a n d  wa te r  a lso inc reased  ( P  < .01) in  the  lo ins  
o f  t rea ted  an imals .  A s imi la r  t r end  w as  ev i den t  

in  the  leg,  a l t h o u g h  d i f f e rences  were  no t  
s igni f icant .  C o m p o s i t i o n  ana lys i s  o f  fa t -dis-  
sec ted  l o n g i s s i m u s  m u s c l e s  o f  the  six ca rcass  
pa i r s  r evea l ed  s imi l a r  p e r c e n t a g e  p ro te in  in  
con t ro l  and  t rea ted  a n i m a l s  (84.8 + .7% vs  
83.6  + 1.4%, da ta  no t  shown) .  

O r g a n  w e i g h t s  (Tab le  6) were  s imi la r  in  
b o t h  g roups  o f  an imals .  B l o o d  d e t e r m i n a t i o n s  

TABLE 5. EFFECT OF DIHYDROXYACETONE AND PYRUVATE ON 
THE DRY MATTER FAT, PROTEIN, ASH AND WATER CONTENT 
OF SKINNED, DEBONED LOIN AND LEG OF SWINE CARCASSES 

Loin Leg 

Item' Control Triose Control Triose 

% 

Fat ~ 70.2 5:1.4 b 66.2 4- 1.4"** 51.5 + 1.8 
Protein ~ 27.9 • 1.2 31.0 • t.2"** 45.1 • 1.7 
Ash c 1.4 + .1 1.6 • .1"** 2.4 • .1 
Water 48.1 + 1.2 50.9 • 1.2"** 61.3 + .9 

% 

49.4 + 2.0 t 
47.3 4- 1.8"** 

2.5 4- .I 
62.1 4- .9 

*N = 12 per treatment. 

bMean • standard error. 

~Dry matter. 

***Differs from control at P < .01. 

tDiffers from control at P < .06. 
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TABLE 6. EFFECT OF DIHYDROXYACETONE AND PYRUVATE 
ON THE FRESH WEIGHT OF THE HEART, LIVER, 

KIDNEYS AND SPLEEN OF MARKET SWINE 

Item" Control Triose 

g 

Hem 328 + 7 b 328 + 9 
Liver 1,373 + 59 1,424 -1- 80 
Kidney 307 + 12 318 + 13 
Spleen 152 + 7 150 + 4 

"N = 12 per treatment. 

bMean + standard error. 

(Table 7) revealed an 11% increase (P < .02) 
in leukocytes and a 9% increase (P < .04) in 
serum cholesterol in treated animals. Hemoglo- 
bin, hematocrit, erythrocyte count and triglyc- 
eride were similar in both groups of animals. 
Except for an 18% decrease (P < .05) in 
SGPT, liver function tests were not altered in 
animals ingesting dihydroxyacetone and pyru- 
vale. 

Discussion 

These data revealed that as a result of 
feeding the triose mixture, dihydroxyacetone 
and pyruvate, as a portion of an adequate diet 
to swine, body fat content was decreased 
without a decrease in muscle protein. Backfat, 
leaf fat and trimmed fat were decreased in 
animals fed the mixture. Selective inhibition of 

fat deposition from feeding of dihydroxyace- 
tone and pyruvate also is suggested by 
increases in percentage protein and decreases 
in percentage fat content of untrimmed loin 
and leg in treated animals. Despite this 
generalized decrease in body fat, muscle yield, 
as appraised by trimmed lean cuts, loin eye 
area and protein concentration of loin and leg, 
was increased or similar in the treated and 
control animals. 

Our previous studies of body composition 
in animals fed dihydroxyacetone and pyruvate 
yielded similar results (Stanko and Adibi, 
1986). Rats ingesting this mixture as 20% of 
calories for 112 d exhibited a 32% decrease in 
body fat content but no change in protein 
content compared with controls. In the present 
study, swine fed dihydroxyacetone and pyru- 
vate as 3.85% of calories for 28 d exhibited a 

TABLE 7. EFFECT OF DIHYDROXYACETONE AND PYRUVATE 
ON BLOOD COMPONENTS OF MARKET SWINE 

Item" Control Triose 

Hemoglobin, g/dl 14.5 + .3 b 14.7 + .4 
Hematocrit, % 44.2 + 1.6 44.8 + 1.2 
Erythrocytes, 106bran 3 7.8 + .2 7.8 + .2 
Leukocytes, 103/ram 3 15.4 + .8 17.1:1: .9* 
Alkaline phosphatase, IU/liter 139 + 9 148 + 10 
Serum glutamic oxaloacetic 
transaminase, IU/liter 21 + 4 18 + 2 

Serum glutamic pyruvic 
transaminase, IU/liter 28 :t: 2 23 + 5* 

Gamma glutamyl 
transpeptidase, IU/liter 22 + 1 24 + 2 

Cholesterol, mg/dl 85 + 3 93 :1: 9** 
Triglyceride, mg/dl 24 + 4 25 + 4 

"N = 12 per treatment. 

bMean + standard error. 

*Differs from control at P < .05. 

**Differs from control at P < .02. 
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12 to 15% decrease in body fat with no change 
in protein content. This effect was not unex- 
pected with only 28 d of feeding because 
growth curves in rats fed dihydroxyacetone 
and pyruvate suggested that the major meta- 
bolic effects of this mixture occur during the 
1st mo of feeding and persist thereafter. The 
rat data suggested that the mechanism of 
action of the Moses included an increase in 
resting energy expenditure and an inhibition of 
triglyceride synthesis in adipose and hepatic 
tissue. 

Despite marked inhibition of lipid deposi- 
tion in treated swine, weight gain was similar 
to that of control animals. Increases in carcass 
water content, as was evident in the loin, 
presumably prevented an inhibition of weight 
gain with feeding of the trioses. We have 
reported previously that, in rats (Stanko and 
Adibi, 1986), extended periods of feeding 
dihydroxyacetone and pyruvate as 20% of 
calories will inhibit weight gain. Perhaps a 
higher dosage of more prolonged feeding of 
trioses might inhibit weight gain in swine. 

Although long-term toxicity trials with 
dihydroxyacetone and pyruvate in swine have 
not been conducted, feeding of the triose 
mixture for 28 d did not induce any observable 
side effects. External examination showed no 
abnormalities except for occasional brown 
surface discoloration, which was especially 
noticeable on the nose and leg of white pigs. 
This discoloration probably was caused by 
dihydroxyacetone browning reactions within 
the diet or on skin protein from feed spilled 
during feeding (Kawashima et al., 1980). 
Organ weights, blood erythrocyte count, hemo- 
globin concentration and results of liver 
function tests were unaffected by feeding of 
the trioses other than a decrease in SGPT. The 
importance of the decrease in SGPT and the 
slight increases in the blood leukocyte count 
and serum cholesterol level in treated animals 
is unknown. Similar changes in the blood 
leukocyte count or serum cholesterol level 
were not detected in human subjects fed 
dihydroxyacetone and pyruvate for 21 d (R. T. 
Stanko, unpublished data). 

Previous reports (Machlin, 1972; Chung et 
al., 1985; Rebhun et al., 1985) suggest that 
chronic injection of growth hormone in swine 
weighing 45 to 100 kg will decrease carcass 
fat and increase feed efficiency and muscle 
size. Feed efficiency and muscle size were 
unaffected by feeding of dihydroxyacetone and 

pyruvate in 80- to 100-kg swine in the present 
study; however, the animals were pair-fed and 
the results may have been different with ad 
libitum feed consumption. Feeding of the 
triose mixture to swine may not enhance 
protein accumulation as hormone injections do. 
On the other hand, animals in the present study 
were fed those trioses during a period (80 to 
100 kg) of growth in swine in which protein 
deposition is only about 85% of lipid deposi- 
tion (Etherton and Kensinger, 1984). The ~- 
adrenergic agonist clenbuterol and its ana- 
logue, cimaterol, have been reported to favor- 
ably shift the lean:fat ratio in swine (Dal- 
rymple et al., 1984; Moser et al., 1984; Ricks 
et al., 1984; Jones et al., 1985). Pigs fed 
cimaterol had exhibited reductions in backfat 
similar to that observed in the present study 
due to the trioses. However, unlike our triose- 
fed pig data, cimaterol-treated pigs have shown 
an increase in loin eye area (Jones et al., 
1985). 

Beneficial effects on body composition in 
swine induced by growth hormone occurred 
only after extended (45 to 100 kg weigh0 
chronic injections of hormone (Machlin, 1972) 
or after 7 wk of feeding cimaterol (Jones et al., 
1985). In the present study, the pigs were 
treated for only 4 wk with dihydroxyacetone 
and pyruvate, yet a favorable shift in lean:fat 
ratio was observed in the carcasses. The effect 
of dihydroxyacetone and pyruvate on carcass 
composition will need to be evaluated in swine 
from 45 to 100 kg. Although a dose response 
curve of the lipostatic effect of dihydroxyace- 
tone and pyruvate in swine has not been 
conducted, the efficacious lipostadc dosage of 
3.85% of calories (4% of the diet) established 
in the present study provides a base line for 
future studies. 

Certain advantages exist for the use of 
dihydroxyacetone and pyruvate as lipostatic 
agents in pork production. Because feeding of 
high concentrations (4%) of dihydroxyacetone 
and pyruvate induces a physiological change, 
this mixture presumably will be considered a 
pharmaceutical agent. But unlike many phar- 
maceutical agents that can have undesirable 
side effects in humans (Spika et al., 1987), 
trioses are natural metabolites. Food products 
from animals fed these natural metabolites 
should induce no side effects in humans 
ingesting these foods because the trioses ale 
not foreign to swine or human metabolism. 
Human subjects fed dihydroxyacetone and 
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py ruva t e  as 15% of  ca lor ies  for  21 d d e v e l o p e d  
no  o b v i o u s  s ide ef fec ts  b y  e x a m i n a t i o n  or  
b i o c h e m i c a l  e v a l u a t i o n  (R. T. S tanko,  u n p u b -  
l i shed  data).  

W e  c o n c l u d e  tha t  the f eed ing  o f  the  3:1 
mix tu re  o f  d i h y d r o x y a c e t o n e  and  p y r u v a t e  to 

swine  wil l  dec rease  b o d y  fa t  w i t h o u t  decreas -  
ing m u s c l e  p ro t e in  content .  T he  p r e s en t  s tudy 
in c o n j u n c t i o n  wi th  p r e v i o u s  i nves t i ga t i ons  in  
ra ts  (S t anko  and  Adib i ,  1986) e s t ab l i s he s  tha t  
the l ipos ta t ic  e f fec t  o f  d i h y d r o x y a c e t o n e  and  

py ruva te  is no t  spec ies-speci f ic .  
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