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Abstract: 

The objective of this study was to determine if short-term supplementation of α-
lipoic acid (LA) would enhance intramuscular uptake of creatine monohydrate (CMH) 
and improve fresh pork quality.  Forty-eight commercial hybrid barrows were blocked by 
BW prior to test and randomly allotted to one of four treatments: no CMH or LA 
(Control); supplementation of 24g CMH/pig/day (Treatment 1); supplementation of 
600mg LA/pig/day (Treatment 2); or combined CMH and LA supplements (Treatment 
3).  Treatments were administered for five days prior to slaughter.  Twelve pigs per 
treatment were individually penned with ad libitum access to water and finishing ration.  
Treatments were administered orally to individual pigs in divided doses at 0600, 1200, 
and 1800 hours.  Pigs were harvested at 113 kg BW in two groups of 24.  Intramuscular 
pH was recorded with a PH-Star probe (SFK Tech., Inc) at 45-min postmortem (PH1) 
and again at 24-h (PH24) in the ham semimembranosus (SM) and loin muscle (LM) 
between the 10th and 11th rib (LM).  A MeatcheckTM conductivity probe (SFK Tech., Inc) 
was used in the same locations.  The MeatcheckTM index (PY) is a value from 0 to 100 
with the higher value indicating higher water-holding capacity.  Color (L-, a-, b-values) 
measurements were obtained with a Minolta colorimeter (CR-310) at 24-h postmortem 
on the cut lean surface of the ham gluteus medius (GM), SM, and LM.  Two, 1-inch thick 
loin chops were removed from the loin for determination of Warner/Bratzler (WB) shear 
force and glycolytic potential.  The intact SM and the posterior portion of the boneless 
loin were vacuum packaged and stored for 7 days to determine purge loss.  A 2 x 2 x 2 
factorial design was used to test the fixed effects of slaughter day, CMH, LA, and 
interactions.  Lipoic acid LM PH1 (6.48 vs. 6.04) was significantly higher and LM L*-
value (52.9 vs. 49.3) were significantly lower (P < .05) than controls.  Lipoic acid 24-h 
loin pH  (5.35 vs. 5.30; P = .11) and PY (40.3 vs. 30,9; P = .08) tended to be higher than 
CMH*LA.  Cook loss was significantly (P < .05) lower for LA (27.96%) vs. CMH*LA 
(31.96%).  Although not statistically different, purge loss from LA loin (3.32%) and SM 
(2.72%) was lower than CMH*LA loin (4.20%) and SM (3.63%).  Therefore, it appears 
that LA had a positive effect on pork quality and the combination of CMH and LA 
appeared to be deleterious. 
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Introduction: 
Postmortem (after death) metabolism of porcine muscle is more rapid than beef or 

lamb (Marsh et al. 1972).  The ultimate eating quality of pork is more dependent on 
physical and chemical activities associated with the conversion of muscle to meat.  The 
conversion of muscle to pork is influenced by the conditions leading up to, and 
immediately following harvest of the animal. Metabolism of intramuscular energy 
(glycogen) plays the primary role in the conversion of muscle to meat and the expression 
of different quality attributes of fresh pork.  The occurrence of pale, soft, and exudative 
(PSE) lean is the most detrimental quality problem associated with fresh pork.  Pale, soft 
and exudative pork has an unacceptable pale colored lean that is more prone to turn gray 
in the retail case.  It also has an undesirable soft texture and a very low capacity to hold 
moisture.  Pale, soft, and exudative pork will frequently possess an unacceptably low 
palatability, as it becomes dry and tough after cooking.  This type of pork also has very 
limited capacity for further processing because the reduced ability to bind water prevents 
the meat from holding seasoning solutions and the protein denaturation inhibits the 
forming of a cohesive meat batter in such products as bologna or hot dogs. 
 Postmortem metabolism of glycogen plays a major role in the generation of PSE 
pork.  The conversion of muscle to meat requires a slow, steady decline of intramuscular 
pH from 7.0 to an ultimate pH between 5.8 and 5.5.  The level and extent of postmortem 
pH decline is glycogen dependent as anaerobic conversion of glycogen to lactic acid 
results in the achievement of an acceptable (or unacceptable) meat pH.  The PSE 
condition occurs when intramuscular lactic acid accumulates very rapidly while the 
carcass temperature is high, creating a localized acidosis.  Pearson (1987) wrote that the 
ultimate condition of pork muscle is influenced by skeletal muscle pH drop as a function of 
time, in vivo temperature patterns, carcass chilling rate, and the conditions at the onset of 
rigor mortis.  The rate of postmortem pH decline is approximately three times faster in 
carcasses that produce PSE meat (Mitchell and Heffron, 1982).  This rapid pH drop while 
the carcass temperature is above 99oF leads to denaturation of muscle proteins that bind 
water (Penny, 1969) resulting in an unacceptable soft meat texture that has limited 
capacity to bind water. 

Humans supplementing creatine monohydrate at a rate of 20g/day for five days 
increased intramuscular creatine load by 20% (Hultman, 1996).  Increase of 
intramuscular creatine load has been shown to improve muscle strength and recovery 
time after high intensity exercise as well as significantly increase lean body mass 
(Balsom et al., 1994).  Prevost et al (1998) reported that intramuscular loading of 
creatine may serve as a lactic acid buffer, increasing exercise recovery time in short-
duration, maximal intensity exercise.  It has already been stated that in postmortem pig 
muscle the combination of low muscle pH and high muscle temperature results in 
myofibrillar protein degradation generating a pale color, soft lean structure, and very 
poor water binding ability.  Creatine supplemented to the pig’s diet prior to slaughter will 
load muscle cells with creatine forming creatine phosphate.  Creatine phosphate is the 
high-energy phosphate reserve for reformation of ATP, which is hydrolyzed to ADP 
during muscle contraction.  Postmortem pH decline is slowed by the presence of an 
immediate energy source, delaying glycogen metabolism.  The delay in glycogen 
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metabolism slows the intramuscular pH decline resulting in reduced lactic acid 
accumulation within the muscle.  Another benefit is improved water binding capacity 
from the presence of intramuscular phosphates bound to creatine in the muscle cell. 
 Green et al. (1996) reported that intramuscular creatine uptake was improved by 
60% when consumed with a potent insulin releasing carbohydrate such as dextrose.  
The main objective of this trial was to “load” creatine into the porcine muscle five days 
before pigs were harvested.  Maximum levels of creatine must be deposited into the 
muscle cell during the short supplementation phase.  To ensure this, creatine was 
supplemented in combination with a finishing diet containing a high percentage of 
carbohydrate and α-lipoic acid (LA).  Lipoic acid has been reported to significantly lower 
blood glucose in experimental animals by 15% within 15 minutes after administration 
and is reported to be the most powerful natural compound available for stimulating 
glucose up-take into the muscle (Byrd, 1995).  This trial was conducted to determine if 
the combination of carbohydrates, creatine monohydrate, and α-lipoic acid would 
promote rapid deposition of creatine and glucose into the muscle cell.  The formation of 
creatine phosphate in the muscle cell will draw water into the cell to enhance ultimate 
meat juiciness.  Also, glucose molecules will bind together to form the highly branched 
molecule, glycogen.  The branched nature of glycogen will also draw water into the 
muscle cell. 
 
Objectives: 
The objectives of this study will be to: 

a) determine if loading of creatine monohydrate to pigs one day prior to slaughter 
will reduce the effects of rapid pH decline and improve fresh pork quality. 

b) determine if intramuscular uptake of creatine monohydrate supplemented to pigs 
one day prior to slaughter is enhanced by the addition of supplemental α-lipoic 
acid. 

Note:  Preliminary research conducted by the PI has shown that the minimum number 
of days that creatine can be fed to improve fresh pork quality was 5-days prior to 
slaughter.  The objectives were modified to a 5-day supplementation protocol. 

 
Procedures: 

Forty-eight commercial (Murphy Farms) market hogs weighing approximately 
235 lbs were individually penned and ad libitum fed a traditional finishing diet containing 
15% crude protein, .5% lysine and 2% added choice white grease.  Diets were 
supplemented with creatine monohydrate (CMH), α-lipoic acid (LA), or a combination of 
CMH and LA for 5 days prior to slaughter.  Pigs had a constant source of water.  Twelve 
pigs were assigned per treatment.  An average daily gain of 2.5 lbs per day was 
assumed to allow the pigs to reach 250 lbs (market weight) in 5 days.  Pigs were 
housed in an environmental chamber, held at thermo-neutral temperatures, and allowed 
to acclimate to the new environment for 5 days prior to receiving the experimental 
treatments.  During this 5 day acclimation period, the pigs were trained to eat a 40g 
“dough-ball” made of a commercially available nursery pig starter ration.  Treatments 
were administered as follows: 
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Treatment 1:  Pigs in treatment 1 were hand-fed supplemental creatine 
monohydrate (CMH) in 3, 8 g doses mixed with a piglet nursery 
(starter) diet dough ball daily, for 5 days prior to slaughter 

Treatment 2:  Pigs in treatment 2 were hand-fed supplemental α-lipoic acid (LA) 
in 3, 200 mg doses mixed with a piglet nursery (starter) diet dough 
ball daily, for 5 days prior to slaughter.  

Treatment 3: Pigs in treatment 3 (CMH*LA)were hand fed combined 
supplements of CMH in 3, 8 g doses and LA in 3, 200 mg doses 
mixed with a piglet nursery (starter) diet dough ball for 5 days prior 
to slaughter. 

Control Group:  Pigs in treatment 0 (CON) were hand-fed 5 nursery (starter) diet 
dough-balls per day for the course of the experiment. 

Final dietary treatments were administered at1800h the day prior to slaughter.  Pigs 
were slaughtered on day 6 of the experiment at approximately 250 lbs in two separate 
groups of 24.   
Slaughter 

Live weight and dressed, hot carcass weight were obtained on the day of 
slaughter.  Muscle pH measurements were taken at 45 minutes post exsanguination in 
the inside ham semimembranosus (SM) muscle and through the intercostal space into 
the loin muscle at the 10th and 11th rib interface using a PH-Star probe (marketed by 
SFK Techn. Cedar Rapids, IA).  The MeatcheckTM probe was used to obtain a Py and 
temperature reading taken in the ham SM and loin muscle at 45-minutes and 24-hours 
postmortem.  The MeatcheckTM Py reading provides an indication of intact muscle cells.  
A low Py reading indicates a lower proportion of intact muscle fibers and a greater 
proportion of extra-cellular water.   
Measurements taken during fabrication. 

Ham fabrication and analysis.  The rough ham was removed by making a cut at a 
point half the distance between the anterior edge of the aitch bone and the posterior 
edge of the last lumbar vertebra, perpendicular to the outer skin surface, and to a line 
that is parallel to the shank.  Light reflectance readings (L-, a-, and b-values) were 
recorded on the cut lean surface of the exposed gluteus medeus using a Minolta 
colorimeter (model cr-310 standardized to a white and black tile).  The SM muscle was 
removed from the ham and faced perpendicular to the muscle fiber orientation on the 
large end of the SM exposing enough surface area to accommodate the 50mm Minolta 
head.  L-, a-, and b-values were recorded and a muscle pH was taken.  The SM was 
weighed, vacuum packaged, and placed in the cooler for 7 days at 37oF.  After 7 days, 
the SM was removed from the vacuum package, patted dry, and re-weighed to reveal 
whole muscle purge.  Light reflectance was repeated on the SM on a fresh cut lean 
surface and deep muscle pH was retaken. 

Loin fabrication and analysis.  The loin was separated at the 10th and 11th rib 
juncture and a two-rib section (9th and 10th rib) was removed with the subcutaneous fat 
and skin remaining intact for determination of 10th rib fat depth and loin eye area.  Light 
reflectance readings (L-, a-, and b-values) were recorded on the cut lean surface of the 
exposed 10th rib loin muscle using a Minolta colorimeter (model CR-310).  The sirloin 
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portion was then removed from the posterior section of the loin at the last lumbar 
vertebra (leaving the last lumbar vertebra attached to the sirloin).  All bones and 
cartilage were removed and the loin was trimmed to 0-inches of external fat.  One, 1-
inch thick chop was fabricated from the 2-rib loin section, trimmed of all external fat, 
packaged, and frozen for determination of glycolytic potential.  The second chop was 
used for determination of Warner/Bratzler shear force determination.  The boneless 
loins were then weighed, vacuum packaged, placed in a box, and stored in the cooler at 
37oF for 7-days.  After 7 days, the loins were removed from the vacuum package, purge 
discarded, and reweighed to gain an estimate of purge loss.   

Determination of glycolytic potential.  A 1-inch chop was removed from the loin 
and delivered to the University of Illinois Meat Science laboratory for determination of 

intramuscular glycolytic potential (GP).  Glycolytic potential (expressed in µmol/g of wet 
tissue weight) was calculated according to Monin and Sellier (1985).  The following 
equation was used to determine total metabolic compounds transformable to lactic acid 
within postmortem muscle: 
GP = 2([glycogen] + [glucose] + [glucose-6-phosphate]) + [lactate] 

 
Statistical analysis: 
 A 2 x 2 x 2 factorial design was used to test the fixed effects of slaughter day, 
CMH, LA, and interactions.  LSMEANS were evaluated for least significant differences 
in a general linear model for 45m loin and SM pH, loin and SM purge (%), 24h loin, ham 
face (gluteus medius), and SM light reflectance, WB shear force, lactic acid 
concentration, and glycolytic potential. 
 
Results: 
 One pig from the creatine x lipoic (CMH*LA) treatment was removed due to 
illness.  Table 1 includes LS means, standard error, and level of significance for the 
various quality parameters and carcass measurements.   
 The first objective of this study was to determine if short-term feeding of creatine 
monohydrate would result in intramuscular saturation of creatine phosphate and 
subsequently buffer postmortem lactic acid accumulation and improve fresh pork 
quality.  Loin and inside ham (semimembranosus) muscle 45-minute pHs were not 
affected by creatine supplementation.  The MeatcheckTM Py reading is an index 
indicative of intact muscle cells and the presence of extracellular water.  A higher Py 
reading indicates superior meat quality and less potential for exudate.  The ham Py 
reading taken at 45-min postmortem was highest for CMH, however, was not 
significantly different than CON.  Twenty-four hour light reflectance (L, a, and b-values) 
and pH taken on the ham face (gluteus medius), inside ham (SM), and loin muscle 
showed no statistical difference between CON and CMH.  There were also no 
significant differences between the CMH and CON groups for SM and loin purge lost 
after 7 days storage, cooking loss, Warner/Bratzler shear force, and all components of 
glycolytic potential.  The concentration of lactic acid was lower for CMH vs. CON, 
although not statistically significant. 



 6 

 The second objective of this study was to determine if the insulin enhancing 
properties of α-lipoic acid would enhance deposition of creatine into the muscle tissue 
and subsequently buffer postmortem lactic acid accumulation and improve fresh pork 
quality.  The CMH*LA treatment was no different from CON for ham and loin pH, Py, 
and light reflectance readings.  The CMH*LA group possessed the highest (although not 
statistically different than CON) purge lost from the inside ham and loin, had the most 
cooking loss, and highest lactic acid concentration. 
 It may be concluded that the combined supplementation of creatine monohydrate 
and α-lipoic acid to market-ready pigs either has no effect or a negative affect on pork 
quality.  However, supplementation of α-lipoic acid alone deserves further consideration.  
Loin muscle from LA carcasses had the least lactic acid concentration at 24h and was 
significantly different than CMH*LA.  The LA group had a significantly higher 45-minute 
loin muscle pH and significantly lower 24h loin muscle L-value than CON.  Furthermore, 
LA had the lowest loin and SM purge after 7 days storage, had less cooking loss, and a 
significantly lower shear force than CON.  Future research will examine the 
supplementation of α-lipoic acid as a means of improving fresh pork quality. 
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Table 1.  LS means, standard errors, and level of significance for quality parameters or carcass measurement associated with 5-day 

supplementation of creatine monohydrate, α-lipoic acid, and a combination of creatine monohydrate and α-lipoic acid. 

  

Control 

 

Creatine 

 

Lipoic Acid 

Creatine x 

Lipoic 

 

Significance 

Hot carcass wt. (Lbs) 192.2 (+1.71) 191.3 (+1.71) 192.6 (+1.71) 191.2 (+1.79) NS 

45-min pH, Loin 6.04
b
 (+.09) 6.11

b
 (+.09) 6.38

a
 (+.09) 6.10

b
 (+.10) P<.05 

45-min pH, Ham semimembranosus 6.48 (+.08) 6.33 (+.08) 6.42 (+.08) 6.34 (+.09) NS 

45-min Py, Loin 65.25 (+1.95) 67.25 (+1.95) 68.67 (+1.95) 67.96 (+2.04) NS 

45-min Py, Ham semimembranosus 64.83
abc

 (+1.03) 66.67
a
 (+1.03) 63.50

bc
 (+1.03) 62.23

c
 (+1.07) P<.05 

24h Py, Loin 17.92 (+1.58) 16.00 (+1.58) 17.08 (+1.58) 17.06 (+1.65) NS 

24h Py, Ham semimembranosus 33.58
ab

 (+3.74) 36.75
ab

 (+3.74) 40.33
a
 (+3.74) 30.87

b
 (+3.91) P<.09 

10
th
 rib fat depth (inches) 1.10 (+.05) 1.11 (+.05) 1.13 (+.05) 1.16 (+.05) NS 

Loin muscle area (in
2
) 5.66

a
 (+.13) 5.76

a
 (+.12) 5.45

ab
 (+.13) 5.28

b
 (+.13) P<.01 

24h Ham Face (gluteus medius)      

     L-value 46.79
ab

 (+.84) 47.74
a
 (+.84) 45.49

b
 (+.84) 47.65

a
 (+.88) P<.09 

     a-value 16.38 (+.45) 16.45 (+.45) 16.27 (+.45) 15.66 (+.47) NS 

     b-value 6.65
ab

 (+.28) 6.85
ab

 (+.28) 6.42
b
 (+.28) 7.10

a
 (+.29) P<.10 

     pH 5.39 (+.02) 5.40 (+.02) 5.39 (+.02) 5.38 (+.02) NS 

24h semimembranosus      

     L-value 45.03 (+.57) 45.25 (+.57) 44.22 (+.57) 45.35 (+.60) NS 

     a-value 14.36
b
 (+.21) 14.53

ab
 (+.21) 14.89

a
 (+.21) 14.81

ab
 (+.22) P<.08 

     b-value 4.85 (+.18) 4.79 (+.18) 4.98 (+.18) 5.01 (+.19) NS 

     pH 5.36 (+.02) 5.36 (+.02) 5.39 (+.02) 5.36 (+.02) NS 

24h Loin muscle      

     L-value 52.87
a
 (+1.07) 51.54

ab
 (+1.07) 49.31

b
 (+1.07) 51.54

ab
 (+1.12) P<.03 

     a-value 15.19 (+.21) 15.20 (+.21) 15.17 (+.21) 15.36 (+.22) NS 

     b-value 8.12
a
 (+.33) 7.84

ab
 (+.33) 7.19

b
 (+.33) 8.02

ab
 (+.35) P<.06 

     pH 5.35 (+.02) 5.33 (+.02) 5.35 (+.02) 5.30 (+.02) NS 

7d Purge loss, loin (%) 4.07 (+.43) 3.71 (+.43) 3.32 (+.43) 4.20 (+.45) NS 

7d Purge loss, semimembranosus (%) 3.25
ab

 (+.29) 3.06
ab

 (+.29) 2.72
b
 (+.29) 3.63

a
 (+.30) P<.04 

Cooking loss (%) 29.50
ab

 (+1.24) 28.89
ab

 (+1.24) 27.96
b
 (+1.24) 31.96

a
 (+1.30) P<.10 

Warner/Bratzler Shear force 3.97
a
 (+.23) 3.69

ab
 (+.23) 3.47

b
 (+.23) 3.77

ab
 (+.24) P<.13 

24h [Glycogen, Glucose-6-P, Glucose] 30.93
b
 (+4.94) 40.96

a
 (+4.94) 39.15

ab
 (+4.94) 31.57

ab
 (+5.16) P<.16 

24h [Lactic Acid] 107.86
ab

 (+2.15) 106.92
ab

 (+2.15) 103.08
b
 (+2.15) 109.26

a
 (+2.24) P<.06 

24h Glycolytic Potential 170.07 (+10.80) 187.41 (+10.80) 181.12 (+10.80) 174.04 (+10.80) NS 
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