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ABSTRACT 

EFFECT OF HIGH PROTEIN DRIED DISTILLERS GRAINS IN BEEF 

FINISHING DIETS ON CARCASS CHARACTERISTICS, BEEF QUALITY, AND 

SENSORY ATTRIBUTES 

 

Jacqueline Marie Popowski 

University of Minnesota 

Advisor: Ryan Cox 

 Angus steers (n=48) were individually fed one of three dietary treatments in the 

feedlot finishing phase that included a conventional corn based diet (CON); a treatment 

containing 35% dried distillers grains with solubles replacing dry rolled corn (DDGS); 

and a treatment containing 35%  high protein dried distillers grains replacing dry rolled 

corn (HPDDG). Including HPDDG in beef cattle finishing diets tended to reduce overall 

daily feed intake (P=0.08); however, average daily gain and final body weight were not 

affected (P=0.49 and P=0.54, respectively). There were no differences among treatments 

for dressing percentage (P=0.22), hot carcass weight (P=0.54), 12
th

 rib back fat (P=0.18), 

and percent kidney pelvic and heart fat (P=0.35). Longissimus muscle was similar 

(P=0.57) among treatment and averaged 78.1 cm
2
 for across treatments. Average USDA 

Yield Grades were similar (P=0.54) for CON, DDGS, and HPDDG (2.56, 2.75, and 2.69, 

respectively). Marbling scores (where 500=small
00

, 600=modest
00

) were similar (P=0.26) 

across treatments. Fabrication loss was similar across treatments for the inside round, 

strip loin, and shoulder clod (P=0.20, 0.36, and 0.20, respectively). Drip and purge loss 

percentages were similar across treatments (P=0.49 and 0.16, respectively). Shear force 
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values did not differ among treatments (P=0.25) and averaged 2.54, 2.37, and 2.88 kg, 

respectively.  Consumer sensory scores for overall liking (P=0.10), texture liking 

(P=0.47), toughness (P=0.17), and off flavor (P=0.20) did not differ among treatments; 

however, there was a trend for higher flavor liking ratings for CON steaks compared to 

HPDDG (P=0.06). High protein dried distillers grains steaks were rated the highest for 

juiciness (8.49). For cooked sausage, CON rated the highest for overall liking and flavor 

liking (P=0.01 and P=0.04, respectively). The CON and HPDDG sausages were rated 

higher than DDGS for texture liking and toughness (P=0.01 and P < 0.001, respectively). 

For strip steak objective shelf life, treatment did not affect L* or b* values (P=0.87 and 

0.43, respectively), however treatment did affect a* values (P=0.0001). Redness values 

were higher for CON as compared to DDGS and HPDDG. Treatment affected subjective 

scores for lean color, surface discoloration and overall appearance (P=0.0001) of strip 

steaks. Objective shelf life analysis of ground beef, summer sausage, and bologna 

indicated that treatment did not affect mean L*, a*, or b* values (P=0.15, 0.16, and 0.23 

respectively). CON ground beef had a more desirable subjective lean color (P=0.001) and 

overall appearance (P=0.001) than DDGS and HPDDG.  Treatment had no effect on 

bologna subjective scores for lean color and surface discoloration (P=0.07 and 0.10, 

respectively).Treatment did affect mean overall appearance (P=0.03), with higher values 

for CON as compared to DDGS and HPDDG. For summer sausage, there was no effect 

of treatment on subjective scores for lean color (P=0.35) surface discoloration (P=0.38) 

and overall appearance (P=0.31). Treatment had no effect on saturated fatty acid and 

monounsaturated fatty acid percentage (P=0.44 and 0.86 respectively), however; 

treatment did affect polyunsaturated fatty acid (P=0.0001), with CON having lower 
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values than DDGS and HPDDG. There was no difference between treatments on d 0 

(P=0.50) for lipid oxidation in ground beef, however, on d 7 HPDDG had increased 

values compared to DDGS and CON (P=0.001) as indicated by TBARS. Results indicate 

that beef cattle finished on diets containing high protein dried distillers grains may 

replace up to 35% of corn grain in feedlot diets and not affect carcass characteristics, 

moisture loss, and shear force of fresh beef products. However, inclusion of HPDDG in 

the diet at 35% may increase lipid oxidation resulting in a decrease in shelf life and 

unfavorable changes in sensory characteristics of fresh steaks.  

Keywords: Distillers Grains, High Protein, Beef Quality 
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CHAPTER 1 

REVIEW OF LITERATURE 

Production of Ethanol and Distillers Grains in the United States 

Ethanol has been an alternative fuel source since the early 1980‟s, and its use will 

continue as 7.5 billion gallons are required to be added to the gasoline supply in 2012 

(RFA, 2011a). In 2010, 13.3 billion gallons of ethanol were produced, a large increase 

from 2009, in which 10.6 billion gallons were produced.  As of January, 2011 the U.S. 

had 204 ethanol plants in operation (RFA, 2011b).  Many cereal grains such as corn, 

grain sorghum, wheat, barley or a mixture of grains can be used in the production of 

ethanol (Stock et al., 2000; Vander Pol et al., 2005). The type of grain used is dependent 

on geographical location. In the midwestern states corn is the predominant cereal grain 

used to make ethanol (Singh et al., 2001). One bushel of corn yields approximately 2.8 

gallons of ethanol and 17 pounds of distillers grains. The ethanol process only requires 

starch, while the protein, minerals, fat and fiber of the grain can be used for livestock 

feed (RFA, 2011b). 

Milling Processes 

Currently dry grinding, wet milling and dry milling are the three common 

methods of making ethanol (Singh et al., 2001; Kingsly et al., 2009) and dry milling of 

corn is the most common in the midwestern states (RFA, 2011a). In 2010, 32.5 million 

metric tons of distillers grains were produced from U.S. ethanol biorefineries, a 30 

million metric ton increase from 1999 (RFA, 2011b). 
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There are five basic steps for the dry milling process: grinding , liquefaction, 

cooking, saccharification and fermentation (Singh et al., 2001).  After fermentation, the 

mash is distilled to remove ethanol and the remaining slurry is called whole stillage. The 

whole stillage is centrifuged to produce thin stillage and wet distillers grains (WDG). Wet 

distillers grains can then be dried to produce dried distillers grains (DDG). The thin 

stillage is evaporated to make a syrup like by-product called condensed distillers solubles 

(CDS).  Condensed distillers solubles can be sold directly as feed or blended with 

distillers grains to produce distillers grains plus solubles. Distillers grains plus solubles 

are sold wet (WDGS; 30% DM) or dry (DDGS; 90% DM; Stock et al., 2000; Tjardes & 

Wright, 2002).  

As the ethanol industry continues to grow, modifications are being made in the 

process to further increase the value and consistency of by-products and improve 

efficiency (Singh, et al., 2001). Ethanol plants have increased value of by-products by 

creating novel products, allowing for more diversification of distillers grains (Rausch and 

Belyea, 2006; Martinez-Amerzcua et al., 2007). One processes uses DDGS technology 

(DDGS-BPX), which uses ground corn grain in a raw starch hydrolysis process 

(Robinson et al., 2008) which eliminates the cooking stage and uses enzymes to convert 

starch to sugar and ferment ethanol.  Another process that uses DDGS enzyme 

technology is „BFRAC®‟, a trade name for corn fractionation. This process splits the 

kernel into its three major components: bran, germ, and endosperm (POET, 2011). After 

the endosperm is fermented, the remaining non-fermentable parts (germ and bran) are 

converted into dried distillers grains (Appendix A). However, because the germ and bran 

are non-fermentables, the distillers grains contain high levels of crude protein (DDG-HP; 
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Robinson et al., 2008; POET, 2011). In contrast to DDGS and DDGS-BPX, the solubles 

are not blended with the distillers grains in DDG-HP.  By using processes that require no 

heating, ethanol plants reduce cost by reducing energy consumption approximately 8-15 

% (POET, 2011) as less natural gas is used.  Robinson et al. (2008) found these new 

generation by products to have low variability and high nutrient value for ruminants. 

Distillers Grains as a Feedstuff 

Distillers grains contains approximately three times the amount of protein, fat, 

and fiber than corn (Klopfenstein et al., 2008) as well as other nutritive components, 

making it a highly valued feedstuff  in livestock diets (Kingsly et al., 2009). Distillers 

grains included in the diet at less than 10-15% serves as a protein source, however, when 

added above that level, cattle use the DGS as an energy source (Klopfenstein et al., 

2007). The feeding value of DGS depends on whether the byproducts are fed wet or dry, 

as well as the level of inclusion. In 2010, 61% of distillers grains were consumed as dried 

distillers grains and 39% were consumed as wet or modified distillers grains (RFA, 

2011b). Moisture affects the transportation, storage and handling of DGS.  Dried 

distillers grains at 90% dry matter (DM) are easier to transport and store when compared 

to WDGS at 30-35% DM.  Wet distillers grains are more expensive to transport 

(Corrigan et al., 2009) and harder to store in the winter due to freezing. In the summer 

months, WDGS are susceptible to mold and nutrient loss in as little as 4 days (Tjardes 

and Wright, 2002). Dehydration of distillers grains also results in variations in physical 

properties (Shurson 2005; Rosentrater and Muthukumarappan, 2006) and chemical 

properties (Spiehs et al., 2002; Belyea et al., 2004; Shurson, 2005; Clementson et al., 
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2009).  Kingsly et al. (2009) reported that product variability is correlated with the level 

of condensed solubles added to distillers grains. Other factors such as selection of grains, 

type of fermentation, and drying temperature and duration can influence variability of 

DDGS (Spiehs, et al., 2002) by reducing energy levels and efficiency of nitrogen 

utilization Depenbusch, et al., 2009).  

“Next generation” by-products have been shown to have low variability and high 

nutrient value for ruminants. When comparing the nutrient levels and variability of 

conventional DDGS and  uncooked DDGS-BPX there is very little difference (Robinson 

et al., 2008). When comparing DDG-BPX and DDG-HP, Robinson et al. (2008) reported 

that DDG-BPX contained more S, Na, Mn, Cu, and Se, however DDG-HP had lower 

ether extract and higher net energy than DDG-BPX.  With multiple types of production 

available, cost of replacing corn with distillers grains should be considered, as well as the 

different energy levels required for animals in different growing or finishing phases.  

  On April 7th, 2011 dried distillers grains and high protein dried distillers grains 

were priced at $212, and $260 per ton, respectively (University of Missouri, 2011), while 

the Chicago Board of Trade (CBT) priced corn at $7.30 a bushel (CME, 2011), 

approximately $270 per ton. Distillers grains have offered many advantages to livestock 

producers allowing them to reduce cost by utilizing distillers grains in their operations 

(Firkins et al., 1985).  Distillers grains with solubles have become a very common, 

available, inexpensive and nutritive feed source in beef finishing diets.  
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Distillers Grains in Beef Production 

In the United States, beef cattle consumed an estimated 41% of the total distillers 

grains produced in 2010 (RFA, 2011b). Feed cost in a beef operation account for 

approximately 70% of the total cost (Hussein and Berger, 1995). Producers are likely to 

feed DGS due to their improved energy value (Klopfenstein et al., 2008), flexibility in 

feeding, price and the ability to reduce the incidence of acidosis (Stock et al., 2000).  Due 

to variability among DGS composition, differences in cattle performance can be 

expected. Early research showed no detrimental effects to dry matter intake (DMI), 

average daily gain and feed efficiency when wet or dry DGS were included in the diet 

from 10-50% dietary DM inclusion (Firkins et al., 1985). Distillers grains included in 

diets at 30-40% of dietary DM has been shown to improve performance and carcass 

characteristics (Klopfenstein et al., 2008).  

Cattle fed WDGS or DDGS at 30% dietary DM inclusion had the highest average 

daily gain (ADG) and an 8% greater efficiency in gain as compared to conventional corn 

diets (Al-Suwaiegh et al., 2002; Buckner, 2007ab). Studies feeding 20 to 40% DDGS or 

WDGS have shown greater hot carcass weights (HCW), 12
th

 rib back fat thickness (BF), 

and higher USDA Yield Grades (YG; Al-Suwaiegh et al., 2002; Koger et al., 2010). A 

smaller percentage of USDA Yield Grade 1 and 2 carcasses was reported for cattle 

finished on DDGS than was reported for cattle finished on conventional corn-based diets 

(Koger et al., 2010). No differences in HCW, BF, and USDA Yield Grade were found 

between the WDGS and DDGS diets (Al-Suwaiegh et al., 2002; Koger et al., 2010). 

Likewise, Buckner et al. (2007a) found similar results when feeding 30% WDGS, while 

de Mello Jr. and Calkins (2008) found no difference in marbling, texture, or distribution 
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of fat content in ribeyes from steers fed 0 to 30% WDG. When feeding DDGS at 10 to 

40% dietary DM inclusion no difference was observed in HCW, REA, BF, KPH, 

marbling score and USDA YG and Quality Grade when compared to dry rolled corn 

(Buckner et al., 2007a; Leupp et al., 2009). Performance and carcass attributes have been 

shown to be maximized at 15% DM inclusion of DDGS in the diet (Depenbusch et al., 

2009).  

There is limited research on growth performance and carcass characteristics of 

cattle fed high protein distillers grains (HP-DDG). Corrigan et al. (2008) fed DDG 

containing 6.9% fat on a DM basis and a DDG containing 12.9% fat at 1% of bodyweight 

and found no difference in DMI for steers. Likewise, Depenbusch et al. (2008) fed heifers 

15% of a fractionated DDG product containing 3.9% fat (DM basis) and 15% DDGS 

with 4.8% fat (DM basis) and found no difference in DMI. Recent research on a lower 

lipid distillers grains reported that steers fed  WDGS containing 12.9% fat (DM basis) 

and WDGS containing 6.7% fat (DM basis) showed no difference in DMI. However, 

ADG was greater for 12.9% fat WDGS than the 6.7% fat WDGS and the high 

moisture/dry rolled corn control (Gigax et al., 2011).  A tendency was also shown for the 

12.9% fat WDGS to decrease feed efficiency (Gigax et al., 2011). Corrigan et al. (2008) 

reported a greater final body weight and HCW for the cattle fed the 12.9% fat DDG 

compared with the 6.9% fat DDG and a corn control. Depenbusch et al. (2008) found no 

difference between cattle fed DDGS, fractionated DDG or corn control diet for HCW, 

DP, REA, 12
th

 rib BF, marbling score or USDA YG and QG. Similarly, final BW and 

HCW were greater for WDGS than the HP-WDGS and the control diet. There was also 
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no difference in REA, 12
th

 rib BF, and marbling between normal-fat and low-fat WDGS 

(Gigax et al., 2011).   

Distillers Grains and Beef Quality 

Several studies have been conducted to determine the ideal inclusion of DGS in 

beef finishing diets, however, there is a lack of data evaluating the relationship between 

fat content in the distillers grains and beef quality. Fatty acid composition influences beef 

quality (de Mello Jr. et al., 2007). Feeding diets with increased concentrations of 

polyunsaturated fatty acids (PUFA)  may lead to beef products containing altered ratios 

of saturated and unsaturated fats (Depenbusch et al., 2009a). Beef products with higher 

PUFA concentrations have increased oxidation rates, affecting color stability, rancidity 

and off flavor development, consequently leading to a decrease in shelf life and consumer 

acceptability. Dried distillers grains plus solubles are high in unsaturated fatty acids 

(Black et al., 2009), while HP-DDG contain less lipid. 

Meat Color, Flavor and Tenderness 

Quality of beef is ultimately determined by the consumer, who investigates each 

meat product to ensure the product they will purchase is fresh. Quality attributes related 

to visual appearance of fresh meat have the most immediate impact on consumers‟ 

purchasing decision. Consumers prefer a bright cherry red color of beef as an indicator of 

freshness (Carpenter et al., 2001) as compared to brown, a color often associated with 

spoilage (Greene and Price, 1975). When meat color deteriorates, it can cause economic 

loss due to consumer disapproval. It is estimated that at least 5.4% of fresh meat is lost 
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during retail display due to color related issues (Gray et al., 1996). The average shelf life 

of strip steaks (Smith et al., 1996) and ground beef (Emswiler et al., 1976) in a retail 

display case is approximately 3 days, while processed meat (Stolzenbach et al., 2009) is 

less than 28 days. Although color is the number one determinant in the consumers 

decision to purchase beef, flavor, tenderness and juiciness will be the indicators of 

palatability (Voges et al., 2007). Tenderness is a major contributing factor to consumers‟ 

perception of quality. Many additional factors can affect the quality of meat, aside from 

the animals genetics, such as fatty acid profile, fat content, and packaging systems, all of 

which can affect tenderness, juiciness and flavor.  

Meat Color 

Meat color is largely determined by the chemistry of myoglobin (Mb), its state of 

oxidation, type of ligands bound to heme, and state of the globin protein. Myoglobin is a 

water soluble globular heme protein found in the muscle of meat producing animals 

(Kanner, 1994). After death, the oxygen carrying capacity of myoglobin is still important 

to the fresh red color of the meat, which depends upon myoglobin‟s redox state and 

concentration (Davies, 1990). Myoglobin is also affected by both genetics and the 

environment. Heme contains an iron atom which is readily subject to changes in 

oxidation state between Fe
2+

 and Fe
3+

.  Heme pigments, especially myoglobin, catalyze 

lipid oxidation in meat (Johns et al., 1989). In meat pigments, iron is liganded to 

porphyrin, both Fe
2+

 and Fe
3+

 pigments may catalyze lipid oxidation but conversion to 

the Fe
3+

 state may be necessary for rapid catalysis (Greene and Price, 1975). Free radicals 

produced in oxidizing lipids oxidize and decompose heme which causes the loss of 
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desirable color (Greene and Price, 1975). Lipid oxidation in fresh meat is non-enzymatic 

and myoglobin is the major catalyst of lipid oxidation (Johns et al., 1989). Myoglobin can 

only carry and release oxygen when iron is in the Fe
2+

 state.  The red pigment in meat is 

oxidized when oxymyoglobin (MbO2) and myoglobin (Mb) transition to brown ferric 

metmyoglobin (MetMb; Greene, 1975). 

 When beef is a deep purple-red the myoglobin molecule is in the un-oxygenated 

form, without an oxygen molecule. Myoglobin is as physiologically active in its 

deoxymyoglobin form as it is in its oxymyoglobin state (Gray et al., 1996).  

 The bright cherry red color in meat is a result of the myoglobin molecule in the 

oxygenated form with a loosely bound oxygen molecule at the sixth coordinate of the 

heme iron. This is due to a high affinity for oxygen (Baron and Andersen, 2002). As long 

as the oxygen remains complexed to the heme, no further changes in the pigment will 

occur (Fox, 1966). It is also believed that oxymyoglobin oxidation and lipid oxidation are 

coupled (Ladikos and Lougovois, 1990). Oxymyoglobin oxidation results in production 

of two species known as pro-oxidants, namely metmyoglobin and hydrogen peroxide 

(Davies, 1990). It has been proposed that O2
o-

 and H2O2 are produced during oxidation of 

oxymyoglobin to metmyoglobin. O2
o-

 can further react with H2O2 and Fe
3+

 via the Fenton 

reaction to produce OH
o
  and facilitate lipid oxidation (Thiansilakul et al., 2010). 

 The undesirable brown color in meat is due to the molecule of water at the sixth 

coordinate site of the heme iron, which converts the iron atom to the Fe
3+

 state. Here the 

heme complex becomes insoluble and no oxygen can bind to the molecule (Ladikos and 

Lougovois, 1990). The formation of metmyoglobin is highly correlated with lipid 
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oxidation in muscle foods (Gibson et al., 1958).  The reduction of metmyoglobin involves 

an enzyme system (Fox, 1966). Greene and Price (1975) showed that enzymes in raw 

meat can reduce metmyoglobin under anaerobic conditions. Wrapping meat in oxygen-

impermeable film produces anaerobiosis and pigment reduction. If the metmyoglobin is 

completely reduced, and no oxygen enters the package no further oxidation can occur. A 

disadvantage to this is the purple color of the reduced deoxymyoglobin is not typical for 

consumer acceptance in fresh meat. 

Meat Flavor 

Meat is a very complex system, with hundreds of compounds contributing to 

aroma and flavor; compounds such as hydrocarbons, aldehydes, ketones, alcohols, furans, 

triphenes, pyrrols, pyridines, pyrazines, oxazols, thiazols, sulfurous, and many others 

(Calkins and Hodgen, 2007). Cooking can alter these compounds through a non-

enzymatic reaction, the Maillard reaction. The Maillard reaction occurs when the 

carbonyl group of sugar reacts with the amino group of an amino acid producing 

glycosylamine. The unstable glycosylamine undergoes the Amadori rearrangement 

forming ketosamines. These ketosamines can react with amino acids, aldehydes, 

hydrogen, sulfide, and ammonia through many different pathways and generate flavor 

(van Boekel, 2006). Meat flavor is predominately from carbonyl and sulfurous 

compounds. The desired aroma is associated with 2-methyl -3 furanthiol and bis (2-

methyl-3-furyl) disulfide (Mottram and Madruga, 1994). Flavor can be influenced by 

oxidation, lipid content, diet, myoglobin and pH (Calkins and Hodgen, 2007) resulting in 

off-flavors. Off-flavors can be classified into several groups such as, oxidative rancidity, 
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species-specific flavors, feed-derived flavors, gamey flavors, environmental flavors, and 

spoiled flavors (Gray et al., 1996).  

Meat Tenderness 

Tenderness is among the most important sensory factors in red meat (Stolowski et 

al., 2006). Endogenous meat tenderization post mortem is a result of the proteolysis of 

key myofibrillar proteins (Koohmaraie, 1992). After exsanguination, the blood flow to 

the tissue and oxygen supply has been completely cut off and the muscles enter 

alternative anaerobic pathways (Koohmaraie, 1992). Products of glycolysis cannot be 

removed and start to accumulate in the tissue, which results in a buildup of lactic acid 

(Jeacocke, 1984), in turn causing a gradual decrease in pH from 7 to approximately 5.6 

over a 24- hour period. After death creatine phosphate is limited, therefore the muscles do 

not have enough energy to maintain the muscle in the relaxed state due to the formation 

of actomysin bridge (Aberle et al., 2001). In rigor, ATP reserves are quickly exhausted 

from muscle contraction and other cellular processes resulting in sacromere shortening, 

increasing muscle tension (Jeacocke, 1984).  The decrease in tension is a result of 

enzymatic proteolytic degradation of structural proteins located at the Z-disk of the 

sarcomere (Taylor et al., 1995). The calpain enzyme system accounts for most of the 

proteolytic changes (Koohmaraie, 1992). Other factors such as genetics, diet, age and 

handling of the animal can affect tenderness of meat.  

Collagen is the connective tissue that contributes to less tender meat and is found 

in several places in the muscle. Collagen is commonly found in three regions: the 

epimysium, perimysium and endomysium (Weston et al., 2002). The perimysium makes 
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up approximately 90% of intramuscular connective tissue (Sivertsen et al., 2002).  

Concentrations of collagen within the muscle remain the same, however, as the animal 

ages less collagen synthesis and turnover occurs, leading to increased crosslinking of the 

collagen (Aberle et al., 2001) making the meat tougher. Muscles the animal uses more 

frequently, such as muscles of locomotion, have more collagen crosslinking than muscles 

of support. Genetics can also affect collagen in the muscle (Weston et al., 2002). Breeds 

of animals breed for labor have more connective tissue and collagen crosslinking than 

cattle selected for meat quality (Aberle et al., 2001).  

Sensory Characteristics 

 Sensory evaluation is conducted to produce a relationship between product 

characteristics and human perception (Lawless and Heymann, 1998).  Sensory tests 

provide information about the consumers‟ perception of product changes due to 

ingredients, processing, packaging, or shelf-life. Consumer acceptance tests are usually 

small, involving 50-100 panelists, whereas large scale market testing involves at least 100 

or more participants from different geographical locations (Resurreccion, 1998). 

Consumer acceptance scales mainly evaluate the overall preference or liking of a product 

or even a product‟s sensory properties such as appearance, color, flavor and texture 

(Meilgaard et al., 2007).   

Although sensory evaluation provides useful information, it is important to keep 

in mind that there is variability among the panelists as well as the fact that the panelists 

may be prone to bias over time. Also, physiological factors such as adaptation, 

expectation error, logical error, halo effect, order of presentation of samples, mutual 
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suggestion, and capriciousness vs. timidity (Meilgaard, et al., 2007; Lawless and 

Heymann, 1998; Resurreccion, 1998) can have an effect on a panelist‟s response during 

sensory testing.  Adaptation is a result of a continuous exposure to a stimulus, resulting in 

a decrease or change in sensitivity (Lawless and Heymann, 1998). Expectation error 

occurs when a panelist anticipates the sensation and records a response before the real 

sensation is received. Expectation error can be prevented by keeping sample source 

unknown and by coding and serving the samples in a random order (Meilgaard et al., 

2007). Logical error occurs when a panelist has perceived a particular product due to a 

certain characteristic of that product (Meilgaard et al., 2007). The halo effect is referred 

to as a carryover effect; a positive perception from one attribute is passed on to the next. 

For example, if a product is liked, all attributes will be liked (Lawless and Heymann, 

1998; Resurreccion, 1998).  Mutual suggestion occurs when panelists are not separated 

by individual booths and can see how other panelists are reacting to samples 

(Resurreccion, 1998).  When it comes to the type of test to use, capriciousness vs. 

timidity should be considered. Some people tend to use all extremes of the scale where 

others may stick to the central part of the scale, both of which can influence overall panel 

results (Lawless and Heymann, 1998). Finally, order of presentation of the samples can 

be responsible for at least five types of bias. The first type of bias is contrast effect, where 

a higher quality sample is served before a lower quality sample. Second is the group 

effect; one good sample served with a group of bad samples, lowering that score more 

than it would be on its own. Error of central tendency is third; samples placed toward the 

center of the tray will be more preferred than those toward the sides.  Another is the 

pattern effect; when a panelist senses a pattern in the order of the presentation. Finally, 
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time error or positional bias occurs when the panelist‟s attitude changes over the series of 

test, for example being hungry for the first sample and fatigued at the last sample 

(Meilgaard et al., 2007).   

Beef processors are typically focused on palatability and/or preference acceptance 

of a product. Attributes evaluated are usually tenderness, juiciness, flavor and texture, 

which help determine overall acceptability. Some of these attributes, if not all, can be 

difficult to characterize if their characteristics are perceived at the same time in the mouth 

(Lawless and Heymann, 1998). Flavor is defined as the sum of perceptions resulting from 

stimulation of the sense ends that are grouped together at the entrance of the alimentary 

and respiratory tracts (Meilgaard et al., 2007).  Aroma or odor is perceived by the 

olfactory system. Texture is perceived by sensors in the mouth other than taste and 

chemical feelings (Lawless and Heymann, 1998). Texture is very complex and can be 

defined as a makeup of products in terms of their reaction to stress, and tactile feel 

properties.  Reaction to stress is measured by mechanical properties, such as 

hardness/firmness, adhesiveness, gumminess, springiness, viscosity and many more 

(Meilgaard et al., 2007). Tactile feel properties are measured as geometrical particles or 

moisture properties, such as grainy, gritty, flaky, wet, oily, and dry (Resurreccion, 1998).   

Lipid Composition 

Animal products have been criticized for their high content of saturated fatty 

acids, resulting in a negative effect on human health. Modification of animal diets has 

increased proportions of unsaturated fatty acids in meat. The type of lipid the animal 

digests has a substantial effect on transfer of fatty acids from the diet into the animal 
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products. Other factors such as genotype, gender and age of the animal can affect fatty 

acid composition of meat.  

Microorganisms in the ruminant‟s digestive system have a major impact on the 

composition of fatty acids leaving the rumen to be absorbed in the small intestine (Zinn et 

al., 2000; Jenkins et al., 2008; Aldai et al., 2010). Dietary lipids are subject to hydrolysis 

by microbial lipases followed by biohydrogenation of the unsaturated free fatty acids by 

rumen bacteria (Or-Rashid et al., 2007; Jenkins et al., 2008). Intestinal absorption of fatty 

acids is approximately 80% for saturated fatty acid (SFA) and 92% for polyunsaturated 

fatty Acids (PUFA) in conventional low fat diets (Woods and Fearon, 2009). Although 

linoleic (C18:2) and linolenic (C18:3) acids are the main unsaturated fatty acid (UFA) in 

the diet of ruminants, after biohydrogenation the major fatty acid leaving the rumen is 

stearic (C18:0) as well as others such as oleic (C18:1) and some remains as linoleic acid 

(Woods and Fearon, 2009). The absorption of fatty acids depends on the surface area of 

bile salt micelles. In order to enhance absorption of all fatty acids, unsaturated fatty acids 

need to form micelles (Zinn et al., 2000). When biohydrogenation does not go to 

completion, intermediates from the incomplete biohydrogenation of PUFA, trans-

products are formed and become available for deposition in animal tissues (Or-Rashid et 

al., 2007). Distillers grains increase unsaturated fat content of animal diets, which in turn 

may escape rumen biohydrogenation and become incorporated into the phospholipid 

fraction of the muscle tissue, increasing possibilities of lipid oxidation (Jenschke et al., 

2007).  
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Oxidation of Lipids and Proteins 

Lipid oxidation is the result of oxidative deterioration of fatty acids in fats and 

oils. Free radicals in the presence of oxygen are the cause of lipid peroxidation. Free 

radicals are comprised of chemical compounds that have unpaired electrons. Oxygen is 

usually un-reactive, but when water is present and there is a transfer of an electron, 

oxygen becomes active. Products of this reaction are superoxide anion (O2
-
), the hydroxyl 

radical (HO
+
) and singlet oxygen (

1
O2; St. Angelo et al. 1996).  

Reduced oxygen has two forms; the protonated form, hydroperoxy radical (HO2
-
) 

and the ionized form, superoxide anion radical (O2
- 
; St. Angelo et al. 1996). The 

superoxide anion is not very stable and is present in most biochemical systems via 

autoxidation. When a superoxide anion is generated it will also produce hydrogen 

peroxide, a more stable product of oxygen reduction. The Haber-Weis reaction generates 

hydroxyl radicals (
+
OH) from hydrogen peroxide (H2O2) and superoxide (O2). The 

reaction can occur in cells and is a possible source for oxidative stress. The hydroxyl 

radical (HO
.
) is the most active oxidant and can react in several ways (Scandalios, 2002). 

It is powered by the hydrolysis of water.  When the hydroxyl radical reacts with the 

superoxide anion, singlet oxygen (
1
O2) is produced and is very unstable (St. Angelo, 

1996).  

Lipid oxidation is a process that consists of initiation, propagation, and 

termination reactions, and involves the production of free radicals (Kanner and Harel, 

1985). Initiation occurs when the hydrogen atom is taken from the fatty acid. This can be 

caused by heat, light, trace minerals, and many other factors. Stage two is propagation, a 

reaction after the hydrogen is taken and more free radicals are created and removed. The 
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final step is termination when the free radicals are removed and start combing to give 

products (Scislowski et al., 2005). 

Hydroperoxides are formed when the free radical removes the hydrogen from an 

unsaturated fatty acid to stabilize itself. This is followed by the addition of oxygen to the 

carbon next to the double bond (Wu et al., 2008). Free radicals cannot break double 

bonds. Linoleic acid has two double bonds and one methylene group. In linoleic acid the 

hydrogen is taken from the methylene group because of the resonance of the bond. After 

the hydrogen is removed from C11 the double bond shifts either the third to the right or 

the third to the left to a form a cis, trans or a trans, cis conjugated double bond system. 

Linolenic acid has three double bonds and two methylene groups resulting in four 

possibilities of fatty acid hydroperoxides (Scislowski et al., 2005). With added bonds and 

methylene groups there is an increased susceptibility to oxidation by allowing more 

opportunities for free radicals to form.  

Saturated fatty acids (stearic acid), which contain no double bonds, are very 

resistant to oxidation at room temperature. Naturally, free radicals slowly take hydrogen 

from the methylene next to the terminal CH3 group (St. Angelo, 1996). However, when 

the temperature is increased, saturated fatty acids undergo oxidation and form 

hydroperoxides. Monohydroxides are formed when the hydrogen is removed and the 

oxygen attaches at any methylene group in the fatty acid chain. 

The hydroperoxide (ROOH) produced by lipid oxidation decomposes to form 

fatty acid free radicals and hydroxyl free radicals. As the hydroperoxides breakdown, 

more free radicals are created which initiate more hydroperoxides. Hydroperoxides begin 

to decompose as soon as they are formed. The separation of the oxygen bond of the 
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hydroperoxide yields an alkoxyl radical and a hydroxyl radical, which is a strong 

oxidizing agent (St. Angelo, 1996).  

Fresh and Processed Beef 

Lipid oxidation is a factor in quality deterioration of processed meat products 

resulting in changes to the taste and odor of the product due to the formation of 

undesirable volatile and nonvolatile substances (Gray et al., 1996; Kristinsson et al., 

2001). Oxidation of lipids starts immediately after harvest, during handling, processing, 

storage and cooking. This leads to discoloration, drip losses, off-odors and flavors, and 

the production of potentially toxic compounds (Baron and Andersen, 2002). When 

product is further processed additional factors influence oxidation, such as deboning, 

cutting, grinding and mixing. These increase surface access of oxygen, and the cells are 

broken exposing fatty acids that become more prone to oxidation (Gray et al., 1996).  

Lipid oxidation can be influenced by factors such as endogenous ferrous iron, myoglobin, 

enzymes, pH, temperature, oxygen consumption reaction, and the fatty acid composition 

of meat. Meats that contain higher amounts of polyunsaturated fatty acids (PUFA) are 

more susceptible to oxidation (Kanner and Harel, 1985). Lipid oxidation rates increase 

with increasing temperature and time. Most food studies of lipid oxidation involve 

transition metal ions, and it is known that iron is the overriding factor in catalyzing 

oxidative changes in tissues (Baron and Andersen, 2002). Additionally, Baron et al. 

(2002) found both heme and non heme iron to be catalysts of lipid oxidation in beef. 

Heme pigments catalyze oxidation of muscle tissue lipids and produce a stale or rancid 

odor (Greene and Price, 1975). Smoke, spices and nitrites may retard lipid oxidation 
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(Kristinsson et al., 2001). However, salt could promote oxidation by displacing iron from 

the heme proteins (Ordóñez et al., 1999). The shelf life of meat products is usually 

determined by unacceptable off-odor, flavor, and appearance but also by high microbial 

counts. Bacterial load during shelf life depends on initial bacterial population and extent 

of growth which, is affected by type of product and how it is stored (Stolzenbach et al., 

2009). 

Fresh Beef Quality     

Previous research evaluating fresh beef color has shown distillers grains fed in 

both the growing and finishing period reduces muscle redness (a*) values of strip steaks 

when compared to dry-rolled corn (Leupp et al., 2009). While Gill et al. (2008) found 

that strip steaks from steers fed steam flaked corn (SFC) had a greater L* (lightness) and 

lower a* values than strip steaks from steers fed corn or sorghum WDGS or DDGS. 

When comparing steaks, steers fed sorghum DG had lower a* values than steaks from 

steers fed corn DGS. Contrary to these studies, Gordon et al. (2002) found that when 

DDGS was included in the diet from 0-75%, redness and yellowness (b*) values were not 

different among DDGS and corn-based controls specifically on day 0, 3 and 5. However, 

as the dietary inclusion of distillers grains increased above 45% DDGS, L* decreased 

(Depenbusch et al., 2009). Aldai et al. (2010) reported that steaks from steers fed 40% 

DDG had a brighter color than steaks from steers fed 20% DDG, while Roeber et al. 

(2005) reported steaks from steers fed 10-15% DDG had higher L* and a* values than 

from those fed 20-40% DDG. Ground beef patties from steers fed 20 and 40% WDGS or 

DDGS displayed no differences in L*, a*, and b*, however, all color values at 
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approximately six days of simulated retail display were classified as unacceptable 

(Roeber et al., 2005). Overall, a greater amount of steaks from steers fed 40% WDGS and 

DDGS were considered moderately unacceptable compared to steaks from the control 

(Roeber et al., 2005). Contrary to this research, Koger et al. (2010) found no differences 

in percent discoloration, and lean color scores of ground beef patties from steers fed 20-

40% WDGS or DDGS.   

Although color has been shown to be affected by feeding DGS at 45%, of dietary 

DM. Jenschke et al. (2007) found that it does not impact tenderness or sensory attributes 

of beef. Similarly, Depenbusch et al. (2009) found that steaks from heifers fed DDGS at 

45-60% had the greatest flavor intensity (Depenbusch et al., 2009), while juiciness and 

off flavor were not different among cattle fed corn DDGS, sorghum DGS (Gill et al., 

2008), and corn-based control. Leupp et al. (2009) reported that juiciness was rated 

highest in steaks from steers fed 30% DDG. Tenderness was rated higher in beef from 

cattle fed corn DGS than from cattle fed sorghum DGS (Gill et al., 2008) and wheat 

DDGS (Aldai, et al., 2010). As the dietary level of DGS increased, Gordon et al. (2002) 

reported a linear improvement in overall beef tenderness, while Depenbusch et al. (2009) 

found steaks from cattle fed 25% DDGS received the highest score for tenderness out of 

steaks from cattle fed 0-75% DDGS. Warner Bratzler shear force values of steaks from 

cattle fed 25-50% WDGS and DDGS, wheat DGS (Aldai et al., 2010), sorghum DGS and 

corn-based controls did not differ (Koger et al., 2010), and values were below the 

consumer tolerance of 3.15 kg (Roeber et al., 2005; Gill et al., 2008).  
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Elevated levels of PUFA concentrations in DGS may have the greatest effect on 

lipid oxidation and fatty acid profile of fresh meat. Depenbusch et al. (2009) reported that 

the ratio of PUFA:SFA improved with increasing levels of DGS. However, Gill et al. 

(2008) found no difference in SFA concentration or total fatty acid content in fresh steaks 

from cattle fed corn or sorghum WDGS or DDGS and a corn based control. Despite this, 

Gill et al. (2008) also reported greater concentrations of stearic acid (C18:0) in steaks 

from steers fed DGS than steers fed steam flaked corn. Percent of WDGS in the diet did 

not affect total fatty acids, unsaturated fatty acid, or SFA percentage in beef as the level 

of WDGS increased from 0-30%, however, concentrations of linoleic acid (C18:2) were 

increased as WDGS inclusion increased (de Mello Jr. et al., 2007). Black et al. (2009) 

reported a decrease in palmitic (C16:0) and oleic (C18:1) acid percentage when DDGS 

was included in the diet. Contrary to those findings Black et al (2009) did find small but 

unfavorable changes in the fatty acid profile, such as an increase in mystric (C14:0), 

stearic (C18:0), and linoleic (C18:2) acid content when DDGS were included in the diet.  

When comparing wheat and corn DDGS to a corn based control diet, PUFA 

concentrations were higher in beef  from cattle fed DDGS, while monounsaturated fatty 

acid content was higher in the control (Aldai et al., 2010)..  

The inclusion of DDGS at 0-75% of dietary DM has been shown to not affect 

lipid oxidation of fresh steaks as indicated by thiobarbituric acid reactive substances 

(TBARS; Gordon et al., 2002; Gill et al., 2008; Depenbusch et al., 2009a). Lynch and 

Faustman (2000) showed that lipid oxidation occurred continuously in stored ground beef 

at 4°C. Koger et al. (2010) observed oxidation of fresh ground beef patties for steers fed 
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40% DDGS and WDGS, and on day 2, patties were more rancid than the corn-based 

control. 

Conclusion 

 Diet plays an important role in meat quality with regard to nutrient deposition in 

tissues. Variations have been reported with regard to feeding distillers grains to cattle on 

carcass characteristics and beef quality. Feeding distillers grains may alter meat quality 

attributes. A distillers by-product with less lipid may lessen detrimental effects to fatty 

acid profile, lipid oxidation, retail shelf life, and sensory characteristics of beef observed 

with conventional DGS. However, a better understanding is needed regarding the effects 

of high protein dried distillers grains on visual appearance and eating quality of fresh and 

processed beef.   
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CHAPTER 2 

EFFECT OF FEEDING HIGH PROTEIN DRIED DISTILLERS 

GRAINS IN BEEF FINISHING DIETS ON CARCASS 

CHARACTERISTICS, SHEAR FORCE, MOISTURE LOSS, AND 

SENSORY ATTRIBUTES 
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CHAPTER OVERVIEW 

 

 Angus steers (n=48) were individually fed one of three dietary treatments in the 

feedlot finishing phase that included a conventional corn based diet (CON); a treatment 

containing 35% dried distillers grains with solubles replacing CON (DDGS); and a 

treatment containing 35%  high protein dried distillers grains replacing CON (HPDDG). 

There were no differences among treatments for dressing percentage (P=0.22), hot 

carcass weight (P=0.54), 12
th

 rib back fat (P=0.18), and percent kidney pelvic and heart 

fat (P=0.35). Longissimus muscle area was similar (P=0.57) among treatment and 

averaged 78.1 cm
2
. Average USDA Yield Grades were similar (P=0.54) for CON, 

DDGS, and HP (2.56, 2.75, and 2.69, respectively). Marbling scores were similar 

(P=0.26) across treatments. Drip and purge loss percentages were similar across 

treatments (P=0.49 and 0.16, respectively). Shear force values for CON, HPDDG and 

DDGS did not differ among treatments (P=0.25).  Consumer sensory scores for overall 

liking (P=0.10), texture liking (P=0.47), flavor liking (P=0.06), toughness (P=0.17), 

juiciness (P=0.10) and off flavor (P=0.20) did not differ among treatments for strip 

steaks. For cooked sausage, CON rated the highest for overall liking and flavor liking 

(P=0.01 and P=0.04, respectively). CON and HPDDG sausages were rated higher for 

texture liking (P=0.01) than DDGS.  Results indicate that beef cattle finished on diets 

containing HPDDG-DDG may replace up to 35% of corn grain in feedlot diets and not 

affect carcass characteristics, moisture loss, and shear force or sensory characteristics of 
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fresh beef products. However, inclusion of HPDDG in the diet at 35% may produce 

unfavorable changes in sensory characteristics of cooked sausage.  
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1. INTRODUCTION 

In the United States, beef cattle consumed an estimated 41% of the total distillers 

grains produced in 2010 (RFA, 2011). Producers are likely to feed DGS due to their 

improved energy value, flexibility in feeding, price and availability (Stock et al., 2000; 

Hussein and Berger, 1995; Klopfenstein et al., 2008).  

Most fractionation technologies have not been fully implemented therefore 

limited quantities of fractionated corn co-products are being produced and are available 

commercially. There is limited published data on these fractionated corn co-products in 

beef finishing diets and on carcass quality.  Depenbusch et al. (2008) fed steers either a 

partially fractionated dried distillers grains (DDG), DDG and corn control diet and found 

no differences for hot carcass weight (HCW), dressing percentage, ribeye area (REA), 

12
th

 rib back fat, marbling score or USDA Yield Grade and Quality Grade.  Gigax et al., 

(2011) fed wet distillers grains with solubles (WDGS) containing 12.9% fat and a 

fractionated WDGS containing 6.7% fat and reported final body weight (BW) and HCW 

were greater for steers fed WDGS (12.9 % fat) than the steers fed the fractionated WDGS 

(6.7% fat) and the control diet. There was also no difference in REA, 12
th

 rib back fat, 

and marbling between steers fed WDGS (12.9% fat) and fractionated WDGS (6.7% fat).  

Quality of beef is ultimately determined by the consumer, who investigates each 

meat product to ensure the product it will be fresh. Although color is the primary 

determinant in the consumer‟s decision to purchase beef, flavor, tenderness and juiciness 

will be the indicators of palatability (Voges et al., 2007).  
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Jenschke et al. (2007) found that feeding DDGS does not impact tenderness or 

sensory attributes of beef. Similarly, Leupp et al. (2009) reported that juiciness was rated 

highest in steaks from steers fed 30% DDG, while juiciness and off flavor were not 

different among cattle fed corn DDGS (Depenbusch, et al., 2009), sorghum DGS (Gill et 

al., 2008), and corn-based control. Warner Bratzler shear force values of steaks from 

cattle fed 25-50% WDGS and DDGS, wheat DGS (Aldai et al., 2010), sorghum DGS and 

corn-based controls did not differ (Koger et al., 2010), and values were below the 

consumer tolerance of 3.15 kg (Roeber et al., 2005; Gill et al., 2008). 

Published data is limited on fractionated corn co-products, specifically front-end 

fractionated DDGS on beef quality and sensory characteristics. Therefore, the objective 

of the current study was to evaluate the effect of replacing corn with 35% HPDDG on 

carcass characteristics, moisture loss, fabrication percentage, and sensory attributes. It 

was hypothesized that cattle fed HPDDG will have similar carcass characteristics as those 

fed traditional DDGS, and may show positive effects on sensory characteristics. 

2. Material and Methods 

2.1 Dietary Treatments 

 Animal care, feeding and management procedures were approved by the 

University of Minnesota Animal Care and Use Committee. Angus steers (n=48) 

averaging 317 ± 8 kg initial body weight (BW) were individually fed one of three dietary 

treatments (Table 1) in the finishing phase that included a conventional corn based 

finishing diet (CON), CON containing 35% dried distillers grains with solubles (DDGS), 

and CON containing 35% high protein dried distillers grains (HPDDG). The inclusion of 
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DDGS and HPDDG was in place of corn. Both the DDGS and the HPDDG (Table 2) 

were sourced from POET Nutrition. Steers were fed using a Calan gate individual feeding 

system (American Calan, Inc.; Northwood, NH), at the North Central Research and 

Outreach Center in Grand Rapids, MN. Each Calan gate had a 36.6 cm base and a 91.4 

cm depth of bunk.    On d-11 steers received an initial implant (Synovex
®
 Choice; Pfizer 

Animal Health; New York, NY) on d -28, step-up to the finishing diets began. Steers 

were fed for ad libitum intake once daily at 0700. Initial BW was a 1-d BW measurement 

following a 16-h period where steers were withheld from feed.  Steers were weighed 

every 28-d prior to the morning feeding using a For-Most portable squeeze chute (For-

Most Livestock Equipment; Hawarden, IA) equipped with a Tru-Test scale (Tru-Test, 

Inc.; Mineral Wells, TX).  On d 56, all steers received a terminal implant (Synovex
®
 

Choice; Pfizer Animal Health; New York, NY).  Initial and final body weight as well as 

daily feed intake and feed refusals were recorded. Average daily gain and feed efficiency 

were then calculated using those parameters.  

Performance data of steers from this experiment were collected, analyzed, and 

reported previously (Kelzer et al., 2011; in preparation). 

2.2 Carcass Data Collection 

  On d 118 of the finishing phase, steers were transported in one group 

approximately 485 km to a commercial abattoir (PM Beef Holding, LLC; Windom, MN) 

Hot carcass weight (HCW) was divided by common group dressing percentage (60.9%) 

to calculate adjusted final live bodyweight.  Dressing percent was determined by: 

[(HCW/Final Live BW)*100]. 
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Hot carcass weight (HCW) and cold carcass weight (CCW), 12
th

 rib back fat, 

percent kidney pelvic heart fat (KPH) and ribeye area were collected by University of 

Minnesota personnel 48 h postmortem.  Marbling score, USDA Yield Grade and Quality 

Grade were evaluated by a USDA grader.  

 

2.3 Fresh Beef Fabrication and Collection 

Fresh beef products were fabricated according to Institutional Meat Purchasing 

Specifications (IMPS). Strip loins (IMPS #180),  shoulder clods ( IMPS #114), and inside 

rounds ( IMPS #169) were removed 52 h postmortem from the right side of the carcass, 

and individually identified using carcass identification tags cross-referenced to animal 

identification tags during harvest. Strip loins, shoulder clods, and inside rounds were 

vacuum packaged and maintained at 2° C during transport to the Andrew Boss 

Laboratory of Meat Science at the University of Minnesota, (St. Paul, MN). All beef 

products were inspected for vacuum seal, re-packaged if necessary, and shoulder clods 

and inside rounds were placed in a blast freezer (-20° C) until further evaluation. 

2.4 Strip Loin Sample Preparation 

  Strip loins were faced perpendicular to the length of the loin, and steaks were 

serially cut, 2.54 cm thick, from the anterior end of each strip loin. The first steak was 

designated for drip loss analysis. The second and third steaks were placed on a 

polystyrene tray and overwrapped with poly-vinyl chloride film with an oxygen 

transmission rate of 1400 cc/m
2
 and placed in simulated retail display for pigment and 

lipid oxidation analysis. The fourth, fifth, and sixth, steaks were vacuum packaged, 

frozen (-20°C) and designated for sensory, while the seventh and eighth steaks were 
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designated for Warner Bratzler shear force testing. The remaining portion of the strip loin 

was vacuum-packaged and frozen at -20° C for further analysis.  

2.5 Shoulder Clod Preparation 

Shoulder clods, (approximately 9.5 kg) were thawed (vacuum packaged) at 4° C 

for 3 d. Entire, untrimmed shoulder clods were ground twice (Biro Grinder, Model 346; 

Marble Head, OH) with a 0.375 cm plate. Randomly blended meat blocks (4 

animals/treatment, total of 3 blocks per treatment) were divided into 2 batches 

(approximately 9.1 kg) 1 for the fabrication of summer sausage and 1 for bologna 

fabrication.  

For summer sausage, 1 batch of blended ground beef was mixed with a 

commercial blended seasoning mix (Summer Sausage Seasoning #769025, Nassau 

Foods; Minnetonka, MN) and culture, (TRU MARK Formula-100, TRU MARK  INC; 

Linden N.J.), and stuffed  with an automatic stuffer (Handtmann , Model VF-608; 

Biberach, Germany)  into mahogany fibrous casings (10.8 cm; Walsrober Casings; 

Mar/Co Sales, Burnsville, MN). Stuffed sausages were fermented,  smoked with liquid 

smoke (Charsol C-10, Manitowoc, WI) and cooked in an Enviro-Pak smokehouse (Model 

CVU 500E –IT, Portland, Oregon) to an internal temperature of 71° C and chilled (4 °C; 

Appendix B).  Cooked sausage was sliced using a Globe Slicer (Model 400, Stamford, 

Connecticut) at a thickness of 9.52 mm.  
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2.6 Moisture Loss 

 Drip loss was evaluated for each steak (approximately 158 g) by suspending steak 

samples for 24 h at 4° C in a sealed Ziploc® bag wrapped loosely.  Percent drip loss was 

calculated as the difference between the initial and final weight (unpacked and patted 

dry) divided by the initial weight multiplied by 100. Vacuum packaged purge loss of the 

inside round, strip loin and shoulder clod was measured after transport and before further 

fabrication. Purge loss was calculated as the difference between the initial and final 

weight divided by the initial weight multiplied by 100. Fabrication percentage of the 

inside round, strip loin and shoulder clod was calculated as the product weight divided by 

the cold carcass weight multiplied by 100. 

2.7 Sensory Analysis 

Procedures utilizing human subjects for consumer panel evaluation of sensory 

attributes were approved by the University of Minnesota Institutional Review Board. The 

University of Minnesota Food Science and Nutrition Sensory Center recruited one 

hundred- eight untrained consumer panelists. All panelists were 18 years of age or older, 

had no food allergies, and consumed steak at least twice per month and summer sausage 

within the last 6 months. Panelists were paid $5 for their time. Sensory evaluation was 

conducted by the University of Minnesota Food Science and Nutrition Sensory Center 

following the research guidelines for sensory evaluation (AMSA, 1995).  

Steaks were thawed for 36 h at 4° C, individually wrapped in aluminum foil, 

cooked at 180° C (General Electric® Range, JASO2 ; Fairfield, CT), to an internal 

temperature of 71° C as indicated by a probe place at the geometric center of the steak 
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(Pyrex Professional Acu rite Thermometer; Racine, WI). Steaks were cut into 1cm x 1cm 

x 2.54 cm cubes and placed in the top part of double boilers containing sand in the 

bottom heated to ~82° C (replaced every h). Each panelist received two pieces of steak 

per sample (approximately 38° C) in lidded 60 ml plastic soufflé cups coded with random 

3-digit numbers. To maintain sample serving temperature, the cups were nested in heated 

sand (~60° C) contained in round, aluminum pans. Samples were served to panelists in 

three sets of three samples each. The first set corresponded to replicate 1, the second set 

corresponded to replicate 2, and the third set corresponded to replicate 3. Each set was 

balanced for order and carryover effects.  

One hundred- one panelists were recruited in the same manner as described for 

steak consumer sensory evaluation. Slices of summer sausage (0.3 cm thickness and 6.4 

cm diameter) were quartered and 2 quarters were served to panelists in a lidded 60 ml 

plastic soufflé cup coded with random 3-digit numbers for evaluation. Sample 

replications were served in the same manner as described for steaks consumer sensory 

evaluation. 

 Panelists were instructed to eat one piece and rate it for overall liking, flavor 

liking, and texture liking on 120-point labeled affective magnitude scales, with the left-

most end labeled greatest imaginable disliking and the right-most end labeled greatest 

imaginable liking for steak and summer sausage. Panelists were then instructed to eat the 

second piece and rate it for off-flavor, juiciness (steak), sourness (summer sausage), and 

toughness ratings on a 20-point line scale, with the left most end labeled none and the 

right most end labeled extremely intense for all treatments and replications (Appendix C).  
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2.8 Warner-Bratzler Shear Force (WBSF) 

Duplicate steaks were thawed for 24 h at 4° C, individually wrapped in aluminum 

foil, cooked at 180ºC, using a Frigidaire®, kitchen oven (Dublin, OH), to an internal 

temperature of 71° C as indicated by a probe placed at the geometric center of the steaks 

(Type T thermocouple, Omega Engineering, Stanford, OH). Steaks were equilibrated to 

room temperature (25º C) and six, 1.27 cm diameter cores were removed from each steak 

parallel to the muscle fiber by a hand corer. Each core was sheared perpendicular to the 

length of the fiber using a Warner-Bratzler testing machine (G-R Electric; Manhattan, 

KS). Six cores were sheared per steak to represent the entire surface of the longissimus 

dorsi.   

2.9 Statistical Analyses 

 Statistical analysis for USDA Quality and Yield Grade categorical data was 

performed using the GENMOD procedure of SAS (SAS Inst., Inc, Cary, NC; Appendix 

D).  Steer was the experimental unit and the model included dietary treatment as the fixed 

effect. Type 3 fixed effects were used to determine significance (P < 0.05) or trends (P < 

0.10) among treatments. The PDIFF option was used to separate least squares means 

when a significant F-test statistic was present.  Treatment means are presented as least 

squared means, and weighted standard errors were calculated as: Σ(error*degrees of 

freedom)/Σ(total degrees of freedom) and subset contrasts analyzed were: 1) CON vs. 

DGS; 2) HPDDG vs. DDGS. 

Mixed model analysis of variance (PROC MIXED procedure of SAS; Appendix 

D) was used to analyze hot and cold carcass weight, 12
th

 rib back fat, KPH, ribeye area, 

drip loss, purge loss, fabrication loss, and WBSF. The Restricted Maximum Likelihood 
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(REML) procedure was used to estimate the variance components and the Kenward-

Rogers procedure was used to determine degrees of freedom approximation. Steer was 

the experimental unit and the statistical model included dietary treatment as the fixed 

effect. For those variables with significant (P < 0.05) ANOVA, mean separations were 

performed using the LSMEANS and PDIFF functions of SAS. Weighted standard errors 

were calculated as: Σ(error*degrees of freedom)/Σ(total degrees of freedom) and subset 

contrasts analyzed were: 1) CON vs. DGS; 2) HPDDG vs. DDGS. 

For sensory analysis, the PROC MIXED procedure of SAS (Appendix D) was 

used to determine if samples differed in any of the attributes. Overall liking, flavor liking, 

texture liking, off flavor, toughness, juiciness (steaks), and sourness (summer sausage) 

were dependent variables and product, replicate and product*replicate were predictors. 

Subject and subject*product were random predictors in the models. Bonferonni 

correction was used to determine if specific differences among samples were significant. 

Subset contrasts analyzed were: 1) CON vs. DGS; 2) HPDDG vs. DDGS.  
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3. RESULTS AND DISCUSSION 

3.1 Carcass Characteristics and Moisture Loss 

Treatment had no effect on dressing percentage (P = 0.22) hot carcass weight (P = 

0.54), 12
th

 rib backfat (P = 0.18), and percent kidney, pelvic, heart fat (P = 0.35; Table 3). 

Gigax et al., (2011) reported steers fed 35% WDGS (12.9% fat) had a heavier HCW as 

compared to 35% WDGS containing half as much fat (6.7%) and a high moisture corn 

(HMC)/ dry rolled corn (DRC) control. They also reported no difference in marbling 

score, 12
th

 rib back fat, and ribeye area between treatments.  Similar to those results, in 

the current study, ribeye area was similar (P = 0.57) and averaged 78.1 cm
2
 for all 

treatments.  Average USDA Yield Grades were similar (P = 0.54) for CON, DDGS, and 

HPDDG (2.6, 2.8, and 2.7, respectively). Treatment had no effect on USDA Quality 

Grade (P = 0.68) with an average of 81% of carcasses grading USDA Choice.  Treatment 

did not affect marbling scores (P = 0.26; where 500=small
00

, 600=modest
00

), with an 

average score of 588 across all treatments.  Depenbusch et al (2008) also found no 

difference in carcass characteristics for heifers when adding a fractionated DGS product 

containing 4% fat (DM basis) to a steam flaked corn based diet.  

Fabrication loss did not differ across treatments for the inside round (P = 0.20), 

strip loin (P = 0.36), and shoulder clod (P = 0.20; Table 4). Mean drip and purge losses 

were similar across treatments (P = 0.49 and 0.16, respectively; Table 4). 
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3.2 Sensory Characteristics 

 Treatment did not affect consumer sensory scores for overall liking (P = 0.10), 

flavor liking (P = 0.06), and texture liking (P = 0.47), among steaks (Table 5). Although 

there were no differences (P=0.10) for juiciness, steaks from HPDDG steers tended to be 

rated highest for juiciness (8.49) while CON was rated the lowest (7.72). Leupp et al. 

(2009) reported no differences in tenderness, juiciness and flavor in steaks from steers fed 

30% DDG in the finishing diet, but similar to the current study, juiciness was numerically 

the highest rated in steaks from steers fed 30% DDG in the finishing diet. Haack et al 

(2011) fed cattle WDGS varying in fat content, similar to the current study, and also 

found no differences in beef flavor intensity and juiciness. Haack et al (2011) also found 

the control and 4.72% fat WDG beef less tender, with less prevalent off flavors than the 

6.91% fat WDG, whereas the current study reported no difference in tenderness or off-

flavor of beef steaks from steers fed low and standard fat DGS.  

No substantial data exists on the effect of distillers grains in finishing diets on 

cooked and fermented sausage. For summer sausage, CON was rated highest for overall 

liking (70; P = 0.01) and flavor liking (70.6; P = 0.04), while DDGS was rated the lowest 

(66.28 and 67.4, respectively; Table 5).  Sausage from steers fed CON and HPDDG was 

rated higher for texture liking, however, as fat level decreased (5.96, 3.55 and 3.53 %) in 

the treatments (DDGS, CON and HPDDG, respectively) summer sausage became 

tougher (P < 0.001).  Similarly, a study evaluating fermented summer sausage from pork 

where pigs were fed varying levels of oleic acid found a decrease in sensory scores for 

texture with increasing oleic acid inclusion. Panelists reported that higher oil treatments 
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caused the summer sausage to be mushier, whereas consumers prefer a more firm 

summer sausage (Shackelford et al., 1990).  

3.3 Warner Bratzler Shear Force 

 Warner Bratzler Shear Force values did not differ among treatments (P=0.25; 

Table 5). Similar results were reported by Aldai et al. (2010) and Koger et al. (2010) 

when evaluating corn and wheat WDGS and DDGS at 20-40% in the diet (DM basis). 

Results from WBSF in the current study were supported by the consumer panel results, 

which indicated that treatment had no effect on toughness (P=0.17) of strip steaks.  

Shackelford et al. (1991) reported that the U.S. consumer threshold for slightly tender 

beef steak ranged between 3.9 and 4.6 kg of shear force. In the current study, mean shear 

force values were 2.60 ± 0.22 kg.  Research with corn DGS and sorghum DGS also 

showed WBSF values below the consumer threshold for strip steaks (Roeber et al., 2005; 

Gill et al., 2008).  

4. CONCLUSION 

Replacing 35% of corn grain in beef finishing diets with HPDDG does not affect 

carcass characteristics, moisture loss, and shear force of fresh beef products. However, 

inclusion of HPDDG in the diet at 35% of dietary DM produces small but unfavorable 

changes in sensory characteristics of cooked sausage. 
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CHAPTER 3 

EFFECT OF HIGH PROTEIN DRIED DISTILLERS GRAINS IN 

BEEF FINSIHING DIETS ON FATTY ACID PROFILE AND RETAIL 

SHELF LIFE OF FRESH AND FURTHER PROCESSED BEEF 

PRODUCTS 
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CHAPTER OVERVIEW 

 Angus steers (n=48) were individually fed one of three dietary treatments in the 

finishing phase that included a conventional corn based finishing diet (CON); a treatment 

containing 35% dried distillers grains with solubles replacing CON (DDGS); and a 

treatment containing 35%  high protein dried distillers grains replacing CON (HPDDG). 

For strip steak objective shelf life, treatment did not affect L* or b* values (P=0.87 and 

0.43, respectively), however a* values were higher for CON (P<0.001) as compared to 

DDGS and HPDDG. Treatment affected subjective scores for lean color, surface 

discoloration and overall appearance (P<0.001) of strip steaks. Objective shelf life 

analysis of ground beef, summer sausage, and bologna indicated that treatment did not 

affect mean L*, a*, or b* values (P=0.15, 0.16, and 0.23 respectively). CON ground beef 

had a more desirable subjective lean color (P=0.001) and overall appearance (P=0.001) 

than DDGS and HPDDG.  Treatment had no effect on bologna subjective scores for lean 

color and surface discoloration (P=0.07 and 0.10, respectively).Treatment did affect 

overall appearance (P=0.03), with higher values for CON as compared to DDGS and 

HPDDG. For summer sausage, there was no effect of treatment on subjective scores for 

lean color (P=0.35) surface discoloration (P=0.38) and overall appearance (P=0.31). 

Treatment had no effect on saturated fatty acid and monounsaturated fatty acid 

percentage (P=0.44 and 0.86 respectively), however; treatment did affect polyunsaturated 

fatty acid (P=0.0001), with CON having lower values than DDGS and HPDDG.  TBARS 

indicated no difference between treatments on d 0 (P=0.50) for lipid oxidation in ground 

beef, however, on d 7 HPDDG had increased values as compared to DDGS and CON 

(P=0.001). Results indicate that beef cattle finished on diets containing 35% high protein 
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dried distillers grains increases lipid oxidation resulting in a decrease in shelf life in fresh 

and further processed beef products. 

Keywords: Distillers Grains, High Protein, Beef Quality, TBARS, Lipid Oxidation 
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1. INTRODUCTION 

A number of studies have evaluated the inclusion of distillers grains (DGS) in 

beef finishing diets, however there is a lack of data that considers the relationship 

between fat content in distillers grains and beef quality (Corrigan et al., 2008; 

Depebnusch et al., 2008; Haack et al., 2011). Fatty acid composition influences beef 

quality (de Mello Jr. et al., 2007), therefore feeding diets with increased concentrations of 

polyunsaturated fatty acids (PUFA), such as DGS, can lead to beef products containing 

fats with altered ratios of saturated and unsaturated fatty acids (Depenbusch et al., 2009). 

Beef with higher PUFA concentrations will likely have increased oxidation rates, 

affecting color stability, rancidity, and off flavor development, thus leading to a decrease 

in shelf life and consumer acceptability.  

Oxidation of lipids is one of the primary causes of quality deterioration in meat.  

Lipid oxidation primarily targets unsaturated fatty acids. Soft fat is undesirable as it 

affects product appearance and texture, especially when the product is processed. When 

grinding or chopping, the unsaturated fat can melt and form a fat coating on the product 

(Carr et al., 2005). 

Previous studies have shown variable effects of DGS on meat quality. Some 

studies have shown finishing cattle diets containing DGS may negatively affect redness 

(a*) and lightness (L*) values of strip steaks in retail display (Gill et al., 2008; Leupp et 

al., 2009). Koger et al. (2010) found no discoloration of color of ground beef patties 

when cattle were fed 20 and 40% DDGS, however fatty acid profiles of steaks were 

affected. Previous studies indicate an increase in PUFA in beef, specifically linoleic 

(C18:2) acid, when DGS was included in finishing diets (de Mello Jr. et al., 2007; Black 
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et al., 2009; Aldai et al., 2010).  Despite this, when DGS is included in the diet at 0-75% 

of dietary dry matter (DM), lipid oxidation has not been affected for fresh steaks as 

indicated by thiobarbituric acid reactive substances (TBARS; Gordon et al., 2002; Gill et 

al., 2008; Depenbusch et al., 2009). However, increased oxidation has been observed in 

fresh ground beef patties when DDGS was included in the finishing diet at 40% (Koger et 

al., 2010). 

Typically,  high protein dried distillers grains (HPDDG) contains 39 to 44 % 

crude protein and 4 to 5 % fat, compared with conventional DGS which contains 

approximately 25-30 % crude protein and 10-14 % fat. Unlike conventional DDGS, no 

solubles are added to HPDDG. 

Several studies have examined the effects of feeding rations with lower fat 

content on cattle performance and carcass characteristics (Corrigan et al., 2008; 

Depenbusch et al., 2008; Haack et al., 2011). However, further investigation is warranted 

regarding shelf life stability and sensory characteristics of beef from cattle fed HPDDG. 

Therefore, the objective of the current study was to evaluate the effect of replacing corn 

with 35% HPDDG on shelf stability and lipid composition. It was hypothesized that 

cattle fed HPDDG may show desirable effects on beef quality with regard to shelf life 

stability, fatty acid profile and lipid oxidation. 
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2. Material and Methods 

2.1 Dietary Treatments 

 Animal care, feeding and management procedures were approved by the 

University of Minnesota Animal Care and Use Committee. Angus steers (n=48) 

averaging 317 ± 8 kg initial body weight (BW) were individually fed one of three dietary 

treatments (Table 1) in the finishing phase that included a conventional corn based 

finishing diet (CON), CON containing 35% dried distillers grains with solubles (DDGS), 

and CON containing 35% high protein dried distillers grains (HPDDG). The inclusion of 

DDGS and HPDDG was in place of corn. Both the DDGS and the HPDDG (Table 2) 

were sourced from POET Nutrition. Steers were fed using a Calan gate individual feeding 

system (American Calan, Inc.; Northwood, NH), at the North Central Research and 

Outreach Center in Grand Rapids, MN. Each Calan gate had a 36.6 cm base and a 91.4 

cm depth of bunk.    On d-11 steers received an initial implant (Synovex
®
 Choice; Pfizer 

Animal Health; New York, NY) on d -28, step-up to the finishing diets began. Steers 

were fed for ad libitum intake once daily at 0700. Initial BW was a 1-d BW measurement 

following a 16-h period where steers were withheld from feed.  Steers were weighed 

every 28-d prior to the morning feeding using a For-Most portable squeeze chute (For-

Most Livestock Equipment; Hawarden, IA) equipped with a Tru-Test scale (Tru-Test, 

Inc.; Mineral Wells, TX).  On d 56, all steers received a terminal implant (Synovex
®
 

Choice; Pfizer Animal Health; New York, NY).  Initial and final body weight as well as 

daily feed intake and feed refusals were recorded. Average daily gain and feed efficiency 

were then calculated using those parameters.  
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Performance data of steers from this experiment were collected, analyzed, and 

reported previously (Kelzer et al., 2011; in preparation). 

2.2 Fresh Beef Fabrication and Collection 

Fresh beef products were fabricated according to Institutional Meat Purchasing 

Specifications (IMPS). Strip loins (IMPS #180),  shoulder clods ( IMPS #114), and inside 

rounds ( IMPS #169) were removed 52 h postmortem from the right side of the carcass, 

and individually identified using carcass identification tags cross-referenced to animal 

identification tags during harvest. Strip loins, shoulder clods, and inside rounds were 

vacuum packaged and maintained at 2° C during transport to the Andrew Boss 

Laboratory of Meat Science at the University of Minnesota, (St. Paul, MN). All beef 

products were inspected for vacuum seal, re-packaged if necessary, and shoulder clods 

and inside rounds were placed in a blast freezer (-20° C) until further evaluation. 

2.3 Strip Loin Sample Preparation 

  Strip loins were faced perpendicular to the length of the loin, and steaks were 

serially cut, 2.54 cm thick, from the anterior end of each strip loin. The first steak was 

designated for drip loss analysis. The second and third steaks were placed on a 

polystyrene tray and overwrapped with poly-vinyl chloride film with an oxygen 

transmission rate of 1400 cc/m
2
 and placed in simulated retail display for pigment and 

lipid oxidation analysis. The fourth, fifth, and sixth, steaks were vacuum packaged, 

frozen (-20°C) and designated for sensory, while the seventh and eighth steaks were 

designated for Warner Bratzler shear force testing. The remaining portion of the strip loin 

was vacuum-packaged and frozen at -20° C for further analysis.  
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2.4 Inside Round Preparation 

 Inside rounds (approximately 9 kg) were thawed (vacuum packaged) at 4° C for 3 

d. Entire, untrimmed inside rounds were ground twice (Biro Grinder, Model 346; Marble 

Head, OH) with a 0.375 cm plate. Fresh ground beef (approximately 0.91 kg) was placed 

on polystyrene trays and overwrapped with poly-vinyl chloride film with an oxygen 

transmission rate of 1400 cc/m
2
 and placed in simulated retail display. Fresh ground beef 

(approximately 0.23 kg) was vacuum packaged and placed in a blast freezer (-20° C) for 

subsequent analysis of pre-display thiobarbituric acid reactive substance (TBARS; 

Appendix E).  At the end of retail display (6 d), trays were vacuum packaged for post-

display TBARS analysis in the same manner as described previously.  

2.5 Shoulder Clod Preparation 

Shoulder clods, (approximately 9.5 kg) were thawed (vacuum packaged) at 4° C 

for 3 d. Entire, untrimmed shoulder clods were ground twice (Biro Grinder, Model 346; 

Marble Head, OH) with a 0.375 cm plate. Randomly blended meat blocks (4 

animals/treatment, total of 3 blocks per treatment) were divided into 2 batches 

(approximately 9.1 kg) 1 for the fabrication of summer sausage and 1 for bologna 

fabrication.  

For summer sausage, 1 batch of blended ground beef was mixed with a 

commercial blended seasoning mix (Summer Sausage Seasoning #769025, Nassau 

Foods; Minnetonka, MN) and culture, (TRU MARK Formula-100, TRU MARK  INC; 

Linden N.J.), and stuffed  with an automatic stuffer (Handtmann , Model VF-608; 

Biberach, Germany)  into mahogany fibrous casings (10.8 cm; Walsrober Casings; 
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Mar/Co Sales, Burnsville, MN). Stuffed sausages were fermented,  smoked with liquid 

smoke (Charsol C-10, Manitowoc, WI) and cooked in an Enviro-Pak smokehouse (Model 

CVU 500E –IT, Portland, Oregon) to an internal temperature of 71° C and chilled (4 °C; 

Appendix B).  Cooked sausage was sliced using a Globe Slicer (Model 400, Stamford, 

Connecticut) at a thickness of 9.52 mm. 

For bologna production the second blended meat block from shoulder clods was 

chopped (speed setting 2, 3 knife head with Alpina tangential form blades) for 90 minutes 

using an Alipina bowl chopper (Model PB 80-890-II; Koch, Kansas City, MO ) with 

seasoning (Bologna SCTP, Newly Weds Foods; Minneapolis, MN) and 2.27 kg of ice (0° 

C) and stuffed into clear fibrous casings (6.35 cm; Walsrober Casings; Mar/Co Sales, 

Burnsville, MN), cooked and smoked with liquid smoke to an internal temperature of 71° 

C, chilled (4° C; Appendix F) and sliced (Globe Slicer, Model 400, Stamford, 

Connecticut; 9.52 mm thick). 

2.6 Simulated Retail Display 

 All products designated for simulated retail display were randomly placed in a 

remote coffin case, 1.1 m x 2.54 m x 0.86 m high (Hussmann, GF-8, AA Equipment 

Company, Inc., Minneapolis MN) maintained at 4° C under cool white fluorescent 

lighting (Sylvania H9b8, 110W; 2,640 lux). Beginning at 0 h, each product was evaluated 

for objective and subjective color characteristics every 24 h for the duration of the study.  

Steaks were evaluated for 6 d, ground beef for 5 d, summer sausage for 14 d, and bologna 

for 13 d.    
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2.7 Objective Color Evaluation  

Objective color of each product was instrumentally measured using a HunterLab 

Miniscan XE Plus spectrophotometer (HunterLab Associates Inc., Reston, VA) equipped 

with a 6 mm aperture and a D65, 10° illuminant. The colorimeter was calibrated daily 

prior to evaluation using pre-overwrapped (PVC) black glass and white ceramic titles 

provided by the manufacturer. Color coordinates were recorded for L*(psychometric 

lightness; black=0, white=100), a* (absolute red =100; absolute green= -100) and b* 

(absolute yellow=100; absolute blue= -100) following procedures of the Commission 

Internationale de I‟Eclairage (CIE, 1976) and American Meat Science Association 

(AMSA, 1991). Objective color measures were obtained each day by averaging readings 

(3 readings per steak; 2 steaks/package) at various locations on the surface of the 

longissimus dorsi for a total of 6 readings per animal per day.  

Objective color measurements for ground beef were obtained each d by averaging 

6 readings taken per package (1 package/treatment) of ground beef at various locations 

on the surface of the product. Objective color measurements for summer sausage were 

obtained each day by averaging 1 reading per slice of summer sausage (6 slices/package; 

3 packages/treatment). Color measurements for bologna were obtained each d by 

averaging 3 readings for each slice of bologna, for a total of 9 readings (3 slices/per 

treatment).  

2.8 Subjective Color Evaluation  

A trained panel consisting of University of Minnesota personnel, staff and faculty 

subjectively evaluated products under retail display. There were eight panelists for steaks, 



  

48 

 

nine panelists for ground beef, eight panelists for summer sausage and seven panelists for 

bologna. Parameters evaluated were lean color (8 point scale), surface discoloration (11 

point scale) and overall acceptability (8 point scale). Surface discoloration was 

characterized as 1 = complete [91-100%] discoloration; 11 = no [0%] discoloration and 

overall color was characterized as 1 = extremely undesirable; 8 = extremely desirable.  

For strip steaks and ground beef, lean color was characterized as 1 = extremely brown; 8 

= extremely bright, cherry red. For summer sausage and bologna lean color was 

characterized as 1 = extremely brown; 8 = extremely bright, pink. 

2.9 Lipid Analyses 

 For fatty acids, total lipid was extracted following AOCS Ce 2-66,  and AOCS Ce 

1-62 procedures (AOCS, 1998; Appendix G). Approximately 0.25 g of melted fat was 

weighed for extraction of lipid. For conversion of lipids to fatty acid methyl esters, 

approximately 7 ml of 0.5 N methanolic sodium hydroxide and a glass bead were added 

to the melted fat sample. Samples were refluxed for 10 min and approximately 5 mL of 

boron trifluoride methanol solution was added and allowed to reflux for another 2 

minutes. Then 10 ml of heptane was added and allowed to flux for an additional minute.  

After separation of the fatty acid methyl esters, samples were analyzed by gas 

chromatography (Hewlett-Packard 6890 Plus Gas Chromatograph, Agilent; Santa Clara, 

CA) Fatty acids were identified by comparison of retention times with known standards; 

GLC- 08A, 60, 67, 80, 90, and 546B (Nu-Chek, Elysian, MN). Total saturated fatty acid 

(SFA), monounsaturated fatty acid (MUFA), and polyunsaturated fatty acids (PUFA) 

were determined by summing the respective classes of fatty acids. The total amount of 

unsaturated fatty acids (UFA) was determined by summing MUFA and PUFA. Iodine 



  

49 

 

values (IV) for back fat were calculated as: IV = C16:1(0.95) + C18:1(0.86) + 

C18:2(1.732) + C18:3(2.616) + C20:1(0.785) + C22:1(0.723) as described by AOCS 

(1998). 

 Lipid oxidation was measured by the thiobarbituric acid assay (TBA) according 

to the protocol of Tarladgis et al. (1960) at 0 and 6 d of display.  Ten g of ground beef 

was blended (Waring commercial laboratory blender, 57BL30; New Hartford, CT), with 

50 ml of distilled water for 1 min. Blender was rinsed with 47.5 ml of distilled water, and 

2.5 ml of hydrochloric acid (1:2) and 3-4 drops of antifoam (1520-US, Dow Corning®; 

Midland, MI) were added to the flask. The contents of the flask were then distilled at 

approximately 99.4º C. The distillate was collected in a beaker until approximately 50 ml 

was collected. The distillate was mixed, then 5 ml of the distillate was pipetted into 5 ml 

of TBA (0.002M) and mixed well. Samples were then immersed into a water bath at 95º 

C for 35 min. Vials (20ml; VWR Trace clean; West Chester, PA) were then cooled to 

room temperature by immersing them in 25º C water for 5 min. The spectrophotometer 

(Spectronic 20+, Spectronic Instruments, Inc; Rochester, NY) was set to a wavelength 

control of 532 nm, and a filter level of 340-599 nm. Wavelength and absorbance values 

were recorded at 532 nm. The absorbance value was multiplied by 7.8 to calculate the 

TBARS (ppm; Appendix E).  

Statistical Analyses 

Mixed model analysis of variance (PROC MIXED procedure of SAS; Appendix 

D) was used to analyze TBARS and fatty acid percentage. The Restricted Maximum 

Likelihood (REML) procedure was used to estimate the variance components and the 
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Kenward-Rogers procedure was used to determine degrees of freedom approximation. 

Steer was the experimental unit and the statistical model included dietary treatment as the 

fixed effect. For those variables with significant (P < 0.05) ANOVA, mean separations 

were performed using the LSMEANS and PDIFF functions of SAS. Weighted standard 

errors were calculated as: Σ(error*degrees of freedom)/Σ(total degrees of freedom) and 

subset contrasts analyzed were: 1) CON vs. DGS; 2) HPDDG vs. DDGS.. 

For procedures involving repeated measures, (subjective and objective color 

measurements) the model included the fixed effects of time of determination and the 

interaction between dietary treatment and time on display (Appendix D). For all retail 

display variables, each variable analyzed was subjected to five covariance structures: 

compound symmetric (CS), autoregressive of order one (AR(1)), toeplitz (TOEP), 

unstructured (UN), and spatial power. The covariance structure that yielded the smallest 

Akaike information criterion (AIC) and Bayesian information criterion (BIC) coefficients 

indicated best model fitting when the AR(1) covariance matrix was used. Subset contrasts 

analyzed were: 1) CON vs. DGS; 2) HPDDG vs. DDGS.  
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3. RESULTS AND DISCUSSION 

3.1 Objective and Subjective Color Evaluation 

Fresh Beef 

For strip steak retail evaluation, treatment did not affect overall L* or b* values (P 

= 0.87 and 0.43, respectively; Table 6). However, treatment did affect overall mean a* 

values (P <0.001), with HPDDG and DDGS having lower values than CON from d 4 

until the end of retail display (Figure 1).  These results are supported by Haack et al. 

(2011) who reported steaks from steers fed a high moisture corn (HMC)/dry rolled corn 

(DRC) control were significantly redder throughout retail display than steaks from cattle 

fed WDGS (6.91 and 4.72 % dietary fat), while a* values of steaks from cattle fed 4.72% 

dietary fat WDG declined at a faster rate and to a greater degree.  

Treatment had an effect on subjective lean color, overall appearance and surface 

discoloration (P <0.001, for all attributes; Table 6). Similar to results reported for 

objective color, subjective lean color and overall appearance decreased while surface 

discoloration increased for DDGS and HPDDG steaks on d 5 of display. Comparing 

steaks from cattle fed the two distillers grains, there was a greater reduction in lean color 

(P=0.02) for HPDDG steaks than DDGS steaks starting on d 5 (Figure 2). Haack et al. 

(2011) reported that percent discoloration significantly increased on d 5 of retail display 

and was strongly correlated to the decline in objective color scores of fresh steaks.  

Visual appearance of fresh meat has the greatest effect on a consumer‟s purchasing 

decision (Carpenter et al., 2001). An overall appearance score of 3 typically reflects the 
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time when meat is discounted at the retail counter (Roeber et al., 2005). Overall 

appearance of HPDDG and DDGS steaks were moderately undesirable (score of 3) at day 

7 and 8 of display, respectively, while CON was not moderately undesirable until d 10 

(Figure 3).    

 Treatment had no effect on ground beef L* (P = 0.15), a* (P = 0.16), or b* (P = 

0.23) values (Table 7) over the length of display (6 d).  However, on d 1 DDGS ground 

beef was redder (P = 0.02) than CON while HPDDG was similar to both treatments (P = 

0.33 and 0.19; Figure 4). Despite this, on d 2-4, a* values of HPDDG ground beef 

declined at a faster rate than CON and DDGS was similar to both (Figure 4). CON 

ground beef had higher L* values than HPDDG on d 3, while DDGS was not different 

from either treatment (Figure 5).   

Results from the current study are similar to previous research on L*, a*, and b* 

values of strip steaks (Gill et al., 2008; Leupp et al., 2009) and ground beef (Roeber et al., 

2005; Koger et al., 2010) from cattle fed a traditional DDGS and corn-based control.  

When myoglobin is oxidized to metmyoglobin, adverse effect on color can be observed 

(Gray et al., 1996).  Lipid and myoglobin oxidation are closely associated, therefore 

propagation of oxidation by increase in PUFA content in beef from DDGS in the diet 

appears to reduce color stability during retail display. 

 Similar to the steaks, lean color (P = 0.001), overall appearance (P = 0.001) and 

surface discoloration (P = 0.001) of ground beef were different among treatments (Table 

7).  CON ground beef had a more desirable lean color (P = 0.001; Figure 6) and overall 
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appearance (P = 0.001; Figure 7) than DDGS and HPDDG. All treatments were 

moderately unacceptable at day 3 of retail display for ground beef. 

Processed Beef 

 Overall L*, a*, or b* values of bologna (P = 0.51, 0.55, and 0.96 respectively; 

Table 8) and summer sausage (P = 0.15, 0.16, and 0.23, respectively; Table 9), were not 

affected by diet over entire length of retail display.  CON bologna had higher L* value 

than HPDDG (P = 0.002) and DDGS (P = 0.04) on d 8 of retail display (Figure 8). 

Similarly on d 7, CON summer sausage (P = 0.001) and HPDDG (P = 0.001) had higher 

L* value than DDGS (Figure 9). 

 When different levels of oleic acid were fed in swine diets (Shackelford et al., 

1990), L*, a* and b* of fermented summer sausage was not affected, but all color values 

decreased over display time.  Another study evaluating varying fat levels in the bologna 

found no difference in objective color values between the varying levels of fat within the 

bologna (Carballo et al., 1995). It is important to note that color of processed meat 

products, specifically an emulsion type sausage, can be influenced by fat content, added 

water and the pigment of the meat block before processing, among other factors. Carballo 

et al. (1995) noted that although there was no significant difference in color values, lower 

fat levels (increased water content) can lead to higher a* values and lower L* values. 

Treatment affected bologna subjective lean color (P = 0.05; Figure 9), overall 

appearance (P = 0.03; Figure 10) and surface discoloration (P = 0.01; Figure 11), with 

DDGS and HPDDG being less desirable (P = 0.03) than CON (Table 8).  
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There was no effect of treatment on lean color (P = 0.44), surface discoloration (P 

= 0.16) and overall appearance (P = 0.82) of summer sausage (Table 9). Shackelford et 

al. (1990) found no difference in summer sausage visual panel scores for color and 

discoloration when comparing different levels of oleic acid in pork summer sausage.  

3.2 Fatty Acid Analysis 

Total fatty acids were not affected by treatment (P = 0.32; Table 10). Treatment 

had no effect on SFA and MUFA acid percentage (P = 0.44 and 0.86 respectively), 

however; treatment did affect PUFA (P < 0.001), with CON having lower concentrations 

as compared to DDGS and HPDDG.  Fatty acid composition influences beef quality (de 

Mello Jr. et al., 2007) therefore feeding DDGS, which has a higher level of lipid and 

greater fat digestibility than corn can lead to increased lipid oxidation (Vander Pol et al., 

2008). 

Palmitic acid (C16:0) was highest (P <0.001) for HPDDG and CON diet and 

lowest for the DDGS diet, while values of C18:0 (stearic acid) were highest (P=0.01) for 

DDGS. Gill et al. (2008) also reported greater concentrations of stearic acid in steaks 

from steers fed DGS than steers fed a steam flaked corn diet with no DGS.  

There was no difference among treatment (P = 0.75) in concentration of C18:1, 

however levels of C18:2 and C18:3, major components of the PUFA group, were higher 

(P <0.001 and 0.01, respectively) in DDGS and HPDDG as compared to CON. These 

results are similar to those from de Mello Junior, et al. (2007) and Black et al. (2009)  

who documented an increase in C18:0 and C18:2 when WDGS and DDGS were added to 

the diet. These changes are small but contribute to the increase in total PUFA 
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concentrations for beef from the distillers grains treatments.  Polyunsaturated fatty acid 

concentrations were substantially higher for beef from DDGS and HPDDG steers (P < 

0.001) as compared to CON, contributing to an increased ratio of PUFA:SFA. Haack et al 

(2011) reported an increase in concentration of C18:2, with 4.72% fat WDGS diet having 

a higher amount compared to 6.91% WDG diet. Although the HPDDG diet contained 

less fat (5.1% vs 10.9%), the fatty acid profile of the two distillers grains was not 

different (Table 11). A possible explanation for the observed lipid composition in the 

beef is that fats from the HPDDG distillers grains are protected in the rumen from 

biohydrogenation. The solubles added back to the DDGS distillers grains are being 

hydrogenated in the rumen, while fat from the HPDDG distillers is contained within the 

grain, possibly protecting it from biohydrogenation (Doreau and Ferlay, 1995; Zinn et al., 

2000). This may support the observation that beef from HPDDG steers had a decreased 

shelf life as compared to DDGS and CON.  

Calculated iodine values (IV) were higher for beef from DDGS and HPDDG 

steers than CON (P = 0.01; Table 10). Higher IV indicates a higher degree of 

unsaturation and may be subject to greater lipid oxidation.  

3.3 Thiobarbutoric Reactive Acid Substance (TBARS) 

Lipid oxidation as measured by TBARS (mg malonaldehyde/kg) indicated no 

difference between treatments on d 0 (P = 0.50; Figure 13), however, it did on d 7 (P < 

0.001). Lipid oxidation was greater for ground beef from HPDDG and DDGS steers as 

compared to CON (P = 0.001). However, TBARS values were two times greater for 

HPDDG than DDGS (Figure 13). Similar results were reported by Haack et al. (2011) 
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who reported higher TBARS values for 4.72% dietary fat WDG than 6.91% dietary fat 

WDGS, both of which were higher than the control. Lipid oxidation is a primary factor in 

meat quality deterioration (Gray et al., 1996) 

4. CONCLUSION 

Replacing 35% of corn grain in beef finishing diets with HPDDG produces 

unfavorable changes in the fatty acid profile, specifically an increase in linoleic acid, as 

well as an increase in polyunsaturated fatty acids. HPDDG included in beef finishing 

diets also increases lipid oxidation resulting in a decrease in shelf life. 
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Table 1. Ingredients, and composition
a 
(DM-basis) of dietary treatments  

   Treatment Diet
b
 

Ingredient CONTROL DDGS HPDDG 

     Dry Rolled Corn, %       82.50      51.0        51.0 

     Alfalfa Haylage, %       12.0      12.0      12.0 

     Dried Distillers Grains with Solubles
c
, %         0.0      35.0        0.0 

     High Protein Dried Distillers Grains
d
, %         0.0        0.0      35.0 

     Supplement, %         5.55
e
        2.06

f
        2.06

f
 

    
Chemical       

     Dry Matter, %       75.2      75.7      75.7 

     Crude Protein, %       12.1      17.1      22.0 

     Fat, %         3.55        5.96        3.53 

     Acid Detergent Fiber, %         9.0      10.6        9.7 

     Amylase-Treated Neutral Detergent Fiber
g
, %       15.6      22.4      20.7 

     Starch, %       55.0      33.9      36.0 

     Ca, %         0.70        0.97        1.03 

     P, %         0.31        0.53        0.34 

     S, %         0.15        0.42        0.37 

    Energy       

     Total Digestible Nutrients, %      79.9     77.2     75.7 

     NEg
h
, Mcal/cwt (OARDC)      58.5     58.3     57.2 

     NEg
i
, Mcal/cwt (NRC, 1996)      65.9     66.9     67.1 

a
Analyzed by Dairyland Laboratories, Inc. (St. Cloud, MN). Values in table are  

the average of four diet samples analyzed monthly throughout the experiment.  

Monthly samples are composites of four diet samples, each taken at 7 day intervals. 

b
Treatment diets included: CON, containing 0% corn-milling co-products, DDGS, containing 

35% conventional dried distillers grains plus solubles, and HPDDG, containing 35% high 

protein dried distillers grains 
 

  c
Dried distillers grains plus solubles sourced from POET Nutrition, Sioux Falls, SD  

d
High protein dried distillers grains sourced from POET Nutrition, Sioux Falls, SD.  

 e
Supplement contained 60% CP and 500 g/ton monensin sodium. 

  f
Supplement contained 1,500 g/ton monensin sodium. 

   g
NDF was analyzed using sodium sulfite. 

   h
Analyzed by Dairyland Laboratories using OARDC equations based on ADF  

 and digestibility estimates. 

   i
Calculated using NRC equations based on steer intake and weight gain. 
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Table 2. Chemical and energy composition
a
 (DM-basis) of conventional dried 

distillers grains plus solubles (DDGS) and high protein dried distillers grains 

(HPDDG).  

  Corn Milling Co-Product
b
 

  DDGS HPDDG 

Dry Matter, %  91.0      91.3 

Crude Protein, %  27.6     39.0 

Acid Detergent Fiber, %    9.7     13.6 

Neutral Detergent Fiber
c
, %  23.9     23.6 

Fat, %  10.9       5.1 

Ca, %      0.07       0.04 

P, %      0.96    0.54 

S, %      0.84    0.69 

Total Digestible Nutrients, %  82.2    76.7 

NEg, Mcal/cwt 63.5    59.7 

a
Analyzed by Dairyland Laboratories, Inc. (St. Cloud, MN). Values in table are 

the  

  four samples analyzed monthly throughout the experiment.  Monthly samples 

are  

 average of composites of four samples, each taken at weekly intervals. 
 b

Both corn milling co-products were sourced from POET Nutrition (Sioux Falls, 

SD).  

  DDGS = dried distillers grains plus solubles; HPDDG = high protein dried 

distillers grains    containing no solubles. 
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  Table 3. Least square means and main contrasts for carcass characteristics from steers fed a control diet (CON) containing    

0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG, containing 

35% high protein dried distillers grains  

 

  Treatment 

    

              Main Contrasts (P -Values) 

  CON DDGS HPDDG SEM F-Value P-Value   

CON      

vs. 

DDG F-Value 

DDGS 

vs. 

HPDDG F-Value 

Hot Carcass Weight, kg  337  336 328  12.36 0.62 0.54 0.53 0.40 0.36 0.84 

Cold Carcass Weight, kg  334  334 326  12.25 0.63 0.54 0.56 0.34 0.34 0.92 

Carcass Shrink, %      0.76    0.62  0.70    0.06 1.46 0.24 0.17 1.90 0.32  1.01 

Dressing Percentage, %  59.6    59.8   59.9    0.36    0.15 0.22 0.64 0.22 0.78 0.08 

USDA Yield Grade      2.56    2.75  2.69    0.12 0.63 0.54 0.29 1.13 0.71  0.14 

YG 2, %    44.0    25.0   31.0    0.12 - 0.51 0.28 - 0.70 - 

YG 3, %    56.0    75.0   69.0    0.12 - 0.51 0.28 - 0.70 - 

USDA Quality Grade      1.19     1.13   1.31    0.12 0.68 0.51 0.83 0.05 0.26  1.31 

Prime, %      0.0       0.0     6.0    0.03 - 0.35 0.47 - 0.21 - 

Choice, %    81.0     88.0   75.0    0.10 - 0.66 1.00 - 0.36 - 

Select, %    19.0     13.0   19.0    0.09 - 0.86 0.78 - 0.63 - 

Marbling Score
2
  561   594 609  20.9 1.40 0.26 0.12 2.54 0.62 0.25 

Ribeye Area, cm
2
    77.93     78.39   76.84    0.20 0.56 0.57 0.52 0.41 0.40 0.71 

Backfat, cm      1.42       1.57     1.65    0.03 1.81 0.18 0.08 3.17 0.51 0.45 

Kidney, Pelvic, Heart fat, %      2.4       2.7     2.6    0.17 1.09 0.35 0.16 2.02 0.70 0.15 
1
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 

      2
500=small, 600=modest 
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Table 4. Least square means and main contrasts for moisture and fabrication loss from steers fed a control diet (CON) containing  

0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG, containing 

35% high protein dried distillers grains 

  

  Treatment 

   

     Main Contrasts (P -Values) 

  n CON DDGS HPDDG SEM F-Value P-Value 

CON         

vs 

DDG F-Value 

DDGS       

vs. 

HPDDG F-Value 

Drip Loss, % 42 0.75 0.43 0.62 0.19 0.74 0.49 0.34 0.95 0.49 0.49 

Purge Loss, % 43 1.83 1.85 2.22 0.15 1.98 0.16 0.53 1.25 0.07 2.86 

Fabrication Loss, Inside Round
2
, % 40 1.22 1.20 1.25 0.02 1.66 0.20 0.91 0.01 0.08 3.31 

Fabrication Loss, Strip Loin
3
, % 43 0.71 0.68 0.69 0.01 1.05 0.36 0.17 1.99 0.78 0.08 

Fabrication Loss, Shoulder Clod
4
, % 44 1.28 1.26 1.30 0.02 1.66 0.20 0.88 0.02 0.08 3.30 

1
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 

2
IMPS #169 

3
IMPS#180

 

4
IMPS#114 
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Table 5.  Pooled least square means and main contrast for sensory analysis and shear force values of steaks and summer sausage from  

steers fed a control diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains  

plus solubles, dried distillers grains and HPDDG, containing 35% high protein            

   

Treatment 

     

             Main Contrasts (P -Values) 

Steaks (n=108) CON HPDDG DDGS SEM
1
 F-value P- value 

Con 

vs. 

DGS 

F- Value 

DDGS 

vs. 

HPDDG 

F -Value 

 

Overall Liking
2
  71.5        68.6 70.5 1.45 2.29 0.10 0.11 2.55  0.16 2.03 

 

Flavor Liking
2
  71.3        68.1 70.3 1.48 2.80 0.06 0.08 3.17  0.12 2.43 

 

Texture Liking
2
  68.8        68.3 70.5 1.61 0.75 0.47 0.69 0.16  0.25 1.35 

 

Toughness
3
    7.27         7.17     6.62 0.32 1.80 0.17 0.25 1.35  0.14 2.24 

 

Juciness
3
   7.72          8.49     7.81 0.36 2.29 0.10 0.21 1.59  0.09 2.99 

 

Off -Flavor
3
   4.30         4.68      4.30 0.36 1.62 0.20 0.38 0.78  0.12 2.46 

 
WBSF, kg   2.54          2.37     2.88 0.22 1.44 0.25 0.72 0.13  0.10 2.77 

            Summer Sausage (n=101) 
 

         

 

Overall Liking 70.0
a
       68.1

ab
 66.28

b
  1.35 4.52 0.01 0.01 6.74  0.13   2.30 

 

Flavor Liking 70.6
a
       69.1

ab
   67.40

b
  1.32 3.06 0.04 0.04 4.46  0.20   1.66 

 

Texture Liking 64.8
a
       64.1

a
   61.00

b
     1.50 4.45 0.01 0.05 3.82  0.02   5.07 

 

Toughness   5.74
a
        6.19

b
   5.23

c
  0.36 9.03  <  0.001 0.89 0.02 <  0.001 18.04 

 

Sourness
3
   5.22         5.00  4.77  0.33 1.88      0.15 0.10 2.77  0.32   0.99 

  Off –Flavor   4.41         4.85  4.81  0.37 1.87 0.16 0.05 3.72  0.91   0.01 
abc

Means in the same row having different superscript differ (P <0.05) 

       1
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 

      2
Overall liking, flavor liking, and texture liking were measured on a labeled affective magnitude scale with psychologically  

 placed markers: 0=strongest dislike imaginable, 120= strongest like imaginable 

      3
Toughness, sourness, juiciness, and were measured on a line scale with placed markers: 0= none, 20= extremely intense 
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Table 6. Least square means and main contrasts for objective
1
 and subjective

2
 color values for strip steaks (longissimus lumborum),  

from steers fed a control diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers  

grains plus solubles, and HPDDG, containing 35% high protein dried distillers grains    

 

  Treatment   

    

             Main Contrasts (P -Values) 

 
CON DDGS HPDDG F-Value P-Value SEM

3
 

 

Con  vs. 

DG F-value 

DDGS 

vs. 

HPDDG 

F-

value 

L* 37.09  37.31  37.16     0.14  0.87 0.30   0.69   0.16 0.73 0.12 

a*   7.45
a
    6.56

b
    6.03

b
   11.85 < 0.001 0.21 < 0.001 20.61 0.08 3.09 

b* 11.73 11.58  11.40     0.85   0.43 0.18   0.27   1.21 0.49 0.49 

Lean Color   5.85
a
     5.24

b
  4.83

c
   18.05 < 0.001 0.12 < 0.001 30.75 0.02 5.35 

Overall Appearance   5.74
a
     5.17

b
  4.77

c
   18.65  < 0.001 0.11 < 0.001 31.19 0.02 6.10 

Surface Discoloration   8.67
a
     7.53

b
  6.84

c
   17.36  < 0.001 0.22 < 0.001 29.99 0.03 4.72 

abc
Means in the same row having different superscript differ (P < 0.05) 

      1
L* brightness (0=black, 100=white); a* redness/greenness (positive values=red, negative values=green); b* 

yellowness/blueness (positive values=yellow, negative values=blue). 

  2
Lean color (1=extremely brown, 8=extremely bright, cherry red); overall appearance (1=extremely undesirable, 8=extremely     

desirable);  surface discoloration (1=91-100% discoloration, 11=0% discoloration) 
3
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 
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Table 7. Least square means and main contrasts for objective
1 

and subjective
2
 color values for fresh ground beef, from steers fed a                                                               

control diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles,  

and HPDDG, containing 35% high protein dried distillers grains  

 

  Treatment   

    

         Main Contrasts (P -Values) 

 

 

  CON DDGS HPDDG F-Value P-Value SEM
3
 

 

CON      

vs. DG  F-value 

DDGS    

vs. 

HPDDG F-value 

 L* 44.34    45.33   45.69 1.96    0.15 0.51    0.06   3.65   0.63   0.23 

a*   6.69  6.63   6.13 1.92    0.16 0.22    0.25   1.39   0.13     2.41 

b* 14.53    14.46   14.83 1.51    0.23 0.16    0.53   0.40   0.11   2.57 

Lean Color   3.46
a
    3.17

b
    2.96

b
 7.85    0.001 0.09 < 0.001     12.81   0.11     2.57 

 Overall Appearance   3.52
a
    3.22

b
    3.06

b
 8.11 < 0.001 0.08 < 0.001     14.11   0.18 1.84 

 Surface Discoloration   4.31
a
     3.90

ab
    3.53

b
 7.47    0.001 0.15    0.001     11.43   0.08 3.19 

 abc
Means in the same row having different superscript are differ (P < 0.05). 

       1
L* brightness (0=black, 100=white); a* redness/greenness (positive values=red, negative values=green); 

   b* yellowness/blueness (positive values=yellow, negative values =blue). 
       2

Lean color (1=extremely brown, 8=extremely bright, cherry red); overall appearance (1=extremely undesirable, 8=extremely desirable);  

  surface discoloration (1=91-100% discoloration, 11=0% discoloration) 
       3

Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 
       

 

 



  

77 

 

 

 

 

 

Table 8. Least square means and main contrasts for objective
1
 subjective

2
 color values for bologna, from steers fed a control diet 

(CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and 

HPDDG, containing 35% high protein dried distillers grains 

 

  Treatment   

    

                    Main Contrasts (P- Values) 

 

CON DDGS HPDDG F-Value P-Value SEM
3
 

 

CON          

vs. 

DGS F-value 

DDGS 

vs. 

HPDDG F-value 

L*  51.74    51.62  51.63 0.68 0.51 0.08     0.25 1.35 0.95 0.00 

a*   7.64   7.52    7.54 0.65 0.55 0.08      0.30 1.25 0.85 0.04 

b*  11.84    11.85  11.86 0.04 0.96 0.04 

 

   0.87 0.03 0.84 0.04 

Surface Discoloration    6.38
a
   5.12

b
    5.53

ab
 2.91 0.10 0.38 

 

   0.05 5.24 0.47 0.58 

Overall Appearance    3.67
a
   3.30

b
  3.40

b
 4.35 0.03 0.31 

 

   0.03 7.66 0.53 0.44 

Lean Color    4.45
a
   3.85

b
   4.01

ab
 3.57 0.07 0.35      0.03 6.65 0.50 0.49 

abc
Means in the same row having different superscript  differ (P < 0.05) 

       1
L* brightness (0=black, 100=white); a* redness/greenness (positive values=red, negative values=green); b* yellowness/blueness 

  (positive values=yellow, negative values =blue). 

       2
Lean color (1=extremely brown, 8=extremely bright, cherry red); overall appearance (1=extremely undesirable,  8=extremely 

desirable);  surface discoloration (1=91-100% discoloration, 11=0% discoloration) 
3
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 
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Table 9.  Least square means and main contrasts for objective
1 

subjective
2
 color values for summer sausage, from steers fed a control  

diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  

 

  Treatment   

    

            Main Contrasts (P -Values) 
  

 

CON DDGS 

HPDD

G F-Value P-Value SEM
3
 

 

Con 

vs. 

DG F-value 

DDGS 

vs. 

HPDDG F-value 
  L* 49.33 50.47 50.35 1.60 0.23 0.50  0.09 3.17 0.87 0.03   

a*   9.90 10.25   9.95 1.37 0.28 0.16   0.32 1.04 0.21 1.70 
  b* 10.49 10.70 10.78 0.60 0.57 0.19 

 

0.32 1.11 0.77 0.09 
  Lean Color  4.92   5.01   4.95 0.88 0.44 0.05 

 

0.23 1.62 0.71 0.15 
  Surface Discoloration 10.30 10.01 10.03 2.02 0.16 0.01 

 

0.23 1.55 0.13 2.49 
  Overall Appearance  4.86   4.86  4.84 0.20 0.82 0.03   0.82 0.05 0.57 0.34 
  abc

Means in the same row having different superscript differ (P < 0.05) 
        1

SL* brightness (0=black, 100=white); a* redness/greenness (positive values=red, negative values=green); b* yellowness/blueness 

 (positive values=yellow, negative values =blue) 

        2
Lean color (1=extremely brown, 8=extremely bright, cherry red); overall appearance (1=extremely undesirable, 8=extremely                         

desirable);  surface discoloration (1=91-100% discoloration, 11=0% discoloration) 
 3

Standard error=weighted standard error equation: Σ(error*df)/Σ(total df) 
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Table 10.  Least square means and main contrasts for total fatty acids concentrations from 12th rib back fat of strip loins from steers fed a control  

diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG,  

containing 35% high protein dried distillers grains  

 

   

 

  Treatment   

    

                        Main Contrasts (P- Values) 

 

CON DDGS HPDDG SEM
3
 P- Value F- Value 

 

Con vs. 

DGS 
F -Value 

DDGS vs. 

HPDDG 
F- Value 

Fatty Acids
1,2

                       

12:0 Lauric 0.06
a
 0.06

a
 0.08

b
 0.00 < 0.001    16.57 0.008 8.28 < 0.001      24.85 

14:0 Myristic    3.37
ab

 3.15
a
 3.59

b
 0.09    0.009      5.72 0.972   0.002   0.00      11.45 

15:0 Pentadecanoic 0.38
a
 0.32

b
   0.44

c
 0.01 < 0.001    26.32 0.652 0.21 < 0.001      52.43 

16:0 Palmitic 26.54
a
 24.80

b
 27.18

a
 0.24 < 0.001    26.95 0.067 3.64 < 0.001      50.25 

17:0 Margaric  1.18
a
 0.91

b
   1.24

a
 0.04 < 0.001    25.32 0.025 5.64 < 0.001      45.00 

18:0 Steric  13.49
a
 15.77

b
 13.77

a
 0.55   0.01      5.20 0.067     3.66   0.02  6.75 

14:1 Myristoleic 0.99
a
 0.81

b
   0.85

b
 0.04      0.01      5.41 0.003   10.36    0.50  0.46 

14:1t Myristoleic Acid    0.12 0.12   0.13 0.00      0.43      0.88 0.457 0.57    0.29  1.19 

16:1 Palmitoleic   4.01
a
 3.35

b
   3.67

ab
 0.15      0.01     5.07 0.009 7.82    0.14  2.32 

16:1t Palmitoleic Acid 0.26 0.25   0.24 0.01      0.18      1.83 0.109  2.75    0.35  0.92 

17:1 Heptadecenoic  0.79
a
 0.52

b
 0.70

c
 0.02    <0.001    41.78 <0.001   45.81  < 0.001     37.75 

18:1 (ω-9) Oleic 41.73 43.34 41.46 1.87   0.75      0.30 0.771 0.09    0.48 0.51 

20:1 (ω-9) Eicosenoic      0.57 0.59   0.59 0.02   0.77      0.27 0.470 0.54    1.00 0.00 

18:2 (ω-6) Linoleic   1.51
a
 3.86

b
 4.21

b
 0.16  < 0.001    85.42 <0.001 168.36    0.13 2.47 

18:3 (ω-3) Linolenic 0.33
a
 0.26

b
 0.25

b
 0.02    0.04      3.57 0.013 7.06    0.78 0.08 

Total Fatty Acids  95.47 98.56 98.82 1.71    0.32       1.19 0.135  2.37     0.96 0.01 
abc

Means in the same row having different superscript differ (P <0.05) 

      
1
Fatty acids are represented as number of carbon atoms:number of carbon-carbon double bonds 

     
2
ω= omega 

           
3
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 
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Table 10 Continued.  Least square means and main contrasts for total fatty acids concentrations from 12th rib back fat of strip loins from  

 steers fed a control diet (CON) containing 0% corn milling co-products, DDGS , containing 35% conventional dried distillers grains plus solubles, 

 and HPDDG, containing 35% high protein dried distillers grains                  

 

  Treatment   

    

                        Main Contrasts (P- Values) 

 

CON DDGS HPDDG SEM
3
 P -Value F- Value 

 

Con vs. 

DGS 
F- Value 

DDGS vs. 

HPDDG 
F- Value 

Fatty Acids
1,2

                       

SFA
4
 43.46 43.78 44.61 0.65    0.44   0.84  0.36    0.86 0.37 0.83 

UFA
5
 49.13 52.20 51.03 1.93    0.53   0.64  0.30    1.10 0.67 0.19 

MUFA
6
 47.30 48.09 46.57 1.95    0.86   0.15  0.10    0.00 0.59 0.31 

PUFA
7
    1.84

a
 4.12

b
 4.46

b
 0.15 <  0.001 92.42 < 0.001  182.15 0.11 2.70 

MUFA:SFA Ratio
8
   1.10 1.10 1.05 0.05    0.70    0.36   0.73    0.12 0.45 0.59 

PUFA:SFA Ratio
9
    0.04

a
 0.09

b
 0.10

b
 0.00 <  0.001 98.34 < 0.001  194.72 0.17 1.97 

(ω-6) PUFA
10

   1.51
a
 3.86

b
 4.21

b
 0.16 <  0.001 85.42    < 0.001  168.36 0.13 2.47 

(ω-3) PUFA
11

  0.33
a
 0.26

b
 0.25

b
 0.02    0.04   3.57        0.01  7.06 0.78 0.08 

(ω-6):(ω-3)
12

 4.80
a
 16.67

b
 17.14

b
 1.37 <  0.001   26.16    < 0.001 52.26 0.81 0.06 

Iodine Value
2
    46.20

a
 48.28

b
 47.56

a
 0.50    0.02     4.48        0.01   7.91 0.31 1.05 

abc
Means in the same row having different superscript differ (P <0.05) 

       
1
Fatty acids are represented as number of carbon atoms:number of carbon-carbon double bonds 

    
2
ω= omega 

           
3
Standard error=weighted standard error equation: Σ(error*df)/Σ(total df). 

      
4
Saturated fatty acids = calculated sum of fatty acids presented in the study that contain no double bonds 

    
5
Unsaturated fatty acids=calculated sume of fatty acids presented in the study that contain double bonds 

    
6
Monounsaturated fatty acids = calculated sum of fatty acids presented in the study that contain on double bond 

   
7
Polyunsaturated fatty acids = calculated sum of fatty acids presented in the study that contain two or more double bonds 

  
8
Calculated ratio of monounsaturated fatty acids (MUFA) to saturated fatty acids (SFA) 

     
9
Calculated ratio of polyunsaturated (PUFA) to saturated fatty acids (SFA) 

      
10

Omega-6 = calculated sum of all omega-6 fatty acids presented in the study 

      
11

Omega-3 = calculated sum of all omega-3 fatty acids presented in the study 

      
12

Omega-6/Omega-3 = calculated ration of omega-6 to omega- 3 fatty acids 
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Table 11. Fatty acid profile of conventional dried distillers grains plus solubles 
  (DDGS) and high protein dried distillers grains (HPDDG) used in the present 

experiment.  
 

  
Corn Milling Co-Product

2
 

                        HPDDG                               DDGS 

 6:0 Caproic 0.003                                 - 

 8:0 Caprylic 0.008 0.002 

 12:0 Lauric 0.033 0.016 

 14:0 Mystric 0.077 0.072 

 15:0 Pentadecanoic 0.018 0.012 

 16:0 Palmitic 17.084 15.216 

 16:1 Palmitoleic 0.170 0.112 

 17:0 Margaric 0.084 0.077 

 18:0 Steric 2.391 2.144 

 18:1 Oleic 25.233 27.101 

 18:2 Linoleic 51.795 52.692 

 18:3 Linolenic 1.637 1.241 

 20:0 Arachidic 0.476 0.454 

 20:1 Gadoleic 0.310 0.305 

 20:2 Eicosadienoic 0.067 0.042 

 20:4 Arachiodonic 0.062 0.040 

 21:0 Heneicosanoic 0.023 0.016 

 22:0 Behenic 0.209 0.182 

 22:1 Erucic 0.008 0.012 

 22:2 Docosadienoic 0.004                                - 

 22:3 Docosatrienoic 0.016 0.011 

 24:0 Lignoceric 0.287 0.248 

 24:1 Nervonic 0.002 0.005 

 SFA                         20.69                                 18.44 

 MFA                         25.72                                 27.54 

 PUFA                         53.58                                 54.03 

 a
Analyzed by Minnesota Valley Laboratory Testing, Inc. (New Ulm, MN). Values 

 in table are the average of the composites of ten samples throughout the experiment 
b
Both corn milling co-products were sourced from POET Nutrition (Sioux Falls, SD).  

DDGS = "raw starch" dried distillers grains plus solubles; HPDDG = high protein 

dried distillers grains 
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Figure 1. Objective redness  values (a*) of strip steaks (longissimus lumborum), from steers fed a control diet (CON)  

containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  

 

 

 
 

             

 
 

            

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             a
Significant (P < 0.05) difference between all treatments 

        b
Significant (P < 0.05) difference between DG and CON 

       c
CON and HPDDG are significantly (P < 0.05) different well DDGS is different from neither treatment 
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Figure 2. Subjective lean color  values of strip steaks (longissimus lumborum), from steers fed a control diet  

(CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles,  

and HPDDG, containing 35% high protein dried distillers grains  
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Figure 3. Subjective overall appearance color values of strip steaks (longissimus lumborum), from steers fed a control  

diet (CON) containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus  

solubles, and HPDDG, containing 35% high protein dried distillers grains  
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Significant (P < 0.05) difference between all treatments 
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Significant (P < 0.05) difference between DG and CON 
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Figure 4. Objective redness  values (a*) of ground beef, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  
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Figure 5.  Objective lightness values (L*) of ground beef, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  
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Figure 6.  Subjective lean color  values of ground beef, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  
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Figure 7. Subjective overall appearance color values of ground beef, from steers fed a control diet (CON)  

containing 0% corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles,  

and HPDDG, containing 35% high protein dried distillers grains  
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Figure 8.  Objective lightness values (L*) of bologna, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and  

HPDDG, containing 35% high protein dried distillers grains  

 

 
 

          
 

          

           

           

           

     

 

     

           

           

           
 

          

           

           

           

           

           

           

           

           

           

           b
Significant (P < 0.05) difference between DG and CON 

     d
CON and HPDDG are significantly (P < 0.05)  different well DDGS is different from neither treatment 

  

47

48

49

50

51

52

53

54

55

1 2 3 4 5 6 7 8 9 10 11 12 13 14

L
*

 

Days on Display 

DDGS

CON

HPDDG

standard error=0.37 

d 

b 

b 



  

90 

 

 Figure 9. Subjective surface lean color values of bologna, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG, 

containing 35% high protein dried distillers grains  
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Figure 10. Subjective surface overall appearance values of bologna,  from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG, 

containing 35% high protein dried distillers grains  
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CON and DDGS are significantly (P < 0.05)  different well HPDDG is different from neither treatment 
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Figure 11. Subjective surface discoloration  values of bologna, from steers fed a control diet (CON) containing 0% 

corn milling co-products, DDGS, containing 35% conventional dried distillers grains plus solubles, and HPDDG, containing 

35% high protein dried distillers grains  
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Figure 12. Objective lightness  values (L*) of summer sausage, from steers fed a control diet (CON) containing  

0% corn milling co-products, DDGS , containing 35% conventional dried distillers grains plus solubles, and HPDDG, 

containing 35% high protein dried distillers grains  
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Figure 13. Thiobarbituric acid reactive substances [TBARS (mg of malonaldhyde/kg) of BF] measured pre and  

post-retail color display in steaks from steers fed a control, (CON) containing 0% diet corn milling co-products,  

DDGS, containing 35% conventional dried  distillers grains plus solubles, and HPDDG, containing 35% high protein dried 

distillers grains  
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Appendix A 

Flow Chart for Production of DDGS and HPDDG Distillers Grains 
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Appendix B 

Smoke House Procedure for Summer Sausage 

Fermentation 

Ferment according to starter culture manufacturer‟s specification (approximately 100 ºF) 

for up to 12 hours 

The fermentation processing schedule is as follows: 

 

  Step               Process             Time           Dry Bulb (ºF)      Wet Bulb (ºF)        Relative             

                            Humidity          

    1                 Smoke               03:00               75                             -                       0% 

 

Thermal Processing 

The internal should be held at 140ºF for at least 12 min to meet 6.5 log reduction 

stipulated in the USDA/FSIS Appendix A. 

The thermal processing schedule is as follows: 

  Step               Process             Time           Dry Bulb (ºF)      Wet Bulb (ºF)        Relative             

                            Humidity          

    1                   Cook                 00:45             110                            -                        0% 

    2                   Cook                 03:30             175                          130                    30% 

Cook to an internal temperature of 150ºF. 

Cooling Process 

The internal should be held at 140ºF for at least 12 min to meet 6.5 log reduction 

stipulated in the USDA/FSIS Appendix B. 

It is very important that cooling be continuous through the given time/temperature control 

points.  

1. During cooling, the product's maximum internal temperature should not remain 

between 130°F and 80°F for more than 1.5 hours nor between 80°F and 40°F for more 

than 5 hours. This cooling rate can be applied universally to cooked products (e.g., 

partially cooked or fully cooked, intact or non-intact, meat or poultry) and is preferable to 

(2) below. 
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Appendix B (Continued) 

2. Over the past several years, FSIS has allowed product to be cooled according to the 

following procedures, which are based upon older, less precise data: chilling should begin 

within 90 minutes after the cooking cycle is completed. All product should be chilled 

from 120°F (48°C) to 55°F (12.7°C) in no more than 6 hours. Chilling should then 

continue until the product reaches 40°F (4.4°C); the product should not be shipped until it 

reaches 40°F (4.4°C). 

3. The following process may be used for the slow cooling of ready-to-eat meat and 

poultry cured with nitrite. Products cured with a minimum of 100 ppm ingoing sodium 

nitrite may be cooled so that the maximum internal temperature is reduced from 130 to 

80 °F in 5 hours and from 80 to 45 °F in 10 hours (15 hours total cooling time). 
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Appendix C 

Labeled Affective Magnitude Scale 
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Appendix C 

Line Scale 
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Appendix D 

SAS Procedures 

Statistical analysis for categorical data was performed using the GENMOD procedure:  

proc genmod; 

class pen id trt; 

model Pr = trt pen; 

lsmeans trt/pdiff; 

contrast 'con vs dg' trt 1 -2 1; 

contrast 'bpx vs hp' trt 1 0 -1; 

run; 

 

Mixed model analysis of variance was used to analyze dependent variables 

Proc mixed data=lsddg.bfreakph; 

class id pm_id trt bf kph rea; 

model rea=trt; 

lsmeans trt/diff; 

contrast 'con vs dg' trt 1 -2 1; 

contrast ' BPX vs HP' trt 1 0 -1; 

run; 

Mixed model analysis of variance was used to analyze sensory data 

Proc mixed data=lsddg.steaksensory; 

class rep judge product position overlike flavorlike texturelike flavoroff 

juciness toughness; 

model overlike = product rep product*rep/ddfm=satterth; 

random judge judge*product; 

lsmeans product rep product*rep/adjust=bon; 

contrast 'con vs dg' product 1 -2 1; 

contrast ' BPX vs HP' product 1 0 -1; 

run; 

Repeated measures were analyzed using the mixed model analysis of variance 

Proc Mixed data=lsddg.steako; 

class Day ID trt; 

model Avg_a= Day trt Day*trt/ddfm=KR; 

repeated day/subject=id(trt)type=cs; 

Lsmeans day trt day*trt/diff; 

contrast 'con vs dg' trt 1 -2 1; 

contrast ' BPX vs HP' trt 1 0 -1; 

run; 
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Appendix E 

 Standard Operating Procedure for TBAR Analysis   

     Agricultural Utilization Research Institute                                                SAM # 04 

    Marshall Fats and Oils Laboratory                                                    Page 1 of 3 

         Standard Analytical Method 

 

Title:  TBARS Distillation Method 

I. Reagents/Materials 

A. Hydrochloric Acid: ACS grade, VWR Catalog No. VW3110-3 

B. 2-Thiobarbituric Acid: CAS 504-17-6, Sigma Catalog No. T-5500 

C. Dow Antifoam: Dow Corning Antifoam Catalog No. 1520-US 

D. 1:2 Hydrochloric Acid: Carefully combine 1 part concentrated HCl and 2 parts 

distilled water. Mix well. 

E. 0.02M Thiobarbituric Acid (TBA): Dissolve 0.2882 g thiobarbituric acid in 100 

mL distilled water. Mix well. 

F. Water: AURI distilled water 

II. Instrumentation 

A. Spectrophotometer: Spectronic 20
+
, Spectronic Instruments, Inc. 

B. Water Bath: VWR 

III. Procedure 

A. Obtain a 250 mL flat-bottomed round flask and place two glass beads inside. 

B. Weigh out 10 g of sample, record the weight, and blend with 50 mL of distilled 

water in a laboratory blender. 

C. Carefully transfer the blended sample into the 250 mL flask. 

D. Wash the blender with 47.5 mL of distilled water and add to the flask 

E. Add 2.5 ml of 1:2 hydrochloric acid and 3-4 drops of Dow Antifoam. 

F. Distill the contents of the flask at the highest temperature possible on a hot plate 

and collect the distillate into a 100 mL beaker. 

G. Continue to distill the contents of the flask until you have collected 50 mL of 

distillate in the beaker. 

H. Mix the distillate.                                                   
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   Appendix E (Continued)                               SAM # 04 

                                                                               Page 2 of 3 

I. Pipette 5 mL of distillate and 5 mL of 0.02M TBA into a scintillation vial and mix 

well. 

J. Prepare a blank by pipetting 5 mL of distilled water and 5 mL of 0.02M TBA into 

a scintillation vial. 

K. Immerse the vials in a 95º C water bath for 35 minutes. 

L. Allow the vials to reach room temperature by immersing them in cold water for 3-

5 minutes. 

M. Turn on the spectrophotometer by turning the Power Switch/Zero Control (knob 

on the left side of the instrument) clockwise. 

N. Wait 15 minutes for the spectrophotometer to warm up. 

O. Set the Wavelength Control (knob on top) to 532 nm. 

P. Set the filter lever (small lever at the bottom ) to the 340-599 nm wavelength 

position. 

Q. Adjust the meter to 0% T with the Power Switch/Zero Control knob. Make sure 

the sample compartment is empty and the sample cover is closed when you do 

this. 

R. Wash a spectrophotometer test tube twice with a small amount of the blank 

solution. 

S. Fill the test tube with the rest of the blank solution. 

T. Wipe of the outside of the test tube to remove dust and fingerprints and place it in 

the sample compartment. 

U. Align the guide mark on the test tube with the guide mark at the front of the 

sample compartment. Close the lid and adjust the meter to 100% T with the 

Transmittance/Absorbance Control (knob on the front right side of the 

instrument).  

V. Remove the test tube from the sample compartment and discard the solution. 

W. Press the Mode button to switch the instrument from percent transmittance to 

absorbance. 
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      Appendix E (Continued)                                  SAM # 04 

                                                                               Page 3 of 3 

 

X. Using the same test tube used for the blank solution, rinse the test tube with small 

amounts of sample and read each sample solution recording the absorbance value. 

IV. Calculations 

Sample Absorbance x 7.8 = TBARS(ppm) 

V. Reference 

A. Tarladgis et al. (1960) 

B. Spectronic 20
+
 Series manual 
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Appendix F 

Smoke House Procedure for Bologna 

Thermal Processing 

The internal should be held at 140ºF for at least 12 min to meet 6.5 log reduction stipulated in the 

USDA/FSIS Appendix A. 

The thermal processing schedule is as follows: 

      

 Step              Process           Time           Dry Bulb (ºF)       Wet Bulb (ºF)          Relative                 

                           Humidity          

    1               Smoke             01:00                  75                         -                             - 

    2                 Cook               03:30               150                       130                        30% 

Cook to an internal temperature of 150ºF. 

Cooling Process 

 It is very important that cooling be continuous through the given time/temperature control 

points.  

1. During cooling, the product's maximum internal temperature should not remain between 

130°F and 80°F for more than 1.5 hours nor between 80°F and 40°F for more than 5 hours. This 

cooling rate can be applied universally to cooked products (e.g., partially cooked or fully cooked, 

intact or non-intact, meat or poultry) and is preferable to (2) below. 

2. Over the past several years, FSIS has allowed product to be cooled according to the following 

procedures, which are based upon older, less precise data: chilling should begin within 90 

minutes after the cooking cycle is completed. All product should be chilled from 120°F (48°C) to 

55°F (12.7°C) in no more than 6 hours. Chilling should then continue until the product reaches 

40°F (4.4°C); the product should not be shipped until it reaches 40°F (4.4°C). 

3. The following process may be used for the slow cooling of ready-to-eat meat and poultry 

cured with nitrite. Products cured with a minimum of 100 ppm ingoing sodium nitrite may be 

cooled so that the maximum internal temperature is reduced from 130 to 80 °F in 5 hours and 

from 80 to 45 °F in 10 hours (15 hours total cooling time). 
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Appendix G 

Standard Operating Procedure for Fatty Acid Analysis 

     Agricultural Utilization Research Institute                                     SAM # 06 

    Marshall Fats and Oils Laboratory                                          Page 1 of 5 

         Standard Analytical Method 

 

Title:  Fatty Acid Composition 

I. Reagents/Materials 

A. GLC 08A Reference Standard: Nu-Chek cat. # GLC 08A, 4x25 mg ampoules 

B. GLC 60 Reference Standard: Nu-Chek cat. # GLC 60, 4x25 mg ampoules 

C. GLC 67 Reference Standard: Nu-Chek cat. # GLC 67, 4x25 mg ampoules 

D. GLC 80 Reference Standard: Nu-Chek cat. # GLC 80, 4x25 mg ampoules 

E. GLC 90 Reference Standard: Nu-Chek cat. # GLC 90, 4x25 mg ampoules 

F. GLC 546B Reference Standard: Nu-Chek cat. # GLC 546B, 4x25 mg ampoules 

G. Methyl Eicosapentaenoate (EPA for Omega-3 analysis): Nu-Chek cat. #U-99-M 

H. Methyl Docosahexanenoate (DHA for Omega-3 analysis): Nu-Chek cat. #U-84-M 

I. Methyl Docosapentaenoate (DPA for Omega-3 analysis): Nu-Chek cat. #U-101-M 

J. Methyl Octadecadienoic [conjugated linoleic acid (CLA)]: Nu-Chek cat. # UC-59-M 

K. Boron Trifluoride Methonal Solution, 14%: CAS 16045-88-8, Sigma cat. # B1252-250ML 

L. Sodium Hydroxide: CAS 1310-73-2, VWR cat # VW6720-1 

M. Methanol: CAS 67-56-1, EMD cat # EM-MX0488P-1 

N. Sodium Chloride: CAS 7647-14-5, EMD cat # EM-7710 

O. Sodium Sulfate, Anhydrous, Granular: CAS 7757-82-6, Sigma cat. # 239313-500G 

P. Heptane: CAS 142-82-5, Burdick & Jackson cat. # 207-1 

Q. 0.5N Methanolic Sodium Hydroxide: Dissolve 20 g of sodium hydroxide in 1000 mL of 

methanol. Mix well. 

R. Saturated Sodium Chloride Solution: Add sodium chloride to 1000 mL of deionized water 

until no more sodium chloride visually dissolves. Mix well and filter solution. 

S. Borosilicate Glass Beads: 5mm diameter, VWR cat # 89001-518 

T. Compressed Air: American Welding, distributor, industrial grade  

U. Helium: American Welding, distributor, ultra high purity 

V. Hydrogen: American Welding, distributor, ultra high purity 
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                                                Appendix G (Continued)                                    SAM # 06 

                                                                                 Page 2 of 6 
 

W. Autosampler Vial Crimp Caps: 11 mm silver aluminum, clear PTFE/red natural rubber septa, 

Agilent part # 5181-1210 

II. Instrumentation 

A. Gas Chromatograph: Hewlett-Packard 6890 Plus Gas Chromatograph equipped with a 

split/splitless injection port and autosampler 

B. Detector: Hewlett-Packard Flame Ionization Detector. 

C. Data Acquisition System: Hewlett-Packard ChemStation chromatography software. 

D. Analytical Column: SP™-2560, 0.25 mm ID x 100 m, Supelco part # 24056 

E. Injector Liner: split, straight, glasswool, non-deactivated, Agilent part # 19251-60540 

F. Liner O-Ring: Agilent part # 5188-5365 

G. Inlet Septa: general purpose red septa, Agilent part # 5181-1263 

H. Column Ferrule: Graphite (short) Ferrule, 0.5 mm  ID, Agilent part # 5080-8853 

I. Gas Purifiers: OMI-2 Purifier Tube, Supelco part # 23906 

J. Syringe: 10 µL syringe, tapered, fixed 23-26s/42/HPDDG needle, Agilent part # 5181-3360 

K. FID Jet: Capillary Series 530 mm jet (0.011 in ID tip), Agilent part # 19244-80560 

III. GC Operating Parameters 

A. Gas Flows: (all measured at 100ºC) 

1. Column Inlet Pressure    ~ 40 psi 

2. Column Flow                 ~ 1.3 mL/min helium 

3. Split Vent Flow:         ~ 18 mL/min 

4. Split Ratio:                    ~ 15:1 

5. Hydrogen:                    ~ 40 mL/min 

6. Compressed Air:            ~ 450 mL/min 

7. Auxilary Gas:       ~ 45 mL/min 

B. Temperatures: 

1. Injection Port:            225ºC 

2. Column Oven:           Initial: 100ºC hold for 4 min 

                 Ramp: 2.5ºC/min to 240ºC hold for 15 min 
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       Appendix G (Continued)                              SAM # 06 

                                                                                 Page 3 of 6 

3. Detector:                    285ºC 

C. Injection Volume:         1µL 

D. Run Time:         ~82 min/injection 

 

IV. Standard Preparation 

When not in use, standards should be stored between -25 to -10 ºC. 

Individually dissolve each of the following components as indicated to prepare 5 

mg/mL working standard solutions. Mix well. Transfer to autosampler vials. 

A. GLC 08A: 25 mg in mL heptane 

B. GLC 60: 25 mg in 5 mL heptane 

C. GLC 67: 25 mg in 5 mL heptane 

D. GLC 80: 25 mg in 5 mL heptane 

E. GLC 90: 25 mg in 5 mL heptane 

F. GLC 546B: 25 mg in 5 mL heptane 

G. EPA: 100 mg in 20 mL heptane (for trans fat analysis) 

H. DHA: 100 mg in 20 mL heptane (for omega-3 analysis) 

I. DPA: 100 mg in 20 mL heptane (for omega-3 analysis) 

J. CLA: 100 mg in 20 mL heptane 

V. Sample Preparation 

A. Weight 0.200-0.250 g of sample (fat or oil) into a 50-mL round bottom flask 

B. Add approximately 7 mL of 0.5N methanolic sodium hydroxide and a glass bead 

to the flask. 

C. Attach flask to condenser and reflux for 10 minutes. 

D. Add 5 mL of boron trifluoride methanol solution through top of condenser 

E. Allow to reflux for another 2  minutes 

F. Add 10 mL of heptane through top of condenser. 

G. Allow to reflux for another 1 minute. 
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                                                           Appendix G (Continued)                             SAM # 06 

                                                                                    Page 4 of 6 

 

H. Remove flask from reaction set up. 

I. Add 15 mL of saturated sodium chloride solution, stopper, and shake vigorously 

for 15 seconds. 

J. Remove stopper and add more saturated sodium chloride solution to float organic 

layer in the neck of the flask. 

K. When layers have fully separated, transfer a portion of the organic (top) layer to a 

small test tube. 

L. Add a small amount of anhydrous sodium sulfate to the test tube to dry the 

sample.  

M. Cork the test tube and mix well. 

N. Allow the sodium sulfate to settle and the solution to become clear.  

O. Transfer prepared sample to an autosampler vial.  

IV. GC Operation 

Using the conditions listed in Section III, equilibrate the GC column by passing enough 

carrier gas through it to achieve a stable flat baseline. This should require no more than 60 

minutes.  

A. Conditioning a New Column (or follow specific instructions that came with the column) 

1.   Cool all heated zones to ambient. Turn off detectors, hydrogen, compressed air, and 

helium, Remove old column. 

2.   Install the new column into the inlet only. DO NOT connect the column to the 

detector. 

3.   Cap the detector fitting with the no-hole ferrule and column nut.  

4.   Set the column head pressure to `40 psi. Let helium flow through the column at room 

temperature for 30 minutes to remove air. Leave oven door open. 
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5.  Place the end of the column into a beacker containing isopropyl alcohol. Verify the 

presence of bubbles. This will ensure that there is flow through the column. If there is 

no flow, troubleshoot for carrier gas leaks, column blockage, or impoper inlet 

operation. 

6.   Close the oven door and program the oven temperature to ramp ambient to 240ºC at 

15ºC/min. Hold at 240ºC for 30 minutes or until baseline is stable 

7.   Maximum column temperature is 250ºC. 

8.   After conditioning, allow the column to cool to room temperature and proceed with 

installing the end of the column in the detector. 

      B. Injection Sequence 

         Using the conditions listed in Section III, inject working standards in the following order: 

Heptane (in duplicate), GLC 08A, GLC 60, GLC 67, GLC 80, GLC 90, and other standards 

as needed. Inject prepared samples. Following the final sample injection, heptane should be 

injected in duplicate.  

VII. Calculations 

A. Identification of Peaks 

1.  Analyze the standard mixtures of known composition and measure retention times 

for the constituent esters. 

2. Identify the peaks for the sampl from these standard retention times. 

        B.  For the general case, in which significant amount of components below C12 are absent, 

calculate the content of a particular constituent (expressed as percent of methyl esters) 

by determining the percentage represented by the area of the corresponding peak relative 

to the sum of the areas of all the peaks. 
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      Appendix G (Continued)                                   SAM # 06                     

                                                                       Page 6 of 6 

 

             % Methyl Ester=       
  Peak area of individual components      

x 100 
     total peak area of all components    

 

VIII. Reference 

        AOCS Ce 1-62: Fatty Acid Composition by Gas Chromatography 

        AOCS Ce 2-66  Preparation of Methyl Esters of Long-Chain Fatty Acids 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


