
Color is probably the single greatest appearance factor that determines 
whether or not meat cuts will be purchased (Kropf, 1980).  Thus, deviations 
from normal meat color may decrease the value of meat products and result 
in consumer dissatisfaction.  One such problem is the natural occurrence of 
iridescence, which is a rainbow-like or multicolored appearance (Obuz and
Kropf, 2002) sometimes found in fresh beef muscles and often present in 
cooked meats.  Consumers may associate iridescent colors with chemical or 
bacterial contamination of meat products (Wang, 1991), which may result 
in consumer refusal of products. Swatland (1984) studied iridescence in 
cooked cured beef and reported that green iridescence was the most 
common color followed by orange-red.

Swatland (1984) determined that iridescence was a result of microstructural
diffraction by myofibrils.  Wang (1991) found that the presence of 
iridescence was affected by the angles of lighting and observation and the 
orientation of the meat. Swatland (1988) showed that the appearance of 
iridescence had little or no relationship with sarcomere length.  Rather,
Swatland (1988) concluded that iridescence was likely related to hydration 
state of the tissue.  It has been shown that iridescence increases as water-
holding capacity decreases (Wang, 1991).  Considering the relative 
incidence and severity of iridescence in beef products, relatively little 
information on this phenomenon has been reported in the literature. 

Factors associated with surface 
iridescence in fresh beef

The objective of this study was to investigate factors associated with 
surface iridescence in fresh beef.  Sixty-four carcasses were selected at a 
commercial beef packing plant to represent a wide range in muscle color.  
Eight individual muscles were excised from one hindquarter of each 
carcass at d 7 postmortem: longissimus lumborum (LD), psoas major 
(PM), gluteus medius (GM), tensor fasciae latae (TF), rectus femoris (RF), 
semimembranosus (SM), biceps femoris (BF), and semitendinosus (ST).  
Hindquarters were held at 0 to 2°C until fabricated into boneless
subprimals.  Following boning, each muscle was bisected perpendicular to 
the long axis of the muscle at the approximate midpoint. This fresh cut 
surface of the muscle was allowed to bloom for 90 min.  Ultimate pH, 
colorimeter readings, Warner-Bratzler shear force and surface iridescence 
ratings (1 = no iridescence; 5 = extremely iridescent) were determined.  
Across all muscles, the incidence of iridescence scores was 74.0% for 
score 1, 17.0% for score 2, 7.6% for score 3, 1.4% for score 4, and 0.0% 
for score 5.  Ranked from greatest to least muscle surface iridescence 
occurrence (percentage with iridescence scores of 2 or greater) were the ST 
(90.6%), SM (34.4%), LD (26.6%), GM (20.3%), RF (12.5%), BF (9.4%), 
TF (7.9%), and PM (6.3%). Factors associated with surface iridescence in 
the ST were further examined because iridescence was observed to a much 
higher degree in the ST as compared to the other muscles tested.
Correlations of carcass traits, cooking traits and shear force with surface 
iridescence of the ST were calculated. Higher ST surface iridescence 
scores were associated with larger ribeye areas, more youthful lean 
maturity scores, higher L*, a* and b* colorimeter values, lower ultimate 
pH values, and faster cooking times (P < 0.05). Carcasses with ST muscles 
with muscle surface iridescence scores of 4 had larger ribeye areas (98.5
sq. cm.) than carcasses with ST muscles with iridescence scores of 1, 2, 
and 3 (86.9, 83.7, 88.4 sq. cm., respectively) (P < 0.05). Semitendinosus
muscles with muscle surface iridescence scores of 1 had higher ultimate 
pH values (5.86) than ST muscles with iridescence scores of 2, 3, and 4 
(5.53, 5.48, and 5.44, respectively) (P < 0.05). Sex classification (steer vs. 
heifer) had no effect on ST surface iridescence (P > 0.05).  Marbling score 
(Small vs. Slight) also had no effect on ST surface iridescence (P > 0.05).  
Dark-cutting carcasses (n = 6) had less ST surface iridescence when 
compared to normal carcasses (1.95 vs. 2.74 mean iridescence score, 
respectively) (P < 0.05).  This study found the amount of surface 
iridescence on fresh beef differed greatly among muscles and was related 
to ribeye area, muscle pH, and muscle color.
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Sample Collection

64 carcasses selected at commercial packing plant

Eight muscles excised from hindquarter at d 7 postmortem:

longissimus lumborum (LD) psoas major (PM)

gluteus medius (GM) tensor fasciae latae (TF)

rectus femoris (RF) semimembranosus (SM)

biceps femoris (BF) semitendidnosus (ST)

Muscles were bisected perpendicular to the long axis of the muscle at 
the approximate midpoint

Fresh cut surface of the muscle allowed to bloom for 90 min

Surface Iridescence Ratings

Each muscle was scored by trained personnel using a 5 point surface 
iridescence score (1 = no iridescence; 5 = extremely iridescent)

Colorimeter Readings

Measured on fresh cut muscle surface with a Minolta Chroma Meter 
CR-310

Ultimate pH

Measured at the fresh cut muscle surface with a Meatcheck 160 pH 
meter equipped with a pH probe (Model LoT406-M6-DXK-S7/25)

Warner-Bratzler Shear Determinations

Frozen muscles cut into 2.5-cm-thick steaks perpendicular to long axis

Thawed steaks cooked to 71°C internal temperature on a belt-fed 
impingement oven

Statistical Analysis

One-way ANOVA used to test for differences among ST iridescence 
scores and for differences between sex classification, marbling score, 
and dark cutting status.

Least squares means separated using pairwise t-tests.

Simple correlations calculated between ST surface iridescence, 
carcass traits, cooking traits and Warner-Bratzler shear force.

Materials & Methods

Implications
This study found the amount of surface iridescence on fresh beef differed 
greatly among muscles and was related to ribeye area, muscle pH, and 
muscle color.

Investigate factors associated with surface iridescence in fresh beef.
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Iridescence was observed to a much higher degree in the ST as 
compared to the other muscles investigated.

Higher ST surface iridescence scores were associated with more youthful 
lean maturity scores, larger ribeye areas, higher L*, a* and b* colorimeter 
values, lower ultimate pH values, and faster cooking times  ( P < 0.05).

Sex classification had no effect on surface ST iridescence.

Results and Discussion

Marbling score had no effect on surface ST iridescence.
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Dark cutting carcasses had lower mean ST surface iridescence 
scores.  

a 100 = A00, 200 = B00, etc.
b 300 = Slight00, 400 = Small00, etc.
c L*: 0 = black, 100 = white.
d a*: smaller numbers = more green, larger  numbers = more red.
e b*: smaller numbers = more blue, larger numbers = more yellow.
f Cooking loss as a percentage of the raw weight of the steak.
y,z Means within in a row lacking a common superscript letter differ (P < 0.05).

Table 2. Least squares means of carcass traits, cooking traits, and 
Warner-Bratzler shear force with semitendinosus iridescence

a L*: 0 = black, 100 = white.
ba*: lower numbers = more green, lower numbers = more red.
cb*:lower numbers = more blue, higher numbers =  more yellow. 

Table 1. Correlation between ST iridescence and carcass traits, 
cooking traits and Warner-Bratzler shear force

Figure 1. Frequency of iridescence by muscle 

SemimembranosusSemitendinosus

Gluteus medius Longissimus lumborum

Rectus femoris Biceps femoris

Psoas major Tensor fasciae latae

Figure 2. Distribution of iridescence scores for various beef 
muscles

Carcasses with ST muscles with iridescence scores of 1 
had less youthful lean maturity values as compared to 
carcasses with iridescence scores of 2, 3, and 4.

Carcasses with ST muscles with iridescence scores of 4 
had larger ribeye areas as compared to carcasses with 
iridescence scores of 1, 2, and 3.

Semitendinosus muscles with iridescence scores of 1 
had lower L* values as compared to ST muscles with 
iridescence scores of 3 and 4.

Semitendinosus muscles with iridescence scores of 1 
had lower a* values as compared to ST muscles with 
iridescence scores of 2, 3, and 4.

Semitendinosus muscles with iridescence scores of 1 
had lower b* values as compared to ST muscles with 
iridescence scores of 2, 3, and 4.

Semitendinosus muscles with iridescence scores of 1 
had higher ultimate pH values as compared to ST 
muscles with iridescence scores of 2, 3, and 4. 

 Variable 1
(n = 6)

2
(n =16)

3
(n = 35)

4
(n = 7)

P

Skeletal Maturitya 163 ± 5.0 167 ± 3.1 163 ± 2.1 164 ± 4.6 0.82
Lean Maturitya 200y±12.8 172z±6.8 162z ± 4.4 159z ± 9.6 0.03
Overall Maturitya 172 ± 6.2 170 ± 3.8 164 ± 2.6 163 ± 5.8 0.40
Marblingb 410 ±19.5 408 ±12.0 404 ± 8.1 411 ±18.1 0.98
Hot Carcass Wt, kg 345 ±17.4 332 ±10.7 342 ± 7.2 357 ±16.1 0.61
Fat Thickness, mm 8 ± 1.9 9 ± 1.1 11 ± 0.8 8 ± 1.7 0.29
Ribeye Area, cm2 87y ± 4.1 84y ± 2.5 88y ± 1.7 99z ± 3.8 0.02
Yield Grade 2.3 ± 0.3 2.5 ± 0.2 2.5 ± 0.1 1.9 ± 0.3 0.22
ST L*c 35y ± 1.6 39yz±1.0 41z ± 0.7 41z ± 1.5 0.01
ST a*d 21y ± 1.2 24z ± 0.7 25z  ± 0.5 25z ± 1.1 0.03
ST b*e 8y ± 0.9 10z ± 0.5 11z ± 0.4 11z ± 0.8 0.01
ST ultimate  pH 5.9y ± 0.1 5.5z ± 0.0 5.5z ± 0.0 5.4z ± 0.1 0.01
ST Final Cook Temp, °C 71 ± 1.5 68 ± 0.9 67 ± 0.6 67 ± 1.4 0.11
ST Cooking Lossf 27 ± 0.7 27 ± 0.4 28 ± 0.3 27 ± 0.6 0.39
ST Shear Force, kg 4.0 ± 0.2 4.2 ± 0.1 3.9 ± 0.1 4.1 ± 0.2 0.56

Variable
Steer

(n = 50)
Heifer

(n = 14) P

ST Surface
Iridescence Score 2.3 ± 0.2 2.4 ± 0.2 0.76

Table 3. Least squares means of ST iridescence scores with sex 
classification

Variable
Slight

(n = 29)
Small

(n = 35) P

ST Surface
Iridescence Score 2.4 ± 0.2 2.2 ± 0.2 0.27

Table 4. Least squares means of ST iridescence scores with 
marbling scores

Variable
Normal

Carcasses
(n = 58)

Dark Cutting
Carcasses

(n = 6)
P

ST Surface
Iridescence Score 2.7 ± 0.1 1.9 ± 0.3 0.02

Table 5. Least squares means of ST iridescence scores with 
dark cutting status

Variable Correlation P

Skeletal Maturity -0.05 0.72

Lean Maturity -0.35 0.01
Overall Maturity -0.20 0.11

Marbling -0.01 0.91

Hot Carcass Weight, kg 0.11 0.41

Fat Thickness, mm 0.09 0.47

Ribeye Area cm2 0.30 0.02
Yield Grade -0.10 0.41

ST L*a -0.10 0.41

ST a*b 0.40 0.01

ST b*c 0.32 0.01

ST Ultimate pH 0.37 0.01

ST Final Cooked Temp, °C -0.41 0.01
ST Cooking Loss -0.03 0.82

ST Warner-Bratzler Shear Force, kg -0.06 0.64


