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Abstract 
Three lamb muscles from shoulder, Supraspinatus (SS); lion, Longissimus dorsi (LD) and leg, 

Biceps femoris (BF) were kept in refrigerator at 4°C for 24 hr, dipped in 10% sodium 
tripolyphosphate (STPP) solution for 1 min and frozen at –18°C or at – 40°C for 48 hr.   Proximate 
composition, phosphorus, drip loss, cooking loss, pH and water holding capacity (WHC) were 
determined. Ultrastructure of treated and untreated muscles was studied using transmission 
electron microscopy (TEM). No significant (p<0.05) differences were found between moisture, 
protein and fat content of the three lamb muscles. Muscles treated with STPP had higher 
phosphorus content than that of untreated muscles. Treated or untreated frozen lamb muscles at –
40°C had lower drip losses and cooking losses than those frozen at –18°C. All three lamb muscles 
treated with STPP had lower drip losses and cooking losses and higher pH and WHC than those of 
untreated ones. Results of the study suggested that STPP increased the pH, improved the WHC and 
decreased drip loss and cooking loss of frozen lamb muscles. Freezing at –40°C and STPP 
treatment maintained the well-defined all sarcomere components of lamb muscles compared to 
untreated muscles and frozen at –18°C.  
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INTRODUCTION  

Water retention is essential for meat 
product palatability attributes of juiciness and 
tenderness. In addition, water retention is 
economically important because loss of water 
results in a decreased amount of marketable 
product. Retention of water in meat is termed 
water-holding capacity (WHC), and the 
important of WHC to meat quality has been 
reviewed by (1) and (2).  

Phosphates are widely used to improve 
binding in meat products (2), (3), (4), (5) and 
(6). However, the main reasons for adding 
polyphosphates in cured meat products and 
frozen whole meats are 1) to control the weep 
of natural juices that occurs from the time of 
slaughter to packaging and leads to a tough 
texture, reduced juiciness, and susceptibility 
to freezer burn. 2) Polyphosphates greatly 
reduce the loss of water on cooking, 3) they 
reduce the concentration of NaCl required for 
water uptake (7). When polyphosphates were 
used with NaCl, phosphates control fluid loss 

by increasing the water binding or the 
retention of the meat’s natural juices. They 
accomplish this by increasing pH, increasing 
ionic strength, and complexing with protein-
bond magnesium and calcium so that the 
actinomyosin muscle protein can dissociate, 
exposing more bonding sites for hydration 
(8). Sodium tripolyphosphates (STPP) are the 
most popular phosphate used in meat 
industry. It is accounting for 80% of the 
phosphates incorporated either as a single 
phosphate or in blends (9). Electron 
microscopy has been used to elucidate the 
effect of freezing, organic acids, salt, and 
polyphosphates treatments in the 
ultrastructure of meat muscles (7; 10 and 11).  
Relationship was found between changes in 
sarcomere length of bovine myofibril and 
cooking losses (12). The effect of salt and 
polyphosphate is to disrupt the sarcomere 
particularly in the myosin rich “A”- band 
region, protein is dispersed from the 
sarcomeres and this enables the meat to 
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retain more moisture and reduce cooking 
losses (13 and 14).  Little attention has been 
paid to the ultrastructure changes in lamb 
meat during freezing.  The objectives of this 
study were 1) to study the effect of freezing 
and STPP treatment on the drip loss, water 
holding capacity, and cooking loss of three 
lamb muscles. 2) to investigate ultrastructural 
changes in frozen three lamb muscles treated 
with STPP.   
 
MATERIAL AND METHOD  

Lamb carcasses averaged 21.5 kg dressed 
weight was obtained from Mallawi 
Experimental Farm, Animal Production 
Research Institute, Ministry of Agriculture, 
Egypt. Three muscles samples from shoulder, 
supraspinatus (SS); lion, longissimus dorsi 
(LD), and leg, biceps femoris (BF), were 
removed from carcasses within 1 hour post 
mortem, packed in Ziploc bags (Dow Brands 
L. P., Indianapolis, IN, USA) and kept in 
refrigerator at 4°C for 24 hr.  Samples were 
cut into pieces of 125 g weight, 2.8 cm thick 
and 3.5 length and divided to two groups. 
The first group was used as a control and the 
second group was dipped in 10% sodium 
tripolyphosphate (STPP) solution for 1 min 
(2). One part of treated samples was kept at – 
40 °C and the second part was kept at –18 °C 
for 48 hr.   

Drip loss 
Drip loss was determined in pieces of 

muscle according to the method described by 
Santos and Regenstein (15). 

Proximate composition and phosphorus 
Moisture, protein (Total N x 6.25), fat and 

ash were determined according to methods 
934.01, 978.02, 920.39, and 938.08 (16). 
Phosphorus was measured in the dry ashed-
extract by the colorimetric method (17). 

pH 
Meat samples (10 g) were homogenized 

in 90 ml distilled water. The pH of 
homogenized samples were measured using a 
glass pH electrode (ICM Digital pH, Model 
41250, Hillsboro, OR, USA)  

Water Holding Capacity (WHC)  
Water Holding Capacity (WHC) was 

determined (18).  
 

Cooking loss  
A portion of meat was weighed, warped 

in aluminum foil and cooked in oven at 
180°C. Meat samples were removed from the 
oven at 80± 3 °C. Internal temperature was 
monitored using a thermocouple (Omega, 
Model 199, Engineering Stamford, CN 
USA). Cook loss was determined by the 
difference in raw and cooked weights and 
reported as percent on initial meat weight 
(Lee, et al., 19). 

Transmission Electron Microscopy  
Small pieces of muscles (about 1mm3) 

were fixed as soon as possible in 3% 
cacodylate buffered glutaraldehyde (pH 7.3), 
(20). 

After two rinses in the buffer, the tissues 
were post fixed in 1% buffered osmium 
tetroxide, followed by washing twice in 
cacodylate buffer for 30 minutes.     

The specimens were dehydrated in 
ascending grades of ethanol (50-100%), then 
cleared in toluene for 10 minutes and 
embedded in epoxy resin (21). Semi thin 
sections of 1.5 mµ were cut from each block 
and stained with toluidine blue for light 
microscopy examination. Ultrathin sections 
(700 A°) were cut with glass knives on a 
NOVA ultramicrotome. These sections were 
stained with saturated uranyl acetate in 70% 
alcohol for 20 minutes followed by lead 
acetate for 5 minutes. The sections were 
examined using a JEOL-100 CXII electron 
microscope.  

Statistical analysis 
Data were analyzed with the GLM (General 

Linear Model) program using Statistical 
analysis system (22). Mean values were 
compared by Duncan’s Multiple Range Test. 
 
RESULTS AND DISCUSSIONS 

Moisture, protein, fat and ash content of 
the fresh three lamb muscles were presented 
in Table 1. No significant (p<0.05) 
differences were found between moisture, 
protein and fat content of the three lamb 
muscles. Ono et al (23) reported that 
moisture, protein fat and ash contents of six 
retail cuts of lamb were (75.23-72.04%), 
(21.04-18.72%), (7.35-2.89%) and (1.06-
1.10%), respectively.  Supraspinatus muscle 
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had significantly (p <0.05) lower ash content 
(1.13%) than that of Longissimus dorsi 
(1.15%) and Biceps femoris (1.5%) muscles. 

Results in Table 2 revealed that treated or 
untreated frozen lamb muscles at  –40°C had 
lower drip losses and cooking losses than 
those frozen at –18 °C.  The amount of drip 
losses increased in post mortem meat due to 
decreasing the pH or slow freezing (7). Slow 
freezing (-10°C) generated fewer large ice 
crystals which distort cells and crushed 
myofibrils (24). All three lamb muscles 
treated with STPP had lower drip losses and 
cooking loses than those of untreated. This 
may be attributed to the STPP which 
increased the pH and increased the water 
retention of meat (7 and 3). Polyphosphates 
enhance the solubilisation of myosin and 
reduce cooking losses, probably by forming a 
myosin gel fine cover or membrane which 
traps the water (14 and 25). 

Phosphorus contents of untreated three 
lamb muscles were ranged from 147.43 
mg/100g to 233.84 mg/100g. Longissimus 
dorsi (LD) contained the higher phosphorus 
levels compared to other muscles. Data from 
this study are consistent with previous 
findings (22 and 23). Phosphorus levels and 
ash content of treated lamb muscles were 
increased (Table 2). This is possibly due to 
the penetration of STPP into muscles during 
treatment. STPP increased the water-holding 
capacity of lamb muscles frozen at –18 °C or 
at –40 °C (Table 3). Treated or untreated 
Biceps femoris (BF) had the highest values of 
WHC.  Polyphosphates improve the water-
holding capacity of raw meat by increasing 
the pH value from the isoelectric point (about 
pH 5.5) towards the alkaline side and their 
ability to dissociate actomyosin into actin and 
myosin of meat (1, 25, 27 and 7). 

 
Table 1. Proximate composition of three lamb muscles Supraspinatus (SS), Longissimus dorsi (LD) 
and Biceps femoris (BF) 

Components 
% 

Shoulder 
[Supraspinatus (SS)] 

Lion   [Longissimus 
dorsi (LD)] 

Leg   [Biceps 
femoris (BF)] 

Moisture 75.88a  ±0.23 75.34a  ±0.13 75.20a  ±0.76 
Protein 19.16a  ±0.49 19.29a  ±0.77 19.43a  ±0.50 

Fat 3.42a  ±0.17 3.58a  ±0.32 3.63a  ±0.70 
Ash 1.13b  ±0.01 1.15a  ±0.05 1.15a   ±0.02 

a b

  Mean values in same row not followed by the same letter are significantly different (P <0.05). 
Means of triplicates ±SD 
 
Table 2: Drip loss, cooking loss and pH of three lamb muscles treated with STPP  
and frozen at –18 °C and –40 °C. 

Samples 
Drip loss 

% 
Cooking Loss 

% 
Ash % 

Phosphorus 
 (mg/100g) 

PH 

-18 °C untreated      
Supraspinatus (SS) 4.82 39.36 1.13 166.86 6.40 

Longissimus dorsi (LD) 4.92 35.55 1.10 233.84 6.30 
Biceps femoris (BF) 5.53 42.55 1.13 147.43 6.00 

-18 °C  treated with STPP      
Supraspinatus (SS) 2.46 34.50 1.47 197.08 6.60 

Longissimus dorsi (LD) 3.06 32.73 1.37 266.09 6.60 
Biceps femoris (BF) 4.65 37.00 1.32 160.65 6.65 

-40 °C untreated      
Supraspinatus (SS) 3.33 36.27 1.13 150.40 6.15 

Longissimus dorsi (LD) 3.16 33.35 1.20 226.69 6.60 
Biceps femoris (BF) 3.17 40.38 1.16 154.02 6.15 

-40°C treated with STPP      
Supraspinatus (SS) 2.04 33.80 1.39 186.78 6.45 

Longissimus dorsi (LD) 2.11 32.50 1.69 268.90 6.70 
Biceps femoris (BF) 2.28 34.50 1.37 169.93 6.35 

Means of two replicates 
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Table 3: Moisture, water holding capacity, ash, and phosphorus content of three lamb muscles treated 
with STPP and frozen at –18 °C and –40 °C. 

Samples Moisture % Water Holding Capacity 
(WHC) 

-18 °C untreated   
        Supraspinatus (SS) 74.43c ±0.56 36.17j  ±1.92 

        Longissimus dorsi (LD)  74.53b ±0.16 35.73k  ±0.53 
        Biceps femoris (BF) 73.95g  ±0.01 37.32g  ±1.10 
-18 °C  treated with STPP   
        Supraspinatus (SS) 74.31d  ±1.07 37.99f  ±1.81 

        Longissimus dorsi (LD)  74.05f  ±0.50 36.53i  ±0.32 
        Biceps femoris (BF) 74.71a  ±0.42 39.12c  ±2.09 

-40 °C untreated   
        Supraspinatus (SS) 74.19e  ±1.06 37.01h   ±1.26 

        Longissimus dorsi (LD)  74.65a  ±0.48 38.25e   ±0.95 
        Biceps femoris (BF) 73.84h  ±0.09 38.24e   ±0.38 
-40°C treated with STPP   
        Supraspinatus (SS) 74.23de  ±0.50 38.55d   ±0.96 

        Longissimus dorsi (LD)  74.40c  ±0.51 39.81b   ±1.96 
        Biceps femoris (BF) 74.31d  ±0.22 41.05a   ±1.80 

  
abcdefghi

 Mean values in same column not followed by the same letter are significantly different  
(P< 0.05).    Means of triplicates ± SD 

 
Ultrastructure 
Fig 1.1, 2.1 and 3.1 presented the electron 

micrographs of longitudinal section of pre-
rigor unfrozen Biceps femoris (BF), 
Supraspinatus (SS) and Longissimus dorsi 
(LD) lamb muscles. The micrographs 
represent myofibril showing characteristic 
regular appearance of the striated skeletal 
muscle. The myofibrils are surrounded by 
thin sheaths of sarcoplasm. The essential 
features of a sarcomers (S) are clearly shown.  
Myosin rich (a dens) A-bands (A), Actin rich 
(a light)  I-bands (I), a lighter H-zone (H) 
with its more dens M-line (M) lie between 
two  Z-lines. In general, all these electron 
micrographs exhibited clear definition of all 
sarcomere components of the (BF), (SS) and 
(LD) skeletal muscles fixed in pre-rigor stage 
(22 and 11).  

Fig. 1.2, 2.2 and 3.2 revealed that 
electron micrographs of treated muscles 
frozen at – 40 °C showed clear definition of 
all components of the sarcomeres as the same 
of unfrozen muscles fixed in pre-rigor stage 
except slight loss in the H-zone of (LD) (Fig. 
3.2). These muscles also, had well-defined Z-
lines and I-band. (8, 29) reported that meat 

treated with 0.5% phosphate showed normal 
structure.         

Fig. 1.3, 2.3, and 3.3 showed that 
untreated muscles frozen at – 40 °C had less 
definable H-zone and M-line. The Z-lines 
were also partially disorganized and 
fragmentation of the thin filaments in the 
region of the Z-lines was also apparent. 

Generally, frozen untreated muscles at –
40°C had better clear definition of all 
sarcomere components than those frozen at –
18°C. These results agreed with those 
reported for fish muscle frozen slowly in a 
refrigerator or quickly in liquid nitrogen (24).  

Fig. 1.4, 2.4, and 3.4 indicated that 
treated muscles (LD), (BF) and (SS) frozen at 
–18°C had definable H-zones and M-lines. 
The Z-lines were not completely damaged 
and the myofibrils still maintain their typical 
configuration of banding pattern. Lewis (13) 
reported that the myofibrillar proteins within 
the sarcomeres of meat treated with 
polyphosphate become more clearly defined.    

However, freezing untreated muscles at –
18 °C caused changes and created distortion 
in the regular arrangement of the sarcomere 
component. The H-zones and its M-lines are 
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difficult to distinguish in all untreated (BF, 
SS and LD) muscles There was also some 

loss of the Z-lines and the I-band (Fig. 1.5, 
2.5, and 3.5). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 1- Electron micrographs in longitudinal section of lamb Biceps femoris (BF) muscle (20000 x). 
1.1- Unfrozen muscle. 1.2-Muscle frozen at-40 and treated with STPP 
1.3- Muscle frozen at -40C and untreated with STPP 
1.4- Muscle frozen at-18C and treated with STPP 
1.5- Muscle frozen at-18C and untreated with STPP 
A = A- band; H = H-zone; M = M-line; I= I band; S= Sarcomere; Sp=Sarcoplasm. 
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Fig. 2- Electron micrographs in longitudinal section of lamb supraspinatus (SS) muscle (20000 x). 
2.1- Unfrozen muscle.  2.2-Muscle frozen at-40 and treated with STPP 
2.3- Muscle frozen at -40C and untreated with STPP 
2.4- Muscle frozen at-18C and treated with STPP 
2.5- Muscle frozen at-18C and untreated with STPP 
A = A- band; H = H-zone; M = M-line; I= I band; S= Sarcomere; Sp=Sarcoplasm. 
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Fig. 3- Electron micrographs in longitudinal section of lamb Longissimus dorsi (LD) muscle (20000 x). 
3.1- Unfrozen muscle.  3.2-Muscle frozen at-40 and treated with STPP 
3.3- Muscle frozen at -40C and untreated with STPP 
3.4- Muscle frozen at-18C and treated with STPP 
3.5- Muscle frozen at-18C and untreated with STPP 
A = A- band; H = H-zone; M = M-line; I= I band; S= Sarcomere; Sp=Sarcoplasm. 

 
CONCLUSIONS 

STPP increased the pH values, improved 
the water retention and decreased drip loss 
and cooking loss of frozen lamb muscles. 
Longissimus dorsi (LD) muscle treated with 
STPP and frozen at –40°C had the highest 
values of pH, phosphorous and the lowest 
cooking loss. Freezing at –40°C and STPP 
treatment maintained the well-defined all 
sarcomere components of lamb muscles 

compare to untreated muscles and frozen at –
18 °C. 
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