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Objectives of this UnitObjectives of this Unit

• To show the structure of animal tissues so that students can 
understand postmortem events that occur in muscles and how 
they affect meat properties.

• To show how animals and their muscles differ in composition• To show how animals and their muscles differ in composition 
and how these differences relate to our use of meat for food.
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Water (moisture) in muscleWater (moisture) in muscle

• Varies inversely with fat content; y ;
– muscles with more fat contain less water. Practical range = 65 to 80%.

• If fat content of a muscle ranges from 0.5 to 30% at the 
extremes, what would be the water range?

• Affects initial juiciness 
– more water, more initial juiciness.



WATER (CONT’D)

• Water is a carrier of many intra- and inter-cellular constituents.

• In low fat meat products water content is higher than in productsIn low fat meat products, water content is higher than in products 
with a higher fat content.

– binders must be added to hold this extra water in the products.



PROTEINPROTEIN

• Averages 18.5% In Muscle

• Is The Least Variable Major Component

h C i i ll• Is The Most Important Component Nutritionally

• Is The Food Component In Shortest Supply In World Food



PROTEINS ARE COMPOSED OF AMINO ACIDS: 
NH2 AND  COOH  GROUPS



Amino AcidsAmino Acids



KINDS OF PROTEIN IN MUSCLESKINDS OF PROTEIN IN MUSCLES

• Myofibrillar - 9.5% y
– Principal ones are Actin and Myosin

• Sarcoplasmic - 6.0% 
– Enzymes and pigments.  
– The two principal pigments are Myoglobin and Hemoglobin.The two principal pigments are Myoglobin and Hemoglobin.
– Hemoglobin in red blood cells Carries O2   from the lungs to cells.  
– Myoglobin Stores O2 in the cells. 



MyoglobinMyoglobin

Important



More About PigmentsMore About Pigments

• Meat color reactions are very important to its appearance and y p pp
will be studied later in detail.  A sample will be shown later.

• Which of the two pigments (hemoglobin or myoglobin) is 
predominant in postmortem muscle?  Why?





Myoglobin State Affects ColorMyoglobin State Affects Color

DEOXYMYOGLOBIN

(OXYGENATION)

OXYMYOGLOBINOXYMYOGLOBIN

(OXIDATION)

METMYOGLOBIN





More ProteinsMore Proteins

• Stromal - 3.0% 
– connective tissues (ct)
– collagen, elastin , reticulin
– the “skeleton” of a muscle.

• Collagen predominates (the most abundant protein in 
mammals) and can affect tenderness greatlymammals) and can affect tenderness greatly 
– as an animal ages, collagen forms a network & becomes less tender.

• Collagen degrades to gelatin at 65oC with moist heat cookery.



ElastinElastin

• Elastin does not degrade to gelatin with moist heat cookeryg g y

• An example of elastin is the ligamentum nuchae (backstrap) 
that courses along the spinous processes of the cervical 
vertebrae

• Elastin imparts elasticity to arterial walls



PHOTOMICROGRAPHS OFPHOTOMICROGRAPHS OF 
CONNECTIVE TISSUE

OTHER TISSUES 
HAVE BEEN 

LEACHED OUT



Lipids - Fats and OilsLipids Fats and Oils

• Influence flavor, juiciness and 
caloric content of meat 
– Have a small effect on tenderness

• Average 3% in muscle

• Muscle with a “Devoid” marbling• Muscle with a Devoid  marbling 
score will still have about 0.5% 
fat content



Kinds of LipidsKinds of Lipids

• NEUTRAL LIPIDS - 1%

• PHOSPHOLIPIDS - 1%

• CHOLESTEROL - 0.5%



NEUTRAL LIPIDSNEUTRAL LIPIDS

Tryglycerides = 3 mole of fatty acid attached to a glycerolyg y y g y

CH2OH H2C-O-C(CH2)16CH3
l ll l
CHOH  + 3 HOOC(CH2)16CH3 HC-O-C-R    + 3 H2O
l l
CH2OH H2C-O-C-R

GLYCEROL + STEARIC ACID TRISTEARINGLYCEROL + STEARIC ACID TRISTEARIN



KINDS OF TRIGLYCERIDESKINDS OF TRIGLYCERIDES

• If the same kind of fatty acid occupies all three positions on the y p p
glycerol molecule, the result is a simple triglyceride.

• If more than one kind of fatty acid is attached to glycerol, the
result is a mixed triglyceride.

• What determines what kinds of tri- glycerides  an animal 
manufactures?



SATURATED FATTY ACIDSSATURATED FATTY ACIDS

Stearic Acid – Saturated Fatty AcidStearic Acid Saturated Fatty Acid 

No double bonds between carbon atoms

Thi d t d i t FA i t i lThird most predominant FA in meat animals



UNSATURATED FATTY ACIDSUNSATURATED FATTY ACIDS
OLEIC ACID :

Th t l t f tt id i i l f tThe most prevalent fatty acid in animal fats

Mono-saturate fatty acid (contains one double bond)



Polyunsaturate Fatty AcidsPolyunsaturate Fatty Acids 

• Linoleic Acid
– Polyunsaturate fatty acid
– Has two (or more) double 

bonds



Reactivity of Fatty Acids

• Unsaturated fatty acids are more reactive

Reactivity of Fatty Acids

y
• O2 attaches at double bonds

– Results in rancidity and oxidation



Kinds of Fats in Beef and PoultryKinds of Fats in Beef and Poultry

Meat Saturated Monsaturated Polyunsaturated Cholesterol
Fat Fat Fat

Top Round 35% 39% 5% 72 mg

T-bone 40% 40% 4% 68 mg

Ground Beef
(80% lean)

39% 44% 4% 74 mg

Chicken Breast 29% 35% 21% 72 mgChicken Breast
(skinless)

29% 35% 21% 72 mg

Turkey 32% 18% 27% 59 mg
(skinless)



Melting Points of Some FatsMelting Points of Some Fats

WHY THE RANGES AND SPECIES DIFFERENCES?



In General:In General:

• Fats with longer carbon chains and more saturation have 
hi h l i ihigher melting points.

• Internal fats are more saturated and have higher melting• Internal fats are more saturated and have higher melting 
points than external fats 

• Why?

Wh i l diff d l i i f fWhat practical difference does melting point of fats per se  
make in animal bodies and in industry?



The Third Kind of LipidsThe Third Kind of Lipids

• Phospholipids - compounds containing phosphorus and lipidsp p p g p p p

An example is ethanolamine

Function in rancidity development in fats.  



The Fourth Kind of LipidsThe Fourth Kind of Lipids

• Cholesterol - that much maligned, essential dietary component.g y p

• Required for hormone function and cell wall integrity.

• About 20% of body needs is consumed whereas, 80%  is 
manufactured.

• If we don’t eat enough, our bodies manufacture more.

• Contrary to popular belief, cooked meats of different species 
vary little in cholesterol content.



NPN – Non - Protein NitrogenNPN Non Protein Nitrogen

• About 1.5% in muscle

• Molecules contain nitrogen but are not proteins

• Some NPN compounds contribute to meat flavor

• NPN example
– ATP (Adenosine triphophate)ATP (Adenosine triphophate)



CHO - CarbohydratesCHO Carbohydrates

• About 1% (0.8%) found in muscle
– ranges from 0.5 - 1.5% in muscle.

• Although low in amount CHO’s play large roles in meat• Although low in amount, CHO s play large roles in meat 
properties and appearance.

• Best example is Glycogen 
– storage form composed of glucose units



Inorganic Compounds - MineralsInorganic Compounds Minerals
• About 1% in muscle

• Measured as ash after burning samples in a muffle furnace

• Meat (particularly beef) is a good source of some minerals, 
particularly Fe and Zn. 

• Fe in meat is in a heme form that is more readily available than Fe 
from plants.  

• Zn is in many enzymes and hormones, including sex hormones.



How to Calculate Caloric ValuesHow to Calculate Caloric Values

• Fats contain 9 calories/gramg

• Proteins and CHO’s contain 4 calories/gram

• Fats contain 2.25 (9 / 4) times as many calories as proteins &    
CHO’s

• Calories usually are calculated on a per-100-gram basis

• If so, percentages of composition can be used directly in 
equations because percentages are parts/100



How Many Calories in 100g  of Average 
l i ?Muscle on a Raw Basis?

• 75% water 3% fat 18 5% protein 1% CHO and 1% ash• 75% water, 3% fat, 18.5% protein, 1% CHO, and 1% ash

• Water and minerals contain no calories so:
– (3 * 9) + (18.5 * 4) + (1 * 4) = 105 kcal

• This 3% fat would represent the muscle from Select Grade Beef.

• Is 105 calories per 100 grams a high, medium, or low value for 
foods?



Assume we Buy Choice Grade Instead of 
S l G dSelect Grade

Muscle composition might be 70% water, 8.5% fat, 18% protein, p g , , p ,
1% CHO and 1%  ash on a raw basis

(8.5 * 9) + (18 * 4) + (1 * 4) = 153 kcal

153 105 48 l i b i f Ch i t S l t b f153 - 105 = 48 more calories by going from Choice to Select beef  



Caloric Values for Cooked MeatsCaloric Values for Cooked Meats

Food Kcal/100gg

Beef with ¼ inch trim 216

Fried Hamburger – 15% fat 240

Pork Ham 211

Fried Chicken without skin 219

Fried chicken leg without skin 208

Fried catfish 228



Fat, Protein and Caloric Content of 
iff i f Q li G dDiffering Beef Quality Grades

Quality 
G d

Marbling Fat, % Calories 
f F

Protein, % Calories 
f

Total 
C l iGrade from Fat from 

Protein
Calories

Select Slight 3.7 66 26.0 208 275

Low Choice Small 5.2 93 25.6 204 298

Mid Choice Modest 6.7 120 25.2 201 322

High Choice* Moderate 8.2 147 24.8 198 346

* Meets marbling specification for Certified Angus Beef products



Why be Concerned About Calories?Why be Concerned About Calories?

•Assume we eat lower calorie foods and eliminate 47 calories/dayy

•47 * 365 = 17,155 calories / year

•About 3,000 calories equate to 1 lb. of body weight gain

•17,155 / 3,000 = 5.7 lb. of weight not gained each year



Structure and Function of MuscleStructure and Function of Muscle

PurposePurpose::
A fully understanding of muscle function is A fully understanding of muscle function is 

required to understand the conversion of musclerequired to understand the conversion of musclerequired to understand the conversion of muscle required to understand the conversion of muscle 
to meat.to meat.



Thaw RigorThaw Rigor



Muscle Types

SKELETAL SMOOTH CARDIAC

METHOD OF CONTROL VOLUNTARY INVOLUNTARY INVOLUNTARY

BANDING PATTERN STRIATED NON-STRIATED STRIATEDBANDING PATTERN STRIATED NON-STRIATED STRIATED

NUCLEI/CELL MULTI SINGLE SINGLE



SMOOTH MUSCLESMOOTH MUSCLE



Cardiac MuscleCardiac  Muscle



Red and White Fibers in MuscleRed and White Fibers in Muscle



FibertypesFibertypes



Muscle Cross Sections Showing Bundles of 
fibMyofibers

FAT CELL

BLOOD VESSEL



Structure of MuscleStructure of Muscle



Structure of Muscle (Cont)Structure of Muscle (Cont)



Cross Section of Muscle Fibers

NUCLEI



MyofiberMyofiber



SarcomereSarcomere

• Functional unit of a muscle

• Runs from z-line to z-line
– Actin
– Myosin



ACTIN         MYOSIN

A sarcomere  contracting

Notice that neither filament 
changes length



Myosin FilamentMyosin Filament



Actin FilamentActin Filament



Muscle StructureMuscle Structure



Critical Contractile ProteinsCritical Contractile Proteins



The Sarcoplasmic ReticulumThe Sarcoplasmic Reticulum 

• Sarcoplasmic reticulum p
– T-tubule

• Calcium Storage

R i d f t ti• Required for contraction



ContractionContraction



Position of Mysiums in MusclePosition of Mysiums in Muscle

Perimysium

Epimysium

Endomysium

ENDO = within 
PERI = aroundPERI = around
EPI = upon



• Endomysium from• Endomysium from 
muscle not aged

• Endomysium after 
cooler aging (28 Dcooler aging (28 D 
At 4oC)



The Blood Supply for Myofibers



Be Able To:Be Able To:

• Draw a sarcomere showing:g
Myosin
Actin
Z LineZ Line
A Band
I Band
H Zone
M Line

• Explain how a muscle contracts and relaxes
– starting with a nerve impulse and including the SR role (SEE Pp 895-6starting with a nerve impulse and including the  SR role (SEE Pp.895-6 

In MWE)

• Explain the role of ATP in muscle contraction and relaxation



REVIEW
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Fat Layers and Depots

I.F. = Inter-fasicular

I.M. = Inter-muscular

PR. = Peri-renal



FAT CELLSFAT CELLS



AdipogenesisAdipogenesis
• Adipoblastsp

– 20 microns in diameter

• Adipocytes
– 120 micron  in diameter
– 300 micron in obese

• Cellular make up• Cellular make-up
– 95% of cytoplasm is lipid
– Remainder primarily nucleusRemainder primarily nucleus
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HOW ARE 
ADIPOCYTESADIPOCYTES 
FORMED?

ONCE RECRUITED & FILLED, AN 
ADIPOCYTE IS EASIER TO FILL AGAIN 

THAN IF NOT FILLED BEFORE



CONVERSION OF MUSCLE TO 
MEAT

OBJECTIVE

To learn the process of converting live muscle to meat.



Events: Muscle to Meat

• Animal is slaughtered.
• Metabolism Shifts From Aerobic To Anaerobic State When O2 Is 

Depleted.
Gl i t d t l ti id l i l H f• Glycogen is converted to lactic acid, lowering muscle pH from 
about 7 to 5.6.

• Creatine Phosphate and ATP decline.C p
• W/O ATP for relaxation, myosin heads form a tight bond with actin 

(Actomyosin). Muscle goes into rigor mortis (The “Stiffness Of 
D h”)Death”).

• Proteolysis begins, tenderizing muscle





Time to the Onset of RigorTime to the Onset of Rigor



Extensibility of Muscle During Rigor 
lDevelopment





ATP, CP, pH  and Extensibility  
PostmortemPostmortem

Muscle
Muscle pH

Muscle 
Extensibility

ATP

Creatine 
Phosphate



Calpains and CalpastatinsCalpains and Calpastatins

• Calpains (Calcium-activated Proteins) degrade proteins during p ( ) g p g
cooler aging

• Calpastatins inhibit the action of calpains

Th If i l h hi h l t ti l l th l i• Thus, If an animal has a higher calpastatin level, the calpains 
are less active, and cooler aging has less effect on muscle 
tenderness.  Conversely, ---







pH of normal meat

Isoelectric point of 
muscle vs. its pH

Greatly affects its water-
holding capacityg p y



Thaw Rigor Eventsg

• Muscle is frozen before rigor mortis occurs –g
– ATP hasn’t been used in rigor mortis events and is high when the 

muscle is frozen.

• Freezing damages the SR.

• When thawing occurs, calcium is released from the SR, 
causing a massive contraction because of the high ATP 
l l h i llevel.  Toughening results.



Thaw RigorThaw Rigor



Cold Shorteningg

• Similar events occur when a muscle cold shortens except it p
isn’t frozen.

• Because of too quick chilling the SR is unable to hold the• Because of too quick chilling, the SR is unable to hold the 
calcium.

• Muscle contraction occurs while ATP still is available.

• Electrical stimulation helps prevent cold shortening by using• Electrical stimulation helps prevent cold shortening by using 
up the ATP in contractions. 



Cold Shortened Muscle



Heat RingHeat Ring

• Found in carcasses with a thin rind

• Outer ring of muscle gets cold too quickly
– has slower glycolytic rate
– slower pH decline
– longer time until rigor developslonger time until rigor develops

• Result is an undesirable ring around the muscle that is darker 
in color, coarser in texture, and may drop down



Electrical StimulationElectrical Stimulation

• Passing electrical current through carcasses to cause muscles g g
to contract and use up their ATP.

• Reduces heat ring and cold shortening and may increase• Reduces heat ring and cold shortening and may increase 
tenderness of low grading carcasses.

• Brighter muscle color causes marbling to show better.  

• ES will improve overall carcass merit?• ES will improve overall carcass merit?



NO ES ES



A beef side being g
stimulated in a laboratory 
setting - muscle 
contractions are violentcontractions are violent.



Contracture Band after Electrical Stimulation





Blood Splashp

• Caused by rupture of capillaries, usually between stunning and 
sticking times; blood pressure skyrockets after stunning

• Result is small blood spots in muscles; most problem in hogs and 
poultry.
A i t ti k i t l bl d l hi• An excessive stun:stick interval can cause blood splashing as can 
excitement before stunning.

• If in fat, is called “Fiery Fat”.



HEMORRHAGESHEMORRHAGES



Blood Splash Lean



Hot Boningg

• Is desirable because hot-boned meat has a higher water g
holding capacity.

• Prevents rapid pH drop• Prevents rapid pH drop

• Without skeletal restraint, muscles shorten and become tough 
if allowed to go through rigor not ground.

• Injecting muscles with salt & PO can lessen tenderness• Injecting muscles with salt & PO4 can lessen tenderness 
problems.



Delayed Chillingy g

• Hold carcasses at room temperature for 2 to 4 hours after 
dressingdressing.

• Presents microbial problems.Presents microbial problems.

• Glycolytic rate is faster at the higher temperatures, ATP is 
depleted, and cold shortening is prevented.  Aging is 
accelerated.

• Is used on lambs in New Zealand



Bovine  Muscle at Death  (X 14,800)

Note the Integrity of the Z Disks



Bovine  Muscle  After 24h 

NOTE DEGRADATION OF THE Z DISKS



Rate of pH Decline Affects Muscle Properties



TEMPERATURE OF 
THE CHILL COOLER





S f T EffSummary of Temperate Effects



PSE and DFD Muscle
• Poultry and pigs carry one or two copies of the Malignant 

Hypothermia (Halothane) geneHypothermia (Halothane) gene
– These animals are prone to pale, soft, and exudative 

(PSE) muscle.( )

• Antemortem stress usually increases the severity of PSE.

• Muscle pH drops very fast, the meat has little sales appeal, 
and shrinkage is greatly increasedand shrinkage is greatly increased.

• PSE can be triggered in halothane free animalsPSE can be triggered in halothane free animals



PSE in TurkeyPSE in Turkey

Normal PSE



DFD - “DARK CUTTERS”

• Caused by a shortage of glycogen at slaughter.

• Without enough glycogen to convert to lactic acid, the muscle pH 
stays too high, spoils easier.

• Antemortem stressors cause DFD.

• Resultant muscle is too dark in color, firm, and dry (the opposite of , , y ( pp
PSE muscle); is sweeter.

• Beef has the most DFD problems.

• Rare in poultry



Dark Cutter vs Normal 



EndEnd


