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Mitochondrion

Muscle fibers

Perimysium

Thin muscle cells (fibers) include
important proteins actin, myosin and
other proteins that make up

filaments

ﬁ ATP is required for release
and relaxation

The Smence-‘
of Cookmg

Muscle contraction starts

with nervous _si%_nal releasing

calcium ions in fibers ‘.‘:.""..-
- Ca?*binds and moves

masking troponin and
tropomyosin exposing actin-
myosin binding sites ==

- ATP is leads to myosin-actin
release allowing powerstroke
- As animal dies, ATP is no
longer produced and
contraction is maintained
without filament separation
and relaxation
Eventually muscles relax as
proteases degrade filament
proteins
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Figure 7-32
3073 sohn Wiley & Sons. Inc. All rights reserved.
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Meat => Muscle Tissue
+ Cardiac
* Smooth
+ Skeletal Muscle

75% water

« this is why juiciness is

important

What is meat

20% Protein

3-5 % Fat
* Leanci
more p

>1% Carbol

uts of meat have
rotein and less fat

hyd rate Muscles are made of bundles of cells called

fibers.

The role of muscle is to shorten (contract)
to create movement and oppose force.
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Thick and thin filaments

Sarcomeres are made of thick and

thin filaments

Tropomyosin Actin
Developed muscles increase in size p- \

A
due to filaments not cell number vqu i ) o

Interactions betwee
muscle tension and

Troponin and tropomyosin regulate

binding

Titin is the largest known protein and
acts as a spring and anchor filaments

n filaments drive
movement

filament

Thick
Filament|
(Myosin)
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Sliding Filament Theory

Sliding Filament Theory - How Muscle Contracts
1- Nerves trigger calcium release exposing sites on actin
2- Myosin binds to actin
3- The power stroke of the cross bridge induces a sliding
of thin filaments past the thick filaments
4-During ratcheting, ADP is released and ATP binds to myosin
5- ATP bound myosin disconnects from actin
6- Myosin converts ATP to ADP re-energizing myosin to
bind to actin
7- Calcium ions are transported away, higing the myosin
binding site of actin

Sarcomere
Relaxed Contracted
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Connective proteins (different

than fiber proteins) provide

support and connections for

muscle fibers

- Collagen surrounds and
glues fibers

- Tender meat has high cross-
connected and high collagen
content

Fish muscle has less organization
than land animals and are formed
into collagen sheaths in a “W”
shape

myocommata - sheets of connective
tissue (collagen) that separate the

groupings of fibers connected to segments

Shellfish muscle are thick

shell
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Connective Tissue

Tendons (sinew) and Ligaments

« Major component is are two proteins called collagen
and elastin

* Physical harness for tissues

* Amount of connective tissue is directly related to
toughness of meat

« Older muscles have more cross-links in the collagen
making it less likely to dissolve with heat AND more
difficult to break apart with teeth

U,
=
’—Qqa T‘
The Science
of Cooking
——

Muscle Glue

Collagen - Cells of tissue and muscle fibers are glued
together by secreted collagen

« Different kinds of collagen exist

* Found in nearly all tissue including skin
Elastin — stretchy connective tissue protein — found in
blood vessels and other “rubbery” meats and tissues
Gelatin — slow heating collagen digests the tissue into
thick protein solution

» Used to make Jello, stew and soups where it thickens and

stabilizes food
» Also used in low-fat foods to give a fatty feel to the mouth
» Used to create theatre color gels and capsules of meds
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Special repeatin?
sequence for collagen S
GIy-Pro—X Glycine Proline Hydrox;/};r-&-)iine
(Gly) (Pro) (HPro)

Gly — small R group
for tight turns

Pro (HPro) for —-OH
stabilizing interactions
X —nearly any amino
acid
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Weight-bearing muscles and muscles that are
used constantly are high in collagen
» Cows and pigs have high collagen in legs,

chest and rump

« Pigs are typically more tender as they are
slaughtered at a younger age so their muscles
are less well developed

* Thus — less collagen




FQ:;QW Its about the proteins!

The Science
of Cooking
——

What makes a cut tender?
Thin fibers from low filament content

« Exercised muscles with have high filament content
Collagen and elastin content

« Exercised muscle will have higher content of both

« Older tissue has more collagen cross-links
Fish collagen has a different percent of amino
acids leading to a lower denaturation point

Human (118°F/48°C) : Beef/pork (98.6°F/32°F) : Fish 68°F/28°C)
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Red or White?

Breast and Upper Wing
Flight Muscle (fast fibers)
White glycolytic meat

Two components impact muscle
color

- Myoglobin and mitochondria

- Both support different types
of metabolism

Glycolysis — primary fast
ATP source using glucose

- - . Leg & Thigh
Fat metabolism continues glycolysis Postural muscle
and uses fat to produce more ATP

(slow fibers) excess myoglobin
(mitochondria) but slower and requires EAR kb
hlgh amounts of oxygen (myoglobln) Dark mitochondria rich” meat
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+ Birds (10% red fiber in breast)
* Dark meat — breast (depending on bird) and legs & thighs
» White meat — non-migratory birds will have white meat
breasts — short bursts of flight
Cattle — large animals spend most of their time roaming
or standing — lots of myoglobin (Red meat)
*Swine — more confined and less active than cattle —
mostly white meat due to less oxygen needs
*Fish — mostly little to no work with short bursts of speed
— white
» The exception are those long swimming fish — tuna and
salmon — red meat
*Humans — 50% twitch, 50% slow — depending on person

Muscle fibers
Animals can have both types
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Myoglobin

Heme proteins who'’s role is to bind oxygen — myoglobin — store
of oxygen in muscle fibers until needed for ATP production by

mitochondria . R
Heme is a source of c A C, P
. e HiC~ o2 N\ O’ Ne—C
bioavailible iron too T o
C—N. g The heme molecule
ound by boh
HC</ et \/cn myogiobin and
oy o pemogian foos
/N [\ ehlorophyl, except
oSN, SO Ay, | chowmvinda

c i Magnesiur ion at
[ the center

CHCH,CO,

CH,CH,CO;"

the ron in the middie s an ion
it carrios a charge. Iron

wih a +2 charge would be called

Asimplfied cartoon drawing of the heme molecule inside myogiobin

o,
S The color of meat
Myoglobin’ s color compound, “globin” changes color
depending on what is bound to the molecule — thus
the color of meat changes with myoglobin-heme
reactions

H,0 o, co H,0 N,0
Globin
Purple Red Red Brown Pink
No oxygen Plus oxygen w/ Carbon Monoxide Cooked or old salt peter cured

normal meat normal meat normal meat meat meat
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Iron — state and ligand

A cartoon of the heme molecule inside myoglobin, the oxygen carrier protein

TermeimamateRo, OH; The conversonofprple tobrown oH,

ey he eme s st : : s whentheres alack o rgen
boratedongentoanerame, foretnded tie
renater il ke sl

enymes et o ot

brown back to purple.
Myoglobin heme binding oxygen=red  Myoglobin heme binding water =purple  Myoglobin heme has changed tolron 3'and
(this myoglobinis ready to donate oxygen)  this heme has justdonated axygen) can no longer bind oxygen = brown
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Younger animals have less
myoglobin than older animals
(why veal is pink)

Beef > lamb> pork>> fish & fowl

Active animals have more
myoglobin (wild caught game is
often darker than domesticated
farm animals)

U;g Fish and Shellfish
S 1¢/) "White" Muscle
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Fish — smaller muscle segments and

mostly fast burst swimmers are

mostly white fast-twitch tissue

* Red muscle often found just
under skin powers slow steady
movements

» Active top current fish (pelagic)
have more red than bottom
dwelling (demersal) drift
swimmers

* Long distant swimmers are
mostly mito-rich meat (tuna, B/ 27
salmon and shark) muscles can be seen

Muscle

“Abdominal Cavity

in the Tilapia Fillets
Shellfish — mostly white. Quick el
bursts of energy to move shell or
scuttle away from predators.
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Fresh meat is less tasty and tender than aged
meat
» Like cheese, enzymes in cells continue to
alter components of muscle after death
(when muscle becomes meat)
* Three phases to meat aging
1) continued metabolism
2) rigor mortis
3) chemical and physical changes by heat and
enzymes
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Rigor and Aging Meat

Immediately after death, muscles are relaxed and very tender

— Within hours the muscles are rigid and clenched (Rigor Mortis)
After an animal is slaughtered, blood circulation stops, and
muscles exhaust their 0xygen supply.

«+ Actin and Myosin (two proteins in muscle) need ATP to contract.
Muscle can no longer use oxygen to generate ATP

« As ATP supplies are depleted the actin and myosin remain locked

in a permanent contraction
« Over time the proteins are digested and muscles relax
* 1-2 days for most meats, one day for fish

« Meat is often hanged to allow for the stretching of the muscles.
Freezing the carcass too soon after death keeps the proteins
all bunched together, resulting in very tough meat. Aging
allows enzymes in the muscle cells to break down the
?Vedrlapping proteins, which makes the meat MUCH LESS

‘ender.
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R stands for the "rest
of the molecule”
O H H O H o H H [ H
1l 10 [ I
[ peptidase [
H < H—C—H H H—C—H

this peptide bond will be
broken using water

Hydrolysis of peptide bond — creating shorter and
shorter proteins -> peptides -> amino acids

- glutamate and other amino acids have savory
flavor — only produced by extended proteolysis

- reduce connective (collagen and elastin) proteins
and connections!

u;9 Protein denaturation loses
[~ 1 water holding capacity of meat

The Science

of Cooking
Heat, pH and proteases all
contribute to muscle protein
denaturation — loss of water
holding ability
- Observed after cooking meat —
water loss is due to hydrophobic
protein exposure

o—"
the dotted lines indicate
non-covalent attractions
between the atoms

the oxygen is slightly
negative

the hydrogen is
) slightly positive g
o
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Charged amino acids on the surface of the protein are able (o interact with water
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Aging metabolic changes

ATP -> ADP and AMP
Ribose-5 phosphate from ATP/ADP/AMP is eventually released
AMP ->>>> inosine monophosphate (IMP) ->>> inosine

Ribose, IMP and inosine are “savory” adding to aged meat flavor
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Shellfish and fish flavor

Shellfish live in brackish water (less
salt than seawater) and osmosis
would force water out of tissue —

*  Shrimp have high glycine levels
(contributing to a sweet taste)

« Scallops have high glycine and
glycogen

Difference in taste between cooked
shrimp and raw shrimp is due to loss
of amino acids as they are bound by
denatured protein
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Fats are converted to \/\/\70
fatty acids by lipases
and further
metabolized to small
aromatic short-lived
compounds (hexanals
— grass like smell)

hexanal

Cic-3-hexenal

u;9 Fish smell missing in ocean
farmed fish...
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Organoleptic (taste and
odor properties of food)
quality of saltwater and
shellfish are due to
bromomine compounds
found in their fatty tissue
from marine worms and

algae OH o
- Not found in significant ©:Er Br/©/

o
Br Br

levels in freshwater 24D
fish which is why o o
freshwater fish taste oH oH
different C[ /@[
Br Br Br

- Farmed fish must be

fed these fOOdS’ 2,6-Dibromophenol  2,4,6-Tribromophenol

u;9 Lemon juice reduces fish
. smell when cooking...
he Science
ofpoﬂg
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CH, CHs 2o CHy ﬁ
L e |, ¢
HiC—N—o0 HyC—N: (1o femonjuee reoe) HyC—N—H o7 Dr
| | carboxylate
CHy CHy CH, anion
N N rimethylamine !r\me(hylammon\um
v cumays oo oy sesnfsnto avcltio aminowihan et
counteract the effects of salt offensive, fishy odor this fonic compound (1. a saf) dissolves
water readily in water and can be washed away
Trimethylamine production from TMAO found
at high levels in most ocean fish leads to
strong smelling TMA — acids protonate TMA
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When Myoglobin’ s heme-iron (Fe*2) binds O,— the globin is red
When Myoglobin’ s heme-iron (Fe*3) binds water— the globin is
brown

When Myoglobin’ s heme-iron (Fe) binds Nitrites/nitrates— the
globin is pink (NO)
: % E
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Sodium Nitrate (NaNO;) and sodium Nitrite
(NaNO,)

*Important for killing bacteria

*Replace sodium with potassium (K*) and you have
saltpeter

Nitrate reacted by native meat bacteria to produce nitrite

bacteria (in meat) myoglobin (in meat)

nitric
NITRATE ——> nitrite —> RED COLOR

oxide

U,
=
Sy
The Science
of Cooking
——

Health Consequences

For centuries has slowed down botulinal toxin
(Botulism), developed interesting meat flavor and
saved meat from spoiling.

Nitrosamines — breakdown of proteins into amino
acids can react with nitrates to form nitrosamines
— many different types

» Some of these reactants bind to DNA and cause
damage to genetic material

» Some of the damage is not repaired by cell and
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Sodium Nitrate (NaNO;) and sodium Nitrite
(NaNO,)

«Either salt molecule reacts with iron to give Nitric Oxide (NO)
which binds irreversibly to the iron in heme — giving a strong
pink color

«Salting with table salt (NaCl) gives better flavor but brown or

MAY lead to cancer

ugly colored meat 0O
gly R\1 /
N—N
/
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Formation of nitrosamines occurs only when
heated and then mostly in acidic conditions
* Frying in bacon (acidic from curing and high
heat) is famous for nitrosamines
» Most meats have low amounts
» Cooking with lower heats reduces formation of
the compound
» While the reaction with nitrosamines and DNA
does occur, the extent in humans is unclear
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Formation of nitrosamine

Acidic conditions of stomach can increase
reaction

H N=—o0 N=—0
€\
N N
VRS R/ \R
-4 ) R ®
© ) « g H nitrosoamine
o. 0o N
N stomach acid
e | = |l
” H—oCI
o
Nitrate - two negative highly reactive
charges and one positive nitrosonium cation! |
give the molecule and amaminogouproma
overall charge of -1 N protein or other biomolecule
R R




