
KEY POINTS
•	 American	football	is	a	high-intensity	intermittent	sport	that	results	in	muscle,	cartilage	and	bone	damage	that	must	be	minimized	so	that	

players	are	healthy	at	the	end	of	the	year.
•	 The	key	to	optimal	muscle	function	is	to	maximize	protein	turnover	while	maintaining	positive	protein	balance.
•	 The	regeneration	of	damaged	muscle	is	dependent	on	a	protein	kinase	complex	called	the	mechanistic/mammalian	target	of	rapamycin	

complex	1	(mTORC1).
•	 mTORC1	can	be	activated	by	a	diet	rich	in	proteins	that	are	rapidly	absorbable	and	rich	in	the	amino	acid	leucine.	mTORC1	can	also	be	

inactivated	by	the	consumption	of	alcohol.
•	 The	intake	of	Omega-3	fatty	acids	can	improve	muscle	protein	synthesis,	decrease	inflammation	and	improve	cognitive	function.
•	 Over	50%	of	athletes	in	a	recent	meta-analysis	had	insufficient	levels	of	circulating	vitamin	D	(<32	ng/mL)	regardless	of	ethnicity.	This	is	

important	because	adequate	vitamin	D	status	improves	muscle,	bone	and	immune	function.	
•	 Athletes	with	darker	skin	tones	are	at	greater	risk	of	vitamin	D	insufficiency/deficiency	because	they	do	not	synthesize	vitamin	D	from	the	sun	

as	efficiently.
•	 A	simple	nutritional	strategy	is	presented	that	can	be	used	to	maximize	recovery	during	an	American	football	season.

FUNCTIONAL DEMANDS OF AMERICAN FOOTBALL
In	addition	to	the	metabolic	demands	of	American	football,	detailed	
in	SSE	143,	 the	physical	 toll	 can	be	extreme.	One	measure	of	 the	
physical	 toll	 is	 creatine	 kinase	 (CK)	 release	 into	 the	 blood	 as	 a	
result	of	muscle	damage	(Zimmerman	&	Shen,	2013).	Blood	 levels	
of	CK	following	football	games	rise	progressively	during	the	season	
(Kraemer	 et	 al.,	 2013),	 indicating	 a	 cumulative	 toll	 of	 the	 football	
season	on	muscle	health.	This	must	 be	minimized	 so	 that	 players	
can	perform	their	best	in	the	games	that	matter	most	at	the	end	of	the	
season.	On	top	of	the	muscular	damage,	the	impact	of	the	game	on	
cartilage	(Gray	et	al.,	2013)	and	bone	(Mall	et	al.,	2012)	health	also	
needs	to	be	addressed	during	recovery.

As	with	all	elite	sport,	the	primary	approaches	to	protect	an	athlete	
from	 injury	 and	 maximize	 performance	 are	 to	 optimize	 training	
and	 recovery.	This	SSE	will	 focus	on	dietary	principles	 to	optimize	
recovery	 with	 a	 primary	 focus	 on	 foods	 that	 can	 help	 an	 athlete	
recover	and	prepare	for	games	during	a	taxing	football	season.	

METABOLIC RECOVERY USING DIET
American	 football	 will	 preferentially	 deplete	 glycogen	 and	 this	 can	
drive	dehydration.	Therefore,	in	the	hours	and	days	after	a	game,	and	
in	the	days	before	the	next	game,	the	focus	is	first	and	foremost	on	the	
replenishment	and	recovery	of	glycogen	and	fluids.	The	recovery	of	
glycogen,	and	adequate	kilocaloric	intake,	macronutrient	breakdown,	
nutrient	timing	and	general	dietary	needs	of	football	players	in	season	

as	well	 as	how	 to	 fuel	maximal	 athletic	 performance	 is	 detailed	 in	
SSE	#146;	while	optimizing	 fluid	balance	will	be	discussed	 in	SSE	
#141.	This	SSE	will	therefore	focus	on	nutrients	that	are	specifically	
needed	to	maintain	muscle,	bone,	cartilage,	immune	and	brain	health	
during	a	football	season.	

MUSCLE RECOVERY — PROTEIN TO MAXIMIZE TURNOVER
The	key	to	long-term	muscle	health	is	the	ability	to	rapidly	increase	
protein	turnover	in	response	to	trauma	and	maintain	protein	balance.	
Increasing	protein	turnover	means	increasing	the	rate	of	both	protein	
synthesis	 and	 breakdown	 within	 muscle.	 When	 this	 happens,	
the	 result	 is	 better	muscle	 function	 (Hwee	et	 al.,	 2014).	 Increasing	
protein	 turnover	 is	 essential	 during	 the	 football	 season	 in	 order	 to	
repair	muscle	fibers	damaged	during	training	or	games	(Kraemer	et	
al.,	 2013).	 Proteins	 are	 broken	 down	 in	 order	 to	 replace	 damaged	
fibers	and	provide	a	stimulus	for	muscle	repair.	As	a	result,	protein	
breakdown	is	proportional	to	protein	synthesis	(Phillips	et	al.,	1997),	
and	 trained	athletes	can	recycle	 the	amino	acids	 that	are	released	
from	 the	 breakdown	 of	 damaged	 muscle	 (Phillips	 et	 al.,	1999),	
resulting	in	larger	and	stronger	muscles	when	turnover	is	high	(Hwee	
et	al.,	2014).	

Protein	balance	on	the	other	hand	is	the	arithmetic	sum	of	the	rate	
of	protein	synthesis	minus	protein	degradation.	In	order	for	a	muscle	
to	stay	 the	same	size,	protein	balance	must	be	zero,	 for	 it	 to	grow	
balance	must	 be	 positive,	 and	 for	 it	 to	 get	 smaller	muscle	 protein	
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Figure 1: Factors Affecting mTORC1 Activation
Cartoon showing the factors that activate (arrows) and inactivate (bars) 
mTORC1.

Figure 2: Optimized Daily Food Intake
A typical eating and training plan for optimal recovery during the football 
season. Note first that the training is positioned into the day around the timed 
feedings so that there is less need for supplementation and more of the 
recovery nutrition can be accomplished using whole foods. The second thing 
to note is that after training there is greater protein synthesis in the working 
muscles every time the athlete eats for the next 24 h.
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balance	must	be	negative.	To	maintain	strength,	speed	and	agility	
throughout	 a	 physically	 demanding	 football	 season,	 every	 football	
player	wants	to	maintain	protein	balance	as	close	to	zero	as	possible	
in	season.	

Football	 can	 be	 thought	 of	 as	 a	 series	 of	 high	 load	 lengthening	
contractions	with	an	eccentric	bias.	What	this	means	is	that	playing	
football	is	like	a	very	heavy	resistance	exercise	bout	that	uses	a	lot	of	
eccentric	or	plyometric	movements.	In	other	words,	this	is	an	injury	
stimulus	 that	 can	 lead	 to	 larger,	 stronger	muscles	 if	 given	optimal	
recovery	time.	We	know	that	after	resistance	exercise	both	muscle	
protein	synthesis	and	degradation	increase	(Phillips	et	al.,	1997).	If	
the	exercise	is	performed	in	the	fasted	state,	the	increase	in	protein	
degradation	is	greater	than	the	increase	in	synthesis	resulting	in	net	
muscle	breakdown	(Tipton	et	al.,	1999).	In	order	for	muscle	protein	
balance	 to	 return	 to	 zero	 or	 become	 positive,	 the	 athlete	 has	 to	
consume	protein,	especially	proteins	 rich	 in	essential	amino	acids	
(Tipton	et	al.,	1999).

Central	to	both	the	regeneration	of	muscle	following	injury	and	the	
increase	 in	 protein	 synthesis	 after	 exercise	 is	 a	 protein	 complex	
called	 the	 molecular/mammalian	 target	 of	 rapamycin	 complex	
1	 (mTORC1).	 Following	 resistance	 exercise,	 the	 rate	 of	 muscle	
growth	 is	 directly	 proportional	 to	 the	 activity	 of	mTORC1	 (Baar	 &	
Esser,	1999)	and	mTORC1	activity	is	necessary	for	either	resistance	
exercise	(Drummond	et	al.,	2009)	or	amino	acids	(Dickinson	et	al.,	
2011)	to	increase	protein	synthesis.	Further,	mTORC1	is	also	required	
for	muscle	to	regenerate	after	injury	(Ge	et	al.,	2009).	Therefore,	in	
order	for	muscle	to	regenerate	and	grow	stronger	after	it	has	been	
damaged	during	a	football	game,	mTORC1	needs	to	be	activated.

In	 the	 roughest	sense,	mTORC1	can	be	activated	by	 three	 things:	
1)	 exercise;	 2)	 hormones	 or	 growth	 factors;	 and	 3)	 amino	 acids	
(Figure	1).	When	heavy	exercise	is	performed,	it	blocks	the	ability	of	
growth	factors	to	activate	mTORC1,	but	activates	mTORC1	directly	
(Hamilton	et	al.,	2014).	Amino	acids	(from	the	diet)	and	heavy	exercise	

(games,	practices,	or	strength	and	conditioning)	activate	mTORC1	in	
different	ways	and	therefore	the	effects	are	additive.	This	means	for	
a	football	player	in	season	there	are	functionally	two	ways	to	activate	
mTORC1.	More	specifically,	mTORC1	 is	activated	by	high	 loads	 to	
failure	(Baar	&	Esser,	1999)	and	the	amino	acid	leucine	(Moberg	et	
al.,	2014).	Even	 though	all	of	 the	other	amino	acids	are	needed	 to	
increase	protein	synthesis	(Churchward-Venne	et	al.,	2012),	leucine	
is	 the	 trigger	 that	 turns	 on	mTORC1	and	 drives	 a	 positive	 protein	
balance	 (Breen	&	Churchward-Venne,	2012).	Therefore,	 to	 turn	on	
mTORC1	and	maximize	muscle	 regeneration	and	protein	balance,	
athletes	should	consume	a	diet	founded	on	leucine-rich	proteins.

On	 the	 other	 side	 of	 the	 equation,	 two	 things	 are	 known	 to	 turn	
mTORC1	off:	1)	alcohol;	and	2)	metabolic	stress.	A	blood	alcohol	level	
of	0.06	g/100	mL	 is	enough	 to	decrease	muscle	protein	synthesis	
after	exercise,	likely	the	result	of	lower	mTORC1	activity	(Parr	et	al.,	
2014).	 Because	 mTORC1	 activation	 is	 needed	 for	 proper	 muscle	
repair,	if	alcohol	is	consumed	after	a	game	or	a	hard	training	session,	
it	is	likely	that	the	athlete	will	not	recover	properly	or	recovery	will	be	
significantly	delayed.	Much	like	alcohol,	metabolic	stress	due	either	
to	high-intensity	 interval	 training	(Coffey	et	al.,	2009)	or	an	energy	
deficit	 (Pasiakos	 et	 al.,	 2014)	 can	 decrease	mTORC1	 activity	 and	
muscle	 protein	 synthesis.	 Therefore,	 during	 the	 season,	 athletes	
should	strive	to	maintain	energy	balance,	and	strength	training	should	
never	be	performed	either	immediately	before	or	after	practice.

Beyond	the	basic	ideas	as	to	how	leucine-rich	foods	and	mTORC1	
are	good	for	optimizing	protein	balance	and	recovery	during	a	football	
season,	 the	precise	quantity	and	 timing	of	protein	 intake	 is	known	
as	well.	 In	 order	 to	maximize	 protein	 synthesis,	 an	 athlete	 should	
consume	0.25	g/kg	body	mass	of	 leucine-rich	protein	 immediately	
after	 training	 (Moore	 et	 al.,	 2009)	 and	 every	 ~4	 h	 throughout	 the	
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day.	This	amount	 is	selected	because	taking	 in	more	protein	does	
not	result	 in	any	further	 increase	 in	muscle	protein	synthesis.	This	
also	 means	 taking	 more	 protein	 less	 often	 cannot	 compensate	
for	 regularly	spaced	meals	each	containing	 the	optimal	amount	of	
protein	(Areta	et	al.,	2013);	(Figure	2).

OMEGA 3 FATTY ACIDS AND RECOVERY
An	Omega-3	 fatty	acid	 is	a	polyunsaturated	 fatty	acid,	meaning	 it	
contains	two	or	more	double	bonds	with	one	of	the	double	bonds	at	
the	 third	carbon	 from	the	methyl	end.	These	polyunsaturated	 fatty	
acids	 are	 considered	 essential	 because	 the	 human	 body	 cannot	
manufacture	them	in	appreciable	amounts.	

Two	 long	 chain	 Omega-3	 fatty	 acids	 will	 be	 discussed	 in	 detail:	
eicosapentaenoic	 acid	 (EPA)	 and	 docosahexaenoic	 acid	 (DHA).	
Other	 Omega-3	 fatty	 acids,	 like	α/γ-linolenic	 acid	 (ALA),	 can	 be	
converted	to	EPA	and	DHA	within	the	body.	However,	the	conversion	
rate	of	ALA	to	EPA	and	DHA	in	young	men	is	approximately	8%	and	
0-4%,	respectively	(Burdge	et	al.,	2002).

The	 Omega-3	 fats	 are	 the	 focus	 of	 a	 great	 deal	 of	 performance	
research	since	they	are	known	to	incorporate	into	the	membranes	of	
cells,	improve	muscle	protein	synthesis,	decrease	inflammation	and	
improve	cognitive	function.	All	of	these	have	performance	and	health	
implications	for	athletes.	

Muscle Protein Synthesis
The	 majority	 of	 studies	 examining	 the	 impact	 of	 Omega-3	 fatty	
acids	 on	muscle	 protein	 synthesis	 have	 been	 conducted	 in	 older	
populations	 (>60	yr)	or	animals.	 In	one	study,	Omega-3	 fatty	acid	
intake	resulted	in	greater	activation	of	mTORC1	during	periods	of	high	
insulin	and	amino	acid	infusions	in	older	adults	(Smith	et	al.,	2011a).	
In	a	follow-up	study,	the	authors	found	that	the	anabolic	response	to	
insulin	and	amino	acid	 infusion	was	greater	after	supplementation	
with	4	g	of	long	chain	Omega-3s	(including	1.86	g	EPA,	1.50	g	DHA)	
daily	for	8	wk	(Smith	et	al.,	2011b).	These	data	support	the	hypothesis	
that	when	insulin	and	amino	acid	levels	are	high,	such	as	following	a	
large	meal,	adequate	amounts	of	Omega-3	fatty	acids	may	improve	
muscle	protein	synthesis	 through	the	activation	of	mTORC1.	While	
these	 data	 are	 exciting,	 more	 research	 is	 necessary	 to	 establish	
whether	these	findings	extend	to	elite	athletes.

Inflammation and Muscle Soreness
American	football	results	in	significant	amounts	of	damage	to	muscle	
and	this	damage	accumulates	as	the	season	progresses.	One	of	the	
natural	responses	to	damage	is	an	inflammatory	response	within	the	
muscle	 that	 is	 necessary	 for	 training	adaptations	 to	occur	 (Koh	&	
Pizza,	2009).	Too	much	inflammation,	however,	can	impair	the	ability	
of	 the	muscle	 to	 recover	post-exercise.	Omega-3	 fatty	acids	have	
natural	 anti-inflammatory	 properties.	 DHA	 and	 EPA	 decrease	 the	
expression	of	inflammatory	cytokines	and	also	give	rise	to	a	family	of	
anti-inflammatory	mediators,	termed	resolvins	(Calder,	2006).	DHA	

also	specifically	influences	the	activity	of	inflammatory	cells,	altering	
neutrophil	proliferation	and	monocyte	phagocytosis	(Gogus,	2010).	

One	 result	 of	 the	 anti-inflammatory	 effects	 of	 EPA	 and	DHA	 is	 to	
decrease	 muscle	 soreness.	 Two	 studies	 have	 shown	 a	 direct	
impact	 of	 Omega-3	 intake	 on	 delayed	 onset	 muscle	 soreness	
(DOMS)	 48	 h	 post-exercise.	 Tartibian	 et	 al.	 (2009)	 had	 untrained	
subjects	 consume	 1.8	 g/d	 of	 an	 Omega-3	 supplement	 (including	
0.324	g	EPA,	0.216	g	DHA)	for	30	d	before	completing	an	eccentric	
exercise	 session.	 Subjects	 who	 took	 the	 Omega-3	 supplement	
reported	reductions	in	perceived	pain	and	displayed	improved	knee	
range	of	motion	 48	h	 post-exercise,	 even	at	 this	 low	dose.	 Jouris	
and	colleagues	(2011)	similarly	showed	a	decrease	in	DOMS,	as	a	
result	of	Omega-3	supplementation	(including	2	g	EPA,	1	g	DHA/d)	
48	 h	 after	 an	 eccentric	 exercise	 protocol.	 These	 exciting	 results		
suggest	that	even	low	amounts	of	Omega-3	fatty	acids	can	decrease	
DOMS.	Additional	research	in	highly	trained	individuals	is	needed,	
but	 there	 appears	 to	 be	 potential	 for	 Omega-3	 intake	 to	 improve	
muscle	recovery.	

Cognitive Function

DHA	plays	a	 very	 specific	 and	essential	 role	 in	 the	 functioning	of	
neural	 tissue	 (Dyall	 &	 Michael-Titus,	 2008).	 When	 examining	 the	
structure	 of	 the	 phospholipid	 bilayer	 of	 neurons,	DHA	 is	 the	most	
prevalent	Omega-3	fatty	acid	and	is	also	 involved	in	the	synthesis	
of	neuroprotectins	(antioxidant,	antiapoptotic	and	anti-inflammatory	
molecules).	 The	 prevalence	 of	DHA	within	 neural	 tissues	 impacts	
cognitive	performance,	memory	and	learning	ability.	These	factors	all	
have	implications	for	team-based	sports	such	as	American	football.	
For	 example,	 when	 Fontani	 and	 colleagues	 (2005)	 supplemented	
young	adult	subjects	with	4	g/d	of	Omega-3	 (including	1.6	g	EPA,	
0.8	g	DHA)	 for	35	d	 they	 found	 that	subjects	performed	better	on	
cognitive	 tests,	 had	 faster	 reaction	 times,	 as	well	 as	 a	 prolonged	
attention	span.	This	is	one	reason	why	Omega-3	(particularly	DHA)	
supplementation	now	plays	a	significant	role	in	traumatic	brain	injury	
(concussion)	rehabilitation	protocols.

Sources and Recommendations for Omega-3 
Supplementation
ALA	is	an	Omega-3	derived	from	plant	base	sources,	such	as	flax	
seeds,	flaxseed	oil,	nuts,	nut	butters,	algae,	seeds,	soybean	oil	and	
rapeseed	oil.	EPA	and	DHA	are	Omega-3	 fatty	acids	 found	within	
animal	sources	such	as	cold	water	fatty	fish	(e.g.,	tuna,	salmon),	fish	
oils	and	krill	oil.	Many	varieties	of	Omega-3	supplements	also	exist.	
It	is	important	for	an	athlete	to	note	that	there	is	a	difference	between	
“grams	of	fish	oil”	and	“grams	of	EPA/DHA”	on	a	supplement	label.	

The	 United	 States	 Institute	 of	 Medicine	 recommends	 that	 men		
consume	1.6	 g	 per	 day	 of	ALA.	There	 are	 no	 established	 recom-
mendations	for	EPA	and	DHA	intake,	although	the	American	Heart	
Association	 has	 provided	 guidelines	 for	 EPA	 and	 DHA	 intake		
(Kris-Etherton	et	al.,	2002)	(Table	1).
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Table 1. Recommended Dosages of Omega-3 Fatty Acid Intake 
*There is potential for increased risk of bleeding when intake of Omega-3 
fatty acids, particularly docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA), reaches >3 g per day. This is an important consideration in a 
contact sport such as American football. An athlete should consult with a 
physician before beginning intake of a dose >3 g per day. AHA — American 
Heart Association; CHD — coronary heart disease

AHA Group Classification Dosage of EPA/DHA

Individuals	without	CHD ~0.5	g	per	day

Individuals	with	CHD ~1	g	per	day

Individuals	who	need	to	improve	blood	lipids 2.4	g	per	day*

Given	the	importance	of	Omega-3	fatty	acids	in	recovery,	immunity	
and	brain	function,	athletes	without	bleeding	issues	should	consume	
3	g/d	of	Omega-3	fatty	acids	with	~0.75	g	EPA	and	1	g	DHA	and	the	
remainder	from	plant	sources.

VITAMIN D
Serum Vitamin D Levels
In	a	recent	systematic-review	and	meta-analysis	of	studies	looking	
at	 vitamin	 D	 status	 in	 athletes,	 over	 half	 (56%)	 of	 athletes	 had	
inadequate	 levels,	defined	as	<32	ng/mL	(Farrokhyar	et	al.,	2015).	
Specifically	in	the	National	Football	League,	of	the	80	players	tested	
in	 one	 study,	 55	 had	 either	 insufficient	 (12-20	 ng/mL)	 or	 deficient	
(<12	 ng/mL)	 levels	 of	 serum	 vitamin	D	 (Maroon	 et	 al.,	 2015).	 The	
implications	of	insufficient	or	deficiency	of	serum	vitamin	D	on	bone	
health,	 immunity	 (Schwalfenberg,	 2011),	 neuromuscular	 function,	
cell	 growth	 and	 inflammation	 are	 significant	 (Ross	 et	 al.,	 2011).	
Therefore,	 using	 blood	 tests	 throughout	 the	 season	 to	 identify	
potential	problems	before	they	develop	is	essential.

Musculoskeletal Health and Recovery
The	role	of	vitamin	D	in	musculoskeletal	health	 is	well	established	
and	 is	 the	basis	 for	 the	current	Recommended	Dietary	Allowance.	
Vitamin	D	promotes	 calcium	absorption	 in	 the	 small	 intestine	 and	
plays	 a	 significant	 role	 in	 calcium	 homeostasis	 and	 is	 important	
for	 mineralization	 of	 bone	 (Ross	 et	 al.,	 2011).	 Calcium	 also	 plays	
an	 important	role	 in	muscle,	where	the	release	of	calcium	triggers	
muscle	 contraction.	 Therefore,	 it	 is	 not	 surprising	 that	 vitamin	 D	
deficiency	 is	 associated	 with	 decreased	muscle	 strength	 in	 older	
populations	 (Campbell	 &	 Allain,	 2006).	 Vitamin	 D	 may	 also	 play	
an	 important	 role	 during	muscle	 regeneration	 after	 injury.	Srikuea	
and	 colleagues	 (2012)	 have	 shown	 that	 even	 though	 levels	 of	 the	
vitamin	D	receptor	are	low	in	normal	adult	muscle,	during	recovery	
from	injury	this	receptor	becomes	highly	expressed	in	the	nuclei	of	
regenerating	 fibers.	This	 finding	 suggests	 that	 vitamin	D	plays	an	
important	 role	 in	muscle	 repair	 and	 it	 is	not	 surprising	 that	higher	

vitamin	D	 levels	 tended	 to	 increase	muscle	 hypertrophy	 following	
resistance	exercise.	

The	 results	 from	 older	 populations	 support	 the	 potential	 role	 of	
vitamin	 D	 in	 promoting	 musculoskeletal	 performance.	 However,	
in	 club-level	 athletes	 no	 significant	 improvements	 in	 bench	 press,	
leg	press	or	vertical	 jump	height	were	 reported	 following	12	wk	of	
vitamin	D	supplementation	 (20,000	or	40,000	 IU/wk)	 (Close	et	al.,	
2013).	The	absence	of	a	performance	benefit	occurred	even	though	
serum	vitamin	D	 (25(OH)D)	 levels	 increased	 significantly	 over	 the	
12	wk	 study.	 Therefore,	 it	 is	 uncertain	whether	 vitamin	D	 use	will	
improve	performance	in	elite	athletes.

Immune System
Vitamin	D	receptors	are	expressed	on	various	immune	cells	(White,	
2008).	Vitamin	D	plays	a	role	 in	both	 the	 innate	 immune	response	
and	the	adaptive	immune	response	and	adequate	levels	of	vitamin	
D	 are	 necessary	 for	 barrier	 integrity,	 production	 of	 antimicrobials,	
chemotaxis	 and	 regulation	 of	 the	 inflammatory	 response.	 The	
football	 season	 extends	 into	 the	 winter	 months,	 when	 vitamin	 D	
concentrations	typically	fall	(Khare	et	al.,	2013),	and	this	may	have	a	
negative	impact	on	the	ability	to	fight	a	virus	(Schwalfenberg,	2011).	
While	our	understanding	of	how	vitamin	D	affects	immune	health	is	
fairly	new,	the	potential	impact	of	keeping	a	player	in	the	game	vs.	
out	with	an	illness	is	an	important	consideration	when	deciding	on	
whether	to	supplement.			

Sources of Vitamin D
Vitamin	D	 is	a	 fat-soluble	vitamin,	meaning	 that	 it	 requires	dietary	
fat	in	order	to	be	absorbed	via	the	gut.	There	are	a	limited	number	
of	 natural	 dietary	 sources	 of	 vitamin	 D,	 including	 fatty	 fish	 (tuna,	
salmon,	mackerel,	 etc.),	 fish	 liver	oil,	 cheese,	egg	yolks,	and	beef	
liver	(Ross	et	al.,	2011).	Foods	fortified	with	vitamin	D,	including	milk,	
orange	juice,	yogurts,	margarine	and	some	cereals	are	also	widely	
available	(Ross	et	al.,	2011).

Vitamin	 D	 can	 also	 be	 produced	 endogenously	 when	 the	 skin	 is	
exposed	to	ultraviolet	B	(UVB)	rays.	However,	there	are	significant	
considerations	as	to	whether	sun-derived	vitamin	D	will	be	sufficient	
for	an	athlete.	In	fall,	winter	and	early	spring	at	latitudes	above	40o,	
the	strength	of	the	UVB	rays	is	not	enough	for	the	skin	to	synthesize	
vitamin	D.	Further,	with	 the	colder	 temperatures,	athletes	 typically	
wear	 additional	 layers	 of	 clothing	 thus	 blocking	 skin	 exposure.	
Athletes	who	spend	significant	time	training	and	attending	meetings	
indoors	 will	 have	 fewer	 opportunities	 to	 synthesize	 vitamin	 D	
regardless	of	 time	of	year.	The	use	of	sunscreens	also	blocks	 the	
absorption	 of	 the	UVB	 rays	 and	 inhibits	 the	 production	 of	 vitamin	
D.	Skin	color	also	plays	a	significant	 role	as	darker	skin	 tones	do	
not	synthesize	as	much	vitamin	D	as	lighter	skin	tones.	As	a	result	
of	 these	limitations,	most	football	players	will	not	generate	enough	
vitamin	D	on	their	own	and	need	to	consume	sources	via	diet.
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Table 2: Foods Rich in Leucine Content
Grams of leucine per 200 kcal serving

Leucine-Rich Foods

Egg,	white,	raw,	fresh 4.23

Whey,	protein	dried 4.00

Seaweed,	spirulina,	raw 3.92

Chicken,	broilers	or	fryers,	breast,	meat	only,	cooked,	
rotisserie

3.84

Fish,	tuna,	light,	canned	in	water,	drained	solids 3.57

Turkey,	fryer-roasters,	light	meat,	meat	only,	raw 3.57

Fish,	cod,	Pacific,	cooked,	dry	heat 3.55

Greek	yogurt 3.50

Pork,	fesh,	loin,	boneless 3.38

Chicken	breast,	oven	roasted 3.04

Beef,	round,	top	round,	lean	only 3.00

Cheese,	cottage,	nonfat,	uncreamed,	dry,	large	or	small	curd 2.88

Cheese,	low	fat,	cheddar	or	colby 2.48

Tofu,	silken,	extra	firm 2.32

Milk,	reduced	fat	(2%) 1.33

PRACTICAL NUTRITIONAL GUIDELINES BASED ON THE 
SCIENCE OF RECOVERY 
•	 Immediately	following	games	and	training,	consume	a	rapidly	

absorbable	protein	source	rich	in	the	amino	acid	leucine.	
Examples	of	these	types	of	food	are	found	in	Table	2	and	
include	dairy	products	(specifically	the	whey	component)					
and	eggs.

•	 Throughout	the	season,	eat	meals	containing	0.25	g/kg	body	
mass	of	leucine-rich	protein	first	thing	in	the	morning	and	then	
every	4	h	throughout	the	day	(Moore	et	al.,	2009).	Eating	fewer	
meals	with	more	protein	is	not	as	good	as	eating	this	optimal	
amount	(Areta	et	al.,	2013).

•	 Consume	0.5	g/kg	body	mass	of	leucine-rich	protein	right	
before	bed.	This	improves	protein	synthesis	while	sleeping	
and	maintains	a	positive	protein	balance	overnight	(Res		
et	al.,	2012).

•	 	Athletes	should	consume	~3	g	of	Omega-3	fatty	acids/d	with							
~0.75	g	of	EPA	and	1g	DHA.	Ideally,	this	amount	of	Omega-3	
fatty	acids	would	be	consumed	in	whole	foods	such	as	tuna	
and	salmon,	flax	seeds,	nuts	and	nut	butters.	This	amount	
of	Omega-3	fats	may	assist	the	athlete	by	increasing	muscle	
protein	synthesis,	decreasing	inflammation	and	improving	
cognitive	function.

•	 Athletes	who	have	documented	vitamin	D	insufficiency	
by	blood	test	should	consume	~5,000	IU	of	vitamin	D/day.	
Further,	for	African	American	players	or	those	who	practice	
and	live	further	north	and	may	not	produce	as	much	vitamin	D	
in	the	skin,	a	similar	supplementation	program	may	decrease	
infections	and	improve	muscle	recovery.
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