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Objective: Peanut butter, rich in healthy fats, plant-based protein, fiber, and bioactive
compounds, has gained increasing attention in sports nutrition in recent years. With the
concurrent rise in its consumption and the growing interest of athletes in natural dietary
approaches, a comprehensive review of its effects has become increasingly important. This
narrative review aims to provide a thorough and integrative analysis of the metabolic,
performance-related, and health effects of peanut butter, with a focus on its practical
applications in physical activity and sports.

Methods: In this narrative review, relevant literature was retrieved from major databases,
including PubMed, Scopus, Web of Science, and Google Scholar, with no time restriction up
to March 2025. Studies addressing the effects of peanut butter in the context of physical
training, metabolic responses, athletic performance, health indices, and practical applications
in sports nutrition were identified and analyzed.

Results: Evidence suggests that peanut butter consumption can provide metabolic benefits
such as improved lipid profile, better glycemic control, and reduced inflammatory markers.
Regular intake among athletes has also been associated with enhanced endurance, improved
muscle recovery, and preservation of lean body mass. Its health-promoting effects include
improved cardiovascular health, appetite regulation, and reduced risk of chronic diseases.
Additionally, current evidence supports the potential role of peanut butter in the development
of nutritional strategies to optimize athletic performance and promote general health in
physically active populations. At the same time, potential risks such as peanut allergies,
excessive caloric intake, and the need for careful dietary planning have been acknowledged.
Conclusion: Existing evidence supports the beneficial role of peanut butter in conjunction
with physical activity. However, further randomized controlled trials, dose-response
investigations, and longitudinal studies in both athletic and non-athletic populations are
necessary to establish evidence-based recommendations. Peanut butter can be considered an
effective, affordable, and flexible component of sports nutrition, provided it is consumed
within a scientifically sound and personalized dietary framework.
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Extended Abstract

Introduction

Peanut butter, a nutrient-dense paste derived
from dry-roasted peanuts, occupies a unique
position in sports nutrition due to its rich
composition of healthy fats, plant-based
protein, dietary fiber, vitamins, minerals, and
bioactive compounds. In recent years,
alongside a growing consumer interest in
natural dietary approaches, peanut butter has
garnered significant attention as a potential
functional food for athletes and physically
active individuals. Modern athletic training,
particularly at professional and semi-
professional levels, necessitates nutritional
strategies that optimize performance,
enhance metabolic capacity, accelerate
recovery, and support long-term health.
While traditional sports nutrition has often
focused on commercial supplements like
whey protein or carbohydrate drinks, there is
an increasing appreciation for the role of
whole, natural foods. Peanut butter, with its
favorable  profile of mono- and
polyunsaturated fats, essential amino acids
like arginine, phenolic compounds, and fiber,
presents a practical and accessible option
within this paradigm. Preliminary evidence
suggests regular consumption can improve
lipid profiles, enhance glycemic control,
reduce inflammatory markers, and increase
satiety—effects that are highly relevant for
managing exercise-induced oxidative stress,
muscle damage, and body composition.
However, despite its popularity and potential,
a comprehensive and integrative analysis of
peanut butter's specific effects within the
context of physical activity and athletic
performance has been lacking in the scientific
literature. Many existing studies focus on
peanuts or peanut oil in isolation, or within
general population health, leaving a gap
regarding their application as a complete food
in exercise physiology. This narrative review,

therefore, aims to synthesize and critically
evaluate the available evidence on the
metabolic, performance-related, and health
effects of peanut butter, with a particular
emphasis on its practical applications in
sports nutrition. The review seeks to
elucidate the mechanisms through which
peanut butter may interact with physical
training, propose evidence-based scenarios
for its use, identify current knowledge gaps,
and provide actionable insights for athletes,
coaches, and sports nutrition professionals.
Methods

This study was conducted as a comprehensive
narrative review following established
principles for synthesizing and interpreting
scientific literature. The primary objective
was to provide a structured, thematic analysis
of the interplay between peanut butter
consumption and physical activity across
multiple  physiological ~ domains. A
systematic search strategy was employed to
identify relevant literature from major
electronic databases, including PubMed,
Scopus, Web of Science, and Google
Scholar, without any time restrictions up to
March 2025. Persian-language databases
such as SID and Magiran were also consulted
to ensure a more comprehensive coverage.
The search utilized a combination of
keywords and Boolean operators, with core
terms including "peanut butter,” “peanut,”

"physical activity," "exercise," "training,"
"'sports nutrition,"” "metabolism,"
"performance,” "recovery,” "inflammation,"

and "body composition." The scope of the
review was defined to encompass two main
components: the intrinsic nutritional and
health-promoting properties of peanut butter,
and the interaction of these properties with
physiological indices relevant to physical
exertion. Studies were included if they
investigated the effects of peanut butteng(en
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whole peanuts where results were directly
applicable) on outcomes related to exercise
metabolism, athletic performance, body
composition, oxidative stress, inflammation,
recovery, appetite regulation, or general
health in active populations. Eligible designs
included human and animal studies,
randomized controlled trials (RCTs),
intervention studies, observational studies,
and relevant review articles published in
peer-reviewed journals. Articles focusing
solely on raw peanuts or peanut oil without
relevance to peanut butter as a food matrix,
reports without full-text availability, or
publications in languages other than English
or Persian were excluded. Following the
removal of duplicates, titles and abstracts
were screened for relevance, and the full texts
of selected articles were then evaluated
against the inclusion and exclusion criteria.
Due to the heterogeneity in study designs,
populations, interventions, and outcome
measures, a quantitative meta-analysis was
not feasible. Consequently, data were
integrated using a qualitative and descriptive
synthesis approach. Findings were organized
into coherent thematic sub-sections—such as
nutritional characteristics, metabolic effects,
performance outcomes, health benefits, and
practical applications—to facilitate a logical
and comprehensive discussion. A conceptual
framework was developed to illustrate the
synergistic pathways through which peanut
butter and physical activity jointly influence
metabolic health, physical performance, and
general well-being.

Results

The synthesized evidence reveals that peanut
butter possesses a distinctive nutritional
profile that underpins its potential benefits in
an active lifestyle. It is an energy-dense
source of predominantly unsaturated fats
(notably oleic acid), providing approximately
8 grams of plant protein and 2-3 grams of
fiber per 32-gram serving, alongside key

micronutrients like vitamin E, magnesium,
and niacin, and bioactive compounds such as
resveratrol and phytosterols. Its low glycemic
index, attributable to its fat and fiber content,
is a particularly notable feature for sustained
energy release.

Regarding metabolic effects, consumption of
peanut butter demonstrates consistent
benefits. It contributes to improved glycemic
control by slowing glucose absorption and
enhancing insulin sensitivity, partly mediated
by its magnesium and polyphenol content. Its
fatty acid profile promotes a favorable lipid
metabolism, associated with reductions in
LDL-cholesterol and triglycerides and
increases in HDL-cholesterol. Furthermore,
its antioxidant components, including
vitamin E and resveratrol, help mitigate
exercise-induced  oxidative stress and
systemic inflammation, potentially by
activating cellular defense pathways like
Nrf2 and inhibiting pro-inflammatory signals
such as NF-kB.

In terms of athletic performance and
recovery, peanut butter serves as a source of
sustained energy, making it a valuable pre-
exercise snack to prevent hypoglycemia and
delay fatigue during endurance activities. The
protein it provides, though not a complete
protein on its own, can support muscle
protein synthesis when combined with other
protein sources, aiding in post-exercise
recovery. The arginine content may also
support nitric oxide production, potentially
improving blood flow. Some evidence points
to benefits in preserving lean body mass and
enhancing perceived energy levels and
cognitive focus during training.

The health outcomes associated with regular
peanut butter intake are amplified in the
context of physical activity. The synergistic
combination shows promise in reducing the
risk of cardiovascular disease through
improved lipid profiles and blood pressure
regulation. It may also play a role in appetite



s «»
> = ey QAL
el @le o (30 AADT 3y sy IS cla, o5 SR

regulation and weight management by
promoting satiety. The anti-inflammatory
and antioxidant effects, coupled with
exercise, could contribute to reduced long-
term risk of chronic diseases and support
cognitive health.

Practical applications are a key strength of
the evidence. Peanut butter is highlighted as
a versatile, cost-effective, and portable food
suitable for wvarious nutritional timing
strategies. It can be effectively incorporated
into pre-workout meals (e.g., on whole-grain
toast with banana), post-workout snacks
(combined with a fast-acting carbohydrate
source), daily meals for caloric support, or as
a convenient energy source during prolonged
outdoor activities. For vegetarian and vegan
athletes, it is an important plant-based protein
and fat source.

However, the review also identifies
important considerations and limitations.
Peanut allergy is a serious and potentially
life-threatening concern that must be
rigorously managed in athletic settings. The
high energy density necessitates mindful
portion control to align with specific body
composition goals. Furthermore, the quality
of commercial products varies greatly;
natural peanut butter without added sugars,
hydrogenated oils, or excess salt is
recommended for optimal health benefits.
Discussion

The collective evidence positions peanut
butter not merely as a convenient food but as
a legitimate functional component within
sports nutrition. Its primary value lies in its
ability to provide dense, sustainable energy
and essential nutrients that support the high
metabolic demands of training. The
mechanistic synergy between its
constituents—healthy fats for fuel and
cellular integrity, plant protein for repair,
fiber and micronutrients for metabolic
regulation—and the adaptive stimuli of
exercise creates a favorable environment for

enhanced performance and recovery.
Particularly compelling is its role in
modulating postprandial metabolism and
inflammation, which can accelerate recovery
between training sessions, a critical factor
during periods of intense competition or
congested fixture schedules.

However, this review underscores a crucial
paradigm: peanut butter is best viewed as a
nutritional support tool rather than a direct
ergogenic aid. Its benefits for explosive
power or maximal strength are likely indirect,
stemming from improved recovery, better
energy availability, and reduced systemic
stress. This distinction is vital for setting
realistic expectations among athletes and
practitioners. The discussion also brings to
light the significant heterogeneity and
relative paucity of high-quality, sport-
specific intervention studies. Much of the
existing evidence is extrapolated from
general population studies or research on nuts
in general. There is a pronounced need for
well-designed RCTs that examine defined
doses and timing of peanut butter intake
directly within the training cycles of different
athlete populations (e.g., endurance, strength,
team-sport). Furthermore, individual factors
such as genetics, gut microbiome, baseline
dietary status, and specific training goals will
modulate the response to peanut butter,
highlighting the importance of personalized
nutrition approaches. The environmental
sustainability of peanut production compared
to animal-based protein sources also presents
an additional, increasingly relevant layer for
consideration in institutional sports nutrition
planning.

Conclusion

In conclusion, this narrative review
synthesizes compelling evidence that peanut
butter, when consumed as part of a balanced
and periodized diet, can be a highly beneficial
food for individuals engaged in regular
physical activity. Its unique nutritignal
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composition supports favorable metabolic
adaptations, aids in exercise performance and
recovery through sustained energy provision,
and contributes to broader cardiovascular and
general health outcomes. The practical
versatility, affordability, and palatability of
peanut butter further enhance its applicability
across a wide range of athletic disciplines and
nutritional  scenarios.  Nonetheless, its
integration into sports nutrition protocols
must be deliberate and individualized, taking
into account energy requirements, specific
performance goals, and potential allergens.
Critical gaps remain in the literature,
particularly concerning optimal dosing
strategies, long-term effects on training
adaptation, and efficacy in elite athletic
populations. Future research should prioritize
randomized controlled trials that directly
investigate these questions. Ultimately,
peanut butter exemplifies the potential of
whole-food-based  strategies in  sports
nutrition, offering a practical and effective
means to support both athletic endeavor and
overall health when applied thoughtfully
within a  comprehensive  nutritional
framework.
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Sports nutrition; Metabolic effects; Athletic
performance; Health outcomes; Food allergy;
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Ethical Considerations

In  conducting the research, ethical
considerations were taken into account in
accordance with the guidelines of the Ethics
Committee of the University.

Funding/Financial Support

This research did not receive any grant from
funding agencies in the public, commercial,
or non-profit sectors.

Authors' Contributions
Authors contributed equally in preparing this
article.

Conflict of Interest
The authors declared no conflict of interest.

Acknowledgments

We express our deepest gratitude to all
participants in this study and those who
assisted us during the research process.



o8 st

3
ﬁu—t}m ole o (B3I vo WAST Hs ooy S cla, EaoSy

23T L Cdlas g (63,Shos «Sdgilio OIS 5 5lg, (85950 B Cllad g o ol 08
399 4R yd os glad 8

e sinsiyh S
Ol o i (938 oKD ¢ (59 pole (oSS ()9 (ST5lon 5eb 09,5 bidkil)

oS>

o SN

Jlbun; LS5 5 b LS Oefign e Sl Il 8 @l ol Sy plgias (iuejell o) 1O
ol B Gl Slojon & 4095 b Cusl 48,515 (oB5y9 435 09> 13 (slohag 4295 390 3 sl 5>
ol B sl atdly Conl o] SIS ol ) o (Sl (sl )09y 4 IS5 e 45 5 Jeasee
eipbl oS (Jos (slad)l8 g jpmecied 53 )Shoe ((Sdglie I I (5 5 gole el 55950 adllae
sl (2509 9 (b Clld diej

Web of Science Scopus PUbBMed Jols yuxe slosls (slaolSol ¢ ly) y9ye oyl 5 5 omwlnd piig
swoipll 0,5 Sl 5T L lagye Slallas 0 g YYO Loyle b Sloj cudgaa 193 GOOQGle Scholar 4
B9 45 (doe S35y Codl lagadls (o3 Sles (( Splie Slagusly (b Olyped pun )
WNAd Julod g gl el

5 05> 95 S s hlgn s b Wi (reiphl 05 Bpan o5 wiad e oLt salss (Al
St b GOS0 50 ol plite Bpas cipizman 3l Al (suhe (Sdpke ISl ¢ ol (sl Sl tals
dgst Jols 30 o pmecodl Il 03g: olar 2 gk 0358 L g (SMae e bl «uslitl
O 5250 wmled ol 938l Wlord (IS (peje slaisslons Sy (iRl 5 doil a3y 9B oDl
o9 ol i)l o (bjys 2 Sles (gilwdige lp i gl aly Sl o 1) saeipll 0)S 0sall
435 9 I sl e Brae haejebl 4 5 ile ogilly Cllas (Sl e 53 S oo gl IS5
Slad 55118 dogi 390 gluds slaesy (b jo cds

Sl eJo ol b S o calos (S Cllb b (aljom 3 (rejpbly 08 e (18 Sl S92 50 salsd 35 S A
oz ) Job claingy 5 guolimjed (o el (lofL 5 Slillas bl 03,08 slassogs s
035 5> Bllanil LB 5 (oLl 5o cjo SO laie @ Kl e (Guojpbdl o) Cunl (6)905 (SBh90E 5 (o559
g (b eddigilspasid g ole Jpol ol ol Bpamo &Sy byydio 25 485 )54 1055

o £o5

g3y Al

VEFLVNY iCdl )0 & U
VEELAY - 16,5030 g,
V¥ AN 1y g ,U

DR ARV I

ojlgals
i £ iy ol £ reojalol 0,5
ISlas 1 Splio Al 5555
il oMo i
o oy

iy 4% Jes slad )y A:sisp@,m,@)sm «Salio Sl ey (8950 1 Sb Cllad g woj plol 0,5 .Sl (pade Sioisn U]

DOI: 10.22091/arsnes.2024.11878.1042

O

BY NC

8 ol £ st



mailto:m.fahimi@qom.ac.ir
https://doi.org/10.22091/arsnes.2024.11878.1021
https://orcid.org/0009-0004-3153-028X

o «»
4%
;g_)—’._)-ﬁ-’ le o (B30 WIRT 3o o35S sl o3 SEe

S 0255 50 Slodg ol S oalogy (rajelol (48,8 Sl I ol (3o sloos j1,8 51 (S olgie 4 ajplobo S
9 Limalig b ((BLS g n eldl pé Glag 5l ST (o5 5 5l 6)1095 0 b (2ld eole (nlols el T (6l
35 yod il laams (0 (V) Cewl 0ol Sl eges Cadlw dgugs g (o0 A% gl Ol 43T SO laiedy ¢ Soms Slge
033 Sroapgr S Sl gardsi b (Il w85 oaign i (ml) laeSe 4 Sohans s sladis laaos 5 baiash
Tob 50 oRod phite Su Sl ol a8 S 13 ax i 590 oS anb 5 S l3e Slge 2B Glee Gl Ho Lol e
s Selplio Codil Gl o Sles (iluding 4 il o5 Cul Sladss GlaoSus, sl (sladman 5 (25559
G113 (B (65l cpaals cpod 45 olalie @ am g5 bl ol )0 (F) A SaS K55 Sae Y ek cadlw Lai> g 55150
Slgme Jdo @ (ajelol o8 el Jloyo5 5 ol Coeal 5l alil wde glaoz 5 laplaST ST gSlgn LS 5
GOl lanS Wlgio o lie pd 5 J5id Sl (0] wiile) (el el slosemsl (5 3390 gLl e Glonyz
el Jab BB 55 rnoiploly 055 (60 ,Shoe (sla S e 2l3é i3l 2 oMl (1eF) 258 Cgmame (5359 (213 lga s 50
slagasls pals g (9> a8 S35 s By ogner )0 Wl oo (Snajplol 05 plate Bras a5 wilosls (lis o e
g eMeae ol IS (1555 51 (B 5ilnsST oyl b ablie 1o agen i 5l go SISl nl (BF) sl H5e e
5 S ol el niplol 0,5 5o Wl slaeyz 5 (BLS Slointon 97 (e OIS Ll OMae (55luil S
e o g al oezg b (V) 958 &8ly e 5 G555 (135 Cunde 5O WIS oe 050 (nl 45 eud sl S
09 Dlayed b b ye sladine) 50 (dajplol oS A pogas ;0 (elx oy p 9STE (Mellinn g (o)l (ool il
1 coieseloly 0,5 a5 olansl clallas Ll wilazslo s o g, b omosplol Sl 4 0aiSTyy clalllas 5 ol oants ol
o 6 ,Sus, 50 g 3l (AQ) Wloaile Bl dgume (S o) o9 Glaculd s o LS olid oole S lgie 4
(092 e 2 4 4z b eiploly o) a5 i)l wST s potcys e 5 oxb slalié Sl s pTe s 2 oBiys 4 59
b sly) oo dlie cnl inlnle (Vo) 955 oo sl ozlr cal 5o i slam)) b oo 5 Sl 5 (ooab cdgde
51 Jd o3 5 maiplaly 05 jpmaciadl 5 o5 Shae « Selplio Sl (ogas 15 07 90 Galyd s 5 (g p Do
ladiz g o)) 3 ,Mae dgup Ol S5 (o oS 5 50 (Frejplobio S B 950 (al 5 pe el 00 (95 (Slow
Sl ouny] (glo s 5 lulid oyl S b 05 g0 (BN eizran unl (LIS 55 138 sladsly 40 g0 )05

2950 (b i,

,8oe )3 (Sraiplol 08 (A gl Sgzge el e 5 oS i Jelod Baa bl 900 S0 D jgon addlhe ()l
U‘):/"“‘".ﬁ)" J"L" 6‘)" Y‘A‘Jﬁj)b Q'S"°‘ Y 09‘“" L)")‘Jf JALY WBLL" l) Slallas ul?r.u‘ 9 97w Mg, 9 éo)f ch) e (5‘"‘9)

(0 5 shreipl o5 jsmacoodles 5 Slapdis sla Fies (Al s iy o5 (Lol 4o 50 1 55 505 b 50 asels sl a3

I Narrative Review
2 replicability



@aose> 5 (ajplal o8 sl (g5, p aalllas S 5a3 Gy Ellad b et o So5alsn e slaasls b b Sy cnl Jelss
4 Byo a5 Slallhe g (655 madgplin 5 Ll J S o659l 5 coled] cuilanaST oyl (o S 5 o b9 3 Shos sl
Qb dnlio BB wjplol oS G pae b Lyl s as Wad Jdow o)l (S a0 0 wivgs aisls ol 89, b pB uejplol
=il Google Scholar 3 Web of Science .Scopus PubMed alex ;I Malipe Sledol slaslol jo Slalllas (sgins
Qi8S 3wy 090 s Magiran g SID ol b5 el sleoll paal> by g ol JooSS jglateds (raizmen b
:.»‘of ).:) ul?)Ua‘o‘ )‘ kSHS)" J.al.w oolazw! S)90 @.\...15 ulf)‘ﬂ
Peanut butter peanut, nut consumption, exercise, physical activity, Training, performance, inflammation,
recovery, body composition, metabolism
O ARREN Jiﬁ—‘ i PN ‘:Lo) IRTRC PN oolatwl Olfj‘ﬁ u..SJ.: LS‘J‘? (AND/OR) c_sJﬁ‘? 6L:b)§l<,.: )'l 9T J..QBS 5
L Sl Sladllas (V) s ol Sldlas w5 3955 (sb,bone i Julow 8,1y (oSl 5 (oo )l8 slaly & Yl 0ys 5
sl ool (55900 Slalllae (1) gy callud b bt ye Sl ied slooasls 5 reejplsl o5 b bape s
S e 4y JolS s yiws l)ls 5 eadigygls SMme o o piiie SVl (F) g (gloanlie b slalslae Sldllas (RCT)
a3y gaiplol 0,5 51 e 0uls giie (gloos gl 3 L pls ejplols 4 sz..o oS Sbllac (V) : Jols 79,5 slo )lrs (pizmon
b oy s del 11a) comoy pué sla 3,138 L 35 code coiS 0Bl oYlie (V) canlllas Gom b (6 pdu garkss g e
(SIS 3yl B3 3l ey (gl b (oS ) 28) Kty (sl Sp0 B e slaly b SVlia (V) 5 (la il S 00,5
ool sAD.:LEA C5)> 999,9 dLb)Lm L> 9 r W Sldlas J.cls L)?M W 4.l>).a L W 390 SYlas o.\».i} 9 u‘}.».c L.\.»."
B o badl, ol WSS oy g &S Dygeds wads)ly Dldlas jl Jols Sledsl g ool coles jo 9wl
g Slllls Ak SeSeal 4 4y b ot ot oS slapsiie (pm LLS) g oS oo o905 slaacgero )
2l S92 g aslllas ol o GulbTle) o8 Judow oSl daosls (SauST,

Alio ogpho Lol g Julo L9zl

Sl b el ouds 3551 (50 ,Sas 5 (sl dss «Sufolgn 8 Blate S 5 2 (e (Al (69,50, pol> Allie LSl ()b o
(gl oole (ol (p gz Conle 4zl b ogd (wyp wieplla O g0 (S Sdlad e 53 (eiplol oS SIS (S UsS
(Slplio SIS cnjplol 0)5 () 5 Sl0dsS o Ty il ond unail Lol 05> lkx B o laasdly LS
o Jud b3l 188550 5 lae slao )5 5 (il slaoaly Lales g el g Gy o 5 3 Sl il 5 (53 Shos
Wl S e 5 99 ool ozl ite | e S aesd (sl peine gl mulio 51 Canl o 5O w03
5o a8 Alas golpiing ogpre Joo 3l copizmen 0,5 )18 Con 5)50 5 bosls Sl STe b ol Ken ( Sla> daled 5l Sl
45 s o i |y oxely coggie wszle VUK el 0 oolil lacom aslasle gl ctenl o0 @) ) ojlads JSL
S g0 S el 0 53 j9ecedles g (69 Shae ( Splie sladiz 1) o Cllad g ajelol 08 Jlalas 5T 0y
5 BohenSI il g gldlnd looyz «BLS etisn 5 (8 e Ol @ Seielol o8 plite Bras (Joe cnl o
3ol Cust 5 geilannST oyl (a5 (S gilie Jlog S50 @ Wl o0 (B ey 5 e wile) (Sl slagdies,
2 @Bl crge (S5 b Sslie (sjlsp Dl el ohiga) plaie Gy Colled bS5 50 ST (pl S SWS (Hlas



r QAL
f""’""“ le o (B30 WISRT o oS cla, o3 e

5 s larls (Gl gl 4 Cpmlis aile cadler sla SLaS 51 g o0 e iyl RalBl e S oS 5 sl
OLBEE559 53 9 es (s lly g Lol J 508 Slyy Candg Sgnte 4 Wl oo OMales (l (rizren (Ngd oo (B9em B0 S
S b S e SaS (55 4l placiie 5 ol Riagh 4 olyime pbradl Gl el Gl Gl wisd e

sl a3l Sl ol s (slapilSe 51 o il sl

09oE Ceodlw g Gl 9 (S 8 8 ySoe (S grlio odlw 1 (G Cadlad g (S jploly 05 (ol FT Gl yrmno Y JSB

o iplolio S s ) g sladas b S

aS Col (b sy SLS 5 51 L e da T 5l oo giie o138 SV game (8 pan 5l (S Glsieds o gueplols 6,8
il 0o )3 A0 B Ae 5 Vaemo o102 03,5118 ol S Lisl Su5edgn s 0, Skos 5 (coges Coodl 15 (555 L5 W3 oo
It SlaS 5 5 ol b BLS Glagisn gldlnd Slaaz 5l (6 Slasserme sl 5 35500 and eniob]
Sladel 5 (Seilsl apl asile) gLt e gige iz ladaul 5| (2 F BB @t (Goiplol 05 (252 S 5 S1ai 51O el
Ad ol o (Bg,0 ool Clablone g (g Jlg p S92« Sledlad DTG oS cul(Selgid vl L) eledle L o
O35 5 w3, 53 Logas il o gLl slaigyz & s sl 23Rl Wlics 2z S5 0l OY)
Sl o) (65318 BB 93 8 (g n Glpie Bl GO W)l wde 5 JBa 6550 e 4 5L o5 el
Sol> 2l a4 (Seejplol (g n 4z 5108 (oo ol bgie () (5551 L (BLS (e 5 A 399> (5 YT 2902)
OF) a5 Slosas 1) o855 (sslwalae slajls wilgioe (g n @l plo b oS5 )0 Lol sl cnd 5l (Sl polie

Ol Dot 4 Wlgh go g allo 1l a1 S 20 i e j0 aS Soumlgival taiun (if,] g9l sy ol cogdleay



iS50 5 el Jalonali 95 5l Baae o pimmiploly 05 53 Spzge (I3 18 .(10) WS S8 (Dlae GluyiienS] 5 09>
@ a5 SLIS) )9 sln oot plaShy iz )l G SIS Qi Cepe palS g dersl S ()55 olws o Sles
e i (plasding; 5l (8 Geigmes (Seiplol 005 (VF) o)l Coeal aitis ()59 J S 5 (Bras 65 i Jloo
S35 oz 0 PLSL ol 0geaS g 0)l0 (Dlae o Slas 5 (65l padilio ;5 S35 15 o5t el (sl 5 B (yaling
Gials 5 olil o JISesl, g3l i3 ) (50 sbme (STl S plsies B (ol (VF) el oo Sleadl ol 5
7B sl sl (coiebol 08 (Jldien s LS 5 Sl 1LOA) cosl e sad Sl ped 5l (56 silapnsT ol
e 5 505 oyl Sl coleall G2l 50 il o oS Cel S0 (SlanST T Sl 5 5 o islyid (o055
& ATas Sl 5 SIRTL ses 3lald )0 (ologtlly (185 Jbloay ezsar Jsil95, (V1) wndly 4l (285 ol slagealy
Ol oS led 0 b Gizmen (V) 2BL IS ST (ol yee Job 5 Cusliinl 1o Wl oo g 4385 )] 3 4255 3,50 Cudgue
o5t Shs ol 0sder 05 Ol 0 S Faial (luslil e Vb pd 5 0z Jdoa a5 0 o )lil (ejplol oS
O gl L (V) S (o0 SST (53 a8 GLSL il 5l 6,55l 9 635 Jola Lade o 28555 Sodlad o b e o
s gladaly )0 63015 anF Sy &b D355l 5 prb it (2108 esle S LA (eiplol 055 04 pazie oS 5

(YY) 0,5 1,8 Jlaioe B pas jo ol 3l S 0 OT ‘j.l)’d')‘)ﬂ Jlizt g YU (6550 (sgimme el oY Al dl 06l o Cguime )59
N Cedlad dnoj 53 (S jplols 05 (S gilio i1

eSOt Ql,.,l_» .\3|556a o e85 iy d cdido slo oy SLLS 0594 w095 sluds gle Ldoay G}.:.A}ﬁ‘él.g 0,5
o BB ol jeoe an (o Boes ool Ol Ssbie sla s abl ails Sy el b bag e S glie 6Lm.\;J} e
Sl g gl ol (alS 5 ddaud ped gbe Sgugo (pdgudl g 3598l il

oyl 9 3515 1 U

S92 ST Sgu (poje g 3l Lyl il o1y g3 SIS S Wl se caeplol 0,5 B ran aS Wi co L (godxie walel
ot 9% 953 ol a5 SIS i el el o0le il (el el L5 5 Lol (slos o lié e
B JialS Coge dilbrs ooy 4y dinejplol 0,5 (109381 a5 ols Lis 90 g5 ubs ol,8l jo glasdlas (YY) 098 oo old€ 0ucy
Seoiplol 0,8 10 85290 SLuS 35 K00 (sae J1TYT) Conl 356l5 ruly pulais o ot S5 (S aS ol jlab 5l ae 95
5 Ol oS o Sles ool Goyb Sl w0 G gl 4 Coles g )0 sl 5 e alex
Slo s S 3| Js5lisss w5le lesdicly eizman (Y0) 858 e il SSSIS podlie SIS (slosains i

(Y8) s 5555355 5l5 ials 5 55°6l5 aumlonnST 2oli8l 4,08 SIRT1  AMPK

sty el gilin i

FBsn n st IPUFA) glal i s MUFA) elsliésise o2 slaveal 5l (8 e Glyear (snjpldl 0,8
&l aS Sl ol o HDL @ pb Jg ydS s 090 s HDL 261381 LDL alS b o o> £95 () Bpan o)l o]
Soe 4y Gaeplol 0 )5 dilyg ) B yae ( 2l GiLo)'T)lS S50 (YY) o4l (g0l coenl  calainl glaasi, )0 o594y o],I855 59

PPARG s yo (53l Jld b ol psis ol (YA) 0o 5948l L ol 31 o HDL o153l 5 00 pucdS 6 5 ialS el aian i



as L?u] )‘ ‘w)f‘bt 0)5 )0 Og>ge 6[.&(5')} u.....?u;.m AJJBJ o‘).o.a dlac 9 u\.aS e < L_SLQM‘ UBM‘JMS‘—LJ u.....“)s‘ 9

(Y) 0SS SaS S SYsb sl i,s 58 6551 6l 4 ailel oo «igd oo o3 gilie el jaumgy S 5l 5 0
Sl g gud TS| (o ] B yo (il

Sl (2l mlie Bpae ail ol yon gilaanST oyl sl g o51 laJl0ol, oy Gl b sl o wad (3359
2o 9B Gy (Jgiles) wile (GLuS 5 gl (meiplol 0,8 il adlo (s )b cpl oo )0 Wil g laglaansST| ]
o33l o N2 (g5lo Jled b cieiplal 058 10 35250 55195, (V) W)ls 598 GlauS| 5T olys a5 cunla b Ly
NF-kB ol 6o s jlae 10 oS 5 (ol copizmon (Y1) 098 o GPX 3 CAT SOD ,bas oS 5T slaes 31 jiw
Gl e e Sl dm e (65950, 50 WlE s la Sy o ((FT) Sl 50 1L-6 s TNF-0 siile planS st (2015

DS o B GRE (o e Slagll sy 5 (Plae (SibS

O (e 30 (655 jlwgen y )

L oole ol el (555 slacdled 5o (55,1 Jols L 4y SaS j0 o (Ul (eiploly 05 (Splie sla Shg 5o
el rge e 5l an b e saegiles o lsie 4 Wl s sl (s (a3 Sl e 50 bl Y (55 S ol
eosss b anslio jo ool olitie b el ol slaoassyls B pan a5 Wlools lis Slalllas (YY) 048 atwgn (555
om0 SbSY g Grizen (V) Couload ( Suibely U (n po lojy e (a3l 40 jmie alls Sy, S oS 5 L

AV0) ail by e slugcd g JilBg p dgups 4 Conl (1San aS 00gy Syl Olallas S5 o OS5 (ol B a0

N Cadlad i) o (S0l 0,5 B pan (68 Slos duwly

5w B ealug Dozen abagdieg; 5 b« BUS Gelon bl mé Sz | (S8 e Dl A Sueiplol oS
lilas b i (0 yo5 o3l j0 48T GI)IS055 59 50 0hagd aiS Ll (25559 & Shoe ol )] )3 (galS i wlg oo ¢
oty (ajplol 08 b ran el Gy lled Jsbo ol (6550 el (9 0 Shos s stz 1 (S0l 153
Sl Sis ol & dpdin (K 0 235 b 651 Gl el b oS a5l 5 ol slaoz Rl
e laoass 4 g iplol 0,5 0958l cslarillas s Lulul 1 (YF) o )ls Coenl Yiblawgio Cul b g cwlaiwl slo b,
05 33 997 ge Geign (YY) 0l (nyed Jsb jo (S Sliol 2ol 5 55 550 (sl dgne Sl gelinal 8055 )
gl & S ol )3 25750 (BLS Getign Aol ogzy b el ujed Sl Gy A 3Ll o e hele S seieloly
e (TA) 057 Sy 25 | alde (g s Wl oo caalie alo bS5 o Ll )ls (65 0mly (Sjslom CoteS Sloe>
551 4y ol oo ST G s ad g a3l Gy 5l (lae Sl g 3gui b ooyl Aoz 51T 50 09250 dial (slann]
Sente b 5l el (Sae (giajploly 0,8 plaie 8L 50 (g loxdil g (508 5 Slae Hate 51L(FA) 0iiS SS gy el oo bbb
ooz mizmed (F1) 398 e (Fep g ()98 Dl ped )0 i 0 Sles DLl 28 5 (659150, il sl Jols
o ) g ol Jal38l g Do ae 5 Slas 0gus b (Sesl sl o) (T )0 95290 Al 050205 b gLl o
e Rl e Glgie 4 (seiplol 0,8 1ot o el (IS0 9 oS el az gl Gl (F)) aiies Ll o alas

30 AS Cawd 3l piiee 9 (89) 09T B dRefyy 00iuS ol iy pogde oole (il 1) gl oy o, Sles 5l Cules



a5 01> gz guled s (2559 Lol e o (SBLD 9 Shes Aty 0 (FY) Wils A alas oLl g oeas 5 ,Sles
Sy yod 31 (23 53lanST o sl wilgs oo oS58y 5 S 31505) a3l soielol o) pleillad 5 GlanS| T SleS
G S e b plgs sl g aile olaais; o 055t Sl ol (1) a0 gutp 1) (105 35 5 g 00l aalS' 1) a0
S97 90 J95lh95) B ras a5 oad ealive 13 Sl Slalllas (S0 )0 0l Coeal S8 b JLiSas i S5 )les slagtiys b
Sl Slilllas aiz o el 009 olyer (Sid 4 Jood Gl 5 (ol yaSTe Sud)l o b (eejeloly slaos sl o
b oS 4 S0y 5 55 45 wlosls e ol Siagsy o 58 i 5 (FF) WIS i ol 5 30
5 sl 5 Shat e Joles Ml (615 51,5 sty ol (Sn (stpniplsl o5 3o 31 i e 335 5805 slans,
G yas a5 ol ] Silo 0990 anlels Egoze ;0 (TO) 09 oudats (65, 5L g (s yed Blowl s a5 b Wb ol G pae JY
0 SOk 9 FFUD (508 (Seliinl slaoje> )0 (428 BB (63, Shes hlie Wl oo I8 )9 )0 (Seejelilio)S Jolate
ol 2l 3l Sl (2555 P Slaenex 53 5SS lalilae Slallle 4 5L (Jl ol b il 4131 ol jos 4 0 03 |

el (6 555 baazily
(it Callond b Jalsi 55 o jelols 058 jymaciodhus ol 1

s mme B omelig b (LS eign el i Slaayz e @ esle S plpe 4 (Seeipldl oS
03,5 > 053 a4 &l L Kiy b g jemeciadles 4355 die) yo |y slod S axgi L3 sl b jo (b laglasT Gl
(o90s Ceodw sl as Ll Sgugs ;0 Wilgh g0 005 118 solaiul 850 plate So cdled LS o S13E w0l (pl aST LK ool
0,5 sy sblie o yinten 5 (S (FF) WS (0 BIAE (S kS Sl 5 eie slasslon shs Jelse (rals
Wlgs g0 o jplols 0,5 plaie (8 pae a5 wleols lis Sledllas .cawl LDL g oS 2alS g (gawd b9y Sgnt ¢ simajplols
oy 4 S Gl (FV) wwo (al3dl]) o5 oaliglodl (oo oSl (g w09l HDL (l8l g o Jg oS sl (20l 4y jonie
(FA) aiS ol (Bgye ol8 slos )lom 2l 5o oz g sdadls Wilgs o cids o plxl (s3lsn Sy colad a5 6ol ,8l (ol
odeg 5l o (98 slagwl Wlgicoe Vb jd Slyione 5 (bl (oomelS (AFLE b (sjplol 0,5 B pan (93 0B pelats am 5o
FS A Y o5 Cubo b ol yias 4 Mie o131 )0 o S5 ol (FA) aidn dgugo |) dgasl 4 Cglie 5 00,5 Jawi 1) olde
(55 525 S gl 2815 () Al 45513 oy S5 55 (shlnn 18l Sl il e s 2 5 sl
5555 25Le Iy S 5 35y 5 S lgioms sl niololy 0,5 B Lo o ymncandls slosal o0
plol (B1) A4S o oS 1L-6 s TNF-a CRP wiile o] (glncysS sims ok ialS a4 & Kl oz sloatpl (yizman g
9y ol 5l ogdior cgmine (Sledlas ole Sy 58 095 LSlen g (Seglie) (oS S Dl el ot elaie ()59 Dl yel
L ol Slare 51LOY) wdl axsls (reje Ll 2l )3 45y s Wl oo (S S b eiplol oS oS 5
WS SeS e 53 gt (el alS 4 Wlgioe (Seipldl oS 0 (Jebh LS 5 g mls B (aling 3529 4 Sy 5
S g5 5 5K 5 75 5815 Spne 3 gise s Solled 5| 2 (55n 9% ol i olyed 4 1
LS 5 lon,S o) lil oyl yuo Sl 0 sejploli 0,8 Sblas Sl Sldllas (S oo (O DY) abl alils i
Ogel iy b s po (Jobo SIS (sl e aiilgs oo o jloyoS 9 Jg 5195, ahea jleosle cnl )0 9250 (oliordigind
WIS (o0 SS (S0 )98 3, es mulail g (el Cugli 4 oS plaie (o5 Cdlad LS 50 (00) w8l |) b Jshe (xibo e



o «»
4%
;g_)—’._)-ﬁ-’ le o (B30 WIRT 3o o35S sl o3 SEe

092 Lo b gimajploly o057 azales 5o (BF) wily F5e (U5 )0 ohuga daplb s (B a0 Dl Sl falS )0 Wilg e 5B o)
Sl yed JLS 5o enl dpbe 5 Simee OLISS5 59 9 laelli jo (DA cdle l Colam (0 wosB (ord ColeS b (e Fs
&S B 1y 3 0 et 5 00h (o 4y sitly Pl Jelod) (a3 31 o Wiiim o0le il o olie aslio
Sl b ol 5o asly enl (gdie 2lié g G Lo 5 o iplol 0,5 45 wims o )lis legame cwaled ol (OV.OA)
t o] i 3, Sloe o5 )1 ¢ p0 30 (Slo 5 Loy o e g (6 pKin Ty )0 ddluis jerreldln A lae SO lgie 4 Wilg oo

(BAF ) S g Bl (S) CoheS S9u 5 Ol edls

0339 AR 5O (Lo jplol 0, Jos slao w5

laoyg0 50 a5 SIL5 55 sl ladss slasliial )3 Vb I o515 Jdoar 6551 51 (28 @t S0 Gl (ojplol oS
Sl 5 (S o cliinl 5 (5508 IS5 5 50 (FV) S ge Wl glofag i ot (65,1 (obL L (Sdlae pme il
3995 ublo b ghrojplaly 08 ol p (i 53 el o2y g (S (S peS (SlR0y9 10 gt (I (555 (als sl
Gl FYEY) WS ali 138 (YL w1y (55,8 sl wilsi oo e slosr 2 5l s 5 5 0,5 Vo 58,0 S 70
b ol lroygd jo LI035 uizren o (Soliinl (Slah)yg «62,5:85 6 )lgmas g yulai olaall; )0 ofigar (S
By JoSe lyreas wlgi ca (aoys YO-Y L) (weiabol o) (g (slsizme (il 51LEF) 8l Comnl Wb s
lyiel CoinS a1 njelol o) (s wizpe 08 )18 esliial )50 (i yed Sl ey b oaeslee slaoasy o BLS
S it syl by Wlgs co ( JolS OO aiile (alS milie ploo b o) oS 5 Lol S o3 (s 2l Slow> SlogrSon b

(FOFF) a5 ol

L Jlogsgs 06 k) SliaepsnsS g ooy (iojplol 058 51 (loals JyS ppolie Bpae i yad 5l LS 4385 059 50
&3lwdlsl s (2138 0le (nl 50 b 5 g o)z S 5 0 )s] eald  yed sl (SleatS w5l (6551 Wl e (g0
bz pin Vsb bews o Julsar (Jle ol b ABV) S98n n o3 G 58 093 333 Sl 51 (6 Sl 5 (55,31 (oo,

(FA) 05 plosil (s 03 3l s Cel ¥V U VD pSCewd gumiplol 0,5 OB pas a5 390 oo 4oy
Sgetr 4 Wl o0 530 b Loys e s wiile danllan oo DliaemsnyS mlie b (creiploly 005 S 3 T el 5l ey 0 Slie |
@ i dl> e cnl jo (tajelol 0,8 A a5 cdls ax gl b andl i ST GMae Sl e g abae (5955 oLk

S L gy aile CuaSL slaintisn il & wsdie dinys b @il s Sl oz S el s
GAY-)

S35 5 5l 9w (8l (6w e BT o (e jplol 0 S 00l ] yUST B pan o)) K05 55 (459 (el sleasl p o uizren
S 5 o oLyan (335 Ll L Ygane Vb I sgmg Loty 0,5 5 el 6 yme a5 wilools ylas Slallla oS (6,55l

! pre-workout
2 post-workout



o «»
4%
;g_)—’._)-ﬁ-’ le o (B30 WIRT 3o o35S sl o3 SEe

Sgaze (S shodsy 4y (g yiws &S (sl b ped sloga )l ( SV ok (gl i aile oy bl jo (D59 0,8 S8
D0 ad 0 ansS oy 3l (S ol @l G35l 5 olel dem lllB L 5,80k oy (emjelol o8 wie
S 3% g sk 55 4T 05 0 drogh (Sreplol oS (bl Sl g S Tam (6 S0 sl culed 0 (YY) 05 oo g
O555 w23y 3 99,5 5ayy odbaiual S b ol Sad il loayz ol o gogdl 51 b asd Sl Gl 0293l
598 melad 98 (Slplie Conds g (5 E9 cred Shal b cliie 5 Jolaie Ojg0a Wl (eiplol o) I eslinl

AR

Olh)39 lx (Fojplol o5 9l (glas dk agy )Lews
w35 slaaalp )3 S5e o> o Glaredr Wl oo gl 0oz Slaseal 5 59 555 GYL o515 Sl (sejplli oS
i) B9 b el e e slaciaBe )0 (giejplol oS el (oaBly (sladns slags lw (i3u (nl jo 05 d eolatul (455
el oole ol sl eslasul (sly (69,55 (92 )l wiz anlsl ;o 00,5 o 1) (g (5,95, c0asgyls ¢y pod 3 s ey pod )

\bﬁm‘;o dj‘)‘
(ol B Cel VO B Y 0505 j50 g seiplol 0,5 L o pugun U Jolss S5 sasg G B pan o el 5l i )
AV8) ales (55 gl n9 2 53 95 S5 2l 3l 5 a8 s (sl (555 il oo

ot O Wl oo b GU g e 0l dedlgn s (Sliepgr)S @lie b (eiplol 055 oS 5 (5950 ,) (oS Sl e Y
AVYLYA) ol ails odlac a5 anl 8 E9x 9 Uil plBd gilusl yo

o; 9 0&5)4 )09) s)yo 5}:..» 65[} LS’W‘ lJ LSMA)IQLDL’ o; 9 o Ssle eolw g.,u.S)J ASJ )l oolawl 4.:‘)3) OJ.CSULMO Y

(Y) aiS S8 (6550 ol u....aL 5 hac 008 Lars 4y Wlgl oo (gdae cae g le lgiedr e jplols

05 9513 FABY (o, Sadlal b asly oo it pllo (59 Gl Jlsa oS S35 1059 (RIB) slaaslip jo ¥
(AAY) aisS cdl o adlol G JGlS Ve e UVAY S liay gy Sib by juwgd 92 4y s jplols

s_i.{ ()‘ou.:}..w dLﬁb;bs L: )‘QL)"’}"""" Ul) J.a..:ln) J-ALY u}LC LJ WSJJ )O AJ‘y‘sn w)ﬁ‘db o; 6)‘9}01...? LELQW")) )o 0

sleains (5l 9 (5)lgmaz 1290 ( olomogS wile swlaiul sla fbs,g 4o dwliiwl glacodled o Jox LB gld lgica, £
A x5l 555 5 50k Jar 1 xrie slyice Si5 oL ST b irjplol o8 SpsS

)29 iy yod digo) 30 (S el 0,5 (w3 5ol 3 (65T ey

A Cel gy sl 5 plicemles (gl 0je 0 ola e slls (los S slaudss sLlye p ) e simiplol o)S
2 0g OlD) )9 4 035 535 sladeog sln lailly (pl (plelid 00,8 )18 Jlaide Wb 5 (o859 4085 e )
o <5'L"> ‘6‘45)-" C‘l“"“



Oy 359 33 o (Wle SO i Sweelol 4 55T

=SLT ale ol slo STy b g conl lo v o glie slass Il o 5 SG s el 5l (S caeiplol 4 s
5 (AD) e o l,8 6 cos 1) Gl Cerex 2o, ¥ B Sgu> sl & 51 FDA 5155 b .ol of ot
ailgs o Saajplol 0,5 L atulgm b agalen ( SlKen sloasdas | cod slogo ) il 25,5 slalae 0 ogazay () )IK55 )4
b oo iz 9o Caenl cuajpbl (g9l (213 Slge 5280 (6,138 o g S, 2T ¢, cpl 5lasS Sbl gax b Cdlge
@ aS ooy ol tamo iolsl dxiee ol 31 o 1 S5 T slajiaiSTy o ol San L, 45 Sileols lis saled S (AF)
b (S0 Sloj 03l ) (Gmiploly wile 05T S Bran oS nsa &) (Sloj g o0 485 T 5555 @ aly (ST
Jliml la s 516 8,5 )15 58 pletal) cod wb o501 aile @lls 1505555 ool plis (AY) wsl osls &) (o yes

9 (6 Sy

SOl wlhs g slid Swsl Clisde

SLeS 5 S 58T 0.5 18 Lo S Ml b > B sl Sogd] 5 m0 10 el \Son  uplol 0,8 olde sl Hlaie )
polie 50 o S GMBT o Vb 8 pas aigd oo augi ASPEIGIllUS 455 slag B Lwgs a5 aitesd b jw g com
Aoz ) pilhe el 5 i 5551,8 eSS Ll ol S S M) 355 (505 slocmna] el wlyisn el
9l el (San ciajplol 0,5 (6,5 sladip (B rizren (AQ) dited oS GBI b s o ol s alS sla ) Sal,
sl ansle (A8l glad o )85 g (slasdss Blawl b ailys co a5 0l difg,aus sboyes, 5 S S yudas ola Sog53

(A1) 350 arogi OS5 59 )0 " (9538 5 S e b7 eiplol 1) ¢+ ez b (el SV pame Sl Gl

o e Sl 9 (S ) Sylby

25 sy sl IS Glajls JLal g o w0l Span Sl s (uien mlie & Cand (el 08 Sy
wodledy (AV) o)l |y oleond slodsS 4 5L mals g S g 2Ulsi o5y oaiiS o oS G lgreay Joejplols
A ol ol aS w)ls pomb (25 b, wlid b e asle Koo (g n wlie 5l (65l 4 Cond (ejplal
s alolS slow, Jlis 4 a5 SLIKG5,55 50 ohisa o Ty cnl (AT) WS oo hias Sl ladss glagSl o ol
Uit & Sl 5 i (353 $lanss | Sl 2338 ol 5 330 03 S5 Lin ageaons litalie 3 L

QAY) o)l 4298 BB i s ol jo sumiploli 0,8 g aiiis Sl mlie Sl jo 095 Jaecuny b, als

O5555 3l 68 (V) rogdion ooy i SIS (555 Slapaly 1o Syluk 5 (shotl Coodl 4 4z g5 L ggeme po
Coglgl cdw 21s5 Sl)ls 5 ol DY game 3l colaiul (V) .cwnl (555,00 (2138 ), 40 (Swojplol 0,5 HuilxS 5l iy
09....:‘5‘: 4....49.' ‘5)5])3 u...o.af 9 u.».mS}i)Lﬂ C.‘a.m )Ja; )‘ o..\.uSA.J}v ‘_gLQ:.\JJ.v LS’lJ))‘ (Y‘) .o)b

B DS i ¢ 359 lacallad b ol po (T (285 5 eejplols 08 (slasdss sblie (ygalym 05y s 5, wwlsd 929 L
Slalllas Soolotunms 550 0,10 0925 (&5 > - sludns oS 5l Saeasly sbbasly g o Sl (soo 1,15 Gaas 0od ;0 429



o «»
4%
;g_)—’._)-ﬁ-’ le o (B30 WIRT 3o o35S sl o3 SEe

5 093 Srajplol 0,5 e SutedlisS Il b slandis geges slaasli » B iz 5 103 4 aas oo (L 95250
Lol 00 plonil aST o b (slad > (o859 DLy ped yi 55 (63, 8hes gl 5 Gl sl ) il Bras (o)
5 soiphl o) phie Bras Glojan oy 4 aS Cenl lalilae (Sl Slidllas 9508 (23 GBS ¢ 3 Lol 5l (S
(09 BLal shls Sl 3TL (Jled laalls «slad ;> o585 59 51 pel) alides slaog 57 50 4l bisbe (o859 slaasl 1=
Srdpreni )0 oblusgaow a5 wiloads zlZwwl Slom b eges Corox sahato Sldlas 3l osls Cdel anily aizls
5 i otz 097 @R yeiie 9 Al olyen RCT) oud J S 5 oniislodolas slo b bl ousyl Slalllas 5l
WIS (w2 P 3B D pgons |y (hrajplol o)S C8l 0 uiile g 590 (ondis a8 b plE) Bras g5 inpad DA i el
Olyreds Sanl 3gaome Loy (G Sdlad LS )3 (ejplol 05 B pan b )0 608 Gladslis Il S0 S9iS Ll 15 5o
55 60 S hee b (SIglie slatuiSTly a3 adgl Sladss Cundg b il Colad o 035 pong S (S 2 ¢ Jle
Sl e olag,gld 5l eolatul g eadigile gt cwliba i SlSaSS 05, loass Al St yoa
wile placeraz 5 S SaS 60,5 lagoly yur paeetd & san] Sldllae 5 Wlgie esias isd 5 Swosllie
a3l 0,5 B an b o)Ly (sogamme SleMbl (g5 g9 Zulis & e e b oI55 55 llyz g sl (b olaiedls
a4 Sl g Salio slaeXl (sladss slals ey )5 ol 51 G jo 0 a5 cul Jb ol oo 0929 Sou cdld Lol o
4 yoie Wlgi o aSly WS 0 ST (60 )8 il adei a4 sl ey, S pl jo selais ] Cliasd W cwl Gglaie (el
Spae Sdeaily (el (o p o Jshie slaoje 5l K00 (o 0ed SE8s (il slas IS uliw 5 (b la ) Sal ) angs
5 sloyes slagalisl a8 Jl ps il 38 5e sl @l W G595 (lagom, ol OS85 55 5 (oojplly 055 05035,
Dygods jee Soedily Sluped b )5l 5 (s9lS 0 Shes (gl 4 Sl et Al la et ST Cendy
ol el aile o rpesploly 0,8 white 0y 51 b 3lisyly, Szl BT T s opdle lazs 5 138 anlllas 5 50 00 S
s ple oo 52l (8550 0l 1y eans] Slalllae 5o gy (53] 58 Dl (S g esyg 0553l ol cgg 3l
Ealss ogas 5 Sl dalyd ¢ Jl oyl b S oo 03lil (BCAA) Jlsaslis aisl (ol b (a8l cyil,S eicg ais s
oon B b alamag Sl o ws 50 (Saejelal o) 5 len SLS 5 g (b Glagz Spae b lodeSe cnl (Jlei>]
e ooyl glaiaghy WS SeS (o555 4085 Sl S il & Wl e SlS S nl S L liles
3l eBOlS sladeSe sl solatdl (Rl plpiear Geaiplol o) Brae T dian e Ll 4wl
Pl 5 (5lad > (o859 slaps 5o (Sejelol i (LS @lie b Slsem plie (o030l (o slatne SIS (o) 2 aiznen

el Gz Vb )b sl 5 0ebsi sloje

‘39-‘*"59 OW o..\.u—‘ 6‘)" ).') LS’LD"'M 6[.@).“ g‘_g\.\...véo? )o

Ll g (60, 8es ( Ssilin slaasly 35 503 b (5,900 RCT wllas ‘5'>|)Ja °
(89,8 Slagal (o) lp ds il patd (ngi Glas,glid jleslinul @
Sdlie Ghlew b )lgil (lacalls aiils s slacaass o Job Clalas @

! personalized nutrition
2 Cost-effectiveness



E AL
;Q—um le o (B30 WIRT 3o o35S sl o3 il

OS5 )5 50 eeiplol o) plate B pas Dasaily Glgy 5 (el slooely el @
S 5 s G dSSon ;o 85 mly sedeSe b Jolss oy @
e gl plo b anlie 5 (amacin 5 goladl gla Ll o
sl oSl g waled 5 i Gladss glas ol ( dos sloo IS lay )| jo wilgs oo ciils OISl & 4z g

O3S Ll ol LB (5,9 4oye j0 Hgomecadle
339 Ol b o115 Cawlow (gl p Slolediiay

esplols 658 S 5 5 o8b jemacedls 5 60 ,Shas o Slaslio Sl pgas o alie ol 45 eniiz s slaazil 4 az g b
OLIS Sl 9 022559 0335 Glpslive (25558 Glaye lp Wosls (ol (os (65,54 Cuzr plaskiin (S ool 4

:00;64 c\j‘)‘ w))jswy.m

gletlnd Gy «sipl GVl o515 @ azrsi b 5,08 o (el (LIK05 55 @lie m3) )0 (Seeiplol o8 ails (V)
L 8 oaegiiln G Glaicay oldé oole (pl a5 05d o0 drosi « cuejplol oS @I.xﬁ.mflu;ﬂ SlaS 5 9 2L iigy wie
y97e0 8 5 o laibiwl olde glaasl,y LB o aog cpl gl colaiul YU SO I Lo b SIS0 5,9 sl ogds ooy 3l a

S| (_g)'L..)L;:’b.?‘ J.;Le

sblaey polao bl o055 Hla e 160 S lalde 5l asedan colaiul pgas 0 o555 Hlaye §5loaiaily 4 Sogel (V)
;L&S)‘ [ESow) &‘9.:‘59 ‘-A.a ) Gﬁblimb Cﬁ‘l""" B UL"’)"' 6‘;: ‘5..))5.@] 6[.%0@)5 6?-‘).]0 A;}....J L\MT «\C)_._‘;'_,J}'ﬁjﬁsLa)Lé» 9 «GQ)S.LQ.:

Sl a0 Slae g jo |, i a5 00,5 laydss glaeygline colS

2 o9 $ludss laleialy fani 4 5L ( Sl daled a9 broadi sl sogr sl ol ysiws (1agu0i g Babos 4t 5 (V)
Ceodlw g B39 0397 LIS Canliw )10 3929 ;988 Sid )3 g golatdl ¢ ondBl Lyl 28,5 a5 10 g JSlpl 213 soSUl L

il ails o9 ax gl Jeplol 0,5 Wil seg slalde oy jeme b (o sloyiogt 4 b
P PO SOV FOVONES iy Cov PR B L G S SPR TR W X UW=PL SR TP PRSP S JCOW-I g SO S P C PR PR ¢ )
S5 B8 Ol (o039 Gloyguml )08 b Cllage & )lg 1dad) Layy 63 slagylojl 09 o sloiian 359 )0 (Bpas 218¢ Slgo

Gloasliy ;5 (2l3e SloS 5 0058 25 4 azgi b oh)g pole SoolST g0 a4 (50,05 43a5 lgizme (29331 ()
Glaaid, (oBigel slaJuad w4 b laJeSe 5 60,5 wai5 b alal) [0 (65 paass )0 09 e ey (S yo

00,5 aBlol L0559 4085 9 (oD)y9 S99 S (Sl

! pharmaconutrition



o «»
4%
;g_)—’._)-ﬁ-’ le o (B30 WIRT 3o o35S sl o3 SEe

Gl 2132 eolel slaais &1l ()b i o855 lalae lp (ejelol oS S 5 b oslel lié slawins b ()
@lie Bras Al 4 Wl oo (22359 lags)l g LealSails (359 SThe 10 g 52 b 90 (Ob ol pema) (Gjplil oS
led SS 5359 50 (sede 4355 5l Colem g (655105 D5ute el

o 51l SO plgreas wilgs co o mejplol 0,8 aiile (60 ,Shas slali 5l aredan (5 150,00 5 BT sl ggaze jo
sosls b jemeiads (M glacnlow Wigm i8S i glay] oI55, o, Slas g Coodlos mhaws sl 50 S50 g ajeeS

D9y aolyS pne (pl Codbae (pald ((ob)yg 38T 059> 40 (g sele
RSP LR VIS

G i Sy OlyIKG5 59 Coodls g 0,Sles (giludings 50 GoulS adlie S (lgie Ay (205 408 4 Az eSSl slale 4o
3yea], S gy Wlgf o o iajolols 0,5 aiile o ytesd )0 5 (gike ¢ gmmabs i Slge 5l eolitasl crlie pl o el ALl
Eledlnd slae sz 5l 60 80 pamie oS 5§ o (eplol 08 0 25555 35508 Glaasie Sl lasd 7 las e JeSee
Selsilie 6l s 51 (Slatidy )3 (oo (R WIS oo el 9 B ool e site wiile (plagdaer; 5 b o 0lS oo
Olyear seiehl o5 Bras aF coul o wige 5 (8555 @di plaasie oS s (som 55l (Dlas 55l
e 5 3l Salom 5 gl 351 el c053 TS St g Wl sy 3l b Je Wlaiedign saeglos S,
gl b ol oS5 nizman 5500 18 (55 GhalS oy50 b dsad (o yed 0)90 50 )IK0550 a5 aul i 50 ohgh g (Dlae
152 osle ol G 615, plerye it 51 ams e A (85,0 il 53 1y ol el e b oS b asle s 5
L oS o lodag ol (oo b o galiinl ¢ 5,08 Gl4I855 )5 (sl oadss il pamed gl dns glaadly (b 5o wlg o
et 41 el oz BBy il b asly S o S5 (g jlwoslel (slajls o ool slezdl (2l 5 b ()59 Lai- 4y s &
Se Olpea s Glez QLS55 50 (S 0jgrel &5 (eedge tiiliy oo b S (Bl e 5 53 s hlsn
e 9 M0z ol (D59 (ylysline g ardss Glaasiie (ol ye &5 Casl (6598 rwldl (pl bl j5els b 50 Cdles il
oysbiteniz gludss Il G lgieds aSb cgole Slaé sole SO lgreds Lsas o] 5l 5 anil atils wjplol 6,8 4y aalyd
L ko wsile) sl ol Lalyd g o Jlem glacss Il 0,8 Glacslas a4y azgs cdldl iy oy (o559 Sliyed LS 50

ol i 5l oyl ke 53975 (st e sloe iy o 31 (o e Sl

Ao Wed bli g budgumo

ST INT G360 ) 5 S s8 0,25 Grosld S S LB sl 00,5 (I el (gl 5950 S plgieas yolo axlllas
w el o3 o el b amo @) Eodl 5 (60 Shat ( Selarlie sloaiz 5 Sy cedlad b Jobss jo imaploly 0,5 i 5|
Selets j950 ploxil pae g dllie (ly) Aok Jdoar iy jo00 Sonle (1) 090 o)Lal aalllas (ol slacusgazme 5| (&
3y30 Cormar 30 4255 b5 95 rlelllne _igKanls (V) sl adgy dgame Slalllae Ul 1o (6 uFgm 1S lSal csullillie L
g oo LAl prend Tl alS cel (bl slajlre 5 (3555 IS g9 (eiplol 0 Bran jlade 5 g5 caslllan
Slllae b s> sl aiies (it b Sgrio i1 4y bgy o sloatily 5l sl 2 Slusl (sloosls 352 ogazma (¥)



Slllas i li90 Sl Gras gy pos (1) iladieS baatee; (S 5o Sl sloosls 5 wits alSiloj]
e (o yd 53 G559 Sl p (Bras dite 593 0)lys (B Dbl g Wil S (gm0 1) (Gl 05 ) (ool slageo
el il oln 5 (onsS 5 o5 (1) sdlhion 30 ar i HE 058 e i sl le i dacspina (ol 357 L
5 LS B T USS cage (ages Cdler g e lie (55 il (o859 S Glaeje Sl Eeiie laaidly
Olaase g G159 (ol e lp (Slars 10 )5 5 (213é @3 Sladiges )i loe lagy )l w1 (V) .Cesl 00l (60,5
Wiey ol 5 eale GO s g lulid s oails GBIKE a4 sl (F) WS o Cuois |, allie Lo avi> dis
Ssle fyime sode sloo lasliw! bl ase,tsle (555 (F) 05l oo pal,d oois] sloiogh (lp (soied),l o
s cpl ggazme ;008 S8 (ool mhaw )3 (65900 (B0 Jpol b @l 5 ((ilate (Kwgey «(oale plonasl Sl 5l allis
WA oS e Sdls g (2359 4385 055> 50 ee S (S 5 ean] slategh sl rmslie sl Wlgi oo

Sl (G e g (53,8 ee

L 5eSTom SlaS 5 5 e (LS oo Eldlnd ooz 5l (58 5 b (218 03le Sy Glgiear ceiplol 0 S
Ot b o el 00985 Sl 3 Slos 35 5 oogee Dl (23555 S 0 |y s lleta plate (S ol
OhE559 53 (los (slos )15 55 5 ¢ jgmaciadls (60 Shos (( Sgbis slavsly S 5 (Rl DI SSUS slaasin i
Sl yed 5o (ojelol 05 aiadan 5 Jolaie Bras oS conl ol 51 (S 05250 ale saled 00,8 (qwyn JUd 013
S GlS gzl 555 il ol Spuge o DL (53,0 i S5 15,51 S5 33 el 5 e 55
oy wde ooz el Gk 3l Wlgioe coS 5 nl mien 9b (G oS (Sileding 5 oml mhw ey
55 S ablre syl Sy e 5l GBU sl (ol il 50 508550 (e Sl e SlanST T SLaS 5 vz 5 sl
ool G133 50 5 bl el Sl a3 31 oy 5l (53,51 el (T ommlin gonte Wl oo (Saplols 05 g0 Slae n
slo plad liss T ez g ey el (el Sl S0 g S Jae 5o (55 a8 ()l 5 (83 35 a8 (5 s
sianiploly 4 55,1 4y DK o) ol slaag,S 51 53 T e Ll ey 5 ] IS o 3 ol ] a1 o5
Sl aseloly 0,5 45 ol i 55 (gl (glags i a2 05 plonil 5 g L] b syl (Lol obylsS VDS
8,5 5w bosesiyle ;0 b eyl lan b I8 sloosss jo wilsi o 5 9,0 (LS55 (2138 slaw; glgl o QYL Slas]
13 oS 5 il oo IS Slalllas 55aS alaz I 355 o canlie 05250 Slalllas 1o gzgi b slods b ol b .09
2 e sladedod pladd g cDaeaids SIS gw) )0 Casgazme Gabige 0)bys B8 slaosls (lads ( ol> slacerex
5315 e 5 ol 5350 el a1 B i sl 3 5 St b o] el 2 Slgiig 435 o i
OlFise ) sasplol o)8 waled )3 aims anug (oages 5 (Sl (sladym (559 e o ) Ol 05 g (el sl
g e (b LaS oS (B Jld (S Sew g (B9 wdk )0 63015 5 (ormb slaill St an S Sy lyea
ooty 51 Slotiy aiejls Jumsly ol Lol .wl (6,18 0 00 BB 51805 5,9 Do 3 0,Shae 55| sl o) Jumily caslalST

! Dose-Response



5 AL
fu—um le o (B30 WIRT 3o o35S sl o3 il

Jg7recicodw SMSlae (o valed b e (sl das o el G laseas |y 1 et B cwl Sos S g 5 pdy ot 5 3080 ole
Dged plesl sass]

M Ol o

sl 043 4B ,F L5 ) olKutily GMS] anpeS Jasdlygien b illas SME] i Mo imgl (clal o

Sl olels/ ol

il Slados 55 pe b olSisly el « gyl ((F9d 5 seges sl Liu 1 (Jlo oaiiS sl ol 5 o SaS s g allis )
Coas] o.)/&i

OB My C85 )L

S asly uL*&‘ Sl dlio (gl o3lel P By ples

&8lo 2l

S 515,08 dlosous b8 )5 dlie el o (slive o)l wieds)l (slaanl & S Suimgh (eles 5l s piY 395 p BN,
2 398 )Nl ilos ) S8 Gl (gljpe S 4 ()9 9 (62 Nhes S Sl ate 3 & Sl SKimgly (A 5] (pionen
D355 (o0 (1338 5 St loss il bl g (ol (o slp S Ao Sl g e (gl S el

References

1. Arya, S. S, Salve, A. R., & Chauhan, S. (2016). Peanuts as functional food: a review. Journal of Food
Science and Technology, 53(1), 31-41. https://doi.org/10.1007/s13197-015-2007-9

2. Coates, A. M., Hill, A. M., & Tan, S. Y. (2020). Nuts and cardiovascular disease prevention. Current
Atherosclerosis Reports, 22(9), 28. https://doi.org/10.1007/s11883-018-0749-3

3. Coates, A. M., Hill, A. M., Tan, S. Y., Gillen, L. J., & Buckley, J. D. (2020). Nuts and cardiometabolic
disease: a review of meta-analyses. Nutrients, 12(8), 2341. https://doi.org/10.3390/nu12082341

4. Guasch-Ferré, M., Liu, X., Malik, V. S., Sun, Q., Willett, W. C., Manson, J. E., Rexrode, K. M., Li, Y., Hu,
F. B., & Bhupathiraju, S. N. (2017). Nut consumption and risk of cardiovascular disease. Journal of the
American College of Cardiology, 70(20), 2519-2532. https://doi.org/10.1016/j.jacc.2017.09.035

5. Gupta, R. S., Warren, C. M., Smith, B. M., Jiang, J., Blumenstock, J. A., Davis, M. M., Schleimer, R. P., &
Nadeau, K. C. (2019). Prevalence and severity of food allergies among US adults. JAMA Network Open,
2(1), e185630. https://doi.org/10.1001/jamanetworkopen.2018.5630

6. Jager, R., Kerksick, C. M., Campbell, B. I., Cribb, P. J., Wells, S. D., Skwiat, T. M., Purpura, M., Ziegenfuss,
T. N., Ferrando, A. A., Arent, S. M., Smith-Ryan, A. E., Stout, J. R., Arciero, P. J., Ormsbee, M. J., Taylor,
L. W., Wilborn, C. D., Kalman, D. S., Kreider, R. B., Willoughby, D. S., ... Antonio, J. (2017). International
Society of Sports Nutrition position stand: Protein and exercise. Journal of the International Society of Sports
Nutrition, 14, 20. https://doi.org/10.1186/s12970-017-0177-8

7. Kerksick, C. M., Arent, S., Schoenfeld, B. J., Stout, J. R., Campbell, B., Wilborn, C., Taylor, L., Kalman, D.,
Smith-Ryan, A. E., Kreider, R. B., Willoughby, D., Arciero, P. J., VanDusseldorp, T. A., Ormsbee, M. J.,
Wildman, R., Greenwood, M., Ziegenfuss, T. N., Aragon, A. A., & Antonio, J. (2017). International Society
of Sports Nutrition position stand: Nutrient timing. Journal of the International Society of Sports Nutrition,
14, 33. https://doi.org/10.1186/s12970-017-0189-4

8. Mariotti, F., & Gardner, C. D. (2019). Dietary protein and amino acids in vegetarian diets—A
review. Nutrients, 11(11), 2661. https://doi.org/10.3390/nu11112661

9. Melina, V., Craig, W., & Levin, S. (2016). Position of the Academy of Nutrition and Dietetics: Vegetarian
diets. Journal of the Academy of  Nutrition and Dietetics, 116(12), 1970-
1980. https://doi.org/10.1016/j.jand.2016.09.025



https://doi.org/10.1007/s13197-015-2007-9
https://doi.org/10.1007/s11883-018-0749-3
https://doi.org/10.3390/nu12082341
https://doi.org/10.1016/j.jacc.2017.09.035
https://doi.org/10.1001/jamanetworkopen.2018.5630
https://doi.org/10.1186/s12970-017-0177-8
https://doi.org/10.1186/s12970-017-0189-4
https://doi.org/10.3390/nu11112661
https://doi.org/10.1016/j.jand.2016.09.025

10.

11.

12.

13.

14,

15.

16.

- m‘“”@
i\_,-um ole o (B30 WIRT 5 oIS gl o3 SRS

Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and
consumers. Science, 360(6392), 987-992. https://doi.org/10.1126/science.aaq0216

Ritchie, H., & Roser, M. (2020). Environmental impacts of food production. Our World in Data. Retrieved
February 7, 2025, from https://ourworldindata.org/environmental-impacts-of-food

Rogerson, D. (2017). Vegan diets: Practical advice for athletes and exercisers. Journal of the International
Society of Sports Nutrition, 14, 36. https://doi.org/10.1186/s12970-017-0192-9

Ros, E., & Martinez-Gonzalez, M. A. (2016). Nut consumption and cardiovascular risk: What we have
learned from the PREDIMED study. Nutrition, Metabolism and Cardiovascular Diseases, 26(12), 1099—
1106. https://doi.org/10.1016/j.numecd.2016.09.006

Thomas, D. T., Erdman, K. A., & Burke, L. M. (2016). Position of the Academy of Nutrition and Dietetics,
Dietitians of Canada, and the American College of Sports Medicine: Nutrition and athletic
performance. Journal  of the Academy of Nutrition and Dietetics, 116(3), 501-
528. https://doi.org/10.1016/j.jand.2015.12.006

U.S. Department of Agriculture, Agricultural Research Service. (2020). FoodData Central: Peanuts, all
types, raw. Retrieved February 7, 2025, from https://fdc.nal.usda.gov/fdc-app.html#/food-
details/169575/nutrients

Yaworsky, K., Greenway, F. L., & Finley, J. W. (2021). A review of the health benefits of almonds and
almond components. Nutrients, 13(6), 1959. https://doi.org/10.3390/nu13061959

AY


https://doi.org/10.1126/science.aaq0216
https://ourworldindata.org/environmental-impacts-of-food
https://doi.org/10.1186/s12970-017-0192-9
https://doi.org/10.1016/j.numecd.2016.09.006
https://doi.org/10.1016/j.jand.2015.12.006
https://fdc.nal.usda.gov/fdc-app.html#/food-details/169575/nutrients
https://fdc.nal.usda.gov/fdc-app.html#/food-details/169575/nutrients
https://doi.org/10.3390/nu13061959

