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SHAWN BAKER, MD

SIMON JAMES



Y TMHMA
7,. ( BIOXHMEIAZ &
2.0 ( ) BIOTEXNOAOINAZ
XPONIA

Special
. Meats
Occasion or &S "
Small Amountsa : RS

Weekly in
moderate portions

Diary, Eggs,
Cheese, Poultry

Few servings
per week

Daily
Servings

Fruits &
Vegetables

Daily
Servings

Whole Grains,
Bread, Beans,
Legumes, Nuts
& Seeds

Daily
Servings

Daily Physical Activity & Eating with Family

MEDITERRANEAN DIET

PALEO DIET PYRAMIDE

VITAMINS

FRUITS
BERRIES

SAFE STARCHES
VEGETABLES

SEAFOOD
MEAT
FISH
EGGS

@@@@@@@

BREAD SUGAR MILK RICE CORN BEANS POTATOES

OIL SEEDS
PROTEIN
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* Baoidetal n €€€Aén tov Homo Sapiens otnv KatavaAwon
KPEATOC?

* [Toon mpwTteivn pemetl va AapBavoupe ye tnv datpodn?

* Mrtopoupe va AABouUpE ETTAPKN TIPWTEIVN PE Pla GUTLKN
dlatpodn?

* [TANPNC KAl hn TTANPNG pwTteivn

* Ta BCAA kal n avarttuén puikneg padag

* H BlodlaBeoipotnta tnNC PUTLKNC TIPWTELVNG
e AloBnua KopeopoL Kal TTPWTELVN
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Green plants
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Certain protists
Green plants? \ L-GalLDH
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Reduction at C1 L-Ascorbate

results in “inversion”
of C skeleton numbering

l e Rat GULO gene

I II III v v VI

Mammals
XI XII

UDP-p-Glc ==# UDP-D-GIcA == D-GIcA = L-GulL

VII VIII IX X

Fungi
D-Ara =% D-AralL =% D-Erythrosacobate Human GULO pseudogene

p-Erythorbate
D-Gle Bk (p-Araboascorbate)

© Bob Crimi

Yuriko Ohta, Morimitsu Nishikimi, Random nucleotide substitutions in primate nonfunctional gene for [-gulono-y-lactone oxidase, the

missing enzyme in [-ascorbic acid biosynthesis,
Biochimica et Biophysica Acta (BBA) - General Subjects, Volume 1472, Issues 1-2,1999, Pages 408-411, ISSN 0304-4165,
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Herbivore:

The human
digestive tract

1all intestine
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jejunum
ileum
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Prosimians

What Humans See ' | -
ARERPAITHR Percdicticus

Human Spectrum

What Cats See
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Catarrhines

- 40 MY A

TRENGE i Ecology & Evelution

Alison K. Surridge, Daniel Osorio, Nicholas I. Mundy,
Evolution and selection of trichromatic vision in primates,
Trends in Ecology & Evolution, Volume 18, Issue 4, 2003, Pages 198-205,ISSN 0169-5347
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Petar Pajic, Pavlos Pavlidis, Kirsten Dean, Lubov Neznanova, Rose-Anne Romano, Danielle Garneau, Erin Daugherity, Anja Globig, Stefan
Ruhl, Omer Gokcumen (2019) Independent amylase gene copy number bursts correlate with dietary preferences in mammal
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Additional pancreatic coples %dmmw‘ 'wmmwbw
are retained n spocies with expreasion in spocies | by & concened efect of reguisory archilecture
high starch consumption | consuming broad-range diots [ and rumber of gene coples

Perry GH, Dominy NJ, Claw KG, Lee AS, Fiegler H, Redon R, Werner J, Villanea FA, Mountain JL, Misra R, Carter NP, Lee C, Stone AC. Dietand the
evolution of human amylase gene copy number variation. Nat Genet. 2007 Oct;39(10):1256-60. doi: 10.1038/ng2123. Epub 2007 Sep 9. PMID:
17828263; PMCID: PMC2377015.
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Henry AG, Brooks AS, Piperno DR. Microfossils in calculus demonstrate consumption of plants and cooked foods in Neanderthal diets
(Shanidar Ill, Iraq; Spy | and I, Belgium). Proc Natl Acad Sci US A. 2011 Jan 11;108(2):486-91. doi: 10.1073/pnas.1016868708. Epub 2010
Dec 27. PMID: 21187393; PMCID: PMC3021051.
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KoTtpoABolL

EpumAoutiopeva pe CAZymes Ttou amoltkodopouv To APUAo, Adyw
NG vPNAOTEPNC KaTavaAwong cuVOeTwy vdatavBpaKwV

Wibowo, M.C., Yang, Z., Borry, M. etal. Reconstruction of ancient microbial
genomes fromthe human gut. Nature 594, 234-239 (2021).
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Rand WM, Pellett PL, Young VR. Meta-analysis of nitrogen balance studies for estimating protein requirements in healthy
adults. Am J Clin Nutr 2003;77:109-27.

Nitrogen Balance
(mg N.kg-1 .d-1)

50 100 150 200

Nitrogen Intake (mg N-kg-'-d™)

FAO/WHO/UNU (2007). "Protein and Amino Acid Requirements in Human Nutrition."
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<€ 50% 50% >
34% 34%
13.5% 13.5%

: 2.5%| | 2.5% _
-3SD -2SD -1SD Mean +1SD +2SD +3SD
Median

Percentile 2.5% 16% 50% 84% 97.5%

EAR = Estimated Average Requirement
RDA = Recommended Dietary Allowance
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RECOMMENDED INTAKE LEVELS FOR ALL AGE GROUPS (g/kg/d)

¥ FromGreens

{ Recommended Daily Intake

1.52
1.3
1.2
1.05 1
0.95 0.95

I I i u-a

0-6 7-12 =3 4-8 9-13 14-18 19+ Pregnancy Lactation
months months years years years years years

P it iY@t

Source: Institute of Medicine (2005) - Dietary reference intake guide (NAP.edu)
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XPONIA R —— e Geirsdottir O.G., Arnarson A., Ramel A., Jonsson PV., Thorsdottir I. Dietary protein intake

is associated with lean body mass in community-dwelling older adults. Nutr. Res.
2013;33:608-612. doi: 10.1016/j.nutres.2013.05.014.

Ardisson Korat AV, Shea MK, Jacques PF, Sebastiani P, Wang M, Eliassen AH, Willett WC, Sun Q.
Dietary protein intake in midlife in relation to healthy aging - results from the prospective Nurses'
Health Study cohort. Am J Clin Nutr. 2024 Feb;119(2):271-282. doi: 10.1016/j.ajcnut.2023.11.010.

Tieland M., van de Rest 0., Dirks M.L., van der Zwaluw N., Mensink M., van Loon L.J.C., de Groot\
L.C.P.G.M. Protein Supplementation Improves Physical Performance in Frail Elderly People: A

Randomized, Double-Blind, Placebo-Controlled Trial. ]. Am. Med. Dir. Assoc.2012;13:720-726.

doi: 10.1016/j.jamda.2012.07.005.
S /)] )

Rafii M., Chapman K., Owens J., Elango R., Campbell WW,, Ball R.0., et al. 2015. Dietary protein
requirement of female adults >65 years determined by the indicator amino acid oxidation
technique is higher than current recommendations. J. Nutr. 145(1): 18-24.
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FASTING
MIMICKING

oe’

Extend fesoan’
Extend lifespan’

\CiJ WIS}

Metabolic Health

/‘Uﬁv‘”ﬂ ated Disease

Danna Wang, Jin Ye, Renjie Shi, Beita Zhao, Zhigang Liu, Wei Lin, Xuebo Liu, Dietary protein and amino acid restriction: Roles in metabolic health and
aging-related diseases, Free Radical Biology and Medicine, Volume 178, 2022, Pages 226-242, ISSN 0891-5849,
https://doi.org/10.1016/j.freeradbiomed.2021.12.009.
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0,8 g/kg cwpatikov
Bapoug/nuepa

70Kg- -> 56g

PLANT PROTEIN

1 gram edible protein per 100g (3.5 0z) in weight

e (:’ Potato |m

,4&- Brown Rice |pm
Ppry Spinach [
“4¢  Quinoa |mm
B8 Kidney Beans |
9% Pinto Beans |
w8, Green Peas [mmm
,» Macadamia Nuts | s
4 Lima Beans
%2 Wheat Bread
v Garbanzo Beans
oo P S8 Lentils

*. Pecans
k. Soybeans

a Walnuts
.‘ Hazelnuts
%‘fh Cashew Nuts
«@» Chia Seeds

.g%‘n ‘Oats

“ 7 Tofu

. 2 ’ J'
‘ Flaxseed

E ~. Pistachio Nuts

e Almonds
‘%\ Hemp Seed
§ S

Peanut Butter

< 2.50¢

~——
2.90¢
4.40¢g
4.83¢
4.86¢g
5.36¢g
7.79¢
7.80¢g
8.80¢
8.90¢
9.02¢
9.50¢
13.10¢
15.03¢g
15.03¢
15.31¢
15.60¢
16.89¢
17.19¢
19.50¢
21.35¢
22.09¢
23.00¢g
25.09¢

> — 50g

32.97¢

a&}, Pumpkin Seeds

40
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Meat-Eaters Fish-Eaters Lacto-ovo-Vegetarians Vegans
n (%) 18,244 (60) 4531 (15) 6673 (22) 803 (3)
Energy (kcal) 2091 2030 2002 1944
% Energy from protein 17.2 15.5 14.0 13.1
Protein (g/kg of body weight) 1 1.28 1.17 1.04 0.99
Protein (g) 2 90 79 70 64
Body weight (kg) 2 70 67 67 64

SobieckiJ.G., Appleby P.N., Bradbury K.E., Key T.J. High compliance with dietary recommendations in a cohort of meat eaters, fish eaters,
vegetarians, and vegans: Results from the European Prospective Investigation into Cancer and Nutrition-Oxford study. Nutr. Res.
2016,36:464-477. doi: 10.1016/j.nutres.2015.12.016

Mariotti F, Gardner CD. Dietary Protein and Amino Acids in Vegetarian Diets-A Review. Nutrients. 2019 Nov 4;11(11):2661. doi:
10.3390/nu11112661
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60 -
5
L
Protein intake 5
. = 40 -
(g/day) in the =
Adventist &
Health Study 2 2
B
20 -
0 -
¢
\Q*o
<

Rizzo N.S., Jaceldo-Siegl K., Sabate J., Fraser G.E. Nutrient profiles of vegetarian and nonvegetarian dietary patterns. J. Acad. Nutr. Diet.

2013;113:1610-1619. doi: 10.1016/].jand.2013.06.349.

BN Non Vegetarian
B Scmi Vegetaran
B Pesco Vegetarian
3 Lacto-Ovo Vegetarian
] Strict Vegetarian
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Average protein intake of vegans based on different samples in the literature.

Study Protein Intake Vegans Method
O%E g g/kebw 1)
EPIC-Oxford (UK) 13.1 64 1 0.99 803 FFQ ?
Nutrinet (France) 12.8 62 789  Multiple 24-h
R
AHS-2 (North America) 14.1 71 5694 FFQ
A Belgian study 14 82 102 FFQ
A Danish Survey 11.11 67 70 4-d weighted
Record
Recommended Dietary =10 50 0.83
(approx.) |[appm:{.] (exactly)

Allowance (RDA)

Mariotti F, Gardner CD. Dietary Protein and Amino Acids in Vegetarian Diets-A Review. Nutrients. 2019 Nov 4;11(11):2661. doi:

10.3390/nu11112661
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Essential amino acids in some common foods™

chicken |ground beef, |cow's milk, lowfat, 2%, |soybeans, |cornmeal, whaole grain, | flour, pinto beans, |sunflower seeds,
eqd, lean, broiled, |246 g dry roasted, | 122 g whole wheat, |boiled, dry roasted,
boiled, 100 g (8 fl oz) 86 g (1 cup) 1209 1719 28 g
1 large [{3.5 0z) (1/2 cup) (1 cup) (1 cup) (1 0z)
(30 g} A~
tryptophan |77 1277 115 494 @ * 254 166 a4
threonine 202 1,080 265 1,478 372 474 o2 223
isoleucine 243 1,111 490 1,651 S 610 621 274
leLIcine 030 1,954 795 2,772 1,215 14111 1,122 )=ty
lysine 452 |2,057 644 2,265 278 (|44 Q64 225)
methionine 196|633 205 459 207 e (ED) 119
phenylalanine | 334 Q55 293 1,777 487 79 %‘9 281
valine 284 1,202 o4 1,699 a1 42 350 216
histidine 149 245 220 918 a03 220 J92 152

*In milligrams.
**Underscored number indicates limiting amino acid.
Source: Jean A.T. Pennington, Bowes and Church's Food values of Portions Commonly Used , 17th ed. (1998),
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Table 5 Amounts of sample foods required to provide [B] a total
amount of EAAs equal to the recommended daily sum of total EAAs
(i.e., ~12.9 g) or [C] the RDA for each individual EAA.

From: Essential amino acids: master regulators of nutrition and environmental footprint?

Egg Milk Beef Pig Chicken Seabass Soybeans Beans Peas Wheat Maize Rice Potato Cauliflower Quinoa

B 206" 718 123 137 109 131 65 267 642 339 337 | 439 2063 1775 154

C 2952 890 171 168 140 174 89 478 1105 879 814 817 2856 2169 205

Recommended daily allowances (RDA, referred to a 70-kg man) (see Table 2 for references). Data are expressed in grams (g)
of edible parts, with the exception of milk (ml).

'Corresponding to 3.74 eggs.

Corresponding to 5 eggs.
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wamoe AMINO Acid Pools & Protein Turnover

fSynthesis el

S @%ﬁ
Dietary Plasma —» Intracellular
intake of AA pool —  AApool <

Protein (N,,) l l

<&

NH, CO, Breakdown
Catabolism
\_PROTEIN TURNOVER /
Excretion
(Now)
Modified from Shils et ol. 2006

Modern Nutrition in Health ond Disecse
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Position Paper

Position of the Academy of Nutrition and

Dietetics: Vegetarian Diets

ABSTRALT

It is the position of the Academy of Mutrition and Dietetics that appropriately planned
vegetarian, including vegan, diets are healthful, nutritionally adequate, and may provide
health benefits for the prevention and treatment of certain diseases. These diets are
appropriate for_all stages of the life cycle_including pregnancy, lactation,_infancy,
childhood, adolescence, older adulthood, and for athletes. Plant-based diets are more
environmentally sustainable than diets rich in ammal products because they use fewer
natural resources and are associated with much less environmental damage. Vegetar-
ians and vegans are at reduced risk of certain health conditions, including ischemic
heart disease, type 2 diabetes, hypertension, certain types of cancer, and obesity. Low
intake of saturated fat and high intakes of vegetables, fruits, whole grains, legumes, soy
products, nuts, and seeds (all rich in fiber and phytochemicals) are characteristics of
vegetarian and vegan diets that produce lower total and low-density lipoprotein
cholesterol levels and better serum glucose control. These factors contribute to reduc-
tion of chronic disease. Vegans need reliable sources of vitamin B-12, such as fortified

foods or supplements.
J Acad Nutr Diet. 2016;116:1970-1980.

POSITION STATEMENT

It is the position of the Acaderny of Nutrition
and Dietetics mppmpﬂatelgh planned
vegetarlal'l, inclu vegan, diets are

healthful, nutritionally adequate, and may
provide health benefits in the prevention
and treatment of cenaln diseases. These
dletsare all stages of the life

i Iamtlun. Irrfancy
oiesmlce, olde
and fnr athletes. Plant-based tiels are more

environmentally sustainable than diets rich
in animal ucts because they use fewer
natural resources and are associated with
much less environmental damage.

protein intakes, when caloric intake
are adequate.”” The terms complete

and incomplete are misleading in rela-

tion to plant protein. Protein from a

variety of plant foods, eaten during the
course of a day, supplies enough of all

indispensable (essential) amino acids
when caloric requirements are met.’
The regular use of legumes and soy
products will ensure an adequate pro-
tein intake for the vegetarian, as well as

.l

providing other essential nutrients.
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(Leucine, Isoleucine, Valine)

' Protein synthesis
Cell growth

Cell

Dietary intake BCAAs .‘

Blood circulation

Pancreas
Brain

Eye
Protein y

. Skeletal muscle
expressV Male/female tissues
GUT

BM & lymphoid tissue

BCAAs . and ...
/ 130AT1 2
mTORC1 BCKAs BCKDK @
+
BCKDH (Ea1) \
MEK/ERK pathway

l PPZCm

Propionyl-CoA Acetyl-CoA Acetoacetate

RS

Succinyl-CoA —== TCA Ketogenesis

Glycogenesis <-/ l /
e b

ATP

'Chemoreswtance
SOX2
USP1 and deubiquitylation of BCAT2
Glutamine synthesis

Tumor cell growth & proliferation
Tumor cell migration & metastasis

Er Xu, Bangju Ji, Bangju Ji, Ketao Jin,Yefeng Chen. Branched-chain amino acids catabolism and cancer progression: focus on therapeutic

interventions. Front. Oncol.

, Volume 13 -2023 | https://doi.org/10.3389/fonc.2023. 1220638
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Danna Wang, Jin Ye, Renjie Shi, Beita Zhao, Zhigang Liu, Wei Lin, Xuebo Liu, Dietary protein and amino acid restriction: Roles in metabolic health and
aging-related diseases, Free Radical Biology and Medicine, Volume 178, 2022, Pages 226-242, ISSN 0891-5849,
https://doi.org/10.1016/j.freeradbiomed.2021.12.009.
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Monteyne AJ, Coelho MOC, Murton AJ, Abdelrahman DR, Blackwell JR, Koscien CP, Knapp KM, Fulford J, Finnigan TJIA, Dirks ML, Stephens FB, Wall BT.
Vegan and Omnivorous High Protein Diets Support Comparable Daily Myofibrillar Protein Synthesis Rates and Skeletal Muscle Hyp ertrophy in Young
Adults. J Nutr. 2023 Jun;153(6):1680-1695. doi: 10.1016/].tjnut.2023.02.023.
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Protein digestibility-corrected amino acid score (PDCAAS)

Digestible Indispensable Amino Acid Score (DIAAS)

Amino Acid in protein Protein PDCAAS score I Amino Acid in protein AminoAcid _ DIAAS score
Amino Acid requirement = digestibility = truncated to max.1.0 Amino Acid requirement = digestibility = (no truncation)
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Protein Sources PDCAAS DIAAS
Animal proteins
Skimmed milk powder 100 * 123
Milk protein concentrate 100 * 141
Casein 117
Whey protein isolate 100 * 125
Whey 85
Whey protein concentrate 100 * 133
Pork 117
Beef 112
Chicken 100 108
Egg 100 101
Insect protein 75

Ajomiwe N, Boland M, Phongthai S, Bagiyal M, Singh J, Kaur L.
Protein Nutrition: Understanding Structure, Digestibility, and

Bioavailability for Optimal Health. Foods. 2024 Jun 5;13(11):1771.
doi: 10.3390/foods13111771. PMID: 38890999; PMCID:

PMC11171741.

Plant proteins

Wheat

Oats

Oat protein concentrate
Soy

Soy flour

Soy protein isolate

Pea

Pea protein concentrate
Fava beans

Rapeseed

Lupin

Canola

Corn

Potato

Gelatine

Red kidney beans
Chickpeas

Split red lentils

Split yellow peas

51
64
69

100 *

100 *

64

84

40-80

100

54
57
67
91
105
98
70
73
55
67
68
72
36

100

51
85
50
73
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Advances in Nutrition
Volume 10, Issue 5, September 2019, Pages 755-764

Perspective: The Public Health Case for

Quality

David L Katz !, Kimberly N Doughty * & &, Kate Geagan 2, David A Jenkins 3,
Christopher D Gardner *
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Ghrelin

Stomach
G-cells

AloBnon Kopeopou

o @ e [ Appetits ]
Brain =]

Appetite Center °
Hypothalamus °
e
li
Oxynto- g
modulin
Small Intestine Large Intestine Fat

I-Cells/K-Cells L-cells B cells Adipocytes
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OVERALL MECHANISMS

Responses to food across the lifecourse

re

SPECIFICTARGETS

Energy balance and
reward pathways

Early life nutrition and
neuronal development
Fontrol +Ghrelin

Ghrelin inhibits
neuronal outgrowth

Brainstem solid/
liquid calories

Satiety cascade

Targeting vagal
nerves

Exercise-induced
compensatory eating ’:l

Nutrient-induced hormone release

Gut
microbiota
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Food intake

v

[

Gastric accommodation
NO-mediated IGP drop

I

Gradual increase of IGP]

Gl tract

Activation of tension
receptors in proximal
stomach

v

Meal-induced satiation

v

Termination of food
intake

Tack J, Verbeure W, Mori H, Schol J, Van den Houte K, Huang IH, Balsiger L, Broeders B, Colomier E, Scarpellini E,

Brain

BRAIN
GUT FUNCTION

= \:/— APPETITE REGULATION

N APAS
SZEER
FQ

BRAINSTEM

RS

NTS

HOMEOSTATIC NEUROPS

'YCHOLOGICAL

Carbone F. The gastrointestinal tract in hunger and satiety signalling. United European Gastroenterol J. 2021
Jul;9(6):727-734. doi: 10.1002/ueg2.12097. Epub 2021 Jun 21. PMID: 34153172; PMCID: PMC8280794.

Front. Physiol. , 11 June 2020, Sec. Gastrointestinal Sciences Volume 11 - 2020 | https://doi.org/10.3389/fphys.2020.00643
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OLPputkEgiveg, 1Olaitepa ol BLaAvtEg iveg, JUpwWvoOVTaL OTOo
£vtepo Kal tapayouyv Bpaxeiag alvaoidag Atrtapa oé€a (SCFAs),
Ta otoia evioxvouv tepattepw to PYY kat to GLP-1, evioxvovtag
TO aioBnua mAnpotntac.

OLpuTtikEg iveg, eldKA OL SLAAUTEG (OTTW G ot BPWHN, TA

dacoAa kat o Aivapoomnopog), oxnuatiouv pla mNKTN ovaia oto
otopdxl, av&avovtac to LEwWde TNC TPodn g Kal KaBuoTtepwvtag TNV
££000 TNC.

Ol puTIKEG iveg pELWVOUYV eETITAEOV TNV antoppodnon Tng
YAuKoZng, dlatnpwvTac Ta eMineda evepyelag otadepa Kat
HewwvovTag TIg AlyoUpEG.

OLputikEg iveg Opedouv ta WwPEALPA BaKTHPLA TOU EVIEPOU,
Ttou Ttapayouv SCFAs (OTtwg To BOUTUPLKO KAl TO TIPOTILOVLKO
0&V), Ta omtoia av&Avouv TNV Tapaywyn opHOVWY KOPECSHOU Kal
emtnpealdouVv ToV UMOOAAAHO LELWVOVTAG TNV TtEiva.

OLTpodEg HE PUTIKER iveg (OTTWCE TA AaXaviKd, Ta OOTIPLA KAl Ta
ONUNTPLAKA OALKNG AAECEWC) AVEAVOUV TOV OYKO TWV YEUHATWYV
XWpPIC TTOAAEG Beppidecg, dateivovtag To CTOHAXL Kal
EVEPYOTIOLWVTAC MNXAVIKOUG UTtOd0XEIC KOPETHOU.
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Enteroendocrine cells

Anatomical features

(140-160 cm)

Ghrelin i
CCK
GIP
(180-240 cm)
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* H peyaAn mAsoPnoia tTwv BLOXNHUIKWYV KAL YEVETIKWYV
€EEAKTIKWYV TIPOCAPHOYWYV TOU avOpwTmivou l80UC Eylvayv yua
TNV Katavailwon GuTIKwyY Tpod wv

e 2 HLa dlatpodn e TOWKIALA TpOP WV AauBAVOUHE TNV
anmapaitnTn MoocoTNTA KAl TTOLOTNTA TP WTEIVNG

* H dwwkn mpwTteivn dev elval amapattntn ywa tnv avantuén
HUKNG padag

* H duadpopa Brodiabeopotntag peta&l (WIKWV Kat GUTIKWYV
MPWTELWVWYV Elval HIKPN

* OLPUTIKEG TNYEC MTPWTELVNG UTIOPOUV VA TTPOKAAEGOUV
HeyaAvtepn atlcOnon KopeopoU
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