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Comparison of the environmental and health effects of plant and
animal proteins in sustainable diets

' Plant-Based

% = ]
% .
< b =4
) % L - -
o L = -
| = » .
4 -
B )
ok . 3
- i
! - <
b . ~ .
g . 3
- ~3 E S v )
Y : , v
L -
i S
=
3 : - :
B
* Ty g 3 =3
P =
R L




VL:&OJLQ.&_.)?LOK

L olSiils olié golio pwkige g pole cole ol 1ol el
ol [8laesme s ;15 1pex] Hgliio LW

Gde (e 1y yuw

$3leo m2y0 1 ghmmo 10

— 025 e oS Ol (S dra—ainsl (el 1Ay g I Sl
Sl 125
(S0 (ymn>daSrs — Syl > sl 65)""’"‘")"9 St 33 gt

=)




Lss o3 slasusls 5 eale Sl 4 Oleadde 5 atien b Oy S |y i o ople sl L K
aeglie oy 3 ) Sle s s 0 S A 5 e S S o ool ) S e ME mls

331 sn $3Lal a5 g ey Slaime (SO DLl Dl 53 WOT 28 5 Sl 5 aLS slass
e la S s 6,5k s e sl il 5 ladns ABT Gl SH5 S D oS
3 S LG WLl 2 55 wdss Ola asiie 5 OlbeZils oy ol .l 03,8 0Ll i 5l i |y S s
3 s &l (6 2y malr s LSl el sl s Ly Saly e o oo Sl 5 o 5 slags sl

@\ijgduﬁjﬁwduwwjﬁchjcbL;AKSQQJ_:JULQ_&&&\‘[:_M\JM

.C‘,‘M‘ C?-‘bﬁ

ool el d‘”l“‘“‘ Lguuiwﬁgéﬁ\o:;é)ﬂ:ﬁ l)dlﬁbJ)&meQY&Aj\Lg|uw e ol 3
o 3 (e LS c.ﬂb Py LSuQ-i)iiL’.' OJ\.;..{I) ssladl g5l cuk.?uca_mij Q\ﬂj‘l} (Slaudss

Slalging 5 ole GelSus oS r.:\o;\; (ﬁlk.r_.:‘ dalf\:,.}\.: w51 SO L olias| glaslias oglos g

S o S L 5 Il s s LS slantis B aes o | Ol (65 )8

LG sls 3 ol 31l anal bl Gl 51 5 oIl s 5 LIS s 5 AT S sl ol 2 L
2 Oleaddhe 5 Ol a5 laanasie Ole it 5 GBI oS 8l o —ba 6 s oot 5 ale Jlae Ll
o3 Sy ms s 5 i AT e 5 S3a a8 Wm0 80 Sl led nl S Sl ool o sl Bl B0

AL Gl dis o s

o)ww"w)ﬂjwjjbby.l@.x}ju}}UbASqJ_‘LJQbKAA}Q\Jm‘}ﬁ“)KMJJ@L{:’)hdlﬂlﬂ))

oy . o te st 1 fw ™ N ( Z 1 Z o S ™ ol o -




CS'“:“‘ pd o
&}(U,

255 L (K b= ke i Shes Olal e sled ot sl 5 oDl (50 L

il oSl 5 (63l Sl L s &S L e ol gl

J‘d_i‘r'u\_.ll.’@ 059 4—"‘}3‘55;—*-;‘]" MJL:;AS&L_.»‘ Jlxe J._’)‘Ja- ng_w)‘ L@_’Q‘Jf B 50 Lf’;a)L.o
So ydls ol e gdhe Wl plaie g o 5555 SLS - plol el Coand ol Lai (slael,
24l ob))rme-g;.am)s&\ﬂﬂ}gv)b)dsw e sl
u_éjsuAJ_‘;_)\.:\_Q-)JH}AJALEALSJ‘)TJJK)Hﬂﬁ@&dwl}uﬁwlﬁﬁqﬁﬂwww\
oS Ul e oyl S el Sl el il olan] L gl dis pr sl (ol ale ISl
@}@)J;"é\)_g&\u@Li_.,aWWJCJJ&QQM\DCJQ)LSL’I_.J})b&?;J_};JA
‘3,)‘3}.'@"’-*’64%'1’5

)JL;J&:,«_}'L@J gJ_an;l_AQl_w)LS)Liﬂ_wﬂw‘Jédo‘J_o.h ut_wj.)ju% J\.:Sl_w‘ L;dl_q.?)‘ cdlil.;))
.?Jﬁi‘f‘-}.&.“‘g‘)‘;‘b‘)ﬁ

(S e ol ol gandlas 4y Les




*

el
Macveneee d&ijdTﬂL}d\}?jgbLf‘shuéjfgsm\}m"_s*fj [WES
| 1 [N ‘5,‘“fjjbuféué)wu‘&\{)bft‘f‘suﬂ}ju‘"‘-’

é . . . a
\ f 0000000000000000000000000000000000000000000000000000000000000 @“w ‘Su‘:ﬁ?bj){' M w“b.u w))g

v w.}hz’wﬁou\cs‘x@lﬁf‘s\nwﬂ;ﬁtgq;w

|1 SN coMaE hyg Sy p Ol i Sy 2 Flem a9y ol

Sl 5.1 4 58 IS )3 (BT b F Ail)ydr a3 o 55 G (oo 1

| 05 (TR @‘Hju'htﬁf ‘5\"&3} g".”,é”s J)‘SJJT)-QJ .o 5‘5&@"’)3 )-:’%

& (o . e . - N . . N Z . T
A 5 B s Wiy 53 s S g p Jio il s o (LS Gla e 5 LT

Y ceeeeeeeeeesesenstasssassssastassessssstassassassssnssassasssssssnssases € b dudl 4l

. gz ‘
| I SRR Sl b A 1S 5 i




Contents

Analysis of the Amino Acid Composition of Plant and Animal Proteins and

Their Effects on Human Health...............cccooooiiiimmnnnnneececnnenenen. 27
The role of plant proteins in reducing diet-related diseases .................... 30
Examining the digestibility of plant proteins ..............ccocoeviviiiiniinen. 33
Plant-Based Proteins for Human and Environmental Nutrition............. 36

Impact of Animal Proteins on Hormonal Changes and Muscle Growth ... 38

Examining the Role of New Technologies (Such as Lab-Grown Meat) in

Reducing the Need for Animal Proteins ...........cccoeveviiiiiinininiinnnnn.n. 39

Impact of Industrial and Processing Methods on the Quality of Plant and

ANINA]l PrOteImS toviieieiiitttttetereeeenannnssasessssssossssnsasnsnsnssnsss 4]

Can Plant Proteins Play a Role in Muscle Growth Like Animal Proteins?

©©3333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333» 42




oM Codlw ol Jib g Slgus 9 (BLS b (1S9 ol oS 5 Jude

W ol cymod

szijmS oaSisls ‘@L,\.c el—a—a@ 9 r:sl.c 05; ,‘Sa‘.,\.c é‘j.c 6)5L$ u.ua‘)f “S;L.\.c é)l.a.ao ‘Smd...é{o 9 'a5.l.c LSJ"SQ sz?r.m.a‘b
5% Lsfu‘).w oKisls

ouS>

booslony oo o Cedls gyl 13l 5 Jlsm 5 (BLS slainiin soemlsine] oS3 aglio 5 gy 4 allie
ol Jds 4 (2L (sla (g 058 o (s a8 culae g blje cilise glo (g 50 laalsiel glsil Lo
Slom Gl (peigy a5 > 50 S S Geje b (g)lew s el 4 alles o o JsyndS 5 gLl slo )z (0
Srae glp ol arogs dlie pul i She sl b C8b Sl g e sl o3 Garlgiel Ly o S5 s 4
WS SeS S0 oS g Caodhs Sgupy 0 b a0 &3] Slo> 9 LS lo uiigy Jolaie

35 6550 bl (2lS sla oty (>l b e
SrwS Joymds g gt slo oy g?yuw [PHIERVAN
e Sguge o Nlgi co a5 WYl 55 6 iy yod g A5l
Sty S SIS b glo g)len Jla alS g
9 &0 05 e e (dsS wiile omlie 5l Sl
Sle 559 )b bl 51 (Sl so Cews 4 Sl
IS b @ sl samlyinel oS 5 a5l ol Sle
e a1y (59,0 sladrlainl oles g cul 5 lS
egp O9h (oo el gadge (pl MS e ol SIS

9 Sl 9 2L S (pigp owwlgenl oS 5

oo Ceodlw y1

(s dogd sl ulee ng I L
Sl (i 5l ol (o ces 4 OO 5 Lge 95
Soumlaiel CuS 5 oS ol opl alS Gla gy 5L
ol sl Sls slo g 5l eSS ok 4 LSl
eBgy Al mlie coS 5 a5l cunl (S g9090
G (65978 (Slodsmlyinal (goled (els 512 15 (o8LS




B sle (olor Ml Jlas Wl (oo a5 058 JoulS Sl Sae 5 b S8l o5 g W) Sl Sl sl
OeSgn Srae ;5 Jobss nlply aes (Il (Bgpe 5 Sl (o9 n 0> 5l Gl Spae (ol b sl S5
s 4o )Ls.mg b.!alsf 9 ‘53‘%> sl 9 &L..::‘ sl =z le)sl 4 oue Cennl ui‘“’ ‘5;|9_\>

&bw 9 Slgu> Wby g ) oo (Gl giono]

]
Gl sy Jels Slee sl S
oo Sloe glp o 45 e (59,0 Sadsmlgine]
e 5P bl ol s e ol 4 955 il
5 Sl e eBign 50 d9zae lasiulsial s
LS oo 0,L3 b T ookes aslia
nolie ;0 &S (65950 saasulyiel 51 (SO temd )
Bl 098 (oo 2B Sl glo (sn o 2V
e 23 5 el s S T 4 el
2 st G 45 108,568 anlgiel iy guie
ol wlie o)l ok o )Shee 5 (9 i
(Sl 9 €50 059 oalo udgT
EMNS 5 el 0 &5 uplynel fowigiy T
b i Jold gl ojls 28 G sle oeFgn
Sl g €0 058 ole
Sl 53gde g Gdgig e Sdgi (sl TlBgky
055 5 ple Ere Oyelisr i Joll mlie il oo
e
4 Spmlsieal s (nl fordly 9 awgla il e
g Ngh oo aFlid b asls slearwlgial olae
ale witia glo cdlae peep 5 el ol
SYgaze g Ero 135 i plo fye ilgS i felt




‘; 3‘.{»" /. "t/ L
" P L iy wilgd '

N
~——

-

gy Sdmmilyiel oS el (san ez 0

slie pl 51 G o as s o lid gle> 5 LS o

Sl ey s 393 ol calre g Ll sl

4 haS JodS g glodl glo o)z 9 YL b L alS v
S Fr s ¥y cobs ol glo g)lem sl ialS 4
b w5 a5l WS s S8 ol gl H

slarslyiel (ales s glp (AL iy calisee
JobS S5 b Slo b gy - 0500 0529 (5900
S DDLae g o S8l e 5 WD) Sl cgnmlsiel

P BEYEEs
:

aies o2 ool 5 B12 sl 5l et @l 5 w550 . :
Sl G (g p Wl

b Gras (ol b isd (o iz 2oy 4 S
g ekl sla oy Gl 4 e Cosl (San b T 0>
5 B Gl grlen Sl Wil 0 a5 0eh Jo s
Comdy oy 4 oliws slp cams Gl 1, (Bgpe
3 Poliie Bras o3l 4 0ed o Aoy (gD
b 5 3l 5 antl axils s 5 oS (sle (S
o S5 ol o 055 23 w5, )0 (B
WS SaS (ages Cdls 5 (SN S Syt 4 Wl
S (g S (peie slo (gle 5 5k Sl

/' "h £
i j/
'y "

A

Y

,-
Al

f



210 125y b b po sla g lows Gl 30 (AL sla gy (s

oy oRadls ¢ 5 (65,0liS euSiiils ( ldé Slae (5,5l Gy j )l ol IS gaomils

oS>

a2 510,51 sy Al 5 Sl 51 lsioe |y (3 Slagis s s Sl Gl3E 5, (65555 152 Lags

el s a8 sl s e Gy S 5l Lages Ll o)l sz Sy cnSon sl it Lol
OO W yo & (y95he ( I JYs (arme DL Lad (sl Cenl (Sen (LS 4 Slga (g 1 ST (08 Jli]
arg b adl osllas (65 as 4355 25w b oj)les 5 0aliS B iy LB (30,5 03,50 die i eyl e
ad Wz U gogno Wiy, (nl 0950 Uamil 5 Wilod S Iy 1) (6 Cangerne dnsy jska (LS Glaetsy (LYo (nl &
Sl mizman 5 el 09l (sblie Jds @ (o8l Slaratis g ohagtr ol p (e 2l slapa; il acll ous]
8l (AL slalae )3 alS lamign il wlad )5 18 GBS B ras g Gl 4z g5 3 50 (e arelen
S JBeaS s 5 (Fone Slge dairalig b 5l i lacetisn 2 odle (AL Sbalid Cote (ol wlsd 5 Wl oo
slagatsn blie 0 (IS johu 1) (LS slalie (dlo Wl (lgioes Soigdsmennl Slallhae )3 305 oo (AL (2l
Sldlas 13 isS o Byae BLE slocaits,y Laid a5 o sl S 5l oS slasd il ogdle 5,5 Iz o5 sl LS




(F95 o Golom 4 Slas 2alS (sl oo T iy 5 (2L Glagatis y wilond oailiS 35250 Koyl 5055
345 Slaptas o5 jshailes 5 oo )18 Son 890 plaS 2 (/)9 S ke 9 Ol s 5l (6 Ry (Sl Su e
S )90 (8 Futan Dligiods 4z S1.05 58 oo 518 oolatial 3550 (BLS @l 5l (egp CodsS et sl S2l Sl o Bl
4 SAE Sl S S 508 eie laslen (nl Cu e 9 62 KEn )0 (AL (s n B R LB sk &S Cel LS
hlaglas Glus lp 1y sludss ghlze olS lacesyn a5 was oo plis walsd S o Ll 5 IS (aLS 236 3,
230 2S5 @l Sl ol (g Spae b bl e 0gilly (Dl SLlie (o)l 00 o0 Al caiiS o0 B0

e sl S 5 o B

ol 33 gdne Slge 9 158 (gl LA «g; ol 5l 9 09, 518 585 0,lkee 4 5 lo Comexr JST V000 JLoo b 39 0 Uikl

sl gyl oS S o mlie Wb el GLAE (pl 4 2955l lp el waly Gl Ve U Gl

55 % (Sl G Jld Sy lasin b (Joid Sl 5 daaling ale Jlad Sy izl (ooter e plim (LS
.\.HSG.A cdadlos ‘_Q)Lo.:.o iz .‘a..‘).w ).:lj.t ) g 00y QL““J Cods (v:m L) ;|).‘>‘ U"‘ 9 U"‘ )‘ .\»5‘54 LOA“‘ uL.u.v‘ Ls.«‘..\.c

Loy l.«.“\.a.:.m IVEL PSR aiel Sl (g0 olaas WDigd o 48,5 (a3 o0 ol slde lain LS sla sy

3oL ol slalde 5lead Biie oy nl pogdle aiS o SIS Galize las len loys 4 g i

6l lost L2lS b Boae osT eg) ol 51 waitiond Lol yaamgs 5 g Loty Sl il oty oy cloaand «pusd
s Lo pgs 95 Cubs g (Sl (ol (LDL) o5 J&s b a9 g Jg S ¢ Boye 3

wlS p (e (2188 @3, Slagsll 4 aBle il rizmen 5 (eFgn Bpas 4 QBALS Bras BMle (I3l s &
Gl bl (65908 I3 o0 (BLS (g Span b b pe (ol SLlse 5 wlsh owyp 4 &S (b Shosl (5590
Olyim o5 (elS slalie (Ll (olae w3, 50 (BLS (eign (oe sladely 890 ;0 Lo plfn il &5 Sl ppe (J>
(JoId Crrod 4 5 oo 518 0)Lal 5550 el g ladlg ) Sl 4 igd oo Sras bolie ol ) Sl oA
9 a3 o )8 o) 390 JulS slalic a5l (LS (g S o0 )8 o 990 p) 0 &S Slalllas Sl 6 ke
P (egn ple 68 4 &5 olaw) L) Sle gl 5l (etign slajls Gl p S et (2138 lawm) (28
3 on 513 oy 950 oS 38 w5, 5l (i Bl |y (ol (g p o Slalllae ax 108 oo dnlie e
a5 o oo lid 380 jekay 1) cisd owilnS Wb Ll diiis 0aiiS igase seuh, slo,eS g0l olaws lls
) Slle Lo ey ) 52 S e B 5 9,5 g Sl 5o 1y BLS ey Yool 5%z Jpane iS5
adlas SIS 0,90 ;0 1) saz oo 500,5 ads SIgln o low 5l 6, Xty slp ) 2LS sbolic s,
oS o0 Sl L.:.A'):)J S el slag S g Jad

) : "':::".'

AR



e ) Glogdll pucilSl oS 315 S92y lad Dliiios
10 el s glsil 51 S il 5o ibiblone (gl Sligas
Sldlas 5 was o plas Ll lawg Brae & jge
wlie w5y a5 s e las |y ganled Slol »g )5
Wlgd al @8ly ol (Soe (LS slaratiy 5l L e
698 bls,lobx!l 5l L8 (b cul b ass &Il 1, oladlos
aS (g in Olaasd (b pw g LS Glasign
a el 35k LS GlaoeBey 8 Loites

Dgd plil Wb ies xS alS Ll ), sl

S lyigcopa =Y

e b ey Gleme L slalie Syan
ol 51 138 il 0 5 Lol a8 ol o arslisy
I S e
Pl ot (e89n (eSon 5 7 <l )S)
‘U”‘ » 05)1.9 .o)la L\.c dl,«m » ‘) o.\.'\.ZS g.aﬁ.f).w
Sl ol ueg S a4 cand B 03, Getign
S O35 Ml g YL STfge 5 5 (SOS e

S e a1,

—oeiiegn boad g8 pdiS CogSuny (lasdllas o

(05,1l g BCAAS) lpial soisS aulass olgs

oo s low 5 (g iy

<ol =)

axgs BB Ol ysd aie; jo pu3 sldans ;o Cobs goud
9 Lm:}:a sul:u)...w g_B),.a.c uwlf c\lo.‘> )‘ ‘tS’L'\'c' f""))
l.g ‘5»‘&5 A.JYBM d)..a.a LJ’“"‘JS‘ l.a o‘).o..ﬁ ‘ul.vj.._?-
gg.). w‘ A.JLv u,u.»b&‘ AW 6)5])3 9 tS“P g_;l.ﬂ.........a
Ml ylas azg5 LB Lmals L olS 5 (e (2ld 565l
SolgalS pe slags, b awslic 0 ¥ gg Cobs

oyl bls

ol =Y

3 @dS eles g a5 Canlaione 4dx g 13
Godo g Wlowd axlis ol Calides glgil 5l (6 puKii
03 paass ()5 ey 3o ol Dlid Sl
Olem ) Olgs Bras (b 51 6, K 9)50 0

ol 08,5 dog il iy plde SIS 51 pas

@l Glagsl s Olb s 550 (e esSoe alal) Sy
odd odalive pol Sliass o 50 alS sl iy
31y bgdae clsys bl o ¢ gladllae o 13 ol
Oty 58 2bg)l SoanT wlision 10 a5 Sbj g oloye
& aisl pl w05 ) diog 00,5 CS 0 Al
P laptiyn Bras Gl 45 s oo lis o
B el ply e wlse
S amse ol aSl WS clidbre EanS G as
ol

3 S s el Sew Slem slas

slp oy

Slex 2LS lacpsigy 5l colandl

Ak oles 4 (2lS oSy Bras

\Y



IR ean Syse Sladl o e (el iy S5O
QO wl ailie 50 adlas 4 glasdlas 3l 0,5
Oon Sdgnl (pwyp a4 Galize ) (S 4G sk
shls a5 L5 alS slalic 0,90 ;0 K0 (H o 2LS
wor JB 58 5 R (S wites Yo Sy
O (AL G n Bras p oS wies o168 lagSl
Wlgion oggis nl 5)l0 WSE Slga> gy S pas |l
oSz a5l T TOU
Slagsl o 1) (aLS (e85 b (Jyere (BT S a0
el g oedle A lede Wilbu sgr  glie

e HY

by b 2L sy O] hug &5 (alaeaslSs
ST FUA WO IRX JURAIC SNRISTIVRAYS
ax Sl e S0 Gl g el a9
5 OBaSBrae ln 1) bl @mls Wi sz
Ol o)l 5l (g ey Slanhon a4y ity S5ue lilo
S A sl ad Sl s (IS el Sl >
—Oiey B pas il a5 s s lid Slool s e
S @Sl gloo S o b sl (S (8LS sl
Selplie b, las 4 Ml s fals wsile (tedl
2l Elgil ply jo cdadle (ioli8liobs Sy e 390
Lo 09 Cupde Sonr 9 (D) Cdl (Ll s
a5 WS o0 anl (5 ek Slool aSulx o] Sl adl
e @l (olS slaoSsn 5l (8 Gl slaws,
ply aiilgs g0 2138 sla foadlygiws cijls cdlw sl p
slagsl a5 wisS (3, BaSSpae sy 1) 09>
wile plalié B,k 5l Getg n Slajls el 5 a5 2l
o Aty o iyl WS ol e 5 T g
s Do (louboly 45" Cunsl iy el 2 ogdle artly
ol 13 5551 ol 35l gl 1, ol 31 4 s Lole
L o shaeoms oo 523 ails plaely 5 05 o ik 5
oo Sl (S 55 (2LS e n 5l (8 2l I

sl

Sl yahl 5 o 59 Cupse p ol Sllaazg b
o 50 Bl b (59 adlal slls ol b S gl
“ By p oS aS s i g opl 285 )8
elom b ael slaosul ol slgioe b 8LS slo
Oan paiS slacy s jo il cuisS wlaw
Sloyebly Sste 5 i s S a4 ol
IS S 3l b 5 48l gl ls o3l s S gt

LR PT I

@l oty osill b Slalae 5 sob; slaws
(;5)':_‘5‘15)]4’ J.cls.c ).v‘); B |) ULbLj)‘ ol anE

sl lad 1y

A Wiy 4o ol 4 calizee Slallae jo Basis g
9 89 B8 sl o b b e Slhls gals oy
slace b lognsis n b Sdglie ;s Jolge pioren
e g 39 J 50 a5 5 s 092 Al (slpunlSe
ale b b e (Sg0 o8 Glag il s Gials
Gl (g win SO Glgin (BLS s mlie
S a9 1 A Camnd (S S b g S gLl o>

b

\Y



P i gy pad Cabld w)yp

BT olKiils ¢ RS Ls)‘)sl..i:s ouSialo ‘u;ib'é o|9,a 6)91-"'3 S ‘\.\..i';)| 6..4[.:..2)15 ‘55:;.&3\.)

oS>

(e Sl vanal Sl oS 5 a flin Gelis CeS e Ll 40385 (Sl 0590 s e (2L Slegntisn
Srae Gl b by 5 eilS ) bagi ond i (etign Ol & man ol g e by o] ae Coll 5
Syl (Kws (ANFS) wiss oo Jelss 5 5591,8 sla by, omtign [l aile gooxie Jolge 4 g ol o)lal ]
2 S g0 SaS i el g s CodeS S5 4 (6518 i (slabs, sk il i as Jelse sjludlad sl
Sz W g5l aiile) (Faro Slahy) w8 5 (08 5 LS Coni Sy mg9,S0le ) Ailex Sy Sy wile) (S )
DY garme 2l Glaglo o aiidu s9p | (LS Glacntisn man Sl wiilys go (0591 5 (2095 2 «solozsl 08
Sk 2 aS 03l g el qusy dr Juad ol il gl sy il jo 1y (glodes s e s LS (g g (e
e ZhlB ilg5 oo 5915 hlie (sla b, 435Ky 4 0 e LS (e 8 oo Sl e Sl 5 (LS et

sy gt |y 2LS slacny

\Y



L&:)ngj.s ja.wy ,me 6‘)" L“’u‘*‘“ﬁf \ML««} JRVELY

= Jolee =¥

Seoesn an Cobl » wdly e &5 (2B s
(S 9,8 PH Les 5l o le w05 86 LS
—43sS 0SSl 9929 yiage den I g La plicud sl
o Glelr g glads wo gleyesl Ll
jlsy ol yo by 5las o Joluw slo bzl
o5 s Lol 2 5 Lelse S o il
SoaisS e 5
3529 HlalS jo a5 Slaslid g byl s ygenS
s oo el 1) ol ey pan Colild wijls
Gl ounS NS el (glls it b Sard ol
9 )l ogzg lalS jo (IS sk g cul o>

codles

BLS g mad ol 1 591 9 5l

dlge 53518 sl Sl 2y &> (_g)ﬂc_é PRI
D oo odlainl Galizee oK) g b IS dacdl

Slles Cow Bpas 3l 8 plS glalie IS gk
Mg 15 i soibt sile line 513
9 eSS (PO (33,5 TPl iy (8,5 alhp
5 2 CuaS 5 wlgi e 4S5 WS e B )5S

Sl a9l -

P (2138 dlge Gl Lo 5o ol bawgi bty
Sgaza |y (55 Sl 5T (o yiws a5 iloads abl>|
ol nl b ogd e aind pan 4 e g S e
e Bd> by g anaSlE (25u g 69058 Job 5o ok
Sortr (AL Sy n mar ol a3 g 09h

-dele.‘_;o

dodlo

a2 )0 a5 wiies gl slsNse bty
©25) 30 0595w kol ain g Wiyl Sg2g 0ai) Dlog>ge
@M w255 59 S97se gy Wi Ll alae
Wlg oo 45 oo el Jwny b slaoiy Jdo o
ad Job 0 a5 s | ilide (Sojelsn slacld
&5 )l Copols iz b g dio lid 095 5l Wigd go sly]

AisS o dl wanies b e glasT T g b

WBL.: oD

S 05 5l e i adoen ol slang
wipieeS  slagn Kl

sy o o5 sl

Oy Ul s sl
Ole 5 ojslatenis

ilodds Sgume Lﬁ“;\'é Y gazo

Slo,gSl g5l uizmen (BLS ufign aie (poiz
SlroaisS s «Sid al wle « (ANFS) (glaydus a
—oo &5 Sl sl g i S lengid s 5l p
Cobld (Jb opl bl 5t e s p il
Sl L ol oo |y (LS nigp Sy (00l)d g e
g sl ais s (gladss 0o sla i i
9 i Sl il 4 g i L ele la B0

] 00U J9Ja.v.4 GQLA.? L).A.i.as).v w) 6@&‘)5

B8z oS Sl oad Con Jade ol pw)p nl o
PLS slacnssy man Sl p wlg oo 138 659
wile Gl e g S ey 90 0 g 9IS L
(GHU o) gz (0)S ShS iy (oS ALy
Skl oo Jelge aps o idigy 1) eSS g ()59 S
Sbjlul pizr 5 blusgame Gizxen 9 (peiign mas

] 423,818 Gz 0,90 Ao (0l
P oeigpn mad p Fige Jolge
1 Jolge -

S 5 el dl JIgi 51 a5 le o LB sloygi5
sjlacy 5 sy, i oty y blite Ssy 4
g s e olid 09> I g BB Shy o)l
ey |y (el il sl j5le sy ladiss

\O



I

B slalie olde ) Al Gl (S5 e
adsl glie plpm bayedie 5 o iSh 5l eslinul L
ol lawg oo oy law 5l el apacslS g S
soyen 1,138 izl reds (b jo lapanilS )l S
Mg sn 5ot |, 0T SIS )l 5 lie plss g 008
DY gaze 393 (sl p onies JSa5 Slge (lsie Sl3 o 5
sdxie Glalllas.s g oalaiwl Hluil gl ool S8 g (sdse
B sk Wlgice yess anld a5 wlos S (3155

iss g |y (BLS slacntigy man cobl 42 g

G -

uLu.u @Lu ua‘ | 0. IBL’>U‘ ‘5:»[.5 U’.ﬁ'i"ﬁ)" u~.°.¢5
S0 y55 (5 o] (S 3 LS A a5 ams e
OeSen ad Sl g 005 S50 TS slaails surtn b

SESY 8 Sguge | 095, 50

=

Sras Slp (eBgn gbe 50 2L Glagstsn
Sa9re Slynal 5l (S 0 az ST ol
el Glpiis o (gla iS5 §I 5 053y 510 SgeaS
5 0o (2l oty s Sl 5 CodS alS
512 65108 90 2 el o oo puslusl SIS o,
Judpe 1) OlaSy Gl Wlgiee Sl 5 &>
Soete 1) PLS eFon CuksS g e Sl g oS
Oeed (Sl sl laghy, I (S sy
Seidgyae aplle 4 L3155 slam Bl ot
5 Oyl 5l Gl ol 0,95ls Jds 4 ) ltis (s,
iy, (Jl cpl b aiise co sgup sl Dl s
“? eBsn e g Wl Jlie g ol del oS
el 1y ol g p CudS g eae Sl Cdél sl

.MQ‘SA

99 ;@ 9 o plxil Iga b 10 S S g goles] (9,5
g AuS oo ooliul Cusb, malS glp Ls 5l b,
Cow @lise Sl 4l Ol o sglae LS S

s CollB Wl e 09,8 St e s 18
500K ;b alS slag oo Slee sla S
@3 Sfbee 5 iluo S ol Rl sl i
0uiiS (g gal olyS iy p Cedlo il oy

D ca ooliiul BT (6,)lagSs cud b g Sos S

i bl Wl e 5851 45 wlasls Lis Slallas
slbe s sl b ) callaulejl bl o (05
P 0 85 8 SRl (g n 3l yeils wiile
on oS e oy 5 Sl e slglSe
oIl lads as gla,eis B ple 5 Ol 4 el
BRI CESRCH JUUPF SR P JCHVS PR SYCTIC S ICR) JE IRV
W] glooaisS e 0,5 Jlab i aile LalS (glali
Jolme (o23y pd 5 atltd s 4V ol el
b oeion gobaw ;o Slet 9 S semlinnST G2alS

Sed g0 ol aiwl slaoeul g

Saxie 6,5l g olandign Sl b G il 0l )8
655l o ualS 5 l3E 55, il b ol e
PP ol oli8l Sldllas .l ol o glasdss v
Sl o & Sidlez Jsb jo ) alS slagts
slacl 5 lJed L gals 5 Joloe slanisy
Sl SleS Sideion slampl o5 e s
U035 A8 e g yuee laails jo 1y Jeb b (g

.Jd‘oo;

\Vd



S daunzxo 9 (bl (gl (PLS b (udigy L ads

290 & il

oRsloj] oS S bt )5 5 2,8 sl5T olStils Slié mylio citige 5 pole osliis IS ommell ¢ 6

i T N

4 | \ ) N . . . : : o
e \ PG A Sy X 3’ el “‘ ‘:;;’ji,,, ks Sle sl O o & aows S Jilas 5 olde o
et sy -\ G e T . :
o A BN Ly o
ey ) “"u 4 ‘u-‘l"",", ol '\ 1 ” ' | : Y " M
‘ oo N \\¢ vt N IS \ ¥ ! " é ] Ny
e RN W T \‘&{"; D n il e oyl ol yen & ST s pels &S
M i Wil " ‘ 1 NR | “ 4 ﬁ’ =
. it f.“-“
Tl

(ol dbae 4 oS ol B 055 51 G092 (S S0
23 A oSS s goysn 5 b il CEl 5 3 s
6 'protos’ Y ads 10 oL oS ol g BT il
S o3le sl Coped] 51 OLES 45 (ol 0k a3 5" J 1" glina

| uaJ..\.'G MUJ.: BL)

SFsn HE U ssd e el ci S L A

Ll g3 mle &y Cowl pae ey B sl Sl
38 Jb syl 5L <l ) bl pland las S
51 ) GRS Gl i a5 o M Ol T
S pb g S ci S G ca S wp e sl
Mg a gl Mgl dls 5o 558 abul 55
(P b w05 o gl WS Gla3E LSl 5l As 5 V80
o 5T 15 03058 AT 5 Ol W3 pls Sy 5 WS
S ST (83 4 S 5 VG Sl b B Jemily 45 S

.JJJ‘)

S A b R -
G pan Bkl Jila 4 gl Sy Bames b 85 8l S s
Aot (s g g Oy I RS 4 Ogk <8
s 0 0L Gla 5 AL lacnsgn Mg S sbs) amlis
S5S Sl (S Gbs, S Hsb 4 LS ety Mg S

Sl Az Jﬂ’ﬁ: o ool pl syls Sla S 4 Cod

bﬁf u’«“JJ‘ ab&k&‘j‘_;‘d.;\ﬁnlf ‘_;Lh)\f .L:.SJS ‘cLA J}\A.AAJ.»

.3 g A




S uzxo (6l (BALS Cligf 9 (i g b pan Ll
Anl 3 50 Gl olajlS s aizan 5 01 o) 5 ol alex 5l (558 lie an 5L alS (slogtiy a5

Lo 15755 5l oalitl 51 50 Wil o a5 1) (2B 4 Cuoglie Jlas (pizan 0l Sdgm (T 4 (3l (ALS oS
Sl &5 Jyaze pliee & e (565 Sl Joame adg b (ool S CdgS 1 aas oo falS 09d sl Y paze (5
S dadlem ol 4ds5 glails (6655wl (el 5L 5 50 (Jsere oS adei Coles o g Dllg> 4dss
fd sl (o1 YalS (LS slb oy L
oo B 655U opl ST s S1.05 .5 o olas b slge 5l a5 ansl 15 lew slags 55U ol ailys o 8LS slacesgS
aile I jopmgail glo 635k 5l (S wigd Jdpd (igreST anl Jsb o el ady oS by wily

A s ol ol 56 LS 5l cwl Sew « Bacillus spp. L Clostridium spp.
Sger el ailys oo aSly (g oo G Cedls sl S @5 (5l 238 ) )0 Sezae slalid Sl sy Ly
b 8 023 cnl 285 iy 50 Wls8 alex 51asS DLSL T 055 wies ol ] 4 g Wigks o8 (e 50,5 oy
23,5 o)Ll 25 9)lse 4 Glev o0
ST (60 (1,5 i
Sl 5l 0gd oo Eel (51950l 4 (6 loz fdan 5l Fai; S s o0lo (lid CB,8 O g0 VoV Lo jo a5 b S
slood;518 53,55 o] 52 a5 Cibario aLS L2 (05; (5 ey 50 e S g 1alS L0 b (50,8 sleilslS IS
Bls ol YD b 1) casd GlabuS slajls 5l wn Cod e Slid § § o 055 ol Slso
<l yiaS S paro
S8 s o1 6B le 5 Liio 5 il o (BLS Sl S pae L oS ol Sl (saalsl (51 Slge 0 iotee 51 (o
8, (ol Sl ol > slp 89,5 sasl cuws 4 Water Footprint Network oy ,5 51 a5 sledlbl 5.l oish
ez e (ALS Slogretinn b amalin 1o (g BB USS a1 p STo5 wihensS lS cuisS i plecusss T Gl
(35 0 Bran ju o adgi sl a5 Canl gloslitul 590 oy OT S e OF (b 3,) el ying vung D

& S Az

Jods 4 Solis ul o)l Sl Siatisn 4 Comd 655 Sl (155 5L, (AL Gbaiesn wlg (L ek 4
Sl Sitisn Bpas (RS (plpl ol GBS slajls oS il iz g e 5 2l (55 eS B pan
S S lgag ] Dl i alS 5 arracon; Sl el 4 Wi (8L slacniSsy Spae (IR

A



hac Wy (9098 Ol i 590 Slgws G gy b

oy 1)

Ld olKisls L5»‘..\.(: éll.».@ (s g ﬁjl‘— swLw)lS S ilo

J s plin Ysona oSy cnl )10 (Jgaysm Dlai g (liae a5 ooten Sl G Sl Slaiaisy
Slagaiign aigh C8b )0 435 &bl wb g wS ade | el Wl (oo pludl oy &5 sits (65958 sladlsi]
99392 Sl 5 A 0550 soo sl GEE Ll G sl 55972 Sl Semlsie] (ooled 35 Ll Jds 4 s
Aslgial 2B oS5 Jdo 4 o5 wits (] SV game 5 Er0p50 o ile iy ayd CadS Jald lairatig onl il
e G, ol mlo 5l Sle slapntisy aius Suhe s Sae Cogliy by ly ews) ois @ olisle
5% a8k e anie (2859 Dl ped 5l Gy (Sae S8l D) 5 e S sl S & g cnl Wgyee et 4 il
o8 e b s ol B pae S oo Ll ot GRS 323 0By (50598 9 (9 gl wile sl slaggeyse ki
3 059 4 (o0))9 Sl eS| am Sloa> sla (g Bras a5 ool Glis Slalllas aiS (o0 S8 DA )3 (g e
HB 23l Wl oo Sy slo 5ty Bpan rizen S S IMae a3l 4 WIF e (65952 sl
S e 5098 Sl

ay el Gl 4 eiS SeS (950 St JolS 4 Wl (oo Sloe Sl eign B pae a5 aaee plis Sl
WS o S8 Sdlac

V4



o Gl i p 4 3L SRl j8 (Bl CuigF wiile) wus b (559l i (o

5 oo

Lud ol&Kisls @‘J.c @L..o (e g le: QS""L"""’)LYG . il

slo Jsbo ol (b a5 sl 2 mlio 5 psle 0552 50 (Gaaz L (5 5lid (@Rlejl CodgS b o ciS wigS
Lo looliinl by 2Bislesl ool J,S Loyl pl )0 e g gl 5l 0ady olen 5l o) 5le i b SDLae gl
G 2 Ga eoslhe oS b SdsS ogul adg gl (555l8 cnl 5l Bas g h (se ools 2SS eud (8 caaS le
el o S

el IS 5 4 8 i ol S8y i 5555 3o 5] o g5 S i S ok S S
o4z BB Jsho 0095 adsi gl 10,555,500 )0 Wil 5SS s 5 g B2y 51 05 slapls I sk stz (g5lula
5 &)lSle Bl jlas wisd (oo ools cuiS (S1ys5 Cnn)ls G 55, Yooro b Jolo o Dae <l sl sl oo 3L
5 S8l o 595 Jla ouh oS S (55, 15 (o 555 S 91,8 oo 35 (o Sl ] S 1
Dl Gl gy (S CBeS (2l3E 33




ou Gl Sl g8 Az U

ool sale lem YNV Jlo o
By i 0 el CllS ClgS S
Gy Sl 555 Ly 5 5 0
CorelS S w092 418l dnng sl o 5
s 3l e Lt 45 gy 00y L
Seoolpe a4 ead caS s
(S s eld sl ol (Sl
el Jas

oolel o oS S oy el
e s o Sl bl
G ol e yald ol S sl Slea
@y Lol el Sy Il
shaeme Can BT g0 S 0

ol S CuiaF” S o w9l 5 (Mark Post) < &S slo sgudg L by S sl SIS L

DS (0 djl)‘ w 6)5)‘.?‘""5
i g8 s 5 0k SulS Subef s sl

ot 5o 52 15 55 st 3 45 313 3 1B sblie orms oy it ] g5 450 a2 S
b5 jLacsl asle (g, laels 51 Lol (slacam] suds cutS CigS odgh ¢ drime sy sE 00 o ls st SlgS  cege
ol b ciilogs 5 el Bl 5laas co (2alS ol o B 1) bolSins ) o 56 5 ol JKiz dea g 0T Sogll (slailsds
Slocs lom JUE g oy Sore ST o el iy 59 o plal il 5 oo S Lass 45 i CuiS S 0y
Ao oo alS gob as Ul ludl 4 e 5l aliiie

=

S8t Gl D9l o0 Dgine (o I Sunio ;5 (Aly MBI Sy sl oz Jgame Sl i 0ud SuiS ELgS
Sgdse @L:.a Laa> Oy g ‘@"llxé. Ceodbw 9 ‘5&0—1‘ uﬂ-"ﬁ‘ ‘Qa.;:u w..u) 6“”““""‘"] UM.ALT L5|)’. 601%.)' JM.JL_: 45‘)315.3
23 o &) lasl 855 gl 1) eaitin 5 ayax Gladi 3T cpl poogdle ol
Ll el azlyn iplE e Mggas iy iyt VL lowisn o S| o M S 0 iz e
oad CuiS S dagilly ol Jo LA Bk ) iy ol asilyiioe sinie (s, iE w,\d eole slocs iy
. .. 5 - - B o i X .
Ol 48 4 gy Comex Sl pllo 5 (S I (el 5 958 JroS 4085 cas )‘~‘-.’.‘l4.5 )f\("‘é\‘-i’ 4 wlg o
\ S bl LS




o> 9 PALS iy CadaS 1 591 58 5 S suuT b ST

5 oo

Ld olBasls plas oo wdige g pole ot 15 oo s

Syl sl aslei o g W0 1) 095 LB Cooal iigy £98 90 @
e Yooro Sl e n anil abe o LSl 5 0 Sles
Oxols callls s a4 5 w5jls ol aiwl slaogul 5l 5V

(b 3l Nsdor iz g an e bl G Slacesn b
OFFeR 650 ke dlge g b sol> (BLS Slagtign
Gy oS wites llomST T 5 Saxe dlge damelisg
SL) 5 Azl (m Wied ide (o (geges (S
Db 28 ol 1) 395 51509550 (g (BLS @lie 5wl
Lol (3l b olS slo (g n slo anselogul Conjo Sl
S ol liids gl ) s sl dimel e 5| omslio 5 Joleie LVl
Olye & (ol 8 a4y pazie sla Shis Jodo 4 (BLS slaails jlosel coss 4 Sl utisn ol b o
FB a5 ool S Ol 5 cnl wlaid 518 4z g5 5 )90 i sl ot Fde sloyerd 9 Sla (9 n b ln SR
opge SlaS 5 (Sl 93 50 L yesh Sy pl s (olierd 5 (So58 )5 (2l b pdy o B8 S 5 23L5L
S g, 99 ST L Sligs 9,0 sl e)lae Cdel jo aiad oo oolaiul o)lgss saims LSS slge (lgie 4 o138 slge
Slgo plgie 4 paiS 9 9958 b 5l oud gl Gl (g n il w85 13 oolitul 3550 (gl pesS g (2BL 3,5
@9 @2 9 wdl Sligy (590 dej b wwgy cenlio Slge ails (oo Lo (g ol il 48,5118 adlllas 350 0 )l500
Olgie 4 aily oo wglle go,Sles plys b (o, SlT 5 92 iy wiile (LS lo ufign e aims o (i
Sl 09,5 30 B sl GeBsn 2L 2 s e (ol 8T 1B (o p 9590 Slisy (9,0 STn 0sill SLS S

RARIRVAPES

Yy



79U g i Olas b 50 Slgw> b (g Jro wilgine o (BLS b (g g L

¢ b ol ailo

5 o0

Lud oKl Ls:L\.c éJLMA QS‘“"\“'Q’A 9 ij_c ‘5~0L~w)l5 S9> 23l

A5 2 slas, b glel 5 glad > LI585 55 51 (55lems bl BT (5550 sl wilsiee (BLS (s cal
2,8 2l |y e pae i g o (sln 5le 9590 (65952

lplsl maors o Slos g Sl puo i ) o Sl (i g Canle (yoy sdims LSS (sl o e 51 (SO eniig
g5"9¢"" g usl.ﬂu QSQL; 9 ‘5»‘9? CJLA :»))5] Cewd L ‘_J.»al & 9o )‘ u‘,ﬁ‘u’do |) J.».o.w))| 6¢M ools (J'.’.‘ 5»5@ L:u”‘
nlgsl Sglite LT sapmlginel S 5 g il Lo 4 oL

3975 o 4 (s £59 (nl 09 e S8l ) IV guao 5 € o5 ol of e ) CuigS o lides Jlse> (g
(Dlg 53 (BT Geon R B 5l Sshiee el LS aign Olyie @ o Sl 65500 sl ples
3,18 3529 Slow jw (B 2 g rails e

Yy




i gal (LS g Jlge> iy Dglas allis 3l azs]

OSgn €95 90 @ k)Y 5 sl g n £95 99 12 (LS g Sls> S p Sglis 0929 L 45 e gel i ol 5o
gl Wiz (e ol S Jelse 4 (K 29 ae (e DB 5 WIS ) 353 o calee 5 Llie
& g Wt (69,5 el (slasans] plas (59l Ygane Sy (slagiyy o)l (pasud Slovz 5 5 (tedl Ll ollad
2o g gl yw (B o old slags )l Ml Jlas Wilgi o lagy a5l o Bpas (Jl b igd oo 0 (2>,
o Gl Bl e slaes Lo

Ml Hlas 1alS b S ek 4 5w laglanST Il (Goma ol dacrsling o 5l Lo e aLS slagsy
@ gl ol ol (See 5 0t (55,0 el Glasaul pled (55l L] I (B ol s s s lag o 51 (55l
Sl el Sle slaytis ojlul

Ll Gl S Sran ) (LS g Slem Slagtisn Sl oS Sl S Jolie 5 plle @38 5, o als
e Gl 1y ege (slacslans 4 Ml Hlas g 0iS 2l o 1) oy 5L 9550 (535 Slge plad B S o SaS Lo

YY



e b (AL 1S, Jwp

Protein

/ 3,1 3975 (ALE mbe b 51 S 6150 lademl sl 4 0 sl JolS el Ol LT )
S 5 Jle gl g e LSJJJ_@J.:_J);.:»TJ;:;Qgﬁlﬁﬁfgféumﬁjﬁ%\ﬁjo)b Jﬁjgilsu&lﬁfcbgﬂsf"@jlg Lol cals

.M@M&ﬁjﬁwl}

‘_;")’3} cl.«.ﬁ e szjj)&'ﬁr@duj)jt_wb)‘éﬂc&ﬁbj Ls_”"'k"'é'd)‘ a.}Lﬂ.’i_..»:‘L'dLbl:f).} u.él:- LS)J}—"’ LSLQA"'.‘:‘TJ'.‘.—""‘ J\cj_,: Jl;— U’»’JL’

o2lp alS mle bl g mle Sl O OLlS s Sii Sl uis b badl a5 bl cdizn (555 ,0 sladensl ol 517 JelS oS 5 (gl,ls
\\ -W

obd sdalin 5 bag ley b Cals O w AL pbagslem 9 Sla S G man om Bl s Gl Olades s WY

(et (sl Jad s S5 035y Olb s et il L (WU 5 s s L5L) o5 9] 2 slacs S 3l G yume oS Wlesls Olis Solallas

L AlS cland o lie 5o 53 B glaggolon (2ol an 55 5 o mdS halil sl Al o o 850 sl <z 2 Glaeal)

das aS Y 6 ol st Wil e o el 4 Colas S5 5 Ol 2als

4

YO



S SaS il S s 288 4 K500 A wlo b Gla WSy p 2muk 2 S0b LI

3 Ui ST olth. 2l 15 on GRS bl S 855 0 51 i g Al il B e R Olie A5 ol Jalgs

AS SaS b b S als

Fhs arm g b= 53 ALS Glacntiyp ludis 2550 5 ColS s pp ¢l plasisls 4 ol Jl- s f

u,f:jimfdb-jb@ﬁdumﬂ)ﬁﬁij@a%l}b%d(jJ}Q}A)L&Lwcw\j&:ﬂ}ﬁwJLQJ‘MjMJJJb&LAL;)jw
L;ALST L;uwﬁl#); s S kel Solwands 5 sl ulssl gl WJ.JT-’Q;)‘J} 059 7St ASle Lﬁb\g)ﬂfé PSToC DN S P

CM‘@M Jl})bﬁ@‘f:’}-jup%.)wlﬁ fo.!L.A)\ J‘i"‘"(ﬁuu:'i"'ﬁﬂ é})d)urbu J}Jdesl.ﬂ.:m\

€355 1l Al ke 5 (Ko 5 ST L ol o camsle 53 AUS Glo Sy bt s 8l ok i 4y .0
Sl poman ol (553,80 (5 sl e 3 by G b 3| ALS SlaiSs  Jamec 5 ladas bl o)l o ses S5 sal
Spgr Ao D dnw g g G LSl S5 LSl e oS L;LAQJUKJ_L;-A{WJ:_N; J':J_\J-éljdat:f Y gz Ol a8 b les

S Al S SV s ol S ds AulsEl a g va(:f S S s, slagdas 5550 9 sl ‘V*b

Y



alanced

Diet

Analysis of the Amino Acid Composition of Plant and Animal Proteins and Their
Effects on Human Health

Samin Adineh

Ph.D. Student in Food Science and Engineering, Food Technology Specialization, Department of Food Science
and Engineering, Faculty of Agriculture, University of Tabriz

Abstract

This article examines and compares the amino acid composition of plant and animal proteins and their effects on
human health. By analyzing different amino acids in various proteins, the advantages and disadvantages of each
category are identified. Plant proteins, due to their low saturated fat and cholesterol content, can help reduce the
risk of chronic diseases. Meanwhile, animal proteins, with their complete amino acid profiles, are highly effective
for tissue repair and growth. This article provides recommendations for a balanced intake of plant and animal
proteins to enhance health and improve quality of life.

Amino Acid Composition of Plant and Animal Proteins and Their Effects on Health

Plant proteins are generally obtained from sources such as beans, lentils, chickpeas, soybeans, and grains. A
notable characteristic of plant proteins is that their amino acid composition is generally less complete compared
to animal proteins. This may require combining various plant protein sources to ensure the intake of all essential
amino acids.

However, plant proteins offer additional benefits. They typically contain lower levels of saturated fats and
cholesterol while being rich in fiber, which aids digestion and reduces the risk of heart disease.

Animal proteins, sourced from meat, fish, poultry, eggs, and dairy products, have a key advantage in that their
amino acid composition is generally complete, providing all essential amino acids in sufficient amounts. This
makes animal proteins highly effective for muscle growth and tissue repair. However, excessive consumption of
animal proteins may lead to increased saturated fat and cholesterol intake, raising the risk of cardiovascular
diseases.

Therefore, maintaining a balance between plant and animal protein consumption is essential.
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Key Amino Acids in Plant Proteins and The|r ,.

Plant proteins contain various amino a |d ea’

some essential amino acids found in ﬂ

l.'

Lysine: An essential amino acid
Soybeans, lentils, beans, and qui )

Methionine: A sulfur-containing ammp;%dﬁmore abundﬂly in seeds and- grain:
- 1 i

Sources: Rice, corn, and wheat. : - )
Threonine: Plays a role in protein and fat mm
beans. "

Tryptophan: Essential for serotonin production, a key neurc
Soybeans, sesame seeds, pumpkin seeds, and sunflower seeds. ,;

Leucine, Isoleucine, and Valine: Known as branched-chain .g:«*v ds, tl
for muscle growth and repair. Sources: Chickpeas, lentils, bear m— I hem| , ¢

‘ ,,f‘. -’r
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Benefits of Plant Proteins
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Benefits of Animal Proteins
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Conclusion
~In summary, analyzing the amino acid composition of animal and plant proteins shows that
both have unique benefits and drawbacks. Plant proteins, with their high fiber content and
lower levels of saturated fats and cholesterol, contribute to reducing the risk of heart disease,
type 2 diabetes, and certain cancers. However, it is necessary to combine different plant-based 4
protein sources to obtain all essential amino acids. \

Animal proteins, due to their complete amino acid profile, are highly effective for muscle and 2
tissue repair. They are also rich in vitamin B12 and heme iron, which are easily absorbed by'
the body. However, excessive consumption may increase saturated fat and cholesterol levels,
leading to a higher risk of cardiovascular diseases.

\
To achieve the best health outcomes, it is advisable to consume a balanced amount of both P )
plant and animal proteins and include a variety of protein sources in the diet. This combination ‘/
can enhance overall health and prevent many chronic diseases.




The role of plant proteins in reducing diet-related diseases

Somayeh Mohammadkhani*
IMSc student, Food Biotechnology, Tabriz Faculty of Agriculture, University of Tabriz, Tabriz, Iran

*Corresponding Author’s E-mail: somaye.mohammadkhani1430@gmail.com

Abstract

Proteins are essential components of the human diet. Dietary proteins can be obtained from animals and
plants. Although there is more demand for animal protein, they are generally less environmentally
friendly. Therefore, the gradual transfer of animal protein food to the plant may be desirable for
maintaining environmental stability, ethical reasons, cost-effective food, more food safety, satisfying
more consumer demand, and combating protein-energy malnutrition. For these reasons, plant proteins
have become more popular and are expected to continue this uptrend for decades. Plant -based diets,
especially plant proteins, have attracted the attention of researchers and consumers due to the potential
health benefits as well as positive environmental effects. Of course, plant proteins are found in vegetable
foods, and the positive health benefits of plant foods are more likely to be caused by fiber, vitamins,
minerals and phytochemicals. In epidemiological studies, the health benefits of plant foods are generally
not separated from plant proteins in general. In addition, a small number of vegetarians who consume
only plant proteins are included in the existing future cool studies. Plant proteins and their potential to
reduce the risk of cardiovascular disease, diabetes management, cancer prevention and weight




management/obesity are discussed, as various rating systems are currently used to determine the quality
of protein from plant sources. Although additional research is needed that focuses specifically on the
role that plant protein plays in the prevention and management of these chronic illnesses, rather than
the role played by a more general plantbased diet, evidence suggests that plant proteins offer nutritional
benefits to those who consume them. This study deals with the potential health benefits associated with
the use of protein from plant sources.

Introduction

Conclusion

2-1 Diabetes

The prevalence of diabetes in recent decades has increased with significant dietary changes,
including a reduction in the consumption of vegetables, fruits, and legumes, along with an
increase in the consumption of animal-derived and processed foods.

2-2- Cancer

AR



Food and nutrition have long been recognized as key factors in preventing various types of cancer, and the World
Cancer Research Fund in its second expert report on cancer prevention recommended the consumption of legumes
as part of a preventative dietary pattern.

An inverse relationship between cancer incidence and plant protein-rich diets has also been observed in recent
studies. A study recently examined macronutrient intake in men and women who participated in a European cohort
study on cancer and nutrition. These findings not only indicate that increasing the consumption of plant proteins
can protect consumers against certain types of cancer, but also suggest that using plant proteins as a substitute for
animal proteins may be even more preventive than consuming plant proteins alone.. Current research shows a
potential mechanism for legumes to protect against certain types of cancer when consumed by humans, and
additional cohort studies provide evidence that a plant-rich protein diet may actually offer these protective
benefits. However, before establishing a strong connection between plant proteins and cancer, more research
focused specifically on the role of plant proteins, rather than a broader plant-based diet, is needed.

2-3-Weight Management/Obesity

High-protein foods are well-known to suppress appetite and food intake in humans. Among the
three macronutrients (carbohydrates, fats, and proteins), protein has the greatest suppressive
effect on food intake. Additionally, dietary protein has higher satiety and thermogenic effects
compared to carbohydrates and induces greater weight loss.

In one study, wheat biscuits enriched with plant proteins.containing high levels of amino acids
with appetite-regulating properties (BCAAs and L-arginine) were evaluated for their effects on
body weight management and metabolic parameters in ()(\L rweight or obese individuals. The
study found that the combination of plant proteins with higﬁ%&?ﬁ)p_etﬁe—:regulating amino
acids in wheat biscuits may help with further weight loss and improve metabolic parameters.in
overweight or obese individuals.

2-4- Cardiovascular

In a large prospective cohort study, it was shown that a higher ratio of plant to animal
protein (~0.76 vs. ~0.24) was associated with a 19% lower risk of cardiovascular
disease. The authors of various studies concluded that increasing the intake of plant-
based proteins in the human diet is necessary to reduce cardiovascular disease risks
and metabolic risk factors.

There are various mechanisms through which a higher ratio of plant to animal protein
in the diet may be associated with a reduced risk of cardiovascular diseases. For
example, plant protein sources, as a protein package, have less saturated fat and more
fiber than animal proteins, both of which may provide cardiovascular benefits.

3- Conclusion

The form of plant protein discussed in the literature varies from study to study, with some researchers
focusing on plant protein isolates, others on whole plant-based foods rich in protein, and some on dietary
patterns emphasizing higher plant protein intake over animal protein. These variations may make it
difficult to provide clear recommendations about how average consumers should incorporate plant
proteins into their diets. Furthermore, the mechanisms by which plant proteins or plant-based diets may
influence health are not well defined, and more research is needed to understand what might improve
health outcomes for consumers and patients. However, when considered overall, the literature suggests
that increasing plant protein consumption may be associated with a wide range of positive health
outcomes, such as reduced risk of metabolic markers, improved diabetes management, increased
protection against certain types of cancer, digestive health, and improved weight management. Since
the literature generally confirms that plant-rich protein diets have positive health outcomes, dietary
guidelines can send a clear message to consumers that dietary patterns emphasizing protein needs
through foods such as legumes, nuts, and whole grains can be beneficial. Moreover, it is evident that
health consequences are not the only factor motivating individuals to adopt this healthier dietary pattern,
and messages such as the positive environmental impact associated with plant-based protein diets may
also be effective.
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Abstract

Plant proteins are an important source of nitrogen for human nutrition. Protein quality is mostly
related to the amino acid composition, bioaccessibility, and digestibility. Digestibility refers to
how much protein an organism absorbed in relation to how much it consumed and depends on
several factors such as the structure of a protein, processing methods, and antinutritional factors
(ANFs). Inactivation of ANFs through different processing methods helps to improve the
protein quality and digestibility. Both domestic methods (such as cooking, baking,
germination, microwaving, pressure cooking, and soaking) and industrial methods (such as
autoclaving, freeze-drying, irradiation, and extrusion) can improve the digestibility of plant
proteins. In recent years, plant protein—based products have rapidly gained market share. This
chapter discusses the factors that affect the plant protein quality and digestibility. It also
highlights how different processing methods can improve the digestibility of plant proteins.

Introduction

Proteins are complex molecules found in all living organisms and are the main source of
nitrogen in the human diet. Dietary proteins provide active biopeptides that, when released
during digestion, can exhibit various biological activities and are linked to several health-
promoting properties, including anti-inflammatory, antimicrobial, antidiabetic, and antioxidant
effects.

Plant proteins have always been an important part of the human diet, but they have gained
popularity as cost-effective, versatile, and functional components in food formulations.

Several plant protein sources also contain antinutritional factors (ANFs) such as phytic acid,
protease inhibitors, phytohemagglutinins, and tannic acid, which can impact protein digestion.
These antinutritional factors can interact with digestive proteases in the gastrointestinal system,
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forming enzyme-inhibiting complexes that halt or slow down the proteolysis process during
digestion. Recently, much greater attention and scientific efforts have focused on improving
the digestibility and bioavailability of plant proteins.

This review discusses in detail how food processing can affect the digestibility of plant
proteins, covering both thermal and non-thermal methods such as roasting, cooking, drying,
germination, irradiation, extrusion, and fermentation. Factors influencing protein digestibility,
as well as the limitations and prospects in this field, are also discussed.

Factors Affecting Plant Protein Digestion
Internal Factors

Important internal factors include the amino acid sequence, composition, and cross-linking of
proteins. Most proteases and peptidases exhibit significant characteristics and hydrolyze
specific adjacent peptide bonds of amino acids. Therefore, the amino acid profile is a major
determining factor for the sensitivity of proteins to hydrolysis by proteases.

External Factors

External factors that can affect the digestibility of plant proteins include temperature, pH, ionic strength,
emulsifiers, and, most importantly, the presence of antinutritional factors. Antinutritional factors and
the physical separation of specific cellular structures that protect proteins from proteases are the primary
external factors. Antinutritional factors such as trypsin and chymotrypsin inhibitors, tannins, and
phytates found in plants reduce the digestibility of plant proteins.

Phytic acid or phytate has specific metal-chelating activity and is generally present in plants, inhibiting
peptidase activity. Reducing phytic acid content is highly effective for improving protein digestibility.

Impact of Processing on Plant Protein Digestibility

Both thermal and non-thermal technologies are used to process raw materials in the food industry to
produce consumable products with different textures, shapes, and colors.

Generally, plant foods undergo various processing operations such as soaking, germination, boiling,
roasting, cooking, autoclaving, irradiation, fermentation, and extrusion before consumption, which can
impact food quality and protein digestibility.

- Thermal Processing |

Proteins in plant food matrices are surrounded by cellulose, which limits the access { ==

of digestive enzymes, leading to poor digestion. However, this cellulose is broken, ] \=
softened, or removed during processing and cooking, improving the digestibility of
plant proteins.

Drying

The drying of plant-based foods is primarily carried out using two methods: freeze drying and air drying.
Both methods utilize temperature to reduce moisture and impact heat-resistant compounds to varying
degrees. Drying can affect the digestibility and functional properties of plant proteins and is mainly
used to improve the storage and functional properties of proteins, such as protein solubility, emulsifying
and foaming properties, and water-holding capacity.

Fermentation is a technique for enhancing the nutritional value of plant foods
using bacteria and yeasts as primary microorganisms. The enzymes produced
by these microorganisms during fermentation hydrolyze the food components,
improving their nutritional and organoleptic properties, and can be used as
ingredients to produce nutrient-enriched products for humans. Numerous
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studies have reported that the fermentation process can significantly improve the digestibility of plant
proteins.

- Extrusion

Studies have shown that extrusion can increase protein digestibility in
laboratory conditions by inducing favorable changes such as protein
denaturation, increased exposure of hydrolytic sites, and the destruction of
heat-sensitive protease inhibitors and other anti-nutritional factors.

Extrusion causes several changes in plant-based foods, such as inactivating
alpha-amylase inhibitors, increasing starch gelatinization, increasing soluble dietary fiber, reducing
lipid oxidation, and modifying specific protein and amino acid levels.

Germination

The germination process is associated with various biochemical and structural changes, along
with an increase in nutritional value and a reduction in anti-nutritional factors. Studies have
reported an increase in the digestibility of plant proteins during germination due to the increase
in soluble proteins and the reduction of polyphenols and phytic acids as proteolytic enzymes
hydrolyze the protein-polyphenol complexes in seeds.

- lrradiation

There has been extensive research on the beneficial effects of irradiation on the quality of
plant proteins. These results suggest that gamma radiation effectively breaks the cross-
linking of polypeptide chains in rapeseed, improving protein digestibility in the gut.

Conclusion

Plant proteins are the cheapest source of protein for human consumption, although they are
deficient in certain essential amino acids. The presence of certain anti-nutritional factors
reduces the quality and digestibility of plant proteins, which has become a major concern. Both
thermal and non-thermal processing technologies can deactivate these compounds and improve
the digestibility and quality of plant proteins. Some thermal processing methods also improve
the accessibility of digestive enzymes to hydrolytic sites on proteins due to heat denaturation
and structural changes. However, methods that lead to severe cross-linking and aggregation of
proteins often reduce the digestibility and quality of plant proteins.
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e Food security and environmental issues have become global crises that requwe transformative| ‘
.. solutions. Since animal hushandry poses problems, alternative protein sources, including plant- Fis X
s&-“-u based meat and single-cell proteins, are necessary. Protein is an essential part of the diet, ¥
: -‘vm'w helping with muscle building, tissue repair, and the production of enzymes and hormones. In
v wg N ilfact, it is so important that its name is derived from the Latin word "protos,” meaning "first,"
- B Yindicating the importance of this nutrient in the diet.

Protein is often obtained from meat, but animal protein production is harmful to the
environment and requires substantial resources such as chemical fertilizers, forage, land, and
water, while also producing methane. The highest greenhouse gases are generated from the
iprocessing of lamb, beef, pork, and farmed fish. Currently, livestock production accounts for
14.5% of global greenhouse gas emissions. Specifically, livestock production releases methane

' and nitrous oxide, which have a higher global warming potential than carbon dioxide.

'&&? 'Plant-Based Protein Alternatives

'3 e ‘Legumes provide an environmentally friendly way to minimize meat consumption Wlthout
e ik w compromlsmg protein intake.

-Comparlng the carbon footprint of plant-based and animal-based proteins shows that plant-
. ‘,' based proteins generally have a much lower carbon footprint than animal-based proteins. This
_difference is due to various factors, including resource consumption, greenhouse gas emissions, p

3 NN
\,m Producmg plant-based proteins requires fewer resources, including water and land, and alsoh ,."u W ;"j, ‘
results in lower greenhouse gas emissions in the production process. This helps reduce ..*, ,H_,/, 4

har a4 environmental impacts and maintain ecological balance.

\ \'
Plant Based Meat Does Not Require Antibiotics
/2,.» Plant based meats, on the other hand, do not require antibiotics at all. They also reduce the risk
7‘«‘ of antifungal resistance that can arise from the use of fungicides on crops, as plant-based meate,
r , 4 ": requires far fewer agricultural resources compared to the amount needed to feed livestock and *
y Mon ultlmately produce conventional meat. "

ﬂ,_'- Plant-Based Meats Completely Safe?
" N
£} Plant-based meats can still carry pathogenic bacteria originating from raw ingredients. While
most of these bacteria can be inactivated by the heat generated during the extrusion process,

N '-fv some spore-forming bacteria, such as Clostridium spp. or Bacillus spp., may survive high
S temperatures.

.1..'

B 2 Obtaining protein from plant-based diets not only benefits human health but also helps the
e planet recover by reducing environmental impact. Some key benefits of adopting a plant-based
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_- = diet include:
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Reducing Carbon Dioxide Emissions

A 2019 study showed that switching from an omnivorous diet to a vegetarian diet can reduce
an individual's greenhouse gas emissions by up to 50%. Even adopting a flexitarian diet (which
allows limited consumption of animal products like eggs and dairy) can reduce personal
greenhouse gas emissions by 35%.

Lower Water Consumption

Water is one of the most vital resources for life, and consuming plant-based foods can
significantly contribute to water conservation. According to data from the Water Footprint
Network (a group dedicated to solving the global water crisis), the water footprint of meats
such as beef, lamb, and pork is significantly higher compared to plant-based proteins like nuts
and grains. (The water footprint refers to the total amount of freshwater used to produce a given
product.)
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Animal proteins play a crucial role in muscle growth and hormonal changes. These proteins
are rich sources of essential amino acids that the human body cannot produce and must obtain
through diet.

Animal proteins, due to their complete amino acid profile—especially leucine—are highly
beneficial for muscle growth and strengthening. They include red meat, poultry, fish, eggs, and
dairy products, which are key components of various diets. These proteins are also essential
for repairing and growing muscle tissues after exercise and play a role in regulating anabolic
hormones such as testosterone and growth hormone.

Consuming animal proteins helps increase muscle protein synthesis. Studies have shown that
consuming animal proteins after exercise, especially during recovery periods, can contribute to
muscle growth. Additionally, animal protein intake can significantly influence hormone levels.

Research indicates that consuming animal proteins can help maintain a positive nitrogen
balance, which supports muscle growth.
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What is Cultivated Meat?

Cultivated meat, also known as lab-grown meat, is a relatively new technology in food science and
industry. It involves extracting muscle stem cells or their precursors from a living animal and then
proliferating them in a controlled laboratory environment using nutrient-rich culture media. The goal
of this emerging technology is to mass-produce high-quality meat without the need for raising and
slaughtering animals.

Cultivated meat is an engineered alternative to traditional meat production. The process typically
involves isolating a few cells from live animals via biopsy and then proliferating them in bioreactors to
create significant cellular mass. These cells are then usually grown on an edible scaffold that structurally
and biologically supports muscle tissue formation. Additional processing steps may be applied to
cultivated meat to better replicate the taste, texture, and nutritional value of traditional meat.

History of Cultivated Meat

In 2013, the world witnessed the unveiling of the first cultivated meat burger in London. Developed by
Dr. Mark Post and his team, this burger served as a proof-of-concept demonstrating that cultivated meat
could be a viable alternative to traditional livestock farming.
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Today, cultivated meat is poised to revolutionize
the global food system. This technology provides
a sustainable and ethical solution to the growing
demand for meat, eliminating the environmental
impact and ethical concerns associated with
traditional livestock farming.

Remarkable Advantages of Cultivated Meat
Compared to Traditional Meat

Cultivated meat offers significant advantages not
only from an environmental perspective but also in X
terms of safety and nutritional value. 4 .

From an environmental standpoint, cultivated meat Professor Mark Post with a burger made from Cultured Beef

production drastically reduces the harmful effects

of livestock farming, such as greenhouse gas emissions, water and air pollution, deforestation, and
habitat destruction. Regarding safety and hygiene, the production of cultivated meat takes place in a
controlled and sterile environment. As a result, the risk of microbial contamination and transmission of
animal-borne diseases to humans is greatly minimized.

Conclusion

Cultivated meat is more than just a new product; it represents a real revolution in the global food industry. This
innovative technology has great potential for reducing environmental damage, increasing food safety and health,
and preserving limited land resources. Furthermore, it offers new and diverse options for human nutrition.

Although it currently faces challenges such as high production costs, public acceptance, and regulatory issues,
scientific advancements and industrial investments can overcome these obstacles. By addressing these challenges,
cultivated meat can become a thriving and sustainable sector within the food industry, significantly contributing
to the supply of sufficient and healthy food for the growing global population.
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Impact of Industrial and Processing Methods on the Quality of Plant and Animal
Proteins

Maryam Karimi
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Both types of proteins have their specific importance and can _
be beneficial for enhancing body function and structure. ¢
Animal proteins typically contain higher amounts of
essential amino acids and, due to their similarity to human
proteins, are more easily digested and absorbed. On the
other hand, plant proteins contain fiber and other essential
nutrients such as vitamins, minerals, and antioxidants,
which contribute to overall health. Therefore, athletes who
wish to obtain their protein from plant sources should
combine different plant proteins to achieve a balanced and
adequate intake of essential amino acids.

Currently, proteins derived from plant seeds are gaining attention as
alternatives to animal protein sources and petroleum-based polymers.
These compounds are biodegradable and recyclable raw materials
with functional physical and chemical properties. Such biopolymers
are used in food ingredient encapsulation as wall materials. In most
cases, encapsulation is performed using spray drying and
coacervation methods. Proteins extracted from soy, chickpeas, and
wheat have been studied as wall materials and have shown good
efficiency. Other plant proteins, such as those from rice, barley, and
sunflower, with their desirable functional properties, can be
investigated as potential candidates for encapsulation. This review
focuses on the effectiveness of plant proteins in encapsulation.
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Can Plant Proteins Pfay a Role in Muscle Growth Like Animal Proteins?
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Yes, plant protein can be sufficient for athletes. Many professional and amateur athletes perform exceptionally well with plant-
based diets. By properly combining plant protein sources such as legumes, nuts, and seeds, all essential amino acids required
for muscle growth and repair can be obtained.

Protein is one of the most vital components of the human body and plays a crucial role in growth, tissue repair, and the proper
functioning of organs. This valuable nutrient can be obtained from two primary sources: animal and plant-based proteins. The
difference between animal and plant proteins lies in their structure and amino acid composition.

Animal protein is primarily found in red meat, poultry, fish, eggs, and dairy products. This type of protein is classified as a
complete protein because it contains all the essential amino acids needed by the body. In contrast, plant protein is found in
legumes, nuts, seeds, and certain vegetables.

What we learned from the article on the difference between animal and plant protein

In this article, we learned that despite the differences between animal and plant protein, both types of protein are necessary
for the body. Both types of protein have their own advantages and disadvantages, and the choice of the best protein source
depends on various factors including age, gender, activity level, health conditions, and personal preferences. Animal proteins
usually contain all essential amino acids and are easily absorbed. However, excessive consumption of them can increase the
risk of heart disease, certain cancers, and other chronic diseases. Plant proteins are rich in fiber, vitamins, minerals, and
antioxidants, and are generally associated with a reduced risk of many diseases. However, some of them do not contain all
essential amino acids and their absorption may not be as easy as that of animal proteins.

To have a healthy and balanced diet, it is better to consume a combination of animal and plant proteins. This will help you
receive all the nutrients your body needs and reduce the risk of chronic diseases.
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