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Biological value protein e;%:. Karalinska
Egg, whole 93.7
Milk 84.5
Fish 76.0
Beef 74.3
Soybeans 72.8
Rice, polished 64.0
Wheat, whole 64.0
Corn 60.0
Beans, dry 58.0
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Obtained
from
Nutrition

Synthesized
by the
body

Essential
Amino Acids

Non-Essential
Amino Acid

Alanine Glutamine
Arginine Glycine
Asparagine Proline
AspaticAcid  Serine
Cysteine Tyrosine
Glutamic Acid

*Leucine Methionine
*Isoleucine Phenylalanine
*valine Threonine

Histidne  Tryptephan
Lysine

Amino acid in human body
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Plant sources

Animal sources

Wheat Maize Rice Oats Soyabean Pea Potato Quinoa Whey Milk Casein Beef Pork Chicken Egg Cod
Essential amino acids
Histidine 24 2.8 2.5 2.3 2.8 25 2.0 31 19 2.7 2.7 38 26 2.9 2.4 28
Isoleucine 41 38 3-8 41 4.7 46 4.9 47 64 51 50 50 5-4 59 62 45
Leucine 6-8 129 82 79 80 74 78 78 99 95 89 85 85 82 87 82
Lysine 1.4 28 3-8 4.0 66 82 62 72 92 6-9 76 93 94 88 6-9 97
Methionine 16 2:0 2:3 18 13 10 1.7 26 20 2:5 26 2:8 28 2.8 3-3 33
Phenylalanine 51 50 52 54 51 50 52 53 3-8 4.6 4.9 4.6 4-4 4.4 56 49
Threonine 25 37 39 36 4.0 44 4.9 45 67 40 43 48 48 4.4 50 50
Valine 4.2 50 55 55 4.9 51 61 58 63 62 63 52 59 57 67 51
Total EAA 278 3841 352 347 371 382 388 409 462 416 42.4 437 438 432 44.8 435
Non-essential amino acids

Alanine 2:5 78 60 4.9 4.4 44 58 61 4-8 33 29 6-1 60 38 58 65
Arginine 30 4.3 83 68 74 103 65 91 25 33 35 66 65 62 6-0 6-4
Aspartic acid 3-0 65 103 8-4 120 19 161 94 102 75 67 9-4 97 102 95 103
Cystine 21 16 11 2.9 1-4 12 08 00 17 09 03 1.3 13 15 2.4 11
Glutamic acid 369 196 206 228 19.2 175 133 154 178 200 20- 159 158 167 1256 1563
Glycine 31 38 50 51 4.3 4.4 4.9 67 22 19 18 51 4.7 59 33 4.5
Proline 13-0 92 4.7 56 58 4.2 4.9 4.0 63 113 108 39 42 4.6 41 38
Serine 4.9 51 5.4 51 53 4.7 5.4 4.8 52 5.5 58 4.2 4.2 4.3 75 4.8
Tyrosine 36 40 35 36 32 30 36 36 30 4.8 54 3-8 37 37 41 38
Total NEAA 722 619 648 653 62-9 61-8 61-2 591 538 584 576 56-3 562 568 552 565

FAO, 1981

The limiting (essential) amino acid
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Figure 11 Mgy 1
Breakpoint analysis of *CO, production against dietary lysine intake during infusion

of [1-*C]phenylalanine®
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Table 23
Summary of the adult indispensable amino acid requirements
Amino acid protein® Present estimates 1985 FAO/WHO/UNU®
mg/kg mglg mg/kg mglg
per day protein® per day protein®
Histidine 10 19 8-12 15
Isoleucine 20 30 10 15
Leucine 39 59 14 21
Lysine 30 45 12 18
Methionine + cysteine 15 22 13 20
Methionine 10 16 - -
Cysteine 4 6 - -
Phenylalanine + tyrosine 25 38 14 21
Threonine 15 23 7 11
Tryptophan 4 6 35 5
Valine 26 39 10 15
Total indispensable amino acids 184 277 93.5 141

* From reference 1.
b Mean nitrogen requirement of 105 mg nitrogen/kg per day (0.66 g protein/kg per day).

- Karolinska

Biological Value of Some Protein-Rich Foods  Institutet

Ile |Leu |val |Thr |Met |Trp |Lys |Phe |His |8

+ + =

2=

Cys Tyr s 3

o>

Egg, chicken 1,0 1,0 {10 (1,0 (1,0 |10 |10 (1,0 |10 [D94
Milk, human |1,1 (1,4 (1,0 |1,0 |11 (1,6 |1,0 |10 (0,9 |D95
milk, Cow 1,1 (1,3 |10 oo |07 [1.3 |12 |09 |11 |o00

Muscle, beef |0,8 (0,9 (0,7 |09 |09 |09 |14 (0,7 |16 [076

Soybeans 1,0 0,9 |08 |08 |06 [1,3 [1,1 |10 |14 |075

Rice 0,8 (09 |09 |08 |09 [1,2 (05 [1,2 |08 [075
wWheat 06|08 (06 |07 |08 |11 |04 |08 |10 |067
Potatoes 0,611 (08 [1,3 |06 [1,9 [1,4 [0 |11 [067
Dats 0,808 08 [0,7 (06 [1,2 (06 [1,0 [11 [066
Corn 1,0 [1,7 [0,8 [0,7 [1,1 [0,5 [0,4 [0 [10 [D60

Me:Gilvery, Biochemistry, 1370
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Digestible Indispensible Amino Acid Score
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DIAAS (%) = 100[(mg of digestible dietary EAA in 1 g of the dietary
test protein /(mg of digestible dietary EAA in 1 g of the reference

Digestible In

dispensible Amino Acid Score

20

o\o - ——
3 10
o
LI L | L] L) { L] L] LI L L] n
S0 o028 Dot oS P Qea@o -\ G ,,\\ ‘o {\g.
RGO @%‘O;Q@%%?\ ’°<a° ot
S g
Q‘ KN © b*'\ 0‘3\ »
‘\e*‘a- ©@ )
"‘}\Q &
\‘\'ﬁ‘

Source of Protein

vy

= Karolinska
7 Institutet

Copyright 2018 Olav Rooyackers



5/4/2018

Daily Protein Intake Per Capita

%
Daily Protein Intake Per Capita
[ Lessthan 32 g/kg/day for 80 kg person

O3s-52 0.48-0.65
[Os52-63 0.65-0.79
De3-73 0.79-0.91
@ 73-81 0.91-1.01
Wai-59 1.01-1.11

W e9-101 1.11-1.26
W 101-115 1.26-1.43
W 115133 1.43-1.66
[ No data
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Plant sources Animal sources Amino acid
Wheat Maize Rice Oats Soyabean Pea Potatoe Quinoa Milk Casein Beef Pork Chicken Egg Cod requirements
ial amino acids
Histidine 241 2.8 25 23 26 25 20 31 2.7 27 36 2.8 29 2.4 2.8 15
Isoleucine
Lysine ; . ¥ X : . . . ¥ g . . . . . .
Methionine 16 20 23 18 13 1-0 17 26 2:5 26 2:8 2:8 28 33 33 16
Phenylalanine 51 50 52 54 51 50 52 53 4.6 4.9 4.6 4.4 4.4 56 4.9 38
Threcnine 25 37 39 36 4.0 4.4 4.9 4.5 4.0 4.3 4.8 48 4.4 50 50 23
Valine 42 50 55 55 49 51 61 58 62 63 52 59 57 67 51 39
Total EAA 278 3841 352 347 3741 382 388 409 416 42.4 43.7 438 432 44.8 435 277
on-essential amino acids
Alanine 25 78 6.0 49 4-4 4.4 58 61 33 29 61 60 3-8 58 65
Arginine 30 4.3 83 68 74 103 65 91 33 35 66 65 62 6-0 6-4
Aspartic acid 30 65 103 84 12:0 119 161 9-4 75 67 9-4 97 102 95 103
Cystine 21 1.6 11 29 14 12 08 0-0 0.9 03 1.3 13 15 2.4 11
Glutamic acid 369 196 20 228 192 175 133 154 20.0 206 159 158 167 1256 153
Glycine 31 38 50 51 4.3 4.4 49 67 18 18 51 4.7 59 33 4.5
Proline 130 9.2 47 56 56 4.2 49 4.0 113 108 39 4.2 46 41 38
Serine 49 51 54 51 5.3 4.7 54 4.8 5.5 58 4.2 4.2 4.3 75 4.8
Tyrosine 36 4-0 35 36 32 30 36 36 4.8 54 3-8 37 3.7 41 3-8
Total NEAA 722 619 648 653 62-9 61-8 61-2 591 584 576 563 562 568 552 565
FAO, 1981
Earsterta It avedatin o1 B oe SowcaCares L . __-}""‘*,J"‘,:_ K |. k
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Lewcine co-ingestion improves post-prandial muscle protein accretion
in elderly men
- &
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Fig. 4. Mean (SEM) delta protein-bound 1-[1-"C]phenylalanine enrichments (MPE)
during a 2 and 6 h incorporation period following the ingestion of 20 g intrinsically -
[1-BC]phenylalanine-labeled casein with (PRO + LEU; n = 12) or without (PRO; n = 12)
2.5 g arystalline leucine in healthy, elderly men. Data were analyzed with an unpaired,
two-tailed Student’s t-test. *P< 0.05 compared with corresponding time point in the
PRO group.
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Lewcine co-ingestion improves post-prandial muscle protein accretion
in elderly men

TABLE 2 Body composition and muscle strength during 24 wk of leucine or placebo intervention in
diabetic men’

Placebo, n =28 Leucine, n =29
wk 0 wk 12 wk 24 wk 0 wk 12 wk 24
Body composition
Body weight, kg 846 + 2.0 850 + 2.0 85.1 + 2.1 836 1.8 84.0 1.8 839 + 1.7
I Lean mass, kg 622 +13 622.+13 622 =13 619+ 1.1 622 =11 620 = 1.0 I
Fat mass, kg 196 £ 1.0 200 =11 202 =11 19.0 £ 0.8 191 =09 192209
Fat, % 229x08 233 =08 23409 225086 24 x06 226 =06
ka 271101 272101 27201 P dom =i | | 27201 27101
Leg lean mass, kg 193 £ 05 194 * 0.5 194 = 04 19.0 = 04 19.1 = 04 19.0 = 04 I
Leg fat mass, kg 50+103 5= 0.3 52 +03 48 £ 0.2 49 £ 02 4902
SR Iy
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Slow and fast dietary proteins differently modulate postprandial
protein acceretion

Fast or slow proteins

Yves Bomie®, Marmear Dascin®f, PiErie Gacion®, Marie-PAuLE Vassosd, JEas-Lowns Mavsoisi,
ann BErsarn Beavrrine "
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anabolic resistance in healthy *rly men
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Table 4. Essential amino acid scores of the insect samples based on FAO/WHO (1973) standards

Implications

Adubiaro Habibat Omolara’, Olatoye Rauf Abioye’

Amino Acids Profile of Bee Brood, Soldier Termite, Snout
Beetle Larva, Silkworm Larva and Pupa: Nutritional

oRA Ly,

f.". Karolinska
“?‘%a Z Institutet

¥y 18

Average protein content
(% of dry matter)

Take home:

= In general, animal proteins have a higher biological value

= Whey protein might have a benificial acute effect in certain situations

Amino acid BB ST SB SWL SWP Mean SD CV% ‘

SSEED B G, TS D IS B -
\ o 1S ’\cf@ PG ;{@5’(\@ Lys 0.983 1.58 0.909 1.58 1.55 1.32 0.343 26.0 0.357
& ‘@@‘B %"@ SESEE 1 9 979 919 3 3
@Z&A Q«*\ d@ C’f@%ﬁ%‘iﬁ”ﬁ Thr 0.940 0. 0.91 1.01 1.18 1.01 0.104 10.3 0.043
& Val 1.10 0.809 1.12 0.884 0.875 0.958 0.142 148 0.066
Leu 1.14 1.10 1.15 1.13 111 1.13 0.021 1.86 0.002
lle 1.91 1.25 1.87 1.34 1.30 1.53 0.327 214 0.279
Trp 1.30 1.30 1.38 1.24 1.15 1.27 0.085 6.69 0.023
Met + Cys 1.07 1.24 1.06 1.32 1.13 1.16 0.113 9.74 0.027
Phe + Tyr 1.33 1.15 1.26 1.09 1.13 1.19 0.100 84.0 0.033
Totals 1.20 1.16 1.18 1.19 1.19 1.18 0.015 1.27 0.001

»-M\

T Karolinska
7 Institutet

= Biological value of a protein is determined by its essential amino acid content in
relation to human requirements

= An only vegetarian/vegan diet needs to compensate for this by increasing intake

Copyright 2018 Olav Rooyackers
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Figure 5. Measurements of Muscle Wasting During Critical lliness by Organ Failure

E Single vs multiorgan failure
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Puthucheary et al, JAMA 2013
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Weijs et al, Crit Care 2014
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Whole body protein turnover «gg : Karalinska
N-loss
Diet l
. Amine acid
70g/dag 70g/dag oxidation

Protein synthesis 3‘? Og/_dag Protein breakdown

Tissue protein turnover ‘5;% : Karolinska
N-loss
Diet '
' Amino acid
70g/dag 70g/dag oxidation

Protein synthesis 300g/dag Protein breakdown

= 100 g/d = 80 g/d =60g/d =30g/d
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oxidation

Protein synthesis@ A Protein breakdown

Measuring protein turnover ‘?‘%“ ot
l N-loss
Diet ®@® . I
' Amino acid

oxidation

Protein synthesis ' Protein breakdown

QAOD
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Protein turnover in the critically ill
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volunteers basal volunteers fed patients fed

Rooyackers et al, Clin Nutr 2014

Protein turnover in the critically ill

a
£

Pha {pmol/kg/h)
-1
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Rooyackers et al, Clin Nutr 2014
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Rooyackers et al, Clin Nutr 2014

Protein turnover in the critically ill *;gx o iy
(skeletal muscle)
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Protein turnover in the critically ill
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Protein turnover in the critically ill SREY: et
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Parenteral protein utilization in the critically ill ‘cg o
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Protein utilization in the critically ill
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What do the guidelines say

- ESPEN (2009) ASPEN (2016)

When PN is indicated, a balanced amino acid
mixture should be infused at approximately 1.3-1.5
g/kg ideal body weight/day in conjunction with an

Protein

adequate energy supply. (grade B)

nstitutet

We suggest that sufficient (high-dose) protein should b
provided. Protein requirements are expected to be in th

likely be even higher in burn or multitrauma patients
[Quality of Evidence: Very Low]

Karolinska

range of 1.2—2.0 g/kg actual body weight per day and may

e
e
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What do the guidelines say

- ESPEN (2009) ASPEN (2016)

Protein

When PN is indicated, a balanced amino acid
mixture should be infused at approximately 1.3-1.5
g/kg ideal body weight/day in conjunction with an
adequate energy supply. (grade B)

se$0” Karolinska
Q;%“‘ Institutet

Tne

Protein needs

Nitrogen intake (g kg tn:ndy—weight'1 24h""

<& Karolinska
; Institutet

)
0.3

WAVAV AV A,

Figure 1 Mean (s.e.m.) daily nitrogen balance on days 2-8 after severe
trauma. The groups receiving nitrogen are compared with the group with

no nitrogen intake. * P<0-001

Larsson et al, Br J Surg 1990
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What do the guidelines say

fe$0.: Karolinska
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Ty 1

X

- ESPEN (2009) ASPEN (2016)

We suggest that sufficient (high-dose) protein should be
provided. Protein requirements are expected to be in the
range of 1.2—2.0 g/kg actual body weight per day and may
likely be even higher in burn or multitrauma patients

[Quality of Evidence: Very Low]
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Table 3. Relationship Between Nutrition L

q?_ Karolinska
315y Institutet

nsive Care Unit, 28-Day 2

Protein and Energy Target

Maodel 0"
Intensive care unit
28d
Hospital

Model 1°
Intensive care unit
284d
Hospital

Maodel 2¢
Intensive care unit
284d
Hospital

0.91 (0.64-1.31), P = .626
0.59 (0.40-0.88), P = .010
0.76 (0.58-0.99), P = .041

0.79 (0.54-1.17), P = .242
0.51 (0.33-0.78), P = .002
0.70 (0.53-0.94), P = .017

(.72 (0.48-1.09), P=.116
0.40 (0.26-0.64), P < .001
0.62 (0.46-0.84), P = .002

1.03 (0.86-1.25), P = .733
0.90 (0.74-1.09), P = .291
0.93 (0.81-1.08), P = .339

0.99 (0.81-1.20), P = .886
0.84 (0.68-1.03), P = .085
0.91 (0.79-1.06), P = .233

0.98 (0.80-1.19), P = .834
0.79 (0.64—0.97), P = .024
0.89 (0.77-1.04), P = .137

"Unadjusted.

Presented as hazard ratio (95% confidence interval). Bold font indicates significance (P < .05).

‘Adjusted for sex, age, body mass index, diagnosis, hyperglveemic index, and Acute Physiology and Chronic Health Evaluation 11 score.
‘Additionally adjusted for time to energy target and use of parenteral nutrition.

Weijs et al, JPEN 2012

Protein needs

Protein and energy target
IcU
28d days

Hospital

Energy target
ICU

28d days

Hospital

se¢0:- Karolinska
f’?_ = 7 Institutet

Mg W

02 04 06 08 1 12 14

Hazard ratio for mortality

Weijs et al, JPEN 2012
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Protein needs TS Mame

100+ -#- High proteina AA
-8~ Medium proteina AA

- Low proteina AA

_____ L 1.5 g/kg/day
60- k=== 11 g/kg/day

Percent survival

« +  0.8g/kg/day

T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (Length of stay in the ICU)

Allingstrup et al, Clin Nutr 2012

Appropriate protein provision in critical iliness: a systematic and %_ % Karglinska

narrative review'™ s TG 7 Institutet

L John Hoffer and Bruce R Bistrian

Am J Clin Nurr 2012:96:591-600. Printed in USA. © 2012 American Society for Nutrition

Total nr studies 13
Randomized 4
Nitrogen balance 12
Turnover 3
Body composition 1
Amino acid profiles 1

Outcome 2

Results: The limited amount and poor quality of the evidence pre-
clude conclusions or clinical recommendations but strongly suggest
that 2.0-2.5 g protein substrate - kg normal body weight ™' - d™' is
safe and could be optimum for most critically ill patients. At the
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Table 4. Effect Estimate of Variables on Quadriceps Muscle Layer Thickness (cm) at Intensive Care Unit Discharge Adjusted for
Baseline Quadriceps Muscle Layer Thickness (cm).”

B RN EAXLIIITT] Effect Estimate Adjusted for Baseline QMLT Effect Estimate Adjusted for All Covariants
Doy of whasty
N Variables Effect Robust SE 95% CI P-Value Effect Robust SE 95% CI P-Value

- @ MOMLT il 061 01l 038083 < 00] 056 0,11 ()0.33-0.79 < 00]

. }E:‘W Intervention 022 0.08 0.05-0.39 01 022 008 0.06-0.38 01
bRt R R APACHE TTI® 0.02 0.02 —0.02 1o 0.06 44 0.01 0.02 —0.03 1o 0.05 0

M Age'y 0.02 0.03 —0.03 10 0.08 A4 —0.00 0.02 —0.05 t0 0.05 92
EREEEERE LR Body mass index.! kg/m’ 0.02 0.09 —0.17 t0 0.21 .82 0.03 0.08 -0.14100.19 .73

e | Admission category®

Elective surgery -0.44 0.07 -0.58 to =0.30  <.001 —0.57 0.08 -0.73 10 -0.41 <.001

SE E=9 Surgical ~0.28 0.08 04410 -0.11 <01  —024 009 —041t0-0.06 .0
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Early goal-directed nutrition @
versus standard of care in adult intensive

care patients: the single-centre, randomised,
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Early goal-directed nutrition .=
versus standard of care in adult intensive

care patients: the single-centre, randomised,
outcome assessor-blinded EAT-ICU trial

Dally pratain intake

g

Protein, ghgiay
2 @
——

——
—_—
4
‘e

=
i
]
4
—a—
e

Days i ICU attar

Daily anergy

Intake

Percent survival

No. at risk
EGDN
Std. of Care

100:

@
=3

-]
=1
1

'y
1=
1

»n
o
1

Se$0 Karolinska
'ﬁ%*-; Institutet

T

=— Early Goal-directed Nutrition
—i— Standard of Care

0

100
99

T
250

T ) L) 1
500 750 1000 1250

Days since randomisation

38 10
41 8

Fig. 3 Time to death analysis. The figure shows the survival curves
for all included patients at 6 months after randomisation of the last
patient. Kaplan-Meier analysis showed that survival time did not
differ between the EGDN group and the standard of care group. Log

rank p=10.51
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from Pediatric ICU

PEPaNIC

P<0.001 by log-rank test
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Take home: g

= Critical illness leads to redistrubution of proteins synthesised and degraded
= Muscle wasting is the result of increased breakdown

= The critical ill body is able to utilize parenteral and enteral proteins
= Proteins given up to target seem to have beneficial effects

= ALTHOUGH signal of harm possible during acute/early phase
= BUT this might be individual

= We need to find the signals of harm and monitor these to indivualise nutrition

2 0. Karolinska
‘¢~ Institutet
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Date: Weekend of June 16 and 17, 2018

Maastricht University.
Maastricht, The Netherlands

ESPEN INTENSIVE COURSE IN s

TRACER METHODOLOGY IN iggi; Karolinska
METABOLISM

A multi-professional faculty of well-known experts will help you to
better understand the practicalities of tracer methodology enabling
you to confidently engage in tracer studies or giving you a head start
building your own tracer lab.
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More info:
Olav.rooyackers@ki.se
www.icu-metabolism.se
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