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Abstract: This paper makes a comprehensive evaluation on the quality and quantity of proteins in infant formula powder,
with especial focus on an in-depth analysis of the methods used for nutritional evaluation of proteins in infant formula
powder. Five evaluation methods based on amino acid analysis were examined for correlation with the biological evaluation
method. It was shown that the highest correlation of each of the five chemical methods with the biological evaluation
method was achieved by equally weighted gray correlation analysis. The amino acid ratio coefficient method provided more
scientific evaluation of amino acids in foods in comparison with the amino acid reference pattern than the amino acid ratio
method. Similarity evaluation between the amino acid composition of infant formulas and breast milk was performed using
equally weighted gray correlation analysis. Comparative and complementary analysis of amino acids was also carried out
on the main protein sources for infant formulas, aiming to providing a systematic analytical approach for the design and
development of infant formula powder with excellent protein in quality and quanty.

Key words: infant formula powder; amino acid ratio coefficient; protein digestibility-corrected amino acid score; equally
weighted grey correlation analysis
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2 EuE D RANEA R, HAGRIEAR. G5
RUBILEINE IR, GTHEIALD T, AEAMNLTZHE
N2l ) LE AR ED,  F A dy B KR s,
AR NE eI R K & . Socha5'201 14 A 1R
XoF A3 i e N 5 A KRB T T AR T X WA
) LIS AR 00 AR B8 N T R T A R B 3% Al AN R B 2R R
B X522 40 LI & mAVA i SRR B G . S/ INE
Bl ) N AT 70 SEERUE B, B 0 2 2 B B A B3 N AT i
3 2 5 R AE KR F (insulin-like growth factors,
IGF) -1, IGFHiAYT 814 K [ 52 m N 24k 1 g
0 A2 S A RN R T IR o T 38 B A VR A W e T i
G, L N BRI S 25 B A A3 B, ORFEIGIE D)
RN AR e LR R E 2, FEER ., A%, &
R E TR,

BT AN B LR IR B O PAN 48 h5
B 8 FR BT BT 5 P S R R 2 R 1) P A A
LB T7 Uk ) a8 R A 5 5 R LR 0Bz il i A7 ) T
BOLMSA DR AERK KT . Fik, &R 5k
HEFL, LR M & TR RN e e, WS
M REMEEREN AR

1 ZLEGIAMPEARMEE

HEALRREILZIH EWE AR TR0,
BOLWE AR HEERNE, iR IE I S RTE 3 T TR
3 ARG R, N R B A S K T R R
EARMRMCEAR. 19964, DeweyZ!""it % 22 )L
WA TR ST T, #E T 19852 LAIL
BRI o EUCREFLIRE IR B LA T EAA N L
19854 {K10%~25%, WixfT3~6 MHEJL, 198544k
E PR R AR Z SRR N85 ¢/ (kg d)
FE2007EARIE" " y1.14~1.36 g/ (kg = d) , 2013
W R R R E R RS ERA R (dietary reference
intakes, DRIs) "tF0~6 N HZLHHEFBTAN BT
15 (kg d) i3, NE2000DRIs" 4 &1 TR,

I LA [ AN SRR B ) LG 7 FUA & B AT
TR T T IR . 19984E, RaitenZE"% 32 ) LEL 75
BT VOB FRVIAL, A UCFLEETC U B 1 R N iR
/IMERL.7 g/100 keal, #5777 @ HE B8R E & 55 T 8%
T K R AT IR PR SES6UE B . Akeson®5! Tl i ST R A
BATEIE1.9~2.2 g/100 keal L 5 FLHPETEG N H %)L
R BT TR A IR IR AL AR ARG BUAH
fERaihaZE " AT S, HRIE & A 1.8 g/100 kealff)
FUIETRACEC T Ak, 4 RSB LI A 5 2 A0 5 K 5 B 7L

F£H12.2 g/100 keal fF A bRt L 7 SR . FomonZ: "™
F11.7 g/100 keal (T 77 FUky HEAT (I MSR SL e R T H R B
TNACE A R IEH G K TR, (A 12 bl 4L
A 5B A B K A52.2~2.5 g/100 keal (2 IR 4K P8,
XATREER LA AR A B S AR R LU RAR, TR TR g =
BIFENA K. il ERF R A, FLEEE LI TR
W E R S RE R LU #E1.85 ¢/100 keal (7K F (HEAYS
Re L M1.7 g/100 keal) , AT HEAH & 22 ) LRGSR HoN e 4
7K,

H Al 7 37 22 LT 77 7008 Hh % i AR 3R ™ IR 2R
AR SR SRS, wELR, HEEEE
1.88~2.43 /100 kealZ [d]. FEHEER G E SRR
(B — M35 7= i BRI AR B AR URE TR S o v 0 e 7L i 2
JUBC 77 FLA B 10 1) 7 i fe/ME N 1.88 /100 keal s #2K
fE°52.93 g/100 kealo FHILFE HASFE MR ASIE] = dh
BT BN, 8 A0 2 A 2 R A AN (R R ) i
T,
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Fig.1  Ratio of protein and energy in infant formula powder
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W, HE5SHEFREREA LB . EMFERTER
Y A BUE FRME AT S5, (HRZ R 5 ik s
SRR RIS TG, AN BB 2 AR 7 Aot SRR B R B
JoT R BRE r BT VP AT,  BE A R ER A B R R AT IR
N BIERR G HT VTR KR 52 2R A2 72 1 S0
2.1 EABRKEDZE

AWk FEATEE AR A (protein
efficiency ratio, PER) """\ A EM (biological
value, BV) | HEEFHZE (net protein-utilization,
NPU) "YHIG T840 (nitrogen balance index, NBI)
& . PER = SI6 HH N 2l W 44 o7 & 388 &/ g/ SR BRI N B
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PN, RFRSEIHIN, SRR g A B
B e AR i & BV =% B &/ AR X 100, /2%
WE IR A BUHACROS . BRI BE B — T A
NPU=" X it = (EUERH B/ aWERSE) X100,
B IE T EA AR EYE A B A
22 EARMEERR S PTIEN

RPEE FPENEN, IR AZ S SR, Hm
AR B BT ORI A  . BE R ERR AL R S
52 A% G B IR 1 25 & VRO U 2 5 2 5T ) — Ao
IR 7%
221 EBEVMBRAERSSHAEREXN LR

BY & RAER S S H A & 7R M
TR AR I E " S R R A R R ER R
2 — e B EYNSEREREE, ML T %
AR B FERUERBZ Y& D ERILE
H5HE BB . AERE R & L E
EAEIE T B R ERA E, ARSI &R
FER LU AR AR TE [R] — LUK, BRI RA S 5 188 30 s 2L R /K 1
Bl BT, IR O R E R LA
M. B, ERLT L2 EACY T )& A ERA
B AT PAR AN R AE 8 A 2 R IR 5 SR ASE AU % s R
MM ERR BV & AR A . 22 LR T FUk )
DLCLABEFL I A FR H R0 ~6 A2 ) LA 2R 1 7 oK
NZZ%, WS B R SR H 2 5 A 2
5 K% (Food and Agriculture Organization/World Health
Organization/United Nations University, FAO/WHO/UNU)
FIH0~6 HE ) Lbh T 2L IR 1 7 R
222 M EVEERSSEE XD SR HLLE

N AAS P 5 1) A 75 2 5 TR ) i e B A [R) N AR 1) 7 22
IRy, AREERNERHLAER, Ry
HEE AR R BRI A M IR R S A AL
PR AL I S B RR VANV A B A SR P E B

H BT A T & B 5UE 77 PO 0 2 B R 20 M PR Ik
HEBHEMERZIEMZE SR> (protein digestibility
corrected amino acid score, PDCAAS) . ZRIEH: LU R
% (score of ratio coefficient, SRC) . ZFE[ZPerson’s
MR REEHP), R P77 (1-imbalance degree,
1-IBD) " SRR AEBUR (R TR VL L A7 2O
ITERT. PDCAASRH GV % &2 IR 5 2 H A%
RAERZ WA BEYERERAMMFERIE, HE— R IER
REZEVEANRAESD, RIEE&KHEIERNE
—BR#ZHEERR: SRCRE —MA Y& A ERL 7 REE
TE R — PTG S 17 5 v 2 0 i B R R
FRMERATE (IBD) [HEAE NI T7E: BIER

Person’stH % REE 2 BV & A ER 5 F B A G R RIT
LR R, MXREGE S, ML EE,: 2R S UK
TRIRE R M 2 S AR WL NS P
2, ¥ & T BB A M 22 AT T LT MR 1 B
BERL 3 M, GBI CHEE P, BBk A BB R s JLAE
TIER R E R S R AR LR AR, A& TES
R SRR R . AR SCON 5 A SRR o BT VPN
7 (PDCAAS. SRC. 1-IBD. ZJLMiPerson’ stk &%
B BB AUK B ORER L) 43l 5 AR AT A 5%
P AT RIS SR T R B s AT i R, R
Yt EEIR S 2 H A IR AT KRG, 15t &5
BRVPAE 5 AE VRN R 2 TR G, kT 45 50 5 AR ik
FH OGN d5t 3 PR 2B IR 40 AT VAN
223 5 PRI TS AR A DG

XF E BT AR 2 VRN 5 AL 2R AR B R AT 1 B
W, REREREGWRENET, WEMEDITN. &
BREWE ., " ER S EEIRA 7 E. R, BRI
Fio HRIE, EEXAHCHRIER L BT, ARSCRA
Mensa-Wilmot 5[] JFU AR e 45 687 NI Fhse B0t
PR T LR TEIEAT T b . 8 2 IR S BRI R IR
JHFEA: Hath. g/100 g mg/g pro. A Lmg/g pro
HEAL, W EFERB AT o B R T b B
o BT E AR AT (R 2 .
#1  FHEBASRERESPHEERERFAO/WHOH R BHE™

Tablel Amino acid profiles of extruded cereal/legume mixture and
the recommended intakes of amino acid by FAO/WHO™

mg/g pro

aEm SORY am s sm snn s ew
HAR 26 31 27 26 29 26 29
SRAR 46 36 33 32 34 31 33
AW 93 82 74 74 77 71 76
HAR 66 50 51 50 52 47 48
EER AR 9 21 23 23 23 2 2
KNER+FAR 7 108 98 95 106 101 107
KA 43 41 34 34 35 k) 36
LR 55 46 41 40 43 39 42

®2 PEBABE/EERAWNPER, NPREBEAVNZEER

LRI S
Table2 PER, NPR of extruded cereal/legume mixture and evaluation
of amino acids
L WaRES BEYN IREY WAV WA IREWS HED6
PER™! 2400 2300 2300 2200 2200 2.100
NPR"™ 94300 91.400 94.300 88.600 85.700 85.700

PDCAAS* 0437 0496 0484 0504 0468  0.465
IR IIR 0.550  0.527 0.541 0515 0512 0.502
SRC* 64.646 68246 69.279 65413 64.141 63.282
1-IBD* 0754 0779 0786  0.760 0751  0.745
Person’stZ<fZ*  0.790 0.814 0.828 0.792 0.779  0.771
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Table 3 Correlatlm.l betweel.l 5 evaluation methods based on amino ST RS A T RS B 2R RN LR N TR — .
acid analysis and PER or NPR
W RIFPER m PDCAAS %ﬁ& SRC 1BD 1;5%5 3 WLE S ISR
FIEPER 1
HHNPU  0.899% 1 et . R v A LIS]
DCANS 028 0l FIEIR MRl HIE 24 LG 7 B i R B BT
ERREEHE 0962 0%1%  —038 1 RICK T I B LI T UM h A SRR AL R S B ALK,
WC oA 06 0w 0§ ok IR (SRR A3 WA T AR
1-BD 0471 0668 0535 0515 1000 1 - o e b T g 1 = 4y L s 2
Person'sHIEE 0567 0761 0439 0625 0991%  0.989%* 1 3.0 BOLRCTT AR RIS BB LER T

)

VE = 72 0.05 KT D ERZFARK ;e 7E 0.01 K CRAD |
EH.

HHER3AT A, 5 PR SRR VTAN 1 5 25 W3 A0 56 1 4
7 IR R 2 BUIR € SR B > Person’ sHH 56 > SRC >
1-IBD>PDCAAS, HPDCAAS 'S4 Wik i ikl ek,
SRC. 1-IBD5 WL IIAE AR, 5 51°50.480.
0.676410.471. 0.668. Person’sf]J%F S5PER. NPRIJH]
K2 By H0.567. 0761 (P=0.079) ; SRR HL
[ 5PER. NPRIFH % ZEr75180.962 (P=0.002) .
0.961 (P=0.002) , HILAh4 R EERRITFANES K AKX
BRIk Ok o 28009 <0.8, B, W EWERERS
23 2 R AT SRR € I IR 2 A T I Bt H £ 49 B 1 ol
M TR AE S E o 5 BT iR AR G BEHR P AE LA 5 —
PR ERA K NS H RN e kA s,
[E PR L ZE 514 (Codex Alimentarius Commission,
CAC) "REFL G IR, AH G HE 7 W) o 25 AR (8 5%
I & > Person’ s ¢ & > 1-IBD>SRC >PDCAAS, X
6 LB VA S PER. NPURIH ¢ R %04 51 1% 80,917
(P=0.01) . 0.943 (P=0.005) , SRC. 1-IBD54E)
VERIAR G FEAR,  HLF 52, 43 73290.286 0.459F7
0.287. 0.462. Person’sfH¢E 5PER. NPUIAH G
530,602 0.787; PR 508 2 2 85 2l L rp 3 T LA
QIR EE, W m & 5 iE S AR R R A O,
B2 2 A5 O AH OC FE R OC B ME e . B L I R R R A
AR E TR EA AR, SYE AR EERS
2 25 1 2O 7 B 5 T 11 LU AR o A1 U D 35 — PR ) R TR
PDCAASHIZ 58— PR 2 B 0L v 2 1% & W) 8 A ) i &

35351, PDCAAS A H Fi G 2 (A PPN S fe 4l - i B
GATHI . SR A XS MRS RIEN L S ALK

FARVEAS Y, SEBUR R IR NGB AR I HTT
INEFA I TTEL —, BAEISAT LARE L A SRR U
BILFE RO MBS, SEVERMCIERRIC, X
e BEFL RS IRF OPR W R ATAE € I AR ET K

AR AR RERAFR RN - EEZAR, [
o 2 R IRV AR U B B R R ZE VPN SRR
B 7 S0k R LR SR R AR AU, R RS A R R AL IR
BRI IR . fER MR ILRR P 5 Ak
FHIGHE BB, 35 K 5 49 1 2 i TR M0 3 e A R A

X488 LR 75 LB AR R B AT 0 % I 0 A2 0P
365 FL ARG B 2L o B M SR o R
R — R S BV IE B SR (R T A 0
B A RS S R A B
[ R R UE A, 8T T AR SR T
MR R B ERE MR, B3
B A PR O RSO R . PR
R RE L T, e R R,
B, AU E RS R N B B

WHORCACH BFFLEIERRALA, A Ho B 41
BRI, HRATTR, WHORE 1 R R B
CODEXUY i, THCAC!S Bk B 5 M W il
B8, IR ACACKHE 5% LR M.

£4 WHORMCACHRIHEEBRER
Table4 Amino acid patterns of human milk proposed by the WHO
and the CAC
mg/g pro
R WHO™ CACY
R AR 55 51
AR 94 94
R 69 63
EER 16 14
ENSENiTy 42 45
IR R 44 43
JEk AN 17 18
AN 55 50
HATR 21 23
Ji% 2R 52 42
£5 CACHILEEMBRZZILES I b &ERAR
Table 5 Amino acid pattern of human milk and amino acid
composition of infant milk powders proposed by the CAC
mg/g pro
SER B BRLORR2OBR3 B4 BES MRe HET  HRS R
Sralk 51 55 5 55 54 55 55 59 52 54
AR % 9 9 107 100 101 % 105 88 98
BaER 6 81 81 84 8l 8 3 80 68 66
RER U 29 3 29 % 25 20 7 25 %
AWER 45 38 40 40 40 4 36 40 34 35
HER 8 57 56 56 56 56 56 60 58 55
BER 18 13 13 15 13 15 12 13 13 13
HE®m 50 56 52 58 55 56 52 58 53 49
Hgm 3 w2l U5 2 0009 330
AR @ 34 38 36 4 49 37 37 35 35

T CACHE; R Al it 1~ 9B NI 7E G A R i 2 — B L=
FLA LR A D9 20 H 20 5 L fE
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HIRS TR, BFFLE AW A K 2L 7 UM &
SRR, FAS S ATy AU 5 R LR U R
(R6) , AIEEPFHHEAFM T tAh, WHIT A
Ty 5 B FUR LR (1 LA o3 M AR R A V= R, T
HETFSECT AR 5 R SR I LA R K AT AR
W 77 FUAR Hh R B S T [, IR 75 25 R AN SRS N
FHSLAR SR

#6  BULET IBRERA RS HILBRPHRE
Correlation between amino acid profile of infant formula milk
powder and the human milk pattern

Table 6

AL RRL B2 MED MR BES BRe WA BAS R
SBUKGA% 056 064 059 062 061 062 053 059 062

Person’shfiX 094 096 095 097 097 096 095 093 095
SRC 67 75 69 76 76 71 72 69 73

R B R AR AR S AR AR A 2L WA
HARBANAE T 1, KT N T 1R 7 O 125 S R PR
B, MR¥E OB R AT DRI PR A B R, LU fE R 3
BN — RS R RR . R T, 7E9 AMFES
B RGN OEARR, B = R
RN ATRBARNEATR; BN TR AR, H
NIRRT -

7T P ESEERGILERE
Table7 Amino acid ratio coefficients of milk powder
LR RS FERR2 FEAN3 FRAh4 FERLS FEARG FERT FEALS BRSO
SR 0939 0.947 0.921 0.940 0.933 1.012 0.982 0.929 0.984
SRR 0917 0.978 0.972 0.944 0.929 0.938 0.948 0.853 0.969
MR 1120 1.194 1.139 1.141 1.153 1.087 1.078 0.983 0.974
HEMR  1.804 1525 1.769 1.521 1.545 1.340 1.637 1.626 1.593
HEHERE  0.736 0.825 0.759 0.789 0.827 0.750 0.755 0.688 0.723
FREME 1155 1209 1.112 1.156 1.127 1.222 1.185 1.228 1.189
BEEE 0629 0.671 0.712 0.641 0.721 0.625 0.613 0.658 0.671
B 0976 0.966 0.991 0.976 0.969 0.976 0.985 0.965 0.911
A% 1.023 0.848 0.891 0.964 0.790 1.224 1.070 1.307 1.212
fEER  0.705 0.840 0.732 0.930 1.009 0.826 0.748 0.759 0.774

FEUNAR TR IR A QIR prid R, wTiE
o 3 E R SN R PRI E B E A BUTE LR,
TR YRR R BT . AR, A
(] S AN ) R (A AN Y, 7 B e S
HAEmy, PISERMEIE AT R AR A B B S AL AR
RIS, ] RV A N S A N R
32 BULBCTr Ik B R E AR KRS

L JFURF RS IR 7 BT, T A SRR R R AL
R s, ATWTRASR M BEFLAC M T 1) . R LISy AUk A
it A B EE R AL RS R . ALE
WRAEE A - FIEEER . KBLFEEAHE (RS ,
WAL TT Uk 5 BB BB 20 b, 4 L R ) 1
LR B R S LR

#8  fIL. EIIFRILMI:ZER SRR R
Amino acid composition of human milk, formula milk powder

and milk protein materials

Table 8

mg/g pro

gL ek Jii 5 a-FLiE KR

AR B g Ak EOk EEA

SRR 51 52 48 4570 5470  69.50  61.50
R %4 99 95 89.90 102.70 91.80 115.00
W= 63 81 68 72.10  79.10  89.30  92.30
ERAR 14 23 35 3090  23.60 2170  21.80
KNEE 45 40 48 4570  28.10 2630 333
A 43 56 43 39.60 102.70 91.80  64.00
R IR 18 13 12 1040 1040 1730  16.60
HEE 50 52 60 60.10  51.00 5630  57.70
MEm 23 21 30 29.80 2510 17.00  19.20
AR 42 38 45 4440 3330  28.10  29.50

VE: BRI H AR, R A A R SR v, LRI B E
T H 222 CAS D b

FATRC 7 L8 Th 58 — IR R R Oy (R, 1
T3 AR N BRI 67%, B8 . B = IR 1R R R
NENER . BMARRHER, HHKTRAAERK
80%, HFEILIRN NERR, NHEADERN152%.
FEJEURF R BE AR« e s Lk . 2B AR AL SR — BRI TR
¥R, HEDRTET I OER S
ORRIE RS (R . SEFUMAL, BUER T M
KSR — BRI VE R R IR VR . M RBTTUIER], (R
e N A SR A2 2 R BRI F) — b T IR TR, M
—HMEAEASEGREARR, WE A EAETE %L
PerflE AR (RIS 2R o A I 7 A 4 e 1] K88
A, B EE AR R R AR AR AR B R RS R AN
PUAALT, AT SRR e LRES S, o S BRI Ty
FLMEFR LB BERR P ARSI A i, AR () SE . AT H 4
P (R o- FLIF B2 OB S5 OK R SIS 8 ok O E IR 5 R
AT B i v TG AUk, DR, it g
bt JEURH A E B T 2 e e 7 PR SR IR B K, (HI
HERRNEAR . WMamRAE i, R 3L
Foft BR 1 PR SRR KT, IR v T EE 5 SR R

R EHIHTIFERER S BIAAEMBANLERK

Table9 Amino acid ratio coefficients of human milk, formula milk
powder and milk protein materials

e N

RREAR 094 0.80 0.72 0.92 1.18 1.07
SR 0.98 0.86 0.77 0.94 0.85 1.08
TR 1.19 0.91 0.92 1.08 1.23 1.30
AR 1.52 2.12 1.78 1.45 1.35 1.38
KNER 082 0.90 0.82 0.54 0.51 0.65
IR 1.21 0.85 0.74 2.06 1.86 1.32
R IR 0.67 0.56 0.47 0.50 0.84 0.82
AR 0.96 1.02 0.97 0.88 0.98 1.02
HEATR 0.85 1.11 1.04 0.94 0.64 0.74

it R 0.84 0.91 0.85 0.68 0.58 0.62
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H A28 JLBC T3 LB b P DN = R IR 25 D SR e IR S R
T, AR AR AR AR DLk B 2
M. DB R S R, LR B
Hh IR R A PE T 300 B2 ) LI T A RSt A R s ™,
FRLA R 2 LIC 77 FUR o S S R AR 5 A 2 i U
WAFEAN R AL, T SR BEFL o B HLox 22 ) LA Bl
BRI B TERE S, 256 5 FE B LIC T5 LA 2 2L R 1)
AR AR K

B 7L b S R 1 20 B 32 b DX R IR ST R 5
Wiy, AR R EAS AR A — e i 22 S, dndk
PHIE SR B R R & B v T AR E K, R B}
AABMRE IR R, FEREHIH K, X5t
Xt GUHAT AR I I . ST B LIC T FLob R R R AR 2K
PR A A T P R SRR RS R SR
MR UBC 7 30 S e 3 25U B LB QR LU (B R H0or
B, AL AL P AR A, BRIEEAINE
LA E AN RO, B TR TR — 2 BRI A
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