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17 E ek 8% K& 4T AE 35,401 7500005 2.4 Rk X Fsh A FRARF R Shih EFE, KX 4300705
3. A B A b A RN ), KX 4300705 4. 7T Akl F 4 B A TARE &5, & FE 050000

FEE S IRICIK A RS A U v oK i G R T e B B IR 1 2 St AZEL AL, LA 30 493 7K 4= 5 R 70 13 73 4 175 Ky
WFFERT G, i FAURETR 1 30 53 AT SRS i 2 e ST FIK i e Sl 7 bt o DAL B R 2 0P AN XU IPAN 124 AT
M A5 TR K A= 5 R A 5 1 S R 22 S o 1 LA B S SR R /K it B2 1 T 0 Ry i A Sk, R
/N TP BN 53T (PLSDA) GEST K A WA A W 43 A WFTE 45 R o, 7K AR W RS A W it e e g 2
Fig St 430 120,93, 98.19 pg/ g K R A B IR B i 37 4.21.2.95 g/100 g5 7K A= v 16 il fiff 22 2R 04 266 %t
SR S T YA (P<<0.05) , H 43 & B S WA WIARRL; BR Asp The F1 Glu#b, 7K 42 475 b A 14 Fhiffe 15 2 B iR
7 %00 9 i S TR0 (P<<0.05) , M 43 & EARIEAEAE R R 28 5 K AR W P E DR RN R 200 R O it T &, 7R
GABEIR Sl S R RN 24 2 R 45 1 34 W 35 1 T3 AR 5 (P<<0.05) 5 b 24 IR / B R hy 40 %6 , 75 2 ik
1% /AR T S BE MR N 76 06, v TR R bR Uk, R BK AR R AR 0 B 1 B TR 1 5 K A R U SR
e T WA e R B LAY AR TR T 0B 2CR |, 7K AR 3 28 1 0T ) R R P43 2 185 100 5 W ) 531 A6 750 o
HR100% . SERFH] KA R = 6 2 U 45 KUK 1) S R RRIT R SRR | DA R ks N B AR HILAE 1Y)
W BB S BRI IR AN AR , 256 IF R A i i I E R . eAh KA R A4 s s B RR 20 L&A

B, R R SRR AR n] b AT LI B s e )
XK gEiR
hRESES  S823; TS252.7

BEE NATA G KP4 T S Ao i 3
Ji & & L2 (amino acids, AA ) FIE I B2 25 2 b il 7
AT RE T A 47 N SIS R R 900 B 5 0 7 A R ), E T R
B S BN DG I S SR A ) i S

LPpp E A W & LR (essential amino acids,
EAA) M 37 #% 2 £ 1% (branched-chain amino acids,
BCAA) , B AR FLE (Y . S
R LA 2 R AT « DUAR L BUIRAS TR 45 5 780K
fit & JE 2 (hydrolytic amino acids, HAA ) Fliif 2 5 &
FLR (free amino acids, FAA) . HAA 892 8 F12H 5L
A S B S E FEE R R S W HAA B9
A LA BT DX ), R HAA AT AE R AE 8 AR 2R T
W5 S S T BB 2 . FAA BB ELEEZ 4 3 11
TR XU 1T HL B A 2 AR AT T A I A Y R
G R FAATE SRS R GGG & F P iR 5 &
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FEAR D, HOETE N A 1R SCEk o BT T K AR
FAALURS . 2401k, X TFRA T4 HAA
B FEAIF ST AR PR T2 A A B 1 AL AR, IR X
I A A E XU A2 2 L R (medicinal amino
acids, MAA) #EAT VAN o B, A K 4= 5 Fn g 4= 45
1) FAA FRAE 1 oK 15 2] 78 43 BF 58 0T 1L, 06 T F1
FAA XK A= AT A5 53047 56 5] (R A 5 A 6] P9 AT
SRS H o B ASHIESE 23 B BT LG K A 7 R g
A5 HAA FIFAA B8 5 A AL, IF E 725 R
URANZY FH 3407 AT IO RT L, B X 7K A 5 R
AT 43 28 AT AT LA )3 A A )
FEK AR 0 & A, ST KoK A= il i e D e 1
B PR AT BB T K A T R B R K
W5 B8 A
1 #MRIERE
1.1 RZEA RS

2023 4F- 7 J1 M AL b DX R A2 8T 7K 2 5 A i 30
$y,20234F 3 4 27 H 1], 43 6 LU db b XCR
SR BRI A RE R 00 o BT A W AR K AR B £ BRER
O RAF o WHRESRAE R 2 8% 05 2% B 58 1, B %
FERAEZ) 250 mL

W R 5 W RE S BA CK B KR e, I
T B A I B I L ST RV A TR P BB ), 21
PSR AT FLF0 A0 Vi i o FE A OR AR S 7 BV IS 3% B S 5
=, iz (8] 3% v 7R A R B R UK A (2~4 °C) B IR
AE 0T
1.2 EFEERF

A 30 & SR 4 HE AL L-8900 H A< H S /N |, 514
1FUEAR, 0.45 pm JE R BB R, HE IS XU TR AT, AR
A, L5 H RAF TR IR 3 % L 25 OB, HERE

17 AATR AR UEVE W, B — TR, 22 v A
GZP B, S C, AR W D, LIOH X H,O, #7 8
ik X H,O, HCI(R 435037 %) , R , i 3 K iR
RIS BRIR IR , SN, 2R, AR AT IR A .
1.3 HmPEERSENKINTE

F i 20 BT R TR s 2R R S AR R ST
BRI 2 DOPAT S RO BIME . B2 R (tryp-
tophan, Trp) tH F 78 $h W2 /K fift i A% b 4 i 36, K B
o

D45 HAA 455 & skl . 2 | GB
5009.124—2016 £ il & 4 [ ZARE & 5 J SL R 1Y)
W Y 7 25, R 4 A S & BE R 43 i A 5 AA

SRS . AA LT AL ¢/100 g

2) W FAA S0 & i iR . 225 k™
AL PR 7 v . WA B (6 42 B 3h 2 IR 43 BT A
ARG . AA X5 5 500k pg/ g
1.4 FIELEBRSEITST

DAAGTE . BRI B AA 7 R dh /5 2 2
12 (essential amino acids, EAA) \ & AF 75 & 312 (JL
T G HLR , child essential amino acids, CEAA) |
AT IR (non-essential amino acids, NEAA) . 3%
#5238 (branched chain amino acid, BCAA) . MAA
AR LR . 2% 2000 42 a0 bk
SEL A 32 o XU 2 5 1 40k 4 2 ok A L R
(sweet amino acids, SAA) . ¥ b 22 3£ 1% (bitter amino
acids, BAA) &5k 2 £ 2 (flavor amino acid, FIAA)
% 75 5 2 R (aromatic amino acids, AAA) . AA
TR P A5 R 1,

R1 KGMFDF TR REERRA 52

Table 1 Classification of amino acids in milk from
buffalo and cow
25 45y A0 Y LR
Classification  Segmentation Amino acids included
EAA Met, Val, Lys,Ile,Leu, Phe, Thr
CEAA His, Arg
NEAA Asp,Ser,Glu,Gly,Ala,Cys, Tyr, Pro
BCAA Val,Ile, Leu
MAA Glu, Asp,Arg,Gly,Phe, Tyr,Met,
Leu,Lys
SAA Gly,Ala,Ser, Thr, Pro,His
BAA Val,Leu,Ile,Met, Trp, Arg
TAA
FIAA Lys,Glu, Asp
AAA Phe, Tyr,Cys

2) F IR A & i 0TSRRI T 2 R Y
EHBEFRMEEN . AA B 53 & (percentage of
AN, P )BT A

Can

-

~TAA

D Can B AF G RE G P 2 T AA 1948
i (g/100 g8 png/g) 5 Cran A HEIAE i v G 24 2
S (g/100 g pg/g) o

A FE MR I 4> (amino acid score, Sya) 42 H AN
Rz ME A BRI T . AR S % T 1973
RIS ERL AR 4 21/t 7 A 2H 4L (Food and Agri-
culture Organization of the United Nations/World
Health Organization, FAO/WHO) #5 #fE T #9373 15

Pa= X 100% (1)

xf
iy
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AR 2011 4E FAO bRl B By 1210
IR TEr (Sa) BT AT .

Cu
S =—-X100% (2)
Caa

K@) H . C, AP FLE A EAA &2
(g/100 g # 1) 5 Cap M WA B AH B EAA 75
(g/100 g F1) .

3) i fie /N I T S A o3 RS B ST . B/
T H B4 H (partial least squares discriminant analy-
sis, PLSDA) s 1 Fvi IR HLas °7 > 5, 0 T
ffpR 2 m] . H#EST PLSDA BRE % 70 =4

O 100 2% B B AL 3 2 Y1 2k 46 (80040) Al
AR (2000) PR, IR T T s S AL, X Y
THRAERR R PERE

O I 2R 4 2 Sr A AL . PLSDA 8 1y
SO AL 7L U n , e 58 SU IR I 8 v R A 1P A
1o PR BT 7 1) 7

O 2 ST R BB N ] T IR | DDAl A
PERE . BORIVEREIT A AL T 28 TR

Hgeitsrtr. P REF (A 4.3.1;https: //
www.r-project.org/ ) BEATHIRMEGE T 22 R AG I (145
%) S PLSDA EE . FT A K90 9 GE it 35 P b v
¥ a=0.05,

2 FHR5HMH

2.1 KEIPHFNGE I AA B E B EFAE S #T

IR AT R 25 47 vh 45 il AA 9 266 %6 B 1 FNE 43
AR IR 2 K 3. BR Asp. Thr fl Glu4b, 7K 4
P A FAA &8 3 0 & & T 954 35 (P<<0.05) .
IKEAG A FAA B EH > & BAFIEA R K227
(£3), FEEHAEHME L AR FEAT R
RHEFE REAMFE : OGlu & & & &, 5 TFAA 1
57.33% (W3 4=175) #133.63 20 UK 4 45) s QEAA Hh Lys
Mo EEE;NEAA T Glu s EHEE; O 2 F
CEAA 1, Arg & 58 i T His; W24 Wy oK 4 0 vp
BCAA B & 43 5 4 5.02 1 11.42 pg/g, 43 5 &
TFAARI 5% F9% , & i i BCAA Sl Val, 51k
1R Tles

KA 4 F HAA L TAA . BCAA EAA FI
CEAA & 53 W 2 % T34 15 (P<<0.05) o AR¥EA
HEFEH ORI Z I, AR AR H AA 7R B AT L
i 1 500 mL K 4= 5 b A HAA S5 &2 o 17 500 mL
WA= TR i HAA AL fgi 2 50 %6 ~60%0 (R 4) .

BARK AR 4 HAA 4% & N6, 45 Fh

HAA WA A (E3) . OGlu & EfHE, b
THAA 4 21 % , Hofth HAA 09 & 878 2% ~10% 1y
JLHEN ; QEAA H Leu & it fie i s ONEAA H Glu 7
s D2 F CEAA & AR, I#E A IF i THAA
6% ; ®BCAA (§ THAA Y 20% , Leu & i L lle
M Val F AL © K4 TR 95 1) EAA/TAA
B F1 EAA/NEAA {7 8 % 25 5% (P=>0.05) ,EAA/
TAA ¥ K F 8 % F 40%, EAA/NEAA 4 % T
76 % , W4T A I T FAO/WHO B2 /Y BAR 5 (45
FrbriE(40% F160% ) o

22 KEPMPHMHIERME ZARAMEFR
BRIEM

WHO/FAO(1973) M FAO(2011) @1 AA TF
AR AR e EAA B W38 5, KA 15 A
A5 AAS W3R 6. KA EAA 4505 B R
F1 Y 0 34 25 T WHO/FAO (1973) 4 A (Sy >
100) , 1 H¥ & T WHO/FAO(2011)%F 0.5 % DL E A
FERLE B . EZL(0~0.5 2 )R KA1
i Tle B9 PF 20 84K (90 43 ) , Met+Cys . Phe+Tyr . Lys
FHis B33 K T 10043, Thr, Val Ile \Leu fY 153
YINF 10043 .

R Val #1 Lys &b, 34 7 v HoAth EAA # AAS M
SARAPEEAR . X T 0.5% LU B ARE, Ui b=
1 EAA 57K A4 50 A AR : 54350 9 Thr Ile \Leu
Hl Phe+Tyr A g i & (Sy<<100) , I H S5 HEE{E AR
R WL, KA S AR YLK . PR
R, ZIL0~0.5 F )BT, KR At 2R
/1 Thr Leu £ Ile Y Sy, A E .

HAA 76 & i it B iR ST B K A X i
PEVR SR A K, T FAA S — 28 518 (0 R 38 1%
a1, PR B 9T AA XI55 R I SRR, LA FAA SH
TG

12 7 W, K AR W U A A eh S AT 4 2 KUk
AA L HE L TAA B E A = 2R AR IR FIAA
SAA .BAA FIAAA, X 88 AA X473 1) 118Gk 51— &
YER o 7K AR 37 55 405 20 4 XU 2 35k TR 19 4 1l A AL
FIAATE TAA b 7 L3538 5] T 50% ; SAA i H i
T 15%. SW4wita e, K2 5 vh SAA . BAA I
AAA G FHE T 7.87% .6.00% Fi13.64% , FIAA %
KT 17.49% . %5 LA KA 105 L 5 4= 4 i 2 ke o
WRIE T AL, HO5 AR R

T QJER T KA AYI A4 5 vh MAA B & & .
KA A A i RE S R MAA I E Rk R T
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Table 2 Absolute contents of various free and hydrolyzed amino acids in milk from buffalo and dairy cow

e B R IR/ (pg/ g) Free amino acids IK i B IR /(g/100 g) Hydrolyzed amino acids
- K ey i AR kD 0y et AdLe
Buffalo milk Cow milk Ratio Human milk  Buffalo milk Cow milk Ratio Human milk

Pft'cl_il:ﬂij‘fm — — — — 4.444+0.55 3.08+0.22 1.44 1.20
Asp 2.42+1.38 3.54+1.87 0.68 5.50 0.3040.04 0.22+0.02 1.39 0.09
Thr" 1.09-+0.75 1.67+0.70 0.65 7.80 0.18+0.02 0.12+0.01 1.45 0.04

Ser 1.52+0.60 1.08+0.45 1.41 11.10 0.20+0.02 0.15+0.01 1.37 0.05

Glu 41.79+22.75 57.32420.25 0.73 202.20 0.8940.10 0.63+0.05 1.41 0.18

Gly 14.364-7.66 5.95+3.60 241 6.40 0.08+£0.01 0.05+0.01 1.41 0.02

Ala 4.93+1.88 3.86+1.54 1.28 19.30 0.1340.02 0.0940.01 1.37 0.04

Cys 6.84+1.62 4.50+0.56 1.52 4.90 — — — 0.02
Val™ 6.73+2.21 3.164+0.67 2.13 5.90 0.2440.03 0.17£0.01 1.41 0.06
Met” 2.98+1.19 0.754+0.48 3.97 0.70 0.11+0.01 0.08+0.01 1.49 0.02
Tle™ 1.5941.29 0.6440.22 2.50 1.30 0.2240.02 0.147+0.01 1.54 0.06
Leu™ 3.11+2.77 1.2240.52 2.55 3.30 0.41+0.05 0.284+0.02 1.43 0.10
Tyr 1.284-1.39 0.434+0.55 2.97 2.50 0.22+0.03 0.13£0.01 1.64 0.05
Phe” 5.77+6.25 2.78+1.32 2.07 3.30 0.20+0.02 0.15£0.01 1.34 0.04
Lys’ 16.0946.82 5.27+3.88 3.05 4.20 0.3640.04 0.2540.02 1.42 0.07
His"™ 1.9641.48 0.934+0.27 2.10 3.30 0.13+0.02 0.08+0.01 1.55 0.02
Arg” 4.45+1.80 3.66+1.19 1.22 2.50 0.13+0.02 0.10£0.01 1.26 0.02
Pro 4.02+4.53 1.42+0.72 2.83 4.00 0.4340.05 0.30+0.02 1.47 0.08
TAA 120.93+35.98 98.19+26.46 1.23 288.20a 4.21+0.48 2.9540.23 1.43 0.97
BCAA 11.4246.14 5.02+1.28 2.25 10.50a 0.8640.10 0.59+0.05 1.46 0.22a
EAA 37.35+18.57 15.50+5.43 2.41 26.50a 1.71+0.19 1.19+0.10 1.43 0.42
CEAA 6.4143.19 4.60+1.32 1.39 5.80a 0.26+0.04 0.18+0.01 1.44 0.04a
NEAA 77.17429.12ns 78.10425.04ns 1.01 255.90a 2.25+0.26 1.57+0.12 1.42 0.55
BCAA/TAA 0.0940.03 0.054+0.01 1.80 0.04a 0.20+0.00ns 0.20+0.01ns 1.00 0.23a
EAA/TAA 0.31£0.11 0.164+0.05 1.91 0.09* 0.41+0.00ns 0.40+0.00ns 1.00 0.43
CEAA/TAA 0.05+0.02ns 0.054+0.01ns 1.00 0.02a 0.06+0.00ns 0.06+0.00ns 1.00 0.04a
EAA/NEAA  05640.33 0.220.09 245 0.10a  0.76+00Ins  076+00Ins 100 0.75

TE B Ry P AR IEE” sns TRK A PRI A W 2 1] 22 538 B35 (P=>0.05) , RARTE ns R W 28 53 835 (P<<0.05) s i a OB ELR /R i
SCHR A R, S A SOV AR A AR A2 ST TSR BCAA B & 5 %5F Val Tle Al Leu B9 SR ; CEAA B9 8 1k %5 F His il Arg (9 SR
BCAA/TAA ST BCAA B & it o S B RR & ik i L 0] s CEAA/ TAA (H55F CEAA [ & 1k o BURURERR 3 B A LU 5 38 b 7 23
B2, R P AT R IR , 38R SR 2R 1 1) 2% Garcia-Rodenas %512 %k AFL (Dt FAA B 5 2557 5 2) 2% FAO/WHO A i 11
B NFLBERE' ;s A AT AR S 245 2 ) SRR & LAY HUA . — " #OR A KM . FIAl. Note: Values are presented as mean + standard
deviation; ‘ns’ indicates no significant difference between buffalo milk and cow milk (P>>0.05) , while the absence of “ns” indicates a signifi-
cant difference (P < 0.05) ; values marked with ‘a’ were not reported in the original literature and were calculated by the authors of this study
based on other data: BCAA content equals the sum of Val, Tle, and Leu; CEAA content equals the sum of His and Arg; The BCAA/TAA
ratio is the proportion of BCAA content to total amino acid content; the CEAA/TAA ratio is the proportion of CEAA content to total amino
acid content; * denotes essential amino acids, ** denotes semi-essential amino acids, and # denotes branched-chain amino acids; 1) refers to
the results of FAA measurements in human milk (China) by Garcia-Rodenas et al''™™; 2) refer to the mixed human milk data published by
FAO/WHO'!"!; The ratio represents the ratio of amino acid content between buffalo milk and cow milk."—" ndicates that it was not detected.

The same as below.
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Table 3 Percentage content of free and hydrolyzed amino acids in milk from buffalo and cow %
JoiT Free amino acids Hydrolyzed amino acids
Traits KA Wy ER(E] A3 KA WA FLfE Az
Buffalo milk Cow milk Ratio  Human milk Buffalo milk Cow milk Ratio Human milk
Asp 1.9440.79 3.50+1.28 0.55 1.91 7.14+0.33 7.33+0.14 0.97 9.32
Thr" 0.89+0.44 1.7840.83 0.50 2.71 4.22+0.19ns 4.15+0.16ns 1.02 4.55
Ser 1.284-0.39ns 1.1740.57ns 1.09 3.85 4.76£0.15 4.98+0.21 0.96 5.18
Glu 33.63412.40 57.334+6.99 0.59 70.16 21.1140.31 21.46+0.23 0.98 18.43
Gly 11.89+4.84 6.04+2.62 1.97 2.22 1.8040.13ns 1.8340.12ns 0.98 2.38
Ala 4.05+0.85ns 3.89+0.85ns 1.04 6.70 3.05+0.19 3.20£0.15 0.96 3.93
Cys 6.29+2.76 4.88+1.29 1.29 1.70 — — — 1.76
Val™ 5.73+1.35 3.38+0.88 1.70 2.05 5.63+0.24ns 5.7140.24ns 0.99 5.69
Met* 2.68+1.31 0.81£0.56 3.30 0.24 2.72+0.10 2.60£0.15 1.05 1.66
Tle™ 1.2740.75 0.66-0.20 1.92 0.45 5.194+0.13 4.82+0.16 1.08 5.69
Leu™ 2.46+£1.57 1.2740.51 1.93 1.15 9.61+0.23ns 9.57+0.24ns 1.00 9.94
Tyr 1.0240.87 0.46£0.61 2.24 0.87 5.17+0.19 4.50£0.18 1.15 5.38
Phe” 4.39£3.69 2.95+1.39 1.49 1.15 4.77£0.26 5.08£0.13 0.94 4.35
Lys® 13.87£5.45 5.57+3.75 2.49 1.46 8.48+0.22ns 8.54+0.16ns 0.99 7.14
His"™ 1.6240.96 0.980.26 1.64 1.15 3.04+0.36 2.80£0.12 1.09 2.17
Arg” 3.80£1.21ns 3.86=£1.2ns 0.98 0.87 3.01+0.19 3.44+0.12 0.88 2.38
Pro 3.184+2.91 1.4740.66 2.16 1.39 10.28+£0.41 10.01£0.29 1.03 8.28

&4 500 mLBAFMHFAKEN L ERER(RERMHHEEMRATKE
Table 4 Supply and adult requirement of essential amino acids (except tryptophan)

for 500 mL milk from buffalo and cow

JAEA (70 kg) 500 g Wil R A F R/ 0
FHER KA/ (mg/100 g) - W43/ (mg/100 ) Adults Daily requirement from 500 g of milk
AN Buffalo milk Cow milk HEG (mg/kged) R/ (mg/d) ok UES
Requirement Requirement Buffalo milk Cow milk
Thr 180 120 15 1050 85.71 57.14
Val 240 170 26 1820 65.93 46.70
Met 110 80 10 700 78.57 57.14
Ile 220 140 20 1400 78.57 50.00
Leu 410 280 39 2730 75.09 51.28
Phe+Tyr 420 280 25 1750 120.00 80.00
Lys 360 250 30 2100 85.71 59.52
His 130 80 10 700 92.86 57.14

T A 2002 4F FAO/WHO/UNU /A B9 A8 37 735K 181, Note: According to the 2002 FAO/WHO/UNU published human nutrition-

al needs %,
TFAA 1) 76.28%~82.14% F1 THAA #) 64.13%~ W4 MAA & &+ F & . BIRKFH
64.07% ,MAA/TAAHI & T 60% , #FWHKAWF  MAA/TAABE T Y405 B S & 55 T U405,
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F5 FAO(1973) and FAO(2011) S EBRITHERNIEADEAASE

Table 5 FAO(1973) and FAO(2011) amino acid scoring patterns and EAA content in milk proteins g/100 g
FILBR PP L (WHO/FAO HfEFE)
EPFLE AP EAA

Amino acid scoring pattern (WHO/FAO recommended values)

fﬁi@ FAOGOLL) EAA content in milk protein
FAO(1973) f

<0.5% Years 0.5~3% Years >3% Years Bu[lf(a?;ﬁilk Ci?vj:nﬁk

Thr 4.00 4.40 3.10 2.50 4.05 3.90

Val 5.00 5.50 4.30 4.00 5.41 5.52

Met+Cys 3.50 3.30 2.70 2.30 3.83 3.57

Ile 4.00 5.50 3.20 3.00 4.95 4.55

Leu 7.00 9.60 6.60 6.10 9.23 9.09

Phe-+Tyr 6.00 9.40 5.20 4.10 9.46 9.09

Lys 5.50 6.90 5.70 4.80 8.11 8.12

His - 2.10 2.00 1.60 2.93 2.60

®6 TEFAO(1973)FFAO(2011) & EFBITFHEX T HIKF NP4 P S E BT S
Table 6 Amino acid score of milk from buffalo and cow under FAO(1973) and FAO(2011)
amino acid scoring models
FAO(2011)
FAO(1973)
SRR <0.5% Years 0.5~3% Years >3% Years
AN KA ek KA A KA A KA 3
Buffalo milk Cow milk Buffalo milk Cow milk Buffalo milk Cow milk Buffalo milk Cow milk

Thr 101.25 97.50 92.05 88.64 130.65 125.81 162.00 156.00
Val 108.20 110.40 98.36 100.36 125.81 128.37 135.25 138.00
Met+Cys' 109.40 102.04 116.03 108.23 141.81 132.28 166.47 155.28
Tle 123.75 113.75 90.00 82.73 154.69 142.19 165.00 151.67
Leu 131.86 129.86 96.15 94.69 139.85 137.73 151.31 149.02
Phe+Tyr 157.67 151.50 100.64 96.70 181.92 174.81 230.73 221.71
Lys 147.45 147.64 117.54 117.68 142.28 142.46 168.96 169.17
His — - 139.52 123.81 146.50 130.00 183.13 162.50

T AR ISE Cys, AUE Met, 2% B R 3645 5L Cys FHIME 9 0.06 g/100 g /KA W5F10.03 g/100 g W34-43, Note: Cys was not mea-
sured, only Met was measured. Reference to Pan Bin®’: the average value of Cys was 0.06 g/100 g buffalo milk and 0.03 g/100 g cow milk.

RT KREPIDFPHRGEEEBRERE S
BEERALL5
Table 7 Content of flavoring amino acids and

proportion of total amino acids in milk from

23 ETSEBKSFDHIGDERHHIH S HEE
(PLSDA) Y% 3

IR AR A i AA ZH R R UE IS [ 5
B AA MY RLAFAE B 25 5 o A KA W A 2

buffalo and cow A AN T A OB S T PLSDA A (%

AR SAA/ L\ BAA/ L FIAA/ L AAA/ 9). MLLFAA TR A @ Sr ERIE, 2 R4, 38

Milk type TAA TAA TAA TAN e o 10096 5 241 FHAA S T R <7 BRI

KA w2, KR 100% . F3Rgs Bk — S T
Buffalo 27.88 23.05 18.86 15.60 60.30 49.86 13.89 11.49 . .

milk RRF W AA AT TE 525, T AA 47

(‘wﬁ:ﬁ}_ﬁlk 14.91 15.18 943 9.60 66.13 67.35 7.71 7.85 ?Eﬂu;‘&ﬁmt!:ﬁ]ﬁﬂw}ﬁli%ﬂ@%%ﬂ ’ w\i}ﬂﬂjﬁﬁ
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Table 8 Content of medicinal amino acids in milk from buffalo and cow and percentage of total amino acids
Shi UiF B ZIERR Free amino acid IK AR Hydrolyzed amino acids
Traits K413 Buffalo milk 34173 Cow milk K444 Buffalo milk 3417 Cow milk
MAA/(pg/g) 92.25 80.92 2.70x10* 1.89x10*
(MAA/TAA)/% 76.28 82.41 64.13 64.07

&9 BLI6GFHHAA S 17 # FAA A FU E F 2 32 #) PLSDA FI AR B9 i)l SR IGIE L 45 R
Table 9 Training and validation set results of the PLSDA discriminant model with 16 HAA or 17 FAA as predictors

Y1 ZR4E Train set

MA4E Test set

FEAR

Sample e 7 I ik peAci S L B A o
Number Number of correct classifications Number Number of correct classifications
16 Ff HAA R 70 K T 16 kinds of HAA were predictors
K445 Cow milk 23 23 7 23
17545175 Buffalo milk 57 57 13 57
I IEUERIR/ ¥ Accuarcy 100 100 100 100

17 B FAA B R F 17 kinds of FAA were used as predictors

K445 Cow milk 23 23 7 23

W54 % Buffalo milk 57 57 13 57

I IEUERIR/ ¥ Accuarcy 100 100 100 100

3 i i Lk Cys 1985 LA T WM LAY B I 27 9325 A
B R SRR A k2 K AR Cys 4 6 8 T4

3.1 HEEER

FAA JE &Y bl B iy 320121 it it
IRAI AR AA LRI A3 BT, 2 7K A4 403 v iy s e A
BER AA &5 TAA RS 73%, S54RI A L, K2R
W) SAA & T 7.88%6 , 3% AT BE & i LK 4= 15 R 4f
KR EZ R Z—

KT EAARCEAA:BR T Thrdb, K445 Hax
6 B EAA 7 1 246 % 3 1 K o L ¥ i 2 T 0 A
(P<<0.05). LysJ&/KA-WFAA h&REEEAA,
JEW A Y 3.05 4% , AT E LA G #1770, Leu e
FVal f& 30 BCAA, i 1o 3 25 Wi A A A0 i o A 7
PR BRI R E BRI, KA BCAA MR
WA 2.250% . KA 28 CEAA SR B E S
T35 5(P<<0.05) , His BA DR Pra Y Kz 5
A 22 B BEE 5 A B AR 1 O S Arg BLA B
SRR/ Y

BT Asp flGluZh, KB Ho4y 6 Ff NEAA &
WY B EE TUEY . Gly ZKA Ty A4-15d G
Fe28 B NEAA,, R I 5 A e fA: A7
IR ZFIIEE . R i — I R0, [ B

APy K AR AT g BL AR B S L Ik,
Cys J2 M — REHS IE IR Y (1 AA™Y IR I, 7Kk 4 1
X PR LEER T REA — & MBI E R . Tyr &K
W RN, A 5 5 i 25 5 Fe K NEAA 38 Jin 1§ 220 1R 45
YCAT fi 2o DB AT AU R i =20
3.2 KBREEE

KA B 5T B RN A Rl HAA W& T 95 4 5 A
ANFL, 53R E AR —5, TR EE XK
A AAFIETE 4 AR TR AES (BR TR
XIS K AR I R ST 45 T T R Ak sk 4
WAL E A S B ESEN . K405 MAA
BCAA B FH405, MAA B H BANREE HER .
TBRIE S5 A0 S 7 Y R, K 2R 1 o By
25 I J1 . BCAA B] fn bR L A A il AR &2,
W Tz shahse = NI, K A4 0% 8 3 A FR i 45
Hl R e P A AR S By B2 o L, i 3R
G TiEsh R AARIIREE .

KA 6 F EAA F1 2 Fh CEAA 3% T4k
5 (P<<0.05) . Leu /KA & EREMEAAS
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944 %

Abdel-Hamid %%/ 45 5 — %0 LeuZ 595 LA
PRI A A S A s 2 B B
o5 — BRI M AA 2 Lys'™, K 22 05 5 BLEF 9 Lys ok
U8, AAS 7E 147 7247, 500 mL /K 4= 45 g i )2 — 4> 70
kg BUAE N 8520 1 Lys H i B &, L, 59 £ &7
Be /K A=) LA B B AMER . 221 His 5 2 it 0 &
K 16.6~35mg/kg"™, &R 25 43~90 mL BY/K £ W5 m]
T JE — A 3.3 kg B2 LA His 75 22, A 5%
TE W, 7K 45 b R E A il B R T OR P
U O 0 i ) e o T e el = B S I 127
R Val Fil Leu %, BARK 405 5 5 28 15 HAA 1Y
Yt o e R B  HER AA LU EAA (BCAA
MAA SEEFIIHE AATE TAA H Y b 22 R B0, 5
T B 2 O N R T i — B FLE AR
FEM A A5 B A A AA B 5%, R AR 5
EAA JIF (5 H ] AAS %" 26100 ARyl sz 14
K 4= 5 F A 4= 5 B EAA/TAA N 40%, EAA/
NEAA 76 % , ¥15 F FAO/WHO 2 H i B AH 5
Fr W (EAA/TAA=40%, H EAA/NEAA=
60965) DRI I /K 2= 1 R 2 405 28 1 R4k 1
HEEFRMEEN. g5 FAO/WHO HERE 1) AA B
AL, R UE B T 7K A= 73 ) 2 7 0 o o o v, L
WA

LEG RS T B9 AAS B A T EAA/
TAAEFAEAA/NEAA 2553 R K405 (1 A
JO3 Ay v I AR T, LA T A 05 F A O P
#E— 2543 B 8 T T AR R SRR R I
HEFPEAE

KA GG A G 254 7R NEAA,, Glu g &
R AA, XS Z AT HF s gL Gluth
JEREFL P A R A AA R iy S R
(9 AA, 2 iz H ) 32 2 RE 0 5, o A0 PR )
U RE SR RN Pro 2B Glu LA K 2R 1 v 7
WG I NEAA. Pro 2 4l & e 5 1) AA

_[41]

o

3.3 ETEEBMKEPFYF LN 51

A A 7 R AT REE A AR AR B SRR AR 4
AW LN ANE R . BFIE R, AA R I
SR 43, AR R R AR AR A R AT B i i 25 5 S 4B
TS SRR, AT 120 17 FH T Y B S
P

AHWFFE LA 17 B FAA F116 A HAA B9 A 2 &5 i

N,

FRAE R A A AR 5, FEST T FF X0 2K A 05 RS A 15
) PLSDA & 78, I 25 4 F 3K 48 o i 0% 34 R
100%0 , 2 B /K A= W AN A7 25 473 2 6] 1 AA 4 AR A A7
225 P AA KN R & FLY A LS BT AT i,
I T RESEAT B IS DL AR I . (R A BIF 58 #E ST Y
LA YA X - T8 AL b X8 K A W A s A i, L
B0 ey BR A AR B — 25 KRR AR &, DL
SERE BN T2 R R A K 2R 4 R A 1 2 )
R

AHE IR AE A F e b N AA 2 AL ST AAS
(028 (5 TR VR XU TEAN R 25 PR 4 47
T, LLAE BT T R L K A= W A 2 15 AA (25 53

E TG K F I EAA/TAA FIEAA/
NEAA )& T A& A br i, HAE# 8k FAO/
WHO A5 BN FLEL ], H L 5 = Rs FR
i, B, KA S A AR AA A A THY
FLHI S . &M RETE AA B H , K415 BCAA .
MAA I F EAA & & B m, KE BATF AT,
WIS AN T3 8 U DI RE o MURUBR AA K
F KPR FLAA 5 H 50% , SAA FT AAA B 5,
PR LA R A AU o =2, KA I A S fedt B
ERAE R —.

AN, ASBIESE 1 R IR FAA FfTHAA B 45
BB RRAE ST K A W RN A 1 4y JEAEE AL I Sk A
ISR 23 2 MER R 100% . H AT RIBIFSE Al R 3
] g At S 9 ) R AR 5 0T 2 7K 2 W i o e Th g
Bt — 2% I MR K 2R 1 R B R R
PRAIL T T LS
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Differences in amino acids and nutritional value in
milk from buffalo and dairy cow

LI Weiqi', CHU Chu®, WEN Peipei’, WANG Dongwei”, ZENG Wenbing’,
YANG Liguo®, LI Jianming', ZHANG Shujun’
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Abstract The content of free amino acids (FAA) and hydrolytic amino acids (HAA ) in 30 samples
of buffalo milk and 70 samples of dairy cow milk were detected with an amino acid automatic analyzer to
study the content and composition of FAA and HAA in buffalo milk and dairy cow milk. The differences in
amino acid between buffalo milk and dairy cow milk were compared in terms of four aspects including the
composition, nutritional evaluation, characteristics of flavor, and medicinal evaluation. A partial least
squares discriminant analysis (PLSDA) was used to establish a classification model for buffalo milk and
dairy cow milk with the percentage of FAA and HAA as input variables. The results showed that the total
amount of FAA and HAA in buffalo milk and dairy cow milk was 120.93 pg/g and 98.19 pg/g, and 4.21
g/100 g and 2.95 g/100 g, respectively. The absolute content of 16 HAA in buffalo milk was significantly
higher than that in dairy cow milk (P<C0.05), and the percentage content was similar to that in dairy cow
milk. The absolute content of other 14 FAA except for Asp, Thr and Glu in buffalo milk was significantly
higher than that of dairy cow milk (P<C0.05), with a big difference in the characteristics of the percentage
content. Buffalo milk was rich in umami and sweet amino acids, with significantly higher content of essen-
tial amino acids (EAA ), branched chain amino acids (BCAA ), and medicinal amino acids (MAA) com-
pared to that in dairy cow milk (P<C0.05). The ratio of EAA total amino acids (TAA) and the ratio of
EAA to non-essential amino acids (NEAA ) was 40% and 76% , higher than the standard of ideal protein,
indicating that proteins in both buffalo milk and dairy cow milk are high-quality proteins. The nutritional val-
ue of protein in buffalo milk was higher than that in dairy cow milk. The amino acid score of protein in buf-
falo milk was higher than 100 under the amino acid score model of the population except infants, with the
accuracy of the species discrimination model of 100%. It is indicated that buffalo milk has high value of pro-
tein, rich in umami and sweet amino acids that regulate milk flavor, EAA, BCAA, and MAA that im-
prove functions of human body, with great market potential for comprehensive development and utilization.
In addition, the composition of amino acids in buffalo milk and dairy cow milk each has its own characteris-
tics, and the characteristics of amino acids can be used to identify the authenticity of milk sources.

Keywords buffalo milk; dairy cow milk; hydrolytic amino acids (HAA ) ; free amino acids (FAA) ;
principal component analysis (PCA ) ; partial least squares discriminant analysis (PLSDA )
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