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JH C(multiple linear regression, MLR) . 1EZ:# 52 512
(successive projections algorithm, SPA) . Jifg B4 &Y
F%59% (uninformative variable elimination, UVE) . A
THZE /2% (artificial neural network, ANN) . L5 %
(genetic algorithm, GA) 5. HfE TiAb# 732 ) = EA
FEECSHRS IE AR S 12,

HEABGHR AR N A BLIIE R R 23 0 A v IR A Pt
A&7, DRI e 0 F AN B I AR HEAT BiE, &2 E
R RE R B R R 50%50 75%0 . g M AR
MR GG X FE a AT 40 8, BETAHOCHE . BEES. F5r
A SR i AT S P, E F I S
BRI, Ut R B
RS ) AR A T B DY T R DR AR Ok R I A g [ U
LAY, Sof F0 A P D1 AR B AT P00, 3 o A A0 )
8 o 5 1 ¥ 75 MR % % (root-mean-square error of
prediction, RMSEP) BiA5 £ 1% (standard error of prediction,
SEP) Y& REL (R , MIMATHRELIEAT PR, PEAE
fZ* (ratio to performance deviation, RPD) . Juffl
%% % (range error ratio, RER) « A% il % % (relative
prediction error, RPE) fl—%(#H< &% (concordance
correlation coefficient, CCC) tHZEERIIFHSHY, et
TR B IREE RS R/ 3 F 5 404 (partial least
square-discriminant analysis, PLS-DA) . FEFMAZ B
% (soft independent modeling of class analogy, SIMCA)
FE 5341 (principal component analysis, PCA) &, T
€ B F /N — vk (partial least square, PLS)
Y EE ML (support vector machine, SVM) Fl ANN!-,
w1 .
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Fig.1 Chemometrics methods of infrared spectroscopy
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NIR PR, AF 5 B R R A 4 e R 7 e A
SO SRR ERE )Y 1 mm B, NIR KRB (1100~
2400 nm) TG 7 AR I ERR RE R, KR IR B (700~
1 100 nm) ZLERTFARCL TR M, i 107 A0 8 1 00 e 75
SLRE SRR 509 10 AT 1 mm, T ALBE TR SZAE 5 5
JE R I B M e /NP o B B e 1 T A 1 e g i A
EEMUER R (R™>0.95) , B S0 o TR0 v
ik (R*<0.75) ; ML FiESHEREREE LI =FH A
ERR AT, R* 20515 0.99. 0.93 1 0.88%), {HAHF 7T
NIELZTAN (851~1 649 nm) 1 S5 6 i w5 L v g 177
R AR LR P S0 25 SR Bl T B T A G O
TEBA, 98 R G AT LU AR R R RE R . B R

BE S HERR TR (R 4351 0.99, 0.98 A1 0.92, SEP 434
N 0.09, 0.05 F1 0.06) , WA T X IRFAARLH ML EOT
BUE BT H TR S, R AT SEP 43 %124 0.82.0.85 11 19.3.
0.18M%1, IRIFHF 7T A NIR AL 2= 3 B R o (1 T 2
BnsR 1 fow, 8RFEEN BN 2. NIR BT
H TR REAE 7SI AT DLSEI PR S i, A RS
WA R AR BRI 2, A B TR A e P,

® 1 EOIMREIF N ERR S UM RE

Table 1 Model prediction of near-infrared spectroscopy for major
milk components
SR Jig i Fat A Protein  FLHE Lactose 53k
Spectral patterns g2 RMSEP R? RMSEP R? RMSEP References
18 g
Diffuse reflection 0.977 0.154 0960 0.134 - - [34]
&S Transmission 0.998 0.001 0.998 0.001 - - [35]
e HLIH- e 46
Fourier 0.995 0.136 0975 0.195 - - [36]
transformation
beA )
Transmission/  0.903 0.225 0.959 0.048 0.902 0.044 [37]
reflection
8
Diffuse reflection 0998 0.09 098 0.05 0.92 0.06 [16]
18 g

Diffuse reflection 025 083 026 072 0.15 [33]

8 (LR NIE

SR
Diffuse reflection 0.997 0.047 0.959 0.099 0.883 0.115 [8]
(lactose model was

transmission)

I3 65 3510 PRI O R 4 Jo 5 i Ab 2 MR F T30 12
FEAE— R MRS . 0.02% 58 R AR 1R Il 2 45 R LT
VAR R, T IR TR TR R PR A SR R e A K
ARAT TN, RESIER MIR 2552 B 2 i jek IR 8] [ ZE K
s, BRI E SR T Yy, HHADEE 0
AR ENESS T AR, ATR 7L B0 B i) &5 S 2
Tl EE SO RE, 35 AT DA ISR T RE T I
TRZEHE, (BT (. FUPESE R T R e szma ™, IR
AT CATRI AL 53 38 AT DA ER (R~ i W R A AR
AL HR A A B A ol 3 AT U
2.1 EBRSY

Ay B IR 5Okt 1 700~1 500 cm™ Ab Bk
FEMRUTIX AT 1 100~1 060 cm™ AbFK 2R 1 45 & ol e 5 [
WX I, HEAEGF AR . AREEE S, PR A
K2 PLS ABA X 2= 4 B (A i T A0, 3 Y
W BRI 45 A TR 1T DL S0 A= 9 B (1 2 Bk
B IR EENE, o BEIERT B 3T B () TR A AN s {2 )
A 2N 0.86~0.981, AL MIR X 4 4% %
A (casein, CN) . a,CN. a,CN. SCN. kCN.
yCN (g/L 445 FIMEERE) R 305108 0.77+ 0.66+ 0.49.
0.53. 0.63. 0.60, MX4PHAFEL. a LEHEH. B
FLEREA (gL 40 TR R 43518 0.61. 031,
0.641%21, 53 Hh— LR 7R I AR AL FR G 1845 3 T 5 R wt
FOARAL FLIE 8 O S LAl o TR B B PR RE, T R& B2 1
LAy AR THIN E fE A 51, SR, A ALK CN
SEMTI R & 0,97, X AT fE 5 E & A R
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A FA B A, SR A9 AR FTIR 454 PLS
REWS 7> HF CSNI1ST P 25 55 B A5 R LU 2 A& BT 23 W R 7LV T
M I 8 1 R 1 ik A m L BT IR X g ALERER A
R EE RN 0.85, Sai s E ., HEEA T
XAy pFLERER AT R A R
2.2 BEBRERZE AR

JE D7 AE 21 A1 B BRI SO PR B, 5.73 um AL FatA
A1 3.48 um ALH FatB, 435y C=0 Al C-H 44zl IX
B, B AR RREE K38 N, £04ME FatB g TRONE

B, T FatA Fig B B0NE BRI FatB A5 I BiER B K
BEIEME (HZXARECN 0.42~0.89) , L 5EE ARIEAIE
A WA FE RS IE J5 (1) FatB Al FatA £ 45 @ 55 [ECEL A,
it F 000 e e 0 (O e R R I 9o R A Fp 41 4
Jeit A HE AR, WHERTE 1119 f11091 cm™ 4k
A P ACRFAEE , T 790 R AR IR 06 DU R BAE 1 04841 102,
1121 em™ 4PV, ARFEWF 7 R WTER IR AR 4n2 2 F13k 3
Fras, ANHOFIRE I ER b, I v 1 i R 1 Y 44 A
B UM, WEARUIR TR . R URRT AR R T v
MRt KT 2 R FIR IR -

FR2 OIMGEEBIXTFIAEAGEE (CRANASARER) AOTNIERE
Table 2 Model prediction of infrared spectroscopy for milk fatty acids (saturated fatty acid)
vpm  BIUISH .
ﬁa?kl% Prediction C4:.0 C6:0 C8:0 C10:0 C12:0 C14:0 C15:0 C16:0 C17:0 C18:0 S5k
Samplesize References
parameter
2 H IR
267" KEH 0.74(0.07)  0.73(0.19)  0.75(0.25)  0.77(0.6)  0.63(0.07)  0.7(1.59)  0.56(0.03)  0.65(0.75) [581*
(RMSE)
600 ZHBAEL,  0.51(0.08)  0.52(0.04)  0.59(0.02)  0.64(0.04) 0.74(0.02) 0.82(0.05)  0.4(0.01)  0.82(0.17) 0.69(0.13) —
6002  ARESD) 039(1.6) 041(0.98) 046(0.5  0.53(0.9) 0.640.53) 0.67(1.14)  053(02)  0.53.5) 0.09(2.77)
IUEEI A
517" RBCHAHRE 0.94(0.01)  0.97(0) 0.97(0)  0.96(0.01)  0.96(0.01)  0.97(0.02) 0.95(0.08)  0.89(0)  0.9(0.05) [591*
%)
3660 BIERME  0910.1)  0960.2)  094(0.5)  0.920.1)  0.85(0.3)  0.94(03) 0.94(0.1) 0.82(0.7)
, RBCHX i f601*
3660 ) 0.55(0) 0.73(0.3) 0.73(0.6) 0.75(0.2) 0.68(0.3) 0.73(0.3) 0.71(0) 0.51(1.2)
238~241" 0.93(0.006) 0.96(0.003) 0.96(0.002) 0.95(0.007) 0.95(0.008) 0.94(0.024) 0.94(0.066) 0.84(0.041)
98~104" mpipgeis 0.61(0.01) 0.86(0.004) 0.89(0.003) 0.85(0.011) 0.82(0.018) 0.84(0.03) 0.82(0.111) 0.49(0.054)
e [54*
135~140° A GEZED 0930.01) 0.97(0.005) 0.96(0.008) 0.93(0.041) 0.97(0.019) 0.96(0.045) 0.94(0.091) 0.83(0.061)
215~229* 0.96(0.004) 0.95(0.004) 0.97(0.004) 0.98(0.013) 0.92(0.013) 0.93(0.023) 0.96(0.042) 0.86(0.034)
25 A5
154! j;;{y;%) 0.87(0.009) 0.97(0.003) 0.97(0.002) 0.95(0.008) 0.95(0.011) 0.83(0.040) 0,67(0.005) 0.91(0.087) 0.74(0.002) 0.75(0.048) [611*
111168777 f;;;?sg 0.93(0.008) 0.96(0.005) 0.96(0.003) 0.96(0.008) 0.95(0.01) 0.95(0.028) 0.97(0.068) 0.89(0.003)  0.9(0.045) [621*
U
279~344° ZH(HMFE 0.66(0.42) 0.88(0.21)  0.9(0.13)  0.91(0.34) 0.89(0.41) 0.88(1.07) 0.53(0.14)  0.91(2.2)  0.65(0.08)  0.8(1.31) [55°
HER)

e AAPANGIERT, B oMU T R DI R AR SRR P IRITR KR e 1 AR LR BRITIR S (@) 2 J9%E ke MBI TH
HIRIIR & (o) » 3 MR LAEYPIRIREE (o, 4 98 LILERPTRIERIREE (o), 5 A5 kg BIRIIRIIEIR S (g) ; a ¥l T milkoscan

FT6000 944 2F W%, b JA-T Bentley FTS 32 %t : T H.

Note: A represents the model of mid-infrared spectroscopy, B represents the model of near infrared spectroscopy, spectra scanned over oven dried milk. Units of fatty
acids in different literatures list as followed: 1 means grams of fatty acids per liter of cow milk, 2 means grams of fatty acids per kilogram of milk fat, 3 means grams of
fatty acids per liter of sheep milk, 4 means grams of fatty acids per liter of goat milk, 5 means grams of fatty acids per kilogram of total fatty acids. a data comes from

milkoscan FT6000, b data comes from Bentley FTS; the same as below.

USRI IRITIRA 2 AR Ti K, R i
BRI L (/L A=k g/kg 7F005) AR 7 v g W R &5 & (g/kg
SRR ) o MIR BERLIAR, i VR ZE LU AR T IR 35
FOTIOo  EEAFY, GX 5 NTR AR AR 5 1 T4 B
AP, o S R IR, s BUBE IR T R e 5
i MIR FRAFE AR TMVERE, I AR 2RI
MR AT A Rl B B 1 T A 3 v 1 2 U D R 4L
& (R>0.7) , HRAIERE 2 PRRA TR K78
TJa, BAFNEE SRR, SR ML
REEAR T “WREE” BRI, — LR EL = &I T A
) ZLAMERLS, AR R R A 43 NIR OB P R %
{EF MIR TR AL S ma 5N B0 2T AR A AT LA
X BT 7 SR 11 3 R e Y 1L = L 0 A R AT
SE, A LA 8 A SR S REAT OO, A% IE AR AN
W UESR IR AR S R AR OGRS BEEREAKCR g,

KAESE R FLBAL A O REUN BT FIZH A 45, UFEA
BT 1000 B, BRI TEEICN 0.1°7,
2.3 Hfttgsy

IR A - F0000 2 5 00 T P [l 27 s 0 5 20 i
B (RH15 095 #10.83) , HxtEA. MEEYARE
R A B T AR A v B (R 43 70 0.81..0.86 10,7601,
JFEI% NIR 83 T 4= 9 b (R s v S 0/ pH . (RPN
0.99, SEP 73559 0.34 cfu/mL #10.031) , A FE#HES:
) B, FT-MIR -t BEHERR I 7L i e BR T, J
£ RN 096, X HIUFSER RMSE M 0.72 7 /R{E/RE
(°T), RPD Jy 5.114, 247 v e O PR 41 R 30 2 R ) NIR
ABE TR () T 14 fi DR 0 75 N A 0 P 4% A At B B oy 2 A
HE, 3F M 75 30 A S AR IE R O, WIFLAE NIR 45
G2 ItEABR AT VSR 1gG TR, KIFE4E
FAZ B IGAE4E R 73 SliA E) 0.95 A1 0.941%°1, MIR 7] LA
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Xof 2 4 o LAk R A RO HERA I T, R*>0.7, IFH
ABE A SR M B R, 57 i & 2 6 2
Bk SR8 MIR 45 A TR TR ISR I 2 4 05 vk Ak
JG# Ca. K. Mg. Na. P}, {{F Ca. Na. P A2l
MR, T HAE R 42514 0.80. 0.70 1 0.79,

LR AMBIGAE, Ca A1 P T T FEREREHEE N, R* 5
4 0.97 £ 0.88), X LETTE B S AR YR TEIR 2 )
HEFVIBERTL, 7] JE-FTMIR 7] LTI A= 5H4 f PU 3R
Z/KT, RIEF]0.85~0.89, FlIFEFE N 4~2 000 ug/ke,
SEP &y 89~387 ug/kg’".
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Table 3 Model prediction of infrared spectroscopy for milk fatty acids (unsaturated fatty acid and fatty acids groups)

FAE TS

S 3k

Sample Prediction c9C14:1 ¢9C16:1 c9C18:1 c11C18:1c9¢c12C18:2 C18:3n-3 c9t11C18:2 SCFA MCFA LCFA SFA  MUFA PUFA  UFA References

size parameter

% HRE
1 L 068 06 0.59 0.51 076 072 074 064 071 N
267 *(ﬁéfég ©08) (0.1 P 604 - .04 038004 0.73266) (194 o7y (139) (0220 (57 D%
Vg 007 065 ) ) 062 014 oo 094 085 039 066
600 ;ﬁig;& ©01)  (0.02) ©02)  (on 0070002 02) (02 ©0) O3 |,
6007 (spy 0B 037 0.11(0.44) 0.2(0.2) 0.34(037) 063 052 01 063
©28)  (0.37) 11(0-44)0.2(02) 0.34(. G75) @41 (074) (375
IO
1 " 068 071 071 074 098 0.98 1 099 085 099 R

S17 /iﬁ‘gﬁﬁé(fﬁ ©ony (001 097005 - 07400D o 001 0.02) YBOP o9y 00s) 004 ©02) o4
36600 ilFHedl 0.92(0.3) 027(0.1) 036(0.9) 045(3.3) 0.58(1) 0.950) 0.97(0)

E &R H [60]*

36602 R 0.84(0.5) 0.22(0.4) 028(0.6) 038(2.8) 0.56(1.1) 0.82(0.3) 0.77(0.1)

. 0.96 077 085 082 097 076 098
238~241! 0.039) 0.006) (0.004) (0.003) - - 1003 6037 o1y (0.038)

o 0.86 075 08l 0.64 096  0.89 0.83
98~104! 2‘?;3; - T 0063 0.006) (0.003) (0.003) - T 009 (0.068) 000D g St
135140 e 0.97 049 074 091 1 099 096 099 4

©057) T (0012) (0.007) (0011) - T (0049) (0.044) (0.015) (0.048)
oy 152306 0.95 089 079 071 099 096 092 097
©037) T (0.007) (0.003) (0.003) - T (0043) (0.037) (001) (0.039)
2 H IR
58 mARK 076 085 066 ) ) 099 097 062 (617°
g 0.006)  (0.003)  (0.004) (0.045) (0.044) (0.010)
1167~ ;&E?g 078 078 096 098 1 ot
is7 PEE 000n ot 002 (0.08) ~  (0.051) 162]
Wil
703445 i‘;ﬁfgm 057 044 093 029 034 048 073 ) ) . 097 097 085 097 .
Wi, 02 029 A7) ©13) 02 016  ©08) (194) (181) (087) (223)

i: SCFA, MHEERRWIER; MCFA, "HEMRRIR; LCFA, KEEARNITR; SFA,

AT R

YRR TR MUFA, SAMAAENR: PUFA, ZAMFIENIE; UFA, A

Note: SCFA. short chain fatty acids; MCFA, medium chain fatty acids; LCFA, long chain fatty acids; SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;

PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acids.

3 IERHIEIEREIEF

T 9y i 75 SR A AR P= AN, R e AR A
HESEERE LA B B I TR bR vP | B R s 8L, T 2rfb gt
SLIREN SRR GRS O (R*>0.99) [KIHMLA 4 Whikt
EFETH 3 AN B kCON BRI, EABRHRES. K
PR T, NIR T 4 7% % L B % 45 B A) Crennet
coagulation time, RCT) FIEEFLBGFA N 30 min /& kL Pl
FE Caso) B, 5 AN FI0IUIAR 18] () 382 A% AH S 40 A 0.97
1092721 i MIR BERI%H RCT Fl asg B9 TG 590 2 1
2 [A] F38 A% A SR A THE 2 0 09 0.91~0.96 1 0.71~
0.87), AN 78 p A W AR AR BRI MIR BE%Y R F158 B
ISUEARHELR (standard error of cross validation, SECV) 1
x4 P, AR, T HLEEFLR (computerized
renneting meter, CRM) #1 Formagraph (FOR) X} RCT
TR R® 52/ (0.63+ 0.64 1 0.61~0.76) , T
it aso FIAEAL ) R® 520K (0.36.0.35 1 0.50~0.70).
IR #1fJ 1 600~900. 3 040~1 700 A1 4 000~3 470 cm '
Al A TG40 RCT as Al pH ERTIPERE, W€

P P A RS AR P LAEAT KRB (R*=0.66) , 1fif RCT Al
pH TR KA T HEX 4 (RPN 0.59~0.62) ™,
AR, TR HICIEAERG X Bt AL AR REEE AL A
ST AL o, Hy pH. RCT. INHAGEEEE N 8] iRk 1 A%
SELLBI AR T1%. 55%A1 46%; FITE [l AR A B
Tk (elEH &2809/6F 1, RPD #/hF2) , H
HNERIGAERETRY () CCC A 0.63 N 7] ) ~0.84 (pH
B 5 IR R AR A A DA O —Fh gk T U0, A4
N IR T T BB 6 1 TN ASE 2R 1 T A
ISR I BG JE I AL R A7 4 A1 8 d J5 RCT
B R? 3519 0.73. 0.55 A1 0.41. 0.2977, F|FH MIR %4
WEEER TR bR 0 TN B AR L SEE A B B, RCT AR
BEEERTIA] (koo XBA% D143 T HEIE T SCHRAROE, 1T as, FF135E
& 3™, MIR PRI XS RCT A ago TR 1 8 &2 1
N 92.8%7F1 95.8%, L TR J77% FOR, {H PRI 53
A 67.3%F1 71.9%7, 1 A — ks Fe R R CRM 1EK
K7, REMRAEZAE T RCT Al as, TN EE A
95.7%1 77.3%, FRHLEENI 518 93.5%M1 64.6%"7, X
Tt BRARSEW J7 ¥ () /AN TR St A R T 0 2 i B A AR K i
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Table 4 Milk coagulation properties of infrared spectroscopy in
different references

FERRCR ROT%  RCT » (—.
Sample Test > > 5 Ref
size methods R SECV R SECV R° SECV Relerences
1049 CRM 063 236 036 6.86 - - [74]
79 CRM  0.64 216 035 6.82 - - [77]

147~319 FOR 0.76 7.05 070 7.68 0.72 3.54 [75]
250 FOR 0.65 277 068 511 049 1381 [78]
378~450 FOR 0.61 564 050 11.32 0.59 039 [76]
: RCT: BEFLEGREESENTIA]: aso: HEFLERVAING 30 min J5EEFLELEERE : koo
BEHUEEERTR]); CRM: HHENLEEFL R (Polo Trade, Monselice, 7 A F); FOR:
Formagraph (Foss Electric A/S, Hillerod, #+3%); SECV: A& HIGIEFRHEIR .
Note: RCT: rennet coagulation time; aszp: curd firmness 30 min after rennet
addition; kjo: curd-firming time; CRM: computerized renneting meter (Polo

Trade, Monselice, Italy); FOR: Formagraph (Foss Electric A/S, Hillered,
Denmark); SECV: standard error of cross validation.

4 HIERERN

SR NIR BEWS B AEAE 30 h LA_E A [ FE A A7 (1 2F
755 06 JERE S DX I FE SR, HERRFE 2008 90%'Y, FT-NIR 45
G A ST RE RS HERA X 3 AN [R] h RER B) A-005, HER 2R IA
F 100%5, 1454 Fisher 238213055 73 B o] LK) &
Gy Ry FEY R (I RTER B, HER Rk F
T 94%LL BB FAXFF LA 1 704~1 400 cm™!, LA AL
4 800~4 200 cm™ Xt FL A )R R IBEE AU, SR AR
ST R? 755 0.999, RMSEP Jy 0.219 g/L®, 444
52 h WIRMIFIEE A& &AL, I LLAe] T A 2F 1)
(R AR, ST 2 ) pH B RVER FE R TR, 4T 4h
T DA SEHLT 2 W3 6 P AR Ak 52 B . 2R e
By Ak & WAE N i A R AR E, NIR )48 e R 7L
A RSy, e e ah R . NIR (iR A1
e I SRR E R i s, g A AE LR
WIS T2 B A3 450 MIR R%; L NIR
RGBT K. AEEA. SR, AR
JRE RFEMS AMEBE AT FTIR K00 (2
PifEbr R ZR SR E Q, LEETEY-HRT . UK si-
FWESHON N EEARE, R0 € 2 4 AR B
(>0.058 g/(100 g))~ BIK AR =41(>0.020 g/(100 g)). Ffk
F:(>0.395 /(100 g)). =&EUH(>0.310 g/(100 g)). JRE
(>0.443 g/(100 g))- FEREFNZ ZEHEMIFE (>0.024 g/(100 g))-
FLIH(>0.072 g/(100 g)). FAKAIZK (>0.500 g/(100 g))HIiE
INBT . FTIR F80 e oA A= 9 (/N IR AT A s B AN
FUBEAMBEL RRHAT 091, KMFR 514 0.015%.
0.017%#1 3.9%™), ATR-MIR 454 PLS-DA &0 [ 6
WA K, SR MR . R ERES R, A
JEEIA 0.5%~10.0% (w/v) ¥, ATR-MIR B GEAIZE
b AEEA. SEAE. AR REME RTINS
B, SEP 43%1792.33. 0.06. 0.41. 0.30 10.014 g/L, &
R 51A 7.5+ 0.019. 0.78. 0.78. 0.1 /L™, #yE
ATR-FTIR REMEPRIE T 25 1 v i) = SR U & &=, Al P
Mg BRI 2.5 A1 15 mg/kg?™. IR 454 % o ERE
BETRINRAS R =R, AR T | mg/kg, HFH=
BEMMSES IR R4 510190,

FTIR BEWS € BAGIN A TS (L =E G R0 45 200 2 18] (A
HiRA, XT 2 FAEAENTNEE RN 0.91~0.98,
RMSEP 5 3.95%~8.03%; 3 FFLIBAEMTNE R A
0.92~0.97, RMSEP } 3.36%~6.40%""". FTIR #AIH
P 1745 oo™ AR FRIE PR R AL AORR FE SR X 43 L 2 4
AR 2 5702, G5 A4 DL S AS R B AR & R
I IX 23 i BY B AE 1 680~1 058 e, TR/ BRI
P Gy 5% KPR IMESE B3 20, T 1472~
1241 cm™ P B2 Je 2Rk (B V0] 50545 8 /K ST T 56 4iE
£ R20.92, SEP A 7.56,

5 HIFiEE A EHERM A AR AR

AEIELE 5 000~930 em™ Hr 4K 22 ik B T i
ey, FHIESM FTIR S i@ i R SRS m T
HERER AP M K SWIR-MWIR (3 669 ~
3052cm™) FAIMWIR2 (1 698~1 586 cm™) i B AEAE
FES AR IS N AR S, X S5EXEKTEE %, M
SWIR (5000~3 673 cm™) . MWIRI (3 048~1 701 cm™)
A MWIR-LWIR (1 582~930 cm™) [#)3 5 % N AA7E 458 5
WL 77, Hrp SWIR (5000~3 673 cm™) [XIGE S H 1)
Wit RECE GBI, 0 A= i A i 1 060 ASEdE
RREYE AT R I, HeRERT LLRIR N 46 MEIR, Hop 8 A
PRI AL SR T 0.1, 25 ANMPEIR 7K AR RN K Fi5t
FERARL, 3 ANLLAN X IR I8 A% F7 S %0 1L 2E i
AF B RIBAE 110 0.018~0.408, 7K AFREE R )7 22 15 e A
ARSI 21 0.002~0.184, TESFLAS (IR FLAERIE
F) AH e HGRE X 2 1.300~1 0304 1 600~1 500+ 1 800~
1700 cm™, A& 3 000~2 800 cm™ [X B i i (38 4% 77,
— LS X7 B BERAE H AR SRR, Al AT I
BRI, HAEEE AL G IEFUIIME 45 & &
WG RIFEBEASED MR, BT (Hbitdes
HATEBAE AT BRAK T By FLPEAIE A TR 248 5
RN 3.73% 4.07%F1 7.04%, R IEAL 25 0 N
2.99%. 2.98%. 4.85%, [, IR BEHSFrfiHHE
R B LU AL GE i) Sh A B R 5 R A0

HHABK R T F, 4 Pohi =R a4 H
R ARV R . HRRMZEA T NIR Fiil 2L A
J05 HTC R, {EH 3L P AR (RO T S i i A B 2T, NIR
Bt 0 A 1 i W A B e T (g 2R TR B AT 40 20, B g
R HARNT 30%, FfH oS rkaefase, (HAREX 1A
P BRI AT IS . NIR 45 &4k 28T B DL
KEARREIRRG G, &) M4 n IR, B
B¢ 3 000~2 800 A1 1 500~900 cm™ AJ 4 H K b i 540
RIS 22 TR X A 4R 2E 3, SR 60 B0 TE 7% 4 WA [F) il
LB B ) 2L 22 U0 FTIR 454 PLS-DA A58 () 41056
TEEE A, R AP 75 2 T A 1 A s R R R
PE7 9N 88% K1 83%, AN AL GHUIAFE 1) 5K
IEWIR 08 80%F 94%, TR 2E 5 1A gy A it FLEE
IAE AR A BEAR BIMERA X 22101, MIR AT LUK I 432
LA H AR BB AN KT -4 X A 2 08, BTGV
SRR Z MW SR Um0,
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6 WFHEERAN. BRSSP RHRIS

NIR 454 SIMCA 43 #T X SCC BEK W4 N T
R EMIALL R 3 FORES, BERBRES T AR
TR REGEC, PR E R R HUAREE
FKP R RE B B0 N 400 110 D' 1 T AN 0 7 A 2 1] () A %
ZHr RN 0.47~0.69. 0.51~0.56. 0.76~0.80, {HllE 5
PR BEN LR 22 B T MIR AR TG Y, 4
AR LT 43 AR 2B H AR Ak B 0 S {5 60 TIOIIEL 2 (8]
FIFHE S 3N 0.77 A1 0.70, FEFEFR FRIIE (1 384% 30
W sE (A% T HEAIL (0.07. 0.06 A1 0.07. 0.08) ,
XEWERE IR BT 8as 04 e AR N A BE & T, 8
AR ARG A 2 [R] AR G2 0.85, 17 9 3 1 MIR
T 2 [AA <N 0.65, RItt, IR ] 8 F @444k
[ e ERASRUR B R i #l ),

MIR A DL I 52 2 9 e v R, 0 e a0~
2.8mM I, R*40.81, RMSE N 0.27 mM!, P 45
TEMR W B 1 450~1 200 cm™, #5LL 0.4~1.0 mM A E
I DA 95 1 AL, 32 W SO R R S SR 95% ~
100%H1 96%~100%, AT RIFEHEA 10%~30%HF, FH
A UL RIS 2 39000 42 43 31 R = 76% 1 =98%M 7, 21y
W B FR T ERAN A TR (40 i TR EL AN 52 AE 2 AT 5 R 2K
43 H18 0.85 F10.79, #LL0.15 mM AEIFI 0.10 mM g 2
TERAE R PRI BE, BN =ik B AN B2
TERISI REUEN 69%~T70%, Rt 95%,
FHME: 25%~27%, BRI 6%~T7%, G R 78R T P AR
PRAEWFLRT A W IR BEAR — BB R, IR Befg L g
i /86 P S A ) T 2 2 L S R (E R R
85 BE ek SR PR 1) 1 sz i o R 08

WA EHE T e S 1.5 d J5 4R 0okl R EUET Y
WA (R=0.79) , FF H61EE L AR I R 4H A B o8 47 791
I BEHER, RZIEHE R* 435108 0.87 A1 0.761%), MIR 45
B WL B A BT AR AP sl A 4 CH, HEBBE I FL H
WAL GRZEMEE /N, RPN 0.75, brdEiR A 63 g/d'',
7 WMRRE

IR HARMEGIERARFHEF I — R, HorfEsar
JUHESS T RKENERE. SESKRNTERE, H
HA LT

1) P ICIREI: JEE & T4 0 S R 28 s,
AT BER T AR08 oS BN AR AR AR BOIR S

2) BEARIUBALASIN: S 4 AR 2 A i) PR A 45 L mp
DATE KB 18] P4 56 BOK AR A I 20 AT, A 75 A4 7 3 ] LA
WA BB A AR AR =5 R, BT TR, 4
BIRAE T, IR W A] B TR R MR I ik, K
FIEF] T & Fh TAERIEAT

3) ZYRIRFEINAEI: L0AM RS AR 2 MBS B IE
WL & TV 2B R A IX RS A X, Ak R 4
A REE [F I AN R — R MR E 2, XA T
FEGEA M 710 R Be X e —FR bRl AT 5 .

B R —M v, T AR R 2 R R M

BT, TR Gl PEREATH AR RN 252 Bk
WA BE R S B T RS R
Z R = BIRG], FEARIAE LT LA :

D ST AT A E : MIR [4RSUX AT NIR
W P2 RERRHER X A B E SIS, IR
FT HiARFI ATR 25 BT EIESR A T — 2812, Bkl
AT SR TG BAE AT I AT IR YEIRTEA [ R 5T 2% 1F
RIS E M ZE B I A IR EE R A%, R RR
BRWIRHC A B AT AR S PR & R0
et 2 S e LI, SIS e AR A 1k i o

2) PR R AR : R S A F I e Ty vk B
IR SEPE B L EE, SRR T E X R R T &
KA A RSO, B B 2 R B S TR R R
TEASE TR P BB D01, Bl P 10 25 8 th L 0k R BB f) T
DAERAPEDT, BRI Fe s P B il KBS T IR T
PRI KRN TR R LR

3) B RAE B R AR ILTE 3 AN T,
TERFRACEE . I BRI, eI A e AL . %
b U5 P FRAL 1 3 FH A% AR R mT s 6T b 2 Ak
43 WAV AR A 4D 388 BB 7 34 Rl 0 AT KRR FEE e L Ath % 11
FHE, AEX TR R T AT A, I 75 B A B MR AE
WP BOERET LR S e SERE R RE A SR
2, PSRRI BT E AR, HEE
AFIFIIE M.

8 4 it

T BRI 5 R b =2 B W ey S it 1 — b
POERITER AR, W SRR NRELS S,
T T dh el R T B I . 6E E AR A e N
PR T LN T AR RE: 1) il mi
Py e RS PRSI 77, DR G 5 A N Y S 5
FHTINEMPAL B, T ASEEDS AL R
TN E ,  FFE— P RAL YR A 2 2)
HGr I 77 92 AN 7R B B AN TR TR R Tl 44 e 5wt 5
K, X2 PHASAS A S 56 5 20 MR T 45 SR 2 1] He At e
HAHE N, ARG IHEMERR R 3) 6
WA B R G5 — BUR ALK, A Lo Bl A [ 52 1
BARRNE, T 3 A — S B R B B A4, X WA Y
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Resear ch advances in milk production and detection by infrared
Spectr oscopy

Yang Jinhui'??, Zheng Nan**®, Yang Yongxin*, Zhang Yangdong®>??, Li Songli***

(1. Ministry of Agriculture-Laboratory of Quality & Safety Risk Assessment for Dairy Products(Beijing), Institute of Animal Science, Chinese
Academy of Agricultural Sciences, Beijing 100193, China; 2. Ministry of Agriculture-Milk and Dairy Product Inspection Center (Beijing),
Beijing 100193, China; 3. State Key Laboratory of Animal Nutrition, Institute of Animal Science, Chinese Academy of Agricultural
Sciences, Beijing 100193, China; 4. Institute of Animal Husbandry and Veterinary Medicine, Anhui Academy of Agricultural Sciences,
Hefei 230031, China)

Abstract: Infrared spectrum (IR) reflects the molecular structure of unknown material, and responds with varied chemical
bonds. So it is used to determine chemical composition contents and evaluate product quality in livestock products extensively.
Milk is a key part in human nutrition intake. And the exact determination of nutrients and the proper evaluation of quality have
important significance for milk production. This paper introduced the application of IR in each link of milk production. Fat and
protein contents in milk vary in different dairy farms, and many factors affect milk quality, which contribute to the final price
of raw milk in acquisition. Milk composition determination using IR is likely to give a quick and comprehensive evaluation for
milk quality. Unknown and undeclared adulterants of milk threaten consumers’ health seriously. Qualitative and quantitative
analysis models provide a convenient identification method for milk adulteration based on spectrum variation of adulterants.
Milk trait related to cow health and robustness is very important for dairy farm management. Diagnosis of ketoacidosis and
body energy status using IR instruments is helpful for accurate breeding in dairy farm. This paper reviewed recent literatures in
order to evaluate the general trends of infrared spectroscopy application on milk production. On the basis of introducing the
data processing and model building, this paper presented a review of the overseas and domestic researches on milk
composition and milk coagulation properties using IR, especially for milk protein fraction and fatty acids composition. We
compared the model performance of optical spectroscopy from different research reports. The effects of reference method,
sample size and unit on model parameters were discussed in particular. Moreover, IR was efficient for phenotypes assessment
and genetic selection based on these models. The variances of absorption on IR caused by adulterants spiked in milk not only
indicated the appearance of milk adulteration, but also displayed the difference between cow milk and soy milk. Milk spectrum
was proved to be heritable in specified wavelength, while some other bands varied with different enviromental factors. And
many literatures confirmed the correlation between cow’s feed and milk optical characteristic. Although nonnegligible random
error and data variability existed in sampling, IR reflected energy status of dairy cows with moderate accuracy. Mid-IR has
been also studied as a potential tool to predict several milk traits related to cow health, such as ketone bodies, which were
closely related to cow fertility and production. IR was also used to predict methane emissions from cow digestive tract. The
advantages of infrared spectroscopy analysis were emphasized, and we also listed potential challenges existing in instrument
setting, data collection and model building. The objective of this paper was to highlight the application of infrared
spectroscopy on milk traits, which was related to milk composition and quality, and dairy farm management. Considering the
overall trends, we proposed some future research directions of this methodology on milk production, including prediction of
trace nutrients, uniformity of references methods and units, possibility of spectrum assessment, and diagnosis of disorder and
fertility. With the future developments in these areas, infrared methods would be more popular in milk composition
determination, quality control, and dairy farm managements, with higher accuracy, efficiency and convenience.

Keywords. spectrum analysis; nondestructive detection; infrared spectroscopy; milk traits; milk adulteration; dairy farm
management
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