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Abstract

The application of Analytic Hierarchy Process in nutritional profiling of domestic processed vege-
tables was explored. In the case of steamed and blanched spinach, based on the weight coefficient
assignment developed by Delphi method and the determined retentions of nutrients, a hierarchic-
al structure model was established for people of chronic disease prevention oriented (A1) and
people of nutrient deficiency prevention oriented (A2), respectively. The result suggested that
steaming was better than blanching. The spinach steamed for 3.0 min and 7.5 min was the best
cooking treatment for Goal A and Goal B, respectively. The nutritional evaluation scoring system
can be applied to both domestic and commercial food processing and adapted to different nutri-
tion goals.
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PRYT B AR, LASERMKHER ) ST E TR R A7 RN R P SCHI, @it Delphi® 5% i A A e A IR {E
WRBERGH . GRRY, MEAXRNSEEFF R TAERHE . X P78 B ArR i, ¥73.0 min
BT, TINTFEFRARAEY, KE7.5 minhBREZ AL, KR HRILAEFMET
AEATUNA TR AN CAENSSE R, BERATARKNEFRER.
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1. 5|

GBS AT IR A T Cy 44 EK By iR R Ky BISERER, EE RN bR, REWSE
TRABR Sy, AR T Tl 2 Fg Egem[1] [2]. ERE, XEHER—RAEZ WG ', M ETESH
HHE IR R EHD L) PUE FEY TR R AR 72 A — 8 S o 2 T BRI KV PR E IR R AR R3] [4],
EA RS MR RAERFRIH]; 261G R T IRAZKIETEE IR, (HEBRERR ISR EAK[6]; Wb
BT 2RI s IRAET], BB NBRZ N, AR HIAE . (5 RS 77 3 R R 5 1
AL, ARMERTE FRANME AR AT LR VP

B IR R EIL(Nutrient Profiling R48) 28 & PP 1 EWH 2 RE IR RN AG[8], (EARER WS NG
SHEE FRE RN ZE RN R M (Analytic Hierarchy Process, AHP)2 Saaty 5:[9]7F 20 14 70 44X
P — Mok e RS e B A S5 A I 2 HEN R SRy BiTi, o] DUERSS AN A N BE 008 97 H AR & 0F 2 e b
KE&, FER 2RI BAT S AR, R ERRIE S TRE LN O 242, (HAEE R I T
M E WA R D HEkaE[10] [11].

AT Z R ik e IR E IR H bR, LA SE(Spinacia oleracea L.)MANF S 20801, 4546
SRR S 45 T 2 R AT A W 7 S FR SR A VAN T I SR AR AT ER T

2. MR55%E
2.1. HREEE

W% 57 (Spinacia oleracea L./E #% T F1-188 2452 —4X) T 2015 4EKFW B AL i & HAE K 1137,

Y2 Ky(2iE > 98%). TRO. a-BH# ME(4iE > 95%). S-tHE MZ(4ifE > 97%). M (4 >
99%) N Hr4li, Sigma AF]; Bk 2,4- M. ZOKE RN WRNEREN . AHFREN . & HE AR |
HEAZE 2 T K. SAAT . FeCly-6H,0. PdRIMER . WEAK-T R A 2T . FEE. BETR.
JLEZE AL, JbatbslF W, B ke, 2Ntk Jbatfessikn) s

LC-20AD F At 248, HAEAT]; Synergy £ IhAEEEAMX, & EAMBIXESAPR/A A ; 5200
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AT, B eT SR A IR AR SHA-B /KitHEIRIR G &5, EHEA R HDI120 HIZ&H, fif2
KERHAE] R, BB,

2.2. W7E

2.2.1. mMENZIFSGZE

WIS A5 I T WK N UeIR e BT 2 oK 0y, 1B FR/ANECHIIAMEESE, Bt
HREEL I

1) KIEALEE . AR 500 mL #h/K, BT R Bhe KRS . SRR AR 50 g B
a5 bAREE . ROKFEREUBRERS, T, SRR 050 1.0. 2.0 F13.0 min. FEE R RS,
STy AL D RS | D R I PR (SLi

2) VRARAF, K ERBREKAIMER KZIEQ.L L), FHRETHALFL S 50 g #£5 T T e BERY L 2R 4R
A S, =AY 3.00 4.5, 6.0 1 7.5 min. FiAHUER G, B RESBCR, BI7E T Rk
20 A EWROKYA H 2 % i .

P TR P IR R S E BRSO R, BIFE 99°C~100°C . 5 T A A TIRIAE T EA E =R )E
SERPYIRE B T -40°CUKAR IR YR 24 h, SREE T ESA G TN 48 h BIEE. BUETH SIS SR, %
5 T -20°CUKFE R AF 15 FH

2.2.2. REPEFHEXM7THINE

4B E C IES % (GBIT5009.86~2003 #izt 7K H A FLfi] i B Pr IR i iR /I s (R ek fn 2,4~
TAEERRIHE)) R 2,4-REERIHA[12]: 4R R K IE 2% (GB/T5009.158~2003 ik HH 4E A R
Ky B9 5E Y [13]: KM% MEIINE S % Gutautis [14] 8977 9% Bl IR £ A0 30 Al 1R 25 (0 I & 2 %
(GB/T5009.33~2010 £ i H IV AHER 25 S5 R 2 I E ) [15]: S EFRIE 27 BN 2 45 [16] /) 732 i
LT I A SR A - R [17], R B DA T R M RN, mg/100 gs A 2 I A 52 R FH AR AR
18], FiES LR E TR EX R, mg/100 g.

BB IR YT 3 YCPATINE , HEAT 3 IRE S IE .
2.23. RREZPITEPFRTUHNE

RS %o B — e M TN BB R 7R LR, 7R R AR BN 2808 /K 2 /K T NI ANt o 0 52 1
WA IS, S R AR RE R SR LK, K LSRN BT K Bt o, SRS FH AR I i
KB ARAR o TS0 98 50 5 0 S AR AR AR R L (VIV) . 3847 3 UCPATINE , 3 IREEIIE .

224, BE>BRRSHERUZRKEFITNH S EEIRE

1) MR IR Hrai

B E TR R R AR A BTN 2 8 3 MR AARZEA Z). HEIEEREGE T2 B M
O RIZ(D JZ).

a) HIRRA 2). AARER A RARE TR Hbr. AT AP AN E R A bR: 58—K
FEHH AT REIE 3 (10— M B A (AL), IXIR R E IR B bn 2l A 5 S Ak i e R 3R 4 1
A E TR R AR 7y, AT AR ol I PR PR (K A A2 [19] 0 H RTIZ SR AR 5
P . 260 —RONVHATIRER S ARE, BIFEFRARKZBEN. 4L, BRmEs . HibmsmA
HESF(A2), IX IR R i LB P9 0 RS B, X TR A o A 7 SR, BB A 2 2 H b T3l
B8 SRR FIAANE[20]; M BR=Eh L 2 iR 4 2 . SR A o 7 SR G 8 57 2 RMSOR P A0 J5 T BE X X 2K
NBE P — e A I
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b) HEIFEZ)Z(B 1 C JZ). HialH 3 2 B AL T i 408 3% H ARG RR sy . Horb B 240 “wldg
PEACE TR (BL)”  “ANTEREINA IS MR AN (B2)” A “ TR B HI AR 3 (B3)” —FEE. C 2
N S 5 o I LB TS A DR T AR B R EE R BUE SR T, W R AT 4E(CL). 4R
C(C2). 44 % K(C3)%.

¢) HEED E). HEENGFENMFE T, B S 3 30 K AR 28 s 2 8 7.

2) A H o

SRRy W IR AT J , Gl 2% R DR R TR EAT I P LU, A& IR R o 6 T n AN TC R K,
ﬁ%%ﬁ@Aﬁ%kwﬂ¢%%%ﬂim5m%ﬁﬁ%i%mﬁ@%ﬁ*%ﬂ%%%ﬁ@m%ﬁﬁz

ay A, A,
A= A Ay 8y
a'nl anZ ann

3) & IEUIRAEALE

FIWHEFEAE S, 752X S5 E R R ER . % A ZRIRES 1, B Ml C )ZKH Delphi % 511 #]
[21)ME, D 2R SIS 77 oy 25 AT S

a) Delphi % 5 v #17: E

TR 12 775 77 5 MM I SR AT T BEHI 11 £ (=5~5) b BE V20 4% DK 35 1 S Z 34747 2 (UL
1), WIEFELE R B A C E#AT I .

b) B % E 4 AR AE

W SEIG BTN AR ) SR BR 22 P (7 FR A & &5 D JZ TR, A ECRMTIE 2% (b E&WE 77
4322(2009)) [22]H HIUE

AR AR TTVEAML GG BB FRAH K S B 8, AN AR A e . 25 i 2 5 )5 SRR i AR 4
RN, ERAATRANE Z 55, e w0y S s a i —8, X D ZHEET
WRAE, HFARYE S C 2 B3R M B R A 23 5 SR AR R A R (1 LU TR OE .

Table 1. Definition of 11 points scale
L1 BRREREX

PR L X LANEREN

Scaling meaning Scale value
G FENR FE AR TR BRSO R EERIE, Az 52 I A K 5
R BE AT REOL R FE R, HaZHE 2 AR 4
ZHRRAH TR RO A RSOk, (EZR R 2 WA — R 3
ZH R BRI B3 S A R FAEA R FERIE, (HZR 25 I AR 2
RIS R TR B E A R A F KR, HaZ 32 A — R 1
2 D8 ZN R A S 0
ZE RIS GAFI TR S A B R EA L FEE, HiZR 52 i — e -1
ZHER AR B & A R EEA R EERIE, (HiZ R 23 =0 A K -2
R AR TR SRR kR, (EZR R T RA — e -3
ZHREEARTRE: BB TERIE, HiZHRZ MR KR —4
PR AR FE AR TR BSER R EEORIE, HAaz 5 T A K -5
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4) ZREREFRGEETET RIS

WA SE R, JeiEAT B OCRHEY, BT H IR 2 R R R AR T b — B R S — R R A 2
SR AR A R [23]:
W =i(ci xP) (n=1,23:--,n)
WIRHYIERY E R g/ B B T2 R E, SR EREHT .
R ST S 1S R ) — AR AR E TR, BT

W, = b (i=12,,8)+ Y b,c; (i=9,10,11)+ Y b (i =12,13,14) 1-1)
RPN T RARE R AREE TR, EHE
W, =be (i=12,,8)+ b, (1=9,10,11)+ Yhic (i =1,12,13,14) (1-2)

Gt otk

BRI S IR I E S5 R ] SPSS 21.0 FAFHEATARFE, AN [R) 5 1 AL B AR 7] 22 SR FH SR IR 3R
#4317 (one-way ANOVA)K IR 2 1 3P, AP < 0.05 Z XA 4% L. R yaahpV7 BS54
JEEE Y

3. ZREG
3.1. BRBTEFITNN S BEMER
S T BT ELY 1T B 15 10— ARt BE A BE (AL RESE FE R G5 LIS 1, 24 A 2T
e FBREE AR T LD REAR BB (A2, CLIRE “REfref4e” [N A RF B1 A1 B3,
3.2. ERRAIEERRIRELER

3.2.1. ¥IBFFEREMELER

Fe 2 RZETTE LU B IR R 45 SR o F—BUPE 46 R (Consistency index, CIYKE I % 7 2 1] i) 28 B v
PR AP TEIB SR EL[23], S AEFFIRESFE Cl < 0.1, — 5tk RAF.

ST IR AP C R REEAT T E[23], s L 3.
322 WELR

1) Delphi & 53 7 VA

o SR AN B 4 AT M, B < BB RN PR R AR, 45 4. WL,

AT TRB IS E 77

B1-H bR ACE 77 B2-SE V& PR B3-42 i AN FI il 73
Cl1 |C2 |c3 |c4 |C5|C6 | C7|C8| CO|Cl0|C11|C15]| C12 | C13 | Cl4
R S - O O < I =S A = I YA B
T | E | E & | B’ B M | B || R T
4 %5 | x| &R £ #h %
4 | C K1 | B2 N h

S

R 1. K72, 1RIE3. 1R 4

JKHE 1. KJE 20 AKIE 3. KM 4

Figure 1. AHP Structure
E 1. BRDFEEHN
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Table 2. Judgment matrix results of A and B level factors
2. AT B BHIMTIERELER

FSES AT 18 1505 H A LTSRS 7R A2 9 H bR
Factor To prevent chronic diseases as the goal To prevent nutrient deficiency as the goal
[0.4037] [0.3981]
A W =|03761{, 4, =3 W =/03398, 4_=3
0.2202 | 0.2621 |
[0.1388] [0.1977]
0.1222 0.1306
0.1318 0.1377
B1 W= 0.1158 a1 -8 W= 0.1165 4 -8
0.1158 e 0.1165 e
0.1254 0.1236
0.1190 0.1032
0.1383 | 10.0741 |
[0.40227 [0.4595]
B2 W =|04239|, A, =3 W =|04189|, 4, =3
0.1739 | | 01216 |
705000 [0.3053]
0.3684
B3 W =|03214|, A, =3 W= v Ay =4
0.1786 0.1053
- - 0.2211 |
Table 3. Judgment matrix results of C level factors
= 3. C RHIMTIEFELER
SN F T HE R
Factor Judgment matrix
[0.1323]
0.1310
0.1310
0.1446
Cc2 W= 0.1228 A =85
0.1241
0.1228
0.0914 |
[0.1128]]
0.1237
0.1274
W | 0-1365
c3 =l 01002 |7 F =8
0.1219
0.1347
10.1338 |
[0.1096 |
0.1173
0.1284
C9 W= 01413 A =8,
0.1087 ™
0.1199
0.1370
0.1378 |
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Continued

C10

Cl1

C12

C13

C14

Cl. C4. C5. C6. C7. C8

~10.0299

[0.1174]
0.1268
0.1305
0.1427

“lo.1070]’

0.1192
0.1399
0.1164 |

[0.1227]
0.1288
0.1264
0.1276

“l0.1264 |’

0.1349
0.1239
0.1094

[0.3393]
0.2587
0.1362
0.1739

0.0233
0.0181
| 0.0208 |

[0.1157]
0.1061
0.1045
0.1037

0.1334
0.1346
01591 |

[0.1107]
0.1167
0.1311
0.1420

“l0.1144 |’

0.1209
0.1291
0.1352 |

[0.12507
0.1250
0.1250
0.1250

“loa2s0|’

0.1250
0.1250

0.1429 |’

0.1250 |
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Table 4. Value assignment for intermediate level factors

4. piERERBRENE

T 1L Tl AL T ML
H#® Evaluation SN Evaluation SN Evaluation
Factor Al A2 Factor Al A2 Factor Al A2
B1 R AL AE IF 4.4 4.1 B2 14 it A o) 41 35 B3 i A B o) 24 =27
Cl b & erdt 43 0.8 C9 EMF bR 37 34 C12 WP TH R #h -28 -29
C2 4% C 37 39 C10 Z 39 31 C13 iR -18 -35
C3 #EZ Ky 3.9 35 C11 TR &k 16 0.9 C14 # -10 -10
CA 44 B, 4.1 4.2 Cl e s — 221
C5 Mg 38 37
C6 41 4.1 3.6
C7 4% 3.6 33
C8 3.6 33
T 1) AL ZoR i HENEE LLTR B S VR i O B E IR B, A2 FoRTHAL D REAN 28 BT E SR AN 2 M E TR B bR 2) BH% MFRIE o- 1Y

NE. p-IHE NRAH R =STEE 2, HERRIEA SRR . Note: 1) Al represents the nutritional goals of healthy people at the core of pre-
vention of chronic diseases, A2 represents the nutrition goal of preventing undernutrition by digestive insufficiency; 2) carotenoids refer to the three
measured values of a-carotene, S-carotene and lutein, oxalic acid refers to the total oxalic acid.

MFARE T AR, SEZZ AR EGELR, 5UFPRMEER B FRADRL, U E7#ER
N ERRA)RS, 40 2B ARSI Bh AT W 2 P, BRI BT SEARE, I £ 4 (X AL )N 4.3 KB
L% 0.8, HCATERHITAFIELE . &R AT Gy —, BEETHF S, oL R R E
T £ FARHEAT VP B R, IR i I 4% 2 A B 7 K

2) BT 45 LR

WL K MRV A SR 5 s o B L FE 5. MESRAE SRR R 4R B C BUREOR, RS
W, TR 58.4%, 5 Tk 241 R T 48 M. TS PURAAI . T3 2 W R My o
Zo e s AN IS R TG BRI, AFREEAN 119.1%. XATASE R Z BN RS H2H . H
THEAR. SRNEAE, WS B E I 505 LA TR ok, IS IR R £ WA
B, /b 2 WA T R [4] [25] [26].

AR 5 G RS S AL T B % R TR AE S, B 5 5 RS AR A AT
Welr, th72 6 HTRURIL, RONEESE I Z IR AR BT A T B A 5 B3 1 A 4y (Wi 3 C), K
13,0 min BLSh, RFZETEMERAKR, HERTER. M T 55 AR AR, SR
RISy, TR TR HEAT 2 0 RS A, TR e 3 4 AN R A OB M 5 K
33 FIEHRERGAS

B2 R, FERRAR ARG E RS E TR . P EARARE, LA 3.0 min 4k E
(L7 a B FEVEA R, FLUORTHE 7.5 ming T /KSE & 8 26 VP40 B8 S VR I B KA AR K

HEERERARE, BOMRE R BIRAREGRN AT L5, Yo T L AE 1 E%
TEFGHI R AR, LUK 3 min IS FREME: fin TR N . BEWHERERLHA
BE, MILLVEZE 7.5 min (95328 7 ek
4. &5ig

1) BLFHJEIR BT ISR OEE 72K IG5 P e 0 R ) AR 73 3 777 1 e 58 B R R P4 H AR
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Table 5. Effects of cooking treatments on health-related ingredients of spinach

5. RIFRT R R K AT BT

g e C YEEE Ky ISEA FE MR R %k RIRCElivEN AT
Treatmen\t /(mg/100 g) /(mg/100 g) /(mg/100 g) /(ng/100 g) /(mg/kg) /(mg/kg) /(mg/100 g)
Vitamin C Vitamin K, Total polyphenols Carotenoid Nitrate Nitrite Total tannin

AR 3404+093a 207.1%6.3a 92.31+2.12a 14698 +£101c  450.4 £ 4.6a 0.90+0.17b 68.86 * 6.65a
D1/Kf 1 2450+1.14bc  199.5+5.7a 83.92+1.74b 14 966 + 50c 375.6 +1.6b 4.99 +0.80a 66.31 + 4.63a
D2 /K2 21.87+056d 196.9+5.1a 82.79+1.42b 14463 +174c  3539+4.1c 5.66 + 1.01a 63.57 £5.91a
D3 /K3 19.26+0.36e  192.2+6.0b 86.27 +3.39b 14622 +£130c  287.5+13.1e 6.47 £ 0.87a 63.03 + 6.58a
D4 /Kfi4  1415+0.11f  189.0+6.3b 70.85 + 3.26¢ 14608 £ 119c  251.3 +4.5f 5.56 + 0.69a 65.74 £ 6.76a
D577 1 26.36+0.76b 203.4+5.9a 91.50 + 1.34a 14813 £ 175bc  362.0 + 3.8 0.44 +0.10c 69.15 + 3.20a
D657 2 2343+094c  202.6 +4.6a 89.80 £ 0.91a 14444 +191c 342.4+153cd 0.52+0.11c 65.28 £ 2.07a
D777 3 2259+1.10cd 200.7 +4.8a 88.88 + 1.95a 15179 +107b 3243 +11.4d 0.95+0.19b 67.51+3.37a

D857 4 23.18+058c  200.1+5.4a 90.50 + 1.53a 15599 £169a  303.7+2.3e 0.69+0.12bc  66.28 £ 3.35a

e 1) KR 1L 24 3 4 Syt B S S ] 0.5 1.0 2.0 F1.3.0 min; VKA 1. 2. 3 Al 4 43 Jll%E RS2 = A 1] 3.0 4.5, 6.0 F1 7.5 min;
2) biREE R B AT BT 2) asb. ¢ NG TR [F) — SR B A 2 S P, R R TR R R A R 22 e R 2, P < 005,
Note: 1) 1, 2, 3 and 4 respectively corresponding to the water boiled spinach cooking time and 3 0.5, 1.0, 2.0 min and 4 1, 2, 3 respectively; the steam
cooking time corresponding to spinach 3.0, 4.5, 6.0 and 7.5 min; 2) the results of fresh vegetable conversion; 2) a, b, ¢ and other small letters about
the difference between the values of the same column among them, different letters indicate significant difference between the results, P < 0.05.

Table 6. Ratio of components retention rate to volume retention factors

6. ERZPREFRTRERSHFRLURILE

L USZIRrS fiEzm C BAER Ky ISEAL B bR THAR L MR EN HR ISR

R 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D1 /K¥E 1 0.90 1.20 1.14 1.27 1.04 6.93 0.98 1.20
D2 7K 2 0.91 1.34 1.27 1.40 111 8.89 1.05 1.30
D3 7KJi 3 0.90 1.48 1.49 1.60 1.02 11.46 1.04 1.46
D4 7K 4 0.67 147 1.24 1.61 0.90 9.96 0.88 1.54
D5 %% 1 0.97 1.24 1.25 1.28 1.01 0.61 121 1.26
D6 757% 2 0.96 1.36 1.35 1.37 1.06 0.80 1.32 1.32
D757 3 0.96 1.40 1.39 1.50 1.04 1.52 141 1.50
D8 /57 4 1.06 1.50 1.52 1.65 1.05 1.19 1.49 1.65

VE: 1) K 1. 20 30 4 3 BN RIS SN A 0.5 1.04 2.0 A1 3.0 min; V37K 1. 2. 3 0 4 4> B R 5 5 I ] 3.0 4.5. 6.0 1 7.5 min;
Note: 1) 1, 2, 3 and 4 respectively corresponding to the water boiled spinach cooking time and 3 0.5, 1.0, 2.0 min and 4 1, 2, 3 respectively; the steam
cooking time corresponding to spinach 3.0, 4.5, 6.0 and 7.5 min.

A LA 22 A 2 RN o5 iR B AR BT 42 AR . X E R R R ANE S TR T T ENE
TRV .

2) H:T Delphi & 5 il AR SERRIN & 45 B L) < 2B E FRMET AR, WTLE T E R
XTHH’J%%J\E?L_LﬁﬁﬂEI’J FEEKR, T Y I T AN 45478 FR R 4

3) LEA HARTVEN B A AR G LA TRAT 2 NG SRR AR A B M, R IR ZE R N2 68 3704y
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0.15
0.14
0.13

0.12

0.11 |
0.10 |
0.09 : ~ : : : : :

KL K2 K3 K4 KK KkpE2 kB3 k4
R

O X BB R I — R AR E 57
B 3HHALDIREA B R IR AR E 3R

Figure 2. Nutrition profiling evaluation of cooked spinach samples

E 2 ERZTIEERNGEEFRTD

HHEFRE

e T o O T A IS R ELVE A RE D IR R — R AEE, LR 3.0 min BBESRE TR A,
M FIHAA B ARFER AR, LAVRZK 7.5 min (90 Rk tE .

e HE

AR REARARZ ey EAR i R % A PRFE T H (2151100001215016)
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