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Abstract: To investigate the effects of ultra-high pressure sterilization on the quality of low-fat walnut sauce and predict its
shelf life, the optimal ultra-high pressure sterilization conditions were selected. Moreover, multivariate statistical analysis
was employed to comparatively evaluate the impacts of ultra-high pressure sterilization (HPP), high temperature steam
sterilization (HPST), and pasteurization (PS) on the multi-dimensional quality indices of low-fat walnut sauce, so as to
screen out the appropriate sterilization method. Furthermore, based on the Arrhenius equation, shelf life prediction models
under different storage conditions (4, 25 and 35 °C) were constructed. The research results showed that HPP could better
retain the original quality of low-fat walnut sauce. The low-fat walnut sauce treated by HPP (500 MPa, 4 min) had the best
color, relatively high adhesiveness, moderate hardness, cohesion, chewiness, and good stability. Through the application of
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gas chromatography-ion mobility spectrometry (GC-IMS) combined with Orthogonal Partial Least Squares Method (OPLS-

DA), 26 key volatile compounds were identified from low-fat walnut sauce. ROAYV analysis revealed that 3-methylbutyral

was the dominant flavor compound, primarily contributing mushroom and fruity aromas. The HPP group exhibited (E)-2-

heptenal as its primary flavor component, mainly presenting grassy and cucumber-like notes. Principal component analysis

demonstrated that HPP-treated low-fat walnut sauce achieved optimal overall quality (comprehensive score 1.52), serving

as the most effective sterilization method. Additionally, shelf life predictions indicated 118 days under 4 °C storage

conditions. This study provides theoretical references for quality improvement in low-fat walnut sauce production.

Key words: low-fat walnut sauce; sterilization method; multidimensional quality; volatile flavor; principal component

analysis; shelf life
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Table 1 Sensory evaluation criteria for low-fat walnut sauce.
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Fig.1 Effects of different ultra-high pressure conditions on the
total number of colonies and total color difference
of low-fat walnut sauce
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Table 2 Microbial indexes of low-fat walnut paste
with different sterilization methods

WA YITE AR CK PS HPST HPP  ZakrifE

VAT B a b a c

(lg CFU/g) ~ 0-3740.23" 5.0820.52" 4094111 437113 <5
KIAFTHE(CFU/g)  ND ND ND ND 100
YWITIKE(CFU/g)  ND ND ND ND ND

TE: NDFIR A 5 (A7 AE) F AU 22 57 1235 (P<0.05), #6[a].

R AR ZZHEGANTE , AH 1A% PR I B AT A, X 4
PR A AN ZE A5 1 R BRSO B 52
2.2.2 AP 7 2R AZ ke JEAS 5 5 1 52 )
2.2.2.1 AFEFREH T NIHMEAS PR A2 0
nzk 3 iR, AFEAEE 720 HPP 200 LB AT a (B
fe i, M OE A AE KT PS 40 A1 HPST 4, i
AH HPP 20 XHIRAEAZ Ak i iF e /)N, 5 CK 41
BE T, 3O F TR R S A E T T AR,
HE R - Hb O B L (APE 20 1 HPST 409 L™(EAN o™(H
EfEE D B LS B N1 B IR, b™EAN AE B, Hon
PSR EE B, X T B2 I Tl ke s &2k T 28
%fﬂiﬁn{%ﬂ%{hfjm, AE A7 AL M 28 = A R XU AT
(ERESINTIES == s R E RSN W aN (=152 A S Y NTTE=N
HPP 4H (03 5 CK 4 2R % 18 4H B9 (0 15 B S 32230T
(F2).
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Table 3 Effect of different sterilization methods on color
difference of low-fat walnut sauce
ENViE:. L a b’ AE
CK 56.02+0.85®  6.24+0.27°  17.13£1.36° 37.49+2.61°
PS 48.00+4.08° 6.42+0.71°  19.73+1.83°  45.95+3.00°
HPST 37.31+£5.81° 4.97+0.06°  21.58+0.13*  63.56+5.33*
HPP 58.10+5.67° 6.81+£0.10°  17.56+0.09°  33.00+0.12°

RPN AR 24 57 35 (P<0.05) ; F4~KS5[H] .

2.2.2.2 AN[EA 7 RN B B AR 20 o3 1 52
ME E R 4 T, AR IRIR B O AR IE Rk e 2 A B
AeFEbnrh iR B S VS EITE 8.95~9.95 g/100 g, I

E 2 ARAREKORTHE

Fig.2 Comparison chart of color cards under different
sterilization conditions
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ke s AR /N, X SRR 4T 45 A Tt A A
93[28]0
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I, HPST 20 v g i 3 55 A P e v, LS5 HUAth2lL
FH 25 5 B 3 (P<0.05), PS 2H v PN 28 1 5 0ok P2t
= S b4 | N1 5 e A SO = D N a e 2 v [ BT A
AR TR AR AR AU S5 S — 2. HPP 4H7E
PRAFES ERE B (BT, R B2 | PN 2R FIRE IS
o, B R /)N, 31X K Bl Bl A B BRSNS W] R
(300, 400 MPa/10 min) 7] #& = T BRI HEAD
W AR R LS R —aK, Z5 R, PS 45 HPP 411y
FLA B B A e

2.2.2.4 AR[EIATE 7 IR BRI 19 250007 H 3

FUSZM BSLOHT H R R E RRE T BT B AR A
Z—. HE 3 ﬁﬂl, HPST £H 1% &5 .0 B 1 R 5 AIG
(12.00%) (P<0.05), iX A GBSl T = iR TS A
sl BRSO, E— AR T IR AR AR Y PR
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Table 4 Effects of different sterilization methods on basic components of low-fat walnut sauce

AW H T (/100 g) RN (/100 g) K53 (g/100 g) WA (/100 g) WK A& (/100 g)
CK 9.95+0.69* 2.94+0.68° 53.39+2.40° 0.68+0.02° 33.04+3.94°
PS 9.03+0.59* 2.80+0.44° 53.4242.02° 0.69+0.02° 34.14£1.58"

HPST 8.95+0.27° 2.76+0.31° 49.11£1.57° 1.14£0.16* 37.96+2.51°

HPP 9.60:£0.87° 2.74+0.79° 50.94+1.17* 0.38+0.06° 36.34+1.61°

£ 5 AFRE A ARCBRZAR# T4 95200
Table 5 Effects of different sterilization methods on texture of low-fat walnut sauce

AW TR TR (N) ABEE (md) AR JBEKHE(N) NELAE4: (m))
CK 0.65+0.01¢ 3.77+0.62° 0.74+0.03* 14.52+0.51° 7.61£0.04°
PS 0.82+0.03° 2.59+0.24¢ 0.74+0.05" 15.83+0.46" 10.48+0.22°
HPST 4.42+0.08° 2.05+0.12¢ 0.38+0.01° 14.81+0.26" 25.48+0.13°
HPP 1.27+0.05° 4.82+0.34 0.72+0.02° 11.35+0.26° 10.61+0.26
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Fig.3 Effect of different sterilization methods on centrifugal
precipitation rate of low-fat walnut sauce
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Fig.5 Effects of different sterilization methods on simulated
digestibility of low-fat walnut sauce in vitro
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Table 6 GC-IMS test results of low-fat walnut sauce with different sterilization methods
AHX B i (%)
E R ey N PRI (s) QU0
CcK PS HPST HPP
A (25) 3-(H ) NEE-M 0.59+£0.06°  0.63£0.04°  0.48+0.01°  0.43£0.04° 1.48696 &5 THI AR
C.f-D 6.54+0.82°  7.38£0.23" 6.31£0.06° 6.27+0.22° 1.94888 O, MGG, ARG R
CLE-M 1.78£0.27°  2.08+0.08"  1.85+0.02°  1.83+0.12° 1.40868 i, Ik, AR, 1, A, IR
PEE-M 2.07+0.11°  2.13£0.08"  1.77£0.01°  1.27+0.10° 1.2549 A, A, L, W SRS
3-MELTRE 7.77£0.20°  6.85£0.28°  6.21+0.05°  5.50+£0.46" 1.15902 B, AT
1EJRE-M 226+0.06°  2.13£0.12°  1.49+0.02°  1.44+0.11° 1.18254 TR SRR, Tk, B
W 1.08+0.13°  1.00+0.04°  1.14£0.09°  1.35+0.12° 1.3327 B, W, BR i, VA2, T, A
3-(F AL NEE-D 0.86+0.10°  0.62+0.03°  0.70£0.02°  0.88+0.12° 1.38923 55 THI A
2-FH LT 0.83£0.06*  0.73+0.08"®  0.53+0.03°  0.60+0.12* 1.18771 SREUMR AR K A, A7 WU Rty
IET/E-M 0.99+0.01°  1.04+0.06° 1.31£0.04*  0.77+0.13° 1.26031 SHHEERY VA . IR KSR
KHEE-M 1.98£0.06°  1.41£0.09°  2.18+0.05°  2.02+0.03" 1.56259 SHIER VA . IR KSR
2T 1.08+0.11°  0.91+0.07°  0.73£0.01°  0.84+0.04™ 1.18055 SREVR FEAT FK AR, A I Rty
3-FH L2 T 1.074£0.05°  0.94+0.02° 0.75+0.01¢  1.41+0.06° 1.25235 FIAIR, Rk
(B)-2-FHME-M 0.49+0.01°  125+0.23"  0.92+0.02°  1.34+0.11° 1.5148 L, HNE
(B)-2-BHi-D 0.23+0.01°  0.55+0.15°  0.42+0.01%  0.81:£0.23 1.10728 LY
(E)-2-CMis 0.38£0.04°  0.30+0.01°  0.24+£0.02°  1.22+0.31° 1.29393 BT, BRI, AR, AR, Tl
RHIEE-D 0.68+0.06°  0.43+0.03°  1.51+0.08"  1.11+0.11° 1.05914 FEVHIR . Wik
2-BE-M 1.6540.02°  1.46+0.09° 2.37+0.06°  1.48+0.01° 1.30867 Fit AR R
1B 0.50£0.01°  0.65+0.03°  0.82+0.02°  0.360.04 1.40396 ST WINFITS
IET#%-D 0.33£0.01°  0.33£0.02°  0.43£0.01°  0.28+0.02° 1.15345 R
2-H BE2- N TS 0.48£0.02°  0.50+0.04>  1.17£0.05°  0.56+0.21° 1.57072 A EpER
2-BE-D 1.22£0.25°  0.85+0.13°  3.52+0.21°  0.86+0.12° 1.09251 T REBR, FILIBR, 3055 RISk
BEE-D 1.55£0.19°  2.38+0.09"  1.48+0.02°  0.57+0.16° 1.51819 HAF . AL Il
IEJX#E-D 3.86£0.07°  4.19£0.08  2.07+0.06°  1.35+0.06° 1.42225 KRR
(Z)-4-BEhms 0.94£0.16°  0.87£0.01°  0.37£0.01°  0.47+0.02° 1.10186 R
2 (19) 2-FHE-1-NE-D 2.60£0.04°  2.27+0.17°  1.95£0.06°  1.60+0.07 1.14817 AT, Bk A R
1-JZFE-M 233£0.17°  2.22+0.06°  1.84£0.03°  1.86+0.07° 1.47381 AT, PR B e R
[75 ;A 1.95£0.10°  1.88+0.08"  1.64+0.02°  1.57+0.13° 1.28566 TR
1-JZE-D 1.64£0.12°  1.65£0.06"  1.08+0.02°  1.48+0.06° 1.09208 A, W, &
1-TH 1.19+0.09°  1.05+0.06° 1.17+0.03*  0.99+0.06" 1.63372 B, HHEUNRT, BHAT)
SEE 0.80+£0.05  0.74+0.04*  0.58+0.02°  0.69+0.01° 1.32996 BTN, JERR, WA, # A
2-FBE-1-NEE-M 0.87+0.03°  0.75+0.05°  0.78+0.01°  1.16+0.05" 133292 Btk A4
- F-M 1.34£0.18"  1.49+0.06°  0.98+0.05°  2.03+0.14° 1.41359 AR T B, RO
2-TEE 1.40£0.04°  1.18£0.02°  0.66£0.03¢  1.08+0.03° 1.52893 SRESERR 2ok
3-ETRE-M 0.96+0.03°  0.73£0.01°  0.50£0.01¢  1.29+0.05° 1.23302 JETRA, A, AT, WA
3-HIIETEE-D 0.32+0.01°  0.25+0.01°  0.18+0.01¢  1.08+0.02° 1.18292 EARTLIUS
2-2.3E-1-CU B 0.26+0.02°  0.21£0.01°  0.22£0.01°  0.48+0.09° 1.34305 TR, g, Yol KA
1-C\BE-D 0.41+£0.08°  0.54+0.04°  0.29£0.02°  1.69+0.09° 1.36957 PRI, T HT, BRI, W
-3 THE-1-BE 0.58+0.02°  0.49+£0.02°  0.30£0.01°  1.14+0.04° 1.42164 B HAR, IS AR, B
I 1.40£0.12°  2.72+0.41°  5.17£0.16"  5.57+0.47° 1.17212 TR L TR
1- 3005 -3 -1 0.45+0.03°  0.48+0.02°  1.15+0.04*  0.86+0.02° 1.67435 I, W HE, B, JR
3= FT -1 - 0.48+0.08"  0.40+0.01°  2.08+0.51°  0.75+0.04° 1.33554 AT, SRR, B, Bk
2- IV FY 0.40+0.13®  0.32£0.02°  0.71+0.01*  0.75+0.36° 1.39926 A, B EEAEA, T
-5 3.08+0.25°  2.19+0.48° 2.07£0.36°  1.23+0.58° 1.49718 B S, HERE
2 (15) 5-FH 3-3- e 0.62+0.10°  0.49£0.03°  0.60+0.03"  0.55+0.02% 1.13369 S, Wk, A6, EEAER
1-F25E-2- A il 0.65+£0.06°  0.68+0.03"  0.52+0.02°  0.61+0.01° 1.2618 B, FHELIGRE, BM2H)
3-P -2 6.51+0.11°  6.32+0.06° 2.22+0.01° 5.53+0.36 1.15937 SRFUAYTEER, WK, B, KR
2, 3-1% 0.58+0.11°  0.66+0.01°  0.68+0.05°  1.32+0.09° 1.16131 R, BIESR
2,3-T 0.45+0.03°  0.52+0.03°  0.45£0.01°  0.86+0.26" 1.07977 SRR Sk
2-CLfid-M 0.87£0.07°  1.22+0.05°  1.57+0.02°  0.87+0.08° 1.2458 R
4- 0.33£0.01¢  0.62+0.02°  1.16£0.02°  0.47+0.04° 1.09647 TEHTY, SRR, FIR, BBk
1-130Jd5-3-H-M 0.34+0.02°  0.34£0.01°  0.56x0.01°  0.35+0.01° 1.123 AR
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) A (%) ‘ .
SR ES kB2 FRER IR (s) SRS IR
CK PS HPST HPP
2-CL 0.54+0.02°  0.59+0.02°  0.82+0.03*  0.52+0.03° 1.22048 BEFEIR . Wk IR KA
1-1345-3-Hi-D 0.47+0.06°  0.41+0.01°  0.59+0.01°  0.57+0.06" 1.25815 RWAFFES, KR, A1, 8k
2-CLfi-D 0.34£0.01¢  0.56+0.01° 1.25+0.03*  0.45+0.10° 1.14855 L AR
3-F2FE-2- T 0.63+0.21®  0.44+0.01°  0.85£0.13"  0.64+0.06™ 1.2009 ¥
2- TR 4.55+0.23"  4.61+029° 7.84+0.18"  3.36+0.61° 1.64153 TR, SR, WO, it VA
2- 1 1.3140.06°  1.86+0.06" 1.32+0.02°  1.00+0.21° 1.24914 WA, HEAE
3-3iE-2- T 0.64+0.11°  0.46+0.08°  0.21£0.00°  0.24+0.02° 1.48969 FR IR, Tk
F2:(10) 2-HEE TR H iR 0.92+0.04*  1.06£0.03*  0.98+0.01°  0.9+0.04° 1.25671 B, WG, B, fe
3-HIEE TR H R 0.77+0.08°  1.13£0.03*  1.04+0.02®  0.97+0.13" 1.40256 A, RE, A
ZIRATR 0.77£0.02*  0.68+0.02°  0.62£0.04°  0.82+0.06" 1.30921 WA KRR
HE R TR 0.87£0.06°  0.68+0.04°  0.62+0.01*  0.60+0.01° 1.0825 Ak ARk AR EEf
HmTHR 0.67£0.09°  0.70+£0.05°  0.43£0.00°  0.57+0.01° 1.25941 TR AT A R
5T R 5 TR 0.58+0.04°  0.58+0.02°  0.33£0.01°  0.52+0.02° 1.50068 RN )
-2 - BRI 0.95£0.08°  0.90+0.03°  0.60£0.03°  1.27+0.04* 1.19232 SR
J-2-THsTR TR 0.92+0.11°  0.82+0.05™  0.72+0.02°  1.45+0.05 1.34062 KARF
LR TE-M 1.25£0.06°  1.36+0.06°  0.59+0.02°  1.72+0.15 1.10758 T3, BT
LERTR-D 0.46£0.01°  0.69+0.02°  0.21£0.01¢  1.67+0.19* 1.18882 TR, WIS B, BRI
225 (3) Thim 1.46+0.18"  1.13+0.06°  0.54£0.05¢  0.75+0.08° 1.16904 I, KA, itk
-HRTERR 0.68+0.09°  0.43+0.06°  0.24+£0.03°  0.33+0.02* 1.22538 FERE, VB
R 1.16£0.40°  0.59+0.05°  0.66+0.07 0.86+0.05% 1.26098 T, M
RG2S (4) 2-F 3L A -3(2H) WKIRER 0.81+0.01°  0.89+0.08°  0.55+0.02°  0.71+0.13" 1.23809 RE
5-FF -2 1wk e R 0.31£0.01¢  0.50+0.05°  0.76£0.02°  0.93+0.14* 1.31063 SR ZUHIE Sk
2- [ LI G 0.47+0.03°  0.87+0.03°  2.34+0.12°  0.58+0.12° 1.18096 VEBT TR B2
2- T LIk 0.66£0.09°  0.46+0.02°  0.63£0.03*  0.36+0.02° 1.11809 RS . Rk
ke (2) 2, 6-Ff Jknk 0.5240.12°  0.36+0.02°  0.62£0.02°  0.38+0.02° 1.21632 KAFFmt
2-2.35-3, 5- MR 0.47+0.05°  0.39+0.02%  0.34+0.01°  0.41+0.03® 1.44474 WA
HAb2 (1) 1, 2- Wb 2.2840.12°  2.16+0.14°  1.93+0.05°  2.84+0.05" 1.69814 g, WE &R, W, R
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Fig.6  Fingerprint of volatile flavor substances in low-fat walnut sauce with different sterilization methods
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Fig.7 Effects of different sterilization methods on volatile flavor of low-fat walnut sauce
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Table 7 Characteristic flavor and ROAV of low-fat walnut
sauce under different sterilization methods

9 RRIRE T AR A S BTRa AR 32 o0 2 tny P
Table 9 Principal component load matrix of quality index
of low-fat walnut sauce with different sterilization methods

= i ROAV B PC

w5 favE ?mwglﬂjggﬁ CK PS  HPST  HPP g 1 2
1 (B)-2-B#&ME-M 003 10511 30414 24.691 40.606 BBl —0.499 0.276
2 3-HIET R g 0.3 1.652 2749 2791 2.939 it -0.988 0.034
3 2-7% 200 0.004  0.007  0.005  0.005 K5y —0.695 0.655
4 t SR 2T 0.5 1.120 0993 0998  1.091 ix -0.797 0.560
5 ] 20 0.037  0.022 0.027  0.039 KA 0.825 -0.553
6  2-MIET M lg 0.2 2960 3.869 3.945  4.091 L 0.866 —0.487
7 BE-D 0.5 1995 3474 2385  1.036 : 0.833 —0.531
8 CE-D 25 1.683  2.155  2.032 2280 ’ 0.833 —0.539
9 HIHE-M 0.5 2.548 2,058 3510  3.673 AE 0838 ~0.330
10 CLEE-M 25 0456 0604 0593  0.655 AL BT 0.596 0-802
1 3R 03 1459 1046 0.644  1.000 BRI 0.995 0.066
12 3-OTBEPEE 0005 75933 91971 77295 78.182 Rl P 0.941 0.333
13 5-FE-3-BE 50 0008 0007 0010 0010 PR 0.852 0.523
14 (B)2-BUAEED 003 4934 13382 11272 24545 At 0.945 0.324
15 2-THkng 5 0.085 0067 0.101  0.065 ToRitE 0.916 0.398
16 3HETEE 005 100.000 100.000 100.000 100.000 LI 0.907 0.419
17 IE%E%-D 5 0497  0.612 0333 0245 RSMEHIHAE(F) 0.924 0.381
18 2,6-_F3LnpR 5 0.067 0.053  0.100  0.069 WRSM LI () 0.915 0.401
19 1-RHE-2-PIHR 500 0.001  0.001  0.001  0.001 Rafft 0.915 0.401
20 2-Jfif-M 50 0.011 0018 0.025 0.016 AL 0.916 0.398
21 3-BidE-2- TR 0.005  82.368 67.153 33.816 43.636 FRARENBR 0.697 ~0.715
22 2-HIJE-1-EE-D 300 0.006  0.006 0.005  0.005 ik B 0.924 0.021
23 1- Tl 250 0.003  0.003  0.004  0.004 L . !
24 3-HEL-1-THEM 50 0.012  0.011  0.008 0.023 AL R TR S PP R T
25 2-WHEI-AEEM 300 0002 0002 0002 0.004 0.7313 xF, +0.2194 xF,

26 RHIEE-D 0.042 10419 7473 28947 24.026

H: B{EARIR E GE A IaE B A 4 ) Alhttps:/www.chemicalbook.com/
ProductIndex.aspx.
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Table 8 Characteristic value and variance contribution rate
of low-fat walnut sauce quality index with different
sterilization methods

VIHRAFAEAE
PC
FEAEAE T5 2R (%) ST 25T (%)
1 16.09 73.13 73.134
2 4.826 21.94 95.07
3 1.085 4.93 100

G T BLODATH R IR RS EFAR DGR = HAR T ]
S3 AT AR
FrAFEPR B ThR AL, JRE T HEAS Y 2 D3
T B BB R IR FyL Fy, X=Xy, 73RN H
JBT. BRI K43 IRy BROKALE Y. LY. a". BT AE.
BT R R | ORERE L PSR L SR L BROREE
NELIRGAA: | ARSI AL (B L ARSI AL (M) | iR
M AEAE . SRR RS T SVE, AT T
F,=—0.124X,~0.246X,-0.173X5—......~0.230X,,
F,=0.126X,+0.015X,+0.298X,+......0.010X,,
2 A F S i 25 DTSR AR A T INACR

Fé’%{? =

0.9507

R 10 FoR, ANEAE T ARk & Bide
HREE-BAS SRR R U R T AT, 2R 51500 BCHERAARIR
“h: HPP>PS>HPST>CK, H AT HI, HPP 2HZ5 57155
a1, HAMYATVE RN R i Feid AR B 7 2, W
R BEHLR B T B e hReRetE. 5
S HAE R BB T 9621

# 10 ARIZRE I SURPAZBEE T s G130 L i 4
Table 10 Comprehensive score and ranking of quality indexes
of low-fat walnut sauce with different sterilization methods

ARETTH F, F, LTIy HE#
CK —5.47 1.64 —3.831871847 4
PS —0.28 1.38 1.199467302 2

HPST 1.98 -3.10 0.099955685 3
HPP 3.78 1.72 1.519183499 1

2.3 {RAERZHkE = MY SR B ERTUN

2.3.1 ARG SEAEXHMIRIBZ AR IR 52 R
&l 8 Al 7E 4 °C W |, IRz i IR fr &
IRARAHAAE N AR, SEARYERELE 0.6 mg/g Zidi. 7E
25 °C WHRFAAF T, ARk iRt R SR 5 Tt
FaF, TR 75 F A 0.63~0.95 mg/g; 7E 35 °C It 4%
PF T, HIRMN AR U 135 (P<0.05) o AHIE 5 il 2 ik
1=, AR TR L T3 B DU e, 3 5 R TR A
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Fig.8 Changes of acid value of low-fat walnut sauce
under different storage conditions

2.3.2 A[AIFE SR X ARAZ B B B TR 195 1)
BCE TP GRS SR AL 2 35 X5 77 o BT B 10 EUL R

=M & 9\, 7E 4 °C R 30 d RIS MRS
BRE RSN 81.3 43, M. {HAE 25°C R R
M 30 d FORAR AR B B R4 E R3] T 50.03 47,
35 °C R TAESE 18 d ELREZE 41.03 43, HLEE
TR S S AR 2, HHERSEE  BE EER2E | T
AP E IS

2.3.3 (RABZBE IS R 2R OMIAS Y () . 2R
ANENE PR T AN BT PR AR A 1 52
ma], SHIRAEAZ Rk EE 1 SR BRI HEL 7 30 ) AR, B
22 11 5rFri8 A, R MR SR B AR Rk dy-, {IRIEAZ%
BEEAEAR RIS T FBVE TR PR M iX 2 Tidg

100

90 F E sz |
NN

- "\ ) e

£ 70+ ~g

ey RN ™~

':EE[ 60 - \i h T

jicd —4%C AN Ss
50 —25%C “\ -

;
w
)
o]
wi”

40

6 5 lb IIS 2|0 2|5 3IO
I 1] (d)
19 IR R TR PF T 0 TR B P4

Fig.9 Effect of low-fat walnut sauce under different storage

conditions on sensory evaluation
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HECVE TP AR A3 SR E B LA 2R 45 SR UL E 10a,
ANEIHRE SR AR A S5 B LA HR R ULIE 10D,
B LR BPR R -E /R, #RIHE A Ink,, 152009 5 F S AH
KSELF 13, BE PRS- RN R R? °4 0.99523,
M EE 7R R SN 0.95608 .,

M HTHA GBS bR A e gl A n] g, AR Bk
TE 25 °C 5 35 °C 435k 27 d F1 18 d BFEATF &
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Table 11 Sensory evaluationand dynamic model fitting of acid value of low-fat walnut sauce under different storage conditions
. o . TR —%
e e AIEIT ® HIPEIE s
4 C=92.34242-0.36768t 0.9995 C=92.44661exp(—0.00423t) 0.99946
JRE T 25 C=92.19545-1.39061t 0.99842 C=93.85418exp(—0.0194t) 0.99346
3 C=92.71667-2.86429t 0.99977 C=94.97079exp(—0.042351) 0.98871
4 Ct=0.63779+0.00125t 0.63802 Ct=0.638exp(0.00189t) 0.63621
R 25 C=0.64052+0.01148t 0.95281 C=0.65535exp(0.01379t) 0.93052
35 Ct=0.96111+0.014t 0.95202 Ct=0.70898exp(0.01529t) 0.93702
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Table 12 Sensory evaluation and acid value change of low-fat walnut sauce at different temperatures Zero-order reaction kinetic
model and related parameters

=40 REE(CC) Iy iy k Ink T
4 C=92.34242-0.36768t 036768 0.003608154 ~1.000542284
VN 25 C=92.19545-1.39061t 1.39061 0.003342805 0.3297425
35 C=92.71667-2.86429t 2.86429 0.003234676 1.052320501
4 Ct=0.63779+0.00125t 0.00125 0.003608154 ~6.684611728
W 25 C=0.64052++0.01148t 0.01148 0.003342805 ~4.467143888
35 Ct=0.96111+0.014t 0.014 0.003234676 ~4.268697949
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Fig.10 Relationship between different temperatures and rate
constants of sensory evaluation (a) and acid value (b)
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Table 13 Dynamic parameters of sensory score change
of low-fat walnut sauce

ZHUA Ink, -E,/R ko E, R
BETHY  18.48041  5405.62486  106154909.96 449  0.99523
R 18.02931  6824.15986  67612943.867 56.7 0.95608

IKF] 50 1k, VB BRI 2 5 1 R N T AR RE A
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Table 14 Measured and predicted values of shelf life
of low-fat walnut sauce
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