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Abstract: This study aimed to optimize the blanching process of Prunus davidiana seeds to inhibit
lipid rancidity and explore the feasibility of using the electronic nose (E—nose) technology for their
rapid quality evaluation. The blanching time, standing temperature and time, and drying tempera-
ture of the Prunus davidiana seeds were investigated as process parameters, and their amygdalin con-
tent, acid value, and carbonyl value were used as evaluation indices. Single-factor experiments,
combined with Box—Behnken response surface methodology, were employed to optimize the process
parameters. Volatile odor compound information of the samples was evaluated using an E—nose. Prin-
cipal component analysis and partial least squares discriminant analysis (PLS-DA) were used to
screen characteristic sensors and establish a quantitative discriminant model for evaluating the rela-
tionship between the odor fingerprint and the carbonyl value. The results indicated that the standing
temperature and time critically affected the carbonyl value. The optimal conditions of the blanching
process were determined to be blanching for 50 s, rapid cooling to 20 °C, standing for no more than

1 h, and drying at 65 °C. Validation experiments revealed that after processing under these opti-
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mized conditions, the average carbonyl value was 1.7, and the average amygdalin content was
4. 1%, with the relative standard deviations of both being less than 5%. E-nose analysis revealed that
the response values of sensors W1W, W2W, WI1S, and W5S significantly correlated with the car-
bonyl values. The established PLS-DA model exhibited a cross—validation parameter, * of >0. 5,
and the predicted carbonyl values of the validation samples were highly consistent with the measured
values (average relative error: <5%). The optimized blanching process is stable, feasible, and ef-
fectively inhibits lipid rancidity while maintaining the amygdalin content. The combination of the E-
nose technology and chemometric methods enables the rapid and non-destructive evaluation of key de-
terioration indicators during the processing of blanched Prunus davidiana seeds, and this study pro-
vides a novel strategy for intelligent quality control in the production of decoction pieces.

Key words: blanched Prunus davidiana seeds; response surface methodology; electronic nose;

process optimization; carbonyl value; amygdalin; quality control
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Table 1  Effect of blanching time on the quality of blanched Prunus davidiana seeds(X = s, n=3)

Blanching Degree of sourness Content of amyg-  Enzyme activity
Sample number . - 5 _ . Color
time Acid value Carbonyl value dalin/% (qualitative rating)

Original medicinal herbs 0s 0.5+0. 01 0. 8+0. 01 4.7+0. 06 / Surface yellow brown
Y1 50s 0. 6+0. 01 7.0+0. 09 4.1+0. 05 / Surface yellow white
Y2 70 s 0.5+0. 01 8. 1+0. 08 4. 0+0. 06 / Surface yellow white
Y3 90 s 0.5+0. 01 8.5+0. 10 3.9+0. 05 / Surface yellow white
Y4 2 min 0.5+0. 01 8.3+0. 08 3.9+0. 04 3 Surface yellow white
Y5 4 min 0. 6+0.01 7.3+0.07 3.9+0. 04 3 Surface light yellow
Y6 6 min 0.5+0. 01 7.0+0. 07 3.7+0. 04 3 Surface light yellow
Y7 8 min 0. 4+0. 01 6. 5+0. 07 3. 8+0. 09 2 Surface yellow
Y8 10 min 0. 6+0. 01 5.9+0. 06 3.9+0. 08 2 Surface yellow, slight oil bleeding
Y9 15 min 0.5+0. 01 5.3+0. 06 3.8+0.07 2 Surface yellow, slight oil bleeding
Y10 20 min 0.5+0. 01 4.9+0. 06 3.8+0.07 1 Surface yellow, oil bleeding
Y11 25 min 0. 5+0. 01 4.5+0.07 3. 6+0. 07 0 Surface yellow, oil bleeding

Control Blanching Blanching Blanching Blanching Blanching  Blanching Blanching Blanching
group 2 min 4 min 6 min 8 min 10 min 15 min 20 min 25 min

B A ) A A R P S0
Fig. 1 Effect of blanching time on the activity of amygdalinase in blanched Prunus davidiana seeds
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Table 2 Effect of storage temperature on the quality of blanched Prunus davidiana seeds(X + s, n=3)

Sample number Storage temperature/ C Acid value Carbonyl value Content of amygdalin/%
Y12 20 0.4+0.01 5.8+0. 11 3. 8+0. 06
Y13 30 0. 4+0. 01 8.2+0. 14 3.6+0. 05
Y14 40 0. 5+0. 01 11.0+0. 12 3.5+0. 06
Y15 50 0. 6=0. 01 14. 1+0. 15 3.2+0. 04
Y16 60 0. 60. 01 17.3+0.23 2. 6+0. 04
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Table 3 Effect of storage time on the quality of blanched Prunus davidiana seeds(X + s, n=3)

Sample number Storage duration/h Acid value Carbonyl value Content of amygdalin/%
Y17 1 0. 6+0. 01 4.5+0. 05 4. 0+0. 07
Y18 2 0. 6+0. 01 7.9+0. 08 3.7+0.07
Y19 3 0.4+0. 01 10. 1+0. 09 3. 6+0. 06
Y20 4 0.4+0. 01 11.2+0. 11 3.3+0.05
Y21 5 0.4+0. 01 13.5+0. 14 3. 1+0. 06




5511 3] S RER SET R - HLF SRR BB A ] 2 B S BT DREA 5

2.1.4 FREEMZE MEOHEES, TARRE P&, 4SR5 FRRET S, TS
70 ‘CI5, BRAMEIR BI, WAV HE SRR TR A OMIE TR [ ek B, TR ik
$£60~80 CHIEE A HL,
2.2 MEEZEIZMUER
R ZAER LA b, R A Box—Behnken it 0 B Ak (6 4) , DB EAERCHS RN
FEM A, PRIT R 281 38 HAE IS F AR
F4 WAL B S KE

Table 4  Factors and levels for response surface design

Levels _ i Factor : : i
A (Blanching time/s) B(Storage temperature/C) C(Storage duration/h) D(Drying temperature/"C )
-1 50 20 1 60
0 70 30 2 70
1 90 40 3 80

221 HEETE5REMRY ESRIRAIR (S IATE IS, MHFREREME (Y,) TR
) (A) . H B (B) . B E)(C) . TR (D)) R 2 WA ul H AL . V=8, 6+0. 175A+2. 71B+
2. 89C+3. 59D-0. 275AB-0. 15AC-0. 15AD+1. 25BC+0. 8BD+0. 925CD-1. 42A%+0. 154 2B*-0. 620 8C*+0. 354 2D*,
G TT 50T (ANOVA) 45 5 R (£6), 1A F B 48.73, p<0.000 1, FEWIRING 25, Jeiulo
p=0.2443>0.05, AW, BHIEMILIG R, R*=0.9799, JH% R*=0.9598, FW]iZIEAIHE MR
97. 99% K B AEAL.; T R>=0. 897 6, MIAIALEA BLIFHBIMAE J7, B KB, C. D, =
I A2, DIEAHEIBC, BD, CDMp{EXH/NTF0.05, s, FREAE TSR . b g,
TR S AR LA R SR AR A S B 32
A5 W RIEAL B B sk

Table 5 Response surface design and experimental results

Storage Content of a

Serial number  Blanching time/s  Storage temperature/C Drying temperature/’C ~ Carbonyl value

duration/h mygdalin/%
1 90 30 3 70 10.0 3.4
2 70 30 3 80 16.3 3.3
3 70 40 2 80 16.9 3.2
4 70 30 1 80 7.7 3.5
5 90 30 1 70 4.5 3.8
6 50 40 2 70 10. 1 3.4
7 70 20 1 70 3.9 3.9
8 70 30 2 70 9.2 3.6
9 70 30 2 70 9.2 3.6
10 50 30 2 60 4.2 3.6
11 70 20 2 60 3.0 3.8
12 50 30 3 70 9.0 3.2
13 50 30 1 70 2.9 4.0
14 70 30 2 70 8.1 3.6
15 70 20 3 70 6.2 3.7
16 70 20 2 80 9.6 3.6
17 50 30 2 80 10.9 3.7
18 50 20 2 70 4.7 3.9
19 70 30 3 60 7.5 3.6
20 90 30 2 60 4.0 3.6
21 70 40 1 70 7.1 3.5
22 70 40 2 60 7.1 4.0
23 90 40 2 70 9.8 3.5
24 90 30 2 80 10. 1 3.4
25 70 30 1 60 2.6 3.7
26 70 30 2 70 8.2 3.6
27 90 20 2 70 5.5 3.9
28 70 30 2 70 8.3 3.6
29 70 40 3 70 14.4 3.3
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#6 T RETT T
Table 6 Analysis of variance(ANOVA) for the regression equation

Source Sum of squares  Degree of freedom  Mean square F value p value Significance
Model 374. 40 14 26.74 48.73 <0.000 1 ok
A-Blanching time 0. 3675 1 0.3675 0. 669 6 0.4269
B-Storage temperature 88. 02 1 88. 02 160. 39 <0. 000 1 wk
C—Storage duration 100. 34 1 100. 34 182.83 <0. 000 1 ok
D-Drying temperature 154. 80 1 154. 80 282.07 <0.000 1 ok
AB 0.3025 1 0.3025 0.5512 0.470 1
AC 0.0900 1 0.0900 0.1640 0.6916
AD 0.090 0 1 0.090 0 0.1640 0.691 6
BC 6.25 1 6.25 11.39 0.004 5 ok
BD 2.56 1 2.56 4. 66 0.048 6 ok
CD 3.42 1 3.42 6.24 0.0256 wk
A? 13.09 1 13.09 23.86 0. 000 2 ok
B? 0.1542 1 0.1542 0.2809 0.604 4
C? 2.50 1 2.50 4.56 0.0510
D? 0.8136 1 0.8136 1.48 0.2435
Residual 7.68 14 0.548 8
Lack of fit 6.46 10 0. 646 3 2.12 0.2443
Pure error 1.22 4 0.3050
Cor total 382. 09 28

** express extremely significant(P<<0. 01)
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Carbonyl value
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e 35 1.5 7
te”wefatu, /4%0 l.OC %\0';3«%(’/
o 2

Carbonyl value

C: Storage duration/h
)
o
D: Drying temperature/"C
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25 30 35 40 25 30 35 40 1.0 1.5 2.0 2.5 3.0
B: Storage temperature/°C B: Storage temperature/C C: Storage duration/h

P2 S Al 3 58 ELAE o KA B (L 525 0 i )7 18 R 55 1 22
Fig. 2 Response surface plots and contour plots demonstrating the interactive effects of significant factors on the carbonyl value of

blanched Prunus davidiana seeds
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Table 7 Names and characteristics of the sensors used in the PEN3 electronic nose system

Array number Sensor name Performance characteristic
1 wWiC Sensitive to aromatic components
2 W5S Very sensitive to nitrogen oxides
3 Ww3C Sensitive to ammonia water and aromatic components
4 We6s Selective towards hydrogen gas
5 W5sC Sensitive to alkanes and aromatic components
6 W1s Sensitive to methane
7 WIwW Sensitive to sulfides
8 Ww2s Sensitive to ethanol
9 W2w Sensitive to aromatic components and organic sulfides
10 W3S Sensitive to alkanes
109 —WiC :
—W5S 34 ¢ Unqualified
—W3C * Average
3 —W6S * Excellent
—W5C 2 * Poor
—WIS
—WIW
o | —W2S
0 —W2wW =1
% —W38 5
£ =
24 g0 >
£ & /
, -1 2
\\ P e
S— -2+ &
0_ —
-3
T T T T T T T - '5 I2 Il 0 Il 2' 'I;
0 20 40 60 8 100 120 = - - ] :
s PC1(69.7%)
3 [l ATE L T A JR H 2e 4 AV A R SR 5 AT
Fig. 3 Response curves of electronic nose sensors in the Fig. 4 Principal component analysis of odorous volatiles emit-
analysis of different blanched Prunus davidiana seed samples ted from different blanched Prunus davidiana seed samples
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SRR N BT

DU H B 4 ANEFIEAR IR AR A H AR i, BRIS(EM AT &, #57 PLS-DA & B, IZREER
— A G UE (B 5C) 45 R B R 02>0. 55 BRI (B 5D) 45 5 23 (p<0. 05), R # ] 5,
T EIG . R INBR XSRS TI0IE, 4520 P 5 SEMEL A P AT R 25 < 5% (% 8) .
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Fig. 5 Partial least squares discriminant analysis of blanched Prunus davidiana seeds based on the electronic nose data
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Table 8 Carbonyl values of external validation set 1 samples predicted using the electronic nose PLS—DA model

Sample number Measured value Predicted value Relative error/%
Y5 7.3 7.0 2
Y6 7.0 6.8 3
Y15 14. 1 13.9 1
Y19 10. 1 9.8 3
Y20 11.2 10.7 4
Y21 13.5 14.0 4
Y25 8.1 7.9 2
Y26 9.2 9.5 3
Response surface 2 16.3 15.8 3
Response surface 4 7.7 7.6 1
Response surface 11 3.0 3.1 3
Response surface 16 9.6 9.3 3
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Sample number Measured value Predicted value Relative error/%
Response surface 18 4.7 4.9 4
Response surface 19 7.5 7.6 1
Response surface 21 7.1 6.8 4
Response surface 26 8.2 8.0 2
Response surface 29 14.4 15.0 4
#9 b TZIIESR
Table 9 Verification results of the optimized process
Batch Carbonyl value Content of amygdalin/%
I 1.8 4.0
I 1.7 4.1
I 1.7 4.1
RSD/% 3.3 1.4
A 4.0+ B 4.0+ C 4.0+
3.0- 3.0-? 3.0+
) P P
= 2.0- 17 z 20~ - Z 20- 7
< 'm | 'ﬂ:
E N : LO_h z N
O T T T T T 0_| I - T I - I 0177777”'7 LI N B
0 27.8 55.6 83.3 111.1 0 27.8 55.6 83.3 111.1 0 27.8 55.6 83.3 111.1
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Fig. 7 Carbonyl values of three batches of validation samples predicted using the PLS model
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Table 10  Comparison of the key process parameters of blanched Prunus davidiana seeds between this study and literature reports

Content of  Degree of sourness

Key points of processing technology amyedalin®  (Carbonyl value) Process characteristics and limitations Reference
Boil in boiling water for 3 minutes — 2.1 Not reported Failure to investigate the changes in product quality caused [11]
soak in cold water for 1 minute — dry by the failure to dry in a timely manner(i. e. , temperature

at 60 °C for 4 hours and lime of storage) during the industrial production pro-

cess; The content of amygdalin in the optimized process is

relatively low

Boil in boiling water for 3 minutes —  Not specified Not specified  Failure to investigate the changes in product quality caused [15]
cool soak for about 5 minutes; dry at by the failure to dry in a timely manner(i. e. , temperature
80 °C and time of storage) during the industrial production pro-
cess
Boil in boiling water for 3 minutes — 2.1~2.6 Not reported Emphasis is placed on the principle of “killing enzymes [24]
soak in cold water for 1 minute to re- and preserving glycosides” . After peeling the skin, boil-
move skin — boil in boiling water for ing in boiling water for 10 minutes is added. However,
another 10 minutes — dry at 60 C for there is a lack of systematic investigation into the multiple
4 hours factors involved in the cooking process, resulting in signifi-

cant loss of amygdalin and affecting processing efficiency

Boil water for 50 seconds — rapidly 4.1 1.7 Based on industrialization practice, the impact of various  This pres-
cool to 20 “C — let it sit for<1 factors on product quality was systematically examined,  ent study
hour — dry at 65 C and key parameters (shelving temperature time ) were iden-

tified; The carbonyl value of the obtained decoction pieces

(1.7) is much lower than the pharmacopoeia limit(10.0),

while ensuring a high content of amygdalin(4. 1%) ; Com-
bining electronic nose to achieve online detection of the

processing process
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