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B R, Fud BAE
(TP e TR 2B B 5L T2B%, R 0L 467001)

B E AR ES A2 G IR R AR E R R Rkt Hrh, ASEFAME, R T R
B R EANE 3R R4S X T b £ & 3TIF e BN L ARAR B P88 BB 4 (TBARS) I B Bk 1 4B 4.
PR EF, ERAY, X LG BN F TBARS 182 338 0 (P<0.05), B4 T 2 ¥ %
&(P<0.05), RAAAEH-FEBERA(GC-MS)E 4 AH P 2K F) 8 71 HBEL MR, e T
R T BRI RGREFRE BB D ZFFIA 047 (PLS-DA AR E 4 4 A& A T
ERYEEM(VIP)>1,P<0.05, ik th+ 28 2-Z 4 -3,5-=Fhokvk + AI0k 785 5B, 1-F
W-3-BL 2-RE KT 2-LHA-6-FTEAREFA IR LS ATHEIEERELARD R, TH
HEHSRE X EF XhirEd. ENERGRE S &E LAY, & LMt (2 ot ig R E L5 e
TIFHEL RS R RET b LA AT RN FE E,

R . G ATIF B ER AR Rk B X,

Effects of Different Cooking Methods on Lipid Oxidation and Volatile
Flavor of South American White Shrimp

MENG Qing, LI Hongyan, XU Minglei
(Department of Chemical Engineering and Food Science, Henan Quality Polytechnic, Pingdingshan 467001, China)

Abstract: To investigate the effects of cooking methods on the degree of lipid oxidation and volatile flavor of South
American white shrimp. The differences in acid price, TBARS value, fatty acid profile, and volatile substances of
South American white shrimp were investigated under three cooking methods, namely, steaming, microwaving, and
air frying, using fresh shrimp as control. The results showed that the acid value and TBARS value of shrimp in-
creased significantly (P<<0.05) and the fatty acid profile decreased significantly (P<<0.05) after cooking and process-
ing. A total of 71 volatile substances were identified in the four groups of samples using gas chromatography—mass
spectrography (GC-MS), and cooking processing significantly increases the number and concentration of volatile sub-
stances. Partial least squares—discriminant analysis (PLS-DA) was effective in distinguishing between the four groups
of samples and hased on variable importance in projection (VIP)>1, P<<0.05, methyl pentadecanoate, 2—ethyl-3,5—
dimethylpyrazine, methyl pentadecanoate, decyl alcohol, 1-octen—3-acetyl alcohol, 2—heptyl alcohol, benzyl alcohol,
and 2-vinyl -6 —methylpyrazine were screened out the main differential volatiles in the three cooking methods, which

can be used as markers to distinguish different cooking methods. Steaming was more advantageous in the retention of

HETE 0154 S22 B SR E (23B210008 )
BB T BR(1983—), %, 4B}, Y, BFFE o7 i o fe i bhag o
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fatty acids, and the air—frying group increased the volatile [lavor substances of shrimp by promoting lipid oxidation,

which improved the richness of sensory attributes of South American white shrimp.

Key words: Penaeus vannamet; fatly acids; volatile flavor; cooking method

FE S E S TS254.4 SCREBRIAAD : A

B33 [ XTI (Penacus vannamei) PR3 , 7 3F
FE, ESEER YR AL IR R A
AR IETRTCR B T T PR ARYE Ll
SiH4EYE, 2021 4ETR E R X A IFREF= R R 127
T v, IR ETE R A 80960, RAE AR NIGEE T
RHEERE, EENEEFRTEUENENE,
S0 T YRR Y A R T3 R R R A TR
HEAL (R RIS R IE KRR, (ERE RIS AT
B ARV M e PR A i 5 BB | KU A% 4
R A HLER FHSEIRSEC R 7K, Sl R g £
RESERELRAY EERE, F I, BRI TS EHRE T
HIFA RS RIS  FER LUKES A X 2 AT
T, BE G T KR A B, AT AR B
R EEEER A IES, BEERM M R A A S T A
B, BN 2 SRR S L AR Y B R R A T
AT L Iui o EAR R A = R R T
TR , il £ B9 7= 5 B KUK 7 7E B 22 R,
MBRTEPE =R REEZRE T EEEE
EAERW, e X R A AR E B SRR R B B LR
RS, FERIN T AR AR, PR A A S 0 B B R M R
(ERMRERAEERAY) PR, W
P B RSN TR R M IR, e T R
BB JB SR M AR e,

FEFHIPGE R, LG GERHIFE AT E il
MR S B B AR, WAEHRE EDEERE,
HE#EmMAEERA TIFREBENETE. U
WSV GT & R, A R A 7 o0 T ) /A L XU
FHE B o H0/NaE S o5 2 B, LIRS U AE
PRTF S REA , SE A B R, P CsorCosas
CusosCogs B BT E . 45 F TR, B AE 7 SR &R
WAFIER B3R .
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1 kST

1.1 #REiEE
LL1 #kHERE

B EXTIR, W B AR K S A T K
B (15£0.5) em, BTt} (20.00£0.75) g HIIF LG
BAWKOEEE D I 1L ABELRE, Bk
JE# .

BEREERbRME S, EHE Sigma AR, ZEEE.H
BE, IERHGE, ¥oRhEiEg, FlAERAERAR;
14% BF,~CH,0H ¥ , 32[E Supelco 23 &] ; 24 1k4
TeAKBRER e SRS AL, B Al g JEe
AR BRAE
L12 {U#5EE

NN-GF539H BUfdiidr , _E¥e#A T A R A
] ;KL55-VF501 B2 S 0Ee, oM LMAAETER A
FRZA ] ; Inert Pure-WAX A ZEB 404 (30 mx0.25 mm,
0.25 um),TQ8050NX B SAH G %R IEBAY, B 4
50 ) ; PENS BIH 75, 7EE Airsense A7 ; THZ-
98AB EUERIRFH R, RE—EREEAR
AT,
12 Hik
121 FERAEHE L

FEH AT R AN IR R P
JE |, #&4l 10 min,

TR0k R B R T A TR P RO A |
1 000 W fin# 10 min,

TRKE: WA R RS SIERRER A
H, 180 TCHIE 10 mino
122 WEmESHE
1221 ERH

£ GB 5009.229—2016Mr iy 77 E
1222 FRAEHZERR Y (TBARS ME

YERIFRIR 5.00 g B FHIEMES, JIA 50 mL =
W8, A, T 50 CHEBRG I PRI 30 min,
BUHEHIEZIR, U8, S mL IR T 25 mL LB
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H, LA S mL ZRZMIERRZ E, SBIA 5 mL 5
RE LR IER RS, 90 TIKIE 30 min, BH1 2
IR, TR 532 nm ALWEWBEL . TBARS fHiHH
AR

TBARS f&(pg/g) = -‘%

P ip S AT 2R A5 B 0 T R L e
BE, pg/mLy V ¥R, mLym U R, g0
12.2.3 HRRHERAHT

BRSO T . FREL5.00 g B
d, A 100 mL =5 K- FEE(IARREE 2:1), F 4 Cik
RO RE BRI 24 b FaddE, RPN 30 mL
MgCl, ¥ 7(0.03 mol/L) , RS HE 4 h, E=FF
BERT 30 CHEZ R OUh e N2 AR,
A 5 mL SE AL ih-F B (0.5 mol/L), FEIMA
100 pL 10 mg/mL +IUERAER WFR, T 100 CHlivE
HRYSEEEYE 10 min, 1A 3 mL 14% BF:-CH,0H &
UM 3 min, FFIIA 2 mL 1FC S, [BIFRAEEY 2 min,
BHZEZEE, A 10 mL ARG GER, R G
B, BRE  WE LR MA LSBT ER
BEERAKAY , A 0.22 pm B HUAIEE S 18G4 T
GC-MS 47,

GC £l a3KE 2 Pure-WAX AHEEAHE(30 mx
025 mm, 025 pwm), FSFEE 1.0 mLmin, 535 L 50:1,
BERE IR B 250 °C, #HE 1 pL, FHERF RS
¥ 80 C, {7+F 3 min, B 10 C/min T+ E 160 C,
{345 5 min, R LA 5 C/min FHEFE 250 C, 157
5 mino MS %45 FRRE 230 C, #MIRE 250 C,
BRI 33~450 milz,
1224 BTENM

VERFRE 2.00 g BER T 20 mL TS #HREIR A, &
BT 30 min J7, R FIEFSIEFTRIN,, WE &4
S B B RS R E Y 2 300 mL/min, 5% B B TE
] 120 s, SRAEATIE] 120 s, WEHUESFER 55~59 5
FE S RAERH] , BARERIAT 5 IRKFATERENE,
1225 EREYRNEEEERSHT

B 2.00 g HAF 20 mL A9TRESHH, A 10 pL
2-FAR3- B (50 ng/g ) TE PR (IS, BEN T, ¥8
T ZEBEHEAIE T, 7E 60 CTF2EH 40 mino

GC &t AR Pure-WAX A ZEEHFE (30 mx
0.25 mm, 0.25 pm) , B HES, WK 1.0 mL/min, A
Ay, HERE DR EE S 250 Co FHEARF T iaHR
50 °C,{74F 2 min, L 5 C/min MHEFZ 120 C, {1
3 min, 85 L 4 C/min HEFHZE 160 C, {55 3 min,
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)5 10 C/min HEEFHZE 250 °C, 4R 3 min,

MS Zef (B BST-UH , L TFRE R 70 oV, £ IR
250 °C, B FURIELEE 230 C, FHTE R 33~550 mz,

SE AT « AR S TE A b A2 P O B s TR A I 4
FRAG R B 8B (RD)™, #1158 HH IR B FE B 5 NISTOS
R P LA B SRR 1 B4R B R BT LU, DA R
GEGLY )i

FERAT SRR B, TEARIT

o CiaXA'
By= A %M

Kb C A EMYE & R, ng/g; C AWIRLAEY
BIRINE  ng/g; A AR Y T HIETE R A, AR
AP IETRFR s Ms JoRE SRR, go
123 #dEabH

{8 F IBM SPSS Statistics 27 #X 44 #4T B E M43
Hr(P<0.05), {8 F} Microsoft Excel 2020 {415
¥ MR MR 25, SIMCA 14.1 B Fir /b — ek
12387 (PLS-DA ), Origin 2021 FI T2,

2 GRS

2.1 FEFAAIIEEBIARENFN TBARS BRI
AR E AT AR ER AR B R A, i
T AR A7 20T B 3 E SR 5 A ER 4 A0 TBARS
{8, Z5RINE 1 i SEEFHE H, T4 BRI BE
i, H RS SR M BRI B2 TR A At A
(P<0.05), BT HIARML 2 55 i B A MR ) L 1h s
fRAEE IR RS R, AR E S 5 T i s
PN A B R L B SE/DN T TR (B R R A ER
WA AR B SRR B R B R IKESR
o B & R AT I, SRR , 2SI AR R LA
TR R R L R D, SR RS R —
B, & FI A RN B, B S A T B EE R Mk
PR E S A NI, X— B AN E
B EE T , (AT BRI th 3 STt R T g
1o ZEIMEREUESANFNAER XEREE
BT IEREAL, SR BEIE ., JERELLH
W= SRR R R RN A B TBARS, HAH
AR B RELAARRE . I 1B fiR, SHfipadd
b, BAE4H A TBARS {H B EHEIN(P<0.05), Hrhzss,
YELAEY TBARS B, 7 053 /g, HVR R ML , 2
Tl Fef
22 EEHRNEE A RS RERA R KR
SRt — 5 AR R AT AR R LR BE AR,
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Fig.1 Effect of acid value (A) and TBARS value (B) in Penaeus vannamei under different cooking methods

g 1 PR, SRR B A FEAHER R CisorCisrnCison
Cusrs Cans, 29 15 TR IS BLAY 70% , 12625 52 S5 AT A BIBF
Fris R—FI, SHEARAR 1L, 3 N R BRI R A B
BEMAR(P<0.05) , 3 H 40 BRI R A% 11.129~
23.10% , LR F0 A W BR R IR 9.68%~31.44% , R
HOFBE R BRBEAR 11.35%~30.57%, HIBRIR& B
£10.74%~26.54% , =S IEARHRRE RS,
VORI , 28 L0 ZEOR BB AR R T o B Fg

PRRAE R A KR R B R, TR
2 R A AR TR R B SE/Nr FYI
XY et — 5 5 EL A YES 5B XN R KL
Fe, R Lk e B SR AR o A 428 e
JRIRAT B0, 38 B () SR AL B AR = R B R
P B = R B, /N SO AT B, M AE R g R
EP CIGD\ Cl&l\clﬂvﬁ\clﬁd ﬁ%%}mi ’ ji—hjzkﬁ%&g%%
1l

® 1 FAEREHAXTEEBSIFIERERE M SHT
Table 1 Analysis of the fatty acid composition of Penaeus vannamei under different cooking methods .43 : mg/100 g
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BRAnER AT &l [ SR

Coas 2.30£0.13 a 1.5240.09 ¢ 1.50£0.01 ¢ 2.00£0.02 b

Cu 2.60£0.16 a 1.99£0.07 b 1.40£0.12 ¢ 1.90+0.05 b
Cias 0.50£0.05 ¢ 0.91+0.16 a 0.70£0.19 ¢ 0.8020.06 be

Gia 3.20:0.83 a 2.89+0.28 b 2.60+0.47 b 2.80+0.46 a

Cia 85.80+5.25 a 73.30£2.64 b 51.20+4.20 ¢ 76.00£2.77 b
Cie 955.60+25.01 a 877.70£11.56 b 748.20£16.14 d 779.00+11.65 ¢

iy 446.20£19.39 a 350.30+15.83 b 292.80+8.85 ¢ 187.00+3.08 d

Ciia 33.60£1.95 a 28.00£0.68 b 25.50+0.25 ¢ 29.70£1.27 a
Cida 662.60+14.74 a 545.60+19.87 b 513.00+14.70 cd 486.60+17.27 d
Cisi 778.00+10.82 a 746.7010.05 a 524.80+15.48 ¢ 685.50+31.24 b

Ciia 205.5046.38 a 195.004.59 b 179.70+4.68 ¢ 110.60+1.14 d

Giss 194.40£9.44 a 156.60£10.73 b 156.20411.34 b 123.70+1.87 ¢

Cang 171.2046.98 a 164.40+4.48 a 123.00+4.06 b 119.40+6.41 b

iy 205.60+15.18 a 196.80£11.25 b 159.40+12.00 ¢ 147.5048.27 ¢

Cxs 67.20£4.51 a 44.41x2.92 b 42.80+0.74 ¢ 36.2243.01 d

G 61.200.13 a 53.13+1.72 b 22.84+122 d 49.55+2.32 ¢

Cus 538.5243.86 a 495.90+11.18 b 488214933 b 403.20+9.40 ¢

Coo 102.20+3.00 a 96.80+6.99 b 85.6143.16 ¢ 71.70+5.87 d

(9 54.91+7.95 a 45.80+1.47 b 4230£9.23 b 38.206.86 b
Cinz 269.60+8.58 a 242.30+8.49 b 237.00+9.32 b 204.20£10.96 ¢
TaFnfETEE 1 982.80£56.66 a 1762.22447.52 b 1.524.61+44.55 ¢ 1 537.40440.25 ¢
BRI 1 466.60£21.65 a 1324.69+33.23 b 1.005.10+19.56 d 1 052.50+£19.57 ¢
LRI 1391.33+31.32 a 1233.14436.77 b 1 169.05+24.89 ¢ 965.67+21.02 d
T H TR 4 840.73466.78 a 4 320.05+59.66 b 3 698.76+49.87 o 3 555.57+47.77 d

AT ARNE R R B (P<0.05).
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23 FARREARTHEAMNFHEFASH

F Rl F 8T AR AL 7 T R € A RHIRE
SRR R, G5 RN 2 PR, BAT RE R A e R (8
BUFS IR, 2557 AR TE WSS fHEES O
SALA IR \WIW RS Rk 2tk &4
BUR) \W2S (IR (B UR) Lo R (E RS
RE PR M R v B S TEAR GV, T AT Y el
(4 B2 T AR (P<0.05) , e 25 S0k 4 g i )37
(R, HR R4 . FAREMTA S TIRE
SMEMRAYFE A 18 R 4 T 3 B RUR TR R AL R
f, SSSEAURREMRERS, X 5M . TBARS
{H BERRRA AT R —B . BERAMIFE SR
T FE DT RR , 76 5 A R v R R I R 2k S Tk
e AR R RSN TR R MR (BRI A R
R TFIERMEEREAR R T HFFEWR R,
IR TESNFESYR, X SRR MR
—F, Jin SORFSE A B, R AERR R E R I Fop
FERMEIRAOERE WA B E TR EE

wiC o SR
—e— ZE il
N
—v— =5k

B2 FEZEEAXTEEAIRET WAL ENELE
Fig2 Radar plot of electronic nose response values for Penaeus
vannamei under different cooking methods

24 AFAEZEFHARTEEOIEFE GC-MS &7
SR GC-MS M 4 4 S deE 71 FiER
LAY (3 2), AFEMEI(10 F) B2 (10 7).
F2E(9 F) EE(12 F) JBRIL(9 7)) BE2E (O F) IR
ZK(8 F)FNHEAM(4 i), ZAEALIR R ERIN T R
Yy SRR RPN AR AR R AT 2T I 38 W IR Y
R FAAEREER(E3A), KPS S #
T KA T B 3 i T AL BT AL, 7R
A, AR Z R AR D . RIS E
AR R T4 B2 MEFSY T, Wi
T RIFEE BN T — A IR B 451

102

150

B R BT 02, 3R 4 R rh R R
St R R AR T A A S5 SR AN 3B TR AR R E
BRI T AT AR, o HE S Y A R
78% o M3 T IFZ FEAT N TR 2 B2 Rk
A4 I, S5 AR L

HERS & ik

E3 AEZEARATHEEZAIMERENRAFLRTA
& B
Fig.3 Analysis of the number of species and relative content of
volatile substances in Penaeus vannamei under different cooking
methods

I SE LA R RL B9 724, B Strecker [aRAFHIE
RSB A YN E LA WAREEE R,
BARE REFFEE , ST AR R EER
B, MRS P (U R A R R, s R
FEARRIIE T B2l &9 (32 2), g & &
Y IR YRR 25%, A3 2,5- P EnkE 2,6~
TR 2,3,5- = F AR 2- 2 5 -5-F K
B \2-Z, 3 -6- F AL EE \2- 7 3 -3,6- — F Ltk
2,5- " A -3-(3-H L) mE g4, Horp 2,5-— F Bl
I 2,6- — F LN | 2,3,5- = HISLI BR1E A A AR
PR ) | R A TR A A AR Y SE R S N R R
FRAE R (0 F B U 8 - 2 IR R A AR IR R S
BRI a4, BAE R JBE RE, ZRY Rl
[FEREALR, Rt , B2 IR 0 & R S EUR R AT
F T B3 A IR IEAA7E B 22 R A E TR
[ o AT S ATARRT & 10%~19% , Bexf IR B
ERIN(P<0.05), FEH AL T REL , KR
A, SN RD R R EEE(F)
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-2- B R R AR I . B T —
SR T R A S L B A8 R 3 I
(AR , X 7 B BRI it BB AR K, fEL— LR A
LI (LT L R A A o D, 2 1 -3
133 B SRR R TE AR i 4 s SR 2 3R
R AR o B2 R 3 B phy A AR I A
ARl DA R R R A 7 A, R AR Y P R
e, St — 2 AR SRR ) B, %9 R AL

IR LT X7 i R BRI, Ak e
DEH RS Y R AR & Bk, U AR A A
SRR, S R r f TR 2K 0 R A A X Bk ARG T RE
JRIR R R R et — PR . = 2R
FE T g e, 2 A e £ JBR R F) 2B SR IR, iR
A2 SN = T e R A ) 2R T AR A
(P<0.05), A= ZREREER, & LAk, RA
X AR Atk R A 52 2 e D R 2

£2 FRRTHXTEEEMIRE GC-MS i

Table2 GC-MS analysis of Penacus vannamei under different cooking methods B %
F - PR Bk A B
g  |TXER RXEH (RD (D) BF F R
1 2,5-—FZnE 2,5-Dimethylpyrazine 1270  MS,RI — 1.0240.24 ¢ 6.56+0.63 b  8.54:0.66 a
2 2.6-—FEnLE 2,6-Dimethylpyrazine 1273  MS,RI — 1.73+0.28 a 0.84:0.12 ¢ 1.3820.04 b
3 2,3,5-=HHitsk zfz’s‘mme'hylp’“‘ 1349  MS,RI = 307£068 ¢ 12.81+1.08a 10.920.04 b
zZine
4 2-z%-5-Mguyy 2 Pyl-S-mmethyl- 330 ygpy — 0.39+0.05 b — 051£0.11 a
pyrazine
5 2z - Maupg 2 Dthyl-6-methyl- 1336  MSRI — - — 4.130.67
pyrazine
g FLEDS-"RE  2-Bigh3S-dime 403 ygRy - — 4.50+1.32 —
it thylpyrazine
7 PCEIGCZRE  2-Ehyl-36dime 4 yop —  096:0.11b - 5.19+1.04 a
M thylpyrazine
2-Vinyl-6-methy- =
8 2-ZJAH-6-F RN E ? 1427 MS — 0.91£0.26 b 1.52:0.48 a
Ipyrazine
g CLBEHE35-ZHE 2-Acetyl-35-dime- | . i . . _ s
RS thylpyrazine
25-=F#-3-(3-Fik) 2,5-Dimethyl-3-(3- - o
10 e methylbutypyrazine | 608 MS 2.13:020a 1.59:031b
11 R Pentanal 945  MS,RI — — - 2.66£0.12
12 O Hexanal 1044  MSRI 0.69£0.02b 1.20£0.02 a — 1.33:0.24 a
13 +=m® Tridecanal 1772 MS,RI — 0.574£0.10 a 0.56+0.18 a —
14 s Tetradecanal 1879  MSRI 4.33:0.69 - — —
15 +Hm Pentadecanal 198  MS,RI — 2.89+0.05 a 2332003 ¢ 2.50:0.01 b
16 (2)-1—F <R (2)-7-Hexadecenal 1938 MS,RI  1.47:0.24 — = —
17 — Eicosanal 2202 MS,RI — 1.79+0.36 A 1.39:0.12 A 0.51+0.06 B
18 AHEE Benzaldehyde 1455  MS,RI — 7.69:0.44 b 9.58+0.45 a 10.07+1.19 a
19 (EE)24-C M8  (EE)-24-Hexadienal 1128 MS  4.13:0.42 — — —
20 (E)-2-Bakint (E)~2—Heptenal 1733 MS — 1.2440.09 a 12840.03a 1.0740.12 b
21 2B 2-Heptanone 1143 MSRI — 8.86+0.25 b — 12.59+1.15 a
2 3,5-3 —H-2-F 3,5-Octadiene-2-one 1515  MS,RI - 0.420.03 ¢ 0.97:0.13b  1.6840.10 a
23 2-Ff 2-Nonanone 1342 MSRI — 0.520.08 b 3.62¢052a  3.6440.97 a
24 2% 2-Decanone 1444 MS,RI  1.65+3.28 — — —
25 2-+=M 2-Tridecanone 1733 MS,RI r— 0.30+0.02 a 0.20£0.01 b =
26 2-+FbEHE 2-Pentadecenone 1977 MS,RI  1.27+0.57 a 1.61x0.02 b 0.50+0.03 ¢ 1.56+0.14 b
27 2-HRGEMR 2-Piperidone 2034 MS - 1.69+0.20 b 0.33:0.04 ¢ 2.3620.06 a
28 N-F BN fsE R N-Methylpyrrolidone 1 589 MS  0.56+9.40 b — 3.03+0.27 a —
2 1-THo- g DRl s p0gae - - -
30 LAy Pentanol 1210 MS,RI = 3.4710,12 — &
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R 2 FARREHNTREBMIFE GC-MS £H47
Continue table 2 GC—MS analysis of Penacus vannamei under different cooking methods 2%
e TREMHEE Tk A&
§ TRER il (R (D) I & W R
31 1-7RA-3-A 1-Pentene—3-ol 1126 MS,RI — 0.34+£0.04 a - 0.300.06 a
32 1-3FH-3-AR 1-Octene~3-ol 1407  MS,RI — 4.67+0.17 a — 4.98+1.17 a
33 2- T HFR 2-Butyloctanol 1303 MSRI  1.99:0.44 a = 243:042a 2812076 a
34 2px Decanol 1524  MS,RI — 2.82+0.18 b 3.29+0.33 a —
35 2-RHLIER 2-Hexyldecanol 1529 MSRI  2.09+2.85 a — 0.99:£0.24 b -
36 2R 1R 2-Octyldecanol 1514 MS — — — 0.6310.14
37 1-THE 1-Butanol 2318  MS — — 1.84£0.09 2 1.5320.13 a
38 1-IREE 1-Pentanol 1311 MS  1.86:0.01 — — —
39 +HBEE Pentadecanol 1622 MS — — 0.32+0.03 —_
40 (Z, 2)-9,12-1 /BB (Z 2-912-Octadecenol 2539  MS — - 278067 a 293053 a
4] B Benzylalcohol 1814  MSRI — 0.56+0.04 b — 0.96:0.16 a
42 78 Acetic acid 1400  MS,RI — 599+0.90a 478+0.77a 4.72:0.71a
43 3-PETR 3-Methylbutanoic acid 1617  MS,RI — 3.11£042a  2.50+0.01 a =
44 3-RELER 3-Methylpentanoic acid 1 617 MS — — 2.7240.10 a  3.02+0.46 a
45 BE Hexanoic acid 1788  MS,RI — — — 7.1540.34
46 [ Octanoic acid 2002 MSRI 1.70+0.03d 2.79+0.44a  2.04:0.17c¢ 2.39:0.16 b
47 2-TFIRE 2—-Nonenoic acid 2229 MS — 1.98+0.05a  147+0.07b 1.25+0.17 ¢
48 3320 3-Decenoic acid 2294  MS — 3.07+0.11a  2.19:0.29 b —
49 +/\Fk Octadecanoic acid 2466 MSRI  4.86:0.57 — — —
50 HFE Benzoic acid 2356  MS  149:035b 23840.13a 126£0.03b 133:0.10b
51 IR FR Methyl tetradecanoate 1969 MS  1.30:0.02 ¢ - 7.06£0.60 a  3.52+0.46 b
52 TSR EE Methyl pentadecancate 2074  MS — 037:005¢  2.78:0.19a 0.84:0.18 b
53+ ke R ES Methyl hexadecanoate 2180 MSRI 4.85+6.83 — — —
54 + /\beRR B g Methyl octadecanoate 2387 MS  5.441516a 0.55:0.03 b - —
55 MERZ.AS Ethyl oleate 2442 MS — - 1.92:0.11b 3.99:1.11a
56 TFSHER Z. g Ethyl linoleate 2 486 MS  15.18+2.94 — — —
- AR fﬁ;ﬁ?&:i‘i‘i;““‘“ 2208 MS — 13400 ~ -
58 g§_+/ VBRI gﬂﬁeﬁ;‘l“::;“‘c 2406 MS - 188:0.14a  1.50:016a 164:0.01a
-9,12,15-0ctade-

59 BEA9IZIS-FA ii’éez}nmgc acid methyl 2513 MS - 0.500.08 b — 15010174

TRARER R W
60 S5 Decane 976  MS,RI — = 1.16:0.02b 5.77+0.90 a
61 +—i5 Undecane 1079 MSRI 10.66+1.00a 331#0.60b 140+2.82¢ 3.18:0.67b
62 +=4x Tridecane 1277 MSRI 28.47+0.98 — — =
634,6-—H&E+ "5  4,6-Dimethyldodecane 1225 MS  3.6616.22 — — —
64 2,6,10-=F -+ 3;‘;’1’20'““““’1&""*' 1762 MS,RI — — 1.70:0.10 b  6.45:0.84 a
65 2,6,11-=F#+ 8 ifl’j I-Trimethyldode- 4 559 M3 3.164044a 0712014 D — -
66 2,6,10-=F A+ =4 i;i’:o"Tﬁ'""“‘Y’md“‘ 1416  MS 1649+¢179a 181:0.63d 8.93:0.61b 525+0.86¢
67 4-F 2P 4-Methyltetradecane 1 403 MS  7.1414.12a — — 0.82+0.29 b
68 2-[RHNKI 2-Pentylfuran 1185  MS,RI — 1.03:025 ¢ 1.55:0.15b 2.03:0.22 a
69 =Hj% Trimethylamine 643 MS,RI =i 104.32+10.90 a 26.43+1.78 b 39.81+3.61 b
70 2- Z.BEFEAE G 2-Acetylpyrrole 1897  MS,RI — 2.660.52a  1.80:0.18 b 2.07+0.20 ab
71 B Pyridine 1078  MS,RI — 0.34:0.08 ¢ 1.1320.12b 1.85:0.03a

& : A—AT PR RN R FoR 2 57 B3 (P<0.05); NA KRB FHRR 2 7R B3 (P<0.001);—Fm A .
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SRR ep 2 FASER, 7E 4 ZHRER LA B Y 38F)
VIP>1 R YR (B 4C), fF+ 7l 2-Z 5
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RARGNERGEANZHBANENTAFNRRE, LFTAETARNSEERIETHIZR R TR, TLELT
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KB ALD I ; B S RAL I BT AR S

Research progress of plant extracts in preservation of meat products

LI Hongyan XU Minglei ZHAI Saiya
(Department of Chemical Engineering and Food Science, Henan Quality Polytechnic, Pingdingshan, Henan 467001, China)

Abstract: Plant extracts contain natural active ingredients, offering benefits such as health, ecofriendliness, and sustainability. Traditional
chemical preservatives, however, can contribute to environmental pollution and pose health risks, limiting their suitability for long-term use.
This underscores the need for natural, eco-friendly preservative solutions.. Plant polyphenols and essential oil are the primary plant-derived
compounds currently applied in the meat industry, valued for their antioxidant and antibacterial properties. These compounds show promise
as natural preservatives, potentially replacing chemical options while preserving the sensory quality and extending the shelf life of meat
products. In addition to ensuring food safety and supporting essential processing qualities, plant extracts help preserve the sensory attributes
of meat products, thereby extending shelf life. This article reviews the primary quality changes meat products undergo during storage and
highlights the common preservation techniques. Emphasis is placed on the preservation mechanisms of plant polyphenols and essential oils
in meat products, as well as their current applications. This overview aims to provide a theoretical foundation for advancing the development
of natural, plant-based preservatives for the meat industry.

Keywords: plant extracts; meat products; antioxidant; antibacterial activity; anti-corrosion and preservation
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Effect of Ultrasonic Pretreatment on Quality of Strawberry Juice
Fermented with Lactic Acid Bacteria

LI Hongyan, LI Zengquan, XU Minglei
(Department of Food and Chemical Engineering, Henan Quality Polytechnic, Pingdingshan 467001, China)

Abstract: In order to improve the quality of strawberry juice fermented with lactic acid bacteria, different ultra-
sonic power (150 W, 300 W and 450 W) were applied 1o the pretreatment of strawberry juice hefore lactic acid fermen-
tation to study the effect of different power of ultrasonic treatments on the nutrition and sensory quality of ferment-
ed lactic acid strawberry juice. The results showed that ultrasonic treatment could significantly increase the content
of phenols in strawberry juice, enhance its antioxidant capacity, and improve the sensory quality of fermented lac-
tic acid strawberry juice. Among which, the fermented lactic acid strawberry juice pretreated with 300 W of ultra-
sonic power showed lower color difference value, higher red value, phenol content and antioxidant activity with
better sensory quality. Which suggested that ulirasonic treatment can be used as an excellent pretreatment method
in the lactic acid fermentation of strawberry juice, and the results can provide a theoretical basis for improving the
comprehensive quality of strawberry juice fermented with lactic acid bacteria.

Key words: strawberry juice; ultrasonic treatment; lactic acid fermentation; color; antioxidant activity: sensory evalua-
tion
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Fig.1  Changes of number of viable bacteria during strawberry
juice fermentation
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Fig.2 Changes of L' (A). a" (B), b" (C), AE (D), C" (E), Hab (F), CD (G) and CT (H) during strawberry juice fermentation
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Fig.3  Changes of total anthocyanin (A), total phenol (B) and
total flavone (C) contents in strawberry juice before

and after fermentation
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Table 1 Changes of monomeric phenolic compound content in strawberry juice before and after fermentation LRV mg/100 mL
GIENIIES H AL FEyis ] 150 W A5 % 300 W A 450 W L

Y KRERT KNS REER ORFERE RBERT RIME ORI RRER RWEAT RN
T 3.63+ 3.37x 2.65+ 2.77+ 3.15¢ 3.75+ 3.55+ 3.32+ 2.88+
0.03 Ab 0.11 Ab 0.07 Ad 0.14 Ad 0.05 Aa 0.04Be  0.04 Aab 0.02 Aa 0.03 Ac 0.04 Bd

1 8.58+ 14.34+ 5.55+ 10.12+ 10.83+ 14.72+ 11.43+ 15.85+ 10.40+ 13.85+
0.06 Be 0.13 Ab 0.18 Bd 0.13 Ad 0.15 Bb 0.23 Ab 0.02 Ba 0.02 Aa 0.08 Bb 0.07 Ac

Wik 27.87+ 29.60+ 21.48+ 24.05+ 28.64+ 29.18+ 30.83% 31.48+ 27.83+ 26.18+
0.05 Bb 0.06 Aa 0.08 Be 0.13 Ac 0.14 Bb 0.24 Aa 0.53 Aa 0.24 Aa 0.03 AL 0.04 Ab

W 1.83+ 443+ 1.43+ 2.19+ 2.35+ 1.82+ 2.98+ 1.42+ 1.68+
0.03 Ba 0.15 Aa 0.08 Be 0.02 Ac 0.03 Bb 0.13 Ac 0.04 Ba 0.05 Ab 0.02 Be 0.02 Ad

I 6.58+ 6.34+ 6.55+ 6.12+ 6.72+ 6.93+ 8.85+ 6.43+ 7.05+
0.04 Ab  0.13 Acd  0.18 Ab 0.13 Ad 0.05 Aa 0.23 Ac 0.05 Ba 0.01 Aa 0.06 Bh 0.03 Ab

T 15.83+ 18.43+ 13.62+ 13.29+ 16.71x 18.85+ 18.82+ 21.98+ 18.80+ 20.19+
0.23 Be 0.33 Ab 0.28 Ad 0.18 Ac 0.23 Bb 0.21 Ab 0.04 Ba 0.23 Aa 0.03 Ba 0.05 Ab

PG 40.83= 2743+ 30.66+ 23.19+ 3871+ 35.35+ 38.53+ 36.98+ 34.82+ 30.53+
0.53 Aa 0.73 Bd 0.28 Ad 0.13 Be 0.23 Ab 0.15 Bb 0.53 Ab 0.23 Ba 0.63 Ac 0.43 Be

P3R 1.74+ 0.61+ 1.38+ 0.61+ 1.07+ 1.46+ 1.02+ 1.06+ 081+
0.04 Aa 0.03 Be 0.02 Ae 0.03 Be 0.02 Ad 0.03 Ba 0.02 Ab 0.02 Ba 0.02 Ae 0.02 Bb

T AN RS G R i ) A B () Ak BT 2 R I T LA D 3 22 5 (P<<0.05 )3 ARl /NT 5 B 2o ] S B[] A2 R s A [ b B AL 3

FAT BEMEZR(P<0.05)
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Fig.4  Changes of antioxidant capacity of strawberry juice before

and after fermentation
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Fig.5 Sensory evaluation radar chart of fermented strawberry juice
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Dynamic changes of photovoltaic greenhouse environment in winter in
Henan province

XU Minglei, SUN Yanan

(Henanr Quality Polytechnic, Pingdingshan 467000, Henan, China)

Abstract: To explore the changes and application effects of the indoor environment in photovoltaic greenhouses during
winter, dynamic changes in winter light i ity and temp: ¢ were studied and pepper cultivation experiments were
conducted using photovoltaic greenh dinary greenh and open field culture as research objects. The results
indicate that the overall trend of light and remperature changes in the three modes is consistent and varies with weather
and time. On a typical sunny day. the light i ity of a ph Itaic greenh is 33.7% lower than that of a normal
greenh and the i T difference is 35.8% lower than that of a normal greenhouse. On typical rainy

days. the maximum light intensity ol photovollaic greenhouse is 45.0% lower than that ol ordinary greenhouse. and Lhe
maximum temperature of photovoltaic greenhouse is 27.5% lower than that of ordinary greenhouse, The plant height of
capsicum in photovoltaic greenhouse was 17.83% higher than that in common greenhouse, and much higher than that in
luble solid of pepper in photovoltaic greenhouse were 4.10% and 1.44%
higher than those in common greenhouse, and much lower than those in open [eld. There was no significant dilTerence in
yield per plant among the three cultivation methods, Based on prehensive snalysis, it can be concluded that the in-
come from planting early spring chili peppers in a 667 m* photovoltaic greenhouse is approximately 21 768 yuan, which
is 8.77% (1756 yuan) higher than that in a regular greenhouse. Tn addition, it also has significant significance in reducing
atmospheric pollution and alleviating carbon neutralily pressure.

Key words: Pepper; Photovoltaic greenhouse; Winter: Internal environmen
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Fig. 3 Dynamic change of temperature in sunny days in winter
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B, AR 4 FiR. AR S IR A b
EOGIE M T a4 5HH = 2 R SR
AR, nde 12:40 IABIIRE R &E, 13:00
VAR TR, b0, BERE. —RP ¥
il R A9 e B R R Oy 485 1x(09:00) , &t N
6945 Ix (132200 5 3V fF i 5200 W8 B & 116 2 323 Ix
(09:000, F N 4780 1x(13:20) . HHEERENTE
HE WO P T = LA MR E R CHE
FRERLLEERT VTR TTEARIHBER
793068 Ix(12:40) , X FEFLEEIAF) 45% 48 K EUh A
162 1x(09:00). PAE K ERIIAERUEAR fufifl s
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B4 EFHERABENSERL
Fig. 4 Dy hange of ill on overcast and snowy days in winter
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232 AFAYMETREBASN HEX1AT
||t A9 ) 2% 2= B T R W i AE ) A AR, 7E 07:00
FEWH 07:00 Z (6|56 60 min (F{8 5 H AT 20
AR R 5 AR, SR LRIEE.
HR E A SRR A A AL 2R

SN b e BRI IR, #F 11:00—13:00 2 [f]
BIETR . HINER AR E RN 11.4 °C07:00),
A 170 °CO12:00) L RiB ERERIK S
9.3 °C(07:00), FimiN 13.9 °C(11:00). FHRIES
MRS FERTYEEE . HEBRKA
47°C(12:00), IR R IAF] 27.5% A8 EMDN
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Fig. 5 Dynamic change of temperature in cloudy and snowy days in winter

1.6 °C(10:00) , ZERIFR N 11.9%.
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a3

nf R, BB LML R C S REES T A
i 2 PR (12.69%) s SRR 7+ 1 i & 4.10%,
H_o#ERTRF. FMtEEHSRIINESR
WS 2 ETTOLREZE2075%)  LREE
et B S RE T RIS E _ EER
ARE. WHEAZETFIE L5 T T BADGHE AR
RS EE R R A SRR,

243 FEHKPBFALSH BHWA LMD
Fett e, BB 12 °CFE T 35 CHTEEE

K, KM 5°chl Pl —m b . dami gy
B R ARG R ET R R
PSR o T e R IR — AR AR, i
AR SR AR S T AT A i B 2 s,
FREEHRE TP ERRRES R T HDER
(10.84%) , LLFE MU £ 3.74% . 35 i 25 FRAB AL 1 2=
LG RIR S 1.29%, ER R M 3.15%.3 fiu =
BB E R AR E.

WilliifR = AR IR 0 B ML (S 4 A 667 m?

®2 HEEHFERKILE
Table 2 Comparison of biological characters of pepper

W h B =] wiffillik C) wlRPEE T iifﬂihﬁﬁ ﬂ.&r‘*‘ﬂ

Cultivazion patiom Plant Stem Vitamin C Soluble solid Single fruit Yield per
heightcm diameter/cm content/(mg-kg™) conteni% mass(g plantkg

FRi 141.9204.15a 2200022 ¥16.641545h 4.24.009h 132004134 b IRNLO.05 2

Photovoltaic greenhouse

Wl 4 120441211 b 192003 b 784.4513.24h 4.18.0.05h 148.051205a 3931003 a

Ordinary greenhouse

FalE Open ficld 92.521135¢c  1.56.00l ¢ 920.2714.36a 5.12_085a 127.2410.78 b 38110022

PR %1 79 5003.4939 Rl 4850 ke, TIid = R
#22022 4F 5 B EW(0ALR B LE 6 si-kg' LA E,
WL LU AT 4 ook Ril, BB 6 HIE Rl
R MAETE 2 sCokg b Bl AP 667 m
Rt HBINE L0 20 012 76, AN E 48
19 756 7T, #5254 9700 7T, %3 TR i £
LT HRFRNFREMWR FA4VETH
WO IR AT AT P 460 mM B E MR R
LI L RA A 38 200 Jo, @iHEA IR AT R 25 . §
B4 1528 7T, - HEREL) 3645kKW - h,
it 2916 JL(H kW-h 0.8 40", ] @ hIX 460 m’
JetRhiR EBE R A A 1388 JT, il 667 m* A
2012 yG- ATUL 667 m® A AR 5 4 1 R AUF S 2
£379 21 768 7t LLIEE =15 8.77%(1756 6.

3 wWitE54gw

FeARIR SR MR AR R TR E RS
AR AR AR P, B RRRE A
(R B BRAS 0 T R B o L Y AR R
L AR 2 A AR e A 7 A R S R RS A T
R 0 o i 8T 0 R D 40%~50% KD
TREMRERARES, KL EW PRINESE
157 3 AR i IR R 8.77% M AT R B M
o FIFDERR b O s B AR IR S LA fh 44 E
WS, B R R B AR ) LF %, TR

142+
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TS R, (A X A BN NN N AR
FOE AL Yl iR 5 HFE RIBF AR TR RER
SRR E S8 4.2 °C, I L ARt 24 5 °CLd
b T RRE.
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L, |2 328 AR ) R SR ER AL X,
WA TG R A, B UTE 04:00—7:00 FhB AR A
e, LB A SO ATE 11:00—13:00 L& 4
R R AR R R DR EA
BN R BB A T SR
O LR AT 4 H 4 [,

TR RIS A B 2 AR i
TR TP & HRRPT. SRS i i TR
BB AR R SRS R R TR LA SRR
B, A ST i R TR A L
FHREEE,mETICREBEER KT EEE.
IX B X T of g5 Y ARIR 52 op AN I 0 R
R AU) i T A 2, Tl E LR
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Northern Horticulture

- HRIeC -

doi: 10. 11937/blyy. 20233517

TR B B UEE. BRSO AR A A R T R M R A B L)L e &, 2024(03) 1 1-8,

HMRELBEHEXEENEFRER
£MER

" HE, H

F o

LR E?

(1. A B TR 2 B MRS T T 0 4670012, ST EFRLEE A% AR R IR W6 B 171003)

# Tl cDNA-AFLP 547 MR R K FHR B K AN 193 bp 89 TDF, o1 A £
L ERETF 2E PCREBLFAEMELEINF I L FLTHRESTATNALEY
LT AEREMBELEFARSTAMARBMRE AT AR LB G T RESFIRIE, £
RaM 23T R ERARKRARY 1167 bp 69548 5 7 it 3l 4 PCR &7 38 f= 00 B 3% 1%
SR T bp BT EHBEFIGE—FERFIRBASTEH 1T 96 kKD A LM, L5
CER IR AR LA, TRAL AR ES. ZALME A2
MAERE o« RS 12 350 EMH 4t G 10 60 P4 A S 12 206, KA A 26 400 EALE oy 2
H, ARBAFILAT AR FESGZALBRFIINIREREATPEMAMRELRL

e

FEERE: B R R TDF LT kg

RESHS S 641 3

#TE BRI TSR AR R T
B (in silico cloning) 3 K. £ EHAF L H AN
Bl 1 e Jre B — i bR JE e R K DR R 2 A 4 BT 1D 8T
T AR RO LY E BT
j53E i EST 8% TDF (transcriptic derived freg-
ment) J§ 5 . LL 3R 75 2 B 8L cDNA &7 51, i
B2 k4 i 50 ik 51 i) PCR 471 00 3 1) 3
U . o e B AR A% 1 R TR 5 K v A
8158 re AR 96 4TI BB T S PR R R O R IR e
o8 T 90 0 T BB R 07 R L 3R T S B £ A ik
5 PRl S BE T S oh . BB G A S T e
H4WE B AN 4 FEHR MM A GBSS &
R AT 7 v B R ) O T (R F 9 R AR &

F—{EEB M ANENITH) . B H+ . &I 028N
FHESTHFAHHE 5 L T4, E-mail: xuminglei@126. com.
E&WB:BRaAHAFEAST A B (31471867) T i
A @HFFHE AT A B (23B210008),

Wi EH2023—10—15

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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WEERIARE: A XEHS:1001—0009(2024)03—0001—08

WA MeZnT11 £F TR T o1 50 B ) il 5 wF
p I (I R s I - i i
BoRE049 A 55k [F] 3#E 17 #F 51 35 % 3 4 15 [X 45 14
HEAT T D5 B FC L R A R R R NODB
HEST THFRE. REREMERFITH
T (0 50 TAE . AHSRHF L TAE B SRt i T R
T 5 B A AP S B A Sk B A A Y .

B Cupsacum annum 1) J@ AR BEHBUE —
FAEY. RRERTEWEREFEN . F
FrEFEE R G A, B A XA TR Y
LIS o S i o R RN S R
AL S I R CaTPSS B EE T 78T M
215 7 T (RO IE 9T A A R TR o [ BRI
BCAT RHFERITIE T B % 5 R E 7L e 5
THEPIWRE, ST & MHBRIEREREMR
PAP3 BEE M WS AWE RS EITRRS
AT o LA T A AL (K] o0 e 4 B O T A R . FE B
RS KR E B ¢ i L e 7 T F ST
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2 i A

P 2 (k)

WEL 2 AR X OSSR a4 R
HoE LR R R 7AW . WA H
cDNA-AFLPH AR IFIE T B S R B M 26 5 [H
22 5 8o o i 3R A5 T 19 A 5 W i
TDE ™ 2l 58 00 M op i 32 &Y % 75 0 00 TDF
e 0 &, 0 HHF B s 70 B L PCR 36 A0
AW B AT S O TR B R AR AR 13 1%

1 #ME5RZE

L1 IE R

LA cDNA-AFLP 447 9-68 B F 3k & & 3k
B FE S 193 bp ) TDF, o0, (B D R 0T %R
P&, 0 T R T s BE L PCR S0 E A AP 15 B

MR AR e W oy depey P T BT
5T e h
1 GCATT GAATT GGGGA AGTAC CAAAT CAGGG TGAAT GGCAT ATTGC GTGGG TTGCA CCTCG

61 AGGAT GAGTT TCCTT TGTCA GTGGG TAAGG AGAGA GCAGT GAAGT TGACC AAGGA AGCAG

121 CGCCT CTAAA TCGAT GGCTT GATCC TAAAA AGGAT CTGGC TTCGA CTGTC ATCTA GTTAC

181 TCAGG ACTCA TCA

E 1 TDFyw BREFTI

Fig 1

WA BT Tag DNA Polymerase 25377 3% B
Promega %4 ] ; PCR g1 4 b1 g 245 T A4 TR 4
RREAMR AR SE. 1B B RO
HL(SIGMA3K-15) , PTC-200 % PCR 4§ {% (& [H
MIJResearch 2% 7)., JY600 8 3 g 95 e i e Ik A
CAE TS — ) B Ho At 43 7 AL 2l e o 4
L2 WEAE
L 2 1 TDF J5 4] 8 F o

EEAE 21 d HWMEEEREEN
TDF, 1, (193 bp) 1E BT 53 ST BT S #
{5, B4k B R BLAST i) EST EEM nr B2
#EHis TDF 551, 45 Hix TDF & B ILAS
5 )8 s Fl DNASTAR 8 fh ) e 21 B 47 LT
PHEEIF A B — A i BLE & B (contig) s FI H EST
Machine 845 2 E BT I, EHESX
3HHIFHEZFFI A H A ik, Bl A% A
#% TDF 7 51 () f5 28 o T 50 B 7 50070 L JRRT |
F L EE R B HEAT B0 4 4T
L 22 PCRRIE

MRS L2 1 3R 0 B s BT A i 3 4,
BL TDF, g ¥ B2 ) 8 — 85 cDNA Jy B R 3 47
PCR 418 F- 1 &5 g vk (L 2260 4047 % H
R ek 4 2 AT R SORN I o AT
L23 WraBErsmemEREam

Bout PCR 7 4 ol 17 45 38 #E NCBI o 3 32

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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Base sequence of TDFq g,

T BLASTN [A I % 4 #7, B Fi DNASTAR.
ORF Finder®f H ) F 51 £ 47 5 51 Fb X F0 I e 54
BEHESN T, FIFIELFR P (hitp:// www. expasy.
org/ cgi-bin) TR 53 H7 H 5 1] 44 B4 1) 420 BE 2 ik
[ i} NetPhos2_0Server-prediction 3 1% F il ) %
B TR R AT W R Ak o5 43 AT T, SRR TR RN
2 &5 Hy W R B TE 28 SOPMA F2 15 #F 17 7000 0 45
. SwissPdb Viewer3. 7 3£ & & Kt e &
BEAT =2 23 [ 5 4 51 47 B BLASTP 12 3 %t 9
) 5 AR i AT R R R L XL 3R A5 5 o 6D R Bk R
BHUMERENEMEER .,

2 HRESW

21 %55 TDF W FrapE R4 o

BT R .193 bp 1 TDFege, N BBUE 2K
FCHIRRrRRE. 2l FRBERERFSD
1167 bpf#iF 4 FH (& 2), ] DNASTAR 1
ORF Finder 75 £ #2 7 45 7. H ORF (FF i [7] 5
HED) AL T P82 17 5 i) 350~841 bp, & H 4519
ATG fNE 58 TAA, +4 f0N G, ix ik 2 5
R 12 i B 5 ) 5 5 Kozak #RAE.

Xt LT 5 B R A5 B BF 45 7 9 HE AT BLASTN
Lo x4 A7, e 3 BT AL A R A 3 AN A X
5 nr FEp A B S KA AB218782 1
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PRI EE ST BOBUR S A SR IR R S R B A AR B A

6
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141

>

gi|82568606|dbi|AB218782. 1| Prunus mume Pm38 mRNA for

CCGGTC
TCCATA
GAGCTA
GGAAAG AAGGTG
TTAGCT CAGAGG
GCGGAG AATATA
TATGAC GGAGGA
TGGGAA GTTGGA TGCCTT GGTACA
GCAGCT AATTGA TGACGA G
GAAATG TAT

CGGAAT
GATCGG
CTATTT

TCCCGG GTCGAC
TGGAGC AACTGG
TGGAGT CAGGTG
TTGCTT ACCTCC
GGTTGC CAATTG
AAGCAA TCACCT
TAGAGA AA

CCATCG
ANAATC
CCTTeT

GCCGAA TTGKTC
TGTTAG CTTGGA
TCTTAA TTTAGC
AACGGT GATGAA ATTTGC AACAAC
GTTTTG ATGGGA AATGAG CGCCAA
AAGGG " AGAAGT
GA TGAAGC TGTGGA CAAGGC ATGGAA
CTGCTA TGCTTA TGAAGG GAAAAT GCAAGA
AMAAAT TGTCAA AATAAA TTTTAT GG
G AATGCG AGACGG TAAATC TGGAGG
GAGAGG AATATA TCAAGG AGCTGC
I TC TGCAAT TGAATT
TGAGTT 1
AN
GTCGACT
GTGAGG
AGAGCC
GTACTA
ACATTC

YAAAAT
AGTTAT
TTGAGA

TTCATT
TGTTCT
ATGGAA
ATTGCG
TTGAAG
TATGGG

I
ACCA
CTGTCA
GATGGT
TATAAT
ACACAA
AAGGTT
e

AAAAGG
ATGACA GGAACC
TCATAT ATGTGA
ATTATA TTATAG
ATTTTC TTeTAT
TGTGAT TAAGTG

AGT
GCCCAG
ATACAT
GCATAA

CATTCA

TCCATC
ACTTTT
" GTAAAA

TTTGTT
CTAAAT

TCTCTA
GAATGG
GGAGAA
AAGATG

ATAGAC
TGAGCT
ITeTTT

TCAATA

&2
Fig 2

B RELR

In silico cloning results

aleohol

complete cds
Length-1 119

Score = 66.0 bits (33),
Identities

Expect = 2e-07
Gaps = 0/89 (0%

75/89 (84%),

Strand=Plus/Plus

Query

Shjct
Query

Shjct

Score
Identities

383 GCTTTTGATGAAGCTGTGGACAAGGCATGGAAGATATTTGGGAAGTTGGATGCCTTGETA
LR R AR r e e A e O R A AR A R
GCTTTTGATGAAGCAGTGGATAAGGCATGCCACATTTTGGGCAATCTGGATGCCTTTGTG
CACTGCTATGCTTATGAAGGGAAAATGCA 471

HEPEEEE FEEEEEEER R T

CATTGCTATACTTATGAAGGGAAAATGCA 336 1

0 bits (29), Expect = 6e-05

= 74/89 (83%), Gaps = 0/89 (0%)

248
443

308
58,

Strand=Plus/Plus

Query

Shjct
Query

Shjct

Score = 58.0 bits (29),
Tdentities = 114/141 (80%),

563  AGAATGCGAGACGGTAAATCTGGAGGATCCATTGTATTTATGACCTCGATCATTGGTGCT
TEEEEETEEE 0EE 00 R PR FREEE PEEEEEEETE FEEE 11
AGAATGOGAGATTATAAGTCAGGAGGTTCCATCATATTTTTGACCTCGATAATTGGAGCT
GAGAGAGGAATATATCAAGGAGCTGCTGC 651

TE TR TE TEEE FHEEEL LT

GAAAGAGGGATTTATCCAGGAGGTGCTGC 516

Expect = 6e-05

Gaps = 1/141 (0%)

428
623

488

Strand=Plus/Plus

Query

Shject
Query

Shjct
Query

Shjct

832 GATGGCTTGATCCTAAAAAGGATCTGGCTTCGACTGTCATCTAGTTACTCAGTGACTCAT
TLECLEEE R R PR FE T L |
GATEGCTTGATGTTAAAAACGATCTGGCTTCAACTGTCATATATTTAATCAGTGA-TGGG
TCAAGATACATGACAGGAACCTCCATCTTTGTTGATGGTGCCCAGTCTCTAGTGAGGCCG
P EEELEREEEE E L FHEEEEEETE T T 11l
TCAAAGTACATGACAGGCACAACCATAATTGTTGATGGGGCACAGTCTCTGACGAGACCT
CGAATGCGCTCATATATGTGA 972

LT THT

CGGATGCGCTCTTATATGTGA 835

B3 FEEFIE BLASTN Ebxd
Fig 3 BLASTN alignment of cloned sequences

5E [ HH R A

TCAGGG
TTGCCT
AATCCT
TACCAT
AGTGTA
ATTGGA
GATATT
TCCACT
ATGGT,

CCOCGA AT

ITe

dehydrogenase

442

307

622

487

89

=

&a
=z

9;

8

4

( Prunus muwme Pm38 mRNA for alcohol dehy-
drogenase, complete cds) 1] /5 #1145 82 & (1 41 0L YE
(809,832 .84 50) AT LAR A i M A~ oy 1 7o i
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GCTATG CTTATG AAGGGA AAATGC AAGATC CACTGC AGCTAA
AAA TAAATT TTATGG CTGGAT GGTACC TGTTGA

TGCGAG ACGGTA AATCTG GAGGAT CCATTG TATTTA
F
GAGGAA TATATC AAGGAG CTGCTG CTTACG GTTCAT

21 TTAGGT TATCTG CAATTG AATTGG GGAAGT ACCAAA
K Y Q
GCTTGC ACCTCG AGGATG AGTITC CTTTGT CAGTGG
s Vv
GCA GCGCCT CTAAAT CGATGG CTTAAT
S M A x

TTA CTCAGT GACTCA TTCAAG ATACAT
TGGTGC CCAGTC TCTAGT GAGGCC GCGAAT GCGCTC ATATAT
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A TGGGAT TGGATA TGACGG AGGATA GAGAAA CTGCTT
L
TTGATG AAGCTG TGGACA AGGCAT GGAAGA TATTTG GGAAGT TGGATG CCTTGG TACACT

DbMT ED RET AF

GKLD AL VH C
TTGATG ACGAGT TCAAAA
D DE F K K
AATGTA TCGGTA ACAGAA
c o1 NROM
CGATCA TTGGTG CTGAGA
I I 6 A E R
CTGGAA TTCAGC AGCTGG
G 1. @ L V
TGAATG GCATAT TGCGTG
NG L kG
AGAGAG CAGTGA AGTTTG
R AV K F D
AAGGAT CTGGCT TCGACT

LQ L I

YL I K
TGACCT
T 8
GTGCCG
A A
TCAGGG
R v
GTAAGG
K E
CCTAAN

G

M

ScC

I

G

GACAGG AACCTC CATCTT TGTTGA

GTGAAC TTITCT
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Sequencing and result analysis of PCR products
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>gil825 68697 |dbilBAE4 8662. 1lalcohol dehydrogenase [Prunus munme

Length=267
Score=218bit3(556),
Identities=104/151(68%),

Expect=3e-56

Fositives=124/151(82%), Gaps =0/151(0%)

Query IVGLDMTEDRETAFDEAVDKAWK I FGKLDALVHCYAYEGKYQDPLQLIDDEFKKIVKINFMG0
V+DM++REAFDEAVDKA TGLDAVHCYYEGKMQ+L+L+DEFKKI+KNFM
Sbjct62VDVDMEDEREGAFDEAVDKACH ILGNLDAFVHCYTYEGKMQEHLELAEDEFKK IMKFNFM121
QueryB1AGWYLLKCIGNEMRDGKSGGS IVEMTS TIGAERGIYQGAAAYGSCAAG IQQLYRLSATEL120

+W+LL+GRMRDKSGGS [+F+TS1

IGAERG IYGAAAY+C+A+QQLRSA+E+

Sbjct 122SAWFLLNAVGRRMRDYKSGGS I IFLTSTIGAERGIYFGAAAYSACSAAVQQLARTSALE 181
Query121GKYQIRVNG ILRGLHLEDEFPLSVGKERAVK151

G+YQIRVNIRGLHLEDE+P+VGERAK

Sbjct182GRYQIRVNATARGLHLEDEYPMFVGMERAKK212
>gi 83284968 | gh |ABC02082. | [putative alcohol dehydrogenases [Cucunis melo

Length=266

Score=213bits (542), Expect=le-54

Identities=99/151 (65%), Positives=126/151 (83%), Gaps=0/151 (0%)
Query IVGLDMTEDRETAFDEAVDKAWK TFGKLDALVHCYAYEGKMQDPLQLIDDEFKKTVKINFME0
VGLDME+REAFDEAV++A+GLDAVHY+YEG+QDLQL++EFKKIVKINW
Sbjct61VGLDMEEEREAAFDEAVNRACSVLGTLDAFVHAYSYEGP IQDALQLSEEEFKK IVKINLMI20
Query6 1 AGWYLLKCIGNRMRDGKSGGSIVEMTS TTGAERGIYQGAAAYGSCAAG IQQLVRLSATEL120
AW+L+K+RMRDKSGGS++E+T++IGAERG+YGAAYGSCHAG+HQQLRSA+++

Shjct 12 IASWFLMKZVCRRMRDQKSGGSVIFLTTLIGAERGLYPGGAAYGSCSAGLQQLARTSALDV 180
Query 12 1GKYQIRVNG ILRGLHLEDEFPLSVGKERAVK151

GKY+TRVNIRGLHL+++P+SVGKERAK

ShjctI8IGKYKIRVNATARGLHLDNGYPVSVGKERAKK211
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Fig 10 BLASTP alignment ol amino acid sequences
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In Silico Cloning and Bioinformatics Analysis of Genes Related to
Pepper Fruit Development

XU Minglei' . TIAN Hui' .CHEN Shuangchen”
(1. Henan Quality Polytechnic, Pingdingshan, Henan 467001; 2. College of Forestry. Henan University of Science and

Technology, Luoyang. Henan 471003)

Abstract: The 193 bp TDF, 4, obtained from ¢cDNA-AFLP analysis of pepper fruit development was
used as the research object. Electronic cloning, PCR validation,and bioinformatics analysis were used
to study the electronic cloning and bioinformatics function analysis of genes related to pepper fruit
development.in order to provide reference for the cloning and functional verification of genes related to
pepper fruit development. The results showed that after in silico cloning.,a sequence with a length of
1 167 bp was obtained. Primer PCR amplification and sequencing were designed to obtain a sequence
with a total length of 714 bp,which was highly consistent with the splicing sequence: The sequence
encodes an amino acid chain with a molecular weight of 17. 96 kD and a neutral isoelectric point of
7. 76; amino acids had transmembrane properties.and there might be 5 phosphorylation sites in the
amino acid sequence. The secondary structure of this amino acid contains e-spiral accounting for
42, 3% ,extended chain accounting for 19. G%gﬁ'tilndom curl structure with a corner of 12 2% and
26. 4%. Amino acid sequence alignment could preliminarily infer that the [unction of this amino acid
sequence was related to biochemical reactions related to alcohol dehydrogenation during fruit
development.

Keywords; pepper; fruit development; TDF;in silico cloning
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	一、教学成果总结报告(附查新查重证明)
	(一)《教学成果总结报告》
	(二)《教学成果总结报告》查新证明
	(三)《教学成果总结报告》查重证明

	二 、国家级和省级教学项目
	(一)国家级教学项目
	1.《烘焙食品加工技术》国家在线精品课程（2022）
	2.《食品加工机械与设备》“十四五”职业教育国家规划教材（2023）

	(二)省级教学项目
	1.“五方联动·三双五融：食品类专业依托产教融合实践中心协同育人的创新与实践”河南质量工程职业学院
	2.“‘五联动、三平台、一对多’的开放型区域产教融合实践中心建设路径研究”河南省高等教育教学改革研究
	3.河南省第二期高水平专业群立项：食品检验检测技术高水平专业群（2026）
	4.“‘四链’耦合背景下高职院校校企合作典型模式及有效性研究与实践”河南省高等教育教学成果一等奖（2
	5.“职业院校生产性实训基地建设与运行机制研究与实践”河南省高等教育教学成果特等奖（2022）
	6.省级职业教育专业教学资源库-农产品加工与质量检测专业、建筑工程技术专业（2025验收通过）
	7.省级职业教育专业教学资源库-食品检验检测技术专业(2024立项)
	8.河南省职业教育精品在线开放课程《果酒生产技术》、《施工企业质量管理》(2024验收)
	9.河南省高等职业学校黄大年式教师团队—食品生产与检验黄大年式教师团队(2021)
	10.《食品加工机械与设备》河南省职业教育优质教材(2023)
	11.《食品加工机械与设备》河南省职业教育与继续教育优秀教材二等奖（2025）
	12.河南省高等职业教育教学能力大赛一等奖(2022)
	13.《烘焙食品加工技术》河南省优质国际化课程(2024)
	14.《营养健康与疾病预防》河南省职业教育一流核心课程(线下)(2023)
	15.“药品质量与安全”示范性新兴专业点(2023)
	16.河南省职业教育示范性传统优势专业点—工程测量技术专业（2024）
	17.“食品检验检测技术”河南省职业院校“双师型”名师工作室（2023）
	18.中国国际大学生创新大赛职教赛道河南赛区选拔赛一等奖两项(2025)
	19.中国国际大学生创新大赛职教赛道河南赛区选拔赛二等奖(2025)
	20.中国国际大学生创新大赛职教赛道河南赛区选拔赛二等奖(2024)
	21.中国国际大学生创新大赛职教赛道河南赛区选拔赛三等奖(2024)
	22.第九届中国“互联网+”大学生创新创业大赛河南赛区三等奖(2023)
	23.河南省高职技能大赛装配式建筑智能建造赛项二等奖（2024）
	24.河南省高职技能大赛装配式建筑智能建造赛项三等奖（2024）
	25.河南省高职技能大赛装配式建筑智能建造赛项三等奖（2023）
	26.“建美中原”河南省大学生建筑设计大赛一等奖（2024）
	27.“建美中原”河南省大学生建筑设计大赛三等奖（2024）


	三、国家级和省级科研项目
	1.河南省科技攻关计划项目“乡村历史文化资源的数字化采集和展示技术研究”（李建沛，2023）
	2.河南省科技攻关计划项目“基于分子模拟的PLD-PC共固定化及其在PS水相生物合成中的研究”（田辉
	3.河南省科学技术成果“一种车厘子酒发酵酿造系统”（张虽栓，2024）
	4.河南省科学技术成果“一种用于野生猕猴桃酒罐装瓶的预处理设备”（王霞，2024）
	5.河南省科学技术成果“一种黑布林酒生产破碎机”（闫泽华，2024）
	6.河南省科学技术成果“光伏温室结构参数及内环境的研究与应用”（徐明磊，2025）
	7.河南省软科学研究计划项目“河南省耕地撂荒和农技服务对农业强省的影响分析”（徐明磊.2025）
	8.校企合作发明专利：一种车厘子酒发酵酿造系统（张虽栓，2023）
	9.校企合作发明专利：车厘子酒发酵后过滤装置（张虽栓，2024）
	10.校企合作发明专利：一种黑布林酒生产破碎机（闫泽华，2024）
	11.校企合作发明专利：一种用于野生猕猴桃酒灌装瓶的预处理设备（王霞，2024）
	12.校企合作实用新型：一种果酒酿造用桑葚清洗装置（张虽栓，2023）

	四、教学成果校外推广应用及效果证明材料
	1.河南农业职业学院
	2.河南应用技术职业学院
	3.漯河职业技术学院
	4.开封大学
	5.信阳农林学院
	6.宜宾职业技术学院
	7.山西林业职业技术学院
	8.重庆城市职业学院
	9.平顶山工业职业技术学院
	10.商丘职业技术学院

	五、教育教学类论文（10个）、论著（教材）
	1.教改论文：基于开放型区域产教融合实践中心的建筑工程技术专业教学改革——张虽栓
	2.教改论文：产教融合背景下“两主体三依托五协同”校企合作育人模式研究与实践——李建沛
	3.教改论文：高等职业学院产教融合协同育人研究与实践及反思——李建沛
	4.教改论文：传统村落的数字化采集及展示应用--以鲁山县红石崖村为例——李建沛
	5.教改论文：基于“1+X”建筑信息模型(BIM)职业技能等级证书制度的建筑工程技术专业群人才培养模
	6.教改论文：项目教学法在建筑装饰实践教学中的应用分析——李建沛
	7.教改论文：高职院校食药类专业岗课赛证融通的人才培养模式研究——闫泽华、孟庆
	8.教改论文：高职食品类专业实践教学产教融合的路径分析——孟庆、王霞、闫泽华
	9.教改论文：高职院校生产性实训基地建设的探索与创新-河南质量工程职业学院研究与实践——席会平
	10.教改论文：产教融合视域下开放型实践中心的构建与实践——王霞
	11.科研论文：三种烹饪方式下南美白对虾脂质氧化和挥发性风味的差异——孟庆
	12.科研论文：植物提取物在肉制品保鲜中的作用研究进展——李红艳
	13.科研论文：超声波预处理对乳酸发酵草莓汁品质的影响——李红艳
	14.科研论文：河南地区光伏温室冬季内环境的动态变化——徐明磊
	15.科研论文：辣椒果实发育相关基因的电子克隆及生物信息学分析——徐明磊

	六、省级及以上新闻媒体报道
	1.中国教师报报道：校企联手 为民育才——河南质量工程职业学院产教融合探索与实践
	2.中国质量监管网：加强校企合作 突出产教融合——河南质量工程职业学院强化教学实践赋能地方高质量发展
	3.中国质量报：河南质量工程职业学院强化教学实践赋能地方高质量发展
	4.食安河南：加强校企合作 突出产教融合——河南质量工程职业学院强化教学实践赋能地方高质量发展
	5.河南食药安全信息网：加强校企合作 突出产教融合——河南质量工程职业学院强化教学实践赋能地方高质量

	七、成果及主要成员获得奖励及荣誉
	1.平顶山市首席科普专家——张虽栓
	2.平顶山市首席科普专家——王霞
	3.河南省骨干教师-闫泽华 
	4.河南省骨干教师-孟庆（2023）
	5.河南省教育厅学术技术带头人-闫泽华（2025）
	6.河南省教育厅学术技术带头人-徐明磊（2024）
	7.河南省职业教育教学专家（席会平）（2023）
	8.河南省职业院校省级名师-席会平(2022)
	9.全国师生数字素养提升实践活动高等教育组微课创新作品(2025)
	10.河南省第二十八届教育教学信息化交流活动二等奖(2024)
	11.河南省第二十八届教育教学信息化交流活动三等奖(2024)
	12.河南省第二十七届全国教师信息素养提升实践活动二等奖(2023)
	13.河南省第二十七届教育教学信息化交流活动二等奖两项(2022)
	14.河南省第二十五届教育教学信息化交流活动一等奖(2021)
	15.河南省高等职业教育课程思政教学创新大赛三等奖(2023)
	16.全省教育系统教学技能竞赛（高校工科）三等奖(2021)
	17.河南省高等职业教育青年教师课堂教学创新大赛二等奖(2021)
	18.河南省高等职业教育技能大赛优秀指导教师——张虽栓

	八、教材成果
	1.校企合作教材——《果酒生产技术》
	2.校企合作教材——《药物分析学》
	3.校企合作教材——《食品加工机械与设备》
	4.校企合作教材——《现代营养学基础》
	5.中国优质职业教育国际化数字教材项目—《烘焙食品加工技术》


