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Abstract: Perilla samples from five regions (Liangping, Chongqing; Nanning, Guangxi; Daxing, Beijing; Changde, Hunan;
Jinzhou, Liaoning, denoted as CQ, GX, BJ, HN, and LN, respectively) were used to prepare water extracts and then to
impregnate silver carp fillets. The effects of the production area of Perilla on the sensory quality and volatile components of
the seasoned silver carp fillets were evaluated based on quantitative sensory evaluation, electronic nose, and gas
chromatography-mass spectrometry/olfactometry. After treatment with Perilla water extract, the fishy and earthy odors of
silver carp fillets decreased significantly compared to the blank control group (CK). Additionally, the odor quality of fillets
in the CQ and GX groups was better than that of the BJ, HN, and LN groups. A total of 47 volatile compounds were
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identified in the six groups of seasoned fillets. Compared with the CK group, the total amounts of aldehydes in the CQ and

GX groups decreased by 52.84% and 48.24%, respectively, and the total amounts of terpenoids increased by 1732.15% and

2897.04%, respectively. The results of aroma extract dilution analysis and flavor fingerprint analysis showed that terpenoid

components such as Perilla aldehyde, linalool, D-limonene, and caryophyllene, which were rich in Perilla from the CQ and

GX groups, were the key components for improving the odor quality of silver carp fillets. In conclusion, Perilla water

extract rich in Perilla aldehyde from CQ and GX was more suitable for the preparation of seasoned fillets. This study can

provide a reference for the regulation of the odor quality of prefabricated seasoned fish products and the selection of Perilla

dedicated to seasoned fish products.

Key words: aquatic product; seasoned silver carp products; Perilla water extract; volatile aroma compounds; odor quality
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Table 1 Contents of aroma compounds in five Perilla leaves
o — i (pg/ke)
CQ GX BJ HN LN
25 (10FH)
CLEE 280.22+60.06° 255.80+12.76° 270.04+10.21° 262.29+24.10* 111.07+1.69°
(E)-2C0 )i 1597.90+£95.15% 1586.74+96.63% 5344.39+718.77% 1102.94+47.64° 2330.87+27.88°

(E,EB)-2,4-BF I

356.63+39.78°

339.67+31.25°

(E,B)-2,4- I 46.80+3.26 -
(E,Z)-2,6-T- "M 63.28+4.72° -
(B)-2T-JM 27.29+4.25 -
E PN 13582.28+277.37 28958.05+2991.27*
AL - 290.89+33.43"
FrigmE - -
i 1 - -
iz (6F)
3,5-% " 4-2- M 46.97+1.97¢ 52.37+0.16°
e - -
E SN[ - -
SR - 70.034.98°
-5 4 136.25+11.91° -
2- TS 7721.23+175.15° 217.5740.26"
B (5Fh)
1-2F -3 926.83+204.73° 676.66177.58
JF R 1832.20+78.46° 4492.79+425.53°
AR 33.31+0.71° 21.12+1.40°
REAERE 54.50+4.69° 128.72+28.71°
-2 UK 168.79+10.01° 532.32+135.66"
J5 A (6Fh) - -
WL - 32.38+5.04
R 1769.30+£273.32° 600.59+31.35<
K 166.03+18.01° 167.31+1.38°
[ - -
VRN 98.80+4.52° -
T&HMH 1279.61+148.75° 2114.07£37.41°
M2 (19F4)
a-JEM 43.46+5.46° 126.01+17.43
a-/K M 57.01+£2.57" 212.61+£26.05°

966.29+139.05%

9571.66+565.84°
300.39+16.69*
560.62+41.6"
2278.49+467.55"

87.59+15.27°
18976.08+2069.53
102545.56+7423.47°
23901.79+3077.67°

479.56+42.69°
7293.61+380.39"
259.79+21.41°

963.88+210.58°
411.86+4.24°

648.62+89.81°

17.7440.25°
220.82+12.61¢

39.76+4.42°

48.66+4.87°

67.37+4.39°

420.40+15.36°

1373.55+14.87°

294.51420.26°
148.56+0.43¢
6819.43+690.42"
978.24+31.47¢

1184.10+218.05*

712.60+32.68°
336.04+3.15°
480.43+9.82°

156.77+2.38°
166091.05+2940.65"
2149.52+13.36"
394.46+12.46"

2768.29+80.38°
1025.73+15.67¢

3123.14+157.9°
380.55+5.89"
876.25+1.86

6152.03+284.55*
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g7 1
P
— i (pg/kg)
CcQ GX BJ HN LN
D-FPiEss 1668.41+60.51° 6463.59+1033.40° 510.93+28.67" 79.18+0.06° 1022.08+10.99"
PRI 20.78+3.38" 44.7142.19° - - -
2- W5 62.33+2.92° 106.38+11.03° - - -
eI - 278.97+71.68 - - -
EPiN - - - 3890.11+133.10 -
PN 163.72+17.87° 707.86+108.75° 347.99+50.47 27.32+1.13° 306.66+62.88"
MBI 173.72+45.52° 190.32+44.33" 201.96+31.42° 55.57+1.15° 289.72+46.78"
U 76.03+2.44° - 133.35+19.15° 75.19+5.20° 176.66+24.17°
FaRur 1741.63+235.32° 4141.97+1140.43% 4798.13:£982.40™ 3123.73+59.93° 5445.82+1115.55°
B2 Sk 91.16+14.28" 232.45+25.78% 206.35+101.06™ 104.64+1.77° 326.05+58.01°
e 205.84+34.55° 517.18+168.52" 561.33+110.24° 372.08+11.20% 928.76+224.77
X R-o- i THE 570.20+£100.55° 1937.71£596.17° 2768.91+799.64% 523.22+4.51° 3450.93+641.43"
a-T ek 108.42+14.74° 196.26+6.68" 287.93+82.21% 127.37+23.09° 420.34+115.74°
P-A 140.37+25.26° 117.86+33.04° 406.38+25.86" 110.61+3.65" 466.43+£149.27°
S-KERA 132.25£16.82° 279.64+9.08% 325.77+80.74* - -
o~ A< ZE I 27.4242.15 52.56+14.93% 89.60+18.54" - -
A iEE ) 49.05+4.43° 68.44+18.64° 116.14+13.67* - -
HAthZ (6Fh)
2 VR Y g 69.11+0.51° 62.39+3.26 - 38.5242.93¢ 555.91+5.39"
KR T i 551.96+46.07° 1189.52+12.06" 568.76+77.84° 730.42+53.41° 458.37+11.54°
S22 - iR P i - 142.87424.57° 687.13+£79.49° 39.42+4.30° -
2 R - B 25.78+0.13¢ 68.35+7.24 - - 315.2243.55°
FyAe R Y g 17.42+43.55 30.28+3.74° - 11.99+2.26 150.09+13.91°
2-Z K 548.89+45.73" 326.30+12.55° 695.98+83.67° 236.59+21.37° 644.21+55.93%
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Fig.2 Principal component analysis (a) and radar chart of sensory evaluation (b) of silver carp fillets prepared with Perilla water
extract from different regions
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Table 2 Intensities and the Q-values of aroma compounds in typical seasoned silver carp fillets detected by AEDA on HP-5ms column
CK GX
RI LA Y gy SRR SR ) e )
1 10 100 1000 < 1 10 100 1000

690 T RIL,MS,A AR / / / / / 26 1.1 / / 15
713 32 5E2- TR RIL,MS,A FR R 2.8 24 / / 1.8 23 0.7 / / 12
754 (E)-2- 17t RIL,MS,A TR 1.9 / / / 0.3 / / / / /
790 2-CL 1 RILMS,A  JEIERY R 2.3 1.1 / / 1.4 22 13 / / 1.5
811 PR RIL,MS,A R, KRR 1.9 / / / 0.3 2.1 / / / 0.3
822 L RIMS,A TR 2.7 22 0.6 / 3.6 23 / / / 0.4
867 2-FR L e Y i RIL,MS,A i KRR 23 / / / 0.4 24 / / / 0.4
902 B RIL,MS,A LTS 2.1 1.8 / / 1.6 / / / / /
914 2- LT HE A RIL,MS,A AR 1.6 / / / 0.2 2.1 / / / 0.3
961 E- sk RIL,MS,A AR 1.8 / / / 0.3 1.6 0.9 / / 12
970 1- B RIL,MS,A THBRIR 1.4 / / / 0.1 / / / / /
980 iy RIL,MS,A 2k 1.5 / / / 0.2 1.4 / / / 0.1
986 1-2E0G-3-BE RLMS,A BERELK 1.6 0.8 / / 1.1 2.1 1.2 / / 1.4
993 2- I RIL,MS,A S 23 13 / / 1.5 1.9 / / / 0.3
994 3-2 1 RIL,MS,A ESGHUN 23 / / / 0.4 22 / / / 0.3
996 a-IK ST RILMS,A  AHHHERR, HEZhk / / / / / 1.5 / / / 0.2
1002 i RIL,MS,A LIS 2.8 1.4 / / 1.6 1.3 / / / 0.1
1012 (E.B)-2,4-¢ s RILMS,A  JHfEWR, gk 2.1 1.6 / / 15 1.6 / / / 0.2
1017 D-FPlEss RILMS,A  FPlEE, fFEDR 2.1 / / / 0.3 3.2 2.6 1.1 / 4.0
1033 AR RIL,MS,A AETFIR 2.5 / / / 0.4 22 / / / 0.3
1093 Iy RIL,MS,A AETFIR / / / / / 3.1 22 1.2 / 3.9
1104 T RIL,MS,A EHIS 2.4 1.7 / / 1.6 1.9 / / / 0.3
1118 # 2 RIL,MS,A FERHIR 1.3 / / / 0.1 15 / / / 0.2
1156 (B)-2-T i RIL,MS,A VS 23 1.8 0.8 / 3.5 1.4 / / / 0.1
1182 ¥z RIL,MS,A PR IR 2.1 22 / / 1.7 15 / / / 0.2
1190 a-FATHEE RIL,MS,A /SRS / / / / / 2.1 15 / / 15
1193 KR RIL,MS,A Rk 13 / / / 0.1 1.1 / / / /
1208 Bk RIL,MS,A THiEeR 1.9 0.6 / / 0.3 1.8 / / / 0.3
1215 (E.E)-2,4-T " Jps RI,MS,A YIS 32 1.6 1 / 3.7 28 22 / / 1.8
1222 IRF RILMS,A LR, BER 17 / / / 0.2 15 / / / 0.2
1263 (E)-2-Z8Jfittg RILMS.,A ISR, R 16 / / / 0.2 1.4 / / / 0.1
1271 4-FBL-5-EMEZ B RILMS,A R SR 25 1.2 / / 0.4 / / / / /
1280 T RIL,MS,A IS 2.1 / / / 0.3 1.9 / / / 0.3
1283 PN RIL,MS,A AR / / / / / 3.8 2.6 12 / 4.1
1294 2- T RILMS,A  HJEIR, BER 21 / / / 0.3 23 0.9 / / 1.3
1318 (EE)-2,4-% —Jhl¢ RIL,MS,A 10 JlEbR 2.1 1.6 13 / 3.6 1.8 1.1 / / 1.3
1354 HHER RIL,MS,A SRR / / / / / 1.7 / / / 0.2
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CcK GX
RI VIR ST SRR SREEP ) i )
1 10 100 1000 Q 1 10 100 1000 N
1355 T&HmH RIMS,A  T&W, FH%k 28 22 / / 1.8 4 32 2.6 / 45
1387 BT RIL,MS,A Ji Lk 1.8 12 / / 13 / / / / /
1431 FaRir RIL,MS,A UNFIUS / / / / / 2.1 1.6 / / 1.5
1438 -0 T RIL,MS,A LIS / / / / / 24 / / / 0.4
1454 AR HIR_WES  RILMS,A T 1.6 / / / 0.2 / / / / /
1488 -85 2L RIL,MS,A AEAFIR / / / / / 2.6 / / / 0.4
1513 24-ZRUTEIARE, RILMS,A IR 2.6 23 / / 1.8 1.7 / / / 0.2
1608 HAARHEE RIL,MS,A FAAIBR / / / / / 1.8 / / / 0.3
1627 P [ RIL,MS,A HEFIR 2.3 / / / 0.4 2 / / / 0.3
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Fig.3 Total ion chromatogram of volatile compounds in sea-
soned silver carp fillets prepared with Perilla water extract
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Table 3 Contents of aroma compounds in seasoned silver carp fillets prepared with Perilla water extract

i (pg/kg)
YA
CK cQ GX BJ HN LN
BEZE(12F)
IR - 98.30+18.09° 120.47+8.22° 91.03+25.48" - 159.80+0.14°
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g3
P
—— & (ug/kg)
CK CcQ GX BJ HN LN
(B)-2-18Hie 181.86+1.25" - - - 22.1442.61° 22.95+0.88"
CLE 134.28+3.78" 44.42+4.73° 30.23+2.65¢ 40.68+0.69° - 232.77+33.18"
PR 22.11+0.39* - - - - 25.44+1.84
S 19.35+0.34° 11.47+1.81° 15.01+3.58° 29.34+2.20° 14.11£0.79° 23.85+7.22%
(E,E)-2,4-B& —JasTit 21.69+0.31° 8.77+0.31° 12.48+0.18° 9.90+2.55" 6.79+2.26" 26.91+£6.72°
T 46.03+0.98° 28.48+3.72° 31.93+8.86° 33.44+2.43° 28.82+0.54° 50.50+7.34°
(E)-2- T/ 18.75+1.95° 4.08+0.33" 7.29+1.41° 6.91+1.38" 7.32+0.84° 17.36+1.54°
4 17.94+40.65 18.1642.19 16.82+1.34 17.37+0.84 20.52+0.79* 20.15+0.94%
(E,E)-2,4-T —J#s1E 18.06+3.00° 21.32+41.15% 21.58+3.70™ 18.72+2.26 12.40+3.62° 32.31+10.43"
(B)-2-Z8Jfiis 23.23+2.28" 7.94+0.04°¢ 14.12+2.00° 9.08+0.68° 10.57£0.72" 25.36+2.42°
(E,E)-2,4-28 il 38.34£1.45° 12.51£0.26° 10.44+1.98° 9.56+2.51° 14.40+1.05° 37.7849.07°
M2 (5F)
3-FE3E2- T 189.17+0.60° 79.56£0.67° 82.28+4.56° 101.3420.57° 106.81+8.24° 105.60+10.05°
2-CL 1 129.49+1.74° 126.59+2.63¢ 128.89+7.57° 127.38+4.45¢ 179.30+12.00* 163.15+5.03°
3-2F T 34.87+0.73° 32.04+7.85° 29.56+5.44% 15.82+1.72° 32.76+4.50° 29.96+9.37
2-F— 56.04+1.80° 25.04+0.17° 30.46+1.37° 75.69+15.28° 61.38+11.01° 68.18+5.28°
2-Z R HEIE 17.340.16° 798.26+107.36° 29.02+1.30 - - -
B (3Ff)
2-CUFE 107.11x13.30° 110.24+0.77° 126.72+13.01* 114.29+3.66° 136.26+4.41% 144.29+10.46"
1- R 11.63+2.15° - - - - 55.24+7.75°
1-2Ff5-3-BE 30.06+5.07° 85.45+3.48° 42.60+7.39° 18.47+2.48¢ 42.41+4.60° 77.76+2.82°
R (3F)
¥ 30.23+6.54° 18.40+1.08% 10.18+1.08° 18.28+0.59" 13.69+2.78" 19.50+4.38°
T 50.00+5.37° 43.97+2.70° 33.54+10.83° 46.74+17.45 43.86+7 47 67.15+9.83°
2 54.06+2.77* 15.56+0.51° - - - -
A (TFP)
QA 57.38+0.33¢ 51.25+0.05% 46.96+2.80¢ 67.18+4.49° 38.48+0.39¢ 83.84+6.66°
ENU 29.85:+0.42° 35.89+2.69° 27.39+2.39° 22.51£1.15¢ 26.80+0.43° 47.61+4.65°
A 68.19+3.40° 155.77+5.38" 43.07£7.39° 39.06+5.72° 57.16£6.03° 69.53+5.40°
# 6.05+0.75° 12.03+1.28" 11.51+1.56" 10.170.24° 12.75+1.60™ 14.91+0.91°
T 166.98+1.56° 198.16+28.24" 312.06+16.67* 191.17+6.39 223.97+14.51° 200.08+9.51%
AR 8.17+1.17¢ 55.54+1.39° 6.14+0.94¢ 12.2240.72° 14.77+1.54° 19.16+1.26
2,4-RUT B 130.50+3.18%® 56.53+11.04° 65.76+2.52° 119.08+63.85™ 157.12+25.44* 102.79+2.56®
(1)
EPiN3 - 88.63+8.58" 174.09+29.76° - - -
oK - 10.204£0.26 10.59+0.29° - - -
TR - 21.10£0.96 16.9043.45° - - -
EPNT] - - - 234.78+13.78" 32.19+17.99° 2340.23+255.95°
D-Fr1EN 23.67+2.47° 159.48+11.83 229.77+10.32° 32.01+5.25° 23.41+3.35° 25.06+7.89°
ezl - 36.17+1.48° 121.54+2.39° 30.18+1.14° 30.73+3.24° 14.37+2.86°
a- RN - 18.54%1.06 26.8543.00° - - -
HAAEE - 19.97+1.75° 19.48+0.91° 20.16+1.74° 20.01+3.37° 28.50+1.35
Par - 56.78+3.08° 59.11+6.77° 35.77+1.64° 25.95+1.74° 14.79+2.44°
A -a- - 22.80+3.81° 37.97+4.51° 26.85+3.47° - -
-5 = - - 13.10+£2.28° 12.63£9.92° - 13.80+0.16°
HAthZE (654)
2- PR fe 2 Y i 13.10£1.69"™ 16.74%1.66 14.96£2.19° 12.410.46™ 7.60+£0.33° 17.94+5.01°
2- LW g 23.13+12.28" 14.78+0.47° 11.38+2.42° 21.75+0.62° 13.23+0.03" 38.44+3.22
AITEE 9.74+1.76 7.39+1.83° 7.25+0.00 15.09+5.17% 16.63+2.58" 10.89+0.66™
o e 25.22+7.16° 11.89+0.06" 16.09+1.23 25.00+8.96" 54.32+10.61° 47.89+8.39"
4-F JL-515EIE 2, 473.91+21.48° 302.04423.70° - 654.53+58.69° 647.71+111.03° 494.32+20.44°
AP — e — 1 i 35.05+1.82° - 23.31+1.30° 21.63+2.53° 22.73+0.32°

e =" ORI, AT PR IRV INE FREROR AT B 22 5 (P<0.05)
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Fig.4 Flavor fingerprint of Perilla leaves (a) and seasoned silver carp fillets (b)
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Fig.5 Principal component analysis score plot (a) and biplot (b)
of aroma compounds in seasoned silver carp fillets
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