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Effects of cinnamic acid treatment on aroma of Kyoho grape during low

temperature storage

HU Yulong, TIAN Shufen’, WANG Chaoxia, WANG Rong, MA Chuang, JIANG Jianfu"
(College of Landscape and Horticulture, Tianjin Agricultural University, Tianjin 300384, China)

Abstract: [Objective] Kyoho grape (Vitis vinifera x V. labrusca) is highly favored by consumers for its
unique flavor, and the quality of aroma is one of the key factors determining its flavor and thus accep-
tance. During the stage of Kyoho grape berries, the internal aroma components undergo a series of com-
plex changes over time, which are directly related to its economic value and popularity in the market.
Cinnamic acid, a phenolic compound widely found in nature, is known for its excellent antibacterial
and antioxidant properties and is believed to play an active role in maintaining the stability of grape aro-
ma and enhancing quality. Against the backdrop that food industry continuously pursues natural and
safe preservation methods, cinnamic acid, as a green natural preservative, has attracted increasing atten-
tion and research for its ability to effectively inhibit the oxidative degradation of lipids, thereby enhanc-
ing the quality and nutritional value of food. This study focused on the specific impact of cinnamic acid
treatment on the changes in aroma of Kyoho berries during storage and systematically evaluated its po-

tential application value as a natural preservative in the post-harvest treatment of grapes, with the aim
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of providing a scientific basis and theoretical support for extending the shelf life of Kyoho grape and en-
suring the stability of its aroma quality. [Methods] This experiment selected Kyoho grape as the re-
search subject. At 10 days before the expected harvest date, cinnamic acid solutions with concentrations
of 0, 1, 5, and 10 mmol - L' were evenly and meticulously sprayed on the surface of the grape clusters.
The group treated with 0 mmol - L' was set as the control group (CK). The entire spraying process fol-
lowed strict operational standards to ensure uniformity and consistency till drip. After the grape berries
reached harvest ripeness, samples were quickly transported to the laboratory of the College of Horticul-
ture and Forestry, Tianjin Agricultural University, within 48 hours through a cold chain logistics system.
All grape samples were stored in a 4 °C refrigerator. At 0, 7, and 14 of storage, the advanced headspace
solid- phase microextraction technology combined with gas chromatography-mass spectrometry (HS-
SPME/GC-MS) was used to detect and analyze the volatile compounds released by the berries. On this
basis, a variety of analytical methods, including variance analysis, correlation analysis, aroma profiling,
and entropy weight TOPSIS evaluation method, were comprehensively applied to systematically orga-
nize and deeply mine the experimental data, thereby selecting the cinnamic acid treatment concentration
that achieves the best preservation effect. [Results] A total of 32 compounds were identified, 13 of
which had an odor activity value (OAV) of 1 or higher. There were 13 aroma-active compounds which
were significantly affected by the treatments, including 5 esters, 2 aldehydes, 2 aromatics, 2 terpenes, 1
alcohol, and 1 ketone. Specifically, ethyl butyrate and methyl butyrate were higher at the early stages of
storage (days 0 and 7), especially under the treatment with 10 mmol- L' cinnamic acid, where their con-
tent was significantly higher than in the other treatments. In contrast, hexanal and trans-2-hexenal were
at their lowest levels on day 0, and the 10 mmol - L™ cinnamic acid treatment caused significantly reduc-
tion in their contents. Benzaldehyde showed significant differences among the treatments after 7 days of
storage, with the treatment at 5 mmol- L™ being the highest while the 10 mmol- L treatment the lowest.
Analysis of the contents of different types of aroma compounds in Kyoho grape berries during storage
found that on day 0, the content of ester and alcohol compounds varied significantly under different
treatments. The content of ester compounds was the lowest at 5 mmol - L' treatment and significantly
higher in 10 mmol - L' treatment than in the control. For alcohol compounds, their content in treatments
at 5 mmol - L' was significantly higher than the control and lowest at 10 mmol - L' treatment. By day 7,
the content of ester, alcohol, and aromatic compounds all had changed significantly, with ester com-
pounds dominating in the 10 mmol - L' treatment. On day 14, only the content of alcohol compounds
still showed significant differences, with the highest content in the 5 mmol- L™ treatment group. Correla-
tion analysis between different types of aroma compounds and cinnamic acid treatment during storage
revealed that cinnamic acid treatment had a significant impact on the aroma compounds in the berries,
especially promoting ester and terpene compounds, while showing a negative correlation with aldehyde
and alcohol compounds. However, this impact tended to gradually weaken over time. Aroma profiling
results clearly show that throughout the storage process, fruity notes always dominated, followed by flo-
ral, fatty, herbal, and chemical notes. Cinnamic acid treatments effectively enhanced the richness of
fruity notes at each storage stage, significantly improved the aroma quality of the fruit. Finally, the com-
prehensive evaluation results based on the entropy weight TOPSIS method showed that the 10 mmol - L™
cinnamic acid treatment performed the best in enhancing aroma quality, followed by the 1 mmol - L™
and 5 mmol - L' treatments. [Conclusion] In summary, cinnamic acid, as a potential natural preserva-
tive, can effectively improve the storability of Kyoho grape by significantly increasing the contents of

ester and terpene compounds in the fruit, thereby enhanced the fruity, floral, and fatty notes and thus
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comprehensive aroma quality. This study provides a new method for post-harvest preservation and qual-

ity enhancement in Kyoho grape, which has a broad application prospect and a high practical value.

Key words: Kyoho grape; Cinnamic acid; Storage; Correlation analysis; Aroma profile; Entropy weight
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Table 1 Effects of cinnamic acid treatments on the contents of aroma compounds

T p U CAREE F L)

Byl 1w if1E  Compound content under different cinnamic acid treatments/ BIfE TSR 4y 2
T (ue L) Threshold/ L.
ype Compound Storage ‘HE (ug L Fragrance description
time/d 0 mmol-L" 1 mmol-L" S mmol-L" 10 mmol - L
FES LR T 0 17.20+£0.94 a 16.2340.58a  16.09+0.99a  13.83+0.67b 7500 LRFR, 440220k, 5 Rk
Esters  Ethylacetate 5 1632£043bc 14304047 ¢ 16.81£143b  19.93+1.54a 1 Fruity scent, 4 Chemical
scent, 5 Fatty scent
14 16.56+2.33ab  15.58+0.36b  16.79+1.48 ab 19.23+1.13 a
2-HHETRAEE 0 3.74£0.80ab  4.57+0.06 a 3.55+0.28b  4.46+0.20 a 18 1 Bk SR AR
Ethyl 2- 7 5.73+3.48 a 788£094a  644+082a  8.57+041a 1 Peach fruit scent
methylbutyrate
14 8.82+1.64b  10.90+0.33 a 5.97+0.67¢c  10.45+0.36 ab
LR T 0 7.70+0.50 b 9.72+0.73 a 8.49+049b  7.71+0.16b 250 1 BLURAIR, 2 TE A R
Phenylethyl 7 6.01£0.08 b 594:0.01b  5.99£0.06b  6.17£0.03 a 1 Pear fruity scent, 2 Floral
acetate
14 6.18+0.33 a 5.99+0.08 a 6.03£0.06a  6.33+0.06 a
B LB 0 58.45£0.00a  58.44+0.00b  58.44+0.00b  58.44+0.00b 200 LRBF SRR AR
Ethyl caprate 5 58.4740.01 b  58.46£0.00b  58.47+0.01b  58.50+0.01 a 1 Coconut, Apple fruit scent
14 58.45£0.01b  58.45+0.00b  58.45+0.00b  58.47+0.01 a
*TN TR .1 0 19.03+1.83 a 17.994030a  14.69+0.21b  15.10£1.45b 10 1 F R R Ak
Ethy! 7 16.65:4.62b  23.10£126a  26.4142.12a  27.88+1.51a 1 Banana fruity scent
propionate
14 25.1946.32ab  28.61+2.68 ab 22.43+1.29b  30.25+2.59 a
RN 0 20.24+1.52 a 14.59£0.35b  12.74+1.09b  14.30+1.87b 800 1 R SR AR
Propyl acetate 5 212342.52ab  1828£1.15b  24.11£091a  21.26+1.46 ab 1 Orange fruity scent
14 ND 6.0240.02 a 6.25+0.28a ND
TR OB 0 1.78+0.93 a 2.27+0.13 a 1.64+021a  2.05+0.57 a 15 1 HRE A FE IR AR
Ethyl 7 239+138bc  4.88+035a  1.08£0.04c  2.8740.29b 1 Strawberry, Banana
isobutyrate fruity scent
14 1.84+0.15 b 6.96+3.26 a 3.48+0.59b  3.04+0.12 b
* TR T 0 56.85£6.59b  54.95+243b  51.35+1.26b  81.10+3.08a 20 | B o B Ak
Ethyl butyrate 5 78.6552034b 150.36+11.53a 147.1941.62a 153.2946.92a 1 Batnanas pineapple fruit
scen
14 137.21425.41a  160.04+4.70a 140.73+1.43a 143.27+1.20a
CR T 0 17.70+0.65 a 17.3240.43a  18.0140.22a  15.38+0.23b 140 IR R
Ethyl caproate 7 24974439b  40.72332a  36.58:206a  40.01£0.27a I Apple, Pear fruity scent
14 30.5247.33ab  37.02+1.54a  26.53+0.11b  30.68+2.03 ab
LR 0 6.53+0.20 b 6.78+0.01 a 6.54+0.05b  6.15£0.02 ¢ 15 1 B TR
Hexyl acetate 7 ND 6.5240.46 2 6.69+024a ND 1 Banana, Green apple scent
14 4.03+6.97 b 6.0240.02 a 6.25+0.28a  6.16£0.22a
IK T FH i 0 0.14+0.03 b 0.25+0.03 a 0.23+0.03a  0.12£0.02b 40 S RS K /R S
Methyl 7 0.10£0.04 bc  0.08£0.01c  0.15:0.03ab  0.1740.02a 1 Fruity scent, 3 Holly
salicylate botanical scents
14 0.47+0.43 a 0.37+0.01 a 0.2440.03a  0.1340.01 a
IR CEE 0 0.024+0.02 b 0.05+0.01 a 0.04£0.00ab  0.02£0.00 b 1600 IR eSS
Ethytl t 7 0.07+0.02 ¢ 0.18£0.03ab  0.15£0.03b  0.23£0.02 a 1 Citrus fruity scent
-0octenate
14 0.12+0.05 a 0.1440.00 a 0.11£0.01a  0.14+0.01 a
ER LBE 0 10.20+0.06 a 10.2540.03a  10.03£0.02b  10.04£0.04b 580 1350 g 8 Ak
Ethyl caprylate 5 1042£0.13b  10.5740.03b  10.5740.13b  11.2740.26 1 Apple, Pineapple fruit scent
14 10484021 ab  10.61£0.07a  10.3240.05b  10.48+0.07 ab
A 0 33.28+6.84a  34.68+1.90a  31.98+1.63a 33.25+047a 10 1 FRAR AR, 2 FE A R
A : .
R — L1 7 4125£953a  2826+336b  27.57+2.95b  34.91+1.63 ab I Citrus fruity scent, 2 Floral
Diethyl phthalate scents
14 36.98+12.89a  28.06+1.66a  38.2242.92a 29.76+1.31a
TR H g 0 31.05£5.08b  30.06£1.48b  25.72+1.23b  46.66+1.07 a 5 L3R H R
Methyl butyrate 5 4553+13.83b  84.89+6.80a 91.47+281a 98.59+2.19a 1 Apple, Banana fruity scent
14 83.49+16.19a 97.13+1.17a  87.16+1.84a 83.80+5.02a
LR T T 0 0.75+0.07 a 0.71+0.03 a 0.56+0.02b  0.56+0.04b 500 1 3R BT A
Butylacetate 7 0.98+0.85 a 130£0.05a  1.48:0.09a  127+0.07a 1 Apple, Peach fruity scent

T R ND SR AR s RO G E A B s AR . A FVNG SRR A B AR B3 2 R (p<0.05). T

e

Note: In the table, “ND” indicates that compound not detected; indicates that the compound content meets or exceeds its aroma threshold. Dif-

ferent small letters indicate significant difference between the treatments (p<<0.05). The same below.
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g pORIF CARCEE R ik &4 e
il ey ] Compound content under different cinnamic acid treatments/ B B IR 4y g0
Type Compound Storage (pg-LD Thre?sh?ld/ Fragrance description
time/d 0 mmol-L" 1 mmol-L" S mmol-L"* 10 mmol-L" (hg LD
14 2.06£0.25 a 1.74+0.05 b 1.66£0.09b  2.16+0.09 a
* LR 0 4.59+0.00 ¢ 4.600.00 b 4.60+0.02a  4.58+0.00 ¢ 1 I PR
Methyl caproate 5 461£0.01b  4.64+0.02a  4.63:0.0la  4.64+0.01a 1 Apple, Pear fruit scent
14 4.61£0.01 a 4.62+0.01 a 461£0.00a  4.62+0.00 a
[l ES ISR 0.90+0.49 ¢ 2.03+0.87 b 1.36£0.08 bc  4.01+024a 86 1SRRI, 3 YA R
Aldehydes N-valeraldehyde 3.1841.66 a 0.67+0.12 b 0.60£0.07 b 1.494£0.36 b 1 Gregn apple fruity scent, 3
Botanical scents
14 1.39+1.31 a 1.55+0.06 a 1.55+0.11a  1.70£0.15a
*1E i 45.17£777a  37.65+449a  42.14+1.12a  21.48+0.32Db 45 RRGINEESRUS
N-hexanal 96.0242024a  95.1146.04a  94.74:0.67a 107.34:3.86a 5 Grease fragrance
14 73.43429.86b  96.05+0.31 ab 105.41+2.55a  94.44+0.78 ab
*R A-2-CUFEE 0 52.53+5.85ab  46.20+4.32bc  54.39+2.03a  43.13£0.77 ¢ 17 4B ALk
Trans-2-hexenal 5 278.03£49.80a 272.50+14.03a 288.28+0.72a 247.22+1.70a ;‘C;pfig;oliitter almond chem-
14 234.48+126.39 a 300.28+1.28 a  322.58+16.03 a 248.83+5.00 a
TR 0 0.13+0.03 ¢ 0.21+0.05 b 0.32+0.01a  0.12£0.02 ¢ 15 1 25 FHRAR, 2 BUORTE & %R
Nonanal 7 0.1740.01ab  0.16+£0.06ab  0.24+0.05a  0.12+0.02 b 1 Plum scent, 2 Rose scents
14 0.11+0.05 ¢ 0.18+0.02 b 0.15£0.01 b 0.25+0.01 a
BRI 2RO 0 0.43£0.09 b 0.73£0.03 a 0.66£0.03a  0.70£0.06a 140 2 B g AR AR
jiﬁﬁjgic 2-Phenylethanol 5 0.46£0.18b  036:0.03b  031%0.02b  1.1040.11a 2 Roses, Lemon balm scent
compounds 14 0514024 ab  0.58+0.01 a 0.30£0.01b  0.69+0.02 a
T 0.06+0.01 b 0.05+0.00 b 0.13£0.01a  0.13£0.03a 60 ARGk
Phenylethytene 7 0.0840.01 ¢ 0.1120.01 b 0.13£0.01 b 0.1640.02 a 4 Rubber chemical smell
14 0.08+0.01 b 0.08+0.00 b 0.12£0.01a  0.13+0.02a
IR 0 7.37+0.05 a 7.38+0.03 a 7.42£0.01a  7.42£0.01 a 3 SHEREAAZ IR E IR, 440 2k
Benzaldehyde 5 74240032 73440.01b  7.37+0.03ab  7.38+0.04 ab 5 Toasted almond fat fla-
vors, 4 Chemical flavors
14 73140.04ab  7.30£0.02 b 7.33£0.00 ab  7.36+0.02 a
*K 0 37.99+1.26bc  43.69+1.96a  35.85t1.46c  40.65:1.75ab 4 2 W E LA IR
Hyacinthin 7 45.94+3.18b  44.12+336b  60.48+0.52a  38.16+4.26 2 Lemon balm scent
14 4343+11.86a 51.88+131a  52.7742.94a 49.42+230a
[EES 1-CWiE 0 116.15+40.97 ab  91.46+8.33 bc 138.02£0.19a  67.20£0.23 ¢ 8000 3THHAEMIER, | ER AL
Alcohols  1-Hexanol 7 111.14456.97 ab 139.99428.35a 73.1046.23b  53.86:0.65 b ?ﬁ:ﬁiﬁf‘am scent, 1 Apple
14 146.89+51.03b  86.04+1.76 ¢ 258.90+1321a 92.51+3.89 ¢
*1- 3 M3 0 7.87+0.09 a 7.76+0.02 b 7.73£0.01b  7.77£0.01 b 1 PRIZUN
1-Octen-3-ol 5 7.83+0.10a  7.77:0.01a  7.76£0.02a  7.86:0.01a 2 Floral scent
14 7.80+0.07 a 7.77+0.01 a 7.82£0.01a  7.83+0.02a
2-Z 3O 0 0.29+0.02 b 0.404£0.03 a 0.38+0.01a  0.29+0.02b 5000 1SR, 26 AR, 5 IR &k
2-Ethylhexanol 5 03040.04b  035£0.02ab  032+0.01b  0.39+0.02a 1 Fruity scent, 2 Floral
scents, 5 Fatty scent
14 0.220.00 ¢ 0.28+0.01 a 0.22£0.01¢  0.24+0.01 b
[ e 83.43+£0.12¢c  84.15+0.16b  84.38+0.20ab 84.67£0.22a 20 LR R A, 3 A ik
%ﬁjﬂs Geraniol 83.16:0.18a  8329+0.18a  83.22:0.08a 833140374 Ilnﬁgft‘)‘:t‘mfl‘l“::l scent 3 Gera-
14 84.30+1.66a  83.2240.01a  83.16+0.15a  83.39+0.11 a
iR 0 22.66£0.00b  22.66+0.01a  22.66£0.01a  22.65+0.00 ¢ 5 1R TR SR A Ik
Limonene 7 22.65:001b  22.65:0.00b  22.65:0.00b  22.67+0.00 a 1 Citrus, Lemon fruit scent
14 22.65+0.01a  22.65£0.00a  22.65+0.00a  22.65+0.00 a
LEES 2-T-fif 0 3.28+0.00bc  3.2840.01ab  3.29£0.00a  3.27+0.00 ¢ 5 1R AR, 3 S &
Ketones  2-Nonanone 32840.00ab  327+0.00c  327£0.00bc  3.29+0.01a L]%L .
emon fruit scent, 3 Green
14 3.27+0.01 b 3.28+0.00 a 3.28+0.00a  3.29+0.00a plant scents
#2 -3 0 4.96+0.05 a 4.95+0.02 a 4.99+0.01a  4.99+0.00 a 5 3 BAHA) A A
2-Octanone 7 50040062  4.99:0.03a  5.0240.0la  5.0040.03a 3 Grassy plant scent
14 5.07+0.17 a 5.00+0.03 a 5.03+0.03a  4.96+0.01 a




1322 E N I S /4 $ a2
2 CA RIEST 13 F 0AV=1 MBS LAY OVA ERIFN
Table 2 Effects of CA treatments on the OVA values of 13 aroma compounds of OVA value=1
NE AW E
&) RIS T gAI?/gglff:fi};}jﬁnjfoiji?ﬁliﬂéifferent CA treatments D
Compound Storage time/d Sig.
0 mmol-L" 1 mmol-L" 5 mmol-L" 10 mmol -L*
W2 LB 0 1.90+0.18 a 1.80+0.03 a 1.47£0.02 b 1.51£0.14 b 0.01
Ethyl propionate 7 1.67£0.46 b 23140.13 a 264021 a 2.79+0.15 a 0.00
14 2.52+0.63 ab 2.86+0.27 ab 2.24+0.13 b 3.03+0.26 a 0.12
TR 0 2.84+0.33 b 2.75+0.12 b 2.57+0.06 b 4.05£0.15a 0.00
Ethyl butyrate 7 3.93+1.02 b 7.5240.58 a 7.36+0.08 a 7.66+0.35 a 0.00
14 6.86=1.27 a 8.00+0.23 a 7.04£0.07 a 7.16£0.06 a 0.22
R _HIR LN 0 3.33+0.68 a 3.47x0.19 a 3.20£0.16 a 3.33+0.05 a 0.84
Diethyl phthalate 7 4.13+0.95a 2.83£034 b 2.76+030 b 3.49+0.16 ab 0.04
14 3.70£1.29 a 2.81£0.17a 3.82+0.29 a 2.98+0.13 a 0.24
TR H e 0 6.21£1.02 b 6.0120.30 b 5.14£0.25 b 9.33+0.21 a 0.00
Methyl butyrate 7 9.11£2.77b 16.98+1.36 a 18.29+0.56 a 19.72+0.44 a 0.00
14 16.70+3.24 a 19.43£0.23 a 17.43£0.37 a 16.76+1.00 a 0.25
ORI 0 4.59+0.00 ¢ 4.60+0.00 b 4.60+0.02 a 4.58+0.00 ¢ 0.00
Methyl caproate 7 4.61+0.01 b 4.64+0.02 a 4.63+0.01 a 4.64+0.01 a 0.03
14 4.61+0.01 a 4.62+0.01 a 4.612£0.00 a 4.62+0.00 a 0.24
g 0 10.04+1.73 a 8.37+1.00 a 9.37£0.25 a 4.77£0.07 b 0.00
N-hexanal 7 21.3444.50 a 21.14+1.34 a 21.0540.15 a 23.85+0.86 a 0.46
14 16.32+6.64 b 21.35£0.07 ab 23.4240.57 a 20.99+0.17 ab 0.14
R -2- O 0 3.09+0.34 ab 2.72+0.25 be 3.20£0.12 a 2.54+0.05 ¢ 0.02
Trans-2-hexenal 7 16.35£2.93 a 16.03+0.83 a 16.96+0.04 a 14.54+0.10 a 0.32
14 13.79+7.43 a 17.66=0.08 a 18.98+0.94 a 14.64+0.29 a 0.34
IR HIE 0 2.46+0.02 a 2.46+0.01 a 2.47+0.00 a 2.47+0.00 a 0.23
Benzaldehyde 7 2.47+0.01 a 2.45£0.00 b 2.46+0.01 ab 2.46+0.01 ab 0.06
14 2.44+0.01 ab 2.43+0.01 b 2.44+0.00 ab 2.45+0.01 a 0.09
F 0 9.50+0.32 be 10.92+0.49 a 8.96£0.37 ¢ 10.16+0.44 ab 0.00
Hyacinthin 7 11.49:0.80 b 11.030.84 b 15.1240.13 a 9.54+1.06 ¢ 0.00
14 10.86+2.96 a 12.97+0.33 a 13.19+0.74 a 12.36+0.57 a 0.32
1-2F 453 0 7.87+0.09 a 7.76£0.02 b 7.730.01 b 7.7740.01 b 0.03
1-Octen-3-o0l 7 7.830.10 2 7.77+0.01 a 7.76+0.02 a 7.86+0.01 a 0.16
14 7.80+0.07 a 7.77£0.01 a 7.82+0.01 a 7.83£0.02 a 0.23
7 0 4.17£0.01 ¢ 42140.01 b 4.2240.01 ab 4.23+0.01 a 0.00
Geraniol 7 4.16+0.01 a 4.16+0.01 a 4.16+0.00 a 4.17+0.02 2 0.86
14 4.21+0.08 a 4.16+0.00 a 4.16+0.01 a 4.17£0.01 a 0.37
Frisid 0 4.53+0.01 b 4.53+0.02 a 4.53£0.02 a 4.530.00 ¢ 0.00
Limonene 7 4.53+0.00 b 4.53+0.00 b 4.53+0.00 b 4.53+0.01 a 0.00
14 4.53+0.00 a 4.53£0.00 a 4.53£0.00 a 4.5320.00 a 0.09
2- 0 0.99+0.01 a 0.99+0.00 a 1.00£0.00 a 1.00+0.00 a 0.26
2-Qctanone 7 1.00+0.01 a 1.00+0.01 a 1.00£0.00 a 1.00+0.01 a 0.66
14 1.01+0.03 a 1.00£0.01 a 1.01£0.01 a 0.99+0.00 a 0.46
AP A 22 2, HoA RS  BAE 10 mmol - L AL B o R AL P R 22 5 2, Horh 5 mmol - L Ab B

.
B 55 =,

Z TR 46.84%, 75 HFIRALE Y& &

7 S

5 mmol - L' A PRI % 5, £E 10 mmol - L AL BRI 511K,

CEWENE R R EER Rk
Kb B 5, 76 10 mmol - L b BB £ 1K .

48/ 1 mmol-L"

14 d B,

EES
74

A, BT 72.31%.
CAKCF 5 , fEI 5 A A 5 162
Bﬂz;cﬁ’]ﬂ% By, B SR AR REE EAE T
PR AR B . BEISE B 7E 10 mmol - L' AL T 1)

SR 2R 2 ] 4 o
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Different small letters indicate significant difference between treatments (p<<0.05). The same below.

&1

CA LEMARXRBUE

SENFM

Fig. 1 Effects of cinnamic acid treatments on the contents of different types of compounds

A BN, TR 2 AR A B 52 10 mmol - L Ab 3
SRR E . HEEUE S =0 dA 7 d
I AL 3 ) 25 B (B AR A Wesh . RS E
TE BT g e ) A b A B (R 4 7 AE B 2 22 57, TR
HIHAFN 5 3 5 mmol - L Kb HE T 25 5 f i » 23K P 3
i 1 mmol - L' AP R & E i m , (B @ik A A
BEIHIRCR . wE R G EIE B AT
1 #1110 mmol - L™ Ab 38 W5 3 = T X B8, Bl 25 5 A6 BT
AR AR R, HER & SRR, 25 b, TE
I, CA b FEX TS 2 (I S L TSI s 0 N O 2 ik
TG B A S R, (L ) o T e P [ S K T

23 CARESATRABESUEVESEMHEXM
ST
o FEAN TSI ) C A Ab B 5 R [ S AL Ak
B E BT (E2) . 0di,CA LS
BEAGERERENMX, SEGERAEEENEE T
R SR SRS EERE X, SRS
HENREEMMEGBRTEESRRTEEMEE
IEARSG, A &R SRS =R EE A
Ko 7AW, CARFE SRS & R EEIEMAHX, 5B
REEETEFENMK. 14d, CA LI S5REE
VEEMAEARRE, BRSESWIREENAEME
EWBEIMGBRETES S ERULAY G =
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Store for 0 day Fﬂﬁiﬁ&ﬂ}i PIEERR A5 0.47 -0.65 -0.030 -0.40 082 043
Cinnamie acid treatment |cmeriesi reamex
0.8
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BB 03
Aromatic compounds
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Store for 7 days WAERR AL T PR AL TR 0.66 -0:19 0417 -0.70 022 0.25 0.4
Cinnamie acid treatment |~ -
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754 Esters M -0.37 -0.018 -0.48 -0.75 051
s m% 0.86 0.48 0.052 -0.71
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T E ) / BEgkan 022 031 066
Aromatic compounds Avemaio compard
£ Alcohols ‘ ' ii 0.15 0.043
7 IS0 A5 ) Terpenes \ . ﬁﬂfit%% 017
fii 2 Ketones ‘ ' ‘ \ Zi
S
‘“j%& @é@‘ 6@,&6 %Q {ni&’ aé% epef-’ o
\ s A o
R & e T
@@% -
C\'ﬂ&% P;g@

#p<0.05,** p=<0.01.
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Fig. 2 Correlation analysis of cinnamic acid treatments with different types of compounds
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BT 588« AN [ R DA Ak T 0 15 0 ] ] G L 0 31 1) SR S 4 RO R i 1325

FAFREEE D, KIREEH A RER AR
R IR IR A DR AL 22 . FEIO d I, R aE
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Fat scent 30
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B
g &k Sy iU
Fat scent 30 Floral
6
ALY 25 - .
b2k LELVLS
Chemical taste Botanical seent
A&k
Fruity
C 509,

JisEAUN

Fat scent 3

X JE Ak
Floral
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(RIS
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2
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Chemical taste
A 0 ds BT 7 ds C. P 14 de
A. Store for 0 day; B. Store for 7 days; C. Store for 14 days.
3 A[E CA ABHBESEEE S
Fig.3 Aroma profile analysis of different cinnamic

acid treatments

PRI AR > 10 AR > Jlg A ok > HE )k > 5
. B OAV £ 10 mmol - L 4b i K (HL CK &
13.65%) , 1£ 7 %k OAV 7E 1 mmol - L' 4b ¥ 7 Kk (H
CK 1 7.09%) s .= R FIE 75 R OAV 7E 10 mmol - L
AL F /N (o3 1) EE CK K 9.65%41.86%) » 7 d B, S,
IR 588 P R I N SR R > I B ok > A A ok > L 5k >
Y. AR OAV 7E 10 mmol - L 4b# i K (b
CK 71 44.73%) : 1£ & OAV 7E 5 mmol - L &b B i K
(Et CK 151 9.40%) , 10 mmol - L™ &b BE % /)N (B CK A
10.85%) ; 1k 2k OAV 7£ 5 mmol - L™ 2 K (kb CK
3.12%) , 10 mmol - L™ &b 3 £ /N (EE CK AR 9.68%) 5 fii3
7 Tk OAV #£ 10 mmol - L' 4b ¥ % K (L CK &
10.56%) . 14 di} (& 0 mmol- L), S WR3RFE KL N
RAER> BB > EHF R > FR >k, R
Ik OAV 7£ 1 mmol - L 4b 3 % K (L CK 51 8.65%) s 46
7k OAV 7E 5 mmol - L' 4P f K (b CK 51 11.07%) 5
b 2R A A R OAV 7E 5 mmol - L Ab B £ K (43 1)
b CK 155 31.99%.37.88%) « SMAT & , B & i i
() AE K , 8] 2 A B ) I A R AL 2 R A %, 15
BB T, CA LB T] 1Y 5B (1 SR vk
2.5 J@t topsis N

J5L TOPSIS J7 % 2& — M i & 1 L2 A TOP-
SIS (technique for order preference by similarity to
ideal solution, ¥%1/T PR AR R HE 7 v 1) 22 g P e 5 40
W79, XM 5 Y B 05 45 6 25 FE AR A 1) % WL E LM
FVEAN X G AE X A7 B, AT $2 ik — AN B Dy A T A
B R SCRF T H .

X T K S A S Ak T N AT 38 A ) B
F & PR B JEAEWFEE R, K IEYIR T RE =
WA AR, AL R o i PPN R S T, ks &
BT LB, R 3 AR A ) RS AL ) OVA
{H AT AL TOPSIS ¥4, W13 3 7, 10 mmol - L
CA ML HEHEA 88—, F k2 1 f1S mmol - L' CA 4b#E,

%3 TOPSIS iFMItELER
Table 3 TOPSIS evaluation calculations

IEHEAR A Gt FRAE R i
PEES D FHES D- ; Hepr 2
c(CA)/ o - rEEC
.y Positive ideal Negative . Sort there-
(mmol-L") . . . Relative
solution ideal solution roximity C sults
distance D distance D- p y
0 0.224 0.113 0.336 4
1 0.181 0.164 0.474 2
5 0.226 0.136 0.374 3
10 0.150 0.213 0.587 1
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ZHI 4P AL FE S, 10 mmol - L' CA A FRRR b
30w o’

A5 45 SRR B, B A SR SR R
32 M SALE Y (B 17 Fh 25 4 ML 55 B Ak,
G AR BESR 3Bl AR 2R 2 Fh BRI 2K 2 A, X E
PEE B A5 kAT 7 200, 85 SR o, B & 2R
SEAAH 13 R0 A R TR X s A 11 R
FEMNEY (BG5S Fh B 2 Fh s s 2 2 i 05 &
BALE D 1 Tl EEZR 1 Rl 52 CA AL FR AL AF (E B
725 CA RO 32 BRI AR AR 22 77 X I
RELFSFRIBE R WK T FIRLED
ML . 2450 7R W, Bl A gk i 8] 1)
JE A AN [R] Ak 2 2H 7 25 SR S SR SRR N B
2 ETHE TGS, SRR ER
FHIE . HEAR, SOAE 9 L i) S S R 6 741, Bt 5 Ak
B[] PR 2E K, ] T R SR T S BT T B
Ko EB G INCY, AT R CA A BN,
52 M, JUHSZ 10 mmol - L Ab ¥ 58 KRS B2 (R 45
T B A R 2 A& BT

U 45 1) 2 SV o B B AR W M4
KRBT BR AT : R 7 BRAR S L 2 ZE R A e =
WA LA S DR AR e TR AR & 1%
wh i R TR B AL R B D B NN oy TR &
MhAHEE A PG IS — RAIEIE SR, IX Le /NGy
THACH Z FEEIS E R 2R S ™ 18
RAAERAWHEES, AR RN AR 2R
PriEE EEA G EANEE IR R A
RS H5E5 W HFIRED . 5 IR
AT, A R R (MVA) IR 12 A B R FH 52
% (MEV) &2, 2k B G D& I CH . X
AN LA AR T, A2 B IPP (5 4 4 1 82 )
DMAPP ( — F 475 T SE R B ) , X AL & 4 2
PR SR 0 () B AR BT, RS N AR
BREAMAEEY I EER T EEEA O, B2
TSR AT . AR bl E R
R, AT LA — RS AT, BN B- K
i BB AE B AN 7 I BE 00, CA Ry — i 9% 2 1 (1)
MR AN, EEAEE D R N RS E %,
T 2R A B A U A 1) 22 Pl A AR P2 ) 2 & S
JBR B BT AR P, AR AR B i CA Kb R AT DL RS
OAV=1 [1) 5 PR SE (2 M 2 (2 Bl ) 28 L 1 Fh 5

FRALAEY O FEE L 1RSSR S &, £
B CA T B 38 5 M 1 457 1 R I R AT R R AR
T AU AR RS b AR, A E 4%
S S A e LA RS i 3% A & 12 1 B
I il U SRR EEe 2 1

ARG P R B A C A AR 34 i 1 e 4 P RS
Yo ), RS 3 T CK. U EE 7 d
B, CAR B # P R GV & BB E & T X
HRZH , HLIE CA MR EE I3 0, TN IR £ e e 75 4 Lk
B B ARk 34, T R T 07 R AR i A% B I R i B
i (AMAT) Z 5 7 sl SRS IR BRI & ™. Itk
AhIER N fE I, AR -4- 720G (C4HD Re 5 %
CA XL IR 0 B IR, 1X — 0 RN 5 2R i iR 2R AN
I SIS 2 O M, ARG CA A B TE I )
WIS TRE YIRS . 4-F SR AR
B (4CL) &R NIRIBF I B — A, B & 2
P R0 L Ath 5 2 R B S R R B TR AT AR 5 i g
AT A LIRS , 1 e S 0 2 2R T e AR TS A2 11
K E] PR

X CA M HE 5 A [R5 AL G0 J7 22 A Al
FHRPE T (R 45 R B, TR0 d B, =9 BE CA &b
B DO EE AN AN SN A ey I AL /A ]
LR EKE, CARI SRR MAEY & EREEE M
XK, SHIE R A S B R B EA S W 7 di,
CA Ab H 5% 196 8 FNRE 2 1) s i is . 35 7K °F, CA db 2
HEA A EEERFIEHS, SEXSEER
A IR 14 d B, A BSR40 A ) b B A) 22 7
Z, CAREE 5N BUEWZ RIS A R,
X 3R A R P ) CA AR 3 AT DU vy A SR S 1 e
KRR EY & &, BRIRE R AR R &Y &
p O Nt A T T S i W= s e S B T S e
KL TOPSIS V7 45 R &7 , 4 F AL 3 rF , 10 mmol - L'
CA bR B i, v] DU AR i 8 4 () SR A ik 4k
B R AN i 7 W

4 4

SKHT 10 d Wit CA, A3 5 (1) B 06 2 S0 S
F BB SRS IR A R, A PR
Fig AL B W () 5 B, L8 7 SR A R 8 2 R R A vk
SEIDARAR , [ o BAR 1 A0t PR A 2k, 30 2 T i 25
RSz R A EEEH . Wi A4 1EY, 10 mmol - L
CA Kb FE AR S A 5 L 2% 70 65 63 7 260 A 26 77 vp B2 A
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