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Control of Food Aroma Profiles Using Antioxidant Synergies and Their
Multifaceted Aroma analysis
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In this study, targeting the aroma degradation by radical oxidation during
food processing and storage, we attempted to inhibit the degradation of food aroma (herb-derived
aroma) by using antioxidants in combination, and confirmed the behavior of aroma profile changes
when antioxidants are used in combination. The combination effect was analyzed by Median effect
analysis. The characteristics of the important aroma of the herbs (lemongrass and rosemary) were
confirmed by ultrahigh-speed GC and sniffing GCMS, as well as PTR-TOF/MS. The degradation behavior
of each aroma component under radical reaction was then clarified, and the inhibitory effects of
antioxidants alone, such as rosmarinic acid and quercetin, were demonstrated. The combined effects
of various antioxidants, with rosmarinic acid, which showed a high degradation inhibitory effect,
and identified combinations that showed synergistic effects. This result would greatly contribute to

the effective use of antioxidants.
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Fig. 1. The GC-MS-O analysis of lemongrass tea: a) total ion chromatogram, b) aroma gram.
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(Table 1),
Table 1. The flavor components of lemongrass tea by GC-MS-O

No. RT RI Area Area (%) Name CASNo. MW  Flavor note Odor intensity

1 239 987 287190270 0.7 B-Myrcene  123-35-3 137.1252 grass, lemon 4
2 2631020 17843153 0.0 D-Limonene 5989-27-5 137.1252 citrus 0
3 30.8 1094 251777506 0.6 Linalool 78-70-6 1551358 sweet, floral 4
4 33.6 1144 61688110 0.2 Citronellal 106-23-0 155.1358 sweet, floral 2
5 39.4 1253 13592179651 334 Neral 106-26-3 153.1201 citrus, orange 3
6 414 1293 17768365751 43.6 Geranial 141-27-5 153.1201 citrus, orange 2
7 45.5 1378 1278316879 31 Geranyl acetate 105-87-3 197.1463 orange 2
8 47.4 1423 8555930 0.0 B-Caryophyllene 87-44-5 205.1878 fruity, spicy 1

0—X< U —7 4 —IZOWVThH, FROIZEBWIRE GC-MS RIEEIT-7-/EH, 1,8-Cineole %
FZC®E LTz 9l EERSr & L CIRE S 7z (Table 2),

Table 2. The flavor components of rosemary tea by GC-MS-O

No. RT PkRI Area Area (%) Name MW  CAS No. Flavornote Odor intensity
1 199 930 165254376 13 (R)-0-Pinene  137.1252 7785-70-8 sweet. spicy 2
2 239 987 63797652 0.5 p-Myrcene 137.1252 123-35-3  grass. lemon 2
3 26.8 1033 2534237185 19.7 1.8-Cineole 155.1358 470-82-6  sweet. spicy 3
4 281 1056 36154338 03 v-Terpinene ~ 137.1252 99-85-4 - 0
5 29.8 1083 37503735 03 Terpinolene  137.1252 586-62-9 0
6 334 1146 395050320 31 d-Camphor 153.1201 464-49-3 grass 2
7 349 1173 514914663 4.0 Borneol 155.1358 507-70-0 grass 2
8 40.9 1287 1914951915 149 Bornyl acetate  197.1463  76-49-3 - 2
9 47.2 1424 19120948 0.1 p-Caryophyllene 205.1878 87-44-5 0
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Fig. 3. The peak top of flavor components of lemongrass tea:
a) mouth, b) nose. Symbols: ; m/z 137.1252 (B-Myrcene,
Limonene), @ ; m/z 153.1201 (Neral, Geranial), B ; m/z
155.1358 (Linalool, Citronellal), A; m/z 197.1463 (Geranyl
acetate).
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Table 3. Inhibition effects of some antioxidants on the deterioration of rosemary aromas

IC,, (umol/mL)*

Aintioxidants 1.8-cineole Linalool y-terpinene B-caryophyllene
Rosmarinic acid xy 1.01%0.19 be y0.71£0.22 de x1.37£0.06 e x1.31£0.01d
Caffeic acid Xy 2.46%0.43 be y 1.65%0.08 cd Xy 2.07£0.29 de x2.51%0.07 ¢
Gallic acid X6.97£1.29 a x7.13%£0.67 a x821%047 a x9.49%042 a
Kaempferol y 1.85£0.51 be y 1.87%0.35 be X 3.78 £0.06 be x3.91£029 b
Quercetin 20.56+0.07 ¢ 20.49%0.07 e x1.32%0.16 e y0.91£0.02d
Myricetin y2.81%0.13 b y2.44%0.05 be Xy 3.23%0.64 ¢ x424%0.15b
Chlorogenic acid y 1.46 £0.20 be y 1.42%0.02 cde X2.78%0.25 cd X2.59%0.09 ¢
Ferulic acid y2.42%0.23 be y2.81£0.28 b x4.39%028 b x4.19%0.12 b

*Mean * SD. The letters a-c show the significant difference among antioxidants, and x-z show the significant difference among flavors (p<0.05).
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Table 4. The combination effects of rosmarinic acid and some antioxidants on the deterioration of
rosemary aroma components (f=0.5).

CT*, Combination effect™*

Antioxidants 1.8-cineole Linalool y-terpinene B-caryophyllene
Caffeic acid X0.98+0.27 a Add X 0.97%0.19 be Add x 1.05+0.15 a Add X 1.00+0.03 a Add
Gallic acid y0.26+0.14 b Syn x0.79%+0.12 ¢ Syn X 0.80+0.03 abc Syn X 0.78+0.05 b Syn
Kaempferol y0.48+0.14 b Syn X 0.86+0.00 ¢ Syn X 0.77%0.13 be Syn x0.79%0.09 b Syn
Quercetin z0.49+0.08 b Syn X 1394025 a Ant y0.7940.10 abc Syn y0.84+0.08 b Syn
Myricetin y0.46+0.20 b Syn X 0.75%+0.07 ¢ Syn X 0.68+0.07 ¢ Syn X 0.66%0.06 ¢ Syn
Chlorogenic acid  x0.91+0.23 a Add x 1.20+0.16 ab Ant X 0.91+0.25 abc Add X 1.04+0.08 a Add
Ferulic acid y0.95+0.01 a Syn X 1.23+0.18 ab Ant y 0.96+0.15 ab Add Xy 1.09+0.06 a Ant

*The letters a-c show the significant difference among antioxidants, and w-z show the significant difference among off-odors (p<0.05).
**Synergy (Syn): mean=+2SD<I, addition (Add): mean+2SD= 1. antagonism (Ant): mean=+2SD>1.

FEEIC, LB 7T ZABFK[IGIEMENT T 2 SR 2 L7ofER, n— X~ ) —&/X %
*pgel U236 U LB 2HRE Shiz(7 — Z 134 W),

—H OO ROMMIEL, ERS o bt Sz (Fig. 4).

Fig. 41X, m—X~V— LELVT T ADOTEFRNS, 8 lIICkTor A~ VEgs
KFEPI LD OOFRAZE (CLE) OfAE2 £ LD TR L b DO ThH D, TORE, ER TR
EIVEF UM PCLEIOLHH (BFKK T T D7 My Lidrm) I RkE B CiE 7
52 EMNRENTZ, PClLEAOHMNIAIE T HI1F E CLEDMEV (FHEEDKEZ ) Z L Z2RT
LOTHY, 8 HRMTIIHT 5L Z R EMNHBI LT, BRT®BEIVEF R X
<~V U E DA DY THNRILAEM THDLI L 2b OO TORBRT LD TH T,

(a)

v
. (b) 3
Caffeic acid y-terpinene
2 2
1.8-cineole
o 1
g Gallic acid % | p-caryophyllene
. .
Citronellal
g + Chlorogenic acid g’ ‘
g Ferulic acid orogenic acld . = Linalool
4 Kaempherol K 4 B-myrcene
Quercetin o Myricetin Geranial
Neral
4 3 2 Bl 0 1 2 3 -4 3 2 - 0 1 2 3
PCl1 : 62.4% peL s 6%

Fig. 4. PCA of the combination effects (CI values) of the antioxidants on the deterioration of
rosemary and lemongrass aroma components (f=0.5). (a) Score plot, (b) loading plot.
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