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digestion. Its odor is unpleasant, which decreases children's compliance with taking this traditional medicine. Tradi-
tional processing methods utilize heat processing methods such as stir-frying and vinegar processing to deodorize
the medicine, but this affects the activity of digestive enzymes, so there is a need to find a new method for removing
the fishy odor while retaining the beneficial effect of GGEC. Here we have developed the use of supercritical CO,
low-temperature fluid extraction to eliminate the odor while retaining the medicinal benefits. Headspace-solid-
phase microextraction-gas chromatography-triple quadrupole mass spectrometry (HS-SPME/GC-QQQ-MS/MS)
combined with the gas activity value method was used to determine compositional differences in the product before
and after supercritical CO, extraction and separation. Then, based on the sensory evaluation of volunteers, combined
with the analysis of volatile components, the fishy odor intensity and the types of fishy odorants were compared
between the raw product, stir-fried product, vinegar product and the supercritical CO, extract. Pepsin and amylase
activity were used to compare the differences in the digestive enzyme activities with the four forms of GGEC, and
Fourier transform infrared spectroscopy (FT-IR) was used to compare the differences in the structure. We compared
the content of total amino acids, digestive amino acids and bitter amino acids, and an animal model of delayed gastric
emptying in mice with soybean oil, based on a phenol red indicator, was used to determine differences in the efficacy
of gastric emptying in vivo. The results show that the fishy odor of GGEC powder is significantly reduced after
supercritical extraction, and the substances that contribute the fishy odor are only 12.8% of the raw material. The
results of FT-IR analysis show that the supercritical extract of GGEC is not changed in its material structure compared
with the raw product. The digestive enzyme activity titers showed that amylase and pepsin activity in the raw products
are about 3.9 and 1.4 times higher than those of stir-fried products and vinegar products. The activity titers of amylase
and pepsin in the supercritical CO, extracts are about 2.7 and 1.3 times higher than those of stir-fried products and
vinegar products, and there was no significant difference in the content of digestive-promoting amino acids in the
four types of GGEC. The in vivo validation experiment showed that the average gastric emptying rates of the mice
in the raw product group, the supercritical extract group, the stir-fried product group, and the vinegar product group
were 69%, 59%, 40% and 51%, respectively. Compared with the stir-frying method and the vinegar-simmering
method, the supercritical CO, fluid extraction method retained the gastric emptying effect of GGEC. In general, the
supercritical CO, fluid low-temperature extraction method removes the fishy odor of GGEC as compared with the
traditional stir-frying method and vinegar method, and retains the biologically active components and the effect on
digestion of GGEC.
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Table 2 Results of fishy odor product content and odor activity in Galli Gigerii Endothelium Corneum (GGEC) extracted by supercritical

extract product, raw product, stir-fried product and vinegar product (n = 3)

Mass fraction/ng-g'

Odor activity value (OAV)

Classification No. Name Raw product Supercritical Stir-fried Vinegar Raw  Supercritical ~ Stir-fried Vinegar
extract product  product product  product extract product product product

Aldehyde 1 N-Octanal 62.29+0.76  0.00+£0.00 59.72+1.00 52.00+1.79 0.24 0.00 0.22 0.10

2 (E)-2-Heptene Aldehyde 31.06+1.00  0.00+£0.00 24.60+0.02 2343+1.28 1.14 0.00 0.92 0.45

3 Decanal 1.66 +1.21  0.22+0.01 021+0.01 1.88+0.05 0.63 0.11 0.08 0.36

4 trans-2-Nonanal 2.05+0.01  0.00£0.00 0.63+0.02 0.61+0.01 0.78 0.00 0.24 0.12

5 trans-2-Decenylaldehyde 1.60+0.12  0.00£0.00  0.00+0.00 0.00+0.00 0.60 0.00 0.00 0.00

6 Glutaraldehyde 14.14+£0.01 14.01+£0.32 28.81+0.01 16.07+1.79 0.05 0.07 0.10 0.03

Alcohol 7 Linalool 12.61+£0.49 13.17+£0.78 19.52+0.22 18.00+0.17 0.48 0.69 0.73 0.35
8 2-Methyl isoborneol 0.07 £ 0.01 031+£0.02 0.06+0.01 0.00+0.00 0.23 1.61 0.21 0.00

9 2-Mercaptan 0.65+0.01 036+0.02 0.16£0.09 0.18+0.12 0.25 0.19 0.06 0.04

10 Verbenenol 1.63+0.01  4.07+£0.27 2.54+0.04 1.31+0.05 0.06 0.21 0.10 0.03

Phenol 11 m-Methylphenol 0.17+0.01 0.04+£0.01 0.14£0.01 0.27+0.01 0.62 0.18 0.54 0.50
Heterocycle 12 2-Methoxy-3-isobutylpyrazine ~ 0.08 £0.01 ~ 0.03+0.01  0.02+0.01 0.0l +0.01 4.05 0.97 0.71 0.24

Sulfur 13 Dimethyl trisulfide 3.61£0.09 0.79+0.02 2.84+0.07 5.68+0.18 13.58 4.13 10.60 10.85

Ketone 14 Zhongoctanone 1.08 £ 0.01 1.04 +£0.01 2.77+£0.30 2.88+0.20 0.04 0.06 0.10 0.06

15 2-Heptanone 1.34+0.01  237+0.10 525+0.01 540+0.04 0.05 0.13 0.21 0.11

16 2,3-Butanedione 0.00+0.00 1.80+0.20 2.14+0.01 3.14+247 0 0.09 0.08 3.30
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Figure 1

The results of heat map of raw, stir-fried, vinegar and supercritical extract product in GGEC were evaluated. The bluer the heat

map color is, the lower the odor is, and the redder the color is, the heavier the fishy smell is (n = 12)
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volatile components in GGEC extracted by supercritical extract product, raw products, fried products and vinegar product of GGEC (n = 3)
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Figure 3 OPLS-DA score maps (A, C, E, G) and S-plot maps (B, D, F) of fishy odor products from supercritical extract products, raw

products, fried products and vinegar products of GGEC (n = 3)
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Figure 4 FT-IR spectra of raw product, supercritical extract product, stir-fried and vinegar product of GGEC (n = 3)
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Table 3 Amylase activity titers of raw product, supercritical extract product, stir-fried and vinegar product of GGEC. n =3, x 5. "P <

0.01 vs the raw product

Reaction rate/%

Sample 20 mg mL 12 mgmL" 72 mgml 432 mgml Potency/U-mg’' Fiducial limit/%
Raw product 0.88 +0.02 0.55 +0.00 0.41 +0.01 0.16 +0.01 44.80+£0.70 28.82+£0.36
Supercritical extract product 0.77 £0.01 0.34+0.01 0.22+0.01 0.05 +0.00 29.76 +0.38" 17.02 +0.18
Stir-fried product 0.23 +0.00 0.13 +0.00 0.12 +0.00 0.06 +0.00 1136 £0.15" 12.47+0.13
Vinegar product 0.16+0.01 0.15+0.01 0.08 +0.00 0.06 + 0.06 9.45+0.06" 11.47+0.13

Table 4 Pepsin activity titers of raw product, supercritical extract product, stir-fried and vinegar product of GGEC. n =3, X +s. "P < 0.05,

“P<0.01 vs the raw product

Reaction rate/%

Sample 20 mg L 2 mgmL 72 mgml] 232 mgml Potency/U-mg Fiducial limit/%
Raw product 0.83+0.03 0.69 +0.01 0.52+0.01 0.38 £ 0.00 36.00 + 0.66 7.37+0.28
Supercritical extract product 0.97 +£0.01 0.63 £0.03 0.43 £0.00 0.27 +0.00 31.95+0.38" 4.38 +£0.06
Stir-fried product 0.71 £ 0.02 0.55+0.02 0.40 +0.00 0.25+0.02 25.60 +0.81" 4.60+0.21
Vinegar product 0.94 +0.04 0.6 £0.03 0.29+£0.02 0.22 £ 0.00 27.56+0.56" 3.50+0.09
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Figure 5 Differences in total amino acids, digestive-promoting
amino acids and bitter amino acids in raw product, supercritical

extract product, stir-fried and vinegar product of GGEC (n = 3)
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