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Abstract: Copper-attapulgite (Cu-ATT), zinc-attapulgite (Zn-ATT), and iron-attapulgite clay (Fe-ATT) composites were developed for
artificial aging of Luzhou-flavor liquor. The compositions of metallic elements and microstructural morphology of these composites were
characterized by inductively coupled plasma mass spectroscopy (ICP-MS), X-ray diffraction (XRD), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM). The flavor components and metal content of liquor samples were analyzed using gas
chromatography -flame ionization.detection (GC-FID)-and ICP-M S. The results showed that Cu-ATT and Zn-ATT samples exhibited an increase
in ethy | acetate and.ethyl cgproate content and a decrease in acetic acid and hexanoic acid content compared with the control samples. However,
this is inconsistent with.known changes in the content of acids and esters in naturally -aged liquor. In addition, flavor of these liquor samples was
unpleasant, with a high concentration of metallic elements detected. On the other hand, Fe-ATT liquor sample exhibited decreased content of
ethyl acetate and ethyl caproae, with increased content of acetic acid and hexanoic acid, which is consistent with known changes in the
components of naturally-aged liquor. Furthermore, Fe-ATT liquor samp le exhibited pure flavor, a full and well-balanced body, and a clean taste.
Additionally, the Fe/concentration detected was low and the aging effect was significant. Further investigation is required to ascertain whether
the aging effect of Fe-ATT is associated with introduction of Fe element.

Key words: atapulgite; maturation; Luzhou-flavor liquor; structural characterization
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Table 1 Elemental composition of ATT, Cu-ATT, Zn-ATT, and
Fe-ATT
Samples Fewt % Znhvt % Cuwt %

ATT 2.33+054 0.045+0.001  0.010+0.002
Cu-ATT 247034 0.05+0.02 2.26+0.03
Zn-ATT 2.97+033 1.45+0.03 0.02+0.01
Fe-ATT  14.45%0.01 * *
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Table 2 Content of organic acids andesters'in liquor samples

n=3) (mg/L)

i xR ATT Cu-ATT Zn-ATT Fe-ATT
TE 456.50 +£22.22 429.31+2.:28 41124 +459 398.12 +£1245 464.72 20,63
A B 18.21+2.09 24.1448.43 22.56 £1.97 18.59+1.23 15.78 +2.46
TE 244.37+2.43 267.45%3.24 241.36 +5.33 218.47+3.56 238.29+3.45
AR 48.63+7.25 50.23 +14.39 29.10+0.59 24.06 +5.07 55.66 +3.24
TR 492.31 +4.47 488.91 £14.25 452.46 +4.91 389.72 £10.26 533.62£7.2
¥ BR Lg 2.09+134 3.11+1.81 3.78 £2.06 2.88+145 1.42+0.98
LB LB 2005.43+829 2418.15+19.13 2397.12+251.33  2466.12 +212.95 1523.12 +£1822
TERCES 395.66 2045 387.86 £3.91 323.12+10.23 333.14%1213 405.21 +8.41
TR Ll 5337.82 +2%6.13 5578.12 +50.14 5511.31+18.31  5409.12+231.45  4199.13+128.16
FLER T.Bg 1831.45+72.89 1923.45+20.12 1944.13+188 1954.42 £51.45 1455.51 +35.04
222 FAENH S Fe JUR SR ARTI%MEH, W] Fe-ATT FHIfEIRE R

N T IRSE MORHE Il A e, R
ff) Fe. Cu. Zn o ST AT (R 3. HEI T
DUFE H, Cu-ATT YR Cu Jiz & h 5880.27 +
592.57 pg/L, Zn-ATT WiFE Hh Zn £ E53296.70 £30.21
ng/L, T Fe-ATT P Fe & &N 229.38 +17.92
ng/L. #W 5 Cu-ATT, Zn-ATT HLt, Fe-ATT MkHR
fagE, TEERERIEH RN Bl FRE w3
Fe. Cu. Zn JTHRMMREIME. —Bok¥, BIEEE
TR SENE, SfeBAREE. X Em K
B, 240 FEAMEREF Fe S8 367.46 ugl, A

P 3 B R AR 224 1)
%= 3 B Fe. Cu, ZnTTEEE  (Mean * SD,

n=3)

Table 3 Content of Fe, Cu, and Zn elements in liquor samples

= Fe/(ug/L) Cu/(pg/L) Zn/(pg/L)

b 45,08425.16 7.6728.18 9.42+4.68

ATT 52.39435.43 6.6846.79 12.94+44.84
CU-ATT 545441459 5880.27459257  35.77430.04
Zn-ATT  88.214094 6.88+4.80  3296.70230.21
Fe-ATT  229.38+7.92  7.4343.53 13.4046.96
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Table 4 Results of the sensory evaluation of the liquor samples
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