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Dissolution of Minerals in Beer Lees with Lactic, Tartaric and Citric Acids
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Beer lees are a waste discharged in a large amount from a beer brewery. In order to convert beer lees to valuables,
we have carried out the investigations for the production of beer lees charcoal, the evaluation of burning characteristics
of the charcoal and the application of the charcoal to water purification. Beer lees contain 4.4% ash and the ash content
of beer lees charcoal is 11.9%. The dissolution phenomena of minerals such as Zn, Fe, Ca, Mg, K, Na etc. from beer
lees, beer lees charcoal and beer lees ash were examined by using lactic, tartaric and citric acid solutions as a solvent.
The organic acids contained in natural plants were used for this purpose, as the dissolved solution may be used for
food additives. These acids are considered to be effective for the dissolution of minerals due to the complex formation
ability. The obtained results were evaluated using the conditional stability constants between minerals such as Zn, Ca

and Mg, and the organic acid.
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Table 1 Structure of leaching agents

(a) Lactic acid (b) Tartaric acid (c) Citric acid
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Fig. 1 Eluted amount of various ions from beer lees with

Imol/dm? lactic acid as a function of time.
Elution temperature: 298 K, Solid-liquid ratio: 5g/50cm?
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Table 2 Eluted amount of various ions with aqua regia, pure water and 1mol/dm? lactic acid

Eluted concentration [mg/dm?]

K Ca Mg P Fe Zn
Beer lees ash / aqua regia 1460 749 5200 13090 1400 303
Beer lees / water 38.6 46.4 138 256 0.37 1.52
Beer lees charcoal / water 2.46 5.07 5.25 17.2 0.15 0.36
Beer lees / lactic acid 43.5 131 196 132 2.19 12.9
Beer lees charcoal / lactic acid 10.0 25.7 335 98.5 5.56 1.90
Beer lees ash / lactic acid 792 187 361 1866 208 51.5
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Fig. 2 Eluted amount of various ions from beer lees with
1mol/dm? lactic acid as a function of time.
Solid-liquid ratio: 5 g/50 cm?, Eluted time: 60 min
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Fig. 3 Eluted amount of various ions from beer lees with

lactic acid solution of various concentrations.
Elution temperature: 298 K, Solid-liquid ratio: 5 g/50
cm?, Eluted time: 60 min
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Fig. 4 Eluted amount of various ions from beer lees with
Imol/dm? lactic acid as a function of beer lees weight.
Elution temperature: 298 K, Eluted time: 60 min
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Fig. 5 Eluted amount of various ions from beer lees char-
coal ash with Imol/dm? lactic acid.
Elution temperature: 298 K, Solid-liquid ratio: 5g/50cm?
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Fig. 6 Eluted amount of various ions from beer lees char-
coal ash with 1mol/dm’ citric acid.
Elution temperature: 298K, Solid-liquid ratio: 5 g/50cm?
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Fig. 7 Eluted amount of various ions from beer lees char-
coal ash with 1mol/dm’ tartaric acid.
Elution temperature: 298 K, Solid-liquid ratio: 5g/50cm?
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H,L2HL +H* K;=10-30 1)

HL-2L*+H* K,=10-*! )

D OREEER Z T, WO pH EWATB O
FREOEASROMGRERD S L, Fig. 8 MELN D, &
WD pH DNEEL T Bt o T, WA O fREERE 358 03
bo WA ERBEA 4 v & OGN L >HL >H,L ©
IETH B 00, BRPCEOMOBNIEIET v &F
L, pH 2NEWEE, WA L G A 4 v ORI %
LW&fFET s,

WAL WL ONDEEA + v L OFEDREEER
1% Table 3 IT/RENTWS9, Lo L, KRFEH AR
DA OB T DT S &, ZhbORMT AR +
v EBRAMNCREISIE AT, WABEGEA A v EDK
IOETFET D IodIie, HBICLEEERIZ T bW &
SREA KV EORIGHRIEL K FHliT 5 2 X TE
W 2O X5 TG, WAMBLS ORI & ORIRIGE
R UG REEEN Y E 25 L, KERF TOWA
ML BEA A v & DOEERDREERIRD Z L BATHRIC
A8,

SEA A v M LT AR LKL TR 5
FEHE & DREEEBIKANTREND,

M>*+L-2ML, KmL=[ML}/[M][L*] (3)
IKYEW T OB DBEINL T & DRISIE A 5 18 L fe St
EEB KD X 5 EHKT S,

K’ML=[ML]/[M>]’[L*]’ (4)
ZIT, MM MO RE A A vIRERE T TR, B

Table 3 Stability constants of metal ion complexes with
tartaric acid
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Fig. 9 Conditional stability constants for tartaric acid-metal
ion complexes
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