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Effect of Organic Acids Addition to Fermentation on the Brewing
Characteristics of Soju Distilled from Rice

Han-Seok Choi*, Eu-Gene Kim, Ji-Eun Kang, Soo-Hwan Yeo, Seok-Tae Jeong, and Chan-Woo Kim
Fermented Food Science Division, National Academy of Agricultural Science, RDA

Abstract Following supplementation with organic acids (acetic, citric, and lactic acids), the pH of the alcohol mash
changed from 4.2 control to 3.73-3.97 supplemented, the acidity from 5.06 to 8.13-9.98, and the alcohol content from 17.8
to 17.0-17.8%. Protease activity decreased owing to the pH change, and the total nitrogen content decreased by 13.1-36.9%
following organic acid supplementation. Organic acid supplementation did not affect the distillation efficiency; however,
thiobarbituric acid values in the crude distillate (40%) decreased 2.2-3.6 fold following supplementation with citric acid and
lactic acid. The total isobutanol (B), isoamyl alcohol (A), and I-propanol (P) contents in each soju (25%) supplemented
with organic acid were 1,041.47, 979.50, and 961.48 ppm, respectively, which were higher than those in the control soju
(935.27 ppm). The A/P, A/B, and B/P ratios of soju were altered and the acetaldehyde content decreased following

supplementation with the organic acid.
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Fig. 1. Pot distillation unit. a: Condenser; b: Outlet valve; c:
Cooling water inlet; d: Cooling water outlet; e: Swan’s neck; f:
Thermometer; g: Header chamber; h: Mash tank; i: Electric heater
(a-e and g: copper material)
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Table 1. General components of the alcohol mash fermented by supplementation with organic acids

Samples pH Acidity Amino acidity ~ Volatile acid (ppm) Soluble solid (°Brix) Alcohol (%)
Control 4.29+0.33° 5.06+0.28° 2.56+0.05* 66.0+£6.5¢ 13.5£0.4° 17.840.8°
Acetic 3.97+0.22% 9.98+0.62° 2.32+0.03° 124.8+13.7° 14.4+0.6° 17.0+0.9°
Citric 3.74+0.18" 8.73+0.55 2.27+0.05° 98.0+6.2° 13.54£0.6° 17.840.9°
Lactic 3.73+0.19° 8.13+0.44° 2.3440.05 89.6+6.9° 14.3+0.3* 17.6+0.8°

Values represent meanststandard deviations and values with different superscripts in the same column are significantly different at p<0.05.
The control mash was fermented without supplementation. Acetic, citric, or lactic acid was added to the mashes assigned to the supplementation
group on the second day of fermentation to achieve a final concentration of 0.3% (w/v).

Table 2. Organic acid content of the alcohol mash fermented by supplementation with organic acids

Organic acids concentration (mg/100 mL)

Compounds
Control Acetic Citric Lactic

Oxalic n.d.” n.d. n.d.
Citric 11.08+0.14° 8.60+0.14° 298.86+30.78" 7.74+0.09°
Tartaric n.d. n.d. n.d.
Malic 48.52+1.99° 47.47+2.52° 47.30£1.51° 43.01£2.02°
Succinic 80.84+4.28" 79.70+4.30° 85.62+4.28* 83.59+4.10*
Fumaric n.d. n.d. n.d.
Lactic 76.99+5.16" 75.29+3.92° 71.55+3.08" 334.73+39.50°
Formic n.d. n.d. n.d.
Acetic 6.57+0.08" 360.10+40.69* 7.58+0.08" 12.82+0.19°
Total 224.00+11.66° 571.16+51.56* 510.91+£39.74%® 481.89+45.89°

Yn.d. means not detected.

Values represent meanststandard deviations and values with different superscripts in the same row are significantly different at p<0.05.
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Table 3. Nitrogen compound content of the alcohol mash fermented by supplementation with organic acids

Nitrogen compounds concentration (mg/100 mL)

Compounds
Control Acetic Citric Lactic
Alanine 42.92 ( 9.6) 28.73 ( 7.4) 32.40 (11.5) 36.13 (11.7)
Ammonia 2.50( 0.6) 2.81( 0.7) 2.10( 0.7) 223 (0.7)
Anserine 3.86( 0.9) 428 ( 1.1) nd.” 2.00 ( 0.6)
Arginine 54.53 (12.2) 58.53 (15.0) 41.05 (14.5) 43.79 (14.1)
Aspartic acid 20.52 ( 4.6) 16.05 ( 4.1) 8.88( 3.1) 11.71 (3.8)
o-Aminoadioic acid 3.63( 0.8) 3.83( 1.0) 0.41( 0.1 223 ( 0.7)
a~-Aminobutyric acid n.d. n.d. n.d. 1.13( 0.4)
B-Alanine 428 ( 1.0) 274 ( 0.7) 241(0.9) 2.57( 0.8)
B-Aminoisobutyric acid 5.38( 1.2) 7.02( 1.8) 2.96 ( 1.0) 3.77( 1.2)
y-Aminobutyric acid 6.60 ( 1.5) 537( 1.4) 2.23(0.8) 338( L1.1)
Carnosine n.d. n.d. n.d. n.d.
Cystathionine 5.70( 1.3) 4.62( 1.2) 473 ( 1.7) 480 ( 1.5)
Cysteine 9.08 ( 2.0) 6.28 ( 1.6) 7.94( 2.8) 6.95( 2.2)
Ethanolamine 0.29( 0.1) 022 ( 0.1) n.d. 0.19( 0.1)
Glutamic acid 51.34(11.4) 39.79 (10.2) 34.17 (12.1) 30.81( 9.9)
Glycine 17.03 ( 3.8) 11.97 ( 3.1) 11.13( 3.9) 11.51( 3.7)
Histidine 6.89 ( 1.5) 6.78 ( 1.7) 497( 1.8) 493 ( 1.6)
Hydroxylysine n.d. n.d. n.d. n.d.
Hydroxyproline n.d. 0.03 ( 0.0) n.d. n.d.
Isoleucine 1432 ( 3.2) 13.35( 3.4) 7.61( 2.7) 8.85( 2.9)
Leucine 30.13 ( 6.7) 28.58 ( 7.3) 16.56 ( 5.9) 19.06 ( 6.1)
Lysine 27.64 ( 6.2) 29.07 ( 7.5) 18.04 ( 6.4) 21.37( 6.9)
Methionine 8.96 ( 2.0) 8.71(22) 6.32( 2.2) 7.14( 2.3)
1-Methylhistidine n.d. n.d. n.d. n.d.
3-Methylhistidine 0.46 ( 0.1) n.d. n.d. n.d.
Ornithine 948 ( 2.1) 9.74 ( 2.5) 11.72 ( 4.1) 11.77 ( 3.8)
Phenylalanine 2399 ( 5.3) 19.98 ( 5.1) 11.87( 4.2) 13.20 ( 4.3)
Phosphoethanolamine n.d. n.d. n.d. n.d.
Phosphoserine 3.83( 0.9) 3.59( 0.9) 4.06( 14) 379( 1.2)
Proline 28.05( 6.3) 23.88( 6.1) 21.88( 7.7) 22.68 ( 7.3)
Sarcosine 2.92( 0.7) 3.50( 0.9) n.d. n.d.
Serine 16.19 ( 3.6) 9.94 ( 2.5) 496 ( 1.8) 6.01( 1.9)
Taurine n.d. n.d. n.d. n.d.
Threonine 9.37( 2.1) 7.30( 1.9) 3.84( 1.4 4.55( 1.5)
Tyrosine 2122 ( 4.7) 17.67 ( 4.5) 11.70 ( 4.1) 12.85( 4.1)
Typtophan n.d. n.d. n.d. n.d.
Urea n.d. n.d. n.d. n.d.
Valine 17.56 ( 3.9) 15.60 ( 4.0) 9.05( 3.2) 10.58 ( 3.4)
Total 448.65 389.97 282.98 309.97

Yn.d. means not detected.

The numbers in parentheses indicate the percentage distribution of each compound.

718 e
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o] F7F3IATE Acetic acid= I, AHFS, €EE 2EHE 5
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S AQsha A7 =)W %k F 287.77mg/100 mL7F &Gl Hol
UE AOZ AXtso] HubgF tiH] 1.30%9] o]&&S JERS
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Fig. 2. pH-dependent changes in the relative activity of protease
from nuruk

o WA F alcohol R} HHESRA W o) SEBAZ v}
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frEjolrmAke 23het AASGE F7-2(Table 3) &7}
488.65 mg/100 mLo| A wWHH #7142 H7btE ZHE 38997,
282.98, 309.97 mg/100 ML 2 13.1, 369, 30.9% 74&3tict 2
23ghE0] e &3 opn| k] M (Table 1) o]o{Rltt.
<0lo] AASFEL TR ZRHo|2o| o5k Ao v
(protein body-1I, PB-)9] &alle} g Fuk gxe] x7HEse] <
3 F2 AETHER). pH Wslel 93t FFo Z2Hol~ BAHS
=48] 2 A3K(Fig. 2), pH 3.00148 FAo] UL pH Z7}ol
mt BHE7F STt A4S B pH 6.0914 A 249
< YERSY 714 A7) pHSF fFAFSE pH 350041 ¢] =
20| AL 26.0%S] WHE, 272 pHel FAFE pH
450041 9] g2 31.9%C1U. £He] pH A= (Table 1)
zREo]2e] GAdo] AN AisfEe] Tl S v
1 2102 o€t}

+=t8le] fElolv] Ak alanine, arginine, glutamic acid7} 24

2

She Tl 10% (wh) o1d eHrslo] Aol 7HE we o

A8 AL leucine, lysine, phenylalanine, proline, tyrosine
o 4% (wiv) oS A Y FL oheito = ek
o} #7712 H7bell 2184 alanine, arginine, aspartic acid, glutamic
acid, isoleucine, leucine, phenylalanine, serine, threonine, tyrosine,
valine 59 o] riEE Ao AHAT Valine TR

ot

aFo] GRG0 WA= 9 583

o3te] LTS VAL UE iso-butanolZ WHIE T leucineS
L3t gFek IS 7HKAL Y= iso-amyl alcoholZ, threonine
<2 1-propanolZ, phenylalanine 77| &S 7231 Sl= 2-phen-
ethyl alcoholZ HZBFETHES). T3Folm] =22l methionineS & 3}
A % dimethyl sulfide (DMS), dimethyl disulfide (DMDS),
dimethyl trisulfide (DMTS)Z @A (19) TF/FF0l E=3t &F
S F% s 73 5 methyl mercaptan® E 1-5] % 0(8)
SHRF At A=FHE FA Aot Cysteine= F7FHE 5 €
of 9ale] FalFAam ReHEA AF AFH A9EH= &
£3HQ). F714 H7H2] methionine®] S zFz} 8.71, 6.32,
714 mg/100 mLZ &2 &% 8.96 mg/100 mL tHH] 2.8, 294,
203% FAEAL cysteine TS 628, 7.94, 6.95 mg/100 mLS
2 UETF 9.08 mg/100 mL THH] 30.8, 125, 23.4% ZasHE Ao
2 Yehgon ole FEo] ZaE ol oA (Fig. 2)d 23 J&
o2 AzbE,

712 "7F 59 A SHAEEE 40%)0 gk I
S Table 4] YJERAITE pHE 2771 5.08019E wh, &
714 A7HE= ZF2F 3.84, 5.07, 4.65% acetic 2 lactic acid A7}
T2 pH7F WA UERdTh ol tizTe] Aest 0110199 R
o wlgle] 79 AF=rt 3.64, 0.09, 0.14% acetic 2 lactic
acid 7} AMETh wol TR pHYE Rolxl Zo= 34
Ho} AF=ZRE acetic acid FH7-2] FA4F SRS acetic acid A
FHOT 022%2 AAETH Acetic acid®] WIH-S 118-119°CE
100°C o]’dolar it o= FRA Aes TF/F FHF ¢ie
FF 25% olske] BEYHE FUER(8) €8 EA8aL A=
Aol AA olfd ZoZ 7ot &5l T TEH0.36%,
Table 2)] 61%7} SFA E3H ASZ YEIT]

TBA #2 Wl&F7F 749.60, H 7= ZH2b 946.60, 207.93,
335.30% citric & lactic acid A7}l &M 3.6, 228 oA =
Zo 2 IRIFUTE TBA w2 FA19] A= &l o] 85=
Holx| gk, &5 A F el Z70e #eHo] (1), &Fe] A
HH= F2 PREESAHAI] linoleic acid (C18:2), linolenic
acid (C18:3) B ©]9] o|=E] 33 aia FA=E= (1) &
714k Aol <A 7] At B FEgS mI A
o7 FAEY FHAEES RE AYTolM 982-993%F H| W
A=A vebdt

AF0| FUME

d3e FFS 25%2 A 279 W e
KTable 5), methanol 1714 A7HrellARE 14.16-18.28 pp
A2 AEFRoY Ul HEetA] ¥t ¢is FE /AN
AE n-butanol?] FEFS 23.55-36.11 ppmSZ thZT 21.33 ppm
o Hlsle] A% =713}t n-Butanol®] Ao+ threonines} T

Table 4. General components and the rate of distillation of soju distillates fermented by supplementation with organic acids

Samples pH Acidity TBA value” Alcohol (%) Distillation ratio (%)
Control 5.08+0.19* 0.11£0.00° 749.60+92.20° 40.10+4.21° 99.0

Acetic 3.84+0.17° 3.64+0.08* 946.60+147.67° 39.90+3.47° 99.1

Citric 5.07+0.12* 0.09+0.00° 207.93+21.83¢ 40.10+3.73% 99.3

Lactic 4.65+0.14° 0.14+0.00° 335.30+39.23° 40.20+3.38° 98.2

DTBA value: thiobarbituric acid value

Values represent meanststandard deviations and values with different superscripts in the same column are significantly different at p<0.05.

Distillation was carried out in a pot at atmospheric pressure.
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Table 5. Content of volatile components in soju, with adjusted
alcohol content of 25%

Volatile compounds concentration (ppm)

Compounds

Control ~ Acetic Citric Lactic
Methanol n.d.” 14.16° 17.86° 18.28*
n-Butanol 21.13° 36.11° 23.97° 23.55
2-Butanol n.d. n.d. n.d. n.d.
Isobutanol (B) 183.03° 207.24° 187.81°  190.10
Isoamyl alcohol (A) 504.22*  559.62*  531.31* 527.88"
n-Hexanol n.d. n.d. n.d. n.d.
1-Propanol (P) 248.01°  274.62°  26037°  243.50°
Phenylethyl alcohol ~ 72.55®  89.33*  53.92°  54.38"
Ethyl acetate 72.03 92.78" 73.89° 68.20°
Ethyl carproate n.d. n.d. n.d. n.d.
Ethyl caprylate n.d. n.d. n.d. n.d.
Ethyl caprate n.d. n.d. n.d. n.d.
Isoamyl acetate n.d. n.d. n.d. n.d.
Acetaldehyde 567.84° 54479 44425  389.07°
Furfural n.d. n.d. n.d. n.d.
Acetic acid n.d. 1256.00 n.d. n.d.
Butyric acid 88.90° n.d. n.d. 94.46°
Total 1,757.71° 3,074.64" 1,593.37° 1,609.41°
P+B+A 93527 1,041.47 979.50  961.48
A/P 2.03 2.04 2.04 2.17
A/B 2.75 2.70 2.83 2.78
B/P 0.74 0.75 0.72 0.78

Values represent means and values with different superscripts in the
same row are significantly different at p<0.05.

"n.d. means not detected.

The alcohol content was adjusted by addition of distilled water to the
distillate obtained as per the details in Table 4.
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Table 6. Sensory properties of soju, with adjusted alcohol content of 25%

o Sensory attribute Sensory characteristics
oju
/ Flavor Taste Overall acceptability Taste Odor
Control 4.18+1.54° 4.73+£1.49* 4.45+1.29° soju-like pungent

Acetic 5.27+1.68* 4.73£1.10° 4.36+1.03* sweety fruity, pungent
Citric 4.36+1.03° 4.45+1.63" 4.45+1.04° metallic, smooth herb-like

Lactic 4.82+1.47° 4.18+1.60° 4.27+1.35° bitter, smooth black pepper-like

Values represent meanststandard deviations and values with different superscripts in the same column are significantly different at p<0.05.
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