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Abstract
Introduction: Vinegar is an ancient fermented food consumed by human since Babylons period. It is a condiment

that produced from various carbohydrate sources by alcoholic and subsequently acetic acid fermentation. Alcoholic
fermentation is carried out by Saccharomyces cerevisiae, while the acetic acid fermentation is performed by acetic acid
bacteria. Most of the acetic acid bacterial strains are classified in the Acetobacter genus and derived from vinegar
factories that are able to oxidize ethanol to acetic acid and some strains over oxidize acetic acid into CO, and H,O
(over-oxidation). In acetic acid fermentation, important physical parameters that affect the growth of A.aceti are
temperature, aeration and pH. Other most important factors for enhancing production efficiency of acetic acid are the
nutrients of substrate for increases microbial activity. Considering the significant role of carbon sources and
micronutrients in the fermentation culture to increase the production of acetic acid, in the present study, the effect of
adding ammonium phosphate (0- 0.75 g), potassium sulfate (0- 0.75 g) and Saccharomyces cerevisiae (0- 1.5 g), were
investigated to increase the production of acetic acid using Acetobacter spp.

Materials and methods: Yeast (Saccharomyces cerevisae) was obtained from the Iranian Research Organization
for Science and Technology, Department of Biotechnology in Tehran, Iran with code number 5052. All chemicals were
from Merck Co. Acetic acid production was performed by Acetobacter spp in a fermenter (Biostat B B.Brun) with a
capacity of 10 L which contained 5000 ml of fermentation culture in 9.9 acidity. Mash with a capacity of 3000 ml
containing 450 ml of vinegar with 9.9 acidity, 350 ml of ethanol 97%, 2.1 g of dextrose and the rest up to 3000 ml of
water was produced and 300 ml of it was injected into the fermenter every 4 hours (in 10 steps). After complete
injection, the fermentation operation continued for 9 hours. Agitation speed, aeration rate and temperature in the
fermenter were 900 rpm, 50 L/min and 32°C, respectively. Determination of the best conditions for producing acetic
acid was performed by Response Surface Methodology (RSM) in the form of central composite design. Independent
variables were yeast concentration (0- 1.5 g), concentration of the ammonium phosphate (0- 0.75 g), and the potassium
sulfate concentration (0- 0.75 g). RSM models were developed and optimization was done for the highest acidity,
activity and oxidation value and the lowest residual alcohol content in the product. Optimal and control samples were
examined in terms of qualitative characteristics such as acidity, activity, residual alcohol content, oxidation value, total
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dissolved solids, reducing sugar, total phenol, ascorbic acid, sulfur dioxide and heavy metals. Comparison of the
optimal and control samples was done in a completely randomized design using SAS ver: 9.1 software.

Results and discussion: The results showed that increasing the concentration of yeast and ammonium phosphate
led to increase the initial and final acidity, activity and oxidation value and decrease the amount of residual alcohol. The
effect of increasing potassium sulfate was negative and reduced the initial and final acidity, activity and oxidation value.
However, interaction effects of potassium sulfate concentration with other variables at its intermediate levels on
reducing the amount of residual alcohol in the product was positive. The optimal levels of the studied variables were
determined as 1.5 g of Saccharomyces cerevisiae, 0.75 g of ammonium phosphate and 0.38 g of potassium sulfate. In
control sample (without the independent variables), initial and final acidity, activity and oxidation index were lower and
the residual alcohol content was higher than the standard level. Therefore, the optimal sample was compared with the
control and using industrial activator (Astasome). The optimal sample in terms of initial and final acidity, activity,
residual alcohol content and oxidation value had not a significant difference (p> 0.05) with the control sample
(containing Astasome). Moreover, the optimal and control samples were not significantly difference in ascorbic acid
and reducing sugar (p> 0.05), while the optimal sample in terms of total phenol content, sulfur dioxide and heavy
metals like lead, zinc and copper was superior compared to the control sample (p <0.05). Overall, the results of this
study indicated the positive effect of yeast, ammonium phosphate, and the potassium sulfate at suitable concentration on
qualitative characteristics of acetic acid.

The results revealed that using of appropriate amounts of Saccharomyces cerevisiae, ammonium phosphate and
potassium sulfate in substrate as a source of micronutrients improve quality of acetic acid production by Acetobacter

Spp.
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Table 2- Variance analysis of the effects of yeast level, ammonium phosphate and potassium sulfate concentration on the
qualitative characteristics (initial acidity, final acidity, activity, residual alcohol, oxidation index) of acetic acid

Response
Oxidation index Residual alcohol Activity Final acidity Initial acidity
OgrldanST s oo (S JSUI Colled ELEE adgl !
b b Degr
egre egre f
Total e of Total e of Total esrge Total Degre?‘ Degre
Squares  Freed Squares  Freed Squares  dom Squares d ° Total e of Source of
om om eedom Squares  Freed changes
Eyeme O &
Egoo0 Eyoo Eyooxo a9 Eyo a e @y’ . oo
- 4y - a0 - ; - i ol ] Oy
Slasyo ] Sl o ] Olupe ol Olaye S 8350
] 83150 )
S
*kk Fkk skskok eokok MOdEI
4435391 6 16.26 6 0.01 8 21.88*** 6 19.07 6 Joe
1657315 1 2.40™ 1 0.005™ 1 2.27" 1 1.66™ 1 A
1161027 1 8.46™ 1 0.002" 1 10.92¢+= 1 9.63 1 B
675072.4™" 1 1.13™ 1 0.004¢== 1 2.01#e= 1 1.59%= 1 C
714012.5™" 1 0.69" 1 0001+ 1 0.95% 1 0.85% 1 AB
19*10 1
46512.5™ 1 - 819710 5 - - - - AC
132612.5" 1 1.32" 1  0.0003= 1 1.86%= 1 1.8 === 1 BC
— — — - - _ _ _ _ _ AZ
*10-
— — 2.27*** 1 541 15(35 1 3.93%% 1 3.58«3«% 1 BZ
- - - - 68*%10% 1 E - - - c?
Residual
304829.5 13 0.97 13 0.0001 11 1.18 13 1.09 13 ssile 3
Lack of fit
268946.1™ 8 0.62"™ 1 0.0001"™ 6 0.83™ 8 0.74™ 1 P
oAl
Total
35883.33 5 0.35 5 3.68*10° 5 0.35 5 0.35 5 error
Il
Total
4740220 19 17.23 19 0.01 19 23.06 19 20.16 19 Js

sl 018 (650511 slaguuls ;> dbgiye e (39 il sdimd (L Joda 53 0y bkt
o3 O e ) Iy e AR i o) ) e )3 Iy gime M i (o> o0 ) o ) b pxe OIS s
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The dark lines in the table indicate that the relevant variable has no effect on the measured responses.

***: significant difference at the 0.001%, **: significant difference at the 1% level, *: Significant difference at the 5%.
ns: no significant difference
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Table 3- Coefficients of developed models on the studied parameters

&l Response

Oxidation Residual alcohol Activity Final acidity Initial acidity
index () saile (Bl Js! Collad () led il (%) 4! Alzipes! Coefficient
o o
Ogewlians|
1025.66%+ 1.55%e= 0.05%== 9.78#== 9.63# Po
324,97+ -0.39% 0.02¢+= 0.38e+= 0.32%#= B1
271.90%e= -0.73# 0.01#e= 0.83#+= 0.78#»= B2
-207.33#* 0.27#= -0.02#== -0.36%= -0.23x= B3
237.65% -0.23# 0.01e= 0.27%s= 0.26%== P12
-60.66™ - -0.003¢ - - P13
102.42¢ -0.32#+= 0.005%== 0.38#== 0.38#== B3
_ _ - - - P11
- 0.37#e= -0.002 ™ —0.49#e= -0.47# P22
- - #-0,002 - - Pa3
0.93 0.94 0.98 0.94 0.94 R2
268946.10 0.62 0.0001 0.83 0.74 Lack of Fit

lly Ollgu clale ¥ ‘99,;947 Olawd cdale 1Y oo cdale 1) die 5l (540 1yo0

Amd o i 1y 539 ) gxe pac NS 4 78373 4783 720 Jlanl o )3 (65 me odidd L s oy e s o
0: intercept 1: yeast concentration, 2: ammonium phosphate concentration, 3: potassium sulfate concentration
*, ** *** indicate significance at the probability level of 95%, 99% and 99.9% respectively and ns indicates non-significance.
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Fig. 1. The interaction effect of independent variables on quality characteristics of acetic acid
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Table 4- Prediction accuracy of the response surface models in predicting the quality characteristics of acetic acid

Percentage  Predicted amount Empirical Test
IOl i e valLE o3
LW 20 ke
0.365 1091 10.95 Initial acidity
4l iy s
0.267 11.22 11.25 Final acidity
2l !
10.00 0.11 0.10 Activity
0.00 0.05 0.05 Residual alcohol
suilo AL JSII
7.13 2699.87 2529.00 Oxidation index

JRY Yo KVOVILY VIR




1Fe) LT — o0 oF ojloud M aler oyl ol (10 glvo g pole sloidgs 4w pis ¥V @

@ b gloaiS Jlb S 5 ol digal 5 (mply g p)5 2L g Ay Wiged (S S S g e
5 i) 290 Cunl @y o 3 eolitl &S pgilil bl (g gl anael) (&S byl ol Jiagh
ol o 03,91 O Jgio ;5 Ll guls a5 €85 15 duwlio Wges 93 b ity diges (yamolionST sl ossle 3L JSU) ceolled

s posisel Sliud oS jho e p)S jiuo) Jald diges Jold

Pglims] (Sl diges g WBLS diged b et Aiged dunylile -0 Jgaa
Table 5- Comparison in the optimal sample with the control and the sample containing Astasom

Oxidation index Residual Activity Final acidity  Initial acidity Samples
Y YoV KVOWCA BVORe | alcohol N PY el Al adgl d ! Wdiges
suile SL U
2520+ 9% 0.05+£0.002°  0.1+0.03®®  11.25+0.45® 10.95+ 0.122 Optimum
2630+ 72 0.02+ 0.005°  0.15+0.028  11.28+0.33% 10.82+ 0.24° Sample containing Astasom
P93l (gol> diges
330+ 5°¢ 40+ 0.23? 0+ 0.00° 7.3+ 0.59° 7.3+ 0.67° Control
bl

22l g duge Wiged (A B S g amlio T Jgs
Table 6- Comparison in the qualitative characteristics of the optimal and the control samples

Samples Qualitative parameters
W aiges &S sl
Control Optimum
KEW ke
0.185+ 0.022 0.10+ 0.00P Insoluble solids
(9/200ml) Jolxols sols 3150
4.50+ 0.702 5.00% 0.002 Ascorbic acid
(Mg/1009) Sy 95wl apm
1.95+ 0.07° 6.05+ 0.072 Total phenol
(mg/L) Js Jgid
0.045+ 0.007# 0.05% 0.00?2 Rejuvenation sugar
(9/100g) st w8
8.87+0.28? 6.25+0.21° Sulfur dioxide
(MQ/kg) 2,55 s g
0.0095+ 0.0012  0.0095+ 0.0012 Arsenic
(Mg/kg) Sw,!
0.0095+ 0.001* 0.0075+ 0.004° pb
(Mg/kg) < e
0.87+0.01° 0.45+ 0.07° Zn
(mg/kg) s,
0.50+ 0.00? 0.225+ 0.04° Cu
(Mg/kg) (e
1.16+ 0.022 1.095+ 0.032 Fe
(mg/kg) op»f

(P<O.05) 5515 w2 b Iy gxo ciglas (gylol blod 5l acmglite dg > clyls (clapSile windy yo y
Averages with different letters in rows are different statistically (p<0.05)
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