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! Adsorption isotherm
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! Adsorption equilibrium 2 Adsorbent
* Langmuir and Freundlich equations

¥ Adsorption isotherm

® Langmuir isotherm ® Freundlich isotherm
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Table 1- Variables affecting yeast enrichment with zinc

Number Variable Code Unit LowLevel(~) High Level(+)
X1 Yeast concentration A g/L 0.16 0.32
X2 Iron B g 2 3
X3 Vitamin B1 C mg 0 5
X4 KH2PO4 D g/mL 0 0.2
X5 Addition time E min 0 +
X6 pH F - 0 -1
X7 Enrichment time G min 30 60
X8 Temperature H °C 0-5 10-15
X9 Sugar | g 0 25
X10 Type of water used J Deionized water city water
X11 Stirring speed K rpm 200 400

* Response Surface Methodology
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Table 2 - Plaquette-Berman design with 12 runs for yeast enrichment with zinc

Variable

RUN A B C D E F G H I J K

1 + + - - -+ + + - +

2 + + + - - - + + + -

3 + + - + - - - + + +

4 + - + + - + - - - + +

5 + + + + -+ - - - +

6 + + + - + + - + - - -

7 + + + - + o+ - + - -

8 + + + -+ + - + -

9 - - + + + - + + - +

10 + - - + + o+ - + + -

11 - + - - + o+ + - + +

12 - - - - - - - -
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Figure 1 — Comparison of mean zinc response to yeast (mg/g) in experimental treatments
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Table 3 - Experimental design using RSM for zinc with 17 experiments and 5 replications at the central point

Test Standard Deviation 'I_'ime KH,PO, Sugar ~ Response
Std Minutes gr/l gr Zinc/Yeast(mg/qg)
1 7 30 0.10 25 7.739
2 11 45 0 25 10.067
3 15 45 0.10 12,5 9.849
4 17 45 0.10 12,5 9.849
5 5 30 0.10 0 10.198
6 2 60 0 12,5 8.618
7 4 60 0.20 12,5 9.671
8 6 60 0.10 0 11.682
9 1 30 0 12,5 7.749
10 16 45 0.10 12,5 9.849
11 12 45 0.12 25 7.737
12 14 45 0.10 12,5 9.849
13 9 45 0 0 8.569
14 8 60 0.10 25 9.467
15 3 30 0.20 12,5 7.501
16 13 45 0.10 12,5 9.849
17 10 45 0.20 0 10.936
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Table 4 - Interactions and main effects affecting the production of zinc-enriched yeast
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A-Time Main effect Important
B-KH,PO, Main effect Unimportant
C-Sugar Main effect Important
AB Interaction effect Unimportant
AC Interaction effect Unimportant
BC Interaction effect Important
A? Quadratic effect (square term) Important
B? Quadratic effect (square term) Unimportant
c? Quadratic effect (square term) Important
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Figure 2 — 3D plots for the effects of varying sugar on KH,PO, concentration and time
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Table 5- Proposed optimal points

Factor Name Level Low Level HighLevel Standard Deviation Coding

A Time (minutes)  59.15 30 60 0 Actual

B KH2PO4 (g/mL)  0.13 0 0.20 0 Actual

C Sugar (grams) 0.11 0 25 0 Actual

B (St (et (89 JlAke —T Jgu
Table 6 - Predicted zinc content
Response Prediction Lower 95% CI  Upper 95% CI  Lower 95% Pl  Upper 95% PI
Zinc/Yeast(mg/g) 11.7216 10.90 12.55 10.44 13.00

Sliseo adgl gacdale (3 Zn(ll) Cds pmdlio g Bids Cud b -V Joan
Table 7- Removal capacity and adsorption values of Zn (1) at different initial concentrations

Initial

Equilibrium concentration of

Adsorbed Zn (1) Percentage of removal

RUN concentration e
Zn2+ (g/L) Ci Zn2+ (g/L) Ce (mg/g) ge efficiency
A 18.10 11.26 13.60 37.80
B 13.40 8.29 10.90 38.10
Cc 7.90 4.82 7.90 38.50
D 4.10 2.50 4.30 39.01
i8
7
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Figure 5 — Relationship between initial zinc concentration and adsorption capacity
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Figure 8 — Langmuir adsorption isotherm of Zn (11) on yeast biomass
yod 0395 Cun 5 (59) ZN(11) 250 Wi 05951 — ¥ SIS

oS 8393 Cuu § (59, ZN(I) o (sodls L grdaigyd g 529050Y Juo Cilllan —A Joi>

~M
Table 8- Matching of Langmuir and Freundlich models with Zn (I1) adsorption data on yeast biomass %’_
Metal ion Isotherm model Parameter Adsorbent &
RI 0.245 3
Langmuir gm 34.11 ©
R2 0.9801 {
Zn (1 Kf 0.7947 :
Freundlich 1/n 0.7608 cf
R2 0.9925 =
~M
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Abstract

Introduction: Zinc deficiency is a prevalent nutritional problem worldwide, and biological
fortification using Saccharomyces cerevisiae yeast represents a promising strategy to improve
zinc intake. The aim of this study was to optimize the zinc enrichment process in yeast by
achieving high zinc-containing biomass with improved process efficiency.

Materials and Methods: Saccharomyces cerevisiae yeast was used along with a zinc salt as
the zinc source, sugar as the carbon source, and potassium dihydrogen phosphate (KH,PO,)
as the phosphorus source. To enhance zinc uptake and minimize toxic effects, zinc salt was
added after completion of the growth phase. A Plackett—Burman experimental design was
employed to screen the effects of the main variables, and statistical analysis was performed
using Design-Expert software. Subsequently, response surface methodology (RSM) was
applied to determine the optimal process conditions and the appropriate timing of zinc salt
addition.

Results: The results indicated that process time, KH,PO, concentration, and sugar content
had significant effects on zinc enrichment. The optimal conditions were identified as a
process time of 59.15 minutes, a KH,PO, concentration of 0.13 g/mL, and a sugar content of
0.11 g. Post-growth addition of the zinc salt significantly enhanced zinc accumulation in the
yeast biomass.

Conclusion: This study demonstrates that combining statistical optimization approaches with
post-growth zinc salt addition provides a novel and efficient method for the biological
enrichment of yeast with zinc. By reducing metal salt consumption and process duration, this
approach enables the production of zinc-rich biomass without the use of complex chemical
additives and may serve as an innovative strategy for micronutrient biofortification studies.
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