
INTRODUCTION

Yeast is an unicellular eukaryotic microorganisms with
abundant nutrition, which has been widely used in the food,
beverage, medicine and wine-making industries1. Recently,
zinc-rich yeast is also considered as potential applications to
provide organism with indispensable and zinc micronutrient.
Zinc is an essential element for many processes in the living
organisms. It is one of the most important trace elements in
the body for its biological functions, which is also recognized
as a catalytic component for more than 300 enzymes and as a
structure constituent of many proteins, neuropeptides, hor-
mones, hormone receptors and polynucleotides2. The deficiency
of zinc in an organism can cause serious consequences such as
growth retardation, diarrhea, the decrease of the immunological
defense, eye and skin lesions and other skin diseases3,4. Zinc
is name “wisdom elements” and is of important physiological
function, plays an important role in brain’s growth and functional
maturation. Thus, it is of vital meanings the determination of
zinc in yeast.

At present, the method for determination of trace zinc
has mainly derivative spectrophotometry5,6, atomic absorption
spectrometry7,8, inductively coupled plasma atomic emission
spectrometry9, inductively coupled plasma mass spectro-
metry10. Although these methods have excellent sensitivity,
but these are costly and expensive and can suffer from serious
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matrix interference in routine analysis11. Compared with
classical direct methods, spectrophotometry is most conve-
nient, simple operation and comical to use.

2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-
PADAP) is a sensitive chromospheres reagent and has been
used as an analytical reagent in the spectrophotometric determi-
nation of many metallic ions12-14, in order to avoid the precipi-
tation of the corresponding chelate, such as the addition of
surfactant agent. In this paper, the microwaves digestion to
deal with yeast sample and determines the trace zinc in yeast
by combining with the 5-Br-PADAP spectrophotometric
determination was studied. This method is simple and rapid,
the analysis of which is satisfied and agreed with that provided
by atomic absorption spectrometry.

EXPERIMENTAL

Absorption measurements were performed with a Unicam
UV-510 UV-visible spectrophotometer (Thermo Spectronic,
USA). A TBS-990 atomic absorption spectrophotometer
(Beijing Purkinge General Instrument Co. Ltd., Beijing, China)
was used for determination of zinc. The pH values of the solutions
were measured with a pH meter (Thermo Orion Corporation,
America) supplied with a combined Electrode. A MSD-2002A
Closed-Vessel Microwave-Controlled Pressure System (Shanghai
SINEO Microwave Chemistry Technology Co., Ltd, Shanghai,
P.R. China) was used to digest yeast sample.
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The stock standard solution of 1000 mg/mL Zn (II) was
purchased from the National Research Centre for certified
Reference Materials (Beijing, China). The working standard
solutions were daily prepared by appropriate dilution with
deionized water.

A solution of 5-Br-PADAP (0.25 g L-1) was prepared by
dissolving 0.125 g of the regents in 500 mL of ethanol. The
Emulsifier OP was prepared to 20 % (v/v) water solution. A
pH 8.7 of buffer solution was prepared by dissolving with
27.2 g/L sodium hydrogen-phosphate (m/v) and 38 g/L sodium
tetraborate in 1000 mL of deionized water.

All reagents were of analytical grade. Deionized water
(DW) was used throughout.

General procedure: An aliquot of working standard
solution containing 1-20 µg of Zn (II) was transferred into
25 mL volumetric flask. The pH of this solution was adjusted
to pH 8 with 0.1 mol/L NH3·H2O or HCl solution. Then, 5 mL
of pH 8.7 buffer solution, 2 mL 20 % emulsifier OP buffer
solution, 0.8 mL 0.03 % 5-Br-PADAP solution were added,
respectively. It was allowed to stand for enough time for the
appearance of an orange–red colour. The mixtures were diluted
to the mark with deionized water and shaken thoroughly. The
absorbance was measured at 556 nm against a corresponding
reagent blank in a 1 cm quarter cell by spectrophotometer.
The results of sample analysis were compared with the appro-
priate calibration graphs.

Sample preparation: 0.25 g of yeast sample (precision
0.1 mg) was accurately weighed in a microwave oven vessel,
to which 4 mL of concentrated HNO3 and 2 mL of H2O2 (30 %,
m/m) were added. The mixture was left standing for 0.5 h and
then heated in microwave digestion system according to
program listed in Table-1. Once cool, the obtained solutions
were transferred to a 100 mL volumetric flask and diluted to
the mark with deionized water. Then 5.0 mL of this solution
was analyzed according to the given procedure for 25 mL and
compared with the FAAS method. At the same time, absorption
is measured and blank experiment done.

TABLE-1 
PROGRAM FOR MICROWAVE 

DIGESTION OF YEAST SAMPLES 

 Time (min) Pressure (MPa) Temperature (ºC) 

Step 1 5 0.5 120 
Step 2 2 1.0 200 
Step 3 10 2.5 240 
Step 4 20 0.2 100 

 

RESULTS AND DISCUSSION

Absorption spectra: In the butter solution with pH 8.7,
zinc reacts with 5-Br-PADAP to form a red complex. The
absorption spectra of the complex are shown in Fig. 1. It is
evident that the maximum absorption peak is at 556 nm. In
order to achieve high sensitivity, a wavelength of 556 nm was
chosen for the spectrophotometric measurement of zinc.

Choice of pH: The effect of the pH of 5-Br-PADAP comp-
lexes of zinc has been investigated. The reaction of zinc with
5-Br-PADAP can be carried out in the pH range 8.0-9.2, which
would produces impacts both on the absorption stability of
the complex and selectivity, sensitivity of the reaction. The

0.6

0.5

0.4

0.3

0.2

0.1

0
520 530 540 550 560 570 580

Wavelength (nm)

A
b
s
o
rb

a
n
c
e
 (

A
)

Fig. 1. Absorption spectrum

optimum pH for the formation and fixation of the complex
fell in the range of 8.0-9.0 (Fig. 2). It was found that absorbance
increased with increasing pH value up to 8.8, above which the
maximal absorption of the system remained constant over the
range between 8.0 and 8.8 of the pH value. Outside this range
the absorbance decreased. For all subsequent measurements,
the pH 8.7 was selected.
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Fig. 2. Effect of pH on the absorbance

Effect of the amount of 5-Br-PADAP: The effect of the
5-Br-PADAP on the colour development of the zinc-5-Br-
PADAP complex was examined. With the increasing concen-
tration of 5-Br-PADAP, the absorption of the complex begins
to increase dramatically as shown in Fig. 3. Then, the absorp-
tion is constant and maximal between 0.5-1.0 mL. Therefore,
0.8 mL of 5-Br-PADAP was adopted for further study.

Effect of the amount of emulsifier OP: As the solubili-
zation of zinc-complex, emulsifier OP makes the complex
stable in solution. According to the general procedure, the
amounts of emulsifier OP were changed between 1-5 mL. The
results indicate that the absorption was constant and maximal
in the range of 2-3 mL for 20 % emulsifier OP solution. There-
fore, 2.5 mL of 20 % emulsifier OP was chosen and the complex
can be kept in stabilization for 8 h in the presence of surfactant.

Effect of coexist ions: In order to evaluate the selectivity
of the proposed method, the interference from foreign ions in
the determination of zinc(II) by the method proposed has been
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Fig. 3. Effect of the amount of 5-Br-PADAP on the absorbance

studied with solution containing 5 µg of Zn. Various ions
tolerated limits are measured within the absorption is ± 5 %
relative error: K+, Na+, Ca2+, Mg2+, NH4

+, Cl–, SO4
2-, F–, NO3

–

(2.0 mg); Pb2+(100 µg), Mn2+(100 µg), Cr(VI) (70 µg), Fe3+(50
µg), Cu2+(30 µg), Ni2+ (20 µg), Co2+ (10 µg), Cd2+ (10 µg);
As(III) (200 µg), Al3+ (200 µg), La2+(100 µg). The main compo-
nents in yeast powder are organic compounds and containing
K+, Na+, Ca2+ and Mg2+ while others are trace. Based on the
above data, it was found that Cu(II), Co(II), Ni(II) and Cd(II)
interfered severely even present in trace amounts (up to 2-
fold excess). But the interference of Cu(II) can be eliminated
by adding 1 mL of 0.5 % sodium citrate solution as masking
agent. Co(II), Ni(II) and Cd(II) can be avoided by using 1 mL
of 0.5 % sodium thiosulfate.

Microwave digestion condition: Various acid solutions
such as HNO3, HNO3-H2O2, HCl-HNO3 and HNO3-HClO4

were tested to digested yeast sample. It was found that the
HNO3-H2O2 (2:1) system has the best effect of dissolving
sample. A hydrogen peroxide is extremely beneficial to digest
organic compound15, 2.0 mL was added. Both of the pressure
and temperature are most important parameters in the course
of microwave digestion. Therefore, the inside pressure of vessel,
microwave power and digestion time were examined. The yeast
samples were subjected to the following digestion program:
5 min at 0.5 MPa, 2 min at 1.0 MPa, 10 min at 2.5 MPa and
10 min at 0.2 MPa. The result shows that samples were
digested completely with the apparent, without residue.

Analytical data: The calibration graphs were linear for
the concentration ranges 0.05-1.0 µg/mL Zn(II) for the 25 mL
sample system. The calibration curve obtained and the linear
regression equation A = 0.05643C + 0.00957 in the concen-
tration examined. The correlation coefficient r is 0.998 and
complex’s apparent molar absorption coefficient is 1.16 × 105

L mol-1 cm-1.
Sample analysis: The proposed method was successfully

applied to the determination of Zn in Zn-rich yeast samples.
The results obtained by the method were compared statisti-
cally with those of the FAAS method (Table-2). Both Student’s
t test and F value were used to do a significant difference test
for proposed method and FAAS. There was no remarkable

TABLE-2 
RESULTS OF ZINC IN YEAST SAMPLES AFTER  

APPLICATION OF PROPOSED AND FAAS METHOD (n = 5) 

Samplea 
Conc. 
(µg/g) 

RSD 
(%) 

t-Test F-Value 
FAAS 
(µg/g) 

CY1332 189 ± 0.9 1.15 1.07 2.13 189 ± 1.3 
CY1338 290 ± 1.1 1.03 1.21 2.26 287 ± 1.9 
CY1245 253 ± 0.8 0.84 1.16 2.18 252 ± 0.9 
CY1155 312 ± 2.3 0.67 0.91 2.31 309 ± 3.1 
aThose active dry yeast and nutritional yeast were provided by Hubei 
Angel Yeast stock company (China). 
 

difference  between the data obtained from the two methods
(t = 1.03, t < t0.10,9). The proposed method, on the other hand,
can be applied in routine analysis as an alternative to the FAAS
method.

Conclusion

A simple spectrophotometric method was developed for
the determination of zinc in zinc-rich yeast by using 5-Br-
PADAP as colorimetric reagent. The results for this work
demonstrate the possibility of using the 5-Br-PADAP-OP
system for the determination of zinc. The interferences were
eliminated with sodium citrate and thiourea solution agents.
The measurement results are satisfactory and agreed with those
provided by atomic absorption spectrometry. Additionally, the
microwave digestion makes it such a versatile method, being
adequate for yeast biological studies.
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