Quantitative analysis of yeast growth process based on FT-NIR spectroscopy and aquaphotomics
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Introduction: It is of great importance to select the best end point for maximizing the production of yeast
fermentation . Biomass is such an important parameter in fermentation industry which plays a significant guiding
role. At present, many methods, namely cell count technique, plate colony-counting, and weigh, have been
reported to predict the growth process of yeast cells, however,they are tedious and time-consuming [1]. Hence,
it's necessary to find a method to predict the growth process of yeast rapidly and accurately to assure the quality
and consistency of the product process. Near infrared spectroscopy (NIRS) combined with aquaphotomics [2], a
powerful tool for analyzing low concentration [3-5], was introduced in this study to prove the feasibility for
methanol determination.
Methods: Yeast cultivation: First, four 1000 ml volumetric flasks were marked as I, II, III, and Ⅳand then 100
ml sterile BMGY medium and 0.1 ml yeast suspension were loaded into each of the volumetric asks. Finally,
yeast in these volumetric asks was continuously cultured for 96 hours in an incubator with a constant
temperature (30 oC) and roller speed (225 rpm). For each volumetric flasks, sampling was carried out at 25
different time points during the yeast culture. Thus, a total of 100 samples were obtained in 4 groups.
Measurement of the OD value: The changes in biomass were determined by optical density measured at 600 nm
by the spectrophotometer. And three OD values were averaged to obtain a mean value. FT-NIR spectroscopy:
The spectra collection of all samples was accomplished by FT-NIR spectrometer. Transmission spectra were
collected from 10000 to 4000 cm-1 at 30 oC. The mixture was contained in a quartz cuvette cell having a
pathlength of 1.0 mm with a cap on it. And each spectrum was recorded from the average of 32 scans at 8 cm-1
intervals. The spectrum for each sample was consecutively recorded ten times to guarantee stable results for the
subtraction methods. In addition, the solvent samples were measured after each sample. Data processing: (1)
Subtraction: The average of the 10 consecutive culture medium spectra was subtracted by the corresponding
average of the 10 consecutive sample spectra to improve the quality of spectra. (2) Outlier Detection: Principal
Component Analysis (PCA), Monte-Carlo cross-validation (MCCV), Unmodeled Residuals in Spectra. (3)
Calibration and validation set: Samples were split into two sets, calibration set and validation set, by
Kennard-Stone (K-S) algorithm. (4) Model built: LWR (locally weighted regression) was selected to build
quantitative models based on aquaphotomics.
Results and Discussion:
aSchool

Figure 1 Raw spectra (the average of every 10 spectra) of all the samples (left) and growth curve of pichia pastoris (right).

Figure 2 Outlier detection by three different ways (left: PCA, middle: MCCV, right: Unmodeled residuals in spectra).

Table 1 Descriptive statistics of OD600 in the calibration and validation sets
OD600 values
mean
range
standard deviation(SD)
calibration set
64
1.643
0.010-2.412
0.749
validation set
32
1.605
0.054-2.412
0.707
Table 2 The results of PLS models with different pre-processing methods based on 10000-5500 and 4700-4350 cm-1
subsets

sample number

and aquaphotomics (7600-6250 cm-1)

ranges

Pre-processing

a
b
a
b
a
b
a
b

RMSEC

RMSECV

autoscaling
0.032
0.112
0.032
0.112
autoscaling
0.037
0.112
mean center
0.075
0.108
mean center
0.022
0.087
Sg(05,1,1)
0.053
0.072
Sg(25,1,1)
0.041
0.242
Sg(25,2,2)
0.003
0.209
Sg(21,2,2)
(1) a: 7600-6250 cm-1 (2) b: 10000-5500 and 4700-4350 cm-1

Model evaluation parameters
RMSEP
Rc 2
0.096
0.105
0.116
0.107
0.116
0.093
0.229
0.198

0.998
0.998
0.998
0.990
0.999
0.995
0.997
1.000

Rcv2

R p2

0.978
0.978
0.978
0.979
0.987
0.991
0.899
0.926

0.985
0.978
0.976
0.978
0.978
0.984
0.893
0.935

Figure 3 The best model results based on aquaphotomics.

The growth curves of biomass were basically consistent between different bottles, which could be divided into
four periods (lag phase: 0-4 h; logarithmic phase: 4-20 h, plateau phase: 20-60 h, senescence and apoptosis phase:
60-96 h). LWR was selected to conduct a second trial on the initial outliers, then samples 11, 12, 29, 95 were
recognized as outliers. The rest samples were split into two sets, calibration set and validation set by K-S. In
current study, 64 samples were placed in the calibration set, and the validation set comprised of remaining 32
samples. Excluding the region around 5150 cm-1 on account of overwhelmingly high absorption, Table 2 showed
the results for biomass prediction in the spectra range 1000-5500 cm-1 and 4700-4350 cm-1 which could keep the
information about baseline changes as well as the results based on aquaphotomics, they were similar. It was
proved that water could be a probe for monitoring the biomass in pichia pastoris fermentation.
Conclusions: NIR technique based on aquaphotomics may provide a fast and exact alternative for
traditional analytical approaches. The accuracy of the LWR models based on aquaphotimics for biomass
prediction was described by R2c, R2cv, R2p, RMSEC, RMSECV and RMSEP, and the corresponding values of the
best model were 0.999, 0.987, 0.978, 0.022, 0.087, 0.116, respectively. Presented results open a new venue in
biomass monitoring by offering a time and cost-effective method.
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