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Abstract

We have developed an objective method for the determination of a herb extract’s quality based on headspace measurements by proton-
transfer-reaction mass spectrometry (PTR-MS); this quality was checked by a sensory analysis until now. This novel method enables the
company ‘Bionorica’ to ensure that they are only selling high-quality products and therefore avoid complaints of the customer. The method
could be also used for controlling and optimising the production process.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction herb extract. Furthermore, we performed some preliminary

measurements in order to evaluate the ability of PTR-MS and
The company ‘Bionorica’ produces a valerian extract in the newly developed method for controlling the production

large amounts for a single customet Before company Y process and received promising results. Controlling the pro-

buys the product it is checked by a sensory analysis. Thisduction process requires the measurements to be fast. There-

check is the decisive factor for buying the extract. Since Y fore, we very recently improved the experimental set-up to

is the only customer, it is essential for the producer that the decrease the measurement time per sample and we will also

extract passes the sensory check. However, ‘Bionorica’ hasreport on this new development in the present work.

no appropriate method for checking the quality of the extract

itself and thus depends on the customer’s sensory judgement.

In collaboration with ‘Bionorica’ our aim was to develop an 2. Experimental

objective method which enables them to control the quality

of their extract before selling it to the customer. We mea-  \We measured the headspace of 83 batches (8 with ‘bad’

sured over the past three years the VOC concentrations in thequality) of the herb extract by PTR-MS for generating the

headspace (HS) of 83 different batches by PTR-MS. Basedquality control method. Furthermore, we investigated five

on the sensory judgement of the customer we were able todifferent production steps (starting from the original plant

find differences in the emissions of ‘good’ and ‘bad’ quality material (radix) all the way to the final herb extract) for three

samples and developed a method for the quality control of this hatches by PTR-MS to find the first point in time when our
method was able to determine the quality. Then we did a

- _ field study at ‘Bionorica’ to check the ability of our tech-
* Corresponding author. Tel.: +43 512 507 6240; fax: +43 512 507 2932. niaque to control the production process. Very recentl e
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2.1. Proton-transfer-reaction mass spectrometry ment. The headspace formed in the vial was sampled through
(PTR-MS) the septum by a needle; through a second needle the sampled
air was replaced by outdoor air. We took a capillary (heated
The measurements were performed using a PTR-MS sys-to 60°C) instead of the Teflon tube (heated to°@) go-
tem that allows an on-line measurement of trace componentsing directly from the sample vial to the PTR-MS. This novel
with concentrations as low as a few parts per trillioninvolume setup avoids the use of a flow controller where compounds

(pptv). The method is based on ionizing reactions gOH get easily stuck and allowed us to immediately measure the
ions with the VOCs to be detected by mostly non-dissociative equilibrium concentrations while before we had to average
proton transfer. Most of the common VOCs react withCH, over cycle 10-12 and could not wait for equilibrium in the

whereas the other major components present in clean airglass vial (the thermally equilibrated sample was placed in
do not react. The generation of the primary®i and the the glass vial just before starting the measurement). The mea-
chemical ionization of the VOCs are individually controlled surement with this improved set-up was four times faster.
and spatially and temporally separated processes. One im-

portant consequence is that approximate absolute headspace

concentrations can be calculated without calibration or use 3. Results and discussion

of standards. Another big advantage of PTR-MS is that the

samples containing the volatile compounds do not need any3.1. First set-up

preparation (pre-concentration or sample dehydration) before

being admitted to the PTR-MS. Thus some problems inher- A huge number of batches as well as a balanced ratio
ent to sampling in alternative methods used so far (e.g., gasof accepted and rejected samples is necessary to develop a
chromatography) are avoided and the measured mass speaeliable quality control method. With a total of 83 batches
tral profiles closely reflect genuine headspace distributions and a ratio of 72:8 (accepted:rejected) we could not quite
[1]. The PTR-MS system and measuring procedure has beemmeet this ideal situation and, therefore could not use stan-

described in detail in ref$2,3]. dard statistical methods to distinguish the important from the
random differences between different samples. We had devel-

2.2. Sample preparation and analysis of VOCs oped several methods for finding the quality and often had to
modify these methods after receiving further batches because

2.2.1. First set-up previous methods were not sufficiently general. Finally, we
We filled 2.5 g of the extract in a glassware (rastib cm, arrived at a method to analyze the PTR-MS data and to de-

height=1 cm) and equilibrated itin an oven at 3D for about termine the quality giving satisfactory results for all samples
10 min. Then we put the whole sample into a glass vial (diam- available. This method is based on the measurements of 56
eter =10 cm, heigh= 5 cm) with a metal cover withtwo inlets  batches. Then we used this method to assign the quality of 25
for measuring the HS concentrations. We detected the VOCfurther batches and compared our results with the ones of the
concentrations in the HS air of the extract samples on-line customer’s sensory analysis and found perfect agreement.
with an outdoor air flow of 14 sccm/min through the glass For generating a method for the quality control of this
vial to the PTR-MS system. The mass spectrometric data herb extract we divided 56 batches into four different qual-
were collected over a mass rangengz=20-260amu. Be- ity groups depending on the customer’s sensory description:
tween measuring different samples we switched on the pump‘bad’, ‘okay’, ‘good’ and ‘very good’ (group number O for

of a bypass line to increase the flow through the Teflon lines ‘bad’ to 3 for ‘very good’). Then we compared the concentra-
in order to quickly reach the initial background concentra- tions (transmission corrected and normalized to the total ion
tions. During the measurements the glass vial was placed incounts (TIC)) averaged for each group 0-3 for each detected
an oven to keep a constant temperature ¢f@G0The lines to mass. As an exampleig. 1 shows this procedure for mass

the PTR-MS were heated to 4Q to avoid condensation. 83. We found some differences in the emissions between the
‘good’ and ‘bad’ quality samples, determined conditions for
2.2.2. Improved set-up the concentration on certain masses and calculated a ‘con-

Since the measurement of one sample took about 30 mindition value’ (CV) that enabled us to assign the consumer’s
(12 min measurement plus about 20 min waiting time for get- acceptability.
ting back to the initial background concentrations which is  Calculation of the CV: CV = Ei’\’leie(si[C,ﬁ[ -Gy
necessary to avoid memory effects) with the first set-up we for samplep, whereN is the number of conditionsy is the
tried a faster way to measure the emissions of the valerianmassk; is the contribution of conditionto CV?, C,’,’,,. is the
extract that is similar to the ‘vial method’ introduced by Bi- VOC concentration of sampleat massn, G; is the chosen
asioli et al.[4]. We used a smaller viaM= 35 ml) covered limit, & =+1 depending on the kind of condition (upper or
by a Teflon-coated silicone septum into which we put the lower limit) we impose, and(x) is the step functior(x) = 1
2.5 g sample. This vial with the sample inside was placed in for x>0 andd(x) = 0 for x< 0). Our method contains 20 con-
the oven at 25C for a fixed time before (1 h) and during ditions for concentrations on nine masses that are listed in
(three cycles amounting to a total of 2.4 min) the measure- Table 1
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Fig. 1. Concentrations (normalized to the total ion signal (TIC) and trans-

mission corrected) averaged over the groups 0-3, respectively, plus standar
deviation, maximum and minimum value against group number. The ‘bad’

quality samples form the group 0, the ‘good’ quality samples the groups 1-3
(‘okay’, ‘good’ and ‘very good’).

c!:ig. 2. Condition value (CV) against quality (value related to the customer’s
sensory analysis, ‘good’ quality > 50, ‘bad’ quality <50). The CV is based
onthe PTR-MS data. CV <0 means ‘bad’ quality and CV >0 ‘good’ quality.
We get a perfect agreement between our results and the customer’s sensory
test.

If the CV of a batch has a positive sign the quality is 3.2 Field study at Bionorica
‘good’, ifthe CV is negative the quality is ‘bad’. We tested this
method by assigning the quality of the 25 batches that were  we measured five production steps (PS 1-5) for three dif-
not used for the method generation and compared our resulterent batches. The production process of the extract is the
with the ones of the customer’s sensory analysis and foundfo|lowing: Plant material (PS 1) is put into alcohol (35% vol.)
perfect agreemenkig. 2 shows the CVs of all investigated  for extraction. The formed liquid (PS 2) consists of 8% dry
samples (the quality value is related to the costumer’s sensorysybstance (DS). This liquid is concentrated to 70% DS (PS
description, quality < 50is ‘bad’, quality >50is ‘good’). Thus  3) in a special device under vacuum. Afterwards it is cooked
our method developed allows to determine the consumer'sin an open boiler until 80% DS (PS 4) is reached. The extract

acceptability (‘good’/‘bad’). is ready after diluting it with water to 70% DS (PS 5).
The emissions of the PS could be compared only with the
Table 1 measured VOC concentrations of the final extracts investi-
There are 20 conditions for concentrations on eight masses for calculating 9ated before. Therefore we could determine the quality of the
the condition value (C¥) that assigns the quality of a given sample PS if their emitted VOC concentrations fitted into the scheme
i m; K; tia eib Gia Gip ofthefinal batches. We measuredthe PS 1, 4 and 5 under usual
1 29 _40 1 _ 45x 10-3 _ conditions described in Sectidh2.1 We had problems to
2 29 61 1 -1 2% 10-3 45x% 10-3 measure PS 2 and 3 because of their high ethanol concentra-
3 131 99 1 -1 2x 1072 35x 1072 tions. A bypass flow of 250 sccm/min enabled us to detect
4 83 -60 -1 - 2.7x 1{3 - the emissions of PS 3. The ethanol concentration of PS 2 was
Z gg ’5:3 ’11 ~ 17>X< igs ~ too high to do measurements under comparable conditions.
7 69 41 1 _ 5x 103 _ Fig. 3 shows the development of the concentrations on
8 61 _50 1 _ 8% 10-2 _ some of the detected masses. These compounds were pro-
9 61 61 1 -1 4x 102 7 x 1072 duced during the production process and some of them had
10 64 41 1 - 35¢10° - still a quite low concentration in PS 3. We analyzed the data
1 64 41 1 - 1070 s 5 with the method developed and obtained reasonable results
12 64 -5 1 -1 15x% 10~ 3x 10" . .
13 125 a1 1 _ 3 10-4 _ for PS 4 and 5. All CVs were positive; therefore the quali-
14 125 41 1 _ 3.5 104 _ ties of the batches were good which was in agreement with
15 33 41 1 20k 107 - the sensory analysis of customer Y. We got first hints for the
16 33 -61 -1 - 2x10°° s , quality starting with PS 4, the last two production steps seem
i; ig 7411 11 _i %‘ii igz i'z x 107 to be the most important ones for the quality.
19 43 20 1 _ 2 5y 10-2 _ Furthermore, we successfully used this promising method
20 43 41 1 -1 6x 10-2 7 % 10-2 for investigating the production (cooking) process where we

m is the massK; is the contribution of conditionto CV?, &; = +-1 depending tO_Ok sample_s at regular inteer#S during the process. During
on the kind of condition (upper or lower limit) ar@ is the chosen limit. this production step the % DS increased from initially about
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Fig. 3. Normalized and transmission corrected concentrations of mass 89 and 97 averaged over three batches plus standard deviation, minimuwmand maxi
value as a function of the production step (starting from the radix (0) all the way to the final herb extract (5)).
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Fig. 4. Temporal development of the CVs and some VOC concentrations of samples taken during cooking in the open boiler.

65% DS to 92% DS because of the water loss while cooking. centrations of a batch that has a very good quality of CV =93
Then the extract was diluted in water yielding 70% DS. Since whose data is given ifiable 3 We calculated the condition
the VOC concentrations emitted by the extract decrease withvalues with these modified conditions for all 111 samples and
increasing DS we measured not only the samples with their plotted them as a function of qualitiig. 5). Our results are
original % DS Fig. 4) but also the samples after we diluted in perfect agreement with the ones of the customer’s sensory
them to about 70% DS (if the % DS was larger than 70%) analysis.

giving about the same emission pattern. There are no data be-

tween 3 and 7 h because the cooking was stopped for knock-

ing off work. With our method we were able to “watch” how Table 2

the quality developed: some concentrations increased duringMedified conditions

the production whereas some decreased; the CV was nega- m Ki éia €ib Gia Gib
tive at the beginning, increased and reached a positive value 1 33 —20 1 -1 1.6 1.9
at the end of the production process ($ég. 4). The goal 2 33 40 1 -1 0.5 1.2
of this study was to evaluate the ability of this method for i i? fg 11 - 0217 o1
controlling the production process. 5 47 _20 1 ~ 33 _
6 47 40 1 -1 0.3 3.3
7 61 -30 -1 - 0.6 -
3.3. Improved set-up 8 75 _20 1 _ 4 _
9 75 40 1 -1 1.6 4.0
We measured 11 (83 plus another 28 recently produced1o 81 —40 -1 - 1.0 -
ones) batches with the improved set-up. Then we adjustedlé gl —gg 1 -1 ‘(‘)-5 6.1
o, . A 1 7 — —1 — 41 —
the conditions for our analysis method to the equilibrium con 13 131 o 1 1 0.09 011

centrations based on the measurements of 36 baftdias.2 — _ _
hows the modified conditions and limits. The measured Con_There arng conditions for congentratlons OIjl seven masses for ca]culatlng
S . . L . the condition value (C¥) that assigns the quality of a given samplen is
centrations are normalized to the total ion counts (TIC) and in the massk; is the contribution of conditionto CV?, & =+1 depending on
contrast to former values divided by the corresponding con- the kind of condition (upper or lower limit) ar@; is the chosen limit.
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Table 3 tion steps seem to be the most important ones for the quality.
Concentrations (individual ion current divided by the total ion current) of a \\/e glso used our technique for ‘watching’ the development
batch with very good quality of the quality during the last two production steps in a field

Mass Concentration sty dy at Bionorica and found that PTR-MS in combination
33 0.011271 with our data analysis method is applicable for controlling
21 g-gigigg the production process.

75 0.009250 We measured all 111 batches with the fast set-up. We ad-
81 0.000610 justed the conditions for the ‘Hypothesis Generation’ to the
97 0.006343 equilibrium concentrations based on the measurements of 36

131 0.013722 old batches and then checked this modified method by assign-

Measured concentrations are normalized to the TIC and divided by the cor- ing the quality of the remaining 47 old and 28 new batches.

responding concentrations of this batch for calculating the CV. Comparing our results with the ones of the customer’s sen-

150 sory analysis, we found perfect agreement.
T The modified analysis method is based on conditions

125 - . e . . at seven masses. We immediately measure the equilibrium

100 L y y ] concentrations with the new set-up. Therefore it would be
r IS sufficient to measure one cycle per sample and just those

[ £ i . ° $° ¢ o ] seven masses. Analyzing one sample would therefore take
T s0f S 7x0.2s=1.4s (0.2s is the measurement time per mass)!
8 o5 “« e e ¢ ] This is the basis for on-line monitoring of the emissions dur-
§ - ¢ ing the production process and could be used for controlling
Y — and automating the production.
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