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Abstract: T he degradation of biochemical activemass egecially curative compositions, during the traditional processing of
Chinese herb has become an increasingly serious problen while the development and utilization of Chinese herb becomes
more comprehensive Based on the introduction to the principle and the technical pointsof vacuum freeze drying in Chinese
herb processing, the degradation in the drying process of Chinese herb w as analyzed through the measurement of catolpol
content in Rehmannia by means of High PerformanceL iquid Chromatogrgphy. The reaction order, rate constant and the

ooefficient of the progective quality control model w ere detem ined and verified by experment

It is indicated that the

method of vacuum freeze drying can effectively prevent the degradation during the traditional drying process of Chinese
herb, and the quality control model developed in this paper can reflect the effects of moisture content, drying time and

tamperature on the degradation of curative compositions
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1 Introduction

A bounding in China, Chinese herb is an mportant
kind of medicine to prevent and cure sickness In
recent years, as the causes of diseases vary more
complicatedly and the " returning to nature" tide
prevails gradually, scholars from many countries have
paid their attentions to the research and development
of traditional Chinese medicines more seriously than
ever. Chinese herb isproved to havemore benefits and
less side-effects than synthesized medicine in clinic
gpplication, such as extracts from Ginkyo bilobo L
seeds and leaves for curing amnesia, V alerian for
curing inoomnia, U rtica for headache and arthritis,
and Sonchus oleracaus for tumor'*?, etc However,
the degradation of cure and taste properties, loss of
biochamical active mass egecially curative compositi-
on during the traditional drying process of Chinese
herb have becomemore seriousw hile the development
of Chinese herb becomesmore comprehensive How to
combine traditional herb advantages and advanced
technologies, and how to relve the problem s during
the processing of Chinese herb in w hich drying is the
most important and w eakest procedure, are the foci
that badly need our mmediate and thorough research-
es
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2 Advantages of Vacuun FreezeDrying

D rying technology and equipment are key pointsfor
the product quality control Modern drying
technologies, in which vacuum freeze drying is
egecially popular for its unique characteristics and
benefits, have been gpplied in the processing of some
valuable herbs including Rehmannia glutinosa
Gastrodia elata B lane, Panax Ginseng, Cordyceps
according to
reports>. In the vacuum freeze drying process, ice in
pre-frozen herbs is directly sublimed to vapor w ithout
thaving The heat is provided for Chinese herb and
the vapor is expelled out continuously until the drying
product of Chinese herb is obtained finally The
tenperature and the drying rate of the material
depended on the vacuum in the drying chanber and the
heat provided for Chinese herb during the process

M ain advantages of vacuum freeze drying include

1) To complete freezing of inner moisture in the
herb and convert the ice directly into gas, the
tanperature and pressure should be controlled below
the triple point (Q 01 , 61Q 5 Pa), and vacuum
freeze drying hastowork at low -tanperature and rare-
gas condition during itsw hole process, w hich avoids
common degradation problans of themo-sensible
composition being deteriorated and oxidizable
composition being oxidized In addition, the active
mass egecially the curative composition in the herb
can be preserved easily, the volatility of the fragrant
mass is low, and the property and taste of the product

sinensis, and Ganodemma L ucidum,
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are keptwell

2) Preliminary freeze treatment before vacuum
freeze drying helps build steady olid structure for the
herb A fter the moisture is vaporized, the wlid
structure keeps unchanged, s the shrinkage of the
product ismuch less than that of the product using
other drying technology'*.

3) The moisture in the herb exists as ice crystal
state in the olid structure after pretreatment, w ith
the lved inorganic salt in the moisture distributed
evenly in the structure A s the moisture being
sublimed, the inorganic salt is separated out at its
original location, w hich can avoid the problem sof the
inorganic salt being separated out on the surface due to
the transition of the moisture from the inner to the
surface and prevent the surface from being hardened

4) The herb product of vacuum freeze drying, w hich
does not need to add any pigment and additive, is safe
and healthy, because w ith enzymes being inactivated
and the chamical reaction being decreased due to low
temperature, the fading and browning phenomenon
caused by pignent decomposing and the reaction of
enzymeor anino acidw ill not take place

5) The product is thoroughly dehydrated, light,
and easy to store and trangort for long time and
distance Its safety life can be up to 3 to 5 years using
vacuum package under nommal atmopheric tenperatu-
re'.

3 Vacuum Freeze Drying Process of Chinese
Herb

V acuum freeze drying of Chinese herb includes
pretreatment, freeze drying (freezing, sublimation
drying, reslution drying), packaging and storage
processes

In the pretreatment process, the herb is cleaned,
syncopated, blanched, sulfured and piled for awv eating
successively to mprove the purity, appearance and
drying rate of the product Freeze drying includes
three phases freezing, sublmation drying and
reolution drying In the freezing phase, the herb is
frozen below the eutectic point (measurable using
Differential Scanning Calorimetry or D ifferential
Themal A nalysis method) to convert the moisture
into ice The generation time of the biggest ice crystal
decides the form and number of all the ice crystals
The shorter the time, the more the crystals and the
less noticeable the phenomenon of the moisture
redistributing,  that the decomposition of the tissue
and cells will be prevented, which guarantees the
product quality and strengthens the later drying

effects Generally, the end time of freezing uses the
temperature below eutectic point 5 to 10 Kelvin
Centigrade as reference value

A fter frozen, the herb is sent to the drying chamber
and the sublimation drying begins in certain vacuum
and heat condition W hen the ice crystals disappear
gradually, the micro-porous structure is fomed
acoordingly. If the temperature reachesor exceeds the
critical point, the =lid base can not maintain the
rigidity and will collapse, then the channels through
w hich the vapor passesw ill be blocked out, the vapor
pressure in the channelswill rise, and the ice crystals
will be thaved, which will finally cause the
deterioration and the product quality degradation To
prevent the problans mentioned above, the heat
provided for the herb should be equal to what is
needed for sublimation W hen the ice disappears
entirely, the sublmation drying phasew ill end

The residual moisture in the reslution drying
phase, which isdistributed in the structure asvitreous
body and bound w ater state, is evaporated gradually
w hen the temperature rises high enough To prevent
themo-sensible and curative composition being
degraded, the drying process should be finished by
stopping heating and breaking vacuum before the
tenperature rises to the metamorphic temperature
point The equilibrium moisture content is usually
used as the end mark It can be measured by the
methods of material heating, temperature difference
and pressure equilibrium.

During the enzymatic and biochanical reactions in
the drying process, there are some unfavorable
changes, including olor loss, flavor loss, and
degradation of curative and themo-sensible
composition mentioned above Generally, the quality
change of the herb can be shown as the follow ing
equation'®”

d?—_ n
= Ko (T,X)Q (1)

where Q isbiochanical activemass content, %; tis
drying time, h; Ko israte constant, h™ *; T isabolute
tenperature of herb materials, K; X is moisture
oontent of dry base, % (d b ); n is order of the
reaction

Theorder of the reaction n can be detem ined by the
experimental values in the oondition of oconstant
tenperature and moisture content If it is linear
relationship between Q and t, the reaction is called
zero order reaction (n= 0). If it is linear relationship
between IQ and t, the reaction is called one order
reaction (n= 1).
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4 Determ ination of Parametersfor the Qua-
lity ControlM odel of a Sample
In the experiment, fresh Rehmannia (Bought from

Chinese A cademy of M edicine Science) was cut into
snall cubes and put in a tube with plug, then

Catolpol contert/%

0 12 24 36 48 60 72
Time/h

a. Coitent — time relationship

mmersed in water bath at 343 K. The ocontent of
catolpol, which is the curative composition in
Rehmannia, was measured by the method of High

Fig 1 Changesof catolpol content(343 K w ater bath)

From above, the change of the catolpol content is
complied with one order reaction The relationship
betw eenQ and t can be shown as

Q = Qoexp(- Kot) (2)
where Qo istheoriginal catolpol content, %.

The reaction rate oonstant Ko indicates the
degradation extent, and its relationship with the
tamperature T and moisture content X iscompliedw ith
the A rrhenius equation in chemical kinetics'”

Ep
RT) 3

where Ko is frequency factor, h™*; Eo is activation
energy (minimum energy for degradation), kJ/mol; R
is ideal gas constant, 8 314x 10" *kJ/(mol- K).

A sillustrated in this equation, once the temperature
T rises, the rate constant Ko rises aswell, and the
unfavorable reactions will be accelerated, which
indicates that vacuum freeze drying can effectively
prevent curative and themo-sensible composition from
decomposing for because it is carried out in low
temperature condition

Eop is generally shown as the function of moisture
content!”

Ko = Koexp (-

Eo = air+ axX (4)
A coording to formula (2), (3) and (4), the model
(1) can be shown as

+
Q = Qoexp[- Koexp (- QJR—TaZLt)] (5)
L ogarithmically, it can be changed as
_ a,l a,6 X
IN(IQo- INQ) = InKo - R'T R TT Int

(6)

Given

Perfomance L iquid Chromatography at different
tme'®*?. The resultswere showed as Fig 1

2.0
X semi-logarithm
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2
S
g -3.5
=

-4.0

0 12 24 36 48 60 72
Time/h

b. La(content)— time relationship

IN(IQo- INQ) - Int= Y, A= InKo, B = a,

- 1RT = x1,C= a, - XRT = x2

Then

y=A + Bx:1+ Cxz2+ Int (7

Q, X, T and t were obtained by orthogonal

experment in various vacuum freeze drying

oconditions The experiment w as arranged based on an
L 25 (5°) orthogonal table with 5 factors including X ,
T, tand two other relevant paraneters, temperature
of the heating plate and pressure of the drying
chamber, which have direct influences on the drying
rate, as the follow ing (T able 1).

Table1 L evelsof the factors

Temperature Temperature Pressure in

of M oisture of the the drying D r.ying
Rehlmannia X/c;(/)ntent heating plate  chamber tme
T/K o) /Pa vh
1 263 5 492 3 273 10
2 278 2 386 5 298 15 8
3 293 4 294 1 303 30 12
4 308 1 187 2 328 40 16
5 323 5 57 4 333 50 20

Simulated by the method of 2-Stage L east Square,
the coefficient of Ko a1 and az in the model can be

detem ined as the follow ing
Table2 Ko, aiand az valuesfor Rehmannia Catolpol

Ko/h ai/kd* mol ! az/kd* mol 1

9 5906

2Q 8408 - Q 3310

In the purpose of verification, different experiment
valuesw ere obtained to comparew ith themodel The
results were shown in Fig 2 (Temperature of
Retmannia: 293 K, moisture oontent: 490 2%
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(d b ), temperature of the heating plate 333 K,
pressure in the drying chamber: 15 Pa).

The experimental values are distributed on both
sides of the simulated curve evenly (the standard
deviation is4 23%), which indicates the performance
of the model is good enough to forecast the
degradation tendency. As shown in Fig 2, the
decreasing rate of catolpol content isvery slow, which
numerically indicates low temperature can slow down
the degradation

0.108 ’—
3 + Experiment values
E 0.108 — Simulation values
]
8§ o0}
2
£ 0.102 |
8]
0.100 L L L s L 5
0 2 4 6 8 10 12

Time/h

Fig 2 Comparison betw een experiment
values and smulation values

5 Conclusions

1) Vacuum freeze drying in the drying process of
Chinese herb has high benefits for its features to
prevent the degradation, to keep the drying quality of
the product, and to decrease the loss of curative
composition

2) Curative compositions are degraded exponentially
as the drying goes on, and low temperature wiill
accelerate the degradation rate of curative compositio-
nsof Chinese herh

3) The perfomance of the degradation kinetics
model established in the paper is verified good enough
to forecast the degradation of curative compositions in
Chinese herb during the drying process

1

(1 :

100083;

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

2

[References]
Ren Difeng Present situation and developing trend on
drying of Chinese herb[J]. Transactions of the CSAE,
2001, 17(2): 5 8(in Chinesg).
Charlotte Gyllenhaal, SharonL. M erritt, U SA. Efficacy
and safety of herbal stmulants and sedatives in sleep
disorders[J] Sleep M edicine Review s, 2000, 4(3): 229
251
Ren Difeng Application of vacuum freeze drying on
Chinese herb processing[J]. Journal of ChinaA gricultural
U niversity, 2001, 6(6): 38 41(in Chinese).
Evgenyi Yu Shalave, Felix FranksU K. Change in the
physical state of model mixtures during freezing and
drying: mpact on product quality[J]. Cryobiology, 1996,
33(1):14 26
Felix Franks U K.
pham aceutical and biological products[J].
2000, 40(4): 381 382
Su Zhiren, Zeng Huifang Study on degradation dynamics
of tanshinone Ila in alohol-extract of radix salviae
miltiorrhizae during evgporating, concentrating and drying
processes[J] Chinese T raditional PatentM edicine 1997,
12(12): 1 3(in Chinese).
Saguy | M odeling of quality deterioration during food
processing and storage[J] Food Technology, 1980, 20
(2): 381 382
Li Gengsheng, Wang Huisheng Separation and
preparation of active component of rehmannia catolpol by
HPLC[J] Chinese Traditional Patent M edicine, 2000, 42
(6): 23  24(in Chinese).
W ang Hongjie A study on catalpol content changes in
rehmannia glutinosa (Gaertn ) L ibosch under certain
oonditions [ J ] Journal of Plant Resurces and
Environment, 1998, 15(2): 27 30(in Chinese).
Yang Jianjiang Calculation of the parameters of the
medicine metabolisn kineticsmodel[J]. China Phamic
U niversity Transaction, 1999, 46 (20): 146 150 (in
Chinese).

Freeze-drying/lyophilisation of
Gryobiology,

, 100083)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



