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Abstract: T he degradation of b iochem ical act ive m ass especially cu rat ive compo sit ions, du ring the tradit ional p rocessing of

Ch inese herb has becom e an increasingly serious p rob lem w h ile the developm en t and u tilizat ion of Ch inese herb becom es

mo re comp rehensive. Based on the in troduction to the p rincip le and the techn ical po in ts of vacuum freeze drying in Ch inese

herb p rocessing, the degradation in the drying p rocess of Ch inese herb w as analyzed th rough the m easu rem en t of cato lpo l

con ten t in R ehm annia by m eans of H igh Perfo rm ance L iqu id Ch rom atography. T he react ion o rder, ra te constan t and the

coefficien t of the p ro spect ive quality con tro l model w ere determ ined and verified by experim en t. It is indicated that the

m ethod of vacuum freeze drying can effect ively p reven t the degradation du ring the tradit ional drying p rocess of Ch inese

herb, and the quality con tro l model developed in th is paper can reflect the effects of mo istu re con ten t, drying tim e and

temperatu re on the degradation of cu rat ive compo sit ions.
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1　 In troduction

　A bounding in Ch ina, Ch inese herb is an im po rtan t

k ind of m edicine to p reven t and cu re sickness. In
recen t years, as the cau ses of d iseases vary m o re

com p lica ted ly and the " retu rn ing to na tu re " t ide

p reva ils gradually, scho lars from m any coun tries have

paid their a t ten t ion s to the research and developm en t
of t rad it iona l Ch inese m edicines m o re seriou sly than

ever. Ch inese herb is p roved to have m o re benefits and

less side2effects than syn thesized m edicine in clin ic

app lica t ion, such as ex tracts from G inky o bilobo L

seeds and leaves fo r cu ring am nesia, V a lerian fo r

cu ring in som n ia, U rtica fo r headache and arth rit is,

and S onchus oleracaus fo r tum o r [ 1, 2 ] , etc. How ever,

the degrada t ion of cu re and taste p ropert ies, lo ss of

b iochem ica l act ive m ass especia lly cu ra t ive com po sit i2
on du ring the trad it iona l drying p rocess of Ch inese

herb have becom e m o re seriou s w h ile the developm en t
of Ch inese herb becom es m o re com p rehen sive. How to

com b ine trad it iona l herb advan tages and advanced

techno log ies, and how to reso lve the p rob lem s du ring

the p rocessing of Ch inese herb in w h ich drying is the
m o st im po rtan t and w eakest p rocedu re, a re the foci

tha t bad ly need ou r imm edia te and tho rough research2
es.

2　Advan tages of Vacuum Freeze D ry ing

　D rying techno logy and equ ipm en t are key po in ts fo r

the p roduct qua lity con tro l. M odern drying

techno log ies, in w h ich vacuum freeze drying is

especia lly popu lar fo r its un ique characterist ics and

benefits, have been app lied in the p rocessing of som e

valuab le herb s includ ing R ehm ann ia g lu tinosa

Gastrod ia ela ta B lam e, P anax G inseng , Cord y cep s

sinensis, and Ganod erm a L ucid um , acco rd ing to

repo rts[ 3 ]. In the vacuum freeze drying p rocess, ice in

p re2frozen herb s is d irect ly sub lim ed to vapo r w ithou t

thaw ing. T he hea t is p rovided fo r Ch inese herb and

the vapo r is expelled ou t con t inuou sly un t il the drying

p roduct of Ch inese herb is ob ta ined fina lly. T he

tem pera tu re and the drying ra te of the m ateria l

depended on the vacuum in the drying cham ber and the

hea t p rovided fo r Ch inese herb du ring the p rocess.

　M ain advan tages of vacuum freeze drying include:

　1) To com p lete freezing of inner m o istu re in the

herb and convert the ice d irect ly in to gas, the

tem pera tu re and p ressu re shou ld be con tro lled below

the trip le po in t ( 0. 01℃, 610. 5 Pa ) , and vacuum

freeze drying has to w o rk a t low 2tem pera tu re and rare2
gas condit ion du ring its w ho le p rocess, w h ich avo ids

comm on degrada t ion p rob lem s of therm o2sen sib le

com po sit ion being deterio ra ted and ox id izab le

com po sit ion being ox id ized. In addit ion, the act ive

m ass especia lly the cu ra t ive com po sit ion in the herb

can be p reserved easily, the vo la t ility of the fragran t

m ass is low , and the p roperty and taste of the p roduct

891

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



are kep t w ell.
　 2 ) P relim inary freeze trea tm en t befo re vacuum

freeze drying help s bu ild steady so lid st ructu re fo r the

herb. A fter the m o istu re is vapo rized, the so lid
st ructu re keep s unchanged, so the sh rinkage of the

p roduct is m uch less than tha t of the p roduct u sing

o ther drying techno logy [ 4 ].

　3) T he m o istu re in the herb ex ists as ice crysta l
sta te in the so lid st ructu re after p retrea tm en t, w ith

the so lved ino rgan ic sa lt in the m o istu re d ist ribu ted

even ly in the structu re. A s the m o istu re being

sub lim ed, the ino rgan ic sa lt is separa ted ou t a t its
o rig ina l loca t ion, w h ich can avo id the p rob lem s of the

ino rgan ic sa lt being separa ted ou t on the su rface due to

the tran sit ion of the m o istu re from the inner to the
su rface and p reven t the su rface from being hardened.
　4) T he herb p roduct of vacuum freeze drying, w h ich

does no t need to add any p igm en t and addit ive, is safe

and hea lthy, becau se w ith enzym es being inact iva ted
and the chem ica l react ion being decreased due to low

tem pera tu re, the fad ing and b row n ing phenom enon

cau sed by p igm en t decom po sing and the react ion of

enzym e o r am ino acid w ill no t take p lace.
　5) T he p roduct is tho rough ly dehydra ted, ligh t,

and easy to sto re and tran spo rt fo r long t im e and

distance. Its safety life can be up to 3 to 5 years u sing

vacuum package under no rm al a tm o spheric tem pera tu2
re [ 5 ].

3　Vacuum Freeze D ry ing Process of Ch inese
Herb

　V acuum freeze drying of Ch inese herb includes

p retrea tm en t, freeze drying ( freezing, sub lim at ion

drying, reso lu t ion drying ) , packaging and sto rage
p rocesses.

　 In the p retrea tm en t p rocess, the herb is cleaned,

syncopated, b lanched, su lfu red and p iled fo r sw eat ing
successively to im p rove the pu rity, appearance and

drying ra te of the p roduct. F reeze drying includes

th ree phases freezing, sub lim at ion drying and

reso lu t ion drying. In the freezing phase, the herb is
frozen below the eu tect ic po in t (m easu rab le u sing

D ifferen t ia l Scann ing Calo rim etry o r D ifferen t ia l

T herm al A nalysis m ethod ) to convert the m o istu re

in to ice. T he genera t ion t im e of the b iggest ice crysta l
decides the fo rm and num ber of a ll the ice crysta ls.

T he sho rter the t im e, the m o re the crysta ls and the

less no t iceab le the phenom enon of the m o istu re
red ist ribu t ing, so tha t the decom po sit ion of the t issue

and cells w ill be p reven ted, w h ich guaran tees the

p roduct qua lity and streng then s the la ter drying

effects. Genera lly, the end t im e of freezing u ses the
tem pera tu re below eu tect ic po in t 5 to 10 Kelvin

Cen t ig rade as reference va lue.

　A fter frozen, the herb is sen t to the drying cham ber
and the sub lim at ion drying begin s in certa in vacuum

and heat condit ion. W hen the ice crysta ls d isappear

gradually, the m icro2po rou s structu re is fo rm ed

acco rd ing ly. If the tem pera tu re reaches o r exceeds the
crit ica l po in t, the so lid base can no t m ain ta in the

rig id ity and w ill co llap se, then the channels th rough

w h ich the vapo r passes w ill be b locked ou t, the vapo r

p ressu re in the channels w ill rise, and the ice crysta ls
w ill be thaw ed, w h ich w ill f ina lly cau se the

deterio ra t ion and the p roduct qua lity degrada t ion. To

p reven t the p rob lem s m en tioned above, the hea t
p rovided fo r the herb shou ld be equal to w hat is

needed fo r sub lim at ion. W hen the ice d isappears

en t irely, the sub lim at ion drying phase w ill end.

　 T he residua l m o istu re in the reso lu t ion drying
phase, w h ich is d ist ribu ted in the structu re as vit reou s

body and bound w ater sta te, is evapo ra ted gradually

w hen the tem pera tu re rises h igh enough. To p reven t

therm o2sen sib le and cu ra t ive com po sit ion being
degraded, the drying p rocess shou ld be fin ished by

stopp ing hea t ing and b reak ing vacuum befo re the

tem pera tu re rises to the m etam o rph ic tem pera tu re

po in t. T he equ ilib rium m o istu re con ten t is u sua lly
u sed as the end m ark. It can be m easu red by the

m ethods of m ateria l hea t ing, tem pera tu re d ifference

and p ressu re equ ilib rium.

　D u ring the enzym atic and b iochem ica l react ion s in

the drying p rocess, there are som e unfavo rab le

changes, includ ing co lo r lo ss, f lavo r lo ss, and

degrada t ion of cu ra t ive and therm o2sen sib le
com po sit ion m en t ioned above. Genera lly, the quality

change of the herb can be show n as the fo llow ing

equat ion [ 6, 7 ]

-
dQ
d t

= K D (T , X )Q n (1)

w here　Q is b iochem ica l act ive m ass con ten t, % ; t is
d rying t im e, h; K D is ra te con stan t, h - 1; T is ab so lu te

tem pera tu re of herb m ateria ls, K; X is m o istu re

con ten t of dry base, % ( d. b. ) ; n is o rder of the

react ion.
　T he o rder of the react ion n can be determ ined by the

experim en ta l va lues in the condit ion of con stan t

tem pera tu re and m o istu re con ten t. If it is linear
rela t ion sh ip betw een Q and t , the react ion is ca lled

zero o rder react ion (n = 0). If it is linear rela t ion sh ip

betw een lnQ and t, the react ion is ca lled one o rder

react ion (n = 1).
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4　D eterm ina tion of Param eters for the Qua-

l ity Con trol M odel of a Sam ple

　 In the experim en t, fresh R ehm ann ia (Bough t from
Ch inese A cadem y of M edicine Science) w as cu t in to

sm all cubes and pu t in a tube w ith p lug, then

imm ersed in w ater ba th a t 343 K. T he con ten t of
ca to lpo l, w h ich is the cu ra t ive com po sit ion in
R ehm ann ia , w as m easu red by the m ethod of H igh

Perfo rm ance L iqu id Ch rom atography at d ifferen t

t im e [ 8, 9 ]. T he resu lts w ere show ed as F ig. 1.

F ig. 1　Changes of cato lpo l con ten t (343 K w ater bath)

　F rom above, the change of the ca to lpo l con ten t is

com p lied w ith one o rder react ion. T he rela t ion sh ip

betw een Q and t can be show n as:

Q = Q 0exp (- K D t) (2)

w here　Q 0 is the o rig ina l ca to lpo l con ten t, %.

　 T he react ion ra te con stan t K D ind ica tes the

degrada t ion ex ten t, and its rela t ion sh ip w ith the

tem pera tu re T and m o istu re con ten t X is com p lied w ith

the A rrhen iu s equat ion in chem ica l k inet ics[ 7 ]

　　　 K D = K 0exp (-
ED

R T
) (3)

w here　 K 0 is frequency facto r, h - 1; ED is act iva t ion

energy (m in im um energy fo r degrada t ion) , kJ öm o l; R

is idea l gas con stan t, 8. 314×10- 3kJ ö(m o l·K).

　A s illu st ra ted in th is equat ion, once the tem pera tu re
T rises, the ra te con stan t K D rises as w ell, and the

unfavo rab le react ion s w ill be accelera ted, w h ich

ind ica tes tha t vacuum freeze drying can effect ively

p reven t cu ra t ive and therm o2sen sib le com po sit ion from

decom po sing fo r becau se it is carried ou t in low

tem pera tu re condit ion.

　 ED is genera lly show n as the funct ion of m o istu re

con ten t [ 10 ]

ED = a1 + a2X (4)

　A cco rd ing to fo rm u la (2) , (3) and (4) , the m odel
(1) can be show n as

Q = Q 0exp [ - K 0exp (-
a1 + a2X

R T
t) ] (5)

　L ogarithm ica lly, it can be changed as:

ln ( lnQ 0 - lnQ ) = lnK 0 -
a1

R
õ 1

T
-

a2

R
õ X

T
+ ln t

(6)

　Given

　 ln ( lnQ 0 - lnQ ) - ln t = Y , A = lnK 0, B = a1,

　 - 1öR T = x 1, C = a2, - X öR T = x 2

　T hen
y = A + B x 1 + C x 2 + ln t (7)

　Q , X , T and t w ere ob ta ined by o rthogonal

experim en t in variou s vacuum freeze drying

condit ion s. T he experim en t w as arranged based on an

L 25 (56 ) o rthogonal tab le w ith 5 facto rs includ ing X ,

T , t and tw o o ther relevan t param eters, tem pera tu re

of the hea t ing p la te and p ressu re of the drying

cham ber, w h ich have direct influences on the drying

ra te, as the fo llow ing (T ab le 1).
Table 1　L evels of the factors

T emperature
of

R ehm annia
T öK

M o isture
conten t

X ö% (d. b. )

T emperature
of the

heating p late
öK

P ressure in
the drying
cham ber

öPa

D rying
tim e
töh

1 263. 5 492. 3 273 10 4

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

　Sim u la ted by the m ethod of 22Stage L east Square,

the coefficien t of K 0、a1 and a2 in the m odel can be

determ ined as the fo llow ing.
Table 2　 K 0, a1 and a2 va lues for R ehm annia Catolpol

K 0öh a1ökJ õmo l- 1 a2ökJ õmo l- 1

9. 5906 20. 8408 - 0. 3310

　 In the pu rpo se of verif ica t ion, d ifferen t experim en t

va lues w ere ob ta ined to com pare w ith the m odel. T he

resu lts w ere show n in F ig. 2 ( T em pera tu re of
R ehm ann ia: 293 K, m o istu re con ten t: 490. 2%
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(d. b. ) , tem pera tu re of the hea t ing p la te: 333 K,

p ressu re in the drying cham ber: 15 Pa).
　 T he experim en ta l va lues are d ist ribu ted on bo th

sides of the sim u la ted cu rve even ly ( the standard
devia t ion is 4. 23% ) , w h ich ind ica tes the perfo rm ance

of the m odel is good enough to fo recast the

degrada t ion tendency. A s show n in F ig. 2, the

decreasing ra te of ca to lpo l con ten t is very slow , w h ich
num erica lly ind ica tes low tem pera tu re can slow dow n

the degrada t ion.

F ig. 2　Comparison betw een experim en t

values and sim u lat ion values

5　Conclusion s

　1) V acuum freeze drying in the drying p rocess of

Ch inese herb has h igh benefits fo r its fea tu res to

p reven t the degrada t ion, to keep the drying quality of

the p roduct, and to decrease the lo ss of cu ra t ive
com po sit ion.
　2) Cu ra t ive com po sit ion s are degraded exponen t ia lly

as the drying goes on, and low tem pera tu re w ill

accelera te the degrada t ion ra te of cu ra t ive com po sit io2
n s of Ch inese herb.

　 3 ) T he perfo rm ance of the degrada t ion k inet ics

m odel estab lished in the paper is verif ied good enough

to fo recast the degrada t ion of cu ra t ive com po sit ion s in
Ch inese herb du ring the drying p rocess.
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真空冷冻干燥在中药材加工中的应用及质量控制

任迪峰1, 毛志怀2, 王建中1

(1. 北京林业大学生物学院, 北京 100083; 　2. 中国农业大学工学院, 北京 100083)

摘　要: 中草药传统干燥加工过程中所造成的生物活性物质, 特别是药用有效成分损失等问题, 已引起国内外的普遍关注
和担忧, 真空冷冻干燥技术以其独有的特点和优势正逐渐成为贵重中草药干燥的首选。文中介绍了中草药真空冷冻干燥的
原理和干燥过程中各阶段的工艺流程, 并采用高效液相色谱法, 以药材地黄的有效成分梓醇为检测指标, 考察其在干燥过
程中的化学动力学质量降解过程。通过试验确定了反应阶数、速度常数及模型参数, 得出了控制其质量降解的预测模型, 并
对预测模型进行了验证。分析结果表明, 所建立的质量降解模型能较好地反映地黄干燥质量随干燥时间、含水率及温度的
变化过程, 可用来进行中草药真空冷冻干燥质量降解的模拟。真空冷冻技术应用于中草药干燥能有效地保持中草药药用有
效成分, 避免传统干燥方法所造成的有效成分降低等缺陷。
关键词: 真空冷冻干燥; 中草药; 质量控制模型
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