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PREFACE

Over thousands of years, while human beings have been endeavoring to cognize, explore,
and utilize our surrounding nature, we persevere in understanding and improving ourselves at the
same time. The human civilization blossoms along with its more than 6000 years history under a
joint effort of all peoples on the earth. Science and technology have emerged and kept developing
accompanied with the human needs to survive and live a better life. The revolution of science and
technology in the 20th century has resulted in an inevitable, profound change upon our surround-
ing world. Productivity growth is the fundamental force for the evolution of society and the
progress of civilization, whereas science and technology are the First Productivity. Hence, science
and technology are the revolutionary force that drives the evolution of society and the progress of
civilization. After walking through the agricultural economy and the industrial economy, we are
now running into the information and technology economy as science and technology are playing
more and more important roles. )

As we are entering the 21st century, human beings are facing a much more promising
prospect than ever before. The wave of high — tech revolution, represented by biological technolo-
gy, information technology, new material technology, ocean technology, and new energy tech-
nology, are sweeping throughout the world. Biological technology, as exemplified by genetic en-
gineering, cell engineering, enzyme engineering, and fermentation engineering, is an important
component of the world high — tech revolution. Not only the revolution flourishes in driving the
progress in industry, it also strikes the deep — rooted traditional concepts with a faster — than — ev-
er speed. Because of the great economic potential of biological technology, the depth and breadth
of its development has become an indicator of a nation’s economic and technological strength. In-
tensive competitions are now taking place among developed countries, developing countries, and
between developed and developing countries. Biological technology has increasingly received more
and more attentions from governments and different social classes, which has formed the global
upsurge of biological technology. Governments of various countries have reacted quickly to this
opportunity, including roadmapping plans, investing capitals, and offering priority policies in or-
der to promote the biological technology. As a result, a great number of medium or large size
biotech companies were founded in a short time. A new high ~ tech industry is being formed up.

Gene, nutrition and education are the three key elements that determine a nation’s overall
quality. Food industry is an eternal industry that has existed as long as human beings have come
into being. As the pillar of our country’s civil economy construction, food industry is tremendous-
ly significant to the whole nation’s well being. Functional foods, as a demand from the new era,

are coming up with goals to maximize the satisfaction upon the needs towards human beings’

health.



2 BIOTECHNOLOGY IN FUNCTIONAL FOODS

To develop functional foods, scientific evaluation on their safety and functionality must be
employed. It requires us to identify the active ingredient, produce the active ingredient by using
high /new technologies (including biotechnology), and develop and produce the corresponding
functional food. This is a very important work, which leaves us falling behind the world’s leading
level. Although we have inherited the treasure of the traditional Chinese medicine, health — care
and recovery theories that are greatly beneficial to developing our own functional foods, there is no
way we should stagnate on the traditional theories and hug ourselves on our ancestors’ accomplish-
ment. We should enhance our research on the basic theories and practical technologies, use bio—
and other high/new technologies to transform traditional industries so as to follow the global trend
while reserving and developing our own characteristics.

However, the utilization of biotechnology to develop and produce functional foods is a re-
mote, laborious yet prospective way to go. Biotechnology can replace the traditional extraction
and separation technology or chemical synthesis technology; therefore it plays a very important
role in the production of bioactive ingredients for functional foods, such as functional oligosaccha-
rides, functional mono/di — saccharides, bioactive polysaccharides, polyunsaturated fatty acid,
bioactive peptides, functional enzyme proteins, vitamins and their analogues, probiotics, and low ~ calo-
rie food ingredients. ’

Dr. Jianxian Zheng (Jackson Zein), a young professor, has been dedicated to the research of
functional food and food biotechnology for more than 10 years. He has successively led 15 research
projects on functional foods and their active ingredients that were sponsored by the state, the
province, the municipality or corporate units, with many of the projects being industrialized. His
outstanding accomplishments have received recognitions and praises. In addition, Dr. Jianxian
Zheng has served the chief editor or editor on several books that have great impact on the area of
functional food in China, including the first monograph in this area written in Chinese, the Func-
tional Foods (volume 1,1, I), Low = Calorie Foods, The Science of Functional Foods,
Functional Food Sweeteners etc. The book of Functional Foods (volume [, I, ) was also
printed in traditional Chinese and published by Huaxiangyuan Publishing House in Taiwan
through copyright exchange.

Upon the arrival of the new century, the procession of economy globalization has been signif-
icantly accelerated and the economy has been more closely synchronized with the development of
science and technology. The competitions between different nations are not only occurring on the
R&D of new technologies and products, but also on the transformation from research harvests to
the real productivity. The traditional yet promising functional food industry is thriving with the
input of biotechnology and other high/new technology. Under this new situation, Dr. Jianxian
Zheng took charge of editing the most updated Biotechnology in Functional Foods. This book
summarizes the fruits of the 15 research projects led by Dr. Jianxian Zheng, and assembles the
latest research results worldwide by utilizing the Internet resources. It is one of the most authori-
tative monographs in the area of functional foods and biotechnology within and outside China, and

will serve as the guidance for the development of functional food and biotechnology in the foresee-
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able future.

Biotechnology in Functional Foods intensively expounds the biotech production methods for a
large variety of bioactive ingredients. The book helps the general research and production units by
providing the detailed information that were usually kept confidential as core technologies by the
business corporations. In the end, the book sets its foot on analyzing the global trends of func-
tional foods, as well as its market movement in the United States and Europe. These are all valu-
able information. Therefore, the publication of the book will provide a concrete and practical
guidance for the food industry, especially for transforming, re — structuring, and optimizing the
functional food industry by high/new technology. This is an outstanding composition with the up —
to— date and comprehensive contents, scientific and precise elucidation, concise and mellifluence
writing, strong scientificity, and great practicability.

It is my great pleasure to preface the book at the time of its publication.

Longping Yuan
June 26, 2003
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ABSTRACT

The utilization of biotechnology in the production of functional foods represents the world’s
leading cutting — edge area of food science & food biotechnology, which possesses great market
potential and growth prospect. This book is the first Chinese monograph specialized in this
area, with the up — to — date development, scientific and precise elucidation and strong practica-
bility.

The book consists of 5 parts in 18 chapters. Part 1 (Chapter 1~6) details the typical appli-
cations of enzyme engineering in the production of functional food, including enzymatic modifica-
tion or synthesis of stevia, sucralose and aspartame; enzymatic production of functional oligosac-
charides, such as fructooligosaccharide, galactooligosaccharide, isomaltooligosaccharide, lactosu-
crose, xylooligosaccharide, chitooligosaccharide, coupling sugar etc. ; enzymatic production of
functional mono/di — saccharides, such as crystalline fructose, L — sugars, isomaltulose and tre-
halose; enzymatic production of bioactive peptides, such as soybean peptide, antihypertensive
peptide, casein phosphopeptide, glycomacropeptide, high F value peptides and peptides contain-
ing oligosaccharides; the properties and production of glycosidases, such as 8 — fructofurnosi-
dase, inulinase, f — galactosidase, a — glucosidase, xylanase, chitosanase, cyclodextrin glucan-
otransferase, amylase, glucose isomerase and mannase; the properties and production of func-
tional enzymes, such as superoxide dismutase, glutathione peroxidase, and lysozyme.

Part 2 (Chapter 7~15) systematically illustrate the typical applications of fermentation en-
gineering in the production of functional food, including the fermentation production of sugar
polyols, such as xylitol, mannitol and erythritol; the fermentation production of macrofungus
such as Ganoderma lucidum , Cordyceps sinensis, Armillaria mellea, Tremella fuciformis,
Hedgehog hydnum etc.; the fermentation production of mieroalgaes such as Spirulin and
Chlorella ; the fermentation production of vitamins and their analogues, such as vitamin C, vita-
min B,, vitamin B;;, pantothenic acid, coenzyme, nicotinic acid, nicotinic amide, biotin, 8 —
carotene, coenzyme Q)9 and L — carnitine; the fermentation production of polyunsaturated fatty
acids, such as EPA, DHA and Y — linolenic acid and arachidonic acid; the fermentation produc-
tion of biopreservatives, such as nisin, kojic acid and natamycin; the bio — organization of the
minerals, such as selenium, germanium and chromium; the fermentation production of hyaluron-
ic acid, glutathione, fructose — 1,6 — diphosphate and functional diary products. Part 3 and Part
4 (Chapter 16~17) discuss the typical applications of gene engineering and cell engineering in
the production of sweet proteins, ginseng cell and superoxide dismutase, respectively. Part 5
(Chapter 18) focuses on the global trends of functional food, especially the trend in America and
Europe markets.

By utilizing the internet resources, this book has assembled an impressive collection of the
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latest researches worldwide on the biotechnology in functional foods, which makes it one of the
most authoritative monographs in this area within and outside China. It will serve as the guidance
for the future development of biotechnology in functional foods for quite some time, and as an im-
portant reference for the professionals or students working in such areas as biology engineering,

food engineering, pharmaceutical engineering, and chemistry engineering etc.



(R BEDERIRES

o FR AL

. BIERE RIEE BEBE AHE R R ERERBGLHE.
AR ESOK EBAE EIR R FORENREE.
AR R B R BRI B & AR B KRB
BIOE BIA RO B OBOK B BEN(HEARER)
wEm L

BT BRI EH R A

B REBE REMN

BN OREMN RERAR R

B OREBE REMW

B BB

B—-FRY HEH ABM HREE

BT KREE Rl EREA

BEAT BEE FEMN FHEN

FhtT HEH¥ RIE

EEE BIERA T IREE RIS

B—ZENUY BEE BB FHEH

BHEY e KEB

AT KRIEE  MEMN

B/ET B PR

AT RE&R

SENE B TRERA T UIRE M SRRV RTE A

BT HEM RKEH

BN OKREE A

BT ORE AR

EIY RER R HER

BARE IR EERNTES)

BT R B30 BRAE

BN BEE THEH

BT OHIN REB

BT AXE RESB

AE  DIREHESE A TS

B—-E=Y THEH KEE BEMN

8 h
8



2

e RBEMER

FLE REIERASITREENTEE
F—EET RR BRI

BAE RELERESRIEENES
B—EPUT BRuME RIEE OREA

BLE REIREEHERIEG

F—E=

TOREE RE

BHE REBIREE SRS RN RRUD T
F— W BHR ELRR

— e

iy 1
AU
BHY
HART
HA
BT
¢yl

E+—
F—
]
AT

Bt =
B

=
]

Bt ==
B
B

=%

1+ mE

Bt % AR

Bt HRA

BRR B Bk

Btk KEE BRY BAR
R RRR

RRE BEH

RmHE BEN RRR

R TR S AR BR T 1
WAl R

WRER KEE

REE  RRR

B YIE R A B R TS

g

REAl R

Sk

R TR B R R A B H R 1,6~ B SLME 1
WEW Gk

s SKE RAR KEE
REA BKRETHL

ST gk A 7 B T 6

B-E=T BEF RFAKR REER

BTEE
B
o}
B=F

FHAE

B T AR g A TR B A P Th RE VL ) A TR 461
BKSE¥E HAE

Bk 7 3%

B 30K

BN TR A = H R M)

BT OREE REMN

g+tE
B
-
- AN

90 TAR IR A 7= N S 4 M AR ALy 5 AL B R T 1
KREHE WEH

KH

R R &R REH TGS



(e RBEVERIRES

B—1 BR BXR KREE
BT MR AR

B=T O OBRB OREE AR
EHEPRUSREE, AREFHY



ot
=]

BB

H: 418 R (Biotechnology) , = i B AR BH#E X T2 R  KEMAEY 3 HEY AR R
P A TE YRR, VE S B AL AR TR MR T B SRR A TN AR = R At IR %5
A, CEFRHEYRR, N AGHREY M TREER, I TR m TS FR, LR EE T
TR R, SR BEMBER

ThEE R i (Functional food) , 3R AL AL 3T AARBE 7 4 B R LR B I B RE iR 9 4 3
T WP R AR R E SRR DAL & & ThREME RS, BFR AR R SR ER
R, FRODEHERRNELEN, EESRRERKEEAL S FWERTE,

ThEe & b B A FAE ALY, R B Th U 4 (Functional composition) , BLFR & $E
B4 IhEER T4, BRER, RS BAEFEHEE MR, BEREHRHOAHREA,
FHEFHN NSRS G EAHEER. SEMM S, LEHINNIRS, FEREUT
8 2.

(1) TRtk EY: BIIMEE S8 ThEe RN ThRE X%

(2) THEEMERRZS: HIWN o -3 ZEAEMABIIER .0 — 6 EANRMBIIR BEIRE,

(3) EEBR KSEHK: Flnd-HER . BEOBK EERK. AERER BERY,

(4) BEERMBEE RO SRKEEEER ETELE R AYRERSE,

(5) Tk UEERTE METES,

(6) HEEMERS: FlINEHE AR SRy AIRLEYE.

(7) #AE: FEEARER, THEPUEH.

(8) IKEER RS AFEEEEAS BIBERSE.

WREH RSB AREEENESPHRBHE S, FENEABERKENERERE,
I EAZERMENIRET . BT EREA N ME” S MORRE”, N AfE
G TSR, EAREE NIRRT S TR, AT 2 B SR N RteEmn. IRES
TREBFEARMEI, A SR XA B B RR . BHBEARESRERRE™ P
SR EARWE R FAREMEARWN AR UK ENE R, THERE R MEH ()
BT ) WA= | XA T Esh & Tk R A R ar e AR k.

RN ARE I A, & Y4 B EAR TSR, BT MK
EREZEMERWTHE . MERNE, EYEAREEDRERRAE” LB BARNA, K
EARBEN 8 RINBB A, BRHEYITE MRS — MR AT B B RS , AR M A M H AR
KA, Filn:

(1) FIAEYBARE = EREE RIS AR EIEEBAEE IR AR,
SRR L- B REFIREE RS RERA I, UARY XL EE EXHSER
Bk, e = W A\E, v

(2) FURAYH AL EPADHA  y - WHKRIR JEANERSE, SUE+—&,

(3) FIRAEDEALEFFEER BEABERK BER. S FERRK SR ERKAIBES



2 TIEEME RmEYHEAR

% BREHE AN TETHE,

4) FIREYBEAREFRER CHEEE B, BEE B HR.A-HE NEMEHE Q,
. 20E+E,

(5) FREYBARE=ENS BV AIEE, 2 E T 2%,

(6) FIRAEYMBARAEABRE RS BILEFA%E 2 0ETRE,

(7) FREYEARL =BG EF 350 = SRR R T4 B2 79 & B8 5 SRR BT 3 B 3
RO AR B BEASEERES, SIS — T AE,

HEGREFFTHAEHTRBR AEBE T 27 MRS TEENE, &3 2 FLHF
8%, RGBT XIS EYHEARFE .

BT MMAEYERNERAF AR, N T RITHER B 44 ERAIBIR 25 i
Rk, ABFFHERLBEMERTZ 2% EINEATRFT B . &R R# R
)2 R SR AR R, BT R 450, Ok B &t R B TIE. (E&EmTA R
AHRBFRBEMBEENBZB0EE, 2MNTREREF TABHIECER , B8
BB R R T 4 R,

BT R LR TGN, (BA%ESEESZE BT R R REE R &)
(B— 2. =4,1995.8~1999.9) (TNEEHE R MEULR A ) (1997. 11) (THREH & f2)(2003.1)
FICRAER B S (2001. 8) L FBAEEE,96% I EHABSHMET HEN, MA,2BHNEILF
RN A P SES .

AEHER, BB TARSHBANLHR A ZFMETHE R . FPEEKBZLXEEL R
+ EEITCZHELNAERHET, BEEEZES,. TEEABEA NS E A ESEEN L
ETEREAE WA T THEINXRLAIESR. | RERSEEATH/NEEE WA R F 2
Bi st ek (ST B 5 B RKA A (18 ) B BR /A F] Louis Liou Je4k  H BB S BI04 7= Bt
RTkth&F R st  oF B Tk h &8 WAL 1 | ER S & SRS & Tl e ket
St FEEH TS EZAEE 2EEH T WA AT R MG L FBKAE
AHERES SeE RYIREE A RBRMAE HREARG B EE HINFREX L ERAER
AR ERR L%, HAT THFERIRL R ‘

BNFEMOBHI A, BE TERARBSEERZRES T RAER%EERT T HHAR
BURBI¥EARBRESMR NS, ERRR B E! X EEHTRERCESHEARF Y
R, R B Eas ! X o B Tl AR ZE IR R Se A KT LR A8 0 3%, R0
BRI TS IMRE RS AEE , T R B R

AREZZHhb, BE e 020 — 87112278 BY, E — mail: fejxzhen@scut. edu. cn #IFFRIE .

E5. ABEA
200346 A 6 H
THBE TR



