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Setting the scene

FIFRBRE I B YR 5

RooikE P — LIRRE GG

WENR 2
The science of microbiology
AR YIRS, BRI
HE, UM, FAEBY. WEF. HEE
BB A FER S A, MERLUERE A
16— B BLT G B PR 5 — 3t
lgRZE SR, HEEBEBEERABEE,
[E]RF RIS LA R E B AR L RIFFE B R,
A H AR
« EfEE RN, DBRIRETR, wHEE
P FERAMASE Y BEM R E MRS
o FIESEAEY) B B LRl ok, A B
s d S i, Bk,
o FERERE YRR B3 2 77 Ul HE KRN
KNI EY) 28 R — (8 £ SR8,
AL HIRAE ] LB HIE] 1677 5 X E R
(Antony van Leeuwenhoek) #£HH [ fifj 5 RAHX
BT R R IABIE . thiy 5 ARt
EREBZEEATY), W, BRAERN
Mg, (HREEES RHF, i EHS LM
B HAME YR EE RS TE, Al
AEEE TRMESIE 2 %, BEYRIR/N

EREEA, ERIRAIGTTE R K ER &
Amoeba, (EE#) 500 pum), BlE/INIHEE
(Virus) (EZ# 20 nm), FHEPHEHE
FI—5r S5 Y B, BRI PR VIR K /N
PR 1.1,

Hf FEREERMEYNARAEET
MIEEEEHr (pure culture techniques), &
BT — {18 A= Py e 17 H B AR HE St 45 B HH 2R,
T — YR Fl B MR A R R (BS54
) b, EHERIMGETHIE, ETHER:
B R IEE BT (aseptic techniques), HLA
RZEYRBTGBAERERERE S, FRE
B IR RBREPHENHMMEMLT g
R Sy

PR RS BB . B % 3 B S 1) B il ¥4 14
YRR RIMEHEEN,

HRMEN BEVER

Approaches to studying microbiology

PREEY) 2R E A B R B — B 7T AT 3T % it
ARMEA FERIRL R, ST 51 %5 22 RHRI T
f, BeAMa] LASHBHE A REREGET T PRI 9% -



2 ROV REE

F 1.1 REREWEIKN

POKEEfRER (Amoeba) 50 pm
BB EYRBDBERRMIE T SRR

BEEH (Funghal hyphae) B 5~20 pm
EX AR (Yeast cells) 10 x 8 um

8 -FSaRE8 2.8x1.5um
(Bacterium-Bacills spp)

s - AERER BE1.0pum

(Bacterium-Staphylococcus spp)

FPILEBIWRRE FRIMBETAEBR

~E - BER 98 80 x 100 nm
(Virus-Bacteriophage) B EE 110 nm
e — A BURFRX (Virus-HepatitisA)  BfE 30 nm

1 micrometre or micron (um) = 107° metres,

1 nanometer (nm) = 107° metres.

AR IR FRHTARRAUES 200 pmo

R P SFEA Y R HROR B 2 W ATREIRES 0. 20 pumo

o MiFFZ2 (Bacteriology) — HHIEENIFZE,

s WEE (EES) (Mycology) —HER
IR 5% 5

o [RAEEN)EE (Protozoology) — ¥ EA BN
HIW5E;

« HHHEY (Phycology, B Algology) — ¥}
RIS,

* JEFEE (Virology) — EHRERIIIE.

S EAS A B 2 1 B R R BB ok
B AEYIERSE . YL, A RE
HEE AR, AR
AREFEZFERNAR, HEFTENEME,
BERLHBAIMEYEAN, EHEMHLE DNA
PEHIBEHI AR AR AL, B MAY
AEHEBENEGIRGTHERSKERE,
EMTE G HA R W 70— A5 7 M0 s B >
EEAAREE T H, Bt ny LU E Y

BRI FE0 YD, TREIERE A AR R
RNIRTE B IR B R 18 (8 BB B Al
AT H PR T aRE -

HEMAYE, WMENEE (KR

7o)\ RIZE (RIERMATEE, LIRS
BAEVIRIMRA) RFATIRE (RBATAE
PERELE) MR,

« REMAEYR, WRFERRN. MR H
K TIEM A

o TEEMEMBR/ LB, HFFERBURL T3
TR AR

L EYI S, WARMEYTERSEK.
b B8 . RALERTE R R AR A R LT
HA T,

i

1
A
]

d\

731
18 45 PRI % — AT DABE At AT
Flan, REABAEMBREE T REHRER MK

A B BTN 2R B 2 T SR A ) B AR A il



M #weFE 3

MIRTZ I T o B Al B/ RIS O 72 A1 B s
M AEYIR RS AR R H

FSERE 0 JH AR S AE B AR B ) B
ZEo BN, RMIEYIRELHEMEY
fbiS . DAY EEEREE . PR A2
R, BEHARNORZRATEFIHAER
PAEPIRIZEL . ARS8 R AT AE BB
FER AT AT

RooidEN S - HIREBHRE
B

Food microbiology-its origins and scope

e SR R ol R AE . R RTE
T3 B B B B E A AT, (B2 —
EFLAD, BSR4V Z IR GRS
e, 1837 4F, FFHE (Schwann) $2H
Fes B b AT L R O B R — AR R
MAE 1857 42 1876 4FfH], B (Pasteur)
AR B B AR E A (L 2L RY IR
HRTE. WSER, MMABIEE M ME
VIERLETE T HRAVEERE . 1558 e IR B8
&, Rk, GRMEVERLRE. &
eSS B R R T 40U A £ A S 58 R
i, EE RS MAEYEZEBR 25,
BUAE, BabdA ) — 118 B 28 R A R85
do, HEEBERGE RE 1.1,

Ro#E
Food
hygiene

KNRE
Water
quality

BEniEDBER
R0 E 2R

RoRE
Food
preservation

B 1.1 RERMEYREREENTERRE

R E Y 2E MIE R AT AR
Blfie 7] 35 09 B8R . Ml B A2 At MTRO B AT AE
RS E R EHENERYE, RER
BB RE, &Y B R i B R Ry

- BABARE S 1.2,

A B RS B EE . TR
WER TR AEENZE, BB ERa]
PR A BTG (RS, H iR A B R
FEEEYI R B S E B, AR ER S
FEEI%E (alginates), A 2Ea] FfA A4 78 B A
HEE, ALy 5 R g 2 A [F] R i — e
7 T ENFHR,



4 REABEVIRNEE

BRENER BRENER
Food-borne disease Food-borne disease
=0
BREN
ﬁ'ﬂ%ﬁrgﬁ& Food spoilage
s Food spoilage i S ESERERE
g%ﬁ@g PAngcnon of single cell protein
Food fermentations B3 _
Food fermentations
SERGMNIDRESR LEBR
Production of food additives and enzymes Production of enzymes
BREX BRENER
Food spoilage Food-borne disease
R = PHBROPSHE
Food fermentations Identification of food poisoning bacteria
Yeasts Viruses
LERGNIDRER LR EEEELW
Production of food additives and enzymes Failure of dairy fermentations

B 1.2 EYIEERHLRE AR
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The structure of microorganisms

B b

=/ B

S

Bacteria

A A 1% 20 e

THE BACTERIAL CELL

MIFE R AHE R M A, B
TMPREn Ry /e B S B Y. KE 34
BRI AR E AL 0.2 pm ~3 pm Z[H,
R 0.5 um—~10.0 pm Z [, EAERIRA]
FEEIRRIR T, R A H R
2 XS T REBES 2,

DART LG (HDSEHIRT) B
WFE Al
STUDYING BACTERIA WITH THE VISIBLE
LIGHT (BRIGHT FIELD) MICROSCOPE
AR B SR B B = R LA
AN AIPEAE S i, 'E RES I IR AR B H
ORI AE FIRYEE. HH B HE M A8 Lt
FPEAE G RARE R, ARIR R Rl
BRI LB SRR T, IR R s
7%, AEMRES R BN E+a8
BRo 7T vefikos gt m b ¥ b, fEie

1TBIZR Bl — A& € F RS [RIEEY 9  B 7
Digetn, SRR OMr5IT, BMlE
BRYIARENS, @ —HEENFEY, 2
BIME, HIEE (methylene blue) # FAZRMM
EMEHR b, MEERimEZELRERS S,
TR R B (o K% BRI B & E R /o
AT G 5, R H R AT RO BAGAEE T %
EHEERHE AR G REE, cell
morphology) . FHEHIR/N, LURHIEEREHS
EHHES | H X (FEEIZREER, group morphol-
ogy)o [El 2.1 2HIAYE ] LLZE & il B 4 (o
fir, FEFIA O] ROEERMEEE R 2R
B HES o

R RSk
GRAM STAIN

HER G H (3 B S (B Al R R i B B Y
—{&73 %, AR R] FOEHIAEE (visible
light mocroscope) —#Ef FIRF, AESY 2
HHBE B9 T2 AR B2 HE 1) LA B & 1 0 25 T UK I T
(Gram reaction), @ EYEBERK
B (Gram positive) B(EMKERM (Gram



IRARHBER — 3KE

Spherical cells — cocci

EIRE - BREE—-BORMAE
e —H
Diplococci — cells divide in one plane
and remain attached in pairs

N

EETKEBE Diplococcus spp

SRS — MR —E D RMHEIRE
iE o WEREHRALNES

Streptococci — cells divide in one plane but remain
attached to from chains. These chains have a
tendency to break up into pairs

OOSOOO

$8IKEEE Streptococcus spp
BEIKEE Leuconostoc spp
SLBEIREE Lactococeus spp

RIEE - B BFLIFEENER -
MmE2IRMROVIEHE

Cocco bacilli — sometimes diplococci are not true
spheres but appear as elongated structures

S5 Moraxella spp
TENIEEBE Acinetobacter spp

PORHRE — BREEmEE D
TRNEOE R —HE808%EE

Tetracocci — cells divide in two planes
producing groups of four cells

@D
OO

WEKEB B Micrococcus spp

BERE - HRETRRAILE=EED M

BHIKE

Staphy lococci — cells divide in three planes in
an irregular pattern producing bunches of cocci

BEIKBE Staphylococcus spp

1RARHBER — 1968

Rod shaped cells-bacilli

RS
Short rods
28538 & B Pseudomonas spp

STIT B Shewanella spp
S\ Vibrio spp

FEREBIR IS E

REDPHIES
Long to medium
size rods

KBIZHEE Escherichia coli
YOPIEAEEE Salmonella spp

Rods forming chains

5

) D@D
IRIEEE Bacillus spp

SLESIRERIEB Lactobacillus spp
EEhSIRTEARHBIR — IRIEEE

Curved or helical cells — spirillar

A

Comma s’haped

EELIN&E Vibrio comma

LBk
Curved

B 4h12EE Ccampylobacter spp

2.1 HEREREHY
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negative) o ia JH 5 i & — o2 FF 28 55 Al 2K
(Christian Gram) 7F 1884 a0, Rz
AR ER A A . H miR s R R kR
FESARMM R RS —EPITT S8R, EFE
UL TR,

T A O 3 5 0 T T 2 s T {18 = A
- EHAOREREME LR, setrEEY
HLoptEYE CREREME), REEHER
RSP R [ 2.2 fRIEdt

%

PREEP S IR R TEAE SRR AR FE B R
MOMEAYE RV AT IR AE o R 1E B R B ik
Wy, WHERAF B RR—RZ /U

HEOHBBRAA AR LB RIS

Bacterial cells are difficult to see in prepared smears
without staining

ENABTERVBERS UBRERS
HEPTEHBIERNES -

A heat-fixed smear is stained with crystal violet dye. All
cells stain purple

REFHER A ISR (BEREAEYY
) RIR o RIS REMZAESES
EREER -

The smear is then treated with iodine solution (iodine in

potassium iodide). The colour intensifies owing to the
formation of a crystal violet-iodine complex in the cells

BZ - kel (288 - KR 2B+’
BASYERTAED ) NOAGRE © BLMBRRESR
B — SRR - EthihE — SRRkt
— MR e BR BTG

Next, the smear is treated with a decolorizer (ethanol,
acetone, ethanol + acetone or iodine acetone). Some
cells retain the dye — Gram positive. Other cells —
Gram negative — remain unstained and difficult to see

BB (BN BERRENE
PR ©

The smear is finally treated with safranin (counterstain),

which stains the Gram-negative cells pink

=3
2
lﬂ

2.2 BEHREBRIG

Ry (fR7R), BRFESGEUT, BHENERHIR 278
e A R, FUESHRETER, 8
FEF 2 AT (spore-forming) HYAH B K
MEREE B (Micrococcus spp ), EHAEELIN
LR B R AN LAY, BERE
WG 1] BEES A B 5 T K 1 B R B 1
PRHE, ARt e SRR EE, &
MM ERREWMIKERE (Gram vari-
able) . PTG KE 4R — Bt BbAi657
fif, PFREHFRRORE,

A B 1 A
BACTERIAL CELL STRUCTURES

B B AR B (A2 28) AySLst
&, LA R TR g G T A e i B R O e
TEHRHK, HZ, AEARISEE N
fir—A, FSbReflrfE 5 1F b nT nEAE B IR
HERTEASE, £2.15HEIUBETR
JEREDR $% B e (0 B A Bl AR HE S IR
B SRR YRR R E RN EINE E
IR B OB TR R

BT HRE RS e, LE#EA
AN TR S i S L R BT, SE R R
SEIRETRATA S AT RE S A B . MRS Y o
ATRES TR A1/ 1N & Y 2B b BEAR I HE Y
VR, — i BB = AR SR 5 FR A T FRCK 1000
ERSHE, HEKEITERE 0.2 pm, EE
LR /N2 0.2 pm PR, TIEHE S
SRR I IR R R B A . T T R
HA®E 100,000 FRYBCRRER, [T LA
AT AEEE 2.5 nm YIRS SEETE THIAEE,
AT AT LURFE SE A0 B B - LE GRS A, T ama2
RS S T R B A B . 3L NER S

i85 ] LU & 283 3 (transmission ) T T $H X



8 RMMAEVERHE

£2.1 BEREDRARSERAPVARES

MREE

MBI
ABIRENAB R K
HBIYES
IR ERERE
WENGE
BINEE

Sk ES RO, MRagZRERIA]
DA X (scanning) 76 FHAMBIKE
2o WA, W LARMEERT7 kT8 S F R AR
WS, B IRMSEEMEYRERGUEH
[ 2.3 B0t A A o 38 118D G148 525 P J
SHHATRAERT 2 M B th—— T JE St B e

S ass

BEREAERMEIRDE
BEPECATMEREA
BBEREHAEMERRE
FHERAEX

EEE ARS8 A
BIRe, NURBFREE

* ZEE (capsules);

» JEE (glycoealyx);

» #7F (fimbriae, pili)

o [E1f8 (mesosomes) M AHRHKES

o MiE (flagella)

o NEHN, (1FF8K] storage granules);

EAE—— T B IR S . 17,
FrE M M -
. HHREEE (WUREBRIL); :E%E’_Ilffﬂilﬂﬂ%if
acterial cell walls
o HHARAS S
. SR B 2 A o B — J A B T 3R
.%M%é$. EXERIE, AR AR, BT
G il (mycoplasmas) 8k, FTHTAIEH AN
e — WoBe. AINOBERIRELE R RAEHIN 71 35
e
e i Kt
Chromosome Ribosgmes WE
HE Flagella
Capsule

it 16
it
i)
'

ASFakI
Inclusion
ranules
‘ E
Glycocalyx
a8 bl a3
Mesosome Cell wall

PEEEE

Basal body of
flagellum

il

Cell membrane

2.3 EFRANMER TRMEMEEE



MEYIRREE 9

B FER (osmotic lysis) AW E1E1S
AREHHEESHE —EH N - ZEEREEEHE
(N-acetyl glucosamine) & N — Z, [ g &% &
(N-acetyl muramic acid) & EIIREY)
(polymer). N — Z Hfih& £ 4 s & — M %
B, [EIRE T A R R B B R s S AR
#THE (chitin) BB, N - ZHEEMEEERRE
R A B P s RO RN o S W AR I P A
FRAYREE, e S, LU
KZEEE (peptidoglycan, XFBHIEEE murein,
R4K mucopeptide 8¢5 & #2 mucocomplex )
R o A B AR Ak P 5 F Bk B
FRIR A S FIRIRRACHRE FH (cross links) o
R R T B A T K P2 1 T A A B
AL b 72 FE AR, il K 1 B O
HuBE R 58 2 M ICOR BE AT RS G, BR T KSR 8
A%, WEMRBBEEEFEE (teichoic acids) [
YYEGFE. BEREREE MR A < Ry L 8
TR TR A, SR IR B TR B M A
B, BORBEBRESRZ (R0 55l K5 M
H) 1/10), RE 4 B e Rk 22 E S, (A
R A B CTheE RS RERE B, HECHRH K
P 1A AT e P B R SR s G 55 o R SR B
ZH R —E@REE B (lipoprotein). % f
(phospholipid) z #« i FX B2 14 B A i &% e g

BHEEEREGY), MRIEZEE (lipopolysa-
ccharide) o AHffIEEY3E 7} & A R thig = 4t
# (outer envelope) B4} B (outer mem-
brane), A th B H At 4E 1 1% LR AR Lo
CRIFERE R R, [FIRES B LB K
eS| RER KR EEFE, SEELE.
PR T B LAt H S L6 B8 A3 5 o i AR A A
HuEk ‘O’ BIPUEMERIFIEE. ©ha LU
—EFER A AR E M R, DABGIERIRER
BHEEMCEYE BEMRKE, fla, 7
ST g aE IR, FAERENFLERD
(pore proteins), i&FE{n it KA E B,
2.4 WA T TR IR RS 1 B T K B 1 R A
BERYANTE] . A R Y 5 R 2 TR 586 9K B i Y B

TERERI A G R
A IE IF {1 & Al f B AR A2, HHE
(archaebacteria) ——HR EEFRE EEH (extre-

me halophiles) —— i il B2 @ HE HE .
FEE 1 (glycoproteins) H1Z% @ (polysaccha-
rides) i € MR R IE H A M BE Ho Ak
PETREL

MR (RRSERER)

The cell membrare (plasma or cytoplasmic mem-
brane)

MMRAE — & M A . R LARUE AT

=1 fasb il esp iliialesd SRR BERE
Gram-positive bacterial cell walls Gram-negative bacterial cell walls
BABEESES
Teichoic acids
\ \ ({ BEYEE DR ES E2E
) M Pore protein for transport of Lipo-
( K e materials across the wall polysaccharide
) % ) ( ( fEtt= G \ BEZE 8 Lipoprotein
( ) Lipid bilayer :
5 5> o D OO 9}\@ O "
1\ 1\ > 1\ : e ; uter wal
R Pewg‘;,%'y ‘A AIBE Inner wall

2. 4 FRREHREHRIEHE AR

bl
Cell membrane



10 EShiA YR,

MEESNEREMEEEEOEOE, EF

BEHEERA 7 nm, HASEEEZEEAES

F (A H'E integral protein) HiHfh &

HE (FE8EAE) rBAEEE &R .
HHMRR R LhEE -

* T2 EGHI R B B R ER B R R

o IV EGE A AR AR AR B R K
SLEA Y E o HE M A FLE . B
B (permeases) CEEREEF) RIEEIES

S S

o FCECH R B S M AR S A IR (respi-

ratory enzymes) o

o A M43 240, E AR E (K B A A R

FEEE 53 B w11 9 e A S A B 3

FHHRAO,

o fgbtiE#R (exo-enzymes) ZATLAS W5 ZE A

it S 1 B A MO RS A

BRE

Cytoplasm

MM rARE e EEEE,
BEBREEAE. BAKLEY. IBE. #E
BB ACH BR B IKEEY) (SKER
75% ). HrpthEZPER S DNA,

il 1Pz =Y

The bacterial genome

HHE (genome) —FFTHERZAMM
HEYIH, HHlETS, E88—EHE—H
RN E MBI E RS (plasmid) (%
NEEE (episomes) o 3& fIE = %21 B2 3 (i
2 {E B E DNA 73 7, E& 7 & 64 i
AT BT AL (K7 4,000 {65
D)o EEEER DNA 7F 38— EE 5
0.2 pm FYETINE, 1G98 THEMOMINOE W 15~

25% ., DNA %>FH RNA B 8 (78 58 o
HERERITEIE o

LG8 (Plasmids) @8l EL O 2R
TEM/INEEYE . fEfES, EfMEH
5~10 {EZE A ARSI BN BT AG S, HERY
ESMMRA LT, {Ba] LAE BhH E g
TETR B IRBEIRFNAR. BOINE, E
A REYE TR A e M R I
ARSI EREELERIA
B. BEEAYEEMRERE S —EHE
L, BRETREENHERDELLER,

RrEhe

Ribosomes

FbE e /2 2 B B RNA P s A 64
NEFZRE (B 25 nm) . BHERE B FHRA
EHHENGHK, AMEANEEEE, ME
FEREERRR IR 23 R R R
€, TRFERMEREEHRENZIER,
BB, BRI 70s RS (s
TRV PR (Svedberg) BAZ, MR F7E
T SRR OB R DR 2 A B S AR BT ) o

R, oRE

Capsules, slime layers

AP Al S LR AR B S T E
TEERS IR G . 18 LRGN R HE I F
MINEEE I, af B A] DATEC B RS T 28
HHIEG, MBRPEME. ARA S vk B AL
FEI RSN, RIRREBALE

K — iR 2 % BEAEAS B, (H % Ak
(polypeptide) FefE, FEMLRLER A7} AT HR R
EREAEVIISHREIRIE, S 2, WIHR AR
R AL EY), PR e k% FHE
5, {BANR RAEAR ISR HE/E, H ARk 2 %



