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[ Abstract] In recent years, germ-free rats and mice have received extensive attention and application in the
field of biomedical research, particularly in gut microbiota studies. The demand for germ-free rodents has been
increasing, requiring many research institutions to establish quality germ-free animal populations. The process of
breeding first-generation germ-free animals involves highly specialized and technically challenging work, such as using
artificial rearing techniques to feed rodent pups. This review article provides an overview of key aspects of artificial
rearing techniques, including nursing method, preparation of artificial milk, and sterilization method. It
retrospectively summarizes the key technical points and, based on this foundation, offers prospects for further
applications of artificial rearing techniques.
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Figure 1 Technical route for rearing germ-free rodents
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®1 ATHFLIT LI LR
Table 1 Comparison of artificial rearing methods
A LGS DL EES SEHI L EIRES
Trait Force feeding Hand feeding Artificial feeding
e B /it [ 2 e o
. SN A sy g A TRy CORTORIIRAS PE RS
BAFE I B

Operation process

St
Apparatus

&M

Suitable animals

X} Sl 4543

Harm to animals

(W=

Advantages

e s

Disadvantages

Similar to gavage in rats

and mouse

AR EBEAT 11 il B B el 3K
I AL R A
Make gavage needles with molds
or purchase commercially
available products

PN

Rat, mouse

B Xl sh ¥y B R R s
Procedure will cause damage to the

animal’ s esophageal mucosa

LA PR i B2 EU R
HERH AT 4%
Device is simple, operation is time-
saving, and the milk feeding dosage
is accurate and controllable

P R e R A 2 2 S BT Wi
WRTE, TR PER5
Improper selection of gavage dosage
can lead to milk overflow into
the esophagus, causing

Animals autonomously suck
artificial nipples

RS AEST AR A LR %, T
T AR

Make artificial nipples with molds,

no commercially available products

KR
Rat

PR IERH XS S 4
If the procedure is done correctly,
there will be no harm to the animal

A EHEE, RS R
& 2§
Animals usually do not overeat when
they feed voluntarily

BARR B S A H WA
SEME KR
Operation time is long; animals are
prone to inhaling air, leading to
gastrointestinal bloating

Surgically secure the PE tube in the
animal’ s stomach

PE B RS KR
PE tubes, infusion pumps,
water bath

INER

Mouse

FARB
Surgical injury

B i LS A ], A A

Milk feeding dosage is precisely
controlled by the machine, saving
time and effort

XN B A R e, HTY e 2 3

AT TSR
High requirements for facilities and
equipment ; surgical procedures on

. . animals are necessary in the early stage
aspiration pneumonia

R 2 RN SR A IR

Table 2 Breeding temperature and humidity for germ-free rodents

S M=Niy viEL = S
W iR {TIJ;Z éJJ%ﬁ‘yc. St
Temperature Humidity Animal species
0~4d35C(£2%C),4~25d . §
Dl i IS0 1 AL
4 AR Co Additional moisture was provided o Lo
0~4d35C (£2%C),4~25d by strins of wet cloth Mouse
every 4 d dropped by 1 C Oy stips of wet o
KW 35 °C, - NG -
Water bath 35 °C - Mouse
0~21d31~33<C 50% ~ 65% KB, (el
Rat
F1K37C,2~14d35~32C,
15 ~21d31-22C KR
~ 809 [12]
In the first day 37 C,2 ~ 14 d 35 ~ 32 C, 0% ~ 80% Rat
15 ~21d31 ~22C
31£1°C - KR (]
Guinea pig

3 Bhdh Z /D B R LAY, 5 2 T T T K i
— AT AN RT3, GORS 41 I &
TR AT (AT < 200 wL HEAS) 2387/ FLEL
T AR W5 BRI, ok T4
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Table 3 Nutrient composition of common rodent experimental animal’s milk

HIREE PN /N G B R
Types of nutrients Rat Mouse Golden hamster
KERE i i .
Macronutrients
i}
Fat 93 ~ 175/(g/L) 21.3 + 1.3/(g/100 mL) 2.4/(g/100 g)

AR (A EE)
Protein ( total )
e
Casein
HiEEA
Whey
WKLA Y (B )
Carbohydrate ( total )
L
Lactose
ix
Ash
LR}
Minerals
5
Calcium
T
Phosphorus
Lo

Sodium

o

Potassium

A
Chloride

B
Magnesium
B
Zinc
it
Todine
i
Copper
AR
Vitamin
4EER B,
Vitamin B,
HEEE B,
Vitamin B,
A F B
Vitamin Bg
A By,
Vitamin B,
s
Niacin
ZIR

Pantothenic acid

69 ~ 118/(g/L)
64 ~ 80/(g/L)
9.2 ~ 25/(g/L)
28 ~ 37/(g/L)
11.3 ~ 41/(g/L)

13 ~ 15/(g/L)

970 ~ 6200/ (mg/L)
1600 ~ 2720/ (mg/L)

660 ~ 1400/ (mg/L)

1080 ~ 1700/ (mg/L)
1170 ~ 1760/ (mg/L)
0.1 ~ 310/(mg/L)

9 ~ 55/(mg/L)

4 ~ 7/(mg/L)

1.7 ~ 7.0/(mg/L)

0.2040 = 0. 0082/ ( pg/mL)

4.67 £ 0.78/(pg/mL)
1.49 = 0.23/(pg/mL)
0.032 = 0.008/( pg/mL)
7.02 + 2.28/( pg/mL)

15.2 + 6.6/ (png/mL)

10.8 + 0.5/(g/100 mL)
78.5 = 3.8/%

12.2 £ 0.2/%

2.43 £ 0.25/%

360. 00/ ( mg/100 mL)
216. 00/ ( mg/100 mL)
84.23/(mg/100 mL)
109. 00/ (mg/100 mL)
147/ ( mg/100 mL)
24/(mg/100 mL)

1. 12/(mg/100 mL)

0.26/( mg/100 mL)

6.95/ (/100 g)

2.61/(g/100 g)

0.83/(g/100 g)

116/ (mg/100 g)
78.1/(mg/100 g)
71.2/(mg/100 g)

211(mg/100 g)

KA Not detected
19.5/(mg/100 g)
1.6/(mg/100 g)

KA i Not detected

191/(mg/100 g)

A Not detected
0.239/(mg/100 g)
0. 0958/ (mg/100 g)
AR Not detected
AHEH Not detected

AFH Not detected
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gR3

BRI PN

Types of nutrients Rat

/IR S
Mouse Golden hamster

iR

Folic acid
EER
Biotin

HHERE

2.91 = 0.38/(pg/mL)

0.154 + 0.047/(pg/mL)

15.3 = 0.55/( pg/mL)

- AHH Not detected

A Not detected

1.11/(mg/100 g)

Vitamin E
#HAEEK K,
Vitamin K,
R A
Vitamin A

o =L AL B

He B B
Energy content

BBk
Osmollarity

TR pH

5120 ~ 9200/ (kJ/L)

352/ (mosm/L)

5.7 ~ 6.8

- 9.81/(pg/100 g)

- 1390/ ( ng/100 g)

- 6.61

BEZLA A8 5 0 A 23 Bl 8 T 3L H D0 0% 38 i
KA, Fln, SD KB EEFLAEMALATIN (0 ~ 4
d) ,ER ARG DG & 54308 (8. 85 + 0.24) ¢/100
mL FI(14.66 + 1.07) g/100 mL, T3] 7L A
(20 ~ 24 d) ,HEAFERSE(12.05 + 0.33)
g/100 mL, i &% & T M £ (12.15 = 0.83)
g/100 mL"™"' R reieit A T3 7 it B oe
W% B IR R M SC 0 H 3 B A — e LA
A TEFLE 37 B E 9 N T FL A BCHI AR >
2.2 AT HEH

FESFLI A0 | R A 9 3 2 18 Tk Ui sh
BERLAE 0 R BB Y, NN R 0 i
GERN BB B E IR FORBCHI TR, BN, w/i
— R R FL O L K e R IR
AYHENRA TR, TP REILAZ IR
78 R R AL BB AL, R R
AL 2T, B T A 2 W, HoAR B 178 37 L
oA R 225 SRR CRERSIY H &1
e FDR 2545 SR IR i % A B, SRR HE R T
ANTANRESRB T, HHERX —THREE, &
3 I ) v e A it (B2 LS O7 Wk ) 9]
FELHI T 2L 3Rl vk e i 3 R fA7 2R A
300 5 3 = g T e N, HHE SR — M R
EAR SR & R 5 LA, (044
R U YREHMEERRNSESHILZETRK,

TEEFRF U, 5T 5 1 —FP e JC T 45 1

AR L A R A L A R T A G A B
YA FL (rodent milk substitute, RMS) #1741 %
S E A RMS 5 Bk A T3 A
bR KRR RS ERR SRS HIL & E
FEARL, TR AR TR i o R 5 R 25 R OR A ik
Ro TESCH I B AR s AR K R A AR Al S
BRAGE IR RMS 1 sh B i AR K th 2 5 Bk 2L R 57
H2E A B SS RMS FE R T B i B
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KB A LA R sl s R R AR 1R 45 (il an
HLF R o i ab, it R H: Al 2K T ik 25 B
s Akt

H5EMYISAR, N\THSEEENERY
JoT, KR Je e 6 38 37 ) T 2% kA 3R P BT Y B
A JUHAE = K W 5 AR AR T B DT,
AN BB SR AT % T L2 A8 fif FH v b ZE
AL E ARG RS, R AR O WK
FF RS R G AR B BT R A R
WY WK &M ERE R KE 7R
121 °C,30 min & 372 B 5Pt 2 e/, 8 KB 50
kGy KM T EFB PR /AN, AT H>
TR KB i SR, o LKk B R
SRR FH 7 35 T 2 /0 (1) 8 1R KR, At i v 3R
A FH 1 P25 VR KRR, S5 7 B 25 2 v B A
TH(FE4),

®4 NTIWKE RN RITE

Table 4 Sterilization conditions and methods for milk substitute

K71 Pl

Sterilization method and dose

225 30k

References

Wik Co® 50 kGy; 281K 121°C R KH 1 h "
Powdered milk irradiated with 50 kGy of Co® ; distilled water was autoclaved at 121 °C for 1 h

Wik Co® 50 kGy ; Z&AR/K Hr A4 MiE 121 °C & K E 30 min

Powdered milk irradiated with 50 kGy of Co® ; distilled water and newborn calf

[17]

serum were autoclaved at 121 °C for 30 min

Co* 50 kGy

[23]

NTELREKH 121 C HEE R v H14k 40 kGy [20]
Artificial milk was autoclaved at 121 °C ; vitamin irradiated with y rays at 40 kGy

ATF. Co® 25 kGy

[14]

Artificial milk irradiated with 25 kGy of Co®

ANTH 121 CEEKE 15 min

[9]

Artificial milk autoclaved at 121 °C for 15 min

4 RE
ATAEA , JCER k1A S AR S BIF 5 B A 2

55N FE ML 56 2 9 T 2 T B k)™
Z 20 SRR S A TR
Wik g RO TR A 52 SE 5 2 i
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