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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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Table 1 Comparison of artificial rearing methods
i SR AL WL I 2% SR EIRES
Trait Force feeding Hand feeding Artificial feeding
; - . o s G KOs PE BB B ETE DY
- N A e GET U VNS FR ki A e
- Similar to gavage in rats Animals autonomously suck . H .
Operation process e 1 Surgically secure the PE tube in the
and mouse artificial nipples .y
animal’ s stomach
POHBILL PR APPSR et iAok, % e i e
R A it} R A SR KRR
SRR . T A S
Make gavage needles with molds I, . PE tubes, infusion pumps,
Apparatus . Make artificial nipples with molds,
or purchase commercially . . water bath
. no commercially available products
available products
& PN PN /MR
Suitable animals Rat, mouse Rat Mouse
- . SV 2 Nk Sl 3 2k R 5 AT A TE AR Xt 3 7 alvil o 1o e
ot S A 2x Sh Yy B Il BB s PR IE A U XS S A 4 F AR

Harm to animals

Procedure will cause damage to the
animal’ s esophageal mucosa

PR W B LN

If the procedure is done correctly,
there will be no harm to the animal

J;._\,_ »u

Surgical injury

F AL R R, A
Milk feeding dosage is precisely
controlled by the machine, saving

N o S TR E e
S o ?éﬂ"] (3
Advantages Device is simple, operation is time- .
. oo 1 Animals usually do not overeat when
saving, and the milk feeding dosage they feed voluntaril
is accurate and controllable ey teed volurtarty
i T o i oo R e P,
AR A RSE B A2 UL g i, spme sy Az
ﬂﬁfﬁ,%lﬁ?‘f%ﬁﬂfﬁx e
b o TR E KR
=y Improper selection of gavage dosage Operation time is lone: animal
Disadvantages can lead to milk overflow into peration fume 15 fong; animals are

the esophagus, causing

aspiration pneumonia

prone to inhaling air, leading to
gastrointestinal bloating

time and effort

X BB A BER o, HT U7 B 3 )
HEAT T AL
High requirements for facilities and
equipment; surgical procedures on
animals are necessary in the early stage

R2 RN SR A IR

Table 2 Breeding temperature and humidity for germ-free rodents
PRI AL A I/ N St
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0~4d35C(£2%C),4~25d SN ;
P R A S DI
H4dREIE1 C, Additional moisture was provided /ML (o]
0~4d35C (£2%C),4~25d by strins of wet cloth Mouse
every 4 d dropped by 1 C Y Sips of wet ¢o
KR 35 C - /NE )
Water bath 35 C - Mouse
0~21d31 ~33%C 50% ~ 65% KR [14]
Rat
H1K37C,2~14d35 ~32C,
15 ~ 21 d 31-22 C PN | o)
In the first day 37 €C ,2 ~ 14 d 35 ~ 32 C, 0% ~ 80% Rat
15~21d31 ~22<C
31+1C - TREL -
Guinea pig
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Table 3 Nutrient composition of common rodent experimental animal’ s milk

BIRAPIE PN /B G
Types of nutrients Rat Mouse Golden hamster
Macronutrients
litsihi}
Fat 93 ~ 175/(g/L) 21.3 + 1.3/(g/100 mL) 2.4/(g/100 g)

EHR(EEE)
Protein ( total )
i3S
Casein
FLiEEA
Whey
K& Y (BEH)
Carbohydrate ( total )
FUAE
Lactose
R5¥
Ash
L)
Minerals
o
Calcium
W
Phosphorus
#h

Sodium
ap
Potassium
A
Chloride
B
Magnesium
B
Zinc
it
Todine
il
Copper
I
Vitamin
#EE B,
Vitamin B,
#HA &K B,
Vitamin B,
#H & B,
Vitamin B¢
44K B,
Vitamin B,
JHER
Niacin
2R

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/mlL)

15.2 + 6.6/(pg/mL)

10.8 = 0.5/( /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/(g/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 Not detected

191/(mg/100 g)

KA Y Not detected
0.239/(mg/100 g)
0. 0958/ (mg/100 g)
KA Not detected
FAEH Not detected

KK H Not detected
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HRREME N N S H LR,
Types of nutrients Rat Mouse Golden hamster
IH-fie
mﬂ. 2.91 + 0.38/( wg/mL) - FAa 5 Not detected
Folic acid
EE%% 0.154 + 0.047/(wg/mL) - ARAGM Not detected
Biotin
i E
EEE—;Z&E 15.3 + 0.55/( pg/mL) - 1. 11/(mg/100 g)
Vitamin E
HAEE K,
- - .81 o/1
Vitamin K, 9.81/(pg/100 g)
LR A
- - 1390/ 100
Vitamin A o0/ (pe/ g)
HeH & =

5120 ~ 9200/ (kJ/L)

Energy content

BB

{&&E 352/ (mosm/L)
Osmollarity
R pH 5.7 ~6.8

- 6.61

BEZLAG A P8 5 8 A0 2 Bt 2 Wil 5L F 0 1% 34 o
KAEARE, B, SD K RAFLAEMFLATNI(0 ~ 4
d) S E IR & 55300 (8. 85 + 0.24) ¢/100
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Table 4 Sterilization conditions and methods for milk substitute

KI5 e

Sterilization method and dose

2% 3CHk

References

Wik Co™ 50 kGy; Z&4R/K 121°C 5 EK A 1 h -
Powdered milk irradiated with 50 kGy of Co® ; distilled water was autoclaved at 121 °C for 1 h

Wy Co® 50 kGy; ZEIB/K Bk A4 1T 121 C ¥R K 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]

ATHEEKE 121 C ;4 v H14k 40 kGy 00
Artificial milk was autoclaved at 121 °C ; vitamin irradiated with y rays at 40 kGy

ATHL Co® 25 kGy

[14]

Artificial milk irradiated with 25 kGy of Co®

ATH 121 CEJEKE 15 min

[9]

Artificial milk autoclaved at 121 “C for 15 min

4 REE

ATAFER , G B WG 1A 3 1 D T 5 A A

5 N AP G 2 Y T BN T A R
Z P SRS RO 5 B AR
Wik J e RRCEFLE AR, 2 908 sh P
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