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1.1 ## Table 1 Main ingredients of different infant formula
L1 S%sl SDKRARELT B, KE o FELEEL R
13-15 5, WHACRAAERRAARAT, o RrRw BRAY
ifﬂﬁﬂﬁ&% iYXE((R‘12017—0033;21§'L153’m\@ﬂ % & g (100 ) 1025 1020
ALK YA E AL A as 200
A3 AWT1302202-5-1, S SEH S0 (22 ) 4 s g (100 ) 160 388
+2)C,HHIB (55 £5)%, 5 12h BEE, 7& B+ (100 g)! 273 27.2
1.1.2 R R Mam 1 BEEELE T 058 . TH i #/g- (100 g) 4.2 4.2
BELTE T5 Wk (58 4 —HE R B e 8L ) | JHE 3 B a— I ik # /mg- (100 g)! 399 398
TR, KA H/g- (100 g) 53.35 53.64
113 0] 4% 2 R WYl I B 2 400 E W, &R

KEAVRHEARAR; KB 5-F 0O (5-HT)
ELISA I3 7% & L K B 5 8 56| Wk 2 1R (5-HI-
AA)ELISA #6050 & 3 LI VIR A= WA BR S A
Lt e , 35 W FE B C R BHE A A

1.1.4 Y%  Multiskan FC B#AR{L Fresco2l &%
B0 AL, 25 FEER R R BHE A BR A ]  Agilent
1290 Infinity # = B AH (35 4L Agilent 6460 —
DU T 5T T AN HC AT LI 55 B8 TR (EST) | 55 [ 2
FEMRRL 4 28 /] ;s MS105DU 43 M1 K, Hi 1
Mettler Toledo 23 ¥l

12 Fik

1.2.1 s g L3027 HikA SD K
R E X G B 3 AL A 10 R RS 1
HBE R, B 7 BUBE RS, S5 R RO o UL
W SR (25 O B 3 3 TC 5 R MR R 2 R 2
Be 7 WA TR A (NZ /N 7= 5 ), R R E 7 403 43 o
a-FLHAEA BARTEARS, BiEE SEA
FHEERZNGRLREESR UK 5KE
il B 22.5 ¢/100 mL JT & W BE W, BIR DL 0.4
ml/10 ¢ BW & E LA KR, H4hiEH 1
W (H XK 10:00.14:00.18.00 7 5 ,10.00 % # /i
Wrer 4 h), B (18:00 Z¥K HH _E 6.00) H £
H RS, UG IR 22~24 °C IR 60%~70% , %
H GRS ] R 8:30~20:30,, THDIME4A 21 d, 0 =
KEAKE BRI bR, Z )5 Bt
B HUE 2 4T A 43 #

1.2.2 KRB e SD KRR 0,7,14,21
KA

1.2.3 16S rDNA jllJ¥ >R CTAB Uk @l i $1 Bt

RELH A AEAE AL B 4 DNA,  [A]B) R F Nanodrop X
DNA #4771, I3 1 1.2%35 N5 W5 56 15 L vk kDU
DNA & HUsi & . 8538 PCR 9741 HbR B, R
H Tllumina 23 F] #Y TruSeq Nano DNA LT Library
Prep Kit 5 W FF SCPE 5 B ALEEAT i il & 00 e
A5 30 B WU 548 AR 45 e 91 5T ) O, S b [a)
FREAS 38 3 0 3% 1 JR 4R 91 4% BE index 1 bar-
code 15 B AT SCPEFIFEA T 43, JF £ BR barcode
FE3, I8 QIIME2 dada2 43 H7ifi 2 25k OTU &
o MF TAE R 13635 A Y R 25 R BCA BR S |
e,
1.3 Sitsh

IS DLV A 5 M 22 (vxs )RRk .
SPSS 22.0 #Y HLIA 3 5 22 73 7 Ml Duncans 2 A
W E, BEMEKT P<0.05, fiH] Origin
2019b Fil R 2l &1 3%

2 #HR
21 AREBRMIERE T ZILHH X SD
KERERER T

PP AN ) 3 R S 2R R IE 5 2 L X
SD REA K EZH RS, X SD K B M4 o7 i i
AT o AP 1 R R S A% 4R B iR A o
JoA 22 5 NS 2 JE T i A5 A T B2 5
HL2E S5 FF SR B SEI A B I ) (9 HE RS | 4 4 /)
B A A S B 2 R ke e, L S TG O Wk
LA o 4 e bR A% 2 )OI I 25 S R
[7) 3 19 Jo R 2 5 TR IC 7 22 )L 05 ks X SD R BRUAE
KH IR
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I , 2% 4L =2 [ BIE 4% 5 KO 1 35 1k 22 57 (P>0.05) % ; . : :
XF A, S C R A A R BRI R R A s Time/Ji
P12 5 25 300 (P<0.05) , %58 i i I IE 48 50 A 1) T B1 SAXREHRETWK

fil B, ] BB 5 JE 508 B AT AR SED X A R AR Fig.1 The body weight changes of rats in each group
B, EC T by 2 0 DR BRI R S A

BN (P<0.05) , T4 L 7 053 4L I O 55 k- N

fie R, AH 55 5 T 5 W 2E R LG B 25 S T < il . i

P 7 A3 A L R L R A 4L 0 3 I 3

R ALK L BRI (P<O.05 ). MANE 25 4 2 & ol

WA, 5 T A 1 T L S T i O 4R §h

(P<0.05); i T4 B Ji 05 b8 A7 By I e 4 2 30 i o

4 i (P<0.05) . ‘ _

23 ARG ZILHH SD kR iE 5-HT, R,

5-HIAA. Trp & E I Name of organ
S-HIT & — Fi £ 6 T A PRI R 34 L3 o 69 T Hl2 RRERRNILR

A £ R R 2 I, R Fie:2 - Comparison of organ inclex n xais

20 5 TR AL B AR L 5-HTP, SR 5 48 S5-3I TR
i 2 Tl A= i 5—HT, 5—HT fi 2 28 5 iz S8 A Tl A 7
Jiit AWl A 5 - m W & @2 (5 -Hydroxyin-
dolacetic acid, 5-HIAA)FE R HEHAASN, 5-HT &

300

g

s

I !
a [ 4k Ae ha

250 4
475
200 -

Serum content of 5-HT/ng-ml™
Serum content of 5—-HIAA and Trp/

ER

= BTa
SRR YT 220 B 0 T T, A I N e L2, 1 3573
S—HT 0 PR o 1 B 53 W5 £L . T3
THIL 7 W 4 S—HT 5 Fik 24 g 3% 58 i Jy 461 2 of : =
i, i zs (AAUHT B, 5-HT &5 6 B35 22 5, 60 0 0
TR I LA B R B TS . g 30 5 T nm
J. 5-HIAA & 5-HT IRIHA > 1y , T+ 4 B )7 Wy b Serum index
AR BTG S-HIAA F i 3 5 F 48 (O IR A B3 REZILET T SD KR ME 5-HT,
B ST 7 B 4L (P<0.05) o 38 0 W b 41K L S-HIAATp & BRI M

Fig.3 Effects of different infant formula on serum

ML TE S-HIAA & i 0 (8 T2 Lo 4 (P< . _
contents of 5-HT, 5-HIAA and Trp in SD rats

0.05), FHZHCI7 §5ky 4 K BUAY ML VE Trp & & 5
15, S 3 T T W R 4 (P<0.05) TS %S M358 B 7 W5k, A T KRR R i i 5
YRR T % 22 55 Wl BT U A KIS 24 AREORMESEBRFZILTHX SD
Trp & & 8 EH KT 25 AXF R4 (P<0.05) . %5 1,7t AR iE R 5-HT ,5-HIAA. Trp &£ K&

W T7 Wk X T K B S-HT & i i RCR S—HT 76K b i) e 3t AR vy, 2 e 3 9 4y
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WSS E ,5-HT4R /& 5-HT W2k —
FMi K2 JZ2 P 5-HTAR 2 1 5 P 2% > 58 1 Fn
ICIZHE S 5, 5-HT4R 7 A b 28 22 50 0 iR
Jr B h A Ze ik BAT SR AL SE S e AL T Rg . A4S
20 K B i 40 20 5] 3% b 5-HT 5-HIAA Trp % &
K KT S-HT, FHGBC J5 5 43 41K B ) i 2
ZU5)H S-HT & i 5 3 = T 25 R BE 2 R 36 e
Ti Wk 41 (P<0.05) , 24 2 3838 e 7 Wk 4 1) 2 %
hAs O B 1.5 A% 3838 5C J7 R 4R BRURY
[B) g 20 21 51 9 5-HT &% 18 o 358 T 25 (1 0 i 4l
(P<0.05), FHELMCJ7 W54 28 K B Ad) 1) fii 28 215 0%
5-HIAA & & 5 3 5 T 25 (10 JE 20 RN 32 38 e J7 5
¥ 241 (P<0.05) , 3% 38 Jic 7 1% 3 28 K B4 8] ing 20 21
519K 5-HIAA & 2 1 A8 T 25 FL X0 B2 (P<0.05) .
A Trp & o E 25 (P>0.05), HILAT
A6 A T+ 5 50 7 03 498 % i e R BRUG 4 20 5-HT &%
PR T8 B W5k, TR TR R R R
LR RTRA VAT DA I (S LRy = I

25 AEAEARMEIEREHFZILTHIT SD
XRBEREEFNZMm

2.5.1 Alpha Z#E#r  Alpha Z £ T LI
e A ) BV 1) RN 2 AR . Shannon 5 £ A
Simpson 18 H2 1l ARG SERE A h i 2E W) 2 FE 1
(4548 . Shannon T8 (A K, U IR V& 22 FEME
/51 3 Simpson T8 EUE B, U I HE I 2246 1 BUIR
ACE #8$UF1 Chao 8 00T LA HIRAR R B BE R 15
Coverage 7= 115 2 FE A SCPE 78 o 38, BU(E 8, FF
A TR B I L A AE AR BRI U I 4
FOR AR T HEA U P i LS O

[ aumEa q12
sk R 4L
a TR el
iz
4

8] ik 5-HIAA F1 Trp & &
Diencephalon content of 5—-HIAA and Trp/
pmol - g™!

Diencephalon content of 5-HT/ng-mg™

5-HIAA
fia) i 4
Diencephalon index
4 ARZBILEFG M SD KR ERER 5-HT,
5-HIAA Trp & =&
Fig.4 Effects of different infant formula on the
contents of 5-HT, 5-HIAA and Trp in diencephalon

tissue of SD rats

9 WE 5T 25 2H R B T8 TR AR B R e 2R
X FEA AT Alpha ZREE 5017, 45 R NEK 2 iR,
FIr A BEAS B T Coverage T8 403 K F 0.999, 15 B
H o SRR S T e S B ACER I, R A
T 1) ) ARE 3R AR, AR O e 45 2R AT DA S R AR 1Y
B O, HR it Shannon $5 44 f1 Simpson 5
Boal LUA Y TR TT Wik 2H G SD R Bl i T
ZREPE R S T A FX B A T W R A
H ACE F8 501 Chao #5880 T A i, 25 IR JE4H
9 SD K el Jy 38 T AR B iy, T TC 7 Wk 2
5T T WA 41 SD K U I PR A R K OF
ik,

®2 BASDARREMABTWHMEY Alpha ZFiEEH

Table 2 Alpha diversity index of microorganism in cecal contents of SD rats in each group

28 71 Shannon #5 4 Simpson & 4 ACE 482 Chao 38 4 Coverage

G 3t 0.65 0.71 12.53 11.25 0.99998
38 BT o b4 0.67 0.70 7.05 8.50 0.99999
I+ 48 Bie o w48 0.76 0.60 5.40 9.00 0.99997

252 Beta ZHM T FIH] bry—curtis 1Y 3 4
Fr4r#rik (Principal coordinates analysis, PCoA)
AT 4L SD K Rl W fE -2 ek, Wil 5 B
N, &2 SD K R E R AR TE M S R

EREAAREES B 1 ENDHN 28.62%,55 2
F AR 18.01% , FHorh FH9e it 75 by 41y PC1 5
23 X HE 2R ) T R 4 R B R T
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Fig.5 PCoA analysis of intestinal flora of rats in different groups

253 ARSI RS R R E
HERIREIE AL, TN TR B T & A A
FRREARRT 422, 4nl&l 6a Bos 7R TR AKF b I3
W RE N EEERE ] (Firmicutes), U ] (Acti-
nobacteriota) , JLi i | ] (Verrucomicrobiota ) FI UL AT
B 1] (Bacteroidota) . FHZ% L 77 W54 28 1) By 3 v AFF
TR RE TR 1) AP B 1] 1 B 5 A s IR AH e
F AL (P<0.05) 5 TG0 BC J5 4 ¥y 41 14 i 18 o B
AR T 1] B 5E T T Wk 4 A L S T
(P<0.05); FHLCT5 W5 45 4 1) Jg 18 V1 R o I sl oA
MEE R E AR, BG83 225 (P>0.05).
WE 6b Fis  fEJE K BT AR
FRREAR XS B 7w K b DE 34 i Jm o LA i s
(Lactobacillus ) , J5 ¥ [C & J& (Kurthia) , B 58 2 [
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(Corynebacterium), M 6b H ] LI |, ¥ 18 Bd
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Fig.6  Composition of intestinal flora community of rats in each group
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Abstract To study the effects of infant formula supplemented with a-lactalbumin and tryptophan on brain development
in newborn rats, this study used 30 SD rats at 7 days of age as experimental object, randomly divided into 3 groups,
rat breast feeding group (ck), the common infant formula feeding group and upgrade infant formula feeding, mixed feed-
ing after 21 days. The effects of upgraded infant formula on brain development of newborn rats were investigated by
measuring growth and development indexes, nerve function and intestinal microflora of rats. The results showed that up-
grading infant formula could restore the abundance of intestinal flora at the genus level, significantly increased the con-
tent of beneficial bacteria AKK, and contributed to the establishment of a good intestinal flora. It could significantly in-
crease the concentration of 5-HT and its metabolites in serum and diencephalon of rats, and promote neural develop-
ment. Conclusions: Upgraded infant formula supplemented with a-lactalbumin and tryptophan could significantly increase
the abundance of intestinal beneficial bacteria and the concentration of 5-HT and its metabolites in serum and dien-
cephalon tissues of newborn rats, with potential health benefits for intestinal and neural development. This study could
provide theoretical basis and scientific support for the upgrading of infant formula milk powder.

Keywords upgrading infant formula; brain development; nerve function; intestinal flora



