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Abstract

This study was conducted to evaluate the efficacy of human milk fortifier (HMF) on growth and nutritional
status in growing rats fed infant formula supplemented with HMF. Three week-old male Sprague-Dawley rats
were divided into three groups and fed regular formula (RF), premature formula (PF) and regular formula fortified
with HMF (RF+HMF) diets for 3 weeks. There was no significant difference in weight gain among groups.
However, a significant increase of food intake was observed in PF and RF+HMF groups compared with RF
group. With increasing food intake, the intakes of carbohydrate and protein were significantly increased in PF
and RF+HMF groups. The weight of perirenal fat was significantly increased in rats fed RF +HMF; however,
the weights of liver, kidney and spleen were not significantly different among groups. Although total lipids,
total cholesterol, HDL-cholesterol concentrations of serum were not significantly different among groups, trigly -
ceride was significantly increased in PF group. The triglyceride and total-cholesterol of liver were significantly
increased in rats fed regular formula fortified with HMF and PF compared with RF group. Glutamic pyruvic
transaminase (GPT), glutamic oxaloacetic transaminase (GOT), creatinine (Cre) and blood urea nitrogen (BUN)
in serum showed no significant difference among groups. The concentration of growth hormone was significantly
increased in PF group compared with other groups. The concentration of hemoglobin was significantly increased
in rats fed PF and RF+HMF. These results suggest that the supplementation of human milk fortifier in growing
rats may promote growth as increasing food intake and lipid contents in tissues and prevent the anemia of

infants.
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$2 FI9 ¥ HMF/L 487 529 489 Q% el
om g JFe vH =R vlw B, 1 AL A FE
27 sl

] A 3F(SD rat; 35%) 2472l & 2
Ed}o] @ AH(Orient Bio Inc., Seongnam, Korea) 2 H-E]
sted, Medidtn AFSEAABY ARSI AL
= 22+2°C, ”’EHQE 65+5%, Y 12-hr-light/
cycle). 25 =2 79H Ab59 A HF& M2
stal FEA Y S 93 (Institutional Animal Care and

Use Committee; IACUC) $91& a1 F4 o) upg} =3 5

—dar]

A zol me 3Tz e b uix
BhEA F-(RF), "&obg-2Alfr

a510) 443 GEgeel vAE 3P 71

(PF), HMFH.%(RF+HMF) 0.2 % 8ul2]4 747} 1pr
Aot o)} & ALY (ad Libitum) 2.2 3F3F &
S A=

A8 o]

AP Aol MLFAFANAL AF iz F( 7
A1 W), PlGokg A RGOl Y Zejn); ¥
), 274 ahA (o] ul Y ol o] X] ¢ ol Z(HMEF); )& o]
§319th o] Ff2AS nelste] 2oy Aol A
FENEE 7 ZAR FFHF Ee HMFE 13~14% 3
AA EZARGOR, o GobEol A HHstE 2

7MA ZA AT &, AR A Ze | dE A1
SHRT 13%E, vsold ZAFToAlAS wolvd Zen
| SF 14%5, 2832 2AF+HMFT oAl = 22w 9

H2-16] HMF 14%E EZ3A1A sty 2oz 24|31t
ol g AAGATLel| Ao]E AFE I AHAFS wY
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Table 1. Composition of regular formula (RF), premature formula (PF), regular formula with HMF (RF-+HMF)"

Nutrition information RF? PF” RF +HMF”
Energy, kcal/100 mL 65.00 70.84 67.94
Protein, g/100 mL 1.60 2.10 2.08
Fat, g/100 mL 3.40 3.64 3.20
Carbohydrate, g/100 mL 7.40 7.42 8.04
Vitamins/Other nutrients

Vitamin A, IU/100 mL 219.78 489.51 303.23
Vitamin D, 1U/100 mL 48.00 104.00 171.20
Vitamin E, IU/100 mL 0.92 2.85 3.65
Vitamin K, mcg/100 mL 3.90 5.60 10.10
Thiamin (vitamin B1), mcg/100 mL 40.00 140.00 174.40
Riboflavin (vitamin B2 ), mcg/100 mL 80.00 190.00 264.80
Vitamin B6, mcg/100 mL 40.00 140.00 90.40
Vitamin B12, mcg/100 mL 0.26 0.35 0.85
Niacin, mcg/100 mL 650.00 2,240.00 1559.00
Folic acid (folacin), mcg/100 mL 13.00 25.20 32.18
Pantothenic acid, mcg/lOO mL 390.00 560.00 895.40
Biotin, mcg/100 mL 2.60 3.50 5.74
Vitamin C (ascorbic acid), mg/100 mL 6.50 14.00 17.85
Choline, mg/100 mL 6.50 12.00 5.59
Inositol, mg/100 mL 4.60 4.90 3.96
Carnitine, mg/100 mL 1.30 2.10 1.12
Taurine, mg/100 mL 5.20 5.60 4.47
Minerals

Calcium, mg/100 mL 44.00 112.00 113.44
Phosphorus, mg/100 mL 23.00 56.00 56.18
Magnesium, mg/100 mL 5.20 7.70 7.27
Iron, mg/100 mL 0.78 0.29 0.98
Zinc, mg/100 mL 0.47 0.90 1.03
Manganese, mcg/100 mL 3.90 5.60 10.07
Copper, mcg/100 mL 42.00 84.00 75.32
Iodine, mcg/100 mL 7.80 8.40 7.97
Sodium, mg/100 mL 18.00 30.80 29.48
Potassium, mg/100 mL 55.00 81.20 80.90
Chloride, mg/100 mL 39.00 51.80 37.60

4”Data sources: formula composition from manufacturers. RF: Premium Myungjak (Maeil Dairies Co., Ltd.).
YPF: Babywell Premmie (Maeil Dairies Co., Ltd.). YTHMF: Babywell human milk fortifier (Maeil Dairies Co., Ltd.).
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7171 A 12A13F AA A7) 3 AF 100
L9] Zoletil(Virbac, Carros, France)& ©]-83}<
E% 2 uHAR § R 23S AT Al
AA D dF= HEIEN Z8E 93 heparin
AR Aol ol v sl Yo A deofe 5

$ 4°Coll A 2~3A17F WA £ 3000 rpmell Al 2083 A AR
g 3t BHE FEEAT o] EHL 4 M7 -80°Cell
A YF BAsA

P L B P B A B s
ANH & HZsAnh A 9a
AH, 7] AAT & A 259
4 FAERE JALLE FA
-80°Cell A W& E&#AsHATH

e A3 TE AW 493 A Az =5 A
T T o] EAS AAS H FFS
drier, Labconco, Kansas City, MO, USA)3}k
sl -30°CollA ¥ BastATh

A

MSISHY 24
t 715 AXE H8l 84 F9Y alanine aminotransfer—

ase(ALT; GPT), aspartate aminotransferase(AST; GOT),
A% 715 HAAFE {8l @3 F albumin(Alb), blood urea
nitrogen(BUN), creatinine(Cre)E& 38 A2} &4 7] (fully
automated dry chemistry system: SPOTCHEM, Daiichi
Kagaku Co., Kyoto, Japan)& Al-&3}e] =33}t

APzl outAel ook AHE dolr ) 95 A =
total protein, triglyceride, glucose, calcium &2 & 42}
4 7](SPOTCHEM, Daiichi Kagaku Co.)E A}-&3}4
A5t Ah

g4 F A == A E Frings9 Dunn(10) ¥HS
o] &3} spectrophotometer(Beckman DU-530, Life Sci-
ence UV/Vis, Fullerton, CA, USA)E 540 nmol| A B2 A

Fargieh. @39 FAAUHGK, GPO, POD-E W), = 2
d 28 Z(COD, PODH-E4%), HDL-Zd8 2=EH & (8=
ot AAH-a4A)Ee &4 Al kit(ASAN pharma-

Y

frod - ug ) - ek

LR

ceutical, Seoul, Korea)& AH&3te SA3tAth Ao F
AA FE 550 nmoll A, & ZE2HE3 HDL-Z 8 =
HZ F%+ 500 nmol A spectrophotometer(Beckman DU-
530, Life Science UV/Vis)E HIA A Z3}¢c}.

g F 2 ZH2 AP o] &3+ cyanmethe-
& o] &3 a4 A¢F kit(ASAN pharma-
ceutical) & AF&-3}F] 540 nmoll A spectrophotometer(Beck—
man DU-530, Life Science UV/Vis)Z H|A A &3} ).

3 8o F A E e WF HdAZE(Freeze—drier, Lab-
conco)ste] TA3F S H Folch 5(11)9] WS o] &34
FE3 At 31 2o FAAAELY F ii‘ﬂ*ﬂ]ig A
F%3 & A AL isopropanol &2 &3 A)17] & choles-
terol hydrolaseE 33t a4 Al kit(ASAN pharma-
ceutical) & ©]-&3te] ZAH A FAHAAYL FE& 550 nm

dA, F ZH2HZ H¥EE 500 nmoll A spectrophoto-
meter(Beckman DU-530, Life Science UV/Vis)E H| 2 3
ZFst ATt

o A5 = E(growth hormone; GH)& rat& GH

ELISA Kkit(Shibayagi Laboratory for Bio-Immunological

moglobin™

Sciences Shibukawa, Gumma, Japan)< ©]-&3}t micro-
plate reader(model 680, Bio-Rad, Richmond, CA, USA)Z
450 nmdl A =3ttt

SAHAzZ|

A& o] Ayl= SPSS 17.0(Statistical Package for Social
Sciences, SPSS Inc., Chicago, IL, USA) T2 129-& o] &3}
o BAAY Y. Ee A= HTH T2 A (mean
+SE)2 eI A48 + 7H9] 24 ANOVA test

T p<0.05 =9 A4 Duncan’s multiple range testol] 23|
AF3 A
A 9 1y
HMES57ta A Ao|MFE
A)

3F 91 ol e WE AFS7E L 24 o
Table 29} 2t AFFES 7] AT 47~-48 go 2

Table 2. Body weight and food intake in rats fed experimental diets for 3 weeks

REV PF? RF +HMF”
Initial weight (g) 47.44+0.49” 47.69+0.60 48.11£0.32
Final weight (g) 151.06 +4.19% 198.50 +4.87¢ 176.33+£5.98"
Weight gain (g/day) 4.35+0.46 6.81+0.56" 5.59+0.54"
Energy (kcal/day) 5352+7.11 64.66+11.4 62.21+9.58
Food intake (g/day) 12.30+0.45° 15.04+0.46" 14.08+0.63"
Protein intake (g/day) 1.514+0.05° 2.26+0.07° 2.10£0.09
Carbohydrate intake (g/day) 7.00+0.24 7.97+0.24° 8.08+£0.36"
Fat intake (g/day) 3.22+40.12° 3.91+0.12° 3.22+0.14%
FER? 0.35+0.03° 0.46+0.04" 0.39+£0.03"

1~3)

Values are mean+SE (standard error) of 8 rats per group.

Refer to Table 1. “Calculated as daily weight gain (g)/ daily dietary intake (g).

9Values with the different letters in the same row are significantly different at (p<0.05) by Duncan’s multiple range test.
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Fig. 1. Changes of daily body weight of rats fed experimental

diets for 3 weeks. RF: regular formula, PF: premature formula,
RF+HMEF: regular formula fortified with HMF.

zkol7F itk 28y FHF AFS vlud] BdS o, PR
3} RF+HMFT9] A%o] RFF Hl&te] folgeoz 7}
st MYfd o msolg A f9 HMFE HE3F 24
Fr(EZF+HMF)E A3t SAAAF9 vsols tiad
o2 20089 Al E Al E AF 774 AsE SHS
23, Zad RHFEFT(EF+HMF)o] PRl Bl&ho]
1,836.2+241.1 g vs. 1,630.5+231.2 g(p<0.0D) L. & &< & o
2 =A Yl HMFS] 712 Q1 AF37F 35 1A
th(12). 28 B AHo A= RF+HMFEo] vl<sol-&%A)
F AH Tl viste] foo g AFao] v FriE e,
ol 2lo]ZAd A Lol & ZAF HHTY dA ek
o] & ol Hlal Egka wI Aol dFH AT Y =47

2o Atz HETh

AT Hale Ay AolE F9E8A] 109 o] FHE PF
T3 RF+HMF°] RF 3 AxHE YeEllH F71st7] A
Y HFig. 1). E3], PFe] RFFel Hlste] 57% zto]l=
o F ¢l 2712 B HTHp<0.01). 20093 A E AT
AE 3299 n&olE Yo s HMFEZF 279 9t &
& 43 A3, AFE7 44 175+£3.07% 144+3.0
g/kg/day2 HMFH 7} Efo] &F 21.5% 1 Z71etAth
(13). o83 Axe= 2 A3 Aot A3

2lo]d # &S RFwol st PF-3 REF+HMFET-ol A
frolF oz F7hstH . rlsol-82A o HMFE S X4
fro] Ao} vz 9 g4slE g Fo] duk ZAF
Hlste] A4 Yehed o] e dda 299 Apolrt 2o
AHAF Aol YEE Aoz Atz dn. Ho|dHa g
(Food Efficiency Ratio; FER)< PF*©] RF<toll vlsle]
oFo g = Yelyth A4 1¢ d4F d% d9Ida
o AHAFS FHE vws|EH, Table 2014 B ule} 2
o] 1d A3 932 + 7t FF< Aoz} itk Ly
Sl Ay g8l 5o 4HHS PFd RF+HMFT©] RF
ol B3] f9Hez EA YElSth Nagy$t Bhatia(14)=
vlgote] AF FF & A wE quA ARG
= @A) A3 a&d wet AF Pk Aok =3 2006

Woll A A5 (very low body weight; VLBW) Al ol5 &
HFo R gt AFNA HAAA AT FE IFHAE
A el A3} o =] 9] H]E(protein energy ratio; PER)
o] T3ttty ¥s|a =Hl, 1 vlE&L 30 g/ 100 keal®l %
TH15). & AlAM AMEFE A3 A ole] PERS Hlua] B
Az A 771 2.5 g/100 keal, "] &oF& 24771 3.0 g/100
kcal, HMF R ZZA|-%7} 3.1 g/100 kcale]ith &, 4k %
AFE AL vsol&2AF 2 HMFEZZA /71 84
Hl &S e o]v] oA g dlZ RFTollA A%
o] LId <l F shhe Alo]e] @A x| 9] H]&o
710E o7 AR EHT. Ax, AL dEEY T o
AAFeE 1 8840 S & & UTh

Zh 2%, w3, A HA, FadkA) o] £ (g, wet
weight) &} A 2A(g/100 ¢ B.W.)Z Table 3¢l
Al A3 A T

23t Aol BAE PR RF+HMFT oA 2%
2 37Hle, 53] PF#9] FA7F b2 A3 Bl
7Vstah 28y Aol digk 1k 23] FAE 94
2po]E HolA gk}, o] AlFo] F7heel wet Z7)9
FA E=g Fste] SUHE Ao E HridEn AR
AA ZA+ RE# RF+HMFE 2ol 692 ¢1 xjo|7} 9l
AA T AZFd e F Hls T xol7) A 2y
AFFAA o] AA) FA L AF 100 g7 FA = PR
RF+HMF#< RFY Hadl S o, 42 111%, 70% =
frojF oz 2743t tHP<0.01). F118-2%Hg/100 g B.W.)
L P&l ZARE AHAT FoAl M oF 24%(p<0.05)
o] H < F71E YElTh
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Table 3. Organ weight in rats fed experimental diets for
3 weeks

RFY PF? RF +HMF?
Fresh weight (g)
Liver 470+0.17"° 651+027°  5.76+0.27°
Kidney 1.35+0.04*  1.68+0.05° 1.59+0.05
Spleen 0.37£0.03"  047£0.02" 0.48+0.05"
Perirenal fat 0514+0.09° 1.44+022° 1.05+0.10°
Epididymal fat 1.00+0.05°  1.62+0.12° 1.25+0.06"
(g/100 g BW.)
Liver 336+0.09 360007 350%0.07
Kidney 097+0.01  093+£001  0.97+0.03
Spleen 0274003  026+0.02  0.29+0.03
Perirenal fat 0.37+0.06°  0.78+0.10"° 0.63+0.05"
Epididymal fat 0.72£0.03*  0.89+0.05° 0.76+0.03"

1"39Refer to Table 1.

f)Values are mean+SE (standard error) of 8 rats per group.

Values with the different letters in the same row are signif-
icantly different at (p<0.05) by Duncan’s multiple range test.
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Table 4. Serum total lipid, total cholesterol and triglyceride

e
Ho

Table 6. Fecal total lipid, total cholesterol and triglyceride

in rats fed experimental diets for 3 weeks (mg/dL) of rats fed experimental diets for 3 weeks
RE" PF” RF +HMF” RF" PF? RF +HME”
Total lipid 2729+194"  3289+205 287.2+19.4 Feces weight 1.26+0.19"  1.57+0.15" 0.77+0.15"
Triglyceride 749+4.037  958+6.15" 67.2+4.78" (dry, g/day)
Total cholesterol ~ 87.1+5.39 93.6+379  840+316 Total lipid 945+102*  1556+7.04"> 952+135"
HDL-cholesterol ~ 37.5+2.61 42.8+388  386+1.54 (mg/day) , . ,
= Triglyceride 2.50+0.62° 442+0.36" 2.77+0.54
Refer to Table 1. (mg/day)
4)Values are mean=*SE (standard error) of 8 rats per group. Total cholesterol  3.85+0.41" 513+0.33° 1.66+0.37°
*Values with the different letters in the same row are signif- (mg/day)

icantly different at (p<0.05) by Duncan’s multiple range test.

A Zol7k ekt 53] PRIl A A A &l =4 4
7He AL Aol & AFEH A A A HEo] o=
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8%, 43% frolH o= =A UERth(p<0.05). °]= ml&of
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Table 5. Liver total lipid, total cholesterol and triglyceride

of rats fed experimental diets for 3 weeks (mg/g)
RFV PF? RF+HMF”
Total lipid 1875+309" 200.0+23.1 194.4+317
Triglyceride 5.01+055 19.84+519" 4659+553°
Total cholesterol  6.64+053"  8.16+0.44" 9.36+0.46"

"3Refer to Table 1.

4)Values are mean=*SE (standard error) of 8 rats per group.
IValues with the different letters in the same row are signif-
icantly different at (p<0.05) by Duncan’s multiple range test.

""YRefer to Table 1.

?Values are mean+SE (standard error) of 8 rats per group.

Values with the different letters in the same row are signif-
icantly different at (p<0.05) by Duncan’s multiple range test.

3 of % o} REel] wlste] A vehd
102 Atz Eth PF# RF+HMFT 7He] £ %9l x}e]

o F AH, T84 9 F FH2HE A FE Table
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Table 7. Biochemical data of serum in rats fed experimental
diets for 3 weeks

REF PF? RF +HMF?
GOT (IU/L) 155.8+£18.20" 152.7+4.75  1582+7.71
GPT (IU/L) 176+£254™  150+0.83"  255+4.73"
Alb (g/dL) 3.3+0.07 3.6+0.05 3.1+0.05%
T-Pro (g/dL) 55+0.08" 5.7+0.09° 5.4+0.09°
BUN (mg/dL)  13.1+1.62° 84+063"  11.3+1.66™
Cre (mg/dL) 1.3+0.07 1.3+0.09 1.14+0.09
Glu (mg/dL) 101 +8.55° 121 +4.67° 121 +2.27°
Ca (mg/dL) 106+0.08°  11.1+0.05"  105+0.14°

""“Refer to Table 1.

%)Values are mean=*SE (standard error) of 8 rats per group.

“Values with the different letters in the same row are signif-
icantly different at (p<0.05) by Duncan’s multiple range test.

GOT: glutamic oxaloacetic transaminase, GPT: glutamic pyr—

uvic transaminase, Alb: albumin, T-Pro: total protein, BUN:

blood urea nitrogen, Cre: creatinine, Glu: glucose, Ca: calcium.

RIS @Z TE 95 SAS 47 RF2
H] 3 H PF#3 RF+HMFT A 242} 429, 36%(p<0.05)
FroF o2 A vt a8y e A9 o] S
el Atk

g4 Fo| Z¢ FEE PFTo| RFad Bl 932
2 FA YEET Table 18] A3 2o] =4S BH, vso}

A G Holdsol Yuk ZAFel Hls) 25917 ) ol
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e WSS AN l%olE o AP H 20049

Aol o, Ze] AU HFHAVE Bh %F% Al 25412
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Fig. 2. The concentration of hemoglobin in rats fed ex-
perimental diets for 3 weeks. Groups are the same as in Table
1. Values are mean+SE (standard error) of 8 rats per group. Bars
with different letters are significantly different at p<0.05 by
Duncan’s multiple range test. RF: regular formula, PF: premature
formula, RF+HMF: regular formula fortified with HMF.
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Fig. 3. The concentration of serum growth hormone in rats
fed experimental diets for 3 weeks. Groups are the same as
in Table 1. Values are mean+SE (standard error) of 8 rats per
group. Bars with different letters are significantly different at
p<0.05 by Duncan’s multiple range test. RF: regular formula, PF:
premature formula, RF+HMEF: regular formula fortified with
HMF.
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