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Effects of Milk Protein Levels and Casein/Whey Ratios on Organ Growth
and Protein Metabolism in Early Weaned Rats

Park, Mi Na - Lee, Yeon Sook

Department of Home Economics, College of Agriculture and Life Sciences,
Seoul National University, Suwon, Korea

ABSTRACT

This study was conducted to investigate the effects of protein levels and casein/whey ratios
on organ growth and protein metabolism in carly weaned rats. Premature rats weaned by the
17th day were fed six semipurified synthetic, isocaloric and gel diets that contained three levels
(low, medium and high) and two different combinations(casein/whey ; 80 : 20 or 20 : 80) of
milk protein for 8 days. On the 25th day postpartum, fresh weight and DNA, RNA and
protein contents in brain, liver, kidney and muscle were determined to ascertain organ and
cellular growth. Futher, with a view to ascertain protein metabolism and renal functions, serum
total protein, o-amino N, urea N, and creatinine and urinary urea N, creatinine and hydroxyproline
were determined. Total DNA contents of brain, liver and kidney, which may represent as an
index of cell numbers in those organs were significantly decreased in the rats fed diets
containing low level protein regardless of casein/whey ratio. However, as far as the rats fed
high protein diets were concerned, their fresh weight, protein contents and GFR of kidney
were significantly increased. Furthermore, nitrogen components, o-amino N, urea N and
creatinine in seram and urine were also increased. Another observation was that high casein/
whey ratio significantly facilitated accumulation of proteins in muscle and kidney and urinary
hydroxyproline excretion, not affecting the DNA content of those organs. This study showed
that low{(8%) or high(32%) contents of protein had less desirable effects either on protein
metabolism or on organ cellular growth in prematurely weaned rats, whereas there were no
effects on general growth and bone strength. (Korean J Nutrition 30(1) : 3~11, 1997)

KEY WORDS : carly weaning - organ growth - protein metabolism - renal function.

740 4TS zstnz A% L] 9lolA o] A7)
N E 2 ‘critical period @3 BT, wHo] Gy v

(hyperplastic obesity) & ZaH %= 2. ol#’ F

HAgozEE 24F 270 dojue /1% AA A g Avlel oluke P FUF AHolBAY Ase

27 (hyperplasia) 592} FFEFS A 71%9 4 o] 4(weaning)olth. ol FHAFOZRE A ul

A - 19969 1€ 4% p84 8o ot & ek, Fote] |

P

© 1997 The Korean Nutrition Society



4/ 27101 f A FebA o) A AsES zadu) o] of g

A A i) glolM M)A o "gael Axjo)
o7 mekA o]fo] A7)9} o] f-219] A3} gke ofole)
84 T B olde), 7 0)%9) F AT} ghatel = u) &
T2 FFS A,

oz JYRAEL ol gAY ArE A%
5~6ME 2 AFol Tkgol DL Watn B3 glon,
3~ ol 2] olfe EFARS =4sln g
o 22y R 3 Bojo] dx5te) A dole] 909 o
ol HEAq WMaYPN S 4Hek Ao Bugg
3, WEEAFANE 58] 2AAGNN 27] o]ge
BFo] Yegth*®, $eldate] A9 Mexde ng
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¥3t1 gtk olfte] AlF A715 AR s 890 aA
BE - A ZUETRs AH - QR 2wol o 1
HED 0SS At w), 27] o]fo) YFEA o] B
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BollXe AW, wstg, ald 7he) Fguls) ez
A FFoll = BPeln, R o] £8S 088 BeH
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Az & Fo] AMdolt}. HZ ol glato 2 g At
ATEVNA 1Y FFo] fEfeihs Fid 2=
PAT, ZAERY oA F2e 97 Hoe &
3 BuE9it) 53], gl ds) Aado] me AEe A
3] 8453} (renal solute load)& 271479, o]d
T AFo] AF MY Aol T2 AL ARe o 22
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o3 gt & A 849 He BIE 17 Az 7
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o) AA - A Fo Aol 3 A7 1 F2A4 b

Fol vl$ vlE Aot g B ¥ AT
& 27] o %A fehmde] sa 240] 78y
SR ofF JFE AR Fobrs] 9stol
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1. 28 Mo ABEE

A EEL Sprague-DawleyZ (4] sdeta ¥ E
AHETRAIA 91 85 2R (200g) 2019 57 (250g)
1= & Alo]A]o) 109 F9t ol o g mu
AIA, YAE Fe 2 2 gnkeld Alo)R)o] Yol Buly)
Ao BT F 2402 olYlell A7) ) AFS Am A
B s, o) dule) 3 43 A7) gnkelE S8
SI=E 2SI AT 1794 HE 3 o]dH 2 ofn)
o Eejote] 49T 2 solel 2 Bujsiglt Agze o
WA Ed mat A, F 29 35:F0R Yra, 7}
TEoA casein : wheyd] oAl zAu)E 80 :
207 20: 809 270 Asl BE 62(Low pro-
tein-Casein : LC, Low protein-Whey : LW, Medi-
um protein-Casein ; MC, Medium protein-Whey ;
MW, High protein-Casein : HC, High protein-
Whey : HW)2.2 23 & 3315t} & #Hlo| =] o) 4u}
2 Yol AHolE AF 25U717) Uzt FAstT}
A8 FR 3% Ao ta} AlolA o 2mke)H Ho) 327t
WA E S stk AFe 179453 oo 2359
o d¥EE AR B3e ex 2420, AUt
65E5% 2 Ao, He 1242 371 (light
6:00a.m.~18: 00 p.m.)& A5}

2. M Ao

AT 17LAHE FAg Yol 89 ofn] 2 (rat
s milk)e] 24 FnE slo] gkh ITL Aty
THTable 1). @@ 22 ojnjzle] gulz ek (9g/
100ml) 2+ e o] o 4=] 1](23%)E %(medium)s:
TR oA, FFEY b & A(low)FFoR, 242
9 20 w(highFEo2 el = dojzye
Table 1o A|A| ¢ R} go] =8 Fa& ma)ste] o)
& @822 low 8%, medium 16%, high 32% &
=S 31t vl FYOBE casein © whey Bl &
< 80:20(rat's & cow's milk basis)®} 20 : 80(hu-
man milk basis) 22 WA}, f-FAA Ao] 2}
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Table 1. Composition of experimental diets (8/100g)
Protein levels Low Medium High
Groups{casein/whey) LC"(80/20)  LW(20/80) MC(80/20) W(20/80) HC(80/20) W(20/80)
Ingredients
Protein 8 16 32
Casein 6.4 1.6 12.8 3.2 25.6 ) 6.4
Whey 1.6 6.4 3.2 12.8 6.4 256
Lipid 18 18 18
Butter 9 9 9 9 9 9
Soy oil 9 9 9 9 9 9
Starch 29 29 21 21 5 5
Vit mix.” 1 1 1 1 1 1
Min. mix.” 3.5 3.5 3.5 3.5 35 3.5
Choline-chloride 0.2 0.2 0.2 0.2 0.2 0.2
Cellulose 2.3 2.3 23 23 23 2.3
Agar 1 1 1 1 1 1
Distilled-water 37 37 37 37 37 37

1) LC : Low Protein-Casein,
MW : Medium Protein-Whey,
2) Vit. mix. & Min. mix. : AIN-76

A3 vl go] E& AL mH A F A9
50% oliel HxE ik AW FdeEs ¥
butter(no salt : "L (F))9} soybean oil & 1:
19] ¥l&= st 4o W linoleate(n-6)<t li-
nolenate(n-3) 5% g3l AFNA FAA 4
g 23] ¥} WAy BFT T o]F Agrte
A ¥)gol 6: lo]a 3 B ZAS A Aol
o] A14-3 soybean oil& n-6/n-38]&°] ¥ 7:1 |3
butter oF 4 : 10|22 Hgsltln BT} 3 EX
et we 24 ARl butter(p/s ratio=8)¢t &
T357t 2 AEA A4l soybean oil(p/s ratio=
4.3)% &t Ao|E Fojg HYPAT0e AdAn
g Auz sk e vivjZe] 242 AIN-T6
pattern®& Witk 7z Ag2o]9 F Uz 310
keal/100g wet wt.(492 kcal/100g dry wt.) -2 43
s stgch A Ho] el ¥sE 2795l
Agar 1%E B3 37 B 23 &R EFsi] Htn
32l (gel) Bej2 WY TEC] Folsiyet g ¥
Ao YEn(-200)d Bastis Fodigen, 434
717HE3t Aol o] AF e AFFE R 35t

3. NE4H R EYEH

1) NE 28

AA 10A7HS AYA7| 2 1A7F 30% Bt AolE
AAAZ T 308 THE sodium pentobarbital (Pit-
man-Moore, Inc., USA)S A% 100g% Smg¥ &2
W Fqoz nialed A8E FAAT A
A3 Ao 2427 WA A &, 3000rpmell A 20

LW : Low Protein-Whey,
HC : High Protein-Casein,

MC : Medium Protein-Casein
HW : High Protein-Whey

7+ 9488 (Sorvall, GLC-2B)sld 3§ I,
A w7 -20CdA YERBESIT g e
23} A7lol BAH e AW AR AAT
, AR 29449(0.9% NaChE Mol & AA o
& dnAE 8718 R 4249 TS S
14 24L& AW ZA FAE An JELAIAY. BE
A7\A g B4 Adl BEAzAA, 21z FAE A
Bajsle] 40 ol gaigtt. M ¥ dEEE A%
3 & Bagol gle 248 R £331, Bolgle &
HEL 73] AAG F we] A% Hol& FH A
253 37 yER#Asgth A8 T8 A 393 At
AllAle] 2uteld Yol A7 Al B TR
o WFAFAA F AXFE £33 5 B4ste] 4
Wb WEEASGT ke 235U 7IET A
FHeln, AR ¥ Hr9e T%J Ao 2% thy-
molg PolA 4% ¥ #og S YERAS)
Ack.

2) NREYN

A F total protein Z42 Doumase (19713 Gu-
stafsson(1976)2] ¥4, Creatinine & Jaffe re-
action(Bonsnes et al, 1945), urea nitrogen< di-
acetylmono-oxime method(Bauer, 1974)& 7} o]
&3 Kit(JEAFF)E S48t a-amino N2
¥AL 5% TCAR FAstn 308 o4 Wi g &
3,000rpmel A 30%3t YR s Ak £ 1 4
Zdlo|A] ninhydrin o2 33t ez
A BAT 2, A%, o, 2§ ZF4M 54 nucleic

o b DL Mz ML
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acid® proteing %% ¥ DNAE Diphenylamine
¥ RNAE Orcinol'"®, protein Lowry® o2
] A7 Fslgict. 8 &) 7= (breaking force)E In-
stron(Instron Universal Testing Instrument, Mo~
del 1000)2 o]-83ld ZA3IH o, A14E F& 500
g°l 2L scale range= 10/29ch. 4§ B3 ko) £ 3
& &S Micro-Kjeldhal (AOAC, 1992)& o]&-a
ALAFEA7) (292, Bichiih)E ol &atgth =3
creatinine &% urea N T A7 U3 iy
o2 EA8Att =% hydroxyproline 32-e Berg-
man} Loxley™] ¥Wel| oja v skalict.

3) HEN

A 2ojo] Ao 23 7} EAA)E mean+SER
AA st 4 Aeld, 9wA $£2(Low, Medium,
High)# G2 2J4)(Casein/Whey)l| @& 5438}
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Fig. 1. Body weight changes during postnatal growth of
the rats fed the experimental diets.

=24 frold A5 ANOVA test® p<0.05914 Du-
ncan's multiple range test® 243} t}.

u]
20 2 0z

1. H59 B3

Fig. 1elA B& upe}p o] 4373t Bote] 43S
el AP 9] A3 Aol Holx] eigto} e
ol Wal nehd Aol (53] HW)2 44o] A 23
Aoz yeyth deidoz oulilrl £ whey
protein® 7% AUl 27%F] ¥7) fio] 1 $5Y
mol= 3] Ao] AFHFo] HhEo] Ao YolA
< o2 Algdt. ARIAE e s & AR
G AN E Thld $230] YAEF o]0 B Eo}
A e3]e] FA o] hhshe A BT} 9, of
7] E4 RRFFoIU AT LAt 2220 w2
A7 Aol e wuld 223 4]
& ERIGotet AFFgote AAASA AN E T
g 2po| & Holx] gttty Hustgoh?. ool i
o7 3 ol AFRIEHE A vudr)e oz
W B FEAY AR HWaelEe Aol vlma
S22 YA Zr]0) Aol 2 A 30l Felo] A=
S7tle 3A 9FE TA Y Ao AzE

2. H(brain) ¥%

DNAE & gholet &Ajstn, HEA g vzl A& 7}
3 F(species) A & DNA 36 2pg/cel) 2 I
e Aoz dejx] goiv. webd DNA F3e 4129
F& 1, FA/DNA, protein/DNA, RNA/DNA
%2 lipid/DNA ¥]&©] 7} 7} Al E2] B4 A2 &

Table 2. The weight, DNA, RNA and protein contents of brain in early weaned rats fed the experimental diets

Wet wi(g) DNA(mg)" RNA(mg) Protein(mg) RNA/DNA Protein/DNA
LC 1.45+0.02™  1.50+0.11%  3.09+0.13° 77.21+4.92° 1.99+0.07° 53.57+£2.07*
LW 1.504+0.01™  1.68+0.09*  2.85+0.14° 87.524+2.79° 1.81£0.04®  52.48+1.69%
MC 1.4940.02  2.17+0.07 3.714£0.12*° 100.42+3.84° 1.774£007*®  47.26+1.09°
MW 1.51+0.02*® 1.69+0.06*  3.09+0.06° 83.84+2.27 1.80+0.09"  49.10+2.76*
HC 1.56+0.02° 1.88+0.05° 3.56+0.10° 97.294-2.09* 1.90+0.05* 49.62+1.46%
HW 1.52+0.01* 1.82+0.05° 3.054+0.08° 89.93+1.78™ 1.62+0.06" 47.90+1.27°
Protein Levels
Low 1.4840.01" 1.59+0.07° 2.9740.10° 82.36+3.07° 1.90+£0.05™  53.02+1.29°
Medium 1.50+0.01° 1.9340.08° 3.40+0.11° 92.134+3.14 1.7940.06 48.184-1.45°
High 1.54+0.01° 1.8540.04° 3.31+0.09* 93.61+1.67° 1.76+0.05 48.76+0.96
Protein Sources
Casein 1.50+£0.03™"  1.85+0.19™  3.45+0.19° 91.64+7.27%  1.89+0.06 50.1541.84"
Whey 1.5140.01 1.7340.05 3.00+0.07° 87.10+1.53 1.74+0.06°  49.83+1.37

1) DNA, RNA and protein contents were expressed per total organ weight basis

2) Values are mean+SE of 8 rats per group

3) Superscripts with different alphabets in columns are significantly different at p <0.05

4) NS : not significantly different
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¥ 220 AR ME f7]9 olulF ] 2ol AT
A< W A% 2358 779 HolM DNAS pro-
teindreo] folHoz ZHa%e B 4 It mEA
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7] Boke ¥ o 3A 92 WAt T F 3
t}. 8704 e DNAFZo| AF 199 plateauc]
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o] DNA, RNAgHEE A/golfzolA B 3L pro-
tein8Hare OBzt wisith ofd AFHE Hop 2704
Aol s ik Ho) RS} ot astE AOB AR
g

3. Miivend 3%

7o} ke LWito] the o wlEl Eken, £F
Mz 2 o Awy Aol goHor gdrhTa
ble 3). Bl FLHZE wheywol o ¥ DNA
gare LWiol g8 oz yston g vlal A
gl o] 2 TRl AojTdl A felFom WG
(p<0.05). Aol RNAFZE Ad 2ol £9
Aoz %91 proteindFe FAFRLL ATk Ao
23} mg o)zl freldem wgkon RNA/
DNA. protein/DNAR &2 1ghal Ao]Fol A 22
o=z wgkth et wuld Fd wE el A
A9t B AfAT oJahd Avy Ee adeHo]
o olsirE el AEFIF Zastn AE 271wt/
DNA 2 RNA/DNA)E 938l8 Z7lsle Ao vt
Utk 1520 7] o]fA17l BFE ddes ¥ Buts
=80] ARAT AT AT 207 (8%)°] B3
Ao|2(27%) et 7o) DNAgEo| felA o Ay
o). 21zo] % 7t DNATAS A% 40970 323 &
7}t RNA/DNAM|I&S 24 e Hoit A%
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Table 3. The weight, DNA, RNA and protein contents of liver in early weaned rats fed the experimental diets
Wet wt.(g) DNA(mg)" RNA(mg) Protein(mg) RNA/DNA Protein/DNA
LC 291+0.16"  8.00+0.67° 21.73+1.52° 349. 342352  2.76+0.16° 40934143
LW 3.53+0.08%  7.47+027° 22174070 38298+ 9.71*  3.11+0.09° 51.90+1.10°
MC 2.99+0.09° 9.84+028 17724060 406.92+16.01°  1.81 +0.06%  41.99+1.48°
MwW 2.95+0.07° 894+027% 16.82+068° 404.69+13.70° 1 8740.03¢  46.25+1.60
HC 2.95+0.06 8.124+0.18* 1747+051° 333.83+10.61°  2.15£0.00° 41.14+1.02%
HW 3.00+0.06" 9.02£020° 17.94+030° 34170+ 6.26" 2.02+0.00¢  37.95+0.79°
Protein Levels
Low 3.2240.12° 7744035  2195+0.80° 366.05+£13.10°  294+0.10"  46.42%1.75
Medium 2974005  9.36+022°  17.27+0.45°  405.80+10.13° 1.84+0.03°  44.12+1.20°
High 2974004® 8574018  17.7140.29° 33776+ 6.02° 2.0840.03°  39.55+0.76°
Protein Sources
Casein 2.95+0.02° 8.65--0.59" 18.97+1.38" 363.29+22.26™ 2.24+0.28%  4135+0.32°
Whey 3.16+0.19° 8.48+0.50 18.98+1.63  376.46+18.47 2.33+0.39 45.37+4.05

1) DNA, RNA and protein contents were expressed per total organ weight basis
2) Values are mean+SE of 8 rats per group
3) Superscripts with different alphabets in columns are significantly different at p<{0.05

4) NS : not significantly different
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Table 4. The weight, DNA, RNA and protein contents of kidney in early weaned rats fed the experimental diets

Wet wt.(g) " DNA(mg)” RNA(mg) Protein(mg) RNA/DNA Protein/DNA
LC 0694003 4734015  3.86+0.18¢ 7282+ 2799  0.81+0.02° 15.45+0.56°
LW 0.74+0.02"  451+0.24°  3.79+0.24° 66.43+ 212°  0.84+0.02° 14.99+0.81™
MC 0.86+0.02° 5.21+0.08°  4.67+0.08 82.10+ 0.79% 0.90+0.02° 15.79+0.29°
Mw 0.84+0.03° 6.36+021°  6.43+0.25° 87.67+ 2.68° 1.01+0.02° 13.65+0.17°
HC 1.00+0.03° 6.35+0.15° 55440.14° 11474+ 3.62° 0.87+£0.02°  18.07+£0.42°
HW 1.0940.02° 4374035  3.86+0.34° 80.55+ 5.03 0.88+0.04™  18.65+0.49
Protein Levels
Low 0.724+0.02° 4624014 38310414 69.63+ 1.88° 0.83+0.01° 15.224+0.48°
Medium 0.85+0.02° 5.7840.18" 5.55+0.26° 84.88+ 1.53" 0.95+0.02° 14.724+0.32°
High 1.0440.02° 5.36+0.32°  4.70+0.28 9764+ 5.33* 0.88+0.21° 18.36--0.32°
Protein Sources
Casein 0.85+0.09™" 543+0.48™ 4.69+0.49%  89.89+12.71° 0.86+0.33° 16.44+0.82"
Whey 0.89+0.10 5.08+0.64 4.694+0.87 7822+ 624° 0.91+005° 15.76+1.49

1) DNA and protein contents were expressed per total organ weight basis

2) Values are mean= SE of 8 rats per group

3) Superscripts with different alphabets in columns are significantly different at p <0.05

4) NS : not significantly different

4. M (kidney)2 4%

Aol Fee guld 2 g} 2 2jo)E BYE
ol Aol o] F-oJH o vigkn, urhl Aol
oM fejHez =gth(Table 4). DNA, RNA, pro-
teingrFS Ahi2lo| oA fojF oz vigkn oy
A FYHRE caseinolA proteindr@o] o] E3kt}.
protein/DNA H]&-& aehilldo]folA] felzlog &
skor, hild Fedof wetx = RNA/DNAYE°] wh-
eywol B =tk A% F DNAFHE AF 40~
504714 ARBSA F71ee W, organ weight/DNA,
protein/DNAE 4% 17974 & vlud 438t}
3% 509714 w2A F71icka e}, ahea] of Al
7} A7 E7} hyperplasia@ Aol hypertrophy@Al =
AgE = A7l & 4= §ich LalichS*9] A+l <3}
W o] Gl £E7 FU92 A% 75T FuE
WAzt Busisen, protein-nephropathy?) %

v Bde] g wtet Aozt Aot Rustict. £
o] Ao o3P 270 Al AT Ao} 4lAte]
AEF 2715 FIF R A2APT)E AoE Belry,

2174¢] 7152 Yelll= 3t index2Al A& AL
T4 7-&(GFR)& 984 FF0] 371845 dA3t
A Z71eAk(Fig. 2). @94 99 WM E case-
in? Rt} wheyeol #9202 A eyt A7
o7& 4o| thildo e A o8 F3ks
e, dze] A7 BEShE Al o3& 4l
Rl Zaslo] A7)l Asten, Agt o] &
Wgo] A= ARl g Fol A7 A A=
#ol Halg Jozitkn ) gl APl A
ekl doj2 AHE A5 A9 F% DNATE, A

MC MW

HC HwW

IC W

Fig. 2. Effects of milk protein levels and sources on GFR
in early weaned rats.

T4 ggo] F7gTe A B A Aneix &
A&ttt 244 A (renal system) & 332 <1 7]
52 FYPSR T 52 BEIP. a8ln A3
glomerular AL A3 AL wdsl=d, ol&
7ol 1 Aol @Ado] FrP. MM 7] o fA] A%
9] 7)%50] A A&HA Z2 dujolA ughy] Aol
A2 A Aol GHT} A5l o £ &3E NS
Ao Atndrh AF 25U FYol R dFe] A
(mPiE) 9} B, 270l frolA RNA/DNAS}
protein/DNAH]&o] HA zolr] Z7|o]HA] AAH T
9] @77} F7keke Ao Algdd

5. 2 &(muscle) 373

252 DNA, protein@&e nehildo] oA thi
E9n, G Fo) wE Zole ek Table 5).
Protein/DNAB &2 Aol o] ystn o
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Table 5. DNA, RNA and protein contents of muscle in early weaned rats fed the experimental diets

DNA(mg/g tissue)” RNA(mg/g tissue) Protein(mg/g tissue) RNA/DNA Protein/DNA
LC 3.96+0.23%" 11.56+0.49" 387.55+17.19° 2.78+0.10" 9351+ 4.86°
LW 3.58+0.26™ 9.734+0.88" 361.44+21.34° 2.7240.21°¢ 102.16+. 4.14°
MC 3.32+0.107 10.094+0.47° 409.56+17.24° 3.28+0.10° 135.25+10.00°
MW 415+0.16® 10.8140.44* 386.39+ 7.85" 2.614+0.05¢ 93.89+ 3.81°
HC 4.28+0.20° 10.64+0.69° 462.47 +18.90° 2.404+0.19° 108.46+ 1.78°
HW 3.90+0.24" 12.30+0.88° 372.50+13.59" 317+0.16® 97.08+ 4.89°
Protein Levels
Low 3.74+0.18™" 10.64+0.55" 374.50+13.65" 2.75+0.11% 97.83+ 3.29°
Medium 3.80+0.16 10.45+0.33 397.98+ 9.65° 294+0.11 11457+ 7.70°
High 4.0940.16 11.474+0.58 417.49+16.75° 2.79+0.16 102.78+ 2.96°
Protein Sources
Casein 3.9040.14" 10.81+0.39™ 404.69+29.68* 2.82+0.25" 107.40% 7.73°
Whey 3.88+0.13 11.0940.75 37543+ 9.04° 2.84+0.169 97.46+ 2.61°

DNA, RNA and protein contents were expressed per g tissue

Values are mean £SE of 8 rats per group

1)
2)
3) Superscripts with different alphabets in columns are significantly different at p<0.05
4)

NS : not significantly different
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Table 6. The weight, length and breaking force of femur
in early weaned rats fed the experimental diets

Wet weight Length Breaking
@ (cm) force(kg/g)
LC 0.25+0.01™ 1.93:£0.03" 6.01+0.14"
LW 0.25+0.00" 2.01+£0.03* 5.96+0.11
MC 0.26+0.01 2.04+0.03* 5.90+0.25
MW 0.26+0.00 2.00+0.03° 5.82+0.08
HC 0.2610.01 2.00+0.00° 5.95+0.14
HW 0.26+0.01 2.01+0.01* 5.79+0.15
Protein Levels
Low 0.25+0.00%* 1.974+0.02° 5.99+0.09™
Medium 0.26+0.01 2.02+0.02* 5.86+0.13
High 0.26+0.00  2.01+0.01* 5.87+0.10
Protein Sources
Casein 0.26+0.00™ 1.99+0.03" 5.9540.03"
Whey 0.26+0.00 2.01+0.00 5.861+0.05

1) Values are mean+SE of 8 rats per group

2) Superscripts with different alphabets in columns are
significantly different at p<0.05

3) NS : not significantly different
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Table 7. Total protein, urea-N and hydroxyproline in serum and urine in early weaned rats fed the experimental diets

Serum Urine
Total Protein  a-amino N Urea-N Urea-N Creatinine Hydroxyproline
(g/dh) {umol/ml) (mg/dI) (mg/day) (mg/day) (pg/day)
LC 532+031™  6.39+0.52° 4.19+0.86° 5.53+ 0.50° 7.3241.27°  299.68+24.21°
LW 3.994+0.10”  7.79+0.13° 8.8 +0.18° 8.28+ 0.60° 7.12+073°  168.50+21.48™
MC 5.25+0.11° 8.64+0.26° 18.67+0.73° 135.53%+ 6.02° 6.39+0.90° 230.89+28.91°
Mw 5.83+036°  10.71+0.52* 18.52+41.97° 135.62+20.21° 7.62+2.06° 105.86+17.53°
HC 511+032°  11.91+0.48° 30.22+5.00° 465.65+30.65" 12.56+1.21*  143.09411.49%
HW 5.294+0.14°  11.66+0.67° 29.48+1.79"° 535.94+14.28° 13.024+1.09"° 184.03+10.09™
Protein Levels
Low 4.66+0.29" 7.094+0.36°  6.54+0.97° 6.91+ 0.63° 7.22+0.68° 2340942896
Medium 5.54+0.21° 968+0.47° 18.60+0.97° 13558+ 9.76° 7.0141.07°  161.35+28.34°
High 5204+0.17°  11.79+0.39° 29.85+2.46" 500.80+20.53° 12.79+0.76*  163.56+10.49°
Protein Sources
Casein 5.23+0.06™Y 898+1.60° 17.69+7.53" 202.24+13695"  8.76+1.01™ 22455+45.31°
Whey 5.0440.55 10.05+1.16* 18.9615.95  226.61+158.97 9.25+1.09  148.11+28.51°

1) Values are mean-+SE of 8 rats per group

2) Superscripts with different alphabets in columns are significantly different at p<0.05

3) NS : not significantly different
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