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Effects of Milks by various Heat Treatment on Growth
and Protein and Calcium Metabolism of Rats

Lee, Jeong A - Lim, Hyeon Sook
Depariment of Food and Nutrition, Chonmam National University, Kwangju, Korea

ABSTRACT

This study investigates the supplementing effects of milks by various heat treatment on growth
performance and protein and calcium metabolism of rats. For 4 weeks, raw, LTLT-,
HTST- and UHT-processed milks were given to rats which fed on a calcium free, semi-synthetic
diet containing 5% casein. There were no significant differences among the experimental groups
in weight gain, feed efficiency ratio and the serum level of total protein and calcium. Also,
no significant differences were showed in protein efficiency, nitrogen balance, apparent protein
digestibility and the contents of weight and calcium of the left femur as well as 2 incisors.
However, the biological value of protein in the UHT-milk group was significantly higher than
that of the raw-milk group. The apparent calcium digestibilty and calcium balance in the
UHT-milk group were higher than those in the raw-, LTLT- and HTST-milk groups. The
weight of left femur in all the groups supplemented with various heat-treated milks was significa-
ntly higher than that of the raw-milk group. These results indicate that heat treatment does
not impair the nutritive value of protein and calcium in milk. Futhermore, UHT-processing

may improve the bioavailability of protein and calcium in milk.
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Table 1. Formula of experimental diet

Ingredient Composition{ % )
Corn-Starch | 30.0
Sucrose 50.0
Soybean-oil 5.0
Casein, milk 5.0
a-Cellulose 50
Mineral-mix! 3.5
Vitamin-mix? 1.0
Methionine 0.3
Choline 0.2

1) Mineral-mixture composition(%) : NaCl 7.4, K
ctrate * HyO 22.0, KoSOy 5.2, MgO 2.4, ZnCOs
0.16, CuCO; 0.03, Manganese CO; 0.35, Ferric
citrate 0.6, KIO3 0.001, NaySeOs3 + 5H,O 0.001,
CrK(804)s * 12H,0 0.055, Sucrose, finely powde-
red 61.8.

2) 1,000g of vitamin-mixture contained the follo-
wing . Thiamine HCl 600mg, Riboflavin 600mg,
Pyridoxine HCl 700mg, Niacin 3g, Ca-panthothe-
nate 1.6g, Folic acid 200mg, Biotin 20mg, Vitamin
Bjo 1mg, Vitamin A 400,000 1U, Vitamin E 5,000
1U, Vitamin D3 2.5mg, Vitamin K 5.0mg, Sucrose,
finely powdered to make 1,000g.
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Table 2. Effects of milks by various heat treatment on weight gain and feed efficiency ratio of rats

Expt group Inidal BW Final BW Weight gain Diet intake Milk intake FER
(N) (g) €] (g/day) (g/day) (ml/day) (gain/feed)
Raw (6) 617362 1105% 7.2  20%£08  7.1%06° 98+16°  0.23+0.012
LTLT L(6) 61.8%t342 1115+ 7.8 204028  7.1+0.3%° 97+£03°  0.23+0.012
M(6)  62.2%8.92 108.5% 11.42 19+04%  6.8+1.42 94+05  0.23+0.012
HTST L(6)  61.8%3.22 1150 6.5 22+022  7.1+14* 11.0+04*  0.26%0.017
M(6)  62.0%3.2° 1125+ 5.7 20+092  7.2+0.77 9.7+042  0.24%0.01°
UHT M(6) 61.8%3.0° 111.8+ 84*  20+03* 69+04* 109+1.5°  0.24+0.01°
Control (6)  61.7+2.92 79.0% 5.6 07+02>  63+0.9° 0.0+ 0.0>  0.11+0.01P

1) Values are meant standard error for six rats.
BW=body weight, FER=feed efficiency ratio.
Values on the same column bearing different superscripts are significantly different(p<(0.05).

Abbreviations :
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Table 3. Effects of milks by various heat treatment on hemoglobin, hematocrit and serum protein and calcium

levels of rats

Expt group Hemoglobin Hematocrit Serum protein Serum calcium
(N) (g/dD) (%) (g/dD) (mg/dl)
Raw (6) 11.5% 0.5 459+ 1.9 7.0+02 6.22+ 0.82
LTLT L (6) 12.0£ 0.6 475+ 2.1 7.3%+03 8.11+0.15
M(6) 10.8+ 0.4 46.1£ 1.6 7.3104 7.18+1.39
HTST L (6) 11.2£ 0.4 4741 1.1 7.2+£0.2 6.59% 0.79
M(6) 10.7£ 0.5 443+ 3.3 7.1£0.1 7.30% 0.57
UHT M(6) 11.7£ 0.4 44.6+ 1.6 7.1+ 0.4 5.50+ 1.08
Control  (6) 11.0£ 0.5 44519 71104 5.42+ 0.33

1) Values are meant standard error for six rats. Means between groups are not significantly different(p<(0.05).
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Table 4. Effects of milks by various heat treatment on protein metabolism of rats

BV
(%)

NB
(mg/day)
85.3+3.72

Urinary N

(mg/day)

APD
(%)
84.0+ 0.0°

Fecal N

Nitrogen intake(mg/day)

Expd group

(mg/day)

from milk

from diet

(N)

88.4+ 2.1b

8.0% 1.9%

53.1+ 4.4 2.73%+0.122 18.4%+0.62

61.8+2.72

(6)

LTLT L (6)

Raw

52.3%+0.82 2.79%+ 0.162 20.5+1.02 82.7+ 1.4 7.9% 0.82b 87.0+1.9% 92.7+ 0.62

62.1% 1.62

59.2+ 5.92 5131152 2.68+ 0.20? 179+ 1.22 83.7+ 0.9% 8.3+ 0.6 84.4+ 5.9% 91.0% 0.6%

M(6)

HTST L (6)

59.2+2.12 2.76+ 0.092 17.411.92 86.1+1.32 8.9+ 1.0% 94.6+ 4.32 91.3+ 1.1

61.8+6.12

519+ 2.0° 2.80+ 0.052 17.7+ 1.42 84.5+ 1.82 8.2+ 1.3% 89.1+1.72 9]1.8+ 1.0%

63.0%£2.92

M(6)

UHT M(6)

6o AR vad 2 BHoa

57.4%3.92 2.72+ 0.06* 17.6+ 1.6* 84.5+2.1* 6.2+ 0.4%0 94.3+ 5.0° 93.0+ 0.62

60.61 1.82

0.0+ 0.0P 1.98+0.17> 11.2+0.5P 78.9+ 2.1° 461 0.2b 39.1+ 4.9° 88.9+ 1.1b

54.9+ 4.0b

(6)

1) Values are meant standard error for six rats.

Control

apparent protein digestbility

biological value, APD

protein effidency rato, NB=nitrogen balance, BV

Abbreviations . PER

Values on the same column bearing different superscripts are significantly different(p<C0.05).

43S By o, NBE PER ¥ APD9}, BVy= PER,
PERE APDS} fo@ o] 3#-& Uehhuo.
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Table 5. Pearson's correlation coefficients among the parameters of protein metabolism of rats

Wt. gain NB BV PER APD
Wt. gain 0.7027%* 0.1325 0.7027%* 0.49447*
NB 0.1588 0.7989%* 0.7272%*
BV 0.3685* —0.0262
PER 0.6572%*

APD

Abbreviatons . NB=nitrogen balance, BV=biological value, PER=protein efficiency ratio,
APD=apparent protein digestibility = *p<C0.05, **p<0.001

Table 6. Effects of milks by various heat treatment on calcium metabolism of rats

Expd group Calcium Fe?al Appa.rent UrirTary Calcium
(N) intake Calcium Ca-digest Calcium Balance
(mg/day) (mg/day) (%) (mg/day) (mg/day)
Raw (6) 11.55+ 0.9621 1.36+ 0.24% 91.21+ 1.49P 0.39% 0.032 9.81+ 0.72b
LTLT L (6) 11.43+0.182 1.15% 0.13% 9233+ 1.11% 0.27% 0.06% 10.01% 0.22°
M(6) 11.12+ 0.322 1.04+ 0.072 93.00% 0.76% 0.29+ 0.08%0 9.91+ 0.65"
HTST L (6) 13.01+ 0.692 1.40% 0.012 91.96+ 0.49b 0.33% 0.06% 11.29+ 0.44%
M(6) 11.43+ 0.432 0.96+ 0.25% 91.06% 1.19° 0.28+ 0.062P 10.17+ 0.03P
UHT M(6) 12.83+ 0.882 0.88+ 0.01° 95.07+ 0.392 0.14%+0.01b 11.82+ 0.872
Control (6) 0.00+ 0.00P 0.27% 0.05¢ 0.02% 0.00¢ —0.29+ 0.04¢

1) Values are meanz standard error for six rats.
Values on the same column bearing different superscripts are significanty different(p<(0.05).

Table 7. Effects of milks by various heat treatment on the weight and calcium concentration of the left
femur and the 2 incisor teeth of rats

Expt | group Left femur(mg) 2 Incisor teeth(mg)

(N) Fresh wt Ca content Fresh wt Ca content
Raw (6) 177.6+ 7.0bD 5.35+0.072 85.6+ 2.9b 5.41%0.072
LTLT L (6) 179.9+ 9.82 5.32+0.11% 857+ 1.9° 5.54%0.102

M(6) 176.8+ 14.3P 5.24%0.117 86.1% 1.4° 548+ 0.112
HTST L (6) 225.5+ 8.22 5.85% 0.09? 92.2+ 1.82 5.59+ 0.122

M(6) 216.6+ 8.72 5.39+ 0.06° 87.4+ 1.6% 5.324 0.14%
UHT M(6) 236.1+ 20.92 5.67+0.152 91.2+ 1.5% 5.58% 0.09°
Control (6) 176.5+ 13.1° 4.64+0.24P 89.0+ 4.3% 5.28% 0.08>

1) Values are meant standard error for six rats.
Values on the same column bearing different superscripts are significantly different(p<C0.05).

Table 8. Pearson’s correlation coefficients among the parameters of calcium metabolism of rats

Wt gain Serum Ca Femur Ca Teeth Ca Ca intake CB
Wt gain —0.0386 0.7082%* 0.1956 0.3947* 0.6095%*
Serum Ca —0.0880 —0.1401 0.2331 0.1479
Femur Ca 0.0149 0.6672%* 0.6321%*
Teeth Ca 0.0830 0.0477
Ca intake 0.9730%*
CB
Abbreviations : CB=calcium balance *p<0.05 **p<0.001
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