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Physiological Study on the Effect of Preventing the Browning Reaction by Corn
Starch and Sucrose on Maillard Browning of Casein

—Excretion phenomenon and contents of free amino acids and fructosyl-lysine
of serum, liver and small intestinal diesta by rats—

Kang Lyung Woo, Jong Tae Lee

Dept. of Food Engineering, Kyungnam University
=ABSTRACT=

To study the effect of preventing the browning reaction between casein and glucose by protecting
the reactants using corn starch with coating material, rats were fed for 30 days nonbrowning
diet, nonprotected browning diet, browning diet protected only casein, browning diet protected
both casein and glucose and browning diet supplemented sucrose simultaneously with protecting
both casein and glucose. '

The amounts of fructosyl-lysine excreted through urine were greater than those through feces
regardless of diets and the both side of the excreted amounts of fructosyl-lysine through urine
or feces were greater for rats fed browning diets regardless protecting compared to rats fed
the nonbrowning diet. Through urine, the excreted amounts of fructosyl-lysine were decreased
for rats fed the browning diet supplemented sucrose simultaneously with protecting both casein
and glucose than those for rats fed the nonprotected browning diet and through feces, were
decreased for rats fed protected browning diets regardless of protecting method than the nonpro-
tected browning diet.

The excreted amounts of all individual essential free amino acids through feces were increased

for rats fed browning diets irrespective of protecting compared to the nonbrowning diet, but
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through urine, were increased or similar level for rate fed the nonbrowning diet compared

to browning diets except histidine.

The excreted amount of free lysine through feces were decreased for rats fed protected browning

diets than nonprotected browning diet.

Fructosyl-lysine contents of serum, liver and small intestinal digesta were increased for rats

fed browning diets regardless of protecting by starch compared to nonbrowning diet but, of

serum and small intestinal digesta were decreased for rats fed protected browning diets than

the nonprotected browning diet.
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Table 1. Composition of experimental diet

Ingredients 2/100g diet
Casein 20.0
Glucose 10.0
Corn starch 52.8
Sucrose 1.2
Soybean oil 10.0
Cellulose 1.0
*Mineral mix 4.0
**Vit. mix. 1.0

*Mineral mix.(%/kg) : NaCl: 1395, KH,PO,: 39.
00, CaCOs 5 38.04, KI5 0.08, MgSO; * 7
H0 : 5.70, FeSO, * TH,0 . 2.71, ZnSO
4 TH,0: 006, CaSO; - 5H,0 : 0.05,
CaClz * GHzO s 0.002 MnSO4 * HzD 2 0.
40
**Vit. Mix : (IU, or mg/g ) : VitA ; 400,000IU, Vit
D : 2.6mg, Vit K : 49mg, Vit E 5 5,000IU,
Thiamin HCI 5 600mg, Riboflavin : 600mg,
Niacin + 300mg, Pyridoxine HCI 5 700mg,
Folic acid : 200m., Biotin : 20mg, Panto-
thenate 5 1600mg, Cyanocobalamin : 1mg
Choline HCI 200mg
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Table 2. Individual amino acid contents of experimental diets estimated by acid hydrolysis(g/16gN)

Treatments® To0 Tl T2 3 T4
Amino acids
Thr 347(2.84) 3.98(2.96) 4.15(2.94) 3.88(3.02) 395(2.96) |
Val 4.73(3.84) 5.24(4.24) 5.06(4.12) 5.25(4.25) 5.40(4.20)
Met: 2.67(2.45) 2.84(2.80) 2.83(2.38) 2.68(2.56) 2.60(2.46)
Ile 441(363) 4.91(4.34) 4.98(3.76) 4.82(3.90) 4.95(3.88)
Leu 6.60(4.92) 747(5.55) 7.77(5.24) 7.58(5.42) 7.61(5.39)
Phe 4.35(341) 5.04(3.73) 5.09(3.58) 4.91(347) 4.96(3.57)
His 3.12(3.14) 3.87(3.88) 4.23(445) 4.05(4.10) 3.98(4.00)
Lys 5.60(4.32) 5.92(2.59) 6.27(2.64) 5.80(2.64) 6.01(3.12)
Arg 2.28(2.30) 1.93(1.78) 1.86(1.74) 1.50(1.53) 1.55(2.30)
TEAA 37.29 42.85 42.24 4048 41.01
F-Lys** 0.084 0.950 0.830 0.830 0.800
Asp 5.51 6.10 6.31 6.12 6.05
Ser 424 477 5.03 474 4.82
Glu 14.87 16.83 17.23 16.77 16.68
Pro 9.25 10.82 10.79 10.07 10.71
Gly 1.64 1.88 1.88 177 1.78
Ala 2.77 313 3.18 291 291
Cys 0.32 042 0.12 0.20 1.10
Try 3.58 4.25 444 3.81 4.07
TNEAA 42.18 48.20 4898 46.39 48.12
TAA 7947 91.05 91.22 86.87 89.13
* TO - Nonbrowning diet T1 : Nonprotected browning diet
T2 . Browning diet protected only casein T3 ! Browning diet protected both casein and glucose

T4 : Browning diet supplemented sucrose simultaneously with protecting both casein and glucose
** Fructosyl-lysine content estimated by in vitro enzymatic hydrolysis with pronase. Values in the parentheses
are in vitro available amino acid contents estimated by in vitro enzymatic hydrolysis with pronase.
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Table 3. Performance results of rats fed experimental diets for 30 days"*

Ireatments To T1 T2 3 T4
Items
Total weight gain A B B B B
(g/head) 119. 6+10. 9 89. 2+20. 9 73. 3+23. 4 69. 0+17. 4 78. 8+14. 1
Total food intake A A AB B AB
(DM g/head) 488. 4+35.02 491. 6+30.26 444. 942025 417. 6+11.17 448. 6+ 691
Food efficiency
. 0.24+ 0.06 0.61+ 0.04 0.16+ 0.05 0.17+ 0.05 0.18+ 0.03
ratio(FER)
Total protein A A AB B AB
intake(g/head) 89. 7+ 6. 4 92. 2+ 5. 6 84. 2+ 3. 8 80. 4+ 1.9 84. 1+ 1. 3
Protein efficiency
. 1.33+ 0.35 0.86+ 0.19 0.87+ 0.27 0.86+ 0.24 094+ 0.15
ratio(PER)
Liver weight
(@/body wt. 100g) 297+ 0.12 297+ 0.26 290+ 0.05 281+ 041 2.65+ 0.06

1. Mean+SD.

2. Groups without a common large superscripts are significantly different at P<0.01
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Table 4. Nitrogen digestibility and balance of rats fed experimental diets for 30days'

Treatments To T1 T2 T3 T4
Items
N intake A A AB B AB
(mg/day - head) | 495 +35.76 | 508 +31.01 | 465 +21.36 | 444 +11.15 | 464 + 7.02
Feces nitrogen A B B B B
(mg/day - head) 20. 7+ 361 48. 5+ 3.03 39. 44+ 371 42. 8+1141 42. 5+ 1.59
Urine nitrogen
234. 4+24. 6 | 230. 7+35.74 182. 0+-37.67 163. 9+42.16 211. 0+65.60
(mg/day * head)
Nitrogen digest- A B B B B
ibility( %) 95. 8+ 0.64 90. 4+ 1.14 91. 5+ 0.61 90. 4+ 240 90. 8+ 049
Nitrogen balance | )09 o 4784 | 228 844433 | 243. 641892 | 237. 344564 | 210. 5458.17
(mg/day)
Nitrogen retention®
(%) 48. 5+ 6.90 45. 0+ 7.35 52. 4+ 645 53. 4+11.10 45. 4+12.99
Urea-N in the
6.58+ 0.82 5.70+ 0.84 587+ 1.06 5954+ 0.27 5.68+ 0.65
serum(mg/100ml) :

1. Mean+SD.

2. Groups without a common large large superscripts are significantly different at P<<0.01

Nitrogen balance

3. Ni tention( % ) = -
itrogen retention N intake
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Table 5. Excreted pattern of fructosyl-lysine(F-Lys) of rats fed the experimental diets for 30 days'*'

Treatments To T1 T2 T3 T4
Items
F-Lys intake A B C C C
(mg/day * head) 2.6+ 019 30.2+ 185 | 24.1x+ 112 | 23. 0+ 053 | 23 2+ 035
F-Lys excreted through A B B B ¢
0.19+ 002 674+ 1.05 750+ 155 676+ 174 | 318+ 099
urine(mg/day - head) A B B B ¢
(12.97+1.36) ((743.79+115.27) | (659.34+ 136.48) | 659.37+ 169.63) | (241.10+74.97)
F-Lys excreted through A B C ¢ D
0.11+ 002 065+ 0.04 041+ 0.04 046+ 0.12 031+ 0.02
feces(mg/day * head) AC B B B B
(84.88+14.83) | (214.43+1340) | (16661+1567) | 171.96+4586) |(116.80+ 4.38)
Urine F-Lys A B B B B
Feces F-Lys 173+ 051 | 1037+ 349 | 17.86+ 488 | 1470+ 263 | 1026+ 3.60
Total excreted A B B B C
F-lys % on F-lys | ) 5+ 082| 24.5+ 349 | 328+ 489 | 3L 4+ 751 | 15 0+ 396
intake
In v1Fr0 :iwallable a b b c d
lysine intake 133. 7+21. 0| 82 2+ 325 | 76. 7+ 949 | 73.3+ 350 | 90. 5+ 235
_ (mg/day * head)
Excieted free 'Iysme a a a a b
through urine 043+ 007 | 045+ 022 04C+ 0.10 030+ 0.08 166+ 043
(mg/day * head)
Excreted free lysine A B o C C
through feces 015+ 004 | 065+ 0.05 047+ 0.06 053+ 010 | 050+ 0.06
(mg/day * head)

1. Mean+SD.

2. Group without a common large superscripts are significantly different at P<<0.01
3. Groups without a common small superscripts are significantly different at P<0.05
4. Values in the parenthesis : Excreted mg of F-LYS/excreted 15g N
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Fig. 1. Intake of individual essential amino acids and amount of individual free essential amino acids excreted

through urine and feces per day per head.
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Table 6. Fructosyl-lysine(F-Lys) content of serum, liver and small intestinal digesta of rats sacrificed
immediately after completion of the experiment

Treatments To T1 T2 T3 T4
Items
F-Lys content of serum 0.86 2.30 1.60 152 145
(mg/100mD
F-Lys content of liver 0.18 0.22 0.22 0.22 0.20
(mg/1g tissue)
F-Lys content of small 0.03 035 0.30 0.22 0.06
intestinal digesta(mg/g) '

Table 7. Free amino acid contents of serum of rats fed experimental diets(mg/100ml)

Lreatments To 1 T2 T3 T4
Amino acids
Thr 12.33 11.82 12.84 1042 9.10
Val 2.87 37 2.56 299 2.85
Met 1.04 1.64 0.58 1.06 0.95
- Ile 1.67 1.28 1.14 071 1.05
Leu 2.59 2.22 2.16 1.25 1.80
Phe 1.38 1.34 127 0.92 0.78
His 6.46 6.58 6.37 6.04 5.51
Lys 9.65 7.34 6.3t 6.74 6.20
Arg 6.60 7.76 7.37 6.93 6.45
TEAA 44.59 43.59 40.67 37.06 34.69
Asp 161 0.49 1.49 1.03 0.88
Ser 413 4.50 5.23 4.20 342
Glu 5.54 3.16 459 2.63 2.79
Pro NR NR NR NR NR
Gly 1.63 1.22 1.91 143 141
Ala 4.98 5.85 6.31 5.06 4.69
Cys NR 0.57 NR 092 0.80
Tyr 1.27 2.37 253 363 319
TNEAA 19.16 18.16 22.06 18.90 17.18
TAA 63.75 61.85 62.73 55.96 51.87

NR : Nonrecovered
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Table 8. Free amino acid contents of liver of rats fed experimental diets(mg/tissue 1g)

Treatments To T1 T2 T3 T4
Amino acids
Thr 0.87 1.10 1.04 1.09 1.07
Val 0.72 0.76 0.73 0.79 0.80
Met 0.52 053 0.53 0.62 0.62
Ile 0.69 0.73 0.69 0.79 0.79
Leu 1.10 1.15 1.12 1.22 1.22
Phe 0.89 0.92 0.88 1.02 1.01
His 0.61 0.57 0.61 0.69 0.68
Lys 1.14 1.21 1.17 1.30 1.06
Arg 0.36 0.30 0.32 044 0.39
TEAA 6.90 7.27 7.09 7.96 7.64
Asp 0.23 0.22 0.25 0.12 0.15
Ser 1.07 0.87 0.90 0.96 098
Glu 1.79 1.67 1.86 181 2.02
Pro 1.50 1.61 1.52 1.69 1.77
Gly 0.72 0.73 0.71 0.78 0.77
Ala 1.09 1.17 1.12 1.16 115
Cys 0.06 0.06 0.06 0.09 0.06
Tyr 0.59 0.44 0.46 0.52 0.51
TNEAA 7.05 6.77 6.88 7.13 741
TAA 1395 14.04 13.97 15.09 15.05
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Table 9. Free amino acid contents of small intestinal digesta of rats fed experimental diets(mg/g)

Treatments To Tl Tz 3 T4
Amino acids

Thr 0.64 0.65 0.55 0.50 0.34

Val 0.78 0.78 0.67 0.66 042

Met 0.60 0.61 0.52 0.62 0.36

Ile 0.70 0.71 0.59 0.58 0.32

Leu 0.96 0.99 0.85 0.81 045

Phe 0.95 0.99 081 0.74 0.35

His 0.66 248 2.54 222 233

Lys 1.65 181 1.33 0.71 0.34

Arg 0.81 0.69 0.57 0.57 0.21

TEAA 7.75 9.71 843 741 512

Asp 0.73 0.73 0.6. 0.55 0.38

Ser 0.89 0.80 0.73 0.68 0.52

Glu 2.52 1.79 1.46 1.36 0.99

Pro 1.36 1.78 1.31 1.16 0.58

Gly 0.51 0.56 048 0.37 0.27

Ala 0.72 0.81 0.67 0.62 0.31

Cys 0.20 0.16 0.15 0.16 0.06

Tyr 0.91 0.94 0.71 0.68 0.30

TNEAA 7.84 7.57 6.1C 5.58 341

TAA 1559 17.28 14.5% 12.99 8.53
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