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Quality Change of Starch Syrups during Storage
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Abstract

Quality changes of starch syrups were investigated during storage at 20 and 60%C. Color properties
such as spectrophotometric properties, HMF and Hunter color value were continuously increased du-
ring storage period. And they were largely changed as much as storage temperature and hydrolysis
degree were higher. Starch syrups were all showed to flow behaviors as non-Newtonian fluids and
increased slightly during storage. And monosaccharide was decreased and di- and oligosaccharide
were slightly increased during storage.
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Table 1. Operation condition of HPLC for sugar com-
position analysis

Column HP 87 C (Carbohydrate)
Detector RI(Refractive Index Detecter)
Solvent distilled water
Temperature column: 85C

detector: 37C
Flow rate 0.6 m//min
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Table 2. General properties of starch syrups

Starch syrup
881 SS2  SS3 SS4

Moisture(%) 1690 266 17.00 16.40
Reducing sugar(%) 6337 2138 4400 43.80
pH 5.02 6.08 514 545
Starch NDPV ND ND ND

Ash(%) 0.01 0.01 0.01 0.01
T-color(%) 98.4 9594 9886  98.86

UND: not detected
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Table 3. Changes in spectrophotometric properties of strach syrups during storage at 20°C

Starch Color Storage perlod(day)
syrup property 0 10 20 30 40 50 60
SS-1 O.D.gz0 0.007 0.007 0.007 0.007 0. 008 0. 0()8 0.009
T-color(%) 98.40 98.40 98.40 98.40 98.17 98.17 97.95
Turbidity 0.001 0.001 0.001 0.002 0.002 0.003 0.003
Discoloration degree 0.006 0.006 0.006 0.005 0.006 0.005 0.006
SS-2 OD.g20 0.018 0.018 0.018 0.019 0.019 0 019 0.019
T-color(%) 95.94 95.94 95.94 95.74 95.74 94.74 94.74
Turbidity 0.001 0.001 0.001 0.001 0.001 0.002 0.003
Discoloration degree 0.017 0. 017 0.017 0.018 0.018 0. 017 0.016
$S-3 OD.0 0.005 0.005 0.006 O 005 0. 006 0 ()0/ 0.007
T-color(%) 98.86 98.86 98.86 98.63 98.63 97.63 98.40
Turbidity 0.001 0.001 0.002 0.003 0.003 0.003 0.003
Discoloration degree 0.004 0.004 0.003 0.003 0.003 0.003 0.004
SS-4 0.D .20 0.005 0.005 0.006 0.005 0.006 0.007 0.007
T-color(%) 98.86 98.86 98.63 98.63 98.63 98.40 98.40
Turbidity 0.001 0.002 0.002 0.002 0.002 0.002 0.002
Discoloration degree 0.004 0.003 0.004 0.003 0.004 0.005 0.005
Table 4. Changes in spectrophotometric properties of starch syrups during storage at 60°C
Starch  Color Storage pernod(ddv) svrup property
syrup  property 0 2 4 6 8 10 12 14 16 18 20
SS-1 0Dz 0.007 0. 013 0. 034 0 044 0 061 0. 074 0. 094 0. 116 0.122 0. 129 0.135
T-color(%) 98.40 97.05 9247 9036 8690 8433 8054 7656 7551 7430 73.28
Turbidity 0.001 0004 0.009 0013 0016 0019 0021 0023 0025 0.026 0028
Discoloration degree 0.006 0.009 0.025 () 039 0 045 0.063 0. 074 0. 093 0. 097 0.103 0.107
SS-2 OD.gzo 0.018 0.024 0.029 0.()43 0 064 0.072 0.080 0.089 0 094 0.099 0.106
T-color(%) 9594 9462 9354 9057 8630 84.72 8318 8147 7998 7962 7834
Turbidity 0001 0003 0.006 0.009 0.013 0.017 0019 0020 0021 0.022 0024
Discoloration degree 0017 0021 0023 0034 0051 0.05 0061 0069 0076 0.077 0.082
SS-3 0.D.20 0.005 0010 0015 0.020 0029 0033 0039 0046 0046 0.047 0048
T-color(%) 98.86 97.72 9661 9550 9354 9268 9141 89.95 8995 89.74 8954
Turbidity 0.001 0003 0004 0006 0008 0009 0010 0012 0012 0013 0014
Discoloration degree 0.004 0.007 0.011 0. 014 0. 021 0024 0029 0.034 0034 0034 0.034
SS-4 0.D.z 0.005 0.007 0010 O ()14 0 ()1 7 0 020 0.027 0.029 0.()31 0 034 0. 035
T-color(%) 98.86 9840 97.72 9683 9626 9550 9397 9354 9311 9247 92.26
Turbidity 0.001 0002 0004 0065 0007 0008 0009 0010 0010 0011 0011
Discoloration degree 0004 0005 0006 0009 0010 0012 0018 0019 0021 0023 0.024
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Fig. 1. Changes in HMF(hydroxymethyi furfural) of
starch syrups during storage at 20°C
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Fig. 2. Changes in HMF(hydroxymethyl furfural) of
starch syrups during storage at 60°C
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Table 5. Changes in Hunter L- and AE- value of strach
syrups during storage at 20°C

Starch  Hunter Storage period(day)

syrup  color 0 10 20 30 40 50 60

SS-1 L 942 942 942 940 940 938 934
AE 612 613 613 6.15 6.17 621 641

SS-2 L 927 927 925 924 922 920 916
AE 685 687 688 6.89 694 694 6.96

SS-3 L 947 947 946 945 943 94.1 938
AE 698 698 699 7.04 712 7.12 7.50

SS-4 L 947 94.7 946 946 944 944 942
AE 632 633 635 635 636 637 639
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Fig. 3. Flow behavior of starch syrups at 30°C

Table 6. Changes in Hunter L- and AE - values of strach syrups during storage at 60°C

Strach Hunter Storage period(day)

syrup color 0 2 4 6 8 10 12 14 16 18 20

S§8-1 L 942 929 90.1 880 87.4 85 9 82.7 79 4 78. 2 78 0 775
AE 612 845 1296 20.02 21 02 24 50 26. 27 28.00 29. 09 30 12 31 67

SS-2 L 927 919 909 889 84 6 85 3 83.0 81.2 804 79 6 78 2
AE 685 927 13 98 17 98 21. 04 22 70 2402 2534 2702 2796 29.14

SS-3 L 94.7 933 919 9().0 88.2 86 9 84.3 82.9 81.5 81.6 814
AE 698 923 1368 1800 20. 48 22.81 23 41 2424 24, 6/ 25.13  25. 98

SS-4 L 947 934 928 916 89.3 87.6 85.9 84.9 84.3 33.6 83.0
AE 632 904 1292 1724 1927 2199 23.02 2399 2457 2634 2833
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Table 7. Rheological properties of starch strups
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Rheological parameter SS-1 SS-2 S8-3 SS4
Consistency index, K, Pa-s" 11.7069 —045773 12.2038 10.5955
Flow behavior index(—) 0.9044 1.2022 0.9421 0.9632
Determination coefficient, r* 0.9997 0.9958 0.9998 0.9999
Table 8. Changes in apparent viscosities” of starch syrups during storage at 20°C unit: cP
Starch Storage period(day)
syrup 0 10 20 30 40 50 60
ss-1 8,091.00 8,091.07 8,092.04 8,090.92 8,094.12 8,093.39 8,094.00
S§-2 698.37 698.36 699.54 699.59 701.02 701.00 702.36
ss-3 9,878.34 9,878.56 9,879.62 9.879.76 9,879.82 9,880.34 9,880.41
SS-4 9,285.47 9,285.48 9,285.62 9,286.64 9,287.26 9,287.59 9,286.91
Dmeasured at shear rate=44.8s"' and 30C
Table 9. Changes in apparent viscosities” of starch syrups during storage at 60°C unit: cP
Starch Storage period(day)
syrup 0 2 4 6 8 10 12 14 16 18 20
SS-1  8091.00 8091.00 809207 809112 809345 800556 8094.12 8097.25 809914 809956 8123.06
SS-2 69837 69839 69838 67002 67006 67007 67104 69985 69989  702.12 703.69
SS-3 987834 987835 987991 9,878.86 9,880.12 9,880.34 9,881.26 9,882.34 9,880.62 988356 9,887.25
554 928547 928666 9286.71 9,28562 9,28547 9,28549 9,287.62 928962 9290.12 928934 929162
Umeasured at shear rate=44.8s"! and 30T
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Fig. 4. Changes in apparent viscosity of starch syrups
at different shear rates
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Table 10. Change in sugar composition of starch syrups
after 30 days

Starch

Sugars Initial 20T 60C
syrup
SS-1  Glucose (%) 41.69 36.72 35.33
Maltose (%) 30.61 36.23 35.09
Maltotriose(%) 12.70 12.84 13.82
Maltotetraose(%) 13.41 14.21 15.75
SS-2  Glucose (%) 2.56 2.00 227
Maltose (%) 13.55 1094 1151
Maltotriose(%) 17.13 21.00 20.24
Maltotetraose(%) 66.54 66.83  65.98
SS-3  Glucose (%) 26.94 6.07 9.68
Maltose (%) 23.89 54.30 52.12
Maltotriose(%) 13.79 19.31 17.78
Maltotetraose(%) 33.91 2031 2043
SS-4  Glucose (%) 8.38 6.78 6.85
Maltose (%) 55.82 55.76  55.29
Maltotriose(%) 16.27 17.25 1699

Maltotetraose(%) 18.97 2021  20.87
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