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Abstract: In this paper, the effects of different oils and antioxidants on the oxidative deterioration at 65 ‘C of toughened biscuits were
studied. The rate of oxidative deterioration of the biscuits was determined through analyzing the changes in acid value, peroxide value, water
content and sensory scores of biscuits at 65 “C. It was found that when the butter was added to biscuits, the changes in the four indices were
slower with a shelf life of 54 days at 65 ‘C, whereas, the changes in the four indices were faster upon the addition of soybean oil with a shelf life
of 48 days at 65 C. It seemed that addition of oil with a high saturated fatty acid content led to a lower oxidation rate, slower oxidation in biscuit
and thus a longer shelf life; adding oil with a high unsaturated fatty acid content caused a higher oxidation rate, faster oxidation in biscuit and
consequently shorter shelf life. All the tested antioxidants exhibited anti-oxidant effects: TBHQ was the best antioxidant among the synthetic
antioxidants, whilst tea polyphenols were most powerful among the natural antioxidants. The combined use of 0.010% TBHQ and 0.020% tea
polyphenols in biscuit making led to the greatest antioxidative effect with the slowest oxidation in biscuits and a shelf life of 60 days at 65 C.
Therefore, different oils and antioxidants exerted impacts on the oxidative deterioration of biscuits. This study provides indicative information
for extending the shelf life of biscuits.
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Table 1 Compounding methods of Antioxidants

55 TBHQ #42&/% R B RAnEI%
1 0.020 0.000
2 0.015 0.010
3 0.010 0.020
4 0.005 0.030
5 0.000 0.040
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Table 2 Sensory evaluation criteria

R A Hhik o

O RRBRIE, A5, HSRAER, BA A ARl 0~10
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BEDE (0-30) SRR, KRR, BEHBHE SR, AU 2125
IMBIRTHE, B ER, BRLEMEZILK, @F, IR 26~30
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Table 3 Effect of different oils on acid value of biscuits

2 #R5
2.1 [E A xR R A B e

A 18] X2 B AZAR Fih

0 0.64+0.09 0.65+0.04/ 0.63+0.02 0.64+0.06"
6 1.110.074 1.10+0.06" 1.18+0.024 1.08+0.06"
12 1.61+0.04" 1.46+0.03® 1.38+0.03%¢ 1.33+0.04
18 2.03+0.10™ 1.89+0.01™8 1.98+0.09™ 1.79+0.03"™
24 2.540,07% 2.5420.05% 2.49+0.08%" 2.280.03%
30 3.09+0.03" 2.98+0.06™ 2.97+0.04® 2.74+0.02
36 3.860.05** 3.62+0.07°® 3.48+0.03® 3.08+0.09°
42 4.3240.03" 4.05+0.10% 3.96+0.07" 3.68+0.06
48 5.07+0.024 4.67+0.12°® 4.29+0.03° 4.05+0.05°
54 5.96+0.02" 5.75+0.07" 4.92+0.08°° 4.53+0.06"°
60 7.32+0.03*% 6.5420.04%® 5.67+0.04 5.0620.03°°

JE: 2F M p<0.05, abc.. RTFAGEEESH, ABC.. KFHEIEEIH.
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Table 4 Effect of different oils on peroxide value of biscuits

i ] X B ML AFARH ik

0 0.06520.004* 0.067+0.010" 0.06620.0114 0.06620.002'

6 0.073+0.004" 0.072+0.004% 0.07020.001% 0.069+0.003"4
12 0.084+0.002' 0.081+0.002" 0.080+0.001"* 0.075+0.003"®
18 0.101+0.002™ 0.091+0.0099™8 0.089+0.005%"® 0.081+0.0019"®
24 0.112+0.001%" 0.101+0.001% 0.09420.008%¢ 0.090+0.001%
30 0.128+0.005™ 0.126+0.006™ 0.114+0.007%8 0.108+0.009"®
36 0.150+0.006** 0.147+0.003** 0.128+0.0018 0.126+0.003%®
42 0.179+0.001% 0.175+0.004%8 0.165+0.002% 0.167+0.010%¢
48 0.246+0.002 0.245+0.005 0.224+0.004® 0.228+0.010%®
54 0.278+0.001°* 0.269+0.006™8 0.257+0.005°5¢ 0.249+0.008°
60 0.332+0.004* 0.320+0.002°8 0.306+0.003* 0.297+0.007%°

E: BEMp<0.05, abc.. ATAERFESH, ABC.. ATt ZEEN.
5 TEHEHT RS S 2R
Table 5 Effect of different oils on water content of biscuits
it ig] X 2 MM AZAR ¥
0 3.80+0.09™ 3.8740.04* 3.85+0.07% 3.84+0.06%"
6 3.82+0.07™ 3.85+0.06% 3.89+0.02 3.86+0.06%
12 3.87+0.01™ 3.830.03% 3.86+0.03* 3.89+0.04%
18 4.03+0.10°% 3.94+0.01% 4.03+0.09% 4.12+0.08"
24 4,34+0.07" 4.08+0.05% 4.530.08"* 4.29+0.03%
30 4,52+0.03%® 4.28+0.06°° 4.87+0.044 4.39+0.02¢
36 4.67+0.05™8 4.49+0.07" 4.78+0.03 4,57+0.09"%¢
42 4.79+0.03%4 4.65+0.10" 4,840,074 4.79+0.06™4
48 4.85+0.12° 4.85+0.12% 4.76+0.134 4.68+0.05%4
54 4.83+0.02%8 4.80+0.07°8 4.83+0.088 4.97+0.06*
60 4.75+0.03 4.86+0.044 4.79+0.04%8 4.82+0.03"8

E: BEMp<0.05, abc.. ATAREEMSH, ABC.. Rt R EEHH.
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Table 6 Effect of different oils on sensory evaluation of biscuits

it 1] X Eh ML AZAR # b
0 88.4+0.8% 89.4+0.2%4 89.3+1.0° 89.7+0.1%
6 88.0+1.2* 87.3x0.9"* 87.8+0.3" 88.5+0.5™
12 87.7+1.1%A 87.7+0.7°* 87.7+0.3" 88.2+0.3"
18 86.4+0.9" 87.4+0.6"5 87.6+0.3"8 87.9+0.2%
24 86.1+0.2 86.8+0.2° 87.2+0.4"8 87.9+0.3"
30 83.9+0.8"® 84.8+0.9%° 85.3+0.8° 86.3+0.4*
36 81.4+0.4C 82.7+1.0%C 83.6+0.8%8 85.3+0.9°
42 80.3+0.9™ 81.5+0.6%8 83.7+0.4% 84.2+0.7%
48 82.5+0.2%8 82.1+0.6% 84.8+0.5°A 85.00.4%
54 80.7+0.4™ 80.5+0.5° 82.3+0.4% 83.020.7%4
60 76.7+0.3%° 78.8+0.3® 81.8+0.7°4 81.5+0.8"

E: BEM <005, abc.. AFAGTERMT, ABC.. Rathtl LI,
7 FEHEAFIA T BN 050

Table 7 Effect of different antioxidants on acid value of biscuits

B 18] A BHA BHT TBHQ %8 B
0 0.66+0.04" 0.6620.04" 0.63+0.02'* 0.65+0.07* 0.68+0.03 0.61+0.03"
6 0.98+0.07 0.89+0.04/8 0.82+0.015¢ 0.75+0.01¢ 0.73+0.09C 0.87+0.048
12 1.36+0.04"" 1.21+0.075¢ 1.1620.111¢ 0.99+0.05"° 1.01+0.05"° 1.32+0.01j"®
18 1.62+0.06" 1.53+0.10"® 1.40+£0.09"® 1.35+0.12"® 1.37+0.12"® 1.48+0.02"8
24 1.85+0.08™ 1.81£0.07™ 1.73+0.06™5 1.63+0.12" 1.75+0.05" 1.82+0.04™
30 2.310.07% 2.05+0.12%¢ 1.93+0.10%¢ 1.8820.10%¢ 2.08+0.1198¢ 2.1420.08%8
36 2.67+0.08"8 2.44+0,04% 2.39+0.08" 2.52+0.03™¢ 2.44+0.05 2.73+0.10%
42 3.200.07°® 3.12+0.04°%® 2.83+0.03%¢ 2.730.04%¢ 2.80%0.08%¢ 3.460.01%
48 3.91+0.03%® 3.84+0.09% 3.53+0.05% 3.2640.03%° 3.56+0.04° 4.04+0.06™
54 4.59+0.10°® 4.42+0,07° 4.23+0.07°° 3.98+0.04° 4,29+0.07°P 4.97+0,08*
60 5.36+0.04" 5.12+0.09° 5.06+0.03" 4.35+0.07° 5.35+0.04™ 5.54+0.05"*
66 6.230.08° 5.98+0.08°° 5.7420.04* 5.02+0.05% 6.72+0.06° 6.940.08*
E: REM p<0.05, abc.. RTHEEFEHSH, ABC.. TG IS,
% 8 FRIREMNFIFT T I ENENF T
Table 8 Effect of different antioxidants on peroxide value of biscuits
it g £ BHA BHT TBHQ %8 Bhg
0 0.066+0.005" 0.066+0.005" 0.065+0.004" 0.066+0.006" 0.066+0.004" 0.065+0.003"
6 0.070+0.003" 0.066+0.004" 0.067+0.004" 0.072+0.005"" 0.067+0.001" 0.069+0.004%
12 0.083+0.003" 0.078+0.001"8 0.079+0.004'A8 0.073+0.002"® 0.071+0.004"® 0.076+0.004""8
18 0.088+0.006"™ 0.081+0.002" 0.079+0.005"™ 0.077+0.0059" 0.0790.0079" 0.084:+0.0069™
24 0.091+0.0069" 0.089+0.0089" 0.082+0.002" 0.080+0.0059" 0.081+0.0079" 0.087+0.008%
HTR
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FELER
30 0.103+0.004% 0.097+0.011748 0.096+0.004%8 0.0830.006™ 0.088+0.003% 0.093+0.0049°8
36 0.126+0.003" 0.11+0.006™ 0.107+0.006™ 0.091+0.004 0.108+0.004" 0.105+0.007®
42 0.168+0.001°8 0.153+0.008* 0.136+0.004%° 0.123+0.002% 0.164+0.002°8 0.197+0.003%
48 0.210+0.010% 0.197+0.005% 0.197+0.005% 0.17420.002% 0.200+0.003%® 0.233+0.005™
54 0.232+0.009°® 0.243+0.005% 0.235+0.005°%¢ 0.211£0.002°° 0.226+0.001°%¢ 0.279+0.001%
60 0.287+0.007°® 0.276+0.010°5¢ 0.261+0.006"P 0.249+0.007°° 0.265+0.008*° 0.303+0.002°*
66 0.332+0.0052 0.304+0.006™ 0.299+0.006™ 0.259+0.004%° 0.307+0.001* 0.372+0.002*
A BEMp<0.05, abc.. RTREBEESA, ABC... RTHE) R E N,
%9 FRIRENFITHT KIS EFI
Table 9 Effect of different antioxidants on water content of biscuits
EhgE) x BHA BHT TBHQ X%m b7
0 3.86+0.14% 3.89+0.04°* 3.95+0.07%* 3.87+0.07% 3.87+0.03% 3.790.07%*
6 3.89+0.078 3.95+0.04°8 3.840.01%8 3.87+0.08%8 3.98+0.08% 3.830.04%
12 3.97+0.04°% 4.12+0.07" 3.90+0.11%8 3.90+0.05® 3.86+0.05% 3.86+0.01%
18 4,05+0.06%" 4.23+0.09° 4,05+0.09™ 4.05+0.12" 4.2140.12" 4.1620.03"
24 4.1620.08%5 4,36+0.07% 4.27+0.05%8 4.34+0.15%® 4.39+0.05% 4.35+0.04°*
30 4.12+0.07% 4.54+0.11"58 4.3520.10%¢ 4.3020.09%°° 4.65+0.11% 4.67+0.08"
36 4.37+0.08 4.78+0.04 4.58+0.08"® 4.57+0.03%® 4.79+0.11° 4.69+0.10%®
42 4.4420.07°° 4.89+0.03® 4.79+0.09® 4.7620.04 4.98+0.08™% 4.89+0.05"8
48 4.58+0.07° 4.8240.10° 4.87+0.05%¢ 4.98+0.03%"8 4.96+0.03%8¢ 5.06+0.06°*
54 4.89+0.09°5¢ 4.75+0.07 4.85+0.07 5.04+0.04%8 4.85+0.06%° 5.13+0.10%
60 4.95+0.03* 4.80+0.085¢ 4.8140.03® 4.82+0.08°® 4.77+0.04%8 4.98+0.04"A
66 4.85+0.08* 4.92+0.07°4 4.9+0.03% 4.94+0.057 4.90+0.06%A 4.96+0.08"A
i REMp<0.05, abc.. A TAEEFESH, ABC.. A THEZEES,
# 10 FRIRENFISHHTFEE TS HIFT
Table 10 Effect of different antioxidants on sensory evaluation of biscuits
it 1] & BHA BHT TBHQ X %8 Bhg
0 87.620.6° 88.0£0.1%8 87.940.2%8 88.8+0.1% 88.1+0.8*8 88.3+0.3°
6 86.5+0.64° 87.0£0.94 86.9+1.3%4 86.2+1.3" 87.740.6* 88.1+0.2%4
12 86.1+0.4™ 86.0+0.3" 86.7+0.4%4 86.9+0.9™ 87.2+0.0" 86.9+0.4™
18 86.0+0.4™ 85.6+£0.5% 85.6+0.5" 85.8+0.6" 86.6£0.9%4 87.1£1.0™4
24 84.6+0.6% 84.3+1.1%A 84.3+1.1%4 84.3+1.0 85.5+0.8" 84.9+0.0°
30 83.9+0.8° 83.1£0.7°" 83.0+1.3" 83.1£1.3%A 84.020.7% 83.3£0.9"
36 83.4£0.2%A8 82.6+0.6"° 82.9+0.7%8 83.0£0.6%48 84.2+0.7° 83.2+0.7%8
42 82.0+0.3" 81.30.998 80.9+0.2° 81.3+0.2"8 80.6+1.0°® 81.1+0.5°
48 82.40,9°M8 82.0+0.31M8 82.7+0.7% 82.2+0.3°"8 81.8+0.2%8 81.2+0.0°
54 78.4+0.4° 81.120.3™ 80.9+0.9%8 81.0£0.1* 79.9+0.5® 80.4+0.1°4°
60 75.8+0.5"™ 77.5+0.8"® 78.4+0.6"8 79.5+0.7% 77.2+0.4%C 77.020.8™C
66 66.5+0.6"° 73.8+0.4"8 72.9+ 0.5% 75.4+0.9™ 70.8+1.2"° 67.2+0.5%°

JE: 2F M p<0.05, abc.. RTFAGEEESH, ABC.. KFHEIEEIH.

23 HAMNF TR AT F AT R

B#E, KE

PR R BT SO G- ORI 2 Ik

11~14, HA PR DA K S8 A BB il e ) 18] AR A L %
YEORZE, KysaRkARaER. W&
11 Haf LB 24 0.010%TBHQ 5 0.020% %5 £ fy H i
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Table 11 Effect of different compounding methods of antioxidants on acid value of biscuits

it 1] x BHA BHT TBHQ X%y
0 0.65+0.01 0.63+0.03" 0.66+0.03" 0.64+0.09" 0.60£0.011*
6 0.78+0.04* 0.75£0.01 0.72+0.08" 0.82+0.07 0.730.04"
12 1.08+0.12/A8 1.0620.048 1.02+0.05"8 1.19+0.03 0.89+0.12"®
18 1.35+0.14" 1.3620.04" 1.3040.12" 1.39+0.10" 1.19+0.14"
24 1.63+0.12M 1.53+0.07" 1.28+0.05" 1.57+0.07" 1.23+0.13"™
30 1.96+0.03% 1.730.07% 1.52+0.11% 1.96+0.03% 1.56+0.03%
36 2.52+0.04" 2.23+0.07" 2.100.05™ 2.360.05"™ 1.91+0.04
42 2.85+0.07%" 2.69+0.09°8 2.66+0.08°E 2.97+0.03" 2.55+0.078
48 3.36+0.03"® 3.26+0.06° 3.18+0.03%° 3.52+0.02" 3.3240.03%¢
54 3.94+0.08% 3.92+0.09° 3.87+0.06% 3.92+0.02 4.04+0.08°
60 4.3520.05"° 4.45%0.03°° 4.32+0.04 4.7120.03® 5.030.05"
66 5.08+0.10* 5.08+0.05% 4.91%0.08® 5.38+0.07* 5.26+0.07*
JE: 2FHM p<0.05, abc.. KRFAGIEENT, ABC.. RFHEIEENST.
* 12 MENFFRERARAH TR U ENF N
Table 12 Effect of different compounding methods of antioxidants on peroxide value of biscuits
it ] P BHA BHT TBHQ X%y
0 0.06620.006" 0.068+0.010* 0.066+0.001" 0.06620.007** 0.065+0.004™
6 0.072+0.005™ 0.075£0.006"* 0.072+0.004"4 0.072+0.005" 0.067+0.004™
12 0.073+0.002"8¢ 0.085+0.008"4 0.073+0.002g"&¢ 0.083+0.006"48 0.069:+0.004"™
18 0.087+0.005%® 0.097+0.009" 0.077+0.00498 0.094+0.006"4 0.079+0.005%
24 0.09520.005% 0.122+0.003™ 0.080+0.0079" 0.114+0.005™ 0.080+0.002%
30 0.112+0.006" 0.157+0.004% 0.0830.003"P 0.138+0.009% 0.09520.004™
36 0.129+0.004° 0.194+0.002" 0.091+0.006™ 0.165+0.003"® 0.117+0.006°°
42 0.133+0.002¢¢ 0.223+0.001% 0.153+0.004%® 0.221+0.011% 0.146+0.004
48 0.174+0.002% 0.250+0.004% 0.194+0.003% 0.2430.009 0.170£0.005%
54 0.221+0.002® 0.263+0.008 0.221+0.007°® 0.259+0.007* 0.205+0.005™
60 0.249+0,007°® 0.281+0.007** 0.249+0.004"® 0.282+0.008™* 0.241+0.006®
66 0.269+0.004* 0.295+0.0048 0.259+0.004° 0.309+0.004* 0.249+0.006™
E: RFEM p<0.05, abc.. RTHEEFEHSHT, ABC.. R THE IS,
#* 13 MENF TR EE AR TR EHF0
Table 13 Effect of different compounding methods of antioxidants on water content of biscuits
fit 18] £ BHA BHT TBHQ X%y
0 3.860.12%* 3.85+0.09%* 3.90+0.03" 3.82+0.09% 3.83+0.11%"
6 3.89+0.04%* 3.85+0.07** 3.89+0.08™ 3.86+0.07% 3.87+0.04°*
12 3.980.12%* 3.87+0.03** 3.87+0.05" 3.97+0.04% 3.92+0.12°
18 4.05+0.08%A 4.0620.04 4.0620.12% 4.12+0.10" 3.97+0.15d*
24 4.2120.12% 4.18+0.06™ 4.21+0.05™ 4.3020.07 4.13+0.12%
HTR
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BER
30 4.43+0.034A 4.38+0.07A 4.39+0.11%A 4.45+0.03% 4.32+0.05%
36 4.65+0.04°A 4.65+0.08° 4.47+0.05% 4.62+0.05% 4.59+0.04°8
42 4.87+0.07® 4.97+0.09% 4.68+0.08°¢ 4.79+0.03°8¢ 4.750.07%5¢
48 4.88+0.078 4.93+0.068 4.87+0.03% 4.96+0.08% 4.79+0.04%
54 4.90+0.08% 5.02+0.10% 4.97+0.06% 4.97+0.12% 4.86+0.08A
60 4.98+0.05% 4.87+0.13%" 4.94+0.04% 4.86+0.03 4.87+0.05
66 4.95+0.15% 4.89+0.05% 4.91+0.08% 4.92+0.07 4.89+0.07A

E: BEM p<0.05, abc.. RTHEEFHSH, ABC.. TG DI,
F 14 MELFIFRIER SR HFREITS RIS
Table 14 Effect of different compounding methods of antioxidants on sensory evaluation of biscuits

B 1] x BHA BHT TBHQ X%
0 88.820.1" 88.4+0.5" 89.2+1.0 89.4+0.5™ 88.820.1"
6 86.2+1.3" 88.0+£0.5*° 88.9+0.3 87.3+0.4"8 88.2+1.348
12 86.9+0.9" 87.740.24 88.0+£0.3%4 87.7+0.2 87.9+0.9%4
18 85.8+0.6™ 86.4+0.7"8 87.0+0.3"8 87.4+0.7" 86.8+0.6™°
24 84.3+1.0® 86.1+0.8™8 85.6+0.4%° 86.8+0.5™ 85.3+1.0%8
30 83.141.3° 83.9+0.5% 84.6+0.8°4 84.8+0.44 85.1+1.3%
36 83.0+0.6® 81.4+0.7%C 83.8+0.8%8 82.7+0.5%¢ 85.020.6™
42 81.30.2°8C 80.30.8% 81.5+0.4°® 81.520.4°® 84.30.2%A
48 82.2+0.3%A 82.5+0.5™ 82.0£0.5% 82.1+0.9%A 83.240.3"
54 81.00.1°%¢ 80.7+0.2°5¢ 81.240.4°® 80.5+0.0 82.0+0.1"
60 79.5+0.7% 76.740.4" 80.80.7%4 78.820.5% 79.520.79%
66 73.840.1%5C 74.4%0.7% 78.4+0.4™ 72.9+0.4" 74.3+0.4"™

E: BFM p<0.05, abc.. RTHEEFHESH, ABC... Rk THE RIS,
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