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Factors Affecting the Photooxidative Stability of Soymilk
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Abstract

The effects of chlorophyll, tocopherols{ @-tocopherol, y-tocopherol and §-tocopherol), carotenoids
( 8 -carotene and lutein), light sources, light intensities and storage temperatures on the photooxidative
stability of soymilk were studied by measuring TBA value and depleted headspace oxygen(DHO)
of soymilk. The samples were stored in the light storage box for 6 days and evaluated for the pho-
tooxidative stabilities. As the concentrations of chlorophyll increased, TBA value and DHO of the
sample increased significantly (p<0.05), indicating chlorophyll acting as a photosensitizer. However,
as the concentrations of tocopherols( a-tocopherol, 7-tocopherol and d-tocopherol) and carotenoids
(B-carotene and lutein) increased, TBA values and DHO of the samples decreased significantly
(p<0.05). The light screening effects of carotenoids on DHO in the samples were not significantly
different from the control at p>0.05. Therefore, there was no light screening effects of carotenoids
on the oxidative stability of soymilk. The results indicate that tocopherols and carotenoids reduce
the photooxidative stability of soymilk. &-Tocopherol was the most effective in photosensitized
oxidation followed by r- and e-tocopherols in the order of increasing stability. B-Carotene was
significantly (p<0.05) more effective than lutein in minimizing the chlorophyll-sensitized photo-
oxidation of soymilk. Visible light was more effective than UV light in decreasing the photooxidative
stability of soymilk. Therefore, photooxidation of soymilk containing chlorophyll is mainly due to
photosensitized oxidation rather than photolysis reaction. As the intensities of fluorescence light
increased, TBA values and DHO of the samples increased significantly at p<0.05. However, as the
storage temperatures increased, TBA values and DHO of soymilk did not change significantly at
p>0.05.
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Soymilk

Fig. 1. Outlined process for the preparation of soymilk.



Fhel Bas BY4el d%E FE 29 443

o] ARR-Elgla B3]+ 1 1 500]1%ith B39 E(tocoph-
ero)& Zn&AAZ2vt2 295 (HPLC) Sl 3}
HepA o g B4 E%1cH34). Columne Nova-Pack C18
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Fig. 2. Light storage box.
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Table 1. Free fatty acid contents of soymilk
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Table 2. Duncan’s multiple range test for the effects
of chlorophyll on the headspace oxygen con~
tent of soymilk under dark storage at 5°C
for 6 days

Headspace oxygen content”
(kmole of Oz/ml of headspace)
2

Chlorophyll
in soymilk(ppm)

Mean

0 9.35"
5 9.28%
10 9.26°
15 9.29*
20 9.23°

1)Headspace oxygen is the mean value of analyses of
duplicate samples

PMean of headspace oxygen after 0, 1, 2, 3, 4, 5, and
6 days of storage : Means in a column of chlorophyll
with the same letters are not significantly different
at p>0.05

Fatty acid Palmitic acid Stearic acid

Oleic acid Linoleic acid Linolenic acid

Content(%) 124 49

212 526 89
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Fig. 3. Effects of chlorophyll on the TBA(thiobarbituric
acid) value of soymilk under light storage at
5°C for 6 days.
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Z2Yo] T/ AHEFTFAAL A7 (depleted head-
space oxygen)ell =+ ¢ -2 Table 3%} &t} 7lA=
2o} E 1.9 9 (gas chromatography )l & & Ab2-F-3F
AbA4Zb A 234 W 9 coefficeint variation 3%t}
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p<0.050 4 #-2J= 3l #o] & elych & Ye] £
oM 22 go] AR A2 2h4-sle], daH o
Z=59] Azt ure-g 27 chE 718 Fig. 37 Table
302 H¥ o 4 glch
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o go] 72 TBAZ} &= A FA o 8- 77} Fig.
4,5 % 63 #Ac} g, 7Aek- 2 del-EFHE9
o] Oppmell A 100, 500, 1,000ppm- &2 7}kl a}
g}, £%-¢ TBAZlE Z4stgch

&3}t~ Aob- g del-E 39 Eo] T§2 ARZT
AbA FFAgkell £+ 9488 Duncan’s multiple range
test® A= Table 49} 2o} N2 o2 Fx 9] ¢}
Zob- 2 del-E s go] F{-2) AARFTAE: 3FA
FFol] F= %4 -2 p<0.0590 A F-2] A el zbo] & r}ely
o} 919 dxE E3sid, g, Avl- 2 del-2 3
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sensitized photooxidation)& ZAA e RS o
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Table 3. Duncan's multiple range test for the effects of chlorophy!l on the depleted headspace oxygen of soymilk

under light storage at 5°C for 6 days

Depleted headspace oxygen’’(umole of Oz/ml of headspace)

Chlorophyll in soymilk(ppm)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean®
Chlorophyll(0) 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00°
Chlorophyll(5) 0 0.84 0.90 1.13 1.37 1.44 161 1.05°
Chlorophyll(10) 0 1.32 1.52 191 2.44 257 2.86 1.80°
Chlorophyll(15) 0 1.94 2.22 2.83 3.60 381 4.23 2.66¢
Chlorophyl1(20) 0 2.55 2.91 375 476 5.05 5.60 3.50°

1)Depleted headspace oxygen is the mean value of analyses of duplicate samples
”Mean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of same chlorophyll
with different letters are significantly different at p<0.05
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Fig. 4. Effects of @ -tocopherol on the TBA(thiobarbi-
turic acid) value of soymilk containing 10ppm
chlorophyll under light storage at 5°C for 6 days.
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Fig. 5. Effects of 7-tocopherol on the TBA(thiobarbi-
turic acid) value of soymilk containing 10ppm
chlorophyll under light storage at 5°C for 6 days.
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Fig. 6. Effects of 8-tocopherol on the TBA (thiobarbi-
turic acid) value of soymilk containing 10ppm
chlorophyll under light storage at 5°C for 6 days.
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HE-EIHE>LH-EFHE Folaly dHsGge
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H|E}-F |2 E|( B-carotene) 2t FEH[2I(lutein)0} &
79| rEo| FE= A
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E Ztastg et vEl-712 9 9 26 el 10ppme 5
3t Fie vE-712d 9 Fede A FH3x
oF-& th 27 F-8(control soymilk) 2ot £-2}4 (p<0.05)
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Table 4. Duncan’s multiple range test for the effects of -, 7- and &-tocopherols on the depleted headspace
oxygen of soymilk containing 10ppm chlorophyll under light storage at 5°C for 6 days

Depleted headspace oxygen1 "(umole of Ox/ml of headspace)
0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean®

Chlorophyll in soymilk(ppm)

a -Tocopherol(0) 0 1.32 152 191 2.44 2.57 2.86 1.80°
a —Tocopherol(100) 0 0.89 112 1.48 1.66 1.78 2.04 1.27°
a —Tocopherol(500) 0 0.81 0.99 131 141 154 1.72 1.11¢
a —Tocopherol(1,000) 0 0.72 0.86 1.01 125 1.36 1.40 0.94
y ~Tocopherol(0) 0 1.32 152 1.91 2.44 257 2.86 1.80°
7 - Tocopherol(100) 0 0.75 1.06 1.47 1.63 1.82 2.01 1.24°
v —Tocopherol(500) 0 0.66 0.94 1.22 1.38 1.49 1.65 1.05°
y ~Tocopherol(1,000) 0 0.56 0.79 091 1.13 125 1.30 0.84°
& —Tocopherol(0) 0 1.32 1.52 191 244 257 2.86 1.80°
& -Tocopherol(100) 0 0.69 1.02 147 1.59 1.87 1.99 1.23°
& -Tocopherol(500) 0 0.58 0.90 1.16 1.36 1.46 1.61 1.01°
& -Tocopherol(1,000) 4] 0.45 0.74 0.85 1.02 1.16 1.24 0.78°

l)Depleted headspace oxygen is the mean value of analyses of duplicate samples
PMean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of the same
tocopherol with different letters are significantly different at p<0.05

30 30
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0
"
z ool —=-e— 30 ppm beta-carotene E 20 F ———— 30 ppm lutein
ry 2
‘g o=
2 s
3 3 L
st g
g g
2 5
@ 10} o 10f
>

<
b <
[ @©

st -osr

0 1 1 1 L 1 1 0 i A A A i 1

¢ 1 ° 3 4 5 6 7 0 1 2 3 4 5 8 7
Storage Time (days) Storage Time (days)

Fig. 7. Effects of B-carotene on the TBA(thiobarbi- Fig. 8. Effects of lutein on the TBA (thiobarbituric acid)
turic acid) value of soymilk containing 10ppm value of soymilk containing 10ppm chlorophylil
chlorophyll under light storage at 5°C for 6 days. under light storage at 5°C for 6 days.
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Table 5. Duncan’s multiple range test for the effects of S-carotene and lutein on the depleted headspace oxygen
of soymilk containing 10ppm chlorophyll under light storage at 5°C for 6 days

Depleted headspace oxygen®(umole of Oz/ml of headspace)

Chlorophyll in soymilk(ppm)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean?
& ~Tocopherol(0) 0 1.32 152 191 2.44 257 2.86 1.80°
& ~Tocopherol(10) 0 0.76 1.07 1.47 1.62 1.82 2.02 1.25°
8 ~Tocopherol(20) 0 0.70 0.94 1.23 1.38 150 1.66 1.06°
8 ~Tocopherol(30) 0 0.58 0.80 0.93 1.13 1.26 1.32 0.86°
Lutein(0) 0 1.32 152 191 2.44 2.57 2.86 1.80°
Lutein(10) 0 0.81 1.14 157 1.73 1.95 2.16 1.34°
Lutein(20) 0 0.75 1.01 1.32 1.48 161 1.78 1.14°
Lutein{30) 0 0.62 0.86 1.00 121 1.35 1.4 0.92¢

l)Depleted headspace oxygen is the mean value of analyses of duplicate samples
PMean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of the same
carotenoids with different letters are significantly different at p<0.05
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Fig. 9. Effects of light sources on the TBA(thiobarbi-
turic acid) value of soymilk containing 10ppm
chlorophyll stored at 5°C for 6 days.



e Fist dgAel 4%E Fe 29 449

Table 6. Duncan’s multiple range test for the effects of light source on the depleted headspace oxygen of soymilk
containing 10ppm chlorophyll stored at 5°C for 6 days

Depleted headspace oxygen” (umole of Oz/ml of headspace)

Light source(lux)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean?
Dark 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00*
UV light 0 0.67 0.72 0.90 1.10 115 1.29 0.84°
Visible light 0 1.32 152 191 244 257 2.86 1.80°

! )Depleted headspace oxygen is the mean value of analyses of duplicate samples
?Mean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of the same
light source with different letters are significantly different at p<0.05
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Fig. 10. Effects of light intenSify on the TBA(thio-
barbituric acid) value of soymilk containing
10ppm chlorophyll stored at 5°C for 6 days.

(p<0.05) #o] & Byt Aoz 229 E 4
3l FHo A Al 9] olvix) o 97 photolysis K.t}

= 7}3} 4] ¢ 2]} photosensitized oxidaion.&. 2 21§+
Barsigl g & ¢

F5 (light intensity)?} $7< Zislo] F=
A

FE2294 10ppm 3l FH7E5 5°CollA 647
AL v Wo] T2 TBAV}e F& 332 Fig. 10
s 2} 371 Oluxel A 2,500, 5,000, 7,500, 10,000
lux2 F713el we} F5-2 TBAZLE Z71slgd el %
X 5000luxolA AAY FHe F= Oluxel 4] A3
) 27 F-f(control soymilk) ¥t} -2 2 2 2 (p<0.05)
¥& TBAZIE Jehligldl 3271 F49 A3
s A F5 9% Table 78 2t} Fx7}
Z7Vste FHo AARESAts A4 agabd o1
3}9dc}. Duncan’s multiple range test 23} A 2 o}2
FE7t FHY ARTIAL F2Pd FE YL
p<0.05 oA §Hql 3ol & velyc}. 9 Ans
F354 F2rt F1ESE T4 2294 9%
Farste 221902 & dojte & 5 gk

XNZE2T (storage temperature)?} T2l At
slof| == A%

#2249 10ppme FH3e FHF 5000uxe] =
EdA 697 R ARHNL o) AALES) F62 TBA

Table 7. Duncan’s multiple range test for the effects of light intensity on the depleted headspace oxygen of
soymilk containing 10ppm chlorophyll stored at 5°C for 6 days

Depleted headspace oxygen”(umole of Oz/ml of headspace)

Light source(lux)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean”

0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00*
2,500 0 0.76 0.81 1.02 1.30 1.37 153 097°
5,000 0 1.32 1.52 191 2.44 257 2.86 1.80°
7,500 0 2.10 2.44 311 414 438 486 3.00°
10,000 0 331 3.78 375 488 6.46 7.22 4.20°

“Depleted headspace oxygen is the mean value of analyses of duplicate samples
ZMean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of the same
light intensity with different letters are significantly different at p<0.05
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Fig. 11. Effects of storage temperature on the TBA (thi-
obarbituric acid) value of soymilk containing
10ppm chlorophyll under light storage for 6 days.
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Table 8. Duncan’s multiple range test for the effects of storage temperature on the depleted headpace oxygen

of soymilk containing 10ppm chlorophyll under light storage for 6 days

Depleted headspace oxygenl)(umole of Oy/ml of headspace)

Storage temp.(°C)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day Mean?
5 0 132 152 191 2.44 257 2.86 1.80°%
20 0 1.45 1.67 2.10 2.68 2.83 3.15 1.98*
35 0 1.58 1.82 2.29 2.93 3.08 343 2.16°

1)Depleted headspace oxygen is the mean value of analyses of duplicate samples
“Mean of depleted headspace oxygen after 0, 1, 2, 3, 4, 5 and 6 days of storage ; means in a column of the same
storage temperature with same letters are not significantly different at p<0.05
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