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Abstract

The objective of this research was to determine the effects of sterilization on
storage stability of white and black sesame by-products. Results showed that
sterilization at 120 °C for 10 min had no effect on proximate compositions and
mineral contents of both sesame seed cakes, but the significant reductions
of thiamine, riboflavin, sesamin, sesamolin, total phenolic compounds and
antioxidant capacity (DPPH and FRAP assays) were observed. During the
storage at 37 °C, all bioactive components and antioxidant properties apparently
tended to decrease when the storage time rose. At the end of storage, PV
(peroxide value) and TBARS (thiobarbituric acid-reactive substances) values
of stored black sesame seed cakes were shown to be significantly lower than
that in white sesame seed cakes. This study may suggest the application of
black and white sesame seeds cakes as functional food ingredients in the
future production.
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Introduction

Sesame (Sesamum indicum L.) belongs to the family
Pedaliaceae and is popularly cultivated in Thailand,
China, India and Burma. Sesame seed cake is a by-
product of traditional oil processing. It contains high
amounts of nutrients, including protein fragments,
free fatty acids, fiber, B vitamins, minerals'?, and a

number of lignans, for example, sesamin, sesamolin
and sesamol, which are phenolic compounds with
high antioxidant capacity®*. Ramachandran et al.,’
reported that the components of sesame seed cake
were roughly 35.6% protein, 7.6% crude fiber and
11.8% ash. The levels of total phenolics, sesamin,
sesaminol triglucoside and antioxidant activity
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(measured by ABTS assay) in sesame seed cakes
were found to range between 129.7 and 355.3 mg
GAE/100 g, 3.2 and 25.7 mg/100 g, 208.1 and
537.5 mg/100 g, and 8,460 and 24,311 pM TE,
respectively®. Moreover, the extracts derived from
sesame seed cake were shown to have bioactivities,
such as effect on polyunsaturated fatty acid
metabolism, hypocholesterolemic, anti-cancer and
anti-inflammatory properties’”.These bioactivities
were suggested to associate with risk reduction
of cardiovascular, atherosclerosis and oxidative
stress diseases®. Bigoniya et al.,® found that intake
of sesame seed cakes as supplementation could
be adopted as a therapeutic strategy for preventing
obesity-induced Type 2 hyperglycemia in rats. In
addition, Konsoula and Liakopoulou-Kyriakides' and
Suja et al.,*"'showed that the extracts of sesame
seed cakes were very effective for lowering the lipid
peroxidation of various vegetable oils, such as olive,
soybean, sunflower and corn oils.

Sterilization is one of the most effective food
preservation methods and has been widely
employed in food industry since it requires low
investment cost. It is used to eliminate pathogenic
and spoilage bacteria as well as their spores for
extending the foods’ shelf-life and ensuring the
consumer safety'2. In this method, high temperature
(> 100°C) is applied for an extended period of time,
which, however, may reduce the qualities of foods
and result in losses of heat-sensitive nutrients and/
or bioactive components''4. Nonetheless, there
were limited studies that investigated the effect of
this conventional technique on the quality attributes
of sesame seed cakes.

In the present study, the biochemical and antioxidative
properties of Thai white and black sesame
seed cakes before and after retort sterilization
(120 °C/10 min) were evaluated. The purpose was to
determine the feasibility of conventional sterilization
to extend the shelf-life of sesame seed cakes during
storage at 37 °C for 6 months.

Materials and Methods

Sterilization of Sesame Seed Cakes

Various cultivars of white and black sesame seed
cakes were obtained from six sesame oil production
factories in Chiang Mai, Chiang Rai and Mae Hong
Son provinces, Thailand. The samples were air-dried

at 60 °C for 3 h using a convective hot-air oven. For
sterilization, 100 g of dried seed cakes were filled
into the retort pouch bags before vacuum sealing and
heating at 120 °C for 10 min. The sterilized samples
were kept at 37 °C, and, after that, all of the stored
samples were subjected to quality assessments
every 2 months for up to 6 months.

Determination of Proximate Compositions and
Mineral Contents

All samples were determined for the proximate
compositions (%, w/w) viz. moisture content, crude
protein, crude fiber, fat, ash and carbohydrate
according to AOAC methods'. To assess the
mineral contents, ash residue was dissolved in nitric
acid containing 5% (w/v) lanthanum(lll) chloride
and then analyzed for the mineral constituents
(i.e.Ca, P, K, Mg, Fe, Zn, Se and Mn) using an atomic
absorption spectrophotometer (Hitachi 26100,
Tokyo, Japan)'.

Determination of B vitamins and lignans

Thiamine (vitamin B,) and riboflavin (vitamin B,) were
determined using a spectrophotometric method'.
To quantify the lignan contents, sesame cakes were
ground and 200 mg of their powders were well-mixed
with 5 ml of 80% ethanol and then centrifuged at
4,500 rpm for 10 min. The supernatants were filtered
through a 0.45 pm nylon membrane before injection
(10 pL) into a HPLC system (Agilent 1100, Agilent
Technologies, Waldbronn, Germany) that using a
reversed phase column (Hypersil BDS C18 5 pm,
150 x 4 mm i.d.; Thermo Electron Co., Southend-
on-Sea, UK). An absorbance was set at 290 nm for
monitoring both compounds. The mobile phase was
a mixture of methanol and deionized water at a ratio
of 4:1 (v/v) with a flow rate of 0.8 mL/min’s.

Determination of Total Phenolic Compounds

Total phenolic contents were determined
following the modified method of Chaikham and
Apichartsrangkoon'. Accordingly, 1 g of sesame
cake powder was extracted with 19 mL of acidified
methanol [1% (v/v) HCI in methanol] for 1 hr and
then centrifuged at 4,500 rpm for 10 min. The
supernatant (0.5 mL) was mixed with 2.5 mL of 10%
Folin-Cicalteau reagent and allowed to react for 10
min. Consequently, 7 mL of 20% sodium bicarbonate
solution were added to the mixture and incubated
at room temperature for 2 hr. The absorbance
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was measured at 765 nm using a UV-Visible
spectrophotometer (Perkin EImer UVWINLAB,
Perkin Elmer, Waltham, MA). The results were
reported as mg gallic acid equivalents per gram of
sample (mg GAE/qg).

Determination of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) Radical Scavenging Activity

In brief, 2 mL of supernatant (as extracted from
above section) or methanol (control) were thoroughly
mixed with 0.5 mL of 1.5 yM DPPH radicals in
methanol, and allowed to react for 30 min at room
temperature. The absorbance was measured at 517
nm using a Perkin EImer UVWINLAB UV-Visible
spectrophotometer. The percentage of DPPH radical
inhibition was calculated according to the below
formula:

DPPH radical scavenging activity = [1 - (A /A))] x
100,

where, A = absorbance of the control and A, =
absorbance of the extracted sample’®.

Assessment of Ferric lon Reducing Antioxidant
Power (FRAP) Value

FRAP values of all samples were determined
following the method of Zhao et al.,'” with some
modifications. Briefly, 7 mL of supernatant
(as derived from above section) were mixed with
3 mL of FRAP reagent (10:1:1 of 300 mM sodium
acetate buffer at pH 3.6, 10 mM 2,4,6-tripyridyls-
triazine solution and 20 mM FeCl_.6H,0 solution)
and incubated at 37 °C for 30 min. The absorbance
was measured at 593 nm. FRAP values were
expressed as pymol FeSO, per gram sample (umol
FeSO,/qg).

Determination of Rancidity

Levels of peroxide value (PV) and thiobarbituric
acid-reactive substances (TBARS) of samples were
determined according to the methods of Sakanaka
et al.,'”® and Buege and Aust', respectively. PV
was expressed as mg lipid peroxide/kg sample,
while TBARS value was expressed as mg MDA/
kg sample.

Microbiological Analysis
Total plate counts, yeast and mold contaminations in
unprocessed and sterilized sesame seed cakes were

determined following the Bacteriological Analytical
Manual (BAM)2°,

Statistical Analysis

The experiments were performed in triplicates and
the results were presented as mean + standard
deviation. The statistical differences were determined
at P< 0.05. Data were subjected to Duncan’s post
hoc test and the differences were detected for
homogenous subsets. All statistical analyses were
performed using IBM SPSS software version®.

Results and Discussion

Proximate Compositions and Mineral Contents
of Unprocessed and Sterilized Sesame Seed
Cakes

In this study, the data showed that sterilization
process had no effect on proximate compositions viz.
moisture content, carbohydrate, protein, fat, crude
fiber and ash of white and black sesame seed cakes
(Table 1). Carbohydrate was the major composition
of sesame seed cakes, whereby the white one
contained higher level of carbohydrate than the
black one. In contrast, protein and ash were found
in black sesame seed cake at higher levels than
that of white sesame seed cake. In addition, fat was
the most minute composition in both cakes. These
results were comparable to the reports of Kanu?!
and Makinde and Akinoso' that showed the high
amount of protein in oilseed cakes after extraction.
Similarly, Ogunronbi et al.,?? found that flaxseed
oil seed cake contained between 38% and 47.3%
protein. Rawdkuen et al.,? reported that sacha inchi
seed cakes contained very high amount of protein at
approximately 56.61%. According to these findings,
oilseed cakes could be good sources for protein and
they would be subjected to value-added production.
However, future protein configuration is needed to
estimate by DSC and CD spectroscopy beside the
convectional analytics

Similarly, no effect of sterilization was found on
mineral contents, including calcium, phosphorus,
potassium, magnesium, zinc, iron, manganese
and selenium, of both seed cakes (Table 2). In this
case, the most predominant mineral found in both
seed cakes, particularly the black one, was calcium,
followed by phosphorus, potassium and magnesium.
The similar results were found by Makinde and
Akinoso' that reported the contents of calcium,
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phosphorus and potassium in white and black
sesame seeds at 473.6-521.9, 466.0—-482.8 and
465.7-468.8 mg/100 g, respectively. Additionally,
Anilakumar et al.,?* revealed that sesame seeds

were excellent sources of calcium and they were also
rich in phosphorous, iron, magnesium, manganese,
zinc and copper.

Table 1: Proximate composition (%, FW) of untreated and sterilized white and
black sesame seed cakes

Compositions

White sesame seed cake

Black sesame seed cake

(%, FW) Untreated cake Sterilized cake Untreated cake Sterilized cake
Moisture 5.38+0.272 5.64+0.332 5.16+0.30° 5.47+0.422
Carbohydrate 25.43+2.192 24.90+1.4882 16.95+1.19° 16.15+0.87°
Protein 17.64+0.78° 16.68+1.02° 20.03+1.052 20.52+2.142
Fat 12.15+2.05° 11.64+1.65° 12.74+1.822 13.16+1.022
Crude fiber 18.97+2.132 19.07+2.832 19.07+1.93¢2 18.85+2.412
Ash 20.45+2.59° 22.05+2.15° 26.04+2.1882 25.89+2.607

Means in the same rows with the same letters indicate no significant difference(p>0.05). The

experiments were performed in triplicates.

Table 2: Mineral contents (mg/100 g, DW) of untreated and sterilized white and
black sesame seed cakes

Mineral contents White sesame seed cake
(mg/100 g, DW)  Untreated cake

Sterilized cake

Black sesame seed cake
Untreated cake Sterilized cake

Calcium 584.74+2.05° 580.13+4.74° 600.61+3.912 595.92+5.932
Phosphorus 440.12+3.142 437.64+4.022 538.70+2.47¢ 540.17+4.192
Potassium 419.76+4.082 418.45+2.192 420.86+5.852 422.31+3.962
Magnesium 420.59+2.002 421.05+3.502 418.35+4.912 420.32+2.772
Zinc 6.90+0.842 6.93+1.042 7.01+£1.542 7.13+0.192
Iron 7.19+0.622 7.22+0.152 5.98+0.36° 6.04+0.30°
Manganese 6.05+0.112 6.03+0.352 5.90+0.23? 5.88+0.422
Selenium 1.06+0.322 1.11+0.202 1.36+0.272 1.40+0.412

Means in the same rows with the same letters indicate no significant difference (p>0.05). The

experiments were performed in triplicates.

In overall, this may indicate that both sesame seed
cakes still contained high amounts of nutrients,
such as protein, carbohydrate and minerals, after
oil extraction and sterilization, and hence may be a
good source for functional food ingredients.

Changes of Bioactive Components in Sterilized
Sesame Seed Cakes During Storage

As shown in Table 3, the levels of bioactive
components (i.e. thiamine, riboflavin, sesamin,
sesamolin and total phenolic compounds) and
antioxidant capacities (i.e. DPPH and FRAP values)

of both sesame seed cakes were found to greatly
decrease after sterilization and storage at 37 °C for 6
months (p<0.05). For untreated seed cakes, the black
sesame seed cake was found to contain thiamine,
sesamin, total phenolic compounds and FRAP value
at the levels higher than white sesame seed cake.
At the final stage of storage, the contents of all
bioactive compounds and the levels of antioxidant
capacities in both sesame seed cakes were shown
to reduce by roughly 0.5-1 time when compared to
the samples at day 0.



PLAITHO et al., Curr. Res. Nutr Food Sci Jour., Vol. 5(3), 196-205 (2017)

Accordingly, Makinde and Akinoso' reported
the levels of thiamine and riboflavin in whole
white and black sesame seeds at the ranges of
0.71-0.83 and 0.36-0.38 mg/100 g, respectively.
Suja et al.,* found that the whole white and black
sesame seeds contained sesamin and sesamolin at
203.7-399.3 and 205.4-356.3 mg/100 g, respectively.
Lieu and Dang25also reported that the amount of
total phenols in white and black sesame seed cakes
was about 13.18-13.86 mg GAE/g. In addition,
Shahidi et al.,?® determined the levels of total
phenolic compounds and free radical scavenging
capacity in whole black and white sesame seed
extracts and the results showed the considerable
antioxidant activity of tested sesame products,
especially the black sesame seed. There was a
report that suggested the benefits of consuming
sesame seeds to increase plasma y-tocopherol and
vitamin E activity and perhaps to prevent cancer and
heart diseases?®.

Considering the B vitamins, thiamin (vitamin B,)
is one of the most unstable B vitamins. Therefore,
thermal processes viz. sterilization, pasteurization,
baking and boiling can reduce the level of thiamin
by up to 50%. Also, the stability of thiamin during
storage can greatly depend on the moisture content
of the food. The foods which having high moisture
content would retain thiamin lesser than that having
low moisture content?®2°. On the contrary, riboflavin
(vitamin B,) is very stable during thermal processing,
storage and food preparation. However, riboflavin
is susceptible to degradation upon exposure to
the light®*8! and light-proof packaging material is
therefore necessary to prevent its deterioration.

Sesames generally comprised of two predominant
lignans, including sesamin and sesamolin. The
health-promoting effects of these lignans viz.
decreasing blood lipids, increasing antioxidative
ability, and providing anti-inflammatory function were
reported by Hsu et al.,* and Wu®. Gerstenmeyer
et al.,* found that lignan aglycones and glycosides
in dry foods did not degrade by heating at
100 °C, but high roasting temperature at 250 °C could
degrade them severely. Also, the lignans in sesame
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seeds with high moisture content were found to
apparently degrade. Wu®® reported that heating at
200 °C for 20 min caused a significant loss of lignans
in commercial sesame oils, particularly sesamolin.
In addition, sesamolin in sesame seeds was also
found to be damaged by infrared roasting at the
same temperature for 30 min®.

On the other hand, Abe et al.36 and Anilakumar
et al.,* revealed that sesamin and sesamolin were
thermostable compounds and remained at 80-90%
of the original levels after roasting. Nonetheless, little
has been known regarding the effects of storage on
both lignans in sesame seeds. Lee et al.,*” found
that the levels of sesamin and sesamolin in sesame
oil decreased when the storage time increased
(25 °C for 18 months). The storage temperature
and processing condition were suggested to
be responsible for degradation of sesamin and
sesamolin by perhaps converting them into
sesamol®.

Sterilization of sesame seed cakes was found to
cause the reduction of total phenolic compounds
and antioxidant activities to the contents/levels
lower than that in untreated seed cakes. Heating
processes, such as roasting, could also degrade the
polyphenols and antioxidant capacity (DPPH assay)
in sesame seeds and its oil'®. Similar findings were
reported by Abou-Gharbia et al.,*® and Rababah
et al.,®. In fact, sesamin and sesamolin were shown
to have very low antioxidative properties*’. The
reduction of antioxidant capacity in sesame cakes
might be due to temperature degradation of phenolic
compounds. Besides, significant decreases of total
phenolic compounds and antioxidant activities in both
sesame cakes throughout the storage period were
also observed. These antioxidant compounds and
properties were also found to decrease significantly
in parboiled germinated brown rice*', milled rice*
and other fruits/vegetable products**“® during their
storage. This may indicate that the conditions for
processing and storage are the critical factors for
maintaining the levels of phenolic compounds and
antioxidant properties.
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Table 3: Changes of bioactive compounds and antioxidant capacity in untreated and sterilized white and

black sesame seed cakes during storage at 37 °C for 6 months

Bioactive Storage duration of white Storage duration of black
compounds  sesame seed cake (months) sesame seed cake (months)

Untreated Sterilized Untreated Sterilized

cake cake cake cake

0 2 4 6 0 2 4 6

Thiamine 22.76+ 17.96+ 16.40+ 12.69+ 10.39+ 28.64+ 20.94+ 16.75+ 14.07+ 11.69+
(ppm) 1.15° 1.01¢  2.53¢ 1.90° 1.18f 2.022 2.05° 1.10° 1.53¢ 0.92¢
Riboflavin 15.87+ 12.97+ 10.17+ 9.07x 7.38+ 16.03+ 1259+ 9.97+ 875+  7.09+
(ppm) 0.65° 0.82° 0.64° 1.42% 0.58° 1.342 1.00° 2,60«  0.41¢ 1.25¢
Sesamin 37.94+ 30.87+ 25.76+ 20.77+ 17.92+ 45.68x 40.01+x 38.00+ 30.62+ 25.83+
(mg/100 g) 1.28° 2.73¢ 1.83* 1.80" 0.169 0.95° 1.24° 1.19° 1.04¢ 2.19°
Sesamolin 22.10+ 17.64+ 1564+ 13.03+ 10.03+ 24.97+ 20.89+ 18.61+ 16.79+ 15.45+
(mg/100 g) 2.582 1.90° 2.07¢" 265 1.82¢ 1.882 0.50° 2.34¢ 0.97¢ 2.01¢
TPC (mg 30.65+ 25.07+ 22.90+ 17.64+ 1543+ 40.26x 34.63+ 27.04+ 24.06+ 20.80+
GAE/qg) 2.19° 1.85¢ 2.06' 0.54" 1.02 2,970 2.70° 1.75¢ 0.28*  0.80¢
DPPH inhibition 69.42+ 58.05+ 50.48+ 46.14+ 42.00+ 53.02% 48.63+ 42.10+ 40.17+ 41.19+
(%) 2.762 1116 2,06 2.90° 217 1.13° 2.01¢ 3.95f 2.51f 1.38f
FRAP value 26.18+ 20.52+ 18.59+ 16.03+ 14.82+ 32.95+ 2719+ 22.08+ 19.44+ 16.95%
(umol/g) 1.06° 0.75¢ 0.61¢ 1.00° 0.49 1.262 2.55° 1.86° 0.48¢ 0.71¢

Means in the same rows with the same letters indicate no significant difference(p>0.05). The experiments were performed

in triplicates.

Table 4: Changes of bioactive compounds and antioxidant capacity in untreated and sterilized white and

black sesame seed cakes during storage at 37 °C for 6 months

Bioactive
compounds

Storage duration of white
sesame seed cake (months)

Storage duration of black

sesame seed cake (months)

Untreated Sterilized

Untreated Sterilized

cake cake cake cake
0 2 4 6 0 2 4 6
PV (mg lipid peroxide 12.17 11.93+x 17.64x 20.19+ 28.20+ 12.68+ 12.80+ 15.62+ 17.85+ 25.61x
/kg sample) +0.82f 0.62 0.14° 0.11c 0.422 1.94f 1.13 0.50° 0.15¢ 1.27°
TBARS (mg MDA 15.04+ 14.80+ 18.90+ 19.65+ 30.52+ 14.95+ 1517+ 17.38x 20.07+ 24.99+
/kg sample) 1.13¢ 0.17¢9 0.28° 0.20¢ 0.582 1.609 1.49¢ 0.29 0.18° 0.73°

Means in the same rows with the same letters indicate no significant difference(p>0.05). The experiments were performed
in triplicates. PV is Peroxide Value and TBARS is Thio Barbituric Acid Reactive Substance.
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Oxidative Stability of Sterilized Sesame Seed
Cakes During Storage

The oxidation reaction is a major cause of food
deterioration. It is well known that temperature, light,
moisture, metals and oxygen are the key factors
which can affect the rate of oxidation. In this study,
PV and TBARS values of stored white and black
sesame seed cakes were investigated. The results
in Table 4 showed the insignificant differences of
PV and TBARS values between untreated and
sterilized sesame cakes (p>p0.05). During storage,
both sterilized sesame seed cakes, especially the
white one, were shown to have significant increase
of the levels of PV and TBARS values (p<0.05). In
fact, oxidative stability of sesame seeds could be
attributed to endogenous antioxidants, including
lignans and phenolic compounds®8. Akinoso
et al.,*¢ reported that PV and oxidative stability of
crude sesame oil were considerably depended on
moisture content of the seeds, roasting duration and
temperature, and also storage conditions. In this
study, the results were comparable to the reports
of Elleuch et al.,*” and Lee et al.,*® that investigating
the sesame seeds and their by-products. The natural
antioxidants found in sesame seeds have been
shown to influence the oxidative stability. In this
regard, the black sesame seed cake was shown
to contain sesamin, sesamolin and total phenolic
compounds at the levels higher than that of white
seed cake, and therefore it may possess high
oxidative stability due to their oxygen-scavenging
properties49. In contrast, Lee et al.,*” reported that
the roasted sesame oil was oxidized slowly during
storage at 25 °C in the dark, and there was no
change of PV up to 9 months of storage.

202

Microbiological Qualities of Sterilized Sesame
Seed Cakes During Storage

The colonies of total plate counts (TPC) and
yeasts-molds (YM) in untreated and sterilized white
and black sesame seed cakes were enumerated
using the standard plating methods. The TPC and
YM counts in untreated white seed cakes were
6.18+0.62 and 2.50+0.27 log CFU/g, respectively;
while those in untreated black seed cakes were
5.97+1.01 and 2.61+0.49 log CFU/g, respectively.
After sterilization and storage, no detectable levels
of both TPC and YM groups were observed in all
samples (data not shown). Based on these results, all
the indicator microbes in sterilized and stored seed
cakes were well complied with the limits of the Thai
Community Product Standard (TCPS No. 686/2004)
for roasted sesame?®.

Conclusion

White and black sesame by-products from Northern
Thailand can be a good source for functional food
ingredients because they contained high amounts of
protein, carbohydrate, minerals and various bioactive
components. Moreover, the sterilization and storage
condition were found to be the key degradation
factors of thiamine, riboflavin, sesamin, sesamolin,
total phenolic compounds and antioxidant capacity
(DPPH and FRAP assays) in these seed cakes.
Oxidative stability of both seed cakes during storage
was found to depend on the seed types and relate
to the amounts of antioxidant compounds.

Acknowledgements

This research was financially supported by Suan
Dusit University. We would like to thank Phranakhon Si
Ayutthaya Rajabhat, Mahidol and Maejo Universities
for providing scientific facilities.

References

1. Makinde, F. M., Akinoso, R. Nutrient
composition and effect of processing
treatments on antinutritional factors of
Nigerian sesame (Sesamum indicum Linn)
cultivars. International Food Research
Journal; 20 (5): 2293-2300: (2013).

2. Prakash, K., Naik, S.N. Bioactive constituents
as a potential agent in sesame for functional
and nutritional application. Journal of

Bioresource Engineering and Technology; 1:
48-66: (2014).

3. Suja, K.P,, Jayalekshmy, A., Arumughan, C.In
vitro studies on antioxidant activity of lignans
isolated from sesame cake extract. Journal
of the Science of Food and Agriculture; 85:
1779-1783: (2005).

4. Suja, K.P., Jayalekshmy, A., Arumughan, C.
Antioxidant activity of sesame cake extract.



10.

11.

12.

13.

14.

PLAITHO et al., Curr. Res. Nutr Food Sci Jour., Vol. 5(3), 196-205 (2017) 203

Food Chemistry; 91: 213-219: (2005).
Ramachandran, S., Singh, S.K., Larroche,
C., Soccol, C. R., Pandey, A. Oil cakes and
their biotechnological applications — A review.
Bioresource Technology; 98: 2000-2009:
(2007).

Sarkis, J.R., Michel, I., Tessaro, |. C., Marczak,
L.D.F. Optimization of phenolics extraction
from sesame seed cake. Separation and
Purification Technology; 122: 506-514:
(2014).

Liu, M.Y. Sesame oil attenuates ovalbumin
induced pulmonary edema and bronchial
neutrophilic inflammation in mice. BioMedical
Research International; 2013: 1-7:(2013).
Gouveia, L.A., Cardoso, C.A., de Oliveira,
G.M., Rosa, G., Moreira, A.S. Effects of the
intake of sesame seeds (Sesamum indicum
L.) and derivatives on oxidative stress: A
Systematic Review. Journal of Medicinal
Food;19: 337-345: (2016).

Bigoniya, P, Nishad, R., Singh, C.S. Preventive
effect ofsesame seed cake on hyperglycemia
and obesity against high fructose-diet induced
Type 2 diabetes in rats. Food Chemistry; 133:
1355-1361: (2012).

Konsoula, Z., Liakopoulou-Kyriakides, M.
Effect of endogenous antioxidants of sesame
seeds and sesame oil to the thermal stability
of edible vegetable oils. LWT-Food Science
and Technology;43(9): 1379-1386: (2010).
Suja, K.P,, Abraham, J.T., Thamizh, S. N.,
Jayalekshmy, A., Arumughan C. Antioxidant
efficacy of sesame cake extract in vegetable
oil protection. Food Chemistry; 84: 393-400:
(2004).

Featherstone, S. Sterilization systems, In
Fundemental information on canning. A
complete course in canning and related
processes. UK: Woodhead Publishing Series
in Food Science, Technology and Nutrition:
(2015).

Chaikham, P., Apichartsrangkoon, A.,
Srisajjalertwaja, C., Phanchaisri. Storage
stability of physical and biochemical
parameters of pressurized and heat treated
Nam Prig Nhum (Thai-green-chili paste). Acta
Alimentalia, An International of Food Science;
44(3): 349-356:(2015).

AOAC. Official Methods of analysis of AOAC

14.

15.

16.

17.

18.

19.

20.

21.

22.

international (18th ed.). Gaithersburg, MD,
USA: Association of Analytical Communities:
(2005).

Mesias, M., Wagner, M., George, S., Morales,
F.J. Impact of conventional sterilization and
ohmic heating on the amino acid profile
in vegetable baby foods. Innovative Food
Science and Emerging Technologies; 34:
24-28:(2016).

Rangkadilok, N., Pholphana, N., Mahidol,
C., Wongyai, W., Saengsooksree, K.,
Nookabkaew, S., Satayavivad, J. Variation
of sesamin, sesamolin and tocopherols in
sesame (Sesamum indicum L.) seeds and
oil products in Thailand. Food Chemistry; 122:
724-730: (2010).

Chaikham, P., Apichartsrangkoon, A.
Comparison of dynamic viscoelastic and
physicochemical properties of pressurised
and pasteurised longan juices with xanthan
addition. Food Chemistry; 134: 2194-2200:
(2012).

Zhao, H., Fan, W., Dong, J., Lu, J., Chen,
J., Shan, L., Lin, Y., Kong, W. Evaluation
of antioxidant activities and total phenolic
contents of typical malting barley varieties.
Food Chemistry;107: 296-304: (2008).
Sakanaka, S., Tachibana, Y., Ishihara, N.,
Juneja, L.R. Antioxidant activity of egg-
yolk protein hydrolysates in a linoleic acid
oxidation system. Food Chemistry; 86:
99-103: (2004).

Buege, J. A., Aust, S.D. Microsomal lipid
peroxidation. Methods in Enzymology; 52:
302-310: (1978).

US Food and Drug Administration.
Bacteriological analytical manual (BAM).
Washington DC: New Hampshire Avenue,
Department of Health and Human Services:
(2001).

Kanu, P.J. Biochemical analysis of black and
white sesame seeds from China. American
Journal of Biochemistry and Molecular
Biology; 1: 145-157: (2011).

Ogunronbi, O., Jooste, PJ., Abu, J. O., Merwe,
B.V.D. Chemical composition, storage stability
and effect of cold-pressed flaxseed oil cake
inclusion on bread quality. Journal of Food
Processing and Preservation; 35: 64-79:
(2011).



23.

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

PLAITHO et al., Curr. Res. Nutr Food Sci Jour., Vol. 5(3), 196-205 (2017) 204

Rawdkuen, S., Murdayanti, D., Ketnawa,
S., Phongthai, S. Chemical properties and
nutritional factors of pressed-cake from tea
and sacha inchi seeds. Food Bioscience; 15:
64-71: (2016).

Anilakumar, K. R., Pal, A., Khanum, F., Bawa,
A.S. Nutritional, medicinal and industrial uses
of sesame (Sesamumindicum L.) seeds
- An overview. Agriculturae Conspectus
Scientificus; 75(4): 159—168: (2010).

Lieu, H. K., Dang, T.Q. Effect of black and
white sesame cake extracts on retarding lipid
oxidation in catfish fat. Journal of Food and
Nutrition Sciences; 3(1-2): 39—44: (2015).
Shahidi, F., Liyana-Pathirana, C. M., Wall,
D.S. Antioxidant activity of white and black
sesame seeds and their hull fractions. Food
Chemistry; 99: 478-483: (2006).

Cooney, R.V,, Custer L. J., Okinaka L., Frunk
A.A. Effects of dietary seeds on plasma
tocopherol levels. Nutrition and Cancer; 39:
66—71:(2001).

Pachapurkar, D., Bell, L.N. Kinetics of thiamin
degradation in solutions under ambient
storage conditions. Journal of Food Science;
70(7): C423—-C426: (2005).

Ribeiro, D.O., Pinto, D.C., Lima, L.M.T.R.,
Volpato, N.M., Cabral, L. M., de Sousa, V.P.
Chemical stability study of vitamins thiamine,
riboflavin, pyridoxine and ascorbic acid in
parenteral nutrition for neonatal use. Nutrition
Journal, 2011: 1-9: (2011).

Choe, E., Huang, R., Min, D.B. Chemical
reactions and stability of riboflavin in foods.
Journal of Food Science; 70. R28—R36:
(2005).

Sheraz, M.A., Kazi, S.H., Ahmed, S., Anwar,
Z., Ahmad, |. Photo, thermal and chemical
degradation of riboflavin. Beilstein Journal of
Organic Chemistry; 10: 1999-2012: (2014).
Hsu, D.Z., Su, S.B., Chien, S.P., Chiang, P.J.,
Li,Y.H., Lo, Y. J., Liu, M.Y. Effect of sesame oil
on oxidative-stress-associated renal injury in
endotoxemic rats: Involvement of nitric oxide
and proinflammatory cytokines. Shock; 24(3):
276-280: (2005).

Wu,W-H. The contents of lignans in
commercial sesame oils of Taiwan and their
changes during heating. Food Chemistry;
104: 341-344: (2007).

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gerstenmeyer, E., Reimer, S., Berghofer E.,
Schwartz, H., Sontag, G. Effect of thermal
heating on some lignans in flax seeds,
sesame seeds and rye. Food Chemistry; 138:
1847-1855: (2013).

Kumar, C.M., Singh, S.A. Bioactive lignans from
sesame (Sesamum indicum L.): Evaluation of
their antioxidant and antibacterial effects for
food applications. Journal of Food Science
and Technology; 52(5): 2934-2941: (2015).
Abe, S., Hirakawa Y., Yakagi S. Roasting
effects on fatty acid distributions of triglycerols
and phospholipids in sesame seeds. Journal
of the Science of Food and Agriculture; 81:
620—-636: (2001).

Lee, J-Y., Kim, M-J., Choe, E-O. Korean
study on the changes of tocopherols and
lignans and the oxidative properties of
roasted sesame oil during manufacturing
and storage. Journal of Food Science and
Technology;40(1): 15-20: (2008).

Rababah, T.M., Al-U’datt, M., Al-Mahasneh,
M., Obaidat, M., Almajwal, A., Odeh,
A., Brewer, S., Yang, W. Effect of tehina
processing and storage in the physical-
chemical quality. International Journal of
Agricultural and Biological Engineering; 9(5):
218-226: (2016).

Abou-Gharbia, H. A., Shehata, A.Y., Shahidi,
F. Effect of processing on oxidative stability
and lipid classes of sesame oil. Food
Research International; 33(5): 331-340:
(2000).

Fukuda, Y., Nagate, T., Osawa, T., Namiki,
M. Contribution of lignan analogues to
antioxidatvie activity of refined unroasted
sesame seed oil. Journal of American
Oil Chemists’ Society; 63(8): 1027—-1031:
(1986).

Sripum, C., Kukreja, R.K., Charoenkiatkul, S.,
Kriengsinyos, W., Suttisansanee, U. The effect
of storage conditions on antioxidant activities
and total phenolic contents of parboiled
germinated brown rice (Khao Dok Mali 105).
International Food Research Journal; 23(4):
1827-1831: (2016).

Thanajiruschaya, P., Doksaku, W.,
Rattanachaisit, P., Kongkiattikajorn, J.
Effect of storage time and temperature on
antioxidant components and properties of



43.

44,

45.

46.

PLAITHO et al., Curr. Res. Nutr Food Sci Jour., Vol. 5(3), 196-205 (2017) 205

milled rice. KKU Research Journal;15(9):
843-851: (2010).

Chaikham, P., Chunthanom, P.,
Apichartsrangkoon, A. Storage stability of
pennywort juice as affected by high pressure
and thermal processing. International Food
Research Journal; 20(6): 3069-3076:
(2016).

Chaikham, P., Rattanasena, P., Phunchaisri,
C., Sudsanor, P. Quality changes of litchi
(Litchi chinensis Sonn.) in syrup due to
thermal and high pressure processes. LWT-
Food Science and Technology; 75: 751-760:
(2017).

Worametrachanon, S., Techarang, J.,
Chaikham, P., Chunthanom, P. Evaluation
of quality changes of pressurized and
pasteurized herbal-plant beverages during
chilled storage. International Food Research
Journal; 21(5): 2077-2083: (2014).
Akinoso, R., Aboaba, S. A., Olayanju,
T.M.A. Effects of moisture content and heat

47.

48.

49.

50.

treatment on peroxide value and oxidative
stability of un-refined sesame oil. African
Journal of Food, Agriculture, Nutrition and
Development; 10(10): 4268-4285: (2010).
Elleuch, M., Besbes, S., Roiseux, O., Blecker,
C., Attia, H. Quality characteristics of sesame
seed and by-products. Food Chemistry;103:
641-650: (2007).

Lee, S.W., Jeung, M.K., Park, M.H., Lee, S.
Y., Lee, J. Effect of roasting conditions of
sesame seeds on the oxidative stability of
pressed oil during thermal oxidation. Food
Chemistry;118: 681-685: (2010).
Chaikham, P. Stability of probiotics
encapsulated with Thai herbal extracts in fruit
juices and yoghurt during refrigerated storage.
Food Bioscience; 12. 61-66: (2015).

Thai Industrial Standard Institute. Thai
Community Product Standard (TCPS) No.
686/2004: Roasted sesame. Bangkok,
Thailand: Ministry of Industry: (2004).



