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ABSTRACT

Potatoes contain natural nerve toxins called glcoalkaloids. The two major
glycoalkaloidsin domestic potatoesare a-chaconine and a-solanine. Unlike
other toxins, a-solanine and a-chaconine does not dissolve in water, nor
is it destroyed by heat. Therefore, any present on the potato tubers will
still be there after it is cooked. Thus the aim of this study was to reduce
toxic glycoalkaloids content in potato tuber by the addition of sulfur
containing compounds. Free sulfhydryl groupsin sulfur compounds have
been reported to act directly on glycoalkaloids to reduce their toxicity.
Garlic bulb and sodbicarbonate were added to potato as a safe sulfur-
containing source. Glycoalkal oids content in potato tubers were anal ysed
for a-solanine and a-chaconine before and after the treatment with garlic
and sodium bicarbonate by HPL C with UV-detection at 202 nm. Experiments
were carried out at different temperature, time, garlic weight and pH to
determine the optimum removing conditions. The results obtained indicated
that the content of glycoal-kaloids in peeled potato tubers subjected to
the garlic treatment decreased to 85-90%, compared to the level of
glycoalkaloids before treatment. The results obtained showed that potato
/garlic/ sodbicarbonate mixture had the lowest amount of total
glcoakaloids (10.455 mg/kg),) in 120 min. at 90°Cand pH 8
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A severa studieswere studied the distribution of
Glycoakaloidsin Whole Tubers?. Tubersof severa
cultivarsshowed an uneven distribution of a.-chaconine
and o -solanine, with the highest levelsaround the eyes
of the outer layer (periderm, cortex, and outer ph-
loem)t®. Both rates and patterns of accumulation. As
well as o, -chaconineto a -sol anineratios during tuber
growth and development are strongly influenced by
genotype”. Totd level sgeneraly decreasewithincreas-

ing tuber size. Figure 1 show that o -chaconineiscom-
posed of a branched B -chacotriose (bis- o -L-
rhamnopyranosyl- 3 -D-glucopyranose) carbohydrate
side chain attached to the 3-OH group of the aglycon
solanidine, whereas a -solanine has a branched f -
solatriose (a -L-rhamnopyranosyl- p -D-
glucopyranosyl- 3 -galactopyranose) side chain also
attached to the 3-OH group of the same aglycon.
Themain objectiveof thisstudy istousegarlicbulb
asasulfur containing compound in order to beneficia
effectsand reducethetoxic glycoa ka oids contents.
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Figl chemical structureof solanine and chaconine

TABLE 1: Glycoalkaloid content of extractsof potatoflesh,
ped, and whole potatoed?

MATERIALSAND METHODS

Materials

Sod bi carbonate was supplied by Aldrich Chemi-
cal Co. (Gillingham, Dorset, UK). The two
glycoakaloids, a- chaconineand a-solanine werefrom
Sigma(St. Louis, MO, USA). Potato tuber and garlic
bulbswere purchased fromaloca aBuriadah city saudia
food market.

Preparation of thesamples

Weighed samples (1000 g) of Freezedried peded
potato tuberswereground into fine powder withamill.
Also, 100 g fresh garlicwas cut into pieces Thedried
mixturewas homogenizedinaoneliter solution of 1N
sod bicarbonate. The mixturewas stirred at 95 °C for
360 minutesand the suspension wascentrifuged and the
supernatant wasfiltered into avolumeflask. The con-
centration of selected glycodkaoidsand tota phenolic
compounds were detected at al stages of assay. The
optimized factorsTABLES (2- 6) wereused for there-
moval of solanineand chaconinein potato mixture

Analysisand quantification

Theconcentration of glycoakoliods, a-solanine and
a-chaconine werereported in mg/ kg of sample (dry
weight bas's). High Performance Liquid Chromatogra:
phy methods uv detector at 205 nm, array detection
for determination of glycodka oidswereoptimized with
theaid of aHitachi liquid chromatograph model. The
total glycodkaloid concentration of freezedried potato
tubers powdersin these experimentswasat an accept-
ablelevd (under 200 mg/k gof FW) intheall samples.
The standardswereamixture of 0.888 mg/ ml sola-
nineand 0.976 mg/ml chaconinewith 95 % purity, San-
dardwere purchased fromsigmachemicd co., &. Lous,

sample mghkg
(denydrated cha((:lc:n'ne solgr;'ne Total
owder ! I

Qetlel antic potato 50.4 24.4 83.8
ﬁél;ntlc potato 226 13.9 36.5
pomopes 2 -
Russet Norkota
potato flesh 37 27 o4
Dark Red
Norland potato 859 405 1264
peel
Dark Red
Norland potato 16.0 6.1 221
flesh
Sg;wden potato 2414 1112 3526
fslneg\:vden potato 366 226 591
o ol B0
potstoss B2 B WS
ﬁgg;ovgole 70.7 27.6 98.3
IF; g?a?ggs whole 413 216 629

MO. For thesulfur analysis, total thiolsweremeasured
using the 2-nitro-5-thiosulfobenzoate NTSB method!”
and free thiols were measured by the 10 mM 5,5
dithiobios2-nitrobenzoic acid DTNB method¥. Disul-
fide bondswere cal culated asthe difference between
total thiolsand freethiols.

RESULTS

Inthe present study, degradation of glycoa kaoids
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TABLE 2: Individual and total alkaloid reduction by addition TABLE 4: Boiling of 1000 g potatoin 1L water and 100 g
of thegarlic/ sod carbonateto potato garlicat different pH

HPL C detection,

summation HPL C detection mg/kg
mg/kg Treatment o—chaconine a—solanine
Treatment o— . (l—. (A) (B)
cha(c:;u ne SOl?g)me TGA pH = 2.8 two drops of HCI 56.4 63.1
Dried potato only —; 98.6 190.8 Pri= T cnedrope of e oo 7ol
before boiling pH = 5.5 without addition 102.7 103.2
Boiling of 50 g pH = 5.9 0.001N sodbicarbonate 44.5 55.7
\Zc;ttz;tro in1L 101.7 98.2 199.9 pH = 6.6 0.01N sodbicarbonate 302 436
Boiling of 50 g pH = 7.1 0.3N sodbicarbonate 227 33.9
Potato in 1L pH = 7.8 0.5N sodbicarbonate 16.7 20.2
water and 1N 88.9 90.4 189.3 pH = 8.1 1N sodbicarbonate 11.8 16.4
S(|)_|dt3|%ar2bonate pH = 8.5 1.5N sodbicarbonate 12.2 17.4
Eoiliné of 50 g pH = 8.9 2.1N sodbicarbonate 11.2 18.4
Potato in 1L 35.8 40.3 76.1 TABLE 5: Effect of temp. on theremoval of alkaloidsfrom
water and 5 g potatousinggarlicsalt at pH =8
garlicpH=5.5
Boiling of 50 g HPL C detection mg/kg
Potato in 1L Temggrature i o la— B
water and 5 . chaconine  solanine TGA m
Gerlic IN g 11.8 16.4 28.2 ) ®) gkg
sodbi carbonate 22,6 103.1 101.5 204.6
pH =80 4.7 98.9 99.8 198.7
TABLE 3: Effect of timeminuteson theremoval of alkaloids 41.2 70.3 80.1 166.4
from potatousing garlic salt at pH =8 and 90°C 521 52.4 60.3 126.7
Time HPL C detection mg/kg summation 60.3 42.8 50.1 92.9
min. a—chaconine  a-solanine TGAmgkg 72.4 27.2 30.1 57.3
(A) (B) 84.6 12.8 15.9 33.7
0 103.1 101.5 204.6 97.2 10.2 15.6 24.8
10 82.8 91.3 174.1
20 60.7 73.6 131.3 TABLE 6a: Theeffect of temperatureon thesulfur content
30 55.3 50.4 1057 OfPoatoonly
40 50.3 55.4 99.7 Temp. °C Total thiols free thiols p mol/g
50 42.3 50.5 84.5 p mol/g
60 347 398 795 25.6 0.0122 0.0031
70 29.9 385 62.4 32.4 0.012 0.0031
80 25 4 29.8 51.2 41.2 0.0124 0.0031
% 1756 201 387 50.7 0.0122 0.0032
100 13.8 18.8 316 64.8 0.0124 0.0033
70.8 0.0121 0.0032
120 11.3 16.8 25.1 823 0.0122 0.0032
130 10.7 16.3 25 90.6 0.0123 0.0031
140 10.2 15.6 24.8 96.2 0.0121 0.0034
150 10.5 16.7 24.2
160 11.4 16.2 256 tative determination of a-solanine and a-chaconine in
170 11.6 16.2 258 freeze dried peeled potato tubers. In addition thefac-
360 10.8 16.9 247 torsaffectstheremova processwerea so examined as

seen in TABLES (2-6) and Figures 2-5. TABLE 2

wasstudied using garlic/ sod bicarbonate mixture. The proves that the degradation was primarily by

HPLC method was successfully applied to the quanti-
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TABLE 6b : Theeffect of temperatureon thesulfur content
of potatogarlic/ sodbicarbonate

Total

Temp. thiols  Freethiolsp  Disulfide bonds
° W mol/g n mol/g

25.6
324 8.4 3.2 5.2
41.2 10.1 4.7 5.4
50.7 10.3 2.8 7.5
64.8 115 42 7.3
70.8 12.3 41 8.2
82.3 14.1 5.1 9
90.6 15.6 5.4 10.2
96.2 18.1 6.8 113

sodbi carbonate and the glycoa ka oidswere degraded
within 120 min. at 90 °C. Degradation of the
glycoalkaloids, a-solanine and a-chaconine, hasbeen
followed for 360 minasshownin FHgure2.Also, TABLE
3wasestimated that the half-liveswereintherange
30-40 min. for the two glykoalkaloid at 90 °C. The
fastest degradation was observedinfirst 30 min. Addi-
tionally, for thesow process, degradationrateswerein
therange 60-120 min. and residualswerestill present
in solution at the end of the experiment (360 min.).
Overall, fast degradation was found in both
glycodkaoidsat first 30 min. even at low temperatures
which estimated al so that the optimum temperature at
90°C. Figure3and TABLE 4 contain aglycoakaloid
content in potatoesat different pHs. asincreasing pH
than value5.5 the glycoa ka oi ds content were decrease,
but theevd uationin glycoaka oidswasestimated when
the pH decreases than 5.5. None of the whole pota-
toes pH exceeded the 200 mg tota glycoalkal oids per
kg of potatoes. Also, anincreasein batch temperature
has shownto causeanincreaseinthiolsliberatesfrom
potato garlic mix (Figure 5 and TABLE 6a). but no
changesin potato thiolswere detected (TABLE 6b),
aswdl asa-solanine and a-chaconine intubersreduce.
Theseresultsprovesthat it was necessary to usegarlic
asasulfur containing compoundin order to liberatethe
thiol speciespresent ingarlic. Increasingthebatch tem-
perature produced higher glycoakaoidsremovasina
manner similar to glycoal kal oids reductionsreported
with Colorado potato beetl €

DISCUSSION
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Fig 2 the effect of time on the degradation of u-solanine and o-
chaconine
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Fig.3. effect of pH on alkaloid content when Boiling of 1000 g
Potatoin 1L water and 100 g garlic
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Fig.4 effect of temp. on alkaloid content when Boiling of 50 g
Potatoin 1L water and 5 g garlic

Figures (2-5) estimate that the cleanup of freeze
dried potato tubers powdersfrom alkal oidswas esti-
mated using agarl/sodbicarbonate mixtureat 90 OC,
pH 8and 120 min. asacontact time. Also, it wasshown
as100ggarlicinaliter sodbicarbonate (1N) per one
kg potato resulted in 90% reductionsin glycodkaloids.
Whereas the result obtained from garlic /
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sodhi carbonate method was higher than those obtained
from previous studiesthat used 3% acetic acid as ex-
tractablereagent for glycoakaoidg®. TABLES (5aand
5b) provethat theextraction of sulfur atomfromgarlic
isthefirst stepinthe utilization from the presence of
sod bicarbonate on garlic. Whereas during potato-gar-
lic cooking, disulfide bondswere partialy detached to
formfreethiols. thereactivity of thiolsmy disturb the
conformation of both a-solanine and a-chaconine
which, inturn, ater their polarity. Reduction in potato
toxins may have been influenced by the presence of
nativefreethiol sand of added sulfur-containing garlic.

CONCLUSION

Thedescribed methodsfor thetreatment of the po-
tato tuber with garlic sod carbonate can lead to decrease
inthetoxicglycoaka oidsaswell asimprovementsinthe
precisonandreiability of andysesfor qudity control and
for safety of final products. The obtained dataindicate
that thiolscomingfrom (garlicand sod. Bicarbonatemix)

—=> Regulor Paper

played asgnificant roleinreducingthetoxicglycoadkaoid
(asdetermined by HPL.C method) in potato during cook-
ing. Based on theseresults, thepotato/ garlic/ sod bi-
carbonate mixture becamerepresent asafer and more
beneficia spectrum of glycoakaoidsthanthat foundin
natural cultivated potato
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