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ABSTRACT

Potatoes contain natural nerve toxins called glcoalkaloids compounds.
The two major glycoalkaloids in domestic potatoes are o-chaconine and
o-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 tuberswill still be there after it is cooked. Thusthe aim of this
study was to reduce toxic glycoakaloids content in potato tuber by the
addition of sulfur containing compounds. Free sulfhydryl groupsin sulfur
compounds have been reported to act directly on glycoalkal oidsto reduce
their toxicity. Garlic bulb and sodium bicarbonate were added to potato as
a safe sulfur-containing source. Glycoalkaloids content in potato tubers
were anaysed for a-solanine and a-chaconine before and after thetreatment
with garlic and sodium bicarbonate by high performance liquid
chromatography with UV-detection at 205 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 glcoalkaloids(10.455
mg/kg),) in 120 min. at 90° Cand pH 8

© 2013 Trade ScienceInc. - INDIA

KEYWORDS

Glycoakaloidsreduction;
o-solanine;
o-chaconine;
Garlicbulb.

INTRODUCTION

Asoneof themajor agricultural crops, the culti-
vated potatoisconsumed each day by millionsof people
from diversecultural backgrounds. A product of global
importance, the potato tuber contains toxic
glycoaka oids (GAS) that cause sporadic outbreaks of
poisoninginhumans, aswell asmany livestock degths.
Recent research hasfound that GAsareresponsible
for increasing the risk of brain, breast, lung and

thyroidcancert. Thetoxicity of glycoal kaloids at ap-
propriately highlevelsmay be dueto such adverse ef-
fectsasanticholinesterase activity on the central ner-
vous system23 induction of liver damage® and dis-
ruption of cell membranesadversely affecting thedi-
gestive system and general body metabolism®. The
concentration of GAsin potatoes destined for human
consumptionin many countries, 200 mg/ kgwhichis
generally accepted asa ‘total alkaloid taste standard’ —
hasa‘zero’ safety threshold®. A several studieswere
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studied thedistribution of GlycoakaloidsinWhole Tu-
bergY. Themgjority of glycoakaloidsin the potato tu-
ber arelocated withinthefirst 1 mm from theoutside
surface and decreasetoward the center of the tuber,Y.
Tubersof severd cultivarsshowed an uneven distribu-
tion of o -chaconine and a -solanine, with the highest
levels around the eyes of the outer layer (periderm,
cortex, and outer phloem)!”. Peeling of thetissue 3-4
mm from the outs de before cooking removesnearly dl
of theglycoa kaloids. Both ratesand patterns of accu-
mulation. aswell asa -chaconine to a -solanine ratios
during tuber growth and devel opment arestrongly in-
fluenced by genotype®. Tota levelsgenerdly decrease
with increasing tuber size. The most pronounced in-
creasesinglycoakaloid levelsduring storage °C oc-
curred in the outer tuber layers. There appearsto be
variability among cultivarsintheir susceptibilitiestolight-
induced glycoa ka oid synthesi§%. Figure 1 show that o
-chaconineiscomposed of abranched 3 -chacotriose

(bis- a.-L-rhamnopyranosyl-  -D-glucopyranose) car-
bohydrate side chain attached to the 3-OH group of
the aglycon solanidine, whereas a -solanine has a
branched B -solatriose (o -L-rhamnopyranosyl-  -D-
olucopyranosyl- § -galactopyranose) side chain also at-
tached to the 3-OH group of the same aglycon. The
trisaccharide chainsof both glycoalkal oids can be se-
quentialy deaved by acid or enzymehydrolysistoform
theaglycon solanidine. TABLE 1 containsasurvey of
glycodka oid content in potatoesandyzed usngthehigh
performanceliquid chromatography. technique®®. Garlic
has a high concentration of sulfur-containing com-
pounds®Y. Thethiosulfinates, includingdlicin, appear
tobetheactive substancesingarlic. Allicinisformed
whendliin, asulfur-containing amino acid, comesinto
when raw garlicischopped, crushed, or chewed. The
main objectiveof thisthesisistousegarlicbulbasa
sulfur containing compound in order to beneficial ef-
fectsand reducethetoxic glycoakal oids contents.
OH
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Figurel: Chemical structureof a-solanine and o-chaconine

TABLE 1: Glycoalkaloid Content of Extractsof Potato Flesh,
Pedl and Whole Potatoes®.

mg/kg

sample (dehydrated powder) "-chaconine a-solanine Total

(A) (B) (A+B)
Atlantic potato peel 594 244 83.8
Atlantic potato flesh 22.6 139 36.5
Russet Narkota potato peel 288 138 425
Russet Norkota potato flesh 37 2.7 6.4
Dark Red Norland potato peel 859 405 1264
Dark Red Norland potato flesh 16.0 6.1 221
Snowden potato peel 2414 1112 3526
Snowden potato flesh 366 226 591
Russet whole potatoes 65.1 35.0 100
White whol e potatoes 28.2 15.3 435
Benji whole potatoes 70.7 27.6 98.3
L enape whole potatoes 413 216 629

ANALYTICALMETHODS

Materials

Sod bicarbonate was supplied by Aldrich Chemi-
cal Co. (Gillingham, Dorset, UK). The two
glycoakaloids, a-chaconine and a-solanine were from
Sigma(St. Louis, MO, USA). Potato tuber and garlic
bulbs were purchased from alocal food market in
Buriydah, Saudi Arabia

Prepar ation of the samples

Weighed samples (1000 g) of Freezedried pecled
potato tuberswereground into fine powder withamill.
In addition, 100 g fresh garlic were cut into piecesto
study the effect of thiol ontheglycoa kaloid contents.
Thedried mixturewashomogenizedinaoneliter solu-
tion of 1N sod bicarbonate. Themixturewas stirred at
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95°C for 360 minutes and the suspension was centri-
fuged and the supernatant wasfiltered into avolume
flask. Theconcentration of selected glycodkaoidsand
total phenolic compoundswere detected at all stages
of assay. Theoptimized factorsTABLES 2-6 were used
for theremoval of solanineand chaconinein potato mix-
ture

Analysisand quantification

Theconcentration of glycoalkoliods, a-solanine and
a-chaconine were reported in mg/ kg of sample (dry
weight bass). High Performance Liquid Chromatogra-
phy methods uv detector at 205 nm, array detection
for determination of glycoakal 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-
dard were purchased fromsigmachemicd co., &. Lous,
MO. For thesulfur analysis, tota thiolswere measured
usingthe2-nitro-5-thiosulfobenzoate NTSB method*2.
and free thiols were measured by the 10 mM 5,5
dithiobios 2-nitrobenzoic acid DTNB method*Z. Dis-
ulfidebondswere ca cul ated asthedifference between
total thiolsand freethiols.

RESULTS

Inthe present study, degradation of glycoakaoids
wasstudied using garlic/ sod bicarbonate mixture. The
high performanceliquid chromatography method was
successfully gpplied to the quantitati ve determi nati on of
a-solanine and a-chaconine in freeze dried peeled po-
tato tubers. In addition thefactors affectstheremoval
processwere also examined asseen in TABLES 2-6
and Figures2-5. TABLE 2 provesthat thedegradation
was primarily by sodbicarbonateand theglycoa ka oids
weredegraded within 120 min. at 90 °C. Degradation
of theglycoakaloids, a-solanine and a-chaconine, has
been followed for 360 min asshowninFigure2. Also,
TABLE 3wasestimated that the half-liveswereinthe
range 30-40 min. for thetwo glykoakaloid at 90 oC.
Thefastest degradation was observed infirst 30 min.
Additionally, for the slow process, degradation rates
wereintherange 60-120 min. and residua sweresitil
present in solution at the end of the experiment (360
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min.). Overall, fast degradation was found in both
glycoalkaoidsat first 30 min. even at low temperatures
which estimated al so that the optimum temperature at
90°C. Figure3and TABLE 4 containaglycoakaloid
content in potatoesat different pHs. asincreasing pH
thanvaue5.5 the glycoa ka oi ds content were decrease,
but theevad uationin glycoaka oidswasestimated when
the pH decreases than 5.5. None of the whole pota-
toes pH exceeded the 200 mg total 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, as
well asa-solanine and a-chaconine in tubers reduce.
Theseresultsprovesthat it was necessary to usegarlic
asasulfur containing compoundin order to liberatethe
thiol speciespresent ingarlic. Increasing thebatch tem-
perature produced higher glycoakaloidsremovalsina
manner similar to glycoa kal oids reductions reported
with Colorado potato beetl€*?,
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Figure2: Theeffect of timeon thedegr adation of a-solanine
and a-chaconine
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DISCUSSION

Figures2-5 estimatethat the cleanup of freezedried
potato tubers powdersfrom alkal oids was estimated
using agarl/sodbicarbonate mixture at 90 OC, pH 8
and 120 min. asacontact time. Also, it wasshown as
100 g garlicinaliter sodbicarbonate (1N) per onekg
potato resulted in 90% reductionsin glycoakaloids.
Whereas the result obtained from garlic /
sodbi carbonate method was higher than those obtained
from previous studiesthat used 3% acetic acid as ex-
tractablereagent for glycoakaloidg'®. TABLES 5aand
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5b provethat theextraction of sulfur atomfromgarlicis
thefirgt stepinthe utilization from the presence of sod
bicarbonate on garlic. Whereas during potato-garlic
cooking, disulfidebondswerepartidly detachedtoform
freethiols. thereactivity of thiolsmy disturb the confor-
mation of both a-solanine and a-chaconine which, in

= a|pha solanine

====2|phachaconine

10 8 6

solanine

====chaconine

turn, ater their polarity. Reduction in potato toxinsmay
have been influenced by the presence of nativefreethi-
olsand of added sulfur-containing garlic.

Inthe present study, degradation of glycoa kaloids
wasstudied using garlic/ sod bicarbonate mixture. The
HPL C method was successfully gpplied to the quanti-
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Figure3: effect of pH on a-solanine and a-chaconine content when boiling of 1000g potatoin 1 L water and 100g garlic
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Figure4: Effect of temperatur eon a-solanine and a-chaconine content when boiling of 1000g potatoin 1L water and 100g

garlic

tative determination of a-solanine and a-chaconine in
freezedried peeled potato tubers. In addition thefac-
torsaffectstheremoval processwereaso examined as
seenin Tables 2-6 and Figures 2-5. Figures 2-5 esti-

matethat the cleanup of freeze dried potato tubers pow-
ders from akaloids was estimated using a garl/
sodbicarbonate mixtureat 90°C, pH 8 and 120 min. as
acontact time. Also, it wasshownas100ggarlicina
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Figure5: Effect of temperatureon total thiol, freethiol and sulfide

TABLE 2: Individual and total alkaloid reduction by addition of thegarlic/ sodium carbonateto potato

HPL C detection, mg/kg summation
Treatment - -

a-chaconine (A)  a-solanine (B) TGA
Dried potato only before boiling 101.2 98.6 199.8
Boiling of 50 g Potato in 1 L water 101.7 98.2 199.9
Boiling of 50 g Potato in 1L water and 1N sodbicarbonate pH = 8.2 88.9 90.4 189.3
Boiling of 50 g Potato in 1L water and 5 g garlicpH = 5.5 35.8 40.3 76.1
Boiling of 50 g Potato in 1L water and 5 g garlic 1N sodbicarbonate pH = 8.0 11.8 16.4 28.2

TABLE 3: Effect of timeminuteson theremoval of alkaloids TABLE 4: Boiling of 1000g Potato in 1L water and 100g
from potatousinggarlic salt at pH =8and 90°C

Time HPL C detection mg/kg Summation
min. o-chaconine  o-solanine TGA
(A) (B) mg/kg
0 103.1 1015 204.6
10 82.8 91.3 174.1
20 60.7 73.6 131.3
30 55.3 59.4 105.7
40 50.3 55.4 99.7
50 42.3 50.5 84.5
60 34.7 39.8 725
70 299 38.5 62.4
80 254 29.8 51.2
90 17.6 20.1 38.7
100 138 18.8 31.6
120 113 16.8 251
130 10.7 16.3 25
140 10.2 15.6 24.8
150 10.5 16.7 24.2
160 114 16.2 25.6
170 116 16.2 258
360 10.8 16.9 24.7

garlicat different pH

HPL C detection mg/kg

Treatment a-chaconine a-solanine
(A) (B)

pH = 2.8 two drops
of HCI 56.4 63.1
pH = 3.7 one drops
of HCI 65.4 70.1
pH = 5.5 without
addition 102.7 103.2
pH = 5.9 0.001N
sodbicarbonate 445 55.7
pH = 6.6 0.01N
sodbicarbonate 30.2 43.6
pH =7.10.3N
sodbicarbonate 22.7 33.9
pH =7.80.5N
sodbicarbonate 16.7 20.2
pH=8.11N
sodbicarbonate 11.8 16.4
pH =8.5 15N
sodbicarbonate 12.2 17.4
pH = 8.9 2.1N
sodbicarbonate 11.2 18.4

liter sodbicarbonate (1N) per onekg potato resultedin
90% reductionsin glycoa kal oids. Whereastheresult
obtained from garlic/ sodbicarbonate method was higher
than those obtai ned from previous studiesthat used 3%



134

Removal of a pharmacological undesirable compounds

RRBS, 7(4) 2013

Reguler Peper ==

TABLE 5: Effect of temp. on theremoval of alkaloidsfrom
potatousinggarlicsaltat pH =8

HPL C detection mg/kg

Temperature

oc a-chaconine a-solanine TGA
(A) (B) mg/kg
22.6 103.1 101.5 204.6
34.7 98.9 99.8 198.7
41.2 70.3 80.1 166.4
52.1 52.4 60.3 126.7
60.3 42.8 50.1 92.9
72.4 27.2 30.1 57.3
84.6 12.8 15.9 33.7
97.2 10.2 15.6 24.8

TABLE (6a) : Theeffect of temper atureon the sulfur content
of Potatoonly

R Total thiols free thiols
Temp. °C

p mol/g p mol/g
25.6 0.0122 0.0031
32.4 0.012 0.0031
41.2 0.0124 0.0031
50.7 0.0122 0.0032
64.8 0.0124 0.0033
70.8 0.0121 0.0032
82.3 0.0122 0.0032
90.6 0.0123 0.0031
96.2 0.0121 0.0034

TABLE (6b) : Theeffect of temperatureon thesulfur content
of Potato Garlic/ sodbicarbonate

Temp. Total Free Disulfide
- thiols thiols bonds
c p mol/g p mol/g p mol/g
25.6 6.3 3.1 3.2
32.4 8.4 3.2 5.2
41.2 10.1 4.7 5.4
50.7 10.3 2.8 7.5
64.8 11.5 4.2 7.3
70.8 12.3 4.1 8.2
82.3 14.1 5.1 9
90.6 15.6 5.4 10.2
96.2 18.1 6.8 11.3

acetic acid asextractablereagent for glycoakaloids™ .
TABLE 2 provesthat the degradation was primarily by
sodbi carbonate and the glycoa ka oidswere degraded
within 120 min. at 90°C. Degradation of the
glycoakaloids, a-solanine and a-chaconine, has been
followed for 360 minasshowninFHgure2.Also, TABLE
3wasestimated that the half-liveswereintherange
30-40 min. for thetwo glykoakaloid a 90 degrees C.
Thefastest degradation was observed infirst 30 min.
Additionally, for the slow process, degradation rates
wereintherange 60-120 min. and residua sweresitill
present in solution at the end of the experiment (360
min.). Overal, 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. Figure 3 and TABLE 4 contain a glycoalkaloid
content in potatoes at different pHs. asincreasing pH
thanvaue5.5 the glycoa ka oi ds content weredecrease,
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, as
well asa-solanine and a-chaconine in tubers reduce.
Theseresultsprovethat it was necessary to usegarlic
asasulfur containing compoundin order to liberatethe
thiol speciespresentingarlic.

CONCLUSION

The described methods for the treatment of the
potato tuber with garlic sod carbonate can lead to de-
creaseinthetoxic glycoakaloidsaswell asimprove-
mentsintheprecisonandrdiability of andysesfor qud-
ity control and for safety of final products. Theobtained
dataindicatethat thiolscoming from (garlicand sodium
bicarbonate mix) played asignificant rolein reducing
thetoxic glycoakaloid (asdetermined by high perfor-
manceliquid chromatography method) in potato during
cooking. Based on theseresults, the potato / garlic/
sodium bi carbonate mixture becamerepresent asafer
and morebeneficia spectrumof glycodkaoidsthanthat
foundinnatura cultivated potato
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