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Note 

Thermal decomposltlon of pectlc substances 

Despite the great Importance of pectlc substances m the food Industry, httle IS 
bnown about their behavior on thermal decomposltIon except for the pyroiytlc 
decarboxylatlon first repel ted by Perhn’ 

Our previous papers’-A reported some results of thermal decomposmon of 
neutral polysaccharxdes by c p p -g I c (Cune-pomt pyrolysis, gas-lqmd chromato- 

graphy) This paper deals M Ith the pyrolysis of pectic substances isolated from tobacco 
leaves these substances are rich 111 uromc acids and then- methyl esters as sugar 
residues 

RESLLTS AhD DISCLSSIOb 

i~olutro~~ awl L/WI aLret Izarlo)l o,f pecrrc .whrtnweJ - Pectlc substances were 
isolated from tobacco leaves by okalate e\tractlon follo\\ed by fractronatlon on 
DEAE-cellulobe (Table I) The PA3 fraction \\ hvzh IS the rnaJor component, was 

used as a pyiolysls sample rn the foilo\\lng evperlments 
DJ mm~c rh mal atraf 1 515 - The result of d t a of PA3 In hehum carrier-gas 

1s shown m FIN I The t g (thermograv~metnc) curve shows a weqht loss over the 
temperature range 200-300” follo\\ed by a slow constant weight-loss The d t g 

(den\atlve thermograwmetnc) cur\e shons a peak at 257”, correspondmg to maJor 
decomposltlon and subsequent L olatlllzatlon In contrast, the d s c (dlfferentlal- 

scannmg calonmetnc) curke sho\\s no remarkable change between 130-500”, except 
for a very small, broad endotherm peak near 247’ These patterns are very sImllar to 

those exhIbited by uylans’ s but the maxImum decomposmon-temperature IS lok\er 
than that of xylans by -42”, although the decomposltlon starts at about the same 

temperature (-200’) Also, PX3 left more chdrred residue (35% at 400”) than did the 
kylans [27 (ref 4) and - 16 (ref 5) O/O at 400”] 

Thetg,dtg, and d s c curves of PA3 that had been de-estenfied wth sodmm 
hydroxide, denoted as PA3-DE, changed as shown m Fg 2 the decomposltlon 
shlfted toward lower temperature (the d t g peak IS at 24s”) and the yield of charred 
residue Increased (43% at 400”) This earher mltlatron of decomposmon and m- 
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TABLE I 
ANALYTICAL RESULTS OF FRACIIOXS FROV DEAE-CELLULOSE COLUhm CHROMATOGmPHY 

Frac- Eluted bv Yxlda F;z b Sugar coniponent (%) d N 
ZlOJ1 (%) g; (%) 

GalA Rfra A ra Gal -xY[ GIc 

PAI U ater tl-itCtZ +I28 nd’ nd nd nd nd nd nd nd 

PA2 0 25~ buffer 14 s +37_5 760 11 trace 1 9 trace trace 62 0 000 

CPH55) 

PA3 0 50~ buffer 60 5 t239 919 1s trace 1 2 trace trace 412 000 

(pH.55) 

PA4 0 lht sodnu-n 21 3 T 192 9s 7 trace trxr trace trace trace - 0 00 

h> drovde 

PA5 0 5hI sodmm IS ii3S 35 4 trace trdce 2 2 trace trdce - 0 55 
hydrovlde 

“Based on the \\elght of mnter;al used bhirasured in \\ater (c 0 5) <Not detcrmmed “Degree of 

methbi-esterkicanon of o-galactop\ranuromc acid rcsldues m the pol>saccharlde molecule 
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Fig 1 Thermogram of fraction PA3 

creased charnng could be caused by small proportlons of sodmm Ion remammg In the 

substrate The sodmm content (0 052%) could not be decreased further by conven- 
tional procedures The presence of such morgamc Ions 1s knov n to influence pyrolytic 
reactions6 

When the pectic acid, PASDE, was re-estenfied with dmzomethane, the 
decomposmon of th_e resultant rnatenal, PA3-RE, shifted agam toward higher 

temperature (the d t g-peak 1s at 278”) and the proportion of charred residue 

decreased (S’!& at 400”), as shown m Fig 3 
Cor~rposrtron qf the pyrolJ-znte - Prehmmary analyws3 of the Curie-point, 

pyrolysis prodwt gave the results summarized In Table II As may be seen, the 
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60- 

TemDerCture (degrees) 

Fzg 2 Thermogram of fraction P43-DE 

T4BLE II 

CO\lPOSITIO\ OF Pt ROLY.‘\TES FROM THE CURIE-POI’.T P1 ROLlSI\ OF SAVPLES 

Vollrrrie Ttrr” RCSlliilC ( GfLg 

PA3 386 17 37 16 35 
PA3-DE 3S6 ‘6 35 10 29 
PAS-RE 3S6 15 27 l? 3-l 
Cellu:ose 160 16 57 12 15 
Sylan -117 23 55 II 11 

“The tar component contamed \\\ater prodwcd b) thermal dtcomposmon bThe gas content uas 
obtaxned Indlrcctll by the followmg calculatton (Gas) = 100 - (Volatile -Tar T Rewiuc) 

proportIon of gaseous component from PK IS conslderablg higher than that from 

cellulose or vylan Both PA3-DE and PASRE also gave large proportions of a gascous 
fraction (Table II) 

Gnseorrs product - For analysis of gaseous decomposltlon-products a gas- 
hqmd chromatograph having a Carbosleke-B column and a thermal-conductn Ity 
detector was combined wth a Cune-pomt pyrolyzer 1 m a cold trap at -773” The 

c p p -g 1 c chromato@ram of PA3 showed that carbon dlollde was the only major 
compound m the gaseous fraction of the pyrolyzate (Table III) Then, results sugest 
that decarboxylatlon IS one of the most characteristic primary reactIons durmg the 
pyrolysis of pectlc substances 

Volrrrle products - For the analysis of volatile pyrolysis-products, another 

gas-hquld chromatograph havmg a Carbowax-2OM column and a hydrogen flame- 
lomzatlon detector was combined directly wth the pqrolyzer as prewously described’ 
The c p p -g 1 c chromatograms of PA3 and PAZ-DE are shown m Fig 4 The 
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Fig 3 Thermogram of fraction P43-RE 

TABLE III 

C~RBOY DIOXIDE FRO\f THE cURIE-P~IST P\RoL\~ 

PA3 386 120 
PA3-DE 396 124 
PA3-RE 386 100 
Cellulose 460 lrl 
Xyian 423 20 

5 IO 5 20 25 

cieient~on fume (mtn) 

Fig 4 C p p -g 1 c chromatogram of fractions PA3 (sohd line) and PA3-DE (dashed hne) 
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PA3-RE fraction showed essentially the same chromatogram as that of PA3 By 

&rect combmatlon of a mass spectrometer to the c p p -g 1 c apparatus, the peak A 

component in Fig 4 was recogmzed as a mlxtnre of furan, Zmethylfuran, and other 
compounds of high volatlhty Tine peak B, C, D, and E components were ldentlfied 
as methyl pyruvate, 2-furaldehyde (l), methyl 2-furoate (2), and 5-methyl Zfural- 
dehyde (3) by comparmg then mass-fragmentation patterns and retention times with 

those of authentic compounds 

The peak F component was collected as pale-yellow crystals by preparative 
c p p -g 1 c 2 and was subjected to spectrometrlc analysis From Its mass-spectral and 

1 H-n m r data and Its meltmg pomt (9 1 O, after recrystalhzatlon from water), It was 
Identified as methyl 5-formyl-2-furoate (4) An authentic sample of 4 showed the same 
signals 

1 2 3 

4 5 6 

As may be seen m Fig -l, the major products from PA3 (solld lme) In the volatile 

fraction are 1, 4, and 2, whereas the product from PA3-DE (dashed line) IS entirely 1 

The de-esterlficatlon of PA3, therefore, seemed to decrease the formdtlon of methyl 
furoates and also of the peak A component 

This result suggests that these methyl furoates arlse nlthout decarboxylatlon 
from methyl D-galactopyranosyluronate residues m the polysacchande molecule On 

the other hand, thermal decomposltlon of D-galactcpyranosyluromc acid residues 
afford exclusively 1 by dehydration, decarbo\ylatlon, and molecular rearrangement 

The formatlon of 3 (peak E m F1 g 4) 1s observed with both PA3 and PA3-DE 

Therefore, It 1s not caused by D-galactopyranosyluroruc acid residues or by methyl 

o-galactopyranuronate residues, but by L-rhamnopyranosyl residues m the poly- 

saccharlde molecules The pyrolytic formatlon of 3 from r_-rhamnose \\as also clearly 

confirmedbycpp-glc 
Tarry prodwr - The yield of carbon dioxide from PASDE by thermal 

decarboxylation was 12 4% (Table III), which 1s considerably lower than the 

theoretlcal value (25 0% from o-galactopyranosyluromc acid readues) As the major, 
volatile product from PA3-DE was merely 1 (Fig 4), those products arlsmg from the 

residues wlthout decarboxylatlon must have been m the tarry fraction of the 

pyrolyzate Accordmgly, the tarry fraction was analyzed by g 1 c with a Carbowal- 
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20M column, after treatment of the vacuum-pyrolyzate wrth an ethereal solution of 

hazomethane The chromatogram obtamed from the PA3-DE pyrolyzate after this 
treatment showed that slgmiicant amounts of 4 and 2 were generated by the reactlon 
lvlth lazomethane However, these methyl furoates have never been found directly 

m the c p p-g 1 chromatogram of PA3-DE (dashed hne m Fig 4) Thus result 
strongly suggests that 5-formyl-Zfurolc acid (5) and Zfurolc acid (6) were actually 

produced durmg the pyrolysis of PA3-DE, despite the presence of small amounts of 
sodmm eon These furolc acids should anse from D-galactopyranosyluroruc acid 

residues of the polysacchande molecule without decarboxylatlon These acids are 

retamed m the tarry fraction of the pyrolyzate because of their low volatlhty 
Path ay offornrat~on - The foregomg results suggest that the heatmg of pectlc 

substances affords such prlrnary decomposmon-products as 5,6, carbon &oxlde, and 
1 from o-galactopyranosyluromc acid residues, whereas the methyl D-galactopyranuro- 

nate residues give 4 and 2, m addmon to carbon dsovlde and 1 On the other hand, the 

r-rhamnopyranosyl residues characterlstlcally present’ m pectlc substances afford 3 
3-Deokyaldos-2-uloses have been consldered as mtermedates m the pyrolqtlc 

formatlon of Zfuraldehjdes from cellulose and other polysaccharmes’ g_ Accordmg 

to these proposals, It nould be predlcted that the present 2-furolc acrds and thexr 
methyl esters are produced \]a such mtermehates as 3-deoxy-D-keo-hex-2-ulos- 
uromc acid and Its methyl ester, respectively, durmg the pyrolysis of pectlc sub- 
stances 

Nenher the formation of anhydro sugars, nor the formation of Iactones, 
observed m the p)rolqsls of cellulose’ and uylan3, respectI\ ely, N as encountered m 
ths study 

EsPERMENTr\L 

Materds - Tobacco-leaf pectlc substances \\eere Isolated from fresh leaves of 
Ntcotrana tabacrmz cv BY4 harvested after the flo\\erlng stage, essentially accordmg 

to Sabu- et al lo, \\lth subsequent fractionation on a column (70 mm hameter, 

350 mm) of DEAE-cellulose (Brown Co , NeiL Hampshire, U S A, phosphate 
form)’ ’ \\Ith stepwIse elutlon by k\ater, 0 25, and 0 50~ potassium phosphate buffer, 
and 0 I and 0 511 sodium hydroulde solution Each polysaccharxde sample was 
finally obtamed as a white, amorphous substance after dlalysls agamst de-lomzed 

water and freeze-drymg 
As may be seen m Table I, the content of D-galacturomc acid resxdues 1s highest 

m the fractron PA4, whch was eluted by 0 1x1 sodium hydroxide, but tlus fraction 

evidently had the &advantage of contamm g some products of /I-ehmmatlon The 
major fraction PA3 (yield 60 5%), eluted by 0 50~ potassmm phosphate buffer, 
contamed 91 9% of D-galacturomc acid resxdues It also contarned 1 2% of L- 

rhamnose and small proportlons of other neutral sugars However, some aldoblo- 

uronlc acids were detected (papergram) m Its acid hydrolyzate’ ‘, and thus the content 
of uromc acids and neutral sugars are consldered to be somewhat higher than the 
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values recorded m Table I The mtro,oen analysis of the polysaccharlde (Table I) 
m&cates that the fraction PA5 contamed some protem 

The Content Of D-gaktChIrOmC acid residues m the polysaccharlde was de- 
termmed by the carbazole method as modified by Knutson et nl l2 The neutral-sugar 

composltlon Of the polysaccharlde was determined by g 1 c of the derived aldlto] 
acetates13, after removal of the uromc acid fraction by Do\\eeu 1-X2 (acetate) resin 
from the acid hydrolyzate accordmg to Eda et al l 4 The degree of esterlficatlon of the 
pectic substances was determmed by analysis for the methovyl content1 j 

The de-estenficatlon of PA3 was performed m an aqueous solution of sodlun; 
hydroxide (pH 12) for 30 mm at l?, accordmg to Ozawa et alI6 The resultant 
so!utlon was aclchfied (to pH 1) u lth \I hydrochloric acid and the resultant preclpltate 
was washed successwelj wth XI hydrochlonc acrd, SOO,b ethanol, 95?C ethanol, abs 

ethanol, and ether The degee of esterlficatlon was decreased to zero by this treatment 
The sodmm content of P43-DE nas estmlated by atomic-absorption measurement 
after ashmg For 20 h at 500’ 

Esterficatlon of PA3-DE \\lth dlazomethane was performed LLS prewously 
descrlbed” This treatment gave a degree of estellfication of 73 O”I, 

Mlcrocrystalhne cellulose po’t der (AL IceI, As& Chenucal Industry Co , 

Osaka, Japan) and tobacco-stalk \ylan3 \\ere used as the reference samples for 

pyrolysis 
L-Rhamnose, methyl 2-Furoate 2-Furaldehqde, ,tnd 5-methyl 3-Fur~ldeh>de UF 

reagent grade were purchased from Tobyo Kasel Ko_qo Co (Tokyo, Japan) 
The authentic methyl 5-form>l-I-Furoate \\ as prepared from calcldm D-x 1 lo- 

5-heuulosonate (calcmm ‘ 5keto-u-gluconate ), hmdly donated bl K>o\ia Hnhho 
Ko_qo Co (Tokyo, Japan), by the procedure of Feather LV af I8 m p 93O (ht Is 

91-92”), m s (70 eV) lq’e 123 (loo), 39 (60), 15-l(57, Al-), 95 (Xi), 3s (JO) and 
2s (31), ‘H-n m r (carbon tetrachlorlde, 100 L1H.z) 5 3 95 (s 3 H), 7 73 (s, 2 H), 

and 9 SO (s, 1 H) 
D~nanzzc tlzermnl utzal~ FIS - The t g d t g , and d s c cur\es \\ere obtalned ~5 

described m the prewous paper’ 
,41za[ls~ of t!ze pyz O/I xte - The composmon of the pi rol! i-ate \\ as anal\ ztd 

as described m the pre\lous paper3 
Cp p -g I c - The c p p -g 1 c was performed as described 111 the pre\ LOLLS 

paper’ For analysis of the gaseous products, a cold tlap at -73’ N~S Installed 

between the pyrolyzer (Shlmadzu model PYR-10) and the gs-llqLiId chrom .toglqh 

(Hltacfu model 063) havmg a 2-m stamless-steel column of CarbosIeLc-B (Supclco 
Inc , Pennsylvania, U S A, loo-120 mesh) Hehum as cdrrtel-gas (30 ml mm) and -1 

thermal conductwty detector neie used The column o\en ~~1s hept at 95” y 
standard gas-mixture (Takachiho Chemlcdl Tndustry Co , Tokyo, Japan) uas used 

for cahbratlon of carbon dlollde 
Atzalyszs of tarry pz odzrcts - X ferromagnetic conductor foil holdmg a 5-mg 

sample of PA3-DE \\as put mto a quartz tt.be (10 mm dlametel, 120 mm) ha! mg d 

stopcock at the end The tube was then fitted perpendicularly at the nuddle of the 
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mductlon-co11 of a JAI model JHP-3 Cune-pomt pyrolyzer, and was evacuated to 
2 torr After pyrolysis of the sample, an ethereal solution of hazomethane was 
Introduced from the stopcock, and the tube was shaken throughly for 5 mm An 
ahquot sample of the resultant mixture was subJected to the same gas-hquld chro- 
matography as used m c p p -g I c for the analysis of volatile products 

ht~rmzentat~on - The optlcal rotations (m water) of polysacchandes were 
measured m a JASCO model J-20 spectropolarlmeter equipped with a 5-cm quartz 
cell Nitrogen analyses were conducted with a Yanaco model MT-2 analyzer The 
mass and ‘H-n m r spectra were recorded with Hltachl model RM-5OGC and JEOL 
model JNM-PS-100 spectrometers, respectively The atomic absorption measure- 
ment was carried out with a Hltaclu model 207 spectrometer 
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