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ABSTRACT 

Iv~xr~res of resin acids from tall od distdlation products and from 
naturally occurring rosins (coiophonyl were separated on WCOT 
g~a.gs capillary columns coated with SE JO, FFAP DE(IS and BDS, 
and the re~in a~cids were iden|ified by gas ehr~rnato~aphy.mau 
specrrornetry" (GCJVI$). In co~lrcst to previ.ou~ invt'ldg~dons , the 
identified ,Sterpenr ar arc cha~cter/zed by Kova~ index values. 
Them retention values are correlated with the different po,[adrr of 
the stationary phase. The ~.dvlmlages or columns coated with F FAP 
for the separation of crude and distilled lall oil and ht ly acid 
~mples are ch~b'~r 

I N T R O D U C T I O N  

Tall od and rosin products  consist  of  a large number  of 
resin ,zcids. Such m~xtures have been analyzed previously, 
but in mos t  cases, the separat ion was achieved on packed 
columns (1-3). The use of  capillary, co lumns  has led to 
much bet ter  resc~,,tion cff the comptmen t s  o f  the  ctm~plex 
tail ~,1 samples and an improved  analysis uf resin acids and 
o f  o ther  c o m p o u n d s  (e.g., fat ty acids). The  addit ional  
derert~inat~on of  equivalent  oh,on length ( E e l . )  values on 
glass capil lary co lumns  has been repor ted  recendy (4). 

"Ike aim of this st 'ode was ro achieve as comple t e  ;L 
separatkm as possible o f ' t h e  complex  nar'aral and tall oil 
resin ac=d mixtures  using high-resolut ion g'.ass capillary 
co lumns  wit5 d i l fe ren t  stationar)." phases. Fur the r  improve- 
ments :n the analysis o f  ~scanenc d i terpene  acids formed 
dufin 8 the tall oil dist i l lat ion process were a t t empted .  In 
th~s case, a spec:al resin acid fraction from Krems-Chemie  
Co.,  Austrm, ~'a~s used for all exper iments .  

l ' t )  obtain detailed informat ion  on ~he overall con:posi-  
t ion o f  t i le  f rac t ionated  d i terpene  acids, we decided :o  
analyze the samples on a stat: , .~ary phase o f  medaum 
polar, ty, ~.e., free :ar ty n o d  phase t F F A P )  Add:t ionai ly ,  
l evop imanc  and pa :usmc acid me thy l  esters. ~quch p.,vv~ 
ouslv could  only be separated o.'1 very polar coated  col- 
unms, arc cc,mpletely resolved ,m the t:I:AP cu lumn .  

Com!~;nat~on of  gas ch roma tog raphy  w:rh ma.,,s spec. 
~rllrl~.eL'v ((]C-MS) ~SO fv;Ic~v..s ~dent:fication o f  c o m p o u n d s  
(,Lher ~han ream ackls--mainlv fa t ' y  acids and ream acids 
>xIdlzcJ. dt:f!n~ the disz;llat]on process, l:ucthem~orc, one 

object ive was to chara, crerizc the identif ied di terpene acids 
using Kovars index values, de termined for ~he 4 capillar)" 
co lumns  of  chfferenr pt~lar:ty. Minor  changes in polarity 
during the l i fet ime of  a e()lumn leaehng to different  reten- 
tion t imes are compensa ted  by this index system, which 
also permits  a u t o m a d c  analysis and ident i f icat ion wi thout  
mass spectrunte~ric detect ion.  This  m e t h o d  has proved 
to be excel lent  both  in de~ztled c o m p o n e n t  studs' and m 
t o u u n e  prtxluct  con tro[, 

EXPERIMENTAL 

Samples  to be e•  were balsamic rosin (colophony)  
o f  Polish origin and a spec,,d resin acid fraction, ciisrilled 
from crude rail oil by Krems-Chemie,  Austria. Pure direr 
pene acids for compar ison,  such as levopimaric  and paJus- 
tric acid, were made avaslable by Krems--Chcmie. 

The  acids were c tmverted tn thei r  medly l  esters hy 
freshly prepared diazotnethane in ether.  As resin acids 
easily isomerize in chlor inated solvents (Ct{:CI2. CttC, s).  
aromat.~e solvents were employed ,  and the san:pies were 
dissolved In to luene or xv :ene  to 8lye 5% ( w / w )  sd'atzons, 

To  i .mprove the chromatographic  separaoon and to 
obtain reproduc:ble  results, gtass cap,llarr co2urnns v~erc 
p ~ p a r e d  using the me thods  of  ( ;rob et al. (5-7) with SE 30, 
FFAP, DEGS and BDS as s tauonary  phases. A f t e r d e a c t i -  
ra t ion  of  the ~ass  surface with hcxamethyldis i lazane,  
one co lumn was statically coa ted  with the sdicone rubber  
Sf.: 30, the o the r  co lumns  were prepared by the barium 
carbonate  t reatment ,  applying the dynamic  coat ing meth-  
od. Column length was 25 m in ~L1 cases, wi~h 0.28 mm ~d 
and thickness o f  the ilq~.ld phase, O.15-O.?0 jJm. 

A Carlo F.rha Fractovap 23(~.1 gas chr(~matograph ~i th  
flame icmiza::un , ] r tector  (FID) and hydrogen as carrier 
gas was used. I he  samples were injected ar 250 C with a 
spirt of  1:50 ,n an a!Ig'.ass Groh in;co |or .  Table I shows 
the selected t iC operar :ng condi t ions  rt~ achieve spaced 
peaks and best separat ion of the componen t s  ,m rile 4- 
dif ferent  columns.  FIuw rale and averab, e linear ve],~c:rv ,if 
the carrier  ga:,, ~m, were recast, red ar the lint;a; :e :nl~ra-  
ture  ~f  ~he : e m p e r a c J t e  p rog rammiJ lg  [n i~rdcr tt~ ,"emairl in 

rABLFI  

Gas Chromatographic Conditions for the Separation of Resin Acids 

Average 
Initial Program Final Carrier linear 

S ta don ary tern pe ~atu re r a1:e a tern p e ratu re flow vd ocity b 
phase (C) (C/rain) (C) (mL H a/rain) (emtsee) 

SE 30 140 4 280 1.8 50 
FFAP 100 4 240 2.3 62.5 
DEGS 80 5 220 3.0 83.3 
BDS 100 3 220 3.0 83.3 

; ITempr p:oi{rar."~, wc;r sta~L'd W:len Lhr .'~'4'r162 pcak.s v,.r dereeLCJ. 
blwaJuatcd a[ [he in ids!  t( ':: lperaturr 

Dcdicatc,L t~) PrOf. L)r. i~.r~c~ L~r a.~ |1i~. 70th b;rt~'ldav. 
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the flat part of  the Van-Deemter curve and not to drop 
b r o w  ~'opt dt |nng the course of the runs, high 'r for 
the career gas velocities were cht~,cn. 

Peak areas and exact retenrmn times, necessary for the 
calculation of Kovat~ indices, were determined with an 
attached integrator (Minigraror, Spectra Physics). 

(;C~,IS was dune on a Hewlett-Packard quadrupole 
rna~ spectrometer Sys|em 5922 A, equipped with an al[- 
glass injector, on the 4 columns previously described. The 
inyetaon port temperature was again 250 C~ helium w~ 
used instead ot  hydrogen as carder gas. In all eases, the 
column pre~urcs were adjusted |o have comparable hold-up 
times evaluated during the FlD-nleasurements, t.e., the 
average linear velocities of the carrier gas at rhe beginning 
of the temperature programming were equal  The end of 
the glass capi:la~' column was connected by a restrtction 
{split l : J )  to the ion source. "['he ion Source temperature 
was 270 C, mnization enet~" was 70 eV. 

Identification of the va~ous substances was possible by 
the analysis of their mass spectra. The identification of the 
7 diterpcne acid:i available in pure ionn  tab[crate, palus- 
t rare, h'vopimarate, neoabieta:e, dchydroabJetate, pimaratc 
and [sop[mutate) was tdfial arrd was ascertained by coinjec- 
tion. The mass spectra of tile other resin acids were com- 
pared a'itk unambtgtzous spectra reported in the 12tern,are 
(1 .28) .  Further reformation or,. the structure of ~he :m- 
kruwn toads was ,)brained by comparing the ~ren t ion  data 
w,i~ resu'.ts reported (4,9) for Identical columns. MS data 
o~ the 22 idea,flied t 'onrpounds--thc 5 most prominent  
peaks and tile rdative abu'ldanec of the parent ion ,H* 
are Wen  in Table 11. 

| 'o[iowing idc. titica~ion, the con:p.raads were s ta .dard 
teed by relative retention valaea "asang tile rrrenrmn index 
concept of Kovats (It)). l 'nese values are independent of 
co',u,,nn length and film thickness of the stationary phase. 
Orig:nal])'. rercntion mciic~'~ of Km'ats were de:ermined 
at cor)$tar;t t c l r .pe ta t t t re ,  bur i:l this work. a temperature 
prugram w~s tJ.~'d. By suitah[c c','m~ce of this program, a 
l:near relationship between the retenrio:l time and number  
of c,t.'~m.'~ atom~ of the hydrocarbons u~'d as retention 
s|andard_~ was obser,'ed. 

Retentmn standard was a 5% twtw) solut:on of the 
n-hvdr,~:arbons C~.~-Cz0, Cat, (Tan, C~ and (:~s in cvch,- 

hexane, wilich was cuinjecred with tile diterpene acid 
samples to determine Kovau indices ~ exactly as possible. 
The retention of the resin acids zo be characterized could 
be linearly interpolated between the 2 n-paraffins with 
lower and higher retention time. In this way, an index value 
could be assigned at) each resin acid component  using the 
equation: 

I ) ' -  104). z * n  , 100 tx'~z . =  - -  

tz4.n " t z  

where I y -- KovatS index for substance x on starionar)' 
phase .v; z ~- number ot C arums in the standard paraffin 
with lower retention time; tz = retention time of this 
paraffin; r~,. n - re tenuon time of zhc paraffin with higher 
retention rime; n - difference in number of carbon arums 
between the 2 paraffins, and t x - retention time of sub- 
stance x. 

Table III lists tile retention characterimcs of the tail 
oil resin acid meths'l esters geparared on SE 30. IIFAP, 
DEGS and BI)S columns. Because of different polarities 
anti tempera,,.'re !amirs of the coatings, (X: conditions 
van' :n each case. Table [ lists Ore different GC conditions. 

RESULTS AND DISCUSSION 

Composition of the Resin Acid Mixture 

To :nve~igare a [)road gpecrnmz of diterpenr acids, a 
distilled tail ,~'. resin acid fractmn (Sacotan 90 from Krems- 
Chenuc Co., Austria) wag anal} zcd (Fig. 1 arsd 2). This sam- 
pie conta:ng fatty aci& in tess than 3% of rite Iota: amounr. 
Also detected were 2 secodekydraabtetates ("Seco 1 ," "Seco 
2"), fomled by nng cleavage of deh)'druablefic acid during 
r;'le tall oil fracuona,:on proct~s. These 2 substarces were 
idcnnfied by comparing rhe mass spectra wtth tf io~-pub- 
hshed by Takeda e t a ] .  (11,12): Seco 1 - methvl-2a- 
[ 2'( m-i~t'q, ropylphenyl ) cth y[ ] -I/J,3 or- dinzet h vlcv clo he~ a ne- 
carboxylatr Seco 2 - n le thyl-2~[2 ' (mi~opropylphcnyl)-  
erhyij l/3,3a-din:e:hylcy el,~hexanecarboxylare. 

Levopinlanc acid is ~ lmvn  t,) be very unstable toward 
thermal treatment t i3 )  and rapidly igomerizes to abiefic 
acid, o . l v  a s.mail amount  Iless than 0.2%) w ~  found in 
the tall oil rosin. T -  characterize this diterpene acid by 
Kovau Index vs a Po!ish colophony was  invesugated. 

tABLE I1 

Relltiw Ab~nd, anees of the Recorded Mats Spectra of 
the I~ntif~d Resin AcM Methyl Esrel"~ 

GC peak Relative ~tbundances of the 5 Parent ion M + 
number most prominent peaks (% of base peak) (m/e/%) 

1 146/100, 187/53,133/45,101/40, 92/31 316/ 5 
2 146/100,133/41, i09/26,131/26, 123/23 316/ 5 
3 241/I00, 257/47, 316/42,301/39, 91/37 316142 
4 241/'100, 301/37, 105134, 91133, 316/31 316/31 
5 121/100, 180125, 91118, 119/14,105/14 316/ 6 
6 121/100. 91/16, 119/15. 133115, 93114 316t 7 
7 243[100,121/46, 91133, 105/40 186136 318/20 
8 121110O, 91146, 81/41,146132,237/31 316/ 5 
9 241/100, 247/52, 256151, 187/41,!05/37 316125 

10 241/100, 148/84, 301182, 105/79, 149168 316161 
11 131/I00, 241165, 105153,201/51, 256145 316139 
12 121/100, 136/90,105/67, 91/49, 92/43 316131 
14 256[100, 121/82, 241/72, 213/71, 105168 316/48 
15 239/'100, 240121, 299/12. 141/11, 129110 314/10 
16 2371100, 312123, 238121,297/12,181/ 8 312123 
I7 135/-100, 121132, 148125, 134119, 91/18 316/ 7 
19 237/100, 197153, 195131, 312/31, 14t/22 312/31 
20 254/'100, 121183, 314/68, 132/62,134/60 314/68 
21 253/'100, 328148, 187126. 254121, 269/17 328/43 

Levopimaratc i2t/100, 146, 95, 91190, 92/71, 133148 316132 
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TA BI2s III 

Retrnt ion Chuactreist ics (go~ai:s Irglex V~iucs) of l)iterpcn~ Resin Acid Methyl E S t ~  
|)r On Dif~l~l'e'rlt (;la~., C.apilla.~.. Co[umrts 

Peak 
numbera SystemarSe name (methyl) Common name 

Kova~s in dex 

ISE 30 IFFAP IDEGS, 1BDS 

1 Scco i 
2 Seco 2 . 
3 8,15-Isopimaraclien-i 8-oate 
4 8,15-Pimaradien-18-oate 
5 8(14),15-Pimaradien-18-oate Pimarate 
6 8(14),15-Isopimamdien-18-oate Sandaracopimarate 
7 13-Abie~en-18-oate 
8 xx-Abietadienoate 

8(14), 12 -Abietgdien- 18-oate Levopimarate 
9 7,15-Isopimaradien-18-oate Isopimarate 

10 8,13-Abiet adien-18-oate Palustrate 
11 13#-Abieta-7,9(11)dien-18-oate 
12 xx-Abietadienoate c 
13 Docosanoate Behenate (22:0) 
14 7,13-Abietadien-18-oate Abeit~te 
15 8,11,13-Abletatrien-I 8-oate Dehydroabiet ate 
16 6,8,11,13-Abietatetraen-18-oate 
17 8( 14),13 (15 )-ANetadien-18-oate Neoabietate 
18 Tetracosanote Lignocerate (24:0) 
19 xxxx-Abietatct  raenoate 
20 7,13,15-Abietatrien-18-oate 
21 7-Oxo-8,11,13-Abietatrien-18-oate 7Oxodehydroabietate  

2130 2312 2269 2262 
2150 2344 2302 2290 
2158 2473 2391 2376 
2184 2511 2433 2420 
2198 2511 2429 2411 
2214 ' 2546 2470 2450 
2244 2571 2477 2466 
2224 2582 2511 2489 
2264 2622 2538 b 2528 b 
2252 2628 2561 2540 
2264 2635 2540 2530 
2278 2684 2604 2585 
2312 2696 2655 2643 
2517 2727 2629 2602 
2339 2766 2709 2679 
2288 2779 2746 2704 
2378 2807 2806 2745 
2387 2820 2755 2716 
2715 2947 
2433 2983 2962 2890 
2466 3017 2996 2902 
2507 

aunsed it. a!~ F lD-ehror~au)gr im~.  
b,-~.p~ro,ciml.te ~2[ut" ~,~ ~ rr o,  ~ p<lor rc/, l~u.-iv~ . trom p,~u~,~rmtr 
CProhab[y 8. ] 2 ablctadl~.-n 1R-oa~r 

1 

:i 

r 

�9 t ~  - '~ L ~ ' ~ J  1 ~  - -  " ~ ,~ J-~- 

FI( ; .  1. Gas chr t lme|o~ ' , ,ph ic  =naJ)'sis o1 dJtt'rlJenc acid methy l  esters f rom a crude rail o i l  resin acid f ract ion [Sacotan 90, Kremt- ( 'hcmie ('o.)= 
F'lLD-chrontitoglr~n on ~[~: 3U, Peek nunlbcrLng I,~ in rmhir III ; U - un iden t i f i ed  ~ubsumcr GC condit.icm~ ~rr 3ab le  I. 
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L 
FIG. 2. Gas chromatographi c analysis of ditcrpene acid methyl esters from a crude tall oil resin acid fraction (Sacotan 90, Krems<]hemie Co.)= 
FlD.chrornatogram on FFAP. Peak numbering gs in Table III~ U = unidentified substance. C,C conditlons-see Table I. 

The levopimarie acid was found in an amount  of  2.4%, 
based on the total volatile mixture in this n~turally occur- 
ring rosin. In addition, the extent of separation of  levo- 
pimarie and palustric acids could be examined wkh this 
sample. The gas chromatograms of  the methylated coloph- 
ony showed no separation of  the 2 ~cids on the SE 30 
column and poor resolution-in contrast to  reports by 
Holmbom (4)--on DEGS and BDS columns. On the other 
hand, on the column coated with the FFAP phasc (with 
lower polarity than DEGS and BDS), levopimarie and palus- 
trie acid were nicely separated, In addition, the elution of 
the isopimaric acid between the other 2 acids was obscrved 
(Fig. 3). Oxidized resin acids formed dur~,ng the distillation 
process were found insmal l  ~mounts in the Saeotan 90 
sample. With the execption of 7-oxodehydroabietic acid 
(14) on the SE 30 column, these substances did not have 
reasonable retention times, but were eluted considerably 
only after the GC temperature programs had ended. 

Identification of  the Resin Acids " 

The objective of this investigation was to achieve as com- 
plete a separation as possible of all resin acid components. 
As can be seen in Table III, more than 20 diterpene acids 
could be identified in the tall oil resin acid mixtures. 

While resolution of  all components was sufficient when 
an FID was used as a detector, the maximal scan speed of 
the MS equipment used was only 200 amu/sec for the 
range of  33-400 mass units, and some smalIer peaks were 
not  separated in the sum plot chromatograms (i,e., sum of  
thc intensities of all ions detected). Identification of all 
compounds in such a case was achieved by comparing 
the elution patterns of  2 or more columns of  different 
polarity. Because corresponding peaks on the FlD-chro~ 
matograms could be identified by their relative intensities, 
and because resolution of components was satisfactory for 

GC-MS analysis on at least one column, the mass spectro- 
scopic identification of all components was possible. 

Characterization of Resin Acids: 
Kovats Indices-Conclusions on 
Qualitative Separation 

After identification of  the single components using polar 
and nonpolar phases, the diterpene acids could be charac- 
terized on each column by retention values. These retention 
values were calculated by programmed analysis applying 
the Kovats index concept (10). 

The Kovats indices obtained with the 4. columns show 
that  the resin acids were eluted in a more or less broad 
range. This range increases with the polarity of the station- 
;try phase. As seen in the FID-ehromatograms the high 

polar i ty  of  DEGS and BDS columns did not  improve the 
resolution o f  the diterpene components and the resulting 
peaks were broadened, Both these columns also showed 
c onsiderable bleeding of  phase 'upon repeated operation up 
to 200 C. 

Improved separation could be obtained on the FFAP 
column. Similar to the column coated with SE. 30, this 
phase gave the properties required for high-resolution GC: 
(a) close to perfect resolution of all diterpene acids with 
peaks of  satisfactory .ratio of  height to half-width, (b) 
suitability for quantitative analysis, and (c) high thermo- 
stability and long column life. 

In order to test the�9 properties of  the FFAP- 
coated column, various sam.pies containing fatty acids, 
terpenes and related substances were injected. Among them 
were crude tall oils, w o o d  extractives, various tall oil 
distiilation produces, and finally, a sample of  oleoresin 
freshly obtained by exudation from spruce immediately 
prior to injection (Fig. 4). In all cases, separation of  compo- 
nents, especially of  the fatty acid mixtures of mainly 
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FIG. 3. FID-ehromatogrcm of methylated Polish colophony on FFAP. GC condit lons-see Table I, 

I 

I " i; 1 

"ta ~ ,L(,m',,~'~ ~- ~',, 

FIG. 4. FID~hromgtogram of methy)ated olcoresin from spruce on FFAP. Column, 25 m FFAP, 0.28 m m i d ;  temperature, 80-240 C, 4 C/min~ 
c~.rricr gas, H~ (fi = 62.~ cm/scc). Identified fat ty acid and rcsi~ acid mc:.hy] esters arc indicated, 
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octadecadienic  and octadr  acids f om led  during 
the Kraft  process, was very" satisfactory,  This s ta t ionary 
phase therefore  seems vr well suited to analvae d~e 
complex  changes in fatty and resin acid compos i t ion  during 
tall od isolation and distil lation proccsses. More detai led 
informat ion  on these i somenzar ion  and d i s p r o p o r d o n a d o n  
teactions will be repor ted  in a fo r thcoming  publicat ion.  
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Fatty Acid Composition and Cyclopropene 
Fatty Acid Content of China-Chestnuts 
(Sterculia monosperma, Ventenat) 

S.K. B E R R Y ,  Depar tment  of  Food Science and T0chnologv ,  Facuhy o f  Agr i cu l tu re ,  
Univers i t i  Per|an|an Malaysia. Serdang, Selangor, Malaysia 

A B S T R A C T  

i~r fiw l[:cir talLY ack( r by ga,~ I':q~[d ,=hronl=tOgl'api'~y, 
~nfrarcd ~rt,~ P.uclr~r rnagTtrlic refinance ~pectrO*,~'opy. The oil ]n 
r tu l ' ,  t't;rtra'~l-~'J Q'c' ,opropt,  n,: f i l l y  ar (CPFA) dt.,l~2rr11]rtetJ ~A, 
~dvcr nizra:r ,.Le='~vativr of chei~ *'s:r "t~.r vdur (~rea ' ; )  fo: the 
a)a)or farr = "~c!ds as nw:rl:vl ~r v,~t-rc 23.';7% C16:O. 1.25% 
t:16 1, 2.56% t '18 0, 24.89% C18:1, 18.24%C18:2, 5.4a'P,. dihydro- 
r162 ~.21% (;$H 3 ~ C20:O and t9.~5% sterc,llc. T!',: p.*opur 
:'on 07" CPFA in the oil did not dr upon r Hie nut,.. 

I N T R O D U C T I O N  

.St,,~(tdra f~lo~/,]sper.tr ~.;~'rltt'nJ.t ((:hina-~hcsrnu~) is a sm f l  
evergreen tree f , ,uad in t l 'e home gardens t, f  Chinese pcop!e 
in Malaysia. Tnc r ipe f ru i ts  arc" scar let -colored pods conta in-  
ins 1 ~o 3 gloss)" black nuts. The  n..ts are ob:r S}lapcd 
mc,Lsuring to 2.5-5 cm '.ong znd 1..5 2.5 cm ~ idr  Each n:~t 
c,~:~tams a mea~v kernel sur rounded hy 3 ;a~'crs o f  skin w i th  
a black sr:ckv rcsinou~ substance or~ the O'atrn'r'~,"~Sl Shc!i. 
The nuts a rc ' consumed  afrer b~ding or ro,~sr)ng .H'~,I rem~w- 
ins t~c 3 ~,uter skins, and are repo: tcd  to zasze pleasant.  
resc:l;bh ng the t-t|r,~pean che~m u t (1). 

"T'hc chemicai  c ,m:posi : ion  of  these nuts has aoz been 
invcstigate~!. ,-ks d~e~ !.'1,rag t,) C'w fam: ly  ,~r,'r, 'ul~ac.'.e. 
they a:.vr cun:a in cyc lop ropene  f~tt,~ acids , .( .PFA) in t!lr 
, . I  | h e  a c v e . ~  physioh~,.iea~ ef"ccrs of  CPFA in r  
mer ' ta l  ,,nm~als a~e ~el'. d~cua:entcd ~,2,3). Smr',huher and 
cr (+,5) t:avc found tht-~c fatty acids r he carcino- 
genic :n r a i n b , ~  trr and : : thero.~:e:ot ic  zr rahbits. Of 
the 2 (:PFA, stcrcvl ic  ark] malvaLnc ac!ds, the stcre~,lie has 

been repor ted  to e• higher b iukg ica l  activity in ,mi 
mats (2.6,7).  In wew of the.st r~p~rTs, this stud; '  was 
pro: l :ptcd tL) cxa;l~ine Chin: ,-chcstnuts femr their ta t t v  acid 
compos i t ion  and CPFA c o n t c n L  

E X P E R I M E N T A L  P R O C E D U R E S  

Mater ia ls  

China-chestnuts  and ,~,'rercu/i, /'octid,~ [.. ~ccds were pro- 
c u ~ d  Iocalh' .  ,~,ledwl fatty acid c•[r standards were ob- 
Tained ~hro,,'gh Sigma Chert, |ca[ Cu..  St. [.,~uis. MO. Sodblm 
methox ide  reagent (0.5 N) was Varcha~ed from Supdeo .  
Inc.. Bellefonte,  PA. A:I o ther  rc.',gents required for ana2y- 
ses were - f  analytical g rade  

Ex t rac t i on  o f  Oi l  and Analyses 

Frc~h, whole nuts were weighed and ave:age nut weight  
t a ' cu la ted .  I'hc nuts were then divided into 2 equal pt~r- 
tion'~ o f  which ,,he p~,rtion w-~ trailed in dis~i;led sva~cr for 
.tO ~dn. All the .ntqs t~.ere dried in d",e ,wen at 45 C. 1"h,r 
dried hats  ~ere  shel:ed maqual!y,  and kcrne]-to-~;he',l ratio 
was calculared. The kerne:s ~cre  pulverized in a mor ta r  and 
extracted fur ui[ ~s d c w n t x ' d  prevkmsly (8). The m~fisture 
and prorem c~,ntcnt of  kcrneis were determined acco:ding 
t~ AI.)AC (9) procetlqres 7,008 and 2.LH9, ~spec t ive ly .  

The  I la lphen eol~w test, prepar . tvua L~f methyl  esters 
plus argcn~arlon, i t ( t a red  (1R) and nuclear magnetic reso 
nance (NMR) s p c c t r o ~ o p l e s  and gas chromatt~gr~,phic ((;(:) 
analyses . f  rhr mtxt 'are of  "~o,,rnal (,tory acid methy l  c~rers 
a rd  CPFA ester derivatives were (]one as descrit~:d clsc 
v,'h ere (8). 
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