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SUMMARY 

In order to automate the gas-liquid chromatograpkic analysis of amino acids 
and reduce the cost, which is essential in large screening programms, a data pro- 
cessing program was formulated. The crude integrator data containing retention times 
and peak area values were collected on punched paper tape. The data from the 
punched tape were transferred to a magnetic tape and processed further in a Univac 
1108 computer with the help of a Fortran program. The structure of the data obtained 
and the procedure for processing and presentation of results are described. 

III an earlier paper, a modikation of the technique for the gas-liquid chro- 
matographic (GLC) analysis of N-trifluoroacetyl-n-butyl (TAB) derivatives of amino 
acids was presentedl. Instead of utilizing the signals from the two detectors and e&x- 
trometers for:compIete and simu&amous qua&t&on in two independent digital in- 
tegrators of all relevant peaks or in one set of equipment recording the results from 
the two c~lumm successively, we utilized first the signal from the detector of the 
EGA c&mm until the elution of TAB aspartic acid was completed and then that 
from the OV-17 column on a single integrating and recording unit. In this way, a 
saving of dialysis time or investment cost has been accomplished. As every amino 
acid has to be calczjlated with separate calibration factors, the calculation, tabulation 
and presentation or data acqukd d&-kg a large projkct would obviousiy be very 
tezdims. -- 

In order to automate the analysis further and reduce the mcost.s, which is es- 
sential in large screening programme such as in plant breeding or nlttritional sumeys, 
bn autokatk data-processing system to replace the tke-consukng c&x&ions of 
Bx? “imue” megraror data was sought. One SOhtion to this problem is presented 
in this paper. 



DATA COLLECTION 

The cohnnn system and the fI15w of &nals are ilhtstrateci in Fig- 1:The EGA 
column was connected to the detector A and the OV-17 col~mnto the detector B. 
Both detectors were then connected to the teleprinter through a dual differential elec- 
trometer-digital integrator system and to the potentiometric recorder. With this ar- 
rangement, signals from each of the two detectors could be carried to the integrator 
and the recorder as and when desired by changing the mode-selector position between 
AandB. 

Fig. 1. Diagram showing the flow of detector signals in a dual-column system for amino acid analysis 
by GLC. 

First, a standard sample was injected into the EGA column and then, after 
a complete run, into the OV-17 column. By comparing the chromatographic charts 
from both we could select an optimal time for a switchover of the mode selector 
from A (EGA) to B (OV-17). We chose to change the mode selector from A to B 
after the elution of TAB aspartic acid from the EGA column, which was probably 
the best place because we could exploit the EGA column more satisfactorily. The 
results from our experiment in which fn-st a sub-sample was injected into the EGA 
column and then another sub-sample into the OV-17 column, as presented in Fig. 
2, ensured that a chromatogram containing of ah the amino acid peaks was obtained. 

We used norleucine as the internal standard in the EGA column and butyl 
stearate in the OV-17 column for more accurate calibration and further calculation 
of the data. On certain occasions some di&ulty occurred in obtaining satisfactory 
separation of norleucine from neighbouring peaks. Our experiment in search of a 
new internal standard resulted inthe use of a-aminocaprylic acid. As can be seen 
from Fig. 2, a simultaneous separation of all of the ammo acids could be carried 
out within about 35 mm using the improved method described above. Nevertheless, 
if only the amino acids separated on the EGA column are of interest, it is possible 
to run it alone- Thus, a choice between the EGA column alone and the EGA i- 
OV-17 dual-column system was available. 

There are principally five types of systems that could be used for the automatic 
data processing2”r (1) off-line systems; (2) hybrid systems; (3) time-sharedcomputer 
system; (4) dedicated computer system; and (5) multichannel dedicated computer 
system. -. 
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Fig. 2. Separation of all the protein amino acids from a dualcolumn system. A OS-pg sample of 
each amino acid, norleucine and butyl stearate as the internal standards was injected into the EGA 
column Iirst and then into the OV-17 column simWzrxously within a period 2 min before the begin- 
ning of the temperature program (60 to 220” at 4”/min). Argon flow-rate, 50 mljmin. Attenuation, 
lo-‘0 x 2_ 

(I) An ofF-line system basically consists ofj- in addition to a gas-liquid chro- 
matograph, an integrator, which converts the analogue data into digital data, attached 
to a printer, and with cards, paper-tape or magnetic-tape facilities for data storage. 
These stored data can then be processed in the computer when it is available and 
the amount of “crude” data accumulated is adequate for an economically sound used 
of the computer. This system would be the least expensive and in addition offers a 
smooth means of adapting to fully computerized GLC systems. 

(2) In the hybrid system, many GLC integrator units could be connected to 
and controlled by one computer-printing device. A major disadvantage is the risk 
of a serious delay in the analytical work if the computer stops funtioning, as a con- 
sequence of which all the GLC integrator units that desend on it would also be out 
of use. 

(3) With the time-shared computer system, one computer with a larger mem- 
ory is directly connected to many analytical instruments. The large memory would 
be used for storage of extensive data, tables, statistical data, routines for data inter- 
pretation and other programs. 

(4) and (5) Both dedicated systems require very large investments and are 
practicable only for laboratories that have many analytical instruments functioning 
simultaneously. 

The alternative for data processing assessed as optimal under our working 
conditions was an of&line system (Fig. 3)_ The analogue signals were carried to an 
electronic digital integrator when suppiying the teletype printer with data on retention 
times and peak areas. The teletype, in addition to its own printout, was also equipped 
with a paper-tape punching mechanism. This may not be generally acceptable to the 
analyst. I-Iowever, where long calculations are involved, especially when debugging 
and internal standard identification instructions are to be supplied, there is often 
much convenience in using this approach. 



252 B. Mi NAIR 

GAS CHRW%%TOGRAPH 

4 
DIGITAL INTEGRATOR+ RECORDER 

1 
KEYBOARD TELETYPE PRINTER 

ENTRY 
I 
+ 

PAPERTAPE PUNCH 

1 
PAPERTAPE READER 

1 
MAGNETIC TAPE 

1 
PUNCHED CARDS .-NIVAC 

COflPUTER 4- PRINT OUT 

Fig. 3. schematic presentation of a data-handling system for amino atid ZU&S~S by GLC. 

Before the sample was injected, information about the sample (weight, ni- 
trogen content, etc.) was introduced to the tape through the keyboard as presented 
in Table I (points l-5). The teletype was then switched on to the “on-line” position 
and a chromatographic analysis was run. Data on retention times and peak areas 
were obtained as listed under 6 in Table I. At the end of the run, debugging instruc- 
tions were entered through the keyboard (points 7 and 8). Further, the retention 
data for the internal standards were introduced through the keyboard as observed 
on the printout and chromatogram. The actual record of a complete-run is shown 
in Fig. 4. The accumulated data on the paper tape were stored there and transferred 
before processing to magnetic tape using a tape reader (RG2000). 

DATA PROCESSING 

The program for the data processing was developed for the Univac 1108 com- 
puter in Fortran V (see Appendix). The program for processing of punched tape 
contains eight operational subroutines and a main program: 

1. BINARS: Binary search 
2. MSORT: Sorting 
3. KROM: Punched tape read 
4. RINT: Read whole numbers 
5. RREAL: Read real numbers 
6. RSTR: Read strings 
7. INTAB: Read conversion tables 
8. INFILE: File de&&ion 

PARAM: Main program 
In addition to the data contained in the magnetic tape, which are t&erred 

from paper tape, three sets of parameter punched cards are used for processing and 
presentation (see Appendix). The first set carries the number of the sample to be 
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4B- - Janno And analysis by GIL Data collection and processing. Dual colmm 
data for progr- test. Rorleucine and butyl stearate as internal 

st.zndmds. 
-72 c6 07- -KU-; . 

aI _ 0 _ 115 .@?F -_ 0 117 0 127 0 _ 115 0 _ 030 0 _-_ ISa 0 255 0 - 161 D.ocu 0.000 0.000 
0.120 o.MO 0.351 O.128 0.111 0.129 0.120 0.150 0.135 O.lM -1 
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218:0315345 
$:4;=; 

242I0082941 
274:OOZS500 
290:0131637 
302:01X6092 
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351:00233Ml 
392:w27403 
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445:0025560 
-1 
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@OLl 000 OM -1 

a%Jo 152 COB 260 

Fig. 4. Printout from the teletype after a single GLC run. The circled figures refer to the text inTable 

TABLE I 

STRUCTURE OF THE DATA OBTAINED AS IN FLG. 4 

Data 
Thmugh keybuard From GC integrafor 

(2) 

(3) 
(4) 

(5) 

(7) 
(a) 

(9) 

Text, information introduced into the punched tape through 

the keyboard of the teletype printer. This coutd include a 
dwription of the sample, internal standards used, date and 
sample number. Entered as below: 
-720602--OOl- 

(6) Values for retention tie 
andpeakarea 
0.97:003984 
113 :005988 m 

Relative molar ratio of all the amino acids entered in the order 
they are eluted, starting with value for &nine, etc. : 
0.034 0.117 0.127 0.130 -1 
Weight ofthe sample (mg) 

445:clO&O 

Weight of the internal standard 1 (mg) 
9.45 
0.165 

-1 

Weight of the internal standard 2 (mg) 
0.187 
000 000 000 -1 (retention time of peak to be deleted) 
090 002 001 - 1 (000, retention time of ffie first half of the 
split peak; 002, retention time of the second half; 001, retention 
time of the added peak) 
cl01 002 a08 005: 
001. retention time of the internal standard in the single column 
002, retention time ofthe internal standard in the EGA column 
008, retention time of the internal standard in the OV-17 column 
005, time at which the switch was turned over from EGA to OV-17 
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processed and the index to the corresponding card in set If carrying the data on 
moisture content, nitrogen contend and the conversion factor for nitrogen to protein, 
and a second index to a card in set III to identify the relative retention-time window 
limits with two alternatives, singlecolumn (EGA) or dual-cohmm (EGA f OV-17). 
The cards in set II have the information on moisture content, nitrogen content, etc., 
for each sample. This information can also be introduced through the keyboard (see 
point 1 in Table I) if available at the time of the GLC run_ For the purpose of calcula- 
tion, however, the computer cannot use this information under text 1, Table I. 

Fig. 5 presents the printout of the final results of processed data. Because 
there have been many different ways of expressing amino acid analysis data, we have 
employed most of the common ways that we observed in the literature. 

PEAK IDENTIFICATiON 

The identiBcation of the GLC peaks by the computer is based on the reten- 
tion times of individual amino acids relative to those of the internal standards. The 
memory data are from analyses of the TAB derivatives of a standard ammo acid 
mixture. 

A very simple logic is used in our program for the peak identificat2ons, namely 
the use of-two limiting values of relative retention time within which any peak is 
considered as being identified with the derivative that in the memory has a certain 
value for relative retention time, generally the mean of the two limit values. 

As is well known, several of the TAB derivatives of amino acids separate near 
one another. As the stationary phase of a GLC column could bleed out, the relative 
retention times of certain amino acid derivatives could change. Also other analytical 
parameters could be a source of minor variation in relative retention times in a tem- 
perature-programmed GLC analysis. Therefore, a more complex logic such as that 
suggested by the Vidar Corporation9 may have to be applied. 

CALCULATION 

For routine analysis, weight response calculation was convenient. Data avail- 
able from the analysis of each sample and the method of calculation are as follows. 

Peak area of amino acid = Aaaa. 

Peak area of internal standard = Ais. 

Weight (mg) of ammo acid = Mg aa. 

Weight (mg) of internal standard = Mg is. 

Relative retention time = time as/time is. 

Relative molar response factor (RMRF) = 
AisxMgaa 

Aa _ 

RMRPH = RMRF x correction factor for hydrolysis losses. 

Amounts of internal standard in the calibration mixture and in the sample 
are the same. 
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SampIe number- 

Date of run. 

Sample weight: SW mg. 

Moisture: M %. 

Protein: P%. 

NiiogeB: N%_ 

NPF = nitrogen to protein conversion factor. 

Amouut of amino acid (mg) in the sample (Mg aa) = 
Aaa x RMRFH 

Ais - 

Amount of amino acid (mg) in 1 gram of sample (W) = 
Mgaa x 1000 

SG . 

Protein (P)% = % N x NPF. 

&rams amino acid/100 g protein = 
w x 10 

p . 

Milligrams amino acid/l6 g nitrogen = 
W x 16 x 100 

N - 

W x 16 
Grams amino acid/l6 g nitrogen = N x lo . 

FURTHER AUTOMATION OF THE GLC ANALYSIS OF TAB AMINO ACIDS 

The introduction of some information about the sample and additional in- 
formation for. debugging through the keyboard of the teietype for each sample before 
and after the run could be a handicap when using automation for sample introduc- 
tion and data collection. There would not be space in the punched tape for introducing 
this information after the run of a series of samples. This problem couid be resolved 
either (1) by leaving a gap on the tape between the runs that is large enough to 
take the necessary information, which could be introduced l$er on when the-series 
are ready, or (2) by providing a reference sample number and making provision in 
the program for a set of cards containing this information. 

APPENDIX 

See Schemes A and B. . . 

Subroutine KROMLS 

The subroutine KROMLS uses standard library programs INTAB and IN- 
FILE for conversion of information from punched tape to the computer’s internal 
code. If-something goes .+wong during conversion, it prints the place where it oc- 
curred. Subroutine INTAB gives the conversion table. Mter-INFILE has beext called. 
conversion of text string, real numbers and integral numbers is achieved by calling 
asTR,aaEsu,;hd~~s+~y, -. . _ _ . _ _-. _-. ; 
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s..mtwe BZN2.Rs 
Subroutine SIN-4RS does binary searching. If the given value is located in 

the array, the variable IX gets the value corresponding to its location and the variable 
IND gets value 2. PND gets other values if the given value is not located. 

Subroutine MSQRT sorts out a two dimensional array in ascending order 
according to the second index. 

Pfincized suds 
Set 1. Variables. 
Sample number to be processed. 
Index to variables in set II. 
Index to variables in set IJL 
Last card -1 in column 15-16. 
Set ZZ. Variables: 
M: moisture (%). 
N: nitrogen (%). 
NPF: nitrogen to protein factor. 
One card for each sample with sample number as reference. 
Format 3 F 7.2. Last card in the set Q b E0F. 
Set ZZZ. Variables: 
Names of the amino acid. 
Relative retention time window limits. 
Molecular weights. 
Each card contains two sets of values for retention time window limit, one 

for single-column run and the other for dual-column run. Last card _K b E0F. 
Format (2 (16 218, 15)). 
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