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Iowa State University coordinated an interlaboratory 
comparison study of Kjeldahl protein and ether oil extrac- 
tion methods. Blind duplicates of 10 clean, single-variety 
soybean samples were sent to 30 laboratories grouped in 
3 categories of 10 each in public (government and univer- 
sity), commercial and processor facilities. Five of the com- 
mercial laboratories were AOCS-certified. 

Standard deviations among laboratory means across all 
samples were 3.87 and 1.82 percentage points  (dry basis} 
for protein and oil, respectively (0.48 and 0.27, respec- 
tively, for the AOCS-certified laboratoriesl. The average 
differences between blind duplicates of a sample were 0.71 
percentage points for protein and 0.87 percentage points 
for oil I0.28 and 0.45, respectively, for the certified labora- 
tories}. Average standard deviations across laboratories 
on an individual sample were 2.37 and 1.71 percentage 
points for protein and oil, respectively I1.87 and 0.99, 
respectively, for the certified laboratories. 
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On September 4, 1989, the Federal Grain Inspection 
Service (FGIS) included protein and oil analysis of soy- 
beans as Official Criteria on Official USDA inspection cer- 
tificates (1). Because the FGIS program is based on near- 
infrared (NIR) technology, base reference methods were 
used for calibration. The American Association of Cereal 
Chemists (AACC), the Association of Official Analytical 
Chemists (AOAC), and the American Oil Chemists' Soci- 
ety (AOCS) have differing methods for protein, oil, and 
moisture measurements. In theory, results from all meth- 
ods should be statistically similar because the methods 
are all based on Kjeldahl (protein), solvent extraction (oil), 
and oven drying (moisture). Whether this is so in routine 
practice is as of yet unknown. The reference methods 
utilized by the FGIS are hybrids of AACC, AOCS, and 
AOAC methods. 

Kjeldahl protein methods. Although proteins can be 
analyzed for amino acid content according to methods in- 
volving high-performance liquid chromatography (HPLC), 
ion-exchange chromatography or immunochemistry, it is 
still difficult to measure crude protein content (2). Kjeldahl 
protein analysis problems regarding the amount of acid, 
the digestion temperature, the possible use of oxidizing 
agents, the digestion time" and the use and type of cata- 
lyst occur mostly in the digestion phase. 

The aforementioned problems are not mutually ex- 
clusive inasmuch as the amount of acid used depends 
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upon the amount of catalyst. The acid quantity in turn 
affects the required digestion temperature and time. Car- 
piaux showed that 1 g of protein will consume about 9.0 g 
of sulfuric acid (3). Addition of catalyst creates an even 
greater demand for acid (4}. Maintaining the proper acid- 
to-catalyst ratio is crucial to digestion. A low acid-to- 
catalyst ratio raises digestion temperatures in the early 
stages of digestion, thereby causing low nitrogen recovery. 
A high acid-to-catalyst ratio reduces digestion tempera- 
tures, thereby causing incomplete digestion in the allot- 
ted time period and, once again it causes low nitrogen 
recovery. 

Oxidizing agents such as hydrogen peroxide and per- 
chloric acid have been used successfully by researchers 
(5,6). Hach et al. (5) devised a method in which only 
sulfuric acid and hydrogen peroxide are used. This resulted 
in reduction of the digestion time to less than 10 min. 

The length of digestion time is a matter of long-standing 
debate. Beet (7) demonstrated that  the length of time re- 
quired to reach the absolute nitrogen value can be any- 
where from 0 to 235 hours. Many analysts use clarifica- 
tion of the sample as the endpoint of digestion, but 
Crossley's work (8) has shown that  there is little relation 
between clarification and completion of digestion. 

There are many types and quantities of catalysts. 
Osborn and Wilkie (9) found a decreasing N-recovery ef- 
ficiency with the following catalysts: Hg, Se, Te, Ti, Mo, 
Fe, Cu, V, W, and Ag. Others have found Hg, Se, and Cu 
to be effective catalysts (10-13). 

Both AOCS Method Aa 5-38 (14) and AACC Method 
46-10 (15) use a mercuric oxide catalyst. The AOCS and 
AACC methods call for a digestion time of 30 min after 
the sample has cleared. Both AOAC Method 7.033-7.039 
(16) and AACC Method 46-11A (15) use a copper sulfate 
catalyst and 90 min of heating after the dense white fumes 
clear the flask. All methods require a heating device that 
will bring 250 mL of water to boiling in 5 min. The FGIS 
uses a copper sulfate catalyst and 70 rain of digestion with 
heating units comparable to those of the AOCS, AACC, 
and AOAC methods (14-16}. 

Oil extraction methods. Oil determinations are as dif- 
ficult as crude protein analysis. The factors affecting oil 
extraction are sample tempering, choice of solvent, extrac- 
tion time, and extracted-meal particle size. 

A 1-hr tempering period is required by AOCS Method 
Ac 3-44, but no tempering is required for either AACC 
Method 30-20 or AOAC Method 14.084-14.085 (14-16). Ar- 
nold and Choudhury tested ethanol, benzene, isohexane" 
pentane, isopentane, and hexane of varying purities (17- 
20). Extraction rates increased in this order: isopentane. 
pentane, isohexane" hexane, and benzene. Extraction rates 
for hexane and benzene were about equal. The AOCS 
method calls for petroleum ether (30-65 ~ boiling point) 
(14); The AOAC Method 7 calls for diethyl ether (16). The 
FGIS modified AOCS Method Ac 3-44 incorporates two 
5-hr extraction periods instead of one (14). Extraction 
times ranged from 4-16 hr. Extraction time depends 
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upon the drip rate of condensed vapors, the type  of sol- 
vent  used, and the substrate extracted. 

Snyder e t  al. (21) showed that  particle size has a signifi- 
cant effect on oil determination. Dehulled soybeans were 
sieved into three particle sizes--larger than 40 mesh (425 
micrometers), 40-100 mesh, and smaller than 100 mesh 
(150 micrometers). Particles larger than  40 mesh yielded 
15.3% oil, 40-100 mesh particles yielded 21.95% oil, and 
particles smaller than 100 mesh yielde 24.8% oil. 

Both  AOCS method Ac 3-44 (14) and AOAC method 
14.084-14.085 (16) require a particle size of 18 mesh (1 mm) 
in diameter; AACC method 30-26 requires reduction of the 
sample to a "suitable size" before extraction, but  has no 
exact size specification (15). Particle size is not mentioned 
in AACC method 30-20 (15). All these methods apply to 
ground soybeans. 

The AOCS conducts a sample check program, the 
Smalley Program, in which part icipants  are asked to 
chemically analyze 10 samples per year for moisture, pro- 
tein, and oil. Certificates are awarded to the top 10% of 
participants,  based on the square root of the sum of 
squared observations divided by the number of observa- 
tions minus one. A maximum of six and a minimum of 
two certificates are awarded each year. The 1988 season 
had five certified laboratories with an average combined 
standard deviation of 0.397%. The average combined stan- 
dard deviation is a weighted average of the standard devia- 
tion of moisture (m), protein (p), and oil (o) determinations 
(0.3sin + 0.3So + 0.4Sp) (personal communication, AOCS, 
March, 1990}. The 1988 season had combined standard 
deviations of 2.219% for the high to 0.373% for the low. 
The average combined standard deviation for the 51 par- 
t icipating laboratories was 1.017%. 

If the grain industry is to use near-infrared instruments 
for rapid const i tuent  analysis, then calibration method- 
ologies mus t  be consistent (22-26). Protein and oil con- 
tents  are major factors in processor economics (27). The 
purpose of this s tudy was to determine the variability 
within and across laboratories for protein and oil methods 
as routinely practiced. This s tudy therefore differs from 
studies of the variability reported on special samples that  
are known to be check samples. 

MATERIALS AND METHODS 

Thirty laboratories were chosen to participate in the study. 
They were grouped in 3 categories of 10 laboratories each: 
i) public/government/university; ii) commercial; and iii) soy- 
bean processing facilities. Five of the commercial labora- 
tories were AOCS Smalley certified labs (1988) for soy- 
bean meal analysis (14). The processing laboratories were 
chosen from the 1988 Soya Bluebook listing of oil extrac- 
tion plants/refineries (28). Ten samples of the 1987 crop 
soybeans were used tTable 1). These 10 varieties are com- 
monly grown in Iowa. 

Approximately 22-28 kg of each sample was cleaned 
through a Carter-Day dockage tester  with a 3.97 • 19.05 
mm (10/64 X 3/4 inch) slotted screen (Carter-Day Co., Min- 
neapolis, MN}. This is the screen used as an aid in remov- 
ing splits in the Official Soybean Grades. Any foreign 
material  passing over the screen was removed by hand. 
Splits and foreign material were thrown out; therefore, the 
analysis samples contained only whole soybeans. These 

TABLE 1 

Soybean Sample Variety and Origin 

Origin Variety Sample number 

Iowa State University Elgin 1 
Foundation seeds Century 84 2 
(Ames, IA} Vinton 3 

Asgrow, Inc. Asgrow 2943 4 
(Ames, IA) Asgrow 3127 6 

Asgrow 1937 9 
Dekalb, Inc. Dekalb CX345 7 

(Fort Dodge, IA) Dekalb CX225 8 
Dekalb CX174 10 

Farmers Coop Elevator Mixed, bin run 5 
IFarnhamviUe, IA) 

TABLE 2 

ANOVA Table for Kjeldahl Protein and Ether Oil Extraction 
Analysis 

Degrees Significance 
of freedom test 

Source Protein Oil Protein Oil 

Sample 9 a 9 a F9,252 
Lab 28 a,b 27 a,c 

Type 2 a 2 F2,26 
Lab ~type) 26 a 25 a F26.252 

Lab X sample 252 243 
Residual 290 280 

579 559 

F9,243 

F2,25 
F25,243 

aVariable was significant (P = 0.05). 
bOne laboratory was unable to do analysis. 
CTwo laboratories were unable to do analysis. 

samples were more uniform than the usual inspection sam- 
pie. which would contain both foreign material and splits. 

Each sample was divided twice with a Boerner divider 
(Seedburo Co., Chicago, IL}. One of the four subsamples 
was bagged and stored at 4~ as a file sample. The other 
three subsamples were split five more times each, which 
produced a subsample of approximately 150 g for chemical 
analysis. The 150-g subsamples were coded and stored in 
plastic bags at 4~ until they were shipped to the 
laboratories. 

Each laboratory received blind duplicates in 2 ship- 
ments  of 10 subsamples. The second shipment was not 
sent until the first set of data  was returned. A data sheet 
for analysis accompanied the first set of 10 samples. We 
requested a method citation for moisture, protein, and oil, 
as well as any individual variations the laboratory may 
have made. 

A result was considered an outlier for a particular con- 
s t i tuent  if its average value (over all samples) was more 
than  two s tandard deviations from the overall mean. 
Statistical analysis was performed first with the outlier 
da ta  included, and then with them deleted. The analysis 
was performed on individual observations, not on the 
average of duplicate observations. 

Table 2 shows the analysis of variance for Tables. The 
important  factors are type of laboratories, laboratory 
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wi th in  a type,  and  residual .  Ideally,  ne i the r  l a b o r a t o r y  nor  
t y p e  is s ign i f i can t .  I f  e i the r  is, t he re  are  se r ious  impl ica-  
t i ons  as  to  s t a n d a r d i z a t i o n  of m a r k e t  t e s t ing .  (If  the re  is 
no  s ign i f i can t  d i f ference  be tween  l a b o r a t o r i e s  w i t h i n  a 
type,  t hen  a sample  sen t  to  any lab  wi th in  t h a t  t y p e  would 
o b t a i n  s imi la r  resul ts . )  The  r e s idua l  e s t i m a t e s  in t ra -  
l a b o r a t o r y  e r ror  on any  g iven  sample .  

The  average  s p r e a d  be tween  b l i n d  d u p l i c a t e s  on in- 
d iv idua l  s a m p l e s  was  ca l cu la t ed  for each  labora tory .  This  
gave  an i n d i c a t i o n  of how well l a b o r a t o r i e s  cou ld  r e p e a t  
t hemse lves  on unknown  samples .  The  average sp reads  be- 
tween  b l ind  d u p l i c a t e  va lues  were t hen  ave raged  across  
l a b o r a t o r y  types .  

RESULTS AND DISCUSSION 

Kjeldahl protein analysis. Sign i f i c an t  d i f ferences  (P = 
0.05) occur red  be tween  samples ,  l abora to r i e s ,  l a b o r a t o r y  
types ,  and  l abora to r i es  wi th in  a type.  Exc lus ion  of out l ie r  
l abora to r i es  e l imina ted  the  s ign i f ican t  effect of l a b o r a t o r y  
types .  

Table  3 shows t h a t  pub l i c  and  commerc i a l  l a b o r a t o r i e s  
were n o t  s i g n i f i c a n t l y  d i f fe ren t  f rom each  other,  b u t  
were s ign i f i can t ly  d i f ferent  f rom p rocesso r  l abo ra to r i e s  if  

ou t l i e r  d a t a  were re ta ined .  E x c l u s i o n  of ou t l i e r  d a t a  
b r o u g h t  t he  overal l  p roces so r  m e a n  in to  close a g r e e m e n t  
w i th  t h e  pub l i c  and  t h e  c omme rc i a l  means .  Pub l i c  a n d  
c omme rc i a l  l a b o r a t o r i e s  a lso  h a d  s imi l a r  s t a n d a r d  devia-  
t ions  across  l a b o r a t o r y  means .  These  s t a n d a r d  dev ia t ions  
were m u c h  sma l l e r  t h a n  the  p rocessor  s t a n d a r d  d e v i a t i o n  
(6.90 poin ts )  a l though ,  w i th  the  ou t l ie r  d a t a  excluded,  t h e  
s t a n d a r d  dev ia t i on  of p rocessor  l abo ra to r i e s  (0.72 points)  
was  a g a i n  c lose  to  t he  s t a n d a r d  d e v i a t i o n s  of t he  o t h e r  
two l a b o r a t o r y  types .  The  overal l  s t a n d a r d  d e v i a t i o n  of 
all  l a b o r a t o r y  m e a n s  was  3.87 p o i n t s  (0.74 po in t s ,  w i t h  
out l iers  excluded).  Table 3 shows t h a t  the  l eas t  s ign i f ican t  
d i f ference  (LSD) (P = 0.05) was 0.59 p e r c e n t a g e  po in ts .  
W i t h  t he  ou t l i e r s  exc luded,  L S D  was  0.55 p e r c e n t a g e  
po in t s .  

The  AOCS-ce r t i f i ed  l a b o r a t o r i e s  (Table 4) were less  
va r i ab l e  t h a n  any  of t he  o t h e r  l a b o r a t o r y  t y p e s  {0.48 
p e r c e n t a g e  p o i n t s  for A O C S  l a b o r a t o r i e s  as  c o m p a r e d  
w i th  0.73 for public ,  0.78 for commerc ia l ,  and  6 .90--0 .72  
p o i n t s  w i t h  t he  ou t l i e r s  e x c l u d e d - - f o r  t he  p roces so r  
l abora to r ies ) .  The  A O C S  l a b o r a t o r i e s  c o n t r i b u t e d  ha l f  of 
t he  c omme rc i a l  l a b o r a t o r y  da ta .  

Means,  by  s amp le  (across all l a bo ra to ry  types}, are given 
in Table 5. The  ave rages  shown in Table 5 do n o t  

TABLE 3 

Laboratory Means for Protein and Oil (n = 20 per Laboratory) 

Public Commercial Processors 

No. a Protein b Oil b Protein b Oil b Protein b Oil b 

1 41.20 19.33 41.18 20.52 41.31 20.13 
2 41.02 20.24 39.54 16.78 d 41.06 20.03 
3 41.18 18.52 42.35 20.50 41.58 20.09 
4 42.00 --  41.74 20.07 38.74 d _ c  
5 41.76 20.76 41.05 21.19 61.52 d 16.95 d 
6 40.59 20.43 42.18 19.32 40.34 20.69 
7 40.55 20.74 41.53 17.90 41.31 20.75 
8 40.50 19.57 41.39 19.89 41.68 20.44 
9 41.67 20.03 41.83 20.06 _ b  20.03 

10 39.48 16.17 d 41.29 20.21 42.73 12.81 d 

Average 41.01 19.53 41.41 19.64 42.35 19.55 
(19.95) e (19.06) e (41.431 e (20.31} e 

Standard dev. 
of laboratory 
means, by type 0.73 1.45 0.78 1.33 6.90 2.62 

(0.77} e (0.83) e (0.72) e (0.31) e 

Overall average 
all laboratories 41.93 19.43 

(41.28) e {20.07) e 

Standard deviation 
of laboratory means, 
all laboratories 3.87 1.82 

(0.74) e (0.67} e 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LSD0.05 All data Protein 0.59 Oil 0.59 
Outlier labs excluded Protein 0.55 Oil 0.50 

aLab number used for indexing purposes only. Different labs across rows in Table. 
bal l  values are on a dry matter basis. 
c Laboratory unable to do analysis. 
dConsidered an outlier lab. 
e Number in parentheses is value calculated with outlier labs deleted. 
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TABLE 4 

AOCS-Certified Laboratory Means for Kjeldahl Protein and for 
Ether Oil Extraction (n = 20 per Laboratory} 

Commercial (consecutive) Protein a Oil a 
lab number (%) (%) 

C1 (11) 41.18 20.52 
C3 (13) 42.35 20.50 
C8 (18) 41.39 19.89 
C9 {19} 41.83 20.06 
C10 (20) 41.29 20.21 

Average 41.61 20.24 

Standard deviation 
of laboratory means 0.48 0.27 

aValues are on dry basis. 

agree exactly with the averages shown in Table 3, because 
several processors had missing data  points. Public and 
commercial laboratories had similar standard deviations. 
Processor laboratories had the greatest average and the 
largest standard deviation, but when the two outliers were 
excluded both statistics agreed with those of the other 
two laboratory types. 

The overall average of 41.59% was nearly identical to 
the AOCS laboratories' value of 41.61%. The overall stan- 
dard deviation, 2.37 points, was almost five times tha t  of 
the AOCS laboratories' value of 0.48 points. With the two 
processor outliers deleted, the average standard deviation 
of all the laboratories dropped to 0.94 percentage points, 
or about twice that  of the AOCS laboratories. To put  this 
in perspective, a sample with 41.6% protein (dry basis) 
sent to a randomly chosen laboratory would be analyzed 
at 39.7% to 43.5% protein in 95% of the cases. 

Table 6 shows the average spread (0.71 points) between 
blind duplicates for all laboratory types. The public labora- 
tories had the greatest spread between blind duplicates, 
(0.84 points). This was closely followed by the processor 
laboratories {0.74 points). The AOCS laboratories had the 
lowest average spread (0.28 points), which was one-third 
that  of the public laboratories. Some laboratories clearly 
had precision problems. 

Ether  oil extraction. Significant differences (P = 0.05) 
occurred between samples, laboratories, and laboratories 
within a type, but  not  between laboratory types. There 
were still significant differences between laboratories 
within all types after the outliers were deleted. 

As can be seen from Table 3, the s tandard deviation 
across processor laboratories was nearly twice that across 
either public or commercial laboratories. When the four 
outliers were deleted (one each from the public and the 
commercial groups and two from the processor group), 
s tandard deviations were 0.77, 0.93, and 0.31 points for 
public, commercial, and processor laboratories, respec- 
tively. Deletion of the outliers raised the overall mean oil 
content because the outlier laboratories all underesti- 
mated oil content. This result suggests problems in either 
sample preparation or solvent circulation. The LSD (P -- 
0.05) between laboratories was 0.59 points for all data, and 
decreased to 0.50 points when the outliers were excluded. 

Table 4 shows that,  in the oil analysis, the AOCS- 
certified laboratories had less than one-sixth the variabil- 
ity of all laboratories. Even with the outliers removed, the 
AOCS laboratories were much more consistent than the 
rest of the laboratories. 

Means by sample (across laboratory types) are given in 
Table 7. The average of all laboratories in Table 7 does not 
agree with the average value in Table 3 because of missing 
processor and public data points. Public laboratories and 
commercial laboratories had similar standard deviations, 

TABLE 5 

Individual Sample Means for Kjeldahl Protein Analysis (n = 20 per Sample), all Laboratories Included 

Public Commercial Processors 

Sample Avg. a St. dev. b Avg. a St. dev. b Avg. a St. dev. b 
no. (%) (% pts.) (%) (% pts.) (%) (% pts.) 

1 38.22 1.49 38.46 0.72 37.65 1.63 
2 43.20 0.81 43.72 1.01 45.81 7.43 
3 43.19 1.00 43.33 1.13 44.39 5.44 
4 42.20 0.78 42.62 0.96 43.53 5.10 
5 40.68 1.04 41.18 0.92 42.17 5.00 
6 41.39 1.43 42.06 0.71 42.79 5.43 
7 41.56 0.80 42.15 0.90 43.34 5.70 
8 38.29 0.77 38.13 1.34 40.94 6.72 
9 40.88 2.60 41.85 1.02 41.39 1.28 

10 40.45 0.80 40.59 1.05 41.48 6.00 

Average 41.01 1.16 41.41 0.98 42.35 1.97 
(41.43) c (0.67) c 

AOCS-certified labs (n = 5) 41.61 0.48 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Average, all labs 41.59 2.37 
(0.94) c 

aValues are on a dry matter basis. 
bStandard deviation, by type, on each sample. 
cWith outliers excluded. 
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TABLE 6 

Individual Sample Means for Oil Extraction Analysis (n -- 20 per Sample), all Laboratories Included 

Public Commercial Processors 

Sample Avg. a St. dev. b Avg. a St. dev. b Avg. a St. dev. b 

1 20.27 2.41 20.81 1.08 21.25 1.92 
2 19.23 1.22 19.16 1.33 18.02 2.81 
3 18.10 1.47 18.28 1.60 17.61 2.60 
4 18.83 1.60 19.03 1.51 19.00 2.30 
5 19.63 2.40 20.44 1.32 20.13 2.14 
6 18.24 2.32 18.87 1.19 18.55 2.19 
7 20.52 1.14 19.87 1.72 20.57 1.29 
8 21.11 1.55 20.90 1.88 20.77 1.81 
9 19.19 1.64 19.10 1.05 18.77 2.80 

10 20.18 0.98 19.96 1.82 20.91 1.08 

Average 19.53 1.67 19.64 1.45 19.55 2.02 
119.95) c ~1.01) c ~19.96) c (1.10) c (20.30) c (0.76) c 

AOCS-certified labs(n = 5) 20.24 0.49 

Average, all labs 19.57 1.71 
(20.05) c (0.96) c 

aValues are on a dry matter basis. 
bStandard deviation, by type, on each sample. 
cWith outlier labs excluded. 

TABLE 7 

Average Spread Between Blind Duplicates for Kjeldahl Protein and 
Ether Oil Extraction 

Average spread between blind duplicates 
(% pts) a 

Protein Oil 

All Outliers All Outliers 
Type data excluded data excluded 

Public 0.84 0.84 b 0.75 0.63 
Commercial 0.52 0.52 b 0.60 0.60 b 
AOCS-certified 0.28 0.28 b 0.45 0.45 b 
Processors 0.78 0.57 1.31 0.86 

All labs 0.71 0.64 0.87 0.70 

0.86 po in t s  when  the  out l ier  da t a  were excluded. This  
value was sti l l  one-third greater  t h a n  the  outl ier-excluded 
d a t a  for the  publ ic  labora tor ies  a nd  the  commerc ia l  
laboratories (0.63 and  0.60 points,  respectively), and  near ly  
twice t h a t  of the  AOCS labora tor ies  (0.45). 

Laboratory method differences. Table 8 has  the  indi- 
v idua l  labora tor ies '  mo i s tu re  me t hodo l ogy  in format ion .  

TABLE 8 

Laboratory Moisture Methodology Information 

Drying time Drying temperature 
Laba, b Type of oven (hr) (~ 

1 
aValues are on a dry basis, bNo outliers. 2 

4 
5 

b u t  processor laborator ies  had  marked ly  grea ter  variabil-  6 
7 i ty  t h a n  either. W h e n  out l iers  were excluded, processor  9 

laborator ies  had  the  lowest s t a n d a r d  dev ia t ion  a t  0.76 10 
points ,  followed by publ ic  laborator ies  a t  1.01 points ,  and  11 
commercia l  labora tor ies  a t  1.10 points .  12 

The overall l abora tory  average, 19.57%, was 0.67 po in t s  13 
14 

smaller  t h a n  the  AOCS laboratories '  value of 20.24%. The 15 
overall s t a n d a r d  deviat ion,  1.71 points ,  was a lmos t  3.5 16 
t imes  t h a t  of the  AOCS labora tor ies '  s t a n d a r d  dev ia t ion  21 
of 0.49 points.  Wi th  the outliers deleted, the average stan- 22 
dard  devia t ion  of all laboratories  dropped to 0.96 percent- 23 24 
age points ,  approx ima te ly  two t imes  t h a t  of the  AOCS 25 
laboratories.  A sample  wi th  19.6% (dry basis} oil s en t  to 26 
a r a n d o m l y  chosen l abora to ry  will receive t e s t  values  of 29 
17.7-21.5% in 95% of the  cases. 3o 

Table 6 shows the  average spread  be tween  b l ind  dupli- 
cates  by  l abora to ry  type. The processor  labora tor ies  had 
the  widest  spread, 1.31 points ,  b u t  th i s  was reduced to 

Convection 
Convection 
Convection 
Convection 
Convection 
Convection 

Vacuum 
Convection 
Convection 
Convection 
Convection 
Convection 
Convection 
Convectmn 
Convection 
Convection 
Convection 
Convection 
Convection 
Convection 
Convection 
Convection 

1 130 
1 130 
1 130 
1 130 
2 130 
2 135 
4 95-100 

18 75-8O 
3 130 
4 105 
3 130 
3 130 
3 130 
3 130 
3 130 
2 135 
3 130 
1 130 
2 130 
1 130 
3 130 
2 130 

a Laboratories 1-10 are public, 11-20 are commercial, and 21-30 are 
processor facilities. 

bNot all laboratories returned methodology data sheets. 
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A l t h o u g h  m o s t  l a b o r a t o r i e s  u s e d  a d r y i n g  t e m p e r a t u r e  
of 130~ d r y i n g  t imes  r anged  f rom 1 to  3 hr. The  var iab le  
t i m e s  a n d  t e m p e r a t u r e s  wil l  u n d o u b t l y  i n t roduce  er rors  
when  p ro t e in  and  oil va lues  are c o n v e r t e d  to  d r y  bas is .  
We h a d  to  accep t  each  l a b o r a t o r y ' s  m o i s t u r e  d a t a  as  ac- 
cu ra t e  for t h i s  convers ion.  

Table 9 has  the  ind iv idua l  Kje ldah l  p ro te in  m e t h o d o l o g y  
in fo rma t ion .  I n c o n s i s t e n c i e s  showed up  in me thodo logy .  
C a t a l y s t s  and  a m o u n t s  e m p l o y e d  differed, and  there  were 
several  rece iv ing  f lask  m a t e r i a l s - - H 2 S O  4, bor ic  acid, HCI 
and  N a O H .  The  d i g e s t i o n  t i m e s  r a n g e d  f rom 30 min  to  
2 h r .  

Oil  m e t h o d o l o g y  i n f o r m a t i o n  is shown in Table 10. 
Three  so lven t s  were u sed  (pe t ro leum ether ,  hexane,  and  
e t h y l  ether) .  These  were c o m b i n e d  w i t h  four  t y p e s  of 
e q u i p m e n t  (Goldfisch,  b u t t - t u b e  ex t rac to r ,  Soxtec,  a n d  
Soxhlet) .  Some  l a b o r a t o r i e s  t e m p e r e d  samples ,  and  some  
d id  not .  A m o n g  t h o s e  t h a t  did,  t e m p e r i n g  t i m e s  r a n g e d  
f rom 30 min  to  2 hr. 

Tables  8, 9, and  10 i nd i ca t e  t he  d i f f i cu l ty  of c o m p a r i n g  
va lues  f rom di f fe ren t  labs.  The  m e t h o d o l o g y  is l ike ly  to  
be  d i f fe ren t  and,  therefore,  t h e  r e su l t s  are  l ike ly  to  be  af- 
fected.  A l t h o u g h  the re  were too  m a n y  v a r i a n t  m e t h o d s  
to  p e r m i t  m e a n i n g f u l  s t a t i s t i c a l  co r r e l a t i ons  f rom our  
da ta ,  s t a n d a r d i z a t i o n  is obv ious ly  n e e d e d  if a n a l y t i c a l  
l a b o r a t o r i e s  are to  agree  w i t h  a n a t i o n a l  reference, such  
as  t he  U S D A .  

The  s t a n d a r d  d e v i a t i o n s  and  s p r e a d s  be tween  dupli-  
ca tes  were g rea te r  t h a n  expec ted ,  which  exp la ins  some of 
t h e  r e s i s t ance  to  N I R  a n a l y s i s  in t he  marke tp l ace .  These  

TABLE 9 

Kjeldahl Protein Methodology Information 

Digestion time Receiving flask 
Lab a Catalyst (min) material 

1 5 g K2SO 4 70 4% Boric acid 
0.5 g CuSO4 

2 10 g K2SO 4 70 0.1 N HC1 
0.3 g CuSO 4 

4 Pro-Pac 50P 37 H2SO 4 
5 HgO 120 4% Boric acid 
6 10.6 g TiO 2 40 5% Boric acid 
8 HgO 120 0,23 N NaOH 
9 HgO 45 H2SO 4 

10 8 g K2SO4/CuSO 4 30 Boric acid 
11 0.7 g HgO 60 H2So 4 

15 g K2SO 4 
13 Pro-Pac 50P 60 4% Boric acid 
14 Pro-Pac 50P 60 H2SO 4 
15 1.6 g HgO 50 H2SO 4 
16 HgO 60 H2SO 4 
21 K2SO4/HgO 60 2% Boric acid 
22 Pro-Pac 50P 50 HCI 
23 Kelpacks 45 4% Boric acid 
24 Kelpacks 30 H2SO4. 
25 HgO 50 4% Boric acid 
26 16.7 g K2SO 4 72 H2SO 4 
30 Pro-Pac 50P 90 4% Boric acid 

aNot all laboratories returned methodology data sheets. 

TABLE 10 

Oil Extraction Methodology Information 

Extraction 
Lab a Method Tempering b Solvent time (hr) 

1 Goldfisch No Petroleum ether 5 
2 Soxtec No Petroleum ether 3 
4 Butt tube No Petroleum ether 16 
5 Goldfisch Yes, 1, 130 Petroleum ether 5 
6 Butt tube No Petroleum ether 6 
8 Goldfisch Yes, 2, 130 Ethyl ether 4 
9 Goldfisch No Ethyl ether 5 

10 Soxhlet No Hexane 4 
11 Butt tube Yes, 1, 130 Petroleum ether 5 
12 Butt tube No Ethyl ether 4 
13 Butt tube Yes, 0.5, 130 Petroleum ether 5 
14 Goldfisch Yes, 1.5, 130 Petroleum ether 5 
15 Butt tube Yes, 0.5, 130 Petroleum ether 4 
16 Butt tube Yes, 2, 130 Petroleum ether 5 
21 Butt tube No Petroleum ether 12 
22 Goldfisch No Petroleum ether 5 
23 Goldfisch No Petroleum ether 5 
25 Butt tube Yes, 1, 130 Petroleum ether 12-16 
26 Goldfisch Yes, 1, 130 Petroleum ether 5 
29 Goldfisch Yes, 0.1, 130 Petroleum ether 5 
30 Soxtech No Petroleum ether 2 

aNot all laboratories returned methodology data sheets. 
bIf yes, numbers correspond to time (hr) and temperature (~ of 

tempering. 

va r i ab i l i t i e s  m u s t  be  r e duc e d  if N I R  is to  be u sed  effec- 
t ive ly  for t r a d i n g  purposes .  For  N I R  cal ibra t ion,  the  aver- 
age  of severa l  l a bo ra to r i e s '  d a t a  m a y  be  a more  accu ra t e  
s t a n d a r d  t h a n  e i ther  one p ro te in  or  one oil de te rmina t ion .  
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