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The Nutrient Data Laboratory, Agricultural Research Service, USDA is submitting the results of
the 2001-2002 nationwide sampling of fruits and vegetables to determine nutrient content. The
sample units of fresh produce were selected in retail markets in 12 locations over four regions
of the US. The multistage sampling design is documented in Perry et al. (Attachment A) These
foods were sampled at two different time periods during the year. Sample units of foods were
shipped via overnight express at refrigerator temperatures to the Food Analysis Laboratory
Coordination Center, Virginia Polytechnic Institute and State University. Sample units were
prepared and homogenized according to specific protocols developed especially for the nutrients
and foods of interest. Sample units were from up to 3 locations from each of 4 regions
composited or combined before chemical analysis to determine regional mean estimates for
nutrients. Analyses were conducted under carefully controlled analytical conditions by selected
commercial labs and other analytical experts.

Data are provided for 16 of the top 20 fruits on the FDA list: 3 |
(California Haas){banana | bonevdewl kiwifruitibectarine] prange

each J5ear—tour cultivary jpineapple—two cultivarsiipiums (red M strawberries Jweet cherries
andfwatermelon] Data are provided for 12 of the top 20 vegetables] bell pep

carrot, eleryl cucumber|ficeberg lettuce, leaf lettuce (red and green),
russet, white and red, radish,Jsweet potato.[and fomato. |

Data are included for the following nutrients: moisture, nitrogen (protein), total fat, ash, dietary
~ fiber, total sugars, iron, calcium and vitamin A (B-carotene, ¢-carotene, and B-cryptoxanthin).
Vitamin C, sodium and potassium were also determined but results are not yet available.

. Protein was calculated from nitrogen using the factor of 6.25.

. Calories are not calculated, but USDA calculates calories for fruits and vegetables using
the Atwater factors and analytical values for protein, fat and carbohydrate.

. Individual carotenoids were analyzed at the Food Composition Laboratory, ARS, USDA

Beltsville, MD using HPLC. We have not completed the analysis of carotenoids for:
carrots, sweetpotatoes, cucumbers, onions, and sweet peppers.

. Analyses of proximates, sugar, fiber and minerals were done at three different analytical
laboratories using the methods listed in Attachment B
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A NATIONAL SAMPLING PLANF {'}R OBTAINING FOOD PRODUCTS FOR NUTRIENT ANALVSIS
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Pamels Pehrsson, }mm* Holden, - USDA, Nutrient Data Laberatory
Daniel G, Beckler, USDA/NASS/RDD, Room 305, 3251 O1d Lee Highway, Fairfax, VA 200301504
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1. Introduction

This paper describes the sampling procedures

wsed by USDA’s Mutrient Data Laberatory (DL 0
selest food produnts for their National Food and Nutrlent
Analysiz Program (MFNAP), The gealofthis programis
to obtain national level estimates of the nutritions!
componens for common foods vonsumed in the United

Srares, These estimates willbe impented into the USDA

National Mutrient Databank System and disseminated in
the LISDXA Mutrient Database for Standard Reference and
other data seis produced by the Laboraiery.

The sampling procedures pr ﬁwﬂﬁd 2 mezns to
select asalf-weighting nationally representative samp?eaf
foods consumed by people in the United States, It s
azsurmed that cunces of food consumed Is propartionsl to
population and is constant aceoss the United States. The
plan was a three stuge design where counties wers

- included ;
- Metropolitan Statistical Areas (gCMSA Y were used, The

Figure | illustrates the four regions; it should be noted
that the regions do not follow those &&ia&;??&haﬁ by the
Burzay s:xf‘ the Censug, ’

Table 11 First Siage Heplons

1957
%ﬁgg Region Namg Estimmed
N Posulatinn
i Worthesst 46,492,892
Z South 65,245 355
3 Gmﬁ La&&s & Texns 48,014,743
4 Plainy. Rockiee & Bacifie L1 ERY 145

The next step involved selecting  three
Consolidated Metropolitan Statistical Areas (CMSA)
from each region. However, simce 2ll counties afe not
iIn 2 CMBA, Oeneralized Corgolidsted

sUMSAs were defined w5 the stendard CMSAs oy
individual coungies for aress not in 8 CMSA. Twe
mathods were explored for selecting the gUMSAs. The
first method involved soing the gﬁ%@m within &
region in descending order hy population, Onee sorted, 8
probabilicy proportions] o size (PPS) systematic ;am;:vi

- gelected at the first slage, grocery store outlets within the

. of size thres wis drawn within each regim;. A systernatio
“ selected counties were selected at the second stage, and

sernple consists of drawing a single unit at reandom and

A4

4 the third stape zelected speciflc food producs w be

purchased and analyzed for nutrient content. In effecy,
this gave a sample of grovery sutles from selected
geagraphical dispersed areas seross the United Stares.
The stages are fi%m’:}eé below, :

&
£

2. P’m? ﬂtag@ S&mpirz !Besign

The gosl a{‘ the firg stags ’&tiﬁﬁ%i@n Process was

to abtain 2 semple of counties dispersed noross the United

States. Thess counties were selected proportional to their

population ta camply with cur desire for a self-weighting

sample.
To begin, estimated 1957 population data were

obtained from the U.S. Bureau of the Census forofl
. compared and revesled no practical differsnces. Although

states, %puéamn data sre availabie fro

Internet web gite, Stales were then gmu;wci by geography

inte four approximately ﬁgﬁal regions In terms of
‘population (the target populstion for sach region was
£6.908.015, one fourth of the United States” population),
Alaska and Hawaii were excluded f !ﬁgﬁ& vl reasons.
Y*’;mi regions, with’ papaimwns are gm& in Tabia i.

eking every x¥ element thereafier, where x 5 8 fixed
number sufficient 1o pive the desired sample size, Consult
Cochran (19773 or Simdal, et al. {1992} for & thorough
discussion of systematic sampling.

The second method involved creating three

. equﬁy sized strata by population within sach region and

selecting one gCMSA at rendom per stratum. If the same
gCMSf& was selected B more than one siratum’, the
sample was Tejected and redrawn, This method was

- ezsentially & maruslly implemented Chromy's Method

{Chaudhkur] and Vos, 1988). Chromy's dethod is a
sequential sampling technigue sl maintaing exact

probabiity propordonal to size (PPS) selection for

unequal sized sampling units, See Krewski e al, (1981)
for a thorough discussion of the methad.
The selected sumples from the two mathods were

the sample from the firss method was used operationally,
if another first stege sample {8 deavn in the fature, we

¥ This could ouour when 2 stratum bourdary
divided 5 pUMEA L pwui&iww
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recornmend using Chromy's method,

Onrethe gCMSAswere selected, thecounties that
made up each gCMSA were sorted in descending order

by their ur&ammy {Goodall, etal, 1598 and 2 systematic
sample of size bwo was sefected. Ur%an ity is 3 measure
of how urban & county s, based on the population of the
largest citfestowns in the county. Using sueh a measure
ensires that counties bondering major cities (eg., New
York City, Washington, DC) are wreated more list the
major city then like the area on the cwtsking of the
metrtpolitan area. Sorting counties within pCMS As by
urbsanicity ensured that the sample contgined Both more
wrban and lesser urban avens. For thoge gUMS A made
up of only a single county. the county was selected twive.
Table 2 contains the selected gUMSAS and counties,
Afrer the Initial counties were selected, the listof
grocery store outlens described under Second Stage
Dresign was reviewed to ensure eech selected county had
at least fon outlers available to sample from. Ten was

chosen arbitrarily, but it was folt that outlets in aress with

very few stores (i.e., less than 10) would not give a
rapresentative sample of grocery stores and may not carry

the wide range of food products NFNAP will sample. The

product collection contractor charged by the number of
stores visited, so in order 1o keep costs down, the rumber
of siores visited was tried to be kept 1o 5 mivimurn, As
indicated by Table 2, four additionsl counties were
included with Polk {“;aumy, AR to ensure that the area
cortained the minimum number of grocey gore outlets.

3. Second Stage Design

The goal of the second stege was to select 2

sample of grocery store eutlets from wuﬁ;m esch county

selected in the first siag& To accomplish our desire for g
self-weighting sample, outlets were selected proportional
to their value of annual sales; larger outls®s, in terms of

annuz safes. had higher probabiliies of seloction.

The Harofgroceny store outlens was obuined ron
Teatle Limonslons (Wilton, €T 3 private murke
research company specislizing B the motall grocen
industry. The Trade Dimuvfony sutlet Hst comtuned
gravery stores i the sounties sehected in the Flst stage
with anoual valse of soles of 32.0 million or raure. Storey
with Jess than $2.0 million of annual sales were expluded
becouse it was NDL s opision that sueh stores could we
be expected 10 carry the dJiversin of prosducts which
NFENAP will sample. The outlet Hat comained 1411

stores and provided contact information {stom name.
address, relephorm numbery in sddition weanmamivalue of
sales.

The selection process consisted of drawing
systematic sample of size one, proportional tothe cutlels”
annual value of sales, from each selected county. The
procedure gave higher ﬁrﬁb&ﬁséﬁm of seloction 1o farger
gutlets. Two outlets were drawn in counties where only 8
single county made up the gUMSA. Two outlets were

also drawn in the group of five countles that made up the
Polk County, AR gCMS& ‘Alternate outlets were drawn

in tfﬁeh county in case the primary selected outlets were
jnact sle or ;;zmtiizt‘{ﬁ WErE zmmmiab%z “E‘abie: EUa
coneins the pr:mary “outlet sample. -

4. Third S1age Design

The goal of the thisd sampling stage was to selest
spacific food products (brands and package sizes) fur
nuteient analvsis from food fvpes {e.g.. cheese pizza, chili
with beans) identified by WDL. The intent was
purchase the same food products from each of the
sampled grocery outlets and send them to the laboratory
for ﬂutrlwt analysis.

This section described two types of produg

‘samples. The first thpe, which we will consider the main

sample, was designed 1o test foods to find nutrient means
for composited samples of the producis. A composited
sampie is a homogeneous mixture of several packages of
# specific food] it is important to note that results from

nwirient amalvses oblained from composited samples

pertain 1o an aversge serving from the homogenized
product, not 1o 2 typical serving ©.

.
© & rypieal epving peeerstly cores from 3 single paelags of'n

fad prodiunt, mor Brom awiiviwes of severnl packaues. 3 i not poasible o

zeparire nlividvol seeving wiristiog frotn eampasites of severs] patkiges,

L
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Yable 2: Primary Cutler "«“amp%c Localions
hymbor g{f*@h& Caunty 'ﬂz&y

WY WY Northern M. Long Ishand, W
NY, MY Northern NI Long Islend, W1
Pisburgh, PA

Piitsburgh, PA

Venangs County PA

Venunge Coumty PA

Waghwille, TH

Waghville, TN

Springlield. MO

Srringfisld, MO

Polk County, AR

Poik County, AR

Chicage, L Gary, 1L Kenosha, W1
Chicags, 1L Gary, 1L, Kencsha, W1
Heuston, TX; Galveston, TX; Bragoria, TX
Houstes, TX; Galveston, TX; Brazoris, TX
Besumont, TX; Porf Arthur, TX

Hesurnont, T4 Port Arthur, T

LA, CA; Riverside, CA; Orange County CA
LA, C4A; Riversile, CA: Orange {L‘mmy CA
Portland, OR; Salen:, ‘W@ o
Portland, OK; Salew, W
Cowhits County WA
ugﬂwﬂ;& igmw WA

Ao B Ba B B ded Al Bk G AeX LR B B Bed B3 B B3 RS B e e o s s

nlon Copntye, NF
Richnond County, NY
Allegheny County, PA
Wasnington Courdy, PA
Yenange County, PA
Venangn County, PA
Davidsos County, TN
CWilkimrmset Counte, TH
~ reen Oousty, MD
Ciregn County, MO
2otk County, AR
Savier Dounty, AR
Look Coury, 1L
Drupage Coumy, T
Harris County, TX
Morigoemety County, T

T Springlield, NI 07081
Sigien tnlend, NY 10306
Pitsbuorgh. PA 13226
Canonsburg, PA 15217
Franklin, PA 18323
Franklin, PA 16323
Harmitage, TH 37676
Frankiin, TH 317064
Bpringlield, MO 85803
Speingfistd, MO 85802
Mens, AR TIOES
[ Cuesn, AR 71832
Bartiest, JL 60103
Whenton, i1 60187
Housion, TH 77037
Courae, T Y33

Teffersan County, TX Beaumont, TR T774
Cirange County, TX Opange, TX 77630
Log Angeles County, TA Los Angeles, CA 20016

Orapge County, CA
Mulimomsh County, OR
Clark County, WA
Cowlitz Tounty, WA

Cowlitz ggzzg&m

The second type of sample was éamgmé o atnam
serving-to-serving variation for 3 particular food product.

Nutrient analyses were conducted on individual packages

of Sood Wﬁm snd pmwde:ﬂ variability estimates of a
typical serving of the product  Serving-to-serving
samples were drawn only for eritical foods because of the

substantial cost of the associated ngtrient analyses. The

servingeto-serving samples were drawn from
products selected for the main sarple.

For the main sample, food products were selected

proportiona! f the number ofpunees of each product sold
nationally, For the jnitial wave of sampim, iz
information was oltafhed from Nielsen Mark

Laguns Mipusl, CA 92677
ireshaw, OR 93030
Vancouyee, WA 98682
,Langv;em Wa 98832

W Longyicw, WA 08833

Yos, 1988} pmp&mcam 6 the product of market share
and package size. The rumber of samples chosen for each
product was based on the desired statistical results and
the number of nutrient analyses NDL could afford o
perform. Once specific food products were identified as

“in the sampie, they were purchased from each of the

ﬁampieé outlets,

SCANTRACK date, SCANTRACK data are obuained
from cheskout price scarmers and, mscqnmﬁyg exclude

products sold in stores without such equipment. Files
abisined from Nag}sm z:mtmeé g:mduca‘ name, package
size and national i
Ikalibood of havmg selected products availa

outlets, we resticted the product sampling universe fo

producty with at least one percent markst share,

In future sampling waves, similar market share
&esﬁﬂms e,

information will come from Informati
¢(IRT). This should anly increase the &

y of wruarket

shares since TR uses the same mﬁamﬁa gy a5 Nwﬁeﬁ

Market Research and xm cover more stores,

Actual product se%m*an was done pmpﬁm{:smi o

the number of ounces of the product’ d in the

Uinited States, This wes operstionalized by %ié@ﬁﬂg F S

© The ms’aizmg group of selected products for a

particular food item {e.g., 70% fat margarine) can be

thought of as 8 matrix with outlets rumbered one through
24 across the top and smp}e: numbered one through 12
{sssume 70% fai murgarine had 12 $ampzie; running

vartically, Qmpasmng took place by sample number.

For exampie, product samples Number One from ail 24
outlets were homogenized then a quantity sufficient for
vutrient analysis removed. This process was done for
cach sample number, resulting in 12 individunl data

“points Tor statistical anslysis, Performing the snalysis in
" this mammrpmv,zieé m&wsﬂugl product (i.e., brand) data

for emjor brands and oveml‘; results for the particuler

fe}&é product (e.g.. 70% fat margarine). 1tis importantte

258

ate that these results pertained 1o an sverage serving
fmm the homogenized food product, not 1o & typical

«ze:mag
“To obtain serving-to-serving varistion ({ie,

‘varistion in a typical serving) for a particular food item,

4 w;}pimentai ssmpling plan was used. The sssocinted

" Hutrient analyses were based on individual packapes of

sequential sample by Chromy's Method {Chau&hur{:md



the food item and provided variability estimates for o

typical serving of the food product,  The 70% fat

muargaring main samplie (drawn as deser i:mi amv&} will

be used to Husteate the gapptfzmmzﬁ! pm

Suppose we chose 12 marmaring samples from
ench af 24 putlers in the maln plan. Table 3 iHustrates the
resulting matrix of products. We also note that the market
share decresses (6r stays the same) from sample One to
sample 12 and that outlets from esch gﬁ“?ﬁ&ﬁ wre
consecutive. ‘That is, outlets One and Two were in the

same pCMSA, outlets Three and Four were in the same

gCMEBA, and 50 on.

' The steps for the sx&;:;&%zsmmﬁ& zampiwg plan
vonsisted of {1) Randomly selected one of main mz?piﬁ
numbers One and Two, randomly selected one of main
sample numbers Three and Four, and so on unti] one was
randomiy selected from main sample numbers 11 and 12.
£2y Randomly selected two gUMSAs from each selented
main sample 50 that no gCMBEA was selected twice. (3)

Randomly selected one outiet from each selected

gCMSA. Table 3 iHustrates the re:saz! thng matrix.

Table ¢ shows that ar step {1} primary samples One
Three, Five, Elght, 10 and 17 wers selected. AlLstep (2]
gCMSAs {Ene and 10 were selected from primary sample
One, gCMSAs Three and Mine were selected from the
remaining gCMS A, and soon. Finally. at step (3], outlet
Twe was selected from gCMSEA One and outlel 19 was
sefected from g{“ MSA 1D and so forth untit we selected
one et from each selected gCMSA, The result is tha
two putlets were chesen from esch selected primary
sample insuch 2 way that no two outlets fell in the same
gl S A, which is iHlustrated by the *’s in Table 4.
Although specific outlets were selectsd for the
supplemental semple (ses Table 4), as & cautionary
measure to avoid missed units, data collectors were
instructed to pick up extra primary samples in both outlets
in selected pgCMSAs, Forinstance, extra primary samples
were collected in outlet number. Two and in the other
cutlet in the gCMSA, Likewise, sora primary samples
were collected in outlet number 19 and in the other outlet
inthe gCMSA.
Onee obtained, these additiona! 12 mkagm were
eanh hamagmzzed aral sufficient r.;ummm remaved for
analysis, This yielded 12 data points for each nutrient

and allewed serving-to-serving means and variability to S

beestimated. .
Table 3: Matein of Sam;ﬂicc} Products .
Outlets (same gCMSAS sre consecntive)
Primary glCVIBA 1 pMIBA 2 gUB8a 11 gUME4 12
Sample |1 2 N SPPSPIVPIVPPTSULIND | N - N N . S— ~
2
i1
12

Table 4: Serving-to-Serving Sample ﬁgémgk_ _

i 2 3 4 3
Man

Selested Outlets |
2.4 16 .1

6 1 8 9

b4

o & 09 W b e
%

renen B g

270




4
%
#F
ik
T
s
b

.o
S W

e,

£ Estimation

By construction, the autrient snalysis daw
obtained under this plan will be [approximately] seif-
waighting and, consequently, will be treated as if it came
from & shmple random sample (SR8 In effest, the
sampling plan has been used 1o obtain 2 well designed
a&mgﬁ ie z‘&zat agapmx;mm}y w;amserms the fa@ds gater by
the United States” population. Thus, the following
formulas {or nutrlent means snd standard errors of the
means will be used for data from the main sample.

Lt Xy, ¥y Xy oen X, Fepresent 4 ses of nutrient
vglues obizined from the NFNAP sample for a specific
food item. These n values are the result of nutrient
sralvies performed onthe cz}mpasrieé xampies deseribed
under Third S&agg Design. A reasonable estimate of the
nutrient mean s gwea by equation (1) and an estimate of
iis standard error is gived by equation (2) (ignoring the
finite population correction factor).

f: {1
g

.1
af

SE(x) = £

, A eonfidence interval for the estimated memn can
be based on 3 ¢ distribotion with 49 =1
freedom.

e to = necessary mumber of simphfications in
our sampling plan, we lost the ability to summarize the
datz n 3 stalistically rigorous manner. Howsver,
Equation {1} still provides a reasenable estimate of the
population mean nutrient value under the mild constraints
end Equation {2} provides a reasonsble estimate of the
standard error of the mean,

& Conclusion

The sampling plan described shove provides #
elose approximation 1o what may be considered the ideal
plan.  An ideal plen would iovolve selecting
geographically dispersed land aress across the United
States, seleoting retsil food outleis in those area, and
finally, selecting food products from a1 carefylly
constructed Histing of all foods sold in those pullets. Such
& plan was suggested and described by Nusser and
Carriguiry 1998}, Perhaps with sbundant resources

| degrees of

{staffing, money and time), such an embitious plen could
be implemented; however, this was not possible under
NDL's current resources,  Instead, the plan presemted
heee achieved 3 [approwimarely]  selfoweighting,
geographically dispersed sample across the United States
that can be used to provide 8 means of selecting foods
consumad. The basic novions of the plan suggested by
Nusser and Carriquiry have been carried out ina costand
time effective, reasonable manner. However, thare sre a
few shortcomings to the ;:«izm as described below.

First, the sample s not exactly self weighting
because the four regions in the fire? glage were not
exactly squal in population. Second, the sample was slse

a0t exaﬁ{y self weig?zzmg hecause in the second stage we

used national level market share; product marke: share in
the areas where opr samples were drawn may be giiite
different. Third, Niglsen {or IR1) data cover only grocery
stores that have automated price scanners; omission of
food products sold from other outlets in the third stage
muy sdd biaz and further defraet from an exactly zelfe
weighted sample. Fourth, resulls may be bissed becanse
s}l places to purchase food were noteligible for sampling
in the third stage (we only inchuded stores with 320
million or more snnusl value of sales, convenience stores
were sxciuded, the list obtained from Trade Dimersions
was doubtfully 100% complete and sp-to-date). The
resulte may zlso be blased becsuse we used & ont off of
one percent of market share for the individusl fond
products. And ffth, standerd enror estimates may be
sormewhat conservative since onr summury formulp s
besed on the assumption of independent idemtically
distributed {iid} observations,
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Attachment B. Methods of Analysis .

Method

Lab

Gravimetric Method

Nutrient Source technique
Nitrogen AOAC Combustion 968.06 (4.2.04) Protein (Crude) in Animal Feed Covance
AOAC Kjeldahl 981.10 (39.1.19) Crude Protein in Meat WwT
: AOAC Kjeldahl 991.20 Nitrogen (Total) in Milk Silliker
Fat AOAC Acid hydrolysis 922.06 (32.1.14) Fat in Flour, Acid Hydrolysis Method Covance, WT
AOAC Acid hydrolysis 954.02 (4.5.02 or 7.063) Fat (Crude) or Ether Extractin Covance
Pet Food :
AOAC Extraction 933.05 Fat in Cheese ; Silliker
AOAC Extraction 960.39 (39.1.05) Fat (Crude) or Ether Extract in Meat  Covance
| Ash AOAC Gravimetric 900.02 (44.1.0) Ash of Sugars and Sirups WT
AOAC Gravimetric 923.03 (32.1.05 or 14.006) Ash of Flour Covance, WT
AOAC Gravimetric 945.46 Ash of Milk Silliker
Moisture AOAC Forced air 950.46 (39.1.02) Moisture in Meat Covance, WT
AOAC Vacuum oven 934.01 (4.1.03) Moisture in Animal Feed WT
AOAC Vacuum oven 934.06 (37.1.10) Moisture in Fruits, Vegetables, and Covance
their Products
AOAC Vacuum oven 964.22 (42.1.05) Solids (Total) in Canned Vegetables:  Silliker



Chroma. 10, 643-653 (1987)

- Nutrient Source technique Method Lab
Sugars (sucrose, AOAC HPLC Covance modiﬁed_:982. 14 (32.2.07) Glucose, Fructose, Covance
. glucose, fructose, Sucrose and Maltose in Presweetened Cereal
’f la"lmse» maliose,  ApAC LC 982.14 (32.2.07) Glucose, Fructose, Sucrose, and Silliker
e actose) Maltose in Presweetened Cereals
AOAC LC ENI modified 980.13 (31.5.04) + 982.14 (32.2.07) + WT
984.17 (36.6.10) Sugars by Liquid Chromatography
- Dietary Fiber AOAC Enzymatic/gravimet 985.29 Total Dietary Fiber in Foods Silliker
ric '
AOAC Enzymatic- 991.43 (32.1.17) Total, Soluble, and Insoluble Dietary =~ Covance, WT
gravimetric Fiber in Foods
- Calcium, copper, AOAC ICP 985.01 (3.2.06) + 984.27 (50.1.15) Metals in Food by =~ WT
: iron, magnesium, ICP
£ potassium AOAC ICP 984.27 Ca, Cu, Fe, Mg, Mn, P, K, Na and Zn in Infant  Silliker
' Formula
AOAC 1CP Covance modified 985.01 (3.2.06) + 984.27 (50.1.15)  Covance
Metals in Food by ICP
- Individual In-House HPLC FCL method for Carotenoid Analysis, 2001 (Beecher FCL-B
- Carotenoids and Howard)
AOAC HPLC 941.15 (45.1.03) modified by Quackenbush, J. Liq. Covance
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