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Spinach in Blunderland: How the myth that
spinach is rich in iron became an urban academic
legend

Michael Mielewezik & Janine Moll

Abstract: The claim that spinach contains a lot of iron is one of the longest standing
myths in science. In recent decades, this early error though has become widely known
to the public and several theories were proclaimed, how this misconception was born.
The most famous one, known in many varieties and reported in numerous books and
scientific journals, is that a simple decimal error occurred. More recently it was claimed
that the story of the decimal error is itself a myth and that Popeye against popular
belief originally did not eat spinach for its iron content.

Unfortunately, not much is known on how urban academic legends and popular mis-
beliefs in medicine and natural sciences develop and how both facts and errors are
popularized. Following an in-depth literature search, the article reports how spinach in
the historical and publishing context became popularized as a healthy vegetable rich in
iron and how and when this myth was debunked. Briefly, all previous analyses on the
origin of the myth only told part of the story.

Popularization of spinach as an iron rich vegetable fist occurred in the 1850s. The
following propagation of the myth, however, was based on a complex interaction
involving scientists, journalists and popular culture, which emphasizes that the impact
of science and propagation of ideas is inadequately covered by classic citation links
and networks.
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“Inn between the lines, there’s a lot of obscurity.

I know you know, that I'm not telling the truth.

I know you know, they just don’t have any proof.
Embrace the deception, learn how to bend

Your worst inhibitions tend to psych you out in the end.”

(Steve Franks 20006)

Scientists are human and as such we relish humour, irony and satire as much as
everybody else. Above all we seem to cherish a good story telling. The scientific
narrative we form in every one of our articles is essentially proof of this. Yet like
every other human we as scientists can err — “Errare humanum esf”' — and, most
likely, errors and discrepancies in science are much more prevalent and common,
than we as a scientific community are commonly willing to acknowledge.? Some-
times such errors can have devastating effects and in some cases etrors can even
self-propagate into future research.? Occasionally it simply takes time, new ap-
proaches and novel methods until common knowledge and previous experiments
can be challenged by new generations of researchers. Nonetheless errors in the
scientific literature are an inherent risk, especially if they are not properly ad-
dressed and published by the scientific community when they are discovered.

One very prominent and easy to swallow example is the claim that spinach is
healthy because it is a rich source of iron.* Originating sometime in the 19% centu-
ry this claim became a well-known popular legend and one of the longest standing
myths in science. Even until today, food companies sometimes use this claim in
their marketing and advertisement strategy for their frozen products.> In recent
decades, this early error though has become widely known to the public, especially
because the mass media and textbooks love to recount an urban academic legend,
according to which this misconception originated from a simple decimal error:¢

1 To err is human: The English version of this aphorism is best known from Alexander Pope’s “An
Essay on Criticism” (Anonymous 1711). The Latin origin of the aphorism is typically attributed
ancient roots.

2 See for example: Baigant et al. 2008; Cole et al. 2015a; Cole et al 2015b; Francis et al. 2013; Hor-
bach & Halffman 2017; Ioannidis 2005; Nowbat et al. 2014; Ziemann et al. 2016. Even though
errata have been much more common in recent years, known discrepancies and errors are likely
to be not be resolved or even collated in the scientific literature. For a notable exception of cu-
mulative self-reporting of errors see Knuth 1989.

3 See Horbach & Halffman 2017; Huang et al. 2017.

4 Hamblin 1981; Thachil 2007; Sutton 2010a.

5> E.g. Anonymous 2012, 2013.

6 See for example: Harvey et al. 1987; Anonymous 1988 p.264; Mould 1996 p.33; Drésser 1997;
Beck-Bornholdt & Dubben 2001 p.221; Kruszelnicki 2001; Rohlig 2005; Wolke 2005 p.122;
Barham 2006 p.44; Baldi & Moore 2009 p.51; Hecht 2010; Prang 2010 p.111; Panteleit 2013;
Schwarcz 2015; Anonymous 2016.
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However, there is much confusion in the literature on why and when all those
stotries started.

In the Christmas issue of the British Medical Journal of 1981 an editorial arti-
cle’ reviewed then contemporary instances of fraudulent science. As a cliff-hanger
cancer researcher Terence J. Hamblin (1943-2012) used a short introduction re-
flecting on the myth of high iron content of spinach originating from a decimal
error®, which had occurred neatly a century before and linked it humorously to be
the reason why Popeye ate spinach to gain his super-powers.’

Nearly 30 years later this short introduction was light-heartedly, but heavily
criticized'?, because Hamblin had given no original references for his claims relat-
ed to spinach, iron and Popeye. The criminologist Mike Sutton took up the idea,
tried to follow the chain of evidence, and concluded that Hamblin might have
made up the story of the decimal error!'!. Hamblin himself could not remember
the source of his claims 29 years later, and courteously acknowledged this to be an
oversight.!? Sutton later!3 found earlier sources!* from the 1970s, pre-dating Ham-
blin’s article, which mentioned the decimal error, and acknowledged Hamblin was

7 Hamblin 1981.

8 Decimal and numerical etrors are quite common, and especially widely discussed in the comput-
er programming and engineering literature. Legends tell that they have caused several havocs in
science. For example, it has been elaborated that the Mars Climate Orbiter mission of NASA
failed due to such a metric conversion error, which would eventually lead the $125 million satel-
lite of track (Kirkpatrick & Francis 2010 p.9; Oberg 1999; Sauser et al. 2009; see also Kerr
1999). A misplaced decimal point was responsible in a failed Titan IV mission (Lewis & Swan-
son 2009 p.203). Decimal errors are also widely known to occur in clinical practise for example
in form of dose prescribing errors (see for example Lesar 2002; Doherty & Mc Donnell 2012).
Numerical errors in the order of magnitudes do not have to be exact integer movement of dec-
imals points. Sometimes they can be subtler and originate for example between metrics and the
imperial system or refer to etror in the order of magnitude. Sometimes they can be simply origi-
nating from transcript errors from other sources, or by misreading scientific meters and dis-
plays. However, it is known for a long time, which mischiefs a misplaced comma might cause in
other lingual contexts (Anonymous 1956a p.436; Truss 2004; Lewis 2015).

9 Hamblin 1981: “In the year that Popeye became once again a major movie star it is salutary to recall that his
claims for spinach are spurious. Popeye’s superhuman strength for deeds of deering-do comes from consuming a can
of the stuff: The discovery that spinach was as valuable a source of iron as red meat was made in the 1890s, and
it proved a useful propaganda weapon for the meatless days of the second world war. [...] America was strong to
the finish ‘cos they ate their spinach and duly defeated the Hun. Unfortunately, the propaganda was fraudulent;
German Chemists reinvestigating the iron content of spinach had shown in the 19305 that the original workers
had put the decimal point in the wrong place and made a tenfold overestimate of its value. |...] For a source of
iron. Popeye would have been better chewing the cans.” Note: In German, the moved decimal point
would have been a decimal comma in the original texts.

10 Sutton 2010a.

1 Sutton 2010a: ““... Hamblin (1981) invented the decimal error part of the SPIDES' [Spinach, Popeye, Iron,
Decimal Error Story| and invented therefore the mysterions German scientists who he tells us discovered the
invented error.”’

12 Hamblin 2010.

13 Sutton 2010b, 2016.

14 Bender 1972, 1977.
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not the originator.'> However, he stuck to his analysis in so far that story was
made up ecarlier. He was unable to locate a decimal error and he proposed that the
inflation of the iron amount was instead caused by measurement problems.!¢ Fur-
thermore, Sutton found out that in eatrly Popeye comic strips spinach consump-
tion was not related to the iron content of spinach.'” In fact, Popeye became
“strong 1o the finish ‘cos he eats his spinach” as he knew: spinach is a food source rich in
vitamins.!8 Sutton’s investigation went viral and has received a wide circulation on
the internet and was also covered on international scale in many newspapers, stu-
dent books, radio programs and websites.!” More recently his findings, which were
originally published in an internet journal, were also taken up in several scientific
essays on general questions related to correct academic citation practices, the half-
life of knowledge, how to find literature, how to separate fact from fiction and
how academic urban legends develop.?

Variants of a myth

Sutton’s analysis?! is a rich study on spinach and iron and it follows the criminolo-
gists’ tradition to establish motive, opportunity, and physical and circumstantial
chains of evidence. Even more, it is one of the few attempts trying to understand
how academic urban legends in medicine and science in general evolve.

His analysis, however, has some limitations. His original literature search was
restricted in regard of not including many important sources that were originally
published in German and French. A more severe issue, however, is that his article
dances around the elephant in the room. His chain of events alone can hardly
explain how the myth of spinach being rich in iron was initially established and
became a global phenomenon. Unfortunately, even though mathematical models
on the spread of misinformation and the dissemination of rumours exist?2, not
much is known on how urban academic legends and popular misbeliefs in medi-
cine and natural sciences develop and how both facts and errors are popularized.
While there are practically endless numbers of examples of urban academic leg-

15 See Sutton 2010a and Hamblin 2010.

16 Sutton 2016: “[...] earlier erroneonsly high measures |.. .| were explained in the USA by Professor Sherman in
1907 as resulting from iron contamination from heating dishes and other bad science.” See also Sherman
1907.

17 Sutton 2010a.

18 A vitamin super-hero: According to Sutton 2010a Popeye started to eat spinach solely for his
Vitamin A content and none of the comics from the eatly Popeye era mentioned iron in spin-
ach.

19 See for example: Anonymous 2010; Arbesman 2012, 2013; Engber 2016; Kovacs et al. 2014 p.69-
71; Rost 2017 p.150-151; Winkler 2010.

20 Arbesman 2013; Rekdal 2014a; Rekdal 2014b; Rost 2017; Schwarcz 2015.

21 Sutton 2010a, 2010b, 2016.

22 See for example: Rapoport & Rebhuhn 1952; Daley & Kendall 1965; Dietz 1967; Nekovee et al.
2007; Kandhway & Kuri 2014; Acemoglu et al. 2010. Those models typically do not consider to
differentiate between malicious and useful information (Kandhway & Kuri 2014).
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ends and their potential origins — there is practically not a single example that has
ever been analysed in detail in regard of how such academic legends evolve and in
which way they might feed back into the halls of science.

Therefore, an intensive literature search was performed that covered all scien-
tific, magazine and newspaper articles, textbooks, encyclopaedias and grey litera-
ture that were related to the topic and which could be located.?> Based on new
found sources the attempt was made to verify the different versions of the legend
how spinach became rich in iron and to set them in the historical context in which
they have been produced and propagated in. The following short list gives an
overview of the trilogy of the most common variants of the legend:

e Variant 1: Gustav von Bunge (1844-1920), a Swiss scientist at the end of
the 19th century made a decimal error, which led to a tenfold overestima-
tion of the iron content.

e Variant 2: Emil von Wolff (1818-1896), a German scientist, made a deci-
mal error in his compilation of mineral contents of vegetables and plants,
which led to a tenfold overestimation of iron in spinach.

e Variant 3: In early biochemistry at some point the iron content presented
as per dry weight was confused with the plants’ fresh weight.

The findings of this literature search unfolded a citation puzzle of a complex story
on how the myth of spinach being rich in iron originated much eatlier than previ-
ously thought and how it was reported and popularized in the literature. It started
as a simple side-note in one of the most viciously fought scientific, cultural, philo-
sophical and religious disputes of the 19t century. It also revealed a multifaceted
series of mistakes and a rollercoaster of multi-layered interactions between scien-
tists from different disciplines and journalists, which eventually led to promoting
spinach as iron rich after it was already discovered to be exaggerated, and later to
debunk this myth, while simultaneously introducing new layers to the legend. It
soon became clear that the ironic story of how spinach became rich in iron and

23 Methods: To locate relevant literature a multitude of Search Engines and literature databases were
consulted in a fuzzy search approach. Literature databases consulted included beside others:
ANNO (AustriaN Newspapers Online), Bibliotheque National de France (Gallica Digital), Bio-
diversity Heritage Library, British Library Main Catalogue, British Newspaper Archive, Califor-
nia Digital Newspaper Collection, DIFMOE (Digitales Forum Mittel- und Osteuropa), Google
Books, Google Scholar, Google Historical News Archive, HathiTrust, Imperial College Library
Search, Internet Archive (archive.org), JSTOR, Landesbibliothek Dr. Friedrich Tessmann
(Tessmann Digital), New York States Historic Newspapers, New York Times Archive, newspa-
pers.com, Papers Past (National Library of New Zealand), Pubmed, The European Library, The
Spectator Archive, Trove Digitized Newspapers, Web of Science, Wellcome Library — Digital
Collection, Zeno.org.

Further the Digital collections of the “Staats- und Universititsbibliothek Bremen”, UrMEL
Thiringer Universitits- und Landesbibliothek Jena (ThULB), Swiss Press Online (Swiss Nation-
al Library and partners).
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how it was debunked is one of burlesque character and provides more potential
twists than Rubik’s cube.

Early origins of when spinach became rich in iron

Surprisingly enough it is possible to trace place and date relatively precisely when
spinach first appeared as a vegetable rich in iron. In the oldest accounts on the
composition of spinach authors already noticed, as they had for other plant species,
traces of mineral contents.?* They had, however, not found (and not looked for)
iron in spinach, which was already known to be present in several plant species.

The earliest article, in which the content of iron in spinach was analysed, appeared
as a small table published in 1846 by Saalmiiller (see Fig. 1A).2> No expressed
claim was made there that spinach contains much iron, but it was implicated by
the provided content of iron-oxide.?¢ Saalmiiller’s findings, as well as another re-
port by Richardson were reprinted over the years several times either together or
alone (see also Fig. 1B,C, Fig. 2,3,4).27 Reviewers of the original papers, however,

A 389 B Eine Asch lyse besitzen wir von Spinacia ol , die
Saalmiiller susgefihrt hat. Er fand in 100 Theilen der Asche
Anslyse der Asche von Spinacea oleracea; nach Abzug der Kohlemsiiure und der Kohle:
von Saalmaller aus Meiningen. Kali . « » v v v v e e e 23,43
N Natrom . . . . . . . . . . . 24,63
Die eingeischerte Pllanze war in einem Carlen bei Giefsen Halk . . . .. ...... 10,64
gewachsen. Bittererde . . . . . . . . . . 7,47
Die Analyse der Asche gab : Eisenoxyd . . . . . . . . . 210
d\fecllnc:oETrg';ue!:ndl nach m;:::;.m Chlornatriom . . . ., . ., . . . 12,81
Kali oo A9 g Phosphorsiure . . . . . . . . 8,56
Natron . . . 2033 2463 Schwefelsiure . . . . . . . . 4,44
Kalk. . . . B79 1064 Kieselerde . . . . . . . . . 5,88.
Bitererde . . 6,17 747 Hundert Theile der bei 100° gelrockneten Pflanze liefert
Bisenoxyd . . L7d 210 19,76 Procent Asche.
Chlornatrium . 10,57 12,81
Phosphorsdure . 7,07 8,56
Schwefelsdure . 8,67 44
Kieselerde . . 4,86 588
Hoblenstiure . 7,41 Coa *) Es enthalten 100 Theile Asche z. B. von un-
Koble etc. . . 10,07 » C sern Cerealien: der Waizen 1,36; Roggen 0,82
oo wege, phosphorsaures Eisenoxyd; die Gerste 2,93, der Hafer
Aschenprocente der bei 100° getrockneten Pllanze = 19,76, 1,30, die Hirse 0,48; von unsern Gemiisen: die

Linsen 1,98, Erhsen 1,94, Bohnen 5.24, Kartoffel 0,44;
—_— Spargel 5,11, Spinat 53% weisses Kraut 1,28, Blumen-

koh! 3.67, weisse Riiben 1.53,* Broccoli: Herz 2,12,
Fig. 1 Values presented for the iron-oxide content of spinach as presented by (A) Louis Saalpziiller
1846, (B) Jacob Moleschott' in 1850 and (C) Hessling 1852 referring to Richardson (values as iron
phosphate). Relevant values are highlighted.

24 Braconnot 1808, 1810 p.47; John 1814 p.4.

25 Saalmiiller 1846, p.389.

26 Note that the presentation of iron-oxide in the original tables is a potential problem for reading
and comparing the originally presented values, which is often not noticed by later publications
that directly refer to the iron content. Sometimes later authors did not differ between iron, iron
oxide and phosphorous iron oxide.

27 Buchheim 1847, Ritter 1859 p.42-44, Anonymous 1861 p.95, Liebig & Kopp 1849 p.1074, Tiede-
mann & Moleschott 1850 p.369, Watts 1868, Moser 1870 p.369, Wolff 1871, Koénig 1893
p.062).
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Spinacis oleracen, Spiser Du su i Chosspodisoren did not always judge in favour of
A gehoronde als hl:‘elmnkuul vislfach benntats Spinat -mlmlt nach Bro- . . 3
e o atLomen Fhovs Fod F o Boehecdaont 3108 Brors spinach. A sanitary state police
;:l::: ::I“‘;l?'?‘ ::‘ i-ogﬂ]\:lﬁll::mn FPianze Saalmiiller) 19,7 Froc. Asche. . .
S R Semante report reviewing the spread of
Natrop . . B30 24,6
e 181 10 cholera for example concluded,
Sehwefelshure 9,3 4,4 .
'lf;;z;‘ﬂ'::,;,,- RIS ) w supported by Saalmiller’s table,
l’ht)ayhnzlwteﬂ hm,noxyn] 87 ~—
Boma i = that one should “Savour as few

N e v of 5 vl taomn et vegetables as  possible!” and that
B elorgig v the chtmopntinceoan ordor, contatnssovording fo Braceasat, acid cxslaten “Cabb d sbinach ¢t b
malaten, and phosphates. Richsrdson (Jahresb. V847 p. 1014) Tound in tho nir- abbage an J]?Zﬂdf are nor to ve

dried plant 203 psr ceut. ash; and Baalmiller (Ann. Ch Pharm. Iviii. 389) found rewmmeﬂded ﬂﬂder d@/ [irc%myiﬂﬂ[—
in the plant, drlndl: 100°, 1 _zpm-mt ash, containing:

K'0, Fi0. Ca0, Mg0, S80% SI0% POS Fs P04, NaCl. Fet0b, 05728
97 860 131 53 93 31 79 87 79 .. Richardson
234 246 108 75 44 b9 B8 .. 128 21 Sealmillen

More generally a special inter-
Fig. 2 Valnes presented for the iron-oxide/ iron- est in Vegetable iron appeats to

phosphate content of spinach as presented by (4) Anom)- haye been sparked, when a new

{77.0”;7126/710 93, ‘;”d ®) /EV‘ZX }: 856]5'3 J 9b Q)}Z"ZOO generation of iron therapies was
Jotned. Relevant values are highlightea. INote that bot, introduced in the first half of the

7;6(]97:762‘& noted different percentages of ash for Saalmiiller 19% century. Most famous was

the introduction of Blaud’s pills,
which finally made iron a widely accepted element of the Materia Medica?® Until
then doctors had used iron salts since ancient times*, and during the renaissance
and baroque periods, interest in iron treatments was revived:3! A number of im-
portant discoveries on the physiological relevance of iron were made at that time
— By 1713 Lémery and Geoffroy had demonstrated that blood and vegetables
contain iron®?, in 1746 it was first reported that the amount of iron in the blood

28 Ritter 1859 p.42-44. Translations by the authors.

2 Iron remedies: Blaud’s pills were first introduced as remedies for chlorosis and anaemia in France
in 1831 by Dr. Blaud the médecin-en-chef de ’hépital de Beaucaire (Neurath & Lee 1941).
Blaud’s success is typically described on being based on using ferrous carbonate with the addi-
tion of sugar as oxidative protection (R6mpp 1996 p.1098).

30 Iron tonics and remedies in ancient times: The oldest example for the use of an iron tonic in
ancient times is probably retold by the legend of Iphiclus (gr. "Ipuwhoq) (Frazer 1921: Apollodorus
1.9.12): Iphiclus was infertile and cured by the seer Melampus. The latter had told him to take
rust from the knife of his father, which stuck in a tree for years and to drink it solved in water or
wine. This superstitious use of iron remained a medical tradition for a long time and was still
advocated in the 17t century (Wallerstein & Mettier 1958 p.1).
Another well-known example is the “old-wives’ tale” to spike apples with iron nails and to leave
them overnight (McDowell 2017 p.256), which is often attributed to Herodot (482-429 B.C.)
(see for example Schwedt p.16-17), however always without quoting the original source. This
practice of creating a household iron remedy, however, seems to have originated in the 18t cen-
tury especially in Eastern Europe and was revived by doctors throughout the 19t century (Kaf-
ka 1864 p.92, 1865 p.227), who used similar preparation practices to produce Ferrum po-
matum, Extractum Ferri Pomatum and other similar remedies (Mitscherlich
1847 p.374).
For further antique examples on medical uses of iron see for example Christian 1903; McDowell
2017.

31 Haden et al. 1938.

32 Lémery 1713.
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could be altered by feeding supplementary iron.3>** Eventually Justus Liebig popu-
larized his famous “Law of the Minimun/’ in agricultural sciences, according to
which “he rate of growth of a plant, the size to which it grows, and its overall health depend on
the amount of the scarcest of its essential nutrients that is available to if> 3536

For the first time, ash analyses of spinach were presented to a wider audience
in 1850. Jacob Moleschott, a soon highly influential physiologist, included Saal-
miller’s table in his revision of a widely-read handbook on dietary (see Fig. 1B).3
Yet, even this public presentation could potentially confuse readers, because he
only reproduced part of the table (see Fig 1A, B). Shortly afterwards, in 1852,
spinach was reported as a vegetable rich in iron in an anonymous encyclopaedic
entry for the first time.

33 Menghini 1746, 1747; see also Wallerstein & Mettier 1958 p.3.

34 A medal for the erroneous iron content of blood: Not only the iron content of spinach had
been overestimated. In several of the earliest reports that claimed to have shown iron as a con-
stituent of blood, authors reported iron content to be leagues too high compared to the values
we know today being correct. Based on reports of Menghini (Menghini 1746, 1747), (who de-
scribed the use of a magnet to identify iron in dried blood!!!), French scientists during the time
of the First Republic calculated, that blood contained 70 scruples of iron (depending on the
conversion system used ca. 90 g of iron) (Parmentier & Deyeux 1796 p.134-135). This miscalcu-
lation even led to some bizarre ideas. For example, it was suggested, that it would be possible to
make iron tools and weapons from blood iron (l.c.). Another ridiculous suggestion was to make
medallions from the blood of the deceased to provide the bereaved with a durable physical
memorability of the beloved ones passed (Parmentier and Deyeux 1796 p.135, John 1814). The
complete origin of oddities in Menghini’s experiment are though clouded in obscurity and have
never been fully explained. Commentators like for example Berzelius were rather sceptical, a few
others who tried to replicate Menghini’s experiments assumed an experimental error. Some
though suspected an outright case of deception and concluded that “Menghini’s paper affords one
instances out of many ... where we might be assured that the facts as stated cannot be true, yet where it is not
easy to assign the sonrce of fallacy, or to determine in what degree the experimentalist was himself deceived or
wished to deceive others” (Bostock 1825, p.369). At least it is apparent, that some of the early esti-
mates were further clouded and overestimated by calculations based on other overestimating as-
sumptions. For example, in the 18" and early 19 century it was commonly assumed, that the
human body contained 25 apothecary pounds of blood (Parmentier & Deyeaux 1796 p.134).
Nonetheless other scientists soon reported estimates much closer to today’s values (Le Canu
1837), but readers referring to those old papers should consider that the author relied also on
other erroneous assumptions in their overall calculation in the human body (tegarding Le Canu
see also Berzelius 1832).

35 Allaby 2012, p. 285.

36 Optimizing the law of the minimum: It was soon realized that this was an over-simplification,
which did not match experimental results. This eventually led to the «Law of the optimum»
(Liebscher 1895) according to which “The minimum factor affects yield more, the more the other factors
approach their optimum dosage” (Mohr & Schopfer 1995 p.571). A further specification was later
added in form of “#he law of decreasing productivity”, which accounted for the existence of different
growth factors (Mohr & Schopfer 1995 p.571; Mitscherlich 1909).

37 Tiedemann & Moleschott 1850.

38 Anonymous 1852 p.172.
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In the same year, spinach as the vegetable with the highest iron content was al-
so featured for the first time in a medical journal.? It was noted that the ash of
spinach contains the highest amount of iron in any of the listed vegetables.*0 At
that time the amount of iron phosphate in the ash of spinach was given as 8.67%
(see Fig. 1C).41 The author, however, did not cite any reference to this claim and
roughly attributed it to the “Giessener Schule” 4

Several other authors in the 1850s and 1860s took up the idea that spinach is a
vegetable rich in iron.*> Even in some of those early reprints, problems for the
reader were introduced (see Fig 1A vs. 1B & 2A vs. 2B & Fig. 3 vs. 2).

Uncertainties could arise from those reports: Various numbers were presented
in contradictory fashion and in the case of Richardson it was also unclear whether
the presented spinach analysis was based on fresh weight or dry weight (see Fig 2.
& Fig. 3). At the same time this “fz¢/” of spinach being a vegetable supporting the

39 Hessling 1852 p.216.

40 Hessling 1852 p.216.

41 Hessling 1852 p.216; the presented values were based on data from a publication by Thomas
Richardson.

42 Saalmiiller and Richardson: The note clearly refers to the school and laboratory of Justus Liebig
and the early reports published by Richardson [and possibly Saalmuller]. The biography of
Thomas Richardson (1816-1867) is well known (Hartog 1896). He was one of the first British
guests in Justus Liebig’s laboratory in Giessen and there obtained his PhD in Chemistry (Bud &
Roberts 1984 p.103; Fruton 1990 p.53-58; Campbell 2000 p.111). He later became a well-known
Chemist in Newcastle upon Tyne (Fruton 1990 p.287) and wrote several text-books on Organic
Chemistry. He also provided the First English translation of Justus Liebig’s “Infroduction to the
First Elements of Chemistry, for the Use of Students” (see Liebig 1837). There is not much known
about Saalmiller. Louis Eduard Saalmiller (1820-?) from Rémhild near Meiningen came as pri-
vate citizen to Giessen to study Chemistry and on the 12.12.1845 enrolled as a chemistry stu-
dent (see Kossler 1976 p.159). He stayed there from 1846 to 1847/48 (Wankmiller 1980). His
short table on the ash content of spinach was his first scientific work. Nothing is known about
his later life (see also Fruton 1990 p.304). Fragments of his study time though have survived in
letters, depicting him as not being the most commendable student (Busse 2015 p.121). In June
1846, it was noticed by his student colleagues, that after joining one of the local student fraterni-
ties, Saalmiller was “already nearly lost for the field of chemistry” (transl. by the author; as cited by
Busse 2015 p.121), and they ridiculed the discussed fraternities and students: “Nozhing is more sel-
dom for them, then a sober moment.” (transl. by the author; l.c.). In 1847 Saalmiiller would publish a
longer work on the chemical composition of Ricinus oil, which would also be partly translated
into English and French (Saalmiiller 1847; Saalmiiller 1848a, 1848b; sce also Hunt 1848). It
would cause a further scientific discussion, because other authors were unable to replicate some
of his analysis and found different results. The ,,Ricinusilsinre investigated by him was later used
as more intense alternative to castor oil (Darmstaedter 1908 p.1847), a remedy which for a long
time was used as laxative, but also torture remedy to punish badly behaving children. His dis-
covery today is still remembered in the history of Lipid Sciences for being the first identification
of a hydroxylated lipid (Leray 2013 p.301).

43 von Hessling 1852 p.216; Bernstein 1853 p.157-158; 1864 p.126; Moleschott 1859 p.347; Mole-
schott 1861 p.50-51 & 75; Leo 1866 p.146; Klencke 1867 p.489-490; Anonymous 1873b; Leuchs
1875 p.539; Ule 1876 p.217.



70 Spinach in Blunderland — How Spinach became rich in iron

physiological creation of blood in anaemic patients was further retold as encyclo-
paedic knowledge.*

1rges

kLK

Fig. 3 Ash analyses of spinach as presented by Richardson 1848 (details magnified) as reprinted in
“Jahresbericht iiber die Fortschritte der reinen, pharmacentischen und technischen Chemie, Physif, Mine-
ralogie und Geologie fiir 1847/ 1848 (Liebig & Kopp 1849 p.1075) provided several problems for the
reader: (1) A footnote (**) was attached that all analyses of Richardson had been performed on natural
(undried) plants. Later reports however told, that the plant had been air-dried (see Fig. 2). This makes it
clear that already early affer publication of the resuits a confusion of dry-weights and fresh-weights had
occurred. (2) The footnote was only attached in the table to the first columm, of results given by him. Not in
the spinach column. It was thus easy to overlook. (3) No values for coal (germ. Koble), sand or carbon
dioxide are given. This renders it unclear which method was used for the investigation and how much iron
was in the analysed plant.

In this context two factions arose: Those who preferred to promote a supplemen-
tary iron therapy for chlorosis based on the idea of Blaud’s pills, and a second
faction, which promoted a dietary solution for chlorosis.*54¢ The latter view was

4 Spinach, a blood creating vegetable: Anonymous 1852; Anonymous 1860 p.784: ,,Weife Riiben
enthalten eine geringe Menge von Eisen, Spinat dagegen viel; daber ist es erklirlich, weshalb nns, nachdens wir
drei Tage weife Riiben gegessen, Spinat ein Leckerbissen scheinen wird.”; Rolfus & Pfister 1865 p.370:
»Eben diesen [sic| Eisengebaltes wegen ist der Spinat ein kréftiges, blutbildendes Gemiise, das besonders Bleich-
siichtigen sehr woblthitig wird.“; Watts 1868.

4 See for example: Anonymous 1858 p. 29 & Bernstein 1853; Anonymous 1855a & Anonymous
ak.a. Bernstein 1869 p.136: ,,... Um nun eines dieser Mittel zu erwdbnen, wollen wir den Spinat anfiibren,
dessen Genuss fiir Kinder nnd junge Mddchen, die ein bleiches Ausseben haben, ganz vortrefflich ist. Diese
Bleichheit riibrt von einem Mangel an Eisen im Blute her. Nun kann war jeder Arzt Tropfen verschreiben, die
Eisen enthalten, aber die Wirkung solcher kiinstlichen unorganischen Dosen ist sehr zweifelhaft, wibrend der
Spinat eisenbaltig von Natur und immer eine bessere, eine organische Argnei und Speise ugleich ist.”

4 Liquid spinach: Unsurprisingly many iron tonics and remedies became available over the years
and especially during the 19% and eatly 20t century. For a time, some of them were directly
prepared from spinach. E.g. Spinol (also known as Spinoferrin), “a liguid saccharine ex-
tract of young, fresh spinach leaves” was advertised as a leaf free alternative for the “spinach cure in chil-
dren” (Coblentz 1899 p.126; see also p.478; Thoms 1929 p.2046). Another was Spinol sic-
cum, a brown-green amorphic powder with a bitter and salty taste made from Spinol (Co-
blentz 1899 p.126; Thoms 1929 p.2046). Spinol saccharatum liquidum was an-
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not only limited to a small medical circle, but was also soon portrayed in German
newspapers, which highlighted the iron value of spinach*’ probably often based
on accounts by Moleschott. The legend of spinach being rich in iron though re-
mained somehow limited to a small circle of authors and their audience in Ger-
many at that time.*8 Several of them might have had direct relations to Jacob Mo-
leschott.#

The role of Jacob Moleschott

As already noticed, Jacob Moleschott® was the first who in 1850 presented the
results of iron content of spinach to a wider audience. Beyond this, he was also
the anonymous author of the encyclopaedic article that first explicitly reported
that spinach is rich in iron.>! This was later revealed by Moleschott himself, who
admitted a couple of years afterwards that he was the author of this article, when
he republished a revision.>

other similar product (Thoms 1929 p.20406). In the 1930s companies also introduced a dried
spinach powder called Spintrate (Anonymous 1939 p.322-323).

47 Anonymous 1853; Anonymous 1855a; Klencke 1872; Anonymous 1873a p.678; Anonymous 1874.

4 For an exception see Anonymous 1869 p.14 & p.136.

49 A whisper net: Carl Theodor von Hessling (1816-1899) was inscribed from 1838 as student at the
University Heidelberg (Toepke 1904 p.604) and likely knew Moleschott from his student times
(see also Hessling 1852). Otto Ule (1820-1876) was a popularizer of Humboldt and had married
the sister of Jacob Moleschott’s wife (Meneghello 2017 p.66 footnote 144; see also Ule 1855,
1876 p.217). Bernhard Ritter and Moleschott might have known each other from Moleschott’s
time in Heidelberg. Ritter was a practical physician in Rottenburg near Heidelberg. Both pub-
lished articles in the 1847 issue of “Zeitschrift fuer rationelle Medizin”, published in Heidelberg (Rit-
ter 1847, Moleschott 1847).

50 Jacob Albertus Willebrordus Moleschott (1822-1893) was an important Dutch physiologist and
one of the main proponents of Scientific Materialism. After studying Medicine in Heidelberg, he
returned to the Netherlands and worked as a physician in Utrecht. During his time in Utrecht
and Heidelberg he translated several contemporary works on Natural Sciences (Snell & Mo-
leschott 1842; Mulder & Moleschott 1844a, 1844b; Mulder & Moleschott 1847, Hoeven & Mo-
leschott 1847). In 1847 he returned to Heidelberg as private lecturer. There he wrote the first
editions of his most important works, an introduction on Human dietary and the cycle of life, in
which he critically discussed Liebig’s theories (Moleschott 1850, 1852). Both would become two
of the most intensely discussed works on Natural Sciences in continental Europe. In 1856 he
became the first Ordinarius of Physiology at the newly found Polytechnikum in Zurich. In 1861
he relocated to Italy and taught at the University Turin and since 1879 at the Sapienza Universi-
ty in Rome. In his later years, he spent most of his time working as a Senator of the newly
founded kingdom of Italy. For details on his biography see Hagelgans 1985; Meneghello 2017;
Moleschott 1894.

51 Anonymous 1852 p.172.

52 An incorrect citation: See Moleschott 1861 p.VI-VII: , Beinabe die Hdlfte der folgenden Blitter hat
bereits anderwarts dem Publifenm vorgelegen. Der erste Aufsatz; erschien im Jabre 1850 in dem von Brockhans
berausgegebenen Sammebwerke: \Die Gegenwpart.“‘. Note that Moleschott is mistaken here, as this arti-
cle was published in 1852, an error which Moleschott later corrected himself (Moleschott 1863a
p-503): ,, Vgl Meinen Aufsatz Nabrungsmittel’ in der ‘Gegenwart’ von Brockbans, 1852, zu dem ich mich
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Tabells CCXXL

Spinat, Spinacea oleracea.

Tabelle CCXLVIIL

Uebersicht der pflanzlichen Nahrungsmittel nach dem anfst
Gehalt an Eisenoxyd.

Saale | Ricbard: In 1000 Theile
In 1000 Theilen. miller. | son | Mittel. Schminkbohnen . . . . . . . . L. 0,01
A o B Radischen . . .+ . . . .. 001
%‘(i\‘ueh;{iibcn ........... 002
Orgice St - el - Roma s 22 :
A o enbestandtheilo .. — & i %‘ 'iﬁ‘] ______________
"""" 70| 808 icheln x
B Ll 266 | L4l Kutofleln™ . . 0 0 01l 005
Bittererde . . . . . . ! 107 1,29 Weisskrant . . . . . . . . . . . . 0,06
Eisenoxyd . . . . . - 3'23 3‘% Runkelriiben . . . . . ., ., . . 007
Fhosphorsiure . - - - - i | T3 Cochlearia anglies . . . . . . . . . 09
| Citimagtam - 0 2 La | 2o Blumenkohl
Kicselerde . . . . « « < . . . . . L19 064 | 092 s . . . . e
Wasser . . . . . . . ... - 905,30 - Plavmen , . . . . . . . . . ...
. Kirchen .o
t . L s L e e e e e e e e e

(1) Basimiller's Zablen sind suf dea von
Aschenbesandthells surlickgefilhrt.

Bichardson gefondenen Westh fir die

Buchweizen
Meerkohl (ﬂlhu:r)
astanien . .

;.:zlblc Riben . .
auch . . . .
Aschenanalysen. Spargeln |
C Es sind im Labaratorium za Giessen die folgenden Aschen ana- eizen . .
Iysirt worden (Ann, d. Chem, u. Ph. Bd. LVIIL, 8. 389), Ef’fﬁn .............. 02
Analyse der Asche oon Spinacea oleruces, Stachelbeeren . . . . . . .. . . .

von Saalmiller. afer . .o oL o0
Mandeln . . . . . . . . ..

Directes Ergebniss Nach Abzug der un- Pastingken . . . . . . . . . . .. )
in 100 Theilen.  wesentlichen Be- Gemeine Artischocken . , . . . . . . 0,29
standtheile. Ackerbohnen 3
Kali 1934 2343 Banancnmebl
Natron 20,33 24,63 Limen. 50w
Kalk 8,70 wet 0 Geme. oo
Bittererds 6,17 747 E:f‘”rf’e"
Eisenoxyd 1,74 10 Endivie . - . - . . o.o.oo. ..
Latus 56,28 68,27 Spimat . . . o4 .. o4 o.a e i
Samen von Chenopodium Quinoa . . | . 07h. h

Moleschott in 1859. ©) Valnes presented in “J ournal  fiir praktische Chemie — Dritter
Band p.121 (Anonymous 1846). Valnes presented by Moleschott were based on the
investigation by Richardson 1848 and Saalpiiller 1846, but had been recalenlated.

Of the early publications by Moleschott promoting spinach to be rich in iron,
several are especially noteworthy. In them?, Moleschott originally established
spinach as a vegetable rich in iron. For example, in 1859 he presented the earlier
ash analyses of spinach. In contrast to previous versions though, this time the
analysis was recalculated as values adjusted to the values of Richardson (0.68 parts
in 1000 parts).>* The table itself and its recalculation almost certainly might have
caused further problems for readers (see Fig. 4A). Furthermore, another table lists
spinach explicitly as the richest source of iron (with the exception of quinoa seeds)
(see Fig. 4B).55 However, Moleschott was not the only one in that period who was

hier bekenne, um manche Aebnlichkeit der Ansichten und Namen zu erkliren, und Physiologisches Skizzen-
buch [sic] von Jac Moleschott, Giefen 1861, 1. Die Kraftquellen des Menschen.*

53 See Anonymous 1852, p 172; Moleschott 1860 p. 483: ,,Reich an Eisen, 0,30 p.M. Eisenoxyd und
dariiber [hinaus| sind Ackerbobnen, Linsen, Gerste, Bananenmebl, die Samen von Chenopodium, Quinoa,
Erdbeeren, Feigen, Endivie, Spinat und ganz, besonders die 1ebern der Fische*; Moleschott 1880 p.50-51:
. Weifse Riiben enthalten eine geringe Menge von Eisen, Spinat dagegen viel; daber ist es erklirlich, weshalb uns,
nachdem wir drei Tage weifse Riiben gegessen, Spinat ein Leckerbissen scheinen wird.” See especially also ta-
ble CCXLVIII in Moleschott 1859 p.186 (in the Appendix ,,Zahlenbelege®). See also in Mo-
leschott 1859 table CCXXI p.166 (in the Appendix ,,Zahlenbelege®).

54 See table CCXLVIII in Moleschott 1859 p.186 (Note: in the Appendix ,,Zahlenbelege®). Note that
this value of 0.68 was not reported in the literature, but was instead based on a recalculation by
Moleschott, in which he tried to adjust Saalmiiller’s 1846 findings to the ash values given by
Richardson (Moleschott 1859 Appendix p.166 table CCXXI).

55 Moleschott 1859 Appendix p.166 table CCXXI.
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not sure about how to present results (see Fig. 4C). Interestingly, several of the
reprints presented for both the tables of Saalmiiller and Richardson in each case
with different amounts of ashes recovered (see Fig.2 & 4). It is well possible that
this was the origin of the “decimal error” at least in the sense that uncertainties in
the range of one order of magnitude existed. In any case, it might explain why
some people found the story convincing. Without the notes by Jacob Moleschott
it is extremely hard to understand how the myth of spinach being rich in iron
survived the first phase of its popularization:

During the “Vormmary’ of the German revolution of 1848, a serious cultural,
philosophical, religious and scientific dispute arose, since biologists started to
explain human nature in a biological philosophy of life. This conflict was called
“Materialismus Streif’ and Jacob Moleschott, inspired by the philosophy of Spino-
22557, Hegel®® and Feuerbach®, soon became one of the most vocal supporters of
the materialistic monistic world view.

One of the biological battlefields in this dispute was the nutritional role of
compositional elements of food. According to Moleschott’s materialistic view, the
elements of nutrition were not only the basic elements of physiology, but also of
cognitive function and faculties.®O His bon mot “No thought without phosphor’®' soon
became a widely-known dictum.62.63

56 See Thissen 1995 p. 130-131.

57 Baruch Spinoza (1632-1677) was a Dutch philosopher of Portuguese origin and one of the great
rationalists of the 17t% century. His work was important in being fundamental in modern biblical
and religious criticism. He was also sometimes ridiculed as a man named Spinach (Laursen 2000
p-198). In his honour a variety of spinach was named after him. Spinacia olearacea var. spinoza.

8 Georg Wilhelm Friedrich Hegel (1770-1831) was a German philosopher and the leading figure
in the German Idealism movement.

% Ludwig Feuerbach (1804-1872) was an important German philosopher who’s religion criticism
and materialism where highly influential. He also helped to popularize the works of Jacob Mo-
leschott, and his recension of Moleschott’s book “Lehre der Nahrungsmittel fiir das Volk” be-
came famous for the quote ,,Der Mensch ist was er isst’ [engl. Man is what he eats] (Feuerbach
1850 p.1082).

0 See also Meneghello 2017 p.309.

1 Moleschott 1850 p.116; see also Moleschott 1861 p.21.

62 Don’t trust the literature — “Fish is brain food”, ot how Mark Twain fooled scientists for
150 years: It is noteworthy, that Moleschott’s book on nutrition and his most famous quote
have been associated with another popular believe, which is that “fish is a brain-food” due to its
high amount of phosphorus (Atwater 1887, Porterfield 1970). The aphorism is classically at-
tributed to Louis Agassiz (1807-1873). However, this was already doubted during Agassiz life-
time. It was reasoned, that Louis Agassiz (1807-1873) put together Moleschott’s winged words
and findings from Pasteur’s teacher Dumas (1800-1884) who had found high amounts of phos-
phor salts inside fishes (Atwater 1887). Interestingly already 130 years ago, authors were already
stumbling in clarifying the origin of such popular myths in nutrition (l.c.). The episode of fish
being a brain-food due to its phosphorous content even received literature fame thanks to a re-
mark on critical thinking by the splendid Mark Twain, who claimed to have replied to a young
aspiring author asking for advice on the right diet for an author (T'wain 1871): “Yes, Agassiz does
recommend authors to eat fish, because the phosphorus in it makes brain. So far you are correct. But I cannot
belp you to a decision abont the amonnt you need to eat — at least, not with certainty. If the specimen composition
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However, the true core of the dispute was that Moleschott and other real-
philosophers proclaimed the unity of force and matter. ¢ No matter without em-
bedded force, no force without matter as carrier.> Moleschott expressed that
force and matter can only be changed together and that the soul therefore is an
impossibility and no more than movement of matter. Presenting their theses as
being consequences of empirical sciences, radical natural scientists and philoso-
phers such as Moleschott, Vogt and Buichner discredited university philosophy
and especially German idealism as pure speculation.

The opposing party in biology consisted of vitalists, as for example Justus von
Liebig, expressing that not every aspect of life and human nature could be ex-
plained by natural sciences. In the historical scientific context, Jacob Moleschott
soon became the most outspoken critic of the vitalist world view and especially of
the works of Justus von Liebig (1803-1873).% One of Moleschott’s first works
was a critical discussion of Liebig’s theories on plant nutrition, which in its de-
tailed discussions was rather an homage to Liebig’s work.” Nevertheless, it did

you send is about your fair usnal average, 1 should judge that perbaps a couple of whales wonld be all you would
want for the present. Not the largest kind, but simply good, middling-sized whales.”

Especially nutrition scientists often recite this episode on a famous Harvard Professor
who coined the idea and journalism schools and Courses on Creative Writing love to retell the
story of Mark Twain’s Double-Pun. Unfortunately, the story is itself not completely correct.
Moleschott in 1858 showed measurements highlighting a large amount of phosphotrous in fish
exactly on the same page on which he presented his famous aphorism “No thought without phos-
phor”’. He even reasoned, that fish is a good source to match the demand of necessary phosphor.
Furthermore, it was not even Agassiz who coined the term that “fish is brainfood” due to its
phosphorus content. In fact, this nutritional myth was coined numerous years eatlier in a journal
of the literate Karl Gutzkow (1811-1878). In 1854 in his magazine on “kitchen conversations” a re-
view on the book of Moleschott stated: “A meal of fishes is praised due to its phosphor content as excquis-
ite brain-food’ (Gutzkow 1854; translated by the author). It remains unknown, if Agassiz ever
made the claim at all (Atwater 1887; James 1890 p.81ff).

63 Misattribution by Lazy writers: Even though many got it right — numerous scientists, book
authors and journalists for more than a century and into the present attributed this aphorism er-
roneously to a student named Biichner (Chambers 1875 p.151, Fishbein 1929a, Fishbein 1930,
Lys 1948, Anonymous 1956b, Hocking 1998 p.279). Ludwig Biichner (1824-1899) indeed used
the quote “Without phosphorous no thought” in his best-known book “Kraft und Stoff”’, but only to re-
tell in quotation marks what Moleschott said (Biichner 1856, p.17; 1872 p.115). This case exam-
ple of misquotation is even ongoing 130 years after its misattribution was first highlighted to
correct an article in the then new edition of the Encyclopaedia Britannica (Atwater 1887 p.249).

64 Moleschott 1856 p.33; see also Meneghello 2017 p.159.

> Biichner 1859 p.193: ,,850 wenig ein Gedanke obne Gehirn sein kann, so wenig kann ein normal gebildetes und
erndbrtes Gebirn sein obne 3u denken. ..

® Justus von Liebig (1803-1873) was an important German Chemist teaching in Giessen and
Munich. In his classical works, he recognized the importance of minerals for plants and the ne-
cessity to fertilize soils to maintain their fertility. He thus later became the “father of the fertilizer-
industry” (Skrabec Jr. 2013 p.54). He also developed a manufacturing procedure for beef extracts,
which became part of the “Zron ration” that were provided to soldiers (Roth 1875 p.38).

7 Moleschott 1845; Moleschott received the award of the Teyler Society (Teylersch Gesellschaft
1844).
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discuss limitations with regard to presenting data. For example, Moleschott even
then explicitly criticized Liebig with regard to ash analyses, which should be more
“exact’” and be provided as mean values.%

Although Molschott highly admired Liebig for his experimental wit (Evans
1896) the dispute soon escalated. Justus von Liebig published his ,,Chewische Briefe”
and Jacob Moleschott replied with another more voluminous epistle structured as
a direct reply: ,,Der Kreislanf des Lebens” (engl. The Cycle of Life).° First published in
1852 it became the source of a veritable scandal. Moleschott at that time was
teaching Anthropology and Physiology at the University of Heidelberg and two
years after the book was published, it had caused enough outcry that the rector
and senate of the university felt they had to react.” They did so by officially de-
nouncing Moleschott’s book as “frivolons” and “immoral’ at the state ministry.”

In a private audition, it was revealed to Moleschott that he had to stop his
provocations, otherwise they would find it easy to remove him from his position
with support of the State ministry. Deeply offended by what Moleschott perceived
as abandonment of the academic “freedom of teaching’, until today one of the most
vividly defended principles of German universities, Moleschott resigned from his
post as lecturer and took the chance to become the first ordinaries of Physiology
at the newly founded Polytechnikum in Zurich.”? A full account much in favour of
Moleschott’s perspective was presented to a wider German audience in one the
first issues of the “Gartenlanbe’, ™ a predecessor of modern illustrated magazines,
which a few years later became the first German magazine having a circulation
number exceeding 100000.7+ Especially Moleschott’s remark that cadavers should
be cremated for the sake of agriculture, so that the valuable minerals would not be
lost, seems to have provoked an utter outcry among his contemporaries, who saw
in this nothing less than a barbaric act of blasphemy, atheism and “violation of hu-
man dignity”.7> It is to be seen in this context how the note on a high iron content
started to get viral.

The books, published shortly after the peak of the ,,Materialismusstreif’, were
the first to present the high iron content of spinach to a wider audience. Due to
the intensity by which the ,,Materialismusstreif” was fought, Moleschott soon be-
came a widely read and received author and as for many of the materialist books,

8 Moleschott 1845 p.116.

69 Moleschott 1852.

70 Evans 1896.

71 Anonymous 1855b; Evans 1896; Griitzner 1906; Kockerbeck 2011.

72 Grutzner 19006.

73 Anonymous 1854.

74 See for example Faulstich 2004 p.66. Die Gartenlaube had started in 1853 with a total circulation
number. In 1857 the total circulation had already been increased to 45000 and to 70000 in 1858
(Rottner 1858).

7> Rautenberg 1885 p.25.

76 Moleschott 1859, 1861.
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his works were translated into multiple languages.”” This is not only visible by the
several positive book reviews written by his supporters, but even more by the
many authors who openly opposed them. Already by the mid-1860s hundreds of
authors had written harsh replies against the materialistic world view. The public
outcry was gigantic and soon escalated in lengthy scientific’ , philosophical and
theological replies™, political pamphlets®, personal philippics, sharp tongued
puns, acrimonious satires, anonymous skits and even theatre plays caricaturing
Moleschott.81.82

Despite this, Moleschott’s works were widely circulated directly and indirectly
by authors who intensely recited them, and in the rising nutritional movement
both Moleschott’s nutrition books and Ludwig Feuerbach, who wrote a mul-
tivolume newspaper review of his nutrition book, became classics.8384 Therefore,
even if early biochemists often tried to disprove many of his special nutritional
claims at the end of the 19 century, it is apparent that Moleschott’s works were
known to many of them.

Moleschott’s publications on dietary nutrition also had some other effects.
First, the idea that spinach is exceptionally rich in iron, based on his books and his
anonymous encyclopaedic article®5, became part of one the major German Ency-
clopaedias.?6 Second, since by 1867 at the latest spinach for the first time appeared
in a cookery-book as being rich in iron and a good remedy for chlorosis.?” It was
used as a schoolbook in educational institutions as “food for thought for thoughtful

77 Kamminga 1995.

78 Ad hominem: For example, Liebig called Moleschott a “dilettante” and “commmuter strolling at the
borders of natural sciences”.

79 Fischer 1853; Michelis 1856.

80 Anonymous 1856c.

81 Scientific dispute: How intense the dispute was fought at the peak of the Materialismusstreit in
1856 is perhaps best visualised by an anecdote: After the entrance lecture of Moleschott in Zur-
ich on “Light and Life”, legend tells that “on his way to the lecture room he met the rector of the university,
Hermann Kochly, who was not only an acute philologist but also something of a wag, and who assured him that
the peasants, led by their pastors and armed with clubs, were coming down the lake to put a stop to such godless
proceedings, just as a dozen_years before they had overthrown the government that ventured to offer a professorship
to David Stranss.” (Evans 1896).

82 Anonymous 1856a; Anonymous 1856b.

83 A German Fairy tale: Moleschott’s books on nutrition were reprinted in several editions and they
were also translated into Dutch, French, English, Italian, Russian and Spanish (Moleschott 1894
p-227, Moleschott & Flocon 1858, Moleschott 1863a, 1863b). Most of them are now extreme
bibliographic rarities. At least the English and French versions of the book did not contain the
claim that spinach is rich in iron (Moleschott & Flocon 1858). Not all the editions show nutri-
tional and iron content of spinach and other vegetables.

84 See also Anonymous 1855b, a defence of Moleschott, which was likely written by Ludwig Feuer-
bach.

85 Anonymous 1852.

86 Anonymous 1860.

87 Klencke 1867.
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young women” 83 Even though relatively rarely, the idea that spinach is rich in iron
was also publicized in several local newspapers in the mid-19% century.®

The legend that spinach is rich in iron has therefore emerged at a much earlier
point in time than it is commonly assumed today. It was Moleschott who first
popularized this very special kind of spinozistic spinazism. However, there is no
clear sign in Moleschott’s books that a decimal error occurred.

The tables presented in their different versions, however, highlight that as early
as the 1850s an intense discussion must have been ongoing. Elsewise it would be
hardly understandable, why several authors tried to recalculate the table. One ob-
vious reason was certainly that Saalmiller and Richardson had used different de-
scriptions of what was measured, which were not fully compatible. The discrepan-
cies however highlight that there had already been confusion at the very origin
when those measurements were presented first. Especially there seem to have also
been unclarities with regard to fresh and dry weights.

Emil von Wolff’s “Aschenanalyse” (1865-1880)

The eatliest mineral analyses of the iron content of spinach were based on the
analysis of plant material reduced to ashes. This kind of analysis had become fash-
ionable in early modern chemistry and was performed by many scientists. Every-
thing from “horse excrements” to the content of wine was incinerated, analysed
and published in chemical manuals. Soon a flood of such analyses occurred, and it
turned out to be increasingly impossible for agronomists, biologists and chemists
to follow the ever-increasing number of publications. In the true spirit of the 19%
century, everything needed to be catalogued to remain accessible. Prof. Emil von
Woltt (see Fig. 5)° became the person who was chosen to perform this task, after
first ash analyses were also accumulated previously by Moleschott.

88 Klencke 1867.

8 Anonymous 1873a, 1873b, 1873c, 1873d, 1874.

% Emil Theodor von Wolff (1818-1896) was a German agricultural chemist. He worked as profes-
sor and director at the ,,kénigl. wirttembergischen land- und forstwirthschaftlichen Akademie
zu Hohenheim®. His work was strongly influences by Justus von Liebig and he wrote several
books and articles, including a teaching script on agricultural chemistry (Leisewitz 1910). How-
ever, over time, Wolff somehow became a serious critic of Justus von Liebig and Wolff’s most
important textbook (Wolff 1851) became the credo for the “Szickstiffler” [nitrogen party] which
lay in clinch with the “Mineralstiffler’ [mineral party|, which supported Liebig’s views and his ef-
fort to introduce a commercial “patent” mineral fertilizer (Stahr, Fellmeth & Blume 2015).
Wolff was critical of this fertilizer, which he thought to be not working sufficiently (Stahr, Fell-
meth & Blume 2015). He criticized Liebig in this regard harshly: “[regarding practical experi-
ments| — Mr. von Liebig bas no idea of their number and practical importance” (Stahr, Fellmeth & Blume
2015; transl. by MM). Much like Jacob Moleschott, Emil von Wolff also published a pamphlet
setiously criticizing Justus Liebig’s “Chemische Briefe” and Liebig’s attacks on the then leading ag-
ricultural chemists (Wolff 1858).

Another important work of Emil von Wolff were his feeding doctrines in which he had collect-
ed an extensive set of analyses for carbohydrates, fat and proteins in feeds and diets which were
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In modern terms one might say that both Moleschott and Wolff were the first to
introduce a Systematic Review or Meta-Analysis to the scientific literature of biology.
However, Emil von Wolff was later pinpointed in many reports as being responsible
for the decimal error that let to spinach being rich in iron.?!

Fig. 5 Emil Theodor von Wolff (1818-1896) is often unjustly named and shamed as being responsible
for introducing spinach as a vegetable rich in iron due to a decimal error. His most important scientific
contributions however were as a Professor in Hobenbeim, where he belped to develop the field of animal-
and plant-nutrition to a modern science.” He was also the first in the world to launch a state-owned Ex-
perimental Station for Agronomy’ (Image sonrce: Archive University Hobenheim)

In 1865 a first version of his collection of ash analyses was published.”? By 1871 it
was updated in depth and he then had also included previously described meas-
urements on the iron content of spinach (see Fig. 6).3. However, he did not put
any special emphasis on spinach being iron rich and only presented raw tables.
Wolff’s compilation thereby was based on measurements of two previous publica-
tions: The already mentioned publications by Saalmiiller and a second article by
Richardson.”

used for optimizing nutrition of livestock’s (Thde 1961 p.810). At his time this work as well as
his “Aschen-Analyse” was highly popular (Sachs 1873 p.33; Thde 1961 p.810).

91 See for example Bender 1977: “For a hundred years or more spinach has been (and clearly still is) renowned
Jor its bigh content of iron compared with that of other vegetables, but to the joy of those who dislike the stuff this
is quite untrue. In 1870 Dr E. von Wolff published the analyses of a number of foods, including spinach which
was shown to be exceptionally rich in iron. The figures were repeated in succeeding generations of textbooks -after
all one does not abways verify the findings of others including the Handbook of Food Sciences’ (Handbuch der
Ernabrungslebre [sic)) by von Noorden and Saloman in 1920.”; see also discussion in Sutton 2010a.

92 Wolff 1865.

93 Wolff 1871 p.101, p.128, p.147.

94 Saalmiiller 18406; Richardson 1848 as cited by Wolff 1871 p.101.
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Fig. 6 Ash analyses of vegetables as presented by Emil von Wolff in 1871 p.101. Nr. 51
represented the spinach results measured by Saalmiiller 1846. Nr. 52 represented the values
of Richardson 1848 with a water-content of the fresh substance being 90.53 percent.

Wolff himself later extended his report by publishing an update, in which he in-
cluded 1600 further ash-analyses, however this time many of those were based on
own analytic investigations.”> Measurements for spinach however still used the
data collected in the 1840s (see Fig 7).
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Fig. 7 Ash analyses of vegetables as presented by Emil von Wolff in 1880 p.128. Results
were even_further reduced.

The perhaps most amusing fact on the eatly origin of the claim that spinach is rich
in iron is the fact, that the complete eatly hype was based on no more than the
results obtained from two studies each investigating a single probe. One thing can
be concluded with absolute certainty: Emil von Wolff did not introduce the myth

9 Wolff 1880.
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that spinach is rich in iron.? Those claims had already been popularized for years
in the literature by Moleschott”” and others even before the first compilations of
ash-analyses by Wolff were published. However, the question remains® if he was
responsible for introducing a decimal error to further popularize spinach as being
rich in iron:

On the terrors of the table or on the difficulty to read one

Variant 2 of the myth how spinach became rich in iron (originating from a deci-
mal error made by Prof. Wolff) should be principally easy to verify. Several au-
thors had already reported that they were unable to find any such decimal error.”
Alas, how difficult can it be to read a simple table and compare it with the original
reports it had been published in? Unfortunately, there are several problems one
must realize when reading Wolff’s “Aschen-Analyse”.100

At this point a surprising finding needs to be revealed. When locating the arti-
cle by Richardson quoted by Wolff'0! it was found that this article had not been
published in the Journal as Wolff reported it to be. Even after an intensive search
in other issues of Justus Liebig “Annalen der Chemie” (formerly Ann. Chem
Pharm.) it was impossible to trace the original publication quoted. Only after an
in-depth literature search, looking through old volumes, it was eventually possible
to find eatly reprints of Richardson’s article!02103.104 which lead to another surpris-

% “Yellow Press”: The legend that Prof. Wolff was responsible for the claim that spinach is rich in
iron even gained him a status of immortality in the “yellow press”. In a recent listing of the 500
most important people in history, one should know, he was ranked on place 114, closely out-
ranking Popeye and Usain Bolt (Anonymous 2015a p.52).

97 See Anonymous 1852; Moleschott 1859; Wolff 1871, 1880.

98 See Bender 1977; Sutton 2010a.

99 See Sutton 20102, 2010b; Terrell 2007; Sutton 2016.

100 A confusion matrix: Many problems of the original table have been already highlighted in the
comments attached to an online version of Sutton’s spinach analysis. For example, some of the
table header are not perfectly labelled, because the columns “sand & coal” (orig. “Sand nnd
Kohle’) and “carbonic acid” (“orig. Koblensiure) must be read as percentage of dry weight in the
“raw ash”. Furthermore, readers will notice that the composition of the “pure ash” (orig.
“Reinasche”) in both spinach analyses does not add up to 100, either exceeding or undercutting.
The reason for this is, that the original reports used different chemical annotation systems.
When Wolff organized his tables, he had to unify it, and therefore several mineral constituents
needed to be recalculated. As in the example of the spinach probes, this sometimes led to minor
calculations slips, which could easily lead to confusion when reading the tables. This error is fur-
ther accompanied by other minor rounding errors, often found in many of the presentations in
Wolff’s Aschen-Analyse.

101 Another misquotation: Wolff quoted Richardson: Annal. Chem. Pharm. Bd. 67. Heft 3 1848 to
be the source of his data without giving the exact location.

102 See Anonymous 1861; Liebig & Kopp 1849 p.1049; Watts 1868.

103 A lost article: Wolff states in his “Aschen-Analysen”, that all values for Richardson have been
obtained from an article in “Annal. Chem. Pharm. Bd. 67 Heft 3 1848”. In the main volumes of
this issue though no article from Richardson is present (Readers are advised, that at this time
numeration of the volumes changed, which leads to some further confusion). By pure chance an
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ing finding: The presence of a decimal anomaly. According to several eatly sources
(Anonymous 1861, Watts 1868), Richardson reported that the dry-weight of air-
dried spinach contained 2.03% ash (see Fig.2, 3). Wolff, however, later reported
that the dried plant contained 21.52% raw ash (see Fig. 6).1% Actually, this issue
might indeed be a potential origin for variant 2 and variant 3 of the myth, how
spinach became rich in iron. In this context, it is also necessary to highlight, that
Moleschott also readjusted Saalmiiller’s findings to those of Richardson. When
Sutton eventually writes that the legend of the decimal error has been busted and
there is no sign this had ever occurred, he also highlights that it is possible that
Wolff mixed up fresh and dry weight, but that there is no indication in the litera-
ture.106

This at least is wrong. There is indeed an indication that it might have been
misread which seems to have originated from two possible readings of the table
presented by Richardson. Nonetheless we though cannot be sure which reading is

early reproduction (Anonymous 1861) was found, which gave some further hints and reported,
that the analysis was also reprinted in the “Jabresberichte” of Liebig and Kopp for the year 1847
(Liebig & Kopp 1849). The “Jahresberichte” again itself clarify, that the original data were present-
ed as a simple appendix of “Annal. Chem. Pharm. Bd. 67 Heft 3 1848”. Unfortunately, none of
the digitized version, nor versions checked in various libraries contain this appendix and even
the official website of today’s journal “Justus Annalen der Chemie’, which provides access to a
complete digitized archive of the Journal history, does not know about this Appendix. The last
article of the digital journal’s volume, which might also contain the table, was found to be in
digital suspense. The original article therefore remains lost.

104 A copy of a lost article: The oldest locatable reprint of Richardson dates to 1849 (Liebig &
Kopp 1849). Several digitized versions of this text-books are available on the internet. Readers
though should be warned that several of those versions (especially those found on Google
Books) unfortunately present a digitalisation error on the pages that contain the tables. The rea-
son for this is, that the table was originally printed on a large fold-out. A complete version and
zoom able of the table can be found in the digital library of the University and State library Diis-
seldorf. (Note: The PDF version might present the table unreadable, the direct link using the
digital collection frontend of this very page might not work).

105 Mix-up Fresh and dry weight? While it might be easy to attribute this to ambiguity in reading,
the reports are though very precise in the expression, and for example the English account
(most likely written by Richardson himself) noted: “found in the air-dried plant 2.03 % ash”). The
earliest report though makes it clearer, how a misreading of percentage ash per fresh-weight in-
stead of percentage ash per dry-weight might have occurred. In fact, at the bottom of the copy
of the original table (Liebig & Kopp 1849), one can find an addendum marked with **, which in
the table is itself only attached to one measurement. The addendum notes: “that the results are giv-
en 100 parts of vegetable in the natural (undried) state in all analyses of Richardson”. The note ** in the ta-
ble though is only attached to the results for asparagus, and therefore the reader might be un-
sure if this note meant to be relevant for all values of the very column, or for all values in the
row for “ash percentage”. Unfortunately, we cannot know for sure, which reading is the correct
one. The values presented as percentage ash for different plant species do not allow to draw any
meaningful conclusion. Yet it is obvious, that all later sources close to Richardson (Watts pub-
lished several books together with Richardson, Liebig was the supervisor of his dissertation the-
sis and editor of journals that reprinted Richardson) always reported, that the ash was measured

in air dried plants.
106 Sutton 2010b.
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correct. For once it is certain that Jacob Moleschott was the first to popularize the
belief that spinach is rich in iron, and indeed this might have been caused by a
kind of decimal error, originating from mixing up fresh weight and dry weight. As
a concluding remark, it should be noticed that Wolff himself was very much aware
of the problems inside his compilation!?” and several authors later severely criti-
cized the collected data.!%

Opver several decades many authors have assumed that Wolff was the one re-
sponsible for the origin of the myth that spinach is rich in iron. There is no evi-
dence at all that Wolff contributed to popularizing the spinach iron myth. While
Woltf’s “Aschen-Analyse” was widely available to scientists, it hardly received any
broader public attention, even though some of his other works were quite popular
in his time.'” Eventually, it seems worth highlighting that Wolff’s “_Aschen-Analyse’
was quite different from most other scientific works of his time, because he very
carefully tried to provide all references for his data.!10

Boussingault

After Richardson and Saalmiiller reported the first measurements of iron in spin-
ach'!!, the French scientist Boussingault!!?, who had already gained a larger than
life reputation for precise and accurate measurements'!3, was the first one to rein-
vestigate the content of iron in spinach and many other foods.'!4

107 Wolff 1871; see also Wolff 1880.

108 See for example Quinton 1912. There see especially the Appendix.

109 His book “Praktische Diingerlehre” would see a total of 18 editions until 1926 (Stahr, Fellmeth &
Blume 2015).

110 Stahr, Fellmeth & Blume 2015.

111 Saalmuller 1846; Richardson 1848.

112 Jean Baptiste Boussingault (1802-1887) especially gained reputation for one of the most fa-
mous experiments in biology. After Priestley with a candle and a mouse had discovered that
plants produce oxygen from “noxious”, carbon dioxide rich air (an experiment he ironically re-
ports to work best with spinach) (West 2015 p. 133), it remained still unknown, if this was a nu-
tritional process. It was Boussingault, first growing a plant under controlled environmental con-
ditions, who could proof, that carbon dioxide was an essential plant nutrition, and that it was
converted by plants in a mostly stoichiometric ratio of 1:1 to oxygen.

113 This incrédible reputation of Boussingault is perhaps best illustrated by an anecdote, which
might well represent one of the founding legends of reliable and replicable modern natural sci-
ences:

When Boussingault performed one of his key experiments, which eventually proved that air’s
carbon dioxide is the key plant nutrient and was converted to oxygen in a stoichiometric ratio of
1:1 during the day, Boussingault and his colleagues realized a problem. Boussingault and his ex-
periment partner Dumas each weighed and recorded their results independently, and after some
days they noticed, that the plants started to produce carbon dioxide during the day, instead of
consuming it. When they realized this, they became totally frustrated because they lacked any
explanation. This was continuing for several days, until Victor Henri Regnault, another physicist
who had been observing the experiment, started “7o Jaugh at their long faces” and admitted, that
every morning while Boussingault and Dumas were at lunch, he breathed into their measure-
ment apparatus after sneaking into the laboratory. Regnault told them then, that he did this “%
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Iron values reported by him are much lower, than the ones previously reported
for spinach: He reported a value of 0.0045 gram iron per 100 g matter. A translat-
ed German version of his article appeared only a couple of years later.!'>

In his investigation Boussingault did not mention the earlier reports and
Wolff’s compilation of “Aschen-Analyser”’. This might have led Sutton to the con-
clusion that it was Bunge who first uncovered problems in Wolff’s analysis of
spinach. But it was Boussingault who had shown much lower values twenty years
before Bunge also re-measured spinach. Nevertheless, even Boussingault’s find-
ings were not universally accepted and questioned by later researchers.!6

Gustav von Bunge? Origin of the decimal error? (1892)

Gustav von Bunge!'’, a physiologist at the University of Basle is the second scien-
tist, who is often accused of being responsible for establishing the myth that spin-
ach is rich in iron, due to a decimal error he made.!® As a general introduction it
seems worth highlighting that, in his later career, he was often called the father of
Neovitalism. While this is not wrong, it must be stressed that this is especially true
only in relation to a theosophical dispute. In contrast, his biochemical analysis
often mixed up views from vitalists and materialists and on the base of biochemi-

be convinced, that you were not taking an u for a x, and conld really determine such small amounts of carbon di-
oxide” (retold from Palladin 1926 p.3, who heard it from Timiriazev, who had heard it from
Boussingault himself).

114 Boussingault 1872; see also Boussingault 1874 p.108-134.

115 Birnbaum et al. 1874 p.827-829.

116 Scepticism: Several authors have remarked scepticism on the spinach iron values presented by
Boussingault, too. For example, Sherman (1912 p.233) noted: “Boussinganlt’s fignres, however, are not
sufficiently accurate to be of value at the present time...”; see also identical Lichtin (1924, p.361). How-
ever, the origin of this scepticism was not revealed. Another author simply remarked that Bous-
singault’s iron values for spinach “were o0 high” (Scott 1923, p.159) without giving full refer-
ences. Most likely all criticisms on Boussingault’s iron analyses were based on an earlier article
by Stockman (1895, p.484), who already had noticed that “/A// recent research tends to show that the
older estimations of iron in organic substances have given results invariably much too high...”. Stockman
however was especially concerned with the overall digest intake values of iron presented by
Boussingault, which caused him to replicate those measurements more thoroughly. Regarding
the origin of the problem Stockman was convinced, that overestimations were caused by meth-
odological issues and based on “suficient care not having been taken to thoronghly destroy the organic mat-
ter present” (Stockman 1895, p.484).

117 Gustav Bunge (1844-1920) was German physiologist from Dorpat, where he taught from 1874
to 1886. He then became professor in Basel. His main work was his teaching book “Lebrbuch der
physiologischen und pathologischen Chemie”, which at the turn of the century was one of the most suc-
cessful science books of his time. Active in the temperance movement, some of his works also
became internationally known and influential. He was also the most important neovitalist (see
for example Bunge 1886). In a physiological context he was especially interested in the physio-
logical aspects of mineral nutrition and especially iron, which he found to be lacking in milk
(Schmidt 1973 p.34). He was one of the main apostles to support a dietary approach featuring
“organic” iron from foods. For details on his biography see Schmidt 1973.

118 Sutton 2010a.
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cal experiments Bunge tried to verify, which dietary view is correct, and which is
not. In regard of his spinach analysis it seems certain that he was highly familiar
with Moleschott’s earlier work.'1?

By 1890 the small Laboratory of Bunge in Basle had landed a veritable scien-
tific coup, when Zinoffsky supported by Bunge found out that numerous earlier
measurements of the iron content of haemoglobin had been inaccurate!?. Even
though the discrepancy was comparably small, the discovery was the important
step necessary to find the correct stoichiometric molecular formula of haemoglo-
bin later. Until the complete structural composition of haemoglobin was revealed
decades later, Zinoffsky work was the definitive paper on haemoglobin. Even
today his finding of the “Zinoffsky constan?’ ot 0.34 mg% is widely used in different
types of blood analysis tests and his sharp logical reasoning ate often taught in
University classes on organic chemistry.!?! Re-examination of iron content in a
plant extract was only a logical next step.!??

In 1892, Bunge openly questioned Wolff’s “Asche-Analyser” based on two ex-
amples — The iron content of strawberries and the iron content of spinach, which
he both found more than one order of magnitude too high.'?? The problems iden-
tified were clearly highlighted in the footnotes of this article, in which Bunge
states: “According to one analysis, 100g of dried leaves wonld contain a half gram of iron! This
number is 16 times too high””'?* Apparently, this article could theoretically be the

119 Bunge especially in his eatly articles often cites the works of Jacob Moleschott (von Bunge 1871,
1874a).

120 Zinoffsky 1886; Jaquet 1888; for discussion see also Wyman & Gill 1990 p.124.

121 See for example Cahn 2003 p.37. Zinoffsky’s experiment was especially remarkable, because it
was the first that allowed to determine an empirical formula for an organic super-
macromolecule with a minimal weight of 16700 A.

122 Spinach in the lab: Readers should remember that at that point in time the molecular composi-
tion of chlorophyll was still unknown. At the end of the 19t century it was still a widely popular
misconception, that iron played a similar role in the chlorophyll pigment, as it did in haemoglo-
bin. Bunge’s laboratory was ahead of its time, as it already realized, that the iron in haemoglobin
is indeed part of the molecular structure and that haemoglobin might be composed of several
subunits. Other researchers argued that iron might be only artificially linked to the haemoglobin
during crystallization, and it was widely believed, that the magnesium in chlorophyll extracts was
also only an impurity. It would take another 20 years, until Richard Willstidter (1872-1942) at
the ETH Zurich was able to prove, that magnesium is the central atom in chlorophyll (Will-
stidter & Stoll 1913) — a breakthrough for which he eventually received the Nobel Prize in
Chemistry in 1915 (Kuhn 1949; Trauner 2015). Today the role of iron in the electron transport
chains has been intensely studied. One of the most important discoveries was the discovery of
the Hill reaction (Hill 1937, 1940), which eventually proved that the oxygen produced during
photosynthesis does not originate from carbon dioxide but H>O molecules. Reduction of Fe3*
to Fe" plays an essential role in these processes. Isolated chloroplasts for the further investiga-
tion of the hill reaction were often extracted from spinach and made the it a scientific model or-
ganism (see for example Jagendorf 1950; Krogmann & Jagendorf 1957; Park 1966).

123 See Bunge 1892 p.181-182.

124 Tenfold too high iron content: Bunge 1892 p.182 footnote 3: already noticed too high values in
previous analyses: ,,Auch gur Bestimmung des Eisengebaltes in den Spinatblittern wurde ich durch die hoben
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origin of the decimal error legend, which Sutton claimed to be non-existent, con-
necting two of the original proponents (Bunge and Wolff) and involving an error
in the range of one order of magnitude, which can easily be understood as a deci-
mal error. In its original German version, the article leaves it open to the reader
whether it was a kind of typographical, mathematical or methodological decimal
error. Interestingly there is even a strong argument that makes it very plausible
that Bunge might have indeed assumed a typographical decimal error, which had
been completely overlooked in the last 140 years:

The table in Wolff’s “Aschen-Analyse” for spinach does indeed contain a dis-
crepancy easy to spot— In fact the number of parts of mineral elements exceeds
100 % by more than what is explainable by a simple rounding issue (101.7%).
Wolff reported for the first of the two spinach plants an iron content of 2.1. By
shifting the digit by one position to 0.21% the summed value for all elementary
minerals would come very close to an overall sum of 100 (99.83%). Even though
it is unlikely that this is the correct way to read these tables, it is worth mention-
ing, because it is a further possible source for readers who are aware of the story
on the decimal error and are trying to verify it superficially.

Additionally, it needs to be mentioned, that in Bunge’s article there are numer-
ous discrepancies in reporting Boussingault. Of the six values Bunge reprints from
Boussingault, six did not match the values originally published.!?> In this case,
Sutton’s second question is clearly answered. Bunge was the scientist who discov-
ered the “decimal error” by finding that the results were more than one order of
magnitude too high.

Bunge himself believed that qualitative results still confirmed the old reports
that spinach is rich in iron, but with a much lower calculated amount. According-
ly, he started to promote spinach as a useful additive for infant nutrition, because
he had estimated that especially milk contained only a small amount of iron.

Zablen veranlasst, welche in Wolff’s ,Aschen-Analysen* fiir dieselben angegeben sind. Nach der einen Analyse
wiirden 100 gr. der trockenen Blitter einen halben Gramm Eisen enthalten! Diese Zabl ist 16mal zu hoch! Fiir
die Richtigkeit meiner Analyse biirgt die Ubereinstimmung mit der Analyse Boussinganlt’s. Vergl. die Tabelle
im Eingang der Abbandlung.*“ In a similar way he also criticized the iron contents given in Wolff’s
“Aschen-Analyse” for strawberries (Bunge 1892 p.181-182): “Zur Bestimmung des Eisens der Wald-
erdbeeren veranlasste mich der auffallend hobe Eisengehalt, welcher fiir dieselben in Wolff’s ,Aschen-Analysen*
anf Grund einer Analyse von Richardson (Ann. d. Chem. u. Pharm., Bd. 67, Heft 3, 1848) angegeben ist.
0,14 Fe anf 100 trockener Beeren! Diese Zabl ist, wie meine beiden Bestimmungen lebren 15mal zu hoch ansge-
Jallen! Die Beeren gu meiner Analyse waren bei Dorpat, die zweiten bei Basel gesammelt. Da beide Analysen
das gleiche Resultat ergaben, so scheint es, dass der Eisengebalt der Walderdbeeren ein sebr constanter ist.*

125 Discrepancies: For rice [fr. Riz] Boussingault 1872 reported that 100gr contained 0.0015 g iron,
Bunge 1892 citing Boussingault reported 100g rice [germ. Reis] contained 1.7 mg. Similar for the
other entries. For spinach [fr. Feuilles d’epinards) Boussingault reported 0.045 g, whereas Bunge
1892 citing Boussingault reported 100g spinach [germ. Spinaf] contained 39.1 mg. It is possible
that this discrepancy originated from further recalculations of Boussingault’s data.
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Fig. 8 Following the presentation of Professor Bunge in
1895 and a short notice, which had reviewed his lecture
in Nature, hundreds of newspapers wonld start to retell
the story of spinach being rich in iron. The presented
maps show the first occurrences of known articles in the
time frame from 1895 to 1920. Prevalence was highest
in the US states New York and Pennsylvania, where
the story was retold for several years in different news
outlets.

126 Bunge 1874b p.26.
127 Bunge 1874b p.26.

Reading Bunge’s article, which
covers the iron content of spinach
as a side note, one might wonder
why he was especially taking these
two examples. The only reasona-
ble explanation is that he was
already aware that they had been
promoted for their iron content.
More difficult to answer is the
question, when he performed
those experiments. The only hint
he gives is that some of his sam-
ples (those of strawberries) were
collected in Dorpat and Basle. It is
interesting that it highlights the
possibility that parts of this inves-
tigation had already occurred
much earlier. Indeed, he had al-
ready made measurements of a
strawberry at his time in Dor-
pat.'?¢ It turns out that Bunge had
already questioned some of Rich-
ardson's results in 1874 and there-
fore repeated the measurement to
then confirm that the mineral
contents of natron were indeed as
high as described.'?’” Bunge at that
time might have already been
aware of Boussingault’s data. Fur-
thermore, strawberries might have
been of historical interest in this
context to Bunge, because they
had been described to contain
iron very early in scientific publi-
cations.!2®

128 Strawberry fields forever: Anonymous 1784: A historical account on iron in strawberries: “Awus
dem vorigen Artickel, daff es eine den Naturforschern sebr bekannte Sache sey, daf§ sich in den Aschen der
Pflanzen sehr viele Theile finden, die der Magnet Zieht, und die mithin die Natur des Eisens an sich haben miis-
sen; aber dass man dieses Metall ohne Eindschernng in seiner urspriinglichen metallischen Gestalt in den Pflan-
zen angetroffen babe, ist eine Sache, die weniger bekannt und gemein ist. Zwar hat man hin und wieder Gold-
kdrner in Weinbeeren, nach Bechers Versicherung, angetroffen; anch Goldfaden an den Wurzeln des Getraydes;
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What remains though is the irony that anecdotal reports in later times in hun-
dreds attributed the decimal error to have been made by Bunge. How did this
happen? How did the legend that spinach is rich in iron become internationally
well known, whereas blood-sausages (which were also promoted by Bunge) did
not?

From scientific dispute to common knowledge and back again (1892—-1930)

Very soon after Bunge had published his findings that the original reports on
spinach content had been exaggerated, his report developed a life of its own. The
origin of this was, that Bunge still found a lot of iron in spinach compared to oth-
er food, which he repeated in lectures at conferences. The most important of
those was a lecture at the 13" Congress of Internal Medicine, held in Munich in
April 1895.129

Already in the very June of the same year, a first report of Bunge’s presenta-
tion appeared in the English Text corpus. An anonymous editorial in John Harvey
Kellogg’s'?" Journal “Modern Medicine and Bacteriological Review”, retold Bunge’s lec-
ture and especially the story that spinach is rich in iron and especially richer than
for example the yolk of an egg.!3! Simultaneously it was also included in a pam-
phlet on the “Rationale of Blood Regeneration” 32 Originating from those retellings,
the story of spinach and iron eventually went viral on an international scale. In its

Zinn und Bley im Inneren der Pflanzen |...); aber daf§ man Eisen mitten im dtzenden Saft einer Pflanze finden
werde, hat man vielleicht nicht einmal fiir miglich gehalten... |...| Insbesondere sey die Sache wabr, weil sie obne
alle Zweydentigkeit mit Augen ist gesehen worden.*

129 Bunge 1895.

130 John Harvey Kellogg (1852-1943) was an American medical doctor and is today best known to
be one of the inventors of Cornflakes and Peanut Butter. He was the head of a large Sanatorium
in Battle Creek (Michigan) and in 1892 he became one of the two editors of “The Bacteriological
World and Modern Medicine”, which was published both in London and New York and was later
renamed into “Modern Medicine and Bacteriological Review”. Due to Kellogg’s promotion of a strictly
vegetarian diet and his interest in meat substitution products it is possible that he was the author
of the Editorial. What is certain however is that at least later he was in direct contact with Gus-
tav von Bunge (see Findbuch zum Nachlass von Gustav von Bunge (1844-1920) at the Univer-
sity Library Basle, Entry 84.80: Letter of J.H. Kellogg to G. Bunge 28t June 1907 incl. 2 photo-
graphs). See also Schmidt 1973.

131 Spinach propagation: Anonymous 1895b p.150; The anonymous editor briefly described a
lecture held by Gustav Bunge (own transl.): “A¢ the German Congress of Internal Medicine, held last
April, Prof. E. [sic] Bunge, the famons physiological chemist of Baste, Switzerland, presented an interesting pa-
per relating to the therapentic use of iron, which give facts of great practical interest. First of all, Prof Bunge called
attention to the physiological role of iron in the body. He stated that the proportion of iron entering into the com-
position of the body has been greatly overestimated.” In this article a table containing the iron content of
several foods and vegetables is shown, in which spinach is shown to be the one richest in iron
(35.9 mg) and the editorial continues with (Anonymous 1895b p.150-151): “If is interesting to note,
in the above table, the large proportion of iron contained in certain vegetable substances, particularly in lentils, ap-
ples, and spinach. This perhaps explains the craving which invalids sometimes have for spinach and similar sub-
stances.”’

132 Anonymous (1895c).
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issue of August 1%, Nature reported Bunge’s results in a short notice in its news
section.'? The results were that dozens of local newspapers and scientific news
bulletins would retell the story over the next months and years and even beyond.

By 1910 more than two hundred news-papers around the world, in Australia,
Canada, England, Germany, Ireland, New Zealand, Scotland, the United States
and Wales had reiterated the story (See Fig. 8 & Appendix 1). The articles often
simply echoed the findings reported in Nature, sometimes they added their own
exaggerations. The most extreme example might be an early report which itself
introduced its own three order of magnitude decimal error, by reporting spinach
contained 36 grams of iron in 100 g dry weight.134135.136

Prevalence of articles occurring was highest in the two U.S. states New York
and Philadelphia (see Fig. 8), which probably had a lasting influence on the further
propagation of the iron-spinach legend. Consequently, already by 1899, a New
York press agency could report'?” that the “Spinach craze” was “the latest bealth fad”,
and spinach the most “precious of vegetables”, “good for the liver”, “guaranteed to clear the
complexion” and that it would “Zusure a long life”. The article went on to conclude,
that if the “spinach babit grows to anything like the proportions reached by the oatmeal habit
we shall shortly turn into a strong, iron-built, fresh-complexioned, anti-bilions nation.” 1t was
printed together with the description of an odd “Rat Dze?’ to cure baldness, high-
lighting that “the eating of rats by a human being insures a fine head of hairs.” Not surpris-
ingly by 1899 the first tonics promoted spinach iron as the active ingredient.!?

In the aftermath, the legend that spinach was rich in iron had been well estab-
lished in the US. In the eatly 20% century it became widely used in thousands of
advertisements of an iron tonic (see Fig. 9), which flooded American and especial-
ly New York newspapers and promoted Nuxated Iron!® to contain iron as
healthy as that of spinach.

133 Anonymous 1895a p.326: “A RECENT number of Modern Medicine and Bacteriological Review contains
an article on Prof. Bunge’s important paper on the therapentic value of iron, read at the German Congress of In-
ternal Medicine last spring. An interesting table is gunoted showing the amonnt of iron found in various food sub-
stances. Spinach contains considerably more iron than the yolk of eggs...”.

134 Anonymous 1898.

135 The error was apparently plagiarized from a German article (Fréhlich 1898), which had been
published earlier in the same year.

136 Sometimes, the little press stubs could not even correctly restate the name of the Professor Bunge
cotrectly. Thus, in some of those articles he turned into the chemist Bingo (see for example
Anonymous 1899a, 1899b), Professor Biinge (Anonymous 1897) or into unnamed prominent
specialists (Anonymous 1899¢).

137 Anonymous 1899a.

138 See Anonymous 1899a: “So convinced has the medical profession become of the value of the once despised
spinach that, according to the sanitary record, it is already an active ingredient in several new and salable ton-
ies’”

139 Nuxated Iron was a “patent medicine” sold by the Dae Health Laboratories in Detroit (Michi-
gan). The name nuxated referred to the ingredient extract from Nux vomica, which led the
American Medical Association to highlight in a laboratory analysis that it contained small
amounts of strychnine (Anonymous 1916 p.30-32). Nuxated Iron was promoted by the compa-
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One of the proponents featuring prominently in those clips was the world
heavy-weight boxing champion Jack Dempsey!#-14! Those advertisements might
have had a direct influence on the popularization of spinach being rich in iron.
Bud Sagendorf'#?, one of the long-time drawers of Popeye comics, recalled in
1979 that “the old salt’s spinach fetish developed in the 1930s when some doctors were saying
heayyweight boxing greats like Jack Dempsey, Gene Tunney'®, Jim Braddock, Max Schmel-
ing'®, Joe Louis'* and Max Baer'* ate spinach becanse ‘it had iron in it.” 148149

ny’s sales department as containing iron in an especially healthy organic form. Advertisements
often highlighted that for “iron o be of the slightest value to the human system must be in a combination
which may be easily assimilated’ (Anonymous 1917). Testimonials pinpointed at the “disadvantage”
of classical remedies such as Blaud’s pills: “In the case of metallic salts of iron, iron acetate et., it is very
doubtful if sufficient iron can be taken up and incorporated into the blood...” and exaggeratingly added that
“Unlike the older inorganic iron products |...it| does not injure the teeth, make them black, or upset the stom-
ach” (Anonymous 1917).

140 Jack Dempsey (1895-1983) a.k.a. the “Manassa Manler” was an US-boxer and from 1919 to 1926
World Heavy-weight Champion.

141 The Pugilist Nostrum: A book of the American Medical Association later recalled: ... some may
remember the heavy advertising campaign for a patent medicine’ rejoicing in the name of Nuxated Iron. |...]
First came endorsements of physicians, some of whom were described in the advertisements as noted, well-known
specialists, but who on investigation proved to be superannuated advertising quacks. Then there were testimonials
by retired generals and judges and |...| two former United States Senators. |...| But the nuxated endorsements
that really tonched the popular fancy were those from the sporting fraternity. |...) Then came the pugilist series,
opened by Jess Willard, who told how Nuxated Iron helped him to whip Frank Moran. When, in the conrse of
events, Jess was knocked out by Jack Dempsey, the world learned, |...] that it was this nostrum that put Jack
in such superb condition’ and belped him whip Jess. As Dempsey continued his successful career, each victory
brought a testimonial from the champion ascribing his success fo the marvels of Nuxated Iron: How Nuxated
Iron Helped Me To Whip Carpentier.” How Nuxated Iron Helped Me To Whip Tom Gibbons’ and following
the pyrrhic victory over Firpo, ‘How Nuxated Iron Helped Me Win Four Great Battles.”” (Cramp 1936
p.202). See also Cramp 1921 p.535-543.

142 Forrest Cowles Sagendorf (1915-1994) was an American Cartoonist. From 1948 to 1967 he was
responsible for the Popeye comic book. Already during the late 1930s he worked on developing
Popeye toys and games. Since 1959 he was also in lead of the Thimble Theatre comic strip, ap-
position which he held until 1986. Even afterwards he would produce further Popeye strips.

143 James Joseph “Gene” Tunney was an American boxer. He held the heavyweight title from 1926
to 1928.

144 James J. Braddock (1905-1974), called the “Cinderella Man” was an American boxer who held
world heavyweight title from 1935 to 1937. He was especially known for his iron chin.

145 Max Schmeling (1905-2005) was a German boxer. He was world heavyweight champion between
1930 and 1932. Especially his two fights against Joe Louis in 1936 and 1938 became famous due
to the nationalities of both boxers.

146 Joseph Louis Barrow (1914-1981), better known as Joe Louis. He was world heavyweight cham-
pion from 1937 to 1949.

147 Maximilian Adelbert Baer (1909-1951) was an American boxer in the 1930s and one-time world
heavyweight champion (1934-1935).

148 Anonymous 1979a.

149 Toys of Popeye the pugilist champ: Many Popeye toys from the 1930 itself returned to this
“iron” boxing theme. Most notably perhaps the “Popeye the Champ” toy in which, when wound
up, Popeye and his opponent as celluloid puppets spun around with flying arms through a small
boxing-ring. In another metal toy a wound-up Popeye used his iron arm on a punching bag.
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‘Why Do Women Fail To Heed

Natures Warsings OF Iron The Vatican at Rome
Recommends Nuxated Iron

1 you lack BODILY or MENTAL VIGOR; If you are WEAK; NERVOUS or
IRRITABLE, TRY NUXATED IRON TODAY.
L

P2 [

Fig. 91In the decades of the 20th century, American newspapers were flooded with advertisements
for “Nuxated Iron”, which clained to be have organic iron, like the iron in the blood and spinach.

At the same time, Bunge’s table listing spinach as the vegetable richest in iron
started to become reprinted in numerous text books.!> Decimal errors though are
also found in those text books sometimes. Bunge’s findings were also handed
down for decades by verbally presenting the table at lectures. Bunge’s pupil Emil
Abderhalden (1877-1950) for example used the table for many years in his own

lectures. 151

The high iron content of spinach is a myth. A first wave (1900-1945)

One interesting aspect that has remained unknown until now is the question how
the stories of a decimal error and/or a mix-up of fresh weight and dry weight were
born in later secondary articles? The answer to this question is difficult, because
we cannot know with certainty how readers received different kind of eatly arti-
cles. Sutton highlights that Bunge noticed the mistake of previous measurements,
but Sutton reasoned that this was only a methodical error and the story of a deci-
mal error was later made up by other authors. However, Sutton is completely
wrong in his assumption how the legend spread in the 20% century. By attributing
it to Bender and raising the possibility it might have been originated ecatlier by a
German Scientist named “Schupan” [sic], whom Sutton was initially unable to
track down, Sutton lays a time-frame that ranges from the 1930s to the 1970s if
interpreted most generously.

150 See for example the tables in Hirschfeld 1900 p.244; Grawitz 1902 p.183; Konig 1904 p.353;
Vierordt 1906 p.394; Cohnheim 1908 p.p.353; Strauss 1909 p. 237; Lorand 1911 p.69.
151 See Abderhalden 1906 p.408-409.
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After a careful inspection, several very eatly sources give a sufficiently plausi-
ble explanation of how the two different reasons for discrepancies in early iron
measurements might have arisen, and how the high iron content of spinach be-
came known as a legend. The first classification of the high iron content of spin-
ach as kind of “myth” appeared only a few years after Bunge had published the
second volume of his highly popular text book, when Carl Wegele concluded it to
be a “Fable” without giving any reason for this conclusion!>2,

A much more likely explanation for the legend of the decimal error and the
variation in which there was a mix-up of fresh-weight and dry weight is an early
text book on food compositions. In 1912 Tibbles introduced his voluminous
work on food composition prominently with comparing the iron findings of
Boussingault and Bunge for spinach and other foods.!s3 The comparison is note-
worthy as such, as the data presented can easily mislead the reader by the form it
is presented in. Not so careful readers might assume that Bunge presented values
ten times as high as those of Boussingault. The reason is that Boussingault’s fresh
weight values for spinach are presented as 0.0045 per cent, while Bunge’s data
which originated from dry weight is presented as being 0.045. Thus, the value
appears to be exactly ten times too high (if not read correctly). Before 1930 no
further mentions other than by Wegele were found, who concluded, that the high
content of spinach is a myth.

Another origin of scepticism about spinach measurements arose from newly
performed analyses of iron in spinach shortly after 1900. For example, in 1906 the
German pharmacy student Serger reported that he found the iron content of spin-
ach to be three times higher than those reported by Bunge.'>* His short article also
highlighted the possibility of methodical variation influencing results, because not
all iron will be recovered by liquid extractions. He also noted that some spinach
extracts, sold commercially, reported incredibly high amounts of iron on their
labels.155

Several authors started their own measurements and often recognized the
problems with the early data. In the USA for example!>, a number of samples of

152 Wegele 1911 p.43.

153 Tibbles 1912 p.4-5.

154 Serger 1906 p.372.; see also discussion in Anonymous 2015b.

155 Blood correcting liquor: Serger 1906 gave the example of “Ex#r. Ramknlin?” which had reported
to contain 2 p.c. iron, which he thought was at least one order of magnitude higher than the
values he had reported. Extractum Ramkulini (aka Ramkulin) according to the
manufacturer (Pharmaceutisch-chemisches Institut in Gernrode (Harz)) was produced from
broadleaf spinach and carrots (Arends 1903 p.374). It was used around 1900 for the preparation
of several drugs, including Pilulae Ramkulini, which were sold as “Ramkulin Blut-
Korrektionspillen” and Ramkulinum liquidum, which was advertised as “Blut-Korrektions-
Liguor” (Arends 1903 p.374). The manufacturer described Extr. Ramkulini as organic-
herbal drug that was able to improve the blood, provide necessary alkalis and thus could be used
to fight anaemia and chlorosis (Arends 1903 p.374).

156 Sherman 1907.
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spinach and other vegetables were examined and compared to the values of Bunge
(which were found to be slightly higher but contained less water).

Lisengehalt in 100 g
D?#}ﬁ!m Bot,}?;lmhcr Trockensubstany ‘ Asche Bemerkung
mg ‘ mMol i g ‘ mMol
Spinat, Spinacia oleracea®® 230—537: 4 3—9 6| 1532 ‘ 26—58 | in frischer Substanz:
! ‘ 1'25_}i15 S_Sm %
Spinat Spinacia 22,6—73 | 0,4—1,3 in Trischer Substanz:
. oleracea 7891011 | 2 8.7
Runkelriibe Beta vulgaris®® 13—229 |0,24—4,1 0,36—1,8| 6—33 in frischer SHTBstanzl:
; 2,4 mg%
Kopikohl . Brassica oleracea | 16--330 |0,26—5,9| 0,2—1,6 | 3,9—28 | in frischer Substanz:
(Kraut) capitata® 8 i 1,3—29 mg%
Welschkohl | Brassica oleracea | 2—40 [0,03—0,7| 0,6—86,7 | 11121 | in frischer Substanz:
{Wirsing) | sabauda1:56:%.9. 10 I 0,17—5,2 mg %
Kirschlorbeer  iPrunuslaurocerasus® 2,9—16 .0,05—0,3
Orangenbaum | Citrus Avrantium?| 383 | 0,69 0,35 6,3
Teestrauch | Thea chinensis! |197—640i 3,5—11 | 3,313 | 60—240
Sellerie 'Apium graveolens®% 13—185 ; 0,2—3 1.4 26 in frischer Substanz:
| 0,8--27 mg%
Tollkirsche Atropa. Belladonnall 20,5 | 0,37 0,19 3.4
Tabak Nicotiana 0,4—3,2 | 7-—57 | in frischer Substanz:
Tabacum 12 ‘ 21—476 mg %
Endivie | Cichorium 280—381| 5—6,8 2,3 41 i in frischer Substanz:
Endivial: ! 22—28 mg%

8. 807. — ? Ebermayecr: Physiologische Chemie der Pflanzen I,
Aus Czapek: Zit. S. 807. 4 Skinner u. Peterson: Zit.
8. 808. —® Petersonu. Elvehjem: Zit. 8. 808. — ¢ Haensel: Zit. S, 807 — 7 Boussin-
ault: Zit. 8. 807. — 8 Maquenne u. Cerighelli: %it., 8810 ¥ Hiusermann:
Zit. . 807, — Bunge: Zit. 5. 807. — 1 Mounevrat: Zit. © 808. 1 Ba.Idon]
Zit. 07. Serger, H.: Pharmaz. Ztg 51, 372 (1906). [ mer.
Pharmacy 96, 361 (1924). — ** Boekhout u.de Vries: Zbl Baktcr [I 24 4% (1909). —
Van Bylert: Zit. nach Boekhout u. de Vries.

Fig. 10 Table from a pharmacology textbook by Heffter & Heubner 1934 p.811, which explicitly
highlighted that some authors, such as Wolff 1871 and Haensel 1909 (red dotted underline) had present-
ed iron values in spinach with dry weight values more than tenfold higher than those presented by other
anthors (red underlined) (see Baldoni 1905; Boussingault 1872; Bunge 1901; Hausermann 1897;
Maguenne & Cerighelli 1921; Mouneyrat 1906, 1907; Serger 1906, Lichtin 1924). The table is a
likely sonrce for the original decimal error legend. Note that both Haensel and Mouneyrat presented spin-
ach and lettuce to contain the most iron according to some accounts (Boresch 1931 p.260).

Another author, who started to perform own measurements of iron in spinach
was Werner Schuphan, who collected data from spinach plants for over 20 years
from 1935 to 1958. His results were eventually published in 1958 and showed a
mean iron content of 7 mg% (range: 2-27 mg%) based on the fresh weight.!s
Schuphan’s dataset was based on 127 plant samples and provided, for the first
time, a suitable range in which iron is present in plants. In general, these results
confirmed the earlier data by Boussingault, Bunge and Sherman. Schuphan never
reported, that the fame of spinach being rich in iron originated from a decimal
error or a mix-up of dry weight and fresh weight. However, he is linked with an-

157 Schuphan 1958 p.2.
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other spinach legend of not to use copper pots for cooking, because spinach
might completely loose vitamin C.1%8

Other scientists started to severely criticizes Wolff’s compilation and even
more the underlying original data on a more general basis'>?, while other authors
especially criticized measurements by Richardson with regard to an unusual water
content!'®. Even though not comparable with modern fallout, as early as from the
1910s to 1930s some newspapers started to report that the high iron content of
spinach is a “myth”, though typically without stating the reason for this misbe-
lief.101

The most likely origin of the story of a decimal error however is a text book
publication presentation from 1934, in which the authors explicitly highlighted a
tenfold difference in the amount of iron in spinach that had been presented by
different authors until then (see Fig. 10). It is most likely also the origin of the
comment made by Hamblin!¢? that German scientists who had reinvestigated the
iron content of spinach in the 1930s found that “zbe original workers had put a decimal
point in the wrong place and made a tenfold overestimate of its values”.

Spinach becomes Pop-culture (1900-1945)

As early as the 19% century spinach was sometimes used in British Literature in
the context of meaning “nonsense”. 193 The peak of this early use was a chapter of a
children’s book by Lewis Carrol (see Fig. 11). A wider use, however, only started
much later in American literature. Only after the turn of the century spinach be-
came pop culture and “I say I#’s spinach”, approximately meaning “nonsense’ ot “rub-
bish”, grew into a well-known aphorism in the American English vernacular.

It is not apparent when this development really started, but it might very well
date as far back to when “Emily Spinach” became a legendary inhabitant of the
White House.'* Legend tells that this little garter snake, who received its name
from its green colour, became the pet of Theodor Roosevelt’s daughter Alice, who
loved to use it as tool of choice to play pranks and carry it to parties and dinners,

158 Schuphan 1948 p.230.

159 Quinton 1912.

160 Heinze 1903.

161 Anonymous 1939.

162 Hamblin 1981.

163 Gammon and spinnage: In British English spinach was already linked with “nonsense” ot “hum-
bug” before the turn of the century (Knowles 2000): The term “gammon and spinach” (sometimes
spelling spinnage), both referred to a common English dish, but also meant nonsense and ap-
peared in various nursery rhymes (Miller 1872), several newspapers, and literary works (Knowles
2006). Some of those were further propagated by calendar snippets in the 1920s. (see for exam-
ple Dickens 1920: “What a world of gammon and spinnage it is, though, ain’t it?’. At the least the
nursery rhymes, however were already widely known and published in New England before
1900 (Miller 1872).

164 see Roosevelt-Longworth 1935; Cordery 2007 p.78,91.
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Gmmon and x]:innck.. “What is it?” the Empress said faintly, as she put her spy-glass to
her eye. “Why, it’s Spinach, I declare!” ... The Empress took. up the spoon in an absent

manner, And tried to balance it Across the back. of her hand, and in doing this she dropped
it into the dish: and, when she took. it out mgm’n, it WAs full af S}Jinlkcft. “tow curious!”
she said, and put it into her mouth. “Tt tastes just like real spinach! I thought it was an
imitation—but I do believe it's real!” And she took. another spoonful. “It won't be real
much langer, " said Bruno.

But the Emvress had had enouah svinach bu this time...

Fig. 11 Llustration and extract from a chapter of a children book by Lewis Carrol, which featured a
bizarre scene of an Empress, who was served spinach. It was directly followed by an even more ridiculons
chapter, which told an absurd lecture by a Professor who explained the basic concepts of Science and its
most important Axioms (Axiom 1: Whatever s, is; Axiom 2: Whatever isn’t, isn’t), before entertaining
the andience with a set of experiments: In one be created black-light in a closed chamber by pouring a
bottle of black ink over a lit candle, just to find for his great delight that: “...every atom of the Yellow
Light turned Black! That was indeed the proudest moment of my life! Then 1 filled a box with it. And
now —wonld anyone like to get under the blankets and see it?”

In another he presented an elephant to be observed by a Megaloscope: “You know you can’t see a Flea,
properly, without a magnifying-glass—iwbat we call a Microscope. Well, just in the same way, you can’t see
an Elephant, properly—mwithout a minimifying-glass.” (Carrol 1893).

where she would pull it out of her purse.'> Newspapers took up the story when it
was reported that she was wearing the snake around her neck.'%® The story of

165 Cordery 2007 p.78,91,476; Teichmann 1979 p.31.

166 Fact or Fiction? You can bet on it: The story was indeed widely reported in the American and
even international press (Anonymous 1904a; 1904b; 1904c; 1904d). It even led to a several
thousand-dollar bet, whether the story was true or not. Yet after some weeks the newspapers
had to report, that Alice Roosevelt denied the story (Anonymous 1904e). Amusingly Alice Roo-
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Emily Spinach eventually found an inglorious end and left the White House with
the legacy and legend of an unsolved murder mystery and heinous crime.!¢” But
this was only the beginning of popularizing “spinach’:

Berftventheit.

,(*llbtr, Here Projeffor, Sie nefmen ja ven Braten mit
ben ingern!” — ,Ap fo, emduldigen Sie, iy glaubte,
¢ wire Spinat.”

“But Professor, you take the roast with the
fingers!” — “Ah, pardon me, I thought it
was spinach.”

Fig. 12 Scientists only very rarely quote popular sources and inspirations from outside the realm of science.
This little spinach sketch is a typical example. It was likely the unmentioned inspiration for a pun in
Sigmund Frend’s work on Humor. (Caption translated by the anthors, Source: Fliegende Bldtter 1860)
Another famous creation was the publication of a small cartoon in the New York-
er in 1928168, which received wide appraisal and long-lasting fame.'® In the cap-
tion of the one framed strip a mother tells her daughter: “Eat your broccoli” and the
daughter replies “I say it's spinach and I say to hell with if>. 170

Quite ironically, spinach became also linked to nonsense in a widely-read pub-
lication of one of the most popularized scientists of the 20% century: in a short

sevelt revived the story in her eatly memoires (Roosevelt-Longworth 1935 p.59), and the story
has stayed ever since as a fact in the literature. See also Teague 1981 p.69,84.

167 Truman 2007 p.VIL.

168 Drawn by Carl Rose (1903-1971) and captioned by E.B. White (1899-1985) the cartoon appeared
in the 8t December issue of the New Yorker.

169 Tts spinach: For the immediate and lasting fame of the cartoon especially in New York see for
example: Soskin 1929: “Oune of the candidates for immortal fame is Carl Roses drawing...”’; Hawes 1938
sketch on p.VII; Smith 1968; Drew 1973; Knowles 2007 p.56; Lee 2000 p.156,206-208; Mankoff
2014.

170 To err is humour: Ironically the little sketch itself became the reminder of another type of errors
— slips to the mind. When an author remembered the little cartoon in one of his articles decades
later, he received many letters of people, who still remembered it (Smith 1968): Memories
though often differed, and descriptions sometimes described a little boy or a girl, either wearing
glasses or not. Additionally, readers were notified of slight minor differences in the pronuncia-
tion of the remembered caption (Smith 1968).
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pun, Sigmund Freud used spinach to illustrate the principle of absurd jokes (see
also Fig. 12).17" Additionally, Freud was also most likely the first to highlight the
idea that many children abhor spinach to a wider audience.!”? Both aspects are
beautiful and easy to relate to, joined in the New Yorker cartoon mentioned — in
an image being even more popularized in the 1930s by Shirley Temple’s perfor-
mance in “Poor Little Rich Girl’, in which the singing child actor in a musical scene
enacts the role of a union chief who “represents all the kids of the union” that are pro-
testing to be forced to eat the despised green, herself somehow resembling the
cutly gitl from the cartoon.'” She eloquently highlights how despised spinach is
by all children, before she gives in and agrees to eat her spinach. According to one

171 Spinach and the principle of absurd jokes: In 1905 Sigmund Freud (1856-1939) introduced
spinach to illustrate the concept of absurd jokes: “As #he fish was served to a guest at the table he put
both hands twice in the mayonnaise and then ran them through bis hair. Being looked up by bis neighbor with
astonishment, he seemed to have noticed his mistake and excused himself, saying: Pardon me, 1 thought it was
spinach.” A first English translation of this pun appeared in 1916 in New York (Freud 1905;
Freud 1916 p.213).

172 Spinach abhorred by children: The concept that many children loath spinach and are forced by
their parents to eat it, today is common knowledge. However, it was first highlighted to a wide
audience by Sigmund Freud, in one of his most important works on dreams. Considering, why
spinach of all things was served in the dream he had just analysed, he wrote: “I szill might ask why
in the dream it was spinach that was served np. Because spinach called up a little scene which recently occnrred at
our table. A child |...) refused to eat spinach. As a child 1 was just the same; for a long time I loathed spinach,
until in later life my tastes altered, and it became one of my favonrite dishes. The mention of this dish brings my
own childhood and that of my child’s near together. Y ou should be glad that you have some spinach,” his mother
had said 1o the little gourmet. Some children wonld be very glad to get spinach.” Thus I am reminded of the par-
ent’s duties toward their children” (Freud 1915 p.15). Sigmund Freud’s books were indeed widely dis-
cussed in the American literature of the 1920s, including references to Freud’s spinach remark,
such as for example in the following little skit in Vanity Fair, with which a short humorous
Analysis of Alice’s Dream [in Wonderland] was introduced: “When I say that 1 like to ride on the
Jront seat on top of the bus and am told that that is a complex, I no longer pretend to be bored. I am bored. If I
refuse to eat spinach, as 1 ahyays do, it has ceased to make conversation for me to be told that I have an inbibi-
tion. 1 invariably reply that spinach is the broom of the stomach. And when fanatical amateurs ask me, ‘But why
do we dream?’ 1 am inclined to reply, Why not?’ and go on reading Alice in Wonderland.” (Bluphocks
1922).

173 Eat your spinach, Baby: In “Poor Little Rich Girl” from 1936, Shitley Temple (1928-2014), the

most popular child actor of all times and then most photographed personality on the planet
(Windeler 1978), played the role of a girl neglected by her rich father, herself becoming the role
model of all children loathing spinach. Being lost at a rail-station she meets two vaudeville ac-
tors and subsequently becomes a radio star. In one of the musical scenes Temple joins the duet
of Jack Haley (1897-1979) and Alice Faye (1915-1998) singing “You've Gotta Eat Your Spinach,
Baby”, in which spinach is broadly advertised as a healthy vegetable that produces rosy cheeks
and red lips. Temples entry line “Pardon me...Did I hear you say spinach?” even directly refers to
the absurd joke of Sigmund Freud featuring spinach.
The movie was 20 Century Fox most successful production in 1936, and the song was also re-
leased separately as 78 RPM shellac in several countries, including a production featuring Mae
Questel, the famous voice of Betty Boop (Questel 19306). “Poor Little Rich Girl’ remained be-
loved over the years and saw a multitude of commercial TV broadcasts and home video releas-
es, including a colored re-release, ensuring that the movie would remain in the collective
memory of several generations.
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of her biographies, “in the mid-1930s kids ate their spinach and breakfasts becanse this gir/
said they shonld”'™* Indeed, even before “Poor Little Rich Gir/” Temple featured in
countless articles, which often depicted her as well-behaved because she ate her
spinach, sometimes especially highlichting that she loved Popeye.!”> Some of
those stories, including a Hollywood legend, even directly referred to spinach
being rich in iron.!7

The most energetic propagandist for spinach certainly was no other than Pop-
eye the sailor.177 In 1929 the first cartoon strips and in 1933 the first animated film
shorts appeared, soon starting to feature spinach as the base for the sailor’s super-
powers.!”® More than 100 Popeye movies had already been filmed and screened
before 1942 under the direction of Fleischer Studios. Typically, they premiered at
the cinema “Paramount Theatre” in New York on Broadway and at that time they
were the most popular animated series. Around the United Stated “Popeye Clubs”
were founded, which so successfully experimented with Junior Matinees that
whole cities fell into protest when they were closed during the summer holidays.!7
Popeye’s signature quotes, “I eats my spinach” and “I yam what I yan’’ became popu-
lar catchphrases, echoed by generations of children.!80

174 Windeler 1978 p.42.

175 A spinach starlet: See for example: Anonymous 1935, p.62 Sargent 1935 p.82; Ellsworth Fitch
1935 p.43: “And everybody must be aware by now that Shirley is a spinach starlet.”” 1n interviews Shirley
Temple was often asked if she ate her spinach, which she answered that she did, even if she had
“done songs about not liking i’ and “made ngly faces while eating if’, sometimes joking that she even
taught her dogs to like the despised vegetable (Knight 1936). In a time-frame of only a few
years, hundreds of articles on Shitley Temple featuring spinach appeared inside American news-
papers.

176 An ironclad experiment: Anonymous 1935 p.62: “Mothers with children, beware; never give your young
ones magnets, if you want them to eat spinach! Shirley Temple’s parents told their chee-ild [sic| to eat spinach
‘because it had iron in it and would make ber strong.” Then they gave her a toy magnet. When it didn’t pull the
spinach, Shirley refused to swallow the ‘Gron’ story — and now she will NOT eat spinach.” See also Anony-
mous 1934 & Kendall 1934 for other versions of this widely retold tale.

177 An Iron Arm: Popeye has many names in different countries. His Italian version is known under
the name “Braccio di Ferro” (engl. iron arm).

178 Spinach, I yam what I am: Popeye was first presented to the public audience as a side character
of the comic strip “The Thimble Theatre” in 1929. In 1933 Popeye the Sailor eventually got his
own series, which was produced for 9 years by the Fleischer Studios. Since the early episodes
Popeye gained his super-powers after eating spinach. However, there is no reference to the iron
content of spinach in those eatly cartoons (Sutton 2010a). Additionally, Popeye from 1935 to
1938 featured on several serial radio broadcasts in overall 204 episodes, most of which are today
thought lost. In those radio shows however Popeye did not eat spinach, but received his powers
from eating his Wheatena breakfast cereals, which were sponsoring the program. Since 1942
several hundred further animated cartoons have been produced for early cinema and TV
presentations.

179 See for example Anonymous 1936a p.8.

180 Materialism — “Matter and Force”: Ironically, even the Oxford Dictionary of Catchphrases
(Farkas 2002 p.161) is unable to tell the whole history of Popeye’s signature line “I yam what 1
yans”. It is nothing less than an English individualistic malapropism and translation of a famous
German quote by Ludwig Feuerbach, who once wrote “Der Mensch ist, was er ifit (engl. Man is
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Further theatrical features and later animated coloured TV series would intro-
duce hundreds of further Popeye animations, including at least several, in which
spinach is linked to being rich in iron.!8! More commonly, he referred to spinach
promoting children’s health and especially growth. From the Popeye studios in
New York it would be only a small way to glamorous Hollywood, where a first
generation of “food gurus” would take up the idea that spinach is rich in iron.’s?
Promoting “Healthy food” as a remedy, the stars and sets would be served with
“Iron Cocktails” full of freshly crunched spinach.!®3 From there the “Iron Cocktail’
also made it into several well-known diet and cookery books.184,

Another pivotal figure in promoting spinach as rich in iron was played by the
most influential doctor in the United States at his time — Dr. Morris Fishbein.
After becoming editor of the Journal of the American Medical Association (JA-
MA) in 1924 Fishbein started a vendetta attacking quackery and medical hoaxes.

what he eats)” (Feuerbach 1850; see also Feuerbach 1866). Popeyes misappropriate use of this
quote is more than an ironic incidence, it is for once eulogy to the nutrition philosophy of Jacob
Moleschott itself: Feuerbach used his well-known quote first in a positively commenting review
of Jacob Moleschott’s book on nuttition (Feuerbach 1850). Yet Comics are the ultima ratio pet-
fecting reductionism, and the most artful use of this reductionism allows it for everybody to find
identification in them.

Yet, critics of Feuerbach might have rallied behind Popeye as well, as they have long used Feu-
erbach’s quote inappropriately to caricatutize him. Feuerbach and Moleschott in their eatly
works had especially condemned a pure vegetarian diet. Popeye, when becoming a super-hero
after eating spinach, in this becomes indeed the antithesis and caricature of Feuerbach, who
once on basis of the principle of “simili simili nutric?’ and political incorrect prejudice wrote “Who
does not know the merits of the English worker, who is strengthened by his Roastbeef, in contrast to the Italian
Lagzarone, who's predominate vegetable diet explains a lot of his preposition to slothfulness.” 1f Popeye had
followed the advice of Feuerbach, maybe he would have preferred blood, beef and meat instead
of spinach.

In any case, “I yam what I yan?’ became the foundation of an individualistic identity for Popeye.
A character, who could express thoughts, but as it is the property of all cartoon characters pro-
jected with light on the canvas of cinemas, not bound to physical matter, yet often highly physi-
cal in his deeds.

181 Rusting spinach: See for example the episode “Gopher Spinach” from 1954, in which Popeye
raises some baby spinach plants, which after watering he rubs dry, remarking that: “Now, 0 get
you good and dry, so your iron wonldn’t rust”.

182 The spinach food guru: One very prominent food-guru of this period was the self-acclaimed
dietary expert Bengamin Gayelord Hauser (1895-1984) who’s iron cocktails in 1934 were adver-
tised as follows: “Never bave I seen more absorbed expressions than those on the faces of the fashionables gath-
ered around a table in the Elizabeth Arden salon yesterday noon. On the table were platters of crisp yellow car-
rots, raw spinach, sliced oranges, tomatoes and cabbage, all artistically gromped. |...| It might have been the set-
ting of a debut tea. It WAS' the debut of the spinach cocktail in society. Bebind the table Dr. Bengamin Gay-
elord Hanser was putting vegetables into a press which extracted the juices and ont of the juices he was making
cocktails. Spinach and orange, celery and tomato, orange and carrots. Some make beantiful complexions, others
are for pep and still others, he said, can produce in one the charms of a Mae West.”

183 See for example Hauser 1934 p.32 and cover texts.

184 The “Iron cocktail” was for example included in the “Official Cook Book” of the “Hay Systens”, where
it would be still presented in the mid-1980s, featuring the “Iron Cocktail” not less than three
times (Smith 1987 p.35,155,333).
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Publishing in Hygeia and JAMA, his greatest influence came from a medical col-
umn, which at its height was syndicated to 700 newspapers, several bestselling
books and 100 speeches he delivered per year.!8>

In his newspaper column, he promoted spinach as good sources for iron mul-
tiple times. Yet, amusingly, Fishbein also criticized the spinach mania in the 1930s
from early on in publicly held lectures. He also helped to eventually ban the Nux-
ated Iron advertisements from the newspapers. He was also one of the first to
widely propose, that even if spinach might contain a lot of iron, it might not be a
good mineral food due to the oxalic acid content often found in spinach.

Besides all this, another incident today nearly forgotten led to spinach becom-
ing part of the cultural common vocabulary. In the early beginning of the 1936 &
1940 presidential elector campaigns it appears that Eleanor Roosevelt had a fa-
vourite bon mot: “Oh, spinach!” which was also repeated in the reports of the pub-
lic media, as for example in Life magazine.!86

Spinach in the English text corpus
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Fig. 13 The spinach mania. Spinach became a phenomenon of the pop culture in the 19205 to 1940s.

185 Locin 1985.

186 Oh, spinach: Hellman 1949 p.72: “If anything goes amiss on her [Eleanor Roosevelt] trips, her favorite
expletive is, ‘Ob, spinach!? According to newspaper reports, Mrs. Roosevelt first used the expres-
sion in 1936 after leaving the radio symposium “Young America Looks Abead’ at a Town Hall
meeting and afterwards found admiring women blocking her way (Anonymous 1936¢). In some
articles from the mid-1930s it was suggested that the then First Lady even herself had unwitting-
ly coined this slang expression (Anonymous 1936b). However, this seems rather unlikely, as the
phrase can be found in a few sources from the 1920s and it had been already featured extensive-
ly in dozens of daily comic strips of “Just Kids” at least since 1931, which had been produced
by King Features Syndicate Inc. Nonetheless, by 1937 the expression had gained so much trac-
tion, that it even gave name to a New York musical comedy.
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Apparently, the spin doctors of Franklin D. Roosevelt’s challenger Wendell
Willkie turned this into a winged word that appears to have been commonly used
during the electoral campaign, perhaps much like Barack Obama’s “Yes, we Can”
or Donald Trump’s “Make America Great Again”’ in more recent campaigns. When
challenged during a radio interview, Willkie replied: “That’s a lot of spinach” and later
often stated “I can tell spinach from spinach”. Eventually it even landed on the candi-
date campaign buttons as “Spinach is Spinach” 187

However, these anecdotes are only an illustration that spinach became a very
common word during the 1930s and 1940s in the United States. This was already
noted by de Lys, who wrote in 1948 that during the first decades, spinach became
universally advertised in American newspapers.'$8 This subjective perception is
quantitatively underlined by a Google ngrams!® analysis of the American text-
corpus, which highlights a peak use of the word spinach climaxing in the 1940s
(see Fig. 13). Furthermore, many advertisements of iron tonics repeated the high
iron content of spinach as a reference for their own products. Eventually, Popeye
would introduce the last step to advertise spinach as healthy food with his piped
face sticking from spinach cans. This context makes it plausible and somehow
apparent how the journalistic and public relations practices acted as a catalyst to
ensure the further oral tradition of the Spinocchio tale that spinach is rich in iron.

However, while this context provides a reasonable framework how the urban
academic legend was established as common knowledge in the USA, it can hardly
explain how it also became well known in Germany. Apparently, the context of
the iron spinach legend there is different and at least partially based on other cir-
cumstances. For example, Bunge’s results on the iron content of spinach appears
to have never been as widely publicized in the late 19% and early 20t century in
German newspapers as it has been for example in the United States.

Popeye was not widely introduced in Germany before the 1970s. Nonetheless,
the legend of iron rich spinach was well known there for several generations, too.
Numerous aspects might have supported this oral tradition. First, Gustav von
Bunge widely advertised to feed an additional spoon full of spinach to young in-
fants to avoid symptoms of iron deficiency. This advice was widely popularized by
members of the rising discipline of paediatrics!®, especially in Germany. Some
leading paediatricians even explicitly promoted spinach due to its iron content for
children in their second year of their lives.'! Furthermore, as it has already been

187 Spinach is Spinach: Those buttons were widely used in the 1940 presidential election campaigns
and stated in full: “Willkie says — Spinach is Spinach — It sure is Franklin”.

188 Lys 1948.

189 Michel et al. 2011.

190 See for example the leading German textbooks of paediatrics, which especially advertised a spin-
ach diet for treating anaemic conditions in young children (Pfaundler 1920 p.150) or directly
emphasized spinach to be especially rich in iron (Bendix 1899 p.27; Heubner 1911 p.64).

191 See for example Bendix 1899 p.27, who especially remarked: ,,Spinat (Eisen!)”.
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highlighted, many books on nutrition reprint-
ed and retold the findings of Bunge for sever-
al decades.

Yet beyond this, there ate some further
possible catalysts that need to be taken into
consideration. One aspect might be, that
during the First World War and in a context
of increasing food scarcity, several brochures
started to retell that spinach is rich in iron,
particularly reprinting the findings of Bunge’s
iron nutrition table.!92 Another reason, which

appears to have been neglected so far in the

tradition of the iron rich spinach myth, might

is for Tron be the influence of children books beside

in Spinach and Eggs, Popeye. The carliest example of this tradition

Builds Red Blood and Sinews  is most likely included in the “Child Health

for strong Arms and Legs.  Ajphaber’, which was first published in 1918
Fig. 14 One of the oldest examples of by Mrs. Frederick Peterson!?? (see Fig. 14). It
spinach being rich in iron presented inside was widely used in the 1920s by the Child
Children Books. Illustration from the Child Health Organisation, the books sponsor, to
Health Alphabet which was first published  promote healthy behaviour in schools and
in 1918. children in general.!* Historical accounts,

192 Block 1915 p.19-20; Cohn 1915 p.9; Hink 1915 p.22.

193 Antoinette Rotan Peterson (1871-1959) was very active in the development of the Child Health
Organization (CHO), in which she worked in the Board of trustees. In this position, she wrote
several children books, published by the organisation. Her husband Frederick Peterson (1859-
1938) was Secretary of the organization and an influential neurologist in New York. In the early
20t century he helped to translate the first editions of works by Sigmund Freud and Carl Gus-
tav Jung into English (Freud 1909 p.iii; Oberndorf 1953 p.128), even though he was himself ra-
ther sceptical on the raising profession of psychoanalysis (Oberndorf 1953 p.107), which he
viewed as “a species of voodoo religion characterized by obscene rites and buman sacrifices” (Fishbein
1932a p.357) believing that “Psychoanalysis is to psychology what cubism is to arf” (Butler 1921 p.250).
He was also a vivid supporter the Temperance Society (Crooker 1914 p.229-230), which had in-
troduced the “Education on Wheels” project, a predecessor of the CHO’s infor-
mation/propaganda campaigns. Today Frederick Peterson is especially remembered for his role
in the development of the “electric chair”.

194 See Rogers 2005 p.32; The Child Health Organization (CHO) was located in New York and
during the 1920s, it was very active in the promotion of a healthy life-style for children. CHO
produced several successful children books, games and also health plays. Its most successful in-
vention though was Cho-Cho the health clown who already by 1920 had visited half a million
children (Jean 1920). It also introduced the term “health education” into the medical system (Kra-
marae & Spender 2000 p.986).
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told at the time it appeared, recall that especially the “Spinach and Iron” rhyme (see
Fig. 14) worked especially well.!5

Another prominent example is the multivolume “Nesthikchen”, in which spin-
ach plays a role in one of the key episodes of the first book.!¢ It would be re-
vealed in a later volume that spinach is healthy, because it is rich in iron.!” Many
other children’s books would portray spinach as being healthy because it was pot-
trayed as being rich in iron over the years.

Starting with the introduction of canned spinach baby food and frozen spin-
ach products, the iron spinach legend became eventually the playground of public
relation companies and hundreds of dietary guides, which performed only a super-
ficial fact checking for their studies. Beyond this however, there was possibly also
an oral tradition, with mothers and fathers telling their children, that spinach was
healthy and full of iron. Furthermore, the sujet of iron rich spinach also became
introduced in jokes and wits presented by newspapers to their public audience.!”®

It’s spinach — The origin of the story of the decimal error (1946-2010)

For several decades, the iron content in spinach seems to have not been widely
questioned in the public media, even though scientists in specialists’ articles reana-
lysed the content intensively. Sutton’s claim though that a wave of debunking the
iron spinach myth only started in the 1970s and 1980s with reports by Bender and
Hamblin is incomplete. In fact, the modern wave most likely started with a popu-
lar book by Claudia de Lys'9200, on “Awmserican Superstitions”, which saw numerous

195 Spinach propaganda: “Children’s books of rhymes and fairy stories have been prepared, appealing to the
child’s natural interest. The effect |...] may be shown by the little Irish boy who returned to the Charity Organi-
zation Society one day with his mother. Mrs. McGarity seemed excited and said: ‘Say, Mrs Murray, ain’t there
something beside spinach what makes ny boy race? Ever since you give ny Micky that book he wants spinach
every day and I am tired of washing it.” Mrs. McGarity had been told that Micky needed foods with iron in them
because he had anemia but it had made no impression, but Micky was sufficiently impressed by this rhyme to in-
sist upon having spinach.” (Jean 1920 p.370).

19 The books were first published by Else Ury from 1913 to 1925 and since then have been reprint-
ed several times. In the first Volume ,,Nesthikchen und ihre Puppen® [Transl.: Nesthdkchen
and Her Dolls) (Ury 1913, p.30; see also Ury 1913, p.9).

197 Ury 1925 p.708: ,,,1 on dem Spinat musst du nebmen, Jetta. Er ist besonders gut. Spinat ist eisenbaltig, der
geht ins Blut [...]“ [You have to take of the spinach, Jetta. It is especially good. Spinach is rich in
iron, it goes into the blood...].

198 Jokes on spinach and iron: See for example: Anonymous 1969: ,,Black Prague Humor: Mr. Novak
asked Mr. Novotny: ‘Do you know that our government has decreed to start a large import of spinach from
Denmark?’ Yes — That once more proofs how our comrades worry for the health and well-being of the nation’,
answered Mr. Novotny. But no, it is due to the iron content. It has turned out, that this spinach has more iron
than the iron ore of the Soviet Union.**, which was published shortly after the Prague Spring in a
Swiss newspaper.

199 The National Committee of 13: Claudia de Lys was an American Anthropologist born in
France and since the 1930s “zhe world’s foremost anthority on Superstitions” (Blinn 1942). At the time
of publication of her book she also had become the president of a “National Committee of 13
Against Superstition, Prejudice and Fear” (Anonymous 1947). Newsreels and newspapers intensely
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revisions and was first published in 1948. A lengthy paragraph in the book cov-
ered popular misbeliefs on the nutritional value of spinach.?0! In many points this
book seems to be either directly or indirectly an important source for Hamblin’s
later article. Beside the decimal error, most other details of Hamblin’s introduction
are found in the very early edition of this book. During the 1950s in the United
States several newspaper articles appeared stating that spinach is not rich in iron,
typically though without revealing the source of their information (Anonymous
1958a). At the latest by the late 1950s de Lys variant of the story, that spinach is
not rich in iron, also emerged in continental Europe magazines (Anonymous
1959).

By the early 1960s spinach again received attention in the public media in
Germany. The main reason for this might be that spinach became the first frozen
vegetable available in the supermarket. Furthermore, warnings emerged, reporting
spinach as a cause for food poisoning. It appears to have occurred at that time
that the myth of spinach being rich in iron started to become debunked in the
wider public.

A report noticing that the spinach content was tenfold overestimated appeared
in 1960.22 This eatly version, however, slightly differs from modern retellings,
how spinach became rich in iron due to a decimal error. In fact, it is reported that
Bunge and several other first investigators like Boussingault, Czadek, Mouneyrat

reported on the committee, which was raised to fight the most serious threads to mankind, such
as triskedaphobia (a.k.a triskaidekaphobia) and pantophobia. The penultimate goal was at one
time described as follows (Anonymous 1946a, 1946b): “The committee is trying to prove on a popular
level, that superstitions can be eradicated.” or more ironically that: “The committee feels it may in time get
mankind to substitute logic and common sense for its eternal wish for flight from reality”. This committee, in
fact was also related to the movie industry and had its headquarter at 1501 Broadway (“Room
1313”). This address generally is better known as Paramount Building and Theatre. By 1933
Popeye became part of Paramount Pictures and later Paramount Pictures’ Famous Studio. This
address was the heart of Popeye land, which saw the premiere of the early Popeye clips on the
silver screen, including his famous first appearance with Betty Boop (Fleischer 2005), the made
of pen and ink queen of all the talkartoons.

Claudia de Lys was very active in her work during the 1930s and 1940s, whereby she gave lec-
tures and wrote constantly, while also appearing on radio broadcasts (Anonymous 1945; Binn
1942). At least some of her lectures directly referred to Food superstitions.

200 Among the other members of the committee were many prominent and rising members of the
entertainment industry, as for example the designer John Vassos, and the heavyweight champi-
on Jack Dempsey, who once tested Houdini’s “iron stomach” with his “zron fis?’. Several members
of the committee of 13 had previously during the war also worked on a radio show supporting
food supply, which was mentored by Eleanor Roosevelt. De Lys’ book on superstition had last-
ing influence. Even contemporary authors on the suspense still use it as classic reference or on
essays on creative writing.

201 Lys 1948 p.240-242: ,,In America the humble green leaves [of spinach) became almost a fetish. Many parents
who had been forcing their children to eat spinach were amazed when chemists announced that the nutritive value
of spinach had been considerably over-rated. .. Furthermore, contrary fo popular belief, spinach is a relatively poor
source of iron. Only twenty per cent [sic| of its iron content is nutritionally available.”

202 Schwietzer 1960.
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etc. reported the correct results, but numerous at that time contemporary text-
books mistook the amount per dry-weight as the amount of fresh-weight and thus
overstated the amount by “Zen times” 203 This is most likely the first account, which
reported that the amount of iron in spinach was overrated ten times and it was
especially addressed to physicians who were still following Bunge’s advice to add
spinach as nutrition food for young infants. Short abstracts of the article were also
distributed and discussed in other journals.204205

By the mid-1960s and early 1970s public interest in spinach increased further
due to an increasing number of reports on food poisoning associated with spinach
consumption in infants.?% The reason for this problem soon became known when
it was found that over-fertilization might lead to accumulation of nitrate in spin-
ach.207 This nitrate can become subsequently converted biochemically to nitrite,
for example if the spinach dish was warmed up or eaten later after one or two
days of storage, even when kept in a refrigerator.208 This was apparently of special
importance to mothers with infants and many public and scientific reports cov-
ered the problem. A widely circulating German popular scientific magazine retold
this story and that the iron content of spinach had been tenfold overrated.??”
Some German speaking newspapers repeated the story that the original iron con-
tent was rated ten times too high?1°.

Originating from this report?!!, by the latest in 1978 the exact claim, that the
iron content of spinach “has been stated erroneously ten-fold too high for decades” finally
made it into the first specialty encyclopaedias (List et al. 1978) and remained there

203 Schwietzer 1960.

204 See for example: Zacharias 1960 p.439-440, where it is also ironically noted by the referee, that
the daily meal of 500 g spinach might be somehow overrated: “Der Tagesbedarf von 10 mg kann so-
mit auf keinen Fall durch eine Tagesmahlzeit von 500g [250g ist wobl der richtigere Wert (der Ref.)] gedeckt
werden...”. The version of tenfold too high iron values was also highlighted in a short stub in
popular German science magazine “Nazunpissenschaftliche Rundschan” of the same year (Anony-
mous 1960), which noted: ,,Daf der Spinat zur Wiirde des eisenreichsten Gemiises gekommen ist, wird
wahrscheinlich an einem Ubertragungsfebler bei der Zusammenstellung von Nabrungsmitteltabellen aus Origi-
nalarbeiten liegen. Noch hente findet man in der Fachliteratur Angaben von 30mg% Eisen.” The latter arti-
cle however referred to another source: Bundesgesundheitsblatt 3,29; 1960.

205 Note: In the most common later retold versions of the spinach decimal error, authors reported
that mistakenly 35mg/100g instead of 3.5 mg/100g fresh-weight had been reported. It’s appa-
rent, that this retold narrative originated from the Schwietzer 1960 article and the retold narrati-
ves of this article, which reported: “Es wird daranf hingewiesen, dass der Eisengehalt im frische Spinat
nur 30-40 mg/ kg und nicht wie in vielen Hand-, Lebhr- und Tabellenbiichern noch erwabnt, 300-400mg/ kg
betragl” (Schwitzer 1960 as cited by Zacharias 1960).

206 Holscher & Natzschka 1964; Sinios & Wodsak 1965; Anonymous 1966; for a review see also
Commoner 1968.

207 Schuphan & Harnisch 1965; Schuphan & Schlottmann 1965; Schuphan 1965.

208 See Schuphan & Harnisch 1965.

209 Thier 1968: “Von diesen galt das Eisen friiher als wertvollster Bestandteil des Spinats, denn sein Gebalt wurde
Jabrzehntelang irrtiimlich nm das Zebhnfache zu hoch angegeben.*

210 See for example: Falk 1968, who directly quoted Thier 1968.

211 Thier 1968.
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till today.?!? It also became widely known in Germany after it was covered by a
widely circulating illustrated magazine.?'> The story of the decimal error in the
1970s was also presented in lectures held in Germany and Great Britain.?!4

Eventually the tenfold error story was also taken up by British and American
media and was prominently reported in the late 70s and several media outlets and
newspapers instantly retold the syndicated story.?!> Those accounts were already
widely known in Germany in the 1960s. Bender’s and especially Hamblin’s article
in 1981 though ensured that this became widely known internationally.?1¢

Sutton’s key conclusion that a decimal error never occurred and that this in-
terpretation was made up by Bender and later publicized by Hamblin therefore is
busted. In fact, the problem was described at least a decade eatlier as a tenfold
discrepancy by authors in Germany and Switzerland.

The interesting question remains why it took so particularly long in the media
to widely cover that spinach is no good source of iron. There are certainly several
obvious reasons for this. The spinach story is quite harmless; thus, it might have
appeared only slightly charming before the story of the decimal error was intro-
duced to a wider audience. Furthermore, touching several different fields of sci-
ences, it is difficult to interpret and not all primary text resources are easily acces-
sible. It is possible that simply nobody felt responsible and the story was rather
passed on by oral tradition. Considering that many authors who told the spinach
iron story quietly dropped the idea in their later publications might indicate that
ongoing discussions might have occurred.

There might be, however, a further more disturbing aspect which might have
contributed to the lack of attention: In 1963 the president of the University of
South Florida, John Allen?'”, held a public lecture on the importance of Academic
Freedom, which he introduced with the remark that “Popeye is a fraud’.>'® And he
stated, “that a university research scientist discovered a few years ago that iron in spinach is not

212 Rémpp 1996, 2006.

213 See for example Snippets in the Google Book Search for die BUNTE 1963, 1965, 1973.

214 See for example Bender 1972; Lobsenz 1979; Pefanis 1979; see also discussion in Sutton 2010b,
2016.

215 Lobsenz 1979 pointed out in a syndicated news article, that the iron content “was overestimated ten-
Jfold as a result of a typographical error in a nutrition handbook: A decimal point was accidently misplaced.”
The author of the article highlighted that this revelation was presented at a then recent medical
meeting by Prof. G.W. Lohr [sic]. See also Aylward 1979; Pefanis 1979. The later article also
clarifies another issue. When Hamblin could not exactly recall his source for the spinach decimal
error, he though remembered that he had seen it in the Reader’s Digest. Considering Pefanis
1979, he might however have confused it with the Science Digest which also covered the spin-
ach iron story. See also coverage in Anonymous 1979b, 1979¢ and discussion in Rekdal 2014.

216 See Bender 1972; Hamblin 1981.

217 John Stuart Allen (1907-1982) was an American astronomer who had a pivotal role in the founda-
tion of the University of South Florida. In 1957 he became president of a newly founded uni-
versity without any students. Actively promoting the new academic centre to students, govern-
ment and companies, his legacy was to build a new university from scratch.

218 Meiklejohn 1963 p.1.
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usable by humans.” He went on telling that “his was a pretty perplexing discovery. What
would mothers |...] cunning their sons into eating spinach ‘so you can be strong like Popeye’ have
to say about it? And how about the spinach growers? The spinach market might take a
nosedive.”” He eventually reported that “pressures were applied to feep the report from being
published. But it was after a delay.”. Is this story true? Without further material emerg-
ing providing meat to the story it cannot be taken at face value. John Allen cer-
tainly used his talks on “Academic Freedom” to popularize the University of
South Florida, which he had just founded and for which he tried to attract the first
generation of students. At least it is not completely implausible, because since the
1850s there had been hard scientific confrontations between those promoting a
diet based intake of organic iron especially by food and those who promoted iron
medication and iron fortification of food by supplementing inorganic iron.

The history of ideas, science and errors

In 1964 the information scientist Eugene Garfield argued, based on an idea of
science fiction author Isaac Asimov on the Genetic Code of the DNA, that cita-
tion networks are a useful tool to study the history of ideas?!®. This article and
Garfield’s further work greatly helped to establish and popularize the wide use of
the Science Citation Index (SCI).22 The anecdote on Isaac Asimov though shows
the limitations of such a system, being based on extreme reductionism, assuming
scientific ideas just travel from one scientific publication to the next. The very
initial case study, which supported this concept, being based on the monk Gregor
Mendel, whose great discovery was “completely ignored” during his lifetime, was
severely limited by the selected literature considered by earlier investigators.?!

Reality, however, is more complex, and scientists do no live in a social vacu-
um, but are influenced by grey media, newspapers, pop-culture and public percep-
tion like everybody else. The spinach iron story and the development of the leg-
end with the decimal error is a prime example of this; hardly traceable by citation
links alone and clouded by a pile of incorrect citations, misquotations and misun-
derstandings. The most powerful ideas do not follow a linear citation flow, but are
inherited in a zig zag scheme pinball between authors, scientific journals, newspa-
pers and public relation companies. The absence of clear citation links should not
let us assume that there are no digammas in the history of ideas.

The case of Jacob Moleschott and the iron in spinach is a good example of
this. Even though he is rarely cited in scientific investigations today, many of his
ideas have been embedded in the collective unconscious of common knowledge.
Nobel prize winner Max Planck once assumed that “a new scientific truth does not
trinmph by convincing its opponents and mafking them see the light, but rather because its oppo-

219 Garfield 1964, 1970, 1979.
220 See also Mielewczik et al. 2017.
221 See also Mielewczik et al. 2017.
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nents eventually die, and a new generation grows up that is familiar with 1.2 The case of
spinach and iron and the decimal error rather highlights that scientific ideas can
re-emerge from the unconscious of the common knowledge???, even long after it
was forgotten who brought up those ideas originally.

Alternative metric indices, such as Altmetric, now try to take this into account,
measuring the impact on newspapers and public forums. Based on those the 19t
century texts, which introduced spinach as an iron rich vegetable, they have cer-
tainly “fared well compared to its contemporaries”.

Nevertheless, none of those metrics can measure the quality of a scientific re-
port. Nor can they estimate in how far public text and pop culture feeds back into
the scientific ivory tower. Authors certainly can never be sure in which context
new generations of researchers will discuss their results. The history of science
certainly is always also the history of errors and the history of scholarly disputes.

Students who try to trace the history of ideas, might consider that finding new
contextual pieces is like solving a puzzle in the dark with most pieces lost during
childhood. Once Humpty-Dumpty was broken, “a// the King’s horses and all the King’s
men, could not set him back together again” ?** Thanks to the spinach iron tale and the
following iconoclasm at least the yolk of the egg found a jolly good bed.

Conclusions

Urban legends are developing and spreading stepwise. They can, however, be
based both on a grain of truth or originate from general mistakes. Even if scien-
tific errors or problems are noted in scientific journals, an incomplete revelation
and proliferation of the reasons and extent of the problem can have serious con-
sequences. The early measurements of spinach are a prime example of this: Uncer-
tainties related to both methodology and the possibility of additional typographical
errors did not only lead to the myth that spinach is rich in iron, but also clouded
the general perception how widely prevalent such problems were. In the end it
was not the fault of a single scientist and hordes of journalists that triggered the
myth, but simple quality issues in the peer review of the journals that published
the original data. The quantitative analysis of plant ash for most of the 19t centu-
ry in many instances did not fare better than the qualitative spagyrical experiments
in the centuries before. Especially in chemistry the community was well-aware of
the limitations and intensely discussed problems in scientific publications, leading
to an academic modern journal culture eatly in the second half the 19 century.
Moleschott’s nutrition tables are, however, among the first attempts to imple-
ment the use of systematic reviews, a methodology still widely used in evidence-
based medicine. The approach though was limited, being derived from a multitude

222 Max Planck (1858-1947) as cited by Barber 1961 p.597; see also Planck 1949.
225 For comparison see Jung 1968.
224 Denslow 1903.



108 Spinach in Blunderland — How Spinach became rich in iron

of single case studies on plants grown under various conditions and analysed by
various differing methods, which were often not even disclosed. Eventually data
from at least 5 decades became largely uninterpretable and even after this, the
problems let to decades of further problems for the raising dietary movement
when creating their nutrition tables.

Essence: Readers should not assume that because they spot one error, others are
absent. Scientists, Journalists and readers share a joint responsibility in propagat-
ing of academic myths. Scientific errors are like sand grains in the desert, it’s im-
possible to find and collect all of them.
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